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Abstract: The model order reduction tool has been utilized for decrementing the order of the interval model. The main prospective of this paper 
is to demonstrate the procedure for determining stability analysis of continuous time interval system. This paper concentrate mainly on, how we 
get the Kharitonov polynomials and how to use the algorithms given by Kharitonov for plotting Kharitonov rectangle. With the plot of 
Kharitonov rectangle we may determine the stability of interval system graphically. The conventional method for determining stability is also 
compared with the graphical method for determining the stability. The presented paper demonstrates stability analysis of decreased order system 
in accordance to the original higher order interval system. The stability analysis has been performed by using Kharitonov algorithm and 
MATLAB tool. Simulation results have been shown for comparison of stability of higher order interval system and decreased system. 
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I. INTRODUCTION 
 

In any physical system, there are various parameters which 
affect the performance and accuracy of system. These 
parameters are affected by many uncertainties present in the 
physical world. Due to these uncertainties, there will be 
variation in the parameters, which must be included while we 
are modeling any physical system, to achieve robustness of 
system. These uncertainties in the parameters are in certain 
limits. While including these uncertainties in parameters, 
whose variations are in a certain limit, in modeling any 
physical system, leads to development of interval system[12]. 
The developed mathematical model, in many cases are of 
higher order, whose analysis and controller design, is more 
complex, thus, its  needed to shrivel the order of original 
mathematical model of that physical system, for easiness in 
study of performance and characteristics of physical system. 
For this purpose model order reduction (MOR) tool is used. 
Model Order Reduction [1-11] of interval system[13-14] are 
discussed in Section III. In section III, we are discussing 
Routh Padé approximation [13-21].In section IVthe detailed 
stability analysis of interval system is done. In section V 
simulation results are discussed in which the detailed graphical 
analysis and algorithms are discussed. Once we developed 
reduced system for our previous system, we design a 
controller for smaller system and check response of smaller 
order model as well as original system with designed 
controller and if compared results are identical, then this 
controller is directly used in original system for controlling 
purpose. Designing of reduced order system controller is easy 
as compared to original physical system controller. Reduced 
order Controller will take less space than Original system 
controller and also more economical in comparison. 
 

II. PROBLEM STATEMENT 
 

Let mathematical model of original upper order interval 
system in frequency domain be[12][19]; 

𝐺𝐺𝑂𝑂(𝑠𝑠) = �𝑎𝑎0,𝑎𝑎�0�+�𝑎𝑎1,𝑎𝑎�1�𝑠𝑠+⋯+[𝑎𝑎𝑛𝑛−1,𝑎𝑎�𝑛𝑛−1]𝑠𝑠𝑛𝑛−1

�𝑏𝑏0,𝑏𝑏�0�+�𝑏𝑏1,𝑏𝑏�1�𝑠𝑠+⋯+�𝑏𝑏𝑛𝑛−1,𝑏𝑏�𝑛𝑛−1�𝑠𝑠𝑛𝑛−1+[𝑏𝑏𝑛𝑛 ,𝑏𝑏�𝑛𝑛 ]𝑠𝑠𝑛𝑛
(1) 

where: 
         [𝑎𝑎𝑖𝑖 ,𝑎𝑎𝑖𝑖  ] for i= 0,1,2,..n-1 are interval parameters of 
numerator of original model. 
  [𝑏𝑏𝑖𝑖 ,𝑏𝑏𝑖𝑖  ] for i= 0,1,2,..n. are interval parameters of 
denominator polynomials. 
𝐺𝐺𝑂𝑂(𝑠𝑠) is transfer function of original upper order system. 
and the reduced order mathematical model in frequency 
domain is considered as[12][19] 
 

𝐺𝐺𝑅𝑅(𝑠𝑠) = �𝑐𝑐0,𝑐𝑐0̅�+�𝑐𝑐1,𝑐𝑐1̅�𝑠𝑠+..+[𝑐𝑐𝑘𝑘−1,𝑐𝑐�̅�𝑘−1]𝑠𝑠𝑘𝑘−1

�𝑑𝑑0,𝑑𝑑�0�+�𝑑𝑑1,𝑑𝑑�1�𝑠𝑠+..+�𝑑𝑑𝑘𝑘−1,𝑑𝑑�𝑘𝑘−1�𝑠𝑠𝑘𝑘−1+[𝑑𝑑𝑘𝑘 ,𝑑𝑑�𝑘𝑘 ]𝑠𝑠𝑘𝑘
(2) 

