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ABSTRACT  

This project presents the design and implementation of an Internet of Things (IoT) based 

water quality monitoring system that enables real-time assessment of key water parameters 

using low-cost sensors and microcontroller technology. The system employs an ESP32 

microcontroller integrated with pH, turbidity, Total Dissolved Solids (TDS), and temperature 

sensors to measure the chemical and physical characteristics of water. The sensed data are 

processed, displayed locally on a 20×4 Liquid Crystal Display (LCD), and transmitted 

wirelessly to a custom web interface for remote visualization and storage. 

The proposed system addresses the limitations of traditional laboratory-based water testing 

methods, which are typically expensive, time-consuming, and prone to human error. By 

leveraging IoT connectivity, the system provides continuous, accurate, and cost-effective 

monitoring of water quality, suitable for domestic, educational, and small-scale 

environmental applications. Experimental results show that the developed prototype 

effectively measures and reports water parameters with acceptable precision and reliability. 

Overall, the system demonstrates a practical approach to automating water quality analysis, 

promoting accessibility, sustainability, and public health through real-time digital monitoring. 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF STUDY 

Water quality is essential for human health, industrial applications, and maintaining 

environmental balance. Conventional methods that use laboratory chemical analysis are 

typically characterized by delays, high manual workload, and a greater likelihood of human 

mistakes (Sugiharto et al., 2023). Recent advances in embedded systems and the Internet of 

Things (IoT) have enabled the automation of real-time water quality monitoring using sensors 

to measure key parameters, including pH, turbidity, and Total Dissolved Solids (TDS). 

Microcontrollers, such as ESP32, equipped with built-in Wi-Fi, enable compact, low-cost, 

and remotely accessible monitoring solutions (Sugiharto et al., 2023). 

Even with ongoing technological improvements, many communities, particularly rural and 

low-income ones still face barriers because available monitoring tools are expensive, bulky, 

and demand regular servicing. Detecting pollutants like heavy metals often requires 

sophisticated optical or chemical equipment that is not affordable for widespread use. 

Additionally, conventional testing procedures do not support real-time communication of 

results, causing delays in identifying and addressing contamination. 

To address these limitations, this work proposes an IoT-enabled solution that uses electronic 

(non-chemical) sensors to track pH, turbidity, and TDS levels in water. The goal is to deliver 

an accessible and real-time monitoring platform that enhances water safety and promotes 

healthier living conditions. 
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1.2 PROBLEM STATEMENT 

Every living organism on Earth depends on water for survival. The human body itself is 

composed of more than 60% water (Cheng & Yu, 2003). Despite the fact that nearly 70% of 

the planet is covered by water, only a small proportion is fresh and safe enough to support 

essential activities including domestic consumption, agriculture, industrial applications, 

recreation, and fisheries. (Taru & Karwankar, 2017). 

Existing monitoring solutions remain impractical due to their high cost, complexity, and 

technical limitations, as they are laboratory-focused. Many current systems rely on expensive 

sensors, lack real-time data transmission, and are too complicated for use in rural 

communities with limited resources. To address these issues, the project proposes an 

affordable IoT-driven solution for monitoring water quality, offering real-time and easily 

interpretable data without the need for costly laboratory procedures. The objective is to 

develop a user-friendly platform that equips communities with the tools to consistently 

monitor and verify the safety of their water supplies. 

1.3 AIMS AND OBJECTIVES 

A key objective of this project is to implement a system capable of continuously monitoring 

drinking water quality, employing sensors, microcontrollers, and an LCD for instant, remote 

feedback. 

The following are pursued to achieve the aim: 

1. To implement an inexpensive system capable of measuring water quality through pH, 

turbidity, and TDS sensors. 

2. To interface the sensors with a microcontroller (ESP32) for real-time data collection. 

3. To include a real-time LCD for immediate on-site water quality feedback 

4. To develop a web or mobile-based platform for displaying live water quality readings 
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5. To examine how accurately the system can monitor the main parameters that define 

water quality 

1.4 SCOPE OF STUDY 

This study focuses on the design and implementation of an IoT-based Water Quality 

Monitoring System capable of measuring and analyzing essential water parameters in real-

time. The system will employ sensors to detect key chemical properties, such as pH, 

Turbidity, and Total Dissolved Solids (TDS), which serve as significant indicators of water 

quality. 

The sensed data will be processed by a microcontroller (ESP32) and displayed on an LCD 

screen, enabling immediate local visualization of the measured parameters. In addition, the 

system will feature Internet of Things (IoT) integration, enabling the transmission of 

collected data to an online cloud platform, such as ThingSpeak, for continuous remote 

monitoring, analysis, and storage. Through this interconnection, users will be able to observe 

real-time variations in water quality from any location with internet access. 

The scope of this study covers hardware design, sensor calibration, software development, 

IoT data transmission, and cloud-based data visualization. However, it excludes large-scale 

water treatment or industrial purification processes, focusing primarily on monitoring and 

data reporting for household, educational, or small-scale environmental applications. 

1.5 JUSTIFICATION OF STUDY 

Monitoring various water quality parameters provides a clear understanding of the factors 

essential for maintaining a healthy life and preventing water wastage. The use of the Internet 

of Things (IoT) enables real-time monitoring and control of water quality through seamless 

data integration and analysis (AlMetwally et al., 2020a). However, traditional water quality 
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monitoring methods are often expensive, time-consuming, and require frequent manual 

sampling and laboratory analysis. Therefore, this study aims to develop an IoT-based water 

quality monitoring system that measures key parameters, such as pH and Total Dissolved 

Solids (TDS), in real time, displays them on an LCD screen, and transmits the data to an 

online platform, such as a customized webpage, for remote access and continuous analysis. 

This approach provides a cost-effective, efficient, and scalable solution for maintaining and 

managing water quality in both domestic and environmental applications. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 A BRIEF OVERVIEW OF WATER QUALITY 

The conventional method of testing water quality is to manually gather water samples and 

send them to the lab for testing and analysis. This method is time-consuming, inefficient, and 

not economical (Sugiharto et al., 2023).  Water quality plays a vital role in maintaining 

environmental integrity, protecting public health, and supporting sustainable ecosystems. It 

encompasses the chemical, physical, and biological properties of water, which determine its 

appropriateness for different purposes such as domestic consumption, agricultural activities, 

industrial processes, and the survival of aquatic organisms. Over the years, there has been a 

growing need to test water quality. This is due to the ever-increasing number of water 

pollutants, ranging from heavy metals such as Mercury (Hg), lead (Pb), and Arsenic (As) to 

Salinity. Heavy chemicals and salinity are said not only to be detrimental to water quality, but 

also to be factors, along with Turbidity, pH value, concentration of dissolved minerals, and 

amount of dissolved oxygen, that contribute to it. 

The objective of the review is to study various conventional and modern methods of 

monitoring water quality to identify their strengths and weaknesses. The methods include the 

Internet of Things (IoT) (Zainurin et al., 2022). 

