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ABSTRACT  

 

Motors have speed dynamics when mechanical parameters like inertia and damping and 

electrical parameters like resistance and inductance are taken into account. The objective of the 

controllers is to maintain the speed of rotation of motor with a particular step response with 

minimizing the properties. The performance of a dc motor controlled by a proportional-integral-

derivative (PID) controller is analyzed. Overshoot appears with large settling time thereby 

confirming the behavior of a PID controller. So it is necessary to tune the PID controller in order 

to obtain the desired performance. Fuzzy logic based controller is used along with dc motor.  

Using appropriate expert rules, overshoot is reduced to minimum in this particular case on the 

cost of increased settling time and rise time. Manual tuning is eliminated and intelligent tuning 

take over the control with satisfactory performance using fuzzy logic controller. Technique based 

on PSO, particle swarm optimization is analyzed and simulation is done to control the PID 

controller and better results are obtained. The PID controller is designed using PSO algorithm to 

generate set of coefficients associated with controller. Program is used to activate the controller, 

calculate and plot the time response of control system. An improvement in PID controller is seen 

by using particle swarm optimization over conventional PID and fuzzy controllers. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction  

The control systems are the integral and major part of the modern society. They consist of 

subsystems and processes which are assembled for controlling purposes of many processes in 

modern industry. For domestic or industrial works motion control is required. The systems that 

are employed for such controls are called drives. In electric drives use of various sensors and 

control algorithm is done to control the speed of motor. The open loop systems consist of input 

transducers that convert the signal in desired electrical form used by controller. The controller 

further drives a plant or a process. The input is also called reference and output is a control 

variable. The disadvantages of open loop system are sensitive to disturbances and inability to 

correct for those disturbances. This may be removed by using closed loop systems. The closed 

loop systems overcome the problem for disturbances by measuring output response and feeding 

that through feedback system and comparing them at summing junctions. If there is any 

difference in the two responses, the system drives the plant to make a correction. If no such 

difference is found, it does not drive the plant since plant response is already a desired response. 

The close loop systems have major advantage of accurate control than open loop system. The 

effect of disturbances, noise and environmental factors can be made ineffective. Transient and 

steady state response can be improved with great flexibility by redesigning the controller. [10] 

 The DC motors are expensive due to brushes and commutators. DC motors have low torque to 

volume and torque to inertia ratios. On other hand the characteristics are quite linear and are easy 

to control. DC motors are generally used for high power application like in machine tools and 

robotics. It is interesting to know that almost half of industries use PID or modified PID 

schemes. Because PID can be adjusted on site, many types of tuning rules have been proposed. 

The mathematical model of plant suggests that PID control can give best results. In the field of 

control systems, it is well known that basic and modified PID systems have proves their 

usefulness in providing satisfactory response although in many situations they may not provide 

optimal control.                             
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To achieve that optimal control intelligent fuzzy controllers can be used. Fuzzy logic control 

(FLC) is one of the successful applications of fuzzy set theory introduced by L.A. Zadeh in 1973. 

Since then FLC has been an extremely active and fruitful research area with many industrial 

applications. FLC has evolved as an alternative or complementary to various control strategies in 

area of engineering. Fuzzy logic provides non linear controllers which are capable of performing 

different complex non linear control actions, even for uncertain nonlinear systems. Unlike 

conventional controllers, for designing a FLC it is not necessary to have a precise knowledge of 

system model such as poles and zeros of the system transfer function. Imitating the human way 

of learning, the tracking error and rate of change of error of inputs are required for the design of 

fuzzy inference system. [56] 

Modern heuristic optimization techniques such as genetical algorithm and neural networks 

annealing are much into the work by many researchers due to their ability to find an optimal 

accepted solution. One of  the  modern  heuristic  optimization  paradigms  is  the  particle  swarm  

optimization. PSO  is  a  kind  of  evolutionary  algorithm  based  on  a  population  of  individuals  

and motivated  by  the  simulation  of  social  behavior  instead  of  the  survival  of  the  fittest 

individual. It is a population-based evolutionary algorithm. Similar to the other population-based  

evolutionary  algorithms PSO  is  initialized  with  a  population  of  random  solutions. Unlike the 

most of the evolutionary algorithm solution  PSO also works  with a  randomized  velocity,  and  

the  potential  solutions called  particles which are flown through the problem space. The 

difference between PSO and the other evolutionary algorithms is that PSO opts the path of 

cooperation over competition. On other hand algorithms commonly use some form of decimation, 

survival of the fittest. In contrast, the PSO population is stable and individuals are not destroyed 

or created. Individuals are influenced by the best performance of their neighbors.  Individuals 

eventually converge on optimal points in the problem domain. [54] PSO does not have genetic 

operators like between individuals and mutation, and other individuals never substitute particles 

during the process of implementation. The PSO  refines  its  search  by attracting  the  particles  to  

positions  with  good solutions. While compared with genetic algorithms, the information sharing 

mechanism in PSO is totally different. In genetical algorithm chromosomes share information 

with each other. The whole population moves like a one group towards an optimal area. In PSO 

only the Gbest i.e. global best or Pbest i.e. fitness value gives the information. In PSO, all the 

particles tend to converge to the best solution quickly as compared with genetical algorithm. [8] 
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1.2 ORGANIZATION OF THESIS 

 

The thesis carried out has been summarized in six chapters. 

Chapter 1 highlights an overview to different methods that are opted for the analysis and a      

familiarization about those methods. 

Chapter 2 contains the literature review. 

Chapter 3 explains the modeling of DC motor. 

Chapter 4 gives the introduction about the various controller methods. 

