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Libraries play a crucial role in providing a place for students to gain 
knowledge. However, in today’s world, library spaces are often 
crowded, and managing real-time occupancy is challenging. Smart 
Library Occupancy Management System is a web-based system which 
mainly designed for Perpustakaan Tunku Tun Aminah (PTTA) for 
manage the library's occupancy. The main objective of the system is to 
detect individuals entering and exiting the library and to provide 
accurate real-time occupancy data. Additionally, the system includes a 
room reservation feature, enabling students to check availability and 
book study rooms online, thus reducing manual work and improving 
operational efficiency. The system is developed using the Iterative 
Model, which allows for continuous refinement based on user feedback 
and testing. It is implemented as a web-based platform using Python 
(Flask) for backend development and Laravel (PHP) for the reservation 
module. The system integrates deep learning techniques, utilizing 
YOLO (You Only Look Once) for person detection, YuNet for face 
detection, and MobileFaceNet for face recognition. These models work 
together to identify and count individuals with high accuracy and 
speed. After testing, the system able to manage library occupancy using 
deep learning algorithms and future work could be focused on 
increasing the facial recognition accuracy under different 
circumstances. 
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1. Introduction 

The growing emphasis on education in today’s world has made libraries an essential space for students to acquire 
knowledge. Libraries have evolved into one of the primary gathering places for students, turning them into 
significant hotspots that are often crowded [1]. Access to accurate occupancy data plays a crucial role in ensuring 
the safety and efficient operation of libraries, allowing staff to determine whether any students remain inside 
[2][3]. By implementing a real-time monitoring system with dual cameras, occupancy levels within libraries can 
be accurately estimated using neural network models. In addition, a library room reservation system is a 
computerized platform that enables patrons to book and reserve meeting rooms, study areas, or other library 
facilities. This system reduces the need for direct staff involvement in managing reservations and allows students 
to conveniently secure specific rooms for various academic or group activities. 

Smart Library Occupancy Management System is a web-based system which mainly designed for 
Perpustakaan Tunku Tun Aminah (PTTA) which located in UTHM, Parit Raja. Currently, PTTA does not have any 
system or hardware to detect the number of people inside the library. Furthermore, the process of booking rooms 
happens manually. In the current system, students should go to the library and ask the staff to check room 
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availability. If it is available, then they must give at least five matric cards to the librarian for a room reservation. 
Then, staff will record the details of the reserved room onto the local system manually.  

Due to the lack of a system to detect library occupation in real-time, the staff will not have concurrent data to 
know how many people are left in library on emergencies such as earthquakes. Which makes major issues 
regarding safety of people. Meanwhile, without having a system that does not allow students to reserve rooms 
makes time consuming for the student to come over to the library to check the availability.  

To address these issues, this project is planned to use two cameras to accurately detect people by using YOLO 
algorithm and counts the number of people entering and exiting in the library. YOLO is a deep learning algorithm 
for accurate people counting [4] is used in conjunction with OpenCV, a library of programming function mainly 
used for image processing [5]. Besides that, this project also includes a face recognition system using YuNet for 
face detection and MobileFaceNet, which leverages the FaceNet library for face embedding and recognition [6]. 
YuNet is a method of face detection and alignment based on deep convolution neural network [7]. The integration 
of face recognition ensures that the system not only counts the number of people entering and exiting but also 
identifies and verifies individuals accurately. This functionality enhances the system's ability to monitor 
occupancy and provides more reliable data by associating each person with a unique face embedding.  

This data is collected in real-time and shows it on the staff panel website and by aggregating this data, this 
system provides valuable insights including identifying peak crowded periods, which will be presented in 
graphical format [8]. Alongside, this project also provides a web system for students to able to reserve rooms in 
the library. They able to view real-time availability of study room and other library spaces and enable them to 
reserve that room for study sessions online. This digital solution aims to enhance librarian experience, improve 
operational efficiency, and enable data-driven decision-making for business growth [9].  

The objectives of this project are to design this system with an object-oriented approach, to develop the 
system as a web-based application, and to test the system thoroughly through system testing and user acceptance 
testing to ensure its functionality and usability. 

This system targets two users, which are the library staff, who are mainly responsible for the occupancy  
management process and UTHM students who will reserve the library room for educational purposes. There are  
a total of eight modules which are listed on Table 1. 

