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Abstract

Biometric characteristics such as palm print, face, hand and finger geometry,
fingerprint, Iris, etc. are mostly popular used in security systems over the traditional secure
measures, password or ID cards. The biometric systems are more reliable because they cannot
casily be lost, stolen, shared and duplicated. In this research we propose the biometric for person
identification based on facial landmark pattern. Our landmarks are those associated with eyes
mouth and nose. To extract facial landmarks, we first use Haar cascade algorithm to detect the
face region of interest (ROI) following by Haar cascade algorithm for the eye, mouth and nose
ROI determination. To find landmark associated with the eyes, we convert eye ROI image to
binary image using thresholding algorithm. To exclude the eyebrow region, we apply horizontal
projection. The project data will then be used to separate the eyebrow region from the eye
region. To detect eye-related landmark, vertical projection is applied. With the vertical
projection data, the outermost pixel can be identified and the associated eye landmark can be
determined. The similar technique can then be used to identify landmarks associated with the
nose and mouth area. Given the correspond landmarks on the reference face and the query face,
geometric transformation can be determined using normal equation bases on minimized mean
squared errors. The two faces are then aligned. To provide the quantitative measurement, the
two aligned face are converted to edge image using canny edge algorithm. The distance map
error between the two aligned edge facial images is then used to identify the query face. The
purposed algorithm for person identification was tested on the face database resulting in a very
high accuracy (approximately 93%).
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Chapter 1
Introduction

1.1 Statement and Significance of the problems

Biometrics is the measurement and statistical analysis of people’s unique physical and
behavioral characteristic. The technology is mainly used for identification and access some
control systems. There are two main types of biometric identifiers depending on either
behavioral characteristics or physiological characteristics [1].

Behavioral identifiers include the unique ways in which individuals act, recognition of typing
patterns, walking gait and other gestures. Some of these behavioral identifiers can be used to
provide continuous authentication instead of a single one-off authentication check.

Physiological identifiers relate to the composition of the user being authenticated and include
facial recognition, fingerprints, finger geometry, iris recognition, vein recognition, retina
scanning, voice recognition and DNA matching.

In addition, this research we propose a novel algorithm for face recognition, it is a technology
matches the unique characteristics for the purpose of personal identification to apply in many
industries. For example, law enforcement agencies use face recognition to keep communities
safer, retailers could prevent crime and violence by using it, or it is applied in airport to improve
traveler’s convenience and security. In traditional methods, face recognition could sometime
find mismatch of face images because there are invariance factors result from human pose,
hairstyle, acne arising, fatter etc. Thus, face recognition based on facial geometric landmarks
was developed and seems promising to solve these problems.

Nowadays, there are many techniques in face recognition, and they are divided into two
main methods by using acquisition tools which are 2D and 3D. Moreover, some researches
combined both 2D and 3D together to get extremely high accuracy result. However, 3D
techniques need to use advance and costly equipment for getting face images [2]. Hence, in
general purpose of face recognition, 3D is overkill technique, while 2D is sufficient to obtain
satisfying result.

The traditional methods of face recognition in 2D can be divided into two techniques.
Firstly, face recognition based on grey image alignment such as Principal Component
Analysis(PCA) as known as eigenface method [4], linear discriminant analysis(LDA). This
method has to use more information to train the system and also requires high computation.
Secondly, Face recognition is based on facial landmarks and geometric pattern. The recognition
based on this method mostly depends on the number of facial landmarks that the accuracy of
result can increase, when we increase the number of facial landmarks for using in face
recognition [3]. Therefore, this method need to extract landmarks as much as possible, albeit it
is somewhat difficult to extract the landmarks.



The idea of this thesis is to aggregate these both methods, which are image registration and
geometric features from facial landmarks, in face recognition.

1.2 Goal and objective

This research proposes a novel technique for face recognition by using the facial
landmarks extraction and facial image registration. Facial landmarks are extracted by radon
transform, these landmarks are applied for facial image registration and define facial features
to identify persons.

1.3 Hypothesis

Each of people has the different facial landmarks, therefore these landmarks can be
applied for face recognition using the novel technique that was developed in this research.



1.4 Scope of Research

This research developed 2D technique to identify persons by using facial biometric.
The technique extracts landmark associated with facial anatomical landmark including nose,
eye and mouth. The extracted landmark can be used to estimate geometric transformation,
which is an important process in face image registration. The 2D query face images are then
aligned the reference image. Distance map error between the edge images of the two aligned
image in region of interest and distance of each facial component (in pixel unit) are used for
person identification.

1.5 Chapter Organizing

The succeeding chapters are fine organized as the following: -
Chapter 2 Theoretical framework

Chapter 3 Image registration

Chapter 4 Research Methodology

Chapter 5 Experiment and Results

Chapter 6 Conclusions & suggestions



Chapter 2
Theoretical framework

Image processing is a method to perform some operations on an image, in order to obtain an
enhanced image or to extract some useful information from it. It is a type of signal processing in which
input is an image and output may be the image or some characteristics/features associated with that
image. Currently, image processing is among rapidly growing technologies. It forms core research area
within engineering and computer science disciplines.

There are two types of method which are used for image processing namely, analogue and
digital image processing. Analogue image processing can be applied for the hard copies like printouts
and photographs. Image analysts use various fundamentals of interpretation while using these visual
techniques. Digital image processing techniques help in manipulation of the digital images by using
computers. The three general phases that all types of data have to undergo while using digital technique
are pre-processing, enhancement, and display information extraction.

2.1 Digital Image Definitions

A digital image flm,n] described in a 2D discrete space is transformed from an analog image
f(x,y) by sampling process which is frequently referred to as digitization. Digital image can represent
in two dimensional image as a finite set of digital values which are called pixels. Pixel values basically
represent gray levels, color, heights, etc. For instance, a pixel value in the rage: [0, 255] that represents
grey level as the gray level value raging from black (0) to white (255) as shown in figure 2.1.

Shades of grey
Black White
- e e e — T N - I
0 50 100 150 200 255

Figure 2.1 The relationship between the intensity values and the different shades of gray [5]

2.2 Digital Image types

There are four main images using in image processing which are intensity image, binary image,
index image, and RGB image.

