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Abstract-Underground water pipelines are a critical part of urban
and rural infrastructure. However, leakages in these concealed
pipelines lead to massive water loss, soil erosion, reduced water
pressure, increased operational cost, and contamination of
drinking water. Traditional inspection methods—manual
surveying, visual inspection, and periodic testing—are slow,
labor-intensive, costly, and incapable of providing real-time
detection. This study presents an IoT-based Underground Water
Pipeline Leakage Detection System, integrating pressure sensors,
flow sensors, acoustic vibration sensors, and moisture sensors for
continuous monitoring. An ESP32 IoT microcontroller collects
real-time sensor data and sends it to cloud platforms such as Blynk
for analytics and Firebase for long-term storage. A web dashboard
provides real-time leakage alerts, data visualization, and pipeline
status. Experimental testing demonstrates that the proposed
system provides reliable stress detection, stable data transmission
and fast cloud synchronization. By combining physiological signal
measurement, IoT hardware, cloud databases and an interactive
website, the system offers a practical solution for real-time stress
tracking, early alerts and improved mental-health management.
Experimental testing shows the system performs efficiently in real-
time water level detection, leakage identification, valve
automation, and quality assessment. By combining IoT sensors,
automation, cloud services, and mobile app integration, this
project provides a scalable, low-cost, and smart solution for
underground water management. It reduces manual effort,
prevents water wastage, improves water quality monitoring, and
promotes sustainable usage of underground water resources.

Keywords— Pressure Sensor, Flow Sensor,Multi-Sensor Fusion,
IoT Automation, ESP32, Solenoid Valve Control, Ultrasonic
Sensor, Water Flow Sensor, TDS Sensor, Turbidity Sensor, Blynk
App, Firebase Cloud, Leakage Detection.

I INTRODUCTION

Water is a vital natural resource, and as urbanization and population
growth increase, managing it sustainably has become a global
responsibility. Many homes, businesses, and towns still rely on
distribution pipelines and subterranean water tanks, which need
constant upkeep. However, user intervention and manual inspections
are the mainstays of traditional subterranean water systems. These
Methode take a huge of time, are make mistakes, and cannot give
quick insights into variations in water quality, leakage incidents, or
water level. As a result, significant amounts of water are wasted
every year as a result of neglected leaks, and contaminated water
may be harmful to human health.

In recent years, Internet of Things (IoT) technology has emerged as a
transformative solution that enables automation, remote monitoring,
and real-time decision-making across various domains. IoT allows
the integration of sensors, embedded systems, and cloud platforms to
create intelligent water management networks capable of addressing
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issues that traditional systems cannot. [oT enables continuous
monitoring of crucial parameters such as water levels, flow rates,
and water purity, while remote valve control ensures efficient water
distribution and conservation. Moreover, the evolution of low-power
microcontrollers like ESP32, combined with cloud-based services,
has made it feasible to implement sophisticated and low-cost
monitoring systems accessible via smartphones.

This research focuses on designing and implementing an IoT-
enabled underground water monitoring and leakage detection
system that integrates multiple sensing modules into a single
platform. The system provides automated water-level tracking,
leakage identification through flow-rate comparison, water quality
analysis using TDS and turbidity sensors, and remote valve
operation via a mobile application. Real-time alerts are generated in
the event of abnormal conditions, ensuring user awareness and
enabling quick intervention. The proposed system contributes
towards building smart homes, smart campuses, and smart cities by
reducing water wastage, ensuring safe water supply, and improving
monitoring accuracy.

II LITRATURE SURVEY

Researchers around the globe have looked into water monitoring and
leakage detection which they have studied via many sensing and
communication technologies. The rise of Internet of Things has also
which has brought about studies that focus on automation and real
time monitoring. Shivaprakasha et al. put forth an ultrasonic sensor
which they used in a water level monitoring system that they
reported to be very reliable for water height estimation in storage
tanks. But what they didn’t do was to include leakage detection or
water quality assessment which are large sections of the water
management picture left out. Also we see from the work of
Rajalakshmi and Karthikeyan which they did which was to present
methods which used pressure sensors for pipeline leakage detection.
Although pressure based methods are very accurate what they lack is
in high installation costs which in turn makes them not suitable for
small scale domestic use.

