CHAPTER IV. SYSTEM ANALYSIS AND DESIGN

4.1. System Description

In accordance with the background previously explained, the use of face recognition
technology for attendance systems can be concluded to be very useful for the development of
manual attendance systems in Indonesia.

Table 4.1 Application Concept Description

Title Face Recognition Attendance System
Application Type Application to develop attendance system
User Application users are event organizers to manage some

events that already registered in the application or
register new event in application and registering
participant without participant logged in in application

using csv file

Content This application contains about events information that
available in application and attendance system at the

available events

Application Mobile application

Technology Face Recognition

Based on table 4.1 regarding the application description, the application requirements
to be made are categorized into software requirements and hardware requirements.
e Software Requirements
All types of software or tools used to assist the Attendance System development process
are as follows.
o Windows Operating System
o Microsoft Office, as a tools for writing report and proposal during the system development.
o Android Studio and Visual Studio Code, as a tools for Mobile Emulator and mobile
application development.
o Google Colab, as a tools for python programming code editor and training for face
recognition system.

o PyCharm, as a tools for python programming code editor for backend development



o Docker, for creating program images so that they can be easily distributed to other
machines or OS.

o Google Cloud Platform, for the use of Google Cloud Platform in this thesis will be using:

e Virtual Machines / Al Platform in developing models for face recognition,

e GCP Bucket (Cloud Storage) for storing photos and physical data needed, GCP Vision for
more accurate face detection in application use (will try to developed more with the latest
detection method),

e Firestore for storing databases from users, cloud run / app engine for developing/hosting
mobile apps.

e Cloud Run, for hosting the mobile application in the Google Cloud Platform.

e Artifact Registry/Container Registry for CI/CD connected with GitHub.

e Google Maps API, for getting the maps data when user attending or choose event venue.

e Gmail API, for send the information of event with google email provider.

o Firestore, for saving all the databases needed in this application. firestore is good for
mobile database storage because it is efficient and low latency for mobile applications that
require synchronization for all users in real-time.

e Hardware Requirements

All types of hardware used to assist the Attendance System development process are as
follows:

o Mobile testing device: Android Smartphone (Android 7.0 Nougat or higher)

o Development device: 2" generation Intel Core or newer, or AMD CPU with support of
Windows Hypervisor; 8GB RAM or more; minimum 12GB available disk space (IDE +
Android SDK + Android Emulator + Flutter SDK); 1280x800 minimum screen
resolution (Flutter, n.d.; Google, n.d.).

The minimum requirements needed to use the application are:

o Mobile device: Android Smartphones with the minimum Android version of 5.0

(Lollipop) with minimum RAM of 2 GB.

4.2. Problem Analysis

The problem that occurs in this research and development is that the image quality of
different smartphone cameras greatly affects, face recognition will easily recognize faces if the
image quality produced by the smartphone camera is sharp enough, if the smartphone camera
has low quality, it can affect the quality. of facial recognition itself.



4.3. Development Method
In designing the implementation of a Attendance System with Face Recognition, using
the Agile Software Development Life Cycle (SDLC) — Scrum Model. Agile SDLC has the

following flow.

Sprint Review

v

4 ' SPRINT
i ‘ a
]
| &8 5
Sprint Retrospective &
Meeting
i
1 ] i
Project Vision Release Planning v

;
Sprint Planning

Figures 4.1 Agile SLDC
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4.3.1. Planning

Based on figures 4.1, system development start with planning / sprint planning for
determine sprint plan and set the sprint goal. Sprint planning will discuss and agreeing the
sprint backlog for development of application itself. Meetings are also held to carry out
priorities in system development and then discuss how the team or development will be done
in the entire sprint progress.

Planning in every sprint can be different, based on priority scale during the system
development itself. For example, sprint has goal to create the models of the face recognition
with high accuracy point, and sprint will be done in 2 weeks after the meeting attended. This
sprint planning only valid as long as the sprint planning agreement has been determined.
4.3.2. Implementation

The results of the sprint planning will be implemented in the development required for
each sprint (each sprint has 1-2 weeks long). The development carried out will depend on the
plan that has been approved in the previous plan.