2.2 ROLE OF IOT IN WATER QUALITY TESTING 

IoT offers significant benefits for water quality by providing real-time data for timely 

decisions on water usage and treatment, especially in water-scarce areas. It also helps identify 

and track pollution sources, which is crucial for protecting public health and the environment 

(Miller et al., 2023). 
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Continuous monitoring of different water quality parameters is essential for understanding 

the requirements for healthy living and minimizing water wastage. The application of the 

Internet of Things (IoT) technology facilitates real-time observation and management of 

water quality conditions. The proposed system employs IoT-based sensors to monitor key 

water quality parameters, including pH, temperature, and turbidity, particularly for domestic 

applications. (AlMetwally et al., 2020).  

2.3 BENEFITS OF TESTING WATER QUALITY 

Water is one of the most essential natural resources given to humanity. However, rapid 

societal development and numerous human activities have accelerated contamination and 

degraded water resources. Testing water quality is essential as it ensures safe drinking water 

and protects human health by detecting harmful contaminants early. Additionally, it 

contributes to environmental protection, preserves the balance of aquatic ecosystems, assists 

farmers in adopting safe irrigation methods, enables industries to meet environmental 

standards, and encourages the sustainable and efficient utilization of water resources. 

Water is used for drinking, agricultural work, industrial operations, and cleaning. Water 

needs to be clean and safe because contaminated water can endanger human and aquaculture 

ecosystems.  

2.4. WATER QUALITY BY DEFINITION 

Water is one of the most essential natural resources for human survival and environmental 

sustainability. Due to its limited availability and its vital role in supporting biological 

processes, economic development, and other growth-related activities, the proper 

management of water resources is of great importance. Water quality describes the chemical, 

physical, biological, and radiological properties of water, which influence its appropriateness 

for different applications, including domestic consumption, agricultural use, industrial 
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operations, and the maintenance of healthy ecosystems. These characteristics collectively 

serve as indicators used to evaluate the overall condition and quality of water. 

Table 2.1: Representation of the characteristics of water. 

Chemical Properties Biological 

Properties 

Physical 

Properties 

Dissolved oxygen (DO), chemical oxygen 

demand (COD) 

Bacteria Turbidity 

Biological Oxygen demand Algae  

Ph level Viruses Temperature 

Ammonia  Color 

Salinity  Taste and Odor 

Harness  Suspended 

Organic Compounds  Solid 

Metals  Metal 
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Fig. 2.1: Water quality parameters proposed by WHO and South Africa, DWA                     

(Sithole et al., 2019) 

2.5 SENSORS BY DEFINITION 

A sensor is an electronic device that detects and measures physical, chemical, or biological 

properties (such as temperature, light, pressure, motion, or chemical concentrations and 

converts them into a readable signal (usually electrical or digital). Sensors are essential in 

automation, monitoring, and control systems across various industries. 

2.6 ROLE OF SENSORS IN WATER QUALITY TESTING 

The Internet of Things (IoT) is a transformative technology that is reshaping our world by 

deploying trillions of sensors and actuators to create intelligent, interconnected environments. 

(Sehrawat and Gill, 2019). It is recommended that the water pH be between 6.5 and 8.5.  

Sensors play an essential role in automating applications by measuring and processing data to 

detect changes in physical conditions. Whenever there is a change in any physical condition 

that a sensor is designed to detect, it produces a measurable response (Sehrawat & Gill, 

2019). 
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Sensors play a crucial role in water monitoring by continuously measuring pH levels, 

turbidity, and TDS to detect contamination. 

2.6.1 CHALLENGES OF TRADITIONAL WATER QUALITY MONITORING 

METHODS 

Traditional methods of water quality monitoring primarily rely on manual sampling and 

laboratory-based chemical analysis to determine key parameters such as pH, turbidity, 

dissolved oxygen, and total dissolved solids (TDS). While these methods are often accurate 

and standardized, they face several challenges that limit their efficiency, accessibility, and 

practicality, especially in developing regions and rural communities. 

One major challenge is the time-consuming nature of traditional testing. Water samples are 

typically collected from the field and transported to laboratories for analysis, which 

introduces delays between sampling and obtaining results. This lag can lead to inaccurate 

assessments, particularly when water quality fluctuates rapidly due to pollution or 

environmental changes. The delay also hinders timely intervention in cases of contamination 

or sudden deterioration in water quality. 

Another limitation is the high operational cost associated with laboratory equipment, 

chemical reagents, and skilled personnel. These resources are often scarce or unavailable in 

low-income and rural areas, making continuous and widespread water monitoring 

impractical. Furthermore, the maintenance and calibration of laboratory instruments add to 

the overall cost burden, reducing the sustainability of such methods. 

Traditional monitoring techniques also face challenges in scalability and coverage. Manual 

sampling can only cover limited geographical areas, and the frequency of testing is often 

reduced due to resource constraints. As a result, water bodies such as rivers, wells, and 
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reservoirs may go unmonitored for extended periods, increasing the risk of undetected 

contamination. 

Additionally, traditional methods are prone to human error and sample degradation. Improper 

handling, storage, or delays during transportation can alter the chemical composition of 

samples, leading to inaccurate readings. Inconsistent sampling procedures and variations in 

laboratory protocols may further compromise data reliability and comparability. 

Finally, traditional approaches generally lack real-time data acquisition and remote 

accessibility. The absence of automation means that water quality data cannot be monitored 

continuously or transmitted wirelessly. This limitation restricts the ability of authorities and 

users to make timely decisions or implement early warning systems against contamination 

events. 

In summary, traditional water quality monitoring methods, though reliable for laboratory 

precision, are constrained by high cost, delayed results, limited scalability, and lack of real-

time data. These challenges have motivated the development of automated, sensor-based, and 

IoT-enabled systems, which offer continuous, low-cost, and remote water quality monitoring 

for improved public health and environmental management. 
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2.7 META-ANALYSIS TABLE. 

Table 2.2: META Analysis Table  

S/

N 

Title Author Background Objective Methodology Result Research 

Gap 

1 Low-Cost 

Internet-of-

Things 

Water-

Quality 

Monitoring 

System for 

Rural Areas 

(Bogdan et 

al., 2023a) 

Water quality 

impacts 

health; there 

is a need for 

affordable 

monitoring in 

rural areas. 

Develop a 

low-cost 

IoT system 

to monitor 

rural water 

quality 

Arduino-based 

system with 

Bluetooth & 

sensors (TDS, 

pH, temp, 

turbidity), 

mobile app 

interface 

All but one 

water source 

was safe 

(TDS > 500 

ppm in one) 

Limited 

Bluetooth 

range, no 

cloud 

integration, 

sensor 

calibration 

not discussed 

2 Real-Time 

Water 

Quality 

Monitoring 

with 

Chemical 

Sensors 

(Yaroshen

ko et al., 

2020a) 

Need for 

rapid 

detection of 

water 

contaminatio

n incidents 

Critically 

assess real-

time 

chemical 

sensor 

technologi

es for field 

use 

Review of 

polymer and 

microwave-

based sensors 

tested in real-

life scenarios 

Identifies 

technologies 

with high 

sensitivity, 

selectivity, 

and field 

stability 

Challenges in 

integration, 

long-term 

stability, and 

mass 

production 

remain 

3 IoT-Based 

Smart 

Water 

Quality 

Monitoring: 

Recent 

Techniques

, Trends, 

and 

Challenges 

for 

Domestic 

Application

s 

(Jan et al., 

2021a) 

Traditional 

WQM 

methods are 

manual, slow, 

and lack real-

time 

feedback; 

WSN-based 

methods 

suffer from 

energy, 

security, and 

communicati

on issues. 