Table 1 System Module 

Module  Description  

Registration   Allow students to create an account. They are required to verify their newly 
registered email by clicking the link sent to their email.  

Login  Allow staff and students to log in to the system securely.  

Account Management   Allow staff to update and delete all the registered accounts, including updating the 
role of an account while allowing students to update their own profile.  

Real-Time Occupancy 
monitoring  

Allow staff to monitor real-time library occupancy, identify individuals through face 
detection, and manage undetected exits for accurate tracking.  

Room Management   Allow staff to create and manage the library room, whereas students can view 
available rooms.  

Reservation 
Management   

Allow staff to manage room reservations, while students can reserve available 
rooms and track their reservation status.  

Occupancy Report   Allow staff to generate occupancy and reservation reports with graphs, 
downloadable as PDF or Excel.  

System Setting  Allow staff to update website styles, people count time limits and adjust detection 
coordinates for better accuracy.  

 
The rest of the paper will be organized as follows. Section 2 describes the literature review which explains the 

current system on PTTA, proposed system and compares three existing library systems. In Section 3, the project 
methodology is discussed. Section 4 describes system analysis and design. Moreover, section 5 explains the system 
implementation and overall testing results, while in section 6 conclusion and suggestions to improve the system 
have been discussed. 

2. Literature Review 

This section discusses the literature review conducted for the Smart Library occupancy management system with 
using deep learning and the current processes in use by the Perpustakaan Tunku Tun Aminah (PTTA).  
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2.1  Current PTTA Occupancy Management System 

PTTA does not have any technology to count people, which causes the library staff to struggle to ensure that 
all students have left after closing, and this issue is further complicated during emergency evacuations. The staff 
will physically patrol the entire library to ensure no students remain after the library closes. For reserve a room, 
students must go to the library and ask the staff about the room availability. Then, the staff will check the rack that 
contains many baskets which each of the baskets contains a key to a room. If any baskets contain the key, the staff 
will ask the student to provide five matrix cards and then place them in the corresponding basket. After that, the 
key will be handed to the student, and when they return, the key is placed back in the basket, and the matrix cards 
are returned to the student.  

2.2  Smart Library Occupancy Management System 

This proposed system will use two cameras at the entrance and exit points of the library with face detection 
to capture the face of the individual that is entering, and the system automates the process of counting the 
occupancy rate of the library. This system will show the number of people inside the library alongside the face of 
that individual that enters the library staff and easily ensure that no student remains in the library after closing, 
which gives them full control of the library occupancy. It has a web-based system for online room reservation the 
student can effectively use the occupancy of the space provided by the library for the study purpose.  

2.3  Deep Learning  

Deep learning (DL) is a part of artificial intelligence (AI) and is widely used in various fields such as 
automation, healthcare, and surveillance [12]. It mimics the way the human brain works by using artificial neural 
networks that consist of input, hidden, and output layers [13]. These layers allow the system to process and learn 
from large datasets without manual programming. Deep learning makes machines able to perform tasks similarly 
to humans by working with images, text, and audio files. It achieves this by using multi-layered neural networks 
where the input layer receives raw data, the hidden layers process the data to identify patterns, and the output 
layer produces the result. As the layers go deeper, they detect increasingly complex features—from simple edges 
to shapes or entire objects. This process enables DL systems to perform tasks such as face recognition, object 
detection, and voice analysis with high accuracy. It requires powerful computational resources, such as GPUs, and 
large datasets to train and operate deep learning models efficiently [14]. In this project, deep learning plays a key 
role in automating the process of real-time occupancy monitoring and face recognition. The system uses several 
deep learning algorithms, including YOLO for person detection, YuNet for face detection, and MobileFaceNet for 
facial recognition. These models are selected due to their speed, accuracy, and ability to run in real-time 
environments. The integration of these algorithms allows the system to detect and track people entering and 
exiting the library, recognize faces with high precision, and provide accurate occupancy data with minimal delay. 

2.3.1 You Only Look Once (YOLO) 

YOLO (You Only Look Once) is a popular deep learning algorithm based on Convolutional Neural Networks 
(CNN). It uses a one-stage approach to detect objects by predicting class and location in a single step. The input 
image is divided into grids, and each grid cell predicts bounding boxes with confidence scores. Boxes with scores 
above a set threshold are used to find objects in the image [15]. 

