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Abstract: In the wake of increasing concerns over
water damage and waste, the integration of automatic
water shut-off valves and advanced leak detection
systems has emerged as a critical innovation in
residential and commercial water management. This
paper explores the development and implementation of
these systems, highlighting their effectiveness in
mitigating water-related risks. Automatic water shut-off
valves are designed to detect anomalies in water flow and
automatically stop the water supply, preventing
potential damage from leaks or ruptures. Meanwhile,
modern leak detection systems utilize sensors and smart
technology to identify and report leaks in real time,
allowing for prompt intervention. This study reviews
recent advancements in sensor technology, system
integration, and predictive analytics that enhance the
reliability and responsiveness of these systems. Through
case studies and performance evaluations, we
demonstrate the significant impact these technologies
have on reducing water waste, minimizing damage, and
improving overall water management practices. The
findings underscore the importance of adopting such
systems in both new and existing infrastructures to
safeguard property and promote sustainable water use.
In this paper, we'll share with you waysto forma
sensible irrigation system. This irrigation system offers
significant advantages for efficient plant watering by
leveraging its ability to accurately assess soil moisture
levels. The system incorporates advanced sensors that
continuously monitor the moisture content within the
soil, ensuring that plants receive optimal hydration
based on their specific needs. When the moisture levels
fall below a predetermined threshold, the system
triggers a relay module to activate the water pump. This
automated process eliminates the need for manual
intervention, as the system independently adjusts the
watering schedule in response to real-time soil
conditions. By integrating these technologies, the

irrigation system not only enhances the health and
growth of plants but also conserves water by avoiding
unnecessary irrigation. This self-regulating approach
ensures that plants receive consistent and precise
watering, promoting their overall well-being while
optimizing resource usage

Keywords: Arduino Uno, Servo motor, Soil moisture
sensor, mini water pump, jumper wires, Relay
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INTRODUCTION

In an era marked by escalating water scarcity and
environmental concerns, efficient water management
has become increasingly critical. The potential for
water damage due to leaks or ruptures poses
significant risks to both residential and commercial
properties, leading to substantial financial losses and
extensive repairs. Traditional water management
practices often fall short in addressing these
challenges, highlighting the need for advanced
technological solutions[1]. Automatic water shut-off
valves and leak detection systems have emerged as
pivotal innovations in addressing these issues.
Automatic shut-off valves are engineered to respond
swiftly to irregularities in water flow, thereby
preventing extensive damage by halting the water
supply when necessary[2]. These systems are
increasingly integrated with smart technologies,
enhancing their ability to detect and respond to
potential issues with precision[3]. Leak detection
systems, on the other hand, leverage advanced sensor
technologies and data analytics to identify leaks at
their inception. By providing real-time monitoring and
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alerts, these systems enable rapid response, reducing
the potential for damage and facilitating timely
repairs[4]. The convergence of these technologies
represents a significant advancement in proactive
water management, offering both preventive and
reactive solutions to mitigate water-related risks [5].

This paper aims to provide a comprehensive overview
of the current state of automatic water shut-off valves
and leak detection systems, examining their
technological underpinnings, practical applications,
and the benefits they offer. We will explore recent
developments in sensor technology, system
integration, and predictive analytics that enhance the
effectiveness and reliability of these systems. By
reviewing case studies and performance metrics, we
seek to illustrate how these innovations contribute to
more resilient infrastructure, reduced water waste, and
improved safety. Ultimately, this introduction
underscores the transformative potential of these
technologies in modern water management and
highlights their importance in addressing the pressing
challenges of water conservation and property
protection.

INIDAS's major source of income is from the
agriculture sector and 70% of individuals rely upon
agriculture, Today's advanced society has become a
digital world through the contribution of technology,
now we are living in such an era where technology is
studied to boost our lifestyle[6]. Hence to make life
simpler and convenient SMART WATERING
SYSTEM has been introduced. A model of controlling
irrigation facilitates to assistance of
countless people[7]. Smart watering system may
be defined because the science of artificial application
of water to the soil reckoning on the soil moisture
content. With the appearance of open source arduino
boards together with the moisture sensor, it's viable to
make devices that may monitor the soil moisture
content and accordingly irrigating the fields or the
land scape when needed[8].

