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ABSTRACT

The "IoT-Based Smart Irrigation Monitoring and Controlling System” project introduces an intelligent solution for

optimizing agricultural water usage. Leveraging Internet of Things (IoT) technologies, this system provides real-time monitoring
and control of irrigation processes, ensuring efficient water management. The project focuses on enhancing agricultural
productivity, conserving water resources, and reducing the environmental impact of irrigation practices. The proposed system
integrates IoT devices, including soil moisture sensors, weather stations, actuators, and a central controller, to automate and
optimize irrigation processes. Soil moisture sensors measure the moisture content of the soil, while weather stations gather
real-time meteorological data such as temperature, humidity, and rainfall. These data are transmitted to the central controller,
which employs algorithms to analyse the information and determine the optimal irrigation schedule and amount of water
required for each crop.

Furthermore, the system enables remote monitoring and control via a web or mobile application, allowing farmers to access
real-time data and adjust irrigation settings from anywhere at any time. By implementing intelligent irrigation strategies based
on environmental conditions and plant water requirements, the proposed system conserves water, reduces energy consumption,
and enhances crop productivity.

In conclusion, the IoT-based smart irrigation and controlling system presented in this paper represents a promising solution
for sustainable agriculture, offering precise and efficient water management while reducing labour costs and environmental
impact. Continued research and implementation of such innovative technologies are essential for addressing the challenges of
modern agriculture and ensuring food security in the face of growing population and climate change.

Keywords: motor, battery, wifi, soil moisture sensor, flying fish, Buzzer.

1. INTRODUCTION immense promise for revolutionizing traditional

In recent years, the agricultural sector has witnessed a
significant transformation with the integration of
advanced technologies aimed at enhancing efficiency,
productivity, and sustainability. One such technological

innovation is the Internet of Things (IoT), which holds

farming practices. Among its numerous applications,
IoT-based smart irrigation and controlling systems have
emerged as a critical solution for addressing the
challenges associated with water management in

agriculture.
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Traditionally, irrigation systems have relied on
manual operation or basic timer-based controls, often
resulting in inefficient water usage, overwatering, or
under-watering of crops. Moreover, variations in
environmental factors such as soil moisture levels,
weather conditions, and crop water requirements
These

inefficiencies not only lead to water wastage but also

further complicate the irrigation process.
adversely impact crop yields and contribute to
environmental degradation.

To overcome these challenges, IoT technology offers
a transformative approach by enabling the creation of
interconnected systems comprising sensors, actuators,
These

IoT-enabled systems facilitate real-time monitoring,

controllers, and communication networks.
data collection, analysis, and control of irrigation

processes, thereby optimizing water usage and
improving crop health.

Moreover, IoT-based smart irrigation systems offer
remote monitoring and control capabilities, allowing
farmers to access real-time data and manage irrigation
operations from anywhere using webbased or mobile
This

farmers to make informed decisions, respond promptly

applications. remote accessibility empowers

to changing conditions, and optimize resource
utilization.

Overall, the integration of IoT technology in
agriculture represents a paradigm shift towards

smarter, more efficient, and sustainable farming
practices. By harnessing the power of data-driven
decisionmaking and automation, IoT-based smart
irrigation and controlling systems hold immense
potential to transform the way we cultivate crops,
ensuring food security, environmental conservation,

and economic prosperity for future generations.

2. LITERATURE REVIEW

A literature review of loT-based smart irrigation and
controlling systems reveals a burgeoning field with
significant potential for addressing water resource
management challenges in agriculture. Numerous
studies have investigated the integration of IoT
technologies to optimize irrigation processes, enhance
crop yield, and conserve water resources.

For instance, Smith et al. (2019) explored the
implementation of IoT sensors to monitor soil moisture

levels, weather conditions, and plant health, enabling

precise irrigation scheduling based on real-time data.
Similarly, Jones et al. (2020) proposed a smart irrigation
system that utilizes IoT-enabled devices to remotely
monitor and control water distribution, thereby
minimizing water wastage and reducing operational
costs for farmers.

Moreover, Gupta and Kumar (2018) conducted a
comparative analysis of various IoT platforms and
communication  protocols for smart irrigation,
highlighting the importance of selecting appropriate
technologies to ensure system reliability and scalability.

Overall, these studies underscore the transformative
potential of IoT-based smart irrigation systems in
enhancing agricultural sustainability and resilience to
climate variability.

However, further research is needed to address
challenges related to interoperability, data security, and
user acceptance to facilitate widespread adoption and

implementation of these technologies.

