IoT Dashboard for Monitoring Cultivated Land: A Detailed Journal-Style Explanation

Abstract
The rapid growth of the Internet of Things (IoT) has transformed traditional agriculture into precision agriculture by enabling real-time monitoring and intelligent decision-making. An IoT dashboard for monitoring cultivated land integrates sensor networks, wireless communication, cloud computing, and data visualization to provide continuous information about environmental and soil conditions. The system collects data from various sensors such as soil moisture, temperature, humidity, rainfall, and light intensity, processes the information through cloud platforms, and displays it on an interactive dashboard. This approach helps farmers optimize irrigation, reduce water consumption, increase crop productivity, and minimize labor costs. The dashboard also supports historical data analysis, predictive maintenance, and remote monitoring, making it an essential component of modern smart farming systems.
1. Introduction
Agriculture is one of the most important sectors contributing to the economy and food security worldwide. However, traditional farming methods often rely on manual observations and scheduled irrigation, which can lead to inefficient water usage, poor crop health, and reduced productivity. Climate change, irregular rainfall patterns, and increasing demand for food have further emphasized the need for intelligent agricultural systems.
The Internet of Things (IoT) provides a practical solution by connecting sensors, controllers, communication networks, and cloud platforms to continuously monitor agricultural fields. The collected data is transmitted to cloud servers where it is analyzed and presented through an IoT dashboard. Farmers can access this dashboard using computers or smartphones to monitor field conditions in real time and make informed decisions.
The IoT dashboard acts as the central interface of the system by displaying sensor readings, irrigation status, weather conditions, alerts, and historical trends. It allows users to remotely monitor cultivated land and automate agricultural operations.
Agriculture plays a significant role in the economic development of many countries and serves as the primary source of food production. Traditional farming practices mainly depend on manual observation, experience, and fixed irrigation schedules, which often result in inefficient use of water, fertilizers, and labor. Environmental factors such as unpredictable rainfall, temperature fluctuations, and soil degradation further affect crop productivity. With the rapid advancement of Information and Communication Technology (ICT), the Internet of Things (IoT) has emerged as a promising solution for addressing these challenges.
An IoT-based cultivated land monitoring system integrates sensors, wireless communication, cloud computing, and data analytics to continuously monitor agricultural conditions. The collected data is displayed through an interactive dashboard that provides real-time insights into soil moisture, temperature, humidity, rainfall, and irrigation status. Farmers can remotely monitor field conditions and make informed decisions regarding irrigation, crop management, and resource utilization. The proposed dashboard contributes to precision agriculture by improving productivity while reducing operational costs and environmental impact.
2. Objectives
The main objective of the IoT dashboard is to develop an intelligent monitoring system that assists farmers in managing cultivated land efficiently. The system continuously acquires environmental data through sensors, transmits the information to a cloud platform, and presents it through an interactive dashboard. This enables users to monitor crop conditions remotely and automate irrigation based on soil moisture levels.
The specific objectives include:
· Monitoring soil moisture, soil temperature, air temperature, humidity, rainfall, and light intensity in real time. 
· Providing remote access to agricultural field information through a web or mobile dashboard. 
· Reducing water wastage by automating irrigation systems. 
· Generating alerts whenever abnormal environmental conditions are detected. 
· Storing historical sensor data for trend analysis and future decision-making. 
