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Abstract: Design and implementation of an loT-based smart agricultural monitoring systemdesigned to automate and
enhance farming efficiency using loT technology. Agriculture plays a vital role in the global economy, and advancements in
Internet of Things (loT) and Artificial Intelligence (Al) technologies have paved the way for smart farming solutions. This
paper presents the design andimplementationofanloT-basedsmartagriculturalmonitoring system that automates irrigation,
monitors soil and water parameters, and integrates Al-based fruit quality detection. The system utilizes an ESP32
microcontrolleras thecoreprocessingunit connected to sensors including a Total Dissolved Solids (TDS) sensor, soil
moisture sensor, and water flow sensor. A motor driver controls two irrigation motors based on sensor readings, while
the HC-05 Bluetooth module transmits real-time data to a mobile dashboard for remote monitoring. The Al module
classifies fruit quality using image processing techniques to ensure better crop yield and market value. The proposed
system enhances water management, improves crop productivity, and reduces manual intervention, offering a scalable and
low-cost smart farming solution.

. INTRODUCTION

In this project, an loT-based smart agricultural monitoring system is designed using the ESP32 microcontroller as the
central control unit. It integrates various sensors such as the soil moisture sensor, Total Dissolved Solids (TDS) sensor,
and flow sensor to monitor and regulate irrigation automatically. The system turns on the water pump when soil
moisture drops below a certain level and stops it when the soil reaches the optimal moisture level. The inclusion of the
TDS sensor ensures that the water used for irrigation maintains a healthy quality level for crops. Additionally, a Python-
based Al model is developed to analyze fruit images and determine their freshness using image processing techniques. The
Al model uses features like color and texture to classify fruits as fresh, moderately fresh, or spoiled.

Agriculture has always been the backbone of the global economy and the primary source of food for humanity. It provides
employment to a large section of the population, especially in developing countries like India. However, the agricultural
sector faces multiple challenges in the modern world, including unpredictable climatic conditions, shortage of labor, poor
water management, and inefficient use of resources. Traditional farming techniques rely on manual irrigation and human
observation, which often result in errors, wastage, and inconsistent crop yields. These limitations not only reduce the All
collected data is displayed through a web-based dashboard, whichenablesfarmerstomonitortheirfieldsremotelyusingloT
and Bluetooth connectivity. This system not only automates irrigation but also provides valuable insights that can help
farmers optimize their resource usage and make timely decisions. By integrating Al and 0T, the project introduces a
practical approach toward sustainable farming, helping farmers conserve water, improve crop quality, and reduce manual
intervention. Moreover, this system is designed to be low-cost and adaptable to different environmental conditions,
making it suitableforbothsmall-scaleandlarge-scalefarmers.Theoverall objective is to transform conventional farming into a
modern, data-driven, and efficient process that ensures high yield, quality produce, and long-term sustainability.
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Il. LITERATURE REVIEW

A literature survey provides an overview of existing research and technologies related to the proposed system,
highlighting the advancements and gaps that the new system seeks to address. In the field of loT-based agriculture
productivity and resource management. Many of these studies focus on real-time monitoring systems using sensor to
track parameters like TDS sensor, soil moisture sensor, and flow sensor. For example, research by Kumar et al. (2019)
proposed an loT-enabled irrigation system using soil moisture sensors to control water pumps automatically. Their

system improved water efficiency but did not monitor water quality, which is crucial for maintaining soil fertility.

Reddy and Rao (2022) designed a cloud-based smart farming dashboard that displayed real-time data from sensors. While
their approach provided farmers with remote access, it lacked Al integration, meaning the system could not make
autonomous decisions. Patel et al. (2021) developed a deep learning-based model using Convolutional Neural Networks
(CNNs) to determine fruit ripeness from images. Their results were accurate in controlled environments, but the model’s
performance decreased in varying field conditions due to lighting and background differences. Suresh et al. (2020)
introduced a machine learning model for predicting irrigation schedules based on weather data. However, since their
system relied on past data instead of real-time sensor feedback, it could not react dynamically to sudden environmental
changes. Gupta et al. (2021) emphasized monitoring TDS and flow rate to maintain irrigation efficiency and prevent
overuse of water. The integration of remote control and automation has also been a significant focus in agriculture, with
systems designed to control farm equipment from remote locations. Patel et al. (2018) demonstrated a smart agriculture
system using Arduino- based sensors and a mobile app to control irrigation and other farm devices. Such systems
eliminate the need for constant physical presence in the field, which saves time and labor costs. Ali and Islam (2022)
explored Al-optimized irrigation by simulating data-driven water distribution, yet their model was theoretical and lacked a
working prototype. Other studies, such as Nelson (2020) and Brown & Tan (2021), discussed how combining deep
learning with 10T sensors could bring higher intelligence to agriculture. They predicted that such systems could help
farmers automate decision-making entirely, reducing the need for continuous supervision.