3. EXISTING SYSTEM

In the existing system of IoT-based smart irrigation and
controlling systems, researchers and developers have
made substantial strides in leveraging interconnected
devices and data analytics to revolutionize agricultural
water management. These systems typically incorporate
a network of sensors deployed across fields to monitor
crucial parameters such as soil moisture levels,
temperature, humidity, and weather forecasts in real
time.

This data is then transmitted to a central control unit
or cloud-based platform, where advanced algorithms
analyze the information and generate actionable
insights. Through the integration of actuators and
automated valves, these systems enable precise control
over irrigation processes, allowing farmers to tailor
watering schedules based on specific crop requirements
and environmental condjitions.

Moreover, remote access capabilities empower
users to monitor and adjust irrigation settings remotely,
enhancing operational efficiency and flexibility. Several
commercial and research-based initiatives have
demonstrated the effectiveness of IoT-based smart
irrigation systems in optimizing water usage, improving
crop yields, and reducing resource inputs.

However, challenges such as sensor accuracy, power

management, scalability, and interoperability with
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existing agricultural infrastructure remain areas of
ongoing research and development. Despite these
challenges, the existing system underscores the potential
of IoT technologies to address pressing issues related to
water scarcity and agricultural sustainability on a global
scale. Continued innovation and collaboration are
essential to further refine and expand the capabilities of
IoT-based smart irrigation and controlling systems,
ultimately driving positive outcomes for farmers,

ecosystems, and communities alike.
4. PROPOSED SYSTEM

The proposed "loI-Based Smart Irrigation and
Controlling System" addresses the limitations of
traditional systems by introducing the following key

features:

Key Features
4.1.1 Soil Moisture Sensors:

Utilizes IoT-enabled soil moisture sensors to
measure the actual moisture content in the soil.
Weather Station Integration:

Integrates weather data from loT-enabled weather
stations to adapt irrigation schedules based on current
weather conditions.

Automated Valve Control:

Implements IoT-connected valves for automated and
precise control of water flow to irrigation zones.
Analytics and Prediction:

Utilizes data analytics to analyse historical data and
predict optimal irrigation schedules, considering soil
moisture levels and weather forecasts.

Alert Mechanism:

Incorporates an alert system to notify farmers of
critical conditions, such as low soil moisture or adverse
weather forecasts.

Water Consumption Reports:

Generates reports on water consumption, helping

farmers make informed decisions about irrigation

practices.

4.2 Required components used for this project:
4.2.1 Sensor

4.2.2 Relay

4.2.3 Flying Fish

4.2.4 Buzzer

4.2.5 Motor

4.2.6 NodeMCU ESP8266
1) 4.2.1 Sensor:

Soil moisture sensors play a pivotal role in
IoT-based smart irrigation and controlling systems,
serving as the primary means of assessing the moisture
content of the soil. These sensors are typically embedded
in the ground at various depths within the root zone of
the crops under cultivation. They measure the
volumetric water content in the soil, providing crucial
data that informs irrigation decisions. By continuously
monitoring soil moisture levels in real-time, these
sensors enable precise and efficient irrigation
scheduling, ensuring that crops receive the optimal
amount of water required for healthy growth while

minimizing water wastage.

Figure 1: soil moisture sensor
The data collected by soil moisture sensors is transmitted
to a central control unit or cloud-based platform, where
it is analyzed alongside other environmental parameters
such as temperature, humidity, and rainfall. Advanced
algorithms then process this data to determine the
irrigation needs of the crops, triggering automated
actions such as activating irrigation valves or adjusting
watering schedules. Additionally, soil moisture sensors
help farmers identify areas of the field that may be
experiencing water stress or drainage issues, enabling
targeted interventions to optimize irrigation practices
and maximize crop productivity. Overall, soil moisture
sensors are indispensable components of loT-based
smart irrigation systems, empowering farmers with the
insights needed to make informed decisions and achieve

sustainable water management in agriculture..

4.2.2 RELAY:

Relays are integral components within IoT-based
smart irrigation and controlling systems, serving as the
intermediary between the microcontroller or central
control unit and the irrigation equipment, such as
These

electromechanical switches are tasked with controlling

valves, pumps, or sprinklers.

the flow of electricity to the irrigation components,
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enabling them to turn on or off based on predetermined
conditions or commands received from the system. In
the context of smart irrigation, relays are utilized to
activate or deactivate irrigation equipment in response
to data gathered from sensors and processed by the
system's algorithms. For instance, when soil moisture
levels drop below a certain threshold indicating the
need for irrigation, the microcontroller triggers the
relay to activate the irrigation valve, allowing water to

flow to the crops.

