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ABSTRACT

The area of study for this project is web application development. This project aims to develop
an inventory monitoring web portal for solving the problems lacking on existing inventory
monitoring systems.

Nowadays, the existing systems still have complex interfaces and navigation structures, which
causes time consuming and high cost in adapting this kind of system. Moreover, there are many
business enterprises still rely on paper works and excel tables in monitoring inventory. This
causes a lot of external error occurring during inventory monitoring and affects the accuracy
of monitoring and reporting which resulting below standard level. Additionally, the existing
systems don’t provide further general instruction for addressing abnormal items. This will
cause the unnecessary workflows to be repeated persistently and reduce the efficiency of
operation.

Furthermore, the proposed inventory monitoring web portal is developed by using low-code
programming, which is Node-RED. Then, this web portal is integrated with database and
various APIs which consists of Telegram chatbot API, MySQL database, and so on. Besides
that, the process of development of inventory monitoring web portal follows the standards of
Agile model.

Then, this project has also conducted literature review on 4 existing inventory monitoring
systems for finding out their limitations. The proposed system allows improve the accuracy
and efficiency in monitoring inventories.

Consequently, this project develops an inventory monitoring web portal by utilizing the low-

code development tool to address the key challenges faced by the existing systems.

Area of Study (Minimum 1 and Maximum 2): Web Application Development

Keywords (Minimum 5 and Maximum 10): Inventory Monitoring, Low-code Programming,

Web Application, Node-RED, Alert System
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CHAPTER 1

Chapter 1 - Introduction

This chapter describes the project background, motivation of this project, the problem

statement, and contributions to the inventory monitoring web portal.

With the advancement of technology, inventory monitoring systems have become essential and
important tools for most business activities. It can handle the tasks which were completed
manually previously. For instance, stock tracking, balance sheet creation, and so on. The
business owners can utilize it to reduce efforts, time, and cost in monitoring and managing the
inventory [1]. In other words, the purpose of inventory monitoring system is improving
efficiency, accuracy, and cost-effectiveness. Then, this kind of the system is suitable for any
business whether it is big or small such as retails, warehouses, business that is managing IT

assets, and others [2], [3], [4].

Moreover, the poor performance inventory monitoring system should be avoided as it may
cause stockouts, overstocking, misplacement of items, inaccurate records, and so on. These
inefficiencies will increase the operational costs such as extra storage fees, wasted labor hours,

and so on.

Then, for developing this kind of the system application, the developers usually choose to
utilize PHP, C#, jQuery, MySQL, and so on [1], [5]. These development tools are high-code

programming, which provides flexibility in the system application and database developments.

However, there’s a trend nowadays, the developers will switch to low-code programming for
development progress. Low-code programming allows the system application development
progresses to become more simplified, which can speed up the progress of application
development. Then, it also allows the developers who without programming background to be
included in the development lifecycle, and still able to maintain productivity in developing the
new system applications [6]. Moreover, the new application developed which utilizes low-code
programming is expected to occupy 70% of new system applications developed by businesses

in 2025 [7].
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CHAPTER 1

1.1 Motivation and Problem Statement

In recent years, there have been many inventory monitoring system applications on the market.
However, most of them contain complex system application structures. Then, usually they need
sufficient user training sessions since they are difficult to understand [8]. In other words, they
need to spend a lot of time implementing and adapt inventory monitoring system applications.
As a result, these applications are causing time consuming, high cost, and even low accuracy

in operating the businesses.

Furthermore, the existing inventory monitoring system applications can detect and alert the
abnormalities on the inventory which may include the damaged inventory [9]. However, these
applications don’t provide further and general instructions in processing progress for
addressing abnormal items, which may waste time on handling and tracking the same problem
on the items. If the staff doesn’t have experience in solving the common issues on the inventory,
they will consume unnecessary time on finding other departments or colleagues for the

solutions. As a result, the waste of time may cause low efficiency in managing inventory.

Moreover, another critical problem with monitoring and managing inventory is low accuracy
which is due to manual methods. Human error is a common mistake which exists in current
inventory monitoring systems [10]. Manual methods such as entering items’ information into
the Excel tables or relying on paper forms require the staff to pay high attention in managing a
huge number of items. However, it is impossible to maintain good attention during work so

there is a high rate of mistakes.

This project is motivated by the desire to provide the inventory monitoring web portal, which
is efficient, ease-to-use with rich features, and high accuracy for solving the common issues in
general inventory monitoring system. Besides that, this project is also motivated by exploring
the utilization of low-code programming (Node-Red) for web development which is a
renovation method to develop inventory monitoring web portal in more simple way compared

to traditional or high-level programming languages.

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 1

1.2 Project Objectives
The aim of the project is to propose a user-friendly inventory monitoring web portal that able
to solve the issues lacking existing inventory monitoring systems. The target users of this

system are the students, supervisors, staff, and head of department of university.

1.2.1 To provide clear and user-friendly user interfaces and navigations in monitoring
inventories

The duration of learning and adapting to a new system is critical to the operation of business.
The proposed system is aimed to provide a user-friendly environment for monitoring the
inventory effectively. For example, the position of menu, the options’ sequence within the

menu, the design of lists, and so on.

1.2.2 To minimize the external errors in managing inventory records
By providing the restrictions, rules, and automation on inventory monitoring web portal, it can
reduce the external errors such as human errors, missing paper forms, typo error on excel files

and so on.

1.2.3 To improve efficiency in handling inventories

General instructions for addressing issues on inventory is a key action, it can save time and
streamline the process of handling issues. Moreover, the tracking of progress for handling each
item is also critical to the operations as it can improve efficiency in monitoring the status of

inventories.

1.3 Project Scope
The main scope of the project is providing inventory monitoring web portal that is effective,
high accuracy, cost effective, and ease for implementation and maintenance. Besides that, the

project also has the following scopes:

1.3.1 User accounts management

The developed system allows administrators and lab staff to register accounts, assign roles
with different levels of access control. For instance, only lab staff and admin can manage the
item details while the others can’t perform any action on modifying the item details. Then, the

students are also allowed to register accounts, but the registration of accounts needs to be
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approved by lab staff. Moreover, the history of editing also able to show the name of the staff
who created and last modified the data. As a result, this system provides data integrity within

the inventory stock.

1.3.2 Inventory data registration and management

This project provides a user-friendly interface and navigation for managing inventory
details. The management consists of adding, modifying, and removing. Moreover, the users
are also able to manage the information of locations where the items are stored and manage the
list of information types. They can change location, category, or item type for a group of items
at once by changing the respective name of location, category, or inventory type through the
locations management module, categories management module, and inventory types

management module of this application.

1.3.3 Application for loan items

The system also provides a list of various types of items and forms for students and
supervisors to apply for loan the selected items such as monitors, projectors, and so on. For the
item list, they can gain the detailed information of each item through the list, which includes
item name, status, images of respective items, and so on. This can help them to select the item
for loan correctly and efficiently. Then, the supervisors will evaluate form from students while
administrators will evaluate the form from supervisors to decide whether to approve or reject
the application. Additionally, the lab staff will perform the final confirmation on the
applications. Lastly, the lab staff will update the application’s status when the loaned item has

been returned. The old returned item records also can be removed.

1.3.4 Tracking of abnormal inventory
The users can provide comments regarding processing progress according to the status of
abnormal items. This allows high-level users to perform tracking processing progress

conveniently about those abnormal items.

1.3.5 Automation on alert and notification
This system can send out alerts and notification automatically through detecting events like

application of loan, approaching deadline, and so on. For example, when a student applies to
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an application for loaning an item, the lab staff will receive notification regarding this

application through Telegram.

1.4 Main Contributions from the Project

1.4.1 Web-based Accessibility

This project proposes an enhanced inventory monitoring web portal using low-code
programming, Node-Red, which provides simple and clear user interface and navigation in
managing inventory records and applications. This web portal is responsive for various devices
with different screen resolutions which are accessible from any device such as tablet, desktop,

and so on.

1.4.2 Effective Abnormality Handling
This proposed system able to report and track the processing progress of abnormal items which
allows the users to reduce effort in monitoring this kind of inventory through manually asking

for the respective progress.

1.4.3 Enhanced Data Accuracy and Integrity

The proposed system ensures the accuracy and integrity of items’ information by providing
restrictions, rules, and automation in particular sections when entering or modifying the items’
information, applications, and user accounts. For example, the lab staff must enter the tag
number of the item during the registration to prevent any important data from missing.
Moreover, the system will also detect and avoid the duplicated value for registering items to

ensure that each item is unique and can be identified.

1.5 Organisation of the Report

The following chapters present the details of this study. The details of literature reviews on
technologies and previous works are presented in Chapter2 which regarding inventory
monitoring system. Then, Chapter 3 describes the system methodology of this project. Then,
Chapter 4 describes the details about the whole system design of this project. Furthermore, the
system implementation is presented in Chapter 5. Besides that, the details of system evaluation
and discussion are presented in Chapter 6. Lastly, the last chapter, Chapter 7 includes the

conclusion and recommendations about this project.
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Chapter 2 - Literature Review

2.1 Review of the Technologies

2.1.1 Database

PostgreSQL

An open-source object-relational database that extends the traditional relational model with
object-oriented features. It follows the SQL standard as closely as possible although some way
may be implemented with minor variations [11].

One of PostgreSQL's primary advantages is supporting various programming languages
like C++ and Java, and offers cross-platform compatibility. Then, it supports complex queries,
primary/foreign keys, triggers. Updatable views, and a comprehensive transaction concept
[12]. Additionally, it supports Multi-Version Concurrency Control (MVCC) for efficient
handling of concurrent database access [12]. Furthermore, it also supports advanced features
like custom data types, user-defined functions, and even procedural languages (PL/pgSQL,
PL/Python, Java, and others), making it highly extensibility. Its ability to include DDL
commands in transactions that simplifies the transactions management in a complex relational
application [13].

However, PostgreSQL has some drawbacks. Being a traditional relational database, it
requires rigid schema definitions, meaning each table record must conform to a predefined
structure. This limits the flexibility compared to NoSQL databases like MongoDB.
Furthermore, as an open-source system, PostgreSQL lacks centralized ownership, commercial
support, or warranties, which may present risks for enterprise users. This decentralization can

also lead to inconsistencies in user experience across different deployments [13].

MongoDB
According [14], MongoDB is a free and open-source NoSQL database system designed as an

alternative to conventional relational databases. It is particularly effective for handling large
volumes of distributed data. Moreover, it offers support for wide range of programming
languages, such as Java, Python, C, C++, C#, and so on.

MongoDB offers several benefits, particularly its schema-less design, which allows for flexible
data storage without predefined schemas. This flexibility makes it easier to scale databases
compared to the relational databases. As a document-oriented database, MongoDB stores data
as documents that map to native data types in various programming languages, reducing the
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need for complex joins and improving performance. Additionally, its horizontal scalability
through sharding makes it well-suited for big data applications. MongoDB also supports third-
party storage engines and provide the pluggable APIs, offering customization options.

However, MongoDB also has some drawbacks. The failover process for continuity can take up
to a minute since it relies on a single master node. The write performance is also limited as the
volume of information that written to the database is relied on the capacity of its single master
node. MongoDB lacks referential integrity, as it does not enforce foreign key constraints, which

may impact data consistency.

MySQL

This project has applied MySQL database for managing records about inventories. According
[15], the MySQL is a open-source relational database. One of its greatest strengths is the large
and active community that surrounds it. Developers can easily access countless resources,
tutorials, forums, and documentation, making troubleshooting and optimization.

Moreover, MySQL stands out as one of the fastest-performing databases, offering excellent
speed and efficiency. Its support for multi-threading contributes to better optimization and
responsiveness. Another key advantage of MySQL is its platform independence. Whether
deploying an application on Linux, Windows, UNIX, or other operating systems, MySQL
ensures the satisfaction for the needs,

However, its performance may decline under heavy workloads. This makes it not suitable to

support for large-scale operations.

2.1.2 Programming language

Power Apps

Microsoft Power Apps is a low-code programming language that offers a rapid development
environment in building custom apps based on the needs [16]. It allows developers to develop
application through user-friendly method likes drag and drop method and also includes some
coding. For coding the elements on the application, it has its own unique programming
language which is named Power Fx [17]. This programming language is usually used to handle
the events of each page, database connection, form configuration, calculation on specific data,
and so on. Moreover, it supports wide range of data source, such as SharePoint lists, SQL

server, Microsoft 365, and so on. Additionally, it provides integration with Power BI and
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Dynamic 365, which provides a platform for designing the dashboard for monitoring the
business operations [16].

According to [18], one of the weaknesses of Power Apps is it only allows one developer to edit
the app at a time. This means that each project is only suit to a single developer as it is time
consuming for a large project with a team of developers to utilize it in the development of
system or application. Moreover, it is also challenging to debug as it will only display the error
in the term of notification and the given information sometime is not clear. For example, there
are different causes of error, but this platform displays the same information about the error.
This will cause developers spend a lot of time for testing and debugging, which reduce the

efficiency in development of application.

Gilde

Glide is a low-code platform that enables users to transform spreadsheets into functional mobile
and web applications [19]. It allows developers to use pre-built component and templates to
develop applications or systems in a simple and easy way, and also developers to tailor the
design and functionality to their specific needs [20]. The way to design webpage is through
adding the component into the webpage by just clicking the preferred components and adjust
the position of components by arranging the list of components. It will automatically set each
component in responsive style, which makes developers reduce efforts in producing the
responsive web pages [21].

One of the advantages of using Glide is its data integration. It supports smooth integration
with SQL, Google Sheets, BigQuery, and so on. Then, it allows developers to develop the full
responsive application across different devices, from mobile phones to desktops, ensuring user
experiences. Then another advantage is ease-to-use, the developer doesn’t require coding
language for developing the applications.

However, Gridle has limited customization. Due to apply responsive web page
automatically, Gridle does not provide many options to developers for adjusting and designing.
Most of the components are only able to design based on the pre-built styles, and usually the
number of styles is not more than 4. Additionally, Gridle does not allow exporting source code,

reducing future scalability or migration options [20].

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR



CHAPTER 2

Node-RED
Node-RED is the low-code programming language that is utilized in this project. It is an open-
source flow-based development tool [22]. It also provides drag-and-drop interface which
simplifies development, even for user with minimal coding experience. Moreover, Node-red is
highly versatile as it is compatible with on various platforms such as Windows, Linus, and so
on. Additionally, it has strong community that shares flows, provide help, and contribute to
ongoing improvements. Then, its strong integration capabilities make it easy to connect with
various services and protocols, allowing users to build complex and interconnected systems
with minimal effort. Furthermore, it allows developers to debug the nodes of specific flow,
which provide accurate, clear, and efficient information during testing and debugging
processes.

However, as the workflows grow in size and complexity, managing and maintaining them
can be more difficult, raising scalability concerns. Furthermore, even though it minimizes the
efforts for coding, some features and designs still rely on JavaScript and CSS styles. This may

pose a challenge for developers without a technical background [23].

2.1.3 Encryption Algorithm

RSA

Two keys are used by the asymmetric encryption technique RSA to encode and decode data.
Public key is used to encrypt the data while the secret key is used to decrypt the data [24]. Then,
this provides a high security level for data communication as no need to exchange keys
beforehand. The private key is kept confidential, but the public key is freely exchanged.
Moreover, this algorithm ensures that the data will remain unchanged during the transition due
to the missing private key that used for decryption [25]. In other words, it enhances data
integrity in data communication. It is widely adopted on many protocols such as SSH,

SSL/TLS, and so on [24].

However, this algorithm requires intensive mathematical operations to generate keys with large
size for security purposes. This is making it much slower than the symmetric encryption
algorithm. As a result, this algorithm is not suitable for processing the large data set and heavy

resource consuming [25].
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Blowfish

Blowfish is symmetric encryption algorithm which utilizes the same key for data encryption
and decryption [26]. The key used by Blowfish can range in length from 32 to 448 bits. This
algorithm involves subkey generation for speeding up the encryption process, 16 rounds of
complex substitution and permutation that ensures the strong encryption, separation of data
into two 32-bits halves for processing, and creation of 64-bit ciphertext blocks through the

recombination of data. The decryption of data is a reverse process of encryption [27].

As this algorithm involves fewer operations, the generation of ciphertext block is fast, effective,
and safe in general [27]. Then, it also supports wide range of programming languages such as
C#, Python, PHP, Java, Kotlin, and others [28]. However, it can be cracked easily through
Birthday Attacks due to its small block size, 64-bit. This causes this algorithm to have low

security level in ensuring the data integrity [26].

AES-256-CBC

This algorithm is also a symmetric encryption algorithm, which applies to the same key with
fixed key length, 256-bit for data encryption and decryption. AES is incorporated into both
software and hardware to guard against eavesdropping and assaults on digital data, audio, video,
and others [29]. For the encryption process, it also involves expanding secret key into multiple
round keys and 14 rounds of transformation with the final round omitting mix columns. The
complexity of each transformation round involves round key addition, row shifting, column
mixture, and non-linear byte replacement. Then, the final output is the ciphertext blocks and a
random generated initialization vector. On the other hand, it requires the same key and
respective unique random initialization vector for the decryption process [30,31]. This makes
the hacking process more insane. Moreover, the produced 128-bits encrypted blocks needs
about 2!?% attempts to be cracked [29]. This algorithm secures data integrity in a very save way.
Additionally, it also supports a wide range of programming languages such as NodelS, PHP,
Python, Ruby, and so on [28].

Although it provides strong protection on data, it still has a weakness which is the consistent
key for encryption and decryption. Since every data block is encrypted in the same way, the

key must be stored in a proper way to prevent the broken encryption [29].
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2.1.4 Hashing Algorithm
MD5

MDS5 Process Overview
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Figure 2.1.1: MDS5 Algorithm
A hash algorithm which was published in 1992, one of the earliest and popular algorithms [32].
MD)5 can create a fixed 32 hexadecimal digits length or 128 bits hash values from any input,
such as file or string [32,33]. It simplifies the verification by comparing the hash values of
input and the hash values of target file or other string, but this only suitable for small hash
values comparison [33]. Therefore, it has wide adoption in various use cases such as the
encryption of the passwords. Besides that, MDS5 is lightweight and efficient, using minimal
processing power and memory, which makes it ideal for resource-limited devices and quick

integrity checks [33,34].

However, since MD5 has been available for about 3 decades, it can be broken through various
attacks. The common way to crack this algorithm is by using the collision attack, which uses
the different input that can generate the same hash values [35]. As a result, this hashing

algorithm has a low security level in ensuring the data integrity.
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SHA-3

SHA-3 Process Overview
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Figure 2.1.2: SHA-3 Algorithm
An algorithm that uses different approach for hashing data compared to SHA-2 algorithm
family, which known as sponge construction. It's a means to increase the whole hash algorithm
toolkit's resilience, and not the full replacement on SHA-2 [32]. It also has high security level
in protecting the credentials data. Moreover, it is different with SHA-256, the developers can
use it to generate different hash value length such as 224 bits, 384 bits, and others. In security
aspect, it is more security than SHA-2 as it is the version that use different approach that also

has fixed the weaknesses of SHA-2 [36].

However, it has limited adoption that may lead to problem in general computing environments.
This is because it mainly delivers superior performance when implemented on hardware
specifically optimized for its design, such as FPGA or ASIC. Then, this also means that it has
lower performance in general environment compared to SHA-2 [37]. Additionally, it can
support applications such as domain hashing, MAC address generation, stream-based

encryption, and randomized hashing [32].

SHA-256

A member of the SHA-2 algorithm family which is available since 2002 [32]. It is used to
convert a string or a set of numbers into a fixed 256-bit hexadecimal string regardless the length
of original data. There are several intricate bitwise operations and transformations involved in
this hashing process. As a result, this algorithm provides high security level and is also ensuring
the data integrity of important stored data. It supports a wide range of use cases, which are
including blockchain systems, password protection, secure communications, digital certificates,

and so on [38]. Moreover, according to [37], SHA-256 has high speed performance on general
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CPUs, the time taken for hashing the data is generally shorter than SHA-3. Therefore, this hash

algorithm is applied in the purposed system. However, relative to more modern algorithms,

SHA-256 may demand higher computational resources, which becomes more evident in large-

scale deployments [36].

2.1.5 Summary of Technologies Review

Table 2.1.1: Summary of Technologies Review

Technologies | Characteristics Advantage Disadvantage
PostgreSQL e  Open-source e Cross-platform & e Rigid schema definition
e  Object-relational language support e No single commercial
database e Rich SQL & ACID owner/support
e Apply SQL standards features
e Extensible (custom
types, PL/pgSQL,
etc.)
e Efficient concurrent
database access
MongoDB e  Open-source NoSQL e Schema-less design e Inefficient failover
e  Document-oriented process
e Horizontal e Low writing
Scalability performance
e Support third-party e Lacks referential
storage engines integrity
MySQL e  Open-source e Large & active e  Low performance under
e Relational database community heavy workloads
e  Multi-threading
e Platform
independence
Power Apps e Low-code e Rapid development e  Single-developer
e Drag & drop method environment editing bottleneck
e Using Power Fx e Ease-to-use e Inefficient debugging
e  Supports wide range
of data source
e FEase to set
dashboard
Glide e Low-code o Wide data e  Limited Customization
integration
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hash algorithms.

efficient (low

resource usage)

Turns Instant Can’t export source
spreadsheets/SQL responsiveness code
into web & mobile Ease-to-use
apps
Pre-built components
Node-Red Open-source  flow- High versatile Difficult to manage
based Strong community large and  complex
Drag-and-drop Strong  integration flows
method capabilities Complex features still
Good  node-level need JavaScript and
debugging CSS
RSA Asymmetric High security level Requires intensive
encryption approach, Ensures mathematical
public  key  for confidentiality and operations
encryption,  private data integrity Slower than symmetric
key for decryption Public key can be encryption
No need to exchange freely shared Not suitable for large
secret keys Ensure data integrity datasets
beforehand Widely wused in
protocols like SSH,
SSL/TLS.
Blowfish Symmetric Fast and efficient Vulnerable to Birthday
Encryption algorithm Wide programming Attacks due to small
32 to 448 bits key language support block size (64-bit)
length
Generate 64-bit
ciphertext block
AES-256- Symmetric Strong encryption Consistent key  for
CBC Encryption algorithm Compatible ~ with encryption/decryption
256-bit key length wide programming
Complex operations language
Generate and utilize Ensure strong data
initialization vector integrity
and ciphertext block
MDS One of the -earliest Lightweight and Low security level

Vulnerable to collision

attacks
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Produces 128-bit
hash  values (32
hexadecimal digits).
Commonly used for
verifying  file/string
integrity and

password encryption.

