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Abstract—The eigenface algorithm is a collection of
eigenvectors used for face recognition through computers. The
face recognition system is part of image processing that
recognizes faces based on imagery that is stamped and stored in
an image file in JPEG format. Face recognition problems can be
solved through the implementation of an algorithm. The
algorithm used in this study is the eigenface algorithm. The
input image is stamped through a laptop camera with a size of
320 pixels x 240 pixels and reduced to 100 pixels x 100 pixels to
be saved as a master file of the face with various facial
expressions is a forward-facing position without a smile, facing
forward a thin smile, facing forward with a big smile, head tilted
to the left, and head tilted to the right. The purpose of this
research is to build face recognition software using eigenface
algorithms. The results showed that faces could be recognized
using the eigenface algorithm with an average accuracy rate of
85%.
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I. INTRODUCTION

The development of science and technology related to data
and statistical analysis of biological data (biometrics) is
growing rapidly. Much electronic equipment can help relieve
human tasks. Refers to biometrics technology, the technology
aims to measure and analyze human characteristics such as
face patterns mainly used for face recognition processes. A
person reading face characteristics needs reader equipment, as
a database capable of storing face pattern data and software
that analysis such data[1]. Face recognition system as identity
verification has been developed and produced various
algorithms for digital imagery process, and then it takes
algorithms that can recognize faces.

Research on face recognition was conducted using
Principal Component Analysis (PCA) with a successful
percentage of face recognition processes of 82.81%. Some of
the factors that influence the success of recognition are
exposure to the face, the distance of the face with the webcam,
the number of images of people's faces stored, and the
performance of the computer used [2]. Other research on face
recognition using the eigenface algorithm yielded an average
match percentage of 88% when the database contained 10 face
data, results, while at the time the database amounted to 20
face data, the average match percentage result reached 52%.
The cause of the difference in results is due to exposure
factors, distance, face shape, and the amount of data available
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[3]. Other research on face recognition using the Hidden
Markov Model (HMM) and Fast Fourier Transform (FFT)
methods with test results by recalling the accuracy rate is 41%,
and overall testing is 36%. Accuracy depends heavily on
clustering capabilities [4]. Other research on face recognition
uses the deep neural networks method Convolutional Neural
Networks (CNN) as real-time face recognition that has proven
to be highly efficient in face classification[5]. The results of
the trial using the construction of the Convolutional Neural
Networks model into 7 layers with inputs from extended local
binary pattern extraction results with a radius of 1 and
neighbor 15 showed face recognition performance achieved
an average accuracy rate of more than 89% in + 2 frames per
second [6]. Research on face recognition algorithms is quite
numerous and varied, but they all have the same three basic
stages the face detection, test face feature extraction, and face
recognition[4].

A biometric verification system has two kinds of errors,
namely errors in receiving a false acceptance rate (FAR) and
errors in rejecting a false rejection rate (FRR). FAR and FRR
are functions of the threshold value (t) [7]. In general, face
recognition systems are divided into two types, namely
feature-based systems and image-based systems [8]. In the
feature-based system, features are used to extract from face
imagery components such as the eyes, nose, mouth, etc. [9],
which are then geometrically modeled on the relationship
between them. In contrast, the image-based system uses raw
information from image pixels, which is then represented in
the Principal Component Analysis (PCA) method or wavelet
transformation[10].

Based on research and consideration of the causative
factors of differences in previous match results, the authors
conducted research on face recognition using the eigenface
algorithm [11]. The eigenface algorithm is a collection of
eigenvectors used for face recognition using the help of laptop
cameras[12].

II. OVERVIEW

A. Face Recognition

The face recognition process consists of several
components that can be described in a model as seen in Figure
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Fig. 1. System Component Analysis Model

Some face imagery will be retrieved and stored in the face
database. To function to recognize the face, then the face that
appears on the webcam is stamped through a designed
application then processed in the application using the
eigenface algorithm. After completion of the process, then the
face image is stored in the folder. The stages of face
recognition by the eigenface method can be seen in Figure 2.
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Fig. 2. Face Recognition Stages

Based on Figure 2 here are the stages of face recognition
with the eigenface method:

e The laptop camera is available and active.

e Through the application designed face stamped then
the size is normalized according to the size that has
been set in the application

e Perform eigenface calculations and then process
matching by taking an image of the face in the folder
and then doing the eigenvector calculation

e After the calculation of the eigenvector is searched for
the eigenvector value, that is, the eigenvalue of the
image of the face inputted or stamped.