Survey 

state-of-

the-art 

IoT-

WQMS for 

domestic 

use and 

propose an 

efficient 

system 

design. 

Critical review 

of WQM 

parameters, 

sensors, IoT 

systems, 

empirical 

metric-based 

evaluation, and 

design 

recommendatio

ns 

Identifies the 

pros and 

cons of 

current 

systems; 

emphasizes 

the potential 

of IoT for 

smart 

homes/office

s. 

Challenges in 

energy 

efficiency, 

data security, 

communicati

on range, and 

integration 

persist. 

4 Design and 

Developme

nt of Smart 

Water 

Quality 

Monitoring 

System 

Using IoT 

(Sanya et 

al., 2022) 

Traditional 

water 

monitoring 

lacked real-

time sensors, 

resulting in 

reduced 

accuracy, 

lower 

efficiency, 

and manual 

data 

collection. 

Propose a 

real-time 

IoT 

platform 

using 

LoRa for 

improved 

water-

quality 

monitoring

. 

Five-part 

system: sensor 

devices, IoT 

board, LoRa 

gateway, cloud 

server, user 

domain; data 

analyzed via 

MATLAB 

Provides 

real-time 

data access, 

improves 

accuracy, 

and enables 

supervision 

of device 

status via the 

cloud 

The text 

lacks a 

comparison 

to existing 

systems and a 

discussion on 

long-term 

deployment 

challenges 

and 

maintenance. 
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2.8 RESEARCH GAPS 

The development of the proposed Internet of Things (IoT) based water quality monitoring 

system is built upon existing research that leverages embedded systems and smart sensing to 

move beyond traditional, laboratory-based water testing. The following section reviews key 

works summarized in the Meta Analysis Table (Table 2.1) to establish the state-of-the-art, 

identify successful strategies, and define the critical research gaps that the current project is 

designed to address
.
 

1. Low-Cost Internet-of-Things Water-Quality Monitoring System for Rural Areas (Bogdan 

et al., 2023b). 

This study was designed to create a low-cost IoT-based solution for monitoring water quality 

in rural communities where traditional water testing methods are not readily accessible. Its 

emphasis on affordability and suitability for underserved areas closely corresponds with the 

goals of the present research project 

The authors implemented an Arduino-based system that incorporated sensors for Total 

Dissolved Solids (TDS), pH, temperature, and turbidity
5
. Data communication was handled 

through Bluetooth, and the system provided an interface via a mobile application
.
 The results 

indicated that the majority of tested water sources were safe, although one source had a TDS 

level exceeding 500ppm This successfully demonstrated the feasibility of using low-cost 

hardware for basic field-level assessment. 

Despite its low cost approach this particular system presented limitations in terms of usage as 

a comprehensive, long term monitoring solution. Short Bluetooth range connectivity has been 

highlighted as an issue in this particular system, and the system lacked real time remote 

monitoring for long term trend analysis. This project facilitates the use of Wi-Fi connectivity 
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and also integration of a customized webpage for visual display of the ESP32 for data 

transmission. 

2. Real-Time Water Quality Monitoring with Chemical Sensors (Yaroshenko et al., 2020b). 

The goal of this work was to critically assess existing real-time chemical sensor technologies 

suitable for rapid detection of water contamination incidents in field-use scenarios. This 

review focused on the technical efficacy of specialized sensor types. 

The methodology involved a thorough review of various advanced chemical sensing 

technologies, including polymer and microwave-based sensors. The review successfully 

identified several technologies demonstrating high sensitivity and selectivity, along with 

satisfactory field stability for critical contamination detection. 

The method of data collection has been highlighted as an issue: manual collection and 

analysis in the lab. This project facilitates continuous measurement and transmission of water 

quality data, allowing immediate detection of contamination. 

3. IoT Based Smart Water Quality Monitoring: Recent Techniques, Trends and Challenges 

for Domestic Applications (Jan et al., 2021b). 

This work performed a comprehensive survey of state-of-the-art IoT Water Quality 

Monitoring Systems (IoT-WQMS) for domestic applications. The goal was to propose a more 

efficient system design by evaluating the strengths and weaknesses of current deployments. 

The methodology centered on a critical review of water quality parameters, sensors, and 

existing IoT system architectures. The review highlighted that traditional Water Quality 

Monitoring (WQM) is slow and lacks real-time feedback, while earlier Wireless Sensor 

Network (WSN)-based systems struggled with energy efficiency and security. The paper 
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successfully identified the strong potential of IoT-WQMS for enhancing monitoring in smart 

homes and offices. 

This aim aim to solve problems such as energy efficiency by incorporating ESP32 

Microcontroller known for its lower power consumption and integrated Wi-Fi capabilities, 

directly addressing concerns about energy and communication range.  
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CHAPTER THREE 

METHODOLOGY 

3.0 INTRODUCTION/OVERVIEW 

This study was designed to create a low-cost IoT-based solution for monitoring water quality 

in rural communities where traditional water testing methods are not readily accessible. Its 

emphasis on affordability and suitability for underserved areas closely corresponds with the 

goals of the present research project. 

The research concentrates on the development of a real-time water quality monitoring system 

capable of measuring essential parameters such as pH, turbidity, and Total Dissolved Solids 

(TDS). These indicators are crucial in assessing water purity and determining its suitability 

for human consumption as well as its safe application within the environment. 

To accomplish this, the system integrates multiple electronic sensors connected to an ESP32 

microcontroller, which functions as the central processing unit. The ESP32 acquires analogue 

signals from the sensors, converts them into meaningful digital data, and presents the 

measured values on an LCD for on-site monitoring. Furthermore, the system incorporates 

Internet of Things (IoT) technology by transmitting the processed information to a cloud-

based platform, ThingSpeak, through Wi-Fi communication. This approach allows users to 

remotely monitor, visualise, and store water quality information over extended periods using 

graphical interfaces and trend-based analysis. 

The method also involves hardware circuit design, software algorithm design, and sensor 

calibration to ensure accuracy and reliability. The integration provides continuous and 

automated monitoring, eliminating the drawbacks of conventional water testing methods, 

which tend to be manual, time-consuming, and costly. 
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In conclusion, this chapter outlines the systematic procedures employed in the design, 

implementation, and assessment of an IoT-based water quality monitoring system. The 

developed system delivers real-time data insights, supports environmental sustainability, and 

improves the effectiveness of water resource management practices. 

3.1 SYSTEM ARCHITECTURE 

The architecture of the proposed water quality monitoring system is structured to 

continuously monitor and evaluate parameters including pH, Total Dissolved Solids (TDS), 

turbidity, and temperature in real time. The system comprises several key components, 

namely the ESP32 microcontroller, pH sensor, TDS sensor, temperature sensor, turbidity 

sensor, and an LCD display unit. 

