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Abstract:- Smart farming is a new technology concept
that uses advanced electronic sensors to collect data
from a variety of agricultural landscapes. This data is
used to make predictions about weather patterns, soil
fertility, crop quality, and water requirements. The
information can be used by experts and local farmers to
make better decisions about short- and long-term
planning. One of the key aspects of smart farming is the
automation of some farming processes, such as smart
irrigation and water management. This can be done
using predictive algorithms on SoC or microcontrollers
to determine how much water is needed right now for a
particular agricultural sector. Theuse of the Internet of
Things (IoT) eliminates the need for manual labor to
collect this crucial agricultural data. This is because 10T
systems can collect data automatically and in real time,
which canlead to more accurate and timely insights.

This paper will present a research study on the
development of a smart farming system. The study will
investigate the use of different types of sensors, data
collection and analysis techniques, and communication
protocols. The results of the study will be used to design
and implement a prototype system. The prototype system
will be evaluated in a field trial to assess its effectiveness
in improving agricultural productivity. The paper will
conclude with a discussion of the potential benefits of
smart farming systems for agriculture. The paper will
also discuss the challenges that need to be addressed in
order to make these systems more widely available and
affordable.
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I INTRODUCTION

Agriculture is one of the most important industries in
the world, providing food and other essential products for
billions of people. However, agriculture is also a very
vulnerable industry, as it is heavily dependent on weather
conditions. Climate change is making weather patterns more
unpredictable and extreme, which is putting a strain on
agricultural production.

loT-based weather monitoring systems can help
farmers tobetter manage their crops and livestock in the face
of climate change. These systems use sensors to collect data
on weather conditions, such as temperature, humidity,
rainfall, and wind speed. The data is then sent to a central
server, where it can be analyzed and used to generate
forecasts, alerts, and other information that can help farmers
to make better decisions aboutcrop planting, irrigation, and
other agricultural practices.

This paper will present a research study on the
developmentof an loT-based weather monitoring system for
agriculture. The study will investigate the use of different
types of sensors, datacollection and analysis techniques, and
communication protocols. The results of the study will be
used to design and implement a prototype system. The
prototype system will be evaluated in a field trial to assess
its effectiveness in improvingagricultural productivity in the
face of climate change.

1. PROBLEMS

Traditional agricultural methods are facing a number
of challenges, including soil erosion, loss of biodiversity,
changing consumer food choices, and worries about food
production. These challenges are making it increasingly
difficult for farmersto produce food in a sustainable way.
Smart farming technologies have the potential to address
these challenges by improving soil management, promoting
biodiversity, meeting consumer demand, and increasing
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yields. However, there are anumber of challenges that need
to be addressed before these technologies can be widely
adopted, such as cost, data privacy,and acceptance.

1. LITERATURE REVIEW

The Internet of Things (loT) is revolutionizing
agriculture, also known as smart farming. loT devices
collect data on crops, weather, and equipment, which can be
used to automate farming processes, improve crop Yields,
and reduce waste.

Some of the benefits of smart farming include:

o Increased crop yields: 10T can help farmers to improve
crop yields by optimizing irrigation, fertilization, and
pest control.

o Reduced waste: 10T can help farmers to reduce waste by
preventing over-watering, over- fertilization, and crop
damage.

o Improved efficiency: 10T can help farmers to improve
efficiency by automating tasks such as watering,
fertilizing, and harvesting.

e Reduced costs: 10T can help farmers to reduce costs by
reducing waste, improving efficiency, and making better
decisions. However, there are also some challenges
associated with smartfarming, such as:

e High cost: The initial investment in 10T can be high,
especially for small farmers.

o Data security: The data collected by loT devices is
valuable, and it is important to protect it from
unauthorized access.

o Lack of technical expertise: Some farmers may nothave
the technical expertise to install and use I0T devices.

o Degpite these challenges, smart farming is a promising
technology that has the potential to revolutionize
agriculture.

Here are some additional details on the applications of
10T in smart farming:

o Weather monitoring: 10T devices can be used to monitor
weather conditions, such as temperature, humidity, and
rainfall. This information can be used to make decisions
about irrigation, fertilization, and pest control.

e Smart irrigation: 10T devices can be used to automate
irrigation systems. This can help to reduce water waste
and improve crop yields.

e Soil monitoring: 10T devices can be used to monitor soil
conditions, such as moisture, pH, and nutrient levels.
This information can be used to improve crop yields and
reduce the use of fertilizers and pesticides.

e Precision livestock farming: 10T devices can be used to
track the location, health, and behavior of livestock. This
information can be used to improve animal welfare and
productivity.
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Overall, loT has the potential to revolutionize
agriculture by making it more efficient, productive, and
sustainable.

» Tools and Technologies

We used Arduino IDE, C++, and Adafruit 10 to develop
oursmart farming applications. The Arduino IDE is an open-
source IDE for writing and uploading code to Arduino
boards. C++ isa general-purpose programming language that
offers high control over hardware. Adafruit 10 is a cloud-
based platform for collecting, storing, and visualizing data
from sensors.

