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ABSTRACT- Measuring of temperature control is a crtical need in many industrial plants. The aim of this paper is to
do the comparative study of fuzzy logic controlleand conventional PID controller for temperature cortrol. In this paper

performance analysis of the conventional PID contiter and fuzzy logic controller has been done by i use of MATLAB

and simulink. From the result the fuzzy logic contoller has small overshoot and fast response as coarpd to PID

controller. Fuzzy control is based on fuzzy logic vides a means of converting a linguistic controstrategy based on
expert knowledge into an automatic control strategy

Keyword- fuzzy logic control, MATLAB/Simulink, PID controller, Mamdani fuzzy inference system.
I. Introduction

The temperature control is a key part of the maezhinSo this controlling process is achievgy

designing the controller for the transfer functiatith the desired set point. Proportional integrativhtive

(PID) Controller are widely used ircontrol application, but its performance is veryopwhen applied
to system. The performance of PID controller is leated in terms of rise time and steady state eirbe

tuning of PID controller is difficult due ot insufficient knowledge of the parameters of thestem.

Sometimes the PID control makes overshoot and algth regard to the temperature control systhen
characteristics of which are distributed parametemsn-linear, large time delay and large inertide t
conventional PID controller is very difficult to t&in satisfactory control results. To solve thistgem, fuzzy

logic technology is used. The temperature corgystem is playing an important role in industriabghuction.

Recently, lots of researches have been investigatethe temperature control system based on var@ntrol

strategies like ZN method but fuzzy is the advanoautrolling method. The temperature control systeamed on
fuzzy PID is proposed in this paper. The new atparibased on fuzzy PID can improve the performasfcihe

system. Also, it's fit for the complicated varialbdenperature control system. The simulation reshitaw that the
validity of the proposed strategy is more reliadohel effective to control temperature.

1. Design consideration

A PID controller is being desired for a higleeder system with transfer function

G(s) = 10/ [s(6+65+8)] (1)
. We have proposed design of (i) PID controlley fiizzy controllerso that the closed loop system exhibit
small overshoot Mand settling timestwith zero steady state errag e

. Design of PID Controller

A simple strategy which widely used for industgahtrol is PID controller. But the parameter setatfor the Kp,
Ki and Kd gain is always difficult. Many tuning aldgthms are developed, but it is still difficult select particular
algorithm for designing PID gain values for thetmalar system for particular process control. Eighows the
mathematical description of general PID controller.
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U(t) = Control signal applied to plant
Kp = Proportional gain

K| = Integral gain

KD = Derivative gain.
The selection of thesef KK| and Kd values will cause for the variations in the obsdriesponse with respect to
the desired response. In general, the dependerichevas per the Table.1.

Figure.2. system design with PID controller [22]
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Table I. Effect of increasing parameter values jreaelently on the response

Parameter Rise Time (T) Overshoot (Mp) | Settling Time Error (Ess)
(Ts)
KP Decrease Increase SmallChange Decrease
Kl Decrease Increase Increase Decrease Significantl
KD Minor Decrease Decrease Decrease No effect

From the table, it is observed that PD controligeg the good steady state conditions, Pl contrbkps in
reducing steady state error and PID controllerseduto achieve all the advantages of individualtrobn
actions. Hence we use PID controller for tempeeatamtrol in this paper.

IV. SYSTEM DESIGN WITH FLC
Simulink model of the fuzzy controller and the glanth unity feedback is shown in Figure.2
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. Figure.3. System with FLC [23]

Fuzzy logic controller is easy to implement. Fulmmyic is one of the most successful technologigadistrial
control system because it is very simple.

Fuzzy logic refers to a logical system that gerneeal classical two valued logic for reasoning under
uncertainty. Fuzzy control system is a control eystbased on fuzzy logic. Fuzzy logic is a mathecahti
system that analyzes analog input values in tefnh@gacal variables that take on values betweemd h as
shown in figure 3, in contrast to classical crispmital logic, which operates on discrete valoé®ither 0

or 1 (OFF or ON). Defuzzification is the procesgpofducing a quantifiable result in fuzzy logicyem fuzzy
sets and corresponding membership degrees.

NON-FUZZY (CRISP) FUZZY

ON

pr——
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—_—
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. Figure.4. Difference between crisp and fuzzy va@@$
Figure.4 shows the system architecture with fuzgid controller. Fuzzy logic controller has two utp
namely error and change in error and produces @asittnal according to the fuzzy inference struet(fIS)
designed with fuzzy rules. Each of the input andpou quantity is described with its corresponding
membership function.
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. Figure.5. System design with FLC [22]

There are three principle elements to a fuzzy legiatroller
A) Fuzzification module (fuzzifier)

B) Rule base and inference engine

C) Defuzzification module (Defuzzifier)

V. Principles of Fuzzy Modelling
The general algorithm for a fuzzy system desigmaertme synthesized as follows.

A) Fuzzification

(1) Normalize of the universes of discourses ferftizzy input and output vector.
(2) Convert crisp data into fuzzy data or memberstanction.

(3) Calculate the membership function for evergmalue of the fuzzy input.

B) Fuzzy Inference
(4) Combine membership function with the rule tivelthe fuzzy output.
(5) Calcution of the membership function for everigp value of the fuzzy input.

C) Defuzzification

6) Calculate the fuzzy output, using suitable defficzation method.
A. FUZZY MEMBERSHIP FUNCTION

A membership function for a fuzzy set A on the @nge of discourse X is defined@s: X — [0,1], where each
element of X is mapped to a value between 0 afthis.value, called membership value or degree ohbegship,
quantifies the grade of membership of the elemeit o the fuzzy set A.

B. TYPES OF INFERENCE SYSTEM
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Mamdani-Type Fuzzy Inference-is defined for the toolbox, expects the output merahip functions to be
fuzzy sets. After the aggregation process, there ifuzzy set for each output variable that needs
defuzzification.
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. Figure.6. Selection of number of 1/O for designii§ for FLC

Sugeno-Type Fuzzy InferenceThis topic discusses the so-called Sugeno, or Tigkageno-Kang, method
of fuzzy inference. Introduced in 1985, it is sianito the Mamdani method in many respects. The tiive
parts of the fuzzy inference process, fuzzifying thputs and applying the fuzzy operator, are éxdhe
same. The main difference between Mamdani and Suigethat the Sugeno output membership functions
are either linear or constant.

C. FUZZY RULES FOR DEVELOPING FIS

Fuzzy inference is the process of formulating ttepping from a given input to an output using fulgjic. The
mapping then provides a basis from which decisaamsbe made, or patterns discerned. The procdagnf
inference involves all of the pieces that are dbedrin the previous sections: Membership Functibogical
Operations, and If-Then Rules.
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VI. SIMULATION RESULTS
The figure 6 and 7 shows the response of convealtiBiD controller and the response of the fuzzydog
controller to the step input.

»  Figure.7. The step response of the conventionald®tidroller
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d Figure.7. The step response of the fuzzy logicrotiet

VII. Conclusion
The response of the PID controller is oscillatohjiahh can damage the system. But the response @fizkg logic
controller is free from these dangerous oscillaionthe transient period. Hence the proposed EUggiter than the
conventionally used PID controller.
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