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Agriculture is one of the most important sectors for global food production, yet it faces challenges such as water scarcity, climate
change, and inefficient resource management. This project presents a Cognitive Agriculture Field Robot integrated with an 10T-based
predictive irrigation system to address these issues. The system enhances farming efficiency by combining automation, real-time monitoring,
and intelligent decision- making. The robot is equipped with sensors to measure soil moisture, temperature, humidity, and other environmental
conditions. These sensors continuously collect data and transmit it to a cloud platform using 10T technology, where machine learning
algorithms analyze the data to predict crop water requirements. Based on these predictions, the system automatically controls irrigation,
ensuring optimal water usage. The robot is capable of autonomous navigation, enabling efficient monitoring of large agricultural areas with
minimal human intervention. It can detect variations in soil conditions and adjust irrigation levels accordingly, reducing water wastage and
preventing over-irrigation. Additionally, the system provides remote monitoring and control through a mobile or web application, allowing
farmers to access real-time data and receive alerts. This improves decision-making and reduces manual effort. Overall, the project promotes
sustainable agriculture by conserving water resources, increasing productivity, and leveraging 10T, robotics, and artificial intelligence to
create an efficient and environmentally friendly farming solution.

Cognitive Agriculture, 10T-Based Predictive Irrigation, Smart Farming, Autonomous Field Robot, Precision Agriculture,
Machine Learning in Agriculture.

Agriculture plays a vital role in the global economy and food production, but modern farming faces several challenges
such as water scarcity, unpredictable climate conditions, labor shortages, and inefficient irrigation practices. Traditional irrigation
methods often lead to excessive water consumption and uneven distribution, which can negatively affect crop productivity and
environmental sustainability. To overcome these issues, the integration of advanced technologies such as the Internet of Things
(10T), robotics, and automation has become increasingly important in the field of smart agriculture.

The proposed system, “Cognitive Agriculture Field Robot with Predictive Irrigation using /o7, ” is designed to provide
an intelligent and automated farming solution that improves irrigation efficiency and supports precision agriculture. The system
combines loT technology, environmental sensors, cloud communication, and robotic automation to monitor field conditions and
make real-time irrigation decisions. Sensors such as the DHT22 temperature and humidity sensor and capacitive soil moisture
sensor continuously collect environmental data, which is processed by the ESP32 microcontroller. Based on predefined
thresholds and predictive analysis, the system automatically controls irrigation by activating or deactivating the water pump
according to crop requirements.

In addition to automated irrigation, the agriculture robot is capable of autonomous field monitoring and movement. The
ultrasonic sensor assists in obstacle detection and navigation, allowing the robot to move safely across different agricultural areas.
The collected data is transmitted to the ThingSpeak cloud platform through Wi-Fi connectivity, enabling farmers to remotely
monitor parameters such as soil moisture, temperature, humidity, pump status, and crop selection in real time through mobile or
web applications.

The system also supports multiple crop selections, including paddy, black gram, and sesame, where each crop has different
moisture thresholds. This feature ensures optimized water management for various agricultural conditions. By reducing water
wastage, minimizing human intervention, and enabling intelligent decision-making, the proposed project contributes to
sustainable agriculture and efficient resource utilization.

Overall, the Cognitive Agriculture Field Robot with Predictive Irrigation using loT demonstrates how the integration of

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 172 |Page


http://www.ijsreat.com/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.59256/ijsreat.20260603025&domain=pdf

Cognitive Agriculture Field Robot with Predictive Irrigation Using lot

10T, embedded systems, robotics, and cloud computing can transform traditional farming into a smart and automated agricultural
system capable of improving productivity, conserving resources, and supporting future agricultural development.

Materials
The proposed Cognitive Agriculture Field Robot with Predictive Irrigation using 10T consists of both hardware and
software components that work together to achieve smart irrigation and autonomous field monitoring.

Hardware Components

ESP32 Microcontroller — Used as the central control unit with built-in Wi-Fi connectivity.
DHT22 Sensor — Measures environmental temperature and humidity.

Capacitive Soil Moisture Sensor — Detects soil moisture level for irrigation control.
Ultrasonic Sensor (HC-SR04) — Used for obstacle detection and robot navigation.

Relay Module — Controls the switching operation of the water pump.

12V Mini Water Pump — Supplies water to crops automatically.

Robot Chassis with DC Motors — Enables autonomous movement of the robot in the field.
L298N Motor Driver — Controls the DC motors of the robot.

LED Indicator and Buzzer — Provide visual and audio alerts.

Push Buttons — Used for crop selection such as paddy, black gram, and sesame.
Breadboard and Jumper Wires — Used for circuit assembly and connections.

Battery Supply — Powers the robot and electronic components.

Software Tools

e Arduino IDE — Used for programming and uploading code to the ESP32.

o Wokwi Simulator — Used for virtual simulation and testing of the circuit.

e ThingSpeak Cloud Platform — Used for real-time data monitoring, storage, and visualization.

Methods

The proposed system operates through a sequence of sensing, processing, decision-making, irrigation control, and cloud
communication processes.
1. Data Collection
Environmental parameters such as soil moisture, temperature, and humidity are continuously monitored using the soil moisture
sensor and DHT22 sensor. The ultrasonic sensor detects nearby obstacles to assist robot navigation.

2. Data Processing
The ESP32 microcontroller receives sensor data and processes it using programmed irrigation logic. Different moisture threshold
values are assigned for different crops selected using push buttons.

3. Predictive Irrigation Mechanism

The system predicts irrigation requirements based on soil moisture, humidity, and temperature conditions. If the soil moisture
level falls below the predefined threshold and no rainfall condition is predicted, the relay module activates the water pump
automatically. When sufficient moisture is achieved, the pump is turned OFF to prevent over-irrigation.