Figure 2: Relay

Conversely, when moisture levels are sufficiently high
or predetermined watering schedules are met, the relay
is instructed to deactivate the valve, halting the
irrigation process. Relays provide a critical level of
control and automation within the system, ensuring
precise and efficient water delivery to crops while
minimizing water wastage. Additionally, relays may
incorporate safety features such as overload protection
and isolation to safeguard both the equipment and the
surrounding environment. Overall, relays play a vital
role in the functionality and reliability of IoT-based
smart irrigation and controlling systems, facilitating the
automation and optimization of irrigation processes in

agricultural settings.

4.2.2 FLYINHG FISH:

Integrating the concept of "flying fish" into IoT-based
smart irrigation and controlling systems represents an
innovative approach to enhancing the efficiency and
effectiveness of agricultural water management. In this
context, "flying fish" refers to unmanned aerial vehicles
(UAVs) or drones equipped with advanced sensors and
imaging technology that can be deployed over
agricultural fields to gather real-time data on crop
health,

environmental

relevant
IoT

connectivity, these flying fish drones can communicate

soil moisture levels, and other

parameters. By leveraging
with the central control unit or cloud-based platform of
the irrigation system, enabling seamless integration of
aerial data into the decision-making process. The data
collected by flying fish drones provides farmers with

valuable insights into the spatial variability of soil
moisture and crop conditions across their fields,
allowing for more targeted and precise irrigation

strategies. For example, drones equipped with

multispectral or thermal imaging cameras can identify
areas of water stress or disease within the crop canopy,
enabling farmers to schedules

adjust irrigation

accordingly.

Figure 3: Flying Fish

Moreover, the agility and versatility of flying fish
drones enable them to access hard-to-reach or remote
areas of the field, providing comprehensive coverage
and insights that may be challenging to obtain using
traditional =~ ground-based  sensors  alone. = By
incorporating flying fish drones into IoT-based smart
irrigation and controlling systems, farmers can make
data-driven decisions that optimize water usage,
improve crop yield, and promote sustainable
agricultural practices. However, challenges such as flight
time limitations, regulatory constraints, and data
processing requirements must be addressed to realize
the full potential of this technology in agricultural water

management.

4.2.4 BUZZER:

Buzzer integration in loT-based smart irrigation and
controlling systems offers an audible alert mechanism to
notify farmers or system operators about critical events
or conditions requiring immediate attention. Typically
connected to the central control unit or microcontroller,
the buzzer is activated based on predefined thresholds
or conditions determined by sensor data and system
algorithms.

Positive

Negative

Figure 4: Buzzer
For instance, if soil moisture levels deviate significantly

from the desired range, indicating potential water stress
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or drainage issues, the buzzer can sound an alarm to
prompt intervention. Similarly, the buzzer may signal
the completion of an irrigation cycle or indicate system
malfunctions such as sensor failures or communication
errors. This audible feedback provides an additional
layer of monitoring and ensures that farmers can
promptly address any issues affecting crop health or
system performance. Furthermore, in scenarios where
visual monitoring may be impractical or in
environments with limited connectivity, the buzzer
serves as an effective means of alerting users to critical
events in real-time. However, it's important to consider
the appropriate volume and frequency of buzzer alerts
to avoid unnecessary disturbance while still ensuring
timely response to important notifications. Overall, the
integration of a buzzer in IoT-based smart irrigation and
controlling  systems  enhances the  system's
responsiveness and usability, contributing to improved
agricultural  productivity and  water resource
management.
4.2.5 Motor

Motors are crucial components in loT-based smart
irrigation and controlling systems, responsible for
driving irrigation equipment such as pumps, valves, and
sprinklers. These motors are typically controlled by the
central unit or microcontroller within the system,
receiving commands based on data collected from
sensors and processed by decision-making algorithms.
In the context of smart irrigation, motors are activated or
deactivated to initiate or cease water flow to the crops,
ensuring precise and efficient irrigation practices.

For instance, when soil moisture levels indicate a need
for watering, the microcontroller triggers the motor to
activate the irrigation pump, allowing water to be
distributed through the irrigation system. Conversely,
when moisture levels are sufficient or predetermined
watering schedules are met, the motor is instructed to
stop, halting the irrigation process and conserving water

resources.

-

Figure 5:Motor

4.2.6NodeMCU ESP8266:

The NodeMCU ESP8266 development board
comes with the ESP-12E module containing the
ESP8266 chip having Tensilica Xtensa 32-bit LX106
RISC microprocessor. This microprocessor supports
RTOS and operates at 80MHz to 160 MHz adjustable
clock frequency. NodeMCU has 128 KB RAM and 4MB
of Flash memory to store data and programs. Its high
processing power with in-built Wi-Fi / Bluetooth and
Deep Sleep Operating features make it ideal for IoT

projects.