4.3.3. Review

After implementation, a review is needed to inspect the results that have been carried out
during the sprint and assist in determining what is needed for the next sprint. This review can
be done in the form of testing or explanation during the implementation of the existing sprint.
4.3.4. Retrospective

After doing a review, of course development needs to inspect the work during the sprint
and make a plan needed for the development or improvement of the next sprint.
4.3.5. Deployment

After every sprint that needed is done or the product / application is meet the requirements
or MVP (Most Viable Product), developers can deploy the finished application and can be used

by users.

4.4. Development System Planning
This section describes an overview of the system design that will be carried out.
4.4.1 Attendance System Use Case
The attendance application does not really require much interaction, as shown in the
figures 3.4 Actors only consist of event participants and event organizers. Each has the

following activities.
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Figures 4.2 Use Case of Attendance System

To get started, registration is needed for event organizer. For event organizers it does not
require facial recognition because event organizers can only create an event and analyze, add

guest list or participant, do and manage attendance at registered events.



After registration, event organizer can create a new event in application which will be
used as attendance media, after creating new event with detailed information, event organizer
can add a new guest list or participant list with uploading csv files in selected event.

After that, event organizer can take attendance from present guest or participant using
face recognition at specified location. Event organizer can manage attendance from events with
some statistics that application provided.

For participant or guest, they only need to come to event venue and do attendance with
help of event organizer, before that participant will be informed via email or WhatsApp to get
information where and when the event will be held.

4.4.2 Face Dataset Encoding Flowchart

Participant
Data

Converting Face
Image Link to PNG
file

v

Represent participant image
for encode the facial
representation

Y

[ Save Encoding data to ]

face_encodings table

v

End

Figures 4.3 Face Dataset Encoding Flowchart

In face dataset encoding, is a flow where the computer performs training for a given
dataset, encoding intends to perform feature embedding which is carried out by the CNN
method to obtain face classifications and provide results in the form of embeddings in feature
extraction process, this embedding feature will be assisted by Retina Face in terms of
performing face detection to take facial characteristics. These results are in the form of an array
that is only understood by the computer, in the flowchart above the representation face is a



feature embedding done in CNN method, The results of the facial representation will be
compared with the latest facial data that will be sent at the time of attendance.

This face encoding also aims to reduce the storage of photo files into a storage database
or Google cloud platform storage so that it can reduce storage costs or use cloud storage.
indeed, the process of encoding and storing the results of the representation takes quite a long
time but it can speed up the face recognition process when the recognition is done later.

The following is the result of the encoding that has been done:
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Figures 4.4 Encoding Results
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Figures 4.5 Recognizing Face Flowchart



In the Face Recognition, system will be used deepface library, deepface library is a face
recognition using CNN method that will help system to recognizing face. Face recognition
process start from getting the new uploaded attending image which will then be preprocessed
by scaling the data and performing data normalization where this data normalization aims to
normalize the light intensity in the image obtained, after preprocessing the system will perform
data representation using the deepface library, this representation data will produce data that
already in the encoding and can only be understood by the computer only. after the
representation has been carried out, the data encoding will be calculated or compared with the
encoding data from the previous dataset, the comparison will determine the cosine distance by
performing calculations performed by the system, after doing a comparison with all the
required encoding data, the system will find the smallest cosine distance and get the index of
the smallest cosine distance, and after that the system will send information from the
recognition with the information contained in the database based on a predetermine index.

4.4.4 Event Organizer Registration Flowchart
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Figures 4.6 Event Organizer Registration Flowchart



To register Event organizers are asked to download the application first, after the
download is complete, the user can press "Sign Up Here™ to register, when registering the user
is asked to fill in the username, email, password and role as an event organizer for registration
as event organizer, when all the data has been filled in, the user can submit data and the user
has registered.

445 Add New Event Flowchart
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Figures 4.7 Ad New Event Flowchart

To add new event, event organizer must login first in order to add new event, after login
event organizer can select the “+” symbol to add new event, in the add new event form there
are upload event image, event title, event description, date, time start, time end, authentication
method, venue location, category name and category values with comma separated. After fill
required form, event organizer can select done and event will be added to system or database.

