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ABSTRACT 

This thesis presents the mathematical modeling of the electrical belt drive plant using shunt 

wound DC motor as a prime mover and applying fuzzy logic based tuned proportional-

integral-derivative controller for speed supervise of the belt drive system. It also includes 

comparison of PID, fuzzy logic and fuzzy logic based PID controller. For mathematical 

modeling the belt drive system the electrical, mechanical and load sections were separately 

modeled and then combine to get one composite system. The Proportional-Integral-

Derivative controller cannot produce an effective performance when there is disturbances 

and non-linearity of the plant since this controller contain constant parameters that cannot 

be updated when the system parameter is changed. These controller limitations can be 

minimized by applying more robust controller called as Fuzzy logic control strategy to 

increase the performance of the overall system. The fuzzy logic controller by itself contain 

limitations since this controller prepares its rule based on nearest approximation. This 

approximation creates some percentage of error. So, combining the two controllers to 

increase performance for the system. The fuzzy logic system contains two inputs such as 

speed error and rate of change in speed error, and the proportional, integral and derivative 

gains are considered as an output of the fuzzy controller. The simulation and control of the 

electrical belt drive system was done using the MATLAB/Simulink software. The 

MATLAB simulation result shows that the operating speed of the plant are satisfactory 

with 0.505% overshoot, no steady state error, the rise-time of 0.012sec and the settling time 

of 0.0126sec. This indicates the designed fuzzy logic based proportional-integral-

derivative controller can efficiently and effectively control the electrical belt drive system.  

Key words: belt drive system, fuzzy logic, proportional-integral-derivative, speed 

control, gearing system, pulley 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background 

During the first half of the 19th century the first electrical machine was invented. After that 

century, continuous upgrade of these machines was aggrandized for different application 

areas. Because of this process, nowadays electric motors are part of our day to day life [13] 

[2]. 

Currently, electrical belt drive system is applied to transfer materials from one location to 

another location. Belt system is a type of electrical drive system applying belt as an 

equipment to transport items. They were used in industries over a long period of time for 

different applications and different purposes. It is widely used to replace human activity by 

converting the input electrical energy to mechanical energy. There were many applications 

of belt drive system in our life (i.e. computer devices, video and audio devices, cars, 

industries etc.). Conveyor systems were applicable in a number of industries, particularly 

in food manufacturing processes [11]. In industries electrical belt drives can be used for 

controlling the speed of belts and objects position controlling of the process. Electrical belt 

drive system was one of the common transfer system applied in manufacturing industries 

[14]. But my thesis focuses on controlling the speed of the belts using different controllers 

as I discussed later. The application areas of conveyor belt system consist of a technique 

that controls speed for which the belt drive adjusts the speed of operation at a given set-

point which can be renewed from time to time. Belt drive can permit safe, fast and efficient 

transportation for a variety of materials. Most Conveyors have been driven by direct current 

(DC) electric motors. Conveyor systems were designed to fulfill pick-up of materials 

carefully, transfer of loads efficiently with settled time interval, safe movement without 

any damage, requires minimum human labor, low operational costs and easy and simple to 

repair. The electrical belt drive is the motor drive system that changes the speed of the 

motor depending on the controller design [15].  
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In many industrial applications, belt drive systems were necessary and comfortable that the 

speed of more than two movable elements are synchronized [1]. In my paper, the PID 

controller and FLC design together to control the belt drive speed using MATLAB 

simulation is presented. 

 

            

Figure 1.1: schematic representation of belt conveyor system [2]. 

The electrical component for this drive system affirms that the appropriate input voltage is 

permitted into the system for accurate tracking. The mechanical component of the belt 

conveyor system converts the electrical energy from the electrical component of the belt 

conveyor to mechanical energy. This component involves the motor, speed reducer, load 

or shaft inertia, angular speed of the output shaft [11] [2]. For many different 

manufacturing applications DC motors are applied. The most common application of these 

drives in manufacturing industries are to control the speed under different operating 

systems. The dynamics effect and non-linearity’s of the system disturbs the system 

performance, so it is indespensible to consider the study of the simulation for the drive 

system performance. In this research a new approach is being used, first approximate 

linearized mathematical modeling is obtained then the fuzzy logic based PID controller is 

designed where the FLC is applied to minimize the effect of non-linearity for the overall 

system.  
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Now fuzzy logic control system is necessary to on-line updating the effect related to the 

changes which occurs during operating moments of the system. This buildup of controllers 

is observed to get robust performance against non-linearity and uncertainty of parameter 

variations [16]. 

1.2. Statement of problem 

The brewery factory requires better production rates by controlling the speed of the process 

with more preferable controller because the bottles are easily break down. Due to external 

disturbance, parameter variation and nonlinearity’s in the process, the performance of the 

belt drive system to transport items from one location to another location is greatly 

disturbed. As a result, the efficiency of the belt drive system is reduced. The combination 

of simple mechanical components and standard PID or fuzzy logic controllers 

independently cannot make an accurate speed control due to their own limitations. The PID 

controller cannot handle when there is non-linearity and disturbance in the system. Also, 

fuzzy logic control is designed based on the nearest true value which produces some 

percentage of error. So, combining the PID and fuzzy logic controller to decrease the effect 

of non-linearity and disturbance effect of the system. 

1.3. Objective 

1.3.1. General Objective 

The general objective of this paper is to control the speed of the electrical belt drive system 

effectively and efficiently with more robust controller.  

1.3.2. Specific objectives 

The specific objectives of the process are:  

i.     Develop the mathematical modeling of the overall process.  

ii. Design Fuzzy logic based PID speed Controller for belt drive System.  

iii. Compare simulation result of PID, fuzzy logic and fuzzy logic based PID    

      controller for belt drive plant.  

iv. Analyze the result of MATLAB/Simulink simulation. 
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1.4. Scope of the study  

The scope of my thesis study focuses on the modeling of the belt drive system, fuzzy logic 

based PID controller design and MATLAB/Simulink simulation of speed controlled 

electric belt drive system using DC motor as prime mover for the drive system. The thesis 

basically analyzing how to update the performance of the drive system, by designing and 

tuning of a proposed controller proving its performance using MATLAB/Simulink 

software. The methods and techniques contained within this paper are useful also to design 

and develop other application areas in the factories. 

1.5. Contribution of the study 

The main significance of this research work will be decreasing the brewery bottling plant’s 

fault caused by different cases like disturbance effect, non-linearity of the system by 

increasing the performance of the plant using better controller. 

1.6. Outlines of the thesis 

This paper presents the thesis work titled as modelling and simulation of an electric drive 

belt system speed control prepared by dividing into five sections. Chapter one summarizes 

the background of electric belt system, statement of the problem, contribution of the thesis, 

outline of the paper, the objective as well as the scope of the work. Chapter two presents 

review of literature survey on the belt drive technology, and corresponding drive used, 

theoretical concept for fuzzy logic controller and introduction to DC motor. Chapter three 

describes mathematical modeling of entire electric drive system, system controller design 

and also the concepts related to the speed controllers design for the electrical drive system. 

In chapter four the simulation results and discussions based on the performance of the 

designed control system for the belt drive is presented. Finally, chapter five summarizes 

the general descriptions and future work of the thesis. 
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CHAPTER TWO 

Literature Review and Related works 

2.1. Literature Review 

A tracking controller design for an industrial belt drive system using fuzzy logic controller 

discussed the impact of Fuzzy Logic in the performance of belt drive. The overall 

mathematical models that represents an optimization of a belt drive system contains 

armature voltage, Vs(t) as the input to the drive system and angular speed, ω(t) of the motor 

shaft as the output of the system which directly attached to the drive pulley of system. 

