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Abstract: One of the most challenging tasks in providing water
services is proportion of water loss or known as non-revenue water
(NRW). NRW is water supplied to the consumer, but it is lost
before it reaches the consumer. The losses of NRW is related with
water billing and water produced by local agencies such as Air
Selangor. One of the ways to overcome NRW is by changing
inaccurate or malfunctioned water meter, but the local
department’s water meter still uses the manual method. An
innovative geospatial mobile application for water loss meter
tracking system was developed at AIR Selangor s, Shah Alam. The
main stages used in this study were identifying the problem,
designing the app, developing the app and lastly evaluating the
app’s performance. Selected officers and contractors of the
department agreed with the recommendation made by the authors
to develop a digitized system based on the current system. The app
has technical capabilities to improve the current system which
uses pen and paper to manage water loss via meter system at the
site. This geographical information system (GIS)-based
application could also update and locate all the coordinates of
water meters efficiently so that the contractor can easily find the
malfunctioned water meters. The respondents agreed that the
design and practical functions developed in the app are relevant in
dealing with the water problem.
Keywords : Geospatial mobile apps, GIS, Non-revenue water
(NRW), Water loss tracking meter,

I. INTRODUCTION
In the recent years, the population is increasing in Malaysia
and the government need to expand more on their service area
based on the population to keep clean water for consumer.
One of the major challenges in providing service and
supplying water to consumer is the proportion of water loss or
known as non-revenue water (NRW). NRW is water that has
been supplied to consumer, but it is lost before it reaches the
consumer. NRW is divided into two categories which are
apparent losses and real losses. Apparent losses are
unauthorized consumption and metering inaccuracies while
real losses refer to leakage on transmission or distribution
mains or utility‟s storage tank [8]. Fig. 1 shows examples of
water meter inaccuracies.
Financial sustainability of the water sectors in the country
will be affected because of NRW. Water meter malfunction
needs to be traced immediately because of unbilled water
consumption. In addition, another effect for real losses is it

Revised Manuscript Received on 20 October, 2019.
* Correspondence Author
Muhammad Faiz Osman Zaini, Centre of Studies for Surveying
Sciences and Geomatics, Faculty of Architecture Planning and Surveying.
Universiti Teknologi MARA, Selangor, Malaysia, faizzaini94@gmail.com.
Abdul Rauf Abdul Rasam*, Centre of Studies for Surveying Sciences
and Geomatics, Faculty of Architecture, Planning and Surveying. Universiti
Teknologi MARA, Selangor, Malaysia, rauf@uitm.edu.my

Retrieval Number: A3029109119/2019©BEIESP
DOI: 10.35940/ijeat.A3029.109119

Fig. 1. Water Meter inaccuracies or malfunction [11]
could lead to flooding, the formation of sinkholes and the
contamination of portable water systems [6]. The costing
faced by the government will also increase if the water
problem is not solved effectively. This is because the cost of
operation and maintenance to repair the infrastructure is high
as well. Besides this, billions of cubic meters of treated water
and water utilities will continue to cause wastage and to lose a
substantial amount of revenues respectively [3].
NRW are losses costing up to RM400 million a year, the
Selangor government is finally putting in place its plan to cut
down the total losses in treated water from 35% at present to
25% by 2025. Therefore, there are solutions to overcome this
problem. First of all, it is crucial to understand the reasons for
water losses and the factors which influence NRW [7]. Water
losses can occur in all distribution system. There is similarity
between water losses and NRW, so it is important to
understand the relative significance between water losses and
NRW (water losses = water produced - water bill or
consumed). This relative significance is also known as
unaccounted-for water (UFW). However, there is also a
difference between water losses and leakage with relative
significance: (water loss = real losses + apparent losses) [7].
Therefore, it is vital to ensure that there are differences
between water losses for apparent losses and water losses for
real losses.
In Malaysia, the common solution to overcome NRW for
apparent losses is by changing the inaccuracies or
malfunction water meters. It is a practical and cost-effective
approach. Alternatively, the government can also use
advanced technologies to detect leakage in underground
piping. However, this method is costly even though it is an
effective solution for NRW. Air Selangor or SYABAS
Projects and NRW Executive Director, Yusof Badawi (2014)
said that by using the new technology (SMARTBALL),
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2,400km of pipes will be examined using the system over a
two-year period. SMARTBALL is a new technology. The
effectiveness of the new technology can reduce NRW in
Selangor from 33.8% to 30.75%. By considering the current
issues of NRW and the cost factor, this study proposes an
alternative and effective way by developing a mobile GIS
application for managing water loss in Shah Alam, Selangor.
Mobile application (app) is designed to run on smartphone
platforms [1]. Developers of mobile app have to undertake a
number of decisions, including target platform and the
development technology to utilize. With this mobile app, the
management system of the department can be made smoothly
and paperless. The number identification of new water meters
can also be capture by using smart mobile phones. Intelligent
system [12], especially application of Internet of Things [14]
and GIS [5], [15], [16] can manage effectively secondary
water supply and space facility system.
II.

