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Abstract

In this Thesis, the fundamentals , the implementations and the results of three different su-
pervised machine learning approaches in face recognition problem are provided. The project
is focused on the comparison among Support Vector Machines, Artificial Neural Networks
and Convolutional Neural Networks. After the algorithms analysis and implementation, the

test results of these three techniques will be presented and compared.
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Chapter 1

Introduction

Face recognition systems have the potential to verify or identify individuals from images.
It is a research area that is combining many other techniques such as image processing and
pattern recognition. In this thesis, we will try to examine face recognition as an image classi-
fication problem. Three supervised machine learning techniques were used to perform image
classification after some important steps of image processing before the classification phase.
Support Vector Machines, Artificial Neural Networks and Convolutional Neural Networks
are the used techniques. After the machine learning models implementations, there are sev-
eral loss and accuracy curves presented in order to show the regularization of each model.
Two datasets with specific differences that we will discuss later, have been used to train and
test the models. The test results are presented analytically, in order to make as capable of

comparing these three supervised machine learning models for the face recognition task.

1.1 Thesis Outline

Chapter 2 includes determinations of face recognition types and the face recognition pro-
cess step by step. In Chapter 3, the fundamentals of these three supervised machine learning
techninques are presented, aiming at making us familiar with their operation. Therefore, in
Chapter 4, the used datasets for training and testing the algorithms, are described. Specif-
ically, the differences of these two datasets and the way that we split the data for training
and testing phase is presented. In chapter 5, the implementations of the models are presented,
while there is a comparison of the performances in test sets. In Chapter 6, there is a conclusion

of the thesis that takes into account each model’s performance, as it was provided in Chapter
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Chapter 2

Face Recognition

Face recognition is a process that humans accomplish on a regular basis and with ease.
Processing of digital pictures in a variety of applications, such as biometric authentication,
surveillance, human-computer interaction, and multimedia management, has become increas-
ingly popular since it is considered not only a fast and low cost desktop but also because
embedded computing systems become more widely available. Takeo Kanade developed the
first automatic face recognition system in his Ph.D. thesis work in 1973. Until Sirovich and
Kirby’s work[|13] on a low-dimensional face representation obtained using the Karhunen—
Loeve transform or Principal Component Analysis, there was an inactivity in automatic face
recognition. Turk and Pentland’s pioneering work on Eigenface [42] has reactivated face
recognition research[[14]. The Fisherface technique[|13, 16], which used Linear Discriminant
Analysis (LDA) after a PCA phase to obtain better accuracy, is another important achievment
in face recognition. Since the Eigenface technique was introduced[|14], face recognition tech-
nology has improved substantially, in restricted conditions, such as when lighting, position,
stand-off, facial wear, and facial expression can be controlled, automated face recognition
can outperform human recognition, especially when the dataset includes a high number of
images. However, when face pictures are collected in uncontrolled situations, automated face
identification confronts several obstacles. In some occasions, pictures of the same individual
of the dataset, may can not be recognized even by humans, because of their no matching. As
an example there may be some face pictures of the same person that are captured in a long

time range.

The process of identifying a face in a picture is divided into two stages, face detection

and face recognition :
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» Face detection is about detecting which pixels represent the face in a picture.

* Face recognition is about recognizing in which person this face belongs.

Face Detection is a similar problem to face recognition but we will not discuss it further
in this thesis, because our datasets already include face images that do not need to be cropped.
Face recognition may be used in two separate applications, face verification and face

identification :

* Face verification is a face recognition task that its goal is to recognize if two images

belong to the same person.

» Face identification is a face recognition task that its goal is to recognize in which person

of the dataset, this image belongs.

We could say that face verification applications reply ”Yes” or "No”, while face identi-
fication applications answer with the identity of an individual of the dataset. In verification
problem we have to determine whether there is a pairs match between two images, otherwise
in face identification we have to determine the person that this face belongs to.

Face recognition has been examined with different kind of machine learning algorithms.
These algorithms are separated in supervised and unsupervised learning methods. There are
some differences between these two categories, such as the way that these algorithms learn
and the way they make predictions. Supervised learning algorithms need labeled data to be
trained, for example, in face recognition, labels are names or class target numbers. Unsuper-
vised machine learning algorithms are trained with data with no previous classification and
they are mostly used for clustering, dimensional reduction and feature extraction.

Before training and testing some supervised learning algorithms, some preprocessing is
necessary. So the face recognition process is not only about classifying a testing image. After
the face detection phase, face normalization and feature extraction must be applied in order

to produce trainable data.

» Face normalization is a classic process in image processing. It changes the input’s val-
ues in order to be in a specific range of real numbers. The values of an image, are pixel

intensity values.



 Feature extraction is like a dimensionality reduction technique. Its goal is to represent
the input with less data but in a way that the significant information is highly repre-

sented.






Chapter 3

Background

In this chapter, we will try to analyze the algorithms and the used techniques in this The-
sis. We start with the Principal Components Analysis (PCA) and discuss the reason why this
method can be used when we examine a large dimensional dataset and how dimensional re-
duction through PCA can be achieved. Then we analyze a widely known machine learning
model called Support Vector Machines. Classification examples with linear and non-linear
separable datasets will give the evidence of how actually this algorithm works. Artificial Neu-
ral Networks come at the end of this chapter. We try to examine how the whole mechanism
works for small architectures with a few neurons and generalize for bigger architectures with
more weights. We also consider about Convolutional Neural Networks and how Convolu-

tional and Pooling layers work and influence feature extraction.

3.1 Principal Component Analysis

Principal Component Analysis is an unsupervised machine learning technique. This means
that this method, is not examining the labels of the data. In several fields, large datasets are
becoming more common. To interpret large datasets, approaches must dramatically reduce
their dimensionality in an interpretable manner, preserving the majority of the data’s content.
For this goal, a variety of approaches have been developed, but principal component analysis
(PCA) is one of the oldest and most commonly utilized. Its goal is to minimize a dataset’s
dimensionality while keeping as much statistical information as possible. This means that
keeping as much variability as possible entails identifying new variables that are linear func-

tions of the original dataset’s variables, that maximize variance in a sequential manner and

7
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are unrelated to one another[|17]. Naturally, performing dimensional reduction in a data col-
lection means losing some accuracy, but instead simplicity is acquired which is considered

quite significant. The steps of PCA are :

1. First step of PCA is to standardize the input variables. If some variables have large dif-
ferences in range with some another, this may be an issue. For example, a variable with
arange of 0 to 100 will outperform a variable with a range of 0 to 1. So, transformating

or rescaling the data in scales that are comparable will overcome this issue[[18].

