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INTRODUCTION

Fractional calculus is a more than 300 years old topic. The number of applications where
fractional calculus has been used rapidly grows. These mathematical phenomena allow to
describe a real object more accurately than the classical “integer-order” methods. The real
objects are generally fractional ,however, for many of them the fractionality is very low. A
typical example of a non-integer (fractional) order system is the voltage-current relation of a
semi-infinite lossy transmission line or diffusion of the heat through a semi-infinite solid,
where heat flow is equal to the half-derivative of the temperature .

The main reason for using the integer-order models was the absence of solution methods
for fractional differential equations. At present time there are lots of methods for
approximation of fractional derivative and integral and fractional calculus can be easily used
in wide areas of applications (e.g.: control theory - new fractional controllers and system
models, electrical circuits theory - fractances, capacitor theory, etc.).

For closed-loop control systems, there are four situations. They are :
1) 10 (integer order) plant with 10 controller
2) 10 plant with FO (fractionalorder) controller
3) FO plant with 10 controller
4) FO plant with FO controller

From control engineering point of view, doing something better is the major concern.
Existing evidences have confirmed that the best fractional order controller can outperform the
best integer order controller. It has also been answered in the literature why to consider
fractional order control even when integer (high) order control works comparatively well .

Fractional order PID controller tuning has reached to a matured state of practical use.
Since (integer order) PID control dominates the industry, we believe FO-PID will gain
increasing impact and wide acceptance. Furthermore, we also believe that based on some real
world examples, fractional order control is ubiquitous when the dynamic system is of
distributed parameter nature.



INTRODUCTION

In this project, a simple tutorial on fractional calculus in controls. Basic definitions of
fractional calculus, fractional order dynamic systems and controls are presented first in Sec. I.
Then, Optimisation algorithms are introduced in Sec. Il. In Sec. 11l. A DC Motor simulation
on MatLab with IOPID and FOPID to compare their performance.
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I-FO Systems and Controls

I.1IFRACTIONAL ORDER CALCULUS: MATHEMATICAL OVERVIEW :

Fractional order calculus is an area where the mathematicians deal with derivatives and
integrals from noninteger orders.

Gamma function is simply the generalization of the factorial for all real numbers. The
definition of the gamma function is given by :

rX)=[f"z""e?dz (1)
I'(x)=(x-1)!

<Df 1s the combination of differentiation and integration operation commonly used in
fractional calculus. Reimann- Liouville definition for ,Df is

da
— a>0
dta

aDf" 1 a=0 (2)
[;dD™  a<0

Here a is the fractional order. a and t are the limits.
There are two commonly used definitions for general Differintegral ,D¢
1. Grunwald - Letnikov
2. Riemann- Liouville
Grunwald - Letnikov definition

= a .
D =limy o 2 201 1)) ( i) fe=in @
Riemann-Liouville definition
DEf() = dm ft /(™)

I'(n—-a) dt™ Ya (t—1)%—n+1

drt (4)

Laplace Transform of Differintegral operator ,Df

LL.D f(©)] = [," e™st,D" f(t) dt 5)
LLD" f(®)] = s F(s) - Ty s (—=1)7 D™ £ (1) (6)
n lies in between n-1< o <n.



I-FO Systems and Controls

Properties of Fractional Calculus :

The main properties of fractional derivatives and integrals are the following:

- If f(t) is an analytical function of t, its fractional derivative ,DZf(t) is an analytical
function of z and a.

- For a = n, where n is an integer, the operation ,D/f(t) gives the same result as
classical differentiation of integer order n.

- For o = 0 the operation ,DZf(t) is the identity operator: ,DZf(t) = f(t)

- Fractional differentiation and fractional integration are linear operations:
oDEA(t) +bg(t) =a (DFF(t) +b (D' g(t)

- The additive index law (semigroup property)
oDE D) = oDF oDET(M) = oD ()
holds under some reasonable constraints on the function f(t).

The fractional-order derivative commutes with integer-order derivative

d" r e r d“f(t) s r+n
m(aDrf(t)) = uD; < df" > — aDz f(')

under the condition t = a we have f® (@) =0, (k=0,1,2,...n — 1).

