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Abstract

The face represents a unique part of the human body as well as a biometric identifier. Using facial features, we can achieve
create and use applications or systems based on facial recognition. This project involves the construction of such a system which
will use facial features to mark the presence, entry time, and finally the creation of an extracted document in the Excel
application. The project was developed by researching and using libraries, models as well as Machine Learning based algorithms
that are necessary for face detection, training, and recognition during system operation. Python programming language is used to
create the system, and CSS is used to design interfaces. The system is built in the form that professors have access to the
registration of new students, as well as the creation of relevant courses and obtaining the final attendance report after receiving
notes from the system.
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1 Introduction

Face recognition technology approaches are generally classified as feature-based approaches and holistic
(comprehensive) approaches. In holistic approaches, recognition is based on global facial features, while
in feature-based approaches, recognition is performed using local facial features.

The face recognition system is the perfect way to solve and avoid the problems that the traditional system
displays, the presence in this system will be obtained in real-time and fast, the data is safe at any time so
there is no risk of loss by the lecturer, the data is always accurate as it is not accessible to students and is
automatically generated by the system. It is a biometric technique that works in cases where the image of
a certain person matches the images of the face which are stored in a database. The built-in system uses
face recognition technology to automate the procedure for obtaining the presence of students or even
employees without their direct involvement [1-5].

The main purpose is to assist lecturers, and administrative staff, to have efficient and automatic
organization and management of reports related to the presence or absence of students, minimizing the
errors and shortcomings of the manual (traditional) system.

2 Defining Problem & Project Goal

The traditional technique of marking the participation uses forms such as the signature of the participants
and the checking of the respective identification cards, these two methods in themselves contain many
problems starting from the concern of the progress of the learning process, but also the distraction of
students during exam sessions. The main problem with the traditional attendance system is that it is
subject to manipulation and is prone to human error when entering data [6-7].

To avoid these problems, a system based on face recognition has been proposed, which efficiently
replaces the traditional system, performing processes in an automated form, which saves time, increases
efficiency, and provides flexibility and security throughout the process. of taking notes for the presence
within the educational institution.

This system aims to automate the traditional system for receiving presence, in which case the
organization will be able to maintain its data at any time and digitally. With the digitalization of the
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system, we enable better visualization of the data, in which case we have the opportunity to create final
reports about student participation [8-10].

Given the needs and challenges mentioned above, the goals of the project are: Enable the enrollment of
students and other members; Accurately detect the faces of students who are previously stored in a
database; To enable separation between the respective subjects and depending on the choice to maintain
the presence in those subjects; To take attendance of identified students and create a document with their
data.

In general, the main scope of the system is the registration of participation based on facial recognition
techniques as well as the preservation of the obtained results and providing the opportunity to access
them at any time.

The basic principles of determining the scope of the system are:

e Enable enrollment of new students.
e Provide divisions for different subjects.
e Save data and display reports.

Guidelines defining the scope:

e The ability of the system to receive data from the registration process.
e Ability to transfer final reports to a database or .xslx file.
e Ability to build specific reports depending on the respective subjects.

The basic requirements of the present marking system, whether traditional or built-in, are the same, but
the system through face recognition performs the same processes, more efficiently, in a short time, and
automatically.

The main requirements of the system are: registration of students, their recognition by the system,
division based on subjects and study programs, a note of presence, and generation of the final report after
each teaching session held.
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Figure 1. System operation scheme

After analyzing the traditional system, collecting requests, and analyzing and reviewing them, the system
was built based on the main pillars of operation which are presented in fig 1.

The process of operating the system based on the figure starts with taking the image, then adjusting the
system in such a way as to detect and control the face with those that are already known, and finally
generating final reports for processes performed.
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3 System Design

In the system design phase, | am determined to use UML diagrams, which provide us with a clear
overview of the system even before we start the coding phase, as well as facilitate the coding process by
defining functions, roles, classes, and interactions between users.

Using UML techniques, we built:

e Use Case diagram

e Activity diagram

e Status diagram

e Class diagram

e Component diagram
e Interaction diagram

3.1 Use Case Diagram:

The benefit of use case diagrams is mostly based on communication between the request team and the
user group. A use case specification document should cover the following areas:

e Actors - participating in and interacting in this use case

o Preconditions - must be met for the use case to work

e Unconditional - defines the various states in which the system is expected to be after it is
executed. The Use Case diagram lists the basic events that will occur when the system is
executed. It includes all the primary actions that the system must perform.
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: Start system e
T
Student q ::ﬂ::“’.’.;
( Tal‘:gaﬂeld.‘a‘l:‘e'
¢ Train images — - System
.A.l.’léndalcere.p;ﬂ.

Admin

Figure 2. Use case diagram

In our system are defined three actors, as seen in Figure 3, as actors are: student, administrator, and
system, each of them is presented as related to activities or functions which are planned to be executed in
the system and which are the responsibility of relevant actors during the operation of the system.