Priya et al. looked into turbidity sensors for assessing water quality
and highlighted the need to monitor suspended particles. However,
their research did not cover dissolved impurities or alerts for users in
real-time. Kumar et al. conducted further research on GSM-based
water pump automation systems that enable users to control pumps
through SMS. While these systems work, they have limited data-
handling abilities, do not provide real-time analytics, and are less
cost-effective than today’s IoT platforms.

A few researchers experimented with the use of single sensors to
detect leakage like flow and vibration sensors. They quic
that single parameter detdwtisyy/grissesrgthapbiger
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(epatnsssammrme A a result of this misstep, multi-sensor IoT platforms
with greater granularity and precision have been championed in the
field of water monitoring. The flow based leakage detection systems
are enhanced with real time monitoring of water levels making them
more accurate and complete. A few systems have been incorporating
quality evaluation sensors like pH, conductivity, or TDS, with little
to no systems having been integrated with cloud and mobile
applications.

Despite ongoing developments, current solutions often concentrate
on separate functions instead of a complete approach. Traditional
systems fail to monitor all key parameters, do not support automated
control, and do not merge leakage, quality, and level monitoring.
The proposed system sets itself apart from earlier studies by
combining all vital underground water management elements into a
single IoT platform based on the ESP32. This study tackles the
identified issues through real-time sensing, cloud integration, leak
detection, valve automation, and water quality assessment using a
multi-sensor approach

III EXISTING SYSTEM VS PROPOSED SYSTEM
A. Existing Underground Water Monitoring Systems

Traditional underground water management systems rely largely on
manual operation and periodic inspection. These systems are widely
used in residential and municipal installations due to their simplicity
but suffer from several functional limitations.

Key Characteristics of Existing Systems

1. Manual Water Level Measurement
Water levels in underground tanks are commonly checked
manually or through basic float indicators. These methods lack
precision and do not provide continuous monitoring.

2. Absence of Real-Time Leakage Detection
Leakage in underground pipelines is typically identified only
after visible damage, pressure loss, or excessive water bills. The
lack of continuous monitoring results in delayed detection and
significant water wastage.

3. Limited or No Water Quality Monitoring
Conventional systems rarely include water quality assessment.
When present, testing is usually manual and periodic, making it
ineffective for detecting sudden contamination.

4. Mechanical Valve Operation
Valves are manually operated, requiring physical presence.
This increases response time during emergencies such as leaks
or contamination.

5. No Data Logging or Alerts
Existing systems do not support data storage, analytics, or
automated alerts, limiting their usefulness for long-term
monitoring and optimization.

Limitations

®  High dependency on human intervention

® Inability to provide real-time insights

®  Increased risk of water loss and contamination
[ ]

Inefficient and reactive system behavior
B. Proposed IoT-Based Integrated Monitoring System

Recent IoT-based approaches propose an integrated underground
water monitoring framework that combines sensing, automation,
cloud connectivity, and user interaction.

Key Features of the Proposed System
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Ultrasonic sensors provide continuous, non-contact
measurement of water levels with high accuracy. Real-
time data eliminates the need for manual inspection.

2. Flow-Based Leakage Detection
Dual flow sensors installed at the inlet and outlet pipelines
enable immediate detection of leakages by comparing
flow discrepancies, ensuring rapid response.

3. Integrated Water Quality Assessment
TDS and turbidity sensors continuously evaluate
dissolved and suspended impurities, enabling early
detection of unsafe water conditions.

4. Remote and Automatic Valve Control
Solenoid valves controlled through relay modules allow
both user-initiated and automatic shutdown during
abnormal events such as leakage or contamination.