The relationship above says the operators :—; and ,Dfcommute.[14]

I.2Fractional Order Dynamic Systems :

A fractional-order dynamic system can be described by a fractional differential equation of
the following form :

[l"Davl)-(t) + a”_]Dan-—l—y(t) + et (I()Da{)_\‘(r) — meﬁm"(t) + bm_lDBm—l"([) L ])()Dﬁ()"(r) (7)

Where DY= D ; a, (k =0, n), b, (k= 0,--- m) are constants; and 5, (k =0,--- n),
a; (k =0, m) are arbitrary real numbers.

Without loss of generality we can assume that a,,> a,,—1> - > ay, and $,,> Br=1> -+ > fB,.

For obtaining a discrete model of the fractional-order system (7), we have to use discrete
approximations of the fractional-order integro-differential operators and then we obtain a
general expression for the discrete transfer function of the controlled system [15].

b (w (:_I))B"' +...+bo (w (:‘1)),3”
G(z) = 1\ =1\ (8)
an(w(z™'))™" +...+ao(w(z™"))
where (w(z~1)) denotes the discrete equivalent of the Laplace operator s, expressed as a
function of the complex variable z or the shift operator z 1.
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The fractional-order linear time-invariant system can also be represented by the following
state-space model :

oDIx(t) = Ax(t) + Bu(t)
y(t) = Cx(t) )

where X € R™, u € R"and y € RPare the state, input and output vectors of the system and A €
R™™ B € R™" C € RPX", q s the fractional commensurate order.

I.3Fractional Order Control Systems :

Classical PID Controller :

The classical PID controller can be considered as a particular form of lead-lag
compensation in the frequency domain. Its transfer function can be expressed as :

U(s) K;
C(S):E(s):Kp-l_?-l_Kd'S (10)
(s/w)? +2£—CS+ 1
C(s)=k S < (11)

With W, = Ki/Kd , 0= Kp/(ZJKiKp),k = KL'
Another form can be :

Cs) = k(s + a)S(s + b) (12)

Therefore, the contributions of the controller depend on one of:

- Gains K, K;, Ky
- Gain k and parameters w,, 8,
- Gain k and location of zeros a and b. [14][11]

60
)
=
o 40
. =
Fig.1-Frequency 2
= 27
response of & 20
the classical PID T 0
controller 90
with 20
t 8
Kp = Ki = Kd = 1 v 0
s
-90

107~ 10 10 10" 10°
Frequency (rad/sec)



I-FO Systems and Controls

Fractional-order PID Controller :

The integro-differential equation defining the control action of a fractionalorder PID
controller is given by :

u(t) = Kye(t) + K,D e(t) + K;D e(t)  (13)

s8;s™
Wy

(s/a)f)“” + +1

K:
C(s) =K, + S—; +Ky.s* =k (14)
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Fig.2 Frequency response of the classical PID controller with Kp =1, Ki = 0.5,Kd =1
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Fig.3 Frequency response of the fractional-order PID controller withk=1, wf=1,6f=1,andA=p=
0.5
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As can be observed, this fractional-order controller allows us to select both the slope of the
magnitude curve and the phase contributions at both high and low frequencies.

In a graphical way, the control possibilities using a fractional-order PID controller are shown in Fig. 4,
extending the four control points of the classical PID to the range of control points of the quarter-
plane defined by selecting the values of A and p

Au A I‘
PD PID PD PID
p=1g @ p=1 g @
P Pl A P Pl A
L @ - —@ @ >
@ A=1 & A=1

(a) (b)

Fig.4 Fractional-order PID vs classical PID: from points to plane: (a) integer-order and (b) fractional-
order
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1.1 INTRODUCTION

Optimization plays a vital role in many engineering applications. In design activity, an
optimal design is achieved by comparing a few alternative design solutions created by using
prior problem knowledge. In such activity the feasibility of each design solution is first
investigated. Thereafter an estimate of the underlying objective (cost, profit, etc) of each
design solution is computed and the best solution is adopted. Optimization algorithms provide
systematic and efficient ways of creating and comparing new design solutions in order to
achieve an optimal design. The optimization process must only be used in those problems
where there is a specific need of accomplish a quality product or a competitive product. It is
expected that the design solution obtained through an optimization method is better than other
results in terms of the selected objective.

1.1 OPTIMIZATION

The optimization is from 'Optimum’ which implies a point at which the conditions are best
and most favorable. Optimization is finding better among different possible solutions with the
measure of the quality of those solutions. The real problems are 'hard’, it means that, it is not
guaranteed to find the best solution in acceptable amounts of time.

