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Abstract

Online learning certainly requires an attendance system that is accessed anywhere with a minimum
level of fraud.This research aimed to build an online attendance system using face recognition to
prevent filling out online learning attendance represented by others. The online attendance system was
built using the object-based system approach method. The system development method used was the
waterfall. The development of this system utilizes the Django python framework, face recognition
library, and OpenCV. This research delivered an attendance system that could not be represented by
others. To record attendance, students visit the online attendance system. Students can only record
attendance once according to the lecture schedule. The camera will capture the student’s face and
equate it with the existing facial data. Only the registered student that his attendance data stored in the
database. In addition, students cannot record attendance with face recognition outside of their lecture
hours. This attendance system was tested using black-box testing. The test is carried out on the access
button function to record attendance during the lecture schedules data and outside the lecture schedule,
facial recognition function with valid and not valid facial data, function to store attendance data, and
function to view attendance data recap in the current semester. The result showed that the attendance
application with facial recognition is 100% running as it should and as expected.
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1 Introduction

The Covid-19 pandemic has made sudden changes in various sectors of life, including the
education sector [1]. The Covid-19 pandemic has forced digitalization in transferring knowledge to
students [2]. On-site learning is now done online. This means that attendance data must also be recorded
online. Attendance data recording can be done by filling out online forms or checking student
attendance by calling their name one by one. Filling out online learning attendance through an online
form has a risk of fraud such as filling out a form represented by other people and students can still fill
out the form even though the lecture schedule is over. Meanwhile checking the attendance of students
by calling them one by one is not effective and is quite time-consuming.

There have been many studies on attendance that have been carried out. Research related to
attendance systems generally uses RFID tags, QR codes, fingerprints, face recognition, and others. An
automatic human recognition system using the face as a biometric trait is more appealing than a
fingerprint, iris, and palm print [3].

In this study, the attendance system was built for conditions where lectures were conducted online.
The attendance system is built using Python face recognition and The Django framework. This is to
meet the need for recording attendance data where lectures are conducted online during the Covid-19
pandemic. Even so, this system can still be used even though the lectures are conducted on-site.

In the attendance system that is built, students and lecturers have access to the system through a
web application. Both students and lecturers can see the recapitulation of student attendance. Lecturers
see attendance data based on the schedule and classes they teach, whereas students only see their
attendance data based on the schedules and courses they take.

On the web application, students can view class schedules. Students perform face recognition as
evidence of attending lectures online through a web application. Face recognition can only be done per
course and according to the class schedule. If a student performs face recognition within the range of
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lecture hours and the face is recognized in the server, the student will be recorded as attending. The face
recognition button will be deactivated if no lecture is taking place. Students who do not perform face
recognition during lectures for hours will automatically record alpha. With this system, fraud in
recording attendance through online forms can be minimized and not time-consuming by calling
students’ names one by one. Student attendance data will be recorded in the database, making it easier
for students to monitor their attendance and more effortless for lecturers to get a recapitulation of student
attendance.

The advantage of this research is that it can be applied in conditions of the Covid-19 pandemic that
requires students to study from home. Students can record attendance wherever they are. The
contribution of this research is the attendance system applies to various levels of education. Another
contribution of this research includes creating an easy and inexpensive attendance recording system
simply by storing student photos and comparing them with recognized facial data without needing
additional tools such as RFID tags. In addition, the contribution of this research is to provide an
alternative for an attendance system, both on-site and online. This attendance system can also be applied
to hybrid learning. Since it developed with face recognition by utilizing a webcam, the lighting and
quality of the webcam should be concerned. Students must be in a room with adequate lighting and
have a good-quality webcam to capture an image.

2 Literature Review

A study in 2018 built an attendance system that combines RFID technology with facial recognition
[4]. However, in that study, facial recognition data was compared with RFID card data. This is a
drawback of the research because it is inefficient, where the comparison process should be done using
facial recognition only. In addition, the use of RFID tags is not cheap.

Another research conducted in 2019, built an attendance system using Android-based facial
recognition. The student scans the QR code to ensure he attends the lecture according to his schedule.
Then, students will do face recognition in front of the class. If the face is recognized, the student will
be recorded as being present in the attendance system database [5]. However, the attendance recording
process is complicated because it is done twice, through the use of QR codes and face recognition.
Meanwhile, attendance recording using only facial recognition is sufficient.