Chapter 5 explains case study of DC motor speed control. 

Chapter 6 provides with the results and discussions of various methods. 

Chapter 7 gives the conclusion and future scope of the work. 
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CHAPTER 2 

LITERATURE REVIEW 

J.lygeros et.al. introduced a general formalism for generating a fuzzy plant model. It provides a 

description for Fuzzification, inference rules and defuzzification in terms of mapping. It 

demonstrated use of information by developing a general fuzzy logic, rule base plant model. It 

provides that fuzzy plant model exactly duplicates the behavior of discrete-time linear system.[1] 

Pierre Guillemin et.al. implemented a fuzzy logic to regulate speed of universal motor by real 

time adjustment of motor current. This paper shows how a fuzzy logic approach can be applied 

to build a closed speed regulation loop form a very low cost tacho-generator. This paper also 

gives the practical procedure to define the input parameters and to build fuzzy logic rules when 

using fuzzy logic development tool. [2] 

M. Perales et.al. proposed a system used to evaluate a variable speed, pitch angle of wind turbine 

by fuzzy logic techniques is described. A fuzzy logic control has been proposed based on the 

speed wind estimation in order to get maximum power and stability of the system. [3] 

W.Tan et.al. introduced criteria based on disturbance rejection and system robustness are 

proposed to assess the performance of PID controllers. The robustness is measured by a two-

block structured singular value, and the disturbance rejection is measured by the minimum 

singular value of the integral gain matrix. Examples show that the criteria can be applied to a 

variety of processes, whether they are stable, integrating or unstable; single-loop or multi-

loop.[4] 

 

QI Peng presented an improved particle swarm optimization (PSO) method for speed control of 

the brushless DC (BLDC) motor. With introducing a shrinkage factor into PSO algorithm, the 

speed control ability of the BLDC motor can be improved. The brushless DC motor is modeled 

in Simulink and the PSO algorithm is implemented in MATLAB. Comparing with fuzzy control 

method, the proposed method is more efficient in improving the step response characteristics, 

such as, reducing the steady-states error; rising time, settling time and maximum overshoot in 

speed control of a linear brushless DC motor. [5] 
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M.Ruderman et.al. gave a comparison of the state feedback control over standard cascade control 

architecture of DC motors. It gives advantages in terms of design complication, hardware 

realization and adaptivity. This paper presents a methodic approach to state space control of a 

DC motor. The state space model identified from experimental data provides the basis for a 

linear quadratic regulator (LQR) design. The state feedback linear control is augmented with a 

feed forward control for compensation of Coulomb friction. The controller is successfully 

applied and the closed loop behavior is evaluated on the experimental test bed under various 

reference signals. [6] 

Z.Xuan et.al. introduced to the problem of time varying nonlinear and time delay in ventilation 

systems. This paper addresses variable- frequency fuzzy PID control for highway tunnel 

ventilator, which has disadvantage  both dynamic performance of fuzzy control and steady state 

response of PID algorithm. Fuzzy PID algorithm depends upon on experts experience and fuzzy 

reasoning and it can carry out energy saving for enhancing the parameters and decreasing start 

up times. [7] 

A.A. El Gammal et.al. presented the application of new particle swarm optimization technique 

for adjusting the gains of PID controller adaptively to give the minimum integral absolute error 

between speed demand and output response. This new technique converts all objective functions 

into a single objective function using specified weighted factors. Since the optimal PID control 

parameters are dependent on selected weighted factors, the weighted factors was also treated as 

dynamic optimizing parameters with PSO as a dual optimization and global selection of PID 

control parameters. [8] 

M. Sharaf et.al. presented the novel application of PSO for optimal tuning of PID controller for 

high performance permanent magnet PMDC industrial motor drives. This will smooth the 

starting torque, enhance acceleration, dynamic tracking of reference speed. The dynamic error 

driven controller regulates the firing angle using PSO tuning PID block. The proposed dynamic 

controller utilizes the motor speed error, the armature current deviation, and dynamic current 

ripple error as input to PSO gain search algorithm. The proposed tuned PID is based on 

minimization of absolute of total error. [9] 
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L.Xing et.al. introduced to conventional Fuzzy PID controller. This paper proposes a FPID 

controller with variable integral parameter for temperature control in air conditioning system, 

which increases a fuzzy rule base to control the integral parameter of conventional PI controller. 

Through adjustment of integral coefficients, fuzzy control rule of conventional controller is 

indirectly adjusted to improve its function. [10] 

Hui H.U. et.al. compared one of energy efficient mathematical models which use G.A. algorithm 

to solve with a new algorithm based on PSO algorithm. Through calculation of a cited 

application, simulation results such as speed position curve are obtained. Compared with other 

methods, it demonstrates this new PSO based algorithm has a better performance and can be 

considered to put into practical use. [11] 

R.Rahmani et.al. presented an optimized fuzzy logic controller using particle swarm optimization 

for DC motor speed control. The controller model is simulated using MATLAB software and 

also experimentally tested on a laboratory DC motor. A contrast of the performance of different 

controllers such as PID controller, fuzzy logic controller and optimized fuzzy logic controller is 

presented as well. With reference to the results of digital simulations and experiment, the 

designed FLC-PSO speed controller obtains much better dynamic behavior compared to PID and 

the normal FLC designed. Moreover, it can acquire superior performance of the DC motor, and 

also perfect speed tracking with no overshoot. The optimized membership functions (MFs) are 

obviously proved to be able to provide a better performance and higher robustness in comparison 

with a regular fuzzy model, when the MFs were heuristically defined. Besides, experimental 

results verify the ability of proposed FLC under sudden change of the load torque which leads to 

speed variances. [12] 

