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ABSTRACT

Agriculture plays a vital role in the global economy, and the need for efficient and sustainable farming
practices has increased significantly with the growing population. This project presents an loT-based smart
agriculture system designed to enhance crop productivity and optimize resource utilization through real-time
monitoring and automation. The system uses a network of sensors such as soil moisture sensors, temperature
sensors, humidity sensors, and light sensors to continuously monitor environmental and soil conditions.
These sensors are connected to a microcontroller that collects and processes data in real time. The collected
data is transmitted to a cloud platform using wireless communication technologies, enabling farmers to
monitor field conditions remotely through mobile or web applications. Based on the sensor data, the system
can automatically control irrigation by activating water pumps when soil moisture levels fall below a
predefined threshold. This ensures efficient water usage and prevents over-irrigation. Additionally, the
system provides alerts and notifications to farmers when abnormal conditions are detected, allowing timely
intervention. The integration of 10T technology improves decision-making by providing accurate and up-to-
date information about crop conditions. The system is cost-effective, scalable, and suitable for deployment
in various agricultural environments. It reduces manual labor, increases efficiency, and promotes sustainable
farming practices. Overall, the loT-based smart agriculture system offers a reliable solution for modern
agricultural challenges by enhancing productivity, conserving resources, and supporting precision farming.

Keywords: 10T, Smart Agriculture, Soil Moisture Sensor, Automated Irrigation, Embedded System,
Wireless Communication, Precision Farming, Environmental Monitoring

I. INTRODUCTION

Agriculture is a fundamental sector that supports the livelihood of a large portion of the global population.
With the increasing demand for food due to population growth, there is a need to adopt advanced
technologies to improve agricultural productivity and efficiency. Traditional farming methods often rely on
manual monitoring and decision-making, which can lead to inefficient use of resources such as water,
fertilizers, and energy. Additionally, unpredictable environmental conditions such as temperature changes,
irregular rainfall, and soil degradation further affect crop yield. These challenges highlight the importance of
implementing intelligent systems that can monitor agricultural conditions in real time and support better
decision-making.

The Internet of Things has emerged as a transformative technology that enables the connection of devices
and sensors to collect and exchange data. In agriculture, loT-based systems can monitor various
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environmental parameters such as soil moisture, temperature, humidity, and light intensity. These systems
provide real-time data, allowing farmers to make informed decisions regarding irrigation, fertilization, and
crop management. By integrating 10T technology into agriculture, it becomes possible to automate several
farming processes, reducing the dependency on manual labor and improving overall efficiency.

Embedded systems play a crucial role in implementing loT-based smart agriculture solutions.
Microcontrollers are used to interface with sensors and process the collected data. These systems are
designed to operate continuously and efficiently, even in remote agricultural fields. The compact size and
low power consumption of embedded devices make them suitable for long-term deployment. By integrating
sensors with microcontrollers, farmers can obtain accurate and real-time information about field conditions,
enabling precision farming.

Sensor technology is essential for monitoring soil and environmental conditions. Soil moisture sensors help
determine the water content in the soil, which is critical for efficient irrigation. Temperature and humidity
sensors provide information about climatic conditions, while light sensors measure sunlight intensity. The
combination of these sensors ensures comprehensive monitoring of the agricultural environment. Accurate
sensor data helps in optimizing irrigation schedules, improving crop health, and reducing resource wastage.

The proposed loT-based smart agriculture system aims to provide an efficient, cost-effective, and scalable
solution for modern farming challenges. It continuously monitors environmental conditions, automates
irrigation processes, and provides real-time data to farmers through cloud platforms. The system enhances
productivity, reduces resource consumption, and supports sustainable agricultural practices. By leveraging
10T, embedded systems, and sensor technologies, the project contributes to the development of smart
farming solutions that improve crop yield and ensure food security.

I1. SURVEY OF LITERATURE

1. The study by Rajkumar Buyya et al. (2013) presented a comprehensive overview of loT architecture and
its applications across various domains, including agriculture. The paper highlighted how interconnected
sensors and devices can collect and exchange data in real time. In agriculture, 10T enables continuous
monitoring of environmental parameters such as soil moisture, temperature, and humidity. The research
emphasized the importance of cloud integration for data storage and remote accessibility. It also discussed
challenges such as scalability, energy consumption, and connectivity issues. This work laid the foundation
for developing smart agriculture systems by demonstrating how 10T can improve efficiency, reduce manual
labor, and support precision farming. The proposed project aligns with this concept by implementing sensor-
based monitoring and cloud communication for real-time decision-making.