4.4.6 Add participant data and participant face register using CSV Flowchart
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Figures 4.8 Add participant data and participant face register using CSV Flowchart

End

To add participant or guest to an event, event organizers are asked to select an event to
which participant data will be added, after that the user is asked to select "Add Guest List File"
to add participants using a csv file, after that the user is asked to press "Upload CSV File" to
open smartphone storage and select CSV file to be uploaded or used, after selecting the file,
the user is asked to press "Upload File” to upload the file, and the system will store the data

into the database and perform data representation for the face image.



4.4.7 Offline Attendance System Flowchart
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Figures 4.9 Offline Attendance System Flowchart

For offline attendance systems, event organizers are asked to log into the system to open
previously created events, event organizers are asked to open the event to be held later on, then
organizer asked to select the “Scan Guest Face” to perform attendance with facial recognition
and allowing access to location and camera to get the latest location when do attendance and
accessing camera for recognizing face, event organizer will wait for participants to attend the
event which has been organized, after the participants are present, the organizer will take
attendance to the participants by taking photo of participants face, the system will perform
facial recognition, if the face is recognized then the attendance data (time, place and participant)
will be recorded and participants can attend the existing event, but if the participant's face is
not recognized, then the organizer is expected to validate the data in the attendance system, if
the data is valid or the participant is registered, then the participant is expected to re-recognize
the face until it can be recognized, if the data is invalid then the participant is not allowed even
follow the event.



4.4.8 Database Schema

Guest Details
- participant_id varchar(20) <pk>

face_encodings participant_name varchar(255)
face_encoding_id varchar(20) <pk> participant_image varchar(255)
event_id char(11) <fk1= - Participant_email varchar(255)
participant_id varchar(20) <fk2> participant_phone_number  varchar(15)
encoding_images varchar(255) participant_category_1 varchar(255)
participant_category_1_value varchar(255)

participant_category_2 varchar(255)

participant_category_2_value varchar(255)

Y
Events
event_id char(11) <pk>
attendance_id char(11) <fk1> Categories
user_id integer <fk2> category_id integer <pk>
location_id varchar(20) <fk3> | _ event_id char(11) <fk=
event_image varchar(255) [ category_name varchar(255)
event_name long varchar category_enum  varchar(255)
event_location varchar(255) is_auto_generated smallint
event_date date
start_time time
end_time time
event_description long varchar
is_face_attendance smallint
is_gr_code_attendance  smallint
is_online smallint
qgr_attendance_limit integer
face_recognition_method varchar(25)
is_invitatit?n_sent smallint e Attendance
attendance_id char(11) <pk>
location_id varchar(20) <fk>
attendance_time  timestamp
is_gr_code smallint
is_face_recognition smallint
¥
Users
user_id integer <pk> | 4
username varchar(255) Location
user_email varchar(255) T (20)
user_password varchar(255) __-_:ocat!on = AL S
e loCation_lat float
_user_p_hqto__proﬁle varchgr(255) location_long float
ESpariclpant small!nt location_name  varchar(255)
is_organizer sma!l!nt location_address varchar(255)
is_reception smallint =
logged_in_as varchar(255)

Figures 4.10 Database Schema of Attendance System

In the database schema of attendance system, there are 5 main collection or table in
database. First there are Users collection that contains all user information of attendance system
application, but with firebase firestore we don’t need to save the password in database because
our application will used firebase authentication system. Second there will be Events
collection, in this collection will contains all information about all events that created by event
organizer, third there will be Guest Details collection, in this collection will store all
participants or guest data with detailed information that provided event organizer in CSV data,
fourth there will be Face Encodings collection, in this collection will store all encodings face
data or face data representation on every event available. Last there will be Attendance

collection, in this collection will save all attendance data when participant or users start



attending. And for Categories collection and Location collection is a sub collection. All of sub
collection will support providing information for Events collection or Attendance collection,

this collection is sub collection because there will be inside the main collection as a map data.

4.4.9 System Architecture
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Figures 4.11 System Architecture of Attendance System

The attendance system will use the google cloud platform for serverless application
hosting or deployment, with the GCP (Google Cloud Platform) applications can be deployed
easily and used by many clients/users with minimal latency.