A.Visioli et.al. analyzed the most significant issues that have been recently been addressed by 

researchers in the field of Proportional-Integral-Derivative (PID) controllers. In particular, the 

most recent techniques proposed for tuning and designing PID-based control structures are 

briefly reviewed, together with methods for assessing their performance. Finally, fractional-order 

and event-based PID controllers are presented among the most significant developments in the 

field. [13] 
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K.Venu et.al. presented the state space approach in modeling of DC Motor. DC motors, because 

of their simplicity, ease of application, reliability and favorable cost have been a backbone of 

industrial applications. In these applications, the motor should be precisely controlled to give the 

desired performance. Modeling of any system is an important task in control applications 

because the electrical and mechanical components should be represented in mathematical form. 

Although several methods are available for representing DC Motor model, the state space 

approach is unique in the sense, accurate and precise control is possible. Mathematical models 

are developed for simple closed loop control of DC Motor and closed loop control with 

proportional Integral and Derivative (PID) controller. This approach of modeling is useful for 

designing intelligent control techniques like Fuzzy control, neural networks etc. [14] 

H.E.A Ibrahim et.al. presented a PSO technique and bacterial foraging (BF) technique for 

determining the optimal parameters of PPID controller for speed control of brushless DC motor. 

The proposed technique was more efficient in improving the step response of motor. [15] 

F.Valdez et.al. described the use of Particle Swarm Optimization (PSO) for designing an optimal 

fuzzy logic controller of a DC Motor. The speed of the DC motor can be adjusted to a great 

extent so as to provide easy control and high performance. There are several conventional and 

numeric types of controllers intended for controlling the DC motor speed and executing various 

tasks: PID Controller, Fuzzy Logic Controller; or the combination between them: Fuzzy-Swarm, 

Fuzzy-Neural Networks, Fuzzy-Genetic Algorithm, Fuzzy-Ants Colony. In this case the 

approach will optimize the membership functions of a fuzzy logic controller (FLC) using PSO 

and the obtained results were simulated on Simulink of Matlab. [16] 
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CHAPTER 3 

DC MOTOR MODELLING 

3.1 DC Motor  

DC motors are motors which run on direct current either from a DC supply or a battery. Direct 

current defines electricity at a constant voltage. When a battery or DC supply is connected to DC 

motor leads. The motor converts electrical energy into mechanical energy. A DC motor relies on 

the fact that magnet poles repels and unlike magnetic poles attracts each other. A coil of wire 

with a current running throughout it generates an electromagnetic field associated with the center 

of the coil. By switching the current on or off in a coil its magnetic field can be switched on or 

off or by switching the direction of the current in the coil the direction of the generated magnetic 

field can be switched 180°. DC motor typically has a stationary set of magnets in the stator and 

an armature with a series of two or more windings of wire wrap in insulated stack slots just about 

iron pole pieces with the ends of the wires terminating on a commutator. The armature includes 

the escalating bearings that keep it in the center of the motor and the power shaft of the motor 

and the commutator connections. The winding in the armature continue to loop all the way 

around the armature and uses either single or parallel conductors (wires), and can circle 

numerous times around the stack teeth. The total amount of current sent to the coil, the coil's size 

and what it's wrapped around state the strength of the electromagnetic field created. The string of 

turning a particular coil on or off dictate what direction the effective electromagnetic fields are 

pointed. By turning on and off coils in sequence a rotating magnetic field can be created. These 

rotating magnetic fields intermingle with the magnetic fields of the magnets (permanent or 

electromagnets) in the stationary part of the motor (stator) to create a force on the armature 

which causes it to rotate. In some DC motor designs the stator fields use electromagnets to create 

their magnetic fields which allow greater control over the motor. At high power levels DC 

motors are cooled using forced air. The commutator allows each armature coil to be activated in 

turn. The current in the coil is typically supplied via two brushes that make moving contact with 

the commutator. Now, some brushless DC motors have electronics that switch the DC current to 

each coil on and off and have no brushes to wear out or create sparks. [11] 
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Figure 3.1 Schematic representation of DC motor [3] 

 

3.2 Principles of Operation 

DC motor consists of stator and rotor. Voltage is applied across the motor terminals and current 

flows from positive terminal to negative terminal. The system consists of brushless and collector 

transfers current from the stationary terminals of the coils of rotor. The current flowing through 

coils interacts with permanent magnetic field of rotor and generator and electromagnetic force 

according to ampere’s law. Electromagnetic force turns the rotor and sets motor into working 

condition. In order to keep motor running in one direction, collector switches the rotor coils as 

rotor turns.  The rotation of rotor causes its coil to interact with magnetic field lines. Thus an emf 

(electromotive force) is introduced in coils according to faraday’s law. The induced emf is 

referred to as counter emf (also called back emf) because it opposes the applied voltage. Figure 

3.1 shows back emf, E and internal resistance R of motor. This represents the resistance of rotor 

windings, brushes, collectors etc. The internal resistance is causes power loss in electrical 

motors. As current flows through motor, energy is converted into heat through joules effect. The 

resulting power must be dissipated otherwise it will result in short circuiting or burning of 

insulation. [11] 

 

3.3 DC Motor Equation  

The torque developed by the DC motor develops in electromagnetic force applied to rotor 

windings. The electromagnetic force on conductor is proportional to current flowing through the 

conductor, hence torque generated by DC motor is proportional with current flowing through 
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windings of rotor. The constant of proportionality Kt 

T = KtI………………………...…………………………..… (3.1) 

A representation of equation 3.1 is given in figure 3.2 (a, b). [3] The amplitude of back emf is in 

proportional to angular speed of rotor. The constant of proportionality Ke 

 E = Keω…………………………………………………….. (3.2) 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 (a) Dependence of torque on electric current (E vs ω) 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 (b) Dependence of back emf on angular speed (T vs I)  
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The electrical model of DC motor is based on ohm’s law and Kirchhoff’s law 

                                V = IR+ E…………………………………………………… (3.3) 

In SI units it can be shown that the constants Kt and Ke are equal and can also be represented as 

a one constant K, which is motor constant.  

