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Abstract 

This paper presents a comparative 

study of various controllers for the speed control 

of DC motor. The Proportional Integral 

Derivative (PID) controller is one of the most 

common types of feedback controllers used in 

dynamic systems. This controller has been 

widely used in many different areas such as 

aerospace, process control, manufacturing, 

robotics, automation etc. As PID controllers 

require exact mathematical modelling, the 

performance of the system is questionable if 

there is parameter variation. Further two more 

controllers are proposed namely; Fuzzy Logic 

Controller and FOPID Controller. The 

performances of the three controllers are 

compared. Simulation results are presented and 

analysed for all the controllers. It is observed 

that Fuzzy Logic based controller gives better 

response than PID and FOPID controller for the 

speed control of dc motor.  

 

Keywords - Proportional-Integral-Derivative 

controller, Fuzzy Logic controller, FOPID 
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I INTRODUCTION 
DC motor is a power actuator which 

converts electrical energy into mechanical energy. 

DC motor is used in application where wide speed 

ranges are required. The greatest advantage of dc 

motors may be speed control. The term speed 

control stand for intentional speed variation carried 
out manually or automatically. DC motors are most 

suitable for wide range speed control and are 

therefore used in many adjustable speed drives. 

Since speed is directly proportional to armature 

voltage and inversely proportional to magnetic flux 

produced by the poles, adjusting the armature 

voltage and/or the field current will change the 

rotor speed. DC motors have been widely used in 

many industrial applications such as electric 

vehicles, steel rolling mills, electric cranes, and 

robotic manipulators due to precise, wide, simple, 

and continuous control characteristics. 
Proportional-Integral-Derivative (PID) controller 

has been used for several decades in industries for 

process control applications. At the same time PID  

 

 

controller has some disadvantages namely; the 

undesirable speed overshoot, the sluggish response 

due to sudden change in load torque and the 

sensitivity to controller gains KI and KP. The 

performance of this controller depends on the 
accuracy of system models and parameters. 

Therefore there is need of a controller which can 

overcome disadvantages of PID controller. 

Emerging intelligent techniques have been 

developed and extensively used to improve or to 

replace conventional control techniques because 

these techniques do not require a precise model. 

Fuzzy logic has rapidly become one of the most 

successful technologies for developing 

sophisticated control systems. The reason for which 

is very simple. Fuzzy logic addresses such 
applications perfectly as it resembles human 

decision making with an ability to generate precise 

solutions from certain or approximate information. 

It fills an important gap in engineering design 

methods left vacant by purely mathematical 

approaches (e.g. linear control design), and purely 

logic-based approaches (e.g. expert systems) in 

system design. 

DC motor can also be controlled by a non-

conventional control technique known as 

fractional-order PID (FOPID) control, a generalised 

version of integer order control. Dynamic systems 
based on fractional order calculus have been a 

subject of extensive research in recent years. In 

fractional order proportional-integral derivative 

(FOPID) controller, I and D operations are usually 

of fractional order; therefore, besides setting the 

proportional, derivative and integral constants KP, 

KI, KD, we have two more parameters; the order of 

fractional integration 𝛌 and that of fractional 

derivative 𝛍. Determining an optimal set of value 

for a given process plant. This has been solved by 
using N-integer tool box. The values of KP, KI, KD, 

𝛌 and 𝛍 are selected by hit and trial method. 

 

II MODEL OF DC MOTOR 

DC motors are most suitable for wide 

range speed control and are therefore used in many 

adjustable speed drives. Fig 1 shows a separately 

excited DC Motor. Ra is the armature resistance 
and La is the armature inductance of separately 
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excited dc motor. Rf is the field resistance and Lf is the inductance of the field winding.  

 
Fig. 1 Separately Excited DC Motor Model 

A linear model of a simple DC motor consists of an electrical equation and mechanical equation as determined 

in the following equations (1) and (2). 