The ESP32 microcontroller functions as the central processing unit of the system. It acquires 

analog signals from the various sensors, converts them into digital data, processes the 

obtained measurements, and presents the results on the LCD screen. In addition, the ESP32 

utilizes its built-in Wi-Fi capability to wirelessly transmit the processed information to a 

cloud-based IoT platform, thereby facilitating remote monitoring, data storage, and further 

analysis. 

The pH sensor measures the hydrogen ion concentration in the water, which determines its 

acidity or alkalinity. It provides an analog output proportional to the pH, which is read and 

calibrated by the ESP32. 

The TDS sensor is used to measure the concentration of dissolved substances in water, 

including minerals, salts, and other impurities. It operates by assessing the electrical 

conductivity of the water sample and converting this measurement into Total Dissolved 

Solids (TDS) values, typically expressed in parts per million (ppm). 
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The temperature sensor is included to provide the capability for thermal compensation on 

both pH and TDS readings since the temperature of water directly influences sensor accuracy. 

The ESP32 automatically compensates and corrects reading values using this data. 

An LCD display (20×4) is interfaced with the ESP32 via I²C communication pins to display 

real-time readings of the pH, temperature, and TDS values. This enables users to visually 

monitor the water quality status locally without needing an external device. In use, the 

sensors are immersed in water sample to be monitored to continuously collect data. The 

ESP32 processes the input, displays the values on the LCD, and transmits the readings to a 

web or cellular IoT platform for remote viewing and data storage. The combination of 

sensing, processing, and communication units offers a small, efficient, and dependable 

platform for real-time water quality monitoring. The web platform enables data extraction in 

the form of CSV, which enables user to have a record of all monitored water parameters. This 

feature is necessary in identifying trends, detecting anomalies, and making informed 

decisions on water treatment based on extracted data. 
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3.2. SYSTEM FLOW CHART 

 

Fig 3.1: System flow chart 
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3.3.  SYSTEM BLOCK DIAGRAM  

 

Fig 3.2: System block Diagram 
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3.4. HARDWARE DESIGN AND COMPONENTS 

The system consists of various hardware components, which are; 

3.4.1. Microcontroller (ESP32) 

The ESP32 microcontroller serves as the central controller of the water quality monitoring 

system. It is employed to sense sensor values, process values, and send them to the internet 

for remote observation. The ESP32 possesses several analogue-to-digital converter (ADC) 

pins that capture analogue output from sensors such as the pH sensor and TDS sensor, 

converting them into digital values for computation. 

Additionally, the ESP32 controls the LCD, displaying real-time visualisation of observed 

parameters like pH level, temperature, and total dissolved solids. The ESP32 connects the 

system with the cloud platform (ThingSpeak) or any IoT dashboard through its onboard Wi-

Fi module, offering transparent data transfer and online monitoring. 

In the design and implementation of this project, the choice of the microcontroller fell on the 

ESP32 instead of the traditional Arduino board. The primary reason for this was the ESP32's 

superior characteristics and compatibility with the Internet of Things (IoT) applications. The 

ESP32 has a two-way connection in the form of Wi-Fi and Bluetooth, which wipes off the 

need for electrical modules that are usually necessary with the Arduino. The use of the 

wireless feature allows for the easy transfer of data to the cloud platforms like ThingSpeak 

and this in turn supports real-time monitoring and remote access. 

To be precise, the ESP32 is not only more potent in terms of performance but also provides a 

larger memory compared to the Arduino Uno. The dual-core 32-bit processor of the ESP32, 

which can go as fast as 240 MHz, and its huge Flash and SRAM memory together permit the 

ESP32 to receive inputs from several sensors and perform complicated tasks at the same time 

without making the system slow. On the other hand, the low-speed Arduino Uno, which is 
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clocked at only 16 MHz, has limitations as regards multitasking and hence is less productive 

for the projects that have the requirement of sensor reading and network communication at 

the same time. 

Another plus point is that the ESP32 has more input/output pins with many selectable 

functionalities like ADC and DAC conversions, PWM, capacitive touch sensing, plus serials. 

The latter features have made the ESP32 really compatible with different sensor connections 

and peripherals without needing extra external circuits. Moreover, it has the capability to run 

under power-saving conditions such as deep sleep that are very important for the energy-

efficient battery-operated applications, more so in remote or rural areas where power is cut 

off very often. 

One more significant benefit is the fact that it has better support for IoT communication 

protocols, such as HTTP, HTTPS, and MQTT, which makes integration with online 

dashboards and cloud services more accessible. This turns it into the perfect option for 

environmental monitoring systems that work continuously such as water quality analysis, 

which needs the transmission of the data in real-time. On the other hand, even though the 

ESP32 has great capabilities, it is still affordable, giving you a high performance and 

functionality level at a price that is almost the same or even lower than that of the Arduino, 

provided that the cost of external communication modules is considered. 
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In summary, the ESP32 is a water quality monitoring system solution that is more compact, 

efficient, and scalable, giving the reliability of data acquisition, processing, and wireless 

communication while keeping the power consumption low and the prices affordable. These 

benefits make it the preferred option for the creation of smart, connected, and real-time IoT-

based applications. 

 

 

 Fig 3.3: ESP32 Microcontroller mounted on the veroboard. 
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Fig 3.4: The Engineering Projects. (2024, March). ESP32 development board pinout. The 

Engineering Projects. 

https://images.theengineeringprojects.com/image/webp/2024/03/esp32pinout.jpg.webp?ssl=1 

The above figure represents the pin diagram and configuration of the ESP32 microcontroller 

 

https://images.theengineeringprojects.com/image/webp/2024/03/esp32pinout.jpg.webp?ssl=1
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3.4.2. TDS SENSORS 

Total dissolved solids (TDS) refer to the concentration of inorganic salts and trace quantities 

of organic substances dissolved in water. The major components commonly include cations 

such as calcium, magnesium, sodium, and potassium, as well as anions including carbonate, 

bicarbonate, chloride, sulfate, and nitrate . TDS levels in water are typically expressed in 

milligrams per litre (mg/L), which is numerically equivalent to parts per million (ppm). 

Generally, a higher TDS value indicates that more dissolved solids are present in the water, 

making it less pure. Thus, the TDS level serves as an important indicator of water cleanliness. 

 Key specifications: 

 Input Voltage: 3.3 ~ 5.5V 

 Output Voltage: 0 ~ 2.3V 

 Working Current: 3 ~ 6mA 

 TDS Measurement Range: 0 ~ 1000ppm 

 TDS Measurement Accuracy: ± 10% F.S. (25 ℃) 

 Module Size: 42 * 32mm 

 Module Interface: PH2.0-3P 

 Electrode Interface: XH2.54-2P 
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Fig 3.5: TDS sensor 

3.4.3. TURBIDITY SENSORS 

Traditionally, turbidity measurement requires collecting water samples on-site and analyzing 

them in a laboratory, a process that is both time-consuming and expensive (Mukhopadhyay & 

Mason, 2013). Turbidity is a measure of water's cloudiness, caused by suspended particles 

like silt, clay, algae, and other organic matter that scatter light. The unit of measurement is 

the Nephelometric Turbidity Units (NTU). 

