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ABSTRACT

In this thesis, Antenna azimuth position is controlled by three controllers PID, Fuzzy
and Fuzzy-PID .The transfer function of antenna system is a third order system which
has been reduced to a first order system using two different model order reduction
techniques ie. Half rule approximation and balanced truncation. The comparative
analysis of different model order reduction techniques has been done using
matlab/simulink .Various controllers ie. PID, fuzzy and fuzzy-PID are implemented

on reduced order model to obtain the desired output

The performance of different controllers in the terms of various performance
specifications such as rise time, settling time, peak overshoot, integral square error
(ISE), integral absolute error(IAE) and integral time absolute error(ITAE) has been
compared. simulation results reveals that fuzzy controller outperforms PID controller
in the terms of rise time, settling time and peak overshoot while fuzzy-PID controller

outperforms fuzzy controller in the terms of settling time and rise time.



Table of Contents
Declaration
Acknowledgement
Abstract
Table of content
List of figures
List of tables
List of abbreviations
CHAPTER 1
INTRODUCTION
1.1 Introduction of antenna azimuth position control system
1.2 System concept
1.2.1Subsystem1 and 5
1.2.2 Subsystem 2
1.2.2Subsystem 3
1.2.3Subsystem 4
1.3Transfer function of both configuration
1.4 Model order reduction
1.4.1 Model order reduction techniques
1.4.1.1Balance truncation model order reduction
1.4.1.2 Half rule to approximate the transfer function
1.5 Organization of thesis
CHAPTER-2

PID CONTROLLER AND VARIOUS TUNING METHODS

2.1 Introduction

2.2 Historical view

2.3 Classical control theory

2.4 Control loop basics

2.5 Close loop transfer function
2.6 PID Controller

2.7 Ziegler-Nichols tuning method
2.7.1 First method

2.7.2 Second method

viii

o N o oo o1 o o1 o0 B B~ DN -

10
10
11
11
12
14
15
16



2.8 IMC-internal model control based feedback design for processes
with time delay

2.9 SIMC rule- Simple internal model control
CHAPTER-3

FUZZYLOGIC CONTROLLER

3.1 Fuzzy Logic: Introduction

3.2 Fuzzy Logic: A Choice to All Control Problems.
3.3 Fuzzy Logic: Can Implement in All Control Problems
3.4 Fuzzy Logic: Operations

3.4.1 Fuzzy Logic: Types

3.4.1.1 Type 1 fuzzy set

3.4.1.2 Type 2 fuzzy set

3.5 Fuzzy Inference System

3.5.1 Mamdani Based FIS

3.5.2 Sugeno Based FIS

3.6 Defuzzification

3.7 Fuzzy Control: Scheme
CHAPTER-4RESULT AND DISCUSSION
4.1 Model order reduction

4.1.1 Half rule

4.1.2 Balance truncation method

4.2 PID controller

4.2.1 Ziegler nichols first method

4.2.2 Ziegler nichols second method

4.2.3 IMC tuning method (when =1)

4.2.4 IMC tuning method (when = 2)

4.2.5 SIMC tuning method (when Tc=1)

4.2.6 SIMC tuning rule (whenTc=2)

4.3 Fuzzy controller

4.4 Fuzzy-PID controller

4.5 Fuzzy logic rules

CHAPTER-5

CONCLUSION AND FUTURE SCOPE
Reference

17
18

21
21
22
23
24
24
24
25
25
26
26
28
29
31
31
31
32
33
33
34
36
37
38
39
41
44
48

50
o1



List of figures

Figurel.1 Pictorial view of antenna azimuth control system

Figure 1.2 Components used in antenna azimuth position control

Figure 1.3 Block diagram of antenna azimuth position control

Figure 2.1 Close loop system

Figure 2.2 Block diagram of pid controller

Figure 2.3 Response curve for Ziegler Nichols 1st method

Figure 3.1Three semantic variables as low, medium and high

Figure 3.2 Block diagram of fuzzy logic system

Figure 4.1 Comparison of step response of half rule and original system
Figure 4.2 Comparison of step response of balance truncation

and original system

Figure 4.3 Simulink model of Ziegler Nichols first method

Figure 4.4 Step response of Ziegler nichols first method

Figure 4.6 Step response of system with Ziegler Nichols second method
Figure 4.7 Simulink diagram of IMC 1

Figure 4.8 Step response of the system with IMC tuning method

Figure 4.9 Simulink diagram of IMC(when =2)

Figure 4.10 Step response of the system when =2

Figure 4.11 Simulink model for simc tuning

Figure 4.12 Step response of the system with simc (when Tc=1)

Figure 4.13 Simulink diagram of pid simc tuning rule (whenTc=2)
Figure 4.14 Step response of the system with SIMC tuning rule (when Tc=2)
Figure 4.15: Mamdani Fuzzy Inference System Developed for Fuzzy Controller
Figure 4.16 Membership function for input 1

Figure 4.17Rule viewer of fuzzy inference system

Figure 4.18 rule base

Figure 4.19 Antenna azimuth position control with fuzzy logic

as primary controller

Figure 4.20 Step response of system with fuzzy logic

Figure 4.21 Mamdani Fuzzy Inference System

Vi

12
14
16
25
26
31

32
33
34

36
36
37
37
38
39
39
40
1
41
42
42

N

43
43

44



vii

Figure 4.22 Membership function for input 1 45
Figure 4.23 Rule base of the fuzzy logic controller 45
Figure 4.24 Rule viewer for the fuzzy inference system. 46

Figure 4.26 Step response of fuzzy-PID controller 47



viii

List of tables

Table 1.1 parameters of block diagram 4
Table 2.1 Effect of parameters(kp,ki kq)on system 14
Table 2.1 Ziegler Nichols recipe first method 15
Table 2.2 Ziegler Nichols second method 17
Table 4.1 Parameters obtained by half rule model order reduction 31

Table 4.2 Parameters obtained by balance truncation model order reduction 32

Table 4.4 Parameters obtain bye Ziegler Nichols tuning method 35
Table 4.5 Parameters obtained by IMC tuning methods 38
Table 4.6 Parameters obtained by SIMC tuning methods 40
Table 4.7 Parameters obtained by fuzzy and fuzzy-PID controller 47
Table 4.8 Fuzzy logic rules 48
Table 4.9 Fuzzy PID rules for kp,ki, kd 48

Table 4.10 Comparison of all controllers 49



LIST OF SYMBOLS AND ABBREVIATIONS

PID

GA
FIS
MIMO
MISO
TSK
Ts
Mp
ISE
ITAE
IMC
SIMC

Proportional integral derivative
Proportional Integral

Process Variable

Controller Gain

Proportional Gain

Integral Gain

Derivative Gain

Integral Time

Derivative Time

Proportional Band

Ultimate Gain

Ultimate  Period Of  Sustaining
Oscillations

Genetic Algorithm

Fuzzy Inference System

Multiple Input and Multiple Output
Multiple Input and Single Output
Takagi-Sugeno-Kang

Settling Time

Peak Overshoot

Integral Square Error

Integral time absolute error
Internal model control

Simple internal model control



BLOCK DIAGRAM PARAMETERS

Kl

Km

Am

Amplifier Gain
Power Amplifier Gain
Power Amplifier pole
Motor and Load gain
Motor and Load pole

Gear Ratio



CHAPTER-1
INTRODUCTION

1.1 Introduction of antenna azimuth position control system

Automatic control system is essential in any field of engineering and science.
Automatic control is integral part of space-vehicle system, robotic system and modern
manufacturing system and any industrial system involving control of temperature
pressure, humidity [1]. The familiar example is steering of an automobile. The driver
observes the location of the car relative to the preferred location and makes
improvements by turning the steering wheel. The car reacts by changing direction and
the driver try to decrease the error between the desired and actual route of travel and
in this case the controlled output is the automobile's path of travel and the control
system consist of driver, the automobile and the road plane. The control system has a
number of examples, but our main focus is its application in electromechanical

systems.

