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Abstract 

The objective of this paper is to realize a fuzzy logic 
controller using genetic algorithm for the position control of 
an electro-hydraulic fin position servo system. In this paper, 
a design method of a fuzzy logic controller using genetic 
algorithm is proposed, and it is applied to an electro- 
hydraulic fin position servo system. To simplify the design 
of a fuzzy logic controller, we introduce characteristic 
parameters. Then the characteristic parameters are encoded 
to a chromosome, and optimized through genetic operations. 
The effectiveness of this control scheme is verified by 
comparison with that of a PID control through a series of 
simulation studies. 

1. Introduction 

The electro-hydraulic servo systems have been 
frequently used in the fin position servo system (FPSS) of a 
missile, shown in Fig. 1, because of their high power and 
good positioning capabilities. However, hydraulic servo 
systems inherently have many uncertainties and highly 
nonlinear characteristics, which results from the flow- 

nonlinear systems. Accordingly, many research efforts have 
adopted fuzzy logic for the control of hydraulic servo 
systems [SI-[ll]. 

When the design of a fuzzy system is undertaken. one 
immediately faces many design parameters such as 
discretization of the universes of discourse, inputloutput 
scaling factors and assembling an appropriate tule base. 
Therefore, it is a well-known fact that the design of a fuzzy 
controller is more difficult than the design of a conventional 
controller. 

In this paper, in order to overcome this difficulty, we 
introduce characteristic parameters (CPs) that are defined by 
carefully investigating the structure of the individual 
components of a fuzzy logic controller [12]. Then, we 
design a fuzzy logic controller using genetic algorithm, in 
which the design parameters of the fuzzy logic controller are 
encoded to a chromosome and optimized through genetic 
operations. To demonstrate performance of this type of 
controller, a series of numerical simulations is performed on 
an electro-hydraulic FPSS. The simulation results show that 
the proposed fuzzy control scheme based on genetic 
algorithm gives faster and more accurate tracking responses, 
as compared with PID controller. 

pressure relationship, oil leakage, and etc. Furthermore, the 
FPSSs are suhiected to aerodvnamic load disturbances. 2. Dynamics Of the electro-hydraulic FPSS 
which are the function of many parameters such as fin 
deflection angle, missile velocity and angle of attack. 
Consequently, the conventional control approaches based on 
a linearized model near the operating point of interest may 
not guarantee satisfactory control performance for these 
systems. 

To solve such problems there have been presented 
several adaptive control approaches [l-51. Adaptive control 
techniques provide tobusmess over relatively much larger 
ranges of changes in the plant dynamics. However, in the 
case of plants whose parameters are not well known, or 
change rapidly over very large ranges, the adaptive control 
strategies may become complex, requiring considerable 
computation time and lead to instability. 

Recently, the control technique that utilizes fuzzy logic 
has heen actively researched and widely utilized for many 
industrial processes [6,7]. These fuzzy logic controllers 
show good results in the cases of controlling high order 

Figure 1 shows a schematic diagram of the electro- 
hydraulic FPSS, which is the object of this research. The 
servo system is composed of a hydraulic power supply, an 
electro-hydraulic servo valve, a double-ended cylinder, 
mechanical linkages, and control fm. TRe objective of the 
control is to generate the input current such that the angular 
position of the control fin is regulated to the desired 
position. The piston position of the main cylinder is 
controlled as follows: Once the voltage input corresponding 
to the position input is transmitted to the servo controller, 
the input current is generated in proportion to the error 
between the voltage input and the voltage output from the 
potentiometer. Then, the valve spool position is controlled 
according to the input current applied to the torque motor of 
the servo valve. Depending on the spool position and the 
load conditions of the piston, the rate as well as the direction 
of the flows supplied to each cylinder chamber is 
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Fig. 1 A schematic diagram of the FPSS 

determined. The motion of the piston then is controlled by 
these flows. At the same time, the piston is influenced by an 
external disturbance force generated from the aerodynamic 
load on the fin. 

