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ABSTRACT ARTICLE HISTORY
As usual, if many students are attending the lectures, their REC_eived 12 February 2022
attendance tracking may become time consuming. Revised 21 May 2022

Furthermore, there are some possibilities that students could Accepted 25 May 2022
cheat the lecturers of their attendance in the classroom.
Therefore, a reliable method to manage the attendance tracking
has become a critical issue. This paper aims to propose an
attendance tracking system using an Android smartphone
equipped with Global Positioning System (GPS) and Near Field
Communication (NFC) technologies. Lecturers and students can
constantly connect with one another by using smartphones to
check and show their attendance automatically if they down-
load and install the software Application (App). Finally, the
experimental results have shown that our proposed system
can successfully reduce some time for tracking students’ atten-
dance. It also allows users to use their own Android smart-
phones without purchasing other electronic devices.

Introduction

Advances in smartphone hardware and software technologies not only made
the teaching task easier for teachers, but also helped students learn some
subjects more efficiently in and out of class. Nevertheless, student attendance
tracking is still one of the most pressing issues for professors. With the huge
popularity of smartphones, many studies have emerged on comparing those
elements such as the system security and reliability of two most famous mobile
platforms, iOS and Android (Strnadelova, Halamova, and Kanovsky 2019).
One method to solve the problem of tracking attendance on the Android
platform was previously proposed in reference (Noor et al. 2016).
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Student attendance is an important issue in all universities. Students in
class usually complain that the conventional method of tracking atten-
dance leads to the loss of their rights to be educated due to time
inevitably wasted in the checking process. On the other hand, professors
who need to follow the course syllabus on schedule are also concerned
about more time taken to call each student by name. Furthermore,
professors are aware that students leave class during lecture hours or
find other ways to falsely track their attendance (Mittal et al. 2016).

However, it is still possible for students to be able to fake their attendance,
and the existing approaches are unable to avoid these unusual cases. For
example, some students come to class after ensuring their professors who
have marked their attendance, and then they leave the classroom during
lecture hours without asking for permission. Of course, this unusual case
should be prohibited (Kamaraju and Kumar 2017). Thus, professors need
a reliable and more efficient system to solve this problem and stop the unusual
case. It is unnecessary to call each student’s name from the list continually
throughout the lecture hours, and then professors can manage the student
attendance more efficiently.

Therefore, this paper aims to develop a student attendance tracking system,
which not only makes sure that students come to class by checking their identi-
fication, but also constantly monitors their locations using Global Positioning
System (GPS) and Near Field Communication (NFC). For achieving the goal of
solving the attendance tracking problem, the proposed system is environmentally
friendly because it is paperless (Nguyen and Chew 2017). Because a peer-to-peer
mode is applied, the data exchange works in both directions between two mobile
devices communicating with each other via NFC. Common applications (Apps)
are used to exchange contact information (vCard) between two smartphones.
Hopefully, less equipment is needed to reduce some time taken to track students’
attendance. However, the cheating problem is assumed to be eliminated, for
instance, if a student lends his/her smartphone to a colleague, or if someone else
is using another person’s smartphone during the lecture hours.

The rest of this paper is organized as follows: Section 2 reviews the GPS,
NEFC, and the related works. The overview of our proposed system and
methodology are described in Section 3. The experimental results are pre-
sented in Section 4. Section 5 remarks the conclusion with possible research
areas for future system development.

Literature Review

In this Section, some fundamentals regarding global positioning system (GPS),
near field communication (NFC), and the related works are presented.
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Global Positioning System

The GPS technology uses a receiver to get the geolocation and time informa-
tion of devices via satellites. Using the unobstructed line of sight of more than
four GPS satellites, we can obtain devices’ location accurately anywhere on the
earth (Shi, Sim, and Lee 2017). Recently, people can receive GPS information
from smartphones with an advantage in creating the indoor positioning
system. For example, one App, called Travel Portal, relies on GPS and Geo
Tagging to create a system where people can manage their trips in synchro-
nization with travel agencies and answer the travel queries (Fridman et al.
2016). Another App focuses on children’s safety by tracking their location
through GPS on the Android device (Maryam et al. 2016; Sunehra, Priya, and
Bano 2016). Meanwhile, both stand-alone GPS devices and smartphones with
GPS technology work by detecting the position and signals from a series of
satellites set up by the US military. The devices calculate their position by
reference to these satellites (Walkhighlands 2021).