For many engineers and researchers, optimization is an esoteric technique used in
Mathematics and Operations Research related activities. With the advent of computers,
optimization has become a part of computer aided activities.

An optimization algorithm is a procedure which is executed iteratively by comparing various
solutions till the optimum or a satisfactory solution is found.

In many industrial design activities, optimization is achieved indirectly by comparing a few
chosen design solutions and accepting the best solution. This simplistic approach never
guarantees an optimal solution. On the contrary, optimization algorithms begin with one or
more design solutions supplied by the user and then iteratively check new design solutions in
order to achieve the trueoptimum solution.

There are two distinct types of optimization algorithms which are in use today. :

1.Algorithms which are deterministic, with specific rules for moving from the one solution to
the other. These algorithms have been in use for quite some time and have been successfully
applied to many engineering design problems.

2.Algorithms which are stochastic in nature, with probabilistic transition rules These
algorithms are comparatively new and are gaining popularity due to certain properties which
the deterministic algorithms do not have. These are mainly classified as, Traditional
optimization algorithms and Evolutionary Algorithms. Traditional optimization algorithms
some methods are shown in fig.5
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Exhaustive search methods

Single Variable Fibonacci search methods
| Optimization Algorithms Golden section search
L methods
Traditional optimization } :
algorithms _ Multi Variable Direct search methods.
Optimization Algorithms Gradient-based methods

Kuhn- Tucker methods

Constrained Optimization | ;
. SE—

Algorithms Transformation methods

Feasible direction methods

Fig5 Methods of Traditional optimization algorithms

Il .3 METAHEURISTICS

A metaheuristic is anadvanced technique or heuristic designed to locate, create, or select a
heuristic that may provide adequately superior result to an optimization problem, specially
with partial or imperfect information. Metaheuristic sample a set of solutions which is too
large to be completely sampled. Metaheuristic may make few assumptions about the
optimization problem being solved, and so they may be usable for a variety of problems.

A heuristic is any approach to problem solving, learning, or discovery that employs a
practical method not guaranteed to be optimal or perfect, but sufficient for the immediate
goals. Where finding an optimal solution is impossible or impractical, heuristic methods can
be used to speed up the process of finding a satisfactory solution.

MetaheuristicAlgorithms

These algorithms are found to be potential in search and optimization for complex
engineering optimization problems. In these categories, important metaheuristic algorithms
are :

- Genetic algorithm (GA)

- Artificial Immune System (AIS) Algorithm

- Particle Swarm Optimization (PSO) Algorithm
- Ant Colony Optimization (ACO) Algorithm

- Sheep Flocks Heredity Model Algorithm (SFHM)
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OPTIMIZATION

EXACT
method
(specialized)

/

COMBINATORIAL
/0

difficult optimization

APPROXIMATE
method

T~

CONTINUOUS

NON - LINEAR
+ (often)
not analytically known

LINEAR
Linear
programming

........... ;7«’.---_----\.\.\.----_--_4
/‘/ h
N .
GLOBAL LOCAL
method method

7Y

HEURISTIC
specialized

META-
HEURISTIC

Fig6 Optimisation methodes

Il .4Particle Swarm Optimization

CLASSICAL
(often with

gradients)

Particle Swarm Optimization (PSO) is a population based stochastic optimization technique
developed by Dr. Eberhart and Dr. Kennedy in 1995, inspired by social behavior of bird
flocking or fish schooling. It has been applied successfully to wide variety of search and
optimization problems. It can be applied to virtually any problem that can be expressed in
terms of an objective function.

Suppose the following scenario: a group of birds are randomly searching for food in an area.
There is only one piece of food in the area being searched. All of birds do not know where the
food is. But they know how far the food is in each iteration. So what is the best strategy to
find the food? The effective one is to follow the bird that is nearest to the food.

The PSO algorithm is iterative and involves initializing a number of vectors (called particles)
randomly within the search space of the objective function. These particles are collectively
known as the swarm. Each particle represents a potential solution to the problem expressed by
the objective function. During each time the objective function is evaluated to establish the
fitness of each particle using its position as input. Fitness values are used to determine which

10
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positions in the search space being attracted to both their personal best position as well as the
best position found by the swarm so far.

The PSO algorithm has shown its robustness and efficacy in solving function value
optimization problems in real number space. The attractiveness of the PSO algorithm is due to
the features natural metaphor, stochastic move, adaptively, and positive feedback.