Another study in 2020 built an attendance system using barcodes. Students only need to look at
the barcode contained on the identity card. The identified student ID would be stored in the database
and recorded as attending the lecture [6]. However, the use of barcodes is still prone to fraud because it
can be transferred to someone else.

The first two studies are less efficient because they combine facial recognition with other tools
such as RFID cards and QR codes. Meanwhile, the use of face recognition itself is accurate and can
avoid falsifying attendance [4], [5]. While in the third study, the use of barcodes is still prone to fraud
because it can be transferred to other people. In this study, attendance recording only uses face
recognition which can be applied to on-site learning[6].

Meanwhile, in the research conducted, the attendance system uses face recognition which is easy
and inexpensive. Moreover, it can be applied not only for online learning but also for hybrid learning.

3 Research Method

This research was conducted based on the research method that has been determined. The
determination of this research method is based on the system development method used, namely the
waterfall method. The waterfall method is suitable for building systems that have a simple level of
complexity and each stage has a well-defined deliverable. In addition, the waterfall method helps in
finding and reporting all defects found in the coding or development stage [7]. The research is divided
into four stages as shown in Figure 1, namely requirements analysis, design, development, and testing.

Requwements _y Design —y Development —{ Testing
analysis

Figure 1. Research Method
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Requirements Analysis

At the requirements analysis stage, an analysis of the attendance system for current online lectures
is carried out. After that evaluate the current attendance system by identifying the problems and actors
involved.

Design

After analyzing the current system, the next stage is to design the proposed system and database.
The system approach method used is object-oriented. Therefore, the proposed system design is
described using Unified Modeling Language (UML). UML is a standard used to represent object-
oriented software modelling [15]-[18]. In Addition, the next step is to develop a database design.

Development

At the system development stage, the results of the system design are transformed into a
programming language. The presence system is built as a web application using Django, an open-source
framework with the Python programming language [24]-[26]. The consideration for the use of the
Python programming language is because Python is open source, relatively easy to understand, and has
many additional libraries that can be used [27]. Specifically, Python3 was used. Python3 can be used
for the back-end development program. In this research, the front-end and front-end parts use the
Django framework [25]. The thing to consider in choosing the framework because Django is part of
Python that can be used to build a web-based application. Django is capable of handling web-based
requests, databases, modeling, authentication, and authorization [28]—[30].

Testing

After the system development stage is complete, a series of tests are carried out. The test used is
black-box testing to ensure that the web application functions properly and as expected. The test carried
out include testing the function of each feature in the system being built. This is done to ensure that
each feature and output is as expected.

Testing is carried out on the lecture schedule page where a student records their attendance. Face
recognition, and monitoring attendance page. On the lecture schedule page, the test scenario is the
attendance button, which is when the attendance button is active and inactive. In the face recognition
session, the test scenarios are the appearance of a face recognition pop-up window when the active
attendance button is clicked and what happens when the inactive attendance button is clicked. In
addition, it is also tested if the detected face is not recognized. Meanwhile, on the attendance monitoring
page, the test scenario is the number of attendance and alpha displayed with the data recorded in the
database.

4 Results and Analysis

The current attendance recording system in online lectures is to use an online form that allows cheating,
namely filling out the form can be represented by the others. Recording attendance by calling students’
names one by one is quite time-consuming and can cut lecture time. The results of the current system
evaluation are shown in Table 1.

Table 1. Current System Evaluation

Problems Actor Solution
Attendance recording system using Student Build an attendance system
online form are prone to fraud using face recognition to

minimize the fraud

Checking student attendance by Lecturer Build an attendance system

calling their names one by one is where attendance data will

time-consuming store automatically into the
database
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Table 1 shows that the actors involved are the lecturer and the student. The proposed solution is to
build an attendance system using face recognition. Face recognition has been widely used in various
fields. Face recognition is included in Computer Vision [8]. In general, computer vision is used to detect
and recognize an object. Face recognition is used to extract facial image features [9]. Face recognition
is a computer application that detects and identifies faces based on images or videos taken using a digital
camera. The image detection process on video is based on image frames, where each image in the video
has its time dimension [10]. Face recognition refers to detecting a face first and then looking at the key
points of the recognized face image [11]. face recognition is the best choice for the biometrics issue.
An effective facial recognition system can assist in user authentication and security systems [12]-[14].
That is why face recognition is often used in the attendance system, because it can minimize fraud in
filling out attendance forms and an attendance system can save attendance data automatically into the
database.