In addition, AGPS (Assisted Global Positioning System) was also used for
indoor positioning. It is important to underline that the indoor environment
has problems with GPS/GNSS (Global Navigation Satellites System) position-
ing. These problems are reduced by some satellites recently, allowing the
visibility of the constellation even in rooms with average windows (Hay,
Dufty, and Whitfield 2017). GNSS positioning would be generally possible
also in concrete buildings. Practically, GNSS signals may be detectable at some
places in a concrete building, but it is generally agreed that the current
smartphones cannot reliably receive and decode GNSS signals inside a multi-
story concrete building.

Furthermore, four satellites are used to have the three-dimensional posi-
tion, if instead the two-dimensional position is enough, three satellites are
enough. Most GPS/GNSS Apps installed on the cellular terminals (for exam-
ple, all road navigation systems) work with two-dimensional positions that
allow positioning even with poor coverage (Faustmann et al. 2020). It
describes a system with selective repeaters, which imposes the need of instal-
ling and adjusting infrastructure. While a mobile phone could not provide
positions more accurate than five meters. This potentially allows one to
accurately verify whether the student is really in the classroom or in the library
next door.

Near Field Communication

The NFC technology is one of the methods being used to exchange datasets in
many scenarios. It is a standard which covers communication protocols and
data exchange (Mohandes 2015). Since our proposed system includes the
implementation of NFC technology on Android devices as one of the
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functions to help students confirm their presence. Another related paper about
using NFC on Android devices has been published to reduce working time and
to increase their productivity.

Many papers have focused on the NFC technology for face recognition used
on Android smartphones as a tool for validating identification (Rana and
Ciardulli 2017). The App helps users tag the NFC to immediately validate
the users’ identity when they are in danger or in emergency. It could be used in
many scenarios, e.g., healthcare, public transportation, and neighborhood
surveillance.

Furthermore, the NFC technology has a potential function to be imple-
mented in the attendance tracking system as there is a method of applying
the Android device Nexus7. It needs to have the lowest energy cost among
all tablets, and to let students confirm their attendance with ease (Sousa
and Barata 2020). However, when using the previous methods, students
could easily cheat and leave class without asking for permission, and they
would still have their presence recorded on the students’ attendance sheet.
This study presents the best option to prevent this unusual case from
occurring.

Related Works

There are many methods to check the student attendance, including
fingerprint biometrics (Mittal et al. 2016), high real Zigbee (Kamaraju
and Kumar 2017), RFID (Nguyen and Chew 2017) and face detection
(Rekha and Ramaprasad 2017; Varadharajan et al. 2016). The fingerprint
biometric system uses a fingerprinting device to accurately identify peo-
ple’s identity. Maddu Kamaraju, et al. proposed a method based on high
real Zigbee to save time in recording students’ attendance (Kamaraju and
Kumar 2017).

With the popularity of smartphones in recent years, numerous Apps have
been developed to help people solve a wide range of problems (Anjana,
Nappinnai, and Sahari 2016). Especially, in the educational sector, there are
many proposed systems which use the iOS or Android platform to help
students learn some knowledge from the lectures more effectively (Douglas,
Mazzuchi, and Sarkani 2020; Faustmann et al. 2020; Hay, Dufty, and Whitfield
2017; Koubaa, Boukattaya, and Damek 2018). By using the Android-based
indoor positioning system, one App used the phone camera to scan the
barcodes on students’ ID cards for identifying students (Kamaraju and
Kumar 2017).

Another system was developed on Android which allowed students to use
their mobile devices, or teacher’s terminal devices, registering their attendance
as well as using a BLE (Bluetooth Low Energy) beacon to transmit a magic
number to prevent students from cheating at registration time (Noguchi et al.



APPLIED ARTIFICIAL INTELLIGENCE . €2083796-1121

2018). Although these papers present some methods for checking students’
presence, they cannot still avoid the possibility that students might leave class
after registration.

