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The Web-based of Smart Water Quality Monitoring System is a water 
quality monitoring system specially designed for Bao Lin Yuan Nursery 
to control the quality of water in the plantation. This water quality 
monitoring system based on the Internet of Things (IoT) is designed 
using the TS-300B turbidity sensor and pH sensor for enabling the 
detection of water turbidity and pH value of the water. The primary 
objective of this system is to assist the owner in monitoring water quality, 
safeguarding plants from potential harm due to water impurities. The use 
of this comprehensive system ensures careful management, thereby 
reducing the risks of poor water quality. The structured approach is used 
to develop the system using various IoT devices such as the TS-300B 
turbidity sensor, pH sensor kit, ultrasonic sensor and Node MCU 
ESP8266. This system also integrates with ThingSpeak as the database. 
The waterfall methodology was used to complete the project because it 
is an iterative, phased approach that emphasizes distinct stages of 
development. As the result, this system able to provide user-friendly 
interface for the owner of the nursery to manage their staff, manage the 
water tank registered and monitoring status of the water tank in their 
plantation, making it easier to control the water quality. 
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1. Introduction 

Water quality defined by Collins Dictionary as the degree of cleanliness determining its suitability for various 
purposes, is crucial for agriculture, where it influences plant growth, drinking water and fish habitats.[1] Key 
factors such as pH value and soluble salts significantly impact water quality. Therefore, a standard benchmark for 
pH value and turbidity is specified and the water conditions is classified by the Interim National Water Quality 
Standard (INWQS) for distinct purpose. Specifically, water with a pH value between 5.0 to 7.0 is ideal for 
agriculture use while water with a pH value of 5.0 to 9.0 is suitable for broader agriculture purposes according to 
the INWQS. As an example, Malaysia's agricultural sector, pivotal to the nation's Gross Domestic Product (GDP), 
confronts challenges due to water scarcity and contamination, constituting approximately 7.1% of the country's 
GDP in 2020.[2]  
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The project focuses on developing a web-based monitoring system utilizing turbidity and pH sensors. It aims to 
provide real-time data on water quality, accessible through a user-friendly interface. This will enable farmers and 
agricultural professionals to make informed decisions, ensuring optimal water usage and preventing crop damage. 
The system's functional modules include user login, water tank monitoring, and user management, all designed to 
enhance efficiency and water resource conservation in the plantation and also efficiency to manage the staff in the 
plantation. 
 
The objective of this system is to design a user-friendly, dynamic and responsive web-based smart water quality 
monitoring system integrating with turbidity sensor and pH sensor using structured approach and develop web-
based smart water quality monitoring system using web-based approach. The next objective of this system is to 
test the usability and functionality of the developed system. 
 

2. Related Work 

In this section, it will discuss about the related work such as Internet of Things (IoT) and existing systems which 
are related to the proposed system. Three existing system that will be discussed which are Water Quality and 
Controlling using Iot, Iot-GSM Based Controlling and Monitoring System and Water Quality Monitoring and 
Management of Building Water Tank Using Industrial Internet of Things. 
 

2.1 Internet of Things (IoT) 

Internet of Things can be defined as the Internet allows us to connect physical things to it, accessing data from 
faraway sensors and controlling things from a distance. When we combine this collected data with information 
from the internet, like web data, it creates new and more powerful services. This is what the Internet of Things is 
all about. A smart object, the basic part of the Internet of Things, is basically an embedded system (a computer 
system within a device) that's linked to the Internet. [3] 
 

2.1.1 pH Sensor 

The pH sensor is used to detect the pH value of water in the water tank. It consists of a pair of electrodes which 
one is for sensing and one as a reference. These electrodes help gauge the concentration of hydrogen ions in a 
solution. When ions interact, they produce an electric signal. A pH meter then translates this signal into a pH value 
that we can read and understand. [4] 
 

2.1.2 Turbidity Sensor 

This sensor is designed to assess water quality by checking how clear or cloudy the water is. It works by using 
light to spot tiny particles floating in the water. By measuring how much light passes through and how much gets 
scattered, it figures out how many particles are there. 
 

