Ryerson University

Digital Commons @ Ryerson

Theses and dissertations

1-1-2003

Automatic target matching

Michael Leslar
Ryerson University

Follow this and additional works at: http://digitalcommons.ryerson.ca/dissertations

b Part of the Computer Sciences Commons

Recommended Citation
Leslar, Michael, "Automatic target matching” (2003). Theses and dissertations. Paper 15.

This Thesis is brought to you for free and open access by Digital Commons @ Ryerson. It has been accepted for inclusion in Theses and dissertations by

an authorized administrator of Digital Commons @ Ryerson. For more information, please contact bcameron@ryerson.ca.


http://digitalcommons.ryerson.ca?utm_source=digitalcommons.ryerson.ca%2Fdissertations%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.ryerson.ca/dissertations?utm_source=digitalcommons.ryerson.ca%2Fdissertations%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.ryerson.ca/dissertations?utm_source=digitalcommons.ryerson.ca%2Fdissertations%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/142?utm_source=digitalcommons.ryerson.ca%2Fdissertations%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.ryerson.ca/dissertations/15?utm_source=digitalcommons.ryerson.ca%2Fdissertations%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:bcameron@ryerson.ca

In compliance with the
Canadian Privacy Legislation
some supporting forms
may have been removed from
this dissertation.

While these forms may be included
in the document page count,
their removal does not represent
any loss of content from the dissertation.






AUTOMATIC TARGET MATCHING

by
Michael Leslar, B.Eng,
Ryerson Polytechnic University, 2001
A thesis
presented to Ryerson University
in partial fulfillment of the
requirement for the degree of
Master of Applied Science
in the Program of

Civil Engineering

Toronto, Ontario, Canada, 2003

©Michael Leslar 2003



g

National Library Bibliotheque nationale

of Canada du Canada

Acquisitions and Acquisisitons et
Bibliographic Services services bibliographiques
395 Wellington Street 395, rue Wellington

Ottawa ON K1A ON4 Ottawa ON K1A ON4
Canada Canada

The author has granted a non-
exclusive licence allowing the
National Library of Canada to
reproduce, loan, distribute or sell
copies of this thesis in microform,
paper or electronic formats.

The author retains ownership of the
copyright in this thesis. Neither the
thesis nor substantial extracts from it
may be printed or otherwise
reproduced without the author's
permission.

[ Dot ]

Canada

Your file Votre référence
ISBN: 0-612-87145-2
Our file  Notre référence
ISBN: 0-612-87145-2

L'auteur a accordé une licence non
exclusive permettant a la

Bibliothéque nationale du Canada de
reproduire, préter, distribuer ou
vendre des copies de cette thése sous
la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.

L'auteur conserve la propriété du
droit d'auteur qui protége cette thése.
Ni la thése ni des extraits substantiels
de celle-ci ne doivent étre imprimés
ou aturement reproduits sans son
autorisation.



AUTHOR'S DECLARATION
I hereby declare that I am the sole author of this thesis.

[ authorize Ryerson University to lend this thesis to other institutions or
individuals for the purpose of scholarly research.

I further authorize Ryerson University to reproduce this thesis by photocopying or
by other means, in total or in part, at the request of other institutions or
individuals for the purpose of scholarly research.

il



BORROWER’S PAGE
Ryerson University requires the signatures of all persons using or photocopying this

thesis. Please sign below, and give address and date.

iit



Automatic Target Matching by Michael Leslar, 2003
Master Of Applied Science, Civil Engineering Dept., Ryerson University

ABSTRACT

Many photogrametric processes require a large number of points to be collected from
numerous digital images. It is imperative that these points be collected accurately, so that
precise real-world coordinates may be assigned to points captured in the image. To this
end, many techniques have been developed to locate, track and identify image targets.
This thesis outlines many of these techniques and presents a target matching solution that
has been developed in C++, for the subpixel target location program INDMET. The
target matching solution is composed of three elements: an epipolar line program, a cross
correlation program and a template least squares matching program. The epipolar line
program is used to limit the search area in the right image of a given stereo pair, to the
vicinity of a single line. The cross correlation program searches this line to locate
possible targets and the template least squares matching program is used to determine the
target centre of a black and white image target, once it has been located. It was found
that these three programs, working together, had between a 20 and 70 percent chance of
locating the correct target, depending on the similarity of elliptical targets in each image.
Once found, the program could calculate the target centre to an accuracy of

approximately 1/10" of a pixel.
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1.0 Introduction