Proposed Attendance Tracking System

In this Section, the details in our system development are explained. We
require GPS- and NFC-enabled Android devices to help students confirm
their presence and allow the professor’s phone to keep monitoring students’
location until the lecture is over. In the App development part, we used
Android SDK tools and Eclipse that fully supported our present system
development. The reason why we selected the Android operating system is
because of the rapid growth of smartphone users. It is reasonable to expect that
all the students in class have their own smartphones, as would the profes-
sors do.

System Requirements

The presented App system aims to help the educational systems in colleges
become more effective and productive. The student attendance tracking sys-
tem uses smartphone devices based on the technological trends over the last
few years. Many people use smartphones, not only in Taiwan but also every-
where in the world. In the universities of Taiwan, professors sometimes ask
students to do research in class by using their smartphones. Expecting each
one to have an Android smartphone, we have designed the methodology based
on the Android device with GPS and NFC. After the system requirements are
specified correctly, the system design is performed, and then the system
implementation is finished.

System Development

This paper presents a student attendance tracking system using the Android
smartphones with GPS and NFC. Users only need to download the App on
their smartphones without purchasing other hardware systems. By referring to
the system architecture, as shown in Figure 1, we can view the system which
consists of Android Apps and the server with a database system. They are both
connected with a software system, one NFC tag, and an Android smartphone
in hardware requirements.

When using this system, students and professors first need to download
and install the App. The users are required to use their staff ID card or
student ID card to sign up the App before they login. The Android phone can
read the information from the chips, and the system can check the users’
identification. Both students and professors can access the information from
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Figure 1. System architecture.

the lectures. At this time, students are asked to tag the NFC to register their
attendance in class. The students’ Android devices automatically upload
their data items to the attendance sheet in the database system. After
successfully uploading the students’ present attendance, the students’ phones
continually update their locations in the database system, and the professor’s
phone tracks students’ attendance statuses throughout the lecture hours.

As shown in Figure 2, professors collect the information from the database
system. If the distance between professor and students is less than a preset
value, e.g. 10 meters, based on the size of the classroom, the App displays
students’ status as “Presence.” However, if the distance is larger than 10
meters, the App turns the status into “Absence.” The diagram shows that the
App uses GPS to help the professor monitor students’ locations in this system.
In the monitoring step, the App on the students’ phones keep updating the
location through the GPS. The App also updates the online database system.
The online database system is composed of one table which is used to store
those data items such as the students’ and professor’s username, password, ID
number, course number, course title, and the distance between students and
professor.
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Student is in the class

[ ] [ )
Course Course Student ID  Location Distance  Status
Number  Name
A856 Digital 710483110 25.04661, 3m Presence
Image 121.5168

Student’s Device Processing Professor s Dewce

® Student left the class ®
Course Course Student ID Location Distance  Status
Number  Name
A856 Digital 710483110  25.04481, 100m Absence
Image 121.5168
Student s Device Processing Professor s Dewce

Figure 2. Attendance scenarios.

Database System Development

The App gets data items from the table. It can calculate the distance between
students and professor on the table automatically, including Pid, Student ID,
Longitude, and Latitude Distance. Table 1 shows students’ personal data items,
including student ID, longitude, latitude, create time and update time. These
data items are updated once they finish logging in the App and tagging the
NEC. Create time is not changed because the time is created at the time shown.
As the first column shown, Pid is a primary key. The primary key cannot be the
same as in other rows. It is used to identify and find out every student’s row of
data items selected.

Table 2 shows that professors use the App to get information from the
database system. This App is designed to automatically calculate the distance
between professor’s smartphone and students’ ones. As this paper uses the
Haversine formula (refer to Eq. 1) (Liu et al. 2020), the distance (d) between
two phones is obtained by calculating two longitudes and latitudes which
we’ve gotten, where ¢, and ¢, denote the latitudes of two points; A; and A,
denote the longitudes of two points; and y denotes radius of the sphere.

Table 1. Students updating the database using smartphones.

