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Abstract: Due to the advancement in technology and management's needs on the go, i-CAMPUS is developed
for UiTM Cawangan Melaka. The i-CAMPUS has been integrated with information and communication
technology (ICT) and the Internet of Things (IoT). One of the emerging technologies in 10T that is still new in
Malaysia is beacon technology with smartphone applications to serve information based on the user's contextual
information. Information is currently is decentralized and disseminated among people on the campus through
email and by publishing on the website. In order to allow effective information delivery, i-CAMPUS is proposed
and developed using an agile development life cycle approach. The system used the Flutter environment and
phpMyadmin as a database management system. Integrated with beacon and geofence technology, the i-
CAMPUS user will receive notification information within the application when the mobile application sensed
the signal emitted by the beacon in the form of Bluetooth Low Energy (BLE). Each beacon signal is unique, and
the information delivered is specified according to the beacon. The i-CAMPUS has been evaluated in terms of
functionality and usability. The result shows that i-CAMPUS is working well and enables the visitor to retrieve
information anywhere at any time. For future work, the navigation function is recommended to be integrated
with this application.
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1. Introduction

University is a dynamic environment that requires management to be proactive in resolving different
concerns, such as sustaining the university as a center of knowledge creation and research excellence, increasing
equity, and reacting to student needs. Universiti Teknologi MARA (UiTM), which a key player among public
universities in Malaysia, needs to concentrate on reforms, innovations, and developments related to the Industrial
Revolution 4.0 (IR 4.0) and Sustainable Development Goals (SDGS) through its strategic plan UiTM2025 and in
accordance with the national agenda of the Education Development Plan for Malaysia 2015-2025 [1]. The
emerging advanced technology age in which the use of cloud computing, the Internet of Everything (IoE), and
social media makes it imperative for UiTM to take a step forward and create different opportunities and
challenges for the formal education system.

UiTM Cawangan Melaka took the first step in tackling this challenge with the mission of making UiTM
Cawangan Melaka a smart campus. Smart Campus is an upgrade of the digital campus that provides a better
environment, ubiquitous learning, resource virtualization, and enriching staff and students' experience through
technology usage [2]. In-line with the development and implementation of the Fourth Industrial Revolution (IR
4.0) and the Internet of Everything (I0E), there is a need for UiTM Cawangan Melaka to adapt the technology
and be a connected and responsive campus.

This first phase focuses on the integration of information and the efficient dissemination of information. A few
problems in resource management of UiTM Cawangan Melaka have been identified. The current framework's
key issue is decentralized information, which leads to an inefficient distribution of information to stakeholders.
A survey by [3] concludes that centralized data management is vital in the smart city framework as part of the
smart city requirement. Centralized data processing is required to ensure effective management and high quality
of information delivery. In addition, it also restricts the ingenuity of top management in making better decisions,
as overall data is difficult to see. These issues need to be addressed, and there is a need to digitize university
resources in order to be readily available and respond quickly [4]. Over time, location-specific resources will
become increasingly necessary and will become mandatory for all stakeholders in the campus compound for
navigation and effective dissemination of information. Due to the issues that arise, initiatives have been taken to
build a smart campus in UiTM Cawangan Melaka.

The rest of the paper is structured as follows. Section 2 outlines some of the relevant work on smart campus,
location-based services, and data visualization. Section 3 applies the methodology for the proposed
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implementation of the system. Section 4 addresses the overall progress of the i-CAMPUS system. Finally,
Section 5 draws some conclusions and possible work for the second phase.