2.2.1 Intensity images

An intensity image is a data matrix, I, whose values represent intensities within some range. the
intensity image can be represented as a single matrix, with each element of the matrix corresponding to
one image pixel. The matrix can be of class double, uint8, or uint16. Intensity images are rarely saved
with a colormap. The elements in the intensity matrix represent various intensities, or gray levels, where
the intensity O usually represents black and the intensity 1, 255, or 65535 usually represents full
intensity, or white.
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Figure 2.2.1 Pixel Value in an Intensity Image Define Gray Levels [6]

2.2.2 Binary image.

In a binary image, each pixel assumes one of only two discrete values. Typically, these two
values correspond to on (1) and off (0) as shown in figure (2.3). Binary images are often produced
by thresholding a grayscale or color image, in order to separate an object in the image from the
background. The color of the object (usually white) is referred to as the foreground color. The rest
(usually black) is referred to as the background color. However, depending on the image which is to be
thresholded, this polarity might be inverted, in which case the object is displayed with 0 and the
background is with a non-zero value.

Figure 2.2.2 Pixels in a binary image have two possible value: 0 or 1 [6]

2.2.3 Indexed Images

An index image consists of a data matrix, X, and a colormap matrix. The data matrix can be of
class uint8, uint16, or double. The color matrix is an m-by-3 array of class double containing floating
point value within the range [0, 1]. Each row of map specifies the red, green, and blue components of a
single color. An indexed image applied direct mapping of pixel values to colormap values. The color
of each image pixel is defined by using the corresponding value of X as an index into map. The value
1 points to the first row in map, the value 2 points to the second row, and so on.
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Figure 2.2.3 Pixel values are indices to a colormap in indexed images [6]

2.2.4 RGB image

An RGB image is an m-by-n-by-3 data array that defines red, green, and blue color component
for each individual pixel. The color of each pixel is determined by the combination of the red, green,
and blue intensities stored in each color plane at the pixel's location. Graphics file formats store RGB
images as 24-bit images, where the red, green, and blue components are 8 bits each. This yields a
potential of 16 million colors.

0335 0.1294 Blue 0.4
B4 0.2902 0.0627 0.2902 0.2902 O.
.0627 0.0627 0.,0627 0.2235 0.8588
5178 0. 0.0g27 LUrreen g qeza 0.2588 0.2588
ﬁsws d 0.1608 0.1224 0,1224 0.2588 0.2588
0.5176 0.1608 0.0627 0.1608 0.1922 0.2588 0.2588
.5480 0.2235 0.5450 Red  0.7412 o0.7765 0.7765 202
0.5176 0.5804 0.5804 0.7765 0.7765 [198

450 0.2588 0.2902 0.2588 0.2235 0.4824
X 0
0

L1608 0.2588 0.2588 0.1608
0.2588

0.2588

L1608  0.2588

Figure 2.2.4 The Color Planes of an RGB Image [6]



2.3 The Region of Interest (ROI)

As digital cameras are sold in larger and larger numbers the development within sensor
technology has resulted in many new products including larger and larger numbers of pixels within one
sensor. This is normally defined as the size of the image that can be captured by a sensor, i.e., the
number of pixels in the vertical direction multiplied by the number of pixels in the horizontal direction.
Having a large number of pixels can result in high quality images and has made, for example, digital
zoom a reality.

When it comes to image processing, a larger image size is not always a benefit. Unless you are
interested in tiny details or require very accurate measurements in the image, you are better off using a
smaller sized image. The reason being that when we start to process images we have to process each
pixel, i.e., perform some math on each pixel. In addition, due to the large number of pixels, that quickly
adds up to somewhat a large number of mathematical operations, which in turn means a high
computational load on your computer. For example, when we get image which is 500 x 500 pixels. That
means we have 500 x 500 = 250,000 pixels. Now say that we are processing video with 50 images per
second. That means that you have to process 50 x 250,000 = 12,500,000 pixels per second. Therefore,
your algorithm requires 10 mathematical operations per pixel, then in total our computer has to do 10 x
12,500,000 = 125,000,000 operation per second. That is a significantly number even for currently
powerful computers. Hence, when we choose our camera do not make the mistake of thinking that
bigger is always better [7].

Apart from picking a camera with a reasonable size, we should also consider introducing a region-of-
interest (ROI). An ROI is simply a region (normally a rectangle) within the image which defines the
pixels of interest. Those pixels not included in the region are ignored altogether and less processing is
therefore required. An ROl is illustrated in figure 2.3.

Figure 2.3 The white rectangle defines a region-of-interest (ROI) [7]
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2.4 Histogram Equalization

Histogram is a graphical representation of the intensity distribution of an image. In simple
terms, it represents the number of pixels for each intensity value considered. In the figure 2.30,
X-axis represents the total scale (black at the left and white at the right), and Y-axis represents
the number of pixels in an image. Here, the histogram shows the number of pixels for each
brightness level (from black to white), and when there are more pixels, the peak at the certain
brightness level is higher. [§]

(b)

(a)
Figure 2.4.1 (a) Before Histogram equalization and (b) Corresponding histogram (red) and
cumulative histogram (black) [8]

Histogram Equalization is a computer image processing technique used to improve contrast
in images. It accomplishes this by effectively spreading out the most frequent intensity values,
i.e. stretching out the intensity range of the image. This method usually increases the global
contrast of images when its usable data is represented by close contrast values. This allows for
areas of lower local contrast to gain a higher contrast.

L
L

50 100 50 a0 !LZI

(@ (b)
Figure 2.4.2 (a) After Histogram Equalization, (b) Corresponding histogram(red) and
cumulative histogram (black) [8]

A color histogram of an image represents the number of pixels in each type of color
component. Histogram equalization cannot be applied separately to the Red, Green and Blue
components of the image as it leads to dramatic changes in the image’s color balance. However,
if the image is first converted to another color space, like HSL/HSV color space, then the
algorithm can be applied to the luminance or value channel without resulting in changes to the
hue and saturation of the image.



Adaptive Histogram Equalization differs from ordinary histogram equalization in the respect
that the adaptive method computes several histograms, each corresponding to a distinct section
of the image, and uses them to redistribute the lightness values of the image. It is therefore
suitable for improving the local contrast and enhancing the definitions of edges in each region of
an image.

0

256

511

56

(a) (b)
Figure 2.4.3 (a) Initial image, (b) Histogram equalized (c¢) Adaptive histogram equalized|§]

Contrast Limited AHE (CLAHE) differs from adaptive histogram equalization in its
contrast limiting. In the case of CLAHE, the contrast limiting procedure is applied to each
neighborhood from which a transformation function is derived. CLAHE was developed to
prevent the over amplification of noise that adaptive histogram equalization can give rise to.