Fuzzy logic prepares a fuzzy rule based on nearest approximation. These approximation of 

the fuzzy rule reduces the performance of the plant. The result of these simulation indicated 

that 0.423 seconds settling time, rise-time of 0.235 second and no steady state error [11].  

When we see the mathematical modeling of a conveyor belt system, the mechanical and 

electrical sections were designed separately and then combine to obtain a single composite 

system. Because of the disability of synchronization of the belt speed and of action of the 

empty bottle inspection and full bottle inspection units at Champion Breweries, there exists 

the problem of cracking bottles on the belt line and residue left-over in bottles, and the 

liquor level of bottles have been incorrect. Therefore, these paper was designed a PID 

controller to get speed synchronizer for minimizing the problem of non-synchronization. 

The outcome of these paper proves that a betterment in response of the system when a PID 

speed synchronizer together with the feedback loop [1].  

In the development of a FLC for Industrial belt drive Systems, the design of this controller 

to control the belt speed at Champion Breweries Bottling plant was presented. The aim for 

controlling the belt speed is to synchronize the belts line speed all the operating machines 

within the overall process.  
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Using the FLC the performance of the DC motor can be improves compared with applying 

the PID controller or the controller-less system. The main reason for this is the FLC is non-

linear and robust with the members of uncertainties in its structure. The Rise-

time(0.12second) and the Settling time (0.2second) are lower with the fuzzy logic 

controller. This performance can be increased by using other best controller [15].  

Position control using PLC is widely applied in automation industries. The objective of 

this literature is to apply a PID controller using DC motor as a prime mover of the belt 

drive system. The PID and classical controllers were implemented using PLC to compare 

and analyze the output of both methods. The result of this comparison and analysis 

indicates the PID controller gives better performance. But the PID controller controls the 

system with constant parameter gains. When there is disturbance and non-linearity of the 

plant, the performance of the PID controller should be reduced [17]. Modeling a Non-linear 

belt drive System combined with a Closed Loop provided an explicit overview of the 

conveyor belt system. Assumptions were taken and all necessary dynamics of the electrical 

belt system and the belt body were considered. The principal effect of non-linearity of the 

belt drive system arises from transmission shafts, contacting gears and most importantly 

the internal friction of the actuator. This non-linearity can affect the performance of the 

system if there is no best controller [12]. Controlling the DC motor speed Using Fuzzy-

PID Controller indicates best results in terms of time response and precision by adjusting 

the parameters correctly. A little change in the system parameters leads to the change of 

PID parameters. From the output response of fuzzy logic controller, we obtained a fixed 

settling time and overshoot. With combined FLC and PID controller, which means the 

system can be controlled by PID controller which is supervised by a FLC. We can resolve 

the two-fold nature of PID and fuzzy controller. So the proposed paper well describes the 

control of variance in speed of DC motor using PID which is supervised by a fuzzy system. 

For better development in future, we can apply Fuzzy-PID controller in belt drive system. 

So our next work will focus on achieving timing specifications with reduced rules [18] 

[19].  
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The design of a simple effective gain scheduling type fuzzy PID controller algorithm that 

can employ fuzzy adaptation to dynamically vary conventional PID controller gains. The 

effectiveness of proposed schemes is analyzed by applying them for both simulated linear 

and nonlinear plant [20].  

The BLDC motor was effectively controlled by FLC compared to other types of 

controllers. The dynamic characteristics such as speed, current, torque and voltage were 

simply analyzed and observed using the designed MATLAB simulation result [21]. 

Because of its high torque, speed, efficiency and low volume, BLDC motors are important 

in industrial applications. This paper presents comparisons PID and Fuzzy-PID controllers. 

PID controller parameter tuning for BLDC motor to obtain effective speed is difficult. So 

to get an accurate speed control, a Fuzzy-PID controller has been designed. The simulation 

of the BLDC motor has been performed by using MATLAB. The MATLAB simulation 

result proves that better performance was displayed in Fuzzy-PID controller compared with 

PID controller for the BLDC motor [22]. The BLDC motors are applied in many industrial 

applications because of its high torque, efficiency and low volume. These paper provides 

a brief description of the performance of the PID and Fuzzy-PID controller. The result of 

the experiment affirms that a Fuzzy-PID presents good performance compared PID 

controller [23]. 
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2.2. DC Motor 

Most of the motion of the mechanical materials that we look around the machines is 

operated by an electrical motor. Electric machines are one part of machines used for 

converting electrical energy to mechanical energy. An Electric motor are categorized into 

two classes such as alternating current and direct current. Within such classifications there 

are other types of motors each allows its own unique specific applications. A DC motor is 

one category of rotary machines which receives DC electrical signal then produce 

mechanical energy as an output. It takes a DC electrical power, and changes this electric 

energy to mechanical motion. Due to fine control of speed, high starting torque and develop 

torque ranging from standstill to rated speed of the motor, DC motors are more preferable 

than AC motors. An Electrical motor consists of a fixed part (called as stator) and a rotating 

part (called as rotor) part which works through the combination of electric current and flux 

to generate torque and speed [24] [4].  

2.2.1. Construction of DC Motor 

DC motors are mostly applied in adjustable position controlled and speed drive 

applications. So controlling the speed of DC motor is significant that is carried out in 

different industrial applications. A DC motor have two major parts such as stator and rotor 

each holds its own other elements. Stator is the fixed part whereas rotor is rotating part of 

a motor. In DC motors, the rotor is wind with field winding, while the rotor is wound with 

armature winding. Connecting a voltage to the motor creates an armature torque which 

results movement of shaft of the motor [25] [4].  

To consider DC machine as a motor:  

i. Electrical power could be supplied to an armature winding from a DC source.  

ii. A DC current flows through the field winding.  

iii. The current may be served either the armature winding’s DC source or from another 

battery. 
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iv. The torque is directly related to the armature current and field current.  

v. The power created by the motor used to move a mechanical load attached to the shaft 

of the motor.  

The main reasons for which DC motor is applied in different types of industrial applications 

are high efficiency, better regulation characteristics such as speed versus torque and speed 

versus voltage and good performance [4] [26]. 

2.3. Types of DC motors 
 

2.3.1. Series wound motor 

In this type of motor, the field winding and armature winding are connected in series. As a 

result, the armature current flows through the field winding. It provides great amount of 

starting torque, but it cannot regulate speed and may even damage by running with no load. 

This limitation results series DC motor cannot select as a good option for variable speed 

drive application [5][4]. 

 
Figure 2.1: typical series wound DC motor [5] 
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2.3.2.  Shunt wound motor 

In shunt DC motor the field winding is connected in parallel with the armature winding. It 

offers great speed regulation due to the fact that the shunt field can be excited separately 

from the armature winding [5][4]. 

 

Figure 2.2: typical shunt wound DC motor [5] 

2.3.3. Compound wound motor 

These type of DC motor can be obtained by combining both shunt and series wound DC 

motors. It can have good starting torque but may experience control problems in variable 

speed drive applications [5][4]. 