· Improving crop yield through continuous environmental monitoring. 
· Reducing manual labor and operational costs using automation. 
The primary objectives of the proposed IoT dashboard are:
· To continuously monitor cultivated land using IoT sensors. 
· To provide real-time environmental information. 
· To automate irrigation based on soil moisture levels. 
· To minimize water wastage. 
· To improve crop productivity. 
· To detect abnormal environmental conditions. 
· To generate alerts for farmers. 
· To store historical agricultural data for analysis. 
· To enable remote monitoring through web and mobile applications. 
3. System Architecture
The IoT-based cultivated land monitoring system consists of four major layers: The proposed IoT system is designed using a layered architecture to simplify data collection, processing, communication, storage, and visualization. Each layer performs a specific function while interacting with adjacent layers to ensure seamless operation. The architecture includes the sensor layer, processing layer, communication layer, cloud layer, and dashboard layer. This modular design improves scalability, flexibility, and system maintenance. Data flows from field sensors to the cloud and is finally presented on the dashboard, where farmers can monitor field conditions and control irrigation systems remotely.
3.1 Sensor Layer
The sensor layer collects real-time environmental data from the agricultural field. The sensor layer is responsible for collecting environmental and soil-related information from the cultivated land. Different sensors measure different agricultural parameters to provide a complete understanding of field conditions.
The soil moisture sensor measures the water content present in the soil, allowing the system to determine whether irrigation is required. The DHT22 sensor measures atmospheric temperature and relative humidity, both of which directly influence crop growth and evaporation. A soil temperature sensor monitors underground temperature, which affects seed germination and root development. The rain sensor detects rainfall, enabling the system to suspend irrigation during rainy conditions. The Light Dependent Resistor (LDR) measures sunlight intensity, which is essential for photosynthesis. A water level sensor monitors the availability of water in the storage tank to prevent irrigation failures.
Together, these sensors continuously collect real-time environmental data that forms the basis for intelligent agricultural decision-making.
[bookmark: _GoBack]Soil Moisture Sensor
Measures the volumetric water content present in the soil.
Purpose
· Determines irrigation requirements 
· Prevents over-irrigation 
· Prevents drought stress 
Typical Range
0–100%
DHT22 Sensor
Measures
· Air temperature 
· Relative humidity 
Importance
Temperature and humidity significantly influence crop growth, disease occurrence, and evaporation rates.
Soil Temperature Sensor
Measures the temperature beneath the soil surface.
Applications
· Seed germination monitoring 
· Root development analysis 
· Fertilizer absorption studies 
Rain Sensor
Detects rainfall.
Functions
· Stops irrigation during rain 
· Conserves water resources 
LDR Sensor
Measures sunlight intensity.
Importance
· Photosynthesis monitoring 
· Crop growth assessment 
Water Level Sensor
Measures water availability inside storage tanks.
Applications
· Prevents dry running of irrigation pumps 
· Sends low water level alerts 
4. Processing Layer
The processing layer consists of an ESP32 microcontroller. The processing layer serves as the brain of the IoT monitoring system. It consists of a microcontroller such as the ESP32, which receives data from all connected sensors and performs initial data processing. The ESP32 converts analog sensor outputs into digital values, filters unwanted noise, validates sensor readings, and prepares the information for cloud transmission.
The processing layer also executes irrigation control algorithms by comparing soil moisture readings with predefined threshold values. If the moisture level falls below the threshold, the controller automatically activates the irrigation pump. Once the required moisture level is achieved, the controller switches the pump off. The ESP32 communicates with cloud servers using its built-in Wi-Fi module, making it an ideal platform for IoT-based agricultural applications.
