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ABSTRACT

Agriculture continues to be a vital pillar of many national economies, particularly in developing countries like
India, where a significant portion of the population depends on farming for income. However, conventional
farming techniques often lack efficiency, are labor-intensive, and are highly susceptible to weather fluctuations.
The absence of real-time monitoring and data-driven practices makes it difficult for farmers to make timely and
informed decisions regarding irrigation, fertilization, pest control, and harvesting. Integrating Internet of
Things (10T) technologies into agriculture offers a powerful solution to modernize these practices.

This study introduces an loT-enabled agricultural monitoring system designed to help farmers remotely track
and manage key environmental variables in their fields. The proposed system collects live data on critical
metrics such as soil moisture levels, air temperature, humidity, and sunlight intensity—each essential for
healthy plant development. By deploying sensors connected to microcontrollers like Arduino or ESP32 and
transmitting data wirelessly to cloud-based platforms, the system enables farmers to view real-time updates via
mobile applications or web dashboards. This setup enhances decision-making, promotes efficient use of inputs
like water and fertilizers, and supports sustainable agricultural practices.

Keywords: Arduino Uno, Connecting sensors (DHT11, soil moisture, LDR) to ESP32 and configuring wireless
communication, GSM SIM Module.

INTRODUCTION

The Internet of Things (10T) has emerged as a transformative technology in numerous sectors, including healthcare,
transportation, smart homes, and agriculture. 10T refers to a network of interconnected devices embedded with sensors
and software that can collect, exchange, and act upon data. When applied to agriculture, 10T enables the real-time
monitoring of environmental conditions, automation of farming processes, and data-driven insights that can
revolutionize the way agriculture is practiced.

10T in agriculture, often termed as smart agriculture or precision farming, involves deploying sensors in the field to
measure parameters such as soil moisture, temperature, humidity, light intensity, and more. These sensors are
connected to microcontrollers that process the data and communicate with cloud platforms over wireless networks.
Farmers can access this data in real-time through mobile applications or web dashboards, enabling them to monitor
their fields remotely and take timely actions.

This thesis focuses on the design and implementation of a real-time agricultural monitoring system using IoT. The
system aims to provide affordable and scalable solutions for small and medium-sized farmers to improve crop health,
reduce labor, and optimize the use of natural resources. Through this project, we envision a shift from reactive to
proactive farming—where decisions are made based on real-time data rather than assumptions.

The agriculture sector faces several persistent and emerging problems that hinder productivity, efficiency, and
sustainability. One of the most pressing issues is the lack of real-time information about the condition of crops and
the surrounding environment. Farmers often do not have access to accurate, timely data regarding the soil moisture
levels, ambient temperature, humidity, and other critical variables. This absence of information leads to suboptimal
decisions, such as overwatering or underwatering crops, applying fertilizers when unnecessary, or missing early signs
of pest infestations and plant stress.

Moreover, the manual process of monitoring these parameters is not only labor-intensive but also highly inefficient and
prone to error. In large farms, it is practically impossible for a farmer to check every section of the field regularly. In
remote or hilly terrains, physical monitoring becomes even more difficult. In regions where literacy is low, the lack of
technological integration further isolates farmers from adopting modern practices.
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Another challenge is the inefficient use of irrigation water. In many areas, irrigation is based on fixed schedules or
intuition, without considering the actual moisture needs of the soil. This often results in waterlogging or drought-like
conditions in the field, both of which adversely affect crop yield and soil health. Considering that agriculture accounts
for about 70% of global freshwater use, this inefficiency has serious environmental and economic implications.

While commercial-grade precision agriculture solutions do exist, they are often too expensive and complex for small
and medium-sized farmers. There is a critical need for low-cost, easy-to-use, and scalable solutions that can empower
these farmers to make informed decisions and adopt modern agricultural practices.

Thus, the core problem this thesis seeks to address is:
"How can we design a low-cost, scalable, real-time agricultural monitoring system using IoT that enables farmers to
optimize resource usage, increase crop productivity, and reduce manual labor?"

LITERATURE REVIEW

As agriculture transitions from traditional methods to digitalized, data-driven techniques, the Internet of Things (loT)
plays a central role in enabling smart, sustainable, and efficient practices. This chapter presents an extensive review of
existing literature relevant to the integration of 10T in agriculture. It identifies knowledge gaps, summarizes the current
technologies used, and details the architectural and technical design of the proposed system. The chapter also outlines
the theoretical foundations, hardware and software components, and communication protocols utilized in the
development of the 10T-based monitoring system for agriculture.

The global agricultural industry has increasingly adopted 10T to enhance productivity, reduce resource wastage, and
ensure environmental sustainability. 10T technologies have proven particularly beneficial in regions facing water
scarcity, labor shortages, or climatic unpredictability. A survey by Gubbi et al. (2013) defined 10T as a vision where
sensors and devices communicate to support smarter decision-making. In agriculture, this translates to real-time crop
monitoring, intelligent irrigation, and environmental control.

Hardware Description

Arduion Uno - Arduino UNO is a microcontroller board based on the ATmega328P. It has 14 digital input/output
pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic resonator, a USB connection, a
power jack, an ICSP header and a reset button.

Soil moisture sensors (e.g., YL-69, Capacitive analog) measure the volumetric water content of soil, ensuring timely
irrigation.

Temperature and humidity sensors (e.g., DHT11, DHT22) are vital for understanding the crop microclimate.
Light intensity sensors (e.g., LDR, BH1750) determine the availability of sunlight, which is critical for
photosynthesis.

pH sensors evaluate the acidity or alkalinity of soil, guiding nutrient application.

