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Abstract: The growing challenges posed by climate change and resource scarcity have intensified the need for
efficient and intelligent agriculture monitoring systems. This study presents an [oT-based Agriculture Monitoring
System utilizing a Wireless Sensor Network (WSN) to collect essential field parameters such as soil moisture,
soil temperature, air temperature, humidity, and soil salinity throughout the crop growth cycle. Distributed sensor
nodes transmit real-time data through low-power wireless communication to a central gateway, which forwards
the information to a cloud-enabled dashboard for monitoring, analysis, and automated alerts. The system supports

informed decision-making, enabling optimized irrigation, fertilizer management, and energy use. By integrating
IoT and WSN technologies, the proposed solution enhances precision agriculture practices, improves crop
productivity, and promotes sustainable farming.

Keywords:Wireless Sensor Network (WSN); Internet of Things (IoT); Agriculture Monitoring; Precision
Farming; Soil Moisture; Environmental Sensing; Smart Irrigation; Cloud Computing; Real-Time Monitoring.

Introduction: Agriculture plays a vital role in sustaining the global economy and ensuring food security.
However, the sector faces increasing challenges due to rapid climate change, unpredictable weather patterns,
depletion of natural resources, and rising demand for higher crop productivity. Traditional farming practices,
which rely heavily on manual observation and experience-based decisions, are often inadequate for meeting
modern agricultural requirements. These challenges have created a strong need for intelligent, data-driven, and
automated approaches to support farmers in managing crops more efficiently.

The integration of Wireless Sensor Networks (WSN) and the Internet of Things (IoT) has emerged as a
transformative solution for modern agriculture. A WSN consists of distributed sensor nodes deployed across the
field to monitor critical environmental and soil parameters such as temperature, humidity, soil moisture, soil
salinity, and light intensity. These sensors continuously gather real-time data and transmit it through low-power
wireless communication to a central gateway. The IoT framework then enables seamless data transfer to cloud
platforms or mobile/web applications for visualization, analysis, and decision-making.

By automating the process of data collection and monitoring, IoT-based WSN systems reduce human
intervention, ensure timely detection of unfavorable conditions, and enable precision agriculture. Farmers can
receive alerts regarding irrigation needs, soil health, or climatic variations, while advanced analytics can support
resource optimization and yield improvement. Moreover, such systems contribute to sustainable agriculture by
minimizing water usage, reducing fertilizer wastage, and lowering overall operational costs.

Thus, an agriculture monitoring system built on WSN and IoT technologies offers a smart, scalable, and efficient
approach to overcoming traditional farming limitations. It serves as an essential tool in modern precision
agriculture, improving crop quality, productivity, and environmental sustainability.
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Problem Statement: Agriculture in many regions continues to rely on traditional methods of monitoring soil and
environmental conditions. These manual and labor-intensive practices often lead to delayed decision-making,
inefficient water and fertilizer use, and reduced crop productivity. Additionally, climate variability and limited
availability of real-time field data make it difficult for farmers to manage crops effectively. Existing monitoring
systems are either too costly, lack scalability, or fail to provide continuous and accurate environmental
information. Therefore, there is a need for an affordable, automated, and real-time agriculture monitoring system
that integrates Wireless Sensor Networks (WSN) and IoT technologies to collect, transmit, and analyze essential
field parameters for precision farming.
Objectives
Primary Objective: To design and implement an IoT-based Agriculture Monitoring System using a Wireless
Sensor Network for real-time monitoring of soil and environmental conditions.
Specific Objectives:
1. To measure critical agricultural parameters such as soil moisture, soil temperature, air temperature,
humidity, salinity, and light intensity using distributed sensor nodes.
2. To establish a low-power wireless communication network for efficient data transmission from sensor
nodes to a central gateway.
3. To develop a cloud-based dashboard or mobile/web interface for real-time data visualization, analysis,
and alert generation.
4. To enable data-driven decision-making for irrigation scheduling, fertilizer application, and environmental
management.
5. To enhance resource efficiency by reducing water, energy, and fertilizer wastage.
6. To promote precision agriculture through automation and remote monitoring capabilities.
Literature Review
1. Wireless Sensor Networks in Agriculture: WSNs have been widely adopted in agriculture for environmental
sensing and crop monitoring. Studies show that sensor nodes deployed across the field can detect soil moisture
variability and microclimatic conditions, offering better insights than manual sampling. Research by authors such
as Burrell et al. and Gutiérrez et al. demonstrates how WSN-based systems improve irrigation scheduling and
reduce water consumption.
2. IoT Integration for Smart Farming: IoT platforms enable seamless communication between farm sensors,
cloud servers, and user devices. Several studies highlight the benefits of IoT-based systems for real-time
monitoring, remote management, and automated control in agriculture. Works by Zhang et al. and Ray et al.
discuss IoT architectures that support precision farming by providing analytics and decision support.
3. Sensor Technologies and Data Acquisition: Modern agriculture utilizes sensors for soil moisture,
temperature, humidity, salinity, and nutrient detection. Research indicates that accurate sensing and timely data
transmission are essential for optimizing crop growth. Technologies such as capacitive soil moisture sensors,
DHT, DS18B20, and EC sensors have been evaluated for reliability and cost-efficiency.
4. Cloud Computing and Data Analytics: Cloud platforms allow scalable storage and processing of agricultural
data. Machine learning techniques are increasingly being used to identify patterns in soil health, predict irrigation
needs, and forecast crop yield. Literature suggests that integrating cloud analytics with [oT systems significantly
improves predictive decision-making.
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5. Limitations of Existing Systems: Many earlier systems suffer from limited battery life, low communication
range, lack of interoperability, or absence of automated alert mechanisms. Research emphasizes the need for low-
cost, energy-efficient, and easily deployable [oT-WSN solutions to overcome these limitations.