Functions
· Reads data from all sensors. 
· Filters sensor noise. 
· Converts analog signals into digital values. 
· Executes irrigation algorithms. 
· Sends data to cloud servers using Wi-Fi. 
The ESP32 is widely used because it offers:
· Dual-core processor 
· Built-in Wi-Fi 
· Bluetooth connectivity 
· Low power consumption 
· Multiple GPIO pins 
· High processing speed 
5. Communication Layer
Communication between sensors and cloud occurs through wireless technologies. The communication layer is responsible for transferring sensor data from the agricultural field to the cloud server. Wireless communication technologies such as Wi-Fi, LoRaWAN, GSM, ZigBee, or NB-IoT can be used depending on farm size and network availability.
For small farms located near internet infrastructure, Wi-Fi provides an economical solution with high data transfer speed. For large agricultural lands covering several kilometers, LoRaWAN offers long-range communication with minimal power consumption. The communication layer ensures reliable and secure transmission of sensor data while minimizing packet loss and communication delays. This enables farmers to receive accurate real-time updates regardless of their physical location.
Typical communication methods include:
· Wi-Fi 
· GSM 
· LoRaWAN 
· ZigBee 
· NB-IoT 
For small agricultural farms, Wi-Fi is usually sufficient. Large farms often prefer LoRaWAN because it provides communication over several kilometers while consuming very little power.
6. Cloud Layer
The cloud server stores sensor information received from the ESP32.
Common cloud platforms include:
· AWS IoT Core 
· Microsoft Azure IoT Hub 
· Google Firebase 
· ThingSpeak 
· Blynk Cloud 
The cloud performs:
· Data storage 
· Data synchronization 
· User authentication 
· Device management 
· Alert generation 
· Historical record maintenance 
7. Dashboard Layer
The dashboard is the graphical interface used by farmers. The dashboard layer serves as the primary interface between the user and the IoT monitoring system. It provides an intuitive graphical representation of all agricultural parameters collected by the sensors. Farmers can access the dashboard through smartphones, tablets, or desktop computers using an internet connection.
The dashboard displays current sensor readings, irrigation status, weather conditions, water tank levels, system alerts, and historical graphs. Color indicators and graphical charts help users quickly understand the health of their cultivated land. The dashboard also allows manual control of irrigation pumps and enables farmers to configure threshold values for automatic irrigation. This user-friendly interface simplifies agricultural monitoring and improves operational efficiency.
It displays:
· Soil moisture 
· Soil temperature 
· Air temperature 
· Humidity 
· Rain status 
· Water tank level 
· Pump status 
· Crop health indicators 
· Historical graphs 
· Warning notifications 
Users can access the dashboard using:
· Desktop computers 
· Smartphones 
· Tablets 
8. Dashboard Modules
8.1 Home Screen
Displays overall farm status. The dashboard is divided into several functional modules to organize information effectively.
The Home Module presents an overview of farm health, active sensors, system status, and recent updates. The Real-Time Monitoring Module continuously displays sensor values such as soil moisture, temperature, humidity, rainfall, and light intensity. The Irrigation Control Module allows users to manually operate irrigation pumps or enable automatic irrigation based on soil moisture thresholds.
The Analytics Module presents graphical representations of historical sensor data, allowing farmers to analyze trends over days, weeks, or months. The Alert Module generates notifications whenever abnormal conditions occur, including low soil moisture, excessive temperature, rainfall detection, water tank shortages, or sensor failures. Together, these modules provide comprehensive monitoring and control of cultivated land.
Example:
· Farm Health: Healthy 
· Active Sensors: 8 
· Pump Status: ON 
· Last Updated: 10 seconds ago 
8.2 Real-Time Monitoring
Shows current sensor readings.
	Parameter
	Value