            Va = Eb + IaRa + La(dIa/dt)         (1) 

Tm = Jm
dω

dt + Bm ω + TL          (2) 

where 

 Va is the armature voltage (in volt)   

 Eb is back emf the motor (in volt)  

 Ia is the armature current (in ampere)  

 Ra is the armature resistance (in ohm)  

 La is the armature inductance (in Henry)  

 Tm is the mechanical torque developed (in Nm)  

 Jm is moment of inertia (in kg/m²)  

 Bm is friction coefficient of the motor (in Nm/ (rad/sec))  

 ω is angular velocity (in rad/sec) 

 Ta = Armature Time Constant ,     Ta = La Ra  
After simplifying the above equations, the overall transfer function is obtained as shown in Fig. 2. 

 

 

 
The following specifications of DC motor are used: 

TABLE1 

SPECIFICATIONS OF DC MOTOR 

  

 

 

 

 

 

 

 

 
 

 

By making use of the above motor constants the SIMULINK block diagram of dc motor obtained is as shown in 

Fig.3. 

Symbol Magnitude 

Ra 0.5Ω 

La 0.02H 

Va 200V 

Jm 0.1 Kg.m2 

Bm 0.008 N.m/rad/sec 

k 1.25 V/rad/sec 
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Fig. 3  SIMULINK Block Diagram of DC Motor 

 

III.    PROPORTIONAL-INTEGRAL-DERIVATIVE CONTROLLER 
Fig.4. shows the SIMULINK block diagram of speed control of dc motor using PID controller. Step input is 

given to the controller. The error signal is given to the PID controller. Subsystem signifies the motor model as 

shown in Fig.3 and output is obtained at scope3. 

 
Fig.4  SIMULINK Block Diagram of Speed Control of Dc Motor Using PID Controller 

 

Before going into the procedure of controller 
tuning, it is important to look at what is the aim of 

the controller tuning. If possible, we would like to 

obtain both of the following for the control system: 

• Fast responses, and 

• Good stability 

Unfortunately, for most practical processes being 

controlled with a PID controller, these two cannot 

be achieved simultaneously. In other words: 

 

• The faster responses, the worse stability, and 

• The better stability, the slower responses. 
For a control system, it is more important that it has 

good stability than being fast. A PID controller is 

design for separately excited DC Motor using 

MATLAB. The system as shown in Fig.4 is tuned 

for the following parameters for the PID controller 

to get desired speed: 

KP = 315.42,   KI = 770.27,   KD = -0.7927 

Major problems in applying a conventional control 

algorithm in a speed controller are the effects of 

nonlinearity in a dc motor. The nonlinear 

characteristics of a dc motor such as saturation and 

friction could degrade the performance of 
conventional controller. Therefore there is need of 

a controller which can overcome disadvantages of 

PID controller. 

 

IV FUZZY LOGIC CONTROLLER 

(FLC)  
A Fuzzy Logic Controller (FLC) was 

proved analytically to be equivalent to a nonlinear  

 
PI controller when a nonlinear defuzzification 

method was used. The foundations of fuzzy logic 

have become firmer and its impact within the basic 

sciences - and especially in mathematical and 

physical sciences - has become more visible. Fuzzy 

controllers have been proposed for physical 

systems which do not lend themselves too easy and 

accurate mathematical modelling and crisp 

variables, and therefore, cannot be tackled by 

traditional strict analytic control design techniques. 

Instead, control variables are represented by fuzzy 
variables which let the level of uncertainty of the 

variables to be modelled in a systematic way. In 

addition, the expert knowledge of a typical operator 

of such a process is embodied in a set of linguistic 

or rule-based engines which constitutes the core of 

a fuzzy controller. 

The objective is to implement FLC for 

controlling the speed of a dc motor. The goal of 

designed FLC in this study is to minimize speed 

error. The bigger speed error the bigger controller 

input is expected .In addition, the change of speed 

of error plays important role to define controller 
input. Consequently FLC uses error (e) and change 

in error (ce) for linguistic variables which are 

generated from control rules. The output variable is 

the change in control variable of the motor drive. 

The output variable from FLC is given to the plant 

i.e DC motor. A fuzzy logic controller has four 

main components:  

a) Fuzzification  

b) Inference Engine  
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c) Rule Base  

d) Defuzzification  

Fig.5. shows SIMULINK block diagram of speed 

control of dc motor using FLC. Speed shows the 

controlled speed. A Fuzzy PID controller is 

incorporated in the block diagram as a subsystem. 