 

Figure 2.3: typical compound DC motor [5] 
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2.4. Classification of DC motors 
2.4.1. Brushed DC Motor 

Brushed DC motor contains a rotor (armature), carbon brushes, a commutator, a field 

magnet, and an axle. Permanent magnets are found on the stator and the current carrying 

conductors are always located on the turning part. They are practically powered by a DC 

power source and the current flows to the coils by metallic carbon brushes that slightly 

touches the rotor. They are quite efficient but they need finite repairing of carbon brushes 

[4] [26]. 

                                   

Figure 2.4: typical brushed DC motor [4] 

2.4.2. Brushless DC Motor 

BLDC motors don’t contain commutation to control the current flow inside the coils. They 

are started by a DC electric source via an integrated switching power supply, which 

generates AC electrical signal that reasons the shaft of the motor to rotate. Unlike brushed 

motors, the permanent magnets are located on the rotor and the current carrying conductors 

are located on the stator. The stator contains a sequence of coils. It does not use any of the 

commutators to provide an electric current, whereas a brushed DC motor utilizes carbon 

brushes to recommend the commutator which send electric current to the motor. The BLDC 

motor permits it to have less internal resistance and better heat removal in the coils. This 

gives in better implementing performances because the heat dissipates from the coils more 

efficiently [4] [26].  
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Figure 2.5: Brushless DC motor [4] 

Advantage of DC motor 

i. Shunt wound DC motors serves as a better control of the speed which cannot be 

performed by AC motors.  

ii.  Series wound motors create a large amount of starting torque, but cannot regulate 

speed and can even be damaged by running with no load. So it cannot be applied 

for variable speed drive applications.  

iii. Generated torque for DC motor at standstill is greater than the torque generated by 

an AC motor of equal power input and speed rating [26] 
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Brushed versus Brushless DC Motors 

Table 2.1: Difference between brushed and brushless DC motor [4] 

Brushed DC motor Brushless DC motor 

It uses brushes to deliver current to the 

motor windings through mechanical 

commutation 

It uses electrical commutation instead to 

mechanical commutation to deliver 

current 

Armature winding is on rotor Armature winding is on stator 

Fixed magnets are placed on either side of 

the rotating electromagnet 

Fixed magnets are mounted on the rotor 

Current is delivered to the commutator 

coils by metallic brushed 

It employs control circuitry instead of 

using brushes 

Low overall construction cost  Low maintenance due to lack of brushes 

Inexpensive and reliable but brushes 

require periodic maintenance 

Little expensive but efficient and require 

no maintenance 

Low speed range due to limitations by the 

brushes 

High speed range and low noise operation 
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2.5. Supply Voltage control of DC motors 

Because of controlling the speed of DC motors are less expensive and simpler than AC 

motors, it is acceptable or preferred where wide range voltage control is needed. The supply 

voltage of the motor can be regulated by using the following methods: 

1. Armature control method by using Rheostat: - Since the input supply source is 

invariant, the armature voltage is inconstant by adding a variable resistance(rheostat) 

in series with the armature circuit shown in figure below. As a variable resistance is 

increased, the voltage drop across the armature is minimized which results in 

decreasing the armature speed and vice versa. For a constant torque load, speed is 

nearly proportional to the voltage drop [6]. 

 

Figure 2.6: armature controlled method using rheostat circuit diagram [6] 

 

2. Using power electronics devices: - Chopper is a power electronics device that 

changes a fixed DC supply voltage to a variable DC voltage which needs on/off 

switching device. The Speed of the DC motor varies proportional with armature 

voltage drop [27]. The chopper circuit takes a signal from the firing circuit which gives 

another signal to the armature then the motor speed is decreased or increased based on 

the armature voltage. A power semiconductor electronic device is applied as a switch 

in the chopper circuitry (i.e. MOSFET, IGBT etc.). Nowadays MOSFET is the most 

accepted and preferred power switching electronic device applied in the chopper 
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circuits because it is a voltage controlled device with a high switching frequency and 

has zero storage time. Its function is to connect or disconnect the source from the load 

at a great speed. In such a way the dc constant voltage is chopped to get a variable dc 

voltage. There are two time periods (i.e. ‘’on” time denoted by Ton and ‘’off” time 

denoted by Toff) in chopper operation [7]. 

 

Figure 2.7: chopper circuit diagram and its output wave form [7] 

 

2.6. Applications of Brushed Vs. Brushless Motors 

BLDC motors are basically applying in household appliances and automobiles. Brushed 

motor are applied for industrial applications for low and high power, fixed and variable 

speed drives, cranes, electrical propulsion, sewing machines, power tools, and steel rolling 

mills.  

BLDC motors have expanded into many applications because of their reliability and 

longevity. It is used in actuation purposes, servo, positioning and variable speed 

applications, mainly for industrial processes [4].  

2.7. P- Controller 

These displays output which is directly related to present value of the error, e (t). These 

controller occupies with steady-state error. SSE is directly related to the process gain and 

inversely related with proportional gain. It compares set-point with feedback process value 

called actual value. The error should be multiplied by proportional gain to get the 
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proportional output. The controller’s output is zero, when the value of the error is zero [28] 

[9]. 

The proportion gain is given by 

                            𝑝𝑜𝑢𝑡=𝑘𝑝e(t) 

                       Where: 𝑘𝑝 = proportional gain and e(t) = error    

2.8. I-controller 

Due to the encumber of proportional controller where there occurs an offset between the 

process result and set-point, integral-controller is indespensible. It serves valuable action 

to minimize the SSE. Integral controller responses for last values of the error. These 

controller is directly related to the magnitude and the duration of the error. It integrates the 

error over a specified period of time until error value approaches to zero [28]. 

The integral term is given by: 

                                𝐼𝑜𝑢𝑡=𝑘𝑖 ∫ 𝑒(𝑡)dt 

                                     where: 𝑘𝑖  = integral gain  

2.9. D-controller 

Integral controller could not contain the ability to analysis the prefigure characteristics of 

error. It operates normally once the set-point is varied. Derivative controller minimizes this 

limitation by predicting future characters of the error. Its response depends on rate of 

change in error with respect to time multiplied by 𝑘𝑑. The derivative of the error is obtained 

by finding the slope of the error over time multiplied by the derivative gain, 𝑘𝑑 [28]. 

The derivative term is given by: 

                      𝐷𝑜𝑢𝑡=𝑘𝑑
𝑑𝑒(𝑡)

𝑑𝑡
 

                            Where: 𝑘𝑑= the derivative gain 
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2.10. PID Controller 

A proportional–integral–derivative controller is a control mechanism functioning feedback 

which applied in industrial systems and a variety of other applications which needs 

simultaneous modulated control. It uses the three control terms of proportional, integral 

and derivative that influence on the output of the controller to use accurate and optimal 

control. This controller continuously manages an output error as the difference between a 

desired set-point and a measured process variable then takes a correction action depending 

on the three control terms [9] [29]. 

PID controller Algorithm 

A PID controller obtains error value as the difference between a given set-point and a 

measured PV then uses a correction action based on proportional, integral and derivative 

terms (denoted P, I, and D respectively) [28] [29] [30]. 

 

Figure 2.8: block diagram of PID controller [29] 

A block diagram of a PID controller using a feedback loop where r(t) is the desired process 

value or set point (SP), and y(t) is the measured process value (PV). 