The proof of the contention starts with principle of power conservation during the 

electromechanical conversion process. The electrical input power to DC motor is 

                                  Pin = VI + (RI + E) = RI
2
 + EI………………….................... (3.4) 

 

From this input power, a part is lost as heat (RI
2
) and rest is converted into mechanical power. 

The electrical power that is converted into mechanical power is total input power. According to 

equation (3.4) electric power transferred is given by 

 Pelectr = EI………………….……...…………………….….. (3.5) 

The mechanical power transferred to DC motor 

 Pmechanical = Tω…………….…………………. …………….(3.6) 

Equating electric power and mechanical power we get 

EI = Tω………………….…………………………….…… (3.7) 

By substituting equation (3.1) and equation (3.2) in equation (3.7) 

 KtIω = KeIω……………..……...……………………….…. (3.8) 

Cancelling Iω on both sides 

                                                       Kt = Ke……………………..………………………………………….…………….. (3.9) 

It has been verified that both are equivalent so we can replace two constants with only one 

constant i.e. K and equation (3.1) and equation (3.2) can be rewritten as 

 

                                      T = KI                        E = Kω 

After substituting these values into equation (3.3) we get 

                                           V = (
 

 
) T + Kω……………………………..…………… (3.10) 

 

Equation (3.10) represents electromechanical model of DC motor. 
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3.4 Transfer function of DC motor 

Figure 3.3 shows the schematic representation of an armature controlled DC motor  

 

 

 

 

 

 

 

 

 

Figure 3.3 Armature controlled DC motor with load [2] 

The variables and parameters of above diagram of a dc motor model are given below 

 

R = winding resistance (Ohm) 

L= winding inductance (Henry) 

Ia = armature current (A) 

If = field current (A) 

Ea= armature applied voltage (V) 

Eb =back emf (V) 

ω = angular velocity of motor (rad/ sec) 

T = torque developed by motor (Newton-m) 

J = moment of inertia (kg m
2
) 

B = friction coefficient (N-m/ (rad/sec))  

Tw = disturbance torque (N-m) 

As the field current is maintained at constant level so torque become 

                                       T = KtIa…………………………………………………….. (3.11) 

                                       Eb = Kbω…………………………………………….……… (3.12) 

Where Kt = torque constant, Kb = back emf constant 
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The differential equation of circuit is 

     L 
   

  
 + RIa + Eb = Ea……………………..…………………..….  (3.13) 

The torque equation is given by 

                                        J
  

  
 + Bω + Tw = T……………………………..…..………..…. (3.14) 

Taking Laplace of equations (3.11) – (3.14) we get 

                                               T(s) = KtIa(s)………………………………………….….…. (3.15) 

                                              Eb(s) = Kbω(s)…………………………………….…………. (3.16) 

                                 (Ls + R) Ia(s) = Ea(s) – Eb(s)……………….………………….……. (3.17) 

(Js + B) ω(s) = T(s) – Tw(s)…………………………………………..(3.18) 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Block diagram of DC motor system [45] 

 

Figure 3.4 shows the clear representation of block diagram of DC motor. The net voltage applied 

to circuit is (Ea – Eb) having a transfer function 1 / (sL+R).  The result is armature current Ia(s). 

The torque rotates the load at ω(s) against the disturbance torque Tw; load having moment of 

inertia J and friction coefficient B and has transfer function 1 / (Js + b).The back emf is feed 

backed to summing point. [45] 

    

     
 = 

  

                  
…………………………….…………… (3.19) 

Equation (3.19) gives the transfer function between angular velocity and input voltage. 
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CHAPTER 4 

INTRODUCTION TO CONTROLLERS 

4.1 PID CONTROLLER 

Proportional-integral-derivative controller (PID controller) is a control loop feedback mechanism 

which is used in industrial control systems. A PID controller calculates error value as the 

difference between measured process variable and desired set point. The controller tries to 

reduce the error by adjusting the process through the use of a manipulated variable. 

The PID controller algorithm has three different parameters, i.e. the proportional, 

integral and derivative values, denoted as P, I, and D. These values can be interpreted in terms of 

time. P depends on the present error, I on accumulation of past errors and D is prediction 

of future errors, based on current rate of change. The weighted sum of these three actions is used 

to adjust the process via a control element such as the position of a control valve, a damper, or 

the power supplied to a heating element. In the absence of understanding of the fundamental 

process, a PID controller has been considered as best controller. By tuning the three parameters 

of the PID controller using algorithm, the controller can give control action designed for specific 

process requirements. The response of the controller can be described in terms of the 

responsiveness of the controller to an error, the degree to which the controller overshoots the set 

point, and the degree of system oscillation.  [40] 

 

 

 

 

 

 

 

 

 

Figure 4.1 Block diagram of generalized PID controller [40] 
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4.2 FUZZY CONTROLLER 

