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Abstract-

Water resource management is a critical challenge due to increasing demand, inefficient usage, and lack
of real-time monitoring systems. Traditional water monitoring approaches rely on manual observation,
which leads to inaccuracies, wastage, and potential health risks due to undetected contamination. This
paper proposes a Smart Aqua-Sense System based on Internet of Things (IoT) for real-time monitoring
and intelligent management of water resources. The system integrates an ultrasonic sensor for water level
detection, a flow sensor for consumption analysis, and a turbidity sensor for water quality assessment. An
ESP32 microcontroller processes sensor data and transmits it via Wi-Fi to a cloud-based mobile
application (Blynk). The system provides real-time visualization and automated alerts for abnormal
conditions. Experimental results demonstrate improved monitoring accuracy, reduced water wastage, and
enhanced decision-making efficiency. The proposed system is cost-effective, scalable, and suitable for
smart home and smart city applications.
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I. INTRODUCTION

Water is a vital resource for human, agricultural, and industrial needs, but increasing population,
urbanization, and climate change have intensified pressure on its availability. Conventional water
management systems rely heavily on manual monitoring, which is inefficient, inaccurate, and lacks real-
time insights. Additionally, most traditional systems focus on single-parameter monitoring, such as water
level, and fail to address water usage and quality, leading to wastage and potential health risks.

The emergence of Internet of Things (IoT) technology enables the development of intelligent systems
capable of real-time monitoring, data processing, and remote access. Leveraging this, the proposed Smart
Aqua-Sense System integrates multiple sensors to monitor water level, consumption, and quality within a
unified platform. An ESP32 microcontroller processes sensor data and transmits it to a cloud-based mobile
application for visualization and alerts.

The system aims to improve water management by reducing wastage, enabling early detection of
contamination, and providing user-friendly remote access. Its low-cost, scalable design makes it suitable
for applications in smart homes, industries, and smart cities, contributing to efficient and sustainable water
resource management.

Objectives

The primary objective of the proposed Smart Aqua-Sense System is to develop an efficient and intelligent
water monitoring solution using loT technology. The specific objectives are as follows:

e To design and implement a real-time water monitoring system using multiple sensors
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e To measure and analyse water level using an ultrasonic sensor

e To monitor water consumption using a flow sensor

e To assess water quality based on turbidity levels

e To integrate all sensor data using an ESP32 microcontroller

e To enable wireless data transmission using Wi-Fi technology

e To provide real-time visualization through a mobile application (Blynk)

e To implement an alert system for abnormal conditions such as low water level, high flow rate, and
poor water quality

e To reduce water wastage through continuous monitoring and analysis

e To develop a cost-effective and scalable solution suitable for smart homes and industries

II. LITERATURE SURVEY

Existing research on water monitoring systems mainly focuses on individual parameters such as water
level, quality, or flow rate. Systems using ultrasonic sensors effectively monitor water levels but lack
multi-parameter integration. Similarly, water quality monitoring systems using turbidity and pH sensors
detect contamination but often work independently without real-time alerts or remote access. Flow
monitoring systems help track water usage and detect leakage but do not assess water quality.

Recent [oT-based solutions attempt to integrate multiple features; however, they are often costly, complex,
and less user-friendly. In addition, many existing systems lack proper data analysis and historical
tracking, limiting their ability to support long-term decision-making. Therefore, there is a need for a
cost-effective, scalable, and integrated system that can monitor water level, usage, and quality
simultaneously. The proposed Smart Aqua-Sense System addresses this gap by providing a unified, real-
time, and user-friendly water monitoring solution.

III. RELATED WORK

Previous studies have explored automated water level controllers and IoT-based monitoring systems.
Many systems utilize ultrasonic sensors for level detection and microcontrollers for automation.
Research on water quality monitoring highlights the use of turbidity sensors for detecting impurities.
Similarly, flow sensors are widely used for measuring consumption.

However, most existing systems focus on a single parameter and lack integration. Few systems provide
real-time alerts and remote monitoring. The proposed system combines all three critical parameters—
level, usage, and quality—into a single IoT-based solution.

IV. SYSTEM ARCHITECTURE

The Smart Aqua-Sense System is designed using a layered architecture to ensure modularity, scalability,

and efficient data processing. The architecture is divided into three primary layers: sensing, processing,

and application.

