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Abstract: Water is a fundamental element of life and a critical resource for ecosystems, agriculture, industry, and
human consumption. Most of the water sources on this earth are not safe to use. A group of researchers from the
Faculty of Civil Engineering have taken the initiative to treat water in Bukit Gemilang. Treated water is stored in a
clean water storage tank before being distributed for use. However, there is still no system or device to ensure that
the water stored in the storage tank is safe for use. Therefore, the Sistem Pemantauan Kualiti Air (PeKA) was
developed to monitor and measure the quality of water stored in storage tanks. The PeKA system is based on IoT
devices and the PeKA web. This IoT device is equipped with three types of sensors, namely TDS Sensor, pH Sensor,
and Turbidity Sensor as a tool to measure the level of water quality that has been treated. The PeKA system is
developed based on HTML and PHP for system interface development. C++ programming language is used to
develop IoT devices while MySQL is used as a database for data storage. The prototype methodology is used for the
development of the PeKA System. This is because IoT device prototypes need to be built first to make the system
evaluation phase. This system can make it easier for users who are water treatment researchers to monitor and
measure the level of water quality that has been treated. Among the advantages of this system is in terms of the
administration of the system which is self-administered by the water treatment researchers, the web-based
implementation of the PeKA System allows the system to be accessed online. Subsequently, users will receive a
warning notification of extreme changes in water quality.
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1. INTRODUCTION

Water is a basic need for life. The safety and quality of clean water are fundamental to human
development and well-being. Providing access to clean and quality water is one of the most effective
aspects of promoting health and well-being (World Health Organization, 2023). According to Ban Ki-
moon in 2010, more people died from unsafe water than the number of war victims (United Nations,
2010). To improve water quality, lecturers from the Faculty of Civil Engineering have taken the
initiative to treat water in Bukit Gemilang. The source of water in Bukit Gemilang is a source of water
from rock cracks, and then this water is stored. This water is treated using iron removal system methods
and the concept of Fiber-Reinforced Plastic (FRP) and combined with Ultrafiltration Membrane. This
treated water is taken as a sample to be tested in the laboratory to ensure that the treated water is safe
to use. Among the test results of the treated water samples are, the total dissolved solids (TDS) 36.8ppm,
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the pH of the water is 6.5pH indicating that the treated water is neutral, and the Turbidity value is

15N

TU. The results of testing water samples found that the water that has been treated is safe to use

based on Water Quality Standards from the United States Environmental Protection Agency (EPA)

(U.S. Environmental Protection Agency, 2007). This treated water is stored in a clean water storage tank

before being distributed for use. Therefore, this Sistem Pemantauan Kualiti Air (PeKA) was developed

to facilitate users such as lecturers or researchers to monitor and measure water quality levels.

2. METHOD & MATERIAL

The

Sistem Pemantauan Kualiti Air (PeKA) was developed to facilitate users to monitor and measure

water quality levels to ensure safe water for use. The scope of this system is as follows:

a. A

b.U

c H

d.S

dministrator

i) Head of the Water Research Project

ii) View the current and previous readings of TDS, Turbidity, and pH of the water.
iif) Register users of the PeKA System.

ser

i) Water Researcher

ii) View the current and previous readings of TDS, Turbidity, and pH of the water.

iif) Receive notification of extreme changes in water quality. Extreme changes are when the TDS
value exceeds 40ppm the Turbidity value exceeds 20NTU or the pH value is less than pH 6 or
above pH 8.

ardware

i) Total Dissolved Solids (TDS) Sensor — Measures the amount of dissolved solids in water
(Neurafarm, 2021).

ii) Potential of Hydrogen (pH) Sensor — Measures the level of acidity or alkalinity of water
(Chuzaini Et.Al., 2022).

iii) Turbidity Sensor — Measures water clarity by detecting the amount of suspended particles in
the liquid (Darmana, 2022).

iv) Arduino Uno - Controls the output from the Sensors displays the readings on the LCD screen
and sends the readings to the ESP8266 microcontroller (Arduino. Cc, 2021).