System Architecture

The architecture of the Agriculture Monitoring System consists of four main layers:

1. Sensor Layer (Field Sensor Nodes)

This layer includes distributed sensor nodes equipped with sensors such as:

e Soil Moisture Sensor
e Soil Temperature Sensor
e Air Temperature & Humidity Sensor
e Soil Salinity Sensor
o Light Intensity Sensor
Each node has:
e A microcontroller (Arduino, ESP32, STM32, etc.)
o Low-power wireless communication module (LoRa, ZigBee, NRF24L01, BLE)
o Battery or solar power system
Nodes collect real-time data and transmit it wirelessly to the gateway.
2. Communication/Network Layer
o This layer handles data transmission using WSN protocols.
o Possible wireless communication technologies include:
e LoRa for long-range, low-power communication
o ZigBee or NRF24L01 for medium-range mesh networks
e Wi-Fi for short-range high-speed transmission
The network ensures reliable and energy-efficient delivery of sensed data.
3. Gateway Layer
The gateway acts as the central controller and Communication Bridge.
Functions include:
e Receiving data from sensor nodes
o Processing and aggregating data
e Sending data to the cloud using Wi-Fi/4G/5G/Ethernet
Devices such as Raspberry Pi, ESP8266/ESP32, or industrial gateways can be used.
4. Cloud and Application Layer
This layer handles:
o Data storage
o Data analytics
e Visualization
e Notifications and alerts
o User dashboard interface
Cloud platforms such as AWS IoT, Google Cloud, Firebase, or ThingSpeak may be used. Users can monitor real-
time conditions, view trends, and receive automated alerts for irrigation or environmental changes.
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Block Diagram

1. Sensor Nodes (Distributed in Field)
e Soil Moisture Sensor
e Soil Temperature Sensor
e Air Temperature & Humidity Sensor
e Soil Salinity Sensor
o Light Sensor
— Connected to Microcontroller (Arduino/ESP32)
— Data sent via Wireless Module (LoRa/ZigBee/Wi-Fi)
2. Gateway Unit
e Receives wireless data from nodes
o Aggregates and processes initial data
e Sends data to Cloud Server via Wi-Fi/4G/5G
3. Cloud Platform
o Stores field data
e Runs analytics & real-time monitoring
o Triggers alerts (SMS/App notifications)
4. User Interface
e Mobile App / Web Dashboard
o Displays real-time parameters
o Provides trends, graphs, and irrigation recommendations
Flowchart
1. Star
. Initialize Sensor Nodes
. Read Sensors (Moisture, Temperature, Humidity, Salinity, Light)
. Process Sensor Data
. Transmit Data to Gateway
. Gateway Receives & Forwards Data to Cloud
. Cloud Stores & Analyzes Data
. Dashboard Displays Updated Values
. Check Thresholds
o Ifvalues exceed limits — Trigger alert (e.g., irrigation needed)
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e Else — Continue monitoring