2.3.2 YuNet 

YuNet is a face detection model based on convolutional neural networks (CNN). It is developed for fast and 
efficient face detection in real-time systems. As a single-stage detector, YuNet performs face classification, 
bounding box prediction, and facial landmark detection in one forward pass. It uses CNN layers to extract features 
from the input image and accurately detect faces along with key landmarks such as the eyes, nose, and mouth. 
Because of its lightweight design and accurate face detection, this system uses the YuNet algorithm to detect the 
faces of people entering and exiting the library in real time. 

2.3.3 MobileFaceNet 

MobileFaceNet is a popular face recognition algorithm known for its small size and fast speed, making it 
suitable for use on devices with limited memory like embedded systems [16]. It is a lightweight face recognition 
model that creates a unique 128-dimensional embedding for each face. This embedding is a set of 128 numerical 
values (a vector) that represents the key features of a person's face. Instead of storing the full-face image, the 
system stores this 128-point vector, which makes it faster and more efficient to compare faces. When a new face 
is detected, the model generates its 128-dimensional vector and compares it with saved vectors to recognize or 
verify the person. 
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2.4  A Study on Similar Systems 

For the comparison, three universities have been selected to evaluate their library occupancy and room 
management systems: UTM Library System, Tun Hussein Onn Sunway Library, and Taylor’s University Library. 
These systems are compared with the proposed Smart Library Occupancy Management System using deep 
learning. 

UTM Library System is a web-based platform used for managing room reservations at two libraries under 
Universiti Teknologi Malaysia. Currently, students need to visit the library to scan a QR code displayed in the 
facility section, which will navigate them to a Google Form. After selecting the desired library, the form will prompt 
students to fill in information such as applicant name, event name, status, and booking date. Meanwhile, Tun 
Hussein Onn Sunway Library offers an online room booking system with a more user-friendly interface. Students 
start by selecting the booking date and room type, and the system will display a time slot table where red indicates 
booked and green shows available slots. By clicking on an available slot, users are redirected to a booking form 
that must be completed within five minutes to secure the reservation. Unlike the other libraries, Taylor’s 
University Library implements face recognition technology at its entrance to monitor student access. A hidden 
camera captures the student's face, and after a short verification process, the gate opens automatically, allowing 
the student to enter. While the system focuses on occupancy monitoring, it is not clear whether it supports online 
room reservation or provides admin control for managing room reservation. 

These three systems are compared with the proposed Smart Library Occupancy Management System, which 
integrates real-time monitoring and room control using deep learning. Table 2 presents the comparison between 
the existing systems and the proposed system. 

Table 2 System Comparison 

Feature/System UTM Library Tun Hussein Onn 
Sunway Library 

Taylor’s Library Proposed System  

Login X X √   √  

Registration  X X √  √  

Account 
Management  

X X - √  

Real-Time 
Occupancy 
monitoring 

- 

 

- 

 

√  √  

Occupancy Report  - - - √  

Room 
Management  

X  √  -  √  

Reservation 
Management  

X  √  -  √  

Reservation 
Status  

X X - √  

 
The proposed system was compared with three university library systems which are UTM Library System, 

Tun Hussein Onn Sunway Library, and Taylor's University Library. The proposed system requires user 
registration and includes account management, unlike the other systems except Taylor’s Library. For occupancy 
monitoring, UTM and Sunway do not allow user access, while Taylor's uses face recognition at the entrance. The 
proposed system uses a camera to detect students entering and exiting. All systems except UTM support online 
room management. UTM uses Google Forms, which requires staff to manually update reservations, increasing the 
chance of human error. The proposed system, like others, allows online reservations without manual staff input. 
Unlike Sunway, which does not update users on booking status, the proposed system shows booking status and 
history. 

3. Methodology 

The chosen methodology to develop this project is Iterative model. The iterative modal was primarily designed to 
develop a system through repeated cycles (iteration or phases) and in smaller portions at a time [13]. Through 
this model, full software is not developed at one time, but only the skeleton of whole software is developed and 
then subsequently requirements are implemented. Each iteration intended to be small and easily manageable and 
that can be completed within a couple of weeks. Then it will be delivered to the stakeholder and user for review 
and make improvements based on the feedback. This quickly adapts to requirement changes and will be best if 
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the functional requirements are unclear in the early phase. There are seven stages on each iteration of an iterative 
model which are planning, design & analysis, development, testing, review, deploying. Before the seven stages 
start there is an initial planning phase.  

