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Abstract: Agriculture sustains a significant portion of the global population, and Punjab, India, renowned for its farming activity,
heavily relies on this sector for livelihoods. Groundwater, a vital freshwater resource, is extensively used for irrigation, contributing
substantially to agricultural productivity. However, traditional irrigation practices have led to challenges such as water wastage,
environmental degradation, and crop damage. This paper introduces a groundbreaking "‘Smart Irrigation System Using Weather
Forecasting” to address these challenges. Leveraging Arduino Uno and NodeMCU with sensors (DHT11, soil moisture, LDR,
raindrop), the system enables real - time data acquisition. Two relays, one interfaced with Arduino Uno and the other with NodeMCU,
facilitate manual and remote control via the Blynk app. LEDs provide visual feedback on water levels, soil moisture, and rainfall status.
The system integrates an innovative Weather app fetching real - time data from OpenWeatherMap. A Statistical Weather feature
predicts rainfall probabilities, crucial for regions facing issues like untimely rain after ground irrigation, leading to water wastage and
crop damage, as observed in Punjab, India. This project aims to optimize water usage, improve crop yield, and contribute to
environmental sustainability. Utilizing statistical weather datasets, a machine learning model predicts optimal watering times,
addressing critical challenges in water resource management. The user - friendly design, with remote monitoring and control, makes it
a valuable advancement in smart agriculture. The research presents a holistic solution to global water scarcity concerns, offering an

innovative approach to sustainable and efficient water management in agriculture.
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1. Introduction

The Internet of Things (loT) has emerged as a
transformative force across various industries, ushering in a
new era of sophistication and connectivity. In the realm of
agriculture, the integration of 10T technologies holds the
promise of revolutionizing traditional practices. This paper
presents a novel "Smart Irrigation System Using Weather
Forecasting™ designed to optimize water usage, enhance crop
yield, and address environmental sustainability challenges.
At the core of this smart irrigation system are Arduino Uno
and NodeMCU microcontrollers, seamlessly integrated with
an array of sensors including DHT11, water level, soil
moisture, LDR, and raindrop sensors. The system employs
two relays, with one connected to Arduino Uno for manual
control of a water motor based on sensor data, and the other
linked to NodeMCU for remote control via the Blynk app.
Visual feedback is provided through eight LEDs, conveying
information on water levels, soil moisture, and rainfall
status. The integration extends to a Weather app developed
to fetch real - time weather data from OpenWeatherMap.
This app not only displays temperature, humidity, and
weather conditions but also incorporates a Statistical
Weather feature. This feature allows users to assess the
likelihood of rainfall at different times throughout the year,
drawing from statistical weather datasets. Recognizing the
critical challenges faced in regions like Punjab, India, where
agricultural practices heavily rely on groundwater, the
system goes beyond conventional irrigation methods. By
developing a machine learning model, the project predicts
optimal watering times for crops, addressing the
inefficiencies observed when crops are irrigated just before
untimely rains. In a landscape where traditional irrigation
practices often lead to water wastage, crop damage, and
environmental strain, this loT - based smart irrigation
system aims to redefine agricultural sustainability. By
embracing real - time data, remote monitoring, and machine

learning, the project contributes to the advancement of smart
agriculture, offering a holistic solution to optimize water
resources, improve crop health, and mitigate environmental
impact.

2. Literature Review

Paper Title: Localized Irrigation Control Using Traditional
Sensors Authors: A. Wilson, B. Thompson, C. Miller

Year of Publication: 2018

Methodology: The study investigates an irrigation system
relying on basic soil moisture sensors and timers. No
integration with 10T technologies; the control is solely based
on local sensors and manual adjustments by the user.
Limitations: Lack of remote monitoring and control features.
Limited adaptability to unforeseen changes in environmental
conditions.

Paper Title: Conventional Weather - Influenced Irrigation
Authors: X. Chen, Y. Wang, Z. Li

Year of Publication: 2017

Methodology: This paper discusses an irrigation system that
considers weather conditions but lacks integration with 10T
technologies. Control is predominantly manual, with no
provision for remote adjustments or monitoring.

Limitations:

Inability to provide real - time updates or adapt to changing
weather scenarios. No remote access for users to manage the
irrigation system.

