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Abstract 
In this paper a modified routh’s table has been developed in two 

different ways named as sign pair criterion-I (SPC-I) and sign pair criterion 

– II (SPC-II) by using complex coefficients of the characteristics equations.  

It is used to check the aperiodic stability of the given multi-dimensional 

linear system. The test and analysis procedure is simple and requires less 

number of computations compare to the other algebraic methods. 

Illustrative examples are provided and results are verified using MATLAB. 
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1. Introduction 

Aperiodic stability analysis based on modern routh‟s table and the roots are 

simple and distinct .It take place on negative half of the s plane. Once the system 

is found to be stable, it is important to determine how it is stable. Sivanandam et 

al had investigated routh‟s Stable two geometric criteria for the aperiodic 

stability of linear time invariant system with real coefficients. In additionally, 

significance of two criterion and design of the linear system having sign pair 

criterion (SPC-1&2) and estimate the modified algorithm. Ramesh et al was 

proposed ascertain the stability of multidimensional discrete system, having 

multidimensional characteristics equation which is converted into single 

dimensional characteristics equation and the coefficients of this equation are 

arranged in the form of matrix and inner determinants are determined using 

jury‟s concept. Evenlyn Frank had implemented, On the zeroes of polynomials 

with complex coefficients and all the roots are placed in negative half of the 

plane ((R(Z)<0) of this procedure holds without actually computation the roots 

of continued fraction using  J-fraction[1]. S.D.Agashe had proposed a new 

Routh‟s algorithm to determine the number of Right Hand Plane(RHP) roots of 

real or complex polynomial and the algorithm was directly applied to the 

singular case, wherein the leading coefficients of a row, but not a entire row. 

This algorithm based on the principle of the Argument [2]. Benidir to test the 

routh‟s table in special case and determine the location of the zeroes of a 

polynomial with respect to imaginary axis and evaluate the procedure referred to 

as the “E-METHOD” and formulated the number of sign changes of the first 

columns is equal to  number of zeroes of  G with positive real part[3]. Shyan. et 

al had investigated a New tabular form for determining root distribution of 

complex polynomial with respect to the imaginary axis and without utilizing “E-

Method” to develop the singular case of leading zero elements in the routh‟s 

table [ 4] and repeated roots lies on the imaginary axis. Sreekala et al had 

proposed An Algebraic Approach for the stability analysis of linear systems with 

complex co efficient and the procedure of sign pair criterion to find the 

distribution  of the roots either in left half s-plane (or) right half s-plane and it 

shows that unique extension of results[6].A.T Fuller had implemented the 

conditions for Aperiodicity in linear systems and expressed in terms of the 

polynomial coefficients, that (n-1) determinants should be positive and the 

system to be both aperiodic and stable[7].Theron usher was proposed 

Applications of the Hurwitz Routh stability criteria system are possible to 

determine the value of this variable parameter which produce zeroes with greater 

than a specified value of relative damping[8]. Ramesh et al presented an 

Algebraic test for stability analysis of linear time in-variant multidimensional 

discrete system and the multidimensional coefficients are arranged in the form of 

matrix the inner coefficients are calculated in jury‟s concept [9]. Ioanaserban et 

al proposed A slice based 3-D stability criterion and    N-D extension method .It 

shows how to reduce the complexity of stability test using Anderson jury 

criterion of stability [10]. Eugene Walach et al proposed N-Dimensional stability 
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margins computation and  variable Transformation(N>2).The computational 

complexity is equivalent  with solving One Dimensional (n+1) real equation in 

to (n+1) in Determined and simplify  N-Dimensional stability test and stability 

margin computation[11]. The main significance of the proposed method is, it can 

be used to count the number of complex roots of a system having real 

coefficients which is not possible by the use of original routh‟s table. . To 

ascertain the aperiodic stability of multidimensional system by checking the 

number of pair in the first column of the routh‟s table. This aperiodic stability 

checking is generally used for network analysis, design of instrumentation 

systems and automatic controls. 

  A Periodic Stability 

A linear time invariant discrete system represented by characteristics equation 

, with real and complex coefficients is aperiodically stable only when 

it‟s all roots are distinct ,real and lie in the negative real axis of „S‟ plane. To 

analyse this situation romonov [8] suggested a transformed polynomial of   

into a complex polynomial is given by  

 

                              

Applying routh-hurwitz criterion, the number of the roots of  having 

positive real part can be revealed. After this transformation the real coefficient 

polynomial is converted to complex coefficient polynomial and the two 

proposed schemes SPC-I and SPC-II can be used for the aperiodic stability 

analysis and each sign pair which fails to satisfy the condition for stability 

represents the existence of two complex roots (one complex conjugate pair) and 

this leads to aperiodic instability. These procedures can also be used for the 

design of linear systems.  