2. Second step is Covariance Matrix Computation. This way, we can examine if our data
are correlated. The Covariance matrix is a n X n symmetric one , which includes the

covariances of all the possible pairs between the variables in the dataset[[18].

3. Third step is the computation of the eigenvectors and the eigenvalues from the co-
variance matrix, in order to identify the principal components. Principal components
are new features that are created by combining the basic variables in a linear way. The
new variables are uncorrelated as a result of these combinations, and the majority of the
useful information in the basic variables is squeezed into the first components. Then
we have to decide how many principal components we will keep in order to trans-
form our data in their direction. This transformation is a result of the product between
the original data matrix and the matrix of eigenvectors corresponding to top k largest
eigenvalues. In Figure 3.1, we see how the squeeze of the information is happening in

a 10-dimensional data problem when PCA is applied.

40~
30~

20~

Percentage of explained variances

1 2 3 4 5 6 7 8 9 10
Principal Components

Figure 3.1: Percentage of explained variances in 10 Principal Components[[1]
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In disciplines such as facial recognition, computer vision, and image compression, PCA
is primarily utilized as a dimensionality reduction technique. It’s also used in finance, data

mining, biology, psychology, and other fields to uncover patterns in high-dimensional data.

3.2 Support Vector Machines

SVMs are categorized as decision boundary classifiers and they form a widely known
and used supervised machine learning model. They execute pattern recognition between two
classes by determining a decision surface with the greatest distance between the training set’s
closest points, known as support vectors. Suppose We begin with a set of training samples,
where each of this set’s points, belongs to one of the two label-identified classes. SVM’s
purpose is to find a way to separate these data correctly.

A hyperplane is a collection of points that satisfy an equation. A hyperplane or commonly

an equation like this can be presented as :
flx)=wlz+b=0 (3.1

where the weight vector is w and bias is represented by b. Assume that the weight vector

is a linear combination of training samples.

N
w=>ar; (3.2)
=1
Then :
N
fle) = awlz+b (3.3)
=1

The hyperplane divides space into two parts. Each part of the space represents a class.
However, if we evaluate our training samples to function f, the sign of the result f(x) for a
random point x, will demonstrate in which class this point is classificated.

The simple problem we examined before, may have many solutions. Many solutions
means many hyperplanes that classify the training data the right way. But, the goal is to
find the optimal solution. The optimal solution is a hyperplane that has the maximum margin
between the data points of the two classes. In order to find this hyperplane, we take advan-
tage of support vectors which are some data points close to the hyperplane. Support vectors
influence the position and orientation of the hyperplane and using them we maximize the

margin[[19].
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3.2.1 Non-linear separable dataset

In a real-world scenario, getting a precise separate line splitting the data within the space
is unlikely. And we may have a non-linear decision boundary. We might have a hyperplane
that perfectly separates the data, but this isn’t always ideal if the data contains noise. It is
preferable for the smooth boundary to overlook a few data samples rather than being curved
or looped around outliers. A technique called Soft Margin is used to face the above issue. With
this technique, some data points are allowed to be on the wrong side of the hyperplane for a
small distance called s;.The points lying on the wrong side of the hyperplane are called slack
variables, and they might be very large values. In these cases, we introduce the Lagrangian
variable in order to penalize the large slacks [20]. As the Lagrangian parameter is getting
reduced, we allow more data samples to lie on wrong side of hyperplane in order to get a
smoother decision boundary[21]]. In 3.2 Figure we see a linear separable dataset on the left

side, and a non-linear separable dataset on the right side

o __ o .
Q 0 0 ¥ ] , .*—'\h o 0 O 0 . **
%) o e O Q.- o Q
@ o0 = 0
0 Q o O"'O 0
g e o ‘9 o
X X;, ...".‘ 0
i X,

Figure 3.2: Differences between linear and non-linear separable datasets[2]

Another technique to deal with non-linear separable data is the Kernel trick. The Kernel
function is used in order to map our data with some other data in a feature space that our
classes are linear separable. Mapping our data in another feature space might make our linear
classifiers capable to classificate with a better accuracy and provide us a better model. The
Kernel function takes as inputs the original dimensional space and returns the dot product of

the higher dimensional transformed vectors[22]. Some of the most used kernel functions are:

1. Gaussian Radial Basis Function

|z —
202 )

K(x,x;) = exp(— (3.4)
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where o is a parameter that affects the gaussian distribution’s width. Due to its resem-
blance to the Gaussian distribution, RBF kernels are the most generic form of kernel-

ization and one of the most extensively used kernels.

2. Polynomial Kernel

K(z,z;) = (x-2; +1)° (3.5)

where d is the degree of the polynomial kernel.

In Figure 3.3 below, we can check how gaussian pdf is behaving for varying o values.

-3 -2 - 0 1 2 3
Il x=zll2

Figure 3.3: Gaussian RBF kernel for different o values[3]

3.3 Artificial Neural Networks

Artificial Neural Networks are one of the most powerful ways for solving the face recog-
nition problem. Haykin [23] provides a fair explanation of ANN, defining it as a parallel
mixture of basic processing units that can learn from their environment and acquire knowl-
edge from it. Keep track of what you’ve learned by looking at the connections you’ve made.
The Artificial Neural Network concept was influenced by biological systems. The brain, in
particular, has neural networks. Machine learning is accomplished using neural networks, in
which a computer learns to do a task by examining training instances. Typically, the examples

have been labeled by hand ahead of time. For example, an object recognition system could
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be fed thousands of tagged photographs of vehicles, houses, coffee cups, and other objects,

and it would look for visual patterns in the images that correspond to specific labels[24].

3.3.1 Artificial Neural Networks architecture

Neural Networks are multi-input, multi-output systems made up of artificial neurons. A
Neural Network’s principal work is to convert inputs into useful outputs. Typically, a neu-
ral network has an input and output layer, as well as one or more hidden layers. All of the
neurons in a Neural Network influence each other, thus they are all connected. The network
can recognize and observe every facet of the dataset in question, as well as how the various
pieces of data may or may not be related to one another. This way, neural networks can detect

incredibly complicated patterns in massive amounts of data.

