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 In this paper a comparative study on the use of Genetic algorithms (GA) and Differential evolution 
(DE) for control systems design is presented. GA and DE are used for offline design of control 
schemes for continuous-time linear time invariant systems both in complex domain and time domain 
formulations. In the complex domain controller design, the design philosophy is based on 
approximate model matching in which a reference model is parameterized from time, frequency and 
complex domain specifications which ensure both stability and performance margin. The nominal 
plant model is known; the problems become to search the controller parameters through 
minimization of a scalar objective function, so that the augmented plant with controller matches the 
reference model.  In time domain design, the sub-optimal control problem is considered in which the 
coefficients of the gain matrix is searched through minimization of a cost function developed on 
control input and state vector. GA and DE are used in both the design methods and applied Multi 
input and single output (MIMO) systems and systems with time delays.  Examples are included to 
highlights the efficacy of the proposed methods. 
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Introduction The rapid advancement of science and technology 
and the advent of low cost, reliable and high speed digital 
computers have led to extensive research in the area of computer 
aided control system analysis and design. The aim is to solve some 
problems in identification, modeling and controller design by 
applying the genetic algorithm & differential evolution.  

The application of artificial intelligent has been in wide 
use in many areas in system and control for the last two decades.  
Genetic algorithms (GA) [1] are search procedures inspired by the 
laws of natural selection and genetics. They can be viewed as a 
general-purpose optimization method and have been successfully 
applied to search, optimization and machine learning tasks. GA has 
the ability to solve difficult, multi dimensional problems with little 
problem-specific information and hence has been chosen as the 
optimization technique to solve various problems in control 
systems. In GAs, candidates’ solutions to a problem are similar to 
individuals in a population. A population of individuals is 
maintained within the search space of GAs, each representing a 
possible solution to a given problem [28]. The individuals are 
randomly collected to form the initial population from which 
improvement is sought [27, 28]. The individuals are then selected 
according to their level of fitness within the problem domain and 
breed together. The breeding is done by using the operators 
borrowed from the natural genetic, to form future generations 
(offspring’s). The population is successively improved with respect 

to the search objective. The least fit individuals are replaced with 
new and fitter offspring [23, 1] from previous generation. 

Over the recent years, GAs has been at the centre of 
researches. Especially in the optimization problems where GAs 
provides better solutions with simpler techniques than other 
optimization methods. According to Goldberg in [1], GAs Differs 
from other optimization methods in four ways: 

• GAs search from a population of points in parallel, no 
single point 

• GAs use probabilistic transition rules, not deterministic 
ones 

• GAs work on encodings of parameters set rather than the 
parameter set itself (except where real – valued 
individuals are used) 

• GAs do not require derivative information or other 
auxiliary knowledge; only the objective function and 
corresponding fitness levels influence the directions of 
the search. 

DE [30] is parallel direct search method that uses a differential 
mutation scheme and greedy selection process (the better one of 
new solution and its parents wins the competition) to direct its 
search toward the prospective regions of search space. In DE, all 
solutions have the same chance of being selected as parents 
regardless of their fitness value. DE is known to use the greedy 
selection process whereby the better one of the new solution and its 
parents wins the competition. This principle provides a better 
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convergence performance over GAs [29]. DE encodes parameters 
in floating – point regardless of their type [30]. This encoding 
offers a great malleability with arithmetic operators and provides 
significant advantages over the other optimizations methods, 
including [30]: 
• Fast convergence 

• Finds true global minimum regardless of the    initial 
parameters 

• Ease of use 

• Efficient memory utilization 

• Lower computational complexity 
DE is used to tune the parameters by optimizing a frequency 

domain objective function. The objective function consists of 
finding, shifting the poorly damped or unstable poles into the left 
side of the s – plane (stability plane).  

The mathematical procedures of modeling practical systems 
lead to descriptions of the process in the form of complex high -
order transfer functions or states space models. These high-order 
models are difficult to use for simulation, analysis or controller 
synthesis, and it is not only desirable but also often necessary to 
obtain satisfactory reduced order representations of such high order 
models. A need exists for design methods that may be used to 
arrive at simple low-order implement able controllers that can 
adequately control plants or processes regardless of their order, 
complexity or stability.  

