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1. INTRODUCTION

Roads are transport infrastructures which play an important role in promoting the economic
development of the region [1]. As per [2], roads are expanding across the globe at a phenomenal rate, both in
all lengths and in all area where the length of legally permitted roads, as expressed in [3], has increased by 12
million km worldwide since the year 2000. Citizens will benefit a lot from improving the highways. To order
to preserve these benefits, the construction of the highway must be followed by a well-planned maintenance
control program. Maintenance may have been first defined by the British Standard in 1964 or recognized as
BS 3811:1964. As “work undertaken in order to keep or restore every facility to an acceptable standard” [4].
Without frequent maintenance, roads will easily fall into disrepair, preventing the longer-term effect of road
construction on development as well as the social and economic growth of the country. Constructing new
roads cost money, but without maintaining the existing roads properly, they deteriorate very quickly.
This deterioration will very fast affect road transport in general [5].

In Malaysia, damaged pavement is known to be one of the main contributors to the fatal crash of
a motor vehicle [6]. As a result, public (functional or structural) road failures present a danger to vehicle
drivers [7], who are faced with an increasing risk of accidents like road damage, such as surface cracking or
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potholes, becoming more serious [8]. Therefore, good road conditions must be maintained to encourage road
safety; road damage not only leads to accidents but is also costly in terms of cyclic and responsive
maintenance [9]. A study from [10], mentioned some other factors that contribute to the defect of the roads.
These factors are heavy traffic, natural catastrophes (heavy rain and flood), improper maintenance,
imperfection in construction, road design problems, low quality in materials used in road construction
and inefficiency of controlling and monitoring. According to [11], delayed or postponing road maintenance
results in high direct and indirect costs. If road defects are repaired promptly, the cost is usually modest.
If defects are neglected, an entire road section may fail completely, requiring full reconstruction at very high
cost, compared to the maintenance costs.

Highways infrastructure and its provision have a significant impact on economic growth and its
development is reflected in the economic well-being of the country as well as bringing important social
benefits. Therefore, an efficient maintenance management system is needed in order to maintain, repair
and restore the invaluable highway assets. Road maintenance comprises of activities to keep pavement,
slopes, drainage facilities and all other structures and property as near as possible to their as constructed
or renewed condition. According to [12], the maintenance of roads famously known could enhance
the economic growth and social benefits though road system that poorly maintained destructs mobility,
upsurges the accidents rate, and worsens other main aspects. Forster and Mensah [13] believe that road
maintenance is an essential short-term transport policy that policymakers need to pay attention to because it
helps to enhance road safety and improves the social welfare of the citizenry. Without proper maintenance,
the highway will become easy to failure in short term where will also lead to the increasing of traffic
accident. For proper management and operational convenience, road maintenance is categorized as routine,
periodic, and urgent [14]. According to [15], even though road maintenance is an extensive open
administration that influences all residents, yet generally, it is made do with almost no utilization of
information technology aside from radios, computer records, and networking which makes road maintenance
tasks less economical and road conditions less sheltered than they could be.

The various types of defects found and listed have been classified by the Malaysian Highway
Authority (MHA) according to the functional category of the expressway, namely road surfaces, drainage
systems, structures, earthworks and road safety furniture. The PLUS Expressways or PLUS Malaysia Berhad
(PMB) is the acronym of Projek Lebuhraya Usaha Sama Berhad (PLUS) formerly known as Projek
Lebuhraya Utara Selatan Berhad. It is the largest highway concessionaries company in Malaysia connection
North and South of peninsular Malaysia which launched in 1986. PLUS Expressways covers the New Klang
Valley Expressway, Federal Highway Route 2, Butterworth-Kulim Expressway, Malaysia- Singapore Second
Crossing, Seremban-Port Dickson Highway and the North-South Expressway Central Line. The Malaysia
Highway Authority has launched the Tollroads Evaluation and Monitoring System (TEAM) version 2.
However, this system is not a mobile apps but a software system integrating the database to users through
online process. This tool focused more highway road pavement performance as stated in their published
conference paper [16], an earlier version of the TEAM system.

Nowadays, everything can be informed via the internet, which can be done in many ways, such as
through web sites, social media, e-mail and others. Mobile applications, popularly referred to as mobile apps,
re that are typically programmed to run on smartphones [17] and tablets computer system [18]. Mobile apps
are tools to get information via internet. These mobile apps are normally run on the Google Android
and Macintosh iPhone system. While [19] believe, this technique offers the possibility to blend the output
and road framework data from different vehicles to empower a progressively strong and exact forecast of
the ground truth. Academic publications in Malaysia stressed more on the usage of smartphones in Malaysia.
Reference [20] is a survey study of the current dynamics of the Malaysian market for smartphones and
the usage behaviours of consumers. This journal did extend on media usage of smartphones which is
indirectly refer to the usage of mobile apps. With the exponential growth of information in the internet, it is
very essential to consolidate the related information and to present the contents in a concise manner [21].