B. Eigenface Calculation

The face recognition algorithm starts by creating a matric
of columns of faces that are input and stored in a file. The
average vector image (mean) of the column matric is
calculated by dividing it by the number of images stored in the
file. The first step is to fill variable S with the input face image
slice. Each image is transformed into a vector with an N size.

o Specify the middle or mean value.

e Then specify the difference between the input image
and the mean image

III. METHOD

A. Preparation of Flatvector Matric Imagery

Face recognition measures with eigenvalue and
eigenvector approaches represent all training matrices into a
matric with Nx1 or linear matric as below:

[acd

) —[abcxyz
Xyz =

Image training is done to shrink the size to make it easier
to generate eigenvector calculations to 3 pixels x 3 pixels.
Below are four face training matrices:

Face Image -1

Face matric -1

101116
C,=[121115/-[10111612111599 14]
9 9 14

Face Image -2

Face matric -2

8 108
C,=|81211|—-[81088121151010]
510 10
Face Image -3
Face matric -3
10 8 15
C;=|81213|—-[108158121371014]
7 10 14
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Face Image -4

Face matric -4

8 713
81313|— (871381313711 14)
7 1114

Of the four face training, matric was obtained 1 x (H x W)
from matric C1, matric C2, matric C3, and matric C4 as
follows:

Cy =

10 11 16 1211 15 9 9 14
8 10 8 8 12 11 5 10 10
10 8 15 8 12 13 7 10 14
8 7 13 8 13 13 7 11 14

Ci+C+C+Cy =

B. Selecting a Template Calculation of Flatvector
Flattening (Mean) Matric Imagery
From the flatvector obtained, sum the entire row so that it
gets a matric measuring 1 x (H x W). After that, divide the
matric by the number of imagery (N), which in the example is
two, to get flatvector flattening (mean):
€+ G+ G +C,
- 4
10 11 16 1211 159 9 14
8 10 8 8 12115 10 10| _
10 8 15 8 12137 10 14
8 7 13 8 13137 11 14
l36 36 52 36 48 52 28 40 52
4

=[9913912137813]
So mean flatvectoris=(99 139121378 13)

W=

C. Calculation of eigenface values

The mean value of the eigenface image for the arranged
flatvector matric can be calculated by subtracting the rows on
the flatvector matric with the mean flatvector value. If a
negative value is obtained, then replace the value with 0. The
calculation of eigenface values is as follows:

1011161211159914 )_. Face Image Matric — 1

— Mean Flatvector
- Matricx—1

9 9139 12 137813
1.2 3830 2211

8108 8121151010
9913912137 8:13
010000020

Face Image Matric — 2
Mean Flatvector
Matricx — 2

>
el

>
Face Image Matric — 3

Mean Flatvector
Matricx — 3

9 9139121378 13
102000021

1081581213710 14 >_,

87138131371114
9913912137 8 13
00001 0031

Mean Flatvector
Matric x4

m— | S P,

) - Face Image Matric — 4

Matric x-1 to x-4 are combined to obtain eigenface matric
for training in the introduction process.
IV. RESULT

So to recognize the testface image, the identification step
is to calculate the eigenface value for matric testface with how
to determine the value of eigenface and flatvector image.

Testface

Correspondent Matric

2 8 14
9 14 15| —+(2814914157814)
7 8 14

Flatvector testface

Furthermore, the flatvector to be obtained testface is
reduced by mean flatvector.
(2814914157814)
9913912137813
001 0 22 0:01

[123302211]~

Eigenface face image — 1
[010000020])— Eigenface facel image — 2
[102000021)— Eigenface facel image — 3
[000010031]— Eigenface facel image — 4

So the eigenvalue of testface is 001022001. The
eigenvalue of the testface is used for identification by
determining the absolute value of the line 1 reduction in the
image training eigenface matric with the eigenface of the
testface and sum it with the vector constituent element
resulting from the reduction and obtained distance d index 1
and look for the least d value.

Calculation of distance between the face-1 image and
testface calculation:

1 23 3022 11
0 01 0 2 200 1 _
1 2 2 3 -2 02 10

Absolute (positive value)
1 2 2 3 20210
= 13

Calculation of distance between face image -2 and
testface:
0 00 00 2 0
0 10 20 0 1
-20 2 -1

1
0
01 -10

0
2
-2
|
Absolute (positive value)

011022021
=9
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Calculation of distance between face image -3 and
testface:

1

1
0 2 0

0
0

oo

1
0
1 01

1o o
Nl o
o N

ou—-h)
N O

Absolute (positive value)
1 010 2 20 2 O
= 8

Calculation of distance between face image -4 and
testface:

0 0 0

0 0 0

0 0 -10 -1 -

|
-

Absolute (positive value)

00 10120 3 0
=7

0
1

N O

0N
N O

3
0
0 3 0

Description:

e Image spacing -1 with testface = 13
e Image spacing -2 with testface =9

e Image spacing -3 with testface = 8 d

e Image spacing -4 with testface =7

Fig. 3. Face image similar to testface image

V. CONCLUSION

After testing and analysis of the research, the following
conclusions can be obtained:

e Face recognition with the eigenface algorithm can
identify faces with a wvariety of different facial
expressions.

e Face recognition test results using the eigenface
algorithm.
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