v) Microcontroller- ESP8266 sends the readings of the sensors to the database (Espressif, 2023).
vi) LCD screen - Displays readings from all three sensors (Arduino. Cc, 2021).

vii) Power bank — Power source to Arduino Uno and ESP8266.

oftware

i) MySQL is used as a database to store data from sensor readings.

ii) Use of PHP and HTML for system interface development.

iii) C++ programming language is used to develop IoT devices.
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For the development of the PeKA System, a prototype methodology was chosen to launch the
development process of this system. The prototype methodology was chosen because it is appropriate
and is a process in the development of models for system design in collaboration with system users,
namely water research researchers to modify the PeKA System until their needs are met. Figure 1
displays the Prototype Model which consists of six main phases which are discussed as follows, from
the first phase to the last phase. (Rajkumarupadhyay, 2022).

« Kajian Internet berkaitan kaedah = Prototaip dibina berdasarkan
menentukan kualiti air » Gambaran ringkas sistem yang analisa dan keperluan hasil

= Menemu ramah Dr Herdawati dibangunkan kajian
dan Dr Mordila, penyelidik « Lakaran reka bentuk antara « Penyambungan sensor-sensor
rawatan air. muka web PekA dengan Arduino Uno dan

= Pemerhatian kaedah semasa » Lakaran prototaip peranti loT ESPB266
rawatan air Bukit Gemilang « MNembangunkan web PekA

- Perbincangan bersama penyelia

PENGUMPULAMN

KEPERLUAN REKA BENTUK CEPAT PEMEINAAN PROTOTAIP
" PENAMBAHBAIKAN
PRODUK AKHIR - PROTOTAIP PEMILAIAM SISTEM
LN ry

= Penghasilan peranti dan web = Mengemaskini sistem dan = Peranti dan web PeKA dibuat

PekA yang lengkap peranti berdasarkan penilaian pengujian awal
» Sistem telah mencapai objektif awal prototaip =« Pengujian dibuat berdasarkan

utama dan memenuhi semua » Menambahbaik kekurangan fungsi sistem yvang telah

kehendak pengguna dan kelemahan sistem ditetapkan

Figure 1: Prototype Model of PeKA System

The first phase is the requirement-gathering phase. This phase is carried out to collect
information related to the project to be developed. Interview with Dr. Herdawati who is the head of
the Nanohybrid Water Treatment project and Dr. Nordila, who is the head of the Water Treatment
project at UPNM's Gemilang Hill, was conducted to collect information related to the system during
the water treatment process.

Next is a quick design. At this phase, a preliminary sketch of the design of the IoT device and
the PeKA web interface was carried out. This is to give early exposure to users of this system. Figure 2
shows the Preliminary sketch of the PeKA System.

Peranti
T

ikropengawal
4 ESP8266

sensor

ampel Air

Figure 2: Preliminary sketch of the PeKA System
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The Next phase is, the construction of a prototype, the PeKA System is developed based on the
objectives of the system that have been set in. Among the steps used in this phase is developing
prototypes of IoT devices and the PeKA web using software and system hardware that have been set.
The connection of electronic hardware is carried out to form an IoT device.

Once the IoT device and PeKA web prototypes have been completed, they will undergo a
system evaluation phase to ensure that the system functions smoothly. PeKA's IoT and web device
prototypes are evaluated against the requirements that have been determined in the information-
gathering phase. After the prototype has worked according to the system objectives that have been set,
then the complete version of the PeKA System will be given to the system administrator. The intended
system administrator is the Chief Water Treatment Researcher.

Next is the prototype improvement phase. This phase involves modifications to improve the
prototype after the initial evaluation is done. This improvement considers all system tests that have
been tested. This aims to ensure that all functions of the PeKA System work according to user needs.

Lastly is the final product phase. This phase is the last in the prototype model where the final
product is produced. Based on the improvement of the prototype from the first phase to the last phase,
a complete system is developed for use by users. The PeKA system will be tested and evaluated by
users themselves after the renewal is made after the initial evaluation phase of the system is made. The
final product is a complete and well-functioning PeKA system to achieve the project's objectives.