These tools and technologies are essential for
developing successful smart farming applications. The
Arduino IDE is easyto use and allows users to create a wide
variety of projects. C++is a powerful language that offers
high control over hardware. Adafruit 10 is a reliable and
secure platform for collecting and visualizing data from
Sensors.

We believe that these tools and technologies will be
essential for the future of agriculture. Smart farming
applications can help farmers to increase crop yields, reduce
costs, and improve sustainability.

V. METHODOLOGY

» Data Collection
We collected data from a variety of sources, including:

e Sensor data: We collected sensor data from a variety of
sensors, including temperature, humidity, soil moisture,
and light sensors.

o \Weather data: We collected weather data from a local
weather station.

e Farm data: We collected farm data, such as crop yields
and fertilizer use, from a local farm.

» Data Analysis
We analyzed the data using a variety of statistical
methods, including:

o Regression analysis: We used regression analysis to
identify the relationships between sensor data, weather
data, and farm data.

o Cluster analysis: We used cluster analysis to identify
groups of farms with similar characteristics.

e Decision tree analysis: We used decision tree analysisto
develop models for predicting crop yields.

» Web Server Adafruit.1O Cloud

The Adafruit.io cloud API is utilized for storing and
monitoring project data on the web. This cloud service
administers the data and is accessible over the Internet.
Beyond data storage and retrieval, it offers additional
functionalities.
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Figure 1 Shows Adafruit io project Dashboard showing
humidity, temperature with rest and many other features to
postdata on adafrui Api.

» Sensors
The following sensors are utilized in our project:

o DHT11 Temperature and Humidity Sensor:

The DHT11 sensor is employed to measure temperature
andhumidity in the environment. It utilizes a thermistor and
a capacitive humidity sensor to provide a digital signal
output onthe data pin.

e Rain Drops Detection Sensor:

This sensor is used to detect rainfall. It operates on the
principle of resistance and employs nickel-coated lines on a
board. When moisture surpasses a threshold, the raindrop
sensor module produces a digital output and enables
moisture measurement through analog output pins.

e Soil Moisture Meter:

A soil moisture sensor is employed to determine soil
moisture levels and make decisions regarding plant
watering. These sensors measure changes in soil
characteristics that are indicative of water content, rather than
directly measuring waterin the soil.

e pH Sensors:

pH sensors are utilized to detect the pH levels of water
and soil. They provide accurate and low-maintenance
measurementof pH, enabling us to assess whether the water
and soil conditions are suitable for plant growth.

> Additional Hardware:
e GreenLED:

Indicates that the system is operational and receiving
satisfactory data from the sensors, requiring no action.
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Fig 1 Post Data on Adafrui Api

e Red LED and Buzzer:

Activate when the sensors detect conditions that
require attention, such as low soil moisture, signaling the
need to waterthe plants.

e LCD Screen Display:

Utilized to independently display sensor data, allowing
for easy monitoring and analysis without relying on external
devices.

These components work together to collect
environmental data and transmit it to the Adafruit.io cloud,
where users can access and interpret the data. The green
LED indicates system operation, while the LCD screen
displays information, such as temperature readings,
eliminating the need for additional devices. To facilitate
data display on a laptop, the Adafruit library will be used.

Fig 2 Complete Hardware Diagram

Figure 2 Consists of power supply regulator, Arduino,
display,DHT11, Wi-Fi module and other sensors.
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V. ARCHITECTURE AND DESIGN

Our system is designed to establish a communication
framework similar to the diagram presented above. The
Arduino board serves as the central component, with its
output directed towards the adapter and subsequently
displayed on the LCD display. Analog sensors within the
system gather data and transmit it to the Arduino board.
Upon successful reception of the required data, the LCD
display will present the information accordingly. It is
essential to ensure the integrity of the network connection to
facilitate error-free data transmission to the cloud.

Throughout the project, meticulous attention will be
given to guaranteeing the proper functionality of the network
connection,as well as the accurate transmission of data to the
cloud withoutany errors. This will involve rigorous testing
and validation of the system's communication capabilities.

16 x 2 LCD Display

12C Adapter

DHT11 ‘
Arduino

Board
BMP180 » ' '
o

Fig 3 Block Diagram of Weather Monitoring System

Generic

‘ ESP8266

Figure 3 shows Block diagram of weather monitoring
system where each line is relationships between blocks, here
blocks areprinciple parts of system such as Arduino board.

