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Principles of Automatic Control

CHAPTER 4

Stability Analysis of Linear 
Systems
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The concept of stability
 -Definition
     When a system is offset its equilibrium by 
a disturbance, the system is stable if it can 
return to the original equilibrium with 
sufficient accuracy. Otherwise, it is unstable.
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Routh stability criterion
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Procedures in Routh’s criterion
• The necessary condition: Consider that 
the characteristic equation of a LTI 
system is of the form

   The necessary (but not sufficient) 
conditions for stability of the system are 
described as follows:
    (1) All the coefficients of the equation have 
the same sign. (           )
    (2) None of the coefficients vanishes.
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Procedures in Routh’s criterion
• Routh’s Tabulation or Routh’s Array
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• Example 1

• Solution: 

•In the first column there are two changes of sign, 
therefore the equation has two characteristic roots 
in the right-half s plane. The system is unstable.
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Special cases of Routh’ array
• Case 1: The first element in any row of 
Routh’s array is zero.

 When the first element in a row is zero but 
not all the other elements are zeros. To 
remedy the situation, we replace the zero 
element in the first column by an arbitrary 
small positive number of   , and then proceed 
with Routh’s array. 
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Special cases of Routh’ array
• Case 1: The first element in any row of 
Routh’s array is zero.
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Special cases of Routh’ array
• Case 2: All elements are zeros.
  When the elements in one row of Routh’s 
array are all zero, the situation can be 
remedied by using the auxiliary equation, 
which is formed from the coefficients of the 
row just above the row of zeros in Routh’s 
array. Replace the row of zeros with the 
coefficients of the auxiliary equation. 
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