University of Wollongong

Research Online

%Jgisvéle_rzs&yf)of Wollongong Thesis Collection University of Wollongong Thesis Collections

2008

Analysis and pre-processing of signals observed in optical feedback self-
mixing interferometry

Xiaojun Zhang
University of Wollongong

Follow this and additional works at: https://ro.uow.edu.au/theses

University of Wollongong
Copyright Warning
You may print or download ONE copy of this document for the purpose of your own research or study. The University
does not authorise you to copy, communicate or otherwise make available electronically to any other person any
copyright material contained on this site.

You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised,
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court
may impose penalties and award damages in relation to offences and infringements relating to copyright material.
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the

conversion of material into digital or electronic form.

Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily

represent the views of the University of Wollongong.

Recommended Citation

Zhang, Xiaojun, Analysis and pre-processing of signals observed in optical feedback self-mixing
interferometry, ME-Res thesis, School of Electrical, Computer and Telecommunications Engineering,
University of Wollongong, 2008. http://ro.uow.edu.au/theses/102

Research Online is the open access institutional repository for the University of Wollongong. For further information
contact the UOW Library: research-pubs@uow.edu.au


https://ro.uow.edu.au/
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/theses
https://ro.uow.edu.au/thesesuow
https://ro.uow.edu.au/theses?utm_source=ro.uow.edu.au%2Ftheses%2F102&utm_medium=PDF&utm_campaign=PDFCoverPages

NOTE

This online version of the thesis may have different page formatting and pagination
from the paper copy held in the University of Wollongong Library.

UNIVERSITY OF WOLLONGONG

COPYRIGHT WARNING

You may print or download ONE copy of this document for the purpose of your own research or
study. The University does not authorise you to copy, communicate or otherwise make available
electronically to any other person any copyright material contained on this site. You are
reminded of the following:

Copyright owners are entitled to take legal action against persons who infringe their copyright. A
reproduction of material that is protected by copyright may be a copyright infringement. A court
may impose penalties and award damages in relation to offences and infringements relating to
copyright material. Higher penalties may apply, and higher damages may be awarded, for
offences and infringements involving the conversion of material into digital or electronic form.




Anal S1S and Pre- processing of 81 nals
O]oserved 11 O tlcal Feee”oack

Self—Mlxmg Interferometry

A thesis submitted in fulfillment of the

requirements for the award of the degree
Master of Engineering (Research)

from

UNIVERSITY OF WOLLONGONG

Xiaojun Zhang

School of Electrical, Computer and Telecommunications Engineering
June 2008



(© Copyright 2008
by
Xiaojun Zhang
All Rights Reserved

i



il

Dedicated to
dedicated to my Family



Declaration

This is to certify that the work reported in this thesis was done
by the author, unless specified otherwise, and that no part of
it has been submitted in a thesis to any other university or

similar institution.

Xiaojun Zhang
June 23, 2008

iv



Abstract

INCE the laser technlology has been applied for providing highly precise measure-
ment, laser interferometry based systems have found increasing applications in
the distance, displace measurement and related applications. Recently, a simple con-
struction of laser interferometer with the use of so-called optical feedback self-mixing
interferometry (OFSMI) effect has become a popular technique in optical measurement
field. In comparison with conventional interferometer, OF SMI enables simple, compact
size and cheap interferometer devices to be implemented.
This thesis studies the spectrum characteristics of OFSMI signals and outlines novel
approaches to analysze and process the noisy signal at the time and frequency domain
simultaneously. The work is motivated by the observation that, when OFSMI signal is
given at weak feedback regime (feedback parameter C' < 1), the signal is strictly band-
limited, consequently an linear band-pass filter can be applied to remove the noise
disturbance while preserving the signals waveform unchanged. On the other hand, in
case of OFSMI signal is obtained with C' > 1, an efficient denoising algorithm based on
joint time-frequency representation (TFR) can be applied. It has been found that TFR
approach provides an sufficient prospective for study the behavior of OFSMI signals
for C' > 1.
This work contributes to the framework of pre-processing and analyzing of OFMSI
signals. This thesis focus on the spectrum characteristics and the noise attenuation
at weak and moderate feedback regime. To achieve this, the ability of band-pass FIR
filters and TFR methods in OFSMI signal processing have been evaluated and com-
pared. The results of this work lead to an significant improvement to the performance

of OFSMI based laser measurement system.
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