Most of the available existing mobile apps concentrate only for the traffic information.
The PLUS mobile app is the official PLUS mobile app created by PLUS Malaysia Berhad to provide
Malaysian highway users with the most reliable traffic routing, road warnings and facilities available along
the PLUS highway. The Malaysian Highway Authority has a similar program called LLM traffic data.
Intelligent road maintenance system (IRMs) yet still not be implemented. This research target that
the highway maintenance management system will be more systematic and comprehensive and it will helps
in storing online of data outside computer context and becomes part of our daily life [22] when using
the IRMs mobile apps. According to [18], mobile applications, also called mobile apps, are software
applications, usually designed to run on smart phones and tablet computers. When a connection becomes
available, the data is synchronized to update the highway databases that allow users to take advantage of
the operational efficiencies even in remote locations. IRMs mobile apps will provide an optimum scheduling
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of highway maintenance activities and improve the cost effectiveness of a management system.
Hence, the mobile app proposed in this study will be an invaluable added value to intelligent system of PLUS
highway. IRMs also will eliminate the manual paper and the usage of this application will be providing
valuable, quality road survey reports daily, which will include photographs of the roads to and extent of
repairs needed.

2. RESEARCH METHOD

There are two methods used by the researcher to achieve the objective of this study. The first
method that applied was through the literature review by gathering knowledge of this study to get a clear
framework. For the second method, surveys were conducted through the distribution of structured
questionnaires among the targeted respondents such as PLUS Berhad, MHA, UEM EDGENTA PROPEL,
engineers and road user to obtain feedback from the road maintenance industry. According to [23], this test is
vital in order of ensuring the questions’ reliability especially is the choice of words have been done properly,
while the meaning of projected sentences is relevance with each statement probed.

2.1. Research design

The studies were further done to identify and understand the equipment, algorithm environment and
tools necessary for testing the software with the related maintenance application. As the purpose of this study
is measure the highway maintenance management system and to attempt in digitalizing the system through
the Mobile Apps platform, a research design is essential which works as the fundamental commands in
conveying the research project [24]. According to [24], quantitative approach aids to offer review
information on several characteristics that become more useful for testing. The research design can be
summarized as depicted in Figure 1 to get a clear framework and will be explained further.

LITERATURE STUDY
Highway in general, highway assets, road defects categories andfactors,
mobileapp

DATA COLLECTION
Questionnaire, Secondary data

v

Not Satisty

Satisfy

DISCUSSION

v

MOBILE APPS DEVELOPMENT

v

CONCLUSION

v

RECOMMENDATION

Figure 1. Research design flowchart

The literature review has been done on the perspective on the nature of the highway maintenance
management. These reviews include highways assets, highway road defects and the insights of mobile
application and its implementation in highway maintenances management system. Based on the literature
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review, the development of a research instrument has proceeded as the instrument for data collection in this
study before the analysis process could be implemented. Based on primarily studies that include mobile apps
development, review on maintenance management research and industry of highways, particularly in
Malaysia and some other parts of the world, the mobile apps must cater with all necessary maintenance of
the highway.

All data and information related to the study will be collected and divided into two categories such
as questionnaire and secondary data. This questionnaire method was administered to obtain data practically
where the actual situations occurred. Questionnaires are distributed to PLUS Berhad, The MHA, UEM
EDGENTA PROPEL and road user. This questionnaire has been distributed among the 400 targeted
respondents for data gathering. This data will analyze in the quantitative method as an input for the mobile
application development. The data obtained from reading materials and reference literature such as books,
journals, newspaper articles, conference papers, reports etc. The use of this data is to confirm all information
and other details can be used in the final analysis of this research. The personally administered questionnaire
is the most appropriate instruments as it consumes a brief period for data collection with minimal cost. By
implementing this approach, it will allow the researcher to assist the respondents if they have any doubts or
questions about the items in the questionnaire [25]. Secondary data was obtained through literature,
references such as books, journals, conference papers, newspapers, reports, internet surfing etc.