Pid Student ID Longitude Latitude Create time Update time
1 710483666 121.4558988 25.0054492 2020-03-07 2020-03-07
16:26:16 13:26:16
2 400410824 121.4559908 25.0052870 2020-03-07 2020-03-07
16:20:18 13:26:19

Table 2. Professors getting the information from database system.
Pid Student ID Longitude Latitude Distance Status

1 710483666 121.4558988 25.0054492 120 m Presence
2 400410824 121.4559908 25.0052870 120 m Presence
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Finally, the professor obtains the distance. If the distance is larger than 15

meters, the status in the table is updated as “Absence.” If the distance is less
than 15 meters, the status on the table is updated as “Presence.”

d = 2r arcsin <\/ sin’ <@) + cos(¢,) cos(¢,) sin? (@)) (1)

User Navigation Development

The App in the present system plays a critical role. Each flowchart is explained
stepwise and from figure to figure. In the student’s phase, as shown in Figure 3,
students need to download and install the App. When students launch the
App, they are guided to the sign-up/login page. If students want to sign up,
they are supposed to use their student ID. After they sign in successfully, the
App guides them to the course information page. Students can check the
course information in this page and choose the course they want to take.
Once they have chosen the course, the App asks them to confirm their
attendance with the NFC tag. Then the App continues to update the location
for the professor until the lecture is over. There is no limit to the number of
NEFC tags. The professor can provide more than one tag to help students
activate the NFC tag quickly, so they do not need to wait in queue. The
more NFC tags the professor provides, the quicker the students can go through
the entire process.

In the professor’s phase, as shown in Figure 4, the professor also needs to
download, install, and launch the App. The professor needs to sign up and
does the same as the students. After logging in via the lecture information
page, the professor can view and choose all the course information. Once the
course is chosen, the professor can view students’ IDs and the distance
between professor and the students in class. The professor’s smartphone can
automatically monitor the students, ensuring that they are all in the classroom
until the lecture is ended.

App System Implementation

Since the software development is important for the proposed system, Eclipse
was used to develop an App system. The operational procedure of the App
system consists of four parts, as shown in Figure 5.

The first part, which is the most important one, is to develop GUI
(Graphical User Interface). It refers to the users’ experiences in using the
App. Once the GUI was developed, the users can easily find the infor-
mation in the App, i.e. how to log in the system, how to get the course
information, and how to guide the users to tag on the smartphones.
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Figure 3. Flowchart of student navigation.
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Figure 4. Flowchart of professor navigation.

Develop Graphical User Interface

l

To Create Database (SQLite)

|

Utilize GPS to Create Tracking Function

|

NFC Function Developing

Figure 5. Flowchart of system software.

The second part is to create the connection between the Android phone
and the database system. In this part, the App is designed to allow
smartphones to get data items and upload data items into the database
system. For the connection, the App is required to use the SQLite.
SQLite stores information in the online database system, e. g. students’
location and course number, etc. To connect the online database with
SQLite to smartphones, this study has designed eight programs in PHP.
With these programs the Android App can easily connect with the
online database system, update the table, delete the table, and create
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the row of data items on the table. The third part is GPS development.
Although one can easily get the geolocation on the Android smartphone,
this paper establishes a function to calculate the distance between the
phone and others. The fourth part is the NFC function, in which the
App is designed to read the information via the staff ID cards and
student ID cards. Also, students show their attendance based on the
NFC tagging action.

|a] mypositionxml | |d] prologinxml &3 |0 add_productxml | lastpagexml  |q studentl 0 registerpro.xml 0 =0
4 Palette —— .
 Palette ol @~ (] NexusOne + v| JrTheme v| @ prologin v| @ v | T2l +

= Form Widgets

Qaala® |a

. alignParentTop: true
'l 5:00 alignParentleft true

alignParentRight: true

HE| BE-| BEEE8

MainScreen

(] Text Fields

[ Layouts

(] Composite

() Images & Media

(] Time & Date

(] Transitions

(1 Advanced

[ Other

(] Custom & Library Views

Figure 6. Graphical user interface.
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As shown in Figure 6, the Android App was created by using Eclipse (Eclipse
Foundation-Eclipse 2020). The graphical user interface (GUI) is designed to
improve users” usage experiences. To reduce the complexity of GUI, the App
uses less than three buttons and three edit-texts in every page. Users can easily
find the button, type in their information, and follow the instructions.

To completely develop this App system, 14 projects of source codes and 12
pages of .xml files were used. The content includes connecting the button with
xml files and projects, connecting the edit-text between .xml files and projects,
directing the users to the next page, saving the information in the next page,
connecting with the online database system, getting the user’s location, creat-
ing a function to identify NFC tags, calculating the distance between professor
and students, and updating the information in the online database system.