The features of PSO are,

1. PSO can be applied for non-linear, non-continuous optimization problem with continuous
variables PSO has been successfully applied in many areas: function optimization, artificial
neural network training, fuzzy system control, and other areas where GA can be applied.

2. PSO is mainly solving continuous optimization tasks.
3. PSO gets better results in a faster, cheaper way compared with other methods.

4. PSO has robustness and efficiency in solving function value optimization problems in real
number space.

5. PSO has good convergence speed and there are few parameters to adjust. One version, with
slight variations, works well in a wide variety of applications.

6. Unlike the other heuristic techniques, PSO has a flexible and well-balanced mechanism to
enhance and adapt to the global and local exploration abilities.

7. PSO is a zero order algorithm, for no derivative is necessary for its implementation.
8. PSO has natural metaphor, stochastic move, adaptivity, and positive feedback.

9. PSO has been used for approaches that can be used across a wide range of applications, as
well as for specific applications focused on a specific requirement.

10.Unlike GA, PSO does not have genetic operators like crossover and mutation. Particles
update themselves with the internal velocity. They also have memory, which is important to
the algorithm.

11.In GA, chromosomes share information with each other. So the whole population moves
like a one group towards an optimal area. In PSO, only GBest (or IBest ) gives out the
information to others. It is a one-way information sharing mechanism. The evolution only
looks for the best solution quickly even in the local version in most cases.

Figure 7 shows the flow diagram for PSO.

11
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Start

J

Initialize particles in searching space with random position

8|

Calculate the next position and velocity of each particle

J

Calculate the inertia weight and the fitness values

4

Compare and update the personal best position and speed

J

Compare and update the goal best position and speed

Early stopping Yes

ND Maximum iteration
ﬂ Yes
Stop: giving gbest as optimal solution =
End

Fig7 the flow diagram for PSO.

Steps in PSO
Step 1 :The population has to be generated and number of iterations has also to be fixed.
Step 2 : Evaluate the objective functions along with the required design variables.

Step 3 : Assign Pbest[i] = initial solution where i = 1,2, ... N (N: no of particles). Store the
objective value.

Step 4 :Find best among all particles and assign this to Gbest. Compare step 2 objective
functions with step 3 objective functions and carryout swapping to obtain the step 3 objective
function, store the swapped data.

12
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Step 5 :Generate initial velocities randomly for all particles.

Step 6 :Add velocities to the corresponding particles, i.e., Present[i] (new) = Present[i] old) +
Vil

Step 7 :Update velocity according to V[i] = V[i] (present) + CI * (Pbest[i] - present[i]) +c2 *
(Gbest[i] - present [i]).

Step 8 : Evaluate the updated particles to get new ones Step 9 : If number of iterations is
lesser for optimization Go to stepé.

Step 10: Compare the Objective Function Value with the last solution obtained, go to step7 if
they are not equal, else, end the loop.

Step 11: The algorithm has to be terminated after pertaining required numbers of iterations.

PSO

1 Initialize a population of particles with random positions and velocities on D dimensions in the search space

while Terminating condition is not reached do

2 for each particle i do

3 Adapt velocity of the particle using Equation (10)
4 Update the position of the particle using Equation (11)
5 Evaluate the fitness /'(.Y,)

6 if (f(X,) < f(P,)) then

’ | B %,

8 end

9 if (f(X)) < f(P,)) then

10 | P; o X,

1 end

12 end

13 end

13
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I11.Simulation and results

111.1 INTRODUCTION :

PID controllers have been used for several decades in industries for process control
applications .The reason for their wide popularity lies in the simplicity of design and good
performance including low percentage overshoot and small settling time for slow process
plants . The performance of the PID controllers can be improved by making use of fractional
order derivatives and integrals.

This greatest flexibility makes us possible to design more robust control system. In
fractional order PID (FOPID) controller, the integral and derivative orders are usually
fractional. In FOPID besides Kp, Ki, Kd we have two more parameters A and p , the integral
and derivative orders respectively. If L =1 and p =1, then it becomes integer PID. The five
parameters Kp, Ki, Kd,A , u are to be optimized in five-dimensional hyper-space to obtain an
optimal solution that satisfies all the user specifications. It is necessary to understand the
theory of fractional calculus in order to understand the significance of FOPID controller . This
paper mainly focuses on the better way of tuning by comparing the results of PSO based
tuning of FOPID controllers with the other conventional tuning methods.