Error (e) and change in error (ce) are the two inputs 

of the FLC and the output is u, which is fed to the 

motor.  

 
Fig. 5 SIMULINK Model for Speed Control of DC Motor Using Self Tuned Fuzzy PID Controller 

To perform computations, inputs and outputs must be converted from numerical or “crisp” value into linguistic 

forms. The terms such as “Small” and “Big” are used to quantize the input and output values to linguistic values. 

In this paper, the linguistic terms used to represent the input and output values are defined by seven fuzzy 

variables as shown in Table 2 and Table 3. 

 

TABLE 2 

FUZZY LINGUISTIC TERMS USED FOR INPUT VARIABLES 

 

 

 

 

 

 

 

 

 

TABLE 3 

FUZZY LINGUISTIC TERMS USED FOR OUTPUT VARIABLES 
 

 

 
 

 

 

 

 

 

 

 

Fuzzy membership functions are used as tools to convert crisp values to linguistic terms. A fuzzy 

membership function can contain several fuzzy sets depending on how many linguistic terms are used. Each 

fuzzy set represents one linguistic term. In this paper, five fuzzy sets are obtained by applying the five linguistic 

terms. The number for indicating how much a crisp value can be a member in each fuzzy set is called a degree 
of membership .One crisp value can be converted to be “partly” in many fuzzy sets, but the membership degree 

in each fuzzy set may be different. In order to define fuzzy membership function, designers can choose different 

shapes based on their preference or experience. The popular shapes are triangular and trapezoidal because these 

shapes are easy to represent designer’s idea and require low computations time. Fig.6. Membership Function 

Editor Window for the Error in Speed 

Term Definition 

NL Negative Large 

NS Negative Small 

ZE Zero 

PS Positive Small 

PL Positive Large 

Terms Definitions 

PVS Positive Very Small 

PS Positive Small 

PMS Positive Medium Small 

PM Positive Medium 

PML Positive Medium Large 

PL Positive Large 

PVL Positive Very Large 
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Fig. 6  Membership Function Editor Window for the Error in Speed 

 

Similarly memership function for change in error (ce) and output variables can be obtainrd. 

Instead of using mathematical formulas, a FLC uses fuzzy rules to make a decision and generate the control 

effort. The rules are in the form of IF-THEN statements.For example, IF the error(e) is equal to negative low 

(NL) and change in error is negative low (NL) Then the change in speed is positive very small (PVS). The 
solutions are based on experiences of a designer or the previous knowledge of the system.The efficiency can be 

improved by adjusting the membership functions and rules.Table 4, Table 5 and Table 6 shows the rule base for 

KP, KI and KD. 

Table 4 

Fuzzy Rule Table for KP 

 

 

 

 

 

 

 

 

 

Table 5 

Fuzzy Rule Table for KI 

 

 

 

 

 

 

 

 

 

 

 

Table 6 

 Fuzzy Rule Table for KD 

 

 

 

 

 
 

 

 

 

ce/e NL NS ZE PS PL 

NL PVS PMS PM PL PVL 

NS PMS PML PL PVL PVL 

ZE PM PL PL PVL PVL 

PS PML PVL PVL PVL PVL 

PL PVL PVL PVL PVL PVL 

ce/e NL NS ZE PS PL 

NL PVL PVL PVL PVL PVL 

NS 
PM
L 

PML PML PL PVL 

ZE PVS PVS PS PMS PMS 

PS 
PM

L 
PML PML PL PVL 

PL PVL PVL PVL PVL PVL 

ce/e NL NS ZE PS PL 

NL PM PM PM PM PM 

NS PMS PMS PMS PMS PMS 

ZE PS PS PVS PS PS 

PS PMS PMS PMS PMS PMS 

PL PM PM PM PM PM 
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The rule editor window for the Fuzzy Controller for DC Motor is as shown in Fig.7.There are 25 rules in total 

combining all the above rules  

 
Fig. 7  Rule Editor Window for Fuzzy Controller of DC Motor 

 

V FRACTIONAL ORDER PID 

CONTROLLER 

A. Fractional Calculus 

To study the fractional order controllers, 

the starting point is of course the fractional order 

differential equations using fractional calculus. 