3. FINDINGS

The comparison results on this equivalent system comparison table show some differences
between the developed system and the selected equivalent systems. The developed PeKA system is
based on IoT devices and the PeKA web as the main platform. The developed system is designed to
monitor water quality using sensors and send notifications of extreme changes in water quality to users.
The system consists of specialized sensors that collect data, which is then sent to the ESP8266
microcontroller. The pH sensor is used to measure the pH content in the water while the TDS sensor is
used to measure the amount of dissolved solids (TDS) in the water. In addition, the Turbidity Sensor is
used to monitor and measure water clarity. The read reading will also be displayed on the LCD screen
of the developed IoT device. The proposed system is expected to improve water quality, reduce the
need for manual monitoring, prevent water pollution, and provide real-time data on the PeKA website.
Overall, this system automates water quality monitoring and provides warning notifications to ensure
water is safe to use.

Figure 3 shows the architectural diagram of the PeKA System. The user will turn on the IoT
device by using the power bank as a power source to activate the Arduino Uno and the ESP8266
microcontroller. The Arduino Uno will control the data and readings from the TDS Sensor, pH Sensor,
and Turbidity Sensor. The reading will also be displayed on the IoT device's LCD screen. Next, this
data will be sent to the ESP8266 microcontroller that has been connected to the Arduino Uno. This
ESP8266 microcontroller will send all the readings from the sensors to the database. Next, this reading
will be displayed to users via the PeKA website. Users will get direct notifications about extreme
changes in water quality levels.
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Figure 3: Architecture Diagram of PeKA System

The analysis phase describes the overall process of the PeKA System. The analysis phase has
four important phases to implement. The phases are requirements modeling, data modeling, object
modeling, and transition to system design. Figure 4 shows the analysis phase of the PeKA System.

« Mengumpul maklumat berkaitan kajian air dan kaedah menentukan kualiti air
« Temuduga - temuduga penyelidik kajian rawatan air
]E;;rmm:]le]an « Kajian internet - maklumat tambahan berkaitan kaedah menentukan kualiti air
eperiuan « Pemerhatian - pemerhatian kaedah semasa menentukan kualiti air
« Perbincanagn bersama penyelia - memastikan objekiif utama projek dicapai
¥
« Menggambarkan perjalanan sistem melalui rajah
Permodelan Data « Rajah Use-case
dan Proses + Rajah Sequence
« Rajah State
4
s Menerangkan proses yang berlaku dalam sistem
Permodelan Objek « Menerangkan hubungan melibatkan objek dan pangkalan data melalui Rajah
Perhubungan Entiti
h 4
Transisi Kepada + Reka bentuk bagi Sistem Pengukuran Kualiti Air (I0T)
Relka Bentuk « Carta Hierarki ba_gl _seluru_ h_slstem
Si « Kamus Data bagi sistem ini
Istem + Carta Alir bagi pentadbir, Pengguna dan Peranfi 10T

Figure 4: Analysis Phase of System PeKA
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Figure 5 is a Use Case Diagram for the PeKA System. The Use Case diagram illustrates how
administrators, users, and IoT devices interact with the system to be developed. The actors involved
are administrators, users, and IoT devices. In general, the administrator is the head of the water
treatment researcher while the user who is the water treatment researcher will use this system assisted
by IoT devices to determine the water quality.
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PENGGUNA

MEMAPARKAN
ANALISA
KUALITI AIR

Sistem PeKA

AKTIFKAN
PERANTI IOT

MEMAPARKAN
NILAI TDS
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MEMAPARKAN
NILAI TURBIDITY PENGGUNA

MEMAPARKAN
ANALISA KUALITI
AIR

<

PENTADBIR

extend

MENGESAN
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include
MENGESAN .
PERANTI NILAI pH include.
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NOTIFIKASI
PERUBAHAN