2. The research by Ala Al-Fugaha et al. (2015) explored the technologies and communication protocols used
in 10T systems. The paper discussed how IoT can be applied in smart agriculture for efficient resource
management. It highlighted the role of wireless communication protocols such as ZigBee, Wi-Fi, and GSM
in transmitting sensor data. The study emphasized real-time monitoring and automation in agriculture,
particularly in irrigation systems. It also addressed issues such as network reliability and data security. The
findings suggest that loT-based systems can significantly improve agricultural productivity by providing
accurate and timely data. The proposed system uses similar concepts by integrating sensors, wireless
communication, and automation to optimize irrigation and reduce water wastage.
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3. The study by Dong Zhang (2015) focused on the use of wireless sensor networks (WSNSs) in agriculture.
The paper explained how multiple sensor nodes can be deployed across farmland to monitor environmental
conditions. It highlighted the importance of energy efficiency, data transmission reliability, and network
scalability. The research demonstrated that WSNs can provide accurate and real-time data for precision
farming. However, challenges such as power consumption and network coverage in rural areas were
identified. The study also suggested using renewable energy sources like solar power to extend system life.
This literature directly supports the proposed project, which uses sensor networks and wireless
communication for continuous monitoring and automated irrigation control.

4. The research by Min Chen et al. (2014) discussed the role of big data in 10T applications, including
agriculture. The paper highlighted how large volumes of sensor data can be analyzed to improve decision-
making. In smart agriculture, big data helps in identifying patterns related to crop growth, soil conditions,
and weather changes. The study emphasized cloud computing as a key component for storing and processing
data. It also discussed challenges such as data management and computational requirements. The integration
of big data analytics with 10T systems enhances prediction accuracy and resource optimization. The
proposed system partially reflects this concept by using cloud platforms for data storage and visualization,
enabling farmers to make informed decisions based on real-time data.

5. The study by S. R. Nandurkar et al. (2014) focused on precision agriculture using wireless sensor
networks. The system monitored soil moisture, temperature, and humidity to optimize irrigation and crop
management. The research demonstrated that automated irrigation systems can significantly reduce water
usage and improve crop Yyield. It also highlighted the importance of real-time data acquisition and
processing. The system used microcontrollers to analyze sensor data and control irrigation mechanisms.
However, limitations such as high initial cost and maintenance requirements were identified. This study
strongly supports the proposed project, which also uses sensor-based monitoring and automated irrigation to
enhance efficiency and sustainability in agriculture.

6. The research titled “loT-Based Smart Agriculture System” (2018) focused on integrating loT technology
with agricultural practices to improve productivity. The system used sensors to monitor environmental
conditions and transmitted data to cloud platforms for analysis. It included automated irrigation control
based on soil moisture levels and provided remote access through mobile applications. The study
demonstrated that loT-based systems reduce manual labor and improve resource management. It also
emphasized scalability and cost-effectiveness for real-world deployment. Challenges such as internet
dependency and sensor reliability were discussed. This research closely aligns with the proposed project, as
both systems aim to provide real-time monitoring, automation, and improved decision-making for farmers
using loT technology.

111. WORKING METHODOLOGY
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Fig.1 10T Hardware Setup for Smart Agriculture

The working methodology of the loT-based smart agriculture system is based on continuous monitoring of
environmental and soil conditions using various sensors. Sensors such as soil moisture sensors, temperature
sensors, humidity sensors, and light sensors are deployed in the agricultural field to collect real-time data.
These sensors are strategically placed to ensure accurate measurement of soil and environmental parameters.
The collected data includes soil moisture levels, atmospheric temperature, humidity, and light intensity,
which are essential for maintaining optimal crop growth. The sensors continuously transmit this data to the
microcontroller for processing.

The microcontroller acts as the central unit of the system, receiving data from all connected sensors. It
processes the data by converting analog signals into digital values and applying filtering techniques to
ensure accuracy. The system is programmed with predefined threshold values for each parameter. For
example, if the soil moisture level falls below a certain threshold, it indicates that irrigation is required. The
microcontroller continuously compares real-time data with these thresholds to determine the appropriate
action.

Fig.2 Automated Irrigation System Setup

When the system detects low soil moisture levels, it automatically activates the irrigation system using a
relay module connected to a water pump. This ensures that crops receive the required amount of water
without manual intervention. Once the soil moisture level reaches the desired range, the system
automatically turns off the pump, preventing over-irrigation and conserving water. This automation
improves efficiency and reduces water wastage, making the system suitable for sustainable farming.

The system is integrated with 10T cloud platforms to enable remote monitoring and control. Sensor data is
transmitted to the cloud using wireless communication technologies such as Wi-Fi or GSM. Farmers can

Vol. 22, No. 2(1), 2026 https://ijerst.org/index.php/ijerst 2124



https://ijerst.org/index.php/ijerst

Int. | Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 55 mutialhanio

ey e S e

The cloud platform also provides data visualization in the form of graphs and dashboards, helping farmers
understand trends and make informed decisions.

Overall, the working methodology involves the interaction of sensors, microcontroller, communication
modules, and irrigation systems to create an intelligent farming solution. The system continuously monitors
environmental conditions, processes data, and automates irrigation based on real-time requirements. This
integrated approach improves crop productivity, reduces resource consumption, and supports efficient
agricultural practices.