Fuzzy controllers are very simple practically. They consist of an input stage, a processing stage, 

and an output stage. The input stage maps sensor or other inputs like switches, thumbwheels, and 

so on, to the appropriate membership functions and truth values. The processing stage invokes 

each appropriate rule and generates a result for each, then combines the results of the rules. The 

output stage converts the combined result back into a specific control output value. Rules can be 

solved in parallel in hardware, or sequentially in software. The results of all the rules that have 

fired are "defuzzified" to a crisp value by one of several methods. Defuzzification is the process 

of producing a quantifiable result in fuzzy logic, given fuzzy sets and corresponding membership 

degrees. It is typically needed in fuzzy control systems. These will have a number of rules that 

transform a number of variables into a fuzzy result, that is, the result is described in terms of 

membership in fuzzy sets. Defuzzification is interpreting the membership degrees of the fuzzy 

sets into a specific decision or real value. [13] 

 

 

 

 

 

 

Figure 4.2 Block diagram representation for Fuzzy controller. [20] 

The general process is as follows 

 Document the system's operational specifications and inputs and outputs. 

 Document the fuzzy sets for the inputs. 

 Document the rule set. 

 Determine the defuzzification method. 

 Run through test suite to validate system, adjust details as required. 

 Complete document and release to production. 

http://en.wikipedia.org/wiki/Fuzzy_logic
http://en.wikipedia.org/wiki/Fuzzy_control
http://en.wikipedia.org/wiki/Fuzzy_sets
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4.3 PARTICLE SWARM OPTIMIZATIONS 

Particle swarm optimization (PSO) is a computational method that optimizes a problem 

by iteratively trying to improve a candidate solution with regard to a given measure of quality. 

PSO optimizes a problem by having a population of candidate solutions, here dubbed particles, 

and moving these particles around in the space according to simple mathematical formulae over 

the particle's position and velocity. Each particle's movement is influenced by its local best 

known position but, is also guided toward the best known positions in the search-space, which 

are updated as better positions are found by other particles. This is expected to move the swarm 

toward the best solutions. PSO is originally attributed to Kennedy, Eberhart and Shi. It was first 

intended for simulating social behavior, as a stylized representation of the movement of 

organisms in a bird flock or fish school. The algorithm was simplified and it was observed to be 

performing optimization. The book by Kennedy and Eberhart describes many philosophical 

aspects of PSO and swarm intelligence. An extensive survey of PSO applications is made 

by Poli. PSO is a metaheuristic as it makes few or no assumptions about the problem being 

optimized and can search very large spaces of candidate solutions. However, metaheuristics such 

as PSO do not guarantee an optimal solution is ever found. More specifically, PSO does not use 

the gradient of the problem being optimized, which means PSO does not require that the 

optimization problem be differentiable as is required by classic optimization methods such 

as gradient descent and Quasi-Newton methods. PSO can therefore also be used on optimization 

problems that are partially irregular, noisy, change over time, etc. [41] 

4.3.1 Algorithm 

A basic variant of the PSO algorithm works by having a population called a swarm of candidate 

solutions called particles. These particles are moved around in the search-space according to a 

few simple formulae. The movements of the particles are guided by their own best known 

position in the search-space as well as the entire swarm's best known position. When improved 

positions are being discovered these will then come to guide the movements of the swarm. The 

process is repeated until a satisfactory solution will eventually be discovered. 

Let f: R
n
 → R be the cost function which must be minimized. The function takes a candidate 

solution as argument in the form of a vector of real numbers and produces a real number as 

output which indicates the objective function value of the given candidate solution. 

http://en.wikipedia.org/wiki/Mathematical_optimization
http://en.wikipedia.org/wiki/Iterative_method
http://en.wikipedia.org/wiki/Candidate_solution
http://en.wikipedia.org/wiki/Point_particle
http://en.wikipedia.org/wiki/Formula
http://en.wikipedia.org/wiki/Position_(vector)
http://en.wikipedia.org/wiki/Velocity
http://en.wikipedia.org/wiki/James_Kennedy_(social_psychologist)
http://en.wikipedia.org/wiki/Russell_C._Eberhart
http://en.wikipedia.org/wiki/Computer_simulation
http://en.wikipedia.org/wiki/Social_behaviour
http://en.wikipedia.org/wiki/Flocking_(behavior)
http://en.wikipedia.org/wiki/Fish_school
http://en.wikipedia.org/wiki/Swarm_intelligence
http://en.wikipedia.org/wiki/Riccardo_Poli
http://en.wikipedia.org/wiki/Metaheuristic
http://en.wikipedia.org/wiki/Gradient
http://en.wikipedia.org/wiki/Differentiable
http://en.wikipedia.org/wiki/Gradient_descent
http://en.wikipedia.org/wiki/Quasi-newton_methods
http://en.wikipedia.org/wiki/Candidate_solution
http://en.wikipedia.org/wiki/Candidate_solution
http://en.wikipedia.org/wiki/Row_vector
http://en.wikipedia.org/wiki/Real_number
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The gradient of f is not known. Let S be the number of particles in the swarm, each having a 

position xi ∈ R
n
 in the search-space and a velocity Vi ∈ R

n
. Let pi be the best known position of 

particle i and let g be the best known position of the entire swarm. A basic PSO algorithm is 

represented by 

 For each particle i = 1, ..., S do: 

 Initialize the particle's position with a uniformly distributed random vector: xi ~ U 

(blo, bup), where blo and bup are the lower and upper boundaries of the search-space. 