2.1.3 HC-SR04 Ultrasonic Sensor 

This sensor is used to detect the distance between the water surface and the surface of water tank. The ultrasonic 
sensor is a gadget that figures out how far away something is by sending out really high-pitched sound waves and 
then listening for the echoes. 
 

2.1.4 Node MCU ESP8266 

The Node MCU ESP8266 is a wireless module that sends sensor data to other devices. It uses Wi-Fi to pass on the 
collected data to ThingSpeak where users can easily check and see the sensed data. 
 

2.2 Comparison with the Existing Systems 
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Table 1 shows the comparison between the Water Quality and Controlling using IoT [5], IoT-GSM Based 
Controlling and Monitoring System [6], Water Quality Monitoring and Management of Building Water Tank Using 
Industrial Internet of Things [7] and Web-based of Smart Water Quality Monitoring system. The table shows the 
comparison between the systems in terms of whether they are web-based or mobile app and the function of the 
system whether they are wireless where the system can be accessed remotely. It also compares whether the 
systems have a login page, turbidity check, live monitoring and also the system alert which are stated in the form 
of “/” or “X” indicating if the features are available or not respectively. 

Table 1 Comparison of Related Work 

Features/System Water Quality 
and 

Controlling 
using IoT 

[5] 

IoT-GSM 
Based 

Controlling 
and 

Monitoring 
System 

[6] 

Water Quality 
Monitoring and 
Management of 
Building Water 

Tank Using 
Industrial 
Internet of 

Things 
[7] 

 

Web-based of 
Smart Water 

Quality 
Monitoring 

System 

Web-based / Mobile app Mobile app Mobile app Mobile app Web-based 

Login and Register X X X ✓ 

Mobile Based ✓ ✓ ✓ ✓ 

Turbidity check X X X ✓ 

Live monitoring ✓ ✓ ✓ ✓ 

pH level check ✓ X ✓ ✓ 

User Management X X X ✓ 
Water Tank Management X X X ✓ 

Legend: ✓=Available; X=Not Available 

3. Methodology 

In this section, it will discuss the waterfall methodology used in this project and the explanation about each phase 
in the methodology. 
 

3.1 Waterfall Model 

The waterfall model is a linear and sequential approach to software development. It progresses through distinct 
phases such as requirements, analysis, design, implementation, testing, deployment and maintenance. This model 
is suitable for projects with will-defined and stable requirement for its nature. [8] The waterfall model is chosen 
due to its step-by-step process and clear milestone and deadlines. The waterfall model is included in Appendix A. 
 
The requirement phase of the Smart Water Quality Monitoring System project establishes a solid foundation by 
conducting an in-depth investigation into the project background to align with its objectives. This phase identifies 
the technical and functional requirements and determines the project schedule and budget, ensuring the 
resources and timeline are accurately estimated. The output includes a detailed project proposal outlining the 
scope and preliminary plan, along with a Gantt chart in Appendix B that visualizes the project timeline and key 
milestones. Following this, the analysis phase involves a comprehensive literature review and detailed analysis of 
both software and hardware components. This phase also benchmarks against existing solutions to identify best 
practices, culminating in a research report and detailed specifications for hardware and software requirements. 
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The design phase focuses on creating the system's architecture and detailed design, starting with the overall 
system architecture, flowchart and context diagram to outline component interactions. Data flow diagrams (DFD) 
and an Entity-Relationship Diagram (ERD) are developed for modelling the system’s structure and database 
schema, while the user interface is designed for optimal usability. The DFD and ERD are included in Appendix C 
and Appendix D respectively. The deliverables include the system architecture, flowchart, context diagram, DFD, 
ERD and user interface design. The implementation phase translates these designs into a functional system, 
developing sensors, the database, and a web-based management monitoring interface. The testing phase ensures 
the system's functionality through a comprehensive test plan that includes automated and manual tests, as well 
as User Acceptance Testing (UAT). The phase concludes with code integration and refinement, resulting in a 
tested, refined system and a documented test plan. The last phase which is operation phase is to launch the system. 