Ideal for resource-
limited devices
Support quick
integrity checks

SHA-3

Sponge construction
Supports ~ multiple
output lengths (224,
256, 384, 512 bits)

Designed to fix
weaknesses of SHA-
2 and provide extra

resilience

Flexible output
lengths.

Higher security
compared to SHA-2
Optimized mainly
for specialized

hardware

Limited adoption
Lower performance
than SHA-2 on general-
purpose CPUs

SHA-256

Member of SHA-2
family

Produces a fixed 256-
bit hash value.
Involves complex
bitwise  operations
and transformations
Widely used in
blockchain, password
hashing, secure
communication, and

digital certificates

High security level
Broad adoption

across industries and

systems

High speed
performance on
general CPUs

Requires relatively high
computational

resources
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2.2 Review of the Existing Systems

2.2.1 Web-Based Inventory Monitoring System (YII Framework)

The previous study [39] proposed a web-based inventory monitoring system for an Indonesia
manufacturing company that developed utilizing Model View Controller technique with the
YII Framework. This system included 3 key modules which were management of inventory

items, calculation of net stock, and inventory stock reporting.

The management of inventory items module provides additional feature which is not only
recording the existing inventory items but also including the ingoing and outgoing inventory
items. This could enhance the accuracy of management of inventory item by eliminating the
confusion in recording stock items. For instance, some user will register the incoming items as

existing items, which causing confusion in generating reports.

Furthermore, this study utilized an algorithm in calculation of net stock module which support
the decision making. This algorithm is used for determining the quantity of net stock following
the warehouse demand and supply. It used the quantity of initial stock, incoming stock, and

outgoing stock to get the net stock in the warehouse. For instance, the formular is like below:
Net stock = Initial stock — Incoming stock + outgoing stock

Lastly, this system provided inventory stock reporting which the reporting date can be chosen
according to the user’s desire. This module can provide user or owner a quick review on the
existing inventory stock and make the decision effectively such as whether need to demand or

supply more stock items.

2.2.2 Web-based Inventory Management System
There’s another study [40] proposed a web-based inventory management system that includes
3 key features, which are management of inventory, management of purchase requests, and

generation of reports.

However, this study mainly focused on management of purchase requests and production of
reports. Firstly, for management of purchase requests, it included view, add, edit, delete,
approve, and reject purchase requests. It provided a complete feature in managing the purchase

requests, which is important for controlling the amount of stock items.

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

16



CHAPTER 2

Moreover, this proposed system also provides reports based on the chosen date. The system
can produce reports for different categories regarding inventory such as orders, sales, and
products. This allows the users or owners to perform decision making through analysis

different categories of the business.

2.2.3 Review on AssetTiger [41]
AssetTiger is an online inventory management system which is opened to various kinds of
business enterprises for managing their assets or stock item. Then, AssetTiger provides one-

stop service in setup the inventory management system, which is convenient for business

owners.
ASSET .Iﬂl"lyi:.!\\l_ @ changelog B <P Buy Asset Tags d OngTingXi v |
¢ it Step 1 - Company Information
d Ong Ting Xi )
& sewp - ® , 9 , & , &7 , s , 82 s i

ﬁ Setup Wizard 1. Company 2. Sites 3. Locations 4. Categories 5. Database 6. Table Options 7. Event Options 8. Setup Inventory

& Help / Support

E1 Company details
Download Assettiger App

— Provide the name and site of the main office.
P> Google Play

Company * |

Country*  United States

Review us on
y T Capterra
oA 4.6 Address *

Apt./Suite

@6

City *

Figure 2.2.1: Interface for setup inventory management site

The one-stop service includes:

1. Register Company details, which including the company name, address, time zone, and
SO on.

2. Registers sites of company, this is useful for the company with multiple branches in
managing the stock items.

3. Setup categories of assets, which can simplify the management of inventory.
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{4 Step 4 - Categories

°® ,%0 ,°2 , 7 , s , ®B > B > &

1. Company 2. Sites 3. Locations 4. Categories 5. Database 6.Table Options 7. Event Options 8. Setup Inventory

i= List of Categories + Add New Category [P | o import Cateqaries

Add the type of groups of assets. To start with, commaonly used categories have already been created for you. Make them as broad of as specific as you want. Categories can be Taptops and
printers, ‘equipment. or thairs. Customize 1o your particular need.

categaries 1
[ category s Edt Delete
[0 Buiding improvements ‘,u”‘
[ suidings [#e0n]
Computer equipment =
& Equipment [2ew]
Furniture and fixtures ‘,:,-‘
[0 intangible assets ‘,‘
[0 veasehold improvements ‘ #E ‘
[0 software ‘,-_ ‘

Figure 2.2.2: Setup categories of assets

4. Setup database, it provides simple setup of database which just needs to register the

fields that contain necessary information of that asset.

°e ,%0 ,%2 %31 , &, ®m ., B3 , &

1. company 2. Sites 3. Locations 4. Categories 5. Database 6.Table Options 7. Event Options 8. Setup Inventory

= Asset Database Fields

Fill in the appropriate fields for your assets. Asset Tag ID and Asset Description are the only required fields. Check the boxes next to the field names you want to include.

Field name Data Required Description Example

AssetTag ID * /7 (®) Yes This field holds the unique asset id number that your company A-1001
assigns to identify each asset. These are generally sequentially
numbered labels with barcodes.

Asset Description * (®) Yes Description of the asset HP - Envy Desktop - 12GB Memory
-2TB Hard Drive

Purchase Date () Yes (@) Optional Date asset was purchased 08/22/2014
Cost (O Yes (@ optional Cost of the asset RM225.75
Purchased from () ves () Optional Vendor/Supplier name Amazon
Brand (O Yes (@) Optional Manufacturer of the asset HP

Model () Yes (®) optional Model name of the asset Envy

Serial No () Yes () Optional Manufacturer's serial number HGIC3X

=y Asset Custom Fields

Figure 2.2.3: Setup database
5. Setup properties of inventories. User can label assets which are having warranties, need
to be maintenance in specified period, need to perform audit, and so on.
6. Register event for inventory. User can setup what information needs to be entered in
the form when take part in specify events. For instance, when check-out the asset, the
user needs to fill the details for that asset which includes the owner of the asset, email

address, department, and so on.

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

18



CHAPTER 2

T

O@ >°@ >°£ )o >°8 )0@ > > Uml‘_'l

1. Company 2. Sites 3. Locations 4. Categories 5. Database 6.Table Options 7. Event Options 8. Setup Inventory

Asset-related Events

Do you want to register these events for the assets?

Rp Check-out assets: ® ves O No Setup ‘Check out Setup Check in

Assets are checked out of ‘assigned 1o individuals. Enter ns/Employees

B> Lease assets ®ves O o Setup Lease’ Setup 'Lease return’
Assets are ‘leased' or rented/loaned"to customers. M tomers in the ‘Advances
) Lost/Found assets: ® ves O No Setup'Lost / Missing' | | C Setup Found” | |
2 Repair assets: ®) Yes No Setup ‘Repair
2 Broken assets: ® ves (O No Setup ‘Broken’ | | Customize Form
£ Dispose assets: ® Yes () No Setup ‘Dispose’ stomize Form |
© Donate assets: ® ves O No Setup Donate’ | Customize Form
# sell assets: ®ves O o setup self | [ customize form |

Figure 2.2.4: Register event for inventory

7. Setup inventory fields, which include the format of asset ID, unit, and so on.

Select inventory plan

@ Free Plan 2 ltems Paid Plan
invrree S0 /vear inv-PAD $100 ) vear
= Inventory Item Fields
Fill in the appropriate fields for your inventory. y Tag ID, iption, and Unit of are the only required fields. Check the boxes next to the field names you want to include.

|:| Field name Customize Label Label Suggestions Data Example Data Required

V| Inventory Tag ID * /2 Inventory Tag ID Tag ID, SKU INV-1001 @ Yes
Brother TN760 Black Toner for MFC

¥ iption * D ti i

Description escription Title L2750DW Printer @ Yes

V| Unit™ Unit Unit of Measurement Toner @ Yes

7 Stock* Stook Stockdn-hand The tgtal quanm‘y |‘n sl(?ck is Ica\cu\aled by the sylstem basjed onthe
'‘opening balance’, 'add-, and 'remove-from-stock’ transactions.

|Z Notes Notes Comments Toner for printers in sales department. O Yes @ Optional

[ sku SKU Part No. AD-0005 Yes Optional

[ siza Size Nimansinng 19" 18" Yos Ontional

Figure 2.2.5: Setup inventory fields
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Then, the interface for entering the inventory information according to the previous setup is

shown as below:

2 Add an Asset

Asset Details

Description *

Asset Tag ID * Purchased from

Purchase Date MM/dd/yyyy & Brand
Cost RM  Malaysia Ringgit Model
Serial No
Site, Location, Category and Department
Site Select Site v + New Category Select Category v 4+ New
Location Select Location v + New Department Select Department v 4+ New

Figure 2.2.6: Record inventory

After entering and saving the inventory information, we can do more action for this data like

editing, delete, and so on. It provides rich features in managing inventory details.

<& Asset View
try & Print || & Edit Asset -
Asset Tag ID try011 Site 1 A Check out
Purchase Date 11/13/2024 Location B Lease
Cost RM100.00 Categor’ (
9o &3 Lost/ Missing
Brand Intel Department
. 4 Repair
Model i9 Assigned to P
Status & Broken
&> Dispose
< Donate
B sell
Details Events Photos Docs. Warranty Linking Maint. Reserve
@ Delete
Asset Details .
= Email
Miscellaneous Serial No 114514 Purchased from Intel [0 Replicate

Craatian

Figure 2.2.7: Management of inventory details
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Moreover, AssetTiger also provides editable dashboard for the users. User can adjust the
position of the elements of dashboard. Then, it allows users to have the dashboard that they

think is effective.

Das h boa rd dashboard & statistics Manage Dashboard 2

E Number of Active Assets . Value of Assets a Purchases in FISCS':(/EIS
0 RMO
0 Assets
Asset Value by cacsr Alert
< > NOVEMBER 2024 month
Sun Mon Tue Wed Thu Fri Sat

1 2

3 4 5 6 7 8 9

10 1 12 13 14 15 16

17 18 19 20 21 22 23

24 25 26 27 28 29 30

Figure 2.2.8: Dashboard in AssetTiger

2.2.4 Review on Odoo [42]
An open-source inventory management system called Odoo is also making appearance on
websites. It is offering functionality for managing the stocks such as register stocks’

information, stock tracking, setup reordering rules, barcode scanning, and so on.

‘ Inventory  Owerview Operations  Products  Reporting  Configuration M Pending Activation Q (0] Caegaq
Stock 3= Pricelists Documents On Hand Forecasted - '
| New Laptop £ *= 0 Rules @ 0 &u,no Uniits !oon units | More LT A

Update Quantity  Replenish  Print Labels

Product

Sales Purchase
General Information  Inventory
Product Type ’ O Goods Service Combo Sales Price RM 1.00

Track Inventory 7 Cost RM 0.00
Internal Reference

Barcode

Category

Figure 2.2.9: Registration of stocks
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Product On Hand Forecast Min Max To Order

Laptop 530.00 530.00 |da i ] 20.00 220.00 0.00

Figure 2.2.10: Setup reordering rules when reaching specific minimum quantities

Categories U

Product Category
Expenses
Goods

Services

Figure 2.2.11: Configuration of the category of products

m Inventory at Date [Jlo]a & -] Q search... -

» Product On Hand Free to Use Incoming Outgoing
=
= Chess 3000 & 30.00 0.00 0.00 ' History & Replenishment
Laptop 560.00 ¢ 560.00 0.00 0.00 ' History & Replenishment
590.00 590.00 0.00 0.00

Figure 2.2.12: List of products for tracking

B Barcode Scanner sl

Scan or tap

* Scan a product to locate it
¢ Scan a picking to open it
e Scan an operation type to start it

Operations

Inventory count

Figure 2.2.13: Barcode scanning
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Moreover, it is also offering rich integrations with various core modules such as sales, services,
accounting, and so on. These modules allow users to have the desired additional functionalities

on the system.

Install a Module U ‘ a Rf Aees x

Official Apps
Sales

Industries From quotations to invoices

m CATEGORIES m Learn More
All
Sales 10 CRM :
Track leads and close opportunities
Services 5
m Learn More
Accounting 2
Inventory 16 . .
Accounting :
Manufacturing 4 Manage financial and analytic accounting
Website 5 ‘
Marketing 8 m Learn More
Human Resources 15
o o Project
Productivity J Organize and plan your projects
Customizations 1
Learn More
Repair

Figure 2.2.14: List of modules
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2.3 Weaknesses of Previous Studies

2.3.1 Web-based inventory monitoring and management systems

The weaknesses of previous studies’ systems were unable to simplify the progresses of
development and implementation of inventory monitoring systems due to the utilizing of
traditional development tools such as C++, JavaScript, PHP, HTML, MySQL, and so on. These
development methods are required professional knowledges and complex development life
cycles. For instance, the integration of these platforms is insane for the complex system
requirements and structure. Moreover, the maintenance of the systems would be difficult due
to the same reason. Then, the proposed system might not be extendable anymore, and the IT
professionals also hard to understand the coding created by previous developer. As a result,
this causes the high cost and time consuming in developing, implementing and maintaining the

systems.

Moreover, for the system developed by previous study [39], it didn’t provide automated alert,
and the user roles management. This is causing this system has low efficiency in handling key
issues because the users may fail to perform action immediately, and the user is unable to check

the history of the modification or registration for identifying the causes of issues.

Lastly, the previous study [40] developed the similar system that is weak in basic inventory
management such as add, edit, and remove the inventory data. This is because it too focused

on the management of purchase requests which caused other system scopes to be reduced.

2.3.2 AssetTiger

This inventory management system web portal is unable to simplify the navigation design due
to its rich features. Sometimes, too many detailed features are not a good practice. This may
cause users have a deep learning curve in using those systems. As a result, this causes users

have low effectiveness in adapting this inventory management system.

Additionally, this inventory management system can’t display interface with completely
responsive on mobile devices as it is restricted by its features. Most of the features are only

suitable for desktop resolution.
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Dimensions: iPhone 12Pro v 390 x 844 73% v Notho

R Check-Out

Keep track of your assets with
and create an even more detai

=+ Select Assets

Assets Pending Check-Ou

D AssetTag ID Descript

O tyor1l try

Check-out Date

12/06/2024

Figure 2.3.1: Interface with not completely responsive
Lastly, this system may complicate the simple managing and monitoring processes. This is
because it provides rare and detailed features which is only suitable for big business enterprises
such as the recording of depreciation on assets. Then, these kinds of features are unnecessary

for small and medium businesses.

2.3.3 Odoo

This inventory management system also has weak navigation for user to setup the automated
messaging for specific events such as the reminder of low level of stock. For example, the user
needs to create the inventory rules for specific product to get the automated messages about

the reordering products.

‘ Inventory — Overview  Operations  Products  Reporting  Configuration

Products e== Pricelists On Hand Forecasted
New | .. = - ha ’
wiii £ 0 Rules 0.00 Units 10.00 Units

@ Documents
. . . 0
Update Quantity  Replenish Print Labels
7 Min: 10.00
"/ Max: 10.00
Product — 0
t: 0

T wiii o

Sales Purchase

Figure 2.3.2: Way to set the automated messages for low-level stocks
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Moreover, there’s not a single page to manage all the automatic messages. The user needs to
go to specific category for setup the automatic messages. This causes users to pay a lot of effort

in setup the automatic messages for necessary events.

(. General Settings

Barcode
37 calendar
@ inventory B Barcode Scanner @ Stock Barcode Database @
Process ope 1s faster with barcodes
‘ Email Marketing Create products easily by scanning using barcodelookup.com in
Barcode Default Nomenclature - barcode

Nomenclature
-» Configure Product Barcodes

8 Print barcode commands and operation types

Show Quantity to Count
Allow users to see the expected quantity of a product to count in

1 location

Delivery Methods Dispatch Management System

ympute shipping costs Transport management: organize packs in your fleet, or carriers

Email Confirmation SMS Confirmation

1d an automat nfirmation email when Delivery Orders are Send an aut

SMS Template Delivery: Send by SMS Tex' » =
=» Manage Service & Buy Credits

=» View My Services

Signature
3,] re a signature on your delivery orde

Figure 2.3.3: Setting of automatic messages regarding shipping
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2.3.4 Summary of the existing systems

Table 2.3.1: Summary of the existing systems

Existing Advantages Disadvantages Critical Comments
systems
Web-Based e Net stock e Lack of automated e Low efficiency
Inventory calculations alert feature in handling key
Monitoring e Track incoming and issues
e Lack of user roles
outgoing stock
System  (YII gomng control
Framework) e Dashboard for
review purpose
Web-based e Detailed report e Weak in Dbasic e Too focus on
Inventory generation inventory managing
) ) management purchase
Management e Flexible in
System . requests
y managing purchase
requests
Review on e Convenient for e Complex user e Not suitable for
AssetTiger setup inventory interface and small and
monitoring system navigation medium
) ) business
o Customizable e Provide rare )
. . enterprises
positions of features which may
e May
dashboards unnecessary
complicating
¢ Rich features e Not responsive simple
managing and
monitoring
process
Review on e Rich features on e  Weak navigation e Difficult to
Odoo inventory e Inefficient setup
management automated automated
e Rich integrations messages messages
with other management
applications
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2.4 Concluding Remark

In this chapter, there are 3 database platforms, 3 low-code programming language, 3 encryption
algorithm, 3 hashing algorithm, and 4 previous works on inventory monitoring system be
reviewed. Each of these reviews are mainly focused on characteristics, advantages, and

disadvantages to find out the critical aspects that would be focused within this project.

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

28



CHAPTER 3

Chapter 3 - System Methodology

3.1 System Development Models

3.1.1 Waterfall model

According to [43], one frequent name for the Waterfall Model is a linear-sequential life-cycle
model. It is straightforward and easy to grasp. Within this model, each phase must be fully
finished before the subsequent one starts, and the phases never overlap.

There are 6 phases within this model:

Phases 1, Requirement Gathering and Analysis
During this opening stage, every potential need for the proposed system is identified and

recorded in a requirements-specification document.

Phase 2, System Design
In this phase, the requirement specifications from the previous phase are examined and the

system design are used to identify the overall system architecture.

Phase 3, Implementation
Build system first in units, which are tiny programs that are integrated into the subsequent
phase, using inputs from the system design. Each unit is coded and verified for correct

operation through Unit Testing.

Phase 4, Integration and Testing
Integrate all the validated units into a system after each unit is tested. After integration, the

whole system undergoes comprehensive testing to uncover defects or failures.

Phase 5, Deployment of System

Once all functional and non-functional tests pass, the finished product is installed in the client’s
environment or released to the market.

Phase 6, Maintenance

In the client environment, some problems might arise. Patches are published to address these
problems. Additionally, improved versions are offered to enhance the product. Ongoing
maintenance ensures these updates reach the customer smoothly.
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3.1.2 Agile Model
Agile model is a type of incremental model. The product is created in quick, successive
iterations. Each short cycle produces a small release that extends the features delivered in

earlier ones, and every release undergoes rigorous testing to keep quality high [44].

The phases of this model also has 6 similar phases. However, Agile Model does not need the
comprehensive planning to start a project, unlike Waterfall Model. Moreover, due to the
frequency of new increment, the implementation of new changes can be low cost. The
developers are revisiting only a few hours or, at most, a couple of days of development work

for introducing a new feature [45].

3.1.3 Rapid Application Development Model (RAD Model) [46]

Rapid Application Development Model is also a type of incremental model with concise
development cycle. It suits project whose requirements are already clear and that can be built
with a component-based strategy. The main feature of this model is it divides a project into
small modules which each module can be distributed independently to separate teams. Once
completed, the modules are integrated into the overall system. Within every module, work still
follows the familiar Waterfall steps such as analysis, design, coding, and testing. Then, RAD

includes 4 basic stages: Requirements Gathering, User Description, Construction, and Cutover.

Stage 1, Requirements Gathering

Begin by eliciting needs through methods such as brainstorming, task and form analysis, user
scenarios, or FAST workshops. Develop a structured outline that identifies the key data to
capture, explains how it will be gathered, and maps out how it will be processed into an initial

model.

Stage 2, User Description
This phase involves collecting feedback from the end-users, re-validates and fine-tunes the
information from previous phase, and establish the prototype. In this phase, the data attributes

are also clarified and documented.
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Stage 3, Construction
Refine the prototype into a functioning product. Using the high-productivity automated tools,
convert the processes and data models into final product and applying any required changes

and enhancements along the way.

Stage 4, Cutover
Conduct thoroughly test the interaction among the separate modules produced by different
teams. Once integration tests pass, conduct user acceptance testing and prepare the system for

release.

3.1.4 Spiral Model [47]

Spiral Model is an SDLC framework that guides development through a series of repetitive
cycles, visualized as the turns of a spiral. Each loop of the spiral represents one phase of the
project and there is not a fixed total number of loops. Uniquely, this model is a risk-driven
model which emphasizes controlling and mitigating risks through successive iterations of the
development cycle. Then, each phase in the Spiral Model is broken down into separate
quadrants include defining the aim, analysing and addressing risks, developing the next product

version, and reviewing and planning for the next phase.

Quadrant 1, Object defined
Gather user requirements, set the target of project which includes functional and non-functional

requirements.

Quadrant 2, Risk analysis and resolving
Identify and evaluate the risks regarding the project. Then, compare the alternatives, choose

the best option, and built the prototype for solution that is possible the best.

Quadrant 3, Develop next version of product

Develop, test, and verify the chosen features for delivering the next version of the software.

Quadrant 4, Review and plan for next phase
The developed version of the software is evaluated by the customer. Then, the team capture

the feedback and start planning for the next phase at the end of this phase.
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3.1.5 Selected Model

Consequently, the final decision on the model of this project is Agile Model. One of the reasons
is the planning to start this project is very limited. The developed inventory monitoring web
portal requires frequent of user requirements and feedback to provide the updates frequently.
Moreover, the quality of each updated or added feature is required to be ensured in high quality.
Furthermore, this model also allows this project to redesign or remove the features based on

the discussions with the users in each development cycle.