 Key Specifications: 

 Operating Voltage: 5V DC 

 Operating Current: 40mA (MAX) 

 Response Time: <500ms 

 Insulation Resistance: 100M (Min) 

 Output Method: 

o Analog output: 0-4.5V 

 Operating Temperature: 5℃~90℃ 

 Storage Temperature: -10℃~90℃ 

 Weight: 30g 
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Fig 3.6: Turbidity Sensors 

3.4.4. PH SENSOR 

pH is a parameter used to determine the degree of acidity or alkalinity of a solution. It is 

mathematically expressed as the negative logarithm of the hydrogen ion concentration 

present in the solution. The pH scale ranges from 0 to 14 and operates on a logarithmic basis, 

reflecting variations in hydrogen ion concentration. Values below 7 indicate acidic 

conditions, whereas values above 7 represent alkaline or basic conditions. 

pH = −log(H+) 

A low pH level in water increases its potential for corrosion, which can indirectly affect 

health by causing higher ingestion of metals from pipes and reducing the effectiveness of 
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disinfection. For chlorine to disinfect water efficiently, the pH should be maintained below 8 

(Bogdan et al., 2023b).  

 

   Fig 3.7: Ph sensor 

3.4.5. POWER SUPPLY (LITHIUM RECHARGEABLE BATTERY) 

This is the important component that provides power to the system. It is made up of 6 lithium 

battery fussed together with an added integration of Battery Management system (BMS) 

board. The Power management section is responsible for providing a stable and regulated 

supply of voltage to all components, ensuring efficient and safe operation of the IoT based 

water quality monitoring system.  

The 3S BMS board (as shown in Figure 3.6) manages and protects the three series-connected 

18650 lithium-ion cells that form the system’s main power source. It performs essential 

battery protection functions, including overcharge, over-discharge, short-circuit, and 

overcurrent protection. The BMS also balances the voltage levels of individual cells during 

charging and discharging to enhance battery efficiency and prolong its lifespan. The labels on 
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the board (0V, 4.2V, 8.4V, and 12.6V) correspond to the individual cell connections and the 

total pack voltage, respectively. 

The battery pack provides a total nominal voltage of approximately 11.1V (3.7V × 3), which 

is then regulated by the DC-DC buck converter module visible beside the ESP32. This 

converter steps down the battery voltage to a stable 5V or 3.3V, depending on the 

requirements of the ESP32 board and other components such as sensors and the LCD display. 

The adjustable voltage regulator ensures that fluctuations in battery output do not affect the 

system’s operation. 

In addition, filter capacitors are connected across the input and output terminals of the power 

lines to minimize electrical noise and voltage ripples. This improves the stability of sensor 

readings and enhances communication. 

Overall, this configuration ensures an efficient, safe, and consistent power supply for the 

entire system, with the BMS board providing intelligent battery protection and the DC 

converter guaranteeing regulated voltage delivery to all modules. 

 

 Fig 3.8: BMS Board     Fig 3.9: Lithium Battery 
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  Fig 3.10: Configuration Schematic with the lithium battery. 

The battery arrangement shown in the figure consists of six lithium-ion cells connected 

through a 3S 40A (or 60A) Battery Management System (BMS) board. The configuration 

follows a 3S2P connection, meaning that the batteries are grouped into three sets connected 

in series, with each group containing two cells connected in parallel. 

Within each group, the two batteries are linked in parallel, allowing their capacity (mAh) to 

combine while maintaining the same voltage as a single cell (approximately 3.7 V nominal 

and 4.2 V when fully charged). The three groups are then connected in series to increase the 

overall output voltage of the pack. As a result, the battery pack provides a nominal voltage of 

about 11.1 V (3.7 V × 3) and a total capacity that is twice that of a single cell. 

The BMS board helps to keep the battery pack healthy by making sure each group of cells 

charges and discharges evenly. It protects the batteries from issues like overcharging, deep 
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discharge, and excessive current, while keeping the voltage stable across all three groups. 

This setup makes the power supply reliable and efficient, making it well-suited for IoT-based 

monitoring systems and other electronic projects. 

 

  Fig 3.11: Implementation of the BMS with the Lithium battery 

3.4.6. LCD DISPLAY 

The LCD (Liquid Crystal Display) module is used to provide real-time visual feedback of 

sensor data such as pH, temperature, turbidity, and TDS. It acts as an output component that 

allows the user to easily monitor water quality parameters on-site. The LCD (Liquid Crystal 

Display) module is used to provide real-time visual feedback of sensor data such as pH, 
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temperature, turbidity, and TDS. It acts as an output component that allows the user to easily 

monitor water quality parameters on-site. 

The LCD is interfaced with the ESP32 microcontroller using the I²C communication 

protocol, which reduces the number of connection pins required compared to a parallel 

interface. This setup simplifies circuit wiring and ensures stable data transmission between 

the microcontroller and the display. 

The LCD is interfaced with the ESP32 microcontroller using the I²C communication 

protocol, which reduces the number of connection pins required compared to a parallel 

interface. This setup simplifies circuit wiring and ensures stable data transmission between 

the microcontroller and the display. 

 

     Fig 3.12: 20 x 4 LCD display 
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    Fig 3.13:  I²C Communication Protocol 

The figure above represents the I²C communication protocol, Its primary function is to reduce 

the number of wires needed to connect a standard character LCD (20x4 display) to a 

microcontroller (in this case an ESP32 Microcontroller). 

3.4.7. TEMPERATURE SENSOR 

Temperature sensor is one of the key parts of water quality monitoring system. It quantifies 

the thermal conditions of water which has a direct and indirect effect on many other water 

quality parameters that include pH, dissolved oxygen (DO), turbidity, and electrical 

conductivity (EC). A digital temperature sensor (DS18B20) is a device employed in this 

project to measure the temperature of water in real time and in greater accuracy. 

The sensor works by converting changes in voltage or resistance depending on temperature as 

digital signals that are processed by the ESP32 microcontroller. The obtained temperature is 

then utilized and used as an independent parameter as well as a correction factor to other 

sensors, particularly the pH and TDS sensors, the readings of which are temperature-

dependent. 
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Fig 3.14: Temperature sensor. 

Correlation between temperature and water quality. 

Among the most vital environmental parameters that impact the chemical, physical and 

biological properties of water is water temperature. Its fluctuation gives a good data of the 

general health and quality of water and the ecosystem. The following are the essential 

relations: 

 pH Variation: 

PH of water is usually decreasing with the rise of temperature since the ionization of the 

water molecules is heightened by heat. Thus, pH readings can be achieved with temperature 

compensation. 

 Dissolved Oxygen (DO): 

A higher rise in temperatures of water reduces oxygen solubility. Hot water contains low 

oxygen compared to cold water, which may have adverse consequences on the aquatic lives. 

Water temperature is therefore one of the indicators of low water quality. 
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 TDS and Conductivity: 

As temperature rises, the electrical conductivity of water also rises as ions move more 

quickly at higher temperatures. Therefore, when temperatures are high, TDS values can be 

higher when the values are not compensated. 

 Microbial Activity: 

Temperature has an effect on the speed of biological and chemical reactions in water. An 

increase in temperatures enhances the rate of decomposition and growth of microbes, and this 

may cause water contamination. 