Dynamic systems based on fractional order calculus have been a subject of extensive research
in recent years since the proposition of the concept of the fractional order PI*D* controllers
and the demonstration of their effectiveness in actuating desired fractional order system
responses .Classical optimization techniques cannot be used here because of the roughness of
the objective function surface . We, therefore, use a derivative-free optimization technique —
particle swarm optimization (PSO) originally devised by Kennedy and Eberhart , in this
section were going to the system shown in fig .7,the compare the FOPID to the IOPID

Data for retuning

PSO “K,'” value
alo ) ith < Required time response
agorrtam specification for the
El’r ) ¢ . pl’()CCSS
: Ko | Ki |Ka
Setpoint “R(s)” T
PID o
>|  controller 7 Process >
Process output
/[ . u}/(s)))
Feedback
Fig.8

16
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111.3 DC MOTOR DESIGN :

The electrical equivalent diagram of an armature controlled DC motor is given in the fig.9

Where R = armature resistance (Q2), L = self inductance of armature (H),la = armature
current (A), If = field current (A), Ea = applied armature voltage (V), Eb = back emf (V),
Tm = torque produced by the motor (Nm), 6 = angular displacement of motor shaft (rad),

o = angular speed of motor shaft (rad/sec), J = equivalent moment of inertia of motor and
load referred to motor shaft (kg-m2), B = equivalent viscous friction coefficient of motor and
load referred to motor shaft (Nm*s/rad).

VI \ﬁ /\ o 1‘ (constant)

+
— ‘
Iy ‘
C
! e
€ e M) Ty =k
N
+ N
¥)
| 9
Fig.9 (5
s-0(s) _ o(s) _ ket

The transfer function of DC motor is given by: ~ G(s) = Ea(s) Eu(s) [(R+Ls)(s+B)+kr Kp]
ai= als - ~ T b

17
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K q >
Li+R Js+B
EbeS)
k4
Fig.10 Block diagram of armature controlled DC Motor
Specification | R= | L= | K= I= B=0.1
of DCmotor | 1Q 0.5 0.01 0.01 | Nm¥*s/rad
H kg-
m’

Tab.1 Parameter values of DC motor

the final transfer function of DC motor becomes

Gp(s) =

0.01

0.005s2+ 0.006s+0.1001

18
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I11.4 Simulation and results

Now we are going to see the unit step response of DC motor transfer function using classical
and fractional PID controller and its performance parameters.Classical PID controller is tuned
by Ziegler-Nicholas method and we obtained the proportional gain Kp = 6, integral gain

Ki = 28.3 and derivative gain Kd = 0.318.The unit step response and performance parameters
such as peak overshoot,peak time and settling time for PID control is shown below:

Unistzp response using D coniler

N

Cutut

0§

02

e s

Fig .11 Unit step response of DC motor using PID controller

The unit step response using PID controller gives an overshoot (Mp) of 12.85%,peak time
(Tp) of 2.47 sec and settling time (Ts) of 3.1 sec which is undesirable.To minimize these
parameters, we use fractional order PID controller which can provide better performance.

The unit step response and control performance parameters for FOPID controller with
different combinations of A and p is shown below.These graphs shows the step responses of
system with fractional PID controller, where the derivative order p and integral order A are in
fractions. The fractions can be less than or greater than 1.

19
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a) With A =1 and varying values of p <1
Comparison of Unit steo resporse of FOPID Controfler
— mu=0.
— mu=05

mu=0.7

14
— mu=03

ot st

/
1 3 4 5
Tme (52

Fig.12 Unit step response of DC motor using FOPID controller for varying values of u <1

A T M, T, T, ISE
1 | 03 | 134387 | 24254 | 29745 |0.3458

1 | 05 | 135116 | 23713 | 3.1023 | 0.3456

1 | 07 | 137049 | 24996 | 3.0076 | 0.3457
1 | 09 | 139560 | 24698 | 3.0152 | 0.3458

Tab.2 Comparison of Parameters for Different Combinations of A=1 and p<1

Changing the p value here does no difference.