Figure 2.4.4 (a) Initial image, (b) Histogram equalized (c) Contrastive limited adaptive
equalized image [8]
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2.5 Image Thresholding

Thresholding consists of segmentation an image into two regions: a particle region and background
region. In its most simple form, this process works by setting to white all pixels that belong to gray-level
interval, called the threshold interval, and setting all other pixels in the image to black. The resulting
image is referred to as a binary image. For color images, three thresholds must be specified, one for each
color component. [6] The threshold can be chosen manually or by using automated techniques. Manual
threshold selection is normally done by trial and error, using a histogram as a guide. Figure 2.35 shows
a threshold chosen to isolate the brightest particles form an image [9].

Image Histogram

0 | 166 255
Figure 2.5.1 Image Histogram [9]

Automated thresholding techniques select a threshold which optimizes a specified characteristic of
the resulting images. These techniques include clustering, entropy, metric, moments, and interclass
variance. Clustering is unique in that it is a multi-class thresholding method. In other words, instead of
producing only binary images it can specify multiple threshold levels which result in images with three
or more gray-level value.

Thresholding is the most common method of segmenting images into particle regions and background
regions. A typical processing procedure would start with filtering or other enhancements to sharpen the
boundaries between objects and their background. Then, the objects are separated from the background
using thresholding.

The binary image resulting from the above thresholding operation is shown in Figure 2.52.

(b)
Figure 2.5.2 (a) Original Image (b) Threshold binary image [9]

The light particles are separated in the binary image, while the various darker shades of gray are all
set to black. Various morphological operations can be used to further refine the image by filling small
holes, deleting small particles and joining or separating adjacent particles.
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2.6 Haar cascade Algorithm

Object Detection using Haar feature-based cascade classifiers is an effective object detection
method proposed by Paul Viola and Michael Jones in their paper, "Rapid Object Detection using a
Boosted Cascade of Simple Features" in 2001. It is a machine learning based approach where a cascade
function is trained from a lot of positive and negative images. It is then used to detect objects in other
images. Here we will work with face detection. Initially, the algorithm needs a lot of positive each facial
components (images of faces, both of eyes, nose and mouth) and negative images (images without faces,
both of eyes, nose and mouth) to train the classifier. Then we need to extract features from it. For this,
Haar features shown in figure 2.36 are used. They are just like our convolutional kernel. Each feature
is a single value obtained by subtracting sum of pixels under white rectangle from sum of pixels under
black rectangle. [10]

| [:. (a) Edge Features

l . E (b) Lane Features
i-. (¢) Four-rectangle features

Figure 2.6.1 Haar feature [10]

All possible sizes and locations of each kernel is used to calculate plenty of features. (Just
imagine how much computation it needs? Even a 24x24 window results over 160000 features). For
each feature calculation, we need to find sum of pixels under white and black rectangles. To solve this,
they introduced the integral images. It simplifies calculation of sum of pixels, how large may be the
number of pixels, to an operation involving just four pixels. But among all these features we calculated,
most of them are irrelevant. For example, consider the image below (Figure 2.6.2). Top row shows two
good features. The first feature selected seems to focus on the property that the region of the eyes is
often darker than the region of the nose and cheeks. The second feature selected relies on the property
that the eyes are darker than the bridge of the nose. But the same windows applying on cheeks or any
other place is irrelevant. So how do we select the best features out of 160000+ features? It is achieved
by Adaboost. [10]
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Figure 2.6.2 Face detection using Haar feature [10]

For this, we apply each and every feature on all the training images. For each feature, it finds the best
threshold which will classify the faces to positive and negative. But obviously, there will be errors or
misclassifications. We select the features with minimum error rate, which means they are the features
that best classifies the face and non-face images. (The process is not as simple as this. Each image is
given an equal weight in the beginning. After each classification, weights of misclassified images are
increased. Then again same process is done. New error rates are calculated. Also new weights. The
process is continued until required accuracy or error rate is achieved or required number of features are
found).

Final classifier is a weighted sum of these weak classifiers. It is called weak because it alone cannot
classify the image, but together with others forms a strong classifier. The paper says even 200 features
provide detection with approximately 95% accuracy. Their final setup had around 6000 features.

(Imagine a reduction from 160000+ features to 6000 features. That is a big gain).

Eventually, we take an image. Take each 24x24 window. Apply 6000 features to it. Check if it is face
or not. In an image, most of the image region is non-face region. Therefore, it is a better idea to have a
simple method to check if a window is not a face region. If it is not, discard it in a single shot. Do not
process it again. Instead focus on region where there can be a face. This way, we can find more time to

check a possible face region.

For this they introduced the concept of Cascade of Classifiers. Instead of applying all the 6000 features
on a window, group the features into different stages of classifiers and apply one-by-one. (Normally
first few stages will contain very less number of features). If a window fails the first stage, discard it.
We don't consider remaining features on it. If it passes, apply the second stage of features and continue

the process. The window which passes all stages is a face region.

Authors' detector had 6000+ features with 38 stages with 1, 10, 25, 25 and 50 features in first five stages.

(Two features in the above image is actually obtained as the best two features from Adaboost).
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2.7 Radon Transformation

The radon function computes projections of an image matrix along specified directions. A
projection of a two-dimensional function f(x,y) is a set of line integrals. The radon function computes
the line integrals from multiple sources along parallel paths, or beams, in a certain direction. The beams
are spaced 1-pixel unit apart. To represent an image, the radon function takes multiple, parallel- beam
projections of the image from different angles by rotating the source around the center of the image.
The following figures shows a single projection at specified rotation angle. [11]

y
P

\\ \\ Ratafion angk theta
< .

\\ x
NN

Figure 2.7.1 Parallel-Beam Projection at Rotation Angle Theta [11]
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For example, the line integral of f(x,y) in the vertical direction is the projection of f(x,y) onto
the x-axis, the line integral in the horizontal direction is the projection of f(x,y) onto the y-axis. The
following figure shows horizontal and vertical projections for a simple two-dimensional function.

v

flxy)

Projection anta the y-axi

Tn

Prajection anta the x-mis
Figure 2.7.2 Horizontal and vertical Projection of a simple function [11]

Projections can be computed along any angle theta (0). In general, the Radon transform of f(x,y) is the
line integral of f parallel to the y’-axis.