Application frontend deployment will be use flutter and backend deployment will be use
Flask and deployed to Cloud Run with Docker to deploy the backend programs as an API
Integration or serverless APl deployment, cloud run will be built with Cloud Build that has
been integrated with the container registry that has been connected to the GitHub repository.
Backend deployment is done with the help of docker with type python:3.10-slim which helps
cloud build to deploy by installing the requirements that have been provided and running
containers continuously with Gunicorn. This application uses Cloud Firestore as a database and
uses Cloud Storage to store uploaded event images.

There are several additional APIs in the form of Maps API, Gmail APl and Google Drive
API. Maps API is used to get location information where users attend, Gmail API is used to

send information or event invitations with existing Gmail, Goole Drive API is used to get data



from Google Drive that has been provided by the event organizer so that there are no automated
query errors when running encoding or calling data related to Google Drive.

For all ways to do face recognition and face representation, it has been combined with an
API that has been deployed manually on the backend (deployment using Flask).
4.4.10 Database Table Planning

The following are the table settings in the database that will be used in the firebase
firestore database. the database structure will be created according to the database schema that
has been created. The following is the SQL relation database structure of the attendance

application with face recognition (presentik):
4.3.10.1. Users Table

Table 4.2 Users Table

Attribute Name Data Type Description
id varchar (20) | NOT NULL, PRIMARY, AUTO GENERATED
username VARCHAR(255) NOT NULL
email VARCHAR(255) NOT NULL
password VARCHAR(255) NOT NULL
photo profile | VARCHAR(255) NULLABLE
IS_organizer BOOLEAN NOT NULL
is_participant BOOLEAN NOT NULL
IS_reception BOOLEAN NOT NULL
logged in as | VARCHAR(255) NULLABLE

4.3.10.2. Events Table

Table 4.3 Events Table

Attribute Name Data Type Description
id VARCHAR (20) NOT NULL, PRIMARY, AUTO
GENERATED
attendance_id VARCHAR(20) NOT NULL, FOREIGN KEY
user id VARCHAR(20) NOT NULL, FOREIGN KEY
location _id VARCHAR(20) NOT NULL, FOREIGN KEY
image VARCHAR(255) NULLABLE
name VARCHAR(255) NOT NULL
date DATE NOT NULL
start_time TIMESTAMP NOT NULL
end time TIMESTAMP NULLABLE
description VARCHAR(255) NULLABLE
is_face attendance BOOLEAN NOT NULL
is_gr_code attendance BOOLEAN NOT NULL
is_online BOOLEAN NOT_NULL
gr_attendance limit INT NULLABLE
face recogntion method| VARCHAR(255) NULLABLE
Is_invitation_sent BOOLEAN NOT_NULL




4.3.10.3. Guest Details Table

Table 4.4 Guest Details Table

Attribute Name Data Type Description
id VARCHAR (20) NOT NULL, PRIMARY, AUTO
GENERATED
name VARCHAR(255) NOT_NULL
image VARCHAR(255) NOT _NULL
email VARCHAR(255) NOT_NULL
phone number VARCHAR(15) NULLABLE
Category 1 VARCHAR(255) NOT _NULL
Category 1 value VARCHAR(255) NOT NULL
Category 2 VARCHAR(255) NOT NULL
Category 2 value VARCHAR(255) NULLABLE
4.3.10.4. Attendance Table
Table 4.5 Attendance Table
Attribute Name Data Type Description
id VARCHAR (20) NOT NULL, PRIMARY, AUTO
GENERATED
location _id VARCHAR(20) NOT NULL, FOREIGN KEY
time TIMESTAMP NOT_NULL
is_gr_code BOOLEAN NOT NULL
is_face recognition BOOLEAN NOT NULL
4.3.10.5. Categories Table
Table 4.6 Categories Table
Attribute Name Data Type Description
id VARCHAR (20) NOT NULL, PRIMARY, AUTO
GENERATED
event id VARCHAR(20) NOT NULL, FOREIGN KEY
name VARCHAR(255) NOT NULL
enum VARCHAR(255) NOT_NULL
iS_auto_generated BOOLEAN NOT NULL
4.3.10.6. Location Table
Table 4.7 Location Table
Attribute Name Data Type Description
id VARCHAR (20) NOT NULL, PRIMARY, AUTO
GENERATED
latitude FLOAT NOT NULL
longitude FLOAT NOT NULL
name VARCHAR(255) NOT NULL
address VARCHAR(255) NOT NULL