3.1  Iterative Model 

The project begins with the initial planning phase, where system requirements are gathered, and project 
objectives, goals, and stakeholder needs are documented. Meetings were conducted with PTTA staff to discuss 
workflows, the existing system, problems, and expectations. Interviews were chosen as the primary method for 
gathering requirements, enabling direct interaction with stakeholders to understand their needs. Questions 
focused on the current system, existing challenges, and suggestions for the proposed system. A Gantt Chart was 
created using Microsoft Excel to organize tasks and schedules. Figure 1 shows the overall iterative stage of each 
iteration. 
 

 

Fig. 1 Iterative modal stages [11] 

The planning phase involves analyzing detailed requirements for iterative modules or sprints, ensuring the 
project adapts to stakeholder feedback and prioritizes critical functionalities for each iteration. In the design and 
analysis phase, the system’s structure, functionality, and appearance are planned using UML diagrams, 
wireframes, and database structures, which are reviewed by stakeholders to validate the system’s functionality 
and ensure clarity. During the development phase, system modules are implemented using programming tools 
such as Visual Studio Code, PyCharm, and PhpStorm. Code is developed, reviewed, and integrated into a shared 
repository on a localhost server via Laragon, with a MySQL database connection.  

The testing phase focuses on identifying and documenting bugs through system testing and user acceptance 
testing. Test cases are created based on requirements to verify that the system meets user expectations and 
functions properly under various conditions. Furthermore, feedback from end users is gathered in the review 
phase to identify enhancements and prioritize fixes, ensuring the system evolves to meet user needs effectively 
and remain functional over time. Finaly, the deploy phase involves delivering the system to a secure live server. 
Activities include setting up the database, migrating files to the server via FTP, and ensuring all modules meet 
requirements before going live. 

3.2  System Development Workflow 

Table 3 below shows the system development workflow which describes how each sprint or module 
progresses through seven iterative phases.  

Table 3 System Development Workflow 

Phase Process Output 

Initial 
Planning 

 Identify the stakeholders 
 Initial meeting with stakeholder. 
 Define scope and objective of the system. 
 Create Gantt chart by scheduling the task.  
 Identify the business process and gather user 

requirements. 
 Document all details gathered on this process. 

 

 Gantt Chart 
 Project Proposal 

Iteration starts for each module 
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Table 3: (Cont). 

Planning  Meeting with stakeholders discuss about module. 
 Identify and gather requirements about the module. 
 Define business goal and user need on the current 

iteration module. 
 Update the document with the current requirement. 

 

 Documented 
requirement 

 Functional and 
non-function 
requirement 

 

Design & 
Analysis 

 

 

 

 
 

 

 Design and identify database structure and scheme of 
current module. 

 Create UML diagram which highlights the current 
module process workflow. 

 Design the user interface of the current module 
 Document all the diagram created and user interface. 

 

 User Interface 
sketch 

 Use Case 
Diagram 

 Sequence 
Diagram 

 Data flow 
Diagram 

 Activity Diagram 
 

Develop  Develop the current module. 
 Complete all the functions and features of the current 

module. 

 Code folder and 
file 
System database 
 

Test  Create test case. 
 Test the system by using system testing. 
 Involves user to perform user acceptance testing. 
 Document the test result. 

 Test reports 
 Bug logs 
 Test Case  

Requirement 
 

Review  Gather feedback from the user and stakeholder on 
module that are on live. 

 Document the feedback and make the changes. 
 

 Feedback result 

Iteration End 
 
Deploy  Identify a suitable hosting server. 

 Serve all developed modules. 
 Website for all 

developed 
modules. 

4. System analysis and design 

System analysis and design describe the system requirements analysis including the Unified Modelling Language 
(UML), which represents the requirements analysis of the proposed system through use case diagrams, followed 
by the class diagram which represents the database conceptual model.  

4.1  System Requirement Analysis 

System requirements analysis is for identifying the overall needs and objectives of the system. Table 4 below 
shows the proposed system requirements. 