                                 U(t) = 𝑘𝑝𝑒(𝑡) +  𝑘𝑖 ∫ 𝑒(𝑡)𝑑𝑡 +  𝑘𝑑
𝑑𝑒(𝑡)

𝑑𝑡
 

 



 
 

18 
AASTU, Speed control of belt drive system using fuzzy logic based tuned PID controller 

 

The corresponding PID controller transfer function 𝐺𝑐(𝑠) is given as [31] 

𝐺𝑐(𝑠) =  𝑘𝑝 +
𝑘𝑖

𝑠
+ 𝑘𝑑𝑠 

Limitation of PID controller 

The basic limitation with PID control is a feedback system with constant parameters (i.e. 

no direct information about the system). PID controllers may generate ineffective 

performance when there are disturbances in the output of the process. They also hold 

limitations in the occurrence of non-linearity’s, which does not response to hanging process 

behavior [9].  

Tuning methods of PID Controller  

Before the application of PID controller, it must be tuned to be acceptable with dynamics 

of the process to be regulated. Designers takes the default values for P, I and D terms and 

these default values sometimes leads to slow control performances and instability. There 

are different types of tuning methods to tune the gains of the PID controller and needs 

much attention from the programmer to select best values of proportional, integral and 

derivative gains. But i am using the trial and error method as discussed below. 

Trial and Error Method: In this method, first we have to set the integral gain, ki and 

derivative gain, 𝑘𝑑 values to zero and increase proportional term, 𝑘𝑝 until system reaches 

to oscillating behavior. Once it is oscillating, adjust Integral term, Ki so that oscillations 

stops and finally adjust, 𝑘𝑑 to get fast response [9]. 
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Table 2.2: effect of increasing a parameter independently [9] 

 

2.11. Fuzzy Logic System 

Lofti A. Zadeh was introduced Fuzzy Logic since 1965 in his literature paper called “Fuzzy 

Sets”. He is considered as the father of Fuzzy Logic [32]. Fuzzy logic is one category of 

artificial intelligence which deals with reasoning algorithms which applies to simulate 

human ideas and conclusion making in machines. It deals with vague and imprecise data 

and implements based on degrees of truth rather than Boolean logic true/false or 1/0. Fuzzy 

logic needs human skill in order to make justification. This skill is presented by a person 

who knows the overall system which is stored in the fuzzy logic. Take a look at the 

following diagram of figure 2.12. It indicates that in fuzzy logic, the values are described 

by a number in the range from 0 to 1[8]. 

parameter Rise time Overshoot  Settling 

time 

Steady state  

Error 

stability 

Kp Decrease  Increase  Small 

change 

Decrease  Degrade  

Ki Decrease  Increase  Increase  Eliminate  Degrade  

Kd Minor 

change 

Decrease  Decrease  No effect in 

Theory 

Improve if 

D small 
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Figure 2.9: fuzzy systems, the values are indicated by a number in the range from 0 to 

1[8] 

Fuzzy Sets  

Define a universe of sets, X, as a collection of objects all having the same characteristics. 

The individual members in these universe X will be represented as x. These members of a 

fuzzy set are mapped to a universe of membership values by using a function in the range 

of [0, 1]. For example, if an element in the universe of elements, say x, is a member of 

fuzzy set A, then this mapping is given by µ(x) ε [0, 1] [10] [8]. 

Fuzzy Set Operations  

Let as assign three fuzzy sets say A, B and C on the universe of discourse, X. For a given 

element x in the universe, the following theoretic manipulations for the set operations of 

union, intersection, and complement are defined [8]. 

Union 

               µ𝐴𝑈𝐵(𝑥) =  µ𝐴(𝑥) v µ𝐵(𝑥) =Max(µ𝐴(𝑥), µ𝐵(𝑥)) 
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Intersection 

               µ𝐴𝑛𝐵(𝑥) = µ𝐴(𝑥) Λ µ𝐵(𝑥) = Min(µ𝐴(𝑥), µ𝐵(𝑥)) 

Complement 

                 µ𝐴(𝑥)=1-µ𝐵(𝑥) 

2.11.1.  Fuzzy logic operation  

A control system defined as an arrangement of physical components designed to reform 

another physical system so that the overall system generates certain desired characteristics. 

Following points are some reasons of why we are using Fuzzy Logic in Control systems 

[9]. 

i. While using traditional control system, one requires to know about the model and 

the objective function formulated in precise terms. 

ii.  By applying fuzzy logic to control the system we can utilize the human expertise 

and experience for designing a controller 

2.11.2.  Components of FLC 

The following figure 2.13 shows the architecture of Fuzzy Logic Control (FLC). 

 

Figure 2.10: Architecture of Fuzzy Logic Control [9][10] 
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The three basic sections performed by fuzzy logic system are [10]: 

i. Fuzzification  

Fuzzification is the first step in the FLC mechanism which is defined as the process of 

converting a crisp value to a fuzzy value that is implemented by the use of data in the 

knowledge base. It transforms the physical values of the error and rate of change of error 

which is sources to the fuzzy logic controller, into a fuzzy set consisting of a gap for the 

range of the source values and an associate membership functions explaining the degrees 

of confidence of the input belonging to this range. The two main components implemented 

in fuzzification processes are [10]: 

Membership Function  

During fuzzification, a FLC accepts input data, also called as the fuzzy value, and analyze 

it based on the user-defined charts known as membership functions. This charts can have 

different shapes, depending on the data sets such as the S, Z, Λ and Π shapes shown below 

in figure 2.14 

 

Figure 2.11: Membership function for different shapes [10] 
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Linguistic Variables  

Linguistic variable is a basic concept in fuzzy logic control system and plays an important 

role in its application. Linguistic variables are explained as a word or an alphabet whose 

values are given in words by using a natural language. It is a variable made up of a number 

of words (named as linguistic terms) which associates its own degree of membership. 

Every fuzzy logic controller’s source can have its own membership functions. For 

example” speed” is concidered as a linguistic variable which can take the values as 

”slow”,”fast”,”very fast” and so on [8]. 

ii. Fuzzy processing 

During fuzzy logic processing the controller takes the input data then analyze is as 

explained by the membership functions, to arrive at a control output. Fuzzy logic applies a 

reasoning process composed of IF...THEN rules each serves a response or an outcome. 

Basically a given rule is triggered or activated, if an input condition fulfills the IF part of 

the rule statement. This gives a response according to the THEN part of the rule statement 

[8]. 

 IF speed is too slow and acceleration is decreasing, THEN increase power greatly  

 IF speed is slow and acceleration is decreasing, THEN increase power greatly 

 IF distance is close, THEN increase power slightly.  

Fuzzy Result Calculations 

Once a rule is activated (i.e the source information belongs to a membership function 

matches the IF statement), the designed rule will display an output. The outcome’s 

membership grade is disturbed by the grade level of the source data into its input 

membership. The output membership function which is preferred for the final outcome 

value based on the programming IF...THEN rules [8]. 
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Figure 2.12: MATLAB input-output layout diagram of fuzzy logic control design 

iii. Defuzzification  

The final outcome value from the FLC relys on the defuzzification process used to calculate 

the outcome values proportional to each label. The defuzzification process analyzes all of 

the rule outcomes after they are logically added and then implements a value that will be 

the final outcome of the FLC. The Fuzzy controller then sends this value to the output 

module. Thus, during defuzzification, the controller changes the fuzzy output into crisp 

values. There are different defuzzification methods in fuzzy logic, but all are depending on 

mathematical algorithms [8]. The two common used defuzzification methods are: 

 maximum Value Method: The maximum value method depends on the final response 

value on the rule output with the highest membership function grade.  

