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ABSTRACT

Face recognition is a biometric technology that banapplied to the various fields in terms of human
identity. The continued development of technolodgce recognition is also adopted in the latest
technologies such as android devices are appli@drplete the job. In this paper, demonstratedabe
recognition system in android device using eigemfathe system can be used as the base for the
development of android applications such as andr@dile security application and as an archivetlier
recognition of human identity. The experiment ofefarecognition system in this paper uses 50 facial
images as test images. Test images and trainingeisnare taken directly with the camera in andrexdat

with a distance of face shooting is 60 cm. The testilts showed that the system produces high acgur
with a success rate reaches 94,48% with FMR = 2,8280NMR = 3%.
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1. INTRODUCTION facial image recognition is one of the biometric
technologies is widely studied and developed by the

The new technologies continue to emerge withxperts [2]. It is because in general, the facegana

a variety of advanced features. It also affects thman provide the specific information related to
demand for self recognition system. One of them isersonal identification [11]. However the face
face recognition. Face recognition is a complex anichage has high variation as the input. In general,
difficult problem that is important for surveillamc these variations are caused by two factors. Tise fir
and security, telecommunications, digital librariesfactor is variation on own face and second factor i
and human-computer intelligent interactions [1] [4ihe variation caused the object transformation of
[12]. face into face image. The variations of the face

Eigenface face recognition approaches can lmage must be able to be resolved by face
classified in an appearance-based method, becauseognition system [5].
the eigenface face recognition use information from To solve a variety of problems, face recognition
the raw pixel image which is used for training anghould be applied in the practical and flexible
classification of image identity [3] [6] [8]. Theléa devices. The practical and flexible device is aiiro
of this method is projecting an image of a face thalevice. In the display interface, android applimati
can be seen as a vector. To produce the eigenfaisyery easy to use by the user because it isatestl
the digital image of human faces take at the sanportable devices currently. In programming,
lighting conditions, then normalized into aAndroid also provides a variety of functions that
grayscale image [7] [13]. The image is processed Bupport the programming of face recognition, as in
the same resolution and then used as the vectorage processing. [10]. In the case of a databsse a
dimension where the components are derived fromrepository, android uses the serverless datamase
the pixel value of the image. the database is easy to manage [9].

Basically human face recognition procedure From the problems, this paper is built the face
consists of two stages. The first stage is wheee thecognition system that is solved by eigenface
face detection process takes place very rapidly method. The system is run on android because it is
humans except in certain circumstances where thige portable devices as described previously. The
object is located at a far distance. The secorgkstasystem is build with the several features for users
is recognition stage which is recognizing the fase and features that will require in the eigenface, fo
individuals face. The face recognition stages as éxample, features face detection and preprocessing.
was then imitated and developed as a model fdihe system through the recognition by the input
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image directly that take from the android deviceshape matrix for comparison process with the
camera. In the future, the system can be developé&aining face.

for android application. The system referenced by Matthew A. Turk
and Alex P. Pentland formulas. In the system, the
2. SYSTEM PROPOSED formulas used to complete the eigenface

calculation. In accordance with the formulas, the

2.1. System Overview o : .. works in the system early is the pixel value of
There are two main jobs in the face recognition _. . : .

. ) .~ . _fraining face in the form of N x H x W is converted

system. The jobs are enrollment and identification,

In the enroliment process there are the stagesein tmto N x 1. From pixel value of N x 1 then searched
. Pr¢ . . 99%IN Lihe mean of all the training face that stored ia th
eigenface calculation, i.e. image acquisition

preprocessing and the threshold value for ead atabase. After getting the results of the meaam th

! L9 . e Iculated the difference between the pixel value o
image. While in the identification process Stag?%ach training face with the mean. In the test face

are image acquisition, preprocessing and recognishe process is almost the same as in the training

the test image W'th. e|genfa(;e Process. Thlemage step. But in test face only one image that
overview of the system is shown in Figure 1.

performed the calculation process. The pixel value
of training image is also converted into N x 1. the