The control system design for an antenna was discussed by Norman S. Nise [1]. The
key purpose is the movement of a large antenna by adjusting the potentiometer

manually from a control tower.

Okumus, H.I. [2] proposed that the Pl controller, fuzzy logic controller and a self-
tuning fuzzy logic controller for azimuth position control of the antenna .the input of
the fuzzy logic controller is error and change in error and the output is desired
azimuth angle .The performance of proposed controller is better than the other

controllers in terms of the settling time and overshoot.

Boban Temelkovskia[3] describes the management system of the antenna position in
the frequency range and in the state space representation also known as time—domain
approach. The results of systematic calculations and programming in Matlab/Simulink

will give the clear explanation of the response of the system.
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Figurel.1 pictorial view of antenna azimuth control system [1]

1.2 System description

Above figure shows the pictorial view of the antenna azimuth position control system.
The basic operation of the system is explained as follow

When power is applied to a potentiometer and the knob of the potentiometer is rotated
to a certain position. There is some voltage difference from the source and the new
position which is then measured. The new measured voltage is sent to a preamplifier
as a voltage signal. The result of the preamplifier which is the amplified signal by a

gain “K” will be sent to a power amplifier.

The power amplifier input is a weak electrical signal which is amplified that is, it is
made stronger so as to have a significant gain. Therefore, the signal received from the
preamplifier will be amplified by the power amplifier and the resultant will be sent to
a motor. The motor will be connected to different mechanical devices like gears,
shafts etc.. Firstly, the motor is connected to a shaft and gear #1. Gear #1 is
connected to a larger gear #2. Gear #2 is connected to gear #3. Gear #2 is also directly
connected to the shaft of the antenna.

Once the motor powers gear #1 then gear #2 will start to rotate the antenna. Gear #3
and gear #2 have the same ratio. Another potentiometer is connected to Gear #3. That

potentiometer is connected to the same voltage source as the first one. The feedback



is given to the original preamplifier which is the difference between that
potentiometer and the voltage source. Then the preamplifier will take the difference
between the two voltage signals and output that result into the power amplifier. The
antenna will be moved by the motor which would be derived by the power amplifier.
The procedure will continue to until there is a voltage difference present between the

two potentiometers in the system. The textbook has already provided the graphical.

Desired
azimuth angle
input

0i(?)

@.——» n-turn potentiometer

@d
v Differential Power Motor field
preamplifier amplifier R
vit) + V(1) et) p A°

K
HOE S :
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Armature Bo(t)
K, N-m/A N
- T @)
7 Gear
D; N-m s/rad
. N3
-tu tent t
n-turn potentiometer % Gear
+V

Figure 1.2 components used in antenna azimuth position control [1]

In the above block diagram, we can briefly see all parts of our physical system. At the
top most position, there is the potentiometer which is controlled by the operator. The
preamplifier receives the signal followed by the power amplifier. The result is
forwarded to a motor (gyrator) then to a gear, which is connected to another gear for
the movement of the antenna. Finally the antenna’s signal is connected to another
gear and a potentiometer. As shown above,[1] the feedback going back from the
potentiometer into the differential pre amplifier. The most important factor is the

feedback in determining whether our antenna is in the correct position or not.



Block Diagram

Desired .
azimuth Power: Motor Azimuth

angle Potentiometer Preamplifier amplifier and load Gears angle

6i(s) Vil$)+ > Vels) Vi)l Kk, |E®O ) Kk, [6+® Bo(s)

Potentiometer

E‘

Figl.3 Block diagram of antenna azimuth position control [1]

Table 1.1 shows all the parameters of block diagram

Parameters Values

K pot_i 3.18
K 1*
K1 100
a 100
Km .8
am 1.32
K, 2

1.2.1Subsystem 1 and 5

The input and feedback potentiometer each have an associated transfer function, in the
form of a gain. The potentiometer changes the input angle 8;(s) to a voltage, Vi(s).
This ratio is described by the value K ot ;. This value is computed by Equation 1. The
number of turns the potentiometer is built for, both of these values which are given in

Table 1.

V(s) _ - v _10 (1.1)

0i(s) — TN potiT n_n 1*7T

1.2.2 Subsystem 2

The principle of the preamplifier is to take the input signal voltage and output a
voltage that the power amplifier which is used. The Preamplifier is modeled by a gain

that can be précised by the design engineer to achieve a preferred output. The



Preamplifier is a system in which the input voltage is amplified by some gain K and

act output as a voltage. The equation therefore is quite simple as shown in Equation 2.

Vp(s) _
Ve(s)

(1.2)

1.2.3 Subsystem 3

The second last subsystem is a Power Amplifier. It takes output voltage from the
Preamplifier and converts it to a VVoltage which is used by motor. This requires the
Power Amp. to output a major amount of power, in which Preamplifier is not capable
. The power amplifier type is given in the design diagram and the given block diagram
and the value of k; and a in the transfer function are given in the design data.

Ea(s) _ k4
vp(s)  S+a (1.3)
1.2.4 Subsystem 4

After the Power Amplifier is the motor which is attached to the gears and load which
in this case is an antenna. All of these items must be considered when computing the
transfer function of the resulting mechanical system. It is understood that the motor is
an armature controlled DC servo motor. This is determined by the note that the motor

has a fixed field, which also makes simple control of the motor

0o(s) _ km
Ea(s) h s(S+a)

(1.4)

1.3 Transfer function of antenna azimuth position control system

_ _ 50.88
0;(s) s3+101.32s2+132s

(1.5)



1.4 Model order reduction

There are several methods of model order reduction, and it depends on the context
which one is preferred [4]. Originally, model order reduction was developed in the
area of systems and control theory for reducing their complexity, while preserving
their i/p-o/p performance as much as possible. The field has also been taken up by
numerical mathematicians. Nowadays model order reduction is a successful field of
study, both in systems and control theory and in numerical analysis. This has a very
strong effect on model order reduction as a whole, bringing together different

techniques and different points of view, pushing the field forward quickly.

In order to deal with the simplification of dynamical models that may contain many
equations and/or variables (10° — 10°%). Such simplification is needed in order to
perform simulations within an acceptable amount of time and limited storage
capacity, but with reliable outcome. In some cases, we would even like to have on-
line predictions of the behavior with acceptable computational speed, in order to be
able to perform optimizations of processes and products. Model Order Reduction tries

to speedily capture the essential features of a structure.