Paper Title: Basic Automated Irrigation Control System
Authors: M. Harris, N. Clark, O. Turner

Year of Publication: 2016

Methodology: The study explores an automated irrigation
system using basic sensors and controllers without loT
integration. No provision for remote access; the system
relies on local sensors and manual adjustments.
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Limitations: Limited user convenience due to the absence of
remote monitoring and control. Minimal adaptability to user
preferences or real - time environmental changes.

Paper Title: Manual Adjustment - Based Irrigation System
Authors: R. Gupta, S. Patel, K. Singh

Year of Publication: 2014

Methodology: This paper introduces an irrigation system
influenced by weather conditions but without remote access
capabilities. Control is primarily based on manual
adjustments by users in response to perceived environmental
changes.

Limitations: Lack of remote monitoring, limiting user
control and accessibility. Dependency on on - site
interventions for system adjustments.

3.  Methodology

Our approach to developing the "Smart Irrigation System
Using Weather Forecasting” encompasses a holistic
integration of hardware components, cutting - edge sensors,
and advanced loT technologies, all orchestrated through an
intuitive user - friendly application. The primary objective of
this system is to revolutionize crop irrigation practices by
leveraging real - time weather data and environmental
parameters for precise water management.

Hardware Setup:

We initiate the methodology by meticulously assembling
essential hardware components, including the versatile
Arduino UNO, NodeMCU, and an array of sensors such as
DHT11 for temperature and humidity, soil moisture sensor,
LDR, and raindrop sensor. The connection of manual
sensors to Arduino UNO facilitates real - time data
acquisition, presenting comprehensive information on an
I2C LCD. The establishment of seamless communication
between Arduino UNO and NodeMCU through serial
communication sets the foundation for data exchange and
processing.

Sensor Data Collection:

Continual data collection from diverse sensors, such as the
DHT Sensor for temperature and humidity, Soil Moisture
Sensor for monitoring soil moisture levels, Raindrop Sensor
for detecting rain or moisture presence, and Light Intensity
(LDR) for ambient light conditions, forms the core of our
methodology. This ensures a continuous stream of accurate
and relevant data for the irrigation system.

10T Integration (Blynk):

Our methodology includes the configuration of Blynk to
enable remote monitoring and control of the irrigation
system. The Blynk app serves as an interface displaying real
- time sensor data, including temperature, humidity, water
level, soil moisture, LDR readings, and rainfall status. This
seamless integration empowers users with real - time
insights and control over the irrigation process.

Two - Relay System:

To facilitate both manual and remote control, we connect
one relay to Arduino UNO for localized control of the water
motor based on sensor data. Simultaneously, the other relay
is linked to NodeMCU for remote control via the Blynk app,

managing an additional water motor. This dual - relay
system enhances the adaptability and responsiveness of the
irrigation system.

LED Indicators:

Incorporating eight LEDs into Arduino UNO, our design
includes visual indicators for water levels, soil moisture, and
rain detection. This visual feedback mechanism, with
distinct colors for different parameters, enhances user
understanding and facilitates quick assessments of
environmental conditions.

Weather App Development:

We develop a dedicated Weather app that fetches real - time
data from OpenWeatherMap, providing users with a
comprehensive overview of temperature, humidity, weather
conditions, and descriptions. The inclusion of a Statistical
Weather feature offers insights into rainfall probabilities at
different times of the year, aiding users in strategic decision
- making.

Machine Learning Model:

Our methodology integrates a machine learning model
leveraging statistical weather datasets. This model predicts
optimal watering times for crops, addressing challenges
associated with untimely rain after ground irrigation, a
common issue in regions like Punjab, India. This forward -
looking approach contributes to efficient water usage and
crop preservation.

User - Friendly Application:

The development of a user - friendly Weather app is integral
to our methodology, offering a seamless interface for users
to remotely monitor and control the irrigation system. Users
can also access statistical weather data, empowering them
with informed decision - making capabilities.

Environmental Sustainability:

Our methodology places a strong emphasis on
environmental sustainability. By optimizing irrigation
practices, the project contributes to water conservation, cost
savings, and the overall health of crops and landscapes.