Ry (x) = f f(x cos@ —y sinb,x sinf —y cos@)dy
Where

] =158, o)) (229)



14

The following figure (Geometry of the Radon transform) illustrates the geometry of the radon
transform.

RB[.I;']

Figure 2.7.3 Geometry of the Radon Transform [11]

2.8 Canny edge detection

Canny Edge Detection is a popular edge detection algorithm. It was developed by John F. Canny in
1986. It is a multi-stage algorithm and we will go through each stages. [13]

2.8.1 Noise Reduction

Since edge detection is susceptible to noise in the image, first step is to remove the noise in the image

with a 5x5 Gaussian filter.
2.8.2 Finding Intensity Gradient of the Image

image is then filtered with a Sobel kernel in both horizontal and vertical direction to get first derivative
in horizontal direction ( Gx) and vertical direction ( Gy). From these two images, we can find edge

gradient and direction for each pixel as follows:

Edge Gradient(G) =/ GZ + G} (2.39)

Angle(9) =tan™! (?) (2.40)

Gradient direction is always perpendicular to edges. It is rounded to one of four angles representing
vertical, horizontal and tow diagonal
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2.8.3 Non-maximum Suppression

After getting gradient magnitude and direction, a full scan of image is done to remove any unwanted
pixels which may not constitute the edge. For this, at every pixel, pixel is checked if it is a local

maximum in its neighborhood in the direction of gradient. Check the image below:

Gradient Gradient
Direction Direction

yedge edge

Figure 2.8.1 Direction of gradient [13]

Point A is on the edge ( in vertical direction). Gradient direction is normal to the edge. Point B and C
are in gradient directions. So point A is checked with point B and C to see if it forms a local maximum.
If Therefore, it is considered for next stage, otherwise, it is suppressed ( put to zero). In short, the result
you get is a binary image with "thin edges".

2.8.4  Hysteresis Thresholding

This stage decides which are all edges are really edges and which are not. For this, we need two
threshold values, minVal and maxVal. Any edges with intensity gradient more than maxVal are sure
to be edges and those below minVal are sure to be non-edges, so discarded. Those who lie between
these two thresholds are classified edges or non-edges based on their connectivity. If they are
connected to "sure-edge" pixels, they are considered to be part of edges. Otherwise, they are also

discarded. See the image below:
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Intensity of image (unite in pixel)

F 3

~~ maxVal

minVal

.
>

Gradient direction

Figure 2.8.2 Hysteresis Thresholding [13]

The edge A is above the maxVal, so considered as "sure-edge". Although edge C is below
maxVal, it is connected to edge A, so that also considered as valid edge and we get that full curve. But
edge B, although it is above minVal and is in same region as that of edge C, it is not connected to any
"sure-edge", so that is discarded. So it is very important that we have to select minVal and maxVal
accordingly to get the correct result.  This stage also removes small pixels noises on the assumption

that edges are long lines. Therefore, what we finally get is strong edges in the image.
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Chapter 3
Image registration

3.1 Introduction of image registration

Image registration is the process of estimating an optical geometric transformation to bring
homologous points of two images as close as possible. Image registration can be classified into iterative-
based method and feature-based method.

An iterative image registration depends on intensity of pixel data for 2D images, and intensity
of voxel data for 3D images. The concept of this method is to repeat operations in many times. In each
time, parameters are adjusted until getting the best result or minimal error in order to avoid the error
from local minima. In addition, this method needs to use initial alignment before iterative process to
register image correctly. The initial alignment also needs to apply with many parameters, which are
computed error, as shown in research of Wood and et al [14,15].

(c) Initial alignment image

(d) iterative image registration

Figure 3.1 iterative image registration [16]

A feature-based image registration has a massive advantage in terms of getting less time to
process. The first step of this method is to extract feature points of reference image and inquiry image.
These feature points are then utilized with transformation parameters to do geometric transformations
for getting registered images. The geometric transformations can be divided into two techniques that
are linear geometric transformation and non-linear geometric transformation. The linear geometric
transformations consist of scaling, translation, rotation, and shearing. while the other has features more
than the linear geometrics transformations features, particularly bending feature.
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Image registration based on linear geometric transformations consist of four steps. The first
step is the geometrics landmarks extraction of both reference image and inquiry image. The second step
is to find corresponding points. The third step, these points are used to find “T” matrix of geometric
transformations. The last step, “T”” matrix obtaining from the third step is applied for image registration
and alignment. The additional information about geometric transformations is explained in topic 3.3.

3.2 Geometric invariant and features

Geometric invariant is most applied in many image processing applications [3] by using the
properties of geometric invariant such as area, volume, angle, and so on. The figure 3.3 shows the
geometric invariant features of face image which are six areas and 18 internal angles. The corresponding
features are used to compute an error for image registration. For example, the first error is defined by
the subtraction of ratio of the first area and the second area as shown in equation (3.1). This ratio is an
invariant feature and we also do like this with every invariant features: ratios of internal angles, ratios
of other areas, and so on. Eventually, we get the average error of image registration from all geometric
invariant features.

M~ PAT

The first error =| — — —| 3.1
A2 A2
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: w \ 4
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15 4 "\ /J § . .
\ / The first triangle of reference image The first triangle of inquiry image
(a)

Figure 3.2.1 Areas and internal angles of facial triangles

In addition, when we cannot know the exact order of geometrics features, the corresponding
features might be got from sorting by size or value of geometric features. For instance, the biggest
area of reference image corresponds with the biggest area of inquiry image or the second biggest of
the reference corresponds with the second biggest are of inquiry image.
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Figure 3.2.2 corresponding triangle of both reference image and inquiry image sorted by the areas
of triangles

(c) The second inquiry image (d) The fourth inquiry image

Figure 3.2.3 Facial landmarks extraction used in geometric invariant coding

Under rigid transformation, triangle side and area is absolute invariance [2,3]. Beyond the rigid
transformation, similarity and affine transformation, the triangle side lengths and angles are no longer
preserved. The area of the corresponding triangles, however, becomes a relative invariant, with the two
corresponding areas being related to each other through the determinant of the linear transformation
matrix 7, in the affine map transform (7,6) where b is the translation vector. If the area patches of the
sequence of triangles on the template are [A(1), A(2),A(3)..., A(n)] then the corresponding area patches
Aq(k) of the sequence of triangles on the query under affine transformation are related to those of the
template in accordance with the following relative invariant.
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all a12