This means that in an early stage of the process, the most basic properties of the
original model must already be present in the smaller approximation. At a certain time
the process of reduction is stopped. At that point all essential properties of the original
model must be captured with sufficient precision. All of this has to be done
automatically. In this paper all the simulation is done with the help of matlab software
and selection of coefficients through the use of time response. we use model reduction
to reduce model order we want to preserve model characteristics that are important for

our application.

1.4.1 Model order reduction techniques

In this work two model order reduction techniques are used

1. Balance truncation reduction technique

2. Half rule approximation



1.4.1.1 Balance truncation model order reduction

Given a state space (A,B,C,D) of a system and k, the desired reduced order the
following steps will produce a similarity transformation to truncate the original state
space system to the kg, order reduced model [5].

Find the SVD of the controllability and observability grammians

P=UpZp Vp' (1.7)
Q=UqZqVy' (1.8)

Find the square root of the grammians (left/right eigenvectors)

Lp = U, 2,2 (1.9)
Lo = U, 2,2 (1.10)

Find the SVD of (Lo" Ly)
LoL=UzZV' (1.11)

Then the left and right conversion for the final k¢, order reduced model is

Sigic = Lo UG, 1:k) Z(1:k, 1:k)) ™ (1.12)
Sreic = Lp V(;,1:k) 2(1;k, 1:k)) M2 (1.13)
Finally

[A B] _ SLT,BIGA SrBIG SLT,BIGB
¢ D CS}?,BIG D



1.4.1.2 Half rule to approximate the transfer function

The largest ignored (denominator) time constant (lag) is circulated evenly to the
effective delay and the smallest retained time constant. let the original model be in the

form
I(—tY + 1) [TTi(~7,, + 1) *e s (1.14)

Where the lags T;, are ordered according to their magnitude and Ty > O denote the
inverse response (negative numerator) time constants [6]. Then, according to the

halfrule, to obtain a first-order mode

T, =1y + 20 (1.15)

(1.16)

INV , h
2

T
0=0,t —= + XNis3(Tip) + Xisz T T

1.5 Organization of thesis

Chapter 1- In this chapter introduction and modeling of antenna azimuth position
control system is done and introduction of model order reduction technique. Literature

survey on antenna azimuth position control system

Chapter 2- In this chapter introduction of PID controller and various tuning methods
Ziegler Nichols, IMC, SIMC and their methodology

Chapter 3- In this chapter the introduction of fuzzy logic controller is described
Chapter 4- This chapter gives results and discussions

Chapter 5- The conclusion of entire thesis and future scope



CHAPTER-2
PID CONTROLLER AND VARIOUS TUNING
METHODS

2.1 Introduction

Control Theory is that branch of Engineering and Mathematics which deals with the
analysis design, and identification of systems with a vision of controlling them that is
to make them perform discrete tasks. For example, when the pilot pushes the throttle,
the translated action is in the form of control signal that makes the engine increase its
power output by a specified amount. Thus, even though the controller of a system is

used for a small period of time occasionally but its role is crucial [7].

Control theory has different definitions in different fields like psychology, sociology
and criminology. Control theory is a theory that deals with affecting the working of
dynamic systems. A controller directs the inputs of a system to obtain desired effect
on output when one or more output variables of a system need to follow a certain
reference over time. Control Theory is at the heart of communication and information
technologies of multiplex systems. It can help in meeting the energy and

environmental challenges which are being faced by the world.

Controllers are of two types mainly that is the open loop controller and the closed
loop controller. In open loop controller, there is no connection present between the
output of the system and the actual conditions are encountered; therefore, the system

does not and cannot compensate for unexpected forces.

In a closed-loop controller system, the output is monitored by a sensor and the data
goes to a computer which constantly adjusts the control input as required to keep the
control error to a minimum. The main component of closed loop system is the
feedback. This will allows the controller to dynamically compensate for disturbances
to the system such as changes in slope of the ground .A feedback control system
which cancels out all errors successfully mitigating the effects of any forces that

might or not arise during operation and producing a response in the system that
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perfectly matches the user's wishes is known as ideal feedback control system, which
is in reality cannot be achieved due to measurement errors in the sensors,

imperfections in the control input and delays in the controller.

sigurad skogestad proposed analytic rules for PID controller tuning that are simple
and still result in good closed-loop behaviour. He start with IMC-PID tuning rules that
have achieved extensive industrial approval. There is a just a single tuning rule for a
first-order or second-order time delay model. A Simple analytic rules for model
reduction are presented to obtain a model in this form, including the ‘half rule’’ for

obtaining the efficient time delay.

Hang, C.C proposed that the accuracy of Ziegler Nichols tuning method is reviewed
for PID and Pl automatic tuning and it will be shown that for excessive set point
undershoot the Ziegler Nichols formula will have to modified

2.2 Historical view

There is a history of each and every thing that we study. The analysis of this field
began with analysis of a dynamics of the centrifugal governor conduct by the
physicist James Maxwell in 1868 entitled on Governors [7]. The phenomenon of
"hunting”, which lags in the system, can lead to overcompensation and unstable
response was described and analyzed. Routh Hurwitz theorem was a result of study of
Adolf Hurwitz of system stability using differential equations. Similarly different
people studied the behaviors of a number of systems and gave different views and

theorems.

2.3 Classical control theory

For eliminating the errors in the open loop control system, feedback was introduced.
A Feedback controls the states and output of a dynamical system in a closed loop

system [7].

It is called so as it is the information path between the inputs, example voltage given
to a motor and the output, motor rotation, torque etc., which is being measured by the
sensors and organized by the controller and from the controller, the control signal
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goes to the input closing the circuit. The closed loop controllers have a number of

advantages over open loop controllers which are as follows.

e Stabilizes the instability.

e Variations in the parameters are reduced.

e Performance will be finer when the model parameters are not exact.

e Reference tracking performance is enhanced.

e Sometime, the closed loop control systems and the open loop control
systems are used together for better performance of the system

2.4 Control loop basics

To understand the how a closed loop system works, an example is a must to be
explained which is as follows; the temperature of the faucet water is maintained at
desired temperature by adjusting the hot and cold faucet valves. Mainly it involves
mixing of hot and cold stream. The temperature of water is sensed by a person by
touching. So, they conduct the required action to adjust the hot and cold water valve
till the desired temperature value is achieved. Sensing the temperature of water is
homologous to process variable. Set point is the desired temperature. The input values
are called the manipulated variable. Error is the difference between the set point and
the temperature sensed and that tells whether the water is too hot or too cold. When
the controller turns the valve on, it may be turned on slightly or may be fully turned
on according to the amount of hot water is required, it is known as simple
proportional control .In case, if the hot water doesn’t come out as per the demand, the
controller may speed up the process by opening the hot water valve more and more as
the time passes. This is an example of integral control [7]. When the error is small and
if the change made is too high then it is equivalent to high gain controller and leads to
overshoot and if the controller were to repeatedly make changes which is too large
and repeatedly overshoot the target and output will oscillate around the set point in
either a constant, growing or decaying sinusoidal. If the oscillations increase with
time then the system is unstable and if they decrease the system is stable .If the

oscillations remain at a constant magnitude the system is marginally stable.PID
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controllers are the controllers of choice for many of these applications, due to their

well-grounded theory established history and simple setup and repairs necessities.
2.5 Close Loop Transfer Function