2. RELATED WORKS

In this section, a brief explanation of some of the work related to the concept of smart campus and the
activities that put it into practice, the perception of location-based services, and the data presentation are
discussed.
2.1 Smart Campus
The smart campus benefits from the development of a digital campus and is considered a mini version self-
contained of smart cities [4]-[9]. Table 1 shows the comparison between the digital and smart campuses
regarding the technical environment, application, and management system [10]. Based on the comparison, the
transition from a digital campus to a smart campus is in order as the IR 4.0 era approaches.
Using the same principle as smart cities, a smart campus should follow modern technology to support the
number of campus stakeholders, namely students, educators, administrators, and visitors. It exploits the on-
campus Internet of Things (IoT) service providers, cloud storage, and smart systems. The idea behind this
approach is to transform common structures that can usually be found in a university setting into a specific
intelligent campus environment [11].
Various framework has been proposed on designing smart campus. A central intelligence layer is proposed [12]
to provide smart service at application based. The services are model based on sensor, social, research, and
educational elements with the ability of data analytic processing. Similar to [13], the service layer is required and
categorized into three groups: Practical Life, Academic Life, and Social Life. This layer will allow socializing
between the user and sharing information. The technical framework proposed by [14] shows that sensor layer,
network layer, cloud computing layer, services layer, and Internet are essential in ensuring 10T in smart campus
functioning, see Figure 1. Previous studies also supported this where their proposed standard framework of smart
campus comprises sensor layer, network layer, and application layer.

Table 1: Comparison of Digital Campus and Smart Campus [10]

Element Digital Campus Smart Campus
Technical Local Area Network loT
Environment | Internet Cloud computing

Wireless network

Mobile platform

Sensor

Application | Digital-based  system | A smart system with sensory
(teaching platform, | ability, interoperability, control

library, services) capabilities
Management | Isolated system Centralized system
System System sharing
Intelligent

Push-in notification

PUBLIC INTERNET

SERVICES

EDGE COMPUTING ] [ CLOUD CORE NETWORK

WIRELESS TECHNOLOGIES / 3GPP AND NON-3GPP

SENSORS, DEVICES

Figure 1: The technical framework of Smart Campus [11]
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2.2 Location-Based Services

Location-Based Service (LBS) is a service that delivers information based on the user's current location [15].
The advancement of technologies and wireless communication makes the LBS a popular "killer-application™ in
the future [16]. There are two main discussions in the LBS, which are location and proximity. According to [17],
location is a precise, unmoving place that is usually defined with a geographical coordinate system. At the same
time, proximity is not an absolute location, which usually refers to a distance that has no direction. Location and
proximity are usually used interchangeably; however, both works differently and are used in a different field.

A Bluetooth Low Energy (BLE) Beacon is a device that emits a signal of BLE to a mobile device that is nearby
[18]. Since BLE draws a little power for the beacon to operate, it can last long for years, depending on its
configurations [19]. The BLE beacon can operate up to 100m theoretically. However, due to walls and other
kinds of physical interferences, the distances it can reach will be affected.

The beacon emits BLE packets to the surrounding with a different protocol based on the usage. Many types of
protocols were introduced to be integrated with the beacon and the smartphone platform. The most popular
protocol is iBeacon and Eddystone. Though, in the early year of the iBeacon protocol introduction, it was only
used only in Apple. Recently, it can also be used by the Android platform.

Geofence is a virtual fence around a particular geographic area and typically represents a physical location, such
as a house or site [20]. Geofence uses GPS reading, RFID, Wi-Fi, or cellular data to trigger a pre-programmed
action when a mobile device or RFID tag enters or exits a virtual boundary set up around a geographical
location. Geofence and beacon have similar objectives, which is to determine the location of the user. However,
overlapping use of both devices can lead to redundant information. The rule of thumb in the placing of both
devices relies on the distance covered. Beacon is preferably used indoors areas that span less than 50 meters,
whereas geofence is defined as a macro-location-based system with an area of more than 50 meters. Table 2
displays the characteristics of beacon and geofence [21]. Based on these characteristics, i-CAMPUS will place
the beacons for indoor navigation and geofence for outdoor.