The proposed system makes use of microcontroller
ATMEGAZ328P on Arduino uno platform and 10T
which enables farmers to remotely monitor the status
of water level within the soil by knowing the sensor
values thereby, making the farmer's work much easier
asthey  will consider other  farm  activities[9].
INIDAS' major source of income is from the
agriculture sector and 70% of individuals rely upon
agriculture[10]. Today's advanced society
has become a digital world through the contribution of

technology, now we are living in such an era where
technology is studied to boost our lifestyle. Hence to
make life simpler and convenient smart watering
system has been introduced[11].

A model of controlling irrigation facilitates to
assist legion people. A smart watering system may
be defined because of thescience of artificial
application of water to the soil counting on the soil
moisture content. With the arrival of open-source
Arduino  boards together ~ withthe  moisture
sensor, it's viable to form devices which will monitor
the soil moisture content and accordingly irrigate the
fields or the landscape when needed[12]. The
proposed system makes use of microcontroller
ATMEGAS328P on Arduino uno platform and 10T
which enables farmers to remotely monitor the status
of water level within the soil by knowing the sensor
values thereby, making the farmer's work much easier
as they will target other farm activities.

Smart Irrigation System Components Required

A smart irrigation system integrates a variety of
components designed to optimize water usage and
enhance agricultural efficiency. At its core, the system
relies on a sophisticated network of sensors that
monitor soil moisture levels, weather conditions, and
plant health. These sensors provide real-time data,
enabling the system to adjust irrigation schedules
based on current needs rather than pre-set timers.
Central to the system is the smart controller, which
processes sensor data and communicates with the
irrigation equipment to deliver precise amounts of
water. This controller can be programmed or
connected to a network to allow for remote
management and adjustments through a smartphone
or computer.

Additionally, the system includes actuators and valves
that control the flow of water to different areas of the
field or garden. These components ensure that water
is distributed evenly and only where it is needed,
reducing waste and improving efficiency. Rain
sensors are also crucial; they detect precipitation and
prevent irrigation when rainfall has already occurred,
further optimizing water wuse. To enhance
functionality, many smart irrigation systems are
integrated with weather forecasting tools and climate
data, which help predict future water needs based on
upcoming weather conditions.

Advanced systems may also incorporate soil sensors
that measure nutrient levels and pH, providing a more
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comprehensive approach to plant care. The integration
of these components ensures that a smart irrigation
system is both responsive and adaptive, significantly
improving water conservation and crop yield while
minimizing the environmental impact.

»  Arduino Uno

> Servo motor

»  Soil moisture sensor
»  mini water pump

»  jumper wires.

» Relay module

> Breadboard

Circuit Diagram for Smart Irrigation System

A circuit diagram for a smart irrigation system
serves as a blueprint for the electronic components
and their connections within the system, ensuring
proper functionality and integration. At the heart of
the circuit diagram is the microcontroller or smart
irrigation controller, which acts as the central
processing unit. This component receives input
from various sensors—such as soil moisture
sensors, rain sensors, and temperature sensors via
their respective input terminals. Each sensor is
connected to the microcontroller through analog or
digital input lines, depending on the type of sensor
and its output signal.

The microcontroller processes the data from these
sensors to determine the irrigation needs. Based on
this data, it sends commands to the irrigation
valves through relay modules or transistor
switches. These valves control the water flow to
different zones or sections of the irrigation system.
The circuit diagram also includes connections for
the power supply, which powers the sensors,
microcontroller, and actuators, typically through a
regulated power source or battery.

Soil Motsture Sensor 2

Servo Motor

’A.

5V Single Channel Relay

Soil Moisture Sensor 1

12 Voit DC Pump

Arduino UNO

Fig:1 Working process of a smart irrigation system.