Table 4 System Requirements of the proposed system  

Modules Functionalities User 

Registration  Allow students to register and create an account to access the system.  
 Allow students to verify their account using the link sent to their 

registered email. 
 

Student 

Login  Allow students to log in using a registered account.  
 Allow staff to log in using accounts either given by the developer or created 

by another staff.  
 

Student, 
Staff  

Account 
Management  

 Allow students to view and edit profiles.  
 Allow staff to modify user account roles and details.  

Student, 
Staff  
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Table 4: (Cont). 

Real-time 
occupancy 
management  

 Allow staff to view the number of people in real-time.  
 Allow staff to view the occupancy details of the library.  
 Allow staff to view the faces of individuals who have entered, are excited, 

and are currently inside the library.  
 

Staff  

Room 
Management  

 Allow staff to view, update, create, and delete the room and its details. 
 Allow students to view all the rooms created by staff and their details.  

 

Student, 
Staff  

Reservation 
Management  

 Allow staff to view, update the status, create, and delete the reservation and 
its details.  

 Allow students to reserve the room and view the status of their current 
reservation.  

 Allow students to check past room reservations. 
 

Student, 
Staff  
 

Occupancy 
Report 

 Allow staff to view the occupancy rate and reservation count in a graphical 
format, such as a bar graph.  

 Allow staff to filter data based on specific criteria to meet their 
requirements.  

 Allow staff to download the graph in PDF format.  
 

Staff 

System  

Setting  

 Allow staff to update the operating time for person counting.  
 Allow staff to update the coordinate lines for the system to detect 

individuals entering or exiting the library.  
 Allow staff to update the student panel website title name, logo, and 

background color.  
 

Staff 

4.2  General System Architecture 

This system has two servers built using the Laravel and Flask frameworks, respectively. The Laravel server is 
responsible for managing all student tasks, requests, and staff except occupancy management. The occupancy 
management module is fully managed by the Flask server. Figure 2 shows the system architecture of the Smart 
Library Occupancy Management System. 
 

 

Fig. 2 System Design Diagram of the Proposed System 
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4.3  Unified Modelling Language (UML) 

UML diagram is a standardized visual language used to model and design the structure, behavior, and 
interactions of a system. 

4.3.1 Use Case Diagram 

This proposed system has two types of users, which are PTTA library staff and students. For registration and 
login, two users need to register an account and will be set to default roles which are student. Only other admins 
can change account roles from student to staff. Staff can manage accounts, library rooms, room reservations and 
manage occupancy. They can also view reports about how full the library is and change settings like the system 
name and logo. Meanwhile, students can view available rooms, make reservations online, and track their booking 
status. They able to print the ticket for their reservation and cancel the reservation under some specific condition. 
All this user interaction into the system is being shown in use case diagram which in Figure 3. 
 

 

Fig. 3 Use Case Diagram  

4.3.2 Activity Diagram 

This section explains the activities involved in real-time occupancy monitoring, room reservation, and report 
generation. Staff can monitor and manage the number of people currently in the library. Real-time updates display 
occupancy rates and details of individuals who have entered, exited, or are still inside. The facial recognition 
feature helps identify and match unknown individuals with their images. In addition, staff can manage room 
reservations by viewing, creating, and updating booking statuses. Students are able to make reservations and view 
both current and past bookings. The system also provides an occupancy report feature that allows staff to view 
data related to occupancy and reservations in graphical format and generate downloadable PDF reports. Figures 
4(a), 4(b), and 5 show the activity diagrams for real-time occupancy management, reservation management, and 
report generation, respectively. 
 

 
(a) 

 
(b) 

Fig. 4 (a) Activity Diagram of the real-time occupancy management; (b) Activity Diagram of the reservation 
management. 
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Fig. 5 Activity diagram of the report module. 

4.4  Class Diagram 

The class diagram is a graphical representation of the database conceptual model. It highlights the core 
entities and their relationship with the proposed system. It involves mainly student and staff classes, which are 
inherited from the user class. Figure 7 shows the class diagram of the proposed system.  
 

 

Fig. 7 The class diagram of the proposed system 

4.5  System Design 

System design involves creating a visual blueprint of the system's structure and functionality, including user 
interfaces, workflows, and data flows. Wireframes of the system's UI are created using Figma to outline the layout, 
features, and interactions, ensuring clarity and alignment with user requirements. 