Center of Gravity Method: The center of gravity method, also known as “calculating the 

centroid” mathematically calculates the center of mass of the activated output membership 

functions. These defuzzification method is most commonly used method because it 

provides an accurate result according to the weighted values of a lot of output membership 

functions. The defuzzified value, 𝑑𝐶𝐴(𝑐), is defined as the value within the range of 

variable v for which the area under the graph of membership function c is divided into two 

equal subareas.  
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This value is calculated by the formula 

𝑑𝐶𝐴(𝑐)= 
∫ 𝐶(𝑍)∗𝑍 𝑑𝑧

∫ 𝐶(𝑍)𝑑𝑧
 

Generally, the basic components of the FLC are 

Fuzzifier: is used to convert the crisp input values into fuzzy values.  

Fuzzy Knowledge Base: It stores the knowledge about all the input-output fuzzy  

                                       relationships. 

 Fuzzy Rule Base: It stores the knowledge about the operation of the process of  

                               domain.  

Inference Engine: It acts as a kernel of any FLC. Basically it simulates human  

                               decisions by performing approximate reasoning.  

Defuzzifier: The role of defuzzifier is to convert the fuzzy values into crisp values  

                      getting from fuzzy inference engine. 

 

Figure 2.13: defuzzification process block diagram [10] 
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Advantages of Fuzzy Logic Control  

i. FLC is simple to design since linguistic variables is used.  

ii. It serves a change of human language to the controller.  

iii.  preparing a FLC is relatively cheaper than other controllers in terms of 

performance.  

iv.  Mathematical modeling of the plant is not necessarily required. 

v.  In FLC linguistic variables were used other than numerical values.  

vi.  Non-linearity of the plant can be regulated easily  

vii. vii. System response is comparatively fast; reliability of the process is increased. 

viii. It can achieve high degree of precision [8].  

 

Disadvantages of Fuzzy Logic Control  

i. FLC needs a lot of information and requires high human experience and knowledge  

ii. Selecting the appropriate shape of the membership function is difficult.  

iii.  The trial and error method is still the fundamental route in improving knowledge 

towards preparing tuned and stable fuzzy controllers [8]. 
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CHAPTER THREE 

METHODOLOGY 

3.1. Introduction 

The mathematical modeling of the belt drive system is first generated. After modeling the 

plant, design a controller and select the system parameters for the aim of MATLAB 

simulation. By making the simulation of the plant if the simulation output displays the 

required performance, the designed controller is saved otherwise redesign the controller. 

 

Figure 3.1: flow chart of overall process 
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3.2. Block diagram of the system 

The speed error is the difference between reference speed Ꞷ𝑟𝑒𝑓 and the actual rotor speed 

Ꞷ𝑎𝑐𝑡 go through the speed controller for the speed control loop. Figure 3.2 below shows 

the block diagram representation of the overall belt drive system. 

 

Figure 3.2: Block diagram of belt drive system 

 

3.3. Mathematical Modelling of the System 

The structure of the unique axis linear electrical belt system is shown figure 3.3 below. 

This system is organized by a DC motor, a belt drive and speed reducer. The belt drive is 

applying for carrying and transforming the materials from one location to another by 

converting rotation of the motor into a linear movement of the belt and different loads of 

the system.  
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Figure 3.3: linear belt drive system [2] 

The following assumptions were made in the course of forming a suitable mathematical 

modeling for the belt drive system:  

i. The belt is assumed to be coupled directly to the gears pulley.  

ii. The radius of driving and driven pulleys are the same.  

The mathematical modeling of the electrical belt system can be performed by dividing into 

three sections: 

3.3.1. Modelling Electrical Sections             

The electrical component of the belt conveyor system ensures that the appropriate input 

voltage is allowed into the system for accurate tracking.  

 

Figure 3.4: electrical components of the belt drive system [11] [5] 
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A changing voltage signal connected to the input of the system gives a good torque and 

speed characteristics of the drive DC Motors. According to Ohm’s law the voltage across 

the resistor, 𝑉𝑅 is represented by: 

𝑉𝑅 = 𝑅𝑎𝐼(𝑡) 

where: 𝑉𝑅= armature resistance voltage, 𝑅𝑎= armature resistance,  I=armature current 

The voltage across the shunt field is equal to the supply voltage,  𝑉𝑠. 

The voltage across the inductor, 𝑉𝐿 which is proportional to the change in current through 

the coils with respect to time is given by: 

𝑉𝐿 = 𝐿𝑎

𝑑𝐼(𝑡)

𝑑𝑡
 

Therefore, the control equation of the DC drive motor electrical component can be 

derived using Kirchhoff’s voltage law as the follows: 

              𝑉𝑠(𝑡) = 𝑅𝑎𝐼(𝑡) + 𝐿𝑎
𝑑𝑖(𝑡)

𝑑𝑡
 +𝑉𝑏(𝑡)……………………………………….3.1 

The back Electromotive Force (emf) can be expressed as  

           𝑉𝑏(𝑡)= 𝐾𝑏Ꞷ𝑚 (𝑡) .………………………………………………………3.2      

where: 𝑉𝑏= back electromotive force,  

             𝐾𝑏= back electromotive force constant,  Ꞷ𝑚= motor angular speed           

Substituting equation 3.2 into 3.1,  

       𝑉𝑠(𝑡) = 𝑅𝑎𝐼(𝑡) + 𝐿𝑎
𝑑𝑖(𝑡)

𝑑𝑡
 +𝐾𝑏Ꞷ𝑚(𝑡)…..………………………………….3.3 

Taking Laplace transform of equation 3.3,  

           𝑉𝑠(𝑠) = 𝑅𝑎I(s) + 𝐿𝑎SI(s) + 𝐾𝑏Ꞷ𝑚 (s) 

      I(s) =  
𝑉𝑠(𝑠)−𝐾𝑏Ꞷ𝑚(s)

𝑅𝑎+𝐿𝑎𝑆
 …………………………………..……..……..3.4 
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Figure 3.5: Simulink model of electrical section 

 

3.3.2. Modelling of Mechanical Sections 

The mechanical component of the system converts the electrical energy from the electrical 

component of the belt drive to mechanical energy. This component involves the motor 

torque, load or shaft inertia, speed reducer, angular speed of the output shaft etc.  

 

Figure 3.6: mechanical layout diagram of mechanical section [12] 

where:  

𝐽𝑚= motor and gear1 moment of inertia since coupled directly  

τ𝑚 =motor torque, τ1 =torque at gear  

𝑏𝑚=viscous friction associated with the rotating member of the motor  

N1= number of teeth at gear1, N2= number of teeth at gear2  
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𝐽𝐺=inertia moments of gears  

𝜔𝐿=load angular speed,  𝜃𝐿=load angular position,   τ𝐿 =load torque 

Applying newton’s law,  

⅀τ = J*α 

τ𝑚 - 𝐽𝑚ώ𝑚 - 𝑏𝑚𝜔𝑚 - τ1 =0…………………………….………3.5 

From the relation of gearing system,  

𝜔𝐿

𝜔𝑚
  =  

𝑁1

𝑁2
 = n    and    

τ1 

τ𝐿
 = 

𝑁1

𝑁2
 =  n , where n is ratio of gearing system 

𝜔𝑚 = 
𝜔𝐿

𝑛
   and  τ1 = nτ𝐿…………………………………………3.6 

Substituting equation (3.6) into (3.5) 