Then, for following this model, this project consists of six phases. The first phase is collecting
the requirements, which understand the features and workflows that are needed to be included
in the system through discussion with target users. Secondly, the next phase is designing the
system. The overall architecture of the system, wireframes of user interfaces, and Unified
Modeling Language diagrams are designed within this phase to describe how those

requirements will be applied in the system.

Moreover, the construction or iteration of system is in the third phase. The features of the
systems will start to be developed according to the identified system designs. However, not all
the features will be developed at once before entering the next phase. Only a few features will

be developed for each development life cycle.

Furthermore, the next phase is testing the developed features from previous phase. This testing
is conducted internally and not externally. The end users of this system will not take part in
this phase. Each developed feature is tested to ensure that it can work well in the system before
deploying to the end users’ environment.

Then, the next phase is deploying, which includes integrating the features as the latest version
of the system and deploying it into the end users’ environment. Then, the end users can start to
use the latest version of the system and verify that this system archives their expected

performance levels.

Lastly, the final phase is feedback collection. End users would provide feedbacks regarding the
problems or suggestions of the newest system version. Then, these feedbacks will be collected,
analyzed, and aids in conducting the next development life cycle for improving or upgrading

the system.
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3.2 System Requirement

3.2.1 Hardware

The hardware involved in this project are laptop, lab computer, and mobile phone. Laptop
provides the environment for the development of inventory monitoring web portal. It is issued
for running low-code platform and MySQL Workbench, implementing web portal, and
performing self-testing for web portal. Additionally, it is also used for recording the necessary

notes, remarks during the development process.

Besides that, lab computer is utilized for user testing purposes and deployment of the lab
inventory monitoring system’s final version. Lastly, the mobile phone is used for testing and
deploying the automated notification and Telegram chat ID generation features.

Table 3.2.1: Specifications of laptop

Description Specifications

Model Gigabyte G5 AX200NGW
Processor Intel Core 15-10500H
Operating System Windows 11

Graphic NVIDIA GeForce RTX 3060 6GB
Memory 32GB DDR4 RAM
Storage 4TB SSD

Table 3.2.2: Specifications of lab computer
Description Specifications
Model Acer Veriton M2640G
Processor Intel Core 15-6400 CPU @ 2.70GHz

Operating System

Windows 11 Pro

Graphic AMD radeon R5-310 2GB DDR3
Memory 8 GB RAM
Storage 480GB SSD
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Table 3.2.3: Specifications of mobile phone

Description Specifications
Model POCO F6 Pro
Processor Qualcomm Snapdragon 8 Gen 2

Operating System Android 14

RAM 12 GB
Battery Capacity 5000 mAh
Storage 256 GB

3.2.2 Software

This project includes Node-RED, Telegram, and MySQL for developing the front-end elements
and backend logic of inventory monitoring web portal.

Firstly, Node-RED is a low-code programming development tool which is capable for design
backend logic with different workflows to handle inventory data and integration with various
service platforms, APIs, and database. Moreover, it is also capable of designing and
implementing responsive web pages through utilizing the built-in components such as button,
form, table, template, and so on. The template allows user to put HTML and JavaScript coding
into webpage. Then, the whole development process can be completed through utilizing the
palettes provided from various sources. For example, this tool can download various palettes
easily, such as node-red-node-mysql which provide a simple way to operate with mySQL

database.

& node-red-node-mysq|
% 200

Figure 3.2.1: node-red-node-mysql palette
Secondly, Telegram provides chatbot which is integrated with inventory monitoring web portal
for notification and alert purpose. Lastly, MySQL is a database that is integrated with web
portal from node-red, and it is capable of creating necessary tables for storing inventory data

and managing the accesses of inventory data.

3.3 Functional Requirements
This section outlines the functional requirements of the lab inventory monitoring system. These

requirements define the core features and operations that the system must support for ensuring
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the efficient inventory management, tracking, and loan application management. Each
requirement is designed to meet the users’ needs such as students, supervisors, lab staff, and
administrators.

Table 3.3.1: Functional requirements of Lab Inventory Monitoring System

Z
e

Functional Requirements

Student able to register a new account

Student able to view the list of available items

Student able to apply for loaning items through this system

Student able to apply for renew the period of loan item

Student able to check the status of applications

Supervisor can decide whether to approve student’s loan application

Supervisor can decide whether to approve student’s renew loan application

Supervisor can view the list of available items

o R Q| & | A W N| -

Supervisor can apply for loaning items

[y
[—}

Supervisor can apply for renewing period of loan item

[y
[

Supervisor can check the status of applications

[
N

Lab staff can decide whether approve or reject the request of student

account’s registration

13 Lab staff can register new item on the system

14 Lab staff can modify the existing items in the system

15 Lab staff can report/remove the item from the system

16 Lab staff can view the item records on the system

17 Lab staff can leave comment regarding item’s status

18 Lab staff can track the status of the item

19 Lab staff can manage the list of item categories

20 Lab staff can manage the list of inventory types

21 Lab staff can perform final confirmation on applications of loan from students

and supervisors

22 Lab staff can update status of applications as returned

23 Lab staff can view the history of all applications

24 Lab staff can remove records from applications history list
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25 Lab staff can register account with any role except administrators and
students.

26 Lab staff can deactivate account with student role only

27 Lab staff and Administrator can view users list.

28 Administrator can decide whether to approve supervisor’s loan application

29 Administrator can view the history of all applications

30 Administrator can manage items

31 Administrator can register account with any role except students

32 Administrator can deactivate account with any role except students

33 Administrator can manage item venues information

34 All users able to log into the system

35 All users able to log out the system

36 System able to encrypt and store password and Telegram chat ID

37 System able to retrieve and decrypt password and Telegram chat ID

38 System able to perform Telegram chat ID distribution and verification.

39 System able to send automated notification to users based on specify
activities. (New application of loan, loan period is about to end, result of
application, reported item, and so on)

40 System able to automatically cancel any pending applications when the
corresponding item has been reported

41 System able to validate the requested loan period

42 System able to validate whether a specify application can be renewed
according to the new loan period and chances remaining for renewing.

43 System able to validate the deactivation of account whether the user still have
any processing case

44 System able to detect and avoid any invalid data input

45 System able to clear specific user session after 2 minutes when webpage is
closed
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3.4 Project Milestone

[ Task Name [ Weskt | Week2 | Weeka | Weekd Week5 Week6 Week? Weeks Weekd | Week1D | Week1l | Week12 | Wesk13 | Weekld

Refine project objectives and scope

Refine literature review _
Develop registration of items feature _
Develap edit items feature -

Improve registration and edit featurss
Develop locations management module
Self-testing

Report Witng I

FYP1 presentation and system demostration _

Figure 3.6.1: Gantt Chart for FYP I
The first two weeks were mainly focused on refining the report, which included chapter 1
(project objectives and scope) and chapter 2 (literature review). Then for the following two
weeks, the development of registration items feature and modification item feature were
conducted. Furthermore, the improvement of both these features was carried out in the next 3
weeks. Then, the following task was simple, which was development of location management
module, this process just took around 5 days. Then the self-testing on the system was carried
out about 1 week. After done testing, the report writing was conducted around 4 weeks. Lastly,

the system demonstration was conducted on the last two week, which within week 13 and 14.

Task Name [ Weekt | Weekz | Weeks | Weskd Week5 Week6 Week7 Week8 Week9 | Week10 | Week1l | Week12 | Week13 | Weekld

Refine chapter 110 4 of report

Complete inventory management module _

Develop users management module [ ]

Develop inventory types management module ]

Bevelop loan application managemer module | —

Implement automated notification feature

Report Writing

FYP2 presentation and system demostration _

Figure 3.6.2: Gantt Chart for FYP II
According to the Gantt chart above, this project is required to be 100% completed within FYP2.
In the new first two weeks, the refinement of report’s chapter 1 to 4 and the development of
inventory management module should be completed. Then, the following six weeks should
complete the development of remaining modules. After developing all modules at week 8, the
implement of automated notification feature is also started within the same week, and it takes
around two weeks to complete. Then, the integration of modules and system testing is
conducted by around week 9 to week 11. Then the report writing is conducted from week 11

to week 12. Lastly, the presentation and system demonstration will be carried out within week

13 and week 14.
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3.5 Concluding Remark

In this chapter, the selected system development model, Agile Model has been stated with
reasons. Moreover, this chapter has also brief about the hardware and software that are utilized
in this project. Then, the expected system testing and performance for each existing feature
have been explained in the tables. The expected challenges are also stated in this chapter. Lastly,
the project milestone has been shown in a Gantt charts within this chapter, which includes
refine report, develop modules, improve modules, testing, report writing, and system

demonstration.
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Chapter 4 — System Design

4.1 System Architecture

Students

Record returned item
Manage categories of|
inventories

2. Handle student
registration
application

\ Manage types of Remove student |

inventories accounts
3.Approve/Reject Register user
renew loan period accounts
3.Approve/Reject

P Report/Delete ltem
loan application

| Notifications | | W_App!yaccount |

r ion

1.Apply loan item
1.Renew loan period

[ Register ltem | ‘ Modify ltem |

Staff
| Loan Application | ‘ Renew Application |
| Registration | ‘ Notifications |

Application

‘ Renew loan period ‘ Apply loan item |

2.Approve/Reject 2.Approve/Reject
renew loan period loan application
(students) (students)

—»

Lab Inventory
Monitoring System

»

Supervisors «

| Loan Application \ Renew Application

Encrypt Telegram
Chat ID
Encrypt Password

Write Data

Notifications

Figure 4.1.1: Block diagram of Lab Inventory Monitoring System

2.Approve/Reject
renew loan period
(supervisors)

Register user
accounts

A

Decrypt Password

Read Data

Decrypt Telegram
Chat ID

Loan Application

Remove user
accounts

Manage venues

2 Approve/Reject
loan application
(supervisors)

Manage items

I

Renew Application
Notifications

Administrators

MySQL

The block diagram shown above has display the actions that can be taken by each user role. It

shows the flow of how the applications of new student account, loan item, and renew loan

period are generated and handled. Then, each user role will receive notification from the system

according to the specific event occurs. Moreover, it states the flow about how the data is input

and write into the database. It also shows that the flow about how the data is retrieved from

database and output to users.
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4.2 Functional Modules in the System

The modules that are included in system:

User management module

¢ Inventory management module

e Location management module

e [tem types management module

e [tem categories management module
e Applications management module

Then, the use case diagram for these modules is shown as below:

Lab Inventory Monitoring System

includ <<include>>
<<include>> . VI
_..----- > Modify existing inventory j ---------2
Manage inventory

<<include>>

:«include» 5, ,
: 3 <<include>>,-*
' Register new inventory -
Delete inventory
Apply renew loan period

. <<include>> .
Manage types of items }-----------smcrnonnnnannd Register new type
Tt <<include>>

y

Administrators

<<include>> .3 Modify existing type

Delete type

Manage categories of
items J77-sginclude>>
L Tl - >( Modify existing category

.. =<include>>

Final approve loan and
enew period applicatiol
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Figure 4.2.1: Use Case Diagram of Lab Inventory Monitoring System
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According to the use case diagram above, staff utilizes all modules within the system except
locations management module. In user management module, staff can approve registration of
student’s account and register account for other users except for administrators and students.
Furthermore, they can deactivate user accounts with student role only. Then, they can handle
the applications of loan item or renew loan period by performing the final confirmation.
Furthermore, they are able to update application status when the loaned item is returned and
check the history of applications. The old history records can be removed by staff. Additionally,

they also can manage inventories, item categories, and item types.

Furthermore, for students, they can register account for themselves but needs the
approvement from lab staff. They also can request to loan item and renew the respective loan

period.

Besides that, supervisors are responsible for handling the applications from students. Then,
they are also allowed to loan item and renew the respective loan period. Moreover, the
administrators are responsible for handling the applications from supervisors. They are also
allowed to register and deactivate accounts for other users with any role except students.
Moreover, supervisors and administrators are also allowed to view the history of applications.
However, supervisors only able to view the history of applications of their students while
administrators can view all applications records. Lastly, administrators can manage the

locations of items through locations management modules.
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4.3 System Flow
4.3.1 Flow Chart
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Figure 4.3.1: Flow Chart of Lab Inventory System (Part 1)
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Figure 4.3.2: Flow Chart of Lab Inventory System (Part 2)
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Figure 4.3.3: Flow Chart of Lab Inventory System (Part 3)
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Figure 4.3.4: Flow Chart of Lab Inventory System (Part 4)
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Figure 4.3.5: Flow Chart of Lab Inventory System (Part 5)
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Figure 4.3.6: Flow Chart of Lab Inventory System (Part 6)

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

46



CHAPTER 4

A 4

What action on Delete

inventory types?

Update

A 4

Submit registration
form

—

‘ ‘ Select inventory type

| Select inventory type

Submit edit form

type

existed?

Correct edit form

Correct registration type
form existed?
No
Y
Register

successfully

Update
successfully

Inventory type
is used?

Unable delete

Delet inventory type

A 4

Delete
successfully

Perform other
action?

Figure 4.3.7: Flow Chart of Lab Inventory System (Part 7)
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Figure 4.3.8: Flow Chart of Lab Inventory System (Part 8)
According to flow chart (part 1) above, it shows the workflows about how the loan application
is applied, renewed, and handled among student, supervisor, admin, and lab staff. Then, the
part 2 states the actions that can be perform by administrator while the part 3 show the actions
that can be perform by lab staff. Then, the remaining flow charts present the workflows about

other modules which are explained in the table below:

Table 4.3.1: Explanations of flow charts for parts 4, 5, 6, 7, and 8

Parts | Modules Description
4 Inventory Management | Flows about how item is registered, edited, and removed by
Module following the rules
5 Location management module | Flows about how location is registered, edited, and removed by
following the rules
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6 User management module Flows about how user account is registered, edited, and removed by
following the rules
7 Item types management | Flows about how item type is registered, edited, and removed by
module following the rules
8 Item categories management | Flows about how item category is registered, edited, and removed by
module following the rules
4.4 Database Design
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Figure 4.4.1: Entity Relationship Diagram of Lab Inventory Monitoring System
According to the ERD diagram above, the inventories entity is used to store information about
the items, which includes UTAR tag, SN/PN, status, and so on. Then, the locations entity,

inventories_types entity, and categories entity are used to make the inventory management
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more efficient as they can help users to modify the location, category or type of group of items

at once, no need edit them row by row in inventory management.

Furthermore, the photos entity is used for storing the set of photos that belongs to each
inventory. Besides that, comments entity stores the comment contents regarding the items’
status. Then, the most complex entity within this system is users entity. For ensuring the
flexibility and efficiency of user management, the information of students, supervisors, lab
staff, and administrators will be stored in this entity. One of the reasons for applying this
structure is when checking the duplicated email address or telegram chat ID, this process will
be simple and easy. The attributes u_password iv and u_telegramID iv store the unique
initialization vectors which are used for decryption of password and Telegram chat ID.
Additionally, telegram ids contains Telegram chat ID that has been hashed which used for
verification of Telegram chat ID during the account registration. Then, the table below explains

the relationship among users, inventories, comments, and applications entities.

Table 4.4.1: Explanations of relationships among users, inventories, comments, and

applications entities

Relationships Explanations
users and users (manage) e Each supervisor manages 1 or more
students

e Each student is managed by 1 and
only 1 supervisors
e Lab staff and administrators don’t

need the supervisors

users and applications (request) e Each student or supervisor requests
0 or more loan applications/ renew
loan period applications

e Each application is requested by 1

and only 1 student or supervisor

users and applications (handle) e Each lab staff (u_staff) handles the
final confirmation of 0 or more
applications

e Each supervisor (first approver)

handles 0 or more applications
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e Each administrator (first approver)

handles 0 or more applications

applications and inventories (selected by) e Each application selects 1 and only 1
inventory
e Each inventory is selected by 0 or 1

application

users and comments (send) e Each user can send 0 or more
comments
e Each comment is sent by 1 and only

1 user

comments and inventories (contain) e Each inventory contains 0 or more
comments
e Each comment is contained by 1 and

only 1 inventory

4.5 GUI Design

This section shows the wireframes for sign in page, sign up page, home page and each module.

Log In

Login

Email

johndoe

Figure 4.5.1: Interface for sign in and sign up
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Sign Up
{ Back to Login ]
Registration (Student) Student Registl"ation
Ermnail:
Password:
Student Name:
Student ID:
Telegram Chat ID:
Supervisor ID (*Select from table below):
(Option 1 | v |
Choose your supervisor here
Supervisor 1 [Select]
Supervisor 2 [Select]
Supervisor 3 [Select]
Figure 4.5.2: Interface for sign up form
— Home
Module 1 |
Module 2
Module 3
Module 4
Module 5
Log Out

Figure 4.5.3: Home page for all user roles
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— Items Management

Module 1 |

Module 2

Module 3

Module 4

Module 5

LOQ Out Management of ltems

Figure 4.5.4: Main page of inventory management module

Register Items

-

Update ltem

Upload Photo Register Details
(Ttem Category
View 1 | UTAR TAG

‘ SN/ PN (Optional)

(Location

Remove

Figure 4.5.5: Interface for registering new inventory
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— Items List

Items List Update Details Update Photo
ltem 1
o
Item 3 (Item Category
UTAR TAG View 1

‘ SN/ PN (Optional)

(Location E2

Update
Report / Remove

Remark Remove

Comment 1
Comment 2
Comment 3
Comment 4
Type a message... >‘

Figure 4.5.6: Interface for modifying and commenting on existing inventory

— Locations Management

Add Location Edit location

‘ “Location Name J [ *Location Name

T (o )

Location List

Location 1 [Edit] [Delete]
Location 2 [Edit] [Delete]
Location 3 [Edit] [Delete]
Location 4 [Edit] [Delete]
Location § [Edit] [Delete]
Location 6 [Edit] [Delete]

Figure 4.5.7: Interface of location management module
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— Item Types Management

Add Type Edit Type
*Type Name | ‘ *Type Name

Itern Type List

Type 1 [Edit] [Delete]
Type 2 [Edit] [Delste]
Type 3 [Edit] [Delete]
Type 4 [Edit] [Delste]
Type 5 [Edit] [Delate]
Type 6 [Edit] [Delete]

Figure 4.5.8: Interface of item types management module

— Categories Management

Add Category Edit Category
*Category *Category

Category List

Category 1 [Edit] [Delete]
Category 2 [Edit] [Delete]
Category 3 [Edit] [Delete]
Category 4 [Edit] [Delete]
Category 5 [Edit] [Delete]
Category 6 [Edit] [Delete]

Figure 4.5.9: Interface of item categories management module
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— My Applications

Module 1 |
Module 2
Module 3
Module 4
Module 5
Log Out

Management of applications

Check & Renew Loan Applications

Figure 4.5.10: Interface of “My Application” (For Students & Supervisors)

— Loan Item

Check & Renew Loan Applications

Inventory List

Inventory Details
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[Select] ‘ Item Name

[Select] | UTAR TAG
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(=
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(=

Apply
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View 1
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—— Check & Renew Loan Application
My applications Inventory Details Item's Photo
Application 1 [Select]
Application 2 [Select] | ftem Name View 1
Application 3 [Select] ‘ UTAR TAG
(Item Category
‘ SN/ PN (Optional)
Start Date
i
Original End Date
(=l
New End Date
(=l
Figure 4.5.12: Interface for checking applications’ status and renewing application

— Application Management

Module 1 |
Module 2
Module 3
Module 4
Module 5
Log Out

Application Management

Handle Applications

Return Items

Figure 4.5.13: Main page of applications management module (For Lab Staff)
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Supervisors can access both main parts (My Applications and Handle Applications) of the loan
application management module. This is because they can apply loaning items, renew

applications, and handle applications from the students.

— Handle Application

Return Items

History

Application 1
Application 2

Application 3

Application List Application Details Item's Photo

Application 1 [Select]
Requestor

Application 2 [Select] View 1

Application 3 [Select] Item Name

UTAR TAG

SN /PN (Optional)

Location

Start Date

|
|
i\lem Category ‘ ]
|
|
|
|
|

End Date

TS ST

Figure 4.5.14: Interface of approve/reject applications (For Lab Staff)
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—— Handle Application

History
Application 1
Application 2
Application 3
Application List Application Details Item's Photo
Application 1 [Select]
| Requestor
Application 2 [Select] View 1
Application 3 [Select] Item Name
‘ UTAR TAG

‘ SN / PN (Optional)

Location

| Start Date

|
|
|: Item Category | ]
|
|
|
|
|

| End Date

.

Figure 4.5.15: Interface of approve/reject applications (For Supervisor and Adminstrator)
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The form in “Handle Application” section will be changed dynamically according to the type
of selected application. Moreover, the application list of this section will also be changed
dynamically according to the current user role. The application list will show applications of
supervisors for admin while the applications of students will be shown to corresponding

SUpervisors.

—— Handle Application

History

Application 1
Application 2

Application 3

Application List Application Details Item's Photo

Application 1 [Select]
| Requestor

Application 2 [Select]

View 1

Application 3 [Select] Item Name

[ Item Category

‘ UTAR TAG

Location

Start Date

End Date

‘ SN /PN (Optional) ‘
New End Date ‘

T TS

Figure 4.5.16: Interface of approve/reject the renew period applications (For Lab Staff)

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

60



CHAPTER 4

— Handle Application

History

Application 1
Application 2
Application 3

Application List Application Details

Application 1 [Select]

| Requestor
Application 2 [Select]

Application 3 [Select] Item Name

[ ltem Category

‘ UTAR TAG

‘ SN/ PN (Opticnal)
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| Start Date

| End Date

New End Date

|
|
v |
|
|
|
|
|
|

hoprove R

Item's Photo

View 1

Figure 4.5.17: Interface of approve/reject the renew period applications (For Supervisor and

Adminstrator)

— Return Items
—
Handle Applications
Application List Application Details
Application 1 [Select] Requestor
Application 2 [Select] Role
Application 3 [Select]
ltem Name
History | ltem Category
Application 1 [Delete] ‘ UTAR TAG
Application 2 [Delete] ‘ SN/ PN (Optional)
Application 3 [Delete] ‘ Location
‘ Start Date
End Date

Item's Photo

View 1

Figure 4.5.18: Interface of Return Items (For Lab Staff)

The main page of user management module will be changed according to the role of the users.
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— User Management

Module 1 |
Module 2
Module 3
Module 4 Management of applications
Module 5

Log Out

Handle Registration Applications

Register New Account

Deactivate account

Figure 4.5.19: Main page of user management module (For Lab Staff)

— User Management

Module 1 |
Module 2
Module 3
Module 4 Management of applications
Module 5

Log Out

Register New Account

Deactivate account

Figure 4.5.20: Main page of user management module (For Administrator)
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— Handle Registration Applications

—
[ Register Account Deactivate Accounts

Application List Application Details

Application 1 [Select] Student Registration
Application 2 [Select] Email

Application 3 [Select] [ N@tutarmy

Student Name:

Tan }

Student D!