DATA AND METHODS

Fig. 2 shows the general methodology of this study, i.e.
preliminary study, exploration of the apps, development of
the apps, data evaluation and processing and finally, the
execution of the apps. Project planning is the most important
stage that must be given priority before the development of
prototype water meter tracking. The planning stage was
planned very well to ensure smooth workflow of the
development of water meter tracking prototype.

prototype. The mobile platform used to conduct this system
was Samsung Galaxy V Plus. This hardware was selected
because it fulfils the requirement of the apps selection.
Questionnaire survey was carried out on the contractors
and officers of the department to obtain all the information
needed in the development of a water meter tracking
prototype. It was not an easy task to conduct the questionnaire
survey because not all the users know about GIS that can be
used in managing water meter. In developing a new GIS
application for AIR Selangor, finding and utilizing the
suitable data that related to the application that we want to
develop, including Google Maps, Fulcrum apps. air Selangor
and MBSA, PhpMyAdmin, XAMPP. When all the prototype
has been finished build, the questionnaire to get feedback
about the prototype also need to be done. By doing this,
performance of the prototype can be known either it satisfied
or not.
Application design was also conducted to initiate a design
that could satisfy the application requirements. In this phase,
the application that was selected from the analysis phase will
be constructed and codified. Then, the application developed
from the logical design phase was transformed into a digital
coding version in which technology details were implemented
with the aid of specified tools to form a physical design phase.
After that, AI (Adobe Illustrator) was used to re-sketch the
design to make the interface more user-friendly.
The final step is evaluating the prototype to assess the
developed prototype from a group of selected respondents. It
is important to ensure that the product will work accordingly
or to identify any need for improvement. The execution phase
is defined as the testing of prototype which allows the
designer and client to assess the viability of the design of the
application. Users will be given the opportunity to test the
mobile application that has been developed by the authors.
The evaluation, comment, and recommendation received
from respondents are useful for the improvement of this
mobile application in the future.
III. RESULTS AND ANALYSES

Fig. 2. Research methodology
This study only covered Sections17, 18, and 19 in Shah
Alam because it was easier for data collection. Furthermore,
this area encompasses both urban and rural settings thus,
making it suitable for the testing or evaluation of the
prototype. The main data source was collected from UiTM
and Jabatan Bandar and Desa Selangor, while the tools used
were handheld GPS, ArcGIS 10 and Android Studio. Android
Studio was selected this study because this software is
flexible, and it does not need to be purchased to develop the
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A. GIS User Need Assessment on the Proposed Apps
This result is based on the survey conducted among 11
respondents in the water meter‟s unit/department. Table I
shows the respondents‟ position information. The
responsibility of the water meter officer is to handle the data
of water meter malfunction, while f contractor is responsible
to change the malfunctioned water meter to a new one based
on the address given by water meter‟s officer. Majority of the
respondents have experience in managing water meter
system. Therefore, the officers or contractors know the
advantages and disadvantages of the existing system.
The result shows that 90% of the existing system use both
manual and digital (semi-digital) methods. Notably, 72.7% of
the respondents were not satisfied with the existing system.
Therefore, the current system needs to be improved for a
better implementation. Maybe the current system is not
friendly with user or difficult to handle. Table II shows about
This question is about opinion
from the all staff either they
agree or not to develop a new
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apps to manage existing water meter system. Evidently, all
opinion from the staff agreed (100%) with the new or
proposed apps for a more efficient management of the water
meter. The respondents do not hesitate to try new prototype of
water meter tracking.

Table-I: Respondents’ Position Information
Subject

Type

Number of
Respondents

Percentage
(%)

Position

Water
Meter
Officer
Water
Meter
Contractor

6

54.5

5

45.5

Table-II: Respondents’ Satisfaction on Existing System
Information
Subject

Opinion

Satisfaction

Very
satisfied
Satisfied
Not
Satisfied

Number of
respondents
0

Percentage
(%)
0

3

27.3

8

72.7

An additional question was also asked in the questionnaire
to obtain more information and feedback about the new apps
and the respondents answered by suggesting several features
to be included in the proposed apps for example, maps,
database, dates, upload/download function, info update and
the use of QR Code. Majority of the officers and contractors
strongly agreed with the suggestions because these features
are indeed useful for efficient water meter management
B. Apps Functions and Capabilities
The capabilities of the apps were customized and developed
to improve the existing system that are generally using pen
and paper during the management of the water meter system
and the process of updating all the coordinates of water
meters. With this App‟s capabilities, the process becomes
more efficient as it can reduce the time taken to search for the
water meter. The location of the water meter can be searched
immediately via Internet connection. All the database
collected from water meters will be sent to officers for official
applications. For example, the contractor can easily find the
geoinformation of the water meter on the sites. Fig. 3 presents
a flowchart of the prototype system.
C. Coordinates of Water Meters
The data of water meters‟ coordinates were collected for
this prototype. Two instruments used for data collection were
Fulcrum application and a handheld GPS, Trimble Juno 3B.
Collecting water meters‟ coordinates by using Fulcrum apps
is very easy and the data are kept in the Fulcrum apps. By
using our own smartphones, we can easily install the Fulcrum
apps and the coordinates are ready for c collect the
coordinate. The accuracy by using this instrument can also be
improved because it uses GPS from smartphone with high
accuracy. All the coordinates of water meters for every single
address in Sections 17,18 and 19 are stored inside the
Fulcrum apps.

