
ABSTRACT

In order to carry on the analysis, synthesis and design of real life problems, usually the first step is the development of a ‘mathematical model’ that can be substituted for the real system. Once the mathematical description of a real life system is obtained, all the analysis can be done on this mathematical description, called mathematical model of the real system. This mathematical model can take different shapes depending on the system as well as the approach used for modelling. Depending on whether the model is in terms of a single high order differential equation or in the form of a set of first order differential equations, the order of the system is decided by the order of the single differential equation or the number of first order differential equations used in the model, as the case may be. 

Whether existing or to be designed, when a system is mathematically modelled for analysis and improvement, initially a complex model of high order is obtained. Simplification of the model is a must to make the model useful. Depending on the application of the model, the method of simplification varies. One such method of simplification is known as order reduction i.e. obtaining the low order model of the existing high order model such that both are equivalent in terms of response.

Reduced order modelling of linear time-invariant systems had been a topic of interest to a large number of research workers all over the world. It is interesting to note that different methodologies developed for order reduction can be put broadly under two groups, like, time and frequency domain, being obviously the two accepted methods of system modelling. The reasons behind interest in model order reduction are many, but can be precisely put as (i) To have less computation time for analysis and design of system and (ii) To have economy in hardware requirements for on line simulation of a system.

The present attempt is towards development of two algorithms for reduced order modelling of linear time-invariant continuous systems. The work presented herein deals with the frequency domain model order reduction techniques based on a transfer function/transfer function matrix description of the original high order systems. The developed order reduction algorithms guarantee the stability of the reduced order model if the original high order system is stable and overcome some of the inherent drawbacks associated with the other existing methods. The model reduction algorithms developed herein have also been extended for the order reduction of linear multivariable systems, which is a direct application of the single-input single-output (SISO) methods on the elements of the transfer function matrix of multi-input multi-output (MIMO) systems. These algorithms have been implemented in Matlab 7.0.1 on a Pentium-IV processor. The numerical/simulation examples chosen to demonstrate the algorithms are of wide variety. Further, the algorithms developed have also been illustrated with the help of similar type of examples so that a comparison can be made between the proposed and the other well-known existing order reduction techniques. The comparisons between the proposed and the other well-known existing order reduction techniques have been shown by comparing the integral square error (ISE), impulse response energy (IRE), and unit step responses.

Finally, the contributions made in the dissertation are highlighted in the end. Based on the experience of work reported in this dissertation, the future scope of research work in this area is also included. 
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