Despite these contributions, most existing systems focused on either 10T automation or Al analysis, not both. Moreover,
only a few considered integrating multiple sensors like soil moisture, TDS, and flow sensors simultaneously. This project
bridges these gaps by developing an end-to-end intelligent monitoring system that combines real-time loT-based
automation with Al- based fruit quality assessment. It provides a more complete view of farm conditions from irrigation
and water quality to post- harvest fruit evaluation all accessible through a web dashboard. This combination offers a more
comprehensive and practical approach to precision agriculture, making farming smarter, more efficient, and more
profitable for farmers. Over the past decade, there has been significant research in applying IoT and Al technologies in
agriculture. Many researchers have explored how these technologies can automate irrigation, monitor soil health, predict
crop diseases, and improve yield. The existing literature highlights several successful prototypes and experimental
systems, each addressing specific agricultural challenges, but also reveals gaps that this project aims to fill. The integration
of remote control and automation has also been a significant focus in agriculture, with systems designed to control farm
equipment from remote locations. This setup allows farmers to receive instant updates and take immediate action in case
of unfavorable conditions. usage is optimized.

. METHODOLOGY
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Figl.1: Block diagram

The methodology for the Desigh and implementation of an loT- based smart agricultural monitoring system involves the
integration of several hardware and software components to achieve the desired functionality of real-time monitoring,
automation, and remote control. The process starts with hardware selection, where key components like the ESP32
microcontroller, TDS sensor, soil moisture sensor, flow sensor, L298D motor driver, and lithium batteries are chosen for
their compatibility, performance, and cost-effectiveness. The ESP32 is the core controller that handles data processing
and communication with other components, including sensors and motors.
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The TDS sensor measures the concentration of dissolved solids in the water. High TDS levels indicate poor water quality,
which can harm plants. The system monitors this continuously and can send alerts through the dashboard if the readings
exceed safe limits. The flow sensor records the volume and speed of water flow, allowing farmers to track water usage
accurately. All this data is displayed on a web-based dashboard, built using Python and connected via HC-05 Bluetooth
and enabling farmers to observe live data and manually control pumps if needed.

© O BEHa

moisture_sensor = 2;
moisture;

limit = 40;
WATERPUMP 13;

void loop() {
serial.begin(9600);
pinMode(moisture_sensoor, INPUT);
pinMode (WATERPUMP, OUTPUT);

}
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Build options changed, rebuilding all
Sketch uses 2952 bytes (9%) of program stors,sace, man.numg 032256 bytes.
Global variables use 20@ bytes (9%) of dynamic memory, leaving 1848 bytes

Fig 1.2: Code Snippet of the proposed model

The system also incorporates automated irrigation based on the soil moisture data. When the moisture level falls below a
predefined threshold, the L298D motor driver activates the irrigation system, ensuring the turmeric crops receive the
required water. The agriculture monitoring system, which is equipped with two motors, is designed for autonomous
navigation across the field. To make the system more intelligent, an Al-based fruit freshness detection model was
developed using Python, OpenCV, and TensorFlow. This model analyzes fruit images by examining color gradients,
texture, and shape to determine freshness. The model classifies the fruit into categories such as fresh, moderately fresh,
or spoiled. This feature helps farmers assess the quality of harvested produce, reducing waste and ensuring that only the
best fruits are sent to the market. All data from the sensors, such as soil moisture, TDS, and water flow, is displayed on
an online dashboard. The farmer can monitor the system remotely and receive real-time updates.

MODULE OF OUR PROJECT

Fig1.3: Module of Project

The entire system follows a feedback-based approach where sensor readings continuously update the ESP32, which then
decides whether to activate or deactivate the water pump. Data is also stored for future reference, allowing farmers to
analyze long-term trends in soil and water conditions. The design ensures low power consumption and scalability,
meaning additional sensors such as temperature or humidity sensors can be easily added later. During testing, the system
showed stable performance and accurate sensor readings, confirming its potential for real-world agricultural use. Overall,
the methodology ensures a reliable, flexible, and efficient integration of Al and IoT for sustainable farming. For
communication, the system employs the HC-05 Bluetooth module, which facilitates wireless data transmission between
the microcontroller and the web or mobile dashboard. This allows real-time visualization of sensor data such as soil
moisture, water flow rate, and TDS values.

