
 

 

  
Abstract—The robust control system objects with interval- 

undermined parameters is considers in this paper. Initial information 
about the system is its characteristic polynomial with interval 
coefficients. On the basis of coefficient estimations of quality indices 
and criterion of the maximum stability degree, the methods of 
synthesis of a robust regulator parametric is developed. The example 
of the robust stabilization system synthesis of the rope tension is 
given in this article. 
 

Keywords—An interval polynomial, controller synthesis, 
analysis of quality factors, maximum degree of stability, robust 
degree of stability, robust oscillation, system accuracy.  

I. INTRODUCTION 
HE analysis of the synthesis methods of the automatic 
control systems (SAC) shows that it is desirable to have 

simple dependencies allowing moving very easily from quality 
indices of an SAC to the desired regulator parameters in order 
to choose the regulator tunings. Except a number of cases (for 
the low order systems) the dependencies are very difficult to 
obtain if the frequency or time quality factors are used. It is 
significantly easier to solve the problem concerning the 
parametric synthesis of a regulator on the basis of the root 
approach or by means of coefficient methods. These methods 
use the coefficients of a characteristic polynomial of a closed 
– loop SAC. A basis for this conclusion is in the following: on 
the one hand, the specified parameters are directly related to 
the physical parameters of SAC on the other hand, the 
arrangement of the roots of the characteristic polynomial 
depends on these coefficients. The arrangement of the roots of 
the characteristic polynomial defines such dynamic 
characteristics as oscillation and operation speed. This 
circumstance is one of the reasons that attract attention to the 
coefficient methods of stability and quality estimation of an 
SAC. These methods allow obtaining approximate, but simple 
ratios, binding (usually by some inequalities) the quality 
indices of an automatic control system and the desired 
regulator parameters [1]. One of the most widely used criteria 
of an automatic control system is the degree of system 
stability. It is known, that the automatic control systems 
synthesized by means of this criterion under other conditions 
being equal possess much higher operation speed, less 
overshoot, and higher stability factor [2]. The works [3]-[9] 
are devoted to the synthesis of the linear regulators ensuring 
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maximum stability degree in the stationary automatic control 
systems. Since practically all real SAC have unstable 
parameters that change within certain intervals the problem 
solution concerning the maximization of stability degree of 
these SAC is of great importance. It is suggested to use the 
coefficient method to solve this problem and develop the 
methodology of selection of the linear regulator parameters on 
the basis of this method. Oscillation limitation of the interval 
system by accepted value is an additional requirement by the 
synthesis of the automatic control system possessing the 
maximum stability degree. 

II. THE CONDITIONS OF MAXIMIZATION OF THE INTERVAL 
SYSTEM STABILITY DEGREE 

The characteristic polynomial of the closed SAC in the case 
of the interval uncertainty is of the following kind: 
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where k – is the vector of the adjustable parameters of the 
regulator,  
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It is obvious, that by the design of an automatic control 

system it is important not only to obtain a stable system but 
also ensure some certain performance quality. Let us 
formulate the sufficient stability conditions of the interval 
system on the basis of the coefficients of the characteristic 
polynomial. 

Statement 1. In order the roots of the interval polynomial to 
be more left-handed from the vertical line that passes though 
the point (  , 0),  0j− η ≤ η < ∞  it is enough to determine the 
controller settings, where the following conditions are 
satisfied: 
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rope; 1000уд =χ  (Ns) – is the specific damping coefficient; 
0.05r = m – is the radius of the drive pulley of an electric 

drive. 
The parameters l  – the rope length and m – the mass of the 

spacecraft section are considered as the interval parameters of 
SSRT. The input signal of the SSRT is external influence 
force ( иF ), leading member of the spacecraft to move in zero 
– gravity. The output of the SSRT is the rope tension force нF  . 

PI-regulator is chose as a regulator and its transfer function 

is of the following form: 1 2( ) .р

k k s
W s

s
+

=  The given 

regulator has two generic parameters: 1 2,k k , that define the 
quality of the transient processes in SSRT.  

As a result of the block diagram conversion, represented in 
Fig. 4 the characteristic polynomial of the system is obtained:  
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Let us work out the system of conditional maximum 

stability degree by the oscillation limits for the SSRT under 
consideration on the basis of the formulas (5), (6). 
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dδ is equal to 1,7 ( 1, 7d =δ  ) in the last expression in the 

system (9). This corresponds to the sector of polynomial roots 
location 70= ±ϕ . Let us express the regulator 1k parameter 
through  
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is obtained from the first equation of the system (9). Let us 
express the second regulator parameter through the stability 
degreeη . Carrying out the mentioned above mathematical 
manipulation the inequality system (10) is obtained.  
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System solving (5) is convenient to obtain using the 

graphical method (Fig. 5). 
 

 
Fig. 5 Graphical system solving (10) 

 
Let us define the worst possible stability degree

max 1.987=η  for the SSRT from the figure. The worst possible 
stability degree is provided by PI-regulator. Putting the 
computed value maxη  in the equation for the regulator 
parameters 1 25, 71; 0, 37k k= =  are found. 

To estimate the robust quality of SSRT by means of the root 
method the localization areas of the roots of the interval 
characteristic polynomial are built (Fig. 6). 
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