 
where: 
[𝑐𝑐𝑗𝑗 , 𝑐𝑐𝑗𝑗 ] for j= 0,1,2,..,k-1 are interval parameters of numerator 
of reduced order model. 
[𝑑𝑑𝑗𝑗 ,𝑑𝑑𝑗𝑗 ] for j= 0,1,2,..,k are bounded parameters of 
denominator of lower mathematical model. 
𝐺𝐺𝑅𝑅(𝑠𝑠) is frequency domain transfer function of lower order 
model. 
The pre proposed interval arithmetic [12] given below 
Let [l,h] and [L,H] be two bounded range. 
Addition:           

 [l’,h’]+[L’,H’]=[l’+H’,h’+L’];(3) 
Substraction:    

[l’,h’] - [L’,H’]=[l’-H’,h’-L’](4) 
 Multiplication:   

[l’,h’]×[L’,H’]=[Min,Max(l’L’,l’H’,h’L’,h’H’)(5) 
Division:           

[𝑙𝑙′,ℎ ′]
[𝐿𝐿′,𝐻𝐻′]

= [𝑙𝑙′,𝐻𝐻′] × � 1
𝐿𝐿 ′  ,

1
𝐻𝐻 ′�, provide [L,H] ≠ 0(6) 

 
III. ROUTH-PADÉ APPROXIMATION 

 
In this method of MOR, The numerator is compact by 
maintaining the preliminary time moments and the Markov 
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parameter of the interval system of unique model, and the 
denominator is compacted by using the Routh chart.  
Let the reduced order model GR

 

(s) is of order k is required and 
transfer function is of the form: 

 𝐺𝐺𝑅𝑅(𝑠𝑠) = 𝑁𝑁𝑘𝑘 ′(𝑠𝑠)
𝐷𝐷𝑘𝑘 ′(𝑠𝑠)

    (7) 
 
Where  

 
 𝑁𝑁𝑘𝑘′(𝑠𝑠) = �𝑐𝑐0, 𝑐𝑐0̅� + �𝑐𝑐1, 𝑐𝑐1̅�𝑠𝑠+. . +[𝑐𝑐𝑘𝑘′−1, 𝑐𝑐�̅�𝑘′−1]𝑠𝑠𝑘𝑘′−1

 (8)𝐷𝐷𝑘𝑘′(𝑠𝑠) =
�𝑑𝑑0, �̅�𝑑0� + �𝑑𝑑1, �̅�𝑑1�𝑠𝑠+. . +�𝑑𝑑𝑘𝑘′−1, �̅�𝑑𝑘𝑘′−1�𝑠𝑠𝑘𝑘′−1 + [𝑑𝑑𝑘𝑘 ′ , �̅�𝑑𝑘𝑘 ′]𝑠𝑠𝑘𝑘 ′

 (9) 
and �𝑐𝑐𝑖𝑖 , 𝑐𝑐�̅�𝑖� for i=0 to ‘k’-1’ and �𝑑𝑑𝑗𝑗 , �̅�𝑑𝑗𝑗 � for j=0 to ‘k’’ are 
unknown interval parameters of numerator and denominator 
respectively. 
 
Order Reduction of Numerator: 
 
For determining the reduced order model Nk

𝑁𝑁𝑘𝑘′(𝑠𝑠) = 𝑁𝑁𝑘𝑘′𝑡𝑡(𝑠𝑠) + 𝑁𝑁𝑘𝑘′𝑚𝑚(𝑠𝑠)(10) 

(s) of numerator 
polynomial we have to keep the preliminary time moments 
and the Markov parameter. Reduced model has time moment 
and Markov parameter contribution as: 

Where: 
𝑁𝑁𝑘𝑘′𝑡𝑡(𝑠𝑠) is the time moment contribution, 
𝑁𝑁𝑘𝑘′𝑡𝑡(𝑠𝑠)is the Markov parameter contribution, and 
K’= t+m (k’ is reduced model order). 
If the higher order model having two (even) dominant poles, 
then it can be reduced up to second order model with only one 
Markov parameter. i.e ; k’=2, m=1 and t=1 
If a system model has an odd number of dominant poles, then 
higher number of Markov parameters will be obtained, i.e , If 
the system has 3 (odd) dominant poles, i.e., 
K’=3, then m=2 and t=1.  
All the time extra figure of Markov parameters should be 
retained in the compact order model. 