Data analysis is the most critical aspect of the study. The data analysis summarizes the data
obtained. This includes the analysis of data obtained using empirical and logical reasoning to determine
patterns, relationships or trends. All the data collected and received will be compiled and analyzed
using statistical package for social science (SPSS) 21.0 according to the average index of the objective
and scope of research. Table will be used to describe and interpret data. The results of the analysis,
processing and findings obtained types and factors of defects and digitalize the system through the mobile
apps platform. The data collected on the levels types and factors was tabulated based on the number of
responses for each category. The results will be described in descriptive statistics by means of frequency
counts and percentages, illustrated in tables to give a clear picture of the outcome questionnaire. As a result,
it can be inferred that all data can be used as a database when creating mobile apps. The application
developed according to the normal software development cycle and system. A user interface design (Ul) or
user interface engineering will be design for machines and software application. User stories or Ul explain
how the end user is supposed to use the app in general and each of its features. In this proposal the data
analysed from questionnaire will be structured to feature in the apps. These will the guidelines in the app
development process. The development of this app will be based on the data collection from questionnaire

Data collected from questionnaire and development of mobile apps can be conclude as a part
explaining method of methodology for research that carried out. It begins from the study design, instrument
and analysis technique, this part explains how this objective study can achieve. Data that achieved from
questionnaire distribution will be analysed by SPSS. With the believe of the applied methodology,
this methodology can help the researcher to produce the data findings to answer the research questions
and then to achieve the objectives. With proposed these mobile apps it can focus on maintenance issues
specific to PLUS highways. These apps will allow users to mark the problem location on a map and upload
a photo of the issue.

2.2. Research instrument

A self-completed questionnaire has been planned in gathering the required information before
the questionnaire distributed. The questionnaire form was prepared in a booklet by using English language.
Each question in this questionnaire was developed and adapted based on the variables specified in
the framework from the earlier study. Some of the questions have been modified in simple and direct words
to help the respective respondents easy to understand and answering. The designed questionnaire comprises
53 questions, which divided into six sections part A demographic profile, part B type of defect, Part C factor
of defect, Part D suggestion for implementation of management system, Part E enhancement of maintenance
system and Part F method of maintenance road effect. These questions are formed from close-ended
question. The arrangements of questionnaire can be summarized in the Table 1.

Table 1. Arrangement of development questionnaire

Section Description Number of question
Part A Demographic profile 6

Part B Type of defect 12

Part C Factors of defect 11

Part D Suggestion for implementation of management system 7

Part E Enhancement of maintenance system 6

Part F Method of maintenance road effect 11

Total number of questions 53

Development of intelligent road maintenance system mobile apps... (Nurul Husna Mohd Jamail)



2354 O ISSN: 2302-9285

A Likert scale was applied for rating scale. Multiple choice questions been used in Part B to Part E
by using 5-point scale ranging from number 1 represents ‘Strongly Disagree’, number 2 represents ‘Disagree’,
number 3 represents ‘Moderate’, number 4 represents ‘Agree’ and number 5 represents ‘Strongly Agree’.

3. RESULTS AND DISCUSSION

The data presented and visualized are obtained from SPSS. The data analysis discussed is regarding
the improvement of the PLUS Highway Maintenance System. Data were gathered from 400 respondents
using a questionnaire survey method. All the date gathered will interpret into mobile application system.
Figure 2 shows the summary mobile apps that can be used for road maintenance team and road user because
this apps sharing the same database. Content in maintenance apps of IRMs consist schedule road
maintenance, reporting road maintenance, ongoing maintenance, result after maintenance and maintenance
budget. User apps it consists reporting road problem with location mapping, calendar events, reviews,
and social media link.

Maintenance Apps User Apps

o Schedule Road Maintenance e Reporting Road Maintenance with Locations

* Reporting Road Maintenance Sharing same Mapping

¢ Ongoing Maintenance database ¢ Calendar Events conducted by Service Provider
e Result After Maintenance * Reviews

» Maintenance Budget e Social Media Link to Server Provider

Figure 2. Maintenance apps and user apps

3.1. Questionnaire analyses

Table 2 shows the result on descriptive analysis for Part B in Table 1. The highest mean is crack due
to pressure from vehicle which is 3.92. Most responses agree that crack at the highway always happen in
Malaysia. All item in Table 2 will categorize in damage categories based on rating criteria. The highest mean
will categories as high priority repairs means need immediate attention required due to traffic safety needs.
Moderate means will categories as moderate priority repairs. Meanwhile the lowest mean will categorize as
less priority repairs. Table 3 shows suggestion for improvement of maintenance system. From analysis has
been done, researcher achieves the objective of this study which to develop mobile apps for road
maintenance. The highest mean is creating an effective and comprehensive mobile application which is 4.33.
It means that the responses agree mobile apps development will improve the road maintenance system. This
is because mobile Apps such as LLM traffic and PLUS app just focusing on traffic information, emergency
hotline, toll fare and etc.