Table 2: Characteristics of Beacon and Geofence [21]

Characteristics Beacon Geofence
Requires additional hardware Yes No
Requires Bluetooth Yes No
Requires user to opt-in for location Yes Yes
service
Requires GSM/WiFi/GPS No Yes
Good for large areas (>50 meters) No Yes
Good for close proximity (<50 Yes No
meters)
100% Accuracy Yes Accuracy varies
with location and
network
coverage
Available on Android From Yes
Android
4.4+
Available on i0S From iOS Yes
7.0+

2.3 Data Visualization

The University manages a significant amount of digital data to run, and the data stream comes from students,
services, staff, campus events, and business transactions. Effective governance of university data would
contribute to an immense opportunity to enhance its stakeholders' experience, generate revenue, and strategic
planning [22]-[23]. Hence, university data experts need to thoroughly analyze the data to provide management
with information on decision-making. One way of displaying data is by using data visualization - graphical
representation of information and data. Using visual elements such as charts, graphs, and maps, data
visualization tools offer an interactive way to see and interpret data trends, outliers, and patterns [24].

The digital dashboard is an electronic platform that aggregates and shows data from various sources, such as
databases, locally hosted files, and web services [25]-[27]. E-Dashboards allow management to track their
subordinates' key performance indicators (KPIs) by showing historical patterns, actionable data, and real-time
information. Using a dashboard facilitates management in visualizing the KPI for effective planning strategy and
communicating systematically to their stakeholders.
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3. RESEARCH METHODOLOGY
This section addressed on system development life cycle (SDLC) model adopted for i-CAMPUS system
development. The conceptual model of i-CAMPUS explaining the overall framework is also discussed.

3.1 Agile System Development Life Cycle

i-CAMPUS system development uses an agile development lifecycle model where the developer team must
adapt and respond to the user's requirements [28]. Each development process, beginning with the requirement
gathering to data analysis and system design, is carried out iteratively. The system is presented and delivered to
the end-user every fortnight to obtain approval and end-user satisfaction.

3.1.1 Requirement Gathering and Analysis:During the requirement gathering, the main objective is to obtain as
much information as required to develop the system. The aim of collecting the requirement is to ensure that the
system developed meets the end-user requirements [29] [30]. Therefore, the compilation of the relevant details
on the product is important since it will also decide the design of the product. The information is obtained by
defining the key source of information: the Rector, all the Deputy, the Head of Department, and a range of data
collection methods. Data collection is conducted by interviews and online meetings with the end-user,
understanding the business process, and reviewing documents. Data collected is analyzed and converted to use
case diagram, activity diagram, and domain class diagram, as shown in Figure 2.

3.1.2 System Design: At this stage, four activities are carried out: environment design, database design, user-
interface design, and system flow. The i-CAMPUS system is designed to support both Android and iOS
environments. Therefore, the Visual Studio Code is needed to code the program, and Genymotion, a free mobile
device emulator for desktop, is used to emulate with Visual Studio Code. The system ERD is designed after the
data collected is analyzed. In standardizing the user-interface of i-CAMPUS, the color code, design, and size of
every layout and button elements in the system are adhered to stakeholder requests and approval. The storyboard
of the system is modeled using Adobe XD while button and logo using Adobe Illustrator.

3.1.3 System Implementation and Testing:The i-CAMPUS mobile application is implemented using Flutter, an
open-source Google's Ul toolkit. Flutter is used as it supports code reuse across the operating system,
particularly Android and iOS. It also allows the application to communicate directly with underlying platform
services. Although the mobile application is widely known using Firebase, due to slow data retrieval and
incompatibility with the existing system, phpMyadmin is chosen as software to manage the database. As the
database is hosted on the campus server, the capacity of storage and access time is covered. In addition to the
development of the system, geofencing settings are needed at this phase. Using the PlotProjects toolkit, three
campuses' location information is configured to activate the end-user cell phones' push-notification. The
functionality system is tested by the end-user immediately after the system reached its development milestone.
Every feedback is taken seriously, and the developer expects rapid changes.