4.5.1 Student Interface Design 

Students are users that are responsible for viewing and reserve the room, include viewing the status of the 
reservation. Figure 8(a) shows the interface of the student dashboard and Figure 8(b) shows the interface of the 
student make reservation page. Besides that, Figure 8(c) shows the interface of the student reservation history 
page. 
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(a) 

 

(b) 

 

(c) 

Fig. 8 (a) Student dashboard page; (b) Student make reservation page; (c) Student reservation history page 

4.5.2 Staff Interface Design 

Staff are responsible for managing the occupancy and the reservation. report. Figure 9(a) shows the interface 
of Real-Time Occupancy Management and Figure 9(b) shows the interface of the staff index reservation page. 

 

 

(a) 

 

(b) 

Fig. 9 (a) Interface of the occupancy management page; (b) Interface of the staff index reservation page; 

5. Implementation  

This section explains the user interface and code for the core module of the system which are reservation and 
real-time occupancy management.  

5.1  Real-Time Occupancy Management Module 

This module is responsible to show count of occupancy rate in the library at real-time and show face of the 
person that enter, exit and still at library. This module uses deep learning algorithms which are YOLO, YuNet and 
MobileFaceNet. All these models are run in the ONNX format to improve performance and ensure smooth 
integration across different platforms.  

5.1.1 Person Counting (YOLO) 

This system uses You Only Look Once (YOLO) deep learning algorithm for detect person that entering and 
exiting the library. That algorithm will give bounding box of the detected person which then will be used to count 
the number of persons enter and exit the library for get current occupancy count of that library. It takes input 
images from the camera using the OpenCV videoCapture function. There will be a region of area (ROI) in that 
image and if a person crosses that specific region, then the YOLO algorithm will send the coordinate of the person. 
The ROI can be dynamically change on system setting which shown in Figure 10(a). After that, the detected person 
coordinate will pass to SORT algorithm which are responsible for setting a unique track id for that person across 
multiple frames. Figure 10(b) shows the bounding box of person detection by YOLO and the tracking number on 
top of that. The code segments of the person detection are shown in Figure 11. 
 

Tracking Number 
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(a) 

 

(b) 

Fig. 10 (a) The ROI in red colour line; (b) The red colour line bounding box and tracking number; 

 

 

Fig. 11 Code Segment for person detection 

5.1.2 Face Detection (YuNet) 

Face detection is to identify faces on given images for the system by using YuNet deep learning algorithm. It 
starts with YOLO where it detects the person in the image/frame, then by using OpenCV crop function to isolate 
and extract the detected person from the rest of the frame. Then, the cropped image of the detected person are 
send into the YuNet algorithm which responsible to identify the face on the image and send the coordinate of the 
face on that image/frame. Figure 12 shows the code segments for the face detection. 
 

 

Fig. 12 Code Segment for face detection by YuNet deep learning algorithm 

5.1.3 Face Recognition (MobileFaceNet) 

Face Recognition is to recognize whose face it belongs to. For that on this system are being used 
MobileFaceNet deep learning algorithm which is responsible to generate a 128 vector point of embedding. This 
embedding is a numerical representation based on the unique structure of the person's facial landmarks. Figure 
13 shows the code segments for the generate the embedding. For comparison, the system uses Cosine Similarity 
calculation. Cosine similarity measures how similar two embedding are by calculating the cosine of the angle 
between them, ranging from -1  to 1. The code for this calculation is being shown in Figure 14. 
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Fig. 13 Code Segment of the embedding generate 

 

 

Fig. 14 Code Segments of embedding comparison using cosine similarity 

 

5.1.4 Occupancy Management Interface 

For the interface, the system uses Socket.IO to enable real-time communication between the flask server and 
client through a WebSocket connection. This allows instant data changes of occupancy count in real-time, without 
needing to refresh the page. This system makes staff able to view the occupancy count and video feed from the 
camera enter and exit. Then, the staff are also able to view the face of the person enter, exit and still at library. 
Figure 15(a) shows the interface of page viewing the occupancy count and Figure 15(b) shows The interface of 
faces that enter the library, following Figure 15(c) shows code segments of the Socket.IO connection that 
responsible to show occupancy count. 
 