IV. IMPLEMENTATION

Plant Humidity

Fig.1 Soil Moisture Analysis Graph

The implementation of the loT-based smart agriculture system begins with the integration of hardware
components, including sensors, microcontroller, relay module, and water pump. Soil moisture, temperature,
humidity, and light sensors are connected to the microcontroller using appropriate interfacing methods. Each
sensor is calibrated to ensure accurate measurement under varying environmental conditions. The
microcontroller is programmed using embedded C or Arduino IDE to collect sensor data at regular intervals.
The hardware setup is designed to be energy-efficient and suitable for deployment in agricultural fields,
often supported by battery or solar power.

Sotl Wetne Poteriial (xPa)

Fig.2 Temperature and Humidity Analysis Graph

The software implementation focuses on data acquisition, processing, and control. The microcontroller
continuously reads sensor values and converts them into digital data for analysis. Noise filtering techniques
are applied to improve the accuracy of sensor readings. The system is programmed with predefined
threshold values for soil moisture and environmental parameters. When the soil moisture level drops below
the set threshold, the system identifies it as a need for irrigation. Efficient programming ensures smooth
operation and minimal delay in processing data.
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technologies such as Wi-Fi or GSM, the system sends real-time data to the cloud for storage and monitoring.
The cloud platform provides a user interface where farmers can view data through graphs and dashboards.
This allows remote monitoring of field conditions and helps farmers make informed decisions regarding
irrigation and crop management.
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Graphical analysis is used to evaluate the performance of the system. The soil moisture graph shows
variations in moisture levels over time, indicating when irrigation is required. The temperature and humidity
graph provides insights into environmental conditions that affect crop growth. These graphs help in
identifying trends and abnormal patterns, enabling better planning and resource management. Visual
representation of data improves understanding and supports efficient decision-making.

The overall implementation demonstrates the successful integration of hardware and software components to
create an intelligent agriculture system. The system ensures accurate data collection, efficient processing,
and automated control of irrigation. By combining IoT technology with sensor networks, the system
provides a reliable and scalable solution for modern agriculture, improving productivity and resource
efficiency.

V. RESULT AND ANALYSIS
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Fig.3 Soil Moisture Level Analysis Graph

The soil moisture level analysis graph shows the variation of soil moisture over time in the agricultural field.
Under normal conditions, the moisture level gradually decreases due to evaporation and plant absorption.
When the moisture level falls below the predefined threshold, the system automatically activates the
irrigation pump. This is reflected in the graph as a sudden increase in moisture level after watering. The
graph clearly demonstrates the effectiveness of the automated irrigation system in maintaining optimal soil
moisture conditions. During testing, the system responded accurately to moisture changes and ensured that
crops received sufficient water. This helps in preventing both under-irrigation and over-irrigation. The
analysis confirms that the system improves water management and supports efficient farming practices.
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Fig.4 Temperature and Humidity Analysis Graph

The temperature and humidity analysis graph represents the variation of environmental conditions over time.
The graph shows normal fluctuations in temperature and humidity based on daily weather patterns.
However, extreme changes in these parameters can affect crop growth and yield. The system continuously
monitors these conditions and provides real-time data to farmers. During testing, the system successfully
captured variations in temperature and humidity, enabling better understanding of environmental trends. The
graph helps in identifying conditions that may require intervention, such as adjusting irrigation schedules or
protecting crops from extreme weather. The analysis demonstrates that the system provides accurate
environmental monitoring, helping farmers make informed decisions and improve crop productivity.

VI. CONCLUSION

The loT-based smart agriculture system provides an efficient and reliable solution for modern farming by
integrating sensor technology, embedded systems, and wireless communication. The system continuously
monitors important parameters such as soil moisture, temperature, and humidity, enabling real-time analysis
of field conditions. By automating the irrigation process based on soil moisture levels, the system ensures
optimal water usage and reduces wastage. The implementation demonstrates that the system can accurately
detect changes in environmental conditions and respond effectively through automated control mechanisms.

The use of loT technology allows farmers to monitor agricultural fields remotely through cloud-based
platforms, improving accessibility and convenience. Real-time data visualization through graphs and
dashboards helps in understanding trends and making informed decisions. This enhances crop management
and increases overall productivity. Additionally, the system reduces the need for manual labor and minimizes
human error, making farming more efficient and cost-effective.

Overall, the proposed system is scalable, energy-efficient, and suitable for deployment in various
agricultural environments. It supports sustainable farming practices by conserving water and optimizing
resource utilization. The integration of smart technologies in agriculture not only improves crop yield but
also contributes to long-term environmental sustainability. The system represents a significant advancement
in precision farming and provides a practical solution for addressing the challenges faced in modern
agriculture.
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