Automatic target matching can be loosely defined as the process where a
computer can use preprogrammed algorithms to identify, locate and track the objects of
interest that occur in multiple digital images. In photogrammetry, it often occurs that
numerous points need to be located for the purposes of rectifying digital imagery. This
can be a tedious and time consuming task. Added to this is the danger that one
misidentified point could destroy the accuracy of the final results. This can be extremely
prohibitive to performing a photogrammetric solution in a given situation. The
development of a computer program which utilizes the well established algorithms and
concepts of automatic target matching could be very useful in solving this problem. By
incorporating these concepts into the previously developed software package INDMET, it
1s hoped that a solution to this problem may be found.
1.1 Objective and Scope

This thesis developed a complete automatic target matching system using the
methodologies for the calculation of epipolar lines, cross correlation matching and
template least squares matching. These methodologies were programmed and applied
using the pre-existing target locator, INDMET. Due to the vast number of target
matching algorithms available, the solution presented here is the only possible solution.
The development of a complete target matching program was beyond the scope of this
thesis; therefore, the previously programmed user interface from the software package
INDMET was used as the platform upon which a target matching solution was built.

This thesis also contains a literature review, which describes many of the

common target matching algorithms, and methodologies that have been developed, as



well as some of their common uses. It is, however, beyond the scope of the thesis to

delve too deeply into the applications of automatic target matching. A brief summary of

these applications in Section 1.2 is all that will be presented.

1.2 Applications of Automatic Target Matching

Automatic target matching is a multidisciplinary field which is concerned with the

identification, location and/or tracking of targets by intelligent computer programs.

Figure 1.1 shows the fields of study for which image matching is of interest and indicates

how these fields are interconnected.

Photogrammetry Map Remote Sensing
Any Remotely Sensed magery
point determination
map projection/updating change detection

digital terrain modeling classification

]
$
£
3
EJ

Image Matching

Image Understanding

Robotics

object monitoring
object following

vision

Neurophysiology
Psychophysics
theory of human

Computer Vision
Pattern Recognition

algorithms
systems

Fig 1.1: Applications of Image Matching (Luhmann and Altrogge, 1986.)

Each of these professions needs computers to automatically perform target

matching for different reasons. Photogrammetry is concerned with performing high



precision measurements on digital imagery for the purpose of calculating the real-world
coordinates of those objects that appear in those images. Remote sensing, on the other
hand, is interested in automatically detecting broad pattern changes between two time
lapsed images. These changes in pattern can be taken as indications of such things as
changes in environmental conditions and human land usage patterns. Neurophysiology,
for example, uses automatic target matching to develop better theories on how the human
visual system works. Computer vision specialists are concerned with developing systems
that are capable of performing menial tasks faster, longer and more efficiently than
humans do now. Examples of such tasks would be manufacturing, quality control,
driving and piloting. Finally, robotics specialists are interested in developing machines
that can mimic human actions and behaviors for the purposes of creating automated
workers.

Just as there are numerous algorithms and theories concerning target matching,
there also exist numerous uses and applications of target matching. As previously stated,
photogrammetry is a field in which vast numbers of points need to be gathered on a
regular basis. One example of such a use would be industrial metrology, which is the
reason that INDMET exists. Industrial metrology involves the precise alignment of high-
tech industrial machinery. This alignment is critical since a misalignment can cause
premature machine failure, which can be very costly. Automatic target matching can be
used to locate targets on such machinery, greatly reducing the time required to perform
these alignments. Another application, similar to industrial metrology, would be as-built
surveys of industrial sites. Figure 1.2 shows an image of an industrial piping set up. The

lower right of Figure 1.2 shows an actual image taken of the piping, while the upper left



Fig 1.2: As-Built Survey of Industrial Piping
(Russell, 2003.)

shows a three-dimensional (3-D) model that was created after points were gathered from
the images. The number of points needed to produce this detailed model would have
been excessive. An automatic target matching model would make the gathering of these
points faster and more efficient. A third photogrammetry application of automatic target
matching involves the collection of image tie points for the purpose of creating
orthographic images from multiple aerial or satellite images. Figure 1.3 demonstrates
how the 92 Landsat satellite images of the Vatnajokull glacier fit together.