Let us briefly examining the dynamics of the fm servo 
system for simulation purpose. Defining the load pressure PL 
as PL = P,  -P2 and the load flow Q, as QL= ( Q, + Q,)/2 , 
the relationship between the load pressure P, and the load 
flow Q, for an ideal critical center servo valve with a 
matched and symmetric orifice can be expressed as follows: 

where X ,  is the servo valve spool position, k ( =  Cdw/&) 

represents the sizing factor of the servo valve and P, is the 
supply pressure. When the continuity equation is applied to 
the fluid flowing in each chamber, the following expression 
can he derived. 

(3) 

where AD represents the piston ram area, C, is the total 
leakage coefficient, V, is the total volume of the servo valve 
and the cylinder, p ,  is the effective bulk modulus of oil, 
and X ,  is the piston position. The motion equation of the 
piston is given by 

ApPL = M , Y p + B , k p + F d  (4) 

where M, represents the equivalent mass of the piston 
including the control fin inertia, Be is the equivalent viscous 
damping coefficient, and Fd represents the external 
aerodpamic disturbance force including the friction. The 
angular position of the control fin is determined by the 
piston position as follows: 

B = X , / R  ( 5 )  

where R represents the effective torque arm of the linkages. 

3. Design of FLC based on Genetic Algorithms 

1 FLC based on genetic algorithms 
Recently, inspired by the proven effectiveness of genetic 

algorithms (GAS), some research has been reported wherein 
GAS were used for an optimal design of an FLC [14-191. 
J.Kinzel et al. [14] used modified genetic algorithms for 
designing and optimizing fuzzy controllers. They divided 
the task as rule base modification and tuning of fuzzy 
membership function shape. C.Karr [15], [16] used genetic 
algorithms to alter just the shape of the fuzzy sets used in a 
given rule base in which each fuzzy label was coded as a 7- 
hit binary number. H.Tagaki et al. [I71 used a genetic 
algorithm to optimize the rule base and the shape of fuzzy 
sets of a Tagaki-Sugeno Controller (TSC). K.Kropp [IS] 
used a genetic algorithm to optimize the rule bases. They 
coded the rule table as a string of 3-bit integer. Ishibuchi et 
al. [19] proposed to add a term to the fitness function that 
represents the entropy of a rule base. 

The results of these research works seemed to adequately 
conshuct the FLC to achieve desired control performance. 
However, because many design parameters have to be 
considered in the construction of the controller, most 
existing methodologies have limitations in that learning or 
optimization is performed only for the rule base or only for 
the center values of the membership functions. Moreover, 
owing to the different characteristics among design 
parameter, attaining completed learning or optimization 
algorithms considering while at the same time overall design 
parameters bas became extremely difficult obstacles. To 
resolve this, the correlation among design parameters in 
global viewpoint must be observed. 

In order to overcome these limitations, we introduce 
characteristic parameters (CPs) that are defined by carefully 
investigating the stnicture of the individual components of 
an FLC [12]. The CPs can characterize major design 
parameters, such as the database and rule base of the 
controller. Therefore, the design procedure of an FLC can he 
greatly simplified by using cleverly defined CPs. Also, 
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Fig.2 The cycle of FLC optimization with GAS 
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effects on control performance based on parameter changes 
can be easily identified. - Characterization of the FLC 

Figure 3 shows a control block diagram with a simple 
structured FLC having the gaussian shape membership 
functions. As shown in the figure, the controller comprises 
fuzzification / defuzzification parts, a fuzzy inference engine 
and a knowledge base. Basically, such an FLC was 
constructed by utilizing the following linguistic rules; 

R i  : if x, i s X , ,  and x 2 i s X 2 {  then u i s U ,  
i = l , 2 ,  .... n 

( 6 )  

where x , ,  x2 and U are input and output variables in the 
controller, respectively, and these are descrihed as a state 
error, a change of state error and a control input in general 
application of an FLC. 

A design of the FLC represented by equation (6) seems 
to be simple relatively. However, the design requires to 
determine overall design parameters of an FLC, such as 
fuzzification method, fuzzy inference method, 
defuzzification method and knowledge base which includes 
scale factors for input and output variables, membership 
functions, and fuzzy linguistic control rules. This 
determination needs much time and efforts for tuning of the 
parameters to improve the control performances. 

In the Fig. 3, the relationship between input and output 
in the controller can be represented a function of these 
design parameters as follows. 