Input layer Hidden layers i Output layer

2 hﬂ § [

‘:«:

Input 2 . 4

’
o

Figure 3.4: Neural network architecture[4]

In the above 3.4 Figure, there is a visualized neural network architecture, so now we have
an idea about how it looks optically. They collect data from a remote source or from other
nodes. Each node is connected to a node in the next layer, and each connection has a different
weight. A neuron is given a weight based on how important it is in comparison to other inputs.
The hidden layers of a Neural Network are where the majority of the computation happens.
Thus, the hidden layer conducts the calculations necessary to get a result, using data that were

propagated from the input layer[25].
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.

wl

e

Output of neuron = Y= f(wl. X1+ w2.X2+b)

Figure 3.5: A single neuron with two inputs, bias and an activation function

In figure 2.5 above [26], an activation function influences the output. What actually this
function is responsible for, is non-linearity and whether or not this neuron will be activated

or how active it shall be. The most widely used activation functions are below:

* Sigmoid : shrinks the input to a value between 0 and 1,

s(x) = (3.6)

* Hyperbolic tangent : Shrinks the input to a value between -1 and 1,

tanh(x) = e (3.7)

* Rectified Linear Unit (ReLU) : Thresholds the value that takes as input

R(z) = max(0, x) (3.8)

The ReLU function is thought to perform better than the other activation functions, according
to recent papers. Its simplicity minimizes computer cost because it avoids complex operations
like exponentials. Another significant advantage of ReL U is that its gradient is not saturated,
which substantially accelerates stochastic gradient descent convergence as compared to sig-

moid / tanh functions[27].

3.3.2 Feed-forward process

The basic formula for the forward pass of a neural network is:

G= f(i- 7 +b) (3.9)
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where f is the activation function, w is the vector including the weights, b is bias and is

the input features and o is the output.

Hidden

ik layer

layer

Inputs
Outputs

Figure 3.6: Feed-forward process[5]

Figure 3.6, is presenting an artificial neural network topology, which is working through
the feed-forward process. The projection of each single neuron , is only forward and never
backward. Additionally, no connections exist between neurons in the same layer or between

layers that are not nearby.

X hidden layer 1 hidden layer 2 hidden layer 3
input layer

- )
NE:;:,,_I }{T?‘ N le 2
=" N e, 5 output layer
Z
’ s
u N
% X
S : “
ey s
RN :
’,
Z >
S ‘*t =
f/i/ - i — 7,_:} N - ___.‘\-f
= E

Figure 3.7: Deep neural network architecture example[6]

A Deep Neural Network is a neural network with more than one hidden layer. This sort
of ANN appears to be an excellent choice for the creation of an object recognition system

because it is capable of processing very high-dimensional data.
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3.3.3 Backpropagation

Backpropagation algorithm employs supervised learning. Which requires providing the
algorithm with labeled samples that the network must be capable to compute, then calculating
the error. The purpose of the backpropagation algorithm is to change the weights in order to
minimise this error until the Artificial Neural Network learns the training data. The network
weights are changed along the negative of the performance function’s gradient in standard
backpropagation, which is a gradient descent technique. A solution to the learning problem is
a weighted combination that minimizes the error function. There are a lot of cost functions to

use. A simple one , is the calculation of Euclidean distance between predicted and expected

outputs.
2
Ey(0,0) = M (3.10)
where o is predicted values and o’ the expected ones.
Mean Squared Error can also be used to calculate the error:
K L / 2
EQ(O, O/) — Zk:l(oz Ol) (311)

K

where K is the vector’s length.
Due to the higher convergence of the gradient, cross-entropy error is frequently preferred
over classification error or mean squared error when employing a neural network for classi-

fication and prediction. The cross-entropy error function is :

E3(0,0) = — Z(o’iln(oi)) (3.12)

k=1
We must deal with each weight in the network one at a time since the purpose of backpropa-
gation is to minimize the error E, which is dependent on the network weights. The output of
each unit from the forward pass must be stored in order to do backpropagation. With respect

to each parameter w;;, the gradients are in the process of being calculated.
1. First step is the calculation of §; errors from the outputs.

2. Second step is the determination of d; for every hidden layer.

41
6 = D (wi ety (3.13)
k=1

where m{ is the number of neurons in layer 1
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3. Calculation of derivatives.
oF

aw®

2y

g0y (3.14)

4. Fourth step, the gradient descent is achieved by subtracting the increment from each

weight after all partial derivatives have been computed.
Awg; = A2\ D50 (3.15)
The learning rate, A, influences how quickly the network coefficients change.

The backpropagation algorithm is used to determine the necessary corrections after ran-
domly selecting the network’s starting weights. The training of neural networks can be broken

down into the following steps:
1. Feed-forward process,
2. Backpropagation for every network’s layer

3. Weight updates

3.3.4 Multi-layer Perceptron

The multi layer perceptron neural network is the most well-known and often utilized type
of neural network. There are at least three layers to it. The distinction between Multi Layer
Perceptron and Single Layer Perceptron is that the former can learn non-linear functions,
whereas the latter is only good for solving linear issues. Multilayer perceptrons are frequently
used in supervised learning situations, where they are trained on a collection of input-output
pairs and learn to represent the relationships between the inputs and outputs. MLP works

effectively with inputs that are somewhat low in dimension.

3.4 Convolutional Neural Networks

In 1980, a Japanese researcher in the field of Computer Science, Kunihiko Fukushima,
published a research project called "Necognitron: A self-organizing Neural Network Model
for a Mechanism of Pattern Recognition Unaffected by Shift in Position” [28]. This publi-
cation introduced the architecture of Convolutional Neural Networks for the first time. The

structure of the network that Fukushima suggested, was a self-organized multilayer neural
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network which had the capability to recognize patterns. Fukushima’s model laid the foun-
dations because of the presentation of two new types of layers in Convolutional Neural
Networks. These two new types were Convolutional layers and downsampling layers. In
1987, Alex Weibel presented Time Delay Neural Networks (TDNN). TDNN were capable
to process speech signals,regardless of their duration. In 1990 , a variaton of TDNN was
publiced, this network had the ability to compute two dimensional convolutions. This new
TDNN presents the idea of applying Convolutional Neural Networks in image processing.
In 1989, Yann LeCun applies CNN to handwritten digits recognition, in order to develop a
model for mail classification [29]. This method was using backpropagation for training, in
order to be able to recognize handwritten digits from U.S mail. Today, the increased comput-
ing performance made Convolutional Neural Networks widely used in many applications.
Someone could say that CNN are very similar to traditional ANN, which form a group of
neurons that is self-optimized during training. Here too, its neuron gets an input and makes
a specific process. From the input, unprocessed image matrices, to the output, the prediction
of the class, the whole network presents a result function. The last layer includes the cost
function connected with the classes, while every process which is applied in ANN, is applied

in CNN too.[B0][7]

depth
Occjjéxx height
{ ){ )H
output layer - - OOOOO *0 B ﬁ
input layer OOO width
hidden layer 1 hidden layer 2

