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ABSTRACT: The project aims to design and develop an intelligent IoT-based agricultural monitoring system that
automates essential farming activities. The system integrates multiple sensors and modules such as the NPK sensor (for
nitrogen, phosphorus, and potassium detection), soil moisture sensor, temperature DS18B sensor, motor driver, dual
water pumps, pesticide sprayer, and ESP32 controller with an LCD (I2C) display. Real-time data from these sensors are
collected and transmitted to the ThingSpeak IoT cloud platform, enabling continuous monitoring and data analytics.
Based on the data, the system autonomously controls irrigation, temperature regulation, and pesticide spraying to
maintain optimal crop conditions. This enhances resource utilization, improves crop health, and reduces manual
intervention in farming operations. The proposed system provides an efficient and smart solution for modern precision
agriculture by combining IoT technology with automated decision-making mechanisms. By utilizing sensor data and
cloud analytics, AgriPulse helps farmers make informed decisions regarding soil nutrients, water requirements, and
environmental conditions. This leads to improved productivity, sustainable resource use, and reduced operational costs.
The system’s real-time monitoring and automation capabilities make it a reliable and scalable approach toward
achieving smart and sustainable farming practices.
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L. INTRODUCTION

Agriculture has always been the backbone of the economy, yet traditional farming methods often face challenges
related to inefficiency, overuse of resources, and lack of real-time monitoring. With the growing demand for
sustainable food production, smart agriculture using the Internet of Things (IoT) has become a promising approach to
address these issues. The AgriPulse system is designed to bridge the gap between manual farming practices and digital
automation. By using IoT-based sensors and intelligent control units, the system enables accurate monitoring of soil
nutrients, moisture levels, and temperature conditions, which are vital parameters for healthy crop growth.

The system utilizes advanced sensors such as the NPK sensor to measure soil nutrients (Nitrogen, Phosphorus, and
Potassium), the soil moisture sensor to track water content, and the DS18B temperature sensor to monitor
environmental temperature. These sensors are connected to the ESP32 microcontroller, which processes data and
triggers actions like irrigation or pesticide spraying through a motor driver and water pumps. The data is also
transmitted to the ThingSpeak loT server, where it can be visualized and analyzed remotely by the farmer. The LCD
with I2C interface provides real-time local display of sensor readings for immediate field assessment.

Through automation and data-driven decision-making, the AgriPulse system reduces human effort, saves water and
fertilizers, and enhances overall productivity. The system can autonomously operate irrigation and pesticide spraying
based on sensor readings, ensuring crops receive the right amount of nutrients and protection at the right time. In the
future, this framework can be expanded with Al algorithms and wireless sensor networks for predictive analysis and
large-scale farm management. Thus, AgriPulse represents a step forward in realizing the vision of precision agriculture
and sustainable farming.
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II. PROBLEM STATEMENT

Traditional farming methods rely heavily on guesswork and manual monitoring, which often leads to overuse or
underuse of water, fertilizers, and pesticides. Farmers cannot always measure the exact soil nutrient levels or crop
health conditions, which affects productivity and results in resource wastage. There is a need for an automated, reliable,
and cost-effective system that continuously monitors soil and crop conditions and takes timely action to support
precision farming.

III. LITERATURE SURVEY

e Gamal et al. (2023) provide a comprehensive overview of smart irrigation systems, emphasizing the integration of
wireless communication technologies, monitoring devices, and advanced control techniques to enhance irrigation
efficiency. The study highlights the significance of real-time data acquisition and decision-making in optimizing
water usage for crop cultivation. By examining various methodologies and technologies, the paper underscores the
importance of adopting intelligent irrigation systems to address challenges related to water scarcity and sustainable
agricultural practices. The authors discuss the evolution of irrigation systems, from traditional methods to modern,
technology-driven approaches, and present case studies demonstrating the effectiveness of smart irrigation in diverse
agricultural settings.

e This survey by A. K. S. et al. (2023) delves into the role of wireless sensor networks (WSNs) in smart agriculture,
exploring their applications in monitoring soil conditions, climate parameters, and crop health. The paper reviews
various sensor technologies, communication protocols, and network architectures employed in agricultural settings
to facilitate real-time data collection and analysis. It also addresses the challenges associated with deploying WSNs
in agricultural environments, such as energy consumption, data reliability, and scalability. The authors provide
insights into the integration of WSNs with cloud computing and IoT platforms, enabling remote monitoring and
decision-making for precision farming.

e Gunawan et al. (2022) present an automatic watering system designed for smart agriculture, utilizing the ESP32
platform for efficient irrigation management. The system incorporates sensors to monitor soil moisture levels and
environmental conditions, enabling automated watering based on real-time data. The paper discusses the integration
of the ESP32 microcontroller with various sensors and actuators, highlighting its capabilities in processing data and
controlling irrigation systems. Experimental results demonstrate the effectiveness of the proposed system in
maintaining optimal soil moisture levels, thereby enhancing crop growth and resource utilization.