Often the need arises to implement a digital controller in place 
of an existing analog controller. One may redesign a new controller 
in the digital domain or may discretize the existing continuous-time 
controller. Advanced controller design techniques such as LQG, 

∞H [11]  etc., often lead to controllers whose order may be equal 

to or even exceed the order of the plant. A suitable low-order 
controller that retains the dominant characteristics of the original 
high-order controller is desired in such cases. 
2. Control System Design:  

A new GA[1] & DE[30] based method is proposed for 
the design of rational continuous-time controllers for linear time-
invariant single-input single-output (SISO) and multi-input multi-
output (MIMO) systems. The design method is comprehensive in 
nature and is applicable to a wide range of plant models. Selection 
of an appropriate reference model extends the usefulness of the 
method to controller design for unstable systems and non-
minimum-phase plants. The method relies on the concept of 
approximate model matching and yields implement able low-order 
rational controllers using only output feedback. Increase in the 
computational burden with increase in the order of the plant model 
is negligible thus obviating the need for order reduction of the plant 
transfer function. The validity of the method is illustrated by some 
examples from the literature.   

The problem of model matching control consists of 
designing a controller to compensate a given plant so that the 
resultant controlled system has a pre-specified transfer function 
(reference model). The obvious advantage of this approach is that 

the design specifications (time and frequency domain) that are 
implicated through the reference model will be met by the 
controlled system. Design techniques for exact model matching as 
well as approximate model matching have been proposed for 
systems described by both state-space and transfer function models 
[Chen (1970)]. Exact model matching, however, is known to bring 
about certain practical difficulties. It requires overly complicated 
implementations. System configurations typically involve both feed 
forward and feedback compensation [Chen (1987)], in addition, the 
compensator TFs are generally of roughly the same order as the 
plant TF. Thus, for high-order plants, the controller implementation 
becomes impractical.  The design of a control system is formulated 
as an approximate model -matching problem. That this problem is 
of great practical importance and provides a viable alternative for 
the design of effective, implement able controllers is evident from 
the number of publications in this area (given above). The objective 
of an approximate model matching type of control system design 
may be stated as: Given an open loop plant TF, P(s), design an 
overall closed-loop system so that the plant output y(t) will follow a 
given reference input as closely as possible. The design highly 
depends on the chosen reference input. Throughout the paper, we 
consider a step input. The closeness of the plant output tracking the 
reference step input is checked in terms of steady state and transient 
performances. In the steady state, we require the steady-state error 
to be zero and for good transient performance, we require a 
prescribed rise time, settling time, and overshoot. We also consider 
frequency-domain characteristics such as the gain and phase 
margins, bandwidth, cut-off rate etc. implicated through the 
reference TF as the desired design objectives. Thus, the controller 
design problem becomes: Given a plant and a reference input (step 
input), design an implement able dynamic controller that uses only 
output feedback and yields an overall closed-loop system to meet a 
given set of steady-state and transient performance criteria. One of 
the important aspects of controller design and implementation is the 
order of the controller and the subsequent hardware complexity. 
Practicing engineers prefer implement able controllers of low 
complexity. Various design methods have been proposed to obtain 
low-order compensators based on the Padé approximation 
technique Pal (1993), continued fraction expansion Chen (1970), 
least squares minimization Belanger (1976), and model reduction 
techniques Lepschy (1985) etc. Kreisselmeier and Mevenkamp 
(1988) proposed a method which involves an a-posteriori 
refinement of the controller that has been synthesized using a 
reduced-order model of the plant. In the model matching method of 
Sanathanan and Quinn (1987), frequency domain optimization is 
used to obtain a low-order approximate of the ideal controller given 
by the synthesis equation [D’Azzo (1981)]. In the proposed 
method, the controller parameters are obtained by minimizing a 
performance index (fitness function) using the GA and use the 
concept of approximate model matching. Selection of an 
appropriate reference model extends the usefulness of the method 
to controller design for unstable systems and non-minimum-phase 
(NMP) plants. 
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3. Approximate Model Matching [16]: Consider the continuous-
time unity feedback control system configuration as shown in Fig.1 
P(s) and C(s) are respectively the plant and controller transfer 
functions and are given by 
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     The subscripts on the left-hand side of Eqn. (3.1) and Eqn. (3.2) 
indicate the orders of the numerator and denominator respectively. 
The closed loop transfer function F(s) is then given by 
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The denominator of Eqn. (3.3) represents the characteristic 

polynomial of the closed-loop system and is of order ( )qn + . 

The unknowns in Eqns. (3.2) and (3.3) are the siβ and siα  

corresponding to the compensator )(sc . 