Figure 3.8: ANN and a 3 dimensional CNN[[7]

3.4.1 Convolution

CNN have been a successful approach in several real-world applications. Their operation
is described in their name, which means that CNN is carrying out a mathematical process,
called Convolution. In general form, convolution is the product of two real valued functions.
Let’s call the two discriminant function fand g. The convolution between f and g is presented

from the equation below.
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(f * 9)( Z f(k)g(x — k) (3.16)

k=—o0
In CNN the first function f is called input,while the second one g, in this equation is called
kernel. Some people call the output of this convolution operation is a feature map. Convolu-
tion is a widely general idea. We can use it in more than one distances. Specifically, in CNN
most of the times the input is multi dimensional matrices, while kernel is a multi dimensional
matrix too, which includes affected values from the training algorithm. Usually, we call this
matrices tensors. As we said before, we are using convolution in more than one dimensions.

If I is an two dimensional input image , and K is the same dimensional kernel :

(I + K)(x ZZ[mn (i—m,j—n) (3.17)

Let input to be a two dimensional matrix. This matrix, is an image that we have to recompute
its weights by the sum of the around pixel weights. As we said before, The matrix of weigths
is called kernel. Kernel, will stride over the input matrix and compute the multiplication
between the kernel weights and the values that the striding window is over them. The previous
process, is happening again and again. Kernel is like a convolutional sliding window over the

input image[31]].
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Figure 3.9: Convolution process example[8]
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In Figure 3.9, we can see a convolution example of a 3x4 matrix with a 2x2 kernel. The
convolution results seem to be according to the general equation we discussed about before.
The highlihts of the convolution process present that we have a 2x3 matrix in the output. It
is clear now, that the size of the outpout is strongly dependent on the size of the kernel. In
the previous example we had 12 (3x4) input values and 6 (2x3) output values. If we had a
fully connected layer instead of a convolutional layer, the weight’s matrix, would be a 12x4
matrix, which means 48 components. Every output value is the weight’s sum of every input

value.

3.4.2 Padding

When we have to process images, we must know that there is hidden information in every
pixel. When we apply convolution between the input image and kernel, the size of the output
matrix is smaller than the input. The convolution process is aims more the central pixels of
the image, than pixels which are close to the edges. So, it seems that this way we are loosing
some information of the input image. Padding is an answer for these kind of issues. Padding
in CNN, is about adding pixels in the input image while the convolution process with the
kernel is running. When padding is set to zero, every additional pixel in the perimeter of the
image will have the zero value. With the addition of the "fake” pixels, when kernel is sliding,
it will process the edges of our intput, in the center of the image for many times. This way, the
information of the output image is not alterated comparatively to the input one. Moreover,

padding’s use is about extending the image, so we have a bigger image as input[32]

3.4.3 Stride

In CNN there are many hyperparameters that we have to consider, in order to achieve
better accuracy. Stride parameter is the one that determines the steps of sampling over the the
network’s input. So the output image of the convolution process will have less values than
the input image if stride is getting bigger. Stride is always an integer and it may be interesting

to examine what changes it affects in matrix sizes and in network performances.
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3.4.4 Pooling

Pooling layers are responsible for downsampling the information from the feature maps
by summing the features in groups. So, when downsampling is performed, the result is di-
mensional reducted feature maps, while our networks has less data to deal with after that.
Our networks has less work to do, because it needs to learn less parameters. Another benefit
of pooling is that computational cost may be significantly decreased. There are two widely

used types of Pooling in CNN, Max Pooling and Average Pooling.

Max Pooling

In Pooling layers the process is somehow common with the process in Convolutional
layers. Actually in Pooling’s layer occasion, there is a predefined window, which is sliding
over every part of the input, always with respect to the stride parameter. But it is important
to notice, that Pooling layers have no parameters, so there is no a filter. In figure 3.10, there

is a pooling example with predefined kernel and stride.

Max Pool

—_—

Filter - (2 x 2)
Stride - (2, 2)

Figure 3.10: Max Pooling with 2x2 kernel and stride[9]

Average Pooling

Average Pooling has a lot of commons with Max Pooling. The process is very similar.
While kernel is sliding over the input image, average pooling is computing the average of
values included “below” the kernel window. Average Pooling is holding more information
from less significant units of the window, while Max Pooling is just choosing the higher
values. In figure 3.11, there is an Average Pooling example with predefined kernel and stride

size.
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Average Pool

S

Filter - (2 x 2)
Stride - (2, 2)

Figure 3.11: Average Pooling with 2x2 kernel and stride[9]






Chapter 4

Test scenario

In this thesis, the focus is more on the verification problem, as we will have to make a
comparison between classes and test images. A closer look, has been taken to Support Vec-
tor Machines and Artificial Neural Networks. For training and testing our models,we used
Labeled Faces in the Wild Dataset (LFW)[33]. This dataset contains low quality pictures and
many ethnic groups are underrepresented in LFW. For example there are few children, no
babies, very few adults over the age of 80, and a small proportion of women. Furthermore,
several ethnic groups have very little or no representation. LFW images are captured in un-
controlled environment. This means that we have image conditions such as, poor lighting,
and extreme pose. The faces of each image included in the dataset, is detected with Viola

Jones algorithm[34].

Figure 4.1: Samples from LFW dataset[[10]

The dataset has 5476 persons. The number of images for each individual is not the same.

21 individuals with the greatest number of samples, where chosen to train and test the models.

