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Abstract. Attendance is an important factor in assessing employee discipline for a company. Discipline issues in recording
employee attendance are an important concern for companies that have many branches or outlets because the company
cannot directly monitor their employees. Some companies usually use finger print machines and some even use manual
methods. This method is a problem for several companies that have several outlets or branches (o record attendance data
centrally and accurately. As a solution that is with the application of employee attendance that applies geofencing and face
recognition as security in recording the attendance of employvees who are at the company's outlets or branches. Geolencing
is a technology for conducting remote surveillance of a predetermined area. While face recognition is a technology from a
computer to recognize a person's face. In this study using the haversine formula, Euclidean distance, and KNN (K-Nearest
Neighbor) algorithm in determining the last location and face recognition of employees by comparing lace data that has
been registered in the database. Users who record attendance outside the radius cannot record attendance. The face
recognition accuracy rate has a percentage of 98%.
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INTRODUCTION

The attendance system is one of the important components for the company in managing employee attendance
data. Attendance management is an act of managing attendance [I]. Attendance management is one of the basic and
important processes in any organization [2]. Currently the growth of technology is much better into all existing sector,
attendance svstem is one of them. The system update is expected to be able to support the need for faster data
information. Monitoring attendance and counting hours worked is very important for almost every institution or
organization [3]. Despite this there are many industries, companies and institutions that take attendance manually in
attendance registers by calling out their names [4]. The attendance system is intended so that employee attendance
data can be recapitulated and recorded in real-time on the system to be able to be evaluated [5]. The attendance system
not only requires a lot of time but is also less effective if manual calculations and information are slow [6]. With so
many obstacles encountered when using the manual method of recording attendance. then the employee attendance
system application is made.

Geofencing is a feature in a software program that is used in conjunction with a global positioning system (GPS)
in determining geographic boundaries or virtual parameters of a map. The Geofence definition of the area may be a
polygon oraradius around a specified point [7]. Global Positioning Service System or GPS is relative new technology.
The GPS receiver calculates the exact position of the device and the speed at which the device moves [8]. Even though
it's mainly used for the military the goal at the time of discovery, this technology then used in many consumer
applications |9]. Geofencing is a technique that allows applications to provide information in a more appropriate way,
at the right time and in the right place [10]. In cellular-based geofencing systems, the positioning of devices,
determined by satellite-GPS technology, together by matching positions with a set of geofences executed on a mobile
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device [11]. GPS navigation allows many people who are not related to Geomatics to use it in many parts of their lives
[12].

In addition to geofencing this application also applies Face Recognition technology, which is one of the biometric
technologies that have been widely applied in security systems in addition to recognition of the retina of the eve,
fingerprint recognition and iris. The first stage is face detection, where photos are sought to find any face. The second
stage is face recognition, where faces are detected and processed, and compared with a database of known faces to
determine who the person is [13].

The algorithm used to get the closest distance of vector or face image comparison with data stored in the database
is using the Euclidean distance algorithm, and to classify the results of Euclidean distance calculations using the KNN
(K-Nearest Neighbor) algorithm.

Problems that ofien arise in the atiendance system using finger print or manual method generally when the process
of recording attendance data that takes longer than using an online attendance system because the data is centralized
on one server and also a problem of the accuracy of data for those who use the manual method.

The purpose of this research is to produce an Android-based employee attendance system application that is fast
and accurate in the process of recording attendance data for companies that have many branches of the company by
applying geofencing and face recognition technology to support the accuracy of the attendance data.

RESEARCH METHOD

Software Development Method
A software development project is a structure imposed on the development of a software product [14]. Model
Application design in this system, the authors use the process method SDLC (System Development Life Cycle) or the
Waterfall Method. Waterfall model is imposed as a software methodology [15]. The Watertfall method is a classic life
cycle, which implies a systematic and sequential approach. Consist of Requirements, Implementation , Verification
and Maintenance

Algorithm

In this study using the Haversine Formula, Euclidean Distance, and KNN (K-Nearest Neighbor) algorithm which
is applied to the Android-based employee attendance system application to validate employee attendance data [ 16].