Fractional calculus extends the classic concepts of 
differential and integral calculus to an arbitrary 

order. For the definition of the generalized operator 

aD_t (where a and t are the limits and _ is the order 

of the operation), the Riemann-Liouville (RL) and 

the Gr ¨unwald-Letnikov (GL) definitions are 

generally applied. The RL definition is given by (_ 

> 0): aD_ 

               aDt
∝f t =

1

Γ(n−1)

dn

dt n  
f(Γ)

(t−Γ)α−n +1

t

a
dΓ  

  

where 𝛤(x) is the gamma function of f(x) 

The GL definition is (α∈ℝ) u 

And [x] represents the integer part of x. 

The classical PID controller can be generalized into 

a fractional order PID controller, the so 

called PIλDμ, whose integro-differential equation 
can be expressed as: 

u t = Kpe t +
1

TI
D−λe t + TDDμe(t)              (3) 

where KP is the proportional gain, TI is the integral 

time constant, TD is the derivative time constant, 𝛌 

is the (non-integer) order of the integrator and μ is 

the (non-integer) order of the derivative action. The 

corresponding transfer function is expressed as 

     C S =
U(S)

E(S)
= KP(1 +

1

TISλ
+ TA Sλ)          (4) 

KI = KP /TI and KD = KP · TD, we obtain 

C s = KP +
KI

Sλ
+ Kd sλ                     (4.27)                                                            

 

It turns out in any case that in the 

PIλDμ controller, there are five parameters to tune 

and, most of all, the physical meaning of the two 

additional parameters is not clear. Indeed, the effect 

of changing these two parameters on the obtained 

performance is not well understood. 

B. Controller Scheme 
The control scheme considered is shown 

in Fig.8 where C and P are the controller and the 

process transfer functions respectively, x is the 

process output, y is the measured output, u is the 

control variable, r is the reference signal and e = 

r−y is the control error. Then, d denotes the load 

disturbance signal and n denotes the measurement 

noise signal. It is worth stressing that the 

performance of the control system in general is 

evaluated by considering all the input-output 

relationships between the three inputs r, d and n, 
and the three outputs y, x and u. 

 
Fig. 8  Control scheme of FO PID 

For the purpose of the description made in the 

following sections, denote as S the sensitivity 

function 

  S(s) =
1

1+C S P(S)
                                 (5) 

as T the complementary sensitivity function 

 T s =
C s P(s)

1+C s P(s)
                             (6) 

and as L the open-loop transfer function 

L(s) = C(s) P(s) 

 

C.  Design of FOPID Controller for Speed 

Control of Dc Motor    

Fig.9 shows the SIMULINK model for 

speed control of separately excited dc motor using 

FOPID Controller. Subsystem shows the model of 

separately excited DC Motor as shown in Fig.1. 
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Fig. 9  SIMULINK Model of Speed Control of 

Motor using FOPID 

 

To design a fractional controller, there are 

two approaches possible. The first one is 

placements of pole and second is by experimental 
results. The method of experimental results is used 

for design of controllers. The method involves 

studying the closed loop response of system by 

varying a tuning parameter. An appropriate value 

of tuning parameter is chosen depending on the 

closed loop performance requirements of the 

system i.e. overshoot, settling time, rise time, etc. 

Fractional PID controller design involves following 

steps: 

 

A. Determination of proportional gain KP: 

The value of proportional gain KP is 
adjusted to get minimum steady state error 

possible. With increase in KP, the settling time 

decreases but the steady state value remains 

unchanged. A value of KP is chosen as: 

KP = 221.59 

B. Determination of KI and λ: 

When integral time TI is increased keeping KP = 

221.59, it is observed that the controlled response 

become more and more oscillatory in nature. Now 

KI is kept constant at 2.2375 x 10
3
 and integral 

order λ is changed. The peak value and oscillatory 

nature of the response increases with increasing 
value of λ.. The integral order λ is chosen so as to 

have less oscillation in the controlled response, less 

settling time and KI is selected to have low possible 

peak value. 