23



24

Chapter 4. Test scenario

Names Samples
George Bush 109
Colin Powell 52
Tony Blair 32
Donald Rumsfeld 27
Gerhard Schroeder 25
Junichiro Koizumi 18
Luiz Inacio Lula da Silva 17
Hugo Chavez 17
Jean Chretien 16
Lleyton Hewitt 14
John Ashcroft 13
Jacques Chirac 13
Hans Blix 13
Ariel Sharon 12
Serena Williams 12
Laura Bush 11
Arnold Schwarzenegger 10
Jeniffer Capriati 10
Alejandro Toledo 9
Gloria Macapagal Arroyo 9
Vladimir Putin 7

Table 4.1: List of individuals taken to test models

Dataset was splitted into two sets :

* 80 % training set

e 20 % test set

The above separation of the data is only for the Support Vector Machines model. For the

Artificial Neural Network models, included the Convolutional one, the separation is :

* 75 % training set
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* 20 % test set

* 5 9% validation set

The second dataset that we used is Olivetti Faces Dataset. This dataset contains a set of
face images taken between April 1992 and April 1994 at AT&T Laboratories Cambridge. It
is a dataset with 40 individuals and 400 images. Each person included in the dataset has 10
images assigned with its label. This dataset has very few images so we cant export significant
thoughts about our models, but it has the same images per person. This is an issue that we will
discuss in the next chapter, how distribution of classes affects our results. Images included
in Olivetti Faces Dataset are captured in different light conditions and in different poses.
Therefore, all images are captured with a black background[B5]. Dataset splitting in Olivetti

Faces Database is the same as in LFW.

Figure 4.2: Samples from Olivetti Faces Dataset[[11]]

4.1 Tests performance calculation

The tests that we perform in chapter 5, are calculated with f1 score. This type of score is

function of precision and recall. The math formula is :

preciston X recall

fl=2x (4.1)

precision + recall

* Precision - For an imbalanced multi-class classification problem, precision is deter-
mined as the sum of true positives for each class, divided by the sum of true positives

plus false positives for each class.[36]



26

Chapter 4. Test scenario

* Recall - For an imbalanced multi-class classification problem, recall is determined as
the sum of true positives for each class, divided by the sum of true positives plus false

negatives for each class.[36]



Chapter 5

Implementation and results

In this chapter, several machine learning algorithms and their implementations will be
presented and compared. The process of training and testing these algorithms has been in-
tegrated through Google Colaboratory [37], which is a Google Research online product. It
allows users to write Python code, in a widely used platform for machine learning and data
analysis tasks. This happens because Google Colaboratory allows access in some GPUs in or-
der to optimize training with parallel computations. Therefore, Python tools such as NumPy
[38], Matplotlib [39], Scikit-learn and Keras Tensorflow [40, 41]], were used to implement
the algorithms in Google Colaboratory.

Face recognition problem will be examined with a multi-class classification approach,
called face identification. Someone could say that this is just an image classification task, but
in reality the approach of this thesis is a subset of image classification. The goal of each algo-
rithm’s implementation, is to classify face images, which is a complex image classification
task. As we will not examine the face detection problem, the workflow of face recognition

will start from image normalization, then feature extraction and classification.

5.1 Support Vector Machines model

In support vector machines model, a Support Vector Classifier has been trained and tested
with two datasets presented in Chapter 4. The classification type is one-vs-rest, widely known
as one-vs-all (ova) classification. The pixel values of the images, are normalized in the range
between zero and one, while feature extraction was executed with PCA algorithm. Feature

extraction is an important step for training machine learning models, because these extracted

27
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features will be propagated in the model in order to make it learn about the dataset. The
data for this model, are one dimensional. Each image is a row of the matrix that represents
the dataset. These data are called ravelled, that means that they are don’t have a remarkable
quality, while there are some noise data within them. Every image of the dataset is repre-
sented by a one dimensional array with 2914 features. In order to extract images features, we
applied PCA algorithm for 100 eigenvectors. This way, we keep significant data and avoid
less significant data(Figure 3.1), that can cause overfit or bad performance. In Figure 5.1

there are some eigenfaces from LFW dataset.

eigenface 0 eigenface 1 eigenface 2 eigenface 3

18"

eigenface 4 eigenface 5 eigenface 6 eigenface 7

.
™ /

eigenface 10

eigenface 8 eigenface 9 eigenface 11

Figure 5.1: Plot of Eigenfaces

A Support Vector Classifier has a lot of hyperparameters to tune. The most significant of

them are :

* kernel - kernel type
* C - regularization parameter

+ gamma - kernel coefficient
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* class weight - multiplier of C. It depends on classes distribution

The hyperparameters for the Support Vector Machines model have been chosen as below :

clf=SVC(kernel="'rbf', C=1, gamma=0.005, class weight='balanced")

The learning curves of this model, representing the validation accuracy and training ac-

curacy curves are presented below:
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Figure 5.2: Training accuracy (blue) vs validation accuracy (red)

It seems that our model has a kind of overfit. But, we can also see that the training accuracy
is starting to decrease during training, while validation accuracy is increasing constantly,
which means that the model is starting to generalize. Our model is gaining during training
despite the overtfit situation. Hyperparameter tuning was performed in order to reduce overfit
but the results for unseen data were lower. The recognition rate for this model is 76%. The
recognition rate was calculated from f1 score with balanced average. This type of score was
used because it seems optimal for multi-class classification problems, especially when an
imbalanced dataset is used for training and testing.

After the imbalanced dataset (LFW), we are going to use Olivetti Faces dataset. As it
described in Chapter 4, this database has the same number of images per individual, but not
so much images per person. There are 400 images, 10 images per person and 40 classes. The

learning curves of the model for Olivetti Faces dataset is presented below.
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Figure 5.3: Training accuracy (blue) vs validation accuracy (red)

We can notice that the gap between training and validation accuracy curves is much
smaller than before. In Figure 5.4, the model seems to avoid the overfit issue. The recog-
nition rate of the model is 95%. A good performance as we expected is reasonable because
this dataset includes balanced classes distributions and images may have better quality than

in LFW.

5.2 Artificial Neural Networks model

The Artificial Neural Network model is a multi layer perceptron implemented in Keras.
The processing flow is the same as in SVM model. Normalization, feature extraction, clas-
sification. We choose the images pixels to be valued in the range of zero and one and we
extracted the features with PCA. Multi layer perceptrons need low dimensional data. With
the PCA algorithm we represent an image with a number of weighted vectors that we choose.
Then, we fit these images to the network in order to train it with the backpropagation algo-
rithm. The neural network performance depends on several parameters, the most important

of them are presented below :
« amount of data
* number of neurons and hidden layers

* activation function
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* learning rate
* initial weights

Tests were performed in LFW dataset, as described in Chapter 3. The parameters of the

neural network are :

One hidden layer

* 60 neurons in hidden layer

» Sigmoid activation function

» Softmax activation function in the output layer
* 100 eigenvectors

* Learning rate= 0.005

* Dropout layer with rate 0.6

Dropout is a regularization technique for overfit preventing. The concept is that during
training some neurons of the network will be deactivated and the neural network will be
forced to learn the same task with different neurons, which is something that improves gen-

eralization.