. ( j ) = f ( x A f ) , X 2 ( j ) l Y )  (7) 
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. .  
(a) Control blockdiagram 

mR 

? .................................. 

NL m x p s  a 

: : ' I :  . .  

e) Membership functions 

xn ..... 

~ 

(c) Linguistic d e  table 

..........................!.?...I . 

. 

where f(.lY) denotes a fuzzy function constructed with the 
design parameters Y such as the numbers of inputloutput 
membership functions, their center values. And u(t) ,  x ,  ( t )  

and x , ( j )  are the control input, and feedback system states 
at time t , respectively. 

The object of this proposed scheme is to design an 
optimized FLC represented as Eq.(7) through the GA. 
However, since many design parameters have to he 
considered for constructing the FLC, a mathematical 
representation of the fuzzy function has become very 
complex. Moreover, owing to different characteristics 
among each design parameter, accomplishment of 
completed optimization algorithms considering the whole 
design parameters have become extremely difficult 
problems. Therefore, to overcome these problems, it is 
needed to simplify the design parameters, which can be 
achieved by characterizing the FLC. By carefully 
investigating the structure of the individual components, it is 
possible to draw some guidelines that completely 
characterize the construction of an FLC. Following 
represents a simplified form of the fuzzy function with 
characterization of the design parameters. 

where ? denotes the simplified design parameters, so 
called Characteristic Parameters (CPs). The CPs include six 
parameters for the fuzzy membership functions and two 
parameters for the linguistic control d e s  as follows [19]: 

............._ ........ 2 1  
.... .kc.. .......... ...... 
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Fig. 3 Typical FLC with gaussian shape membership functions Fig. 4 Definition of CPs for the membership function 
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where the number of membership functions n and the 
exponents of the power functions p are the CPs for the 
inputloutput membership functions, and subscripts e, c and o 
denote error, change in error and control output, 
respectively. Also, a seed angle and a distribution of the 
linguistic rule, 0, and p . ,  are the CPs for the linguistic 
control rules, respectively. 

Figure 4 shows the definition of characteristic 
parameters for membership function, n and p .  As shown in 
the figure, construction of membership functions can be 
achieved by using n and p .  Fig. 5 shows the definition of 
characteristicparameters for control rule table, 6, and p s  . 
In the case of linguistic control rule, distribution of the rules 
is arranged with the position of seed point Di as shown in 
the figure. 

. Design of an FLC based on GA 
Since the CA have dealt with symbolic expression for 

solving the problems, it is required that the real world 
problems to be encoded in a chromosome are formed in a 

Definition of characteristic parameters for the rule table 

&For membership f u n c f i o n r ~ F a r  rule t a b l e 4  

! ~ 
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numberofthemembenhip functions (,,*, ,,o) 

Fig. 6 Encoding the characteristic parameters into chromosome 

binary or integer string. Although binary coding is better 
suited for hyperplane sampling [19], non-binary coding is 
used in this paper, because more adequate mutation 
operators can he defined and the destroying effects of 
crossover are reduced. Figure 6 shows that the FLC was 
encoded into the chromosomes with the CPs. As shown in 
the figure, a chromosome representing the FLC is composed 
of 14 integer values. Each integer value called alleles is 
related to the CPs for the FLC as follows: the lst, 4th and 
7th allele correspond respectively to the number of 
membership functions for the error, the change in error and 
the output such as n e ,  nc and no. Since the numbers of 
membership functions are always an odd number greater 
than 1, however, these alleles are converted to the number of 
membership functions as follows: 

In the same way, the 2nd and 3rd allele, the 5th and 6th 
allele and 8th and 9th allele are converted to the exponents 
of the power functions such as p , ,  p ,  and p , ,  which 
determine the center values of each membership function, as 
follows: 

p. =0.05.(10.a, +a3  +1)  

p .  =0.05.(10.a, + a 6  +I) ( 1 1 )  
p o  =0.05.(10.a, + a g  +1) 

Lastly, the characteristic parameters for the linguistic 
fuzzy rules 8, and p s  are obtained from 10th to 14th 
alleles as follows: 

( 1 2 )  
0, =90.a,, +10.a,, +al2  
p .  =0.05.(10.a,, +Ul4 +I)  