The Haversine formula is a method that calculates the considered distance appropriately and accurately [17]. The
Haversine formula is an important equation in navigation, giving the distance of a large circle between two points on
the surface of the earth based on longitude and latitude [ 18]. The Haversine formula is used to calculate the distance
between a user location and a point [19].

D = (sin sin (latl) .sin sin (lat2) +cos cos (latl) .cos cos (lat2) (n
cos cos (long2 — long1) ) .R

Information :
R = the radius of the earth 6371(km)
d = distance(km).

The Euclidean distance is an accurate technique even in conditions such as sudden, temporary change replacement
operations [20]. The Euclidean distance formula takes the square root of'the overall difference [21]. Euclidean distance
calculates the distance between two points.

dp,q) = VX1, (q; —pi)? (2)

The formula can be implemented on the system. Equation d is the result of calculating the closest distance, equation
q is the result of encoding data or the results of solving face images whileequation p is vector data or face image stored
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in a database. After getting the closest distance from the vector or face image comparison, the system will calculate
into a percentage.

The K-Nearest neighbor algorithm is a simple artificial one-based learning model [22]. K-Nearest Neighbor
algorithm classifies based on distance learning data closest to the object [23]. The KNN algorithm is used because it
is a simple machine learning algorithm [24]. In this application KNN is used to convert the Euclidean distance
calculation results into percentages [25]

The Confusion Matrix is a method for calculating the correct number and wrong predictions which are further
summarized by the number of calculated values and descriptions into each class [26]

Actual Values

'
=
S —_—
£ Ragitivg Negative (0)
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A Negative

(0) FN TN

FIGURE 1. Confusion Matrix Table
Then the accuracy value can be calculated by using the following formula:

TP+TN
TP+FP+FN+TN

(3)

Accuracy =

RESULTS AND DISCUSSION

Requirement Analysis

After analysing the data, the needs of the Android-based employee attendance system application are as follows:
1. User Needs

Here are some user requirements analysis:

Can see their last location

Can take face photos

Can review their attendance data before sending to the server

Can see the results of attendance records on the same day

no

Admin Needs

Here are some admin requirements analysis:
Can manage employee data

Can manage employee work location data
Can manage emplovee work shift data

Can download report attendance
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Geofencing

In conducting geofencing validation, this study uses the haversine formula algorithm. After doing the calculation
process using the haversine formula algorithm, the next step is to convert the results of the haversine formula algorithm
into meters by multiplying by one thousand. Validation of the radius in this system is that if the haversine formula
calculation distance is more than the radius data stored in the database, the user will get a message that the person is
outside the specified radius. Geofencing validation process flowchart as follows:

_ Start
Geofencing

Input latitude,
ongitude Current
Location

Input latitude,
longitude Work
Location

L

Process Haversine
Formuia

|

Frocess Check
Radius

Current
Location =

FIGURE 2. Process Geofencing

Message "Upps kamu
berada di luar radius
lokasi kerja"

The accuracy of taking the user last location by the system can be influenced by user smartphone device factors.
The better the quality of GPS in a smartphone hardware, the accuracy will also be higher. Users can refiesh the page
to get the most accurate location if the location obtained by the system was not yet right. In this test the radius is set
to 50 meters the maximum distance from the center point of a predetermined location. The results are as follows:

The first experiment is to record attendance outside the specified radius and the results are as follows
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FIGURE 3. The user outside radius
Translation:
Apakah lokasi kamu sudah sesuai? = Is vour location appropriate?

From Define the user at the outer radius of the specified work location. Because it is outside the radius, the
system will display messages that are claimed to be outside the radius.

a.  The second experiment is to record attendance within a predetermined radius. When the geofencing

validation process is successful, the system will switch pages to face capture page. The results are as follows:

2 o -

Lokasi Kehadiran

Bidan Dyah Tuti €
Asih, Amd Keb

Apakah lokasi kamu sudah sesuai ?