(a) Standard Neural Network (b} Network after Dropom

Figure 5.4: Standard neural network and neural network after dropout[[12]

The neural network is trained for 150 epochs with the LFW dataset. The training loss and

validation loss curves are presented below. Categorical cross entropy loss is used.
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Figure 5.5: Validation loss(orange) vs training loss(blue)

It seems that the neural network is well generalized and there is no overfit but is also

important to see validation and training accuracy curves.
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Figure 5.6: Validation accuracy (orange) vs training accuracy (blue)

The recognition rate of the neural network in the test set is 77% and its calculated with
f1 score for balanced average such as in SVM model.

Now it’s time to train and test this neural network with Olivetti Faces dataset. This dataset
has less samples than LFW, so we will train the network for 250 epochs. The validation and

training curves are presented below.
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Figure 5.7: Validation loss (orange) vs loss (blue)

10 4

aCcuracy
= =
=11 L]

=
o

=]
bud

0.0 1

o 50 100 150 200 250
epochs

Figure 5.8: Validation accuracy (orange) vs training accuracy (blue)

From Figures 5.8 and 5.9, it is clear that our network is overfitting. In order to reduce
overfit the number of eigenvectors and learning rate are changed. The images are represented
with 50 eigenvectors, while the learning rate is set to 0.0001. The validation and training loss

curves of the network are presented below.
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Figure 5.9: Validation loss(orange) vs training loss(blue)

In Figure 5.9 , it is shown that overfit is reduced. The network is getting better during
training as the gap between training and validation loss curves is not getting bigger. Let’s

have a look and at training and validation accuracy curves.
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Figure 5.10: Validation accuracy(orange) vs training accuracy(blue)

The recognition rate in test set is 97.5%. As we expected, the performance for Olivetti
database is much better than in LFW. So, we notice that is happens the same as in SVM
model, which means that the dataset and its classes distributions affect the performance of

the network in a significant way.
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5.3 Convolutional Neural Networks model

In Convolutional Neural Netwrok model, the process of face recognition is the same as
before, but the feature extraction is not a PCA result. We used 2D convolutional layers, so
the input is 2D matrices with 3 RGB channels. The input shape of the images is 62x47x3.
3 matrices, that each one is presenting the values for red, green and blue colours. Feature
extraction is performed convolutional and pooling layers. The concept in this approach is to
add some convolutional and pooling layers at the top of the the neural network we used before
in order to let them perform feature extraction and then provide the extracted information
to the network for classification. Convolutional layers have a good performance in feature
extraction, because convolution operation lets them to find more separable patterns between
classes. Someone could say that they work like a magnifying glass. Images are convolved
with kernels, widely known as feature extractors and we can choose how many of them to
use in each convolutional layer.

The architecture of the CNN is :

+ Convolutional 2D layer with 64 8x8 kernels and ReLu activation function
* Batch normalization layer.

* Convolutional 2D layer with 64 8x8 kernels and ReLu activation function.
* Convolutional 2D layer with 64 8x8 kernels and ReLu activation function.
* Batch normalization layer.

* Convolutional 2D layer with 64 8x8 kernels and ReLu activation function
» Convolutional 2D layer with 64 8x8 kernels and ReLu activation function
* Batch normalization layer.

* Average pooling layer with pooling size 8x8 and strides=4

» Convolutional 2D layer with 128 8x8 kernels and ReLu activation function
+ Batch normalization layer.

* The fully connected neural network with the same hyperparameters, that we used in

the previous approach.(5.2 section)
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The loss and accuracy curves of training set and validation set are presented below.
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Figure 5.11: Validation loss(orange) vs training loss(blue)
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Figure 5.12: Validation accuracy (orange) vs training accuracy (blue)

From Figures 5.12 and 5.13 it is clear that the model is overfitting. Also, it is very impor-
tant to notice the fluctuations of validation curves in both of the figures. The idea is to add
some more regularization with dropout techinque in the fully connected network in order to
reduce overfit. Therefore, a good idea to avoid these fluctuations is to reduce the learning
rate. After applying these changes progressively to see what happens with loss and accuracy
curves, it was decided to set the learning rate at 0.0001 and to increase the dropout rate in the

fully connected network from 0.6 to 0.7.
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The loss and accuracy curves of the optimized model are presented below.
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Figure 5.14: Validation accuracy (orange) vs training accuracy (blue)

In Figures 5.14 and 5.15 we notice that the hyperaprameter tuning we performed was suc-
cessful. We may not have a goodfit, but the model is well generalized and is having progress
during training, while the gap between the validation and training loss curves is small and
not increasing. The recognition rate in the test for this model, was 89%. This is a good per-
formance in comparison with the previous approaches. The test was calculated from f1 score
as in previous approaches.

We will follow the same process as in previous sections, next step is to train and test the

optimized CNN model with Olivetti Faces dataset. Training duration will be 70 epochs. The
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only difference is in data splits, the validation set took a higher percent of the training data
in order to provide us more reliable calculations for the validation set curves. The previous
issue, is a consequence of Olivetti Faces dataset size, it has only 400 greyscale images.

The loss and accuracy curves are presented below.
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Figure 5.15: Validation loss(orange) vs training loss(blue)
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Figure 5.16: Validation accuracy (orange) vs training accuracy (blue)

As it seems from the above figures, our model is well generalized despite the fluctuations
in the first 30 epochs, which may are caused from the small size of the validation set. The
recognition rate is 100% , calculated as alwyas with f1 score. But, we have to notice that the

testing set is also small, actually is quite bigger than the validation set, so in a hypothetical
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scenario that we have more samples for testing, the recognition may not be the absolute 100%

and be a a bit smaller, something like 99%.

5.4 Results

The table below, is presenting a results summary for these three unsupervised machine

learning approaches we examined before in two different datasets.