This system needs a server to reserve all the App information. The environ-
ment of the server requires Apache, PHP, MySQL and phpMyAdmin. Our
proposed database system is created by using XAMPP (Apache Friends 2020).
phpMyAdmin is used to manage the information in the database system
directly. We use phpMyAdmin to create the name of the database and the
columns of data items including primary key, Pid.

Professors can not only get the students’ location by smartphones, but also
get the information from the database system. Without using the smartphone,
professors can manage the database system in a computer. Our proposed
system uses Notepad++ to write the PHP codes for making the connection
between the App and the online database system (Don Ho-Notepad++, 2020;
Pedro et al. 2019). And the PHP files are also used to manage all the informa-
tion which includes storing, updating, and deleting the columns of data items
in the database system.

In the present system, the HTC new one has been used to help us test the
Android App. It is necessary that users should use a computer to run the online
database system and a smartphone, which supports Android 2.3.3 or higher
versions with the function of NFC, for downloading and running the Android
App with at least one NFC tag which can read or write some information.

Experimental Results and Performance Evaluation

In this Section, all the system design based on the previous ideas is presented.
With only one App, students can easily check the information of the course,
and show their attendance status without spending much time. Professors can
also use the same App to manage students’ attendance without calling stu-
dent’s name. When applying this system, users are only required to have their
own Android devices, and professors can decide how many tags to be
provided.
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Activity Flow on Android Devices

Users are required to choose their position before they are guided to different
pages. In the users’ login page, they are required to type in their username and
password. If users do not register yet, they need to click the “sign-in” button,
which guides users to the sign-in page.

Students can get the class information once they login the system success-
fully. They are asked to click the course number to choose the class that they
are going to attend. Students can see the course number they have chosen
previously. The students are asked to open the NFC and get close to the NFC
tag, confirming his or her attendance in class.

After tagging the NFC successfully, as shown in Figure 7, the smartphone
can show messages about the related information, and ask the students to stay
in class while the location monitoring mode is turned on. Figure 8 shows the
students’ information required by the professor. Then the professor can know
the students’ distance and their attendance status.

Performance Evaluation

In this Sub-section, our proposed system was compared to others. There are
five approaches available for performance evaluation. The first one used GPS
and NFC to monitor the students’ location. The second one used face detec-
tion to identify students’ personal information through the camera (Rekha and
Ramaprasad 2017). The third one used the Android system with a camera to
check the students’ ID card (Varadharajan et al. 2016). The fourth one used the
fingerprint detection machine to identify the students’ fingerprint when they
wanted to show their attendance (Kamaraju and Kumar 2017). The fifth one
used the Bluetooth with a beacon to show students’ attendance (Nguyen and
Chew 2017).

As shown in Table 3, the number of hardware requirements in our pro-
posed system is two, which is the fewer one. And it can keep monitoring
students’ location unlike other approaches, which provides monitoring stu-
dents’ location only one time. The final results have also shown that students
cannot cheat their attendance by using our proposed system.

This paper used the online survey. Users were asked to read the instructions
before answering the questionnaire and to answer all the questions based on
their own experiences. In the experiment, there are 67 sets of questionnaires
sent out and 60 sets of valid questionnaires taken back, including 49 students
and 11 professors (Acknowledgments). In Table 4, we compare all the users’
satisfaction degree, the percentage of users who think it is time consuming, the
order of users’ satisfaction, the average value of users’ execution time, and the
correct rate of users’ experiences in presenting the advantages of our proposed
system.
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Figure 7. Notification of tagging successfully.

From the experimental results shown in Table 4, our proposed system has
the highest percentage of users’ satisfaction degree. Based on the users’ usage
experiences, most of users think that the execution time of our proposed
system is less than others. We calculated the average value of users’ execution
time by simulating that there are 50 students in class. The results have shown
the average time of our proposed system only takes 75 seconds and the face
detection takes the longest time to finish. Thus, we can see the consistency of
our approach is better than that of others.

To compare our proposed system to other approaches, the real situation has
been simulated. After calculating the total running time, as shown in Figure 9,
our system with one tag was compared to the face detection. Because “Face
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| T48:34

Figure 8. Students’ information.

Detection” approach is located as the second order of users’ satisfaction
according to the survey results, this is the main reason why only “Face
Detection” approach was selected. The experimental results have shown that
for more students in class, the face detection took much longer time than our
proposed system.