𝑁𝑁𝑟𝑟′(𝑠𝑠) = 𝑇𝑇1 + 𝑇𝑇2𝑠𝑠 + ⋯+𝑇𝑇𝑡𝑡𝑠𝑠𝑘𝑘′−𝑚𝑚+1 + 𝑀𝑀𝑚𝑚𝑠𝑠𝑘𝑘′−𝑚𝑚 + ⋯+
  𝑀𝑀2𝑠𝑠𝑘𝑘′−2 + 𝑀𝑀1𝑠𝑠𝑘𝑘′−1  (11) 

Time moment for the compressed model is deliberated from 
the equation. 

𝑇𝑇1(𝑠𝑠) = (𝑑𝑑0,𝑑𝑑0)
(𝑎𝑎𝑡𝑡−1,𝑎𝑎𝑡𝑡−1)

(𝑏𝑏0,𝑏𝑏0)
(12) 

Markov parameter can be determined of reduced order model 
by Equation  
�𝑀𝑀𝑚𝑚 ,𝑀𝑀𝑚𝑚� = 1

(𝐴𝐴𝑛𝑛 ,𝐴𝐴𝑛𝑛 )
∑ (𝑎𝑎𝑛𝑛−1,𝑎𝑎𝑛𝑛−1)(𝑑𝑑𝑘𝑘−(𝑚𝑚−𝑖𝑖),𝑑𝑑𝑘𝑘−(𝑚𝑚−𝑖𝑖))𝑚𝑚
𝑖𝑖=1 - 

     
 ∑ (𝑀𝑀𝑖𝑖 ,𝑀𝑀𝑖𝑖

𝑚𝑚−1
𝑗𝑗=0 )(𝑏𝑏𝑛𝑛−(𝑚𝑚−1𝑖𝑖 ,𝑏𝑏𝑛𝑛−(𝑚𝑚−𝑖𝑖))                                

(13) 
Initial Markov parameter is taken as  �𝑀𝑀0,𝑀𝑀0� = (0,0) 
 
Order Reduction of Denominator:  
 
 The devisor of compressed order model is constructed by the 
Routh steadiness arrey scheme [15-21]. For denominator 
Routh chart  is given as: 
�𝑏𝑏11,𝑏𝑏11��𝑏𝑏12,𝑏𝑏12��𝑏𝑏13,𝑏𝑏13��𝑏𝑏14,𝑏𝑏14�  …. 
�𝑏𝑏21,𝑏𝑏21��𝑏𝑏22,𝑏𝑏22��𝑏𝑏23,𝑏𝑏23��𝑏𝑏24,𝑏𝑏24�  ….. 
�𝑏𝑏31,𝑏𝑏31��𝑏𝑏32,𝑏𝑏32��𝑏𝑏33,𝑏𝑏33�      …. 

�𝑏𝑏41,𝑏𝑏41��𝑏𝑏42,𝑏𝑏42��𝑏𝑏43,𝑏𝑏43�    ….                 
      :       : 

�𝑏𝑏(𝑛𝑛−1)1,𝑏𝑏(𝑛𝑛−1)1��𝑏𝑏(𝑛𝑛−1)2,𝑏𝑏(𝑛𝑛−1)2� 
�𝑏𝑏𝑛𝑛1,𝑏𝑏𝑛𝑛1� 

�𝑏𝑏(𝑛𝑛+1)1,𝑏𝑏(𝑛𝑛+1)1�   (14) 
From this routh array we may find the value of devisor of 
compressed order structure (DK’

Dk ′(s) = b(n+1−r′),1sr′ + b(n+2−r′),1sr′−1 +
b(n+1−r′),2sr′−2+..(15) 

(s)) as 

 
 
Example 1. 
Consider  interval system[20]transfer function of 3rd

 
 order as  

𝐺𝐺(𝑠𝑠) = [2,3]𝑠𝑠2+[17.5,18.5]𝑠𝑠+[15,16]
[2,3]𝑠𝑠3+[17,18]𝑠𝑠2+[35,36]𝑠𝑠+[20.5,21.5]

