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Stat.ement of Originality

The contents of this thesis are the results of original research, and have not been

submitted for a higher degree at any other university or institution.

Much of the work in this thesis has been published for publication in refereed inter­

national conferences Chapters 3-5 of this thesis are based on the work described in

these papers.

Refereed International Conference Papers:

• Wan Muda W.l\-1., Sreeram V. and Iu H.C., "Passivity-Preserving Frequency

Weighted Model Order Reduction Techniques for General Large-Scale RLC

Systems", 11th International Conference on Control . Automation. Robotics and

Vision, Singapore, pp. 1310 - 1315, Dec 7-10, 2010 (Chapter 5).

• Wan Muda \V-lvI.. Sreeram V. and Iu H.C., "Frequency Weighted Balanced

Truncation with Special Weight", 8th Asian Control Conference, Kaohsiung,

Taiwan, pp. 1443 - 1448, I'day 15-18. 2011 (Part of Chapter 3).

• Wan Muda W.\1., Sreeram V. and Iu H.C .. "An Improved Algorithm for Partial

Fraction Expansion Based Frequency Weighted Balanced Truncation", Ameri­

can Control Conference. San Francisco: California, USA, pp. 5037 - 5042, June

29 - July 1, 2011 (Chapter 4).

• Wan Muda \V.M., Sreeram V. and In H.C .. "An Improved Algorithm for Fre­

quency Weighted Balanced Truncation", 50th IEEE Conference on Decision and

Control and European Control Conference, Orlando, Florida, USA. pp.7182 -

7187, December 12-15, 2011 (Part of Chapter 3).
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IVIy doctoral studies were conducted under the guidance of Professor Victor Sreeram

as my supervisor.

The research described in this thesis is the result of a collaborative effort with my

Ph.D supervisor Professor Victor Sreeram and Professor Herbert Ho Ching Iu, and

professors from Carleton University Ottawa Callada, Professor Ramachandra Achar

and Professor Michel Nakhla, and 1\'1r. Behzad Nouri. However, majority of the work

is my own.
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Abstract

This thesis investigates the frequency weighted balanced model order reduction jpmb-

lem for linear time invariant systems.

First, two new frequency weighted balanced truncation techniques based on zero cross-

terms are proposed. Both methods are applicable for single-sided weighting, and are

based on modifications to Sreerain and Sahlans technique. The first method U-:>eS the

properties of all-pass function to transform the original frequency weighted lCOOdel

order reduction problem into an equivalent unweighted model reduction prollDllem,

while in t h« seroud method. t h« relat iouship between the final and the intermediate

reduced order model used in Srecrarn and Sahlau's technique is derived. Nnmerical

examples show that a significant ('I"1"Or r-xluct.ion can IlP aclueved using both ndJbi(}ds.

Second. we present an improvement to frequency weighted balanced truncation tech-

nique based on well-known partial fraction expansion idea. The method yields stable

reduced-order models for double-sided weightings. Two numerical examples imclud-

ing i1 practical application eXi1111pk show i1 significant improvement over the f()tilier

well-known techniques,

Lastly. we present passivity preserving frequency-weighted model order reduction

techniques for gl'lll'nd l;lI"g1'-snd<' 1.\LC (rosistor-iuductor-capacitor] systems, Three

well-known frequency weighted balanced truncation techniques (Enns', Wang €;t ;aill_ '8

and Lin and Chill's), which preserve only stability and not passivity are generalized
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to include passivity. Conditions under which the passivity is preserved are also de­

rived. Four practical examples are given to show the validity and effectiveness of the

proposed algorithms using different weighting functions.
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