Fig. 3. A flowchart of the prototype apps
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All the addresses of malfunctioned water meters were
obtained from AIR Selangor. The coordinates of the
addresses are then quickly detected in the particular location
by using smartphone. Fulcrum apps is used to snap a picture
of the water meter as proof that the water meter‟s coordinate
has been taken. Moreover, the prototype also used Google
Maps as a base for the map and location for water meter. For
handheld GPS, Trimble Juno 3B also offers good
performance for data collection.
There are no different with Fulcrum apps. Both of the
instrument is really helpful to finish collection of the data. Fig.
4 presents the data collected with handheld GPS. The method
of using this handheld GPS is the same as the data collection
method using the Fulcrum apps. After all the coordinates have
been collected, they were then stored in Excel. Next, all data
was transferred to the database. PhpMyAdmin was used to
store all data and these data are synchronized directly to the
apps.

E. Map and Database of Water Meter Changed
This prototype also includes Google Map platform for users
to use in their daily work. So, when they want to find the water
meter, users have to just click the button on the apps, and it
will display the route to the water meter that needs to be
changed. All the coordinates in the database are accurate and
precise because the prototype has been tested and it is
convenient for contractors to search for the water meters. The

Fig. 5.Apps sketch using Adobe Illustrator

Fig. 4. The coordinate and address
of water meter
D. App Design, Development and Applications
After collecting all the water meters‟ coordinates, the design
needs to be sketched based on the need assessment. First, the
design needs to be sketched roughly on paper so that it can be
adjusted accordingly. The design is important because coding
of the apps is based on the design. Once the design is
complete, coding can be continued. After done roughly sketch
on paper, Adobe Illustrator is used to sketch the design. Fig. 5
shows the sketch on Adobe Illustrator Android Studio that
were used for coding the apps. All the designs were coded
separately based on the sketches.
Login activity is first layout for this apps. Contractors of
water meter need to login with their identification details that
have been registered before they can start using the apps. All
the data for identification of the users are stored in a database
known as phpMyAdmin. This activity is for the new
registration for contractors of water meters. Water meter
officers can monitor all the registrations of contractors on the
database. The second layout shows the total number of water
meters needed to be changed according to address. The total
number is updated daily on the database. The third layout
displays all the addresses of water meter malfunctions based
on the selected sections. For example, when the user selects
Section 17 on the second layout, then on the third layout, all
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the addresses of water meter malfunctions are displayed, as
shown Fig. 6
In the fourth layout, it displays the request for collection of
the identification of water meters. The most important aspect
of collecting the identification of water meter is the
identification number, date of work and the last reading of
water meter before the malfunction. Button navigation and
scanning barcode used in this application. After the collection
of the details of the water meter was complete, the changing
work was then continuing to another water meter.

button to use Google Maps is displayed in the interface‟s
„customer information‟ on the right of the top of the interface.
Every work of contractor has a date and number identification
of water meter. The identification is important as a reference
for next input updating work of the meter as illustrated Fig. 7.
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of database in ways that have not yet been documented. This
is a new phenomenon that relies heavily on the data behind the
facility application.

IV. CONCLUSION

Fig. 7. Button maps of water meter and the space
to write the details.
Database is vital to store the data obtained from the app. The
data need to be stored separately from the apps because the
apps could not run smoothly if there is an overload of stored
data. The database from phpMyAdmin manage, store and
update the data that have been entered by the officers as
shown in fig. 8 shows.

F. Performance of the Mobile Apps
This application needs to be tested to ascertain its
performance through the feedback from the staff at water
meter‟s department. There are few questions about all the
function in this prototype. The questionnaire consists of a few
questions on the functions of the prototype and this is
important because it will provide significant feedback in
terms of the performance of the apps so as to identify and
predict all possible problems. Based on the responses, all
respondents were satisfied with the button functions of this
apps. All buttons can be used, and their functionalities are in
good condition and are able to run smoothly without any
problem.
GIS databases are important because they are used to relate
to each of the features enabling the system to complete
complex analysis and queries. Maintenance of data is also
completed on the databases in order to keep up with the
demand of the data. The shift from paper-based database in
this facility to the digital world is in line with the country‟s
aim to be more efficient and sustainable and consequently,
this will save time and money in the long run. Moreover,
web-based applications and maps can shape the management
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A prototype of water loss meter tracking mobile apps was
successfully developed in Shah Alam. Selangor. The
respondents of Air Selangor authorities also agreed that the
apps can help the staff to change water meter with better
accuracy and efficiency. The apps can reduce users‟ time and
space due to paperless application. Moreover, human error in
identifying the number of the water meters can be avoided by
using barcode scan in the apps. The number identification of
water meter is important because it represents the housing

address. Furthermore, water meter locations are easy to find
and update because of the functions of coordinate tracking
that is available in the apps. In the future, the prototype can
add more features such as Optical Capturing Reading (OCR)
for easier identification task of the water meters as suggested
by [9].
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