3.2 System Development Workflow 

There are total of six phases from the waterfall model. As shown in Table 2, each phase has its own assignment 
and output that need to produce during the entire project development. Besides that, the output had been 
completed within the specific days that have been given. 
 

Table 2 Software development activities and their task 

Phase Task Output 

Requirement  
●

 Investigate project 

background 

●
 Identify 

requirement of the project 

●
 Determine the 

project schedule and budget 

for the project 

●
 Project 

proposal  

●
 Create Gantt 

chart  

 

Analysis  
●

 Literature review 

●
 Software and 

hardware analysis 

 

●
 Related work 

research 

●
 Hardware 

Requirement and 

software requirement 

Design 
●

 Design architecture 

of smart water quality 

monitoring system 

●
 Design database 

●
 Design user 

interface 

 

●
 General 

system architecture 

●
 Context 

diagram 

●
 Data flow 

diagram 

●
 ERD 

●
 User 

interface of 

monitoring system 
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Table 2 (cont.) 

Phase Task Output 

Operation 
●

 Launch the Web-

based of Smart Water 

Quality Monitoring System 

●
 Web-based of 

Smart Water Quality 

Monitoring System 

 

Implementatio
n 

●
 Develop the sensor 

in Smart Water Quality 

Monitoring System 

●
 Develop database 

●
 Develop Monitoring 

system 

●
  

●
 Smart Water 

Quality Monitoring 

System 

●
 Web-based 

Monitoring system 

●
  

Testing 
●

 System Test Plan 

●
 User Acceptance 

Testing 

●
 Integrate and 

refine the coding 

 

3.3 System Design 

This section listed out the hardware requirements and software requirements that contributed to produce the 
system architecture and system development 
 
Table 3 shows the hardware requirement needed to develop Web-based Smart Water Quality Monitoring System.  
 

Table 3 Hardware requirements for the proposed system 

No Hardware Function 

1 Arduino UNO To read input from the sensor and turn it to 
output 

 

2 pH sensor kit To detect the pH value of the water 

 

3 TS-300B turbidity 
sensor 

To detect the cloudiness of the water 

 

4 HC-SR04 ultrasonic 
sensor 

To detect the water level in the water tank 

 

5 NodeMCU ESP8266 
WiFi module 

To connect Laptop to Wi-Fi using a Universal 
Serial Bus (USB) cable 

 

6 Laptop To complete the development of system using 
programming language 

 
Table 4 shows the software requirement needed to develop Web-based Smart Water Quality Monitoring System. 
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Table 4 Software requirements for the proposed system 

No Software Function 

1 Arduino IDE To code and compile for Arduino  

 

2 Google Firebase To store data  

 

3 ThingSpeak To visualise and analyse live data stream in 
the cloud  

 

4 Visual Studio Code To develop web-based system  

   

 
Table 5 illustrated functional requirements analysis explains the interaction between the system and the 
environment and how the system functions. 
 

Table 5 Functional requirements for the proposed system 

No Module Function 

1 Login -Users is able to login using valid username 
and password 

 

2 Reset Password -Users able to reset the password for their 
account 

 

3 Water tank 
Monitoring 

-Users can manage the water tank status in 
the list table with the data collected and bar 
chart 

 

4 Water tank 
Management 

- Users able to add, update the information 
of the water tank and delete the water tank 
added.  

 

 

5 Staff Management -Admin able to add staff account or delete 
the staff account. 

 

6 Personal 
Information 

-The system shows the personal information 
for users and users can update their profile 

 
The system architecture will consist of several components such as HC-SR04 ultrasonic sensor, pH sensor kit, TS-
300B turbidity sensor and Node MCU ESP8266 WiFi module. All the data collected will be stored to the 
ThingSpeak. Fig.1 shows general system architecture of the web-based smart water quality monitoring system 
will be included 
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. 

Fig.1 General System Architecture of for Web-based Smart Water Quality Monitoring System 
 
Context diagram is a high-level visualization displaying a system as a single process interacting with 
external entities. There are three components in the context diagram which are external entities, process 
and data flow lines. The Fig. 2 below shows the context diagram of the proposed system. 
 