From the experimental results shown in Figure 10, our proposed system
with two tags is two times faster than the one with only one tag, and it is also
much faster than the face detection. Figure 10 shows that the more tags we
provide, the shorter the total running time becomes. Even though our
proposed system only provides one tag, it is still faster than the face
detection.



€2083796-1132 (&) T.-W. CHIANG ET AL.

SOA jou Aepy SOA SOA 10U Aepy 9duepusne bunesyd
oN oN ON ON SIA awil sy} |je buuonuop
papasu
4 € 4 € 4 SIDIAIP JO JaquINU [e10]
JusawWalInbal
JEVVEIS JEVVEIS JEVVEIS JEVVEIS JEVNEIS aJempiey JayiQ
Ja1ndwo)
191ndwo) ‘suoyduews ‘919 uoniuboday unidisbuiy J91ndwo) ‘suoyduews eJawe) ‘19mndwo) ‘suoydyews suoydyews 1uswaJinbas asempiey
() (v) (€) ] (1) OB
(£107 may) (2107 1ewny| (910Z "|e 12 ueleseypetep) (2107 peseidewey wialsks saydeoisddy
pue uaknb) yoeosddy yioolan|g pue nfesewey) yoeoiddy jundisbuly suoydyews ploipuy pue eyyay) uodale(Q 084 pasodoud InQ

*SWId1sAs Juswabeuew 9duepusije Jualayip jJo uosiiedwod jeuonduny} y “¢ ajqe



APPLIED ARTIFICIAL INTELLIGENCE . €2083796-1133

Table 4. Experimental results of different approaches.

Face Detection Android Fingerprint Bluetooth
Our (Rekha and Smartphone Approach Approach
Proposed Ramaprasad (Varadharajan (Kamaraju and (Nguyen and
Approaches System 2017) et al. 2016) Kumar 2017) Chew 2017)
Metrics Q)] (2) (3) (4) (5)
Users’ satisfaction 88.33% 80% 70% 68.33% 35%
degree
The percentage of users 13% 85% 15% 46.67% 43.33%
who think it is time
consuming
The order of users’ 1 2 3 4 5
satisfaction
The average value of 75s 500s 80s 450s 200s
users’ execution time
The correct rate of users’  93.3% 95.2% 89.5% 92.6% 73.3%

experiences in
presenting the
advantages

In addition, in references (Iio 2016; Kinoshita, Niibori, and Kamada 2019;
Takahashi, Niibori, and Kamada 2021) other related student attendance man-
agement systems were proposed. lio’s system is based on student’s QR-code
but it has no increase of feedback comments (Iio 2016). Kinoshita et al.’s
system maps participants onto the seat map but it has low interactivity
(Kinoshita, Niibori, and Kamada 2019). Takahashi et al. proposed a web-
based attendance management system with NFC seat identifiers but it is easy
to make cheating (Takahashi, Niibori, and Kamada 2021). In summary, our
proposed system can outperform others.
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e Android with GPS and NFC functions === Face Detection Number of students

Figure 9. Total running time of face detection compared to the proposed system with one tag.
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Figure 10. Total running time of face detection compared to the proposed system with two tags.

Conclusion

Currently, many studies have been done to address the attendance tracking
issue, yet most methods require the interested users to buy and maintain
additional expensive electronic devices. Thus, because of different methodol-
ogies, those systems are simply uneconomical and unattractive to users. This
paper has successfully developed a promising attendance tracking system
which achieves the goal of low cost and minimal execution time.

The contributions of this paper are presented as follows:

(1) Users only need to run the software App by using their own Android
smartphones with GPS and NFC without purchasing additional elec-
tronic devices and save more money.

(2) Professors can take shorter time to track students’ attendance.

(3) The smartphone can monitor students’ attendance status automatically
and efficiently.

In the future, our work will follow the growing popularity of the latest
fingerprint-identity functionality on smartphones. Both Android and iOS
smartphones can use the fingerprint recording technology to confirm their
identity with the combination of our system to make the attendance tracking
system work seamlessly. Furthermore, the GNSS availability and accuracy also
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need to be carefully investigated and applied for different situations/rooms/
floors/buildings to improve the system performance.
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