The reference is r and the output is y which is given back to the input r through a
sensor measurement F. The difference between the reference and the output that is the
error is taken by the controller P to change the inputs to the system control C [7].

r + e u Y

Figure 2.1 Close loop system [7]

e Y(S)=P(S).U(S) 2.1)
e U(S)=C(S).E(S) (2.2)
e E(S)=R(S)-F(S).Y(S) (2.3)

Solving Y(S) in the terms of R(S) gives us

[ P(S)CS) _

. Y(S)—(—HF(S)P(S)C(S)).R(S)—H(S).R(S) (2.4)
_ P(S).C(S)

* HE)= (1+F(S)P(S)C(S)) (2:5)

The above expression is referred to as the closed-loop transfer function of the system.
The numerator is forward open loop gain from r to y and the denominator is one plus

the gain in feedback loop so this is called loop gain.
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2.6 PID Controller

The Proportional-Integral-Derivative (PID) controllers [8] are used regularly from the
last 60 years in the process industry even though remarkable growth has been done in
advanced control system. An investigation was conducted by Japan Electric
Measuring Instrument Manufacturers Association in 1989 according to them 90 % of
the control loops in companies are of the PID based. Power of the PID controller is
that it also deals with main practical issues such as actuator dispersion and integrator
windup. The integral action eliminates the steady state error and the proportional
action tunes the controller output according to the vastness of the offset and the future
is anticipated via derivative action. For the users these useful features are teeming for
a large number of process control applications and the precision of the features lead to
wide recognition. PID controllers perform well for a broad range of processes and
they will give resilient presentation for a wide range of working conditions and are

easy to execute using analog or digital hardware.

PID controller in a huge number is used in a single industrial process. The most
essential thing is to tune the controllers perfectly to get the preferred response
characteristics. Individual tuning is necessary to equalize the process dynamics to
provide superior and robust control performance. By automatic tuning we mean
methods which enable the controller to tune without human intervention on demand
from an operator or an outer signal. If the tuning is done manually it is very irritating
and time wastage so if the engineer has excellent process knowledge and experience
then the resulting system performance will be good. It is approved that | practice
many industrial control loops are poorly tuned. Auto tuning has overcome this trouble
Therefore, researchers and engineers gave more and more concentration to Auto
tuning. Normally the user will either push a button or send a command to the
controller and Industrial practice has clearly indicated that this is highly attractive and

useful aspect. The mathematical representation of PID controller is given by:
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u(t) = ky e(t) + kg <dz(tt)> +k; f e(t) dt

0

PID Controller Architecture in Time Domain and Laplace Domain [8]

PID controller involves three separate constant parameters and therefore is said to be
three-term control. They are P stands for the proportional term | for the integral term
and D for the derivative in the controller. PID controllers are apparently the most
widely and commonly used industrial controller. Today, the most complex processes
in the industry comprises of the PID control module as a main building block. The
three-term PID controller is used from a long period and has sustained the changes of
technology from the analog era into the digital computer control system age
reasonably. This controller was the first and the only controller to be mass produced
for the high volume market that existed in the process industries. A trial made for
better understanding and performance study, an introduction of the Laplace transform
was made which supported its technological success in the engineering community.
The theoretical basis for studying the performance of PID control is considerably
abetted by the simple representation of an Integrator by the Laplace transform of 1/s
and a Differentiator using s. theoretically the PID controller is quite revolutionary and
three different representations can be given. Firstly, it is represented symbolically and
each of the three terms can be selected to achieve various control actions. Then there
is a time domain operative form and finally there is a Laplace transform sort of the

PID controller

> kp
Set point : v u utpur
___>J>_< > [ ki > *>+<—> System 1>
'Y b i
> didt ka |—

Figure 2.2 Block diagram of PID controller [8]
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Table 2.1 Effect of parameters(kp,ki Kg)on system

Parameters | Rise time Overshoot Settling time Steady
(t) (1y) (t) state
eSS
Kp Decrese Increase Small change | Decrese
Ki Decrese Increase Increase Eliminates
Kq Small decrese Decrese Decrese None

2.7 Ziegler-Nichols tuning method

Ziegler Nichols derived simple mathematical method in the form of the first and
second methods for PID controller tuning [9]. These methods are now standards in
control system measurements. These techniques make deductive assumptions on the
system model but this is not necessary that these models are specifically known. This
formulae is based on plant model according to the plant model the parameters are

calculated [9]. There are two methods of Ziegler-Nichols tuning

1. First method
2. Second method

2.7.1 First method

The first method is applied to plants with step responses of the form displayed in
figure -. This type of response is typical of a first order system with time delay to
apply this method we have to reduce the plant model into foptd (first order plus time
delay). It is also typical of a plant made up of a series of first order systems. This
reaction is characterized by two values L is the delay time and T the time constant [9].
These are created by drawing a tangent to the step response at its point of inflection

and noting its intersections with the time axis and the steady value. The plant model is

o Gi(s)=——eLs (2.6)

Ts+1



Where G(s )= transfer function of the process
6 =time delay
T, = Time constant

K= gain of the process
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Table 2.1 Ziegler Nichols first method [9]

PID type Kp Ti= % T %
1 14
P Z o0 0
L
T L
Pl 09— —
L 0.3 0
T
PID 125
L oL 0.5L
Oulput
4
A /
0 = Time

o 'I T I

Figure 2.4 Response curve for Ziegler Nichols 1st method [9]

2.7.2 Second method

The second method is useful in plants which give unstable system under proportional

control. The technique is intended to result in a closed loop system with 25%

overshoot. This is rarely achieved as Ziegler and Nichols determined the adjustments

based on a specific plant model [9].

The steps for tuning a PID controller by second method are as follows:
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It uses only proportional feedback control:

e First decrease the integrator and derivative gains to 0.
e Increase K, from 0 to some crucial value K,=K at which sustained
oscillations occur. If this condition i does not occur then another method is

applied
Note the value K and the equivalent period of sustained oscillation, P.

Table 2.2 Ziegler Nichols second method [9]

PID type Kop Ti Ty
P
0.5K, 00 0
PI P
45K 1.2 0
PID
6K Per P
2 8

2.8 IMC-internal model control based feedback design for processes

with time delay

In order to fine equivalent form for time delay processes, we have to approximate the
dead time as we know that IMC strategy does not approximate dead time so we use
pade approximation. We are only doing this for the IMC-Based PID procedure. We
will use either a zero or a first-order Padé approximation for dead time. Example
IMC-Based PID Design for a First-Order + Dead time Process. Find the PID

controller which approximates IMC for a first-order + time-delay process [10].

kp e—QS

Go(s) = —— (27)
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Stepl. Use a first-order Pade approximation for dead time

—@s _ —0.50s+1

e = —— T (2.8)

6 = L e 29

Step2. Factor out the non-invertible elements

Gp(8)= (Ts+1)(koz?595+1) (2.10)
Gp+(s)= (=0.50s + 1) (2.11)
Step3. Form the idealized controller