5. Cloud Connectivity and Mobile Monitoring
Sensor data is transmitted to cloud platforms, providing
real-time dashboards, historical data storage, and instant
alerts via mobile applications.

6. Decision-Based Automation
Intelligent decision logic enables automated actions such
as valve closure, alert generation, and system fault
handling without human intervention.

Advantages
®  Real-time monitoring and alerts
®  Reduced water loss and operational cost
®  Improved water quality management
]

Scalability for smart homes and smart cities

C. Comparative Analysis

Existing Proposed IoT-Based
Parameter

System System
Water Level Manual / Ultrasonic sensor
Monitoring Float-based (Real-time)

Dual flow sensor

Leakage Detection | Not available .
comparison

Water Quality Manual / Continuous TDS &
Monitoring Periodic turbidity sensing
Valve Operation Manual Remote & automatic

control

Alerts & . .

Notifications Not supported | Real-time mobile alerts
Data Logging Not available Cloud-based storage
Automation None Intelligent rul.e-based
automation
Scalability Limited High (IoT-enabled)
Response Time Slow Near real-time

D. Summary of Comparison

The comparison demonstrates that traditional underground water
systems are reactive, manual, and inefficient. In contrast, IoT-based
integrated systems offer proactive monitoring, automation, and
intelligent decision-making. By combining multiple sensors, cloud
platforms, and automated control mechanisms, the proposed
approach significantly enhances efficiency, reliability, and
sustainability in underground water management.

IV . METHODOLOGY

This section outlines the methodological framework commonly
adopted in IoT-based underground water monitoring and leakage
detection systems. The methodology is based on a layered Internet of
Things (IoT) architecture integrating multi-sensor data acquisition,
real-time processing, cloud communication, and intelli~~—* ~~=-~!

mechanisms. The reviewed ap/proaches emphasize [H]
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A. System Architecture Overview

Most IoT-enabled underground water monitoring systems follow a
four-layer architecture consisting of sensing, processing,
communication, and application layers.

1) Sensing Layer

The sensing layer is responsible for acquiring physical parameters

related to underground water systems. Sensors commonly used in

this layer include:

®  Ultrasonic sensors for continuous water level measurement

®  Flow sensors installed at inlet and outlet pipelines for leakage
detection

®  Turbidity sensors to identify suspended impurities

® Total Dissolved Solids (TDS) sensors to estimate dissolved
contaminants

The integration of multiple sensors enhances detection accuracy and

minimizes false alarms compared to single-parameter systems.

2) Processing Layer

The processing layer typically employs low-power microcontrollers
such as the ESP32 to collect, filter, and interpret sensor data.
Functions of this layer include analog-to-digital conversion, pulse
counting, sensor calibration, noise filtering, and execution of
decision-making algorithms. Interrupt-based processing is widely
used for flow sensors to ensure accurate real-time measurement.

3) Communication Layer

Wireless communication technologies such as Wi-Fi, GSM, or low-
power wide-area networks enable data transmission from the
processing unit to cloud platforms. Protocols including HTTP,
MQTT, and HTTPS are commonly utilized to ensure secure and
reliable data exchange.

4) Application Layer

The application layer provides user interaction through mobile or
web dashboards. It enables real-time visualization of system
parameters, alert notifications, historical data access, and remote
control of actuators.

B. Water Level Monitoring Methodology

Ultrasonic sensing is a widely adopted method for underground
water level monitoring due to its non-contact operation and high
measurement accuracy. The sensor operates based on the Time-of-
Flight (ToF) principle, where an ultrasonic pulse is transmitted
toward the water surface and the reflected echo is received.

The distance between the sensor and the water surface is calculated
using:

Echo Time x Speed of Sound
2

Water level is computed as a percentage of the tank height. Signal
conditioning techniques such as moving-average filtering are often
applied to eliminate noise caused by humidity and confined
underground environments.

