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Abstract 

Selection of membership functions (MF) for a fuzzy logic controller (FLC) is an iterative and a time consum- 
ing task. This paper describes the use of genetic algorithm (GA) search strategy for optimizing MFs of antece- 
dent and consequent variables of an FLC that has been used for controlling the level of water on real time basis 
in a laboratory scale pilot plant. For the simulation of GA integral time square error (ITSE), has been used as 
the fitness function. 

Keywords: Membership Function, Genetic Algorithm, Fuzzy Logic Controller, Integral Time Square Error, 

1. Introduction 

Fuzzy logic is a technique incorporates heuristics developed by practicing engineers and 
operators into automatic control. It is used to control highly nonlinear, complex systems 
or systems whose mathematical model is not known. Also in the situations where classical 
control methods are available, fuzzy logic is introduced to improve the controller 
performance and in some cases to simplify the control algorithm. It is verified experimen- 
tally that the fuzzy controllers perform better than or as good as a PID controller 14 . Fuzzy 
logic technique has also been applied to adapt the current Neural Network configura- 
tion to one which is close to the optimal configuration 9 . Several applications of Fuzzy 
logic have been reported through recent literatures 10-14 . For designing an FLC the MFs 
should be selected in such a manner that it exhibits desired control behaviour. Hence_ 
to MFs tuned to achieve more desired control behaviour. However, iterative approach 3  

for selecting MF is a very much time consuming task. Because for change in MF parame- 
ters i.e for different shape of the membership functions the performance of FLC also 
changes. 

This work uses GA search strategy based on natural selection' °  and genetics to opti- 

mize MFs. A GA requires only information concerning the quality of the solution pro- 
duced by each parameter set (objective function value information). This characteristic 
cdiffers from other optimization methods that require derivative information 16 . Particularly 

it is very difficult to produce derivative information for different fuzzy rules and MF 
definitions in an FLC. However, GA does not require any derivative information. GA 
search is basically a computer simulated evolution, which is used in this work to alter the 
MFs of conventional FLC from one generation to next one, while optimizing ITSE. 
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PUMP 

FIG. I. Schematic diagram of pilot plant. 

2. Process Description 

Fig. 1 gives the schematics of the pilot plant considered for this work. A capacitance type 
level sensor is submerged down to the bottom of the tank. Water is being circulated 
through a centrifugal pump kept at constant speed. Water flow in the pipe is controlled by 
a stepper motor driven needle valve and manual valves. Needle valves are coupled with a 
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separate stepper motor which is controlled b y  a stepper controller card. The level sensor 
and stepper motor are interfaced with an IBM compatible PC/XT. There is a bypass outlet 
between exit of the pump and needle valve position. Delay coil is an extra arrangement for 
introducing additional transportation lag in the system. Needle valve is the actuator for the 
level control system. The transfer function model of thA process has been derived using 

two point, method
17.1S 

G(s) 
= 4.2e-2(li 
 (I) 1+210s 

where G(s) is the open loop transfer function of the tank; process gain = 4.2; time de- 
lay = 20 seconds; and time constant = 210 seconds. 

FIG. 2. Block Diagram of GA-FLC. 
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3. Optimization of membership functions 

3.1. GA-PLC design 

Fig. 2 shows the block diagram of a genetic algorithm based fuzzy logic controller (GA- 
FLC based FLC). Scale factors KE for error, Ka for change in error and Km; for change 
in control action, transform the plant variables error (e), change in error (cc) and change 
in control action (du) into respective computational universes of discourse (UoDs) for 
simplified calculation. In the initial prototype-FLC design the MFs for the fuzzy sets N, Z 
and P are selected heuristically as shown in Fig. 3. At each sampling instant error and 
change in error are fuzzified using MFs as selected by GA. 

To initiate the simulated evolution the solutions to the problem are encoded on chro- 
mosomes. The coding technique adopted in this work is concatenated unsigned integer 
coding of points locating the bases of fuzzy triangles N, Z and P to take care of multiple 
parameter coding °  GA is used to either expand or shrink the base widths of fuzzy trian- 
gles. The FLC is designed with 3 term sets N (negative), Z (zero) and P (positive). 
The fuzzy triangles for N, Z and P sets used for both process input and output variables 
are shown in Fig. 3. In this work the parameters used for the MFs simulation for the FLC 
are the base points Ld, Cd and Rd (left, center and right points that are locating the fuzzy 
triangles N, Z and P respectively). Let the universes of discourse for error e, change in 
error ce and change in control action du are E, CE and DU respectively. The universes 
are discretized in to certain number of segments or quantization levels. In Fig. 3, a com- 
mon UoD is taken to represent UoDs E, CE and DU and the variable 'x' represents `e', 
`cc° or 'du' . Here the membership function of 'x' takes different values for different 
fuzzy sets (i = 1,..3 for three fuzzy sets N, Z and P) and quantization levels 

FIG. 3. Membership functions. 
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1,...,.49)• Each chromosome, i.e, one set of nine points is decoded to give membership 
functions according to a particular input X using equation (2) 17  

Si S 
 Si -  Si (2) 

=1-41 	 c..<x <R 

	

Rq 	 y- us 

=0 	if Xi;  L i;  or X i./  IS R ai  

where i = 1, ....,3 (for three fuzzy sets ), 
j= 1,  ...., 49 (for quantization levels of a variable), 

an FLC condition or action variable of i-th fuzzy set and j-th quantization levels; 
M, Slope of MF to the left of the center point; and M , Slope of MF to the right of the 
center point. 