2105555 ‘

Supervisor;

[ |

T TR

Figure 4.5.21: Interface of handling registration applications for student’s account

— Register New Account

[ Handle Registration Applications Deactivate Accounts

. User List
Register Account
Account Registration User 1 [Select]
Role User 2 [Select]
[ User 3 [Select]
Email
‘ 11@1utar.my ‘
Password:
Name:

[ |
Telegram Chat ID:
| 114514191918 |

Figure 4.5.22: Interface for registering new account (Lab Staff)
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Register New Account

t Deactivate Accounts

Register Account User List

Account Registration User 1 [Select]
,Ro\e: User 2 [Select]
‘\ D User 3 [Select]
Email:
‘ 11@1utar.my |

Password:

Name:

[

Telegram Chat 1D:

| 114514191918

Figure 4.5.23: Interface for registering new account (Administrator)

Lab staff are only allowed to deactivate student accounts while administrator can deactivate

any accounts with any role other than student.

— Deactivate Accounts

Users List

User 1 [Deactivate]
User 2 [Deactivate]
User 3 [Deactivate]

Figure 4.5.24: Interface of deactivation of accounts (Lab Staff)
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Deactivate Accounts

‘ Register Account

Users List

User 1 [Deactivate]

User 2 [Deactivate]

User 3

[Deactivate]

Figure 4.5.25: Interface of deactivation of accounts (Administrator)

4.6 Concluding Remark

This chapter mainly describes the system design of lab inventory monitoring system which
including the interactions of different user roles with each module within the system, the

structure of database, and the overall graphical user interface of this system.
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Chapter 5 - System Implementation

5.1 Hardware Setup

This project involves three hardware which are laptop, lab computer, and mobile phone. For
the laptop, the Node-RED, MySQL workbench, and Telegram are installed for developing the
system and enhancing the system after testing. For the desktop, it is also installed Node-Red,
MySQL workbench, and Telegram but it is for testing and deployment purposes. It just needs
to import the developed JSON file into Node-RED and import the SQL file which contains
structured tables and data into the database to make the system could be function. Moreover, it
is connected to a specific local area network, which enables the users within this network to
access and utilize the lab inventory monitoring system. On the other hand, the mobile phone

connects to internet to ensure that it can receive the notifications at anywhere from the

Telegram bot.
Table 5.1.1: Specifications of laptop
Description Specifications
Model Gigabyte G5 AX200NGW
Processor Intel Core 15-10500H
Operating System Windows 11

Graphic NVIDIA GeForce RTX 3060 6GB
Memory 32GB DDR4 RAM
Storage 4TB SSD

Table 5.1.2: Specifications of desktop
Description Specifications
Model Acer Veriton M2640G
Processor Intel Core 15-6400 CPU @ 2.70GHz

Operating System

Windows 11 Pro

Graphic AMD radeon R5-310 2GB DDR3
Memory 8 GB RAM
Storage 480GB SSD
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Table 5.1.3: Specifications of mobile phone

Description Specifications
Model POCO F6 Pro
Processor Qualcomm Snapdragon 8 Gen 2

Operating System Android 14

RAM 12 GB
Battery Capacity 5000 mAh
Storage 256 GB

5.2 Software Setup
This project utilized 3 software, including Node-Red, MySQL Workbench, and Telegram.

Node-Red
The way to setup Node-Red is simple, just execute the given installation command from official
website in the command prompt. After the installation is completed, execute command “node-

red” on command prompt also to launch it.

node-red
7 Sep 16:2U:23 - [info]

Welcome to Node-RED

[info] Node-RED version: vi.0.9

[info] Node.js wversion: v20.11.0

[info] Windows_NT 10.0.26180 x6&u4 LE

[info] Loading palette nodes

[info] node-red-contrib-telegrambot version: v16.3.2

[info] Dashboard version 3.6.5 started at /ui

[info] Settings file : C:\Users\User\.node-red\settings.js
[info] HTTP Static : C:\Users\User\.node-red\public > /
[info] Context store : 'default' [module=memory]

[info] Context store : 'user' [module=memory]

[info] Context store : 'mao' [module=memory]

[info] User directory : \Users\User\.node-red

[warn] Projects disabled : editorTheme.projects.enabled=false
[info] Flows file : \Users\User\.node-red\flows. json
[info] Server now running at http://100.122.114.42:20001/
[warn]

Your flow credentials file is encrypted using a system—generated key.

If the system—generated key is lost for any reason, your credentials
file will not be recoverable, you will have to delete it and re-enter
your credentials.

You should set your own key using the 'credentialSecret' option in

Figure 5.2.1: Prompt for launching Node-RED
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MySOL Workbench

Download installer from official website and launch it. Then, select the destination folder for

installation.

8 MySQL Workbench 8.0 CE - Setup Wizard X

Destination Folder ~ N
Click Next to install to this folder, or click Change to install te a different folder,

G Install MySQL Workbench 8.0 CE to:

C:\Program Files\MySQL\MySQL Workbench 8.0 CE\, Change...

' < Back Cancel
Figure 5.2.2: Select folder for installation

After selecting destination folder, choose complete installation and make the double

confirmation on the installation. Then, wait for the installation of MySQL Workbench to be

completed.

"8 MySQL Workbench 8.0 CE - Setup Wizard

Setup Type ~ N
Choose the setup type that best suits your needs. -

Flease select a setup type.

O complete
@ All program features will be installed. (Requires the most disk space.)
() custom
Choose which program features you want installed and where they wiill
be installed. Recommended for advanced users.

Figure 5.2.3: Choose complete installation
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" MySQL Workbench 8.0 CE - Setup Wizard X
Ready to Install the Program ~ N
The wizard is ready to begin installation.

If you want to review or change any of your installation settings, click Back. Click Cancel to exit |
the wizard.

Current Settings:

Setup Type:

Complete

Destination Folder:

C:\Program Files\MySQL\MySQL Workbench 8.0 CE\,

< Back Install Cancel

Figure 5.2.4: Review settings before installation

8 MySQL Workbench 8.0 CE - Setup Wizard X

Wizard Completed

Setup has finished installing MySQL Workbench 8.0 CE.

Launch MySQL Workbench now < Back Cancel

Figure 5.2.5: Completed installation

Telegram
Download and launch Telegram from Google Play. Then, log in Telegram through telephone
number. Then, search and enter “BotFather”. In the chat room, press “Start”

5

bntfathed X

p i@ BotFather &

Figure 5.2.6: Search BotFather
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After that, create a new bot through sending “/newbot” and intended name to this channel. If
the bot is created successfully, the token of the new bot will be given. The token will be used

to integrate Telegram bot with Node-RED.
N SO

y il /newbot 1197 aM oo
[ .

Alright, a new bot. How are we going to call it? Please choose a
name for your bot.

LabNBot 41:05 AM &

Sorry, this username is already taken. Please try something
2 different. 11:08 AM

ULabBot 1103 AM v

Sorry, this username is already taken. Please try something
different.

ULabNBot
=

11:08 AM &

Done! Congratulations on your new bot. You will find it at
‘.me/ULabNEot. You can now add a description, about section and
profile picture for your bot, see /help for a list of commands. By the
way, when you've finished creating your cool bot, ping our Bot
Support if you want a better username for it. Just make sure the
botis fully operational before you do this.

Use this token o access the HTTP APL

Keep your token secure and store it satery, 1L wan be used by
anyone to control your bot.

v

Figure 5.2.7: Create new Telegram bot

5.3 Setting and Configuration
Node-Red
Firstly, create a new file named ‘public’ in ‘..\.node-red\’ directory and put a picture into this

file which will be used for background of home page.
J > User > .node-red > public

T sort ~ O view ~ -

home.,jpeg

Figure 5.3.1: Path for home page background image
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Then, go to the settings file (settings.js) of Node-Red whose the path location is shown at the
command prompt when launching Node-Red. This file can set the server’s IP address, port
number, dashboard authentication, global context, and so on.

[info]l Node-RED version: vi.0.9

[info]l Node.js version: v20.11.0

[info] Windows_NT 10.0.26100 x64 LE

[info] Loading palette nodes

[info] node-red-contrib-telegrambot version: v16.3.2

[infnl Dashhoard wersion 3 A 5 started at fui

[info] Settings file : C:\Users\User\.node-red\settings.js
[infel HTTP Statie T Cr\uUsers\user\.node-red\pubtic =/

| 7
7
7
7
7
T
7
7

Figure 5.3.2: Path for setting.js

In setting.js, there are 5 elements needs to be configured:
httpStatic:
Enter the path where contains the home’s background picture. This configuration allows Node-

red to retrieve local image easily within CSS script.
v
httpStatic: 'C:\\Users‘\\User\\.node-red‘\publici\",

i

Figure 5.3.3: Configuration on httpStatic

c.v-main {
background-image: url(’/home.jpeg') !important;

Figure 5.3.4: CSS script for getting image for home page background

uiHost:
Set IP address (192.168.1.4) of the system server.
*/
JfuiHost: "127.8.8.1",
ffuiHost: "172.16.5.181",
uiHost: "192.168.1.4",
/fuiHost: "188.122.114.42",
Figure 5.3.5: Set server IP address
uiPort:

Configure the port number to 20001 to prevent any collision with other servers.

/** the tcp port that the Node-RED web server is listening on */
uiPort: process.env.PORT || 2@@@1,

Figure 5.3.6: Set server port number
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functionGlobalContext:

Set require(“‘crypto”) into “myhash” global context to allow Node-Red to utilize the build-in
Node.js module, cryptographic functionality for hashing, encrypting, and decrypting the data.
On the other hand, set the environment variable, process.env.AES KEY into “AES KEY”

global context which is used as a key for encryption and decryption of AES.

*/

functionGlobalContext: {
myhash:require("crypto™),
AES_KEY:process.env.AES_KEY,

¥

Figure 5.3.7: Configuration of global contexts

adminAuth:
Before configuring this section in setting.js, the hashed password must be generated first
through executing “node-red admin hash-pw” and enter intended password in command

prompt.

ed admin pw
AFZUot1tB2FPtpUqrkrbTv]. NBmV1W2

Figure 5.3.8: Generate hashed password

Then, paste this generated bycrypt hash into this section as password. At the same time,

32 32}

configure username and permissions. Assign all permissions to the user by

adminauth: {
type: "credentials”,
users: [{
username: “admin™,
password: "$2y$08%kcIS8UIMYB]T9FNq4z8Ro064FZUot1tB2PtpUqrkrbTvQ.NBmV1W2",
permissions: "#"
Hi
s

Figure 5.3.9: Configuration of account in adminAuth
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After configuring all necessary settings, save the setting.js and restart Node-RED to take effect
of the configurations. Then, install necessary palettes by using Node-RED editor.
¥ @flowfuse/node-red-dashboard

% 1.250

© @flowfuse/node-red-dashboard-2-ui-chat
» 1.1.0
node
& node-red
» 409

& node-red-contrib-crypto-utils
® 101

» 5 nodes

®© node-red-contrib-telegrambot

& node-red-node-mysql
® 200

> 2 nodes

Figure 5.3.10: List of installed palettes in Node-RED

Table 5.3.1: Functions of installed palettes

Palettes Functions

@flowfuse/node-red-dashboard The main palette used to build user interfaces and
handling backend codes

@flowfuse/node-red-dashboard-2-ui-chat Provide interface to allow users to send

comments on a specific item

node-red Provide built-in nodes to support various
development processes such as debugging,

trigger button for automated tasks, and so on.

node-red-contrib-crypto-utils Provide AES, RSA, and sha256 nodes to simplify

the encryption and decryption processes

node-red-contrib-telegrambot Integrate Telegram bot with Node-Red through
using the token of specified bot. Support the

automated notification messages to the users.
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node-red-dashboard Unremovable default palette which is installed
together with the installation of Node-red. Don’t

have any utilization in this project.

node-red-node-mysql Integrate MySQL server into Node-Red
through host IP address, port number, username,

password, and database name.

MySOL Workbench

Click the add button in main page to add and configure the connection name, connection

method, host IP address, port number, username, and password. After configuring the

connection, test the connection to ensure that the configuration is valid.

B MysaL Workbench _
| @

Eile | Edit View Dastsbsse Icols Scripting Help

Welcome to MySQL Workben

MySQL Workbench is the official graphical user interface (GUI) tool for MySQL. It allows you to design,
create and browse your database schemas, work with database objects and insert data as well as
design and run SQL queries to work with stored data. You can alse migrate schemas and data from othe

database vendors to your MySQL database

imentat the Discu t
MySQL Connection a

Figure 5.3.11: Main page of MySQL Workbench

ﬂ Setup New Connection = a >
Connection Name: exampleSQL Type a name for the connection
Connection Method; | Standard (TCP/1P) | Method to use to connect to the RDEMS

Parameters sS| Advanced

Hostname:  127.0.0.4| Port: 3306 ?grpn’epor IPtaddress of the server host - and
port.
Usermname: rgot Name of the user to connect with.
Password: Store in Vault ... Clear :::sl.:t:r‘s password. Will be requested later if it's
Default Schema: The schema to use as default schema. Leave
blank to select it later.
Configure Server Management... Test Connection Cancel OK

Figure 5.3.12: Configuration of connection
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MySQL Workbench

0 Successfully made the MySQL connection
Information related to this connection:

Host: 127.0.0.4
Port: 3306

User: root

SSL: not enabled

A successful MySQL connection was made with
the parameters defined for this connection.

Figure 5.3.13: Test connection successfully

After ensuring the connection is valid, enter the connection using the registered username and

password. Choose the ‘Server’ from the tool bar and select data import option.

B MysalL Workbench
ﬁ- exampleSQL - Warning - not s x
File Edit View Query Database E Tools Scripting Help

NE & SBERTE &

Fevirmaa s an

Figure 5.3.14: Tool bar

Import the data using the prepared SQL file that contains structured tables and data into the
new target schema (database). Before starting data import, set the data import method as ‘Dump
Structure and Data’ to ensure that all the tables, constraints, and data would be imported to the

selected database at once.

exampieSQL
G Data Import
Tmport from Disk Import Progress
Impart Options.
() Import from Dump Project Folder

1

Load Faider Contents

10 Import from Self-Contained Fie C:\Users\User \Desktop \utar SE\Year 3VFYP\F1 labsdl ol

X the SQL| o mport. note that mporied.
Default Schema to be Imported To 2
example_shaw The defait schema to import the dump into.
Default Target Schema: = New... | NOTE: this is only used if the dump file doesn't contain its schema,
itis

Select Database Objects to Import (onty avaiable for Project Folders)

Imp... Schema Imp... Schema Objects

3 -
SR 4

Figure 5.3.15: Configuration of data import
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SCHEMAS B
Q, Filter objects

v ‘éﬂ example_show
T@ Tables
[ 2 applications
> categories
> comments
> inventories
> inventories_types
[ 2 locations
[ 2 photos
[ 2 telegram_ids

> . users
Ehl Wigame

Figure 5.3.16: Imported tables and data

Lastly, configure the database connection in MySQL node by using the specifications that has
been configured in MySQL Workbench.

Figure 5.3.17: mysql node in Node-RED
Edit mysql node > Add new My SQLdatabase config node
Cancel Add

i} Properties - BRNE]

¥ Name labsql

Q Host 127.0.04

¢ Port 3306

& User root

& Password

£ Database example_show
@ Timezone

‘B Charset UTF8

Figure 5.3.18: Configuration on mysql node
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Telegram Bot
Configure the bot name and profile picture through commands ‘/setname’ and ‘/setuserpic’.

Choose abotto changename. 5. ..,

OK. Send me the new name foryourbot. ... ..,

UTARLaD 1150 4 &7

4 A‘ “ ”

Success! Name updated. /help

Success! Profile photo updated. /help -1 04

PN

Figure 5.3.20: Update bot’s profile picture

UTAR Lab
bot

o0,

"\J

Figure 5.3.21: Updated bot’s name and profile picture
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5.4 System Operation
5.4.1 Log in and navigations

This section presents the error handling in log in page, the scene after login successfully, and

the navigations that is distributed dynamically for different roles.

Log In
Log In

Email:

staff@1

Password:

Invalid email and/or password
oK Sign Up
Figure 5.4.1: Log in with wrong password or inactivated account

= Home
A Home
&  ttems Management

il

tem Types Management
88 Categories Management

2, Users Management

[ Applications Management

[> LogOut

Figure 5.4.2: Log in successfully will directly come to home page
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= Home

A Home

@ Iltems Management

»
Il

Item Types Management

Categories Management

oo
oo

~» Users Management
D Applications Management

[ LogoOut

Figure 5.4.3: Menu for staff

= Home

A Home

@ Items Management

@ Locations Management
o»

= Users Management

D Handle Applications

[= LogOut

Figure 5.4.4: Menu for admin
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Home

A Home

My Applications

]

D Handle Applications

[ LogOut

Figure 5.4.5: Menu for supervisor

Home

A Home
D My Applications

[» LogOut

Figure 5.4.6: Menu for student

After 2 minutes the user closes the webpage, the system will clear the user session. Then, the

user needs to login again when he or she visit to this system again.

14 Sep 17:31:28 - [info] [ui-base:My Dashboard] Disconnected tbgxtmgW50MtdZFWAAAD due to transport close

14 Sep 17:33:28 - [warn] [function:session] Cleaning flow/global for IP: 10012211442

Figure 5.4.7: Clear user session automatically
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5.4.2 Inventory Management Module

The system verify the registration, modification, report, and deletion of the items.

= Items Management

Management of Items

Register Item
# Update Item

Figure 5.4.8: Main page of Items Management Module

= Register ltems
|
Upload Photo Register Details
View 1 -

Item Category

UTAR TAG
Upload Image Here

SN/ PN (Optional)

Remove Location

Figure 5.4.9: Interface of Register Items
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= Register ltems

Update Items

Upload Photo Register Details
View 1 a e
Item Category

Upload Image Here

quired

SN /PN (Optional)

Remove Location
n Is required

Figure 5.4.10: Necessary fields in form

Register Details

Item Name

HTMI Cables

Item Category
Teaching

-

Detected duplicate UTAR TAG & SN/PNI Please ensure them are uniquel

UTAR TAG Confirm
u123

SN/ PN (Optional)
u123

Location

NOO3

Figure 5.4.11: Register duplicated UTAR Tag & SN/PN
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Register Details

Item Name

HTMI Cables

o -

Item Category
Teaching

-

UTAR TAG
U123

Detected duplicate UTAR TAGI Please ensure them are unique!

Confirm

SN/ PN (Optional)
u1234

Location

NOO3

Figure 5.4.12: Register duplicated UTAR tag

Register Details

Item Name

HTMI Cables

Item Category
Teaching

-

UTAR TAG
U1234

Detected duplicate SN/PNI Please ensure them are uniquel

Confirm

SN/ PN (Optional)
u123

Location

NOO03

Figure 5.4.13: Register duplicated SN/PN

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

83



CHAPTER 5

Users are allowed to register or update items without attach any photo.

= Register ltems

Update Items

Upload Photo Register Details
item hiame
HTMI Cables
View 1 a
Hem Category
Teaching
UTAR TAG
Upload Image Here U1235

SN/ PN (Optional)

u1235
e
NOO3

Submit

Figure 5.4.14: Register item with unique UTAR Tag, SN/PN, and without photo

= Register ltems

Update Items

Upload Photo Register Details
n n o
View 1 a
tem Category
ltem has been resgitered successfullyl
UTAR TAG E=ion
Upload Image Here

SN/ PN (Optional)

Remove Location

Figure 5.4.15: Result of register item with unique UTAR Tag, SN/PN, and without photo
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Upload Photo Register Details
-
Item Category v

Upload Image Here
UTAR TAG

Please upload photo which size below 2MB

Confirm

SN / PN (Optional)

Locaﬁon -

View 2 a
a

4

Figure 5.4.16: Upload invalid photo size

Each item can have maximum 3 photos. After add view during registering or updating the item,
user is not compulsory to upload photo to the added view as the system accept the null photo.
Moreover, the user no need to upload the photo in sequence during item’s registration and
modification. The system will sort the sequence of photos automatically in ascending order
before they are stored in the database. For example, the user leaves the view 1 empty but attach
photo on view 2. After the submission, the user will view that the photo will be arranged to

view 1. The sample case will be shown in the modification of items.

View 1 a

Upload Image Here

Remove

>

View 2

Upload Image Here

Remove

Figure 5.4.17: Press “add view” green button
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Upload Photo

View 1 -

Upload Image Here

View 2 -

Upload Image Here

VIEW 3 -

Upload Image Here

Figure 5.4.18: Maximum number of views for each item

Upload Photo Register Details

View 1 -
Item Category -
UTAR TAG

Upload Image Here

SN / PN (Optional)

Figure 5.4.19: Press “minus view” red button twice

Upload Phoio Register Details
i o
HTMI Cables.

View 1 -
naa':t“\‘ng
u

O suip
S, ui

View 2 a

=]
Figure 5.4.20: Register item with photos
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Upload Photo

Register Details

tem Name:

tem Categery

UTAR TAG

SN/ PN (Optional)

Location

View 2 -

Figure 5.4.21

= Register ltems
Upload Photo Register Details
view 1 a
ltem Category

UTAR TAG
Upload Image Here

SN / PN (Optional)

Fosstien

Item ias baen resgilered succassfullyl

Contirm

: Result of register item with photos

Figure 5.4.22: Refresh page after register item successfully

Items List

Register ltems.

