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Abstract 
Adaptive control and stability problems for a certain 

class of SISO switched systems are considered. The 
dynamic system has piecewise constant parameter 
disturbances which change in arbitrary and unknown 
switching times. An interval between neighbouring 
switches is more than transition time. The system has 
the feedback on derivatives of the output variable. 
The stability problem is studied with the help of 
Lyapunov’s function. A numerical example is given. 
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1 Introduction 
 By a switched system, we mean a dynamical system 
consisting of a family of continuous-time subsystems 
and a rule that orchestrates the switching between 
them [Liberzon and Morse, 1999].  In common case 
the orchestrate rule can be unknown. Many systems 
exhibit switching between several subsystems that is 
dependent on various environmental factors. Some 
examples of such systems are discussed in [Wicks et 
al., 1998 and Mancilla-Aguilar, 2002]. Switched 
systems have numerous applications in the control of 
mechanical systems, automotive industry, aircraft 
control and many other fields. A survey of basic 
problems on stability and design of switched systems 
has been proposed in [Liberzon and Morse, 1999; 
Davrazos and Koussoulas]. There have been many 
researches about robust stabilization [Zhai et al., 
2003; Mancilla-Aguilar, 2002; Narendra et al., 1994; 
Branicky, 1994]. The main approach to stability study 
presented in the literature for switched systems is 
Lyapunov’s theory [Zhai et al., 2003; Narendra et al., 
1994; Branicky, 1994]. Usually, if we choose  
Lyapunov’s function approach, then we use either the 
technique of the common Lyapunov’s function or the 
technique of multiple Lyapunov’s functions 
[Davrazos and Koussoulas].  In this work an adaptive 

control and stability problems for SISO systems are 
considered. The dynamic system has piecewise 
constant parameter disturbances and arbitrary 
switching sequence. We suppose the time interval 
between neighbouring switches is more than 
transition time.  For switched system control we 
design an adaptive controller by the method of 
derivative of higher order [Vostrikov, 1995, 
Vostrikov and Shpilevaya, 2004]. The system stability 
is studied by Lyapunov’s method. A numerical 
example is presented to illustrate the system 
properties. 
 

2 Problem Statement
 Consider a class of SISO switched systems under 
arbitrary switching sequence described by the 
following equation 
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subsystem and transition time conformably, ,s ft t - 

initial and final time moments, - a moment of jth 

switching. We suppose that 
jt
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. The control purpose is the output 
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where r is a constant reference signal, se - an 
allowable static error. The objective of this paper is 
the design and the stability study of a control system 
with the signal adjustment. 
 

3 Main results  
The adaptive system will be synthesized with using 

referents equation method and method of the 
derivative of higher order. We will study the system 
stability by the second method of Lyapunov. 
 

3.1 Adaptive switched system design 
 According to (2), the system (1) is transformed to  
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where  - a new uncontrolled disturbance 

vector, 
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Let a reference model be described by the equation  
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The coefficients ( ) of the equation (5) are received 
according to the given quality performance of the 
transient. Equate right parts (3), (5), then replace 
unknown disturbance  on an adjustable 
coefficient ( ) and defind a control law,    
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necessary to synthesize an adjustment algorithm 
which should be fast enough.  Therefore, we choose 
the method of derivative of higher order [Vostrikov 
and Shpilevaya, 2004] and have the following 
algorithm 
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where mγ  - is the adaptor gain and  - is the 
auxiliary function. Note the algorithm (7) can be 
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3.2 Stability of adaptive switched system
 Let us study the system given in (3), (6), and (7). 
There is the arbitrary switching sequence provided for 
the condition ( )f s jt t tτ n− >> >  is true. We enter 

new variables for the stability study of the system (3), 
(6) and (7). The deviation between the adjusted 
parameter ( ) and the uncontrolled disturbance 
(

mk
jm ) is estimated according to the expression 
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subsystem is asymptotic stable on the interval 
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And according to the results given in [Mancilla-
Aguilar, 2000], we can assert that the adaptive 
switched system (3), (6), and (7) is asymptotic stable 
for ,s ft t t⎡ ⎤∈⎣ ⎦ . But the system (3) is similar to the 



system (1). If the conditions (2) are correct, then the 
adaptive switched system (1), (6), and (7) is 
asymptotic stable too. In this way we have showed the 
truth of the following proposition. 
Proposition 1: The -th subsystem is asymptotically 
stable for arbitrary switching sequence on the interval 
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Using Proposition 1 and the theorem given in 
[Mancilla-Aguilar, 2000, 2002] we can formulate the 
second proposition for arbitrary switching sequence 
such, that ( ) j
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Proposition 2: The closed loop system (1), (6) and 
(7) consisting of asymptotically stable subsystems is 
locally asymptotically stable on ,s ft t t⎡∈⎣ ⎤⎦  for 
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4 Example 
 In this section we consider the longitudinal motion 
control of an aircraft on two regimes [Lebedev and 
Chernobrovkin, 1973]. The dynamical description is  

( ) ( ) ( ) ( )3 2 1 1
2 1 1 0 , 1,j j j jy a y a y b u b u j+ + =− − = , 

where  is the angle of a pitch,  is the angle of 
elevator diversion. The first subsystem has parameters 
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the second subsystem parameters are  
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We take following controller parameters 

01 023.3, 1.3,a a= = 01 002.3, 1.3b b= = , 30mγ =  

and reference model parameters (5): 
. Estimate the 

required output variable derivatives with the help of 
the low-inertia dynamic system such as 
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where , jdμ  and ( )iy  are  the fast time constant, the 
j-th damping coefficient, the estimation of i-th order 
derivative of the output variable accordingly. Using 
recommendations given in [Vostrikov and 
Shpilevaya, 2004] we have 0.007,μ =  1 3.143,d =  

. System trajectories look as shown in 
Figure 1. As we can see the adaptive system has saved 
the stability under piecewise parameter disturbances. 
In this system we can influence the transition time by 
reference model parameters and the adaptor gain. 
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5 Conclusion 
 We considered one of the approaches to the SISO 
adaptive switched system design. Transformation of 
the equation of switched plant taking into account 
disturbance model is executed. It has allowed 
obtaining of stationary and non-stationary parts of the 
model. The switched system is stabilized with the 
help of the adaptive regulator, in which the signal 
adjustment is used. The regulator with additive 
adjustment is designed on the basis of velocity vector 
method. There is into account the disturbance rate, as 
result we have the “fast” adaptive algorithm. There 
are lower and upper bounds of the adaptor gain. After 
the upper bound the gain increase does not lead to 
quality improvement of output processes.  Regulator 
parameters have to be met the requirements, which we 
found on the basis of stability study. We defined the 
stability conditions using the common Lyapunov’s 
function for arbitrary switching sequence when there 
is slow switching.  
Using considered adaptive regulator we can get the 
required quality of the closed loop switched system 
on all work time interval. This approach gives more 
simple and cheap realization and tuning of the system. 
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Figure 1. Control (a) and output (b) processes. 
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