Ql(s) — (ts+1)(0.50s+1) (2.12)

kp

Step4. Add the filter - in this we will not make Q(s) proper, because a PID
controller will not result. We use the “derivative” option, where we allow the

numerator of Q(s) to be one order higher than the denominator

(ts+1)(0.50s+1) , 1

Q)= Qu(s) f(5) = Gy (5) f(5) = = —— (1)
Now we have to find the PID equivalent:-
— Q(s)  _ Q()f(s)
Gel(s) = 1-G()Q(s)  1-G()Q(S)F(s) (2.14)
GC(S) - Q(s)f(s) — Q(s)f(s) _(7s+1)(0.50s+1) (215)

1-Gp+(s)Gp— Q(s)f(s)_ 1-Gp+(s)f(s) - kp(0.505+A)s

.570s52+(Tt+.50)s+1
kp(0.50s+A)s

Ge(s)= (2.16)
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So finally we obtained the PID parameters

(t+.50)
°= (05057 @17
Ti-(T +.56) (2.18)
10
T “2140 (2'19)

2.9 SIMC rule- Simple internal model control
The SIMC rules are derived using the method of direct synthesis for set points
(Smith and Corripio 1985) or equivalently the IMC approach for Set point [6]. For

the system in figure 1 the closed-loop set point response is

y _ _GOCE)
y(s)  GECE)+1

The idea of direct synthesis is to identify the desired closed-loop response and solve

(2.20)

for the corresponding controller [6].

1
C)y=———— 2.21
(s) o y1_1 (2.21)
y(s)
y _ 1 —0s
y(s) ‘L'CS+1e (222)
_ (1ys+1)(7ys+1) 1
C(s) = T D ——— (2.23)

tc is the desired closed-loop time constant, and is the sole tuning parameter for the

controller.

To derive PID settings, we introduce in a first-order Taylor series Approximation of

the delay, e=%5 = 1 — @s This gives

(t15+1)(T25+1) 1
k " (te5+0)s

C(s) = (2.24)



This is series form PID controller

_1 7
kK (tcs+0)

T = Tq

Tg = Ty

For first order model

k —
¢ G e

The SIMC result in PI controller setting is

_1 T
“k (tcs+0)

T; = min{ty, 4(t. + 6)

For second order model

_ k —0s
¢ GZ(S)_ (t18+1)(T25+1) €

SIMC method result in PID controller

_1
Kk (1.540)

T; = min{ty, 4(t. + 6)

Tg =T
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(2.25)

(2.26)
(2.27)

(2.28)

(2.29)

(2.30)

(2.31)

(2.32)

(2.33)
(2.24)
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CHAPTER-3
FUZZY LOGIC CONTROLLER

3.1 Fuzzy Logic: Introduction

Fuzzy Logic is an extension of Boolean logic. It assimilates the partial values of truth.
Fuzzy logic doesn’t show a totally true or false statement rather it assigns a value
which represents their extent of truth. In fuzzy systems, truth values are indication of
values by a number. It lies in the range from 0 to 1. 0.0 represents absolute falseness
and 1.0 represents absolute truth. Fuzzy logic uses expert knowledge to make
decisions [11]. Fuzzification is generalization of theory from discrete to continuous.
Fuzzy logic is crucial to artificial perception. Boolean logic solves either one extreme
or the other whereas the Fuzzy logic allows computers to answer to a certain degree.
Computers are permitted to think more like humans. Nothing in our perception is
extreme. However, it is correct only to a faint degree. In fuzzy logic, machines are
positioned to think in degrees. It solves complex problems where there is no simple
mathematical model. Fuzzy logic helps to solve highly nonlinear processes. Fuzzy
logic was first originated as a presentation scheme. It acts as calculus for unknown or
vague opinions. Fuzzy logic has given basis for machines by resolving intermediate
categories between syllabifies like true/false, hot/cold etc. Fuzzy logic is a trouble-
solving control system technique. It has range of applications in systems from small,
simple, embedded micro-controllers to large, multi-channel, networked PC or
workstation-based data acquisition control systems etc. It can be enacted in software,
hardware, or a amalgamation of mutually. Fuzzy logic provides a simple approach to
enter at a definite conclusion. Cessation is based upon ambiguous or vague, noisy,

imprecise, or missing input information.

Professor L.A. Zadeh [11] of the University of California in 1965, Berkely presented
his paper delineation of fuzzy theory in which he initiated the basis of fuzzy set
proposition and working, fuzzy logic based controller etc. In about 1970, fuzzy logic
theory started producing results in Japan, Europe and China. In the year 1987, fuzzy

logic logic-based automatic train operation control system was used in building 16
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stations subway railway systems in sendai, Japan. The ride was very smooth as the
riders do not require gripping straps, and the controller made seventy percent fewer

judgmental errors in acceleration and braking that human operators do.

Chanchal Dey[25] proposed a self-tuning fuzzy PID controller is designed through
constant updating of its output scaling factor. Instead of using a difficult three
dimensional rule base for getting PID action in this paper one and two dimensional
base used in parallel. self-tuning method offers improved performance of the
proposed fuzzy PID controllers

Georg F. Mauer[14] explores the design of a fuzzy PID controller for a positional
control system with totally uncertainty parameters. The controller adopts linear
structures as a conventional one, but is improved with better presentation and
performance Two types of fuzzy PD and fuzzy PI controllers with two inputs are used
to achieve the varying gains develops their properties through connecting them in
parallel to build the required fuzzy PID controller. This is achieved using two
dimensional rule bases. PD and PI gain changes automatically with the output of the

system under control.

Fuzzy logic is a methodology with a myriad of applications in embedded control and
information processing. Fuzzy logic allows expressing this knowledge with subjective
concepts such as very scorching, light red, and a extended time, which are mapped

into exact numeric ranges.

In a sense, fuzzy logic is similar to human decision making with its potential to

perform from approximate data and find simplified solutions.

Fuzzy logic is a pattern for an alternative design methodology, which can be utilized
in evolving both linear and non-linear systems for embedded control. Fuzzy logic
provides replacement solution to non-linear control because it is near to the real
world. By using fuzzy logic, designers can observe that there are lower progress costs,

better features, and enhanced end product results
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3.2 Fuzzy Logic: A Choice to All Control Problems

Fuzzy logic offers several unique features that make it best option for many control
problems. Fuzzy logic can operate nonlinear systems that would be difficult or
impossible to model mathematically. As it is a rule-based action, any number of
inputs can be functional and numerous outputs can be generated, although defining
the rule base quickly make it complex if too many inputs and outputs are chosen for a
single execution since rules defining their interrelations must also be clear. It would
be superior to rupture the control system into smaller parts and utilize several smaller
fuzzy logic controllers distributed on the system. Since the fuzzy logic controller
processes user-defined rules governing the target control system, it can be improved
and twitched easily to improve or drastically alter system performance. New sensors
can easily be used into the system simply by generating appropriate governing rules
[11].

Fuzzy logic is not restricted to a few feedback inputs and one or two control outputs,
nor is it obligatory to measure or compute rate-of-change parameters in order for it to
be utilized .1t is immanently robust since it does not need accurate, noise-free inputs
and can be programmed to fail safely if a feedback sensor quits or is destroyed. The

output control is a level control function regardless of a wide range of input variations

3.3 Fuzzy Logic: Can Implement in All Control Problems

Establish the control objectives and criteria: What is to be controlled? What steps
should be taken to control the system? What type of response do I require? What are

the possible system failure modes?