e Sushma et al. (2024) propose an loT-based system for monitoring and analyzing soil nutrients, aiming to provide
real-time insights into soil health for precision agriculture. The system employs sensors to detect levels of essential
nutrients such as nitrogen, phosphorus, and potassium, transmitting the data to a central platform for analysis. The
paper discusses the integration of IoT technologies with soil nutrient monitoring, emphasizing the benefits of
continuous data collection and remote access for farmers. The authors highlight the potential of the system in
optimizing fertilizer application, improving crop yields, and promoting sustainable farming practices.

e Yadav et al. (2024) introduce a cloud-based agricultural monitoring system designed for precision farming,
leveraging sensor networks and cloud data analytics to provide comprehensive insights into agricultural operations.
The system integrates various sensors to monitor parameters such as soil moisture, temperature, and humidity,
transmitting the data to a cloud platform for analysis and visualization. The paper discusses the advantages of cloud
computing in managing large-scale agricultural data, enabling real-time monitoring and decision-making. The
authors highlight the scalability and flexibility of the proposed system, making it suitable for diverse agricultural
settings and contributing to the advancement of precision agriculture.
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IV.SYSTEM OVERVIEW

The AgriPulse system architecture consists of three main layers: the sensing layer, control layer, and loT monitoring
layer. The sensing layer includes NPK sensors, soil moisture sensors, and temperature sensors that continuously capture
field data. These sensors are interfaced with the ESP32 microcontroller, forming the control layer, which analyzes the
incoming data and decides on automated actions. Motor drivers connected to water pumps and pesticide sprayers
execute precise irrigation and spraying tasks based on the analyzed sensor data.

The IoT monitoring layer uses the ThingSpeak platform to store, visualize, and analyze real-time data. Farmers can
access the system remotely through a web dashboard or mobile app, allowing them to monitor soil health, track
irrigation schedules, and adjust system parameters. Alerts and notifications are generated for abnormal conditions,
ensuring timely intervention.

By integrating advanced sensing technologies, automation components, and [oT server analytics, the system ensures
optimized resource utilization, reduced wastage of water and chemicals, and improved crop growth. Furthermore, the
modular design allows scalability to larger farms and supports the addition of future sensors or actuators. Overall,
AgriPulse represents a smart, autonomous, and efficient agricultural system that bridges traditional farming with
modern precision agriculture practices.

V. PROPOSED SYSTEM

The AgriPulse system proposes a comprehensive IoT-based solution for precision agriculture by integrating multiple
sensors, controllers, and actuators. The system will use an NPK sensor to continuously monitor soil nutrients —
nitrogen (N), phosphorus (P), and potassium (K) — which are critical for healthy crop growth. A soil moisture sensor
will detect real-time soil moisture levels, while the DS18B temperature sensor will monitor ambient and soil
temperature to ensure optimal crop conditions. All sensor data will be collected and processed using an ESP32
microcontroller, which will act as the central control unit.

Based on sensor readings, the system will automatically trigger actions through a motor driver controlling two water
pumps for precise irrigation and a pesticide sprayer for pest management. The LCD with 12C interface will provide
local real-time updates of soil parameters and system status. Additionally, all data will be transmitted to an IoT server
such as ThingSpeak, enabling remote monitoring, trend analysis, and alert notifications to the farmer’s mobile or
computer. The system aims to ensure the highest level of accuracy in soil monitoring and actuation, while being
energy-efficient and reliable.

The system also incorporates logic to automate decision-making, such as triggering irrigation when moisture falls
below a threshold or activating nutrient-specific interventions when the soil NPK levels are unbalanced. By combining
hardware automation with IoT-enabled analytics, AgriPulse provides a seamless, intelligent framework for precision
farming that reduces human intervention and maximizes productivity.
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Fig.1: System Architecture Design

VI. CONCLUSON

In this paper AgriPulse system demonstrates how IoT and automation can revolutionize modern agriculture by enabling
real-time monitoring and precise control of crop fields. By integrating sensors for NPK, soil moisture, and temperature
with actuators such as water pumps and pesticide sprayers, the system provides accurate and timely interventions that
optimize irrigation, fertilization, and pest management. The use of the ESP32 microcontroller and ThingSpeak IoT server
ensures efficient data collection, remote monitoring, and decision-making, making farming more intelligent and

resource-efficient.

The implementation of AgriPulse addresses key challenges in traditional farming, such as overuse of water and
chemicals, labor-intensive processes, and delayed response to crop needs. By automating critical agricultural operations
and providing actionable insights, the system helps increase crop yield, reduce operational costs, and promote sustainable

farming practices.
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Overall, AgriPulse represents a significant step toward precision agriculture, combining technology, data analytics, and
automation to create a smart farming ecosystem. The modular and scalable design allows for future enhancements,
including the addition of new sensors or advanced Al-based analytics, ensuring that the system can adapt to the evolving
needs of modern agriculture.
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