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Abstract - Agriculture is the most important and
worshipped occupation in India. The use of Internet of
Things (lIoT) technology has brought major advancements
to agriculture by improving resource management,
increasing efficiency, and promoting sustainability. This
paper examines loT-based smart farming systems that
enable real-time monitoring, data- driven decision-
making, and automated farming operations. 10T devices
such as sensors, actuators, and cloud-based computing
platforms create a connected ecosystem where farmers
can track key environmental factors like soil moisture,
temperature, humidity, and crop health. By analyzing this
data, farmers can optimize irrigation, fertilization,
Automation of farm activities can transform agricultural
domain from being manual and static to intelligent
and dynamic leading to higher production with lesser
human supervision [2]. It means when field needs water
then automatically motor will get ON and it will get OFF
when it’s get enough. These sensed parameters and motor
status will be displayed on user devices [1]. loT
integration in farming can help address food security
issues while encouraging sustainable agricultural
practices.

Key Words: Smart Agriculture, IOT Smart system, ESP-32,
Automation.

1. INTRODUCTION

Agriculture is an essential sector that not only plays a critical
role in supporting food production but also serves as a
cornerstone for the economic stability of nations around the
world. However, in recent years, it has faced an increasing array
of challenges that threaten its ability to meet the growing
demands of a global population. Among the most pressing
issues are the effects of climate change, which lead to
unpredictable weather patterns, extreme conditions, and
shifting growing seasons. Additionally, the depletion of natural
resources, such as water and arable land, has made farming less
efficient, Kumar et al. proposed an loT-based smart irrigation
system that uses soil moisture sensors to monitor moisture
levels in real-time [9]. Over-use of water for irrigation,
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inefficient application of fertilizers and pesticides, and poor soil
management have all led to significant ecological damage,
making it clear that a change is necessary.

In response to these challenges, the emergence of advanced
technologies such as the Internet of Things (IoT) presents a
transformative approach to modern agriculture. 0T in farming,
often referred to as precision agriculture, leverages real-time
data collected from a network of smart sensors and automated
systems, offering farmers a way to optimize and fine-tune key
aspects of their operations. By arranging some useful sensors
like temperature, humidity, soil moisture

sensors will find the percent of moisture in soil. Then if the
moisture percent is low, then motor will get ON atomically
and OFF when it maintains a sufficient percent [1].

This continuous stream of data forms the foundation for
intelligent decision-making in irrigation management [5]. For
example, loT-enabled sensors can measure soil moisture levels,
ensuring that irrigation only occurs, when necessary, thereby
conserving water and preventing overuse. Similarly, hybrid
method for selecting irrigation methods based on climate
changes and soil moisture levels, demonstrating the potential of
IoT enabled smart irrigation controllers in improving
agricultural productivity [10].

Moreover, 10T technology enhances the ability to detect and
respond to pest activity in real-time. To meet the demand of
smart farming application in current era [4], minimizing the
use of harmful pesticides and reducing their environmental
footprint. The integration of 10T into agriculture makes the
entire process more efficient, data-driven, and, most
importantly, sustainable. Traditional irrigation methods,
heavily reliant on inconsistent monsoon rains and manual
intervention, often result in inefficient water usage and
suboptimal crop yields [3]. By enabling farmers to access
detailed, actionable insights about their fields, 10T helps to
ensure that agricultural production can meet future demands
without compromising the health of the planet. Ultimately, this
degree of accuracy guarantees that crops get the ideal amount
of water at the appropriate time, reducing waste and enhancing
efficiency [6]. and long-term sustainability in food production.
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2. LITERATURE SURVEY

2019[3] analytics

conservation

intervention, often
result in inefficient
water usage

Sr. No Author Name Methodology Purpose Improvement Limitations
1 CK Microcontroller soil Design an automated Allow remote Senser calibration,
Gomathy monitor sensor, irrigation system monitoring and limited range
2022 [1] Arduino UNO scheduling
2 Srishti Rawal Arduino uno, GSM Smart irrigation system | Thing speak Cloud | Network dependency,
2017 [2] module, moisture for efficient water usage. | Server and water delayed response in poor
sensor, Webpage conditions signal areas.
3 Rishabh Modi IoT sensors, data Enhanced water manual Limited by

sensor placement.