Enroliment the difference calculation between N x 1 pixel

Training Image values with the mean of training face. For the
recognition, that calculated the difference of tibet

Image Acqusition —( Preprocessing | —#  Threshold face which has undergone a process previously with

each training face that has gone through the

process. The smallest value of the difference

Identification process is used as the recognition result.
- -
S 2.2.1mage Acquisition and Preprocessing
Database In the system, the process required to take the

images. The image used as an object to be
recognized. The image is taken directly from the

Teytimeee android device. To take the image, the system
Image Acqusition —# Preprocessing | Eigenface Process activated the camera of android device.
The images captured and processed for the
i detection of the necessary areas, namely face
detection processThe initial phase of the system
Recognition resuit is face detection process to obtain the face of the

image capture. In android, the face detection
process is done by activating the existing function
of the android library [8]. We use the API shipped

The enrollment process is the process when tﬁ'&'th Android SDK since level 1.' Th_e APl is used,

training image is stored and to be use as th%amely FaceDetector. It was written:

reference in the database. Then the identificatiorport androi d. medi a. FaceDet ect or; .

process is the process when the test face is

identified in the recognition process usingraceDetector used to detect face in the bitmap. To

eigenface. get the image width, image height and the number
As the existing eigenface calculation, there aref faces In the android face detection, it must get

the calculation for the training face and the fasé  the face midpoint and the eyes distance to deftect t

for face recognition [4] [6] [7]. Calculations dfi¢  faces. The function is:

training face and the test face done by calculites After get the coordinates for the face detection,

value of each image pixel. The pixel value isiext phase is the cropping process. The cropping

changes shape for eigenface calculation. The mepfocess is done by cutting the face detection area.

of the pixel matrix of each training face isThe image converted by the bitmap image for

calculated for reference in the recognition processgutting process on the face ar@e system uses

That calculation process will be stored in thes0 x 80 pixel image for face image which is

database. In the test face image is also changag tprocessed in the face recognition system.

Figure 1: System Main Overview
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android the grayscale

In the process of eigenface, the process before
the calculation of eigen value is preprocessing. In
the system, preprocessing of the
converting the RGB image into grayscale image. In
image is converted by
filtering the image. The RGB image extracted and
processed into grayscale image. In the system uses

ColorMatrixColorFilter. It was written:

I npor t
andr oi d. graphi cs. Col or Matri xCol orFil ter;

ColorMatrixColorFilter used for

transformation of grayscale process. The function

of face detection, cropping and grayscale is:

public void FaceDetection(Bitmap Data)

{

int i mageWdth, inageHeight;
int nunber O Face = 5;
FaceDet ect or nyFaceDet ect ;
FaceDet ect or . Face[] nyFace;
int [] fpx = null;
int [] fpy = null;
Poi nt F m dpoi nt = new Poi nt F();
imgeWdth = Data.getWdth();
i mmgeHei ght = Dat a. get Hei ght();
nmyFace = new
FaceDet ect or. Face[ nunber O Face] ;
myFaceDet ect = new
FaceDet ect or (i mrageW dt h,
i mageHei ght , nunber O Face) ;
count = nyFaceDetect. findFaces(Data,
nyFace) ;
Bi t nap resi zedBit nap;
Bitmap bm
if (count > 0) //if image
{
f px new int[count];
f py new int[count];
TenpBnp = new Bit map[ count];
int eyesdist;
int fx;
int fy;
for (int i =0; i < count; i++) {
try {//Crop, Resize dan Convert//
nyFace[i].get M dPoi nt (m dpoi nt);
fpx[i] = (int)mdpoint.x;
fpy[i] (int)m dpoint.y;
eyesdi st = (int)
nyFace[i]. eyesDi stance();
fx=fpx[i]- (eyesdist +

(eyesdist/2)); if(fx <0){fx =
fy=fpy[i]- (eyesdist +
(eyesdist/2)); if(fy < 0){fy =