&5 R @

. —

FIGURE 4. The user inside radius
Translation:
Apakah lokasi kamu sudah sesuai? = Is your location appropriate?

From the results of this geofencing test show that the results are in accordance with the expected. The system

successfully applied geofencing technology to validate employee attendance locations using the haversine formula

algorithm.
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Face Recognition

The application of face recognition on the Android-based employee attendance system application is a technology
to validate the accuracy of the user's or employee's face when doing attendance. In this study using the face-api.js
library to get face images. face recognition is beneficial for passive and non-intrusive systems in verifying personal
identity [27].

This library represents each face as a point in an imaginary 128-dimensional space. To check if two faces match,
it checks if the distance between those two points is less than 0.6 (the default threshold). Using a lower threshold than
0.6 makes the face comparison more strict [25].

After the next process of solving face images is classified using the KNN (K-Nearest Neighbor) algorithm. At
value k=1, and check if matches are thereby fixing a threshold value as 0.6 for distance metric (Sinha, Ghosh, and
Manju 2020). The higher the threshold value, the chance of misclassification of data will be more inaccurate. In this
study using a threshold value of 0.4 because the accuracy is higher than the threshold value of 0.6. The following are
the steps of the face recognition process in the system

Person ldentity
Database

l

Image Processing / Matching Algorithm
Enceodings Using Using Euclidean
Library face-apijs Distance & KNN

!

QOutput
Face Recognition

h 4

h

Input Image

FIGURE 5. Block Diagram Process Face Recognition
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FIGURE 6. KNN Classilication

Validating face recognition requires user data that has been stored in the database. In this application as a
comparison of data that uses thirty examples of the user's face image stored in the database. When the user is in the
attendance process, if the user first records attendance. then the first photo taken will be used as comparison data for
the next face photo. The second and subsequent photos only face data whose accuracy is above 75% will be saved to
the database as a comparison of the next face data.

The level of accuracy of the face recognition can be influenced by factors including light when taking photos, and
blur levels when taking photos. The following are the results of face recognition testing with a value of K = 1 and a
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threshold value of 0.4 using cuclidean distance and KNN classification. In this face recognition test is tested by logging
in using one of the employee accounts that have been registered in the Android based emplovee attendance application
system. Photos will be compared based on the employee account photo training data. The account photos will be
compared with photos stored in the database to get the percentage of face recognition results.

FIGURE 8. IFace photo data stored in the database. Photo is blurred in this manuseript due to privacy reason.

I the test scenario, the face photo data will be tested with 100 facial image training data stored in the database
and 50 test data. In the test data, there are photos of faces from various positions, including photos of faces facing
forward, to the edges and also photos of faces with  minimal lighting. In addition, the 50 test data also consisted of
photo data registered in the database and face photo data that were not registered in the database. To analyze the results
of this scenario, confusion matrix method is used.

TABLE 1. Conlusion Matrix

ACTUAL VALUE
TRUE FALSE

PREDICTION | TRUE TP =45 FP=1
VALUE FALSE FN=0 TN =4

Based on table I, the accuracy value can be calculated using the following formula:

| ~ TP + TN
WA = TP Y FP + FN + TN
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The results of facial recognition testing, the accuracy rate of facial recognition success is 98% from the test results

with training data of 100 photos of face coding results and test data of 50 photos of faces.

(1]
(2]

[8]

[9]

CONCLUSION

Based on various tests that have been done, it can be concluded that :

1. Users who record attendance outside the radius cannot record attendance.
2. This process of solving face images will produce each face as a point in 128 imaginary dimensions.
3. Validating face recognition requires user data that has been stored in the database.
4.  Face accuracy above 75% will be saved to the database as the next face comparison data.
5. The level of accuracy of face recognition has an average percentage above 98%.
6.  The higher the face matching threshold the chance of misclassification of data will be more inaccurate.
7. Based on testing the system is running well, geofencing validation and face recognition are proceeding as
expected.
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