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I N F O A B S T R A C T

This paper presents the Modified Routh Approximation (MRA) and 
Affine Arithmetic (AA) methods for obtaining the Reduced Order Model 
(ROM) of Higher Order Model (HOM). The reduced order model of a 
large-scale Uncertain MIMO System is required to simplify analysis of 
any system. The proposed method is compared with different MIMO 
uncertain systems in the literature. It is analyze that the proposed 
method is nearly identical in behavior to that of with original higher 
order systems. Observed numerical examples are considered to illustrate 
the effectiveness of the proposed method. 
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Introduction
The study and design of high order system is too difficult 
and costly in the real time problems. Using mathematical 
approach the original high order system can be convert into 
lower order system. Reduced order system is considered 
to be essential in investigation, synthesis and model of 
practical systems. So, it is required to achieve a lower order 
system and, its  maintain the features of the original system.

In frequency area different reduction methods are available  
for reducing the order of high order SISO system into lower 
order SISO system, and few methods are available in MIMO 
system and several methods are available for changing 
from  SISO to  MIMO system and  it is available in literature. 
Earlier a method for the reduction of MIMO system was 
given by Bendekas et.al., which is a mixed method of 
time moment matching and Pade approximates. Taiwo 
et.al. developed methods based upon Pade approximated 

generalized time moments. Chen has given a method 
based on matrix continued fraction technique. The Routh 
approximation method given by Hutton was extended to 
MIMO systems by Sinha .

The reduced order model obtained in the frequency domain 
gives better matching of the impulse response with its 
higher order system. Numerical methods are available in 
the literature for order reduction of large-scale system. 
Some properties are explained briefly by using Aggregation 
method. An algorithm was introduced for reduced order 
model using Pade approximation1-3, Routh approximation 
4 has done by  using α and β table and Routh stability for 
model reduction3-4 is considered as a Stability based model 
reduction, moment matching technique5, Optimal hankel 
norm approximation. A Pade approximation method has 
various advantages like computational simplicity. There 
is a serious disadvantage like unstable reduced model, 
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if original system is stable. To overcome this problem 
by mixed methods6 are introduced. Many scholars has 
concerned the interest on interval system for stability 
study and the transient analysis. Routh approximation 
has been proposed 9 for reduction of continuous interval 
system and γ-δ Routh approximation has been proposed 
for model order reduction of interval system, to reduce 
the difficulty of calculation.

In this paper, the Routh Approximation method and Affine 
Arithmetic are explored for getting the reduced order model 
of a higher order model. The reduced order modelling of a 
large system is necessary to ease the analysis of the system. 
The approach is examined and compared to Multi-Input 
Multi-Output (MIMO) systems. The response comparison 
is considered in terms of step response parameters and 
graphical comparisons. It is reported that the reduced order 
model using proposed Routh Approximation (RA) method is 
almost similar in behaviour to that of with original systems

This paper is organized as follows: Reduction procedure 
is given in Section II. Numerical examples and comparison 
of proposed method with other well-known techniques 
is shown in Section III and conclusion and references in 
Section IV.

Reduction Procedure
In this section, the proposed method for reducing higher 
order is interpreted. The reduced order coefficients are 
gathered by applying Modified Routh Approximation 
Method 1, without considering time instants of the original 
system. In this proposed method both γ and δ table is 
calculated from the below equations.

Let the original high order q-input, p-output MIMO interval 
system be given in transfer matrix form as:

and in general,

It is proposed to obtain a low order model for the above 
original high order interval system as:  

where the reduced order common denominator polynomial 
is
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Consider the transfer function of higher order in the interval 
system as follows:

         (3)

The rth order reduced model Rr(s) is characterized by

		                 		                        (4)

Where  
 

(5)  
	

                                                                                                   (6)

The interval γ- parameters be obtained from a Routh like 
table as follows:

γ-table

		                                                                      (7)

where the common denominator polynomial is:
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The interval γ-parameters can be defined as the ratios of 
the first column elements of the above Routh like table as 
given below: 

	         (8)
	

The interval δ-parameters can be obtained from a table 
constituted from the coefficients of the numerator of original 
high order interval system as follows:

δ - table:

	        (9)

The interval δ-parameters can be defined as the ratios of 
the first column elements of the δ-table as given below:

      (10) 

Modified Routh Approximation of large scale reduced 
uncertain system using Affine Arithmetic is considered. 
The presented method gives the reduced order system 
characteristics as similar as the higher order system 
characteristics. The step response of original higher order 
system, interval arithmetic and affine arithmetic for both 
lower and upper bound intervals are separately represented 
in the figure a, b, c and d. 

Numerical Example
Consider a stable 6th order two input, two output interval 
system given below in transfer matrix form:

For the above original high order internal system, the 2nd 
order reduced model by the proposed method is obtained 
as given below:

                (Proposed Method) 	   (Stable)

The step responses of the original high order system with the 
2nd order reduced model of proposed method is compared 
in fig. a - fig. d.

Figure a.Comparison of Step Responses

Figure b.Comparison of Step Responses

Figure c.Comparison of Step Responses

Figure d.Comparison of Step Responses
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Case Study

Consider a 3rdorder single input, two output stable interval 
system given by :

Where

And

The 2ndorder reduced model obtained by applying the 
proposed method is given by:

 (Proposed method)

Where 

   (Stable)	
The second order reduced model obtained by using the 
method “Stable Multi point Pade Approximation for linear 
MIMO Structured Uncertain systems” suggested by Ismail  
is obtained as:

	             (Ismail method)

Where ,

,

The step response comparison of reduced order models 
obtained by the proposed method and the method “Stable 
Multi point Pade Approximation for linear MIMO Structured 
Uncertain systems” suggested by Ismail with the original 
system are shown in fig. e- fig .h:

Figure e.Comparison of Step Responses for Lower Limit

Figure f.Comparison of Step Responses for Upper Limit

Figure g.Comparison of Step Responses for Lower Limit

Figure h.Comparison of Step Responses for Upper Limit

Conclusion
It is observed from the literature that, the analysis and 
design of large-scale Uncertain MIMO System become 
complex and costly. The proposed method as become a 
better appliance for analysis and simulation of high-order 
uncertain systems. It is better to perform from high-order 
system to lower-order model without allowing the main 
features of the original system. The developed lower- 
order system from the original system characterize the 
performance of the original system is very costly. Model 
order reduction is applied for simulation of higher-order 
systems. Affine Arithmetic preserve the correlations 
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between those quantities and its provided better steady 
intervals than interval arithmetic.
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