Bitnmap Tenp =

Bi t map. createBi tmap(Data, fx, fy,
((eyesdi st + (eyesdist/2)) * 2),
((eyesdi st + (eyesdist/2))
int width = Tenp.getWdth();
int height = Tenp. get Hei ght ();
int newWdth = Resol usi;

int newHei ght = Resol usi;
float scalewWdth = ((float)
newW dth) / width;

float scal eHeight = ((float)
newHei ght) / hei ght;

image

0;}

0;}

*2));
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Matrix matrix = new

Matrix(); matrix. post Scal e(scal eW dt
. h, scal eHei ght);

IS resi zedBit map =

Bi t nap. cr eat eBi t nap( Tenp, 0, O,

wi dth, height, matrix, true);

bm = Bi t map. cr eat eBi t map( Resol usi ,
Resol usi, Bi t map. Confi g. RGB_565) ;
Canvas ¢ = new Canvas(bn;

Pai nt paint = new Paint();

Col orMatrix cm = new Col or Matri x();
cm set Saturation(0);

Col orMatrixColorFilter f = new
Col or Matri xCol orFilter(cm;
paint.setColorFilter(f);

c.drawBi t map(resi zedBi tmap, 0, O,
paint);

TenpBnp[i] = bm

resi zedBi t map=nul | ;

bm = nul|;

} catch (Exception e) {

Log. e("setFace(): face " + i + ":
", e.toString()); }

}
Bt nAddPi c. set | mageBi t map( TenpBnp[ 0]
)i
b = TenpBnp[ 0] ,
}el sef
Toast . makeText (AddData.this, "No Face
Deteted On Your Selected Inmge..!!!",
Toast. LENGTH_LONG) . show() ;
}
}

2.3. Threshold

Threshold is used as a comparison value when
the smallest of the eigen value calculation relsaitt
been obtained. Threshold obtained by summing the
distance between each image of the same face and
dividing by the number of images being compared.

¢ Dist 2 ‘
Face 1 Face 2 Face 3

Dist 1

Figure 3: The Distance Of Faces

Figure 3 describes the image 1 is used as the
reference to find the distance to image 2 and image
3. The formula of the calculation is:

T =Disrl # Dist2 (1)

.
=

Equation (1) states the threshold that obtainenh fro
the sum of the distance between the pixel value of
image 1 and pixel value of image 2 (Dist 1) and the
distance between the pixel value of image 1 and
image 3 (Dist 2) that divided by the number of
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image distances as much as 2. The result of tlsecond phase is preprocessing, i.e. the phase to
mean image is used as the threshold. transform the RGB image into grayscale image and
80 x 80 pixel matrix for calculation of eigenvector
In the threshold phase, the distance of 3 images is
calculating for threshold result. The distance that

In general, the work process of the system is toalculated is the distance of image 2 and image 3 t
perform the face recognition on image that the usémage 1. The distance of the images is divided by 2
input as a test images and identify the trainirgpfa and the result of the division is set as the thwksh
images that stored in database. In this section wédreshold will save into database. The 80 x 80
explain the flow of face recognition system ispixel matrix from preprocessing is also used far th
created on the android platform. In accordanceigenvector phase. The eigenvector calculation
previously described, the system will perform alphase i.e. the phase for transform the N x (H x W)
the processes automatically. Such processes inclugiel matrix namely is 80 x 80 pixel to the N x 1
face detection process, conversion into a grayscahéxel matrix namely 6400 x 1. The image matrix
image, calculation of threshold values andalculation is to find the mean of flatvector whish
eigenface calculation. summing the matrix of all image input and the

In the system, the provisions of the image thatesult divided with the number of images that
is used for face recognition is determined. Thegenerate the mean flatvector. Then each flatvector
image captured is converted into 80 x 80 pixeteduced by a mean flatvector. All the results are
image. 80 x 80 pixel image is converted to form thetored into the database. The processes are showing
image of 6400 x 1. in Figure 4.

In a face recognition system workflow, there are

3. METHODOLOGY

image acquisition preprocessing

2 main modules including enrollment module ang
identification module. Enrollment module in the
system is the module that explains the enrollme
process to obtain the training image as a referen
which is will save to the database. There are thre

images of face input in the enrollment process. The

images use to get the threshold value.