Items List
ItemNa... ~ Category = Location = Status
Q, search
No. tem Catsgory  Location UTAR Tag SNPN
' Name
' L Research Noos dad
Cables
2 Monitor Teaching NDO3 d d
3 Keybosrds  Ressarch NOO4 xadwa34 34
4 Monitor  Teaching NOD4 dwadddddddddd

Figure 5.4.23:

Update details

Item Name

Item Category

UTAR TAG

ddddddddddd

SN /PN (Optional)

Location

Interface of Update Items
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m

UTAR TAG
Q Search Upload Image Here
No. i Category Location UTAR Tag SNPN SN/ PN (Optional)
1 Ll Research NOO4 ddd
Cables
Locaten -
2 Monitor  Teaching N0O3 4 4
3 Keyboards  Research NOO4. xadwq3d 3334
4 Monitor Teaching NOO4 ‘dwqdddddddddd ddddddddddd
5 Manitor Teaching NOO3 mammm mmmmm
Remark
] Monitor FYP NDO4 111143 11143
Neme  Gomments Date
7 Monitor Research NOO3 22224 22224
No data available
a Keyhoards Teaching NOO3 2 fi2
] v lomsperpage | 6 = 00010

ttems per page: 8 - 1-50f13 > >l

Figure 5.4.24: Remark section of Update Items

Most of the tables within this system provide the filters and searching features.

Items List
Location Status
[tem Name - Catego - A ; -
gory N003 Pending
“
‘ Q, Search
NO. Item Name Category Location UTAR Tag SNIPN Status
1 Monitor Teaching NO03 d d Pending
2 Monitor Teaching NO03 U123 u123 Pending
3 HTMI Cables Teaching NO03 u1235 U1235 Pending

Items per page:

8 - ‘ 1-30f3

Figure 5.4.25: Filter rows with partial conditions
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Items List
Item Name Category Location Status
) - . - - . -
Monitor Teaching N003 Pending
m
‘ Q, Search
NO. Item Name Category Location UTAR Tag SN/PN Status
1 Monitor Teaching N003 d d Pending
2 Monitor Teaching N003 U123 U123 Pending
Items per page: | 8 - ‘ 1-20f2
Figure 5.4.26: Filter rows with full conditions
Items List
Item Name Category Location Status
‘ Q, Search
NO. Item Name Category Location UTAR Tag SN/PN Status
1 HTMI Cables Research NOO4 ddd Loaning
2 Monitor Teaching NO03 d d Pending
3 Keyboards Research NOO4 xadwq34 3334 Loaning
4 Monitor Teaching NOO04 dwgdddddddddd dd
5 Monitor Teaching NO03 mmmmm mmmmm Loaning
6 Monitor Research N003 22224 22224 Available
T Keyboards Teaching NOO4 f12 f12 Available
3 HTMI Cables Teaching NOO4 11a 1a Available

Items per page: | 8 - ‘ 1-8 of 12 > 21

Figure 5.4.27: Press ‘Reset’ button on filter or filter rows with empty conditions
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Please select an item first!

OK
Remark

Name

Comments

No data available

Items per page 0-00f 0

o

Type a message

Date

Figure 5.4.28: Send comment without selecting item

Items List

ltem Name v

Q, Sean

o

1 e
2 i

3 HTMI Cables
FR—
SR r——

Category

Gatagory

Teaching

Teaching

Teaching

Teaching

Teaching

flems per page: | 8

Update details

ltem Name
HTMI Cables

- Location
P
e
NOO3. U235
Wt

Update details

o Mama

Status - HTMI Cables

o Caligory
Teaching
UTAR TAG
u1
SN 1PN (Optiona

SNIPN status
U1

na Availabie
Loeation

s Avallavie [

uiz3s Avallatle

12358 Avallable

u Available

9430013 1€ ¢

Mame Comments

Report / Remave

Remark

Update Photo

-,

View 2

Na data availabie

Figure 5.4.29: Select item for editing

Item Category
Teaching

UTAR TAG

u1

SN/ PN (Optional)

u1

Logation

NO004

Update

Report / Remove

Comments

Remark

Update Photo

View 2

Upload Image Here

Remove

Figure 5.4.30: Remove photo
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atus
ailab
ailab
ailab
ailab

ailab

Item Name
HTMI Cables

Item Category
Teaching

UTAR TAG
u1

Please upload photo which size below 2MB

Remove

Confirm
ocation
NO04
Update
Report / Remove

View 2

Upload Image Here

Figure 5.4.31: Update invalid photo size on View 2

HTMI Cables

Item Category
Teaching

UTAR TAG
u1

SN/ PN (Optional)
u1

Location
NO004

Update

Report / Remove 9

Remark

Name Comments Date

N

View 1

View 2

Remove

Figure 5.4.32: Update valid photo size on View 2
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item Na... - Category ~ Location  ~ Status - HTMI Cables
item Category
Teaching 7
Search
UTAR TAG
‘ Q, Search Wiz
NO. e Category Location UIAR SNIPN Status SN/ PN (Optional)
Name Tag U123
HTMI .
1 Cables Teaching NO04 11a 11a Availab
Location
2 Monitor Teaching NO03 U123 u123 Detected duplicate UTAG & SN/PN! Please ensure them are unique!
3 A Teaching N003 U1235 U1235 Coptin -
Cables
4 i Teaching NO03 1235a 1235a Availab
Cables
Report / Remove
5 L] Teaching NO04 U1 U1 Availab _
Cables
< 3
Figure 5.4.33: Update item with duplicated UTAR Tag and SN/PN
Update details
Item Name
Location = Status - HTMI Cables
Item Category
Teaching -
UTAR TAG
U123
. UTAR . -
scation 5 SN/PN Detected duplicate UTAGI Please ensure them are uniquel
ag
Confirm
204 1a 1a
NOO4 7
203 U123 U123 Availab

Figure 5.4.34: Update item with duplicated UTAR Tag only
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Update details \

Item Name
Location = Status - HTMI Cables

Item Category
Teaching

UTAR TAG
U122

ion UEAR SN/PN Detected duplicate SN/PNI Please ensure them are uniguel

Tag

Confirm
11a 1a

™ ‘ocation

U123 U123 Availab NOo4

U1235 U1235 Availab
Update

Figure 5.4.35: Update item with duplicated SN/PN only

Items List Update details Update Photo

frem Name - n n
Item Na - Category ~ Location  ~ Status v

View 1 a
Item Category -
UTAR TAG
Q, Search Upload Image Here
Item . UTAR T
Item updated successfull
NO. Name Category Location Tag SNIPN Status pd ¥
v
1 HTM Teach NDO4 1" " Availab o
— o | ’ - m
2 Monitor Teaching NOO3 U123 w23 Availab
HTMI .
3 Cables Teaching NDO3 u1235 u1235 Availab
HTMI .
4 Caple: Teaching NOO3 1235a 1235a Availab
5 GCD Teaching NOO3 (1] u1 Availab |
Cables Remark
4 >
Name Comments Date

Items per page. B - 9130013 1< <

Figure 5.4.36: Update item with original UTAR Tag and SN/PN
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Items List Update details
Item Name
ltemNa... ~ Category ~ Location - Status -
Item Category
m
UTAR TAG
@ Sz UTAR TAG is required
NO. jiem Category Location AR SNIPN Status Item updated successfully
Name Tag _
HTMI ok
1 Teaching N004 11a 11a Availab
Cables
2 Monitor Teaching NOO03 U123 U123 Availab
HTMI
3 Cables Teaching N003 U1235 U1235 Availab Update
HTMI .
4 C Teaching NO0O03 1235a 1235a Availab
5 L] Teaching NOO03 u12 u12 Availab
Cables Remark
4 [

Figure 5.4.37: Update item with unique UTAR Tag and SN/PN

There is not matter about the sequence of uploaded photos.

Items List Update details Update Photo
T - n n
ltemNa... = Category =~ Location  ~ Status - HTMI Cables
View 1 -
ttem Category
Teaching T
Search
UTAR TAG
Q search u12 Upload Image Here
ttem UTAR SN PN (Optional)
NO. i Category Location T SNIPN Status T
v
]
1 Lind Teaching NOO4 11a 1a Availab
— -
Location Remove
2 Monitor Teaching NOO3 u123 w3 Availab Noo3
View 2 -
3 i Teaching NOO3 u123s ut23s Availab
Cables Updalte
HIMI
4 Cavies Teaching NOO3 1235a 12358 Availa
5 i Teach NOO3 ui2 ut2 Availab SeREEE
P feaching wai
1 >
ltems per page. 8 - 0130013 | <
Remark v

Figure 5.4.38: Update item without View 1 but with View 2
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Register ltems

Items List Update details
e Hame
ltem Na... ~ Category ~ Location Status - HTMI Cables
e Categery

Teaching
Search

UTARTAG

Update Photo

=

Remova
°- =2

Q, Search ui2

Item UTAR SN/ PN (Optional)
NO. Ce Locati SNIPN Status

Name stegery " Tag " u1z

HTM
1 Cans | TeEhng NOO4 1 tla Availab

Location

2 Montor  Teaching N3 uiz3 vz Availab Ltz
5 HTMI

HTMI

e Teaching NOO3 12352 12352 Availab

Cables

Wemsperpage | B~ 9130113

< <

Taachi 003 u1235 u1z3s Availab
— "
[ Report | Remove

Teaching D03 uiz viz Availab

Figure 5.4.39: Result of update item without View 1 but with View 2

Update detalls

NOO3
Update

Remark

No data available

Noms parpaga | 6~ 00060

Update Photo

View 1

Figure 5.4.40: Result of update item with maximum number of photos
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After reporting an item that is to be maintenance, the item’s status and remark are updated. At

the same time, all lab staff and administrator receive the notification regarding this item.

Report Details

1" tem Name
Monitor

UTAR TAG
dwqdddddddddd

SN 7 PN (Optional)
‘dddddddddddddddd

= Action Taken

Maintenance

* Description

{ HTML port got problem

Figure 5.4.41: Select and report item (Maintenance)

1 HTMI Cables Research NOO4 ddd Loaning
Location

2 Monitor Teaching NO03 d d Pending
3 Keyboards Research NOD4 xadwq34 3334 Loaning

Item reported successfully
4 Monitor Teaching NO04

ok

5 Monitor Teaching N003 mmmmm mmmmm Loaning
6 Monitor FYP NOO4 111143 11143 Maintaining

Name Comments.

Figure 5.4.42: Submitted report

SN /PN (Optional)
dddddddddddddddd

Location

NOO4

Done maintenance?

Remove

Remark
Name Comments Date

John HTML port got preblem 2025-08-07

Items per page: 1-10f 1 < < > >
Type a message. e

Figure 5.4.43: Updated remark after reporting
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|

An item has been reported under repairing. |
- 5]
Item Type: Monitor oy

UTAR Tag: dwgdddddddddd

=]

Figure 5.4.44: Notification received by all lab staff and admin (after report)

Remark
Name Comments Date
John Try to use other HTML cable 2025-09-07
John HTML port got problem 2025-09-07

Items per page: 1-20f2
<|Type amessage... )

Figure 5.4.45: Send comment

There 1s no matter to leave the ‘Done maintenance’ field to be blank. The modification of item
would be still successful. This is because the field is also a reminder about this item is under
maintenance, and the options still include ‘No’ due to reduce the probability of selecting ‘Yes’

accidentally.

Update details

ltem Name:
Monitor

liem Category
Teaching

UTAR TAG
dwgdddddddddd

SN/ PN (Optional)
dddddddddddddddd

Location

NO04

Remove

Done maintenance? -

Figure 5.4.46: Select item under maintaining
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Update details

item Name
Monitor

item Category
Teaching

UTAR TAG
dwqdddddddddd

SN / PN (Optional)
dddddddddddddddd

Location

NO04

Done maintenance?

Remove

No 7

Figure 5.4.47: Update item with incomplete maintenance

Items List Update details
e Name
Item Name = Category - Location = Status - Monitor
tern Category
Teaching
Search
UTARTAG
Q Search dwqdddddddddd

NO. Item Name Category Location UTAR Tag SHPN Status Bl din =

ddddadaddadadddd
1 HTMI Cables. Research NODD4 ddd Loaning
Locaton
2 Monitor Teaching NOO3 d d Pending Noo4
a Keyboards. Research NOO4 xadwgdd 3334 Loaning Bt -
4 Moniter Teaching NOO4 dwgdddddddddd dddddddddddddddd Mantaining
5 Monitor Teaching NOO3 mmmmm mmmmm Loaning
¢ onter o o e e Hantan
7 Monitor Research NDO3 22224 22224 Available
8 Keyboards Teaching NODO4 "2 nz Available

Figure 5.4.48: Result of update item with incomplete maintenance

Items List Update details
temm Namme.
ltem Name - Category - Location - Status - Monitar
Hom Catagory -
Teaching
Search

UTARTAG

S o dwqdddddddddd
SN /PN (Optional)

NO. Ttem N C: L i UTAR T2 SNIPN S

m Name ategory .ocation lag tatus \ddddddddddd

1 HTMI Cables Research NOO4 dad Loaning
Location

2 Monitor Teaching Noo3 d d Pending Noo4

3 Keyboards. Research NOO4 xadwgd4 3334 Loaning ?fgm

4 Monitar Teaching NOO4 dwgdddddddddd  dodddddddddddddd Maintaining

[ Monitor FYP NOO4 11143 11143 Maintaining Remove

5 Monitor Teaching Noo3 mmmmm mmmem Loaning “

Figure 5.4.49: Update item with completed maintenance
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Items List Update details
Hem Name .
Item Name - Category - Location - Status - Monitor
e Category
Teaching
Search

UTARTAG

Q search dwqdddddddddd
SN /PN (Opbonal)

NO. I N L= L i UTAR Ta, SN/PN B

tom Name ategory scation a tatus e

1 HTMI Cables Research NOO4 ddd Loaning
Location

2 Monitor Teaching NDO3 d d Pending albtal

A e it = — ==
P g

5 Monitor Teaching NDO3 mmmmn mmmmm Loaning

Figure 5.4.50: Result of update item with completed maintenance

An item has done repaired and available now!
Item Type: Monitor
UTAR Tag: dwqdddddddddd

)
L=}
L=

Figure 5.4.51: Notification received by all lab staff and admin (done maintenance)

Report Details X

Ham Name

Monitor

UTAR TAG
11143

SN /PN (Optianal)

1143

* Action Taken
Dispose

fcausad by water|

submit

Figure 5.4.52: Report item that can’t function anymore
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Q 11143

NO. Item Name Category Location UTAR Tag SN/PN Status

No data available

Items per page 8 - 0-00f 0

Figure 5.4.53: Result after remove item (can’t be searched anymore)

Anitem has been removed.

Item Type: Monitor
UTAR Tag: 111143

Figure 5.4.54: Notification received by all lab staff and admin (after delete)

Register ltems

Items List Update details

...........

ltem Name - Category - Location

NO. ltem Hame Category Lacation UTAR Tag SNIPH Status.

2 HTMI Cables Teaching Hoo3 12352 123522 Pending

Figure 5.4.55: Report item with pending status

When reporting the pending item, the corresponding applications will be cancelled, and the
requestor will receive the relevant notification. Moreover, when the user check the application
status, the cancelled application’s reject reason has been updated automatically with

“Unavailable Item”.
Al

Dear OMG TING XL, there's an item not valid temporarily.
Item Type: HTMI Cables

UTAR Tag: 12353

Thus, your application have been cancelled. Sorry for any
inconvenient! 070 [

L% A

Figure 5.4.56: Notification received by the requestor (item is under maintenance)
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LT

Dear OMG TING XL, there's an item not valid anymore.

Item Type: HTMI Cables

UTAR Tag: U1235

Thus, your application have been cancelled. Sorry for any
incomvenient! 0:41 PM

| |

Figure 5.4.57: Notification received by requestor (item is removed)

My Application Application Form
Item details
Status - Search
Item Name:
HTMI Cables
Q_ Search ‘
J UTARTAG
1235a
NO. Item Name 1~ Start Date End Date Status Reject Reason
Item Category
1 Keyboards 2025-08-30 2025-08-31 Returned - Select Teaching

2 HTMI Cables 2025-08-30 2025.09-17 Renewing = Select
SN / PN (Optional)

3 Monitor 2025-09-23 2025-09-25 Loaning whatis 1+ 1?7 Select

4 Monitor 2025-09-03 2025-12-02 Cancelled Unavailable Item Select

Please sele

5 HTMI Cables 2025-09-30 2025-10-06 Cancelled Unavailable ltem Select

Start Date
2025-09-30

Figure 5.4.58: Requestor’s application (Reported)

SNIPN Status SM /PN (Optional)
11a
d Available
Location
3334 Availabls LT
dddddddddddddddd Loaning Dene maintenance?
Are you sure to remove this item?
mmmmm Available
Cancel Confirm
f12 Pending
e Haintaining
U123 Available

Figure 5.4.59: Remove item which under maintenance

gl

An item fails for repairing and has been removed.

Item Type: HTMI Cables l

UTAR Tag: 11a a.07pM 1
_’;

Figure 5.4.60: Notification relevant to failed maintenance and deletion on the item (For

Administrator and Lab Staf¥)
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Q_ 1235a

NO. Item Name Category Location UTAR Tag SNIPN Status

No data available

ltems per page: 8 - 0-0of 0

Figure 5.4.61: Result of remove item which under maintenance

5.4.3 Item Types Management Module

The processes of registering, editing, and deleting item types which include error handlings
have been presented in this section. The detection of invalid duplicated item types is not case
sensitive for preventing any item types that have different formats of the letters but with the
same name.

= Item Types Management

Add Type Edit type

* Type Name “ Type Name

clear | clear

Item Types List

Q, search

NO. Types

: Kapbaards ﬂ Botato
2 HTMI Cables H Delete

Figure 5.4.62: Interface of Item Types Management Module

Add Type Edit type

— *Type Name \
‘ Keyboards ‘

This Inventory Type has been registered!

* Type Name

Iltem Types List

Close

' Q_ Search ‘ T

NO. Types

! fevpoares m

Figure 5.4.62: Add duplicate type
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Add Type Edit type

* Type Name
keyboards * Type Name

This Inventory Type has been registered!

Item Types List

Close

Q, search

NO. Types

' eyposrds n

Figure 5.4.63: Add duplicate type with small capital letters

Add Type Edit type
* Type Name
KEYBOARDS * Type Name

m :Iear [ CIear

This Inventory Type has been registered!

Iltem Types List

Close
Q Search T
NO. Types
! Hebosras m

Figure 5.4.64: Add duplicate type with capital letters

Add Type Edit type
— * Type Name N
‘ Keyboards ‘ * Type Name

submit clear clea

This Inventory Type has been registered!

Item Types List

Close

’ Q_ Search ‘

NO. Types

k revposres

Figure 5.4.65: Add duplicate type with extra spaces
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Add Type Edit type

— * Type Name
‘ Projector ‘

* Type Name

m C|ear Cle

Register new Inventory Type successfully

Item Types List ok

’ Q_ Search ‘

Figure 5.4.66: Add unique type

REegIsier vetais

Item Name

HTMI Cables

Keyboards

Monitor

Projector

Figure 5.4.67: Updated item name options

Item Types List

ltems per page: 10 - 1-5of 5

| Q, Search ‘
NO. Types
1 Keyboards ﬂ
2 HTMI Cables ﬂ
3 Monitor E
- -
5 Projector m

Figure 5.4.68: Updated item types list
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Iltem Types List

O‘ Search I Are you sure about to edit this Inventory Type? (2 items using this types.)

No Confirm

NO. Types |

1 Keyboards ﬂ

Figure 5.4.69: Edit item which is using

Add Type Edit type
* Type Name
* Type Name Mouse

S

Item Types List

Q_ search

NO. Types

. - m
2 HTMI Cables m
: wontor 'a'

- =

Figure 5.4.70: Edit item which is not used (Directly fill the form)

Edit type

— *Type Name

‘ ‘ Mouse

Update clei

Inventory type is updated successfully

OK

Figure 5.4.71: Update type without any change
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Edit type

Monitor

Update clear

] ‘7 * Type Name

Fail update, detected duplicate type name

OK

Figure 5.4.72: Update selected type with duplicate type name

Item Types List

Q_ Search

Unable to delete as there are 2 items using Inventory Types.
NO. Types

Close

1 Keyboards m

Figure 5.4.73: Unable delete item types that has been used

e 1ypes List
Q, Search
Are you sure to delete Mouse?
NO. Types
No Confirm
1 Keyboards m
2 HTMI Cab‘es m
3 Mnnitor m
4 Mouse m
L} L]

Figure 5.4.74: Delete item types that is not used

Item Types List

Q. Mouse

NO. Types qP

No data available

Items per page:

10 ~ ‘ 0-00f 0

Figure 5.4.75: After delete item
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5.4.4 Item Categories Management Module

The processes of registering, editing, and deleting item categories which include error
handlings have been presented in this section. The detection of invalid duplicated item
categories is not case sensitive for preventing any item categories that have different formats

of the letters but with the same name.

=  Categories Management
Add Category Edit Categary
|
< oot
clear clear

Category List

Q, Searct

NO. Types

. Teacig Delete

2 e o

’ feseareh

Items pes page: 10 - 1303 I

Figure 5.4.76: Interface of Categories Management Module

Add Category Edit Category

FYP * Category

= |

Category List This category has been registered!
Q, search GClose

NO. Types
1 Teaching Edit

2 FYP Edit

Figure 5.4.77: Add duplicate category
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Add Category Edit Category
* Category

Event * Category

E

Category List

Q Search Register new Category successfully
oK
NO. Types

- &
. - =
3 Research m
.~ o

Figure 5.4.78: Add unique category

ltem Category

Event
FYP
Research

Teaching

Figure 5.4.79: Updated item category options

Add Category Edit Category
* Categary

* Category Event

equirs
Update clear

Category List

Q, Search

NO. Types

1 Teaching ﬂ
. - =
3 Research m
. -

Figure 5.4.80: Select category for edit
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Edit Category
* Category

Event

Category is updated successfully

oK

Figure 5.4.81: Update category without any change

Add Category Edit Category
* Category

* Category Events

_—

Category List Calegory Is updated successfully
Q, Search oK
NO. Types

1 Teaching Edit Delete
2 FYP Edit

3 Research Edit

4 Events Edit Delete

Figure 5.4.82: Update category with unique name

Edit Category

— * Category
Research

I
Fail update, detected duplicate category

0K

Figure 5.4.83: Update category with duplicate category name
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Category List

Q, Search

Unable to delete as there are 7 items using Category.
NO. Types ~

1 Teaching m

2 Frp oy |
Figure 5.4.84: Unable delete category which is used

Close

Category List

Q Search ‘

NO. Types Are you sure to delete Event?
No Confirm

1 Teaching

3 Resear{:h m

4 Event ﬂ

Figure 5.4.85: Delete category which is not used

Category List

Q, Event

NO. Types

No data available

ltems per page:

10 ~ ‘ 0-00f 0

Figure 5.4.86: After delete category
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5.4.5 Location Management Module
The processes of registering, editing, and deleting locations which include error handlings have
been presented in this section. The detection of invalid duplicated locations is not case sensitive

for preventing any locations that have different formats of the letters but with the same name.