 
 
 
 
 

 

Fig.2 Context Diagram of for Web-based Smart Water Quality Monitoring System 
 

 

4. Result and Discussion 

Web-based of Smart Water Quality Monitoring System is implemented using Arduino C++ Programming 
Language, Hypertext Preprocessor (PHP), Hypertext Markup Language (HTML), Cascading Style Sheet (CSS) and 
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Javascript. The database system used is MySQL which is extensively utilized for data management and storage in 
a variety of applications. 

4.1 System Implementation 

The implementation of system included Login Module, Reset Password Module, Water Tank Management Module, 
Water Tank Monitoring Module, Staff Management Module and Personal Information Module. 
 
Fig.3 shows the login module of web-based Smart Water Quality Monitoring System for user site and admin panel. 
 
  

(a) (b) 
Fig.3 Interface (a) Login Interface for user (b) Login Interface for admin panel 

 
Fig.4 and Fig.5 shows the reset password process. The users are required to enter their registered email to reset 
password. After that, user will receive email to reset their password and click the link sent to their email to reset 
their password.  
 
 
 

  

(c) (d) 
Fig.4 Interface (c) Reset password for user (d) Email received by the user 

  
  

(e) (f) 
Fig.5 Interface (e) Reset password for entering new password (f) Reset password successfully 
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Fig.6 shows the code segment of the reset password which it initializes and configures PHPMailer to send emails 
using SMTP. It sets up the SMTP server details, including host, port, encryption type and enables HTML formatting 
for the email body. Therefore, user received an email to reset their password 
 

 

(i) 
Fig.6 Code segment (i) Reset password 

 
Fig.7 and Fig.8 shows the latest information function for admin to share their information with the staff and the 
code segment for posting latest information. The admin can write something and click on “Post” button and it will 
redirect back to dashboard in admin panel and show the posted information. For user site, the user can see the 
information posted by the admin. 
 

  

(j) (k) 
Fig.7 Interface (c) Posting new inforamtion in admin panel (d) Latest information shown in user site 
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(l) (m) 
Fig.8 Code segment (l) Post latest information in admin panel (f) Received information posted 

 
Fig.9 shows the user management in the admin panel and code segment to add and delete the user. The admin 
required to enter the username and email and click on “Add Staff” button to create new user account with default 
password. After clicking add button, the new user added shown in the list table. 
 

  

(n) (o) 
Fig.9 (n) Interface for user management in admin panel  (o)Code segment to create and delete user 

 
Fig.10 shows the Tank management in user site and admin site. The user can enter the information of the water 
tank such as tank name, channel id, read api key and write api key to register a water tank. The registered water 
tank shown in the list table with edit and delete button which enable the user to update the water tank information 
if there is any mistake in the old information and delete the registered water tank if no using the water tank again. 
In the user site, they can only see the water tank registered by themselves while for the admin, the admin can see 
the information of the tank registered by all the users.  
 

 

 

 

(p) (q) 
Fig.10 Interface (p) Tank management in user site (q) Tank management in admin site 
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Fig.11, Fig.12 and Fig.13 shows the water tank monitoring in user site and code segment to fetch data from 
thingspeak and turns the data collected to the bar chart. There are three categories for the water turbidity and pH 
value. For example, the turbidity less than 20 is stated as clear, between 20 and 50 is stated as cloudy and more 
than 50 is stated as dirty. The pH value is categorised to three section which is less than 5 is stated as acidic, in 
between 6 to 9 is stated as normal and more than 9 is stated as alkaline. 
 

  

 

(r) (s) 
Fig.11 Interface (r) Tank monitoring in user site (q) Tank monitoring in bar chart in user site 

 
  

(t) (u) 
Fig.12 Code segment (t) Fetch data from Thingspeak  (u) Fetch data from Thingspeak 

 
  

(v) (w) 
Fig.13 Code segment (v) Fetch data from Thingspeak  (w) Turns data into bar chart 
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4.2 System Testing 

The proposed system must be tested before releasing. The system must be bug-free and meet criteria and this 
procedure ensures system performance. The system was tested using a test plan and user acceptance testing. 
 