NIRIS© 2014-25, AM Publications - All Rights Reserved https://doi.org/10.26562/ijiris Page -820




m VIRIS: International Journal of Innovative Research in Information Security E-ISSN: 2349-7017
Volume 11, Issue 11, November 2025 P-ISSN: 2349-7009
IJIRIS https://www.ijiris.com/archives
https://doi.org/10.26562/ijiris.2025.v1111.19
The dashboard, developed using platforms like Blynk or MIT App Inventor, enables users to monitor parameters remotely
and even control the motor manually if required. In addition to these 10T functions, an Al module is integrated for fruit
quality and ripeness detection. The Al algorithm analyzes visual features such as color and texture to determine the
ripeness or identify diseases in fruits.
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Fig 1.4: Output Snippet in the web dash board

The web dashboard in the proposed system is designed to monitor field parameters and control irrigation motors
through Bluetooth communication. The HC-05 Bluetooth module establishes a wireless link between the microcontroller
and the user interface, allowing real-time data transmission without the need for internet connectivity. Sensor readings
such as soil moisture, water flow rate, and TDS levels are collected by the microcontroller and sent via Bluetooth to the
web or mobile dashboard, where they are displayed in an organized and user-friendly format. The dash board, developed
using platforms such as MIT App Inventor, Blynk, or custom HTML with JavaScript, enables the farmer to visualize live
sensor values and control theirrigation system remotely. Motor operation is managed directly from the dashboard
through on- screen control buttons, which send Bluetooth commands to the microcontroller.

~ Figl.5: Remote Control and Navigation

For advanced functionality, the project makes use of HC-05 Bluetooth that enablescontrol of the for working of the
motors. The Bluetooth RC controller functions as a wireless control interface that allows the user to remotely operate
motors or robotic movements in the smart agricultural system. It is based on Bluetooth communication, typically using
the HC-05 module, which establishes a connection between the mobile device and the microcontroller (such as
Arduinoor ESP32).The Bluetooth RC controller functions as a wireless control interface that allows the user to remotely
operate motors movements in the smart agricultural system. It is based on Bluetooth communication, typically using the
HC-05 module, which establishes a serial connection between the mobile device and the microcontroller (such as
Arduino or ESP32). In conclusion, the methodology of this loT-based smart agricultural monitoring system emphasizes an
integrated, iterative, and data-driven approach to modern farming. It combinessensor-baseddataacquisition,automated
control,and Al-assisted decision-making into a unified framework that enhances agricultural productivity and sustainability.
The use of 10T ensures continuous environmental monitoring, while Al provides predictive in sights and quality
assessment capabilities. This synergy of technologies allows farmers to make informed decisions, optimize water and
resource usage, and improve crop yield.
IV. CONCLUSION

The proposed 10T- based Smart Agricultural Monitoring System successfully integrates sensor technology, automation,
and artificial intelligence to enhance modern farming practices. The system effectively monitors key environmental
parameters such as soil moisture, water flow, and nutrient concentration using TDS sensors. The ESP32 microcontroller
serves as the intelligent core, ensuring reliable data acquisition and automated irrigation control through a motor driver.
Real-time data visualization via the HC-05 Bluetooth dashboard provides farmers with instant feedback, enabling efficient
decision- making and reducing manual effort. The inclusion of remote control via Bluetooth and a web dashboard further
enhances the usability of the system.
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It allows farmers to access the system remotely, from anywhere, ensuring they can stay updated on farm conditions
without having to be physically present. With its simple user interface and real-time data visualization, the solution
empowers farmers to make informed decisions, reduce costs, and increase farm productivity. Furthermore, the
incorporation of Al-based fruit quality detectionextendsthesystem’scapabilitybeyondenvironmental monitoring, addressing
post-harvest challenges. Using image processing and deep learning algorithms, the system accurately classifies fruits into
quality categories, thus supporting grading, pricing, and market readiness. This Al integration demonstrates how advanced
technologies can contribute to the digital transformation of agriculture. The Al model for fruit freshness detection adds
an advanced layer of intelligence to the system. By analyzing fruit images, the Al helps in grading produce quality and
assists in post- harvest management. This reduces wastage and helps farmers sell only high-quality fruits, improving their
profitability. The web-based dashboard enhances user experience by allowing farmers to monitor data in real time and
control irrigation remotely. The system’s low cost and modular design make it adaptable for different types of crops,
regions, and climatic conditions. In conclusion, this project successfully demonstrates the potential of integrating loT
technology into agriculture, offering a scalable and reliable solution for modern farming. With the ability to monitor and
manage farm conditions remotely, the agriculture monitoring system has the potential to revolutionize farming practices,
making agriculture smarter, safer, and more efficient. By adopting such technologies, the agricultural industry can improve
productivity, conserve resources, and move toward a more sustainable and innovative future. In the future, this system
can be expanded by incorporating additional technologies such as solar panels for renewable energy, cloud-based data
analytics for large-scale monitoring and mobile app application.
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