
Chapter – 5
CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK

5.1 
INTRODUCTION

The development of reduced order models for the analysis and synthesis of high order systems has been an area of active research during the last few decades. The present research work deals with the development of two algorithms for model order reduction of linear time-invariant continuous systems. The work included herein deals with the frequency domain model order reduction techniques based on a transfer function description of the system. This concluding Chapter is primarily devoted to summarizing the main contributions of this work. Some suggestions for further investigations in this field are also given.

5.2 CONTRIBUTIONS MADE IN THE DISSERTATION 
The first introductory Chapter covers the necessity of reduced order modelling techniques. The statement of model order reduction problem in both time and frequency domains is also given in this chapter. 
In second Chapter a brief literature review of existing frequency domain order reduction techniques, which are used in the development of algorithms, have been given.

In Chapter 3, two algorithms have been suggested based upon the eigen spectrum analysis to overcome some of the following drawbacks associated with the Factor division algorithm and Continued fraction expansion techniques : 

(a) The reduced order model may be unstable (stable) although the parent system is stable (unstable).

(b) The reduced order model often shows poor matching in the transient zone.

(c) The steady state value of the original system is not preserved.

The order reduction algorithms presented in this Chapter have been described only for the systems having real poles and are also compared with some well-known existing order reduction techniques available in the literature in terms of ISE and IRE. These algorithms guarantee the stability of the reduced order model if the original high order system is stable and are comparable in quality with the other existing order reduction techniques. Firstly, these algorithms are discussed for the order reduction of single-input single-output (SISO) systems and then these algorithms have also been extended for the order reduction of multi-input multi-output (MIMO) systems. These algorithms have been implemented in Matlab 7.0.1 on a Pentium-IV processor.
In Chapter 4, several simulation/numerical examples have been given to demonstrate the algorithms suggested in Chapter 3. The values of the ISE and IRE are compared for the proposed and some well-known existing order reduction techniques as shown in the illustrative examples, from which it is clear that the proposed algorithms are comparable in quality with the other existing techniques. 
7 SUGGESTIONS FOR FUTURE WORK

Inspite of best efforts, while evolving algorithms of order reduction, it is not possible to reach a zero defect stage but it is always natural to have openings for further research work in the same area with an expectation of getting wider acceptability of the ideas proposed. With similar background, the research work presented in this dissertation leads to following suggestions for further work :

· The order reduction algorithms proposed in the present research work can be used to obtain a LOS of any order starting from 1st to (
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 is the order of high order system (HOS). Usually while obtaining a LOS, second order model is fine and same had been the approach in the present work. However, the algorithm should be versatile enough to have a LOS of any order.   

· The order reduction algorithms suggested in the present work can be extended for the reduction of linear time-invariant discrete systems. Further, the proposed algorithms guarantee the stability of the LOS if the original HOS is stable. Therefore, the proposed algorithms can be further investigated for the order reduction of unstable systems. 

· The order reduction algorithms suggested in Chapter 3 on the basis of eigen spectrum analysis give good results only for the systems having real poles. These algorithms can also be extended for the systems having repeated and imaginary poles. 

· While extending the proposed algorithms for the reduction of MIMO systems, the methods do give good results but there are some associated problems, which should be investigated further. Though the approach is a direct application of SISO methods on the elements of transfer function matrix and it does not increase the computational efforts but since each element is to be handled separately, there is a chance of enhancing the computation time. Positive side of this approach is retention of few system parameters as well as preservation of input/output relationship in the LOS transfer function elements. Apart from this, if the denominator of the elements of transfer function matrix is not common, the order reduced to cannot be predicted but has to be determined after reduction and in some cases the order of reduced model may be more than the original HOS.

· The order reduction algorithms proposed in the present research work may be further examined in terms of the following :

(a) The maximum order of the HOS that can be handled by the methods.

(b) The specific types of systems where a particular method will fail to give acceptable result.

· Inspite of a large number of research workers involved in this area of model order reduction, so far it could not be ascertained as to which method can give best acceptable result for a particular system. Efforts can be made to classify systems and identify an order reduction algorithm giving best result for that system. This is a very challenging area and perhaps can be taken up by future research workers.

Thus the work done gives an insight into the problem of obtaining a low order model of a high order system. Two model order reduction algorithms have been proposed in this dissertation for the reduction of linear time-invariant continuous systems which have also been compared with the methods suggested earlier by different research workers in this area. 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. Suggestions are also given for further research in this area as a result of experience of work reported in this thesis. As was expected, the work carried out leads to many new ideas that can be tried by future research workers in this area. It is hoped that the work reported in this dissertation would provide useful algorithms for model order reduction.
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