In addition to these components, the diagram often
incorporates communication modules such as Wi-
Fi or Bluetooth modules, which enable remote
access and control of the system via a smartphone
or computer. These modules are connected to the
microcontroller and facilitate data transmission
and reception. For more advanced systems, the
circuit may also include integration with weather
forecasting APIs or other external data sources,
which are linked to the microcontroller through
serial communication lines. Overall, the circuit
diagram outlines the flow of electrical signals
between the microcontroller, sensors, valves, and
communication modules, ensuring that the smart
irrigation  system operates efficiently and
effectively to optimize water usage.

WORKING PROCESS ON ARDUINO

The working process of a smart irrigation system
(Figl) using Arduino involves several key steps
that enable automated and efficient water
management. Initially, the Arduino
microcontroller serves as the system's central
processing unit, orchestrating the interactions
between various sensors and actuators. The process
begins with the sensors, such as soil moisture
sensors, rain sensors, and temperature sensors,
which  continuously  monitor environmental
conditions. These sensors send real-time data to the
Arduino via its analogue or digital input pins.

Upon receiving the sensor data, the Arduino
processes this information according to pre-
defined algorithms programmed into its firmware.
For instance, if the soil moisture level falls below
a certain threshold, the Arduino determines that
irrigation is needed. Conversely, if a rain sensor
detects precipitation, the Arduino can delay or halt
irrigation to conserve water. The microcontroller
then sends control signals to the irrigation valves
or actuators through relay modules or transistor
switches, regulating the water flow to various
sections of the irrigation system.

A smart irrigation system using Arduino operates
by automating the watering of plants based on real-
time soil moisture and environmental conditions.
The system starts by using a soil moisture sensor to
measure the moisture level in the soil.

This measurement, denoted as SM text {SM} SM,
is compared to a predefined threshold value,
MT\text{MT}MT. The basic decision formula is:
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If SM<MT text
{If Hext{SM} < text{MT}If SM<MT

If the soil moisture level SM\text{SM}SM falls
below this threshold MT text{MT}MT, indicating
that the soil is too dry, the Arduino triggers a relay
to activate the water pump or solenoid valve,
initiating the irrigation process. Additionally, the
system may integrate temperature T text{T}T and
humidity H\text{H}H readings from
environmental sensors to further refine the
irrigation decision. For example, if T\text{T}T is
high or H\text{H}H is low, the system might adjust
the watering duration or frequency to account for
increased evaporation. In this irrigation system,
soil moisture measurement, denoted as SM, is
continuously compared to a predefined threshold
value, MT. This comparison is crucial for
determining whether the soil requires additional
watering. The decision-making formula operates as
follows: if the soil moisture measurement (SM)
falls below the threshold value (MT), the system
concludes that the soil is too dry and activates the
irrigation process. This automated decision ensures
that plants receive water only when necessary,
based on real-time soil conditions. By comparing
the current moisture level with the set threshold,
the system effectively manages watering
schedules, promoting plant health  while
conserving water resources. This method
minimizes manual intervention and optimizes the
irrigation process, ensuring that plants are
adequately hydrated without overwatering.

The Arduino continuously collects and processes
these data points, ensuring that the irrigation
system delivers the right amount of water based on
current soil and environmental conditions, thus
optimizing water usage and promoting healthy
plant growth.

and humidity
using the
DHT sensor.

H=Humidity\text{H} =
\text{Humidity }H=Humi
dity

3.
Compar
e Soil
Moistur
e

Compare the
measured
soil moisture
SMitext{SM
}SM to the
predefined
threshold
MT\text{MT
IMT.

If SM<MT\text{If }
\text{SM} <
\text{MT}If SM<MT

4,
Waterin

g
Decision

If
SM\text{SM
}SMis less
than
MT\text{MT
IMT, then
trigger the
irrigation
system.

SM<MT\text{SM} <
\text{MT}SM<MT
=\Rightarrow= Activate
Relay

5.
Adjust
Waterin
g

Use
temperature
and humidity
readings to
adjust
watering
duration or
frequency if
necessary.