= Locations Management
Add Location Edit location
* Location Name * Location Name
Location List
Q, Search
NO. Locations
! oo n
: e m
Items per page: | 10 = 12002

Figure 5.4.87: Interface of Locations Management Module

Add Location

— * Location Name

‘ N003 ‘

submit clear

Edit locatior

* Location N:

Location List This location has been registered!

Q, Search e
NO. Locations
1 NOO3

Figure 5.4.88: Add duplicate location
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Add Location

— * Location Name

Edit location

‘ NO05

‘ ‘ * Location Nar

submit clear

Location List

Register new location successfully

OK

Edit Delete

Edit

Delete

Delete

Figure 5.4.89: Add unique location

Figure 5.4.90:

Q_ Search
NO. Locations
1 NO003
2 NO004
3 N005
NO003
NO004
NO05
Location
Add Location
* Location Name
Location List
Q, Search
NO. Locations
1 NOD3
2 INOD4
3 NOO5

Updated location options

Edit location

* Location Name

NO0S

R

Seee
m S

Figure 5.4.91: Select location for edit

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

[

112



CHAPTER 5

Edit location

— * Location Name

‘ ‘ NO05

Update clear

Location is updated successfully

oK

Figure 5.4.92: Update location without any change

Edit location

— * Location Name ——————

‘ NO03

Update

Fail update, detected duplicate location name

OK

Figure 5.4.93: Update location with duplicate location name

Add Location Edit location

* Location Name

* Location Name NO09

CPESe |

Location List Location is updated successfully
Q, Search DK
NO. Locations

: e |

Figure 5.4.94: Update location with unique location name
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Location List Unable to delete as there are 6 items using this location.
Close
Q Search
NO. Locations

o

Figure 5.4.95: Delete location which is used

re you sure to delete [

ocation List Al to delete NO09?
Q Search No Confirm
NO. Locations

Figure 5.4.96: Delete location which is not used

Location List

Q_ N009

NO. Locations

No data available

Items per page:

10 ~ ‘ 0-00of 0

Figure 5.4.97: After delete location
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5.4.6 User Management Module

This module provides dynamic interfaces for administrator and lab staff. On the other hand,

the student is only allowed to use this module for applying the new account.
= Users Management

Manage accounts

Register New Account

Deactivate Account

Figure 5.4.98: Main page of Users Management Module (Adminstrator)

=  Users Management

Manage accounts

Handle Registration Applications

Register New Account

Deactivate Account

Figure 5.4.99: Main page of Users Management Module (Lab Staff)
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During applying and registering the new account, all the fields within the forms must be
completed with the required input formats. Then, the registered email and student ID must be
unique. Additionally, the reason for not performing checking on duplicated Telegram chat ID

is to prevent any Telegram chat ID from being known by others.

Sign Up

Registration (Student)

Student Registration
Email:
yourEmail@utar my
Password
Create a password (must atieast 8 characters, including letters, numbers & symbols)
Student Name:
Your full name
Student 1D
e.g. 2105086
Telegram Chat ID:
e.g. 5412347895 °
Supervisor ID (*Select from table below):

Supervisar's Name

Register
Ghoose your supervisor hers
Q Search
ame
g [l
c =l

Figure 5.4.100: Interface for student applies new account

Student Registration

Email:

lyourEmail@1utar.my

Password: B peace fill out this field,

Create a password (must atleast 8 characters, including letters, numbers & symbols)

Student Name:

Your full name

Student ID:
e.g. 2105066

Telegram Chat ID:
e.g. 5412347895 (i}

Supervisor ID (*Select from table below):

Supervisor's Name

Figure 5.4.101: Detect any empty field

Password:

Password must be at least 8 characters and include letters, numbers & symbols.

Figure 5.4.102: Password that fail to follow required format
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Email:

tingxi@1utar.my

Password:

ssssssssse

Student Name:

Ong Ting Xi Detected registered UTAR Email & Student ID! Please ensure you enter the correct info!
Confirm
Student ID:
2105077

Figure 5.4.103: Register duplicate email and student ID

Student Name:

Ong T|ng X| Detected invalid Telegram Chat ID! Please ensure you enter the correct info!

Confirm

Student ID:
2105070

Telegram Chat ID:
12345678 ]

Figure 5.4.104: Detected invalid Telegram Chat ID

Only the student account’s registration needs to be approved by lab staff.

Student Registration

Email:

yourEmail@1utar.my

Password:

Create a password (must atleast 8 characters, including letters, numbers & symbols)

Student Name:

Your full name | Your regi ion application has been submitted successfully, please wait staff approves

OK

Student ID:
e.g. 2105066

Telegram Chat ID:
e.g. 5412347895 [}

Supervisor ID (*Select from table below):

Supervisor's Name

Figure 5.4.105: Submit correct registration form (Student)
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- = orr=a P=omr S . e amn  =r -u'y’_’;"f_f-"

Student Ong Ting Xi apply an account, please proceed it - .5 o ||
e SRR Y T |

Figure 5.4.106: Notification received by all lab staff

=  Handle Registration Applications

Application Lists Application Details
Q search i 7
Student Registration
No. Email Student Name Student ID Supervisor Email:
1 @1 aqw 2102555 Ng select yourEmail@ 1utar.my readonly

2 x@! Ong Ting Xi 2105078 Ng Select Student Name:
3 @2 qwawgd 2105557 Ng Select Your full name
4 x@i3 x 1231231 ad Select Student ID:

5 @i 1111220000 2131231 xx Select e.g. 2105066

6 ddqe@tt quege 2122078 Ng Select Supervisor:

7 tingxi@1utar. my wadq 2565489 o Select Supervisor's Name

8 tingxin@1utar my Ong Ting Xi 2105070 Ng Select Approve Re]ect

Figure 5.4.107: Interface of handle students’ registration applications (Lab Staff only)

Application Lists Application Details
Q, Search
Student Registration
ol Esail — fnmm Supervisor Email:
1 @1 qw 2102555 Ng Select tingxii@1utar.my

2 @l Ong Ting Xi 2105078 Ng Select Student Name:
3 @12 qwawad 2105657 Ng Select Ong Ting Xi

4 @13 x 1231231 dd Select Student ID:

5 @4 11112230000 2131231 XX Select 2105070

6 ddqo@tt qwege 2122078 Ng Select Supervisor:

7 tingxi@1utarmy waqdg 2565488 dd Select

Ng
8 tingxli@1utarmy  Ong Ting Xi 2105070 Ng Approve Reject

Figure 5.4.108: Select application for handling
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Application Details

Student Registration

Email:
tingxii@1utar.my
Student Name:

Are you sure to reject this application? J Xi

No Confirm |D

Select 2105070
Select Supervisor:

Select

Ng

Figure 5.4.109: Double confirm on rejection of application

S — - S
™,

Dear Student, your account registration has been rejected.

Please ensure your information is correct. Y

24 Hi rd
P S - R

Ve

Figure 5.4.110: Notification received by student after rejection

Application Details

‘ Student Registration

Email:
tingxi@1utar.my
Student Name:

Are you sure to approve this application?

No Confirm D:

2565489
Supervisor:
-

Figure 5.4.111: Double confirm on approvement

- — o — - - e b,

Dear Student, your account registration has been approved.

Mow you can login to the portal. 156 Pl /,"

Figure 5.4.112: Notification received by student after approvement
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Application Lists

Q, tingxii

No. Email Student Name Student ID Supervisor

No data available

Figure 5.4.113: Application list after rejecting successfully

Application Lists

Q, tingxi

No. Email Student Name Student ID Supervisor

No data available

Figure 5.4.114: Application list after approving successfully

= Register New Account

Handle Relgistration Applications

Register Account User Lists
Account Registration " = - .
Role:
Q search
Email- Name Email Rolo Status.
yourEmall@1utar.my admin acmin@1 Admin Activates
Password: Ny sup@1 Lecturer Actvaten
Create a password (must include letters, numbers & symbols) AL acmin@2 Admin Activated
Name: Jotin staff@1 Lab Staff Activated
Your full name ONG TING XI @ Stugent Activated
Telegram Chat ID: Ong X Ting g2 Sugent Rejected
e.g. 5412347895 g @3 Student Activated
Register @ testing@12 Lecturer Activated
Mems perpage; 8 = 160t 22 >

Figure 5.4.115: Interface for account registration (Lab Staff)
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= Register New Account

Register Account User Lists
Account Registration Rola - st = J— “
Role:
Q se
Email: Name Email o st
yourEmail@1utar.my acmin adming1 Admin Activated
Password: Mg sp@1 Lecturer Actvatea
Creale a password (must include letters, numbers & symbaols) 2 admingz = (==
Name: Jahn siang Lab Stam Actvated
Your full name ONG TING X1 @1 Stusent Activated
Telegram Chat 1D: ong Xi Ting @2 Stugent Rejectsa
e.g. 5412347895 wq @3 Stusent Activated
Register a testing@12 Lecturer Activated
Nemsper page: | B = 18022 >

Figure 5.4.116: Interface for account registration (Administrator)

Lab Staff can register new account for other supervisor (lecturer) and lab staff. On the other

hand, administrators can register new account for every role other than student.

Account Registration

Role:

Lecturer

Lab Staff

Figure 5.4.117: Role options (Lab Staff)

Account Registration

Role:

Lecturer
Lab Staff

Admin

Figure 5.4.118: Role options (Administrator)
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Account Registration

Role:

Email: [0 Piease fil out this field.
yourEmail@1utar.my

Password:

Create a password (must include letters, numbers & symbols)

Name:

Your full name

Telegram Chat ID:
e.g. 5412347895

Figure 5.4.119: Detection of any empty field

Password:

Password must be at least § characters and include letters, numbers & symbols

Figure 5.4.120: Password format fails to match requirement

Email:
admin@1 Detected registered UTAR Email! Please ensure you enter the correct info!
Confirm
Password:
LLITTT T AA
Figure 5.4.121: Register duplicate email
Name
Email:
admin@g Detected invalid Telegram Chat ID! Please ensure you enter the correct infol
Gonfirm
Password: .
ssssssssss AA
Name: o
Nick ONG TING XI
Telegram Chat ID: Ong XITing
12345678 wq

Figure 5.4.122: Register invalid Telegram Chat ID
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User Lists
o . - .

Q, Search
Name Email Role Status
qwawad x@i2 Student Processing
X x@I13 Student Processing
111122xxxx tx@l14 Student Processing
qweqe ddgg@tt Student Processing
wqdg tingxi@1utar.my Student Activated
Ong Ting Xi tingxii@1 utar.my Student Rejected
Nick admin@?9 Admin Activated

Figure 5.4.123: Updated user list (Register successfully)

Lab staff can deactivate student accounts while administrator can deactivate accounts with

any role except student and the first admin account.

=  Deactivate Accounts

Handle Reigistration Applications Register Account

Users List
Q, Search
No. Name Email Student ID Role Supervisor
1 ONG TING X1 @1 2105077 Student Ng
2 wg w@3 2105689 Student Ng
3 T @it 2656987 Student m
] wr R — swenas

ltems per page: 10~ 14004

Figure 5.4.124: Interface of deactivate account (Lab Staff)
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= |Deactivate Accounts

Register Account

Users List
o .
Q search
No. Name Email Role
. airin - adin
2 g apar Lecurer
s s — P

Figure 5.4.125: Interface of deactivate accounts (Admin)

Q Search

No. Name Email Student ID Role Supervisor

Are you sure to deactivate this account?

1 ONG TING XI x@1 Ng Deactivate
No Confirm

2 wg x@3 Z2TUDoYy Stugent Ng Deactivate

Figure 5.4.126: Double confirm on deactivating account

Users List
’ Q, Search — ‘
L Deacti account su 1

No. Name Email OK Supervisor

1 ONG TING XI x@1 2105077 Student Ng

2 wq x@3 2105599 Student Ng

3] TTTTT tx@1 2656987 Student Ng

Figure 5.4.127: Deactivate successfully
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Log In
Email:
tingxi@1utar.my

Password:

sssssssses

Invalid email and/or password

oK Sign Up

Figure 5.4.128: User unable to login anymore

This system must have at least one administrator account for preventing this system lack of a

top-level user.

Q, search

No. Name Email Role

1 admin admin@1 Admin
2 Ng sup@1 Lecturer
3 John staff@1 Lab Staff
4 dd testing@12 Lecturer
5 ad Unable deactivate the first Admin account!

7 XX sup@12 Lecturer

Figure 5.4.129: Unable to delete first administrator account

The users with uncompleted cases are not allowed to be deactivated to ensure the loaning

process is following the regulations.

- [ ]

2 Ng sup@1 Lecturer Deactivate
3 John staff@1 Lab Staff
4 dd testing@12 Lecturer
5 ad Unable deactivate, this user has imcompleted case!
[ ]

Figure 5.4.130: Unable delete user account that has uncompleted case
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5.4.7 Applications Management Module
This module contains two main parts. One part (My Applications section) is for students and
supervisors to loan item, while the other part (Applications Management and Handle

Applications sections) is for supervisors, administrators, and lab staff to handle the applications.

= My Applications

Management of applications

# Check & Renew Loan Applications

Figure 5.4.131: Main page of “My Applications” (Student & Supervisor)

= Loanltem
Check & Renew Loan Applications.
Items List Application Form Loan ltem
Item details (Select a item from table beside) View 1
Item Name - Category = Search

Item Name

Q search None Image
UTAR TAG

o, tem Name category UTAR Tag stats 4

- -

1 onior Teaching owtddoddtd Avaiatle m

2 Keytoaros Toaching 2 avatate
SN /PN (Optional)

s Wwoaes  Teacning vt “

4 HTMI Cables Teaching w2z Avallable m Location

llems pes page: 10 14004 R
Please select loan period

ddimmiyyyy 0

daimmiyyyy 0

Figure 5.4.132: Interface of loan item
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Items List Application Form Loan Item

Item details (Select a item from table
Item Name ~ ~ Category = Search Reset 1
= N .

tem Name
Q, Search HTMI Cables 9
UTAR TAG

View 1

No. Item Hame. Category UTAR Tag Status )
1 Monitor Teaching dwgddddddddad Available
rom Catogory
2 Keyboards Teaching "2 Avaliable Teaching
s Mwcaes ey e Araiae — Views .
Uiz
4 HTMI Cables. Teacning mz lwaitabie
Location
nems perpage 10 = 14014 NOO3
Please select loan period
Stast Date
ddimmiyyyy O v
EnaDate View 2 a
ddimmiyyyy &

Figure 5.4.133: Select item for loaning

There are several rules on choosing the loan period for preventing any loan application with
ambiguous loan period that can cause the system to be confusing in handling the automated

checking on the due date of each application.

Location

Start date cannot be earlier than today

oK .
erio

— * Start Date
‘ 06/09/2025 B

— End Date
‘ 10/09/2025 B

Apply

Figure 5.4.134: Select start date that earlier than today

Location

End date must be after/same as Start date

oK |
riod

— * Start Date
‘ 07/09/2025 ]

:— * End Date
‘ 06/09/2025

Apply

Figure 5.4.135: Select end date that earlier than start date
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Location

The loan period cannot more than 90 days

oK
riod

— * Start Date
‘ 07/09/2025 ]

—* End Date
‘ 12/01/2026 [}

Apply

Figure 5.4.136: Select loan period that more than 90 days

Application Form

m Item details (Select a item from table beside

Item Name

7‘ UTAR TAG

UTAR TAG is required

liem Category
Select

Category is required
Select
This item has been applied by another user! Please select another item!

Select
OK

Select ™7 LCocation

Please select loan period

— " Start Date
dd/mm/yyyy 8

Start Date is required

Figure 5.4.137: Situation when the same item is applied by others

[4
3
4
€
3
H
£
£
©

SN / PN (Ontiopal)
Your Application has been submitted successfully! Please wait for the processing!

Confirm

Please select loan period

Figure 5.4.138: Submit valid loan period
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Supervisors are responsible for handling their students’ applications while administrators are
responsible for handling the supervisors’ applications.
g

hd

= a1

Dear Ng,

Y

Astudent ONG TING XI has applied for a loan item. Kindly proceed
with the necessary process.

[N,

Thank you.

— o = T

Figure 5.4.139: Notifications received by corresponding supervisor (Student’s application)

Dear admin,

A staff Ng has applied for renew loan item. Kindly proceed with the
necessary process,

| Thank you.

Figure 5.4.140: Notifications received by admin (Supervisor’s application)

Supervisor can view the history of his or her students’ applications history. On the other hand,
administrators can view the applications history that from all supervisor and students. Then,

the lab staff performs the final confirmation on these applications.

=  Handle Applications n

History

Q, Search
NO. Requesiors. Roles ltem Name Start Date End Date Return Date Reject Reason Status
1 ONG TING XI Stwgent HTMI Cables 2025-09.08 2025-09-11 - Unavailable Item Cancelled
2 ONG TING XI Stugent HTMI Cables 2025-09-30 2025-10-06 - Unavailabie Item Cancelled
3 ONG TING XI Stugent Monitor 2025-09-23 2025-09.25 Loaning
. ONG TING XI Stugent Manitor 2025-09-03 2025-12.02 - Unavailabie Item Cancelled
5 ONG TING XI Student Keyboards 2025.06-30 2025.08-31 2025-06-30 Retumed
fiems perpage: 10 - 15015
Applications List Application Details Loan Item
S - View 1
Q, Search Application details (Select from table

beside)
Swoemt itam tem san Ena

Tvpe Students Cateaory

Figure 5.4.141: Interface of handle applications (Supervisor, Part 1)
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Applications List

et Catenory
HTM Caes Researcn
Montor Teaching
HTM Coties Teacnng

tems per page. | 10

Hem stant End

0 Date Dotn

5 0250030 20250947

[l 250018 20250926

2 0250007 20250810
13013

Application Details

Application details (Select from table beside)

Requestor

Itern Name

UTAR TAG

SH 1 PN (Optional)

Location

Start Date

End Date

New End Date

Reject

Loan Item

View 1

None Image

Figure 5.4.142: Interface of handle applications (Supervisor, Part 2)

Q Search
Tive Stuents pent
Renew onaTiNG
Loan X 2105077
Newloan  TTTTT 2ssa087
Nowioon 'O sty

=  Handle Applications
History

Q, Search

NO. Requestors
1 ONG TING XI
2 ONG TING XI
) ONG TING XI
4 ONG TING XI
5 ONG TING XI

Applications List

Role

Roles.

Student

Student

Student

Student

Student

- St

Htem Name

Keyboards

Monitor

Monitor

tatus

HTMI Cables

HTMI Cables

. “

Start Date

2025-08-30

202509-23

2025-08-03

2025-08-30

2025.09-08

Application Details

End Date

2025-08-31

2025-00-25

2025-12-02

2025-10-06

2025-00-11

Return Date

2025-08-30

ltems per page:

Reject Reason Status
Returned
Loaning
Unavailable ltem Cancalled
Unavailable ltem Cancalled
Unavailable ltem Cancalled

10 - 1505

Loan Item

Figure 5.4.143: Interface of handle applications (Administrator, Part 1)

Applications List

Q, search

Type Staff em Name
Newloan Mg Manitar
Newloan  Ng Keyboards
Newloan Mg HTMI Cables

Category item 1D
Teaching 19
Teaching 15
Teaching "

Mems perpage: | 10 =

Start Dote

2025.09-10

2025.09-16

2025-09-07

13083

End Date

20250826

20250818

20250918

Application Details

Application details (Select from table beside)

Requestor

ltem Name:

ltem Category

UTAR TAG

Location

Start Date

End Date

Loan Item

View 1

None Image

Figure 5.4.144: Interface of handle applications (Administrator, Part 2)
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Applications List Application Details Loan Item
Q Search Application details (Select from table beside) Rt
e Smews  Swee b, lm o sen e NG TING X1
B ONOTMG gy Mg g W ms 9
M T et e Ty ¢ DB AE e
el SNOTMG r0sam bl Tedhing 2 rainia el Teachig.
Nems per page | 10 = 13003 _— View 2 a

Stat Oate View 3 a
2025-08-07

End Dite
2025-09-10

Figure 5.4.145: Select application for handling

=

Astudent has applied loan item, please proceed it 43 Pl

TTT Y ey

Figure 5.4.146: Notification received by lab staff after approvement from supervisor

A staff has applied loan item, please proceed it

i §

Figure 5.4.147: Notification received by lab staff after approvement from admin

=  Applications Management

Applications Management

/# Handle Applications

Raturn Items

Figure 5.4.148: Main page of Applications Management Modules (Lab Staff only)
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= Handle Applications
History
Q Search 1
o Rquusions Roes [— SartDove End Dote Rt Date Buject Rsason —
1 onG TG Studond Koytearss anas on 30 auas on 31 auas 0030 Robamed
2 on TG Student Moor s ausonzs [
s ons TG Student Motor 2025 5003 auzs 1202 Unovaiaie e [—"
4 ONG TING X1 Student HTMI Cables 2026-09-30 2025-10-06 Unavailatie ltem Cancelled
f on TG Student HTM Caties 2026 0808 P Unavaaie am f—
ems perpags: | 10 = 15085
Applications List Application Details Loan ltem
Q search Apblication details (Select from table beside) View1
Figure 5.4.149: Interface of handle applications (Lab Staff, Part 1)
Applications List Application Details Loan ltem
Q Search Application details (Select from table beside) s

Type

New
Loan

New
Loan

Application:
Q search

Type
New
Loan

New
Loan

Students

ONGTING
x

L

's List

Students

ONG TING
Xt

Ng

Student
o

2105077

nem
Name

HTMI
Cables

HTMI
Cables

Hems per page.

Category

Teaching

Teaching

0 -

nem

Start
Date.

202508

ar

202508

or

End
Date

2025
0310
2025
0918

Requestor
tem Name
tem Category -

UTAR TAG

Location
Start Date

End Date

None Image

Figure 5.4.150: Interface of handle applications (Lab Staff, Part 2)

Student
n

2105077

Hem
Name
HTM
Cables.
HIM
Cables.

Ntems par page

Category

Teaching

Teaching

10

ltem
)

2

7

12012

Start
Date
2025-09-
o7
202509
o7

End
Date.

2025-
0310
2025-
0318

Application Details
Application details (Select from table beside)
Requestor
et
Item Category i
UTAR TAG
wurond Approve successiuay!
= Confirm
Start Date
End Date

Figure 5.4.151: Approve application
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When supervisor, administrator, or lab staff is rejecting the application, they must enter the

reason for rejection of that application.