Raspberry pi, IOT
cloud integration,
DHT11 sensor.

4 Chong Peng
Lean 2024 [4]

Optimize
irrigation using
real -time date
and analytics

Uses whether
forecasting for
productive watering

High initial cost,
complexity in setup.

3. PROPOSED MODEL

3.1 DESIGN AND DEVELOPMENT

© 2025, IJSREM

The smart irrigation system aims to enhance agricultural
efficiency by integrating 10T-based smart farming
solutions. This system will leverage a network of sensors
like soil moisture, temperature sensor, Humidity sensor
and relay module to control machine (ON, OFF) through
Device. Implementing a smart irrigation system with loT
and wireless sensors helps reduce water wastage and
improve irrigation efficiency through real-time
monitoring [8] environmental conditions such as soil
moisture, temperature, Humidity and.5 volts of power is
supplied to the micro controller [1]. By using loT,
agriculture is shifting from traditional practices to an
automated and data- driven approach, improving both
efficiency and sustainability. reduce water wastage,
improve crop health, and boost overall productivity.

DC- Motor
—’@

Soil
Moisture

Humidity
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ensor Cloud/Server

X

Temperature L
sensor Mobile
Device

[ Power supply of 5vit ]

Fig. system Architecture Diagram
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The design and development of the loT-based
smart farming solution aim to address the challenges
faced by modern agriculture, including inefficient
resource use, inconsistent crop growth, and the high
cost of manual labor. The system is designed to
enhance agricultural efficiency through real-time
monitoring, weather conditions, and soil moisture to
determine watering needs accurately and cost-
effectively [71. incorporating Sensors,
communication networks, cloud computing, and
user interfaces. The primary components of the
architecture include:

3.2 SENSING LAYER

This layer consists of various sensors placed in the
field to monitor critical agricultural parameters.
These include:

Soil Moisture Sensors: These sensors measure the
moisture content in the soil to automate irrigation.

Temperature and Humidity Sensors: These
sensors monitor the ambient temperature and
humidity, which are

Data Transmission Layer: Data collected by the
sensors are sent to a central processing unit using
wireless communication protocols. The system
supports:

Wi-Fi or LoRa WAN for local or remote connectivity,
depending on the farm's size and location.

User Interface Layer: A mobile application or
web-based platform serves as the interface for
farmers. The app will display:

Real-time sensor data, such as soil moisture,
temperature, and humidity.
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Reports and analytics on soil and environmental conditions
for informed decision-making.

Actuators:

3.3 Hardware Design:

Water Pump Relay: A relay module will be
The hardware design consists of various sensors and used to control the water pump based on
components integrated into a system that ensures seamless moisture sensor data, turning the pump on
data acquisition, processing, and actuation. The hardware when the soil moisture drops below the desired
components include: level.

Communication Modules:
Wi-Fi: For transmitting data to a cloud platform
or mobile app. These modules ensure that
farmers can access real-time data remotely.

e Sensors:

Power Supply:
The system is powered by a 5V power supply
(via solar panels or a battery) to ensure
sustainability, especially in off-grid locations.

Figure 2: Soil moisture

Soil Moisture Sensors: Used to measure soil water
content. These sensors will send moisture data to the
microcontroller, which in turn triggers the irrigation g - -
system. 7y

Mositure :- 50%
Temperature :- 27'C

Fig: DHT11 sensor ‘ i - -

Fig: Circuit Diagram
Temperature and Humidity Sensors: To monitor
environmental conditions and optimize plant care.