Models | LFW | Olivetti Faces dataset

SVM | 75% 95%
ANN | 77% 97.5%
CNN | 89% 100%

Table 5.1: A test results summary

The ANN model seems to have a little better perfofmance than the SVM one. We also
have to notice that the ANN models generalize better than the SVM models, avoiding the
overfit more effectively. CNN models seem to be far better than the two previous approaches.
Therefore, it is important to emphasize that the only change we made in the face recognition
process in CNN, is that we performed feature extraction with convolutional and pooling layers
and not with PCA. Convolutional layers are very effective in feature extraction , especially
when they are combined with pooling ones for downsampling. Because CNN results are far
better, it is easy to realize that feature extraction is a very important step in image processing

and classification.






Chapter 6

Conclusion

In Table 5.1, it is easy to notice that all the implemented algorithms have a better perfor-
mance in Olivetti Faces dataset than in LFW. As it is described in chapter 4, the differences
between these two datasets are their classes distributions and the amount of data that they
include. Generally, the development of a system that performs extremely good in datasets
like LFW is a difficult challenge, but a more useful one. Unfortunately, we can’t say that the
experiments we provided meet real world face recognition tasks because real world problems
have to deal with much more data. We could say that the face recognition problem is exam-
ined in a smaller scale in this Thesis, that helps us to extract significant conclusions about
the algorithms performances and the affect that different kind of datasets may have in train-
ing and testing phases. CNN models have a far better performance in both of the datasets in
comparison with the SVM and ANN models, because of the effectiveness of convolutional
and pooling layers in feature extraction process. A remarkable notice is that ANN and CNN
may perform better, but both of these techniques suffer from a large computational cost in

training phase.
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Appendix A

Python code

A.1 SVM combined with PCA

The presented code below remains the same independetly of the dataset that we use. The

only difference is that we have to fetch the of OFD images instead of the LFW images.

import numpy as np

from matplotlib import pyplot as plt

from sklearn.model_selection import train test split

from sklearn.datasets import fetch 1fw people

from sklearn.metrics import classification report, fl score
from sklearn.metrics import confusion matrix

from sklearn.decomposition import PCA

from sklearn.svm import SVC

from sklearn.model selection import learning curve

from sklearn.metrics import accuracy score

1fw people = fetch 1fw people(min faces per person=39,resize=0.5)
n samples, h, w = 1lfw people.images.shape

X = 1lfw people.data

n features = X.shape[1]

y = lfw people.target

target names = 1lfw people.target names

n classes = target names.shape[0]
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print ("Total dataset size:”)
print (”“n samples:” , n_samples)
print (”“n features:”, n features)
print (”“n classes:”, n classes)

print (X.shape)

X train, X test, y train, y test = train test split(X, vy,

test size=0.2,random state=0)

n_ components = 100;
pca = PCA(n components=n_ components, whiten=True).fit (X train)

eigenfaces = pca.components .reshape((n _components, h, w))

X train pca = pca.transform(X train)

X test pca = pca.transform(X test)

print (“Fitting the classifier to the training set”)

clf=sVC(kernel="'rbf', C=1, gamma=0.005, class weight='balanced')

clf = clf.fit (X train pca, y train)

train sizes, train scores, test scores=learning curve (clf,X train pca,
y train,scoring='accuracy',

train sizes=[0.2, 0.3, 0.4,0.5, 0.6,0.7,0.8,0.9, 1.0], cv=5)

print ("Predicting the people names on the testing set”)

y pred = clf.predict (X test pca)

y pred2=clf.predict (X train pca)

print (classification report(y test, y pred, target names=target names))

print (confusion matrix(y test, y pred, labels=range(n classes)))
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score = fl score(y test, y pred,average='weighted')
train score=fl score(y train, y pred2,average='weighted')
print (train score)

print (score)

train mean = np.mean(train scores, axis=1)

train std = np.std(train scores, axis=1)

test mean = np.mean(test scores, axis=1)

test std = np.std(test scores, axis=1)

plt.plot(train sizes, train mean,
color = ”"blue”, marker = 'o',

markersize = 5,label ='Training accuracy')

plt.fill between(train sizes,
train mean + train std,
train mean - train std,
alpha=0.15, color = 'blue')

plt.plot(train sizes, test mean,

color='red', linestyle = '--',
marker = 's',markersize = 5,
label = 'Validation accuracy')

plt.fill between (train sizes,
test mean + test std,
test mean - test std,

alpha=0.15, color = 'green')

plt.show ()
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A.2 ANN combined with PCA

A.2.1 Training and testing with LFW dataset

from sklearn.datasets import fetch 1fw people

from sklearn.model selection import learning curve
import numpy as np

import matplotlib.pyplot as plt

from numpy import mean

import tensorflow as tf

from sklearn.metrics import accuracy score, fl score
from sklearn.metrics import classification report
from sklearn.metrics import confusion matrix

from sklearn.datasets import fetch olivetti faces
from sklearn.datasets import fetch 1fw people

from sklearn.decomposition import PCA

lfw dataset = fetch 1fw people (min faces per person=39, resize=0.5,

color=True)
print (1fw dataset.keys())

print (1fw dataset.images)

#printing the set side by side

print (”“Size of data set: \n”)

samples, h, w ,c = lfw dataset.images.shape
print (h)

print (w)

print (h*w)

X = (lfw dataset.data) /255

print (X)

print (samples)
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print (X.shape)
features = X.shape[1l]

print (“features: \t %d \n” % features)

y = lfw dataset.target
target names = lfw dataset.target names
classes = target names.shape[0]

print (“classes: \t %d \n” % classes)

from sklearn.model selection import train test split

# split into a training and testing set

X train, X test, y train, y test = train test split(X,

y,test size=0.2, random state=0, shuffle=True)

print (X.shape)

n_components =100;
print (“Computing PCA..... )
pca = PCA(n_components=n_ components, whiten=True)

pca.fit (X train)

X train pca = pca.transform(X train)

X test pca = pca.transform(X test)

print (X train pca.shape)
print (X test pca.shape)
print(y train)

print (X train.shape)

model = tf.keras.models.Sequential ([

tf.keras.layers.Dense (60,activation="'sigmoid', input dim=100),
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tf.keras.layers.Dropout (0.6),
tf.keras.layers.Dense(21,activation="softmax"),