 Initialize the particle's best known position to its initial position: pi ← xi 

 If (f(pi) < f(g)) update the swarm's best known position: g ← pi 

 Initialize the particle's velocity: vi ~ U(-|bup-blo|, |bup-blo|) 

 Until a termination criterion is met (e.g. number of iterations performed, or a solution with 

adequate objective function value is found), repeat: 

 For each particle i = 1, ..., S do: 

 Pick random numbers: rp, rg ~ U(0,1) 

 For each dimension d = 1, ..., n do: 

 Update the particle's velocity: vi,d ← ω vi,d + φp rp (pi,d-xi,d) + φg rg (gd-xi,d) 

 Update the particle's position: xi ← xi + vi 

 If (f(xi) < f(pi)) do: 

 Update the particle's best known position: pi ← xi 

 If (f(pi) < f(g)) update the swarm's best known position: g ← pi 

 Now g holds the best found solution. 

The parameters ω, φp, and φg are selected by the practitioner and control the behavior and 

efficiency of the PSO method. 

http://en.wikipedia.org/wiki/Gradient
http://en.wikipedia.org/wiki/Uniform_distribution_(continuous)
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4.3.2 Parameter selection 

The choice of PSO parameters can have a large impact on optimization performance. Selecting 

PSO parameters that yield good performance has therefore been the subject of much research. 

The PSO parameters can also be tuned by using another overlaying optimizer, a concept known 

as meta-optimization. Parameters have also been tuned for various optimization scenarios. [41] 

4.3.3 Convergence  

Convergence refers to the swarm's best known position “g” converging to the optimum of the 

problem, regardless of how the swarm behaves. Convergence may also refer to a swarm 

collapse in which all particles have converged to a point in the search-space, which may or may 

not be the optimum. 

Several attempts at mathematically analyzing PSO convergence exist in the literature. These 

analyses have resulted in guidelines for selecting PSO parameters that are believed to cause 

convergence, divergence or oscillation of the swarm's particles, and the analyses have also given 

rise to several PSO variants. The analyses were criticized by Pedersen for being oversimplified 

as they assume the swarm has only one particle, that it does not use stochastic variables and that 

the points of attraction, that is, the particle's best known position p and the swarm's best known 

position “g”, remain constant throughout the optimization process. Furthermore, some analyses 

allow for an infinite number of optimization iterations which is not possible in reality. This 

means that determining convergence capabilities of different PSO algorithms and parameters 

therefore still depends on empirical results. One attempt at addressing this issue is the 

development of an "orthogonal learning" strategy for an improved use of the information already 

existing in the relationship between “p” and “g”, so as to form a leading converging exemplar 

and to be effective with any PSO topology. The aims are to improve the performance of PSO 

overall, including faster global convergence, higher solution quality, and stronger robustness[41]. 

 

 

 

 

  

http://en.wikipedia.org/wiki/Meta-optimization
http://en.wikipedia.org/wiki/Convergent_sequence
http://en.wikipedia.org/wiki/Convergence_(evolutionary_computing)
http://en.wikipedia.org/wiki/Convergence_(evolutionary_computing)
http://en.wikipedia.org/wiki/Oscillation
http://en.wikipedia.org/wiki/Empirical
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CHAPTER 5 

DC MOTOR SPEED CONTROL: CASE STUDY 

5.1 DC Motor Model: 

The dc motor model used for simulation is shown in figure 5.1 

 

 

 

 

 

Figure 5.1 DC motor model [2] 

The parameters and value used for simulation are shown in table 5.1 

                                        Table 5.1 Parameters and value of DC motor 
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The mathematical model of DC motor can be constructed using following equations            

 

  

 

 
 =  

  

 

 

 

  

 

 

 

  
 

 
    

 
 

 

 U ……………………………………......... (5.1) 

 = [  ] 
 

 
   ………………………………………………....... (5.2) 

These equations are in form of  

  = A   +Bu………………………………………………….… (5.3) 

Y= c   +Du ………………………………………………….... (5.4) 

This is converted to a transfer function in order to make the dc motor model similar in terms of 

transfer function to that of PID in expression. 

 

 
 

 

                  …………………………………………… (5.5) 

 

Now simulation is started using Matlab. Here is the result of simple transfer function 

obtained from the motor parameters.  
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Now state space analysis is applied on the equations of simple transfer function and following 

values of the parameters: 

 

After the reduced transfer function is obtained 
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5.2 PID TUNING 

For improvement  in  the  performance  of  the  dc motor,  a  PID controller is  introduced  and  

applied.   This  PID  controller  for  the  control  of  the  dc  motor  is  set  up  in Matlab/Simulink 

as shown in figure 5.2 

 

Figure 5.2 Matlab/simulink model for PID controller 

 

A simple feedback control theory is utilized to represent the overall PID controlled system. This 

PID controller has the transfer function of the form: 

   
  

 
     

   
        

 
  ……………………………………… (5.6) 

It  is  observed  that  when  the  proportional  gain  alone  is chosen  arbitrarily,  the  response  of  

the  motor  is  not satisfactory.    The  same  problem  is  experienced  when  the integral  gain  

and  the  derivative  gain  alone  are  concentrated on.  Therefore, in order to have the desired 

motor response, the PID controller has to be tuned.     

Tuning of PID controller by means of trial and error method wastes time so tuning guide 

proposed by Ziegler-Nichols is adopted with aim of decreasing the rise time, eliminating the 

overshoot, speeding up  the  settling  time  of  the  system  and reducing to a tolerable value the 

steady –state error which  is difference  between  the  steady -state  output and desired output . 