≡ 𝑁𝑁(𝑠𝑠)
𝐷𝐷(𝑠𝑠)

 (16) 
Suppose, a first order model (k=1) of the form 
𝐺𝐺𝑅𝑅(𝑠𝑠) = �𝑐𝑐0,𝑐𝑐0̅�

�𝑑𝑑0,𝑑𝑑�0�+�𝑑𝑑1,𝑑𝑑�1�𝑠𝑠
≡ 𝑐𝑐0�

𝑑𝑑1�𝑠𝑠+𝑑𝑑�0
≡ 𝑁𝑁𝑘𝑘(𝑠𝑠)

𝐷𝐷𝑘𝑘(𝑠𝑠)
 is desired. 

 
The Routh stability table for D(s) is given as 
Table -I 
[2,3]   [35,36] 
 
[17,18]   [20.5, 21.5] 
 
[29.47, 35.71]  
 
[16.92, 26.05]    (17) 
The 𝐷𝐷𝑘𝑘′(𝑠𝑠) obtaines from Table-I, using equ. (15) 

𝐷𝐷1′(𝑠𝑠) = [29.47,35.71]𝑠𝑠 + [16.92,26.05] (18) 
The first time moment of high-order and reduced order 
continuous interval system are,  

T1

𝑇𝑇1� = 𝑐𝑐0̂
𝑑𝑑�0

  for abridged order model   (20) 

=[0.6976,0.7805] for original order interval structure
 (19) 

By harmonizing the initial time moments, the initial order 
model is 

𝐺𝐺1(𝑠𝑠) = [11.8033,20.3320]
[29.47,35.71]𝑠𝑠+[16.92,26.05]

   (21) 
 
Example 2:  Let second order reduced model is consider as  

𝐺𝐺𝑅𝑅(𝑠𝑠) = �𝑐𝑐0,𝑐𝑐0̅�
�𝑑𝑑0,𝑑𝑑�0�+�𝑑𝑑1,𝑑𝑑�1�𝑠𝑠

≡ 𝑐𝑐1̂𝑠𝑠+𝑐𝑐0�
𝑑𝑑�2𝑠𝑠2+𝑑𝑑�1𝑠𝑠+𝑑𝑑�0

≡ 𝑁𝑁𝑘𝑘(𝑠𝑠)
𝐷𝐷𝑘𝑘(𝑠𝑠)

 (22) 
For the equation (16) of example 1. 
The denominator  𝐷𝐷𝑘𝑘(𝑠𝑠) obtaines from Table-I, using (15) is 

𝐷𝐷2′(𝑠𝑠) = [17,18]s2 + [29.47,35.71]s + [20.5, 21.5] (23) 
 
The first time moment of high-order continuous interval 
system and decreased order continuous system with parametric 
uncertainty are given in (19) and (20), and the first Markov 
parameter of high-order continuous system with parametric 
uncertainty and decreased order continuous system with 
parametric uncertainty are calculated as, 

M1

𝑀𝑀�1 = 𝑐𝑐1̂
𝑑𝑑�2

     (25) 
=[0.6667,1.5000]    (24) 

By matching the first time moment of the system to that of the 
model and the first Markov parameter of the system to that of 
the model, the second-order model derived is 

𝐺𝐺2(𝑠𝑠) = [11.2200,27]𝑠𝑠+[14.3008,16.7807]
[17,18]𝑠𝑠2+[29.47,35.71]𝑠𝑠+[20.5,21.5]

 (26) 
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IV. STABILITY THEORY 
 

Stability of any system is main concern in physical modeling. 
In case of Interval system, the stability is suggested by 
Kharitonov polynomials stability [25-31]. If Kharitonov 
polynomials are stable, then compressed order interval scheme 
is also stable[27][28]. 
 