The values chosen are: 

λ = 0.87, KI = 2.2375 x 103 

C. Determination of KD and 𝛍: 

The increase in derivative time KD causes the initial 

response to set point change becomes faster and 

also the peak value decreases. The value of 

derivative order 𝛍 is varied, which affects the peak 

value and also speed of the response. 𝛍 is chosen to 

have faster response but to avoid any peak 

overshoot. The values chosen for the derivative 

gain and derivative order are: 

KD = 2.4785, 𝛍 = 0.42 

 

VI SIMULATION RESULTS  

The speed vs time response of DC motor using PID 

controller is shown in Fig.10.This output response 
shows that there are initial oscillations in speed and 

after a settling time of 4 seconds,the motor attains 

the rated speed. 

 

 

 
Fig. 10  SPEED VS TIME RESPONSE OF SPEED CONTROL OF DC MOTOR USING PID CONTROLLER 

The speed vs time response of DC motor usingFuzzy- PID controller is shown in Fig.11. The model can be 

simulated to visualize and analyse the result. This output response shows that after 2.7 seconds the motor attains 

the rated speed of 157.07rad/s.  
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Fig. 11  Speed VS Time Response of Fuzzy Tuned PID Controlled DC Motor 

The speed vs time response of DC motor using FOPID controller is shown in Fig.12 

 

 
Fig. 12  Simulation Results of Separately Excited DC Motor Using FOPID Controller 

After analysing the above three graphs, the comparative table is made and results are analysed and discussed. 

Table 7 shows the comparative analysis of the three controllers. 

 

Table 7 

The Comparative Analysis of the Controllers 

 

 

 

 

 

 
 

 

The performance specifications of the controlled 

system using the fractional controller are better 

than that of the controlled system using classical 

PID controller. In general, the system with the 

integer order PID controllers takes more time to 

settle than with fractional order PID controller. 

Oscillations in FOPID are less as compared to 

conventional PID. Settling time is less in FOPID as 

compared to PID controller. When these two 

controllers are compared with FLC, it is observed 
that FLC is more efficient among the three 

controllers.FLC parameter controller has less rising 

and settling time as compared to other two 

controllers. Steady state error is also less in Fuzzy 

Logic Controller. FLC has better dynamic response 

properties and steady-state properties. 

 

VI CONCLUSION 
In present work, performance comparison 

of PID controller with that of fractional order PID 

controller and Fuzzy Logic controller is presented. 

Performance comparison are simulated and studied. 

The time response characteristics of the three 
systems are analysed. The effectiveness of the 

fractional order PID controller and PID controller 

and Fuzzy Logic controller is evaluated in terms of: 

i. Rise-time 

ii. Settling-time 

iii. Steady state value  

Comparing the step responses with the ones 

obtained (in simulation) with the three controller, 

Specifications PID FOPID FLC 

Rise time 3sec 1sec 0.7sec 

Settling time 4 sec 3sec 2.7sec 

Steady state 

value 
156.3 156.5 157.07 
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the better performance of the system with the 

Fuzzy Logic controller was observed. Fractional 

order PID controller for integer order plants offer 

better flexibility in adjusting gain characteristics 

than the PID controllers, owing to the two extra 

tuning parameters i.e. order of integration and order 

of derivative in addition to proportional gain, 
integral time and derivative time. Fine-tuned Fuzzy 

controller presents smaller overshoot and settling 

time than conventional PID controller and FOPID 

controller. The three parameters "KP", "KI", "KD" 

of conventional PID control need to be constantly 

adjusted in order to achieve better control 

performance. In case of fractional PID five 

parameters needs to be tuned to achieve better 

performance. Fuzzy self-tuning PID parameters 

controller can automatically adjust PID parameters 

in accordance with the speed error and the rate of 

speed error-change, so it has better self-adaptive 
capacity. The reason for getting a smooth controller 

output in the PID-like FLC case is because of the 

fact that PID-like FLC updates the controller output 

by making comparison of the error and the change 

in error in angular displacement of the motor shaft. 
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