Figure 2 shows the proposed use case diagram and Figure 3 shows the proposed activity flow
system. Actors involved in the attendance system include students, lecturers, and administration staff.

attendance system /

Set the lecture
schedule

Record
attendance

SN
;’i,_ff

Lecturer

< <include>=> i .
: Administration

View Staff
attendance
data

Figure 2. Proposed Use Case Diagram

The attendance system is designed in the form of a web application. Users in this attendance system
are students, lecturers, and administration staff. All of the users must log in first before they can use the
web application attendance system. After logging in, students can see a list of courses taken in the
current semester. In each course, there is data on the lecture schedule such as the days, and hours of
lectures. In addition, there is also a button to record attendance and a monitoring attendance menu to
see the number of meetings that the student has attended. The attendance recording button is enabled
and recording attendance can only be done during lecture hours. On the other hand, the attendance
recording button will be disabled when it is not class time. When the lecture time has started and the
attendance recording button is clicked, the webcam will capture the student’s image. The student’s face
will be marked with a square frame as a face detector marker [19]. Then the marked face area is
compared with the student photo that has been stored on the server. If the captured face match one of
the student photo data in the server, the student’s name will appear on the screen. Then the student will
be marked as attending the lecture. Attendance recording can be done while still during lecture hours.
However, if the student does not record attendance during lecture hours, the student will be documented
alpha automatically. After recording attendance, students can see a recapitulation of their attendance.
Recapitulation of attendance in the form of the number of meetings that have been attended by students
per the total number of meetings. Meanwhile, the lecturer can see the detail of student attendance. In
this system, the administrative staff is in charge of setting the lecture schedule and viewing the
recapitulation of student attendance. The activity flow of the proposed system shows in Figure 3.
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Based on Figure 3, it can be explained the student who will carry out the attendance process must
carry out the process of taking a picture using a webcam that is connected to their computer. This study
uses OpenCV. OpenCV is a program package that contains many features related to image processing
and analysis [20]. One of the functions of OpenCV is used to take an image from a webcam and then
save the result to a variable [12], [21], [22]. In the next process, the image that has been successfully
taken must be changed to gray so that it can be processed to the next stage. The converted image will
also be saved to a variable. This variable will later be processed to detect the location of the face and
the encoding process of the detected face.

}

S —
capture
image 4’@—
__
: : '_‘
do locate
locate
face from
face €
captured all image
data
encode
encode image
image from all
captured image
1 __data_|
comparing
access encode image

[ capture with

database ’
encode image
— ) from database
No match?

fetch . ;
student's

name form [«
database

Figure 1. Proposed Activity Flow Of The System

After getting the captured image that is gray, then the process can then proceed to the next stage,
namely detecting the location of the face in the image. To do this, a face recognition library was used
[21], [23]. Within the library, we can take advantage of the existing ‘face locations’ function to get the
location of faces in an image.

The next process is to perform the encoding process of the image by utilizing the ‘face_encoding’
function. This function will take an image of the face obtained in the previous result and also take the
location of the face in the image. The result value of this process is stored in a list variable. This value
will be compared later to determine the result of facial recognition.
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The following step is to load the image from the server for further processing. For the record, all
images are stored in a specific folder, while only the name of the image is stored in the database which
of course corresponds to the ID of each student. The detection and encoding process will be carried out
on each image from each ID. The results of the encoded values of each image will be saved to a list
variable.

Furthermore, after all the images have been successfully encoded and the captured images have
also been successfully encoded, the next step is to compare the captured image and encode the value
with all image values on the server. This comparison process can be done by using the ‘computer faces’
function and the ‘face distance’ function. The value that will be returned from the ‘computer faces’
function is True or False, while the value that is generated from the ‘face_distance’ function is a number
that indicates the level of similarity of the processed face image.

If the recognition result is True, then the program will take the ID and name of the student
automatically from the database. The program will mark that the student has done the attendance
process and save the attendance information to the database.

If the attendance recording is done by someone who is not registered in the class, then the image capture
will be done again. Although someone may log in with a student account when recording attendance,
his face will still not be recognized.