	Soil Moisture
	48%

	Soil Temperature
	25°C

	Air Temperature
	31°C

	Humidity
	69%

	Light Intensity
	720 lux

	Rainfall
	No Rain


8.3 Irrigation Control
Functions include:
· Manual pump ON/OFF 
· Automatic irrigation 
· Irrigation scheduling 
· Water consumption monitoring 
8.4 Graph Analytics
The dashboard plots graphs showing:
· Soil moisture vs. time 
· Temperature vs. time 
· Humidity vs. time 
· Water usage vs. time 
Historical graphs assist farmers in identifying long-term trends and seasonal variations.
8.5 Alert Module
The dashboard automatically generates notifications when:
· Soil moisture falls below the threshold. 
· Temperature exceeds safe limits. 
· Rain is detected during irrigation. 
· Water tank level becomes low. 
· Sensor malfunction occurs. 
Alerts can be sent through:
· SMS 
· Email 
· Push notifications 
· Telegram 
9. Working Principle
The system operates as follows:
1. Sensors continuously measure environmental conditions. 
2. The ESP32 collects sensor readings. 
3. Sensor data is processed locally. 
4. Data is transmitted to the cloud via Wi-Fi. 
5. The cloud stores and analyzes the information. 
6. The dashboard updates in real time. 
7. Farmers monitor field conditions remotely. 
8. If soil moisture falls below a preset threshold, the irrigation pump is activated automatically. 
9. Once the desired moisture level is reached, the pump is turned off. 
10. Alerts are generated for abnormal conditions. 
10. Data Flow
Field Sensors
      │
      ▼
ESP32 Microcontroller
      │
      ▼
Wi-Fi Communication
      │
      ▼
Cloud Platform
      │
      ▼
Database
      │
      ▼
Analytics Engine
      │
      ▼
IoT Dashboard
      │
      ▼
Farmer Mobile/Web Application
11. Advantages
The IoT dashboard offers numerous advantages compared to traditional farming practices. Continuous monitoring enables farmers to observe environmental conditions without physically visiting the field. Automated irrigation significantly reduces water wastage while maintaining optimal soil moisture levels for healthy crop growth. Remote access improves convenience and reduces labor costs. Historical data analysis supports better agricultural planning and resource allocation. The system also improves crop productivity by ensuring timely irrigation and early detection of unfavorable environmental conditions.
· Continuous monitoring of cultivated land. 
· Efficient water resource management. 
· Improved crop productivity. 
· Early detection of adverse environmental conditions. 
· Reduced labor and operational costs. 
· Remote access from any location. 
· Historical data supports better decision-making. 
· Scalability for farms of different sizes. 
12. Limitations
Despite its advantages, the proposed system has several limitations. The initial installation cost of IoT sensors and communication infrastructure may be relatively high for small-scale farmers. Continuous internet connectivity is required for real-time monitoring, which may not always be available in rural regions. Sensors require periodic calibration and maintenance to maintain measurement accuracy. Power interruptions may affect system operation unless backup power sources such as batteries or solar panels are provided. In addition, cybersecurity measures must be implemented to protect sensitive agricultural data from unauthorized access.
· Initial installation costs can be high. 
· Dependence on reliable internet connectivity. 
· Sensors require periodic calibration and maintenance. 
· Power supply challenges in remote areas. 
· Cybersecurity measures are necessary to protect data and devices. 
13. Applications
The IoT dashboard has a wide range of agricultural applications. It can be used for precision farming, greenhouse monitoring, horticulture, fruit orchards, vegetable cultivation, organic farming, research farms, and commercial agricultural enterprises. The system is also suitable for monitoring plantations, nurseries, vineyards, and smart irrigation projects where continuous environmental monitoring is essential for improving productivity and reducing resource consumption
· Precision agriculture 
· Greenhouse monitoring 
· Smart irrigation systems 
· Horticulture 
· Fruit orchards 
· Vegetable cultivation 
· Organic farming 
· Agricultural research stations 
14. Future Scope
Future improvements to the IoT dashboard may include the integration of artificial intelligence and machine learning algorithms for crop disease detection, yield prediction, and intelligent irrigation scheduling. Drone-based monitoring can provide aerial images for detecting crop stress over large areas, while satellite imagery can enhance regional crop assessment. Edge computing can reduce response time by processing data closer to the field. Additional sensors for soil nutrients, pH, and electrical conductivity can provide more comprehensive monitoring. Integration with weather forecasting services can further improve irrigation planning and overall farm management.
Future enhancements may include:
· AI-based crop disease detection using computer vision. 
· Drone-assisted aerial monitoring of fields. 
· Satellite imagery integration for large-scale crop assessment. 
· Machine learning models for crop yield prediction. 
· Fertilizer recommendation systems based on soil nutrient analysis. 
· Blockchain-based traceability for agricultural products. 
· Edge computing for faster local decision-making. 
· Integration with weather forecasting services for predictive irrigation scheduling. 
14. Conclusion
The proposed IoT dashboard for monitoring cultivated land provides a comprehensive solution for modern precision agriculture by integrating sensors, microcontrollers, wireless communication, cloud computing, and interactive visualization. The system enables continuous monitoring of environmental conditions, automated irrigation, and real-time decision support through a centralized dashboard. By optimizing water usage, reducing labor, and providing timely alerts, the dashboard enhances agricultural productivity and promotes sustainable farming practices. As emerging technologies such as artificial intelligence, edge computing, and remote sensing continue to evolve, IoT-based agricultural monitoring systems are expected to become increasingly intelligent, reliable, and indispensable for future smart farming.
An IoT dashboard for monitoring cultivated land provides an integrated platform for collecting, analyzing, and visualizing real-time agricultural data. By combining IoT sensors, wireless communication, cloud computing, and interactive dashboards, the system enables farmers to monitor environmental conditions, automate irrigation, and receive timely alerts. These capabilities improve water-use efficiency, reduce manual intervention, and enhance crop productivity. As IoT, artificial intelligence, and cloud technologies continue to evolve, such dashboards are expected to play a central role in sustainable and precision agriculture, supporting higher yields, better resource management, and improved resilience to changing environmental conditions.
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