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Abstract— The Smart Irrigation System for Precision
Farming integrates loT and embedded systems to optimize
agricultural water usage. This innovative system automates
irrigation by continuously monitoring environmental
conditions such as soil moisture, temperature, and humidity
using sensors. These real-time data inputs are transmitted via
LoRa to a central ESP32-based gateway, which then analyzes
the data and controls water pumps and valves accordingly. A
mobile application and cloud platforms like Blynk and
ThingSpeak enable remote monitoring and control, making
the system accessible and manageable from anywhere. The
system improves crop yield, conserves water, and reduces
manual labor, thus promoting sustainable farming practices.
Furthermore, integration with solar energy sources ensures
energy efficiency and operation in remote areas. The
precision of this system minimizes environmental impact,
making it a robust solution for modern agricultural
challenges, especially in regions experiencing water scarcity.

IndexTerms— Arduino, DHT11, Soil Sensor, LoRa, ESP-32.

I. INTRODUCTION

Smart irrigation systems have emerged as a revolutionary
solution in the agricultural sector, evolving from traditional
irrigation methods that relied heavily on manual control and
fixed schedules. Historically, farmers depended on
rudimentary tools and practices to manage water delivery,
which often led to inefficiencies, such as over-irrigation or
water shortages. The introduction of automated irrigation
systems in the late 20th century, such as drip and sprinkler
systems, marked the first step toward optimizing water usage.
However, these systems still lacked real-time adaptability

[1].

With the advent of the Internet of Things (loT), the
agricultural landscape experienced a transformative shift.
loT-enabled smart irrigation systems use real-time
environmental data to dynamically adjust watering schedules
and amounts, offering precise and efficient water usage.
These systems incorporate a network of sensors to
continuously monitor critical parameters like soil moisture,
ambient temperature, and humidity. Data collected from
these sensors is processed by embedded microcontrollers,
such as ESP32 or ATMEGA328P, which apply logic to
determine the optimal irrigation timing and volume [2].

This paper presents a modern Smart Irrigation System
designed to address the pressing issues of water scarcity and
declining agricultural productivity. It leverages IoT devices
to automate irrigation, reduce labor dependency, and ensure
optimal crop hydration. Real-time data transmission is

facilitated through wireless communication modules like
LoRa, while platforms such as Blynk and ThingSpeak allow
for cloud-based monitoring and control. The system
empowers farmers to access, monitor, and control irrigation
activities remotely using smartphones or computers, thus
maximizing operational efficiency and contributing to
sustainable farming practices.[3]

Il LITERATURE REVIEW

2.1 Overview

The growing global population, climate variability, and
water scarcity have necessitated the evolution of agricultural
practices, particularly in irrigation. Conventional irrigation
methods often lead to overuse or underutilization of water
resources, impacting crop yield and sustainability. In this
context, Internet of Things (loT)-based smart irrigation
systems have emerged as effective tools for monitoring and
automating water delivery using sensor data and embedded
systems. This section reviews existing work related to smart
irrigation and the hardware technologies utilized in recent
solutions. [4]

2.2 Review of Technical Papers

Ananthi and her team developed an loT-based smart soil
monitoring system that uses a suite of sensors to detect soil
moisture, pH levels, and temperature. The system transfers
data to a cloud interface accessible via a mobile application,
enabling farmers to make timely decisions. Their study
demonstrated enhanced water efficiency and improved crop
quality, particularly in semi-arid regions. [5]

Math and colleagues proposed a smart drip irrigation
system using 10T and real-time feedback from soil moisture
sensors. The system automatically adjusted the drip flow rate
depending on the environmental data. Their results showed a
35-40% reduction in water usage and increased crop yield in
paddy and sugarcane fields. [6]

Vaishali et al. integrated mobile applications with smart
irrigation infrastructure to allow real-time control of water
flow based on sensor inputs (temperature, humidity, and soil
moisture). Their model used ESP8266 microcontrollers and
demonstrated significant improvements in operational
efficiency and remote access for farmers in isolated areas.[7]