In this system, only registered students can access the attendance system. This relates to the task
of administrative staff to set the lecture schedule. If the administrative staff has set students to enter a
class, then the lecture schedule will appear on the lecture schedule page and he can record attendance.
On the other hand, if the administrative staff does not set the student to be in a certain class, the students
cannot see the class schedule for the course or even record attendance. Thus minimizing the image
captured not being recognized because students are not registered in the class.

The next step is to develop a database design. To prepare the database design, it must have data
related to the attendance system. In this case, it requires data on students, lecturers, subjects, rooms,
classes, and attendance data. After getting all the data, then the data is normalized to avoid data
redundancy, so the database design is obtained as shown in Figure4.

attendance
student PK | attendanceid
PK | studentid FK |scheduleid, studentid [«
studentname numberofmeeting
filename attendancestatus
lecturer
PK |lecturerid |[—
lecturername schedule
PK | scheduleid -
- lecturerid, subjectid,
subject FK
PK | subjectid classid, roomid
subjectname day
credit starttime
semester finishtime
room class
PK |roomid — — PK | classid
roomname classname
capacity entryschoolyear

Figure 4. Database Design

In the database shown in Figure 4 there are tables of the student, lecturer, subject, room, attendance,
schedule, and class. The entire table will store data related to the attendance system.

In the system built, students can record attendance online wherever they are while they are still in
lecture hours. This is different from previous research which requires students to be in a certain location
to be able to record attendance, such as in the classroom or in front of the class [11]-[13]. while in this
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system, attendance recording can be done anywhere without being tied to a particular location. The
attendance system is built in the form of web pages as seen in Figure 5.

SFRV1.0 [Home| |Prefile] |Lecturel |Monitoring] |Logout| Search

Smart Attendance System V1.0

Smarl alland yslam wsing face recognitio danc U RO for student allendance whe

Figure 5. Attendance System Web Page

The attendance system can be accessed anytime and anywhere, even at home. Users of this system
include students, lecturers, and administrative staff. All three must log in first before they can use the
attendance system. After logging in, students will go to the dashboard page, there are several menus,
namely profile, lecture activity, and monitoring attendance.

On the profile page, there are two sub-menus, namely account and change password. In the account
section, students can see data on number, name, class, and entry school year. In the change password
section, students can change the password by entering the new password twice.

In the lecture activity, students will see only the current academic year and semester. Lecture
schedules are also displayed in lecture activities such as subject, day and time, credits, class name, and
attendance. The schedule shown on this page is based on the schedule set by the administrative staff.

The attendance button will be active when it is in lecture time and students can record attendance.
The active attendance button will be green and can be clicked. If it does not lecture time, the button
turns red. If the button is clicked when the condition is inactive, a notification will appear that there are
no lectures at this time. This is used on a comparison between the server day and time with the existing
lecture schedule. The active and inactive attendance buttons are shown in Figure 6.

Lecture Schedule

School Year ; 2019

Active Semester ; [V

“ Subject Day & Time Credits  Class Attendance
Interface and Menday 09:15am-11:30am 3 CEl Record
- Peripheral Attendance
Lecture Activity
Python Programming Wednesday 08:00am- 3 CE1 Record
.. 10:15am 4 —
Monitoring Attendance AllEndace
Internet of Things Wednesday 12:15pm- 2 CEl Record
02] 5Dm —
Web Programming Il Thursday 08:00am-10:15am 3 CEl T

Attendance

Figure 6. Lecture Activity

When the lecture time comes, students can record attendance by clicking the attendance button.
Then a pop-up window will appear to recognize the student’s face. In the first step, the student’s face
will be marked in the square frame and then will be compared with the image data stored on the server.
This comparison is carried out according to the student ID who is currently logged in. if the student’s
face is recognized, the student’s name will appear as shown in Figure 7. The appearance of the student’s
names also indicates that the student is registered in the class and is recorded as attended the meeting.
The system also will save attendance data as ‘present’ into the database.
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Attendance

¥ v e : Record
ivi : 0T il 1 Attendance
Lecture Activity e B |
i ’ Attendanc
Monitoring Attendance - endance
Record
Attendance

Profile

Record
Attendance

L
(x=431, y=55) ~ R:163 G:163 B:176

Figure 2. Face Recognition

If the student’s face has been recognized, students can close the pop-up window and return to the
lecture activity page. The attendance button which was originally green will turn red as a sign that the
button is not active. This is because students have recorded attendance recording. Attendance recording
can only be done once.