A (k)= A, k=123,..n  (32)

a, Ay

a,  ap

Where is the determinant of affine transformation matrix. As the linear

ay dp
transformation matrix is unknown, absolute affine invariants are constructed out of the area relative
invariants by taking the ratio of two triangles to cancel out the dependence of the area relative invariant

on the determinant of affine transformation matrix. By taking the ratio of the consecutive elements in
the sequence, the set of absolute invariants in (3.3) and (3.4) are obtained

I(k)= A(k) Jk=123,....n (3.3)
A((k +1)mod n)
and
1,(k)= 4.8 k=123,...,n (3.4)
A, ((k+1)mod n)

In the case of noise free measurement, the absolute invariant of the query equals that of the
template, i.e. I, (k) = I(k) and in the presence of noise and occlusion, each of I, (k) will have a counter
part with I (k), with that counterpart easily determines through a circular shift involving n comparison
where n is the number of invariants. To allow for noise and small deviations from an affine map, we
allow a small error percentage difference between corresponding invariants to allow for only small
difference between the area patches before declare them as matching. This may reduce the length of the
matched triangle sequence. The lower the error percentage is the more strict the matching.
Experimentally, an error percentage of 5% was applied. We adopt a run length method to decide on the
correspondence between the two ordered set of triangles. For every starting point on the sequence, the
run length method computes a sequence of consecutive invariants satisfying the criterion

%e’ :Mx100<§

(3.5)
1(i)’
We declare the match on the longest string (M) of triangles that yields minimum averaged error of
i %el
v

3.3 Geometric image transformations

Geometric transformations are ubiquitously applied for image registration and the removal of
geometric distortion. Typically, it is used in many applications such as construction of mosaics,
geographical mapping, stereo and video, biometrics, and so on. The transformations can be classified
into two main approaches: spatial transformation, and affine transformation.

A spatial transformation of an image is a geometric transformation of the image coordinate
system. It is often significant to perform a spatial transformation to align image that were taken at
different time or with different sensors, correct image for lens distortion, correct of camera orientation,
image morphing, etc.
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An affine transformation is any transformation that preserves collinearity as all points lying on
a line initially still lie on a line after transformation and ration of distance that the midpoint of line
segment remains the midpoint after transformation. Basically, an affine transformation is composition
of scaling, translation, shear x by y, shear y by x, and rotation. These are defined following matrixes
(3.6), (3.7), (3.8), (3.9), and (3.10), respectively.

Scaling is defined as

S, 0 0
] (3.6)

[ 0 s, 0
0 0 1
Where Sy, and S, are the respective scaling parameter in x and y axis.

A\

Figure 3.3.1 Scaling of image

Note: A reflection can be performed with scaling parameters (Sx,Sy)=(-1,1) or (1,-1)

Translation is defined as

1 0 0
0o 1 0
VSV Y

(3.7)

Where Ty, and T,, are the Translation parameter in x and y axis respectively.

ﬁA
AN

Figure 3.3.2 Translation of image
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Shear x is defined as
1 Q, O
[0 1 0] (3.8)

Where Q, is the shear x by y parameter

Figure 3.3.3 Shear x by y of image

Shear y is defined as
1 0 0
[Qy 1 0‘ 3.9

Where (,, is the shear x parameter

Figure 3.3.4 Shear y by x of image
Rotation is defined as

sinf cosf O (3.10)

[cos@ —sin@ 0]
0 0 1

Where @ is the angle of rotation around the origin point

=
|

Figure 3.3.5 Rotation of image

T is the affine transformation matrix which can be derived from multiple result of scaling matrix, shear
x by y matrix, shear y by x matrix, and rotation matrix as shown in equation (3.11), and it is reduced
form to be simple matrix as represented in equation (3.12).

T = S.Shy.Sh,.R.Tr
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Se 0 011 0 01;1 @, 0][1 O O][cos® —sinf 0
Tz[o s, offo 1 0[0 1 o”Qy 1 OHSine cos 6 0] (3.11)
o o I T, 1llo o 1llo o 1il o 0 1
ag a; a,
T = [bo b, bz] (3.12)
0 0 1

When we get all corresponding points of inquiry image and reference image, we can do affine
transformation

Y=T.X (3.13)

Where X is the matrix of corresponding points of inquiry image, Y is the matrix of corresponding points
of reference image.

N -5
X=[y1 Y2 ---yn] (3.14)
VAN
X X3 Xn
(S [J’i Y, (3.15)
V61

In practical terms, we have to get T matrix firstly before doing affine transformation. Therefore,
we can use the corresponding point of both reference image and inquiry image to estimate 7" matrix,
which is shown in equation (3.12). Where X is the matrix of corresponding points of inquiry image and
Y is the matrix of corresponding points of reference image as shown in equation (3.14), and (3.15)

respectively.
To begin with square error(e?) that is defined by.

2= -TX)T(Y - TX) (3.16)

Find the derivative of €2 by dT, and the square error account for zero.

dez— 2XT(Y-TX) =0
dr N
XTy =XTTX
YTX =TTXTX

TT =Tx)xTx)™ !

T =XTX)"1(XTY) (3.17)
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Chapter 4
Research methodology

The overview of the algorithm in this research is shown in figure 3.1. Firstly, we use Haar
cascade algorithm to detect region of interest (ROI) of facial components that consist of both of eyes,
nose and mouth. Secondly, all facial landmarks are defined by radon transform. Given the correspond
landmarks on the reference face and the inquiry face, geometric transformation can be determined using
normal equation based on minimized mean squared error. The two faces are then aligned. To provide
the quantitative measurement, the two aligned faces are converted to edge image using canny edge
algorithm. The distance map error between the two aligned edge facial images is then used to be one of
features for face recognition. Another feature is distance of each facial landmarks. Both features are
used to identify the inquiry face. Facial region of interest, facial landmarks extraction, image
registration, canny edge detection, distance map error and distance of each facial landmarks are
explained in 4.1, 4.2, 4.3, and 4.4, respectively.

Facial Region of Interest Facial landmarks
Using Haar Cascade Extraction Using
Algorithm Projection Technique

Face Image
(Reference and Inquiry)

Image Registration by
Affine Transformation

Face Recognition by

Distance map error

& Distance of each
Facial Landmarks

Canny Edge Detection Defined Facial Border

Figure 4.1 The Overview of process in this work
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4.1 Defined Facial Region of interest using Haar cascade Algorithm.