Identification is a module which describes the
process of identification in the system.
Identification module is describes the process floy
of test image recognition that compared with the
training image in database.

3.1. Enroliment Module
In the enrollment module, we explain the

enrollment process in the system that created on

android. The system flow in the enrollment module
is described into several phases. The phasesare
work overview in the system for the enroliment
process. The enrollment process has five mai
phases, including image acquisition, preprocessin
threshold calculation, eigenvector calculation an
storage. Enrollment module describes the overvie

]
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of training face enrollment process that will be
saved to the database as the reference for face
recognition. 3.3 ldentification M odule

The process flow of the enroliment system that  Identification module describes the recognition
is the first phase i.e. the phase of image acdpiisit process in the system. this section, the flow of
to retrieve data such as face images. The systdhe recognition processes are described through
will perform face detection process after capturedeveral stages before finally obtained the resflts
the image and automatically be cropping on ththe test images were identified. The identification
detected face. In the enroliment process, ther@® argprocess has four main phases i.e. image acquisition
images used for threshold calculation process. ThEeprocessing, eigenvalue and identification.

Figure 4: Enrollment Process In System
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Database

4.1 System Interface Result

The system interface becomes the main view
for the user to use the face recognition system.
Eigenface and threshold calculation processes is
done automatically by the system. There are two
main view of the system that is home display and
database display.

NCEEE G MK il 3% O 14:08 @B Y .l 73% @ 11:37

A

Identification

!

Database

iDL

The smallest
value (d)

unlisted

Y
Face identified

Identification

Figure 5: Identification Process In System
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Figure 6:Main Display Of System: (A) Home (B)

Database

Figure 6 (a) shows the home display that serves

Figure 5 shows an overview of the identificatioras the recognition result display for the user. /i
process.The process of identification of the systeffigure 6 (b) is shows the face training that staired

in this paper through the several phases. The firfie database.In the add process for training face,
phase is image acquisition phase as the phase fake 3 images that will automatically calculate the
take the test image for recognition. The processdisreshold. The first image input is used as thenmai
of image acquisition are captured the image, fadenage for distance calculation with second and
detection and cropping on the detected face. Thhird image

second is preprocessing phase. The phase ik
transforming the image into grayscale image and §
x 80 image. The 80 x 80 image is transform int
6400 x 1 matrix image in the eigenvalue proces
The 6400 x 1 matrix image is dividing with the
mean of training face that existing in the databas
The latter is identification process. The|
identification process is calculation the smalley.
value of the difference between eigenvalue in th
test face process and eigenvector in training faq
that stored in the database. The smallest value
compared with Threshold (T) of the image is calle
the identified image. If the value af is smaller
than and equal to T then the image identificatio
result is valid. Otherwise, the image is not valial

is not considered registered.
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Figure 7: Enrollment Display : (A) Training Face Input
(B) Threshold Calculation
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Number of Fake Facial Features Accepted by The System

The user facilitated by simply pressing start butto sz = Vumiber of Al Tests 0% (3)

to obtain identification results. Figure 9 shows th
enrollment of the system. Figure 9 (a) show:
training face input in the system and figure 9 (b
shows the training face that has been stored a

quation (2) and (3) shows the rate calculation of
c>1(periment result about the error of the system to
nd" - A
threshold of the training face receive the test face that does not exist in the
' database and reject the test face that existeldein t

. The |dent|f|p§t|on resuit will display Fhe database. From the calculation, it will give the
existing face training on the database and displa

the name and address. If the identification resu%SUItS of the test accuracy. :
In the calculation process of experiment result,

the experiment performed using 50 test faces. The
shoot of image of all face image is within 60 cm
between the camera of android device and owner

displays the result were not identified, it will
displays an alert.