3.4.8 LM2596 BULK CONVERTER 

The LM2596 buck converter is a DC–DC step-down voltage regulator designed to provide a 

stable and controlled output voltage for electronic systems. In this study, the converter is 

employed to reduce a higher input voltage of 12V to lower voltage levels required for the 

proper operation of the ESP32 microcontroller and the water quality sensing units. 

The LM2596 is suggested for this project because it provides a stable and efficient power 

supply to all components of the water quality monitoring system. It ensures reliable voltage 

regulation and minimizes power loss during operation, which is essential for maintaining 

consistent performance across the ESP32 microcontroller and the various water quality 

sensors. Its ability to step down the input voltage from 12V to 5V makes it ideal for powering 

the ESP32 and sensors without generating excessive heat or causing instability. 

Additionally, the LM2596 module is compact, cost-effective, and easy to integrate onto the 

system’s circuit board, making it well-suited for embedded applications like this IoT-based 

water quality monitoring system. Its long-term stability, low energy consumption, and high 

conversion efficiency make it particularly advantageous for continuous environmental 
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monitoring, where reliability and power efficiency are critical. This ensures that the system 

remains functional over extended periods, even in remote or resource-limited areas where 

stable power sources may not always be available. 

Key Specifications: 

 Input Voltage: 4V – 40V DC 

 Output Voltage: Adjustable (1.23V – 37V DC) 

 Output Current: Up to 3A 

 Conversion Efficiency: Up to 92% 

 Switching Frequency: 150 kHz 

 

Fig 3.15: Lm2596 IC (Bulk Converter) 
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3.5. CIRCUIT DESIGN AND ASSEMBLY 

  

    Fig 3.16: Circuit Design 
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3.5.1 SUMMARY OF HARDWARE SPECIFICATIONS 

Table 3.1: Summary of Hardware Specifications. 

Component Model Key Specification Function 

Microcontroller ESP32 Dual-core, Wi-Fi 

enabled 

Central processing 

TDS Sensor DFRobot TDS 

Meter 

0–1000 ppm Water purity 

pH Sensor Analog pH Meter 0–14 pH Acidity level 

Turbidity Sensor SEN0189 0–4.5V analog 

output 

Water clarity 

Temperature Sensor DS18B20 -55°C to +125°C Temperature 

compensation 

   

3.6 SOFTWARE DESIGN AND PROGRAMMING 

The software design execution involved programming the microcontroller of ESP32 using the 

C/C++ language with the Arduino IDE. The code acts for all system functions such as data 

acquisition, data processing, data presentation, and wireless communication. 

In the development process, several libraries were utilized not only to ease but also to 

improve the overall system with the following features: 

 WiFi.h – to set up and keep the Wi-Fi link going between the ESP32 and the local 

network. 

 HTTPClient.h – to take care of the communication of data to the custom web server 

through the use of HTTP POST requests. 
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 LiquidCrystal_I2C.h – to manage the 20×4 LCD so that the measured parameters 

can be displayed in real-time. 

Fig:3.17: Arduino IDE Libraries 

The figure above shows, the libraries used together with the Arduino IDE environment. 

The program starts off with the initialization of all the sensors and the network modules, then 

goes on to acquire the sensor data, calibrate, and do temperature compensation. The 

processed data are formatted, shown on the LCD screen, and then sent to the custom web 

server via the built-in Wi-Fi interface of the ESP32. 

The webpage was built with HTML, CSS, and MySQL to handle the reception, storage, and 

display of the data that has been transmitted. The server script is set to receive HTTP POST 

requests from the ESP32, log each reading set into a database, and update a user dashboard 

with real-time numbers for pH, TDS, turbidity, and temperature. Moreover, users can 

download historical data in CSV format through the webpage for further analysis. 
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3.7 CALIBRATION AND TESTING PROCEDURES 

Calibration ensures the reliability and precision of sensor readings. 

 pH Sensor: Calibrated using buffer solutions of pH 4.0, 7.0, and 10.0. 

 TDS Sensor: Calibrated with distilled water (0 ppm) and a 500 ppm saline solution. 

 Turbidity Sensor: Verified using formazin turbidity standards. 

 Temperature Sensor: Compared against a digital thermometer for accuracy. 

Multiple readings were averaged to reduce noise and improve stability. The calibration 

constants obtained were integrated into the ESP32 firmware. 

3.8 WEBPAGE CONFIGURATION 

A custom web server was developed using HTML, PHP, and MySQL hosted locally for 

testing. The server receives sensor data from ESP32 using HTTP requests, stores it in a 

database, and displays it on a responsive dashboard. Real-time plots of pH, TDS, turbidity, 

and temperature enable visual trend analysis. 

3.9 SUMMARY 

This chapter presented the methodology adopted for the design, programming, and 

calibration of the IoT-based water quality monitoring system. The proposed approach 

combines both hardware and software components into an integrated, cost-effective, and 

efficient system capable of performing real-time water quality monitoring and web-based 

data visualization. 
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CHAPTER FOUR 

SYSTEM IMPLEMENTATION AND RESULTS 

4.1 INTRODUCTION 

This chapter talks about the implementation of IoT water quality monitoring system, 

describing both the hardware and software implementation. It also covers system testing, 

result interpretation and performance analysis. The main goal of this chapter is to 

demonstrate how the proposed design was translated into a functional prototype capable of 

measuring, displaying and transmitting water quality data to a custom webpage for display 

and monitoring. The development process involved connecting the sensors (pH, TDS, 

Temperature and turbidity) to the ESP32 microcontroller, configuring the LCD for local data 

display, and linking the system to a custom webpage for real-time monitoring. The 

implementation also focused on ensuring accurate data acquisition, reliable interaction 

between the microcontroller and the cloud, and effective visualization of the measured 

parameters. Each stage of the implementation was carried out systematically to ensure the 

design meets the project’s objectives of real-time measurement, display, and cloud-based 

monitoring of water quality parameters. 

Furthermore, This chapter delivers an in-depth explanation of how the design concept was 

transformed into a working prototype capable of performing both sensing and communication 

tasks autonomously. It discusses the steps taken to assemble the hardware, develop and 

upload the control program using the Arduino IDE, and configure the webpage platform to 

receive, store, and display sensor data. In addition, it includes the testing and analysis of 

system performance, describing how the readings were verified, the response time of the 

sensors, and the accuracy of the transmitted data. The overall objective is to demonstrate that 

the developed system can effectively measure, process, and transmit water quality data in real 
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time, thereby offering a cost-effective and efficient solution for environmental monitoring 

and water resource management. 

4.2 SYSTEM IMPLEMENTATION. 

The system block diagram above depicts system implementation of the Quality Water Testing 

Machine. This design has been based on the ESP32 microcontroller, which is the central 

processing unit. With two CPUs and in-built SPIFFS flash storage, the ESP32 controls the 

process of data collection, processing and communication between different parts of the 

system. 