Distance =

C. Leakage Detection Methodology

Leakage detection is primarily performed using flow-based
comparative analysis. Digital flow sensors equipped with Hall-effect
mechanisms generate pulse signals proportional to the water flow
rate.

Flow rate is calculated as:

Flow Rate \(L/min\) = Luis€ Frequency

Sensor Constant

To detect leakage, two flow sensors are placed at the inlet and outlet
of the pipeline. Leakage is identified when the difference between
inlet and outlet flow rates exceeds a predefined threshold value:

AQ=Q, .. — Q.= Threshold

This approach enables rapid detection of leakage events and reduces
dependency on expensive pressure-based systems.
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Water quality monitoring is achieved through the combined use of
turbidity and Total Dissolved Solids (TDS) sensors, allowing both
suspended and dissolved impurities to be assessed.

1) TDS Measurement

TDS sensors estimate dissolved contaminants by measuring the
electrical conductivity of water. The sensor outputs an analog
voltage, which is converted into parts per million (ppm) using
calibration constants and temperature compensation:

TDS \(ppm\)=K x V x 1000
where Krepresents the calibration factor and Vis the measured
voltage.

2) Turbidity Measurement

Turbidity sensors measure light scattering caused by suspended
particles in water. The output voltage is inversely proportional to
turbidity and is mapped to Nephelometric Turbidity Units (NTU)
using calibration curves.

Based on TDS and turbidity thresholds, water quality is categorized
as safe, moderately contaminated, or unsafe, and alerts are generated
when limits are exceeded.

E. Automated Valve Control Methodology

Automated water flow control is accomplished using solenoid valves
operated through relay modules. The relay provides electrical
isolation between the microcontroller and high-voltage valve
circuitry.

Valve control actions are triggered either manually through cloud-
based user commands or automatically in response to abnormal
conditions such as leakage detection, poor water quality, or critically
low water levels. This automation significantly improves response
time and system safety.

F. Cloud Integration and Alert Mechanism

Sensor data is periodically transmitted to cloud platforms using
structured data formats such as JSON. Cloud services enable real-
time visualization, historical data storage, and threshold-based alert
generation.

Alerts are generated for events including:

®  Leakage detection

®  Abnormal water level conditions

®  Excessive turbidity or TDS values

®  Valve status changes and system faults

Mobile notifications ensure timely user awareness and facilitate
remote intervention.

G. Operational Workflow
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Fig.1-Work Flow Diagram

H. Electrical Connections and Circuit Design
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Fig.2-Circuit Diagram

All modules are integrated into a single DC power system by
Circuit.
Important Implementation Points:

Key Implementation Points:

® A 5V regulated supply powers the microcontroller.

e interrupt-capable pins connect the flow sensors.

e Digital I/O pins are used to connect the ultrasonic sensor;.

e analog inputs are connected to ADC-based sensors (turbidity
and TDS).

®  an optocoupler, if available, isolates the relay module and all
components share a common ground reference.

e To provide stable analog readings, noise suppression
capacitors were used.

*  Relay switching safety, voltage dips, and current load were all
tested.

V  OUTCOMES AND ANALYSIS

This section analyzes the outcomes reported in recent IoT-based
underground water monitoring and leakage detection systems,
focusing on performance metrics such as accuracy, response time,
reliability, and system efficiency. The analysis is derived from
experimental evaluations and comparative studies presented in
existing literature.

A. Water Level Monitoring Performance

Studies employing ultrasonic sensors for underground water level
measurement report high accuracy due to the non-contact sensing
mechanism. Experimental evaluations demonstrate that ultrasonic-
based systems achieve accuracy levels ranging between 95% and
99% when compared with manual measurements. Minor deviations
are generally attributed to environmental factors such as humidity,
sensor alignment, and echo interference in enclosed underground
tanks.

Overall, ultrasonic sensing has proven to be a reliable and low-
maintenance solution for continuous underground water level
monitoring.

