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Abstract— With increasing complexity of the modern control 

systems, emphasis has been made on the idea of applying new 

approaches in order to solve design problems for different 

control engineering problems.  Genetic Algorithm (GA) is a 

stochastic global search method used for optimization. In 

position control of steering engine, Proportional Integral 

Derivative (PID) control is widely used, but it is difficult to 

achieve optimized control without proper selection of Kp, Ki 

and Kd. In this paper, a position control system of steering 

engine is taken and a comparison is done by implementing 

Proportional Integral Derivative (PID) controller using 

genetic algorithm with the classical Zeigler-Nichols (Z-N). 
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I. INTRODUCTION 

Proportional Integral Derivative (PID) controller is widely 

used for getting an optimum efficiency for a system. The only 

observed difficulty of using a controller is tuning of the 

parameters of the controller. Various methods are used for 

tuning the parameters of a PID controller. The classical 

methods for tuning the parameters of the PID controller are 

Ziegler Nichols oscillation method, Ziegler Nichols reaction 

curve method, Cohen-Coon reaction curve method. But 

recent trends show that there has been a drastic improvement 

in the tuning by using the evolutionary algorithm. These are 

computational algorithms which gives better result after 

every iteration. These are based on behavioral pattern of a 

living being. A position control of steering engine is to be 

controlled using the PID controller. Here, Ziegler Nichols 

method is used & compared with the GA method. The 

objective of this paper is to show that a system can be 

optimized using genetic algorithm [1][2][3]. 

II. STEERING ENGINE SYSTEM MODEL 

The steering engine control loop is shown in the figure 1.  The 

position of the steering wheel is to be controlled so that the 

required position of the vehicle can be obtained. PID 

controller is used in series with the Steering Engine with a 

unity feedback system. The Unity feedback system which 

gives a feedback of the actual position sensed & can 

manipulate the position. The transfer function of the 

continuous PID controller is given by equation (1). The 

transfer function of the steering engine is given by equation 

(2). 

 
Fig. 1: Steering Engine Control system 

Analysis of helium turboexpander is carried out with 

the process modeling tool called ASPEN HYSYS. This tool 

helps in analyzing the important parameters of turboexpander 

The transfer function of the PID controller is given 

as follows:  

Gc(s) = K (1 + 1/sTi+ sTd)            (1) 

Where K is constant of proportionality Ti is Integral 

time; it must be a real and positive value. Td is Derivative 

time; it must be a real, finite, and nonnegative value.  

The transfer function of the Steering engine is given 

as follows [4]: 

Steering Engine =    (2) 

Following section shows the tuning of parameters 

with Z-N and GA methods. 

III. TUNING PID CONTROLLER BY ZEIGLER-NICHOLS 

APPROACH 

The conventional method (Ziegler-Nichols method) of tuning 

PID controller is used and the output response is analyzed 

using MATLAB Simulink model 

 
Fig. 2: MATLAB SISO tool used for tuning PID using 

Ziegler-Nichols method 

 
Fig. 3:  Step response for the steering engine control system 

using MATLAB (Z-N Method)  
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Results obtained by Z-N method can be tabulated as follows: 

Parameters Value 

Rise Time 0.0055sec 

Settling Time 0.0336sec 

Maximum Overshoot 20.4% 

Table 1: Simulation results obtained by Z-N method 

IV. TUNING PID CONTROLLER BY GENETIC ALGORITHM 

APPROACH 

Genetic Algorithms (GAs) are a stochastic global search 

method that mimics the process of natural evolution. It is one 

of the methods used for optimization. The genetic algorithm 

starts with no knowledge of the correct solution and depends 

entirely on responses from its environment and evolution 

operators such as reproduction, crossover and mutation to 

arrive at the best solution. 

The result obtained for the parameters are 

Kp=6.3843; Ki=281.25; Kd=0.01004. 

Now, placing these values in the transfer function of 

the PID controller, we can analyze the output for a given step 

input. 

Figure 3 shows the response to the step input for the 

steering engine control system using Zeigler Nichols PID 

tuning. 

GA starts with an initial chromosome & check for 

the fitness value. The fittest chromosomes are taken as 

parents further they are reproduced, crossed over & mutated 

[4][5][6][7]. 

Figure 4 shows the structure of GA based PID 

controller system in which we can observe that the Kp,Ki and 

Kd parameters are obtained with the help of evolutionary 

technique. 

 
Fig. 4: GA based PID controller structure 

The following parameters are selected for the 

optimization process of optimization using Genetic algorithm 

GA Parameters Value/ Method 

Population Size 60 

Variable bounds  

[Kp Ki Kd] 
[0 400; 0 400: 0 400] 

Maximum number of 

generations 
100 

Performance Index/ 

Fitness function 
Mean Square Error 

Selection method 
Normalized 

Geometric Selection 

Crossover Method Arithmetic Crossover 

Mutation method Uniform Mutation 

Table 2: Parameters of GA 

The parameters obtained from the GA tuning are as 

follows: 

Kp=394.9682; Ki=395.9763; Kd=9.5156 

Following Table 3 shows the comparison of the 

results obtained from the step response of the system. The 

parameters considered are the Maximum Overshoot, Rise 

time, Settling time. Better results are obtained using GA than 

the classically tuned parameters. 

Tuning 

Parameters 

Z-N 

Method 

Genetic 

Algorithm 

Maximum 

overshoot 
20.4% 0% 

Rise time (sec) 0.0055sec 
5.85e-

008*10^-7 sec 

Settling time 

(sec) 
0.0336sec 

1. 0 4 e – 

0 0 7*10^-7sec 

Table 3: Comparison of results 

It is clearly observed that the value of parameters 

obtained by GA tuning using MATLAB  are much more 

efficient in terms of tuning and giving the best possible output 

than the conventional ZN tuning method. The response 

obtained is oscillation free which gives an optimized output 

for the steering engine control[8][9][10]. Figure 5 shows the 

response to the step input for the steering   Engine control 

system using Zeigler Nichols PID tuning. 

V. CONCLUSION 

GA’s are so smart to have rich-rich applications across a large 

and growing number of disciplines. Tuning parameters with 

Genetic algorithm provides a faster response. Classical 

method is good for giving the starting points of what the PID 

values can be. However the GA designed PID is much better 

in terms of the rise time & the settling time than the Z-N 

method. 

 
Fig. 5: Step response for the steering engine control system 

using MATLAB (GA Method) 
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