This work uses tournament selection method 3  for selecting efficient chromosomes into 
the next generation. 

3.2. Fuzzy reasoning 

The fuzzy control rule base consists of a set of statements, relating input variables and the 
corresponding output variables, to control the process. These statements are in the form of 
production rules, and let the i-th rule is R which can be expressed as, 

R,: If error (e) is E, and change in error (ce) is CE, then change in control action (du) is 

DU, 	 (3) 

Where E,, CE, and DU, are the fuzzy sets for e, ce and du, respectively. 

R, can be expressed as a fuzzy implication given by, 

	

R, : E, 	CE, 	DU, 	 (4) 

Let the universes of discourse for error, change in error and change in control action are 
E, CE and DU, respectively, R, can be expressed as a fuzzy relation on F. CE, and DU 

spaces, and is given by the cartesian product 

R,= E e xCE,x DU, 	 (5) 

The MF of R„ i.e., PR,  is defined as, 

	

PR = rnin(P Ei (e), PCE, (ce)111  DU,(Chl)) 	
(6) 

Using compositional rule of inference for fuzzy reasoning the consequent of each rule for 
measured values E' and CE' is inferred by using the equation. 

DU; =(E'xCE')o I?, 
	 (7 ) 
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where o is composition operator. 

The fuzzy control algorithm contains `r.' numbers of fuzzy rules. Therefore, the overall 
relation matrix R, can be obtained ORing the individual rules, and has been given in 
equation (8). 

R=RiUMURr 	 (8) 
=U R i = U(E,x CE, x DU,) 

where i = 	r. 

Hence from equations (6) and (8) it can be noted that R can be represented as a matrix of 
membership functions. Therefore, the fuzzy rule base has been stored in a two dimen- 
sional array as shown in Fig. 4. Consequent DUI for i-th rule R, can be accessed using the 

row index j for error and column index 1 for change in error of the rule base matrix. 
Hence, rule R,, consequent DUI , error E„ and change in error CE can be redefined as 

Ei  and CE I , respectively. Hence equation (7) can be rewritten as, 

=(E;xCE;)oRE, ,cE,
-)ou 

	 ( 9 ) 

Where RJ, 1  is redefined as REJ _)cEi ->DU 1.1  

If Sup-min operation is used for composition, the above expression reduces to, 

PDIJ;41 (du) = sup— min(min(u E ,(ek ), p c-r(cek )),p RI.1 (e,ce,du)) 
exe 

Equation (10) can be further simplified, for deriving the control action, to, 

P D11;3(d14)= min[mintuEi (ek),PcE,(cek)1 j 9, Du je. ,(du)] 

3 

CE, 

N 	Z 
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P 
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Z 

Z N Z P 
_ 

P Z P P 

(10), 

FIG. 4. Fuzzy control rule base. 
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The consequent for the complete set of rules is given by, 

g rew  = max(it cou gm 	 (12) 

The crisp control action for use in simulated plant is computed using center of area 
method as, 

E p oty (d14 i )du i  

dU k  = 	1=1 n 

E ilDw(dui) 
1., 

(13) 

Where n is number of quantization levels, 

The transfer function of the liquid level system has been convened into the following 
discrete equation to get the simulation model, 

y(k) = d o  x y(k — I) + c o  x u(k — s) + c i  x u(k — s — 1) 
	

(14) 

Where y(k) and u(k) are process output and control input at k-th sampling instant, and do, 
co  and c i  are constants, depend upon the sampling time, process gain and time delay td  and 

s is the maximum possible integer period of sampling interval in td . 
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Fic•  5. Comparison of responses of FLC and GA-FLC for KE = 12, Ka = 50 and Km; = 0.01. 
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4. Simulation results and discussion 

For simulations of the genetic algorithm, the following parameters have been used: 

Population size 20 

Probability of crossover 0.6 

Probability of mutation 0.003 

In Fig. 5 the performance of GA-FLC and conventional FLC have been compared for 
the values of KE= 12, KcE= 50, KDu = 0.01 and set point = 30 cm. Fig. 6 gives the re- 
sponses of FLC and GA-PLC for KE= 14, Ka= 21 and KDu = 0.01. It is clear from fig- 
ures 5 and 6 that GA-PLC performs better than FLC. 

5. Conclusions 

The proposed approach significantly reduces the time and effort to select MFs for 
achieving better control behaviour. It also gives a clear understanding of the effect of 
MFs on the controller performance, and effect of plant parameter variations in terms of 
MFs. This work describes the superiority of genetic algorithm to a liquid level control 
with optimal selection of membership function of an FLC. Hence thereby it provides a 
way to use genetic algorithm in the existing plants controlled by fuzzy logic for better 
performance. One such case, is the the control of a cement kiln. Since a GA does not 

35 r 

100 	200 	300 	4,00 	500 

Sampling Instants 	 
FIG. 6. Comparison of responses of FLC and GA-PLC for K 1  = 14.0. KcE  = 21.0 and K IM  = 0.01. 
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require any specific information, it is more flexible than any other numerical optimization 
technique. 
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