Kharitonov polynomial is given as  
 K1’

K
(s) = 𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛  + 𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛𝑜𝑜𝑑𝑑𝑑𝑑  

2’

K
(s) = 𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛  + 𝐾𝐾𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑑𝑑𝑑𝑑  

3’

K
(s) = 𝐾𝐾𝑚𝑚𝑎𝑎𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛 + 𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛𝑜𝑜𝑑𝑑𝑑𝑑  

4’

Where, 
(s) = 𝐾𝐾𝑚𝑚𝑎𝑎𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛 + 𝐾𝐾𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑑𝑑𝑑𝑑    (26) 

𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛 = 𝑎𝑎0 + 𝑎𝑎2���𝑠𝑠2 + 𝑎𝑎4𝑠𝑠4 + 𝑎𝑎6���𝑠𝑠6+ .., 
𝐾𝐾𝑚𝑚𝑎𝑎𝑚𝑚𝑒𝑒𝑒𝑒𝑒𝑒𝑛𝑛 = 𝑎𝑎0��� + 𝑎𝑎2𝑠𝑠2 + 𝑎𝑎4���𝑠𝑠4 + 𝑎𝑎6𝑠𝑠6+ .., 
𝐾𝐾𝑚𝑚𝑖𝑖𝑛𝑛𝑜𝑜𝑑𝑑𝑑𝑑 = 𝑎𝑎1𝑠𝑠 + 𝑎𝑎3���𝑠𝑠3 + 𝑎𝑎5𝑠𝑠5 + 𝑎𝑎7���𝑠𝑠7+ .., 
𝐾𝐾𝑚𝑚𝑎𝑎𝑚𝑚𝑜𝑜𝑑𝑑𝑑𝑑 = 𝑎𝑎1���𝑠𝑠 + 𝑎𝑎3𝑠𝑠3 + 𝑎𝑎5���𝑠𝑠5 + 𝑎𝑎7𝑠𝑠7+ .., 
 
and thus the Kharitonovpolynomials are written as: 
 
K1’

K

(s)=𝑎𝑎0 + 𝑎𝑎1𝑠𝑠 + 𝑎𝑎2���𝑠𝑠2 + 𝑎𝑎3���𝑠𝑠3 + 𝑎𝑎4𝑠𝑠4 + 𝑎𝑎5𝑠𝑠5 +
𝑎𝑎6���𝑠𝑠6+. .,(27) 

2’

K

(s)=𝑎𝑎0��� + 𝑎𝑎1���𝑠𝑠 + 𝑎𝑎2𝑠𝑠2 + 𝑎𝑎3𝑠𝑠3 + 𝑎𝑎4���𝑠𝑠4 + 𝑎𝑎5���𝑠𝑠5 +
𝑎𝑎6𝑠𝑠6+. .,(28) 

3’

K

(s)=𝑎𝑎0��� + 𝑎𝑎1𝑠𝑠 + 𝑎𝑎2𝑠𝑠2 + 𝑎𝑎3���𝑠𝑠3 + 𝑎𝑎4���𝑠𝑠4 + 𝑎𝑎5𝑠𝑠5 +
𝑎𝑎6𝑠𝑠6+. .,(29) 

4’

Using the above algorithm, Kharitonov polynomial for both 
numerator and denominator is  written for both original and 
reduced order system. Using Routh Stability Theorem, the 
stability of both the original and reduced order Interval System 
is checked. 

(s)=𝑎𝑎0 + 𝑎𝑎1���𝑠𝑠 + 𝑎𝑎2���𝑠𝑠2 + 𝑎𝑎3𝑠𝑠3 + 𝑎𝑎4𝑠𝑠4 + 𝑎𝑎5���𝑠𝑠5 +
𝑎𝑎6���𝑠𝑠6+. .,(30) 

Kharitonov polynomials for the numerator of equation (16) 
are, 
 

 
K1N

K
(s) = 15 + 18.5𝑠𝑠 + 3𝑠𝑠2  (31) 

2N

K
(s) = 16 + 17.5𝑠𝑠 + 2𝑠𝑠2  (32) 

3N

K
(s) = 16 + 18.5𝑠𝑠 + 3𝑠𝑠2  (33) 

4N

 
(s) =15 + 17.5𝑠𝑠 + 3𝑠𝑠2  (34) 

 
The Kharitonov polynomials of the denominator polynomial 
of equation (16) are, 
 

K1D

K
(s) = 20.5 + 36𝑠𝑠 + 18𝑠𝑠2 + 2𝑠𝑠3 (35) 

2D

K
(s) = 21.5 + 35𝑠𝑠 + 17𝑠𝑠2 + 3𝑠𝑠3 (36) 

3D

K
(s) = 21.5 + 36𝑠𝑠 + 17𝑠𝑠2 + 2𝑠𝑠3 (37) 

4D

 
(s) =20.5 + 35𝑠𝑠 + 18𝑠𝑠2 + 3𝑠𝑠3 (38) 