IV.I. Sensing Layer

The sensing layer is responsible for acquiring real-time environmental data using multiple sensors:

e Ultrasonic Sensor (HC-SR04): Mecasures the distance between the sensor and water surface to
determine tank level

e Flow Sensor: Generates pulse signals proportional to water flow rate

e Turbidity Sensor (SEN0189): Detects suspended particles in water to estimate quality
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This multi-sensor approach enables comprehensive monitoring of water resources.

IV.IL. Processing Layer

The processing layer consists of the ESP32 microcontroller, which acts as the central unit of the system.
Its key functions include:

e Signal acquisition (analog/digital)

Data filtering and calibration
e (Conversion of raw signals into meaningful units

Threshold-based decision making

The ESP32 is chosen due to its integrated Wi-Fi capability, high processing speed, and low power
consumption.

IV.III. Application Layer

The application layer provides user interaction and visualization through the Blynk mobile application. It
performs:

e Real-time data display (level, flow, turbidity)

e Historical data visualization

e Alert notifications for abnormal conditions.
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Fig 1: Block Diagram
V. METHODOLOGY

The Smart Aqua-Sense System follows a systematic process for real-time water monitoring and
management. The working methodology is described below:

Step 1: System Initialization

e Power supply is provided to the ESP32 and all connected sensors

e Wi-Fi connection is established for [oT communication

e Sensors are initialized and calibrated

Step 2: Data Acquisition

e Ultrasonic sensor measures the distance to the water surface
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e Flow sensor generates pulses based on water flow

e Turbidity sensor outputs voltage corresponding to water quality

Step 3: Data Processing
e ESP32 reads raw sensor values
e Noise is reduced using filtering techniques
e Data is converted into meaningful units:
a. Water level (%)
b. Flow rate (L/min)
c. Turbidity (NTU)
Step 4: Data Transmission
e Processed data is sent to the cloud using Wi-Fi
e Communication is done via IoT platform (Blynk)
Step S: Data Visualization
e Mobile application displays real-time values
e Graphs and dashboards show trends over time
Step 6: Condition Monitoring
e System compares values with predefined thresholds
e Conditions checked:
1. Low water level
2. High flow rate (leakage)
3. High turbidity (unsafe water)
Step 7: Alert Generation
¢ Notifications are sent to the user via mobile app
e Alerts help in quick decision-making
Step 8: Continuous Monitoring Loop
e The system repeats all steps continuously
e Ensures real-time tracking and automation

IUJFMR260377577 Volume 8, Issue 3, May-June 2026

28


http://www.ijfmr.com/

m International Journal for Multidisciplinary Research (IJFMR)

ILJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

SYSTEM FLOWCHART

Start )

i

Initialize System

= Initialize ESP32 & Sensors

B

Wi-Fi S Yes ‘
Connected? _——» Connect to Wi-Fi

‘ .No Retry 'll‘ Ss
Sensor Data Acquisition

» () Measure Distance 6\
w— (Uttrasonic) .

|
——» ‘ Riad Pulse Courmt —76’

(Flow Sersor)

> - Read Voltage (i
(S 4 (Turbidity Sensor) = 0

v

Data Processing & Conversion 1.4_

o Calculate Water Level (%) ————- -—,‘

o Calculate Flow Rate (L/min)  © L Send Alurt Netificution
s Calculate Turbidity (NTU) === e ——
= Abnormal Condition? R
; No
Transmit Data to Cloud ¢ —

B Blynk

» Visualize Real-Time Data

ESP32
(DEVKIT V1)

Fig 2: Flow Chart

VI. SENSOR MODELLING AND CALCULATIONS

To improve system accuracy, mathematical models are used for converting raw sensor data into
meaningful physical parameters.

VLI. Water Level Calculation (Ultrasonic Sensor)

H
Water Level (%) = x 100

Where:
e H=Total tank height
e d= Measured distance from sensor to water surface
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This formula ensures proportional level calculation regardless of tank size.
VLII. Flow Rate Measurement

_ Pulse Count
B k

Where:

e (= Flow rate (L/min)

e Pulse Count = Sensor output pulses

e k= Calibration constant (depends on sensor type)

Total water usage is obtained by integrating flow rate over time.
VLIIIL. Turbidity Estimation

NTU = aV?+ bV + ¢

Where:

e /= Sensor output voltage

e a,b, c= Calibration coefficients

This polynomial approximation improves accuracy compared to linear mapping.

