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Abstract— A computer based method to reduce the complexity of 
the higher order controller, based on the minimization of integral 
square error (ISE) and Dominant Pole Retention method 
pertaining to unit step input is presented in this paper. In this 
order-reduction technique, dominant pole of the higher order 
plant is retained and reduced order model of the plant is obtained 
using ISE Minimization Technique. Using this reduced order 
plant a reduced order controller is obtained. The method has 
built in stability – preserving feature. 
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I.  INTRODUCTION  

The simulation and design of controllers for higher-order 
systems is a difficult problem. The cost and complexity of the 
controller increases as the system order goes high. This 
problem can be overcome if a “good” reduced-order model is 
available for the original higher-order system and if it is 
possible to design a controller using a lower-order model, 
which will stabilize the original higher-order system when 
placed in the closed loop. Hence, for cost and time saving in 
design, and for simplifying implementation, reduced-order 
models are highly desirable for engineers in analysis, synthesis 
and simulation of complicated higher-order systems [1]. 
A review of concepts and approaches for controller reduction 
has been presented by Anderson and Liu [2]. Basically, the 
approaches can be divided into direct and indirect ones [3]: 
direct methods seek to obtain a low-order controller directly 
[4] in which, generally, a quadratic optimization problem is 
posed with an order constraint and a closed loop stability 
constraint; indirect methods are two types [5]: (a) a high-order 
controller can be derived from the assigned high-order plant, 
by using some LQG or H∞ design method, and then an 
approximation of the controller is obtained, and (b) a low-
order plant can be computed from the original one, and then a 
low-order controller is designed to be used with the original 
plant. 
In [2], indirect strategies of type (a) using the methods of 
balanced realization [6, 7, 8], Hankel norm optimal 

approximation [2,9,10], and q-covariance equivalent 
realization [11, 12] have been discussed. In their usual form, 
these techniques replace one stable high-order model by a 
second stable low-order model that usually is not an optimal 
L∞ approximation; further, usually no frequency weighting is 
employed [2]. However, some frequency weighted versions of 
the first two methods are available [13]. 
In the following, the indirect strategy of type (b) is used to 
design a low-order controller. The plant is first approximated 
by a low-order model using the Integral Square Error 
Minimization Technique[14] and Dominant Pole Retention 
method. Integral Square Error was calculated with the help of 
Luss-Jakola Algorithm [15, 16]. The controller is then 
designed for this low-order plant and attached to the original 
plant. 

II. BACKGROUND 

Consider the control system [17] as shown in Fig. 1. Given Gn 
(s) and H(s), the problem is to derive the transfer function of 
the controller Cf (s) which yields the desired response of the 
closed loop system. A classical approach to the design of the 
controller Cf(s) is to specify the desired (also called reference) 
closed loop transfer function Gref (s), equate it to the closed-
loop transfer function, and solve for the controller [17]. 
The overall closed-loop transfer function in Fig. 1 is  
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