In the exact model-matching problem, it is desired to find the 

unknown parameters iβ  and iα  of )(sc such that closed-loop 

TF, F(s), exactly matches a general specification TF, M(s), given 
by 
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       Thus, for exact model matching, we have 
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Substituting for P(s) and M(s) from Eqns. (3.1) and (3.4), we finally 
have 
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This is also called the  ‘Synthesis Equation’ or ‘Truxal’s method’ 
for designing C(s) [D’Azzo and Houpis (1981)]. This controller has 
been termed as the ‘Ideal Controller’. 
 In some cases, it is found that this design method may not 
lead to the simplest form of compensator. The resulting controller 

may be of high-order and/or unstable. Moreover )(sc may not be 

realizable, i.e. improper. Further, the structure and order of the 

controller )(sc  cannot be fixed a-priori as has been done in Eqn. 

(2.2). In the case of Approximate Model Matching (AMM)[16], 
Eqn. (2.5) is only approximately satisfied, i.e. 

                        )()( sMsF ≈   

4. Reference Model Selection:  
In the model-matching type of controller design followed 

in this thesis, the design goals are specified at the outset in the form 
of a reference model TF. The structure and complexity of the 
controller depends on the choice of the reference model TF. The 
reference model TF should be chosen to have a sufficiently rapid 
response; on the other hand, it should keep the high frequency gain 
of the controller small to avoid saturation in the actuators. The 
reference model might be required to satisfy some of the following 
design specifications. 

The time-domain specifications, e.g., the rise time, 
overshoot, settling time and steady state error. The frequency-
domain specifications, e.g., the bandwidth, cut-off rate, gain margin 
and phase margin. The complex-domain specifications, e.g., the 
damping ratio, damping factor, un damped natural frequency. 
Quadratic optimal criterion. 
Some representative model selection procedures are briefly given 
below. 
Method: 1. Let a model TF be specified as 
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Let the desired closed-loop specifications that M(s) has to satisfy be 

Velocity error constant: vk  

Crossover frequency: cω  

Damping ratio: ξ  

The second-order model M(s) of Eqn. (2.9) may be chosen to 

satisfy these specifications. The parameters0c , 1c  and 1d  are 

determined by solving the following equations [Chen (1970)]. 
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For example, 

When  0.785, and 4.5 20,k v === ξωc  Eqn. (3.10) gives, 
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Method: 2. Let the desired specifications be 
Maximum overshoot: 10% 
Time to first peak: 0.01s 
Unity final value: no steady-state error, 
Choosing M(s) 
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and following the design rules of thumb of Shieh (1981); 
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Method: 3. a reference model M(s) that is optimal in the sense of 
minimizing a quadratic performance index may be chosen as given 
in Chi-Tsong (1990). For example, an optimal system TF may be 
chosen to minimize the quadratic performance index 
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A certain value for q and p may be initially chosen and M(s) may 
be found out. If this model does not meet other requirements like 
control effort, then a different value each is chosen for q and p and 
the steps repeated to find another suitable  M(s). 

Method: 4.   a reference TF 
2)1(

1
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may be chosen Sanathanan (1987) and Quinn (1990). Certain 
features of this TF models are 
It has only real poles, 
It contains no numerator dynamics beyond those dictated by the 
loop type, 
It gives sufficient response speed, 
Reasonable robustness (in terms of gain and phase margins that can 
be imbedded in the TF model), 
It gives reasonable idea of the closed-loop time responses, 
Location of the real poles may be determined by the system 
specifications for bandwidth and response time. 
5. Sub Opimal Control:  

The optimal controller requires the feedback of all the 
states defined to describe the dynamics of the plant. In practical 
solutions, all the states may not be accessible /available for 
feedback purpose. The Kalman filter or the Luenberger observer, 
though necessary in such cases, increases the order and complexity 
of the controller. Using the method of this section GA, technique 
for tuning a commercially available 3-term controller for 
suboptimal control using output feedback may be easily devised. 
Let the SISO linear time-invariant system be given by 
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where, x(t) is an n-vector representing the state of the system, u(t) 
is the scalar control, and A and B are matrices of compatible 
dimensions.  The objective is to find the control u*(t) that 
minimizes the performance index 
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where 0≥Q  and 0>r . The solution of this optimal control 

problem is well-known, and involves solving the matrix Riccati 
equation: 

01 =+−+ − QPBPBrPAPA TT  

 

The optimal controller is a function of all the states x and is given 
by 

)()()( 1* txktPxBrtu TT −=−= −
 

The closed-loop transfer function with u*(t) is given by 

BBkAsICsM TT 1)()( −+−=  

 

6. Controller Design using GA:  

The tuning process involves a number of steps, given 
below, to find the optimal parameters. 
Step1: Set the minimum and maximum boundaries where the 
optimal values of the parameters will be found. 