Calculate the input and output correlation and get a minimum number of variables for
input to the fuzzy logic engine, typically that are error and rate of change of error.
Using the rule-based structure of fuzzy logic, make series of the control problem in IF
X AND Y THEN Z rules that define the desired system output response for given
system input setting. The amount and complication of rules depends on the number of
input parameters that are to be processed and the number fuzzy variables related with
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each parameter. If possible, utilize at least one variable and its time derivative.
Explain the meaning input and output terms employed in the rules by constructing
fuzzy logic membership functions. Check the system, assess the results, tune the rules
and association functions, and retest in anticipation of pleasing results are obtained.

3.4 Fuzzy Logic: Operations
The Fuzzy logic operation requires numerical parameters such as what is considered
Important error and significant rate of change of error, but accurate values of these

numbers are generally not critical unless very responsive performance is needed in

which case empirical tuning would determine them.

3.4.1Fuzzy Logic: Types

e Type | Fuzzy Set
e Type Il Fuzzy Set

The above two types of fuzzy sets are described follows:
3.4.1.1Type | Fuzzy Set

Universe of discourse is a collection of objects which is represented by X [12].
Degree of membership maps each element between 0 and 1. A fuzzy set A € X is

characterized by membership function u,(x) which represents the degree of

affiliation. Itis:

A= {(x,,uA (x));x€X}
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0.0

Y

Value (measured variable)

Figure 3.1Three semantic variables as low, medium and high are shown in above

figure with the trapezoidal membership function [12]

3.4.1.2Type Il Fuzzy Set

Extra third dimensions are utilized in the type-2 fuzzy set model. These sets are
typically administered as points stored in an array. Type-2 fuzzy logic is divided in
two different levels for the primary and secondary membership functions. In the case
of generalized type-2 membership functions, where the secondary is a type-1 fuzzy

number, the computational complexity is very large.

3.5 Fuzzy Inference System

Fuzzy inference systems (FIS) are directions-based systems. It is build on fuzzy set
theory and fuzzy logic [12]. An output space mapping is done. FIS allows developing
structures which are used to generate responses or outputs for certain stimulations or
inputs. Response of FIS is based on stored knowledge or relationships between
responses and restoratives. Acquaintance is stored in the form of a decree base.
Decree base is a set of rules. Decree base expresses relations between inputs of system

and its expected outputs.



26

Knowledge is obtained by extracting data from specialists and is called fuzzy expert
systems. Another name for FIS is fuzzy knowledge-based system and also called as
data-driven fuzzy systems. FIS are divided in two categories viz. multiple input and
multiple output (MIMO) systems and multiple input and single output (MISO)
systems, the system gives numerous outputs based on the inputs which it receives.
Multiple input and single output systems are those in which from multiple inputs only
one output is returned. MIMO systems are disintegrated into a set of MISO systems
which works in parallel.

FIS has two general classes in terms of inference process:

1. Mamdani-type FIS
2. Takagi-Sugeno- Kang (TSK) type FIS

—> Inference engine

Inputs _ Output
N Scaling

factor

5 scaling )

factors

Fuzzification
Defuzzification

/

Membership
functions

Fuzzy
rules

Knowledge base

Figure 3.2 The above figure shows the block diagram of fuzzy logic system.

It has various blocks: fuzzifier, knowledge base, inference unit and defuzzifier.[12]
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3.5.1 Mamdani Based FIS

Inputs and outputs have If-Then rules in mamdani based fuzzy inference system. A
typical rule in a sugeno fuzzy model is: IF X is Negative Big AND Y is Negative
Small THEN Z is Zero[12].

3.5.2 Sugeno Based FIS

When output membership functions are either linear or constant in any inference
system which is to be modeled then Sugeno-type systems are used. It is known as
Takagi-Sugeno-Kang and was founded in 1985. Sugeno output membership functions

(z) are either linear or constant. A common rule in a Sugeno fuzzy model is:

If Input 1 = x and Input 2 =y, then Output is z = ax + by + c.

For a zero-order Sugeno model, the output level z is a constant (a=b =0).

Both sugeno and mamdani FIS can be employed to complete the similar assignments.
Defuzzifiers can be chosen for a mamdani FIS and defuzzifiers also originate similar
results in a sugeno FIS. There is a definite overlap between both systems. Mamdani
FIS is mostly used. It is intuitive and interpretable nature therefore it is used for
decision support applications. Consequences of the rules in a sugeno FIS are not
direct semantic mean. Consequently, sugeno FIS gets renewed into more degrees of
freedom in its model as compared to mamdani FIS. More flexibility is provided. A
zero order sugeno FIS can approximate a mamdani FIS. In evaluated terms, a sugeno
FIS is more productive than a mamdani FIS because, sugeno FIS does not include
computationally expensive defuzzification process. Also, a sugeno FIS always
initiates continuous surfaces. If there is any existence of discontinuities, it will result
in similar inputs initiating substantially different outputs. It will be a situation which
is undesirable from the control monitoring perspective. A sugeno FIS is better and
adequate for functional analysis than a mamdani FIS as it is of continuous structure of

output functions.
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rule 2 IFyISB THEN nISE:

mu(y]

rule 3: IFzISC THENNISF:

CENTROID DEFUZZIFICATION
USING MAX-MIN INFERENCING

Z

DEFUZZIFICATION:

crisp value = n

The above figure3.3 shows the case of mamdani inference system
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Rule viewer of the fuzzy logic system is shownin above figure. The rule viewer shows

one calculation at a time detail [12]

The above figure 3.4 shows the surface view of the fuzzy logic system

It is very helpful in case of two or more inputs and one output. [12]

3.6 Defuzzification

In defuzzification, the fuzzy outputs are converted back to crisp values. There are

various defuzzification methods are given below[11]:
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Max Membership for all u_ (z*) = pu_ (2) forallz€ Z

1. (2).zdz
> Centroid z" = ———— 3.1
[ ez G
Yhc (z)z
: *— C
> Weighted Z T @) (3.2)
x_atb
» Mean-Max z = (3.3)
Z* Z).Z
» Centre of sum z*:m (3.4)
Xk (2)z
(z).zdz
» Centre of largest area z" = f“c— (3.5)

T [(We(2)dz

3.7 Fuzzy Control: Scheme

The classical control scheme and fuzzy control scheme is described in this portion. In
classical control scheme, we have open loop and closed loop control architecture.
Figure 3.5 gives the classical feedback control structure of a plant. Fuzzy logic
controller replaces the conventional controller in fuzzy control scheme [11]. The
fuzzy control scheme is given. Many of fuzzy logic control systems are
comprehension-based systems in that either their fuzzy logic controllers or their fuzzy
models are described by fuzzy IF-THEN rules, which have to be prearranged
depending upon experts’ knowledge about the systems, controllers, performance, etc.
The basis of designing and application of fuzzy logic control systems is to tackle
those vague, ill-described, and complex plants and processes that can hardly be
handled by classical systems hypothesis, usual control techniques, and typical two-
valued logic. The fuzzy logic controller is involved in a conventional control system
and thus becomes part of the mixed control algorithm, so far as to improve the
performance of the overall control system. The expert knowledge is converted into
automatic control strategy by algorithm provided by fuzzy logic controller. Fuzzy

logic has the ability to handle is approximate data in a systematic way and therefore it
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is best for controlling non linear systems and is used for modeling multifarious
systems, where an estimated model exists or systems where ambiguity is common.
The fuzzy control systems can replace an expert human operator. The rule base
reflects the human skilled knowledge, expressed as semantic variables, while the
membership functions present expert explanation of those variables. Classical analysis
and control strategy are applied in the rule base. The control prose has operated
declining the size of the rule base and optimizing the rule base using various
optimization techniques like GA, PSO for intelligent controller. In final stage,

defuzzified output is acquired from the fuzzy inputs.