The first goal of our approach is to defined region of interest(ROI) of 2D face image by Haar cascade
algorithm. Haar cascade is used to define ROI in two steps. The first step, the algorithm is used to find
the number and position of face and crops the ROI of face automatically as shown the result in figure
4.2 (a)-(b). The second step, we use Haar cascade again to get ROI of facial components which are both
of eyes, nose, and mouth as represented in figure 4.2 (b)-(c).

oo
L=
©

(a) (b)
Figure 4.2 Defined ROI of facial components by Haar cascade algorithm

4.2 Facial landmarks extraction based on projection technique.

To find landmark associated with the eye, we can covert eye ROI image to binary image using thresholding
algorithm. The result is illustrated in figure 4.3 (b) which includes the binary region associated with eye and
eyebrow. Therefore, we have to exclude the eyebrow region by horizontal projection. The projection data is used
to distinguish between eye region and eyebrow region. To detect eye related landmark, vertical projection is
applied. With the outermost pixel can be identified and the associated eye landmark can determine as shown in
yellow dot in figure 4.3 (c)

(a)

Figure 4.3 Projection technique to find landmarks of eye

Figure 4.4 Projection data of Fig 4.3 (b)
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To extract the nose related landmark, we convert the nose ROI to binary image and apply vertical
projection. The outermost pixel can be identified and the associated nose landmark, as shown in figure
4.5. Figure 3.6 shows the similar algorithm that is applied to detect mouth-related landmark.

(a) (b) (c)

Figure 4.5 Projection technique to find landmarks of nose

(a) (b) (c)

Figure 4.6 Projection technique to find landmarks of mouth

4.3 Image registration using facial landmarks and affine transform.

Image registration is used for person identification. To align query face image against the
reference image in the database, the fiducial points are extracted. The fiducial points on the query face
and the reference face are then used to estimate the affine transformation matrix based on the
corresponding key points by equation (3.13). Where 7 is the affine transformation matrix. X and Y are
the corresponding key points of reference and inquiry facial image respectively. The registration of the
inquiry against the reference landmark point - are shown in Fig. 4.7.

(a) Face registration of corresponding person

(b) Face registration of different person
Figure 4.7 Face Registration (Circle dot: Landmark of reference image, Cross dot) Landmark of query image.



4.4 Person Identification.
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To identify person based on extracted fiducial point the face image that used to align the reference image
against the query image, the face region of interest is determined using facial border point. Facial border point, P/,

P2, P3, P4, P5 and P6, are shown in figure 4.8. The definitions of facial border points are as follows:

X5-X1

P1 is defined by the coordinate (X1— Y1)

X5-X6

P2 is defined by the coordinate (X6 — 5

Y6)

_ _ X5+X6 Y6+Y7T
P3 is defined by the coordinate ( T +1.3x(

2

XT1-X
P4 is defined by the coordinate (X7 + % ¢

X4-X
PS5 is defined by the coordinate (X4 + (TS), Y4)

_ . x5 FAHKE
P6 is defined by the coordinate ( 1 )

2 2.5

where

X1, Y1 is the coordinate of left eye outer landmark point (LE1),
X2, Y2 is the coordinate of left eye inner landmark point (LE2),
X3, Y3 is the coordinate of right eye outer landmark point (RE1),
X4, Y4 is the coordinate of right eye inner landmark point (RE2),
X5, Y5 is the coordinate of nose landmark point (N),

X6, Y6 is the coordinate of mouth right landmark point (M1),
X7, Y7 is the coordinate of mouth left landmark point (M2),

Y6+Y7
2

-Y5))

4.1)

4.2)

(4.3)

(4.4)

4.5)

(4.6)
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Fig 4.8 Facial border points which are defined by facial land marks [12]

After obtaining facial border images, we used two features for face recognition. The first feature is the
distance between facial landmarks formed as the seven feature vectors, and this vectors are defined in
Figure 4.8 (a)-(h). The second feature is the distance map error worked out from alignment between
reference image and inquiry image. Eventually, total error is computed from multiple results of error in
the first feature and the second feature as shown in equation (4.8).

(a) distance from outer corner of right eye to (b) distance from central of inter of both of eyes
central of mouth landmarks to nose landmark



(c) distance form outer corner of left eye (d) distance from nose landmark to central of
to central of mouth landmark mouth landmark

(e) distance from outer corner of right eye to (f) distance from outer right eye to central of
central of mouth landmark mouth landmark

(g) distance from outer right eye to outer left eye (h) all facial distances
landmark.

Figure 4.9 Distance of Each facial landmarks

Where,

d1 is the distance from outer corner of right eye to central of mouth landmarks
d2 is the distance from central of inter of both of eyes to nose landmark

d3 is the distance form outer corner of left eye to central of mouth landmark
d4 is the distance from nose landmark to central of mouth landmark

d5 is the distance from outer corner of right eye to central of mouth landmark
d6 is the distance from outer right eye to central of mouth landmark

d7 is the distance from outer right eye to outer left eye landmark.

29
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For reference face image, d,,1, d;,2, d,,3 and d,4, these are the 4 biggest of {d!, d2, d3, d4, d5, d6 and
d7}

For inquiry face image,
dp1, dyy, dnz and d,,, these are the 4 biggest of {d;,d,,ds ,d,, ds, dg and d}

dn1—d1’11|+|dn2—dr'12|+|dn3—dr'13 |+|dn4—dﬁ4
4

ID| = 4.7)

For |D|, we compute absolute difference of feature and estimate the average of the 4 biggest error.
Eventually, the multiple of |D| and distance map error is used to be feature to identify person.

Total error = |D|. |Distance map error (4.8)



31

Chapter 5

Experiment and result
We tested our algorithm using the face images from DTU database [17] and KMITL database.
We performed two experiments including intra-subject and inter subject experiment. The intra-subject
experiment is used to verify the robustness of the purpose technique with facial image from different
geometric transformation. The inter-subject experiment is to apply our technique in face recognition.