 

(a) 

 

(c) 
 

(b) 

Fig. 15 (a) Interface of occupancy count and video feed; (b) The interface of faces that enter; (c) Code Segments 
of Socket.IO fetching occupancy count; 
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5.2  Room Management Module 

On this module, staff can create different room types by filling out a form. They can set how many rooms are 
available for each type and choose the maximum number of slots a student can book. Staff can also pick the slot 
type whether it’s by hour, day, or month. When they set the room quantity, the system will automatically generate 
names for the rooms based on that number, but staff can still change the names manually if needed. Figure 16(a) 
shows the interface of creating room types and its room and Figure 16(b) shows the automatic room name assign 
code segments. After filling up the room type, the system will save it in database and will show in index pages 
which are in Figure 17(a). The student also can view the room type that has been created on the dashboard and 
by clicking it will navigate to the room details page where student book that room. Figure 17(b) shows the 
interface of room type list for the student to view.  

 

 

(a) 

 

(b) 

Fig. 16 (a) Interface of the add room type and room; (b) Code Segment of room auto naming; 

 

(a) 

 

(b) 

Fig. 17 (a) Interface of Room Index page; (b) Interface of room list page; 

5.3  Reservation Management Module 

In this module there are a total of two users involved, which are students and staff. Firstly, students are 
responsible for reserving a library room depending on the slot duration, whether it is hour, day or month based. 
They need to choose date, room type and the system will provide an available slot and also will automatically 
assign the room based on availability. Figure 18(a) will show the interface design of the selecting available slot  
and Figure 18(b) shows the code segments of automatically assign available room on each time slot. 
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(a) 

 

(b) 

Fig. 18 (a) Interface of the selecting available slot; (b) Code Segments for getting available time slots and auto 
assigns an available room to each time slot. 

 
On the other hand, staff can manage the reservation by updating the status of the reservation. They view all 

the reservations in table form and are able to decide the status of the reservation. Figure 19 shows the interface 
of reservation index page where all reservation listed and following figure 30 shows the code segments for get all 
reservation and update status. 

 

 

Fig. 19 Interface of reservation index page 

 

Fig. 20 Code Segment of getting all reservation and update reservation status 
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Moreover, the system also sends email notifications about the reservation made by the student. The student 
will receive the ticket in their mail, which consists of the reservation details the interface of the email shown in 
Figure 21, followed by Figure 22 which shows the code segments for email notification. 

 

 

Fig. 21 Reservation Ticket send in email 

 

Fig. 22 Code Segments of email notification sending 

 
Besides that, the system also allows students to view upcoming and past reservations made by them. The 

reservation can be cancelled if status pending can student also able to click WhatsApp icon for ask any further 
enquiries to the library staff. Figure 23(a) shows the interface of the reservation history page and Figure 23(b) 
shows the code segments of getting the reservation. 
 

 

(a) 
 

(b) 

Fig. 23 (a) Reservation History Page; (b) Code segment of getting reservation history; 

5.4  Occupancy Report Module 

This system also gives a graphical report of the occupancy data. It consists of past 6 hours live occupancy rate, 
peak hour time period, average occupancy counts by hour, day and month based. It involves different types of 
charts which are line, bar and radar chart. Figure 24 shows the interface of the graph and Figure 25 shows the 
code segments for generating the chart. 
 

 

Fig. 24 Interface of the occupancy report chart 



1211 Applied Information Technology and Computer Science Vol. 6 No. 2 (2025) p. 1196-1215 

 

 

 

Fig. 25 Code Segment of the peak hour chart 

5.5  System Setting Module 

On this module, this system allows staff to change the user interface of the student dashboard’s appearance. 
The logo of the system, title, description and banner can be changed easily by staff. Figure 26 shows the interface 
of the system setting page and its code segment present on Figure 27. 
 

 

Fig. 26 System setting interface 
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Fig. 27 System setting update code segment 

5.6  Testing 

This system has been tested using two different test types which are system testing and user acceptance testing.  
System testing was done to ensure that all modules and features function correctly as a complete system. User 
acceptance testing (UAT) was then carried out to get the user feedback which was used to improve the user 
interface. 