Reason

* Reason

( Can't loan|

Figure 5.4.152: Rejected application with reason

— AT T
Dear ONG TING X1, you have 1 loan application have been
approved! 11:49 PM
—

Figure 5.4.153: Notification received by requestor if approved by lab staff

Dear Ng, your application have been rejected .5 -y ﬁ

Figure 5.4.154: Notification received by requestor if rejected by lab staff, administrator, or

supervisor

Bachelor of Information Systems (Honours) Information Systems Engineering
Faculty of Information and Communication Technology (Kampar Campus), UTAR

133



CHAPTER 5

The default arrangements of applications history table is based on the user role, and the

modified date of the applications in descending order.

History
o ’ o ’ “

Q se

NO. Requestors Roles Item Name Start Date End Date Return Date Reject Reason Status

1 ONG TING XI Student Keyboards 2025-06-30 2025-06-31 2025-08-90 - Returned

2 ONG TING XI Student Monitor 2025-00-23 2025-00-25 - - Loaming

3 ONG TING XI Student Monitor 2025-00-03 20251202 - Unavailable liem Cancelled

4 ONG TING XI Student HTMI Cables 2025-00-30 2025-10-06 - Unavailable item Cancalled

5 ONG TING XI Student HTMI Cables 2025.00.08 2025.00.11 Unavailable ltem Cancalled

] ONG TING X1 Student HTMI Cables 2025-00-07 20250010 Loaning

7 Ng Lecturer HTMI Cables 2025.00.07 2025.00-18 - Can'tloan Rejected

History
o : “

Q, Search
NO. Requestors Roles Item Name Start Date End Date Return Date Reject Reason Status
1 ONG TING XI Student HTMI Cablas 2025-00-07 2025-08-10 - - Loaning
2 ONG TING XI Student HTMI Cables 2025-00.08 2025-09-11 c Unavailable ltem Cancelled
3 ONG TING XI Student HTMI Cables 2025-08-30 2025-10-06 - Unavailable lflem Cancelled
4 ONG TING XI Student Monitor 2025-00-23 2025-08-25 - - Loaning
5 ONG TING XI Student Monitor 2025-09-03 2025-12-02 - Unavailable ltem Cancelled
6 ONG TING XI Student Keyboards 2025-08-30 2025-08-31 2025-08-30 - Retumed

Items per page: 10 ~ 160f6

Figure 5.4.156: Updated applications history table (Supervisor)

For renewing loan applications, it includes the rules same as applying loan applications like
the maximum loan period and the new end date cannot be passed. Then, it also includes more
rules for ensuring the renewing process is following the requirements, which involves can’t
renew application whose status is other than loaning or overdue, the new end date cannot be
earlier than original end date, and each approved application can only be applied renew for
maximum 3 times. The limited chances to apply renewing loan period is to prevent the spam
attack from the requestors. Moreover, sometimes requestor may select wrong new end date for
renewing. Thus, the limited chances allow them to correct the end date and apply for renewing
again. Before correcting and applying again, they must let administrator or supervisor to reject

their renew loan applications first.
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Please select new end date

Unable to renew application that is not under Loaning / Overdue status!

OK

End Date
2025-09-11

v

— * New End Date
‘ 23/09/2025 (]

Figure 5.4.157: Renew application that is not under loaning or overdue status

New end date must be after original end date Id dE

oK

— — —
v

End Date
2025-09-10

— * New End Date
‘ 09/09/2025 0

Figure 5.4.158: Select new end date that earlier than original end date

The loan period cannot more than 90 daysl! nd dat‘

oK

End Date
2025-09-10

— * New End Date
‘ 16/12/2025 (m]

Figure 5.4.159: Select new end date that loan period will more than 90 days
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Please select new end date

New end date cannot be earlier than today

OK

End Date
2025-09-05

* New End Date
06/09/2025 ]

Figure 5.4.160: Select new end date that earlier than today (even though late than original end
date)

SN/ PN (Ootional)
Your loan period is already 90 days,and you can't renew anymorel

0K

“Please select new end date

Start Date
2025-09-07

End Date
2025-12-06

= New End Date
16/09/2025 (m]

Figure 5.4.161: Renew application which loan period has already achieved maximum loan

period
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Select

Select

Select

Select

Select

UTARTAG
u12

Item Category
Teaching

SN/ PN (Optional)

Please select new end date

You have 3 chances to renew this application. Are you sure to apply?

Cancel Confirm

View 1

2025-09-10

* New End Date
‘ 16/09/2025 A

Figure 5.4.162: Select valid new end date and double confirmation (maximum 3 chances to

apply renew)

-
S
1 Keyboards Egif{; Eg?j{ Returned -
L m o EmE
3 Monitor 53_225:; 52_2255_ Loaning \f:at s
4 Monitor Eg_zoﬁ:; fgi;jz_ Cancelled :Lll::-'vailable
o mm s e
e, e [
7 HTMI 2025- 2025- Frnn )

Cables 09-07 09-10
4

Figure 5.4.163: Updated My Application list

=

Dear Mg,

A student ONG TING X1 has applied for renew loan item. Kindly
proceed with the necessary process.

Thank you.

Figure 5.4.164: Notification received by corresponding supervisor (Student’s renew

application)
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Dear admin,

A staff Mg has applied for renew loan item. Kindly proceed with the
necessary process.

Thank you.

'@ wanE)

Figure 5.4.165: Notification received by admin (Supervisor’s renew application)

Applications List Application Details
Q_ search Application details (Select from table
Item Item Start End beSide)
Type S Name Category D Date Date

R 2025 2025. Requestor
enew - -
Loan Ng Keyboards Research 8 09-01 00.05 —
Approve successfully!

New 2025- 2025-
N Monits Teach 19
Loan g enttor — 0910 09-26 Ite Confirm

Items per page: 10 - 1-20f2
Item Category hd

Figure 5.4.166: Approve renew application successfully

A student has applied renew loan item, please proceed it

Figure 5.4.167: Notification received by lab staff after approved by supervisor (Student’s

renew application)

A staff has applied renew loan item, please proceed it

o Pl 1

Figure 5.4.168: Notification received by lab staff after approved by administrator

(Supervisor’s renew application)

Dear Mg, you have 1 loan application have been renewed!

== a7 I

Figure 5.4.169: Notification received by requestor when renew application is approved by lab

staff

Dear ONG TING X1, your renewal application have been rejected

Figure 5.4.170: Notification received by requestor when renew application is rejected by lab

staff, administrator, or supervisor
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Return ltems

Handle Applications

Application List

Application Details Item's Photos

Wiew 1

Requestor

None Image

Role

Item Name

tem Category

Location

UTAR TAG

Figure 5.4.171: Interface of return items (Lab Staff only, Part 1)

UTAR TAG
SN/ PN (Optional)
Start Date

End Date

Figure 5.4.172: Interface of return items (Lab Staff only, Part 2)

Roles - ltem Name - Category - Status -
Q, Search
Item UTAR Start End
NO. Requestors Roles = gy 5 B Status
2025 2025
1 ONG TING XI Student Monilor mmmmm e Loaning I
HTMI 2025- 2025-
2 ONG TING XI Student e U2 ] ot Loaning I
2025- 2025-
8 Ny Lectwrer  Keyboards 112 =0 o Loaning I
L] >
Home nar nana- | 10 - PETEY
. >
ltems per page: 10~ 130f3
History
s . o . “
Q, search
Item Start End Return
NO. Requestors Roles i 5= B s Status
2025- 2025- 2025-08-
1 ONG TING XI Student Keyboards ' . P Returned |
2025 2025-
2 ONG TING XI Student Menitor e e Cancelled |
HTMI 2025 2025
3 ONG TING XI Student Cbles 0030 1006 Cancelled |
HTMI 2025- 2025.
4 ONG TING XI Student Cablos 09.08 0811 Cancellad |
HTMI 2025 2025. .
5 Ng Lectwer e T e Rejected |
. >
items per page: 10~ 150f5
Roles - tem Name - Category - Status -
Q. search
em UTAR sun End
NO. Requestors Roles = T 5 £ Status
T oNTNGN  swdm  WDMCaes  um W50 A0 Lowing m
2w Lot Kepomis 112 mmeste AR Lowing m
fems per page: | 10+ 120f2
History
= = - -
Q Search
em sun End Retum
wo. Requestors Roles — = = = Status
1 ONGTINGXI  Swdent  Manitar 20250923 ig’”’ 0250308 Rotumad
H ONGTINGXI  Swdsmt  Keyboards 20250830 ﬁ?;“‘ 0250830 Rewmed
3 ONGTINGXI  Swdsmt  Monitor wzsasay 12 Cancalled

02

ONG TING XI

student

HTMI Cables.

View 2 a
e Casegory

Teaching

Locanon

NDO3

UTARTAG
u1z

S0/ oM Opiad

u1z

sunDme

2025.00.07

En Date

2025-09-10

Figure 5.4.173: Select application that has returned item
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‘ 2025-089-0/

Are you sure to return this item?

Cancel Confirm

Returned | Returned
I |

Figure 5.4.174: Double confirm on return item

NO 3 o R Item Start End Return =0
) equestors oles Name Date Date Date atus
1 ONG TING XI Student Monitor 2025- 2025- 2025-08- Retumed Delete
09-23 09-25 08
2 ONG TING XI Student Keyboard: 2025- 2025- 2025-08- Retumed
uden eyboards 08-30 08-31 30 eturne:
3 ONG TING XI Student Monitor 2025- 2025- Cancelled Delete
09-03 1202 .
4 ONG TING XI Student HTMI 2025- 2025- Cancelled Delete
Cables 09-30 10-06 .
5 ONG TING XI Student HTMI 2025- 2025- Cancelled Delete
Cables 09-08 09-11 )
HTMI 2025- 2025-
6 N Lecturer - Rejected
d Cables 09-07 0918 !

Items per page:

10 - ‘ 1-6 of 6

Figure 5.4.175: Updated applications history list

Lab staff can delete the old application records that are under returned and cancelled status as
they are useless. Then, the rejected applications can’t be removed because they include the
reasons of rejection to the requestors. The rejection reasons can be the lessons to let the

requestors to perform valid applications in the future.
SR S

_ Location

History

Are you sure to remove this record?

Rol St uired
ol M Returned T Search No Confirm

PrsNTPNTeptional)

Q, Search ‘
' Start Date
NO. R " Rol Item Start End Return stat
B B oles Name Date Date Date s
1 ONG TING XI Student Monitor 2025- 2025- 2025:08- Returned Delete
09-23 09-25 08 (il Dte
2 ONG TING XI Student Keyboards 2 A BT Returned Delete
08-30 08-31 30

Items per page: | 10~

reer -

Figure 5.4.176: Delete old record about returned item
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History
UTAR TAG

Stat

SN / PN (Optior

Q_ Search 1 ‘

Are you sure to remove this record?

NO. Requestors Roles tem start End Retum status im [
: 4 Name Date Date Date No  Confirm

1 ONG TING XI Student Monits 2025:09- 2025 2025-09- Returned Delet End Dats
uden lonitor 23 0925 08 eturnes elete n ale

2 ONG TING XI Student Monitor 2025-09- 2025 Cancelled Delete
03 12-02 B
3 ONG TING XI Student HMl 2023-09- 202> Cancelled Delete
Cables 30 10-06 -
4 ONG TING XI Student HMl 2023-09- 202> Cancelled Delete
Cables 03 09-11 -
HTMI 2025-09-  2025-
5 N Lecturer - Rejected
g Ccables o7 09-18 : Delete

Items per page: 10 - 1-5075

Figure 5.4.177: Delete old record about cancelled application

— Location
History
UTAR TAG
Status
Role - - Search eniired
Record has been removed successfully
na
Confirm
Q_ Search ‘
Start Date
NO. Requestors Roles ftem start End Retum Status
: d Name Date Date Date
1 ONG TING XI Student Monitor 202000 s> I Returned Delete End Dat
23 09-25 08 na bate

2 ONG TING XI Student ATl 2025-09- 2025 Cancelled Delete
Cables 08 09-11 B
HTMI 2025-09- 2025
3 N Lecturer - Rejected
’ o v e l — -

Figure 5.4.178: Delete old record successfully

History
UTAR TAG
Role - S - Search o IITAR TAG is renirad
Only able to remove record with Returned / Cancelled status!
oK
1
Q_ Search ‘
Start Date
NO. Requestors Roles tem Start End Return Status
B q Name Date Date Date
1 ONG TING XI Student Monitor 2025-08- 202> 2025-08- Returned Delete End Dat
23 0925 08 WD

2 ONG TING XI Student HTM 2025-08- 2025 Cancelled Delete
Cables 08 09-11 B
HTMI 2025-09-  2025-
3 N Lecturer - Rejecied Delete
& Cables o7 09-18 . - Retur

Figure 5.4.179: Delete old record which is other than Returned or Cancelled status
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Lastly, the system performs checking on the due date of each application at 8:00 A.M. everyday.
Then, it sends notifications to the requestors who have the overdue applications and the

applications whose remaining loan periods are less than 4 days.

LT

Dear Ng,

Your loaned item (Keyboards - Research) will expire on 05/09/2025
(in 3 days). Please renew or return it.

Thank you.
i g—

v

LSeptem ber 3

Dear Ng,

Your loaned item (Keyboards - Research) will expire on 05/09/2025
(in 2 days). Please renew or return it.

A = s

Thank you.

T = = ¥ =r

Figure 5.4.180: Automated notifications received by user when the remaining loan period is

less than 4 days

Dear Mg,

Your loaned item (Keyboards - Research) is overdue since
05/09/2025. Please return it immediately.

Thank you.

—

Figure 5.4.181: Automated notification received by users about overdue loaning

5.5 Concluding Remark

This chapter presents the ways to set up hardware and software. Besides that, this chapter also
involves how each module performs tasks according to the workflow, prevents invalid input,
and sends notification based on specified event. The modules of this system ensure smooth

operations from creating users to completing the applications.
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Chapter 6 - System Evaluation and Discussion

6.1 System Testing and Performance Metrics

The system testing is carried out through black-box testing methodology where the testers don’t
know any coding structure and they only know the workflows about managing the items and
applications. There are 6 modules within this system being tested with several test cases. The

text cases are mainly focusing on input format, completeness of inputs, workflows, access

rights, and automated notifications.

Then, the performance of the system is quantified by the test case coverage and pass rate of

each module. Each test case was executed and measured by comparing the actual result with

the expected result.

6.1.1 User Management Module

Table 6.1.1: Performance Metrics of User Management Module

Metrics

Description

Testing method

Black-box testing on:
e Sign up application (student)
e login
e Logout
e Account registration

e Encryption of passwords and Telegram Chat IDs

Number of test cases

26

Past Criteria

Actual results match expected results

Test Case Coverage

Percentage of executed test cases against planned test cases

Pass Rate

Percentage of passed test cases

6.1.2 Inventory Management Module

Table 6.1.2: Performance Metrics of Inventory Management Module

Metrics

Description

Testing method

Black-box testing on:
e Register items
e Update items

e Report and remove items
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Number of test cases

13

Past Criteria

Actual results match expected results

Test Case Coverage

Percentage of executed test cases against planned test cases

Pass Rate

Percentage of passed test cases

6.1.3 Item Types Management Module

Table 6.1.3: Performance Metrics of Item Types Management Module

Metrics

Description

Testing method

Black-box testing on:
e Add item types
o Edit item types
e Delete item types

Number of test cases

8

Past Criteria

Actual results match expected results

Test Case Coverage

Percentage of executed test cases against planned test cases

Pass Rate

Percentage of passed test cases

6.1.4 Item Categories Management Module

Table 6.1.4: Performance Metrics of Item Categories Management Module

Metrics

Description

Testing method

Black-box testing on:
e Add item categories
e Edit item categories

e Delete item categories

Number of test cases

8

Past Criteria

Actual results match expected results

Test Case Coverage

Percentage of executed test cases against planned test cases

Pass Rate

Percentage of passed test cases

6.1.5 Location Management Module

Table 6.1.5: Performance Metrics of Location Management Module

Metrics

Description

Testing method

Black-box testing on:
e Add locations

e Edit locations
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e Delete locations

Number of test cases

8

Past Criteria

Actual results match expected results

Test Case Coverage

Percentage of executed test cases against planned test cases

Pass Rate

Percentage of passed test cases

6.1.6 Applications Management Module

Table 6.1.6: Performance Metrics of Applications Management Module

Metrics

Description

Testing method

Black-box testing on:
e Apply loan item
e Renew loan period
e Handle applications
e Return items
e Delete application history records

e Automated notifications

Number of test cases

29

Past Criteria

Actual results match expected results

Test Case Coverage

Percentage of executed test cases against planned test cases

Pass Rate

Percentage of passed test cases
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6.2 Testing Setup and Result
Each module of this system has several use cases that contain several planned test cases. The
actual result of each test case is compared to the expected result for getting the percentage of

passed test cases and test case coverages.

The final percentages of passed test cases and test case coverages for each module would be

used for analyzation of system performance. The table below shows the use cases that are

included in each module:

Table 6.2.1: Use cases of each module

Management Module

6.2.12 Student and Supervisor Check and Renew
Loan Period Use Case

6.2.13 Supervisor Handles Student’s
Applications Use Case

6.2.14 Admin Handles Student’s Applications
Use Case

6.2.15 Lab Staff Handles Loan Applications and
Renew Loan Applications Use Case

6.2.16 Lab Staff Record Returned Items Use
Case

6.2.17 Lab Staff Delete Application History
Records Use Case

6.2.18 Automated Notifications Use Case

Modules Use Cases Total Test
Cases

User Management e 6.2.1 Student Sign Up Application Use Case 26
Module e 6.2.2 Log In and Log Out Use Case.

e 06.2.3 Account Registration Use Case

e 6.2.4 Account Deactivation Use Case
Inventory Management e 6.2.5 Register Items Use Case 13
Module e 6.2.6 Update Items Use Case

e 6.2.7 Report and Remove Items Use Case
Item Types Management e 6.2.8 Manage Item Types Use Case 8
Module
Item Categories e 6.2.9 Manage Item Categories Use Case 8
Management Module
Location Management e 6.2.10 Manage Locations Use Case 8
Module
Applications e 6.2.11 Loan Item Applications Use Case 29
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6.2.1 Student Sign Up Application Use Case

Table 6.2.2: Testing Results of Student Sign Up Application Use Case

Test Cases Expected Result Actual Result Status
Incomplete registration | Prevent user from submit | Prevent user from submit | Pass
form registration form and alert the | registration form and alert the
user to complete form user to complete form
Fill in Telegram Chat ID | Unsuccessful submission, and | Unsuccessful submission, and | Pass
directly without let lab | alert users about the | alert wusers about the
Telegram bot to send chat | verification of Telegram Chat | verification of Telegram Chat
ID to student ID is failed. ID is failed.
Fail to follow requested | Unsuccessful submission and | Unsuccessful submission and | Pass
input formats the users get alerts the users get alerts
Fill in all fields of form e Successful e Successful Pass
correctly, including submission of submission of
filling Telegram Chat ID account application account application
which get from UTAR form form
Lab Telegram Bot e Database stores e Database stores
password and password and
Telegram Chat ID in Telegram Chat ID in
encrypted form encrypted form
6.2.2 Log In and Log Out Use Case
Table 6.2.3: Testing Results of Log In and Log Out Use Case
Test Cases Expected Result Actual Result Status
Log in activated account e User log in e User log in | Pass
with  valid email and successfully successfully
password e Direct user to e Direct user to
home page home page
Log in activated account Unable log in Unable log in Pass
with invalid email,
password, or both
Log in deactivated, Unable log in Unable log in Pass
rejected, or  pending
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account with valid email

and password
Log in deactivated, Unable log in Unable log in Pass
rejected, and pending
accounts with invalid email
and password
Log in as student Navigation list includes: Navigation list includes: | Pass
. Home page e Home page
. My Applications e My Applications
. Log out e Logout
Log in as supervisor Navigation list includes: Navigation list includes: | Pass
e Home page e Home page
e My Applications e My Applications
e Handle Applications e Handle Applications
e Logout e Logout
Log in as lab staff Navigation list includes: Navigation list includes: | Pass
e Home page e Home page
e [tems management e [tems management
e [tems Types e [tems Types
Management Management
e Categories e (Categories
Management Management
e Users Management e Users Management
e Applications e Applications
Management Management
e LogOut e LogOut
Log in as administrator Navigation list includes: Navigation list includes: | Pass
e Home page e Home page
e [tems management e [tems management
e Locations e Locations
Management Management
e Users Management e Users Management
e Handle Applications e Handle Applications
e LogOut Log Out
Log out Return to Log In page Return to Log In Page Pass
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Directly connect any page | Direct user back to log in | Direct user back to log in | Pass
other than log in and sign up | page page
pages without login
User attempt to access | Direct user back to home | Direct user back to home | Pass
unauthorized page page page
User closes the webpage System clears the wuser | System clears the user | Pass
session after 2 minutes session after 2 minutes
6.2.3 Account Registration Use Case
Table 6.2.4: Testing Results of Account Registration Use Case
Test Cases Expected Result Actual Result Status
Approve student account e Student receives e Student receives | Pass
application notification  about notification  about
approval of account approval of account
application application
e Student able to log in e Student able to log in
system system
Reject  student account e Student receives e Student receives | Pass
application notification  about notification  about
rejection of account rejection of account
application application
e Student unable to log e Student unable to log
in system in system
Staff registers new | Only able to register account | Only able to register account | Pass
accounts for others for other lab staff and | for other lab staff and
supervisor supervisor
Adminstrator registers new | Able register account for | Able register account for | Pass
accounts for others every role except student every role except student
Incomplete registration e Prevent user from e Prevent user from | Pass
form submit registration submit registration
form form
e Alert the user to e Alert the user to
complete form complete form
Fill in Telegram Chat ID e Unsuccessful e Unsuccessful Pass

directly without let lab

submission,

submission,
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Telegram bot to send chat