The section of input sensors consists of four broad sensors: 

A. A PH meter (analog) that measures the acidity or alkalinity of water, 

B. A turbidity sensor to measure the clearness and haziness of water, 

C. A TDS (Total Dissolved Solides) meter (analog) to measure the purity of water, and 

D. A temperature sensor (DS18B20) to measure the temperature of the water. 

These sensors transmit their values via the ADC/GPIO pins of ESP32 through which the 

information is than processed and logged. The Wi-Fi Access Point (AP) module that comes 

with the ESP32 provides the ability to connect wirelessly and allow the display and recording 

and updating of data remotely. It also supports Over-The-Air (OTA) updates so as to easily 

maintain the system and upgrade. 

The output and interface component has various data display and accessibility features. The 

local display is a 20x4 IC LCD display where the readings are displayed, and a built-in web 

server has the capability to display real-time data on any Wi-Fi-capable device, including a 

smartphone, tablet, or laptop. Moreover, water quality logs may be downloaded and as CSV 

format, which means that all data that has been recorded can be stored, analyzed, or shared to 

conduct follow-up research. 
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In general, this implementation offers a strong, scalable, and end user friendly water 

monitoring platform that can be used to both display locally and access remotely, which is 

appropriate to IoT based environmental monitoring schemes. 

   

 

    Fig: 4.1: System Block Diagram 
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4.3 SCALABILITY AND ADAPTABLITY  

The developed IoT-based water quality monitoring system exhibits a high degree of 

scalability and adaptability, both in its hardware configuration and software architecture. 

Scalability refers to the system’s ability to expand in functionality or capacity without 

significant redesign, while adaptability describes how effectively the system can operate 

under different environmental or application conditions. 

 

The modular nature of the hardware design makes it possible to incorporate additional 

sensors beyond the existing pH, turbidity, and Total Dissolved Solids (TDS) sensors. This 

includes the feasibility of integrating other water quality sensors such as dissolved oxygen 

(DO), or conductivity sensors, which can further enhance the system’s accuracy and 

comprehensiveness in assessing water conditions. The ESP32 microcontroller supports this 

scalability due to its multiple input/output pins, sufficient processing capability, and wireless 

connectivity, allowing seamless communication between new sensors and the cloud platform 

without overloading the system. 

 

In terms of adaptability, the system is designed to function effectively under varying 

environmental and operational conditions. It can be powered from multiple sources, including 

rechargeable batteries and DC adapters, with the LM2596 buck converter providing voltage 

stability. The integration of Wi-Fi communication enables remote monitoring and data 

visualization through the customized webpage platform, allowing users to access real-time 

data from different locations. Moreover, the system can be easily deployed in diverse 

contexts such as households, rural communities, agricultural fields, and small industries 

where water quality monitoring is essential. 
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Overall, the system’s scalability and adaptability make it a flexible, future-ready solution for 

water quality management. Its capacity to accommodate additional sensors like dissolved 

oxygen or ensures that it can evolve into a more comprehensive monitoring tool over time. 

This enhances its relevance for a wide range of applications while maintaining affordability, 

reliability, and ease of use in both urban and resource-limited settings. 

4.4 COST-EFFECTIVENESS  

One of the key strengths of the developed IoT-based water quality monitoring system is its 

cost-effectiveness, achieved through the careful selection of affordable and readily available 

components without compromising performance. The use of the ESP32 microcontroller 

significantly reduces overall system cost since it integrates both Wi-Fi and Bluetooth 

functionalities, eliminating the need for additional communication modules. This single-

board solution supports multiple sensor inputs and cloud connectivity, offering advanced 

features at a lower cost compared to conventional setups that require multiple external 

components. 

The sensors used in the system for measuring pH, turbidity, and Total Dissolved Solids 

(TDS) are low-cost and non-chemical, yet capable of providing sufficiently accurate readings 

for general water quality assessment. These sensors require minimal maintenance and 

calibration compared to laboratory-grade electrochemical or optical sensors, which are 

typically more expensive and less practical for widespread use, especially in rural or 

developing regions. 

The LM2596 buck converter further contributes to cost-effectiveness by ensuring efficient 

power management, allowing the system to operate reliably on inexpensive power sources 

such as rechargeable batteries or low-voltage adapters. This minimizes operational costs and 

makes the system suitable for continuous or remote monitoring where access to grid 

electricity may be limited. 
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In addition, the use of open-source software tools such as the Arduino IDE for programming 

and customized webpage for cloud data visualization eliminates the need for costly 

proprietary software licenses. The online dashboard provides free real-time data storage and 

analysis, enabling effective monitoring without additional infrastructure costs. 

Overall, the cost-effectiveness of this system makes it highly suitable for large-scale 

deployment in communities, schools, or local water management agencies. By offering a 

low-cost, real-time, and user-friendly solution, the system provides a practical alternative to 

traditional laboratory testing, promoting accessibility and sustainability in water quality 

monitoring, particularly in resource-constrained environments. 

4.5 USER FRIENDLY INTERFACE 

The developed IoT-based water quality monitoring system features a user-friendly interface 

designed to ensure simplicity, accessibility, and efficiency in data presentation. The interface 

was implemented through a customized web application built using HTML, CSS, and SQL, 

providing an intuitive platform for users to view and interpret real-time water quality data 

collected from the system. 

The web interface serves as the central access point for users to monitor parameters such as 

pH, turbidity, and Total Dissolved Solids (TDS), which are transmitted from the ESP32 

microcontroller to the database. The use of HTML provides the structural layout of the 

webpage, defining how data and text are arranged, while CSS enhances the appearance and 

responsiveness of the interface, ensuring that it is visually clear and adaptable across devices 

such as smartphones, tablets, and computers. The integration of SQL enables efficient data 

storage, retrieval, and management, allowing the system to maintain a historical record of 

readings that users can easily access for analysis and comparison. 
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The webpage was designed with a clean and organized layout, featuring clearly labeled 

sections and real-time updating charts or tables to make interpretation straightforward even 

for non-technical users. This promotes usability and ensures that community members, 

students, or local authorities can readily understand the water quality conditions without 

needing specialized knowledge. The system also allows automatic data refresh and 

synchronization, reducing the need for manual input or configuration. 

Overall, the user-friendly interface enhances the practicality of the system by bridging the 

gap between data acquisition and interpretation. By combining functionality with simplicity, 

the customized web platform ensures that the water quality monitoring process remains 

accessible, interactive, and efficient. This design approach aligns with the project’s objective 

of creating a cost-effective and easy-to-use IoT-based solution that can be adopted by 

individuals and communities with minimal technical training. 

4.6 DISCUSSION OF RESULTS 

The developed IoT-based Water Quality Testing Machine was successfully tested for its 

ability to measure and display real-time water quality parameters, including pH, Total 

Dissolved Solids (TDS), and Turbidity, through a responsive web interface. The system 

interface, accessible via the local IP address 192.168.4.1, displayed sensor readings with 

corresponding visual indicators and interpretive status messages, providing users with clear 

and immediate feedback on water quality. 

During testing, the pH level recorded was 7.17, which falls within the World Health 

Organization (WHO) recommended range of 6.5 to 8.5 for safe drinking water. This indicates 

that the tested water sample is neutral and suitable for consumption, demonstrating the 

accuracy and proper calibration of the pH sensor. The color-coded bar and ―OK‖ status 
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indicator further confirm the system’s ability to interpret sensor data effectively for user 

comprehension. 