4.3.10.7. Face Encodings Table

Table 4.8 Face Encodings Table




Attribute Name Data Type Description
id VARCHAR (20) NOT NULL, PRIMARY, AUTO
GENERATED
event_id VARCHAR(20) NOT NULL, FOREIGN KEY
participant_id VARCHAR(20) NOT NULL, FOREIGN KEY
encoding_images VARCHAR(255) NOT NULL

4.4.11 Ul Design Planning

Ul Design Planning is a design of the application display structure on a system that will
be made. This design aims to make it easier for users and devices to create a system. The
following is an interface design for a mobile attendance system application using face

recognition (Presentik), which consists of:




4.3.11.1. Registration Page
In Figures 4.12 is the design of the Registration page display which is used as the main

page of the system.
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Figures 4.12 Registration Page Planning

Information:

a. Form input username used for inputting username that will be registered

b. Form input email used for inputting email that will be registered

c. Form input password used for inputting password that will be registered

d. Button Signup used for register or signing up information when all form already filled

e. Button Google used for register account using google account



4.3.11.2. Login Page
In Figures 4.13 is the design of the Registration page display which is used as the main

page of the system.
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Figures 4.13 Login Page Planning

Information:

a. Form input username/email used for inputting username/email that already registered

b. Form input password used for inputting password of email/username that already
registered

c. Button Sign in used for login when all required forms already filled

d. Button Google used for login using registered google account

e. Button Sign up here used for open register page when the user does not have a registered

account



4.3.11.3. Home Page
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Figures 4.14 Homepage Planning

Information:

a. Today’s event is a display when there is an event that will take place today
b. List of events is a display for all events owned by the event organizer

c. Button Home is used to go to the homepage

d. Button plus “+” is used to go to the add new event page

e. Button profile is used to go to Event organizer profile



4.3.11.4. Event Detail Page
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Figures 4.15 Events Detail Planning

Information:

a. Button View Guest List used to go to Guest Attendance Detail Page

b. Button pencil used to go to edit event page

c. Button maps used to see the location of event

d. Button Add Guest list File used to go to add new participant/guest in event

e. Button Scan Guest Face used to start taking attendance with face Recognition



4.3.11.5. Guest Attendance Detail Page
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Figures 4.16 Guest Attendance Detail Page

Information:

a. Guest Name it can be clicked to go to Guest Details



4.3.11.6. Face Recognition Result Page
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Figures 4.17 Face Recognition Result Page Planning

Information:

a. Table Information used to display participant email data



4.3.11.7. Add New Event Page
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Figures 4.18 Add New Event Page Planning

Information:
a. Image button used to add new event picture.
Form Event Title used to fill the title of the event to be added.

=)

Form Event Description used to fill the description of the event to be added.

a o

Set multiple Days checkbox used to check if event held more than 1 day.
Form Date used to fill the date of the event to be added

Form Time used to fill the time of the event to be added

Form Venue used to fill the Location of the event to be added

o «Q o

Button Submit used to save all information in application



4.3.11.8. Add Guest List File Page

( Add Guest file

Upload CSV guest File
or
drop a CSV guest file

Terms and condition of CSV file :

1. First row must be label of field
2. The contents of the column are :
a. Guest ID
b. Name
c. Email
d. Phone number
e. Category 1 name
f. Category 1 value
g. Category 2 name
h. Category 2 value
3. If possible, add the image of guest in
new column of pictures and contains
link of images

Home a Profile

Figures 4.19 Add Guest List File Page

Information:
a. Upload CSV button used to add CSV file of guest list that want to be added.
b. Terms and Condition of CSV to display all rules of filling or uploading Guest CSV File



4.3.11.9. Event Organizer Profile Page

&

Brian Sayudha
Politeknik Megeri Malang

Edit Profile

@ br##****@gmail.com

Home H Profila

Figures 4.20 Event Organizer Profile Page
Information:
a. Profile Image used to add profile picture.
b. Edit Profile Button used to go to edit profile.
c. User table information used to display all information about user

d. Logout Button used to log out from application.