5.1 Inter-subject experiment using DTU database

S1 68.8 | 169.1 | 1378 | 1837 | 1178 | 1182 | 1469 | 3048 | 1432 | 2572 | 200.6 | 216.8
S2 23471 86.9 | 2586 | 3204 | 1854 | 2408 | 2945 | 4705 | 16257 | 339.7 | 3192 | 3744
S3 2139 | 2613 | 37.67 | 2477 | 2093 | 1956 | 1734 | 2943 | 2207 | 2915 | 243.5 | 2634
S4 150 | 2019 | 14249 | 5528 | 17176 | 1262 | 1158 185 | 1506 | 1747 155 142
S5 2927 | 2664 | 2587 | 4172 67.4 | 26885 | 3092 | 467.8 | 1995 | 3865 | 2712 | 465.9
S6 2034 | 2287 | 1861 | 263.6 | 1443 80 | 183.447 | 29805 | 1523 | 270.87 | 2522 | 3129
S7 1486 | 2095 | 1229 | 1573 | 1649 | 1527 589 | 1525 | 1517 | 1509 | 136.7 | 1556
S8 239 | 4229 183 1851 | 2507 | 2348 | 139.5 40.1 | 260.9 159 | 1513 | 2555
S9 2167 | 2097 | 1887 | 2885 | 146.6 | 1743 255 | 3277 89.7 | 2539 | 2179 | 3527
S10 2044 | 3049 | 1742 | 2508 | 2039 | 2049 134 | 1733 | 1715 | 465 | 1654 | 237.6
S11 498.9 516 | 3841 | 5065 | 3187 | 4649 | 3852 | 5262 | 4223 | 4653 | 944 | 4512
S12 1733 | 2542 | 1513 142 | 2083 | 1949 | 1285 | 1827 | 2079 | 1824 | 1503 | 924
Table 5.1 shows the result of total error obtaining from equation (3.9) of face images from DTU
database. In this experiment, we test with 12 different frontal hum faces (144 images). The diagonal
elements of this table yield the minimum total error as it is corresponding person testing.

5.2 Inter-subject experiment using KMITL database.
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Table 5.2 shows the result of total error obtaining from equation (3.9) of face images from our database.
In this experiment, we test with 27 different frontal hum faces (729 images). The diagonal elements of
this table yield the minimum total error as it is corresponding person testing. However, in this
experiment missed matching of two images, thus accuracy is approximately 93 %.



5.3 Intra-Subject experiment
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First subject First subject First subject First subject Standard deviation
(Inquiry image 1) (Inquiry image 2) (Inquiry image 3) (Inquiry image 4) (STD)
First subject
(Reference image) 68.8078 37.6713 55.2819 67.3765 3.0464

Table 5.3 shows the result of total error obtaining from equation (3.9) of face images from
DTU database. In this experiment, we test with five face images as the same person.

Second subject
(Inquiry image 1)

Second subject
(Inquiry image 2)

Second subject
(Inquiry image 3)

Second subject
(Inquiry image 4)

Standard deviation
(STD)

Second subject
(Reference image)

37.6713

43.7351

48.1136

46.2886

4.5164

Table 5.4 shows the result of total error obtaining from equation (3.9) of face images from
DTU database. In this experiment, we test with five face images as the same person.

Third subject Third subject Third subject Third subject Standard deviation
(Inquiry image 1) (Inquiry image 2) (Inquiry image 3) (Inquiry image 4) (STD)
Third subject 5.0447
(Reference image) 67.3765 85.006 61.2081 70.5413

Table 5.5 shows the result of total error obtaining from equation (3.9) of face images from
DTU database. In this experiment, we test with five face images as the same person.

Results table 5.3 — 5.5, these represent the intra-subject experiments, and the results show that the
average of standard deviation of total error for these experiments is roughly 4.869.
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5.4 Sample of some raw face images

Figure 5.1 shows some frontal face images from DUT database. These images are used for
testing with the algorithm in this research. There are 12 people (12x12=144 face images) in this
database.

Figure 5.1 some instances of raw face images from DTU database for 1nter subject experiment
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Figure 5.2 shows some frontal face images from KMITL database. These images are used for
testing with the algorithm in this research. There are 27 people (27x27=729 face images) in this
database.

4 ‘ R 4y

Figure 5.2 some instances of raw face images from KMITL database for inter-subject experiment
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Figure 5.3 shows frontal face images of the same person from DUT database. These images are
used for intra-subject experiment with the algorithm in this research.

] 7 ¥
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Figure 5.3 some instances of raw face images from DTU database for intra-subject experiment
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5.5 Some examples of testing on the algorithm of this thesis from DTU database

5.5.1 The first subject
Figure 5.4 shows ROI of facial border images from DTU database before applying image
registration. These ROI images are defined from facial landmarks.

(c) Second
inquiry image

(a) First reference
image

(j) Ninth
Inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image Inquiry image

Figure 5.4 ROI of facial border images before applying image registration
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Figure 5.5 shows ROI of facial border images from DTU database after applying geometric
transformations.

(b) First (c) Second (d) Third
inquiry ima

inquiry image inquiry image

(f) Fifth (g) Sixth

- T . : S aui R |
(a) The First mnquiry immage Inquiry image

Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.5 ROI of facial border images after applying image registration
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Figure 5.6 represents alignment of reference image and inquiry images after transforming into
edge images. The red edge image is the reference image and the greed edge image is the inquiry image.

(b) First (¢) Second (d) Third
iry i inquiry image inquiry image

(e) Fourth (P) Fifth
inquiry image inquiry image

(a) First rerference
image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.6 alignment of reference image and inquiry images after transforming into edge images
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5.5.2 The second subject

Figure 5.7 shows ROI of facial border images from DTU database before applying image
registration. This images. These ROI images are defined from facial landmarks.

(c) Second
inquiry image

(f) Fifth
inquiry image

(a) Second Reference
image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.7 ROI of facial border images before applying image registration
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Figure 5.8 shows ROI of facial border images from DTU database after applying geometric
transformations.