2. Proposed Method 

Sign Pair Criterion-I [SPC-I] 

With the coefficient of S
n
 as positive, the characteristic equation C(s) can be 

written as, 

 

The first two rows of Routh-like table are written as shown below: 
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Applying the standard Routh multiplication rule, the subsequent elements of 

Routh-like table are computed and the table is computed as given below. 

Table 1: Routh-Like Table for SPC-I 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To formulate (SPC-I), the elements in the first column of Routh-like table are 

considered to form the pairs  as depicted below: 

and so on. 
  Sign Pair Criterion-II (SPC-II) 

The characteristic equation rewritten as 

(1) 

Substituting   in the above equation, 

 

(2) 

Where  is the real part and  is the imaginary part of . 

For the sake of simplicity the polynomials  and  can be written as 

given below. 

            (3)  

               (4)    

Using the Coefficients of  and  polynomials, the second form of 

Routh-like table can be formulated as 
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Table 2: Routh-Like Table for SPC-II 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Algorithm for the Proposed Approach 

1. Get the characteristic equation C(s) =0 with complex coefficients. 

2. With s=jω, form C (jω)=R(ω)+j I(ω)=0.  

3. Use the coefficients of R(ω) & I(ω), form the first and second rows of 

Routh-like table.                    

4. If the first element in the first row is negative, multiply the full row 

elements by -1. 

5. If the first element in the second row is zero, interchange first and 

second rows and multiply all elements in the second row by  

6. Follow the Common Routh‟s multiplication rule to get the complete 

table with „2n+1‟ rows. 

7. If any element of the first column starting from third, comes zero, it is 

replaced by a small value +0.01. 

8. If all the elements in a row become zero, then the auxiliary  polynomial 

is formed using the previous row elements and differentiated once; the 

coefficients  of this modified polynomial are entered instead of zeros 

and the table is completed by applying the Routh multiplication rule.  

9. Get „n‟ sign pairs using the first column elements starting from second 

row. 

For forming SPC-II, the elements in the first column of Routh-Like table are 

considered; but  is not taken into account and with  elements the sign pairs 

are developed as 

. 

The given system represented by the equation (1) is stable if the sign of the each 

element of the pairs remains the same. 
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3. Illustrative Examples 

 Example 1[11] 
 

Convert Multi-dimensional characteristics equation in to one-dimensional 

characteristics equation [11] 

 

Substitute   

 

As per equation (1) substitute   

 

 

 

Separate  term also divide by -4 on the above equation, 

 
Application of SPC-I 
 

 

 

 

 

 

 

The Sign Pairs are  ,It 

is noted that the two elements in each pair have the same sign and obey SPC-I. 

Hence the system is a periodically stable. 

  Application of SPC-II 

Substitute at   

 

 

Separate real and imaginary terms,  

 

   

  
 

 
 

   

    
    

    
   

 
  

  
    

International Journal of Pure and Applied Mathematics Special Issue

1482



 

Here in the first row (-) sign occur so multiply by (-1 ) on first row and also 

second row having zero on first column so interchange first and second rows. 

  0    

    
 

  2 

 
   

    

    

    0  

0    

The Sign Pairs are  ,It is 

noted that the two elements in each pair have the same sign and obey SPC-II. 

Hence the system is aperiodically stable. 

 Output Verification Using Matlab 
 SPC I 

 
 

SPC II 
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Example 2[11] 
 

     Solution: 

Convert Multi-dimensional characteristics equation in to one-dimensional 

characteristics equation [11] 

 

Substitute   

 

 

As per equation (1) substitute   

 

 

Separate  then the equation is also divide by -5 

 

 Application of SPC I 

    

    

    

   
 

  
  

  
  

The Pairs are  and  

fails to obey the SPC-I. Hence the system is aperiodically Unstable. 

 Application of SPC II 

Substitute at   

 

 

Separate the real and imaginary terms, 
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Here in the first row (-) sign occur so multiply by (-1 )on first row and also 

second row having zero on first column so interchange first and second rows. 

 

 

 

 

 

 

 

 

 

 

 

The Pairs are and  

fails to obey the SPC-I. Hence the system is a periodically Unstable. 

 

 Output verification Using Matlab 
 SPC- I 

 
 SPC – II 

 

4. Conclusion 

In this paper, proposed a modified routh criterion which used to analysis the 

aperiodic stability of multi-dimensional linear system directly applicable to 

handle the characteristics equation having complex coefficients, with the help of 

SPC-I and SPC-II. For the analysis of aperiodic stability the proposed routh like 

        0    

    

    

    

    

      0  

       0    
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tables are formed and ascertain with the usage of SPC-I and SPC-II .The 

proposed   is very simple and requires less number of computations as compared 

other schemes.  
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