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ON MODEL REDUCTION OF HYBRID SYSTEMS  

H. R. Shaker, R. Wisniewski 

Hybrid Systems Group, Section for Automation and Control, Aalborg University, Aalborg, Denmark 

 

The ever-increasing need for accurate mathematical modelling of physical as well as artificial processes for 
simulation and control leads to models of high complexity. The complexity appears as high order describing 
dynamical system or complex nonlinear structure. This problem demands efficient computational prototyping 
tools to replace such complex models by approximate simpler models, which are capable of capturing dynamical 
behaviour and preserving essential properties of the complex one. Due to this fact model reduction methods have 
become increasingly popular over the last two decades. On the other hand, most of the methods that are proposed 
so far for control and analysis of hybrid and switched systems are suffering from high computational burden 
when dealing with large-scale dynamical systems. Because of the weakness of nonlinear model reduction 
techniques and due to pressing needs for efficient analysis and control of large-scale dynamical hybrid and 
switched systems; it is essential to study model reduction of hybrid and switched systems in particular. This fact 
has motivated the researchers in hybrid systems to study model reduction. To the best of our knowledge just few 
research works on model reduction of hybrid systems have been reported in the literature [1]-[4].  Therefore this 
problem is still largely open. We will start the talk with giving a brief walk-trough the previous methods, their 
advantages and disadvantages concerning computations and conservatism and also from system and control 
theoretic technical viewpoint. We will proceed with the classification of hybrid and switched systems and we 
will mainly concentrate on switched systems with autonomous switching and state-based switched systems.The 
generalized gramian framework for model reduction of switched systems with autonomous switches will be 
presented then.  This framework is based on the generalized gramians instead of gramians [5]. In order to 
compute the generalized gramians , one should solve Lyapunov inequalities instead of Lyapunov equations. This 
method is used to devise a technique for structure preserving model reduction methods in [6].We first show that 
the generalized method in [5] can be extended to various gramian based reduction methods. We have modified 
the original method in [5] to avoid numerical instability and to achieve more numerical efficiency by building 
Petrov-Galerkin projection based on generalized gramians. A method based on the balanced model reduction 
within frequency bound will be presented in this framework. It is applied for model reduction of switched system 
by solving system of Lyapunov inequalities to find common generalized gramian.  We show that the proposed 
framework for model reduction of switched system is stability preserving.  The numerical results followed by a 
brief discussion on feasibility and error bound of the method will be presented. Latter, we will sketch a stability 
preserving framework which is based on local (generalized) gramians instead of common generalized gramian. 

 We will move to another category of switched systems for the rest of the talk. One of the most important classes 
of hybrid systems which has been studied extensively in the literature is a class of piecewise affine systems. It is 
very general and equivalent to other classes of hybrid systems e. g. mixed logical dynamical systems, linear 
complementary systems, and maxmin-plus-scaling systems. To our knowledge the only available study in the 
context of reduction of affine systems in the literature is the work done by Habets and Schuppen [2] which has 
considered the problem of the exact reduction due to non-observability. Our presented work is a generalization 
of the method in [2]. It is easy to show that in our method if we restrict our attention just to reduction due to non-
observability the method also provides the same results as [2]. The technique which will be presented is based on 
the transformation of affine dynamical systems inside the cells to a new structure and it can be applied to both 
exact reduction and also approximate model reduction. The information regarding local input-output behaviour 
and also switching information are embedded in this structure. In this framework both controllability and 
observability of the affine system within the polytopes are considered for reduction purpose. Numerical results 
show that in general for exact reduction this framework works well but in the case of approximate reduction 
some other issues should be taken into account such as stability preservation. Although the accuracy of the 
method within the cell is quite well, depending on the dynamics outside of the cell it might happen that the 
approximation in the neighbourhood and outside of the cell is not satisfactory. These problems need further 
investigation and research to be done. We will conclude the talk with the direction for future research and some 
ideas for further modifications and generalizations.      
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