EKSTREM KUALITI AIR

MENGHANTAR
BACAAN KE
PANGKALAN
DATA

Figure 5: Use Case Diagram of PeKA System

Figure 6 shows the sequence diagram for the developed PeKA System. Administrators can
register users and can also monitor the status of water quality analysis. Users who have been registered
by the administrator can access the system after logging in. Users will access the system interface by
entering their user ID and password. The system interface is connected to the ESP8266 microcontroller
which is connected to the sensor. The sensors will detect total marine solids (TDS), pH, and turbidity
values in the water. Users can see all readings and water analysis values displayed in the developed
system interface. Users will also get direct notifications about extreme changes in water quality.
Extreme changes occur when the sensor reading value exceeds the value for normal water quality. For
the TDS Sensor the normal value is not more than 250ppm, for normal pH value is between 6-8pH,
while for turbidity is not more than 20NTU. The reading value will be stored in the server for future
analysis purposes.
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Figure 6: Sequence Diagram of PeKA System

Generally, a hierarchy chart is built to show the modules displayed in the system to be
developed. Figure 7 shows a hierarchy chart that displays the overall PeKA System. The admin module,
user module, and IoT device module are the main modules. Administrator module to register users
and administrators can also monitor water quality analysis. The user module is to access the system to
see all reading values from the Sensor and analyze the water quality. Users will also get direct
notifications about extreme changes in water quality. The IOT device module measures and detects
total dissolved solids (TDS), pH value, and Turbidity value in water, and then the reading is sent

directly to the interface.
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SISTEM
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Figure 7: Hierarchy Chart of PeKA System




Malaysia Journal of Invention and Innovation (MJII) Volume 3, Issue 4 | eISSN: 2976-2170

Architectural design is central to this project. This system will not be able to work if there is no
connection between the electronic equipment. This connection forms a complete circuit to ensure this
project works. Figure 8 shows the Electronic Circuit of the PeKA System.

Figure 8: Electronic Circuit of PeKA System

Figure 9 shows the main display on the front page of the system which is the Welcome to PeKA
main page. Two buttons are placed, the Admin Login button serves as a link to the display of the
Administrator Login interface and the User Login button serves as a link to the display of the User
Login interface.

Figure 9: Main page of PeKA System
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Next when the user has finished logging in. The user will be taken to the user's home page.
Figure 10 shows the display of the user's home page interface. Users can view information related to
the developed PeKA System. All information related to the sensors used is displayed on the main page.
In addition, there are markers for all sensor readings to determine the water quality that has been
measured.

Introduction

This system aims to measure the level of water quaiity and to ensure that the water used is safe and clean. This system uses three types of sensors fo measure water qualty.

1. TDS Sensor

2

TDS (Total Dissolved Solids) are dissolved organic and inorganic substances in water. The lesser level is better for the drinking. But an average TDS level of drinking water can be 300 - 500 mgliiter.
If reading is more than that | suggest you don't drink that water.

TDS level RATING
Less than 300 Excellent
300-600 Good
600-900 Fair
900-1200 Poor
Above 1200
2. Turbidity Sensor
W
I ez

Figure 10: Home Page of PeKA System

Figure 11 shows the System Connection Notification Interface Display. When the IoT device is
connected to the Wi-Fi network, the user will receive a system connection notification from the IoT
device.

SISTEM PENGUKURAN KUALITI AIR  fnax =

o PeKA
@ SYSTEM CONNEGTED WELCOMEN
@)  PeKA sistempengukurankuaitia Egmal.com>
@ -
SYSTEM CONNECTED

WELCOMEN

( & Reply ) ~ Forward )
. AN A

Figure 11: System Connection Notification

After the IoT device is turned on and put in water, administrators and users can monitor water
quality through this display. All water quality readings from the sensors used are displayed in this
interface Figure 12 shows the Water Quality Interface View.
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Figure 12: Water Quality Interface View

Administrators and users can also view water quality analysis through the sensitive
system interface. When the water quality exceeds the normal level that has been set TDS>250ppm,
water pH between pH6 and pH 8 while Turbidity>20NTU it will display bad quality while when the
water quality reading is normal it will display good quality. In addition, users will receive an email
notification informing them that water quality is bad. Figure 13 shows the Analysis of Water Quality
Interface View.