4.2.1 System Testing 

The test plan outlines the system’s testing strategy, expected result and actual result. In this test plan, it describes 
the testing process and guides testing actions. Table 6 and Table 7 shows test plan for modules in hardware and 
website. 
 

Table 6 Test plan for Smart Water Quality Monitoring Module 

Test Task Output 

Measuring the water 
level of the water tank 
by using ultrasonic 
sensor 

●
 The system detects the water level of the 

water tank.  

 

●
 The data from the ultrasonic sensor is sent 

to the ThingSpeak 

 

Pass 

 

 

Pass 

Measuring the water 

turbidity in the water tank 

by using TS-300B 

turbidity sensor 

●
 The system detects the water turbidity in the 

water tank. 

 

●
 The data from the turbidity sensor is sent to 

the ThingSpeak 

 

Pass 

 

 

 

Pass 

Measuring the pH value 

of the water by using pH 

sensor 

●
 The system detects the pH value of the 

water. 

 

●
 The data from the pH sensor is sent to the 

ThingSpeak 

 

Pass 

 

 

Pass 
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Table 7 Test plan for Smart Water Quality Monitoring Website 

Module Task Output 

Account Login Module 
●

 The user enters username and password to 

login to the account of the website 

Pass 

 

●
 After entering the correct username and 

password, login successfully to the homepage of the 

website 

●
 Error message when entering wrong 

username or password 

Pass 

 

 

Pass 

Reset Password Module 
●

 After clicking “Forgot Password” button, user 

redirected page to enter their email. 

Pass 

 

●
 An email is sent to the user to reset their 

password 

●
 Login using new password successfully 

 

Pass 

Pass 

Water Tank Management 

Module 
●

 All registered water tank shown in admin 

panel 

Pass 

 
●

 Added water tank successfully in the staff 

site 

Pass 

 
●

 Delete Water tank successfully in the staff 

site with an alert message 

Pass 

 
●

 Update or edit water tank information in the 

staff site 

Pass 

Water Tank Monitoring 

Module 
●

 All registered water tank shown in admin 

panel  

Pass 

 
●

 Only registered water tank shown in the 

table in staff site 

Pass 

 
●

 Water tank status shown in written form and 

bar chart 

 

Pass 

Staff Management 

Module 
●

 All registered user shown in the list table in 

the admin panel 

Pass 

 

 
●

 Added a new user in the admin panel Pass 

 
●

 User created by the admin login successfully 

 

Pass 

Personal Information 

Module 
●

 Personal information for user shown in the 

staff site 

Pass 

 

 
●

 Update or edit personal information in the 

staff site 

Pass 
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4.2.2 User Acceptance Test Result 

During User Acceptance Testing (UAT), ten users get to explore and test a web-based of Smart Water Quality 
Monitoring System. These users perform tasks like manage the water tank and provide feedback on the system’s 
usability. User Acceptance Testing ensures that the system meet all the requirement and provide user-friendly 
experience to the users. Fig. 14 below shows the user acceptance testing result after testing this system. 
 

 

Fig. 14: User Acceptance Testing 

5. Conclusion 

The Web-based Smart Water Quality Monitoring System offers several advantages which convenience, time-
saving, user-friendly, and flexibility. Users can easily monitor the water quality in their registered water tank to 
safeguard the water quality used for plant watering by using the turbidity sensor and pH sensor.  
 
There are also limitations faced by the developed system. For example, the sensor depends on stable internet and 
power supply to continue working to send the data to the ThingSpeak. Besides that, the scalability concerns is also 
a limitation in this system because the system’s ability to scale with an increasing number of sensors and water 
tanks causing the system may not handle the larger deployments. Future improvements include expand sensor 
network and data analytics to integrate additional sensors and implement advanced data analytics to provide 
comprehensive water quality assessments..  
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Appendix A: Waterfall Model 

 

 

Waterfall model [8] 
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Appendix B: Gantt Chart 
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Appendix C: Data Flow Diagram Level 0 

 

Data Flow Diagram Level 0 
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Appendix D: Entity-Relationship Diagram 

 

Entity-Relationship Diagram 