Fuzzy Rula
Base

==

g/

ELELET PR

k]

e, = | FLIZZiliz AL Defuzzification Plani

¥

Figure 3.5 block diagram of fuzzy control system [11]
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CHAPTER-4
RESULT AND DISCUSSIONS

4.1 Model order reduction

Two model order reduction techniques are used to reduce third order model to first
order model ie. half rule and balance truncation method.

4.1.1 Half rule

The main basis for the half-rule is to maintain the robustness of the proposed PI- and
PID-tuning rules. Third order model is reduced to first order model.Figure 4.1 gives

the step response of the original system and the reduced system

Step Response

035
: “' : : : : : . :
S .. S
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(1 R NS S — AU SN S— _— ot
& & i i i i i R . d d
I A— S A SN S S— . reduced; _
£ i ; i ; i ; : :
& : : : : : : : ! :
Y - r’ ____________________________________________________________________________________ _
¥ ; ;
£ : :
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£ : :
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nl." | | i
0 0.5 1 1 25
Time (seconds)

Figure 4.1 Comparison of step response of half rule and original system

Table 4.1 parameters obtained by half rule model order reduction

Original system Half rule
Peak Amplitude | .385at>5 sec 379
Rise time 1.64 sec 1.66 sec
Settling time 2.93 sec 2.79 sec
Steady state .385 .38

The transfer function of original system is given as
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o 50.88
®) 7§34+ 101.32 52 + 1325

The transfer function obtained by half rule method is given by

.38e7 0155
Gon = 9755511
Table 4.1 gives the comparison of original system and reduced order system in the

terms of rise time settling time, steady state and peak amplitude.

4.1.2 Balance truncation method

Balanced Truncation is an important projection method which delivers high quality
reduced models by making an extra effort in choosing the projection subspaces.

Figure 4.1 gives the step response of the original system and the reduced system

Step Response
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Figure 4.2 Comparison of step response of balance truncation and original system

Table 4.2 parameters obtained by balance truncation model order reduction

Original system Balance truncation
Peak Amplitude .385 at >5 sec .39
Rise time 1.64 sec 1.73 sec
Settling time 2.93 sec 3.08 sec
Steady state 385 .39

The transfer function obtained by balance truncation method is given by
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Table 4.2 gives the comparison of original system and reduced order system in the

terms of rise time settling time, steady state and peak amplitude.

4.2 PID controller Tuning

PID controller in a huge number is used in a single industrial process. The most
essential thing is to tune the controllers perfectly to get the preferred response
characteristics [7].

Three PID tuning methods are used ie. Ziegler Nichols, IMC, SIMC

4.2.1 Ziegler nichols first method

k -
Gi= e
L =.015
T =.755

Kp,=127 =60.40

L
1,=2L =03 ki=2013.2
4= .5 L=.0075 k= 0.42

PID gains obtained by Ziegler Nichols first method

(7]

'I"I_I

1
s
ntegrator

ize

o 0.03538
-

ime

- 0.0328
-

28%exp(-015)

Step iegler nichelus 1st method Transfer Fon

Figure 4.3 Simulink model of Ziegler Nichols first method
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In above simulink diagram various parameters are obtained using Ziegler Nichols first
method which is applicable only on first order plus dead time processes .The value of

K; is very large which is not feasible in practical system

Step Rezponse
From: Step To: Transfer Fon

Amplitude

Time (seconds)

Figure 4.4 Step response of Ziegler nichols first method

4.2.2 Ziegler nichols second method

Ker=262.85
Pcr= .54

Kp=.6K=157.71

T, = 2= 97 ki=581
2
= Por = 017 Kq--36.8

Td—8—
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Figure 4.5 Simulink model for Ziegler nichols second method
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Figure 4.6 Step response of system with Ziegler Nichols second method
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Table 4.4 various control parameters obtain bye Ziegler Nichols tuning method

Tuning ISE IAE ITAE Peak Rise Settling
methods amplitude | time time
Ziegler .01341 | .03936 0424 24% at.085 | .0331 .26 sec
Nichols first sec sec

method

Ziegler 0444 | 1309 775 46% at 3.6 | 1.33sec | 12.7 sec
Nichols sec

second

method

In Ziegler Nichols first and second method first method is more effective. The errors

is less compare to second method overshoot decrease to 24% .and improvement in all

other parameters.

4.2.3 IMC tuning method (when 4 =1)
> Kp=2
> Ki=4
> Kg=0.003

Figure 4.7 Simulink diagram of IMC 1
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Step Response
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Figure 4.8 Step response of the system with IMC tuning method

4.2.4 IMC tuning method (when 4 = 2)
> K=l
> Ki=4
» Ky=0.003

.38%expi-.01) L - —
TEs+1
Scopel

Transfer Fon

Figure 4.9Simulink diagram of IMC (when A =2)
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Figure 4.10 step response of the system when A=2 in IMC tuning method.
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In above IMC method (internal model control) A = 1 and 2 is obtained in first method

when A=1 overshoot error decreases.

Table 4.5 various control parameters obtained by IMC tuning methods

Tuning | ISE | IAE ITAE | Peak Rise Settling
methods amplitude | time time
IMC 4033 | .7267 1.215 1.81% 1.38 1.97
first

IMC 5135 | .903 1.79 7.33% 1.2 3.97
Second

4.2.5 SIMC tuning method (when T =1)
> K,=74
» Ki=1.97
» K;=0.007
PID Parameters obtained by SIMC METHOD when T.=1
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Figure 4.11 Simulink model for SIMC tuning
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Figure 4.12 Step response of the system with SIMC (when T.=1)

4.2.6 Simc tuning rule (whenTc=2)

> K,=.38
> Ki=1.97
> K4=0.007
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Figure 4.13 Simulink diagram of PID-SIMC tuning rule (whenTc=2)
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Table 4.6 various control parameters obtained by SIMC tuning methods

Tuning | ISE IAE ITAE Peak Rise Settlin
method amplitude | time g time
s

SIMC .82 1.379 2.883 .613% 2.55sec | 3.8 sec
first

SIMC | .91 1.46 3.126 2.43% 2.32sec | 5.42
2nd sec

In SIMC tuning method the overshoot decreased to .613% but the error increases.

This method is useful to decrease the overshoot in above table al the parameters of

control system obtained.

