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

In this paper the Modified Routh Approximation (MRA) and Affine 
Arithmetic (AA) methods are investigates for obtaining the reduced 
order model (ROM) of SISO, discrete & MIMO uncertain systems into 
lower order system. Rigorous study and analysis of physical system 
direct to the outcome of systems with uncertainty instead of certain 
coefficients. Thus, systems having uncertain but bounded parameters 
known as uncertain systems are under consideration in this paper. An 
effective algorithm to determine the reduced order model is proposed 
here. This proposed methodology is verified using numerical examples 
available from the literature.
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Introduction
The analysis and design of practical control systems become 
complex when the order of the system increases. Therefore, 
to analyze such systems, it is necessary to reduce it to a 
lower order system, which is a sufficient representation 
of the higher order system. From last few decades, model 
order reduction problem has been ample area of research 
since it minimizes computational efforts and increases 
the possibility of accurate simulation and design process. 
Different model order reduction methodologies have 
been proposed for reduction of fixed coefficient systems, 
SISO continuous,1-2 and discrete interval systems3-4 MIMO 
systems.5-6

Affine arithmetic is potentially useful in every numeric 
problem where one needs guaranteed enclosures to smooth 
functions, such as solving systems of non-linear equations, 
analyzing dynamical systems, integrating functions differ-

ential equations, etc. Affine arithmetic is one of several 
computational models that were proposed to overcome 
the problem of interval arithmetic. But, affine arithmetic 
keeps track of first order correlations between computed 
and input quantities; these correlations are automatically 
exploited in primitive operations, with the result that in 
many cases affine arithmetic is able to produce interval 
estimates that are much better than the ones obtained with 
standard interval arithmetic. Moreover, affine arithmetic 
also implicitly provides a geometric representation for the 
joint range of related quantities that can be exploited to 
increase the efficiency of interval methods. Like interval 
arithmetic, affine arithmetic keeps track automatically of 
the round-off and truncation errors affecting each com-
puted quantity.  

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 
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is Shown in Section III and conclusion and references in 
Section IV.

Reduction Procedures
SISO Uncertain Continuous System

In this section, a simple method for reducing higher order 
is explained. The coefficients of reduced order are obtained 
by using Modified Routh Approximation Method, without 
finding time moments of the original system. In this method 
Gamma and Alpha table is required to be formulated.

The higher order continuous system transfer function is 
given as follows:

                                  (1)

The transfer function G(s), expands as follows:

                       (2)

Where, fk (s), k=1, 2...... [(n+1)/2] are determined by 
following continued fraction:

           

K=1,2,3....[(n+1)/2]                                                               (3)

SISO Discrete Uncertain System

Consider the kth order single input single output discrete 
time interval system as follows:

=              (4)

Where, i=1,2,3,…..k and j=1,2,3,……k are the interval 
parameters.

Then mth order reduced system may be obtained as follows

=              (5)

Where i=1,2, 3,…..m and j=1,2,3,……m are the interval 
parameters.

MIMO Uncertain System

Let the original high order q-input, p-output MIMO interval 

system be given in transfer matrix form as:

                                                                    (6)

where the common denominator polynomial is
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and in general,
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It is proposed to obtain a low order model for the above 
original high order interval system as: 
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Numerical Example and Results
Case 1: SISO uncertain continuous system:

Consider an 8th order stable system given by

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

]4586435.0,4169617.0[]2102093.1,1445765.1[
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SISO Discrete Uncertain System

Consider a stable 7th order original discrete time interval 
system given below:

For the above original 7th order interval system, the 2nd 
order reduced model by the proposed method is obtained 
as given below:     

 

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

MIMO Uncertain System

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

Conclusion
In real application, the order of the system is very high and 
difficult to analysis, design and control. Model reduction 
has become a tool in analysis and simulation of high-order 
variable systems. For these reasons, it is better to represent 
a high –order system of SISO continuous, discrete and 
MIMO uncertain systems by a lower –order model without 
giving the significant features of the original system. The 
numerator polynomial and denominator polynomial are 
obtained by using modified δ and γ table respectively. 
The proposed Affine Arithmetic method as become a 
better appliance for analysis and simulation of high-order 
uncertain systems.
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