B. Leakage Detection Efficiency

Flow-based leakage detection techniques exhibit rapid response
times and high detection reliability. Comparative analysis of inlet
and outlet flow rates enables leakage identification within 1-2
seconds of occurrence. This approach is effective for detecting
minor, moderate, and major leaks without requiring complex
installation procedures.
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inspection and periodic pressure testing in terms of responsiveness
and operational efficiency, making them suitable for real-time
underground pipeline monitoring.

C. Water Quality Monitoring Analysis

Water quality assessment using TDS and turbidity sensors provides
effective detection of both dissolved and suspended contaminants.
Systems incorporating these sensors successfully differentiate
between safe, moderately contaminated, and unsafe water
conditions.

Reported measurements show strong correlation with standard water
testing kits, confirming the reliability of low-cost IoT sensors for
real-time quality assessment. Continuous monitoring enables early
detection of contamination events, which is not possible with
conventional periodic testing methods.

D. Valve Control and Automation Performance

Automated valve control mechanisms integrated with IoT platforms
demonstrate fast response times, typically within 0.5 te 1 second for
both manual and automatic actuation. Automatic shutdown during
leakage or contamination events significantly reduces water loss and
minimizes health risks.

The inclusion of remote valve control enhances system usability by
allowing users to respond to emergency situations without physical
access to underground installations.

E. Cloud Connectivity and Alert Responsiveness

Cloud-based monitoring platforms provide reliable real-time data
visualization and alerting capabilities. Reported systems achieve
data update intervals of 1-2 seconds with notification delays
generally below 3 seconds. Stable wireless connectivity ensures
continuous monitoring and historical data logging for performance
analysis and optimization.

The integration of mobile dashboards improves user awareness and
supports proactive water management decisions.

F. Comparative Performance Summary

Performance Observed Outcome
Parameter
Water Level Accuracy 95% — 99%
Leak Detection Time 1-2 seconds
Water Quality Detection High Correlatlt(érslt:mh reference
Valve Response Time <1 second
Cloud Update Interval 1-2 seconds
Alert Delay < 3 seconds

G. Discussion

The analysis indicates that IoT-based underground water monitoring
systems significantly outperform traditional manual systems in
terms of accuracy, responsiveness, and automation. The use of
multi-sensor integration enhances reliability and reduces false
detections. Cloud connectivity and automated control mechanisms
enable real-time decision-making and efficient water resource
management.

VI CONCLUSION

While This review presente%&&mgﬁ%%ﬁgﬂﬁis ( o
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‘ == techniques were found to be largely manual, reactive,
and mcapable of providing real-time insights into water level,
leakage, and quality conditions. These limitations often lead to
excessive water loss, delayed fault detection, and potential health
risks.

The reviewed studies demonstrate that IoT-enabled solutions
significantly enhance system efficiency through continuous
monitoring, multi-sensor data acquisition, cloud connectivity, and
automated control mechanisms. Ultrasonic sensing provides
accurate and non-contact water level measurement, while flow-
based comparative techniques enable rapid and reliable leakage
detection. The integration of turbidity and Total Dissolved Solids
(TDS) sensors allows real-time assessment of water quality, which is
largely absent in traditional systems. Furthermore, automated valve
control and cloud-based alerting mechanisms improve response time
and operational safety.

Comparative analysis reveals that systems adopting a multi-sensor
IoT framework outperform single-parameter and manual monitoring
approaches in terms of accuracy, responsiveness, scalability, and
user accessibility. The use of cloud platforms and mobile
applications further facilitates real-time visualization, data logging,
and remote system management, making such solutions suitable for
smart homes, institutions, and smart city infrastructures.

Overall, IoT-based underground water monitoring systems represent
a cost-effective, scalable, and intelligent approach to sustainable
water resource management. Future research directions may focus
on incorporating machine learning for predictive leakage detection,
energy-efficient communication protocols, renewable power
sources, and large-scale integration with municipal water
management platforms.
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