3.2 Activity Diagram:

The activity diagram is a presentation in the form of diagrams keeping a hierarchy of activities. These
diagrams are important to understand the way the system works as well as the flow of activities
previously stated in the use case diagram. Activities are states of action that automatically switch to
another state after the action is completed, but always starting with the “circles” that symbolize the
beginning and the end as well as the "arrows" which display the transition from one activity to the next.
For our system, we have presented three activity diagrams to create an overview of how the system
functions flow.

Figure 3 shows the activity diagram, which shows the flow of events in the process when we are dealing
with new students, who must first do the face registration in which case the system stores them, then
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training, and then the presence with these students can be noted. And finally, we have the generation of
the report which is the result of the preliminary step respectively the activity of marking the presence.

Figure 3. Activity diagram 1 Figure 4. Activity diagram 2 Figure 5. Activity diagram 3

Figure 4 shows a simple diagram of the activity in which the operation of the whole system is presented
in only 4 basic activities that the system performs.

Figure 5 illustrates the activity diagram for how the system works in the facial features registration
section, the processes which are performed before the presence marking process takes place. After going
through the defined steps face image recognition can be performed successfully and, in this case, the
assigned student is added to the presence preservation report otherwise, the error message is displayed on
the screen, and the reason why it is not executed with order process success.

3.3 State Diagram:

The state diagram helps us to better understand the simple functions as well as the complex ones that the
system offers. By using the state diagram, we identify the dynamic behavior of the system as a whole or
even of the subsystems. Exactly with the help of the state diagram, we determine the different states of
the participants during the operation with the system.

Figure 6 shows the situation diagram specifying all the necessary actions for the implementation of
defined functions, as well as the states of the participants in the system.

3.4 Class Diagram:

The class diagram describes the structure of the system by presenting classes, attributes, operations, and
relationships between objects. The class diagram is the main block of object-oriented modeling and is
mainly used for general conceptual modeling of application structure and for detailed model translation
modeling in coding. The class diagram can also be used for data modeling.
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Figure 6. State diagram Figure 7. Class diagram

In figure 7 we have presented the class diagram in which we have managed to define four classes as well
as the general one which is the system. Each class contains the name that characterizes it, each class has
attributes as well as operations or functions. Most classes are interconnected with the system because
there are functions that must be executed first by the system and then split between defined classes.

3.5 Component Diagram:

The primary difference between a component diagram and other diagrams is that component diagrams
represent the implementation perspective of a system. Therefore, the components in a component
diagram reflect by grouping different designs of system elements, such as system classes. Firstly, the
component must be replaceable, and secondly, the component must provide interfaces to enable other
elements to interact and provide the services provided by the component.
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1.1.3 Create report()
1.14 Update report()
A
:Camera
Attendance
Figure 8. Component diagram Figure 9. Interaction diagram

Figure 8 shows the diagram which contains four components: connection, registration, presence marking,
and the final report, where the diagram shows how the components interact with each other and their
interaction with the database.
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3.6 Interaction Diagram:

The interaction diagram, otherwise known as the communication diagram, enables the illustration of
connections and interactions between software objects. Otherwise, the interaction diagram represents the
use case behavior describing how the set of objects interacts to complete the task. The types of interaction
diagrams are sequential diagrams and cooperative diagrams. Figure 9 shows the interaction diagram, in
which | tried to show the communication between the components of the system together with the action
sequences which start from the first sequence respectively from the "presence note". The communication
diagram provides a clear illustration of the sequence of processes in sequential steps which define the
functioning of the system.

4  System Development

The application is built using Visual Studio Code software as well as the Python programming language.
Special emphasis during the development of the system has been the design of the interface always seems
to be "user friendly" and as easy to use, so that it can be easily used even by people who do not have a
computer background.

The structure of the project from the software side which includes the necessary coding parts which are
arranged in VS code, as well as other assets which are used in the development of the system are shown
in the following picture:

Such ranking of directories is made based on my selection, making it easier to manage coding
components as well as easier to access them.

The main project file is "attendance.py"” in which the connection is made between all other coding parts,
as well as the execution of the basic functions of the system. The execution of the system is done exactly
with this file by executing the command "py attendance.py"

In "show_attendance.py” is the part which enables the lecturer to publish the reports of previously
received presences. "Takelmage.py" accepts inputs or images during the registration process of new
students. "Trainlmage.py" is one of the most important parts of the system with which after taking the
images the system deals with the training so that in the future it can do the detection without making
mistakes in recognizing the faces that it has previously registered.

The execution of the system is done by executing the command "py attendance.py" in the terminal, and
this command then initiates the start of the system and the screen should appear the part that looks like
displayed in figure 11.

“* State University of Tetovo

Welcome to the Face Recognition System
Unite
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Figure 10. Project Files Figure 11. System Ul
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The opening interface of the system is built from the ribbons that name it, and below is divided into 3
parts which are the main functions of the system, the first part enables the registration of new students in
case you click on the button, the second part enables the start of the present acquisition process, while the
third part provides reports from previously received presences. As well as at the end we have the exit
button that enables system shutdown. The coding part which has enabled the construction of this interface
will be displayed in figure 12. Whereas by clicking the "Register new student™ button, a new interface has
been designed which will accept inputs that have previously been defined as necessary for the
specification of new students, where each student in addition to the name will also contain an Id which is
unique to all. The design of this part is shown below in figure 13.