These images were collected to monitor changes in the glacier, which is Europe’s largest

- rcrth

1l

i I\
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Fig 1.3: Satellite Image Block with Terrestrial Control of Vatnajokull Glacier (Bacher et
al., 1999.)

and is located off the coast of Iceland. The use of an automatic target matching system,



which can recognize and use ground features as targets, would make the collection of
these points fast and easy.

Many applications of automatic target matching exist outside of the
photogrammetry field. The computer vision community has developed many automatic
target matching algorithms for the purpose of automating many common tasks currently
performed by humans. Figure 1.4 is a stereo pair of images that were taken for the

purpose of allowing a car to steer itself.

Fig 1.4: Example Of Vehicle Vision Stereo Pair (Olson, 2000.)

If the onboard computer of the vehicle in question was able to detect and track solid
objects in the images, such as other vehicles on the road, the vehicle itself would be able
to react to avoid collisions. Of course, the point has not yet been reached where a reliable
automatic system has been developed and proven safe for vehicle use. Another use that

the computer vision community has made of target matching algorithms is for fingerprint
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Fig 1.5: Example Of Fingerprint Stereo Pair (Mital
et al., 1996.)

searches. Figure 1.5 shows the type of fingerprint images that would be compared, to

determine if they are close matches. This type of automatic target matching routine



would be used by police departments to narrow the search through digital fingerprint
databases. Lastly, computer vision specialists have used automatic target matching to
perform electronic component verification. This implies that newly assembled electronic
boards would be passed under a camera to obtain an image, which would be compared to
a master image, thereby checking that all electronic components are present.

Only a few examples of the applications of automatic target matching have been
presented in this section. Applications of the type of uses that two of the five fields of
study mentioned earlier have been presented. The other three fields have equally
plentiful examples of how automatic target matching is used. Since the purpose of this
thesis is to develop an automatic target matching program for the purposes of
photogrammetry, this section has been mainly limited to photogrammetric applications of
this technology. The computer vision applications were added simply to provide some
contrast to the photogrammetric work. Automatic target matching has been applied to a
wide variety of subjects and the number of applications will only increase over time.

1.3 Thesis Organization

The thesis begins by examining what automatic target matching is, who uses it
and how it is applied to real world situations. The definition of automatic target matching
has already been given in the introduction to this chapter; the other two questions will be
dealt with in the next section. Knowing what it is and how it is used leads to the question
of how can it be performed. To answer this, a detailed investigation into mathematical
methods for the matching of targets in different images is needed. This research presents
many of the common methods used in the identification, location and/or tracking of

targets in digital images. An extensive literature review can be found in Chapter 2.



Chapter 3 is dedicated to describing the foundations of the software package INDMET.
This is important since INDMET will be the platform upon which the target matching
solution will be built. It was determined, through research, that a program consisting of
subroutines that calculate epipolar lines, performs cross correlation analysis, and uses
template least squares matching, would create a suitable matching routine. Mathematical
methods of performing these three subroutines, as well as other issues related to the
programming of these subroutines are presented in Chapters 4 and 5, respectively. After
programming of the three target matching modules in the C++ language was completed,
and these modules were successfully incorporated into INDMET, testing began. Using
data supplied by the Applanix Corporation, each module was tested individually to
ensure that it is performing as expected. The results of this testing can be found in

Chapter 6. Conclusions and recommendations were made and presented in Chapter 7.



2.0 Automatic Target Matching

There is no complete unifying theory that has yet been created to automatically
extract needed information from digital images. Approaches that work well to solve one
problem have proven to not be general enough to solve other problems. This lack of a
generalized theory on how automatic target matching can be performed, has led to the
development of a wide diversity of approaches by both the photogrammetry community
and the computer vision community.

The idea of target matching is a very general notion because it is unknown in
advance which phenomena in one observed set correspond to thatin another set. In
matching, it is important to realize that corresponding phenomena are actually the same
object, viewed from different positions. It is also true that, in many cases, the counterpart
of an element in one image might not even appear in some or all of the other images
contained in that set. In addition, a correspondence problem can be created by the fact
that no transformation is known and the image set has to be adjusted.