3.2 System Architecture

The system architecture is a conceptual model that describes the system's structure, behavior, and overall views.
By analyzing of proposed smart campus framework [3], i-CAMPUS mobile application system architecture is
comprised of 4 layers that will utilize 10T and serve as a centralized system, as shown in Figure 3.

Each layer is essential in making the system functioning well. The awareness layer is responsible for collecting
signals from the environment and processing the data before passing it to the network layer. i-CAMPUS requires
beacons and geofencing to collect and disseminate information to all campus stakeholders through their mobile
phone. Beacons are placed at a strategic location on campus, both indoor and outdoor (micro location).
Geofences will be used in a wider area (macro location), and stakeholders will be alerted on arrival once they
reach the campus area. The stakeholder will be alerted with proximity-specific content using the push-
notification method.

The network layer is responsible for information aggregation and providing a strong continuous Internet
connection and strong Wi-Fi, 3G/4G network to handle data transactions. Meanwhile, the data layer serves as a
centralized database that stores and manages user data and facilitates a dynamic query for report analysis to
assist with decision making. The application layer is considered the most crucial element as it serves as a
platform for various university management systems. It is responsible for collecting and utilizing data and
providing information through data visualization.
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Figure 3: i-CAMPUS system Architecture

4. RESULT
This section addresses the entire i-CAMPUS component, which comprises the Rector Office, Academic Affairs
Unit, Student Affairs Unit, and Covid Management.

4.1 System Implementation

The i-CAMPUS main menu is designed to provide an interactive and responsive system. This system will
become the central platform of information dissemination from the UiTM Melaka Branch to its stakeholders.
Initially, the i-CAMPUS system will ask users for permission to switch on their Bluetooth and GPS on their
mobile phone. This is necessary in order to enable beacon and geofences to transmit their signal and opt-in push
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notification to the mobile phone. Beacon information can be viewed in i-CAMPUS, and the stakeholder can get
detailed information on the location listed by clicking the location name. The main page of i-CAMPUS offers
general information about UiTM Cawangan Melaka, such as the number of students, the programs offered, and
the number of lecturers and relevant information for the other two campuses, KampusJasin and KampusAlor
Gajah. Among the details given are the latest campus news, such as on-going activities, accessible rooms, and
links to various university systems. In addition to that, i-CAMPUS is integrated with various existing systems,
such as the Room Reservation Management system (RRMS). This is an intranet system that requires the
stakeholder in the university compound to use it.

A feedback form is provided for the admin to collect comments, suggestions, or issues from the stakeholder
about the system. Each feedback will be given a ticket ID for the issuer to keep track of the progress. To curb the
spread of Covid19 among the stakeholder, SaringC19 is included in the i-CAMPUS, and a reminder will be sent
to the stakeholder on a regular basis to fulfill the form. This initiative will help the management keeping track of
their stakeholder well-being and as a precaution measure.

4.1.1 e-Dashboard: The i-CAMPUS system provides a centralized platform that links the six main components
into one dashboard for Rector's monitoring purposes. This e-Dashboard able to provides at-a-glance key
performance indicators (KPIs) of every unit in the university. Indirectly, this will enhance any decision-making
by management as it is able to identify the strengths, weaknesses, opportunities, and threats (SWOT) of each
component. Each unit has its e-Dashboard that manages different key processes for the respective unit to support
this initiative. Thus, it enables the Head of Department or Unit to manage the department systematically.

Figure 4 shows the Rector office's login page, where it will lead to the e-Dashboard of all units in the university.
The rector has his e-Dashboard for special projects where monitoring of the progress is much easier. All persons
in charge are responsible for updating their progress accordingly. Each project will be classified into four groups:
completed, on-progress, canceled/on-hold, and future project.

e-Dashboard for Student Affairs Unit is related to staff's PhD enrolment projection, management of curriculum
review, administration of a new program, and KPI of the unit. Staff's PhD enrolment projection allows
management to make strategic planning and efficient resource management. At the same time, the reputation and
visibility of the lecturers in their respective fields are enhanced. All staff in faculty are classified into four
groups; completed, on-going, inactive, and future candidate. Another component in the e-Dashboard of
Academic Affairs Unit is the management of curriculum review. All responsible coordinators are expected to
update their program's curriculum review status. Each milestone in the completion of the review is set out, and
information such as the date of commencement, approval of the meeting committee, and input from the panel are
required. This information helps the Rector and the Management in future planning and helps the coordinator
achieve and present their results and status quickly. e-Dashboard for Student Affairs Units consist of college
management and cashless services — Imbas dan Infag and SedekahTabungAmanah using QrCode and the third-
party payment gateway.