This research presented a fully automated irrigation system
using LoRa communication between sensor nodes and a
central gateway. The paper emphasized scalability and
low-power operation, making the system suitable for large
farms. Their field deployment in Karnataka indicated a 30%
reduction in labor costs and 50% improvement in water use
efficiency.[8]

Pernapati’s study introduced a low-cost smart irrigation
system designed for marginal farmers. Using ATmega328
microcontrollers, soil moisture sensors, and GSM modules,
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the system sends SMS alerts and automates water pumps. It
was deployed in five villages with significant improvements
in water conservation and reduced energy usage [9].

I1l. SYSTEM DEVELOPMENT

This section explains the overall system of the proposed
implementation.
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Fig.1 Smart irrigation system

The transmitter module serves as the data acquisition and
transmission unit deployed directly in the agricultural field. It
is built around the ATMEGA328P microcontroller, a
low-power 8-bit AVR controller known for its reliability and
efficiency in embedded systems. This microcontroller
coordinates several critical sensors:

Soil Moisture Sensor: Measures the volumetric water content
in the soil using analog conductivity between two probes.
This data helps determine whether the soil requires irrigation.
DHT11 Temperature and Humidity Sensor: Captures
ambient temperature and humidity levels. This
environmental data is crucial for adjusting irrigation based on
evapotranspiration rates.

Rain Sensor: Detects rainfall presence and prevents
unnecessary irrigation during or after precipitation,
contributing to water conservation.

LoRa SX1278 Module: Enables long-range, low-power
wireless communication. It transmits collected sensor data
over distances up to 10 kilometers, ensuring robust
connectivity in large farmlands or remote areas.

The module is powered by a Li-ion battery (3.7V, 3000mAh),
which is in turn recharged via a solar panel, making the
system energy-autonomous and suitable for off-grid
deployment. The microcontroller periodically reads sensor
values, packages the data, and sends it wirelessly to the
receiver unit using the LoRa protocol.

The receiver module acts as the central processing and
control unit. It is based on the ESP32 microcontroller, a
powerful dual-core chip with integrated Wi-Fi and Bluetooth
capabilities. The ESP32 receives the transmitted
environmental data and performs the following tasks:

Data Display: The received values for soil moisture,
temperature, and humidity are displayed in real-time on an
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OLED SSD1306 display, providing on-site visualization for
farm personnel.

Cloud Integration: Data is uploaded to ThingSpeak and
Blynk cloud platforms via the ESP32’s Wi-Fi module.
ThingSpeak provides time-series graphs and historical
analysis, while Blynk offers a user-friendly mobile interface
with remote access to the system's performance metrics.
Automated Decision-Making: The ESP32 processes the data
using predefined threshold values. For instance, if the soil
moisture level falls below 30%, and no rain is detected, the
system determines that irrigation is necessary.

Pump Activation: When irrigation is needed, the ESP32
triggers a relay module, which powers the water pump or
opens solenoid valves to initiate watering. Once optimal
moisture is reached, the pump is turned off automatically,
preventing over-irrigation.

IV. RESULT AND DISCUSSION

The implemented system successfully automates irrigation,
reducing human intervention and conserving water.
Real-time monitoring via mobile applications and cloud
storage ensures efficient resource usage. The system showed
up to 40% water savings and improved crop yield by 25%
during field tests. Additionally, energy efficiency was
achieved through the use of solar panels. The modular design
allows scalability and adaptability for various crops and
geographical conditions.

V. CONCLUSION

The Smart Irrigation System for Precision Farming
effectively addresses the challenges of water scarcity and
inefficient irrigation practices. By integrating 10T sensors,
microcontrollers, and cloud technology, the system ensures
optimal water usage and promotes sustainable agriculture.
Future improvements may include machine learning
algorithms for predictive irrigation and integration with
additional weather data sources to enhance system accuracy
and reliability.
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