The chromosomes defmed by equations (lo), (11) and 
(12) are generated as much as the number of population size, 
and they are selected for the reproduction according to their 
fitness value. The fitness function used in CA depends on 
the problem to be solved. In this paper, we used inverse of 
time-weighted square error as a fitness function. Thus, for 
the better control performance of the FLC, the fitness of the 
chromosome is larger. 

where y d  and y( t )  represent the reference input and the 
system output at time t, respectively. 
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Table I The converged fittest values with various mutation 
probabilities (Population size: 30, Crossover probability : 0.75) 

0.65 Crossover 
orobabilities 

Mutation 
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Table 2 The converged fittest values with various crossover 
probabilities (Population size: 30, Mutation probability : 0.005) 

Alleles 

Converged values 
al a2 1 9 u4 a5 I a6 a7 % I % alOl a l l l a 1 2  a13 la14 
8 3 9 7 0 5 2 2 1 3 8 3 9 8  

fimess 10.0524 10.0517 10.055010.05461 0.0478 10.0547 

Optimized values 19 2.0 17 0.3 7 1.1 353 

Average fitness 10.0450 ~0.0422~0.0518~0.0479~0.0443 10.0454 

4.95 

4. Simulation results 
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Fig. 8 Control performance with increase of generation 

crossover probability at the 30th generation, respectively. 
Since the converged fittest values change a little for the 
various cases, the mutation and the crossover probabilities 
are set to 0.005 and 0.75, respectively. 

Figure 7 shows that the fitness value of the best 
individual has been increased by progressing the generation. 
As shown in the figure, the fitness value was approached to 
maximum after 20 generations. Figure 8 shows the 
improvement of the control performance with FLC 
optimization using the GA. The control performance in the 
1st generation has slow response characteristics without 
overshoot. The speed of response is increased according to 
increase of the generation. Finally, after 30 generations, the 
better control performance is obtained. Also, steady state 
error does not occurr in the final generation. Table 3 shows 
the optimized characteristic parameters with fittest 
individual in the 30th generation. 

To see the effectiveness of the designed FLC with the 
optimized characteristic parameters, the results are 
compared with those of a PID controller. Figure 9 shows the 
output responses of the two controllers when a reference 
input of 7.5degree is applied. The gains of the PID 
controller are selected to obtain a good response 
characteristics on trial and error basis. As shown in the 

I 
0 0  
00 0 1  0.2 0.3 0 4  0 5  

Time(f), sec 

Fig. 9 Comparison of control performance with conventional 
PID controller (Reference input ; 7.5" ) 

Table 3 Optimal characteristic parameters with finest individual in the 30th generation 
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Fig.10 Comparison of control performance with conventional 
PID controller (Reference input : I .5" ) 

figure, the FLC gives better control performance than those 
of the PID control even for high order nonlinear system. To 
see an ability to adapt the operating point in Fig. IO, the 
reference input is changed from 7.5 to 1.5 degree. The PID 
controller shows oscillatory response characteristics due to 
the effect of the nonlinearities for the flow-pressure 
relationship. However, we can see that the FLC is robust 
against the change of operating point. 

5. Conclusions 

In this paper, a novel design scheme of fuzzy logic 
controller using GA is proposed to control the electro- 
hydraulic fin position servo system that has highly 
nonlinearities due to the characteristics of the hydraulic 
system. To characterize the major design parameters of an 
FLC, characteristic parameters are introduced. It is shown 
that the use of the characteristic parameters can significantly 
simplify the design procedure of the FLC. The characteristic 
parameters are encoded in a chromosome presented as an 
integer string. The chromosomes are optimized to maximize 
the evaluated fitness through genetic operations. As a result, 
we can obtain the FLC with optimized characteristic 
parameters. 

From the simulation results of the electro-hydraulic fin 
position servo system, we have shown that the proposed 
algorithm can be effectively used to design the optimized 
FLC. The designed FLC is found to show fast and accurate 
tracking responses even for this high order nonlinear system. 
However, since the fitness of all individuals was evaluated 
in each generation, the design procedure is only possible in 
off-line. To design in on-line manner, further research work 
is needed in the future. 
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