τ𝑚 - 
𝐽𝑚

𝑛
ώ𝐿 - 

𝑏𝑚

𝑛
𝜔𝐿 - nτ𝐿 =0    ,   and  τ𝑚  = 𝑘𝑡i(t),  then 

𝑘𝑡i(t) -  
𝐽𝑚

𝑛
ώ𝐿 - 

𝑏𝑚

𝑛
𝜔𝐿 - nτ𝐿 =0 ………………………………..…………3.7  

Now taking Laplace transform of equation (3.7),  

𝑘𝑡I(s) − 
𝐽𝑚

𝑛
𝑠𝜔𝐿(𝑠) - 

𝑏𝑚

𝑛
𝜔𝐿(𝑠) - nτ𝐿(𝑠) =0   

𝑘𝑡I(s) = (
𝐽𝑚𝑠+𝑏𝑚

𝑛
)𝜔𝐿(𝑠) + nτ𝐿(𝑠)………………………………………3.8 

 

Figure 3.7: model of mechanical section 
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3.3.3. Modelling of belt section 

The belt drive as shown in Figure 3.8 below includes an elastic belt, driven and driving 

pulleys that distention’s the belt irregularly. The following assumptions are considered:  

i. Connection between output gear and driving pulley is permanent.  

ii. The belt is characterized by linear springs with mass. 

Consider a simple mechanical system consisting of a mass, 𝑀𝑏𝑜𝑡𝑡𝑙𝑒 and belt elasticity 

constants k1, k2 and k3.  The forces namely the applied force and the spring force as shown 

in the free-body diagram, influence the motion of the mass, assuming finite damping. 

.  

Figure 3.8: spring model of belt driven system [2] 

where:  

J1=inertia of driving pulley, J2=inertia of driven pulley  

q1=angular position of driving pulley, q2=angular position of driven pulley  

b1=viscous friction coefficient of driving pulley, b2=viscous friction coefficient of     

       driven pulley 

x= position of mass  
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k1, k2, k3= the elasticity coefficient of the belt before mass, after mass and bottom  

                     belt position respectively  

r= radius of pulley 

Assumptions  

i. The radius, r of the driving pulley and driven pulley are the same. 

ii. No idler between two coupler pulleys. 

iii. The belt is assumed to be coupled directly to the pulley 

Note:    M = 𝑀𝑏𝑜𝑡𝑡𝑙𝑒+ 𝑀𝑏𝑒𝑙𝑡 

Applying newton’s law  

(𝐽1 + 𝐽𝐺)𝑞1̈= 𝜏𝐿 – r[𝑘1(x)(r𝑞1 − 𝑥) - 𝑘3(𝑟𝑞2 − 𝑟𝑞1)] - 𝑏1𝑞1̇…………....(3.9) 

𝐽2𝑞2̈ = r[𝑘2(x)(r𝑞2 − 𝑥) - 𝑘3(𝑟𝑞2 − 𝑟𝑞1)] - 𝑏2𝑞2̇………………………(3.10) 

𝑀�̈� = 𝑘1(x)(r𝑞1 − 𝑥) - 𝑘2(x)(x - r𝑞2) …………………………………..(3.11) 

𝑀�̈� = 𝑘1(x)(r𝑞1 − 𝑥) - 𝑘2(x)(x - r𝑞2)  

   𝑓𝑟𝑜𝑚 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.10,  

𝑟𝑘3(𝑟𝑞2 − 𝑟𝑞1)= r𝑘2(x)(r𝑞2 − 𝑥) - 𝑏2𝑞2̇ - 𝐽2𝑞2̈………………………(3.12) 

   𝑠𝑢𝑏𝑠𝑡𝑖𝑡𝑢𝑡𝑒 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.12 𝑖𝑛𝑡𝑜 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 3.9, 

(𝐽1 + 𝐽𝐺)𝑞1̈= 𝜏𝐿 – r𝑘1(x)(r𝑞1 − 𝑥) + r𝑘2(x)(r𝑞1 − 𝑥) - 𝐽2𝑞2̈ - 𝑏2𝑞2̇ - 𝑏1𝑞1̇ 

(𝐽1 + 𝐽𝐺)𝑞1̈= 𝜏𝐿 – 𝑟2𝑘1(x)𝑞1 + r𝑘1(x)𝑥 + 𝑟2𝑘2(x)𝑞2 - r𝑘2(x)𝑥- 𝐽2𝑞2̈ - 𝑏2𝑞2̇ - 

𝑏1𝑞1̇ 

Since the two pulleys have the same radius and coupled directly without changing the 

speed and use the same viscosity coefficient we have the relation 𝑏1 = 𝑏2 =

𝑏 𝑎𝑛𝑑 𝑞1̇ = 𝑞2̇ = 𝜔𝐿 

(𝐽1 + 𝐽𝐺)𝜔𝐿̇  = 𝜏𝐿 – 𝑟2𝑘1 ∫ 𝜔𝐿 𝑑𝑡 + r𝑘1𝑥 + 𝑟2𝑘2 ∫ 𝜔𝐿 𝑑𝑡 - r𝑘2𝑥- 𝐽2𝜔𝐿̇  - 𝑏2𝜔𝐿  - 

𝑏1𝜔𝐿 ………………………………………………………………......3.13 
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Taking Laplace transform of equation 3.13,  

 (𝐽1 + 𝐽𝐺)s𝜔𝐿(𝑠) = 𝜏𝐿 - 
𝑟2𝑘1𝜔𝐿(𝑠)

𝑠
 + 

𝑟2𝑘2𝜔𝐿(𝑠)

𝑠
 - 𝐽2𝑠𝜔𝐿(𝑠) − 2𝑏𝜔𝐿(𝑠)+ ( r𝑘1- 

r𝑘2)x(s)………………………………………………………………….…3.14 

From equation 3.11 

𝑀�̈� = 𝑘1(x)(r𝑞1 − 𝑥) - 𝑘2(x)(x - r𝑞2) 

𝑀�̈�= r𝑞1𝑘1 - 𝑘1𝑥 - 𝑘2𝑥 + r𝑞2𝑘2  

𝑀𝑥 ̈ = 𝑟𝑘1 ∫ 𝜔𝐿 𝑑𝑡 - 𝑘1𝑥 - 𝑘2𝑥 + 𝑟𝑘2 ∫ 𝜔𝐿 𝑑𝑡 ………………………….3.15 

Now taking Laplace transform of equation 3.15,  

M𝑠2𝑥(𝑠) + (𝑘1 + 𝑘2)𝑥(𝑠) = 
(𝑟𝑘1+r 𝑘2)𝜔𝐿

𝑠
  

x(s) = 
(𝑟𝑘1+r 𝑘2)𝜔𝐿

M𝑠3+𝑠(𝑘1+ 𝑘2)
  …………………………..........................3.16 

Using equations 3.14 and 3.16 

 

Figure 3.9: model of belt section 
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Finally using equations 3.4, 3.8, 3.14 and 3.16, the overall transfer function simulates 

the MATLAB/Simulink diagram. 