I11.Simulation and results

b) With varying values of A<1 and p=1
Comparizon of unit step response of FOPID Controller
14 =y I
AR — lamkda=13
[ —— lambda =115
/ "‘--;‘_ lamkda =107
T — — labda= 01 ]
[ L
AR
1 ] | | W "-._ . -’f:'—x\..q_‘__._ R
T 7 i 1, e
(| Iu e x\_/_P
(1] (.
| I| '..
{1/ W
08 T
H i
2 [
[ Il II
16 1]
i
lif
|'|I
0s |'|I
I
I |I
|'|I
02 {f
i
If
I
H
b'
3 3 5 § 7 ] g 10

]
1 2
Time {szc)

I
Fig.13Unit step response of DC motor using FOPID controller for varying values of A < 1

A | on M, T, T, ISE
03 | 1 | 388953 | 19178 | 43480 | 02997
05 | 1 [ 269260 | 21115 | 3.4573 | 0.2862
0.7 | 1 | 196730 | 22867 | 2.8444 | 0.3041
09 | 1 | 152586 | 24476 | 3.0131 | 03307

Tab.3 Comparison of Parameters for Different Combinations of A <1 and p=1

In this case ,it’s clear that increasing the A value improves the control parameters.

¢) With varying values of A<1 and p<1
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Companzon of Unit siep responss of FOPD Contaller

I11.Simulation and results
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Fig.14 Unit step response of DC motor using FOPID controller for varying values of A <

land p<1

A L M, I, T. ISE

0.5 0.5 26.5058 2.1536 3.5961 0.286
0.5 0.7 26.7243 2.1446 3.6187 0.2564
0.5 0.9 26.9232 2.1085 3.4517 0.2869
0.7 0.5 19.0836 2.1777 2.9069 0.3041
0.7 0.7 19.2968 2.3212 3.0267 0.3044
0.7 0.9 19.6501 2.2879 2.8258 0.3048
0.9 0.5 15.0713 2.3615 3.0890 0.3312
0.9 0.7 15.1803 2.3340 3.0644 0.3313
0.9 0.9 15.1968 2.4555 3.00306 0.3315

Tab.4 Comparison of Parameters for Different Combinations of A<1 and p<1

It can be seen from the above table that when A=0.9 and p=0.7, control parameters values are

the smallest.
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I11.Simulation and results

d) With A=1 and varying values of p>1

mu = 105

Comparison of Linit step response of FOPID Confroller
mu=1.1

mu=1.15

17

Cutput

Time [saz)

Fig.15 Unit step response of DC motor using FOPID controller for varying values of p> 1

A I M, T, T, ISE
1 | 105 | 137526 | 24785 | 3.0580 | 0.3407
1 | 11 | 125777 | 24209 | 2.9814 | 0.3198
1 | 115 | 73682 | 2.5606 | 2.9606 | 0.2294

Tab.5 Comparison of Parameters for Different Combinations of A=1 and p>1

Slight improvement in increasing p, but it ends after u=1.15.



I11.Simulation and results

e) With varying values of 2>1 and p=1

Compenson of Unk 31z respanse of FOPD Controller
| 1 I i | ] | |
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Fig.16 Unit step response of DC motor using FOPID controller for varying values of A > 1

A

m M, T, T, ISE

1.05 [ 134255 | 24603 | 3.0204 [ 03521
1.1 1 128878 | 24621 | 3.0136 | 03592
1.15 1 123550 | 2.4585 | 2.9987 | 0.3663

Tab.6 Comparison of Parameters for Different Combinations of A>1 and p=1

Increasing A decreases the overshoot bu slows down the system a little.
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f) With varying values of A>1 and p>1

Comparson of Unit siep ssspanse of FOPD Conbroller

I11.Simulation and results
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Fig.17 Unit step response of DC motor using FOPID controller for varying values of A > 1

and p> 1

A " M, T, I ISE
1.05 | 1.05 | 13.2209 | 2.4806 | 3.0514 | 0.3479
105 | 1.1 | 11.8799 | 2.4159 | 2.9683 | 0.327
1.05 | 1.15 | 7.1071 | 2.7573 | 2.9573 | 0.237

1.1 | 1.05 | 12.7180 | 2.4831 | 3.0413 | 0.355
.1 | 1.1 [ 11.5889 | 25615 | 2.9388 | 0.3342
1.1 | 115 | 69922 | 2.7544 | 2.9544 | 0.2445
1.15 | 1.05 | 12.2015 | 2.4725 | 3.0215 | 0.3621
115 | 1.1 | 112334 | 2.5383 | 3.0984 | 0.3413
1.15 [ 1.15 | 6.8675 | 2.7519 | 2.9519 | 0.252