Adjust based on
T\text{T}T and
H\text{H}H

6.
Activate
Irrigatio

n

Send a signal
to the relay
to activate
the water
pump or
solenoid
valve to start
watering.

Activate Relay
=\Rightarrow= Water
Pump/Valve ON

7.
Monitor
and
Adjust

Continuously
monitor soil
moisture and
environment
al conditions,
and adjust
the watering
as needed.

Repeat steps 1-6 at
regular intervals

Step Description Formula/Condition
Measure the
soil moisture | SM=Soil Moisture Readi
level using ng\text{SM} = \text{Soil
1. Data | the soil Moisture
Collecti | moisture Reading}SM=Soil Moist
on sensor. ure Reading
Measure
environment | T=Temperature\text{T}
2. Data | al conditions | =
Collecti | suchas \text{Temperature}T=Te
on temperature mperature
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Table 1: Formula and Condition

To facilitate remote monitoring and control, the
Arduino can be connected to communication
modules such as Wi-Fi or Bluetooth, allowing
users to access and adjust the system through a
smartphone or computer. Additionally, the
Arduino can be programmed to interface with
weather forecasting services to predict and adapt
irrigation schedules based on upcoming weather
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conditions. This integration enhances the system's
responsiveness and accuracy, ensuring optimal
water usage.

Overall, the Arduino-based smart irrigation system
operates by collecting data from sensors,
processing this information to make irrigation
decisions, and controlling water flow through
actuators, all while offering remote management
capabilities. This process not only automates
irrigation tasks but also significantly improves
water efficiency and crop health.

We are visiting interface a Soil moisture sensor
FC-28 with Arduino. This sensor measures the
volumetric content of water inside the soil and
provides us the moisture level as output. The
sensor is supplied with both analog and digital
output, so it are often employed in both analog and
digital mode. The soil moisture sensor consists of
two probes which are accustomed measure the
volumetric content of water. the 2 probes allow the
present to experience the soil and so it gets the
resistance value to live the moisture value.
When there's more water, the soil will conduct
more electricity which suggests that there'll be less
resistance. Therefore, the moisture level is higher.
Dry soil conducts electricity poorly, so when there
is less water, then the soil will conduct less
electricity which implies that there will be more
resistance. Therefore, the moisture level is lower.

Smart Irrigation Working Process

The working process of a smart irrigation system
revolves around optimizing water use through real -
time data collection and automated control. The
system begins with a network of sensors deployed
in the field or garden, including soil moisture
sensors, rain sensors, and temperature sensors.
These sensors continuously gather data on soil
moisture levels, rainfall, and climatic conditions.
This information is transmitted to a central control
unit, which could be a microcontroller or a smart
irrigation controller.

The control unit processes the incoming data based
on programmed algorithms or pre-set thresholds.
For example, if soil moisture readings fall below
an optimal level, the controller determines that
irrigation is necessary. Conversely, if a rain sensor
detects recent precipitation, the system can delay
or suspend irrigation to avoid overwatering. The
control unit then sends signals to the irrigation

valves or actuators, directing them to open or close,
thereby regulating the water flow to various zones
within the irrigation system.

Additionally, many smart irrigation systems are
equipped with communication modules, such as
Wi-Fi or Bluetooth, which allow users to monitor
and adjust the system remotely via smartphones or
computers. This connectivity also enables
integration with weather forecasting services,
which helps anticipate future water needs based on
predicted weather patterns. By automating the
irrigation process and incorporating real-time
adjustments, smart irrigation systems ensure
efficient water use, reduce waste, and promote
healthier plant growth.

We are using two soil moisture sensors that can
sense the moisture content of the soil and send the
output data to the Arduino. Place the soil moisture
sensors in the soil. If the soil is dry that means the
plants need some water so the sensor sends the
signals to the Arduino. The Arduino sends the
signals to the relay module and the water pump is
turned on for some time. You can change the time
by modifying the code. If all the water from the
water pump stays in a specific position/place, crops
may be destroyed. To overcome this problem, we
use a servo motor that can rotate the pipe from one
position to another in a loop.