Table 2. Descriptive analysis for types of defect Table 3. Maintenance method for road defect

Items Types of defect Items Types of defect
Mean Std. dev Mean Std. dev

Cracks due to pressure from vehicle 3.92 0.724 Perform road enhancements 422 0.606
loads quickly and continuously
Indentation due to poor road 3.32 0.992 Improve service against 4.23 0.597
construction work complaints received from
Potholes 3.50 0.907 highway users
Bumpy or uneven road surface 3.66 0.771 Create an organized planned 4.28 0.550
Blocked drainage system 3.24 0.772 work schedule
Broken edge of the road due to theroad ~ 3.40 0.756 Must be committed to perform 4.26 0.610
shoulder settlement maintenance work if asset
Premix deprived as a result of 3.37 0.774 damage complaint is received
the pavement work done during rain Tolled highway system needs be ~ 3.31 1.099
Dividers damaged due to vehicles 3.61 0.790 maintained
collisions Create an effective and 433 0.780
Landslides or erosion 3.56 0.776 comprehensive mobile
Ground settlement 3.58 0.778 application
Damage highway signage 3.27 0.897 Overall Mean 4.08 0.464
Road lighting does not work 341 0.907
Overall Mean 3.49 0.496
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3.2. User apps

Figure 3 shows the content in road user apps. Road user can make a report on road issues through
mobile apps and maintenance team will get the immediate report via email. Any road defect shall be pointed
via mapping of location detail once they make a report. Road user can get notification of any info on what is
happening along the highway to be more alert. Maintenance team shall be able to communicate with user
once they received any complaint from the road user.

3.3. Intelligent road maintenance system (IRMs) mobile app

In order to ensure the road maintenance works properly and efficiently planned without involve a lot
of paperwork, the proposed of IRMs mobile apps will be value added to road maintenance system. Figure 4
shows the structure in mobile apps. The structure includes schedule road maintenance, reporting road
maintenance, ongoing maintenance, result after maintenance and maintenance budget.

Reporting Road Maintenance
*Map pointing the road issues locations details

Location

fiim Calendar Events

+Any eventsthat conductby serviceprovider for people awareness
Events

Reviews
*Comnrminicationsmediumbetween service provider and user

NOILTDI1dd 433N

Social Media
+Link to service provider social media

<

Social

Figure 3. User apps

Reporting Road Maintenance
+Fill up the online form which include:
-Damnage categories
-Damnage factor
-Maintenance solution
-Picture attachment

Schedule Road Maintenance
+Update upcoming maintenance
events

+Listed past maintenance events

MAINTENANCE

Ms

Intelligent ltmul Maintenance system

Maintenance Budget
+Purchase equipment-
details equipment and
price

+Program budget-budget
needed for maintenance
works

Ongoing Maintenance i b Result After Maintenance

*Fill up the online form whichinclude: +Fill up the online form whichinclude:
-Waork start _ -Dates & time completion
-Damage categories and factor -Bicture related before & after maintenance works

Figure 4. Intelligent road maintenance system (IRMs) mobile apps
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In schedule road maintenance it will update upcoming maintenance and listed past maintenance
and it will help all the team know the info by using IRMs. For reporting road maintenance and ongoing
maintenance, the road maintenance team need to fill up the online form mobile apps to make the detail easily
keep for further action. All the data and detail road issues will send to email as summary report including
picture attachment. After all the maintenance works have done, maintenance team will update the result
through mobile apps which they need to fill up the online form that include date and time of completion work
and the picture related before and after maintenance work.

4. CONCLUSION

Few highways around the world have successfully incorporated Mobile Devices in their highway
management network, including Malaysian highways. The PLUS mobile app is the latest PLUS mobile
application created by PLUS Malaysia Berhad and aims to provide Malaysian highway users with the most
reliable traffic routing, road warnings and facilities available along PLUS highways. The intelligent road
maintenance system (IRMs) which not yet introduce by PLUS mobile app shall be launched to public to
notify the highway maintenance issues and can be more effective for road maintenance. IRMs mobile apps
implementation to overcome the usual paper-based road survey reports which were manually entered into
a system. Once this IRMs implemented, the maintenance personnel shall utilize their working hours to
inspect road based on reports received from road user and road inspection. IRMs has attracted
the concessionaires’ attention to manage the highway traffic information. This app can be used to facilitate
communication between the public and the PLUS highway concessionaire regards to condition of
the transportation facilities, optimizing management workflow and improves the cost effectiveness of
the management system.
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