The results of recording attendance stored in the database are in the form of ‘present’ or ‘alpha’ if
they do not record attendance on time. Recording attendance will affect the number of students
attending. The attendance is displayed on the attendance monitoring page. The attendance monitoring
page displays the total attendance of all courses taken by students in the current semester. The data
displayed include subject, total meetings in one semester, the number of meetings that have been done,
the number of attendance, the number of alphas, and the percentage of attendance per total attendance
in one semester. The attendance monitoring page can also be seen by administrative staff. Meanwhile,
lecturers not only see the number of student attendance but can also see the details of student attendance
per meeting. The attendance monitoring page is shown in Figure 8.

Monitoring Attendance

School Year : 2019

Active Semester : [V

Total of Number of
Subject Present Alpha Percentage
Meetings Meetings

Interface and 16 15 15 0 93,7%
Lecture Activity Peripheral
Python Programming 16 14 12 2 75%
Monitoring Attendance
Internet of Thing 16 14 14 0 87.5%
Web Programming Il 16 14 14 0 87,5%

Logout

[ o
T
| oty stmmes |
I

Figure 3.Monitoring Attendance
If someone tries to log in using a student account, tries to record attendance and the results of
taking pictures do not match the image data from the student 1D who is currently logged in, the words

‘False’ will appear. This also indicates that attendance recording cannot be represented by others. The
unrecognized face detection is shown in Figure 9.
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Figure 9. Unrecognized Face

After the system development is complete, it is continued with the testing phase using the black-
box method. Testing is carried out on the lecture activity, face recognition pop-up window, and
monitoring attendance page. The test results are shown in the Table 2-5.

Table 1. Lecture Activity Testing

Testing

Hope

Result

Conclusion

When itis in lecture
time

When it is not in
lecture time or
students have
recorded attendance

The attendance button

green and active

The attendance button is red

and inactive

is The attendance

button is green
and can be

clicked by
students to
record
attendance

The attendance
button is red and

cannot be
clicked by
students

Accepted

Accepted

Based on the test results in Table 2, it can be concluded that the function on the lecture activity
page is as expected. The attendance button is green and only active during lecture hours. The attendance
button turns red if it is not during lecture hours or if the student has recorded attendance before.

In the face recognition session, the tests carried out were when students clicked the active
attendance button and when students recognized faces. When the attendance button is clicked, a face
recognition pop-up window will appear. Meanwhile, during face recognition, the student's face will be
in a box-shaped frame and if the face is recognized, the student's name will appear on the screen. This
also indicates that attendance data has been stored in the database. Meanwhile, if the detected face is
not recognized, the text "FALSE" will appear. As seen in Table 3, it can be said that the facial
recognition session worked well.
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Table 2. Face Recognition Testing

Testing Hope Result Conclusion
When the student Face recognition pop-up Face recognition Accepted
clicks the active window appears pop-up  window
attendance button appears
When the student Display a notification Display a Accepted
clicks the inactive appears that thereisno class notification
attendance button at this time appears that there

is no class at this
time
Student face Display the name ofthe Student’s  name Accepted
recognition recognized student’s face appears and
and attendance data saved attendance  data
into the database saved into the
database
Face unrecognized Display “FALSE” “FALSE” text Accepted
appears

The next test is carried out in the attendance monitoring section. This is to ensure that the data
displayed on the attendance monitoring matches the attendance data that has been stored in the database.
The test results are shown in Table 4.

Table 3. Monitoring Attendance Testing

Testing Hope Result Conclusion
The number  of Displays the number of The number of attendance Accepted
attendance attendance following the displayed corresponds to
(present/alpha) number of attendance the number of attendance

recorded in the database  recorded in the database

From the tests that have been carried out, it can be concluded that the attendance system works
well. Each test gives an acceptable result. The system produces outputs that are as expected and have
achieved the initial objectives of the study, namely an online attendance system using face recognition.

5 Conclusion

An online attendance system using facial recognition has been completed. This system can work
well in recognizing the faces of registered students. The system recognizes students' faces and saves
attendance data into the database. The system can minimize fraud if attendance is recorded by filling
out an online form that can be represented by anyone and saves time so that lecturers do not need to
mention students' names one by one. Furthermore, the system can be developed to be able to recognize
faces even though they are partially covered for example, due to the use of masks.
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