5.6.1 System Testing 

System testing is done to make sure the system works as expected and meets both functional and non-
functional needs. The testing is considered complete when all modules work correctly according to the 
requirements. Table 5 shows the overall result of the test cases conducted. 

Table 5 Overall Result of test cases 

Test Case Modules Test Case Id Total Test Case Total Success Total Failed 

Registration 
 

TC_100 8 8 0 

Login 
 

TC_200 10 10 0 

Account Management 
 

TC_300 10 10 0 

Real-Time Occupancy 
Management 
 

TC_400 4 4 0 

Room Management 
 

TC_500 12 12 0 

Reservation Management 
 

TC_600 20 20 0 

Occupancy Report 
 

TC_700 7 7 0 

System Setting TC_800 5 5 0 
 

There is total sixty-six test cases have been conducted, and the result turn out all test cases has been success 
without have any failed.  
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5.6.2 User Acceptance Testing 

User Acceptance Testing (UAT) was carried out to evaluate the performance, usability, and overall satisfaction 
of the developed Smart Library Occupancy Management System. The UAT was designed and created by the author 
using Google Forms and was distributed to selected students who had hands-on experience using the system. The 
test aimed to collect user feedback regarding the system's core functionalities, including real-time occupancy 
monitoring, face recognition accuracy, and room reservation features. The form was divided into three sections 
which are user functionality, system interface and suggestions for improvement. Each section included multiple 
rating-based and open-ended questions to capture both quantitative and qualitative feedback. Participants were 
instructed to use the system beforehand, then respond based on their interaction and experience. Figure 28 shows 
the result of the UAT section for user functionality. 
 

 

Fig. 28 User functionalities result in bar chart 

The result from the user functionalities shows strong positive feedback from the user and most users strongly 
agree that the room reservation is clear and easy to use, the system reduce data entry errors, it easy to register 
and log into the system, the system display occupancy information accurately and the booking process was fast 
and smooth. Besides that, for section system interface design also many users strongly agree that the system 
interface is user-friendly and easy to navigate, the user interface of the system attractive, the layout of the system 
is well-organized, and the text size easily can be read. Figure 29 shows the result of the section System Interface 
Design in chart format. 

 

 

Fig. 29 System Interface Design result in chart 

Meanwhile, in section four recommendation there are users that give suggestion to improve the system which 
are to support for Malay and English language options, to have a simple help page or chatbot that explains how to 
book a room and allow students to give feedback on room usage, cleanliness, or system issues and more. The 
comments for suggestion have shown in Figure 30. 

 

 

Fig. 30 Comments list for system improvement 
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6. Conclusion 

The Smart Library Occupancy Management System using Deep Learning is designed to help staff manage library 
occupancy and handle room reservations more easily. It also allows students to book rooms and check their 
reservation status without any extra effort. 

The system offers several advantages. It provides secure authentication through email verification and 
password hashing. Students can easily reserve library rooms and track their reservation status. Staff can 
efficiently manage all reservations and use the system as a storage platform for future reference. The system also 
helps staff monitor the current occupancy count, which is especially useful during emergencies. Additionally, it 
enables staff to understand peak occupancy times, allowing them to manage library space more effectively. The 
system is also future proof, allowing staff to update the website’s logo and title through a simple settings form. 

Despite its benefits, the system has some drawbacks. It requires a browser and a stable internet connection 
to access. Running the deep learning algorithms smoothly also demands a high-performance server. The system 
may run slowly on servers that only use CPUs or AMD graphics cards, as they do not support CUDA technology. 
Furthermore, the system depends on high-quality cameras, which can be expensive. 

Future improvements can be implemented by developing a mobile application version of the system. This 
would allow students and staff to access the system more easily and receive real-time notifications on their 
devices. Staff also easily can view the current occupancy rate without having open any browser. In addition, using 
a powerful server or setting up a local high-performance server can help the system run more smoothly. The 
server needs an NVIDIA graphics card that supports CUDA technology, which later needs some turn over the code 
to support the CUDA acceleration which able to speed up the run time of the code execution. Lastly, this system 
needs a very quality camera cause the face detection algorithm heavily depends on the quality of the video. The 
recommendation is to use a 4k resolution camera that has a good RTSP connection. A cheaper camera can reduce 
accuracy of face and person detection, and the camera connection may not be stable. 
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