                   I(s) =  
𝑉𝑠(𝑠)−𝐾𝑏Ꞷ𝑚(s)

𝑅𝑎+𝐿𝑎𝑆
 

                    𝑘𝑡I(s) = (
𝐽𝑚𝑠+𝑏𝑚

𝑛
)𝜔𝐿(𝑠) + nτ𝐿(𝑠) 

 (𝐽1 + 𝐽𝐺)s𝜔𝐿(𝑠) = 𝜏𝐿 - 
𝑟2𝑘1𝜔𝐿(𝑠)

𝑠
 + 

𝑟2𝑘2𝜔𝐿(𝑠)

𝑠
 - 𝐽2𝑠𝜔𝐿(𝑠) − 2𝑏𝜔𝐿(𝑠)+ 

( r𝑘1- r𝑘2)x(s) 

                  x(s) = 
(𝑟𝑘1+r 𝑘2)𝜔𝐿

M𝑠3+𝑠(𝑘1+ 𝑘2)
  

 

 
 

Figure 3.10: model of overall belt drive system 
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3.4. Fuzzy logic control design 

Steps in designing FLC  

i. Variables identification: Here, the input, output and state variables must be 

identified. In my case the input variables are error and rate of change of error, and 

the output variables are the gains of the PID controller. 

ii. Obtaining membership function: Now obtain the membership function for  

                   each fuzzy subset.  

iii. Fuzzy rule base configuration: Formulate the fuzzy rule base by assigning  

                        relationship between fuzzy input and output.  

iv. Fuzzification: The fuzzification process means converting the given crisp  

                         data into fuzzy.  

v. Combining fuzzy outputs: By applying fuzzy approximate reasoning, locate  

                          the fuzzy output and merge them.  

vi. Defuzzification: Finally, in this step initiate the de-fuzzification process to  

                           form a crisp output. 

Linguistic Variables  

The input variable for my case is negative, zero and positive. A collection of membership 

functions results a fuzzy set. This changes the input data into suitable linguistic intervals 

that matches the approximate values. Figure 3.11 below consists of two inputs named as 

speed error and rate of change of the speed error. 
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Figure 3.11:  fuzzy logic controller rule base design 

The universe of discourse fo my system ranges in the interval [-1,1] for both e(t) and ∆e(t) 

and the linguistic variables for the input of the system are Negative, Zero, Positive and the 

linguistic variables of the outputs are small, medium and high and referred to in the rules 

as S, M, H. Since FLC does not have specific rules for designing some system, I am using 

trial and error method and also general concepts for designing the rules and obtaining the 

maximum and minimum intervals of the gains of PID controller. So the minimum values 

of proportional, integral and derivative gains are 0. Again the maximum values of 

proportional gain are 250, integral gain is 1 and derivative gain is 250. By using Figure 

3.12, 3.13, 3.14, 3.15, 3.16 below clarifies the memberships of inputs and outputs of FLC. 

 

 

Figure 3.12: membership function for                Figure 3.13: membership function for    

             change of error                                                        input error                       
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Figure 3.14: Memberships functions of           Figure 3.15: Memberships functions of 

                    output, kp                                                                    output, ki 

 

Figure 3.16: Memberships functions of output, kd 

 

Fuzzy Rule Evaluation  

Rule base is decision making logic which is simulating a human decision process, inters 

fuzzy control action from the knowledge of the control rules and linguistic variable 

definitions. A human being is always convenient with making communications using 

natural language. Fuzzy rules that contain two inputs are often represented in the form of 

matrix which implements AND conditions. For example, table 3.1,3.2, 3.3 below 

elucidates a 3 × 3 matrix (9 rules for each gain) that applies two inputs, speed error and 

rate of change of error, and three output Kp, Ki, and Kd.  
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Table 3.1: the rule base for Kp           Table 3.2: rule base for Ki      Table 3.3: rule base for Kd     

ce/e N Z P 

N P P P 

Z Z Z N 

P P P P 

ce/e N Z P 

N N N N 

Z Z Z Z 

P N N N 

ce/e N Z P 

N Z Z P 

Z Z Z P 

P P P P 

The FLC rule is simplified in tables 3.1, 3.2 and 3.3 shown above. The inputs e and ∆e has 

3 linguistic variables. Then we have 3x3= 9 rule base for each gains. The representation of 

the knowledge of human beings are implemented with the aid of the following language 

expressions.  

IF antecedent will happen, THEN consequent can happened 

 
 

Figure 3.17: rule base of belt drive system 
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3.5. Fuzzy logic based PID controller design 
 

3.5.1. Introduction 

The PID is a controller that uses in different industrial control applications. But, this 

controller does not obtain perfect performance or good efficiency in that processes. There 

were different tests in the previous to perform control algorithms and techniques to adjust 

the gains of the PID controller (Kp, Ki and Kd). But if the system is uncertain and non-

linear system, these processes are inadequate for adjusting the the PID controller gains. 

The fuzzy logic controllers had been applied to industrial applications with success, where 

the rules of the FLC needs the experienced human operator. Using the success of the fuzzy 

logic controller, the fuzzy logic based PID controllers were studied and applied in different 

applications [35]. Furthermore, the application of fuzzy logic based PID controllers were 

recently taking attentions for a lot of applications and researchers have studied in the areas 

of these controller. 

3.5.2. Block diagram of fuzzy logic based PID controller  

Figure 3.18: Block diagram of fuzzy logic based PID controller of the system 
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This paper presents a design for fuzzy logic based proportional-integral-derivative 

controller. The basic motivation for the fuzzy logic based PID controller design was to 

regulate non-linear processes, that violates the conventional approximation of the linear 

Proportional-integral-derivative controller. The FLC is designed based on the fuzzy logic 

prescriptive so that the given systems are basically robust. I have 9 fuzzy logic rules for 

tuning the parameter of fuzzy based PID controller gains. The Fuzzy logic contains two 

inputs. The first input is the actual error between the reference speed, and actual speed and 

the second input is the change in rate of speed error. The FLC output i.e. the parameters of 

the PID controllers are used to regulate the belt speed. The gains of the Fuzzy logic based 

PID controller has been tuned by using trial and error method and the performance 

measurement parameters are settling Time, rise-time, Overshoot and steady state error. 
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CHAPTER FOUR 

RESULTS AND DISCUSIONS 

4.1. Introduction 

This chapter describes Simulink model of the electric belt drive system modeled 

mathematically in chapter three with the simulation results of the overall system using 

fuzzy logic based PID controller with MATLAB/Simulink and fuzzy logic toolbox. Then 

the model of the electrical belt system is worked in computer simulink model without 

disturbance and with disturbance. This model is useful for simulating and observing the 

behavior of the system with the action of the proposed control system, and the result of the 

simulation is presented in the form of graphs. Lastly, the simulation results have been 

analyzed and discussed in terms of the selected controller and the parameter of model to 

illustrate performance of the designed system. A simulation study of using the fuzzy logic 

based PID controller for the system is performed to minimize the appearance of 

uncertainties and non-linearity’s in the system. Simulation outputs are displayed and 

analyzed to indicate the performance of the conceived electrical belt system based on speed 

controlling of the driving system at different functioning applications. For analyzing the 

effectiveness of given system, a lot of simulations and measurements could be performed. 

In this way, the dynamic response of the designed speed tracking control algorithm is 

studied by adding different disturbance signal. A Simulink model of the electrical belt 

system was developed using components from the MATLAB Simulink library. 
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4.2. Simulink model of the belt drive system 

The overall MATLAB/Simulink model of the electric belt drive system using the fuzzy 

logic based PID control system is indicated in figure 4.1. The mathematical modelling of 

the electric belt drive system is modelled to study the simulation result. A Simulink design 

of the overall electrical drive system and controller was designed using components from 

the MATLAB Simulink library. 

