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Abstract² In this paper a fast algorithm to determine all 

stabilizing proportional controllers for single-input single- 

output systems with multiplicative uncertainty is considered. 

I. INTRODUCTION 

TABILITY is the most important property in the design 

of all dynamical systems. A reasonable approach to 

controller design is to find the set of all stabilizing 

compensators and then using a member of this set to satisfy 

further design criteria.  A complete parameterization of all 

stabilizing controllers for a given system was suggested by 

Youla et. al. [1],[2]. An important disadvantage of this 

parameterization is that the order of the controller cannot be 

fixed. Therefore, in the last few years computation of all 

stabilizing controllers of a given order is examined by 

several researchers [3]-[11]. 

This paper presents a fast algorithm to find all stabilizing 

gains and the idea behind this study can be traced back to the 

papers of Söylemez et. al. [7],[12]. The main idea is related 

with the Nyquist stability criterion that without actually 

drawing the polar plot decision on the stabilizing gain 

intervals is made. Here, the determination of the real axis 

crossing directions is done very fast, so the algorithm has 

become faster. The idea and the new algorithm is used in 

calculation of all robustly stabilizing gains for a single-input 

single output linear time-invariant system with multiplicative 

uncertainty.   

II. STABILIZING GAINS 

A. SISO LTI Model without Uncertainty 

Consider a simple single-input single-output control system, 

as shown in Fig.1, which has a transfer function as below  
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Fig. 1.  Closed-loop control system with proportional control 

 

After substituting s jw , we may represent (1) as follows, 

 

( ) Re{ ( )} Im{ ( )}G jw G jw G jw �                        (2) 

 

where Re{}� and Im{}� are for the real and the imaginary 

parts of ( )G jw , respectively. To find all nominal or Hf
 

robust stabilizing gains k , all critical frequency values 

should be known. Critical frequencies are the frequencies 

w , that satisfy the equation, 

 

Im{ ( )} 0G jw  .                     (3) 

 

In other words, these are the frequencies, where the Nyquist 

plot of ( )G jw  crosses the real axis. If we call these 

frequencies *
w , and substitute them in Re{ ( )}G jw , we can 

find the x  values; the x � intercepts (real-axis intercepts) of 

the Nyquist plot of ( )G jw . Note that, it is of special 

LPSRUWDQFH� WKDW�ZH�GRQ¶W�DFWXDOO\�QHHG� WR�GUDZ�WKH�Nyquist 

plot. The gains k , related to the critical frequencies, can be 

computed by, 
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where the � �1,2, ...
i

x i   denote the values Nyquist plot of 

( )G jw crosses the real axis, as mentioned before. To decide 

if the corresponding gain *
k  stabilizes the system, we may 

use the following algorithm: 

 

Step 1. Find all critical frequencies. 

 

Step 2. Find all x � intercepts. 

 

Step 3. Find all critical gains. 
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III. CONCLUSION 

The paper presented a fast algorithm to find all stabilizing 

gains for nominal and uncertain single-input single-output 

systems. It has been shown that without drawing any (polar) 

plots, or calculating real axis crossings all critical 

frequencies can be computed, and all stabilizing gains can be 

determined. 

The future work is directed into consideration of all 

stabilizing controllers for two-input two output systems. 
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