Netfix 4 Facebook

Turbidity (NTU) Date Analysis Action

Kl 187 2004-02-13 194725 [Dslalg

1 187 20240213 191757 e
A 0 2024-02-13 19.18.28 el
4 180 2004-02-13 19:-40.30
0 o 2024.02.14 08.15.35
Current Water Quality

5 150 20240212 09,0250
Water Qualily

[E— 4 157 20240214 09.03.21
[ 139 200402-14 10.45.25
4 197 2024.02.18 10:45:56
0 0 202402-14 124349
1 0 20240214 124420
1 0 20240214 124451 [
1 0 20240218 124522

1 0 2024-02-14 124556 Dsletd

H

1 0 2024.02.14 124627

[Deletd -

Figure 13: Analysis of Water Quality Interface View

Figure 14 shows the water quality warning notification display. When the water quality
exceeds the normal level that has been set, ie TDS>250ppm, water pH is between pH6 and pH 8 while
Turbidity>20NTU, users will receive an email notification regarding water quality. With this
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notification, users can act as soon as possible to treat the water again to ensure that the water is safe to
use.

SISTEM PENGUKURAN KUALITI AIR & x

PeKA

SYSTEM CONNECTED WELCOME!

[ T
4

ALERT!

AIR KOTOR

Figure 14: Water Quality Warning Notification Message

4. DISCUSSION

This system can make it easier for users, especially water treatment researchers, to monitor and
determine the level of water quality. This IoT device can help users monitor the quality level of water
that has been treated in storage tanks. Through internet access, this system can be accessed in various
places. Users can also monitor in real-time to ensure the water is safe for use. In addition, users can also
see the water quality level data that has been read by the sensor and stored in the database for analysis
and the process of improving water.

The PeKA system has criteria that can provide convenience to users who are water nurses in
measuring and ensuring the quality of water that has been treated is not contaminated. Therefore,
achievements in the development of this system are measured through the project objectives that have
been stated. The objectives of this system are achieved if:

a) Analyze the requirements needed in establishing a Water Quality Monitoring System
(PeKA) to measure and monitor water quality.

Three main parameters in determining water quality have been identified, the amount of
dissolved solids in the water, the level of clarity or turbidity of the water, and the level of
acidity or alkalinity of the water. Therefore, this IoT device is developed with three types
of sensors to measure the water quality parameters.

b) Designing a mobile IoT device to measure water quality levels by measuring total
dissolved solids (TDS), the potential of hydrogen (pH), and water turbidity values.

The PeKA system is developed with the PeKA web and mobile IOT devices equipped with
three types of Sensors, namely TDS Sensor, Turbidity Sensor, and pH Sensor. This device
is intended to monitor and measure the level of water quality in clean water storage tanks.

c¢) Develop a Web-based PeKA System that can provide direct information and real
monitoring and can store water quality level data.

The developed system has a database that can store all administrator and user information
as well as water quality readings for water quality analysis. Users will receive a warning
notification if there is an extreme change in water quality.
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The system developed has its advantages and attractiveness depending on the objectives and
scope of the system development based on the needs of the targeted users. the following are the
advantages of the PeKA system:

a) This system uses mobile IoT devices to monitor and measure the level of quality of treated
water.

b) Water treatment researchers can monitor the status of water quality by simply using a
laptop through the PeKA web.

¢) The water treatment researchers will also receive a notification alert if the water stored in
the tank is contaminated or the water quality is reduced.

5. CONCLUSION

Finally, it can be concluded that the development of the PeKa system has achieved the goal,
objectives, and scope of the project, as outlined at the beginning of this project. Systematic and based a
framework on a planned schedule that allows the system to develop as expected. The PeKA system is
very highly desired by water nurses to implement and use because it can help in monitoring water
quality in real-time. In the future, we have identified several improvements that can be made to
improve and make this system work better.

a) Upgrade this system to be able to monitor water quality through Android devices and iOS
devices.

b) Using dry cell batteries as a power source to make it easier for water users or nurses to use
the device in various places.

¢) Added functionality in the PeKA web to control the IOT device to turn the IOT device on
or off.

The recommendations highlighted are important so that the system improvement process can
be implemented comprehensively and from time to time. This allows the developed system to be used
by users over a long period as system improvements are carried out regularly. This makes the system
remain relevant and continue to be used.
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