VI. IMPLEMENTATION

» Introduction

This section presents the implementation details of the
intelligent farm monitoring system, which aims to collect
agricultural data and send it to the Adafruit lo Cloud loT
platform for analysis and monitoring. The system utilizes
advanced electronic sensors to collect data on various
environmental conditions that affect crop growth and
nutrition. By automating farming processes and utilizing
predictive algorithms, the system enables farmers to make
informed decisions and optimize resource allocation for
improved crop yield.
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» Hardware Requirement

The implementation of the system involves the use of
an Arduino board as the central component, along with five
sensors to collect data. The microcontrollers used in the
project include:

e Arduino Nano:

The Arduino Nano is a compact and breadboard-
friendly board based on the ATmega328 microprocessor. It
offers similar features to the Arduino Duemilanove but
comes in a different package. The Arduino Nano has 20
digital input/output pins, including PWM outputs and analog
inputs.

¢ Node MCU:

Node MCU is an open-source 10T platform based on
the ESP8266 Wi-Fi SoC. It provides Wi-Fi connectivity and
data transmission capabilities, along with GPIO, PWM,
ADC, and other essential microcontroller features. The
NodeMCU board is suitable for connecting the system to the
internet and facilitating communication with the Adafruit lo
Cloud.

» Posting Data to Cloud

To enable data logging and analysis, the system
utilizes the Adafruit lo Cloud loT platform. The Arduino
board is configured to send data to the Adafruit lo Cloud,
where it can be stored and accessed remotely. The
communication between the Arduino board and the cloud
platform is established using appropriate protocols, such as
TCP/IP and HTTP.

» Building a Basic Solution

The circuit diagram for the loT-based weather
monitoring system is shown in Figure 5.3. The Arduino
Nano serves as the central component, collecting data from
the connected sensors. The data is then transmitted to the
NodeMCU, which is responsible for posting the data to the
Adafruit lo Cloud. The cloud platform provides an interface
for visualizing and analyzing the collected data.

» Adafruit 10 Arduino Library

The Adafruit lo Arduino Library is used to facilitate
communication between the Arduino board and the Adafruit
lo Cloud. The library provides functions and interfaces that
enable data transmission and retrieval from the cloud
platform. It can be installed using the Arduino Library
Manager or manually downloaded from the GitHub
repository.

» Creating the Feeds

Feeds are created in the Adafruit lo Cloud to store and
manage the collected data. Each type of data, such as
temperature and humidity, requires a separate feed. The
feeds serve as the data sources for visualizations and
analysis in the cloud platform. Line chart blocks are added to
the dashboard todisplay the data in a graphical format.
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e Adding the Line Chart Block

To visualize the data in the Adafruit lo Cloud
dashboard, line chart blocks are created for the respective
feeds. The line chart blocks display the historical data over a
specified time period. The block settings allow
customization of parameters such as the time range and data
representation. Once created, the line chart blocks are added
to the dashboard for monitoring and analysis.

This implementation section provides a detailed
description ofthe hardware components used, the integration
with the Adafruitlo Cloud platform, and the steps involved
in creating the necessary feeds and visualizations. It
demonstrates how the system collects data from the sensors,
communicates with the cloud platform, and presents the data
in a user-friendly mannerfor analysis and decision-making.

VILI. TESTING

» Introduction

In the testing phase of an 10T project, load testing and
testing the serial monitor are crucial aspects. Load testing
determines the maximum number of concurrent users a
website can handle, while testing the serial monitor verifies
the functionality of the Arduino board's communication with
a computer.

» Load Testing

Load testing using JMeter helps determine the Adafruit
library's website's capacity to handle concurrent users. By
creating a test plan with a thread group of one hundred users
andanalyzing the results graph, we can assess performance.
Throughput (requests per minute) and deviations from the
average are key parameters to consider. Our analysis reveals
a throughput of 582.983 requests per minute and a deviation
of 697, indicating satisfactory load handling capabilities.

» Testing the Serial Monitor

The Arduino IDE's serial monitor allows
communication between an Arduino board and a computer.
Verifying its functionality involves transmitting a message
from the Arduinoto the computer. By writing a code snippet
and using the serial monitor, successful transmission is
confirmed. Testing also includes receiving data from the
computer and sending it back to ensure bidirectional
communication.

VIII. CONCLUSION

Climate change poses a significant threat to food
productionand agricultural security worldwide. The adverse
effects of extreme weather conditions, coupled with rising
prices, highlight the urgent need for smart agriculture
solutions. Smart agriculture, enabled by the Internet of
Things (loT), offers the potential to automate processes,
gather real-time data through sensors, and optimize
agricultural practices.
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In this study, we have proposed a cost-effective smart
agriculture system that automates farming processes and
monitors crucial weather parameters such as temperature,
humidity, and pH levels. The system provides real-time
alerts for extreme weather conditions, such as rainfall, using
raindrop detection sensors. It is designed to be accessible to
farmers, witha local LCD display eliminating the need for
expensive devices. However, utilizing the Adafruit library
with a laptop can enhance weather forecasting accuracy.

By implementing our designed system, users can
proactively respond to emergencies and climate-related
challenges, leading to increased farm productivity,
profitability, and better observation of agricultural practices.
The integration of 10T technologies in agriculture offers
promising opportunities for sustainable and efficient food
production in the face of climatechange.
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