Register Your Face

Enter the details

Take Image Train Image

Figure 12. Code Extract Figure 13. Register new students Ul

After filling in the required data in the above fields then it is necessary to click the Take Image button in
which case the system opens the camera and then captures images and finally gives the message if the
images were taken successfully. After taking the images the same process happens with the Train Image
button which in the background trains the captured images but the users do not interact with it, except at
the end when the system notifies if the training was successful, or if it failed. The coding part for building
this interface is displayed below in figure 14.

text="Nama",
width=18,

»

relief=
font=("

Figure 14. Input field design Figure 15. Input field design

The function that is called on the take image button enables the camera to be opened, and is defined as
follows:
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Fgre 16. Function that opens camera Figure 17. Train image function

After capturing the images, the system training is required, a function which is defined in the file
"trainlmage.py" and which is called in the Train Image function in the interface that was presented above.

Take attendance” is the function that enables the lecturer to start directly with the process of taking
attendance but first by specifying the subject in question and then has the opportunity to start the process,
but also to see the reports from past lectures, the interface of this process as well as the coding part and
function are displayed below.

Which Subject of Attendance?

Enter the Subject Name -
Enter Subject Krlptograﬁ

Enter Subject View Attendance Check Sheets

Fill Attendance Check Sheets

# Attendance of Kriptografi
Enrollment Name 2021-10-25 2021-11-21
3617008 ['Jahi'] 1.0
223 [‘er'] 0.0

Figure 18. Take attendance Ul Figure 19. Showing attendance Ul

The "View Attendance" function enables lecturers to view reports from previously received presences, in
tables that are generated within the system, but also in excel files which are created automatically. The
following figures show the graphical representation of the function, but also the coding part with which
the construction of this function has been achieved.

The coding part includes two functions that are related to the buttons shown in the figure, by clicking the
"view attendance"” button displays the table which is shown in the figure, while by clicking the "check
sheets" button then the system directs us to excel documents in which the registered presence is also
stored.

ef subjectchoose

\{Subject}\\{Subject}*.csv"

newdf = newdf.
newdf.fillna(@, inplac

newdf["A “1. i] = H * 108)) )+ %"

newdf . to_cs
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The development of the coding part throughout the process is accompanied by comments within the code
which can make the process of changes that may occur in the future even easier. The whole process has
been tried to make the coding understandable and easy to reuse, and for this reason, such a structure has
been built so that the code is divided into components, as it offers flexibility in cases when we want to
use only certain parts in the future if the system were to be further developed.

5 Testing

During the development of the system from the first stages, unit testing is constantly practiced, which
means testing small pieces of code, but which is important to detect any failures or errors that may occur
in the system.

After successfully passing the unit tests, the system finally went through the Integration testing, after the
process of attaching the components, in which case the functionality of all components of the system was
tested, and throughout this testing process, errors were identified, and then it has been intervened and
improved and so the system is now fully functional by meeting those requirements which | have
identified since the analysis stage.

6 System Maintenance

Given the fact that building new systems is always costly and time consuming. As a result, more efforts
are being made to upgrade existing systems, so that work on managing applications is increasing.

Software maintenance and upgrading is the process of dealing with newly discovered problems or new
requirements that need to be added to the system and that can sometimes take longer than starting to build
software. About 2/3 of software engineering work is maintenance, but this statistic can be confusing. A
small part of it is about correcting mistakes. Most of the maintenance is the reconstruction of the system
to do new functions, which in many ways can be considered as new work.

In the software maintenance process, the term re-engineering or re-building of various pieces of software
is used. The re-engineering paradigm is a cyclical model. This means that each of the activities presented
as part of the model can be reviewed. For any particular cycle, the process can be completed after each of
these activities.

Starting from the use of the iterative model we have used in the system we can say that we have an
advantage in implementing the re-engineering process, as we can go back and add or modify certain parts
at certain stages of development.

Development of applications based on software components is also a great help for software developers,
as it enables the creation of new components but without affecting the current system, i.e., development
as independent, in this case, avoids the potential risk that the system could have.

Conclusions

In this paper, we have elaborated, researched, and developed a system for registration of presence,
through which lecturers or professors can record student participation in electronic form. Using the
software system saves time and effort, especially for large groups of students. The automated presence
registration system is built to reduce the shortcomings and problems that appear in the traditional
(manual) system.

Thus, the purpose of the system and this paper is to build and clarify the system which enables the

recognition of the facial expressions of the enrolled students, and the same preserves it and creates reports

efficiently and with a high accuracy which the system achieves using image training. After extensive
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research into the Python programming language and libraries needed to build such systems, | began
developing the system by performing all the steps required by software engineering for the system to be
fully functional and effective.

The completion of the project resulted in a software product that can automate the registration process of
participation in the university facility. The system requires minimal human intervention, even only during
the start-up and initial enrollment of students and then the process is completely automatic, saving the
time consumed by the traditional system. In addition, the development of graphical interfaces makes the
system very easy to use and understandable for all users who need to interact with it.
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