ID to account requestor

e Alert users about the
verification of

Telegram Chat ID is

e Alert users about the
verification of

Telegram Chat ID is

failed. failed.
Fail to follow requested e Unsuccessful e Unsuccessful Pass
input formats of submission submission
registration form e Users get alerts e  Users get alerts
Fill in all fields of form e Account is registered e Account is registered | Pass
correctly, including filling successfully successfully
Telegram Chat ID which e Database stores e Database stores
get from UTAR Lab password and password and
Telegram Bot Telegram Chat ID in Telegram Chat ID in
encrypted form encrypted form
6.2.4 Account Deactivation Use Case
Table 6.2.5: Testing Results of Account Deactivation Use Case
Test Cases Expected Result Actual Result Status
Deactivate student, e Failed deactivation, if Failed deactivation, if | Pass
supervisor, and the user is holding any the user is holding any
admins accounts uncompleted cases uncompleted cases
e Success deactivation, if Success deactivation, if
the user doesn’t holding the user doesn’t holding
any uncompleted cases any uncompleted cases
e Only staff can deactivate Only staff can deactivate
student account student account
e Only admin can Only admin can
deactivate account with deactivate account with
each role except student each role except student
Deactivate lab staff | Can be directly deactivated after | Can be directly deactivated after | Pass

account

making double confirmation

making double confirmation
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6.2.5 Register Items Use Case

Table 6.2.6: Testing Results of Register Items Use Case

Test Cases Expected Result Actual Result Status
Register item with unique | Register item successfully Register item successfully Pass
UTAR Tag and SN/PN
Register  item with e Register item e Register item | Pass
duplicate UTAR Tag, unsuccessfully unsuccessfully
SN/PN, or both e System alerts user e System alerts user
about invalid inputs about invalid inputs
Register item  without | Register item successfully Register item successfully Pass
attach photo
Register item with | Register item successfully Register item successfully Pass
maximum 3 photos
Register item with less e Register item e Register item | Pass
than 3 photos that are successfully successfully
arranged randomly, e Photos are auto e Photos are auto
includes photos attached in sorted by system sorted by system
View 1 and View 3 or when storing them in when storing them in
attached in View 2 and the database the database
View 3
6.2.6 Update Items Use Case
Table 6.2.7: Testing Results of Update Items Use Case
Test Cases Expected Result Actual Result Status
Submit update e Fail update e Fail update Pass
form without e Alerts user to select item e Alerts user to select item
selecting any item first first
Send comment e Fail update e Fail update Pass
without  selecting e Alerts user to select item e Alerts user to select item
any item first first
Update item | Update item successfully Update item successfully Pass
without changing
UTAR Tag,

SN/PN, or both
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Update item with Unsuccessful update e Unsuccessful update Pass
duplicate  UTAR Alerts user about invalid e Alerts user about invalid
Tag, SN/PN, or inputs inputs
both
Send comment for Comment is sent e Comment is sent | Pass
selected item successfully successfully
Update item that Item status is changed e Jtem status is changed | Pass
has been fixed from maintaining to from maintaining to
available available
All staff and o All staff and
administrators ~ receive administrators  receive
notification about the notification about the
item status item status
6.2.7 Report and Remove Items Use Case
Table 6.2.8: Testing Results of Report and Remove Items Use Case
Test Cases Expected Result Actual Result Status
Report item that e Cancel and update status e Cancel and update status | Pass
is under as cancelled for any as cancelled for any
maintenance related pending loan related pending loan

applications
Send notification to the

requestors of applications

if any
All staff and
administrators receive

notification about the item
status

Item status is changed
from available or pending
to maintaining

Comment of the item will
be updated based on the

reason entered by user

applications
Send notification to the

requestors of applications

if any
All staff and
administrators receive

notification about the item
status

Item status is changed
from available or pending
to maintaining

Comment of the item will
be updated based on the

reason entered by user
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Report item that Cancel and update status Cancel and update status | Pass
can’t  function as cancelled for any as cancelled for any
anymore related pending loan related pending loan
applications applications
Send notification to the Send notification to the
requestors of applications requestors of applications
if any if any
All staff and All staff and
administrators receive administrators receive
notification about the item notification about the item
status status
Can report item that under Can report item that under
maintaining status maintaining status
Item status is changed Item status is changed
from available, pending, from available, pending,
or maintaining to or maintaining to
removed. removed.
Removed items will not Removed items will not
be shown in item list be shown in item list
anymore anymore
6.2.8 Manage Item Types Use Case
Table 6.2.9: Testing Results of Manage Item Types Use Case
Test Cases Expected Result Actual Result Status
Add  unique | Add item type successfully Add item type successfully Pass
item type
Add duplicate Add item type Add item type | Pass
item type unsuccessfully unsuccessfully

Alerts user to correct the
input

Options of item type
within item registration

form and item

Alerts user to correct the
input

Options of item type
within item registration

form and item
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item category

modification form are modification form are
updated updated
Submit update e Update item type e Update item type | Pass
form without unsuccessfully unsuccessfully
selecting item e Alerts user to select item e Alerts user to select item
type type first type first
Update item | Update item type successfully Update item type successfully Pass
type  without
any change
Update item e Update item type e Update item type | Pass
type with unsuccessfully unsuccessfully
duplicate item e Alerts user to correct the e Alerts user to correct the
type name input input
Update  item e Update successfully e Update successfully Pass
type with e Options of item type e Options of item type
unique  item within item registration within item registration
type name form and item form and item
modification form will be modification form will be
updated updated
Delete  item | Delete item type successfully Delete item type successfully Pass
type that
doesn’t used
by any item
Delete  item e Unable delete item type e Unable delete item type Pass
type that has e Alerts user about invalid e Alerts user about invalid
been used by deletion deletion
items
6.2.9 Manage Item Categories Use Case
Table 6.2.10: Testing Results of Manage Item Categories Use Case
Test Cases Expected Result Actual Result Status
Add unique | Add item category successfully Add item category successfully Pass
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category  that
has been used

by items

category
Alerts user about invalid

deletion

category
Alerts user about invalid

deletion

Add duplicate Add item category Add item category | Pass
item category unsuccessfully unsuccessfully
Alerts user to correct the Alerts user to correct the
input input
Options of item category Options of item category
within item registration within item registration
form and item form and item
modification form are modification form are
updated updated
Submit update Update item category Update item category | Pass
form  without unsuccessfully unsuccessfully
selecting  item Alerts user to select item Alerts user to select item
category category first category first
Update  item | Update item category successfully | Update item category successfully | Pass
category
without any
change
Update  item Update item category Update item category | Pass
category with unsuccessfully unsuccessfully
duplicate  item Alerts user to correct the Alerts user to correct the
category name input input
Update  item Update successfully Update successfully Pass
category  with Options of item category Options of item category
unique item within item registration within item registration
category name form and item form and item
modification form will be modification form will be
updated updated
Delete item | Delete item category successfully | Delete item category successfully | Pass
category  that
doesn’t used by
any item
Delete item Unable  delete  item Unable  delete  item | Pass
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6.2.10 Manage Locations Use Case

Table 6.2.11: Testing Results of Manage Locations Use Case

Test Cases Expected Result Actual Result Status
Add  unique | Add location successfully Add location successfully Pass
location
Add duplicate e Add location e Add location | Pass
location unsuccessfully unsuccessfully
e Alerts user to correct the e Alerts user to correct the
input input
e Options of location within e Options of location within

item registration form and item registration form and

item modification form are item modification form are

updated updated
Submit update e Update item location e Update item location | Pass
form without unsuccessfully unsuccessfully
selecting e Alerts user to select e Alerts user to select
location location first location first
Update Update location successfully Update location successfully Pass
location
without  any
change
Update e Update location e Update location | Pass
location with unsuccessfully unsuccessfully
duplicate e Alerts user to correct the e Alerts user to correct the
location name input input
Update e Update successfully e Update successfully Pass
location  with e Options of location within e Options of location within
unique item registration form and item registration form and
location name item modification form item modification form

will be updated will be updated
Delete location | Delete location successfully Delete location successfully Pass

that  doesn’t
used by any

item
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Delete location e Unable delete location e Unable delete location Pass
that has been e Alerts user about invalid e Alerts user about invalid
used by items deletion deletion

6.2.11 Loan Item Applications Use Case
Table 6.2.12: Testing Results of Loan Item Applications Use Case

Test Cases Expected Result Actual Result Status
Student or Supervisor | Corresponding item details and | Corresponding item details and | Pass
select item photos are shown photos are shown
Student applying for e The corresponding o The corresponding | Pass
loan item supervisor  receives supervisor  receives

relevant notification relevant notification

e Selected item’s status e Selected item’s status

is updated to pending is updated to pending
Supervisor applying for e All admins receive e All admins receive | Pass
loan item relevant notification relevant notification

e Selected item’s status e Selected item’s status

is updated to pending is updated to pending
Two  users  apply e One wuser applies e One wuser applies | Pass
loaning the same item successfully successfully
simultaneously e Another user applies e Another user applies

unsuccessfully unsuccessfully
Apply loaning item Unable to apply Unable to apply Pass
with more than 90 days
Apply loaning item Unable to apply Unable to apply Pass
with the start date
earlier than current date
Apply loaning item Unable to apply Unable to apply Pass
with the end date earlier
than start date
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6.2.12 Student and Supervisor Check and Renew Loan Period Use Case

Table 6.2.13: Testing Results of Student and Supervisor Check and Renew Loan Period Use

application that already
has 90 days approved loan

period

renewing application
unsuccessfully

e Alerts user about
unable to extend loan

period

renewing application
unsuccessfully

e Alerts user about
unable to extend loan

period

Case
Test Cases Expected Result Actual Result Status
View own applications Display all user’s own | Display all user’s own | Pass
applications with status applications with status
Fill new end date without | Alerts user to select item first | Alerts user to select item first | Pass
selecting any item
Apply for renewing the e Alerts wuser about e Alerts user about | Pass
application that is not invalid  application invalid  application
under loaning or overdue for renewing for renewing
status e Failure to renew e Failure to renew
application application
Apply for  renewing e Apply for renewing e Apply for renewing | Pass
application that is under application application
loaning or overdue status successfully successfully
with  valid  remaining e Application’s status e Application’s status
chances and valid new is  updated  as is  updated  as
loaning period renewing renewing
e The corresponding e The corresponding
supervisor or  all supervisor or all
admins receive admins receive
relevant notification relevant notification
Apply for  renewing e Applying for e Applying for | Pass
application that is under renewing application renewing application
loaning or overdue status unsuccessfully unsuccessfully
with invalid remaining e Alerts user about e Alerts user about
chances invalid  remaining invalid  remaining
chance chance
Apply for  renewing e Applying for e Applying for | Pass
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Apply for renewing Unable to apply for Unable to apply for | Pass
application with new end renewing renewing

date that is earlier than

original end date

Apply new end date that Unable to apply for Unable to apply for | Pass
exceeds 90 days loaning renewing renewing

period

Apply new end date that Unable to apply for Unable to apply for | Pass

earlier than today but later renewing

than original end date

renewing

6.2.13 Supervisor Handles Student’s Applications Use Case

Table 6.2.14: Testing Results of Supervisor Handles Student’s Applications Use Case

rejection of application
e Requestor’s
application status is
updated as rejected
e Update item status as

available

rejection of application
e Requestor’s
application status is
updated as rejected
e Update item status as

available

Test Cases Expected Result Actual Result Status
Submit form without Unable submit Unable submit Pass
select applications
e Select e Only able to select e Only able to select | Pass
application application of student application of student
e Approve e Approve successfully e Approve successfully
application e Lab staff receive e Lab Staff receive
notification about notification about
perform final perform final
confirmation confirmation
e Select e Only able to select e Only able to select | Pass
application application of student application of student
e Reject e Reject successfully e Reject successfully
application e Requestor receive e Requestor receive
e Enter reason notification about notification about
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6.2.14 Administrator Handles Supervisor’s Applications Use Case

Table 6.2.15: Testing Results of Administrator Handles Supervisor’s Applications Use Case

e Enter reason

e Requestor receive
notification about
rejection of application

e Requestor’s
application status is
updated as rejected

e Update item status as

available

e Requestor receive
notification about
rejection of application

e Requestor’s
application status is
updated as rejected

e Update item status as

available

Test Cases Expected Result Actual Result Status
Submit form without | Unable submit Unable submit Pass
select applications
o Select e Only able to select e Only able to select | Pass
application application of application of
e Approve supervisor supervisor
application e Approve successfully e Approve successfully
e Lab staff receive e Lab staff receive
notification about notification about
perform final perform final
confirmation confirmation
o Select e Only able to select e Only able to select | Pass
application application of application of
e Reject supervisor supervisor
application e Reject successfully e Reject successfully
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6.2.15 Lab Staff Handles Loan Applications and Renew Loan Applications Use Case

Table 6.2.16: Testing Results of Lab Staff Handles Loan Applications and Renew Loan

Applications Use Case
Test Cases Expected Result Actual Result Status
Submit form without | Unable submit Unable submit Pass
select applications
o Select Requestor  receives Requestor  receives | Pass
application notification notification
e Approve Requestor’s Requestor’s
application application status is application status 1is
updated to loaning updated to loaning
o Select Requestor  receives Requestor  receives | Pass
application notification notification
e Reject Requestor’s Requestor’s
application application status is application status 1is
updated as rejected updated as rejected
Update item status as Update item status as
available available
6.2.16 Lab Staff Record Returned Items Use Case
Table 6.2.17: Testing Results of Lab Staff Record Returned Items Use Case
Test Cases Expected Result Actual Result Status
e Select e Requestor’s application e Requestor’s application | Pass
application status is updated to status is wupdated to
e  Submit form returned returned

Item’s status is updated
as available
Applications history list
is updated

Item’s status is updated
as available
Applications history list
is updated
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6.2.17 Lab Staff Delete Application History Records Use Case
Table 6.2.18: Testing Results of Lab Staff Delete Application History Records Use Case

Test Cases Expected Result | Actual Result Status
Delete application record that is not under | Fail deletion of | Fail deletion of | Pass
returned or cancelled status record record
Delete application record with returned or | Successful Successful Pass
cancelled status deletion deletion

6.2.18 Automated Notifications Use Case

Table 6.2.19: Testing Results of Automated Notifications Use Case

Test Cases Expected Result Actual Result Status
System performs e System sends reminders e System sends reminders | Pass

checking on the due
date of each
application at 8 A.M.

every day

to the requestors whose
remaining loan periods
are less than 4 days

System sends reminders
to the requestors whose
applications

arc

overdue

to the requestors whose
remaining loan periods
are less than 4 days

System sends reminders
to the requestors whose
applications

arc

overdue
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6.2.19 Results of testing
Table 6.2.20: Results of testing

Modules Total Planned | Passed Test | Test Case | Pass Rate
Test Cases Cases Coverage (%) (%)

User Management Module | 26 26 100 100

Inventory =~ Management | 13 13 100 100

Module

Item Types Management | 8 8 100 100

Module

Item Categories | 8 8 100 100

Management Module

Location Management | 8 8 100 100

Module

Applications Management | 29 29 100 100

Module

According to the table above, all modules are evaluated based on the planned test cases, and

the results show that both test case coverage and pass rate achieve 100%.

This outcome indicates that the lab inventory system meets all the functional requirements
across different modules. Besides that, the results also indicate that the system is stable in
handling various scenarios with normal usage conditions. In other words, this system has good

performance.

6.3 Project Challenges

6.3.1 Security of the system

This lab inventory monitoring system will store and utilize the sensitive information which
includes account details, passwords, telegram account, and items details. Therefore, this system
must have a relatively standard level of security to ensure data confidentiality, integrity, and
availability. It must use powerful and up-to-date encryption and decryption tools to store and

utilize the sensitive information during its operations.
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6.3.2 Handling concurrent user access
Node-RED is a low-code programming language that is mainly designed for dashboard
purposes, which lets users monitor real time data through graph charts and gauges. Thus, its

default setting is syncing the screen across all users’ devices during the operation.

For handling multiple users’ access, the components and coding within the system must be
carefully managed. Each node must be able to send the client’s information which contains
socket ID and socket IP because Node-RED depends on this information to distinguish and

1solate individual user sessions.

0132025, 12:15:18 AM  node: debug 10 -

msq ;. Obj

=]

v object
payload: "connect"”

* client: object 0|
socketId: "vR_gwzHeDWhomD-hAlAAT™
socketIp: "186.122.114 42"

_msgid: "fSbeSclifbefdech”

Figure 6.3.1: client’s information sent by the node

6.3.3 Exploration of Node-RED

Node-RED provides a wide range of extensions, but it is difficult to find out the extension that
suits this system. For achieving this, a lot of effort needs to be taken such as view the associated
documentations, visit community, follow up the releases of enhanced versions, view the

discussions among the community, and so on.

6.4 Objectives Evaluation
This project includes 3 objectives that are evaluated:
e To provide clear and user-friendly user interfaces and navigations in monitoring
inventories
e To minimize the external errors in managing inventory records

e To improve efficiency in handling inventories
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6.4.1 Evaluation of objective 1: To provide clear and user-friendly user interfaces and
navigations in monitoring inventories

Most of the interfaces are applied with simple designs which include the consistent design on
the navigation bar, side bar, and tables. Thus, the users don’t need the deep user training to
familiarize themselves with this system. During the testing process, the testers were able to
perform deep testing without any detailed user manual, and they just need to understand the
workflows of inventory management during the system testing. As a result, this objective is

considered as achieved.

6.4.2 Evaluation of objective 2: To minimize the external errors in managing inventory
records

This system has applied various restrictions, rules, and autocomplete elements for ensuring the
users’ inputs are valid and not harmful to the system operations and data integrity. For example,
the autocomplete fields within the forms, validations of Telegram Chat ID, validations of input
formats, validations of registration for items and accounts, validation on loaning items and
renewing loan periods, and so on. Moreover, the management of locations, item types, and item
categories also ensures that common values for items are entered consistently without external

errors. The picture below shows that all the items records are stored in consistent data types.

inv_id invtype_id I_d C inv_utag inv_spn inv_status  ceated_time updated_time

b 6 18 63 2 d d Available 2025-08-30 18:13:54  2025-09-12 23:09:00
8 10 64 4 xadwq34 3334 Available 2025-08-30 18:18:33  2025-09-12 23:06:09
9 19 o4 4 123 434 Removed 2025-08-30 18:34:11  2025-08-30 19:59:34
10 18 64 2 dwqdddddddddd ~ dddddddddddddddd  Loaning 2025-08-30 18:35:14  2025-09-12 23:31:01
11 18 64 3 aaaaaaaad aasaaaaaad Removed 2025-08-30 18:38:14  2025-08-30 20:19:59
12 18 63 2 mmmmm mmmmm Available 2025-08-30 18:38:40  2025-09-12 23:04:27
13 18 o4 3 111143 11143 Removed 2025-08-30 18:41:59  2025-09-07 21:23:04
14 18 63 4 22224 22224 Removed 2025-08-30 18:44:09  2025-09-07 21:45:50
15 10 63 2 f12 f12 Available 2025-08-30 19:52:06  2025-09-12 23:31:10
17 11 64 2 11a 11a Available 2025-09-01 21:17:43  2025-09-12 23:05:19
18 10 63 3 223 22a Removed 2025-09-01 21:17:43  2025-09-02 14:44:02
19 18 63 2 U123 U123 Available 2025-09-07 20:34:20  2025-09-12 23:35:04
20 11 63 2 U1235 U1235 Removed 2025-09-07 20:38:10  2025-09-07 21:41:48
21 11 63 2 1235a 1235aa Removed 2025-09-07 20:38:59  2025-09-07 21:44:48
22 11 63 2 U1z u12 Loaning 2025-09-07 20:42:14  2025-09-12 23:20:21

Figure 6.4.1: Items records stored in consistent data types

Therefore, this objective is considered as achieved.
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6.4.3 Evaluation of objective 3: To improve efficiency in handling inventories

This system offers functions for reporting, removing, and remarking each item. When the users
report or remove the broken item, all lab staff and admins are able to receive the relevant
notifications through Telegram. At the same time, they are required to leave a remark on that
item to allow other users to track the status of it. The remark section can also be used as a main
channel to let users communicate with each other regarding the status of specific item.
Additionally, once the item has been repaired, the users are notified accordingly. This ensures
convenient reporting and tracking of abnormal items without having to ask others about the
processing progress of each abnormal item frequently. Thus, this objective is also considered

as achieved.

6.5 Concluding Remark

In conclusion, this system has been evaluated according to the planned test cases and
performance metrics, and it has good performance as it has achieved all the functional
requirements perfectly. Furthermore, the challenges faced with this project are also stated.

Lastly, all the objectives have been achieved at the end of this project.
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Chapter 7 - Conclusion and Recommendation

7.1 Conclusion

The utilization of Node-RED for the development of lab inventory monitoring system has
demonstrated its effectiveness in providing flexible, scalable, and user-friendly solutions for
managing inventory. Through the integration of built-in nodes of Node-Red, various palettes,
database, and messaging application, the system successfully addresses the problems that exist
in the UTAR FICT lab and other existing inventory management systems. Moreover, this
system has fulfilled all the functional requirements through deep testing. Although encountered
the challenges during the development, this project has achieved 3 objectives and provides a

strong foundation for future improvements.

7.2 Recommendation

For future improvements, the lab inventory management system is recommended to be
integrated with Al to enhance automation and decision-making such as schedule job to register
new items, delete applications history records, generate report according to the changing user
requirements, provide suggestions on the improvement of rules and policies, notify users, and

SO on.

Moreover, by analyzing the historical data, Al could also be used for predicting the optimal
audit frequency and highlighting the items that may require inspection, replacement, or

maintenance. This can maximize the span life of all items.

Lastly, this system can also be integrated with an IoT monitoring platform. Through connecting
system with IoT sensors, the real-time data can be collected and update the items records

automatically which streamline the process of items management.
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LAB INVENTORY MONITORING SYSTEM
USING LOW CODE PROGRANMMING

- Introduction

e Utilize low-code programming that are easier to be maintained
¢ Provide solution for efficient and user-friendly lab inventory
monitoring system

—  Methodology

Agile Model for frequent feedbacks and updates
Node-RED for developing web portal

MySQL for managing data

Black Box testing for system testing

— Results: Objectives Achieved

To provide a clear and user-friendly user interfaces and
navigations in monitoring inventories
To minimize the external errors in managing inventory
records

/ To improve efficiency in handling inventories

----- Conclusion Discussion |-
User Management--------------- (V] | | This system provides efficient and
Inventory Management ---------- @ effective solutions for managing

items and loan applications through
Item Types Management--------- @ restrictions, rules, and automated
Item Categories Management----- @ notifications. It also provides high
Location Management ----------- @ maintainability as it is developed

by Node-RED which has less
complexity on coding structure.

Automated alert and notification -- @
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