Advantages and Significates

The smart irrigation working process offers
numerous advantages that significantly enhance
water management and agricultural efficiency. By
leveraging real-time data from various sensors—
such as soil moisture, rainfall, and temperature
sensors—the system ensures that water is applied
precisely when and where it is needed. This
targeted approach reduces water waste, conserves
this  vital resource, and minimizes the
environmental impact associated with
overwatering. Automated adjustments based on
sensor data and weather forecasts optimize
irrigation schedules, leading to healthier plants and
improved crop yields.

Furthermore, the ability to remotely monitor and
control the system through smartphone or
computer applications adds a layer of convenience
and flexibility. Users can adjust settings, monitor
system performance, and receive notifications
about irrigation needs from anywhere, which
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enhances overall management efficiency and
responsiveness. The integration with weather
forecasting services allows the system to anticipate
and adapt to changing weather conditions, further
preventing water waste and ensuring that irrigation
practices are aligned with environmental factors.
Collectively, these advantages make smart
irrigation systems a valuable tool for sustainable
agriculture, reducing operational costs and
promoting more responsible water use while
maximizing productivity.

Advantage Significance

Reduces water waste by applying water
only when soil moisture levels fall
below a predefined threshold.

Water
Conservation

Optimizes water usage based on real-
time data, leading to more effective
irrigation practices.

Increased
Efficiency

Lowers water bills and reduces the need
for manual labor, leading to overall cost
reductions.

Cost Savings

Provides plants with precise amounts of

Enhanced Plant - . .
water, improving growth and reducing

Health
stress.
Minimizes the need for manual
Automated . . . .
. intervention, saving time and effort
Operation

while ensuring consistent watering.

Helps in sustainable water management,

Environmental . . .
reducing the ecological impact of

Benefits .
overwatering.
. Uses real-time data and predictive
Data-Driven . . L
. analytics to make informed decisions
Decisions

about irrigation needs.

Allows for tailored watering schedules
and volumes based on specific plant and
soil requirements.

Customization

Table: 2 Key benefits of smart irrigation systems
This table highlights the key benefits of smart
irrigation systems, emphasizing how they contribute
to efficient, cost-effective, and environmentally
responsible watering practices.

This technology is an efficient automated irrigation
system and it is a valuable tool for conserving water
planning and irrigation scheduling which is
extendable to other similar agricultural crops. The
moisture level of the soil is measured. So that, we
are able to provide water as per requirement of the soil
It prevents water clogging of soil. Valves are
controlled in our system. Therefore labour isn't
required for valve controlling. The message is shipped

to users mobile so he can understand the moisture
level and user can handle the case at distant location.
The smart irrigation system was tested on a plant life.
The plants water requirement is 600-800mm each
day. within the Arduino code, the moisture range was
set as 300-700 (which delineates the corresponding
resistance value in digital format). Moreover this
method proves to be cost effective and proficient in
conserving water and reducing its wastage.The smart
irrigation system was tested on a plant life. The plants
water requirement is 600-800mm each day. within
the Arduino code, the moisture range was set as 300-
700 (which delineates the corresponding resistance
value in digital format). Moreover, this method proves
to be cost-effective and proficient in conserving water
and reducing its wastage.

CONCLUSION

The integration of automatic water shut-off valves and
advanced leak detection systems is crucial for
effective water management in residential and
commercial settings. These systems prevent damage
from leaks and ruptures, with advancements in sensor
technology and predictive analytics enhancing their
reliability and responsiveness. Implementing these
technologies reduces water waste, minimizes damage,
and improves overall water management practices,
underscoring the importance of their adoption in new
and existing infrastructures. Additionally, automating
irrigation systems based on soil moisture levels using
components such as Arduino Uno, servo motor, and
soil moisture sensor can significantly improve
farming practices, prevent over-irrigation or under-
irrigation of soil, and streamline the irrigation process,
demonstrating  the potential  for  significant
advancements in agriculture with the use of loT
technology.
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