 

Figure 4.1: MATLAB/Simulink model of the overall belt drive system without 

disturbance 

The MATLAB/simulink simulation result of the electric belt drive system was applied to 

test the performance of designed fuzzy logic based PID controller as shown in Figure 4.2. 
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Figure 4.2: Speed response of the system without disturbance 

From the simulation results shown in figure 4.2 with step reference input which can be 

analyzed as the system response measurements for the control requirements such as: no 

steady state error, rise time 0.012sec, 0.505% overshoot and the settling time 0.0126sec. 

Hence it is generalized that the simulation output is acceptable for the given standard 

performance measurements. 
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Figure 4.3: Speed error between reference value and actual value without disturbance 

 

As shown from the simulation result in figure 4.3 above the simulation output of the speed 

error approaches to zero with in the settling time intervals and continues to zero after steady 

state value. 

For more understanding let us change the reference input as a signal with shape as shown 

in figure 4.4 below. The response of the simulation for these reference input is shown in 

figure 4.5 below. This shows that the response matches with what I have to expect based 

on the reference input. Therefore, my designed fuzzy logic based PID controller can be 

changed according to the status of the reference input for the system.  
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Figure 4.4: reference input signal 

 

 

Figure 4.5: speed response of belt drive system with reference input 
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Figure 4.6: error between reference value and actual value. 

As shown in figure 4.6 above the result of the error for MATLAB simulation with given 

reference input shown in figure 4.4 above shows that the value approaches to zero with 

with short period of time (i.e within 1 second). If we increase the number of linguistic 

variables in the FLC, this error may reach to zero within less than one second. 

Simulink model and simulation with disturbance 

MATLAB/Simulink model of the belt drive system using fuzzy logic based PID controller 

and adding disturbance (i.e. step disturbance with amplitude of 22 in my case) to test the 

performance of designed controller is shown below 4.7 and 4.8.  
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Figure 4.7: MATLAB/Simulink model of the overall belt drive system with step 

disturbance 

 

Figure 4.8: Speed response of the system with step disturbance 



 
 

50 
AASTU, Speed control of belt drive system using fuzzy logic based tuned PID controller 

 

Figure 4.9: error output with step disturbance 

As shown from the simulation in figure 4.8, when inserting a step disturbance in the 

designed Simulink system initial simulation result is disturbed for short moment of time. 

But after these moment of time the process output returns to the exact reference value 

because of fuzzy logic controller which minimizes the disturbance. 

As shown from the MATLAB simulation result shown in figure 4.11 when we add the 

disturbance (i.e. pulse generator signal in my case) at the process output, the simulation 

result is disturbed for short moment of time from the required performance. But because 

of fuzzy logic controller the disturbed simulation result returns back to the required 

simulation. 
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Figure 4.10: pulse generator signal as disturbance signal 

 

Figure 4.11: Speed response of the system with pulse disturbance 
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Simulink model belt drive system with fuzzy logic based PID, PID and fuzzy 

controller  

 

Figure 4.12: MATLAB/Simulink model of the overall belt drive system without 

disturbance 

 

Figure 4.13: Speed response of the system for both fuzzy logic based PID and PID 

controller without disturbance 
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Figure 4.14: Speed response of the system for fuzzy logic control system without 

disturbance 

As shown from above figure 4.13 and 4.14 when we compare the simulation result of PID, 

fuzzy logic and Fuzzy logic based PID controller, the Fuzzy logic based PID controller 

have minimum rise-time, minimum settling time, no steady state error. So these proves that 

the Fuzzy logic based PID controller is preferable than the PID controller. 

Table 4.1: MATLAB performance comparison between PID, fuzzy and Fuzzy PID 

controller 

Controller Rise time 

(second) 

Settling time 

(second) 

Overshoot 

(percent) 

Steady state error 

(percent) 

PID 0.0353 0.045 0.501 0 

Fuzzy logic 1.481 1.968 0.505 0.013 

Fuzzy PID 0.012 0.0126 0.505 0 
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As shown from table 4.1 the performance measurement indicates that the fuzzy logic 

controller has poor performance when it is used individually.  But when combining the PID 

and fuzzy logic controller, the performance of the system is better than all others. When 

the system is free from external disturbance and non-linearity, PID controller is better. But 

in real world the system should not be free from such problems. So to minimize such 

problems fuzzy logic controller is applied. 

MATLAB Simulink simulation of DC motor and Belt Drive system 

 

Figure 4.15: Simulink diagram of DC motor and Belt drive system 

As shown in figure 4.16 below the MATLAB simulation result of DC motor and Belt drive 

system are completely different. Because, the belt drive system consists of speed reducer 

gearing system, belt stretching pulleys, an elastic belt and its own parameters in addition 

to components of DC motor. 
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Figure 4.16: Simulation of DC motor and Belt drive system 
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CHAPTER FIVE 

              CONCLUSION AND FUTURE WORK 

5.1. Conclusion 

As output of the study the mathematical modeling of the electrical belt system and its fuzzy 

logic based PID controller was introduced. This controller was used to the modeled given 

system to demonstrate its performance by MATLAB/Simulink simulations. The simulation 

result indicates effectiveness of the Fuzzy logic based PID and Conventional PID 

Controllers of electrical belt drive system with reference speed of 20rad/sec. The 

simulation result of fuzzy logic based PID controller does not present any oscillations, less 

overshoot, less settling time and steady state error, hence Fuzzy logic based PID controller 

gives good performance. The designed speed control system assures that there is a limited 

error value. Also the damping and the operating speed of the overall system are satisfactory 

with rated standards (i.e. overshoot less than 5%, settling time less than 2seconds and 

steady state error less than 1%) with no steady state error, 0.505% overshoot, rise time 

0.012sec and the settling time 0.0126sec. Generally, the speed management requirements 

were acquired and better accuracy of the electrical belt drive system is achieved with the 

help of fuzzy logic based PID controller. 

 

 

 

 

 

 

 

 



 
 

57 
AASTU, Speed control of belt drive system using fuzzy logic based tuned PID controller 

5.2. Future Work  

The simulation result of speed control of the electrical belt system demonstrates that the 

drive’s effectiveness is satisfactory and yields the required values of controlled parameters 

of belt drive system. For anybody who wants to study further, there are other opportunities 

such as position controlling using Fuzzy logic based PID, cascaded controlling both speed 

and position of the belt drive system, using other controllers like sliding mode control, 

increasing the fuzzy logic rules in the fuzzy logic based PID controller to get better 

performance. 
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APPENDICES 

A. Drive belt system open loop Simulink model 

 

Figure A: MATLAB/Simulink open loop diagram of electrical belt system 
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B. Fuzzy logic based PID controller design 

 

Figure B: MATLAB/Simulink design of Fuzzy logic based PID controller 

 

C.  DC motor block diagram 

 

Figure C: DC motor transfer function block diagram 
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D. Parameters 

Table D: The parameters of drive belt system [1][2][3] 

Parameters used for simulations value 

Ra 0.5ohm 

Kt 0.75Nm/A 

Kb 0.0283V.s/rad 

Mb 3.5Kg 

M 10.7Kg 

J1 0.2302 Kg.m2 

J2 0.2102 Kg.m2 

La 0.0169Henry 

JG 0.2402 Kg.m2 

Jm 0.2542Kg.m2 

R 0.0975m 

Bm 0.058N.s/m 

B 0.058N.s/m 

N 0.25 

K1 0.0145N/m 

K2 0.0145N/m 

 

 