NLELEEEE] X 19%@ 1558 | L m ¢ oxom WX all 19% G 15:59
Face Recognition (D|Face Recognition O] face. The face image shoot takes at the same place
r— R o~ S and same lighting. The experiment results are
shown in table 1:
rv\ < :g" ) .
= Table 1: Table Of Experiment Results.
ace Recognition Result FMR FNMR ACCuraCy
Threshold
3 > %) | ®) (%)
<3 30 028 | 9,88 89,84
Name : Mika Parwita Name :-
Address : Denpasar Address : - 31 0,36 9’72 89,92
32 0,48 9,16 90,36
33 0,96 8,44 90,6
34 1,08 8,16 90,76
(a) (b) 35 116 | 744 914
Figure 8: Identification Result: (A) Identified Test Face
(B) Unidentified Test Face 36 124 | 624 92,52
37 1,44 6,2 92,36
Figure 8 shows the identification result by the 38 1,56 5,68 92,76
system. Figure 8 (a) sho_ws _the display of iderttifie 39 172 504 9324
face by the system. While figure 10 (b) shows the
display of unidentified face. 40 1.88 4.68 93,44
41 2,04 3,72 94,24
4.2 The Experiment Results 42 2,12 3,44 94,44
Th_e_ successfully exp_erimen_t rate of the face 73 232 324 94.32
recognition system using eigenface method 7 555 3 5445
obtained by FMR (False Match Rate) afRNMR ’ '
(False Non Match Rate) calculatioSMR is the 45 3,16 2,92 93,92
error calculation when the system rejects the face 46 3.2 2,76 94,04
that stored into the database. FNMR is the error 7 368 256 93.76
calculation when the system is receiving or 8 T 535 9304
identifying the face who not registered. ’ ’ ’
FMR and FNMR is the function of the 49 5,08 2,16 92,76
threshold value. If the threshold value is large, i 50 54 2,04 92,56

makes the system more tolerant to variations in the
input then the _FNMR g0 up. Otherwise, if theBased on the experiments performed with 50 test
threshold value is small, it makes the system mot

) images with 2500 times of experiments, the best
secure but could have rejected the face that storg curacy rate is obtained when the threshold & at
in the database.

value of 44. The accuracy rate is 94,48%. FMR in
_ Number of Original Faciol Features Rejected by The System SyStem iS equal to 2!52% and FNMR is equal to
= Nener of Al Test *H% (2)  3%. The system has an rejected accuracy about
97,48% and accepted accuracy rate about 97%.

FMR
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[6] Vinay Hiremath and Ashwini Mayakar, “Face
100 Recognition Using Eigenface Approach”,
w0\ / 2002
s 80 \ / [7] Nick Pears Thomas Heseltine and Jim Austin.
S N\ / “Evaluation of image  preprocessing
2 Eg \ / techniqgues for eigenface based face
& 40 —FMR recognition”. ACA Group, Dept. of Computer
S 30 \\ // —FNMR Science, University of York, 2002.
= 20 \ 4 [8] Ive Billiauws, Kristiaan Bonjean and dr.id T.
10 ~__— Goedeme, “Image recognition on an Adroid
O mobile phone”, 2009.
AR R N A [9] Jason Wei, “Android Database
Threshold Programming”, Packt Publishing, 2012.
[10] Alex Pentland, Baback Moghadam and Thad
Figure 9:Graph Of Experiment Results Starner, “View-Based and Modular
Eigenspaces for Face Recognition”, |IEEE
5. CONCLUSION AND FUTURE WORKS Conference on Computer Vision & Technical

In this paper, we have conducted the researghi]

of the eigenface method for face recognition
system. The system is built in Java programming
for android. The system run and applied on android

platform. The experiment of the face recognition12]

system obtained the high accuracy result, with

rejected accuracy about 97,48% and accepted
accuracy rate about 97%. The accuracy rate show
that the system we have created with the eigenface

method was applied to the android platforni13]

produces the high success rate.

The system that created on the android

platform is the system which is run in the mobile
android applications and other application in other
android devices. For the future, the system that we

created can be use as a base to create the android

application that uses the face for the application.
For example, the key lock application for mobile
using face, face recognition application for police
fugitive, offenders face archive application and
Another application that uses face recognition.
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