4.3 Fuzzy logic controller

Fuzzy logicis a form of many-valued logic; it deals with reasoning that is

approximate rather than fixed and exact. Compared to traditional binary sets (where

variables may take on true or false values), fuzzy logic variables may have a truth

value that ranges in degree between 0 and 1.The input of fuzzy logic controller is

error and change in error and the output is desired azimuth angle

FIS Editor: fuzzyreal2

o 5

it View

4

mmmmmmmm

uuuuuuu

mamdani

\\\\\\\\\

ququququququququ

rrrrr

.....

Figure 4.15: Mamdani Fuzzy Inference System Developed for Fuzzy Controller
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The above figure 4.15 shows the fuzzy inference system, in which there are two

inputs as error and change in error and one output.
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Figure 4.16 Membership function for input 1

The above figure 6.12 shows the membership function plots for the first input
variable. Triangular membership function is taken for both inputs and outputs.
Specify the range then assign the variable name. Then take the second input variable.
Again member ship functions are assigned with range. Range is taken from 0-3.5.
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Figure 4.17 Rule viewer of fuzzy inference system
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The above figure 6.13 shows the rule base of the fuzzy logic controller for the three

element control system. It consists of 25 rule based using If-and-then rules condition.

(d is PS) then (outputt

(de is PIM) then (output! is

(de is PB) then (output! is.

(de is Z) then (output! s
n

then (ot

002782
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28*exp(,015) 1
758541

Scope2

Fuzzy Logic

To Worspace1
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Figure 4.19 Antenna azimuth position control with fuzzy logic as primary controller
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Figure 4.20 Step response of system with fuzzy logic

In above figure the step response of the system is obtained with the help of fuzzy

logic

4.4 Fuzzy-PID controller

Fuzzy PID controller is used as primary controller. Fuzzy controller is used to find the

optimum values of Kp, Ki and Kd. These parameters are given to PID controller that

produces the control signal which is used a set point for the secondary controller
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Figure 4.21 Mamdani Fuzzy Inference System Developed for Fuzzy Controller
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The above figure 6.11 shows the fuzzy inference system, in which there are two
inputs as error and change in error and three outputs as proportional gain, integral gain

and derivative

I

>
%'

Figure 4.22 Membership function for input 1
The above figure 6.12 shows the membership function plots for the first input
variable. Triangular membership function is taken for both inputs and outputs.
Specify the range then assign the variable name. Then take the second input variable.
Again member ship functions are assigned with range. Range is taken from -3 to 3.
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Figure 4.23 rule base
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The above figure 4.23 shows the rule base of the fuzzy logic controller for the three

element control system. It consists of 81 rule based using If-and-then rules condition.

File Edit View Options

error = 0.881 change_in_error =0.431 (p=23 e

S A 1 1 | | |
VAN N AN S S I
I AN AN L—"1 e 1 e 1
O ANE AN L —1 L ] e 1
/AN L~ 1 L —1 L 1 e 1

e A [ ] A L —1 L —1 L— ]
L R N [ =N ] L [ |
s [ A1 T~ C— ] C— 1]
s &~ ] | AN S
[ VAN L | A~ e 1 e 1
JL N VAN L A e 1 e 1
v | A L | A e 1 C——— ] e 1
3 5 s S O [ s

[0.88130.4313]

Openet sysiem or, 20 ks ‘ ‘ ‘
o

Figure 4.24 shows the rule viewer for the fuzzy inference system. The rule viewer

shows one calculation at a time and in great detail.
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Figure 4.25 Simulink diagram of fuzzy as primary and PID is secondary controller
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Figure 4.26 Step response of fuzzy-PID controller

Table 4.7 Parameters obtained by fuzzy and fuzzy-PID controllers
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CONTROLLERS | ISE IAE | ITAE | Peak Rise Settling

amplitude | time time

FUZZY 027 |.2378 | 1.734 | .93 114 .204sec

FUZZY-PID 1327 | .2619 | .1212 | .994 .006sec | .012sec

Thus in fuzzy PID controller the error increases as compare to fuzzy controller but the

system is settled in .012 sec which shows good response of the controller.
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4.5 Fuzzy logic rules

Table 4.8 fuzzy logic rules

E(t)
NB NS Z PS PB
NB NVB NB NM | NS Z
NS NB NM | NS Z PS
Ve(t) Z NM NS Z PS PM
PS NS Z PS PM PB
PB Z PS PM PB PVB

Table 4.9 fuzzy PID rules for kp,k; kq

E(1)
NVB | NB NM NS Z PS PM PB PVG
NVB NVB | NVB | NB NM NS Z PS PM z
NB NVB | NB NM NS NS PS PS z PS
NM NB NM NS V4 NM NB Z PS PS
Ve(t) NS NM NS z PS NB Z PS PS PM
Z NS z PS PS z PS PS PS PB
PS z PS PM PM PM PS PS PM PB
PM PS PM PB PM PM PS PM PB PVB
PB PM PB PB PB PS PM PB PVB | PVB
PVB PB PVB |PVB |PVB |PM PB PVB | PVB |PVB

Table 5.6 and 5.7 shows the rule base of the fuzzy logic controller. Mamdani
inference system is used for developing rule base of the fuzzy logic controller. NVB
means negative very big,NB means negative big, NM means negative medium, NS
means negative small,,Z means zero, PS means positive small, PM means positive

medium and PB means positive big. P\VB means positive very big.




Table 4.10 Comparison of all controllers
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CONTROLLERS ISE IAE | ITAE | Peak Rise Settling
overshoot time time
Ziegler  Nichols  1°'].01341 | .0396 | .0424 | 24% .0331 .26 sec
method sec
Ziegler  Nichols 2" |.0444 |.1309 |.1775 | 46% 1.33sec | 12.7 sec
method
IMC 1% 4033 | .7267 | 1.215 | 1.81% 1.38sec | 1.97 sec
IMC 2™ 5135 |.903 |1.79 | 7.33% 1.2sec | 3.97 sec
SIMC 1% .82 1.379 | 2.883 | .613% 2.55sec | 3.8sec
siMc 2™ 91 1.46 |3.216 |2.43% 2.32sec | 5.42 sec
Fuzzy logic controller .027 2378 | 1.734 | .93% 114 sec | .204 sec
Fuzzy-PID controller 1327 |.2619 | .1212 | .99% .006 sec | .012 sec
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CHAPTER-5
CONCLUSION AND FUTURE SCOPE

This thesis work discusses a control system case study taking antenna azimuth
position control system. First of all modelling of antenna azimuth position control is
done. The transfer function of antenna system is a third order system which has been
reduced to first order system using two different model order reduction techniques ie.
Half rule approximation and balanced truncation.A conventional PID controller with
three tuning methods is applied on the reduced model ie. Ziegler Nichols, IMC,
SIMC. With Ziegler Nichols method the overshoot of the system is high to reduce the
overshoot we use IMC and SIMC tuning methods. Thus with IMC and SIMC
methods, the overshoot and the errors decreases but small overshoot is there. So after
that we use fuzzy logic controller, the error and the overshoot decreases to a great
extent .Then fuzzy PID controller is implemented and it gives a better response than
the conventional PID controller and fuzzy logic, the settling time with fuzzy-PID is

reduced to .012 sec.

In the future scope, neural network based controller and genetic algorithm or PSO
based online optimization techniques can be implemented to improve the control

performance. For online tuning of PID controller better tuning method can be used.
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