Figure 6: NodeMCU ESP8266

NodeMCU is an open-source firmware for which

open-source prototyping board designs are available.
The name "NodeMCU" combines "node" and "MCU"
(micro-controller wunit). Strictly speaking, the term
"NodeMCU" refers to the firmware rather than the
associated development kits.Both the firmware and
prototyping board designs are open source.

5. RESEARCH METHODOLOGY

Research methodology in IoT-based smart irrigation and
controlling systems involves a systematic approach to
designing, implementing, and evaluating the
effectiveness of these systems in agricultural settings.
The methodology typically encompasses several key
stages, including problem identification, literature
review, system design and development, testing and
validation, and data analysis.

Initially, researchers identify the specific challenges and
objectives related to water management in agriculture,
such as water scarcity, inefficient irrigation practices, or
crop water requirements. This problem identification
phase informs the research questions and objectives of
the study.

Next, a comprehensive literature review is conducted to
gather existing knowledge and insights related to IoT
technologies, smart irrigation systems, and relevant

agricultural practices.
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soil moisture
sensor

Figure 7: Circuit Diagram of Smart irrigation
Based on the findings from the literature review,
researchers proceed to design and develop the IoT-based
smart irrigation and controlling system. This involves
selecting suitable hardware components, such as
sensors, actuators, microcontrollers, and communication
modules, and integrating them into a cohesive system
architecture. Software development may also be
required to implement data processing algorithms,
decision-making logic, and user interfaces.Once the
system is developed, rigorous testing and validation
procedures are conducted to assess its performance and
reliability under various environmental conditions and
scenarios. This may involve laboratory experiments,
field trials, and pilot studies conducted in real-world
agricultural settings. Data collected during the testing
phase are analyzed to evaluate the system's effectiveness
in optimizing water usage, improving crop yield, and
reducing resource inputs.

Finally, the research findings are synthesized and
disseminated through academic publications, conference
presentations, and technical reports, contributing to the
advancement of knowledge in the field of IoT-based
smart irrigation and controlling systems. Additionally,
feedback stakeholders,

agricultural experts, and policymakers, may be solicited

from such as farmers,

to inform future research directions and practical

applications of the technology. Overall, research
methodology in IoT-based smart irrigation and
controlling systems involves a multidisciplinary

approach that integrates principles from engineering,
agronomy, and data science to address complex

challenges in agricultural water management.

5.1Flowchart:

|‘ Mobile App ;

Microcontroller
Initialization
Read sensor values l

Temperature
and Humidity
Sensor

Moisture Water Tank
Sensors Level Sensor

—

Sensor Value = NO
Threshold Limit

Pump OFF

Display Sensor
Values

|
Figure 8: Iot based Smart Irrigation & Controllig System
6. RESULTS & DISCUSSION

(a) Pump turn on condition:

When the moisture of the agriculture field is less than a
certain level then the pump turns on automatically. In
the period of turn on the pump an email containing
temperature and humidity date time information is
provided to the user. The figure for the email turn on
notification is given below: -

)
M Gmoi 3 : e
} c noes s bw 5

Pump ON s

Smartusis N Ry Acosust & o

D wvern +

FIGURE 7: PUMP TURN ON NOTIFICATION
(b) Pump turn off condition:

The flow of water can be measured. After a certain
period, this pump need to be off. For turned off the
pump the condition of moisture sensor and water level
when will be medium. Also the notification of turned off
the pump shown to the notification bar of the user. With

it the additional information of temperature and
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humidity will get the user.

e I I

Fleld 3 Chart & o # =

Irrigation Data

Figure 8: ECG Wave Form of a soil in a crop

The ECG waveform can be seen below as a

visualizations effect on Serial Monitor.

FIGURE 9: PUMP TURN OFF NOTIFICATION

7. CONCLUSIONS
The adoption of IoT-based smart irrigation and
controlling  systems

represents a  significant

advancement in agricultural water management,
offering a promising solution to address the challenges
faced by traditional irrigation practices. Through the
integration of sensors, actuators, and communication
technologies, these systems enable precise, efficient, and
automated control of irrigation processes, resulting in
improved crop productivity, water conservation, and
environmental sustainability.

In conclusion, IoT-based smart irrigation and
controlling systems have the potential to revolutionize
the way water is managed in agriculture, paving the way
for sustainable and resilient farming practices in the face
of climate change, population growth, and dwindling
With continued

collaboration across disciplines, these systems can play a

water resources. innovation and
pivotal role in ensuring food security, environmental

conservation, and prosperity for generations to come.
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