Light Intensity Sensors (optional): To track From the above connection we confirm that all
sunlight exposure, especially for greenhouse or the sensors are connected to the micro-controller
indoor farming applications. and with the Wi-Fi module successfully. In the

circuit the ESP-32 micro-controller is with
Microcontroller: software code including water motor control and

A microcontroller (e.g., ESP32) serves as the heart of the soil moisture sensor is connected to the soil
the system. It collects data from sensors, processes it, and it collects the value of moisture to the micro-
and makes decisions to trigger actuators (e.g., water controller [1].

pumps, fans).

Fig: ESP-32 micro-controller
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3.4 Software Development:

The software development for the smart farming solution
encompasses both the backend (data processing) and the
frontend (user interface) components:

Frontend Software (Mobile App/Web Interface):

Real-time Monitoring: The mobile app or web-based
platform (BLYNK APP) will display live data from the
sensors. It will show soil moisture levels, temperature, and
humidity readings in a user-friendly interface.

Analytics and Reports: The system will generate
reports and offer predictive analytics to help farmers
make data-driven decisions about their farm management
practices.

Integration with Existing Farming Practices:

The proposed system is designed to integrate seamlessly
with traditional farming practices. Farmers will have the
flexibility to control and monitor the system manually or use
the automatic settings for irrigation and fertilization.

Mobile App Integration: Farmers can control irrigation
schedules, view historical data, and make decisions directly
from the mobile app (Blynk app), improving convenience.

Remote Monitoring: Farmers can monitor their
fields remotely, reducing the need for frequent on- site
visits and manual labor.

4. RESULTS

The loT-based smart farming solution has proven itself to be a
groundbreaking  innovation in  modern  agriculture,
demonstrating its vast potential to revolutionize the way farming
practices are conducted. By improving water efficiency,
optimizing resource use, and enhancing overall crop yields, this
technology offers significant advantages for farmers around the
globe. One of the key features of this smart farming system is
its ability to automate irrigation processes.

Through the use of sensors and connected devices, the system
can monitor soil moisture levels in real-time, ensuring that water
is applied only when needed, thereby reducing waste and
conserving precious water resources. This efficiency not only
helps mitigate the impact of water scarcity but also leads to cost
savings for farmers by lowering water consumption.

In addition to improving water management, the loT system
provides real-time data on a wide range of environmental
conditions, including temperature, humidity, soil quality, and
pest activity. This constant flow of information empowers
farmers with data-driven insights that allow them to make well-
informed decisions about crop management and resource
allocation. The ability to monitor and respond to environmental
factors as they change enables farmers to adjust their practices
quickly and efficiently, optimizing growing conditions and
ensuring that crops receive exactly what they need to thrive.
This data-driven approach minimizes the guesswork that often
comes with traditional farming techniques and reduces the risk
of overuse or underuse of resources such as fertilizers,
pesticides, and water.
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The positive results observed from the use of loT-based smart
farming solutions are a testament to the transformative power
of this technology. Implementing a smart irrigation system with
loT and wireless sensors helps reduce water wastage and
improve irrigation efficiency through real-time monitoring [11].

As the global population continues to grow, the demand for
food will increase, placing greater pressure on farmers to
produce more with fewer resources. By embracing these
innovative solutions, the industry can improve its resilience to
climate fluctuations and enhance productivity in a sustainable
manner. Ultimately, loT-driven smart farming practices provide
a pathway toward more efficient, environmentally friendly, and
profitable agricultural operations, ensuring a brighter and more
sustainable future for farming communities worldwide.
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Fig: Sensors displays the values in the user device
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- Smart Irrigation System Performance Over Time
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Fig: Performance graph of irrigation system Fig: Soil Moisture sensor [1]

5. CONCLUSION

The loT-based smart farming introduces a data-

» driven, automated, and environmentally responsible

approach to modern agriculture. By enabling real- time

l monitoring and optimized resource use, 10T enhances

productivity, reduces environmental damage, and

Check ensures long-term sustainability. While there are

challenges in widespread implementation,

advancements in technology and connectivity will

drive the growth of smart agriculture. Through this

project it can be concluded that there can be

considerable development in farming with the use of

IOT and automation[2]. and promoting sustainable
agriculture.
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