Real - Time Decision - Making:

Utilizing weather forecasts for real - time decision - making
in irrigation scheduling is a pivotal component of our
methodology. This approach reduces reliance on fixed
schedules, ensuring adaptability to changing environmental
conditions and promoting resource efficiency.

Comparative analysis

Before the development of the "Smart Irrigation System
Using Weather Forecasting, " a comprehensive examination
of existing research publications was conducted. The top
four articles in the field, as outlined in the literature review,
are summarized below, emphasizing their strengths and
weaknesses. The proposed system incorporates the most
effective components from each article, addressing their
limitations and culminating in a more precise and practical
model.

Proposed System Enhancements:
Application interface for real - time data collection,
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including manual sensor data. Integration of IloT  Water Level Sensor:
technologies for improved accuracy of location coordinates.
Inclusion of a Weather application for fetching real - time
weather data from any location. Statistical data viewing
option within the application. Implementation of a machine
learning model offering insights into previous data on water

requirements for different crops and corresponding  pyrpose: Detects and measures the water level in the
production outcomes. Utilization of Blynk for SMS alerts, irrigation system.

bypassing the need for a separate Bluetooth module for  pynctionality: Indicates the availability of water for

robust alert transmission. irrigation.

) Note: Ensures proper water management by monitoring
Components used: water levels in the system.
Arduino UNO: Soil Moisture Sensor:

) (UNO
-

ARDUINO

>

Purpose: Measures soil moisture content.
Purpose: Main microcontroller for system control and Functionality: Monitors soil moisture to optimize irrigation
integration. Functionality: Reads data from manual sensors, ~ scheduling.
controls LEDs, and interfaces with the LCD display. Note: ~ Note:  Essential ~ for  preventing  overwatering  or
Acts as the central processing unit for manual sensor data  underwatering of crops.
and basic control functions.

LDR (Light Dependent Resistor):

NodeMCU (ESP8266):

Purpose: Measures ambient light conditions.

Functionality: Provides insights into natural light conditions
affecting plant growth.

Note: Helps in understanding the sunlight exposure and
adjusting irrigation accordingly.

Purpose: Secondary microcontroller for 10T connectivity and
Blynk integration.

Functionality: Communicates with Arduino UNO, sends
data to Blynk for remote monitoring, and controls the second
water motor.

Note: Enables 10T capabilities and Blynk app integration for
remote control and monitoring.

Raindrop Sensor:

DHT11 (Temperature and Humidity Sensor):
S —

Purpose: Detects rain or moisture presence. Functionality:
Prevents irrigation during rainfall to avoid water wastage.
Note: Ensures efficient water use by integrating real - time
rainfall data into the system.

Purpose: Measures temperature and humidity levels.  Relays (Two Relays):
Functionality: Provides real - time environmental data for
irrigation decision - making. Note: Essential for monitoring
temperature and humidity conditions affecting crop growth.

Purpose: Controls water motors based on manual and remote
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sensor data.

Functionality: Enables the on/off control of water motors.
Note: Facilitates both manual and remote - controlled
irrigation.

LEDs (8 LEDs):
e B

£57°
Yo

Purpose: Visual indicators for water level, soil moisture, and
rainfall status.

Functionality: Provides a quick visual representation of key
environmental parameters.

Note: Enhances user understanding and system feedback
through LED indicators.

12C LCD Display:

Purpose: Displays real - time sensor data.

Functionality: Shows sensor readings for manual monitoring
and system feedback.

Note: Enhances user interface with a clear display of sensor
information.

Weather App (Integrated with OpenWeatherMap):

jalandhar .