Login

Welcome to i-CAMPUS

(5 Current Project Cadangan Ubahsuai Store
o Saon KPP3 Menjadi Pejabat Fakulti

Pengurusan Hotel Dan

(1 Complete Project
Total Number - 2

@ Future Project S
‘ KPP3 Menjadi Pejabat Fakulti

I1.8% Komunikasi Dan Pengajian ...

[H Project Hold/Cancel kh hule:

</
990
s8¢ =
2oBEE  Sd
£82
3is
R3¢
auf
20g
g;
E8f
5T
iz
:
o5

abe
Cadangan Bagi Kerja-kerja
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| F o & W an. Sedutan Dan Tangki ...
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Figure 4. i-CAMPUS e-Dashhoard Rector Office
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4.1.2 Location-Based Services Setting: With the various features that are integrated into the i-CAMPUS system,
there is a great need for the latest technology. Beacons and geofences are used extensively in i-CAMPUS. The
strategic positioning of beacons for all three campuses was done with regard to distance — macro and micro-
positioning, hotspot, and maintenance consideration, see Table 3. Beacons feature of opted-in ability allows
learning about stakeholder preferences and, at the same time, activate proximity-specific content using push
notifications and in-app messages.

Geofence information is used by i-CAMPUS to trigger events when a stakeholder enters or leaves the university
compound provided; they allow opted-in function. This function enables the stakeholder to receive notifications
using their mobile phone and have Wi-Fi or Internet connection and activate GPS location. GPS coordinates
readings will be taken at Simpang Ampat toll entrance and UiTM Cawangan Melaka KampusAlor Gajah to be
used by the user for navigation purposes.

Table 3: Coordinates of Building in KampusJasin

Coordinate
Latitude: 2.228116

No. | Building
Bangunan FSKM

(Makmal FSKM)

Longitude: 102.454921

Banguan FSKM
(Bilik Pensyarah)

Latitude: 2.228077
Longitude: 102.455560

Bangunan FPA
(Bilik Pensyarah)

Latitude: 2.228077
Longitude: 102.455560

Latitude: 2.227500
Longitude: 102.455611
Latitude: 2.227267
Longitude: 102.45568
Latitude: 6FH4
Longitude: 4M
Latitude: 6FG4
Longitude: C3

4, Makmal Komputer

5. Perpustakaan

6. Blok Kuliah

7. Surau Al Tagwa

4.2 Functionality Testing

Functionality testing has been carried out to verify the system's completion and meet all user requirements. As
this project uses the agile approach, functionality testing is conducted rapidly. Functionality testing respondents
are those who are directly involved in the system, including the Rector, the deputy rector HEA, the deputy rector
HEP, the corporate, and admin staff. Table 4 displays the outcomes of the functionality tests consisting of 8 use
cases. The entire use case has passed the test.

4.3 Usability Testing

Usability testing is a test conducted to assess client approval of the design or use of the system. This test adopts
the System Usability Scale (SUS) consisting of 10 Likert-Scale questions. Table 5 displays the SUS
questionnaire, which has been distributed to 15 participants who are management staff and practical students on
campus. They are required to install the .apk file to test the system and answer the questions. The outcome of the
SUS survey is translated into a SUS score. Table 6 reveals the SUS ranking of all participants. Using the
standard formula, where the score from the odd number question is deducted by 1, and the score from the even
number question is subtracted by 5, the SUS raw score for each participant is acquired by adding all the scores.
The raw score is then multiplied by 2.5 to get the final score. The average score obtained is 72.67. Based on this
analysis, the system can be concluded to fulfill all the specifications required by the stakeholder with some space
for improvement.