When  the  PID  controller  is  properly  tuned and applied  to  a  unit  step  input system. 
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5.3 FUZZY TUNING 

Fuzzy  logic can be defined as  nonlinear mapping of  an  input data   into a scalar output that is 

the output case  decomposes  into  a anthology  of  independent  multi- input/single-output  

systems . Fuzzy  logic  is  used  to  imitate  to  the  best  of  its  ability of the  human mind.  

Approximate behavior is the hallmark rather than its exactness.  These  flexibilities  of  fuzzy  

logic  and  its simplicity has make  it  desirable  to  be  implemented  especially in areas  of  dc  

motor  control  where  proportional-integral-derivative (PID) controller is most popular. [23] 

Fuzzy Logic Controller Algorithm 

To successfully build a fuzzy logic controller system, the following steps are taken 

I. The input parameters are given to the fuzzy controller. 

 

II. Fuzzification  is  the  process  of  taking  crisp  inputs or values  and  determine  the  

degree  to  which those input belong to each of the appropriate fuzzy sets. 

 

III. Then these fuzzified sets are applied to the set of fuzzy rules.   For  this multiple 

antecedents, the  fuzzy operator (AND)  is  used  to  find a single  member  that 

represents  the  result  of  the  antecedent  assessment  such that 

 

μA ∩ B(x)   =    min[μA(x), μB(x)] ……………………………. (5.7) 

 

Where membership function for A is denoted by 

 

μ    

μ    
  

                   
                      

     …………………….……….. (5.8) 

 

For a continuous membership function of zero-one. Results applied to the 

membership function of the fuzzified set. 
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IV. Defuzzification is carried out by means of centroid technique to obtain the crisp 

output.  This is expressed mathematically as 

 

COG =    
 μ       
 
 

 μ      
 
 

   …………………………………..…… (5.9) 

 

V. The  algorithm  is then implemented  in  Matlab  with  five member fuzzy inference 

system used for  input parameters, which are  error and the change  in error  and for 

the  output also.  A Mamdani-type fuzzy inference approach is opted.   

 The prepared rule for the controller is set up based on skilled knowledge and shown in table 

(5.2) 

Table 5.2 Rules for fuzzy controller 

 

 

 

 

 

 

NB stands for a negative big with numerical equivalent of 0. NM stands for negative medium 

with numerical equivalent value 0.25. ZR stands  for  zero  with  numerical  equivalent value 0.5, 

PM stands for positive medium with a numerical equivalent 0.75 and PB stands for positive big  

with numerical equivalent 1.  
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The simulation is run and the three-dimensional behavior of the controller generated is shown in 

figure 5.3 

 

 

 

 

 

Figure 5.3 3D Behavior of Controller 

Fuzzy logic generated is applied to the dc motor. The gain is introduced to achieve stability. The 

derivative term is used in feedback to make feedback signal in form of input signal. The set up in 

Matlab/simulink environment is shown figure 5.4 

 

 

 

 

 

 

 

Figure 5.4 Matlab/simulink model for Fuzzy Controller 

A  unit  step  signal  is  applied  to  a  closed -loop  fuzzy  logic motor controlled system.  This 

signal corresponds to a supply voltage of 1 V and the system is run.  The output is depicting the 

response  of  the  dc  motor  is  displayed  via  a  scope  after simulation. 
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5.4 PARTICLE SWARM OPTIMIZATION ALGORITHM 

Particle swarm optimization (PSO) is an evolutionary computation optimization technique 

(a search method based on a natural system) developed by Kennedy and Eberhart. The system 

initially has a population of random selective solutions. Each potential solution is called a particle. 

Each particle is given a random velocity and is flown through the problem space. The particles 

have memory and each particle keeps track of its previous best position (called Pbest) and its 

subsequent fitness. There exist a number of Pbest  respective particles in swarm and for the particles 

with greatest fitness is called global best (Gbest) of the swarm. The basic concept of the PSO 

technique lies in accelerating each particle towards its Pbest and Gbest locations, with a random 

weighted acceleration at each time step. [42] 

The main steps in the particle swarm optimization and selection process are described as follows: 

 

a. Initialize a inhabitants of particles with random positions and velocities in D dimensions 

of the problem space and fly them. 

b. Evaluate the fitness of each particle in the swarm. 

c. For every iteration, compare each particle’s fitness with its previous best fitness (Pbest) 

obtained. If the current value is better than Pbest , then update or set Pbest value to current 

value and Pbest location to current location in D dimensional space.  

d. Compare Pbest of particles with each other and update the swarm global best location with 

greatest fitness value i.e. Gbest. 

e. Change the velocity and position according to the above equations 

f. Calculate : 

 

                           Velocity = ω*velocity + c1*(R1.*(local_best_position-current_position)) +  

 

                              c2*(R2.*(globl_best_position-current_position)………………. (5.10) 

 

Current_position = current_position + velocity………………………….… (5.11) 
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g. Repeat steps (a) to (e) until convergence is reached based on some desired single or 

multiple criteria. 

PSO has many parameters and these are described as follows: 

ω is called the inertia weight that controls the exploration and utilization of the search space 

because it dynamically adjusts velocity. Vmax is the maximum permissible velocity for particles in 

case where velocity exceeds its maximum value. Thus, resolution and fitness of search depends 

upon Vmax. If Vmax  is too high then particles will start moving beyond the good solution. On other 

hand if velocity is too low then particles are trapped in local minima. The constants C1 and C2 in 

equation 5.10 and 5.11 are known as cognition and social components. These are known as 

acceleration constant which changes the velocity of a particle towards Pbest and Gbest. The above 

figure shows the flow chat that how PSO algorithm works. [56] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.5 Flow chart of PSO algorithm 
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The main aim is that to minimize the errors using following function: 

 

Minimize J where, 

 

J = α1 (rise time)   + α2 (maximum overshoot) + α3 (settling time) 

 

Where α1+ α2+ α3 = 1 

 

This objective function J gives an operating point which in broad-spectrum is a trade off for the 

three weighted terms of the PID controller depending on the values of weights. [24] 

 

Figure 5.6 Matlab/simulink presentation of PSO 

 

The values of Kp , Ki and Kd analogous to best solution obtained is used in following block 

diagram and simulation is carried out. The values of these PID parameters are used to study the 

response of the system.  
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5.5 COMPARISON 

To contrast the responses of the proportional-integral-derivative controller (PID), fuzzy logic 

controller and PSO base controller the following Matlab/simulink arrangement is utilized. 