The term matching refers to identifying corresponding visual phenomena in image
sequences, caused by the same phenomena in object space (Lemmens, 1988.). The
purpose of target matching is surface recovery of 3-D object space from conjugate image
pairs. It provides a better depth determination than passive mono techniques and its
passive state makes it more generally applicable than active ranging (Lemmens, 1988.).
Through the 3-D surface description of objects in the real world, it becomes possible, for
instance, to compile orthophotos from single frames or 3-D impressions of spatial mono
images by superposition. An example of what is meant by a 3-D impression of spatial

mono images would be satellite imagery. Many of these approaches to target matching



have been developed for the use of the United States military. They are used in
applications such as guiding fire-and-forget missiles to their targets. For the application
that is intended here, these approaches need only locate and match specific elliptical,
black and white targets. The methods that are detailed here can be adapted for this
purpose.

The algorithms that have been developed to match targets in digital imagery can be
divided into three distinct categories. These categories are based on the way that an
individual can look at a digital image. The first way would be to consider an image as
simply a 2-D spatial distribution of functions of Electromagnetic intensities (Lemmens,
1988.). In other words, a group of grey values or signals that have been measured and
recorded from a real life object. The second category can be referred to as feature-based
matching. This method relies on matching features that exist in both images, such as
points, lines or areas. The last category takes feature matching a little further and
examines the relationships between phenomena. It is called relational matching.

2.1 The Human Visual System

Before methods designed to allow a computer to perform target matching are
discussed, it seems appropriate to outline how we, as humans, perform target matching
using our own eyes. All of the methods that have been developed to perform target
matching are, in effect, a very poor attempt to reproduce human recognition and
identification abilities. Human vision is a complex and efficient system that has an
almost universal image processing capability. By comparison, the most state of the art
artificial vision system can only cope with very specific tasks and applications. While

many computer target matching systems can store and compare a specific pattern, the



human visual system has the ability to learn, adapt and draw conclusions, when trying to
locate or identify an object. Added to that, is the human’s ability to store high-capacity
information and draw upon this knowledge-based memory.

Much of photogrammetry deals with the extraction of 3-D information from 2-D
images. Human stereo vision works in a similar fashion. Correspondence between the
left and the right eyes produces an internal 3-D picture, which is Korn’s so-called
‘cyclopic eye’ (Luhmann and Altrogge, 1986.). Due to its complexity, the human visual
system is a matter of interest for many diverse fields. These fields were previously

discussed in Section 1.4.

Right

Images

Edge
Detection

Sketch

Interpolation

Sketch

Full 2'%%-D
Sketch

Fig 2.1: The Human Early Visual Processing System
(Luhmann and Altrogge, 1986.)

Using a three-stage hierarchical structure, Marr and Poggio (1979) demonstrated
their theory of how human vision actually functions. Once lines and edges are extracted
from the view, the human eye performs a correspondence analysis of these features. This

creates what is referred to as the ‘primal sketch’. Then a raw 2%-D sketch is created, that

10



uses all of the primitive features of the image. This is where motion, stereo and textural
features enter the process. Interpolation is then used to recover 3-D surface information.
The random dot stereograms that were developed by Julesz in 1971 have been used to
prove this theory and Grimson successfully implemented this model in a computer vision
system in 1981. Figure 2.1 outlines this human early visual processing system. A
network of photosensitive cells is used by the human visual system to detect lines and
edges. The sensitivity of these cells can be described by a combination of Gaussian
functions (Luhmann and Altrogge, 1986.). High-level structures are created through the
combination of linear features, and symbolic descriptions are used for the correspondence
of images.
2.2 Signal Based Matching

Signal matching, or area matching, as it is sometimes called, relies on the
relationship between the brightness or grey values in the neighbourhood of the target
point. The resemblance between grey values is used to determine whether the image
points are similar. Signal matching may be considered the digital continuation of the
analog approach, which used cathode ray tubes and was introduced by Hobrough in the
late 1950’s (Lemmens, 1988). This type of matching is frequently applied since it has the
advantage of being fully compatible with the tried and tested concepts of signal
processing. Radiometric restoration, smoothing and edge detection are particularly
enhanced through the use of a signal based solution. When low resolution image pairs
are used, signal matching works well for smooth terrain with low relief. However, signal
matching is not very reliable for high resolution image pairs where features, such as

artificial buildings exist.

11



The disadvantages of signal matching are twofold. Firstly, only in the case of a
simple shift does a correct match occur. Secondly, the grey value distributions don’t
correspond to physical entries. In other words, the first disadvantage refers to the
geometric transformations and the second disadvantage refers to radiometric

transformations.