The Kharitonov polynomials of the reduced order denominator 
polynomial of equation (21) are, 
 

K1
1D(s) = 16.92 + 35.71𝑠𝑠   (39)  

K1
2D(s) = 26.05 + 29.47𝑠𝑠  (40) 

K1
3D(s) = 26.05 + 35.71𝑠𝑠  (41) 

K1
4D(s) = 16.92 + 29.47𝑠𝑠  (42) 

 

The Kharitonov polynomials of the reduced order numerator 
polynomial of equation (21) are, 
 

K1
1N(s) = 14.30    (43) 

K1
1N(s) = 16.78    (44)  

K1
1N(s) = 16.78    (45) 

K1
1N(s) = 14.30    (46) 

 
The Kharitonov polynomials of the reduced order denominator 
polynomial of equation (26) 
 

K2
1D(s) = 20.5 + 35.71𝑠𝑠 + 18𝑠𝑠2  (47) 

K2
2D(s) = 21.5 + 29.47𝑠𝑠 + 17𝑠𝑠2  (48) 

K2
3D(s) = 21.5 + 35.71𝑠𝑠 + 17𝑠𝑠2  (49) 

K2
4D(s) = 20.5 + 29.47𝑠𝑠 + 18𝑠𝑠2  (50) 

 
The Kharitonov polynomials of the reduced order numerator 
polynomial of equation (26) 
 

K2
1N(s) = 14.3008 + 27𝑠𝑠   (51) 

K2
1N(s) = 16.7807 + 11.3339s  (52)  

K2
1N(s) = 16.7807 + 27𝑠𝑠   (53) 

K2
1N(s) = 14.3008 + 11.3339s  (54) 

 
V. RESULTS AND DISCUSSIONS 

Fig.1 shows the Kharitonovrectangle for original 3rd

Fig. 1. Kharitonov Rectangle for Higher order 
system(HOIS)Equ.(16). 

 order 
interval system. It has been plotted in ‘MATLAB 
2015’between real part and imaginary part of Kharitonov 
polynomials of ‘equation 35’ to ‘equation 38’ for various 
frequencies. In Fig.1 the encirclement of the origin is 
anticlockwise hence the original interval system is stable.

 

 
 

 
Fig. 2. Kharitonov Rectangle for lower 1st

 

 order system 
Equ.(21) 

In the above plot for frequency 0<w<0.5 Kharitonov 
rectangles are plotted for ‘equation 39’ to ‘equation 42’. As 
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per Kharitonov the rectangle encirclement the origin in 
anticlockwise direction thus model is stable 
 

 
Fig. 3. Kharitonov plot for Equ.(26) 

 
In the above plot for frequency 0<w<0.5 Kharitonov 
rectangles are plotted of ‘equation 47’ to ‘equation 50’. As per 
Kharitonov the rectangle encirclement of the origin in 
anticlockwise direction thus lower order model is stable. 
For all the models the step response are plotted, shown in 
Fig.4 and Fig.5. 

Fig. 4. Step response of HOIS Equ.(16) & ROIS Equ.(21). 
 

Fig. 4, shows the behavior of  original 3rd order system 
withparametric uncertainty and the decreased 1st order system 
with parametric uncertainty for step input. For plotting step 
response, two systems HOIS1 & HOIS2  for higher order 
interval system are constructed using the Kharitonov 
polynomials of equ. 16 and two systems ROIS1 & ROIS2  for 
reduced 1st

 

  order interval system are constructed using the 
Kharitonov polynomials ofequ. 21.  From the response it is 
clear that the both the systems are stable as the steady state 
response for both the system is constant.  

Fig. 5. Step response of HOIS Equ.(16) & ROIS Equ.(26). 
 
In fig. 5, characteristic of 3rd order system withparametric 
uncertainty is shown for step input and the decreased2st order 
system with parametric uncertainty for step input is shown.For 
plotting step response, two systems HOIS1 & HOIS2  for 
higher order interval system are constructed using the 
Kharitonov polynomials of equ. 16 and two systems ROIS1 & 
ROIS2  for reduced 2st

To study the effect of impulse on higher order system and 
lower order (1

  order interval system are constructed 
using the Kharitonov polynomials of equ. 26.  From the 
response it is clear that the original system and reduced order 
system both are stable as the steady state response for both the 
system is constant.  

st , 2rd order) interval system the impulse 
response are plotted. Impulse response shown in Fig.6 & 
Fig.7. In Fig.6 the characteristic of original interval system 
and 1st

 

 order system is shown for impulse input. For plotting 
the response previous systems are used of equation 16 & 21. 