The TDS (Total Dissolved Solids) reading displayed a value of 0.0 ppm, which is 

significantly below the WHO guideline limit of ≤ 500 ppm. This suggests that the sample 

used was either distilled or deionized water, containing no measurable dissolved minerals or 

impurities. The result validates the sensor’s sensitivity and responsiveness in detecting 

dissolved solid content within expected environmental ranges. 

Similarly, the turbidity reading was recorded as 0 NTU, indicating that the water sample was 

clear and free from suspended particles or impurities. This shows that the turbidity sensor is 

capable of detecting even minor changes in water clarity and confirms its proper functionality 

after calibration. 

The visual dashboard not only presented the numerical readings but also provided a user-

friendly interface that allows the data to be downloaded in CSV format for record-keeping 

and further analysis. This demonstrates the successful integration of IoT functionalities, 

enabling both real-time monitoring and data management. 

Overall, the results indicate that the system performs effectively in acquiring, processing, and 

displaying real-time water quality data. The readings obtained fall within acceptable 

standards for potable water, confirming the accuracy, reliability, and operational success of 

the developed IoT-based monitoring prototype. The combination of low-cost sensors and a 

wireless data interface proves to be a practical and efficient solution for continuous 

environmental monitoring. 
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Fig 4.2: LCD Display When Turned On 

 

 

 

 

 

  Fig 4.3: LCD Display Of Tested Water 
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Fig4.4: Display of tested water solution on the Webserver  
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Fig 4.5: Display of The Water Testing System 
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4.7 PERFORMANCE EVALUATION 

The performance evaluation of the developed IoT-based water quality monitoring system was 

carried out to assess its functionality, efficiency, and reliability based on the performance of 

its individual components and the overall system operation. Each hardware and software 

component was tested to ensure accurate data acquisition, stable communication, and 

consistent power delivery during real-time monitoring. 

The ESP32 microcontroller performed effectively as the central processing and 

communication unit. Its built-in Wi-Fi capability allowed seamless data transmission from 

the sensors to the online database without requiring external network modules. The 

microcontroller demonstrated efficient multitasking performance, simultaneously handling 

sensor readings, LCD updates, and data uploads with minimal latency. Its low power 

consumption and ability to maintain stable connectivity contributed to the overall energy 

efficiency of the system. 

The sensors used for measuring pH, turbidity, and Total Dissolved Solids (TDS) exhibited 

reliable operation within their respective calibration ranges. The pH sensor responded quickly 

to changes in water acidity or alkalinity, while the turbidity sensor effectively detected 

variations in water clarity caused by suspended particles. Similarly, the TDS sensor provided 

consistent readings for dissolved impurities, with results that correlated well with reference 

measurements. Although the sensors are low-cost types, they produced sufficiently accurate 

and stable outputs for non-laboratory, real-time monitoring applications. 

The LM2596 buck converter ensured a stable and regulated power supply throughout the 

operation of the system. It efficiently stepped down the 12V input to 5V, which powered the 

ESP32 and sensors without overheating or voltage drops. This contributed to the system’s 
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overall stability, allowing continuous operation over extended periods, which is essential for 

environmental monitoring applications. 

The 20×4 LCD display performed well in providing real-time visual feedback of the 

measured parameters. Its clear and bright display ensured that users could easily read data in 

both indoor and outdoor conditions. The use of I²C communication reduced wiring 

complexity and enhanced the system’s responsiveness. 

The customized web interface, built using HTML, CSS, and SQL, also proved efficient in 

displaying live water quality data remotely. The interface was responsive and easily 

accessible across different devices, enabling users to visualize and interpret water quality 

conditions in real time. The SQL database successfully stored and retrieved historical 

readings, allowing for trend analysis and comparison over time. 

Overall, the system demonstrated excellent performance in terms of accuracy, response time, 

data transmission reliability, and power efficiency. The integration of affordable components 

such as the ESP32, LM2596, and non-chemical sensors achieved a balance between cost and 

performance. The combination of stable hardware operation and a user-friendly web interface 

confirms that the system meets its design objectives of providing a low-cost, reliable, and 

real-time IoT-based solution for water quality monitoring 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 CONCLUSION 

This project successfully designed and implemented an IoT-based water quality monitoring 

system capable of monitoring essential water quality parameters in real time. The developed 

system incorporated sensors for the measurement of pH, turbidity, total dissolved solids 

(TDS), and temperature, which are important parameters used in assessing water quality and 

determining its suitability for domestic and environmental applications. 

The integration of the ESP32 microcontroller served as the core control unit, efficiently 

acquiring sensor data, processing it, displaying the results on a 20×4 LCD, and transmitting 

the readings to a custom web server for online monitoring. The web interface enabled users to 

visualize real-time data and historical trends, providing a flexible and accessible means of 

water quality evaluation. 

Through a combination of hardware design, embedded programming, and cloud integration, 

the system demonstrated high reliability, stability, and accuracy during testing.  

Compared to traditional laboratory-based water analysis, the developed system offers a low-

cost, portable, and automated solution suitable for household, educational, and community-

level applications. It successfully bridges the gap between manual testing and modern digital 

monitoring by leveraging IoT technology for real-time environmental data collection and 

decision-making. 

Overall, the project achieved its objectives of designing, implementing, and validating a 

reliable IoT-based system for monitoring water quality. It demonstrates how embedded 

systems and wireless communication can be combined to create affordable and scalable 

solutions for public health and environmental sustainability. 
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5.2 RECOMMENDATIONS 

In light of the successful design and implementation of this system, the following 

recommendations can be made to improve its functionality and potential for large-scale 

deployment. 

5.2.1 Enhanced Sensor Calibration: 

Regular calibration should be performed to maintain measurement accuracy, particularly 

when the device is used in varying water sources or environmental conditions. 

5.2.2 Integration of Additional Sensors: 

Future versions can include sensors for dissolved oxygen (DO), electrical conductivity (EC), 

or chemical contaminants such as nitrates or heavy metals to provide a more comprehensive 

assessment of water quality. 

5.2.3 Improved Power Management: 

Incorporating solar panels or advanced power-efficient modes can extend system runtime, 

making it more suitable for continuous field deployment in remote areas. 

5.2.4 Data Security and Backup: 

Implementing encryption and automatic database backups on the web server will enhance the 

integrity and security of collected data during online transmission and storage. 

5.2.5 Mobile Application Development: 

Developing a complementary mobile app that syncs with the web server will increase 

accessibility and user convenience, allowing users to receive alerts and notifications about 

water quality status in real time. 
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5.2.6 Industrial and Community Deployment: 

The system can be adapted for larger-scale use in municipal water systems, aquaculture, and 

industrial wastewater management, where continuous monitoring is critical. 

5.2.7 Machine Learning Integration: 

With further development, machine learning algorithms can be used to analyze sensor data 

trends and predict potential contamination events before they occur. 
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APPENDIX 

This appendix section contains the complete source code used in the development and 

implementation of a water quality monitoring system. 

The Arduino IDE was used as the software for programming. CSS, HTM, SQL C/C++ are 

the programming languages used. 
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