10. Loop Back to Sensor Reading

11. End
Methodology
1. Problem Identification: Recognizing the need for automated field monitoring to avoid manual errors and
resource wastage.
2. System Design: Designing a distributed WSN layout with sensor nodes and a central gateway.
3. Sensor Selection: Choosing appropriate sensors for soil and environmental parameters:

e Capacitive soil moisture sensor
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DHT?22 for temperature/humidity
DS18B20 for soil temperature
EC sensor for salinity

LDR for light intensity

4. Node Development: Programming microcontroller units to read sensor data and manage power efficiently.

5. Wireless Communication Setu: Establishing communication using LoRa/ZigBee/Wi-Fi modules.

6. Cloud Integration: Sending data to an IoT cloud platform (ThingSpeak, Firebase, AWS IoT, etc.).

7. Dashboard/UI Development: Creating real-time visualization charts, logs, and alert mechanisms.

8. Testing & Calibration: Verifying sensor accuracy, communication range, and power consumption.

9. Deployment in Field: Installing nodes in actual crop fields and monitoring system performance.

10. Data Analysis & Evaluation: Analyzing trends and evaluating the system’s impact on irrigation efficiency

and crop health.
Hardware Requirements:
1. Sensor Nodes

Microcontroller (Arduino UNO/ESP32/STM32)
Soil Moisture Sensor

Soil Temperature Sensor

Humidity & Air Temperature Sensor (DHT22)
Soil Salinity (EC) Sensor

Light Sensor (LDR/Photoresistor)

Wireless Module (LoRa/ZigBee/Wi-Fi)
Battery/Solar Power Supply

Voltage Regulator & Supporting Electronics

2. Gateway Unit

Raspberry Pi/ ESP32
Wi-Fi/4G/5G Module
Local Storage (Optional)

Software Requirements

Arduino IDE / PlatformlO for programming

Python/Node.js for gateway processing

Firebase / AWS IoT / ThingSpeak cloud platform

Mobile App/Web Dashboard (HTML, JS, React, or [oT platform UI)
Data analytics tools (Python, Excel, or built-in IoT dashboard tools)

Results & Discussion
The implemented system successfully monitored essential agricultural parameters in real time.
Key observations include:

Real-time monitoring allowed farmers to view field conditions instantly.

Soil moisture data enabled optimized irrigation, reducing water consumption significantly.
Temperature and humidity patterns provided insights into crop microclimate and growing conditions.
Soil salinity readings alerted users to potential risks of soil degradation.

Wireless communication ensured low-latency, energy-efficient data transmission.
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e Cloud storage and dashboards helped visualize trends and highlight critical environmental threshold
values.

Overall, the system improved decision-making efficiency and minimized resource wastage, demonstrating the
value of [oT-WSN integration in precision agriculture.
Conclusion and Future Scope
Future Scope

o Integration with AI/ML algorithms for predictive analytics (e.g., yield prediction, irrigation forecasting).

e Automated irrigation control using smart valves based on real-time soil moisture.

e Nutrient monitoring sensors to detect NPK levels.

e Drone-based imaging for crop health assessment.

o Blockchain-based traceability for secure and tamper-proof farm data.

o Energy-harvesting sensor nodes for extended battery life.

o Large-scale deployment across multi-field farms with mesh networking.
Conclusion: This project demonstrates an effective loT-based Agriculture Monitoring System using a Wireless
Sensor Network. The system provides real-time data on key soil and environmental parameters, enabling
precision farming and reducing dependency on manual monitoring. By automating irrigation decisions and
improving resource usage, the system increases crop productivity, reduces operational costs, and promotes
sustainable farming practices. The prototype proves that WSN and IoT technologies can significantly enhance
modern agricultural processes.
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