SOFT COMPUTING BASED MODELING OF DYNAMIC

SYSTEMS

by
Mohammad Fazle Azeem

Electrical Engineering Department

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

Indian Institute of Technology, Delhi

February 2000






Certificate

This is to certify that the thesis entitled “Soft Computing Based Modeling
of Dynamical Systems” being submitted by Mohammad Fazle Azeem for the
award of the degree of the Doctor of Philosophy to the Indian Institute of
Technology, Delhi is a record of the bonafide research work he has carried out
under our supervision. The results contained in this have not been submitted to

any other University or Institute for the award of a degree or diploma.

/
(Dr. M¢ Hanmandlu) (Dr. Nesar Ahmad)
Professor Assistant Professor

Department of Electrical Engineering
Indian Institute of Technology, Delhi
New Delhi— 110016



Acknowledgment

It is my great pleasure to express my appreciation to everyone who is
directly or indirectly related with this thesis work. Many different people have made this
thesis possible, none more so than my supervisors, Prof. M. Hanmandlu and Dr. Nesar
Ahmad. Dr. Nesar Ahmad gave me firm understanding of soft computing and Prof.
Hanmandlu always removed my mathematical hurdles and did hard work of proof
reading of drafts. I am deeply grateful for all their support, encouragement and for being
tolerant to my irregularities during the entire course of this work.

I would also like to express my thanks to SRC members, Prof. A.N. Jha, Prof. R.
Balasubramanium and Dr. R.K.P. Bhatt, for their timely and useful suggestions.

I owe many thanks to Mr. R. S. Sanyal, Joint Director, Center for High
Technology, Ministry of Petroleum and Natural Gas, Govt. of INDIA, for providing the
operational data of FCCU.

I extend my thanks to my employer, Aligarh Muslim University (AMU), Aligarh,
for sponsoring my Ph.D. program at IIT-Delhi.

I cannot forget to mention the name of Syed Atiqur Rahman, who is my friend,
colleague and research mate, because I share all my worries, pleasures and even technical
discussion with him, which provide me the matter to think.

I would like to express my thanks to my senior colleagues, Prof. Salman Bég, Dr.
Anwaruddin Anwar and Prof. A.K. Gupta of AMU, Aligarh for their overwhelming
support during the period of writing the thesis.

I want to express my sincere thanks to my wife who had given me a nice company
throughout my uphill task to reach the peak of achievement and remained cool against all
odds of my modish temperament. I would also like to express my thanks to my brothers
and sisters, especially Mohammad Karme Azeem and Mohammad Taimoor Azeem, for
their lovable support. I want to express my love to my two little daughters, Zainab and
Nausheen, whose flowerish smiles and childish queries givé me feeling of freshness.

Finally‘before closing this I cannot but think of my parents for what I am today.

Moham Fazle Azeem

ii



Abstract

The emergence of Soft Computing paradigm as a consortium of Fuzzy logic,
Neural Computing and Genetic algorithms has paved the way for handling complex
dynamic systems. The present thesis makes an attempt to tackle some problems such as
input selection, structure determination and model learning, associated with modeling of
complex dynamic systems from the imprecise and uncertain operating data consisting of
input-output pairs. The issues arising from these problems form the basis of this thests.

As part of input selection, new criteria have been proposed based on the fuzzy
curve approach for evaluating the significance of inputs. Fuzzy curve is the output
Approximate Fuzzy Data Model (AFDM) and the changes in the output of AFDM over
the range of input yields the ratios, which form the basis for input selection.

The structure determination is concerned with the choice of the number of rules
for a particular model. In order to widen the choice, a Generalized Fuzzy Model (GFM),
which may be categorized into four classes, encompassing Takagi-Sugeno (TS) Model
and Compositional Rule of Inference (CRI) Model as special cases has been proposed. In
order to learn the parameters of GFM, a Generalized Radial Basis Function (GRBF)
Network has been suggested. It is shown that for any solution using GRBF, the error
surface generated is symmetric. Finally, the equivalence of GRBF with GFM has an
important bearing on the learning ability of Generalized Adaptive Neuro-Fuzzy Iﬁference
Systems (GANFIS).

For determining the structure, we have used clustering by Fuzzy C-means,
Modified Mountain techniques in addition to Fuzzy curve approach for partitioning the
input-output hyperspace into a number of clusters, which correspond to the number of
rules. To provide a trade off between the computational complexity and model
performance a Structure Identification Criterion (SIC) has been proposed.

The parameters of GFM are learned through the Least Square Estimation (LSE)
and gradient Descent (GD) learning. In case, the models fail to achieve the targeted
performance, the local learning algorithm is combined separately with Simulated
Annealing (SA) to give SA hybrid and with Genetic Algorithm (GA) to give GA hybrid.

The modeling methodology has been tested on the practical plant like Fluidized
Catalytic Cracking Unit (FCCU).
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