GSM SIM Module - The GSM module plays a crucial role in the communication between devices and the GSM
network. It is responsible for establishing and maintaining the communication link between the device and the network.

System Description
The block diagram exhibited in the figure shows the implementation of the system. The various components have well
defined functions. Removal of any one of the components may reduce the functionality of the entire system.
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Figure 1 — Block diagram of 10T based Agriculture Monitoring System
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The system design of an loT-based agricultural monitoring solution forms the foundation of its effectiveness,
reliability, and scalability. In the context of smart agriculture, system design refers to the organized development and
integration of both hardware and software components that collectively monitor, analyze, and control agricultural
activities. This section introduces the concept and importance of structured system design tailored to precision farming.
Modern agriculture is transitioning rapidly from traditional practices to technology-driven methods. This
transformation is a response to challenges such as climate variability, water scarcity, labor shortages, and the need for
increased food production for a growing global population. loT (Internet of Things) technologies provide the means to
create interconnected systems capable of gathering real-time data on essential agricultural parameters such as soil
moisture, temperature, humidity, sunlight exposure, and crop health. These smart systems enable farmers to make
informed decisions, optimize resource utilization, and improve crop yield and sustainability.

System design is not just about choosing the right sensors or microcontroller—it is about engineering a cohesive,
reliable, and modular structure that ensures consistent performance across varied environments. A robust system design
will consider hardware selection, software architecture, communication protocols, user interaction models, data
storage, security, and fault tolerance mechanisms.

This section lays the groundwork for understanding how the proposed system for agricultural monitoring is
conceptualized, structured, and implemented. It begins with a deep dive into design principles, explores the context of
smart agriculture, and justifies the technological choices made for the system.

ALGORITHM
The gradual flow of control of the system is featured in the diagram below:-
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Figure 2 — Data Flow Diagram of 10T based Agriculture Monitoring System

i. Data Acquisition:

o Sensors collect data periodically (e.g., every 15 minutes).
ii. Local Processing:

o Microcontroller filters noise, checks for critical conditions.
iii. Transmission:

o Data is sent via the chosen communication module to a cloud server.
iv. Cloud Processing:

o Data is logged, analyzed for trends, and alerts are generated.
v. User Interaction:

o Users view real-time dashboards or receive notifications.
vi. Controlled Feedback (if enabled):

o Based on processed data, system may control irrigation.

DESIGN AND WORKING

After the assembly of each component on the board, the system looks like the one depicted in the figures below: -

Figure 3 — Design Implementation
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The successful implementation of an Internet of Things (1oT)-based monitoring system for agriculture involves a well-
defined process that includes hardware integration, software development, communication protocol configuration, data
management, and system testing. This chapter elaborates on the step-by-step methodology adopted during the
implementation of the proposed system, highlighting both technical and practical aspects that guided the development
from conception to deployment.

The overarching goal of this system is to collect, transmit, and process environmental parameters such as soil
moisture, temperature, humidity, and light intensity in real time, enabling farmers to make informed decisions and
optimize resource usage. A reliable implementation methodology ensures that these functionalities are achieved in a
modular, scalable, and maintainable manner.

CONCLUSION

The increasing demand for sustainable agriculture and the growing pressure on food systems due to climate change,
urbanization, and population growth has made precision agriculture more critical than ever. This thesis, “Monitoring
System for Agriculture Using IoT,” presents the design, implementation, and deployment of a smart agricultural
monitoring system aimed at improving farming efficiency, resource management, and real-time decision-making
through Internet of Things (1oT) technologies.

This system leverages the power of embedded electronics, wireless communication, and cloud computing to provide
farmers with live updates on essential agricultural parameters such as soil moisture, temperature, humidity, light
intensity, and rainfall. Using cost-effective hardware components such as the ESP32 microcontroller and capacitive
sensors, the system is built to be both scalable and adaptable across various agricultural contexts, including remote and
rural areas with limited access to power or network infrastructure.

The hardware setup, including the integration of a solar-powered ESP32 board and reliable sensor modules, forms the
backbone of the system. On the software side, a lightweight and modular firmware captures sensor data, transmits it
securely to the cloud, and supports remote monitoring through a dashboard interface. The use of Firebase as the cloud
platform ensures that real-time synchronization, alert mechanisms, and data storage are handled efficiently.

One of the main achievements of this project is its practicality and ease of deployment. Designed with affordability,
modularity, and low power consumption in mind, the system is well-suited for small and medium-scale farmers,
especially in developing regions. By providing actionable insights such as when to irrigate or expect rainfall, the
system enables farmers to make informed decisions, thereby conserving resources and increasing crop yield.

FUTURE WORK

While the current implementation offers a solid framework, numerous opportunities exist to enhance the system
further. The following sections highlight future improvements and research directions that can elevate the system's
functionality, scalability, and applicability in diverse agricultural environments.

Advanced Sensor Integration
Currently, the system monitors fundamental parameters like temperature, humidity, and soil moisture. In the future, the
integration of more sophisticated sensors can provide deeper insights:

pH sensors: To monitor soil acidity or alkalinity for crop-specific suitability.

EC sensors (Electrical Conductivity): To measure nutrient availability in the soil.

CO: sensors: To monitor greenhouse gases and optimize conditions for greenhouse crops.

NDVI (Normalized Difference Vegetation Index) cameras: For real-time plant health monitoring.

Incorporating these sensors will allow for more nuanced environmental monitoring and precise farm management.
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