Figure 5.7 Matlab simulink model for PID, Fuzzy and PSO  

 A unit step input signal is applied and response is obtained for all three controllers. 
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CHAPTER 6 

RESULTS AND DISCUSSIONS 

In this analysis the results has been obtained from the developed methods using PID controller, 

fuzzy controller as well as particle swarm optimization (PSO) based controller which has already 

been discussed. 

6.1 PID AND FUZZY SIMULATION  

The parameters that are obtained from the simulation of PID controller and fuzzy controller are 

shown in table 6.1 in terms of rise time, maximum overshoot and settling time.  

Table 6.1 Parameters of step response of PID and fuzzy controller 

 

By analyzing the values obtained for considered parameters when step input is given. It is clear 

that fuzzy controller has an advantage over PID controllers. It can be clearly observed that 

overshoot has reduced when fuzzy controller is used but on the cost of increased settling and rise 

time. To improve rise time and settling time with no overshoot PID is tuned using PSO algorithm 

 

 

 

 

Parameters Rise time 

(sec) 

Max. Overshoot (%) Settling time (sec) 

PID controller 0.267 6.457 0.227 

Fuzzy controller 0.447 0.023 0.429 
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STEP RESPONSE OF PID AND FUZZY CONTROLLER 

 

Time(Second) 

Figure 6.1 Step response of PID and Fuzzy controller 
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6.2 PSO SIMULATION 

The following are results obtained after the simulation of program and are shown in the 

following tables. The result of objective is shown in table 6.2(a)-6.2(e). 

             Table 6.2(a) After 50 iterations                                   Table 6.2(b) After 100 iterations 

 

 

 

 

6.2(c) After 150 iterations                                              6.2(d) After 200 iterations 

 

 

 

 

 

6.2(e) After 250 iterations 

 

 

 

 

 

The parameters obtained after simulation of particle swarm optimization are shown in table 6.3 

in terms of rise time, maximum overshoot and settling time. 
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Table 6.3 Parameters of step response of particle swarm optimization simulation 

Parameters Rise time 

(sec) 

Max. Overshoot (%) Settling time (sec) 

After  50  iteration 0.3907              0.042 0.6467 

After  100  iteration 0.325 0.029 0.532 

After  150  iteration 0.227 0.014 0.497 

After  200  iteration 0.198 0 0.383 

After  250  iteration 0.153 0 0.257 

 

Table 6.3 shows the parameters of step response when PID is tuned using PSO algorithm. A 

performance-dependent PSO based PID controller is designed for speed control of DC motor 

using methodology discussed in chapter 5. Figure 5.10 present the comparative response of PID 

controller, fuzzy controller and PSO algorithm for DC motor. Table 6.3 represents better rise 

time (0.153), overshoot (0) and settling time (0.257) as compare to corresponding values 

obtained from PID and Fuzzy controller as shown in table 6.1. 
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CHAPTER 7 

CONCLUSION 

The  use  of  PID  controller  for  dc motor  is  no  doubt is robust simple and certaint especially  

for  a  well  tuned  PID  controller. But this method does not prove satisfactory for many systems 

as it causes high overshoot. So the use of fuzzy logic seems to be particularly appropriate as it 

allows us to make use of the human intelligence. It is clear from the results that the use of soft-

computing technique gives better outputs. The level of overshoot for the output response is 

successfully decreased using the fuzzy logic controller. But the improved performance is at the 

cost of increased rise-time and settling-time. On other hand PSO provides a good response over 

both PID and Fuzzy controllers. PSO dynamic search and optimization criterion is based on total 

error minimization.The main objective functions to be minimize rise time, maximum overshoot, 

and the settling time. The optimal PID controller parameters are dependent on selection of the 

weighting factors. So the main challenger was to choose these specific weighting factors. The 

weighting factors as active optimizing parameters within the particle swarm optimization were 

considered as optimization and global selection of  PID controller as well as weighting 

parameters. The multiple objectives are converted into a single objective function in a weighted 

functional. The optimization solution gives a value that reflects a concession between all key 

objectives. The Computer simulation results show that the choice of optimal control gains is 

essential for effective response.  

FUTURE SCOPE 

The single optimization PSO process may not be acceptable for systems with multiple 

conflicting objectives function. So, future work is to use the Discrete Multi-Objective Particle 

Swarm Optimization, DMOPSO and extend the problem by incorporating two objective 

functions. Better results can be obtained by combining PSO with other techniques like ACO, 

GA. 
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 CHAPTER 8  

CHECK FOR ORIGINALITY 

The dissertation report presented here has been checked for its originality using online 

plagiarism checker “Paper Rater”, available at http://www.paperrater.com/plagiarism_checker. 

Various theoretical concepts are explained as per the references from different technical books 

which I studied during my engineering graduation and post graduation studies. Thanks to all 

those who are already present in my references text. 
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