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ABSTRACT

In today’s technically advanced society the collection and study of digital images
has become an important aspect of various off-line applications that range from medical
diagnosis to exploring the Martian surface for traces of water. Various industries have
recently started moving towards vision based systems to monitor several of their
manufacturing processes. Except for some simple on-line applications, these systems are
primarily used to analyze the digital images off-line. This thesis is concerned with
developing a more powerful on-line digital image analysis technique which links the
fields of traditional digital image processing with a recently devised statistically based
image analysis method called multivariate image analysié MIA).

The first part of the thesis introduces the area of traditional digital image
processing techniques through a brief literature review of three of its five main classes
(image enhancement, restoration, analysis, compression, & synthesis) which contain most
of the commonly used operations in this area. This introduction is intended as a starting
point for readers who have little background in this field, and as a means of providing
sufficient details on these techniques so that they can be used in conjunction with other
advanced MIA on-line monitoring operations.

MIA of multispectral digital images using latent variable statistical methods
(Multi-Way PCA / PLS) is the main topic covered by the second part of this thesis. After
reviewing the basic theory of feature extraction using MIA for off-line analyses, a new
technique is introduced that extends these ideas for image analyses in on-line
applications. Instead of directly using the updated images themselves to monitor a time-
varying process, this new technique uses the latent variable space of the image to monitor

the increase or decline in the number of pixels belonging to various features of interest.
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The ability to switch between the images and their latent variable space then allows the
user to determine the exact spatial locations of any features of interest.

This new method is shown to be ideal for monitoring interesting features from
time-varying processes équipped with multispectral sensors. It forms a basis for future
on-line industrial process monitoring schemes in those industries that are moving towards

automatic vision systems using multispectral digital imagery.
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1. INTRODUCTION

The field of digital image processing has existed for the past four decades;
however, it has been the recent advancements in video and computer technology over the
past 10 years that have made this field blossom. Various image processing operations
that previously took days can now be performed within fractions of seconds using today’s
high speed computers. Due to the present technological revolution, computational speeds
as well as their affordability are steadily increasing. Various advanced digital imaging
sensors are also experiencing similar trends. As a result, computationally driven digital
image processing techniques equipped with advanced digital imaging sensors are being
introduced in various fields. These techniques are currently applied in such fields as
remote sensing, agriculture, microscopy, medicine, biology, chemistry, space exploration
etc. Furthermore, an increasing number of new applications for these techniques in
various other fields are being conceived on a regular basis. Thus, it is becoming clear
that the future of several technological fields lies in automated visually based systems
that are governed by digital image processing techniques.

Over the past decade the field of digital image processing has made a significant
impact on various industries. Several industrial processes are rapidly moving towards
automatic vision systems to monitor their processes both off-and-on-line with digital
image processing techniques playing a significant role. Previously existent sensory
equipment is either being replaced or enhanced with technically advanced digital imaging
sensors to help monitor these processes. Examples include the use of digital cameras to
monitor the state of combustion in furnaces, laser induced scanners to monitor surface
properties and other faults in sheet-forming processes. Customized digital image

processing techniques are used to analyze thousands of images being intermittently



transmitted by these sensors to detect faults and monitor several time-varying industrial
processes. However, these techniques are usually restricted to simple image processing
operations in various time-varying industrial processes, mainly due to the need for quick
analysis results after acquiring each image from the sequence.

Recently, the digital image sensing technology has introduced various technically
advanced digital sensoré that have the ability to acquire digital images at multiple
wavelengths. These sensors have the advantage of acquiring more information regarding
the scene being depicted as compared to simple digital imaging sensors. This is because
light in different wavelengths of the spectra enhances unique features that are
wavelength-specific. As a result, a multispectral digital imaging sensor collects a set of
wavelength-specific digital images which, when pooled together, form a multispectral
digital image. However, due to the presence of multiple digital images, a multispectral
imaging sensor transmits a lot more data to the image analysis system than do
conventional digital imaging sensors.

The main objective of this thesis is to create an efficient link between the fields of
digital image processing and industrial process monitoring with the help of latent variable
statistical methods (Multi-way PCA / PLS). This will be attempted by testing the use of a
recently developed image analysis technique called Multivariate Image Analysis (MIA).
This statistically based technique is used for monitoring time-varying processes using
digital multispectral sensors. This research project is aimed towards developing some of
the basic methods that can eventually be used for devising statistical process control
schemes and feedback control schemes of various industrial processes that are equipped
with technically advanced automatic vision systems. This thesis is intended as a first
step towards this goal. To eventually devise an image based industrial process control
scheme through MIA, one must have a firm understanding of traditional digital image
processing. Only after the most commonly used operations in this field are soundly
understood can the potential of using these techniques be realized. Therefore, a brief

literature review of traditional digital image processing is included. This will provide
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