(c) Second
inquiry image

(f) Fifth
inquiry image

(a) Second Reference
image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.8 ROI of facial border images after applying image registration
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Figure 5.9 represents alignment of reference image and inquiry images after transforming into
edge images. The red edge image is the reference image and the greed edge image is the inquiry image.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth
inquiry image inquiry image inquiry image

(a) Second reference
image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.9 alignment of reference image and inquiry images after transforming into edge images
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5.5.3 The third subject
Figure 5.10 shows ROI of facial border images from DTU database before applying image
registration. This images. These ROI images are defined from facial landmarks.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth
inquiry image inquiry image inquiry image

(a) First
Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.10 ROI of facial border images before image registration
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Figure 5.11 shows ROI of facial border images from DTU database after applying geometric
transformations.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth
inquiry image inquiry image inquiry image

(a) Third
Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.11 ROI of facial border images after image registration
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Figure 5.12 represents alignment of reference image and inquiry images after transforming into
edge images. The red edge image is the reference image and the greed edge image is the inquiry image.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth
inquiry image inquiry image inquiry image

(a) Third
Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Fig 5.12 alignment of reference image and inquiry images after transforming into edge images
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5.5.4 Some examples of testing on the algorithm of this thesis from KMITL database

Figure 5.13 shows ROI of facial border images from KMITL database before applying image
registration. This images. These ROI images are defined from facial landmarks.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth

(a) First inquiry image inquiry image inquiry image

Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.13 ROI of facial border images before image registration
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Figure 5.14 shows ROI of facial border images from KMITL database after applying
geometric transformations.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth
(a) First inquiry image inquiry image inquiry image

Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (1) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.14 ROI of facial border images after image registration
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Figure 5.15 represents alignment of reference image and inquiry images after transforming into
edge images. The red edge image is the reference image and the greed edge image is the inquiry image.

(b) First (c) Second (d) Third
inquiry image inquiry image inquiry image

(e) Fourth (f) Fifth (g) Sixth
inquiry image inquiry image inquiry image

(a) First
Reference image

(h) Seventh (i) Eighth (j) Ninth
inquiry image inquiry image inquiry image

(k) Tenth (I) Eleventh (n) Twelfth
inquiry image inquiry image inquiry image

Figure 5.15 alignment of reference image and inquiry images after transforming into edge images
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Chapter 6
Conclusion and discussion

6.1 Conclusion

Face recognition technology has come a long way in the last twenty years ago. Nowadays,
machines are able to automatically verify identity information for secure transaction, for surveillance
and security tasks, and for access any control system. Face recognition is one of the several techniques
for recognizing people. There are several methods that can be used for that purpose. In conventional
methods are using PCA or Eigen-face. In addition, there are various techniques which are more simple
to implement and good performance. The face recognition based facial landmarks extraction algorithm
is one of those algorithms. As we show this algorithm has very good performance and accuracy.

This research presents a novel technique for face recognition related to facial landmark
extraction, canny edge detection, distance map error and distance of each facial landmarks. The
projection technique is applied to extract facial landmarks after that these landmarks are used to defined
facial border for obtaining face region only. The canny edge is used to get edge image from face region
image. distance map error is then performed with edge image. After that, distance of each facial
landmarks will be computed. Eventually, the multiple of distance map error and absolute difference of
the average of the four biggest error of distance of each facial landmarks are used to be feature of person
identification. The result of this algorithms is successful and very promising.

6.2 Discussion

Although this research has very promising result, it should have more extensive experiments.
The future work, deep learning will be integrated with this research to implement face recognition by
accurately. Furthermore, all facial landmarks also can be applied with facial expression recognition.
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Appendix A
Geometric transformation

The geometric transformation is a widely used technique to study common properties or feature
between images using the same coordinate basis. In this chapter we depicted about Homogeneous
coordinates and Affine transformation that related with this research.

A.1 Homogeneous Coordinates

Homogeneous Coordinates Homogeneous coordinates or projective coordinates, introduced by
August Ferdinand Moebius in 1827 are a system of coordinates used in projective geometry. Projective
geometry is a technique widely used in computer graphics and image processing to perform geometric
transformation in a simple way using transformation matrices. It relies on adding a dimension to the
working space to be able to perform transformations using matrices.

For an image, the working space is bi dimensional and will be extended to 3 dimensions by the use of
homogeneous coordinates:

X:(m> B Xn= ;C (a.1)

=

T 4 e W55 (a.2)

=t

A.2 Affine Transformations

In geometry, an affine transformation is a function that maps an object from an affine space to
another and which preserve structures. Indeed, an affine transformation preserves lines or distance ratios
but change the orientation, size or position of the object. The set of affine transformation is composed
of various operations. Translations which modify object position in the image. Homothetic
Transformations composed of the contraction and dilatation of an object, both scaling operations. The
transection (shear mapping) which modify position of an object. Rotation which allows to rotate an
object according to it’s axis. And a whole set of transformation produced by combining all of the
previous.

The use of homogeneous coordinates is the central point of affine transformation which allow us to use
the mathematical properties of matrices to perform transformations. So, to transform an image, we use
a matrix: T € M4(R) providing the changes to apply.
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a;; a2 a1z |71y

T | @21 22 a2 T,
- T (33)

az1 azz azz |71

P, P, P,|1

The vector [Ty, Ty, T,] represents the translation vector according the canonical vectors. The vector [Py,
Py, P;] represents the projection vector on the basis. The square matrix composed by the a;; elements
is the affine transformation matrix.

In image processing due to the bi dimensional nature of images we will only use a reduced version of
the previous matrix:

a1 a2 | Ty
T = as1 99 Ty, (3.3)
Pr) B, [H1

We will also consider that our Projection vector : [Py, P, ] is the null vector. It’s important to notice that
this matrix form is strictly the same as the one given in the book. The mathematical proof is obvious
and is based on the matrix product properties.

A.2.1 Forward Transformation

The technique that consists of scanning all the pixels in the original image, and then computing
their position in the new image is called the Forward Transformation. This technique has a lot of issues
that we will present when computing the different types of transformations on an image. In each section
we will present the forward mapping and explain why in most cases it’s not working well.

forward

source target

Figure A.1 Forward Transformation
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A.2.2 Inverse Transformation

The Reverse Transformation is the inverse of the forward transformation. Indeed, this technique
consists in scanning each pixel of the new image and apply the mapping to find the pixel in the original
image. Then we need to use interpolation with the surrounding pixels to compute the new intensity

inverse

source target

Figure A.2 Inverse Transformation

A.2.3 General Affine Transformation
The general affine transformation can be defined with only six parameters. Indeed if we list the ”degrees
of freedom” or the possible parameters of the matrix we have:

0 : the rotation angle

Tx : the x component of the translation vector
Ty : the y component of the translation vector
Sx : the x component of the scaling vector

Sy : the y component of the scaling vector
shx : the x component of the shearing vector
shy : the y component of the shearing vector

This description can be reduced to 6 independent parameters. Indeed, it appears that the shearing y
component can be perform by cascading a 90° rotation, an x shearing and again another rotation of
—90e.
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