 
Fig. 6. Impulse response of HOIS equ.(16) & ROIS 

equ.(21). 
 

From the response it is clear that the system will survive if the 
sudden disturbances are came in existence.  
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Fig.7. Impulse response of HOIS Equ.(16) & ROIS 

Equ.(26). 
 
In Fig.7. the characteristic of equ.16 is shown for impulse 
input and characteristic of equ.26 is shown for impulse input. 
From the response it is clear that the system will survive  if the 
sudden disturbances are came in existence. 
The conventional method which is used for determining the 
stability of any interval system depends upon the stability of 
all the four Kharitonov polynomials of any system. If any one 
of these four polynomial set are unstable then the hole system 
is unstable.  
 
VI. CONCLUSIONS 

 
In this note it is satisfactorily explained that how to use Routh 
Padé MOR method for reducing 3rd order interval system. The 
paper also encourages the graphical stability study of interval 
model. For this the 3rd order model with parametric uncertainty 
system and decreased1st& 2nd

 

 order system with parametric 
uncertainty stability analysis is satisfactorily analyzed. The 
conventional method for determining interval system’s 
stability is time consuming compared to graphical analysis 
method. For the complete analysis Y. Shamash [20] example 
is considered.  

VII. REFERENCES 
 

[1] Fortuna L. , Nunnari G. and Gallo A. , “Model Reduction 
Techniques with Applications in Electrical Engineering”, 
Springer-Verlag, London, 1992. 

[2] Obinata G. and Anderson B. D. O., “Model Reduction for 
Control System Design”, Springer-Verlag, London, 
2001.Gutman, P.O., Mannerfelt, C.F., Molander, P. 
‘Contributions to the model reduction problem’. IEEE 
Trans. Autom. Control 27(2), 454–455 (1982) 

[3] G. Obinata and B.D.O. Anderson. “Model Reduction for 
Control System Design”. Springer-Verlag, London, UK, 
2001. 

[4] Z. Bai.”Krylov subspace techniques for reduced-order 
modeling of large-scale dynamical systems”. 
Appl.Numer.ath,43(1{2):9{44, 2002. 

[5] R. Freund. “Model reduction methods based on Krylov 
subspaces”. 
Acta Numerica, 12:267{319, 2003.  

[6] P. Benner, V. Mehrmann, and D. Sorensen (editors). 
“Dimension Reduction of Large-Scale Systems”. Lecture 
Notes in Computational Science and 
Engineering,Vol.45,Springer-Verlag, Berlin/Heidelberg, 
Germany, 2005. 

[7] A.C. Antoulas. “Lectures on the Approximation of Large-
Scale Dynamical Systems”.SIAM Publications, 
Philadelphia, PA, 2005. 

[8] P. Benner, R. Freund, D. Sorensen, and A. Varga (editors). 
“Special issue on Order Reduction of Large-Scale 
Systems”.LinearAlgebra Appl., June 2006. 

[9] W.H.A. Schilders, H.A. van der Vorst, and J. 
Rommes(editors). “Model Order Reduction: Theory, 
Research Aspects and Applications”. Mathematics in 
Industry, Vol. 13, Springer-Verlag, Berlin/Heidelberg, 
2008.  

[10] P. Benner, J. ter Maten, and M. Hinze (editors). “Model 
Reduction for Circuit Simulation. Lecture Notes in 
Electrical Engineering”. Vol. 74, Springer-Verlag, 
Dordrecht, 2011. 

[11] Hansen, E., “Interval arithmetic in matrix computations”. 
Part I, SIAM J..Numerical Anal. , 308–320 ,1965. 

[12] V. P. Singh, D.Chandra, “Routh approximation based 
model reductionusingseriesexpansionof interval systems”. 
IEEE International conference on power, 
control&embeddedsystems (ICPCES), vol 1, pp. 1–4 
(2010). 

[13]  C. Hwang, S. F. Yang,“Comments on the computations of 
intervalRouthapproximants”.IEEE Trans. Autom. Control 
44(9), 1782–1787 (1999). 