The analysis was carried out for each question, and the output obtained was used for improvement. For instance,
7 out of 15 participants gave low scores to Question 2, where they thought the system was complicated. This is
also confirmed by the result score of Question 4, where technical assistance is required to use the system. This is
anticipated as the system needed the participants to enable their GPS and Bluetooth functions to allow the system
to run fully functional. However, i-CAMPUS success relies on technologies used. It can sustenance one of the
initiatives to support the digital lifestyle, in line with new learning and teaching methods, to address the IR4.0
wave. Furthermore, the platform i-CAMPUS system is operated in both web-based and mobile applications,
which can be accessed anywhere at any time.
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Table 4: Functionality testing result

Use Case Description Remark
Manage Rector This use case allows the Person in Charge of special project Passed
Special Project updates on their project progress into the system.

Manage HEA e- This use case allows both Deputy of HEA and the admin of Passed
Dashboard HEA to login to the e-Dashboard of HEA and access the
functions under HEA e-Dashboard.
Manage HEP e- This use case allows both Deputy of HEP and the admin of HEP Passed
Dashboard to login to the e-Dashboard of HEP and access the functions
under HEP e-Dashboard.
Manage Beacon This use case allows the system's admin to manage (CRUD) and Passed
configure beacons at three campuses.
Manage This use case allows Corporate staff to manage (CRUD) all Passed
Information information and news related to UiTM Cawangan into the
system.
Manage Covid This use case allows the admin of the system to access Passed
Form confidential information related to the SaringC19 form.
Manage Log-in In this use case, the super admin manages (CRUD) Passed
authorization to the system.
View all e- This use case allows Rector to view all KPI status in the system Passed
Dashboard across all units.

Table 5: SUS Questionnaire

Scale: 1-Strongly Disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly Agree
No Question Scale
1 | I think that I would like to use this system frequently 112 ,3|4/|5
2 | I found the system unnecessarily complex 1123|415
3 | Ithought the system was easy to use 1123|415
4 | think that | would need the support of a technical person to be 11213lals
able to use this system
5 | I found the various functions in this system were well-integrated | 1 | 2 | 3 | 4 | 5
6 | I thought there was too much inconsistency in this system 1123|415
4 I would imagine that most people would learn to use this system 11213]als
very quickly
8 | I found the system very cumbersome to use 1123|415
9 | I felt very confident using the system 1123|415
I needed to learn a lot of things before I could get going with
10 this system ’ 9 gomg 112031415
Table 6. SUS result scoring
Participants SUS Raw Score SUS Final Score
P1 35 87.5
P2 22 55
P3 34 85
P4 36 90
P5 16 40
P6 32 80
P7 36 90
P8 25 62.5
P9 32 80
P10 36 90
P11 16 40
P12 32 80
P13 36 90
P14 16 40
P15 32 80
Average Score 72.67
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5.

Participants SUS Raw Score SUS Final Score
P1 35 87.5
P2 22 55
P3 34 85
P4 36 90
P5 16 40
P6 32 80
P7 36 90
P8 25 62.5
P9 32 80
P10 36 90
P11 16 40
P12 32 80
P13 36 90
P14 16 40
P15 32 80

Average Score 72.67

CONCLUSION

In a nutshell, the UiTM Cawangan Melaka Smart Campus system is an emergence of technology-enabled in
university, resulting in several benefits: helping the management control resource utilization, improving
information dissemination, and generating the organization income. This system is customized according to the
UiTM Cawangan Melaka need. Furthermore, the platform for the UiTM Cawangan Melaka Smart Campus
system is operated in both web-based and mobile applications, which can be accessed anywhere at any time. For
the second phase, the focus is more on integrating loT to the service available on the campus.
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