Int. J. Adv. Res. Sci. Technol. Volume 1, Issue1, Oct-2012, pp 51-58. 

www.ijarst.com                                                               Jagadish Chandra Pati, Pratap Chandra Nayak                                                                       Page | 55 

 

 

Step 2: Obtain the system operating conditions and select the 
desired relative stability. 
Step 3: Generate an initial population within the constraints using 
GA. 
Step 4: Run for each individual to check if the system converges. If 
not, discards and then change the operating conditions. 
Step 5: Repeat step 4 until maximum generation is reached  
Step 6: Evaluate the objective function. 

 

 

7. Controller Design Using DE:  

The tuning process involves a number of steps, given 
below, to find the optimal parameters. 
Step1: Set the minimum and maximum boundaries where the 
optimal values of the parameters will be found. 
Step 2: Obtain the system operating conditions and select the 
desired relative stability. 
Step 3: Generate an initial population within the constraints using 
DE. 
Step 4: Set number of population members, maximum number of 
iterations (generations), step size, crossover probability constant 
and strategy  
Step 4: Run for each individual to check if the system converges. If 
not, discards and then change the operating conditions. 
Step 5: Repeat step 4 until maximum generation is reached  
Step 6: Evaluate the objective function. 
 

 

 
8. Simulation Results 
8.1 MISO [15] 
We consider the voltage-regulator example from Sannuti and 
Kokotovic (1969): 
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A suboptimal controller has to be designed by using the first three 
states for feedback purpose. We choose the following structure for 
the feedback matrix K. 
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Table: 1 

 
 
 
 
 
 

Fitness 
value 

Range Value 
In DE 

Value in 
DE 

parameters 

0.7191 0.0003,0.
005 

0.0038  0.0040 kD 

0.2,0.3 0.22993 0.2105 kp 

0.3,0.6 0.48 0.4609 kI 
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Table: 2 

 

 
 

Fig: 1 
8.2 MIMO [13] the numerical data refers to a Mach 2.7 flight 
condition of a supersonic transport aircraft [Markland, 1970].The 
system equations are: 
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A suboptimal controller has to be designed by using the last three 
states for feedback purpose. We choose the following structure for 
the feedback matrix K. 
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Fig: 2(a) MIMO U1-Y1 

 

Fig: 2(b) MIMO U1-Y2 

 

Fig: 2(c) MIMO U1-Y3

 

Fig: 2(d) MIMO U2-Y1 

 

                   

Fig: 2(e) MIMO U2-Y2 

 

Fitness 
value 

Range Value in 
GA 

Value in 
DE 

Parameters 

0.4617 -0.38,  

-0.35 

-0.3689 -0.3715 x(1) 

-1.56,  

-1.5 

-1.5297 -1.5318 x(2) 

-8, -6 -6.0248 -7.8704 x(3) 

1.2,1.5 1.2532 1.4965 x(4) 

3,4 3.0589 3.5828 x(5) 

4,6 5.4817 4.8470 x(6) 
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Fig: 2(f) MIMO U2-Y3 

Conclusions:  
 The present work has dealt with the development 
control system design using of GA & DE based techniques for 
solving various multiple input and single output (MISO) control 
and multiple input and multiple output (MIMO) sub optimal 
control in continuous-time systems.  

Overall, it may be stated that the proposed GA & DE 
based methods for solving the above-mentioned control problems 
are viable and compare favorably with other established methods 
from the control literature. Throughout the paper several illustrative 
examples have been given to validate this claim, and for many 
examples, comparisons with other available results from the 
literature are included. The main advantages of the proposed 
techniques are in their general applicability, simplicity of the 
resultant controller / model, ease of formation of different fitness 
functions, no strict requirement of the initial guess vector, 
flexibility to work with fitness functions framed in the time or 
frequency domain, flexibility to work with a transfer function or 
state-space description and a general guarantee to arrive at (sub) 
optimal results. 

In spite of the several problems considered in this work, 
many important areas in control like adaptive controller tuning, 
adaptive control, identification of multivariable nonlinear systems 
etc. may be taken up by future researchers.  
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