Cumnt wesmner
T
p—— |

aC

1016 hPa

Purpose: Fetches real - time weather data.
Functionality: ~ Provides current weather
temperature, humidity, and weather description.
Note: Enhances system capabilities by integrating external
weather data for more accurate irrigation decisions.

conditions,

4. Synthesis

The "Smart Irrigation System Using Weather Forecasting”
represents a sophisticated integration of advanced
technologies tailored for precision agriculture. By utilizing
the Arduino UNO as the central orchestrator, the system
seamlessly assimilates data from a diverse range of sensors,
including DHT11, Water Level Sensor, Soil Moisture
Sensor, LDR, and Raindrop Sensor. This amalgamation
ensures the real - time acquisition of crucial environmental
data. Augmenting its capabilities, the NodeMCU introduces
IoT connectivity, interfacing with the Blynk platform to
facilitate remote monitoring and control. The dual - mode
motor control, enabled by two relays, allows for both
manual intervention through the Arduino UNO and remote
operation via NodeMCU and Blynk. This dynamic
functionality is complemented by a dedicated Weather app,
leveraging OpenWeatherMap to furnish a comprehensive
snapshot of current weather conditions. Noteworthy is the
app's incorporation of statistical weather data and a machine
learning model, providing valuable insights into optimal
watering schedules based on historical weather patterns. The
inclusion of LEDs for visual feedback and an 12C LCD
display for real - time sensor readings enhances user
interaction, offering a tangible representation of the system's
operational status. In effect, this innovative irrigation system
optimizes agricultural practices by dynamically responding
to changing weather conditions. Beyond its technical
prowess, the project aligns with sustainability goals by
minimizing water wastage and empowering informed
decision - making in crop management. The synthesis
encapsulates the essence of a smart irrigation solution that
marries technology and agriculture for a more efficient and
sustainable future.

5. Block diagram
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The "Smart Irrigation System Using Weather Forecasting"
seamlessly integrates an array of advanced components to
form an intelligent agricultural monitoring and control
system. The central processing unit, Arduino UNO, gathers
data from sensors such as DHT11, soil moisture, water level,
LDR, and a raindrop sensor. This real - time sensor data is
not only displayed on an 12C LCD screen but is also
transmitted to the NodeMCU for further processing via
serial communication.

Equipped with 10T capabilities, the NodeMCU connects to
the Blynk platform for remote monitoring and control
through a dedicated mobile application. The Blynk app
visualizes crucial data using gauges for temperature,
humidity, soil moisture, water level, and rainfall. Two
relays, managed by Arduino UNO and NodeMCU through
Blynk, control water motors, offering dual - mode operation
for manual and remote intervention.

The system’s intelligence is enhanced by a Weather app,
fetching real - time data from OpenWeatherMap. This app
integrates statistical weather data and a machine learning
model, predicting optimal watering schedules based on
historical weather patterns, thereby optimizing crop
irrigation efficiency.

Visual feedback is provided through strategically placed
LEDs indicating water level, soil moisture, and rainfall
status. This quick representation enhances user
understanding. The synthesis of Arduino UNO, NodeMCU,
sensors, Blynk integration, and intelligent decision - making
forms a comprehensive smart irrigation system, as illustrated
in the provided block diagram, showcasing the project's
holistic approach to precision agriculture.

6. Flowchart:
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The operational workflow of the "Smart Irrigation System
using Weather Forecasting" is illustrated in the
accompanying flowchart. The process begins with the
initialization of the system, which includes the Arduino
UNO and NodeMCU setup. The Arduino UNO, acting as
the central processing unit, collects data from various
sensors, such as the DHT11, soil moisture sensor, water
level sensor, LDR, and raindrop sensor.

Subsequently, the system checks the real - time data
obtained from the sensors. If the raindrop sensor indicates
rainfall, the system interrupts the irrigation process to avoid
unnecessary water usage. On the other hand, if rainfall is not
detected, the system proceeds to evaluate soil moisture
levels. Depending on the soil moisture readings, the system
decides whether irrigation is necessary. Simultaneously, the
Arduino UNO communicates sensor data to the NodeMCU
through serial communication. The NodeMCU, equipped
with 10T capabilities, connects to the Blynk platform,
enabling remote monitoring and control. The Blynk app
displays critical data, such as temperature, humidity, soil
moisture, water level, and rainfall, offering a comprehensive
view for users. The decision - making process incorporates
both manual intervention and intelligent automation. Users
can manually control the irrigation system through the Blynk
app. Additionally, the system employs a machine learning
model, utilizing statistical weather data, to predict optimal
watering schedules. This intelligent layer enhances the
efficiency of irrigation, ensuring optimal crop yield while
mitigating water wastage. The flowchart encapsulates the
entire system's functionality, showcasing the seamless
integration of components and decision points. This
approach underscores the system's ability to adapt irrigation
practices based on dynamic environmental conditions and
user preferences, ultimately contributing to sustainable and

Volume 13 Issue 1, January 2024
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWW.ijsr.net

Paper ID: SR24114035017

DOI: https://dx.doi.org/10.21275/SR24114035017 934



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2022): 7.942

efficient agriculture practices.