Image

Q ii Mi-1

O Mask

)

My-1

Fig 2.2: An Example of a Window Mask for Image Sample
Extraction (Bourke, 1996.)

The simplest way of accomplishing this would be to use a statistical measure,
such as cross correlation, to search the second image, comparing each search window
with the template taken from the first image. The size of the search area is dependant on
the size of the window mask chosen by the user and the precision to which the exterior
orientation parameters are known. An example of a window mask is shown in Figure
2.2. The windows are based around the pixel located at the window’s centre and the

windows on the first and second images that best match, are taken as corresponding

12



points. It is usual that a threshold value is set, which determines when the two matches
are sufficiently similar.
2.2.1 Euclidean Distance

This type of matching is also known as the sum of squared distance (ssd)
technique. Along with cross correlation analysis, Euclidean distance is a standard
statistical technique that is used in target matching. This method is based on the
assumption of square target and search areas. Using N to denote a single dimension of
these target and search areas, indicates that the number of pixels in the area under
consideration is simply N2. Keeping this assumption in mind, the mathematical formula

for performing the Euclidean distance technique can be expressed as follows.

N N 2
ZZ(& txj+y—Txy) [2.1]

ssdij = iz
N x=1 y=1

Where T denotes the target area and S denotes the search area. The coordinates of each
pixel in the target area are given by x and y, while the coordinates of the pixels in the
search area are represented by i and j respectively.

Unlike cross correlation analysis, where the maximum correlation value is looked
for, the Euclidean distance technique searches for the minimum value of ssdij. When the
minimum occurs, the best matching target in the search area will have been found. It is
possible to expand Equation 2.1 so that minimizing the ssd;; surface can be equivalent to

maximizing the expression (Dew and Holmlund, 2000.). This expanded form is shown as

Equation 2.2.
N N N )
pseudo _ ssdj :2'ZZ(Si+x,j+ y'Tx,y)—Z(Si+x,j+ y)  [2.2]
x=1 y=1 y=1
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If bias and normalization terms are added to the terms T and S in Equation 2.2, then the
second half of the equation (2.S?) becomes invariant and the pseudo_ssd value becomes

equivalent to the cross correlation value (p). Therefore, the only real separation between
the Euclidean distance technique and cross correlation analysis is the addition of the
normal and biasing terms. This would seem to indicate that cross correlation is a better
search engine, since it takes these factors into account. The addition of normalization and
bias terms are not necessarily a good thing. In low contrast search areas, where the
correlation surface has shallow slopes and broad maxima, normalization may degrade the
accuracy of the surface peak location (Dew and Holmlund, 2000.). In fact, in the extreme
case of no contrast, the cross correlation expression becomes undefined. Therefore, the
Euclidean distance technique should provide better quality results in this situation.
2.2.2 Cross Correlation

Also known as grey value correlation analysis, this type of signal analysis is very
common in image analysis. It is used as a similarity measure to search the image, finding
regions that closely resemble a given target area. Since the spatial type of this analysis
was used in the addition to INDMET, a mathematical model of how cross correlation
analysis is performed is discussed in Chapter 4. For now, this section will deal with the
topics of autocorrelation and how Fast Fourier Transforms can be used in cross
correlation analysis.

Autocorrelation is when the correlation is calculated between a series and a
lagged version of itself. If a high correlation value is found, it possibly could indicate a

periodicity in the signal of the corresponding time duration. To find the correlation
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coefficient of a series, denoted by {X,...,Xa1}, at a time delayed lag of k, the following

formula can be used (Bourke, 1996.).

"z_l:(xl-—}c)-(xi+k—x)

autocorr(k) = =2 [2.3]

Where x is the mean average of the image pixels series and n is the number of terms in
the series. The counter i+k will eventually expand past the end of the series, at which
point two options will be available. The series can either be considered to become zero
or, as is standard with the Fourier approach, it could wrap back on itself (Bourke, 1996.).
This would mean that the index would become (i+k) mod (n). When the correlation
coefficient is calculated for all lags, k = {0,...,n-1}, the resulting series is called the
autocorrelation series, or the correlogram (Bourke, 1996.). This new series could be

calculated using Equation 2.3 or using the Fourier transform shown below

2 [2.4]

fourier|attocorr(k)] = ‘ Sfourier| xi]

In other words, one could transform the series into the frequency domain, taking the
modulus of each spectral coefficient and then perform the inverse transformation.
Depending on the normalization factor used with the Fast Fourier Transf