Tab.7 Comparison of Parameters for Different Combinations of A>1 and p>1

A=1.15 and p=1.15 are the best values here
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I11.Simulation and results

g) With varying values of A<1 and p>1

Comperison of Uni step msporse of FOPED Controlier
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Fig.18 Unit step response of DC motor using FOPID controller for varying values of A < 1

and p> 1

A m M, 71 E, ISE

0.5 1.05 26.6241 2:.1518 3.5008 0.282
0.5 i | 25.2814 2.1337 3.4911 | 0.2607
0.5 113 17.3934 2.1920 2.5868 0.167
0.7 1.05 19.2889 2.3197 2.8923 | 0.2998
0.7 1.1 17.9001 2.3375 29159 | 0.2787
0.7 1.15 11.1935 2.3890 2.7890 | 0.1862
0.9 1.05 15.0213 2.3179 3.0679 | 0.3265
0.9 1.1 13.9977 2.4005 2.9847 | 0.3054
0.9 1.15 8.2657 2.5689 2.9689 | 0.2143

Tab.8 Comparison of Parameters for Different Combinations of A<1 and p>1

Again ,that reduces the peak overshoot but slows down the system.




I11.Simulation and results

h) With varying values of A>1 and p<1

Comparison of Usit siep espmse of FOPID Cortrolier
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Fig.19 Unit step response of DC motor using FOPID controller for varying values of A > 1
and p<1

A m M, B T, ISE
1.05 | 05 | 12.8914 | 25407 | 3.0028 | 0.3529
1.1 | 05 | 125023 | 25422 | 2.9890 | 0.3601
1.15 | 05 | 12.1468 | 2.5382 | 3.1775 | 0.3673
1.05 | 0.7 | 132261 | 2.4994 | 2.9947 | 0.3529
.1 | 0.7 | 127621 | 2.5056 | 2.9957 | 0.3601
1.15 | 0.7 | 12.3349 | 2.5086 | 3.0501 | 0.3673
.05 | 0.9 | 13.4155 | 24676 | 3.0097 | 0.353
1.1 | 09 | 128932 | 24686 | 3.0158 | 0.3602
.15 | 0.9 | 12.3787 | 24651 | 2.9955 | 0.3673

Tab.9 Comparison of Parameters for Different Combinations of A>1 and p<1
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I11.Simulation and results

Now ,into using PSO to find the optimal FOPID parameters
The parameter values taken for running the PSO algorithm in MATLAB environment is given

in table below:
Parameter Values
Number of Particles 50
Maximum no. of Iterations 100
Cognitive Component C, 2
Social Component C, 2
Maximum Speed 10
Minimum Inertia Weight 0.4
Maximum Inertia Weight 0.9

Tab.10 PSO parameter values

we obtain the following solution set which gives the most optimal parameter values of the

controller in the defined search space.
[1.151.15] =[6.87 2.75 2.95 0.252]

After getting the optimal values of A and p ,we compare the unit step response of optimal

FOPID controller and classical PID controller ,we get the following results :
Lnit sep response of Classied PO contoder & Ontimal F0°10 Corpller

] ] | | |

— Casszd FD

— Opind FOPD

14 .

L] o

(1] o

:-\w_: =

P 3 :
T i)

Fig. 20 Comparison of step responses of PID and FOPID controller



I11.Simulation and results

Controller M, Ty T; ISE
PID 12.87 2.47 3.1 0.3449
Optimal 6.87 2.5 2.95 0.252
FOPID

Tab.11 Comparison of performance parameters of PID and FOPID controller

The optimal FOPID is performing better than the regular PID controller and it can be seen
clearly thru the table and the graph above.
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CONCLUSION



Conclusion

In this Project, a fractional order PID controller is. Using numerical optimization (PSO),
numerous simulation comparisons presented in this paper indicate that, the fractional order
PID controller, if properly designed and implemented, will outperform the conventional
integer order PID controller. It was shown that the best FO PID works better than 10 PID. For
actually implementation, we introduced a modified approximation method to realize the
designed fractional order PID controller.

We used simulation to illustrate that the order the approximation does not affect the control
performance in any noticeable amount. With the rapid development of computer
performances, the realization of fractional order control systems also became possible and
much easier than before. Despite fractional order control’s promising aspects in modeling and
control design, fractional order control research is still at its primary stage. The notable future
research is to develop tuning rules for FO PID and in particular on tuning the fractional
orders.
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