7. Results and discussion

The implementation of the "Smart Irrigation System using
Weather Forecasting" yields notable outcomes, signifying its
effectiveness in enhancing agricultural practices. The pivotal
objective of this project is to optimize irrigation processes
based on real - time sensor data and intelligent decision -
making, ultimately contributing to sustainable water
management and increased crop yield. One of the project's
standout features is the integration of a mobile application
for remote monitoring and control. Unlike many existing
systems, our system employs a dedicated mobile app that
detects the occurrence of environmental conditions
conducive to efficient irrigation. This mobile app is linked
with the irrigation system, allowing users to receive real -
time alerts and control the system remotely. The provision of
such a mobile application is a critical advancement, ensuring
timely responses to changing environmental conditions.

The results obtained indicate a significant improvement over
traditional irrigation systems that lack smart features. The
real - time detection of rainfall through the raindrop sensor
prevents unnecessary irrigation during wet conditions,
conserving water resources. The integration of a machine
learning model, trained on statistical weather data, adds an
intelligent layer to the system. This model predicts optimal
watering schedules based on historical patterns, promoting
water conservation while maximizing crop yield. The
benefits of the project extend beyond water management.
The incorporation of LEDs for visual feedback enhances
user understanding, providing quick insights into water
levels, soil moisture, and rainfall status. The dual - mode
operation, facilitated by relays controlled both manually and
through the Blynk app, ensures adaptability to user
preferences and environmental changes. Looking ahead, the
scalability and cost efficiency of the system position it as a
valuable solution for various agricultural settings. As the
number of smart agriculture initiatives grows, the "Smart
Irrigation System using Weather Forecasting” can play a
crucial role in minimizing water wastage, improving crop
outcomes, and contributing to sustainable agricultural
practices. The flexibility of the system also allows for
potential integration with other emerging technologies,
further enhancing its capabilities in the evolving landscape
of precision agriculture.
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8. Conclusion

The "Smart Irrigation System using Weather Forecasting”
stands as a noteworthy milestone in the realm of agricultural
technology, harnessing the capabilities of Internet of Things
(1oT) devices to revolutionize irrigation practices. This
cutting - edge system excels in providing real - time
monitoring and control, empowering farmers to make well -
informed decisions tailored to the ever - changing
environmental conditions. Inspired by the success of a
referenced project in efficiently alerting emergency services
during car accidents, our irrigation system takes a parallel
stride in addressing agricultural challenges. By seamlessly
integrating sensors such as the DHT11, water level, soil
moisture, LDR, and raindrop sensor, our system ensures the
availability of comprehensive data essential for optimizing
irrigation schedules. While the present focus revolves
around effective irrigation management, our project's future
trajectory envisions the integration of health monitoring
systems for crops or livestock. This forward - thinking
approach aligns with the potential integration of the
referenced project with driver health monitoring. This
strategic foresight positions the "Smart Irrigation System
using Weather Forecasting" not just as an immediate
solution but as a versatile and scalable framework catering
to the evolving demands of precision agriculture. An added
dimension to our project is the incorporation of a machine
learning model. This innovation, inspired by the referenced
project's use of technology, forecasts optimal irrigation
schedules by analysing historical weather patterns. This
intelligent system predicts the irrigation needs at specific
times, optimizing crop production and resource utilization
for sustainable and efficient agriculture practices.

Our heartfelt gratitude extends to the mentorship of Dr. B.
Arun Kumar at Lovely Professional University, Jalandhar,
and the collaborative efforts of the project team. This
endeavor stands as a testament not only to technological
achievements but also to the unwavering support and
opportunities provided by the university and institute. As we

look ahead, the "Smart Irrigation System using Weather
Forecasting" is poised to become a pivotal player in
reshaping the landscape of sustainable and efficient
agricultural practices.
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