1)

opt = tf.keras.optimizers.Adam(learning rate=0.005)

model.compile ( optimizer=opt, loss="sparse categorical crossentropy',

metrics=['accuracy'])

model.fit (X train pca, y train, batch size=1024, epochs=150,validation

model . summary ()

print (model . history.history)

print (model .history.history['loss'])
plt.plot (model.history.history['loss'])
plt.plot (model.history.history['val loss'])
plt.xlabel ("epochs”)

plt.ylabel ("loss”)

plt.show ()

plt.plot (model.history.history['accuracy'])
plt.plot (model.history.history['val accuracy'])
plt.xlabel ("epochs”)

plt.ylabel ("accuracy”)

plt.show ()

y pred=model.predict (X test pca)

y classes=y pred.argmax (axis=-1)

train pred=model.predict (X train pca)
train classes=train pred.argmax (axis=-1)
test score=fl score(y classes, y test,average='weighted')

train score=fl score(train classes,y train, average='welghted')
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print (classification report(y test,y classes,target names=target names)

print (confusion matrix(y test, y classes,labels=range (classes)))

print (test score)

print (train score)

A.2.2 Training and testing with OFD

from sklearn.model selection import learning curve
import numpy as np

import matplotlib.pyplot as plt

from sklearn.metrics import accuracy score, fl score
import tensorflow as tf

from sklearn.metrics import classification report
from sklearn.metrics import confusion matrix

from sklearn.datasets import fetch olivetti faces

olivetti = fetch olivetti faces()

#printing the set side by side

print (”Size of data set: \n”)

samples, h, w = olivetti.images.shape
print (h)

print (w)

print (h*w)

X = (olivetti.data) /255

print (X)

print (samples)

print (X.shape)

features = X.shape[1l]

print (”“features: \t %d \n” % features)

y = olivetti.target
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classes = 40

print (“classes: \t %d \n” % classes)

from sklearn.model selection import train test split
# split into a training and testing set

X train, X test, y train, y test = train test split(X, vy,

test size=0.2,random state=0, shuffle=True)

print (X.shape)

from sklearn.decomposition import PCA
n_components =100;

print (“Computing PCA..... )

pca = PCA(n_components=n_ components, whiten=True)

pca.fit (X train)

X train pca = pca.transform(X train)

X test pca = pca.transform(X test)

print (X train pca.shape)
print (X test pca.shape)
print(y train)

print (X train.shape)

model = tf.keras.models.Sequential ([

tf.keras.layers.Dense (60,activation="sigmoid', input dim=100),
tf.keras.layers.Dropout (0.6),

tf.keras.layers.Dense (40,activation="softmax"),

1)

opt=tf.keras.optimizers.Adam(learning rate=0.005)
model.compile( loss='sparse categorical crossentropy',

metrics=['"'accuracy'])

model.fit (X train pca, y train, batch size=16 , epochs=250,
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validation split=0.1)

model . summary ()

A3 CNN

The code below presents the CNN model that is trained and tested with LFW dataset.
When we train and test the CNN model with OFD, the only change is that we give some

more samples in the validation set in order to have descriptive validation curve results.

from sklearn.datasets import fetch 1fw people

import numpy as np

import matplotlib.pyplot as plt

from numpy import mean, log

from sklearn.metrics import accuracy score, fl score
import tensorflow as tf

from sklearn.metrics import classification report
from sklearn.metrics import confusion matrix

lfw dataset = fetch 1fw people (min faces per person=39,
resize=0.5, color=True)

print (1fw dataset.keys())

print (1fw dataset.images)

print (”“Size of data set: \n”)

samples, h, w ,c = 1lfw dataset.images.shape
print (h)

print (w)

print (h*w)

X = (lfw dataset.images)

print (X)

print (samples)

print (X.shape)

features = X.shape[1l]

print (“features: \t %d \n” % features)
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y = lfw dataset.target
target names = 1fw dataset.target names
classes = target names.shape[0]

[

print (“classes: \t %d \n” % classes)

from sklearn.model selection import train test split
# split into a training and testing set
X train, X test, y train, y test = train test split(X, vy,

test size=0.2, random state=0)

X train new , X validation, y train new, y validation =
train test split (X train, y train, test size=0.1, random state=0)
print (X. shape)

print (X validation.shape)

cnn = tf.keras.models.Sequential ()
cnn.add(tf.keras.layers.Conv2D(filters=64, kernel size=8§,
activation='relu', input shape=[62, 47, 3]))

cnn.add (tf.keras.layers.BatchNormalization())
cnn.add(tf.keras.layers.Conv2D(filters=64, kernel size=§,
activation='relu' ))
cnn.add(tf.keras.layers.Conv2D(filters=64, kernel size=8§,
activation='relu' ))
cnn.add(tf.keras.layers.BatchNormalization())
cnn.add(tf.keras.layers.Conv2D(filters=64, kernel size=8§,
activation="relu' ))
cnn.add(tf.keras.layers.Conv2D(filters=64, kernel size=§,
activation='relu' ))
cnn.add(tf.keras.layers.BatchNormalization())
cnn.add(tf.keras.layers.AveragePooling2D (pool size=8,strides=4))

cnn.add(tf.keras.layers.Conv2D(filters=128, kernel size=2,
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activation='relu' ))
cnn.add(tf.keras.layers.Dropout (0.2))
cnn.add (tf.keras.layers.BatchNormalization())

cnn.add (tf.keras.layers.Flatten())

opt = tf.keras.optimizers.Adam(learning rate=0.0001)

cnn.add(tf.keras.layers.Dense (units=60, activation='sigmoid'))

cnn.add (tf.keras.layers.Dropout (0.7))

cnn.add (tf.keras.layers.Dense (units=21, activation='softmax'))
cnn.summary ()

cnn.compile (optimizer = opt, loss = 'sparse categorical crossentropy',
metrics = ['accuracy'])

cnn.fit (X train new,y train new,validation data=

(X _validation,y validation),shuffle=True,epochs=70,batch size=64)

print (cnn.history.history)

print (cnn.history.history['loss'])
plt.plot(cnn.history.history['loss'])
plt.plot(cnn.history.history['val loss'])
plt.show ()
plt.plot(cnn.history.history['accuracy'])
plt.plot (cnn.history.history['val accuracy'])
plt.show ()

y pred=cnn.predict (X test)
test predictions=y pred.argmax (axis=-1)
train pred=cnn.predict (X train)

train predictions=train pred.argmax (axis=-1)

test score=fl score(test predictions, y test,average='weighted')

train score=fl score(train predictions,y train, average='weighted")
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print (classification report(y test,

test predictions, target names=target names))

print (confusion matrix(y test, test predictions, labels=range (classes)))
print (test score)

print (train score)
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