VII. IMPLEMENTATION

VIIL.I. Hardware Implementation

The hardware implementation of the Smart Aqua-Sense System is designed to be compact, cost-effective,
and efficient. The ESP32 microcontroller serves as the core component, interfacing with all sensors and
handling communication.

The ultrasonic sensor is mounted at the top of the water tank to measure the distance to the water surface.
The flow sensor is installed in the water pipeline to monitor the flow rate, while the turbidity sensor is
placed in contact with water to assess its quality.

Power is supplied through a regulated DC source to ensure stable operation. Proper wiring and voltage
regulation are implemented to prevent damage to components.

Special attention is given to sensor placement and environmental conditions to improve accuracy. For
instance, the ultrasonic sensor is positioned to minimize interference from tank walls, and the turbidity
sensor is shielded from external light sources.

Table 1: Component & Function

Component Function

ESP32 Central controller with Wi-Fi
Ultrasonic Sensor Water level measurement
Flow Sensor Water usage calculation
Turbidity Sensor Water quality detection
Power Supply System operation
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Fig 3: Circuit Diagram

VILII. Software Implementation

The software is developed using the Arduino IDE with embedded C programming. The ESP32 is
programmed to perform the following functions:

e Reading sensor data at regular intervals

e Converting raw values into physical parameters

e Applying calibration and filtering techniques

e Establishing Wi-Fi connectivity

e Sending data to the Blynk cloud platform

The Blynk application is configured with widgets to display real-time data such as water level, flow rate,
and turbidity

VILIII. Communication Protocol

The ESP32 communicates with the cloud using Wi-Fi. Data transmission is performed using IoT protocols
such as HTTP or MQTT. The Blynk platform acts as an interface between the hardware and the user,
enabling real-time monitoring and alert notifications.

VILIV. System Integration

All hardware and software components are integrated to form a complete system. The sensors
continuously send data to the ESP32, which processes and transmits it to the cloud. The mobile application
receives and displays the data, providing users with real-time insights.

VIL.V. Testing Validation

The system is tested under different conditions to verify its performance:

e Water level is tested by varying tank levels

e Flow sensor is tested with different flow rates

e Turbidity sensor is tested using clean and contaminated water

The outputs are compared with expected values to ensure accuracy and reliability
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VIII. RESULTS AND ANALYSIS

The system was tested under different operating conditions to evaluate its performance in terms of
accuracy, responsiveness, and reliability.

The experimental data shows that the system effectively tracks variations in water level, flow rate, and
turbidity over time. As water usage increases, the system accurately reflects the drop in water level and
rise in flow rate. Similarly, turbidity values increase in the presence of impurities, triggering alerts when
thresholds are exceeded.

The graphical analysis (to be included) demonstrates clear trends in water consumption patterns and
quality changes. The system responds to changes within milliseconds, ensuring near real-time monitoring.
Accuracy analysis indicates:

e Water level measurement accuracy of approximately 95%

e Flow rate measurement accuracy of around 92%

e Reliable turbidity detection for visible contamination

The results confirm that the system provides a practical and efficient solution for smart water monitoring.

Fig 4: App Home Page
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VIILIIL. Comparison With Existing Systems
Table 2: Comparison with Existing System

Feature Traditional Systems  |Existing IoT Systems  |Proposed System
Water Level Yes Yes Yes
Flow Monitoring No Partial Yes
Water Quality No Limited Yes
Real-Time Monitoring No Yes Yes
Mobile Access No Yes Yes
Multi-Parameter Integration No Limited Yes

IX. FUTURE ENHANCEMENTS

Future improvements can significantly enhance the system’s capabilities:

e Integration of AI/ML for predictive water usage analysis

e Automatic motor control for water tank management

e Addition of pH and temperature sensors for advanced quality monitoring

e Cloud database for long-term data storage and analytics

e Integration with smart home ecosystems

These enhancements will transform the system into a fully autonomous water management solution.

X. CONCLUSION

The Smart Aqua-Sense System demonstrates an effective application of IoT technology in water
monitoring and management. By integrating multiple sensors and enabling real-time data access, the
system overcomes the limitations of traditional monitoring approaches.

The proposed solution not only improves water usage efficiency but also enhances safety by detecting
quality issues. Its cost-effectiveness, scalability, and ease of implementation make it suitable for a wide
range of applications, including residential, industrial, and smart city environments.

Overall, the system represents a significant step toward intelligent and sustainable water resource
management.
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