[14] M. F. Hutton and B. Friedland, “Routh Approximation for 
Reducing Order of Linear Time Invariant system”.IEEE 
Trans. Autom. Control, 20, 329-337, 1975. 

[15] Dolgin, Y., Zeheb, E. “On Routh Padé model reduction of 
interval systems”.IEEE Trans. Autom. Control 48(9), 
1610–1612 (2003). 

[16] B. Bandyopadhyay, V. Sreeram, P. Shingare, “Stable γ-δ 
Routh approximation for interval systems using Kharitonov 
polynomials”. Int. J. Inf. Syst Sci. 44(3), 348–361 (2008). 

[17] SastryG.V.K., Raja Rao, G.R., Rao, P.M. “Large scale 
interval system modeling using Routh approximants”. 
Electron. Lett. 36(8), 768 (2000). 

[18] BandyopadhyayB.,Ismail  O., Gorez R. “Routh Padé 
approximation for interval systems”. IEEE Trans. Autom. 
Control 39, 2454–2456 (1994). 

[19] Y.  Shamash, “Model reduction using Routh stability 
criterion and Padé approximation,” Tim(SCC)  Int. J.  
Contr., vol. 21, pp. 75484, 1975. 

[20] V. Krishnamurthy and V. Seshadri, “Model reduction using 
Routh stability criterion”. IEEE Trans. Automat.  
Contr.,vol. AC-23, pp.  729-730, 1978. 

[21] B. Bandyopadhyay and S. S. Lamba, “Time domain Padé 
approximation and Modal-Padé method  for multivariable 
systems,” IEEE Trans. Circ sz [2, 31 lo, 111  Syst., vol. 34, 
p. 994, 1987. 

[22] Ismail, O., Bandyopadhyay, B., “Model order reduction of 
linear interval systems using Padé approximation”. In: 
IEEE International Symposium on Circuit and Systems 
1995. 

[23] E. Hansen and R. Smith, “Interval arithmetic in matrix 
computation, Part II,” SIAM J. Numerical Anal., pp. 1-9, 
1967. 

[24] 

[25] 

Kharitnov V. L.,“Asymptotic stability of an equilibrium 
position of afamily of systems of 
lineardifierentialequations”. 
Difierentsial’nyeUravneniya,14,2086-2088,1978. 

[26] 

Barmish B. R. , “New Tools For Robustness of Linear 
systems”. Prentice HallPTR,Paramus,NJ,USA,1993. 

[27] Bandyopadhyay B. , “Upadhye A. and Ismail O. , γ-δ Routh 
approximation for interval systems”, IEEE Transactions on 
Automatic Control, 42, No. 8: 1127-1130, 1997. 

Bhattacharya S. P., “Robust Stabilization Against 
Structured Perturbations”, Lecture Notes in Control and 
Information Sciences, Springer-Verlag, New York, 1987. 

[28] Bandyopadhyay B. , Sreeram V. , Shingare P. , “Stable γ-δ 
Routh approximation of Interval system using Kharitonov 
polynomials”, IJISS vol. 4,Number 3, pp. 348-361, 2008. 



Ateet Kumar Srivastava  et al, International Journal of Advanced Research in Computer Science, 8 (5), May-June 2017,2567-2572 

© 2015-19, IJARCS All Rights Reserved                    2572 

[29] Y.Shamash, “Stable reduced order models using Padé type 
approximation”. IEEE  Trans. Automat. Contr., vol. AC-19, 
pp. 615-616,1974. 

[30] R. Prasad, “Padé type model order reduction for 
multivariable systems using routh approximation”. 
Computers and Electrical Engineering(Pargamon), 26 
(2000) 445–459. 

[31] D. Kranthi Kumar, S.K. Nagar and J.P. Tiwari. , “A New 
Algorithm for Model Order Reduction of Interval 
Systems”. Bonfring International Journal of Data Mining, 
Vol. 3, No. 1, March 2013. 

[32] Hwang C. and Yang S. F., “Comments on the computations 
of interval Routh approximants”. IEEE Transactions on 
Automatic Control, 44, No. 9: 1782-1787, 1999. 

 
 
 


	INTRODUCTION
	PROBLEM STATEMENT
	ROUTH-PADÉ APPROXIMATION
	STABILITY THEORY
	results and discussions
	conclusions
	VII. REFERENCES