4. Autonomous Robot Navigation
The robot chassis equipped with DC motors enables movement across agricultural fields. The ultrasonic sensor helps detect
obstacles and ensures safe navigation between different field sections.

5. loT-Based Cloud Monitoring
The ESP32 transmits real-time sensor data to the ThingSpeak cloud platform through Wi-Fi connectivity. Parameters such as soil
moisture, temperature, humidity, crop type, and pump status are displayed graphically for remote monitoring.

6. User Interaction and Alerts
Push buttons allow users to select crop types according to irrigation requirements. The LED indicator shows system
operation status, while the buzzer provides alerts for crop selection and system notifications.

System Workflow

Initialize sensors and ESP32.

Connect to Wi-Fi network.

Read environmental sensor values.

Analyze moisture and weather conditions.
Decide irrigation requirement.

Activate or deactivate water pump using relay.
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7. Upload data to ThingSpeak cloud platform.
8. Move robot to the next field section.
9. Repeat the process continuously for real-time smart irrigation.

The proposed Cognitive Agriculture Field Robot with Predictive Irrigation using 1oT was successfully implemented and
tested for intelligent irrigation and automated agricultural monitoring. The robot continuously monitored soil moisture,
temperature, and humidity using integrated environmental sensors connected to the ESP32 microcontroller.

Based on real-time sensor readings, the predictive irrigation mechanism automatically controlled the water pump
according to predefined crop moisture thresholds. The system efficiently reduced unnecessary water consumption by activating
irrigation only when soil moisture dropped below the required level. Once adequate moisture was achieved, the pump was
automatically turned OFF, preventing over-irrigation and improving water conservation.

The autonomous agricultural robot successfully performed obstacle detection and field movement using the ultrasonic
sensor. Different crop selections such as paddy, black gram, and sesame were implemented with separate irrigation threshold
values, improving crop-specific irrigation accuracy.

The experimental hardware prototype demonstrated successful integration of:
ESP32 microcontroller

Soil moisture sensor

DHT22 temperature and humidity sensor

Ultrasonic sensor

Relay-controlled water pump

0T cloud communication

Robotic movement system

The Thing Speak cloud platform successfully displayed real-time graphical analysis of:
Soil moisture
Temperature
Humidity
Pump status

The uploaded graphs confirmed proper sensor data transmission and 10T communication between the ESP32 and cloud
platform. The soil moisture graph showed dynamic changes in water content, while the temperature and humidity graphs reflected
environmental variations during system operation. The pump status graph verified automatic irrigation control based on field
conditions.

The prototype robot also demonstrated effective field navigation and obstacle avoidance during testing. The LED

indicators and buzzer alerts provided proper system notifications and operational feedback.

Overall, the obtained results confirmed that the proposed system:
o Improved irrigation efficiency
Reduced water wastage
Minimized human intervention
Supported real-time remote monitoring
Enhanced precision agriculture practices
The integration of 10T, embedded systems, cloud monitoring, and robotic automation makes the system suitable for
modern smart agriculture and sustainable farming applications.

THINGSPEAK DATA ANALYSIS

Fig: Hardware Prototype of Cognitive Agriculture Field Robot Fig : ThingSpeak Data Analysis and Sensor Monitoring Results
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Fig: Flow Chart of Cognitive Agriculture Field Robot with Predictive Irrigation using loT

The developed Cognitive Agriculture Field Robot with Predictive Irrigation using loT successfully demonstrated the
integration of 10T technology, embedded systems, and robotic automation for smart agriculture applications. The project was
designed to address major agricultural challenges such as inefficient irrigation, excessive water consumption, and the need for
continuous field monitoring.

The ESP32 microcontroller effectively coordinated the operation of sensors, relay module, water pump, and robot
movement. The soil moisture sensor continuously monitored soil conditions, while the DHT22 sensor measured environmental
temperature and humidity. Based on these parameters, the system intelligently controlled irrigation using predefined threshold
values for different crops such as paddy, black gram, and sesame.

One of the important features observed during implementation was the predictive irrigation mechanism. The system
automatically stopped irrigation when sufficient soil moisture was achieved or when rainfall conditions were predicted based on
humidity and temperature values. This significantly reduced unnecessary water usage and improved irrigation efficiency
compared to conventional manual irrigation methods.

The loT-based cloud monitoring system using ThingSpeak enabled real-time data visualization and remote access to
agricultural parameters. Farmers could monitor soil moisture, temperature, humidity, crop selection, and pump status through
graphical representations on the cloud platform. This remote monitoring capability improves decision-making and reduces the
need for continuous physical supervision in the field.

The robotic movement system added automation to the irrigation process by allowing the robot to move across different
field sections. The ultrasonic sensor successfully detected obstacles and supported safe navigation. Additional components such
as LED indicators and buzzer alerts improved user interaction and system usability.

The simulation and testing performed using Wokwi and Arduino IDE helped validate circuit functionality and program
logic before hardware implementation. Experimental observations confirmed that the proposed system can support sustainable
agriculture practices by optimizing water usage, reducing labor requirements, and improving crop management efficiency.

Although the system performed effectively, certain limitations were identified, including dependency on stable internet
connectivity, sensor calibration requirements, and battery limitations for long-duration operation. Future improvements such as
solar power integration, Al-based crop prediction, GPS navigation, and mobile application support can further enhance the system
performance and practical implementation in large-scale agriculture.

Overall, the project demonstrates a reliable, cost-effective, and intelligent solution for precision agriculture using loT and

robotic technologies.
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The Cognitive Agriculture Field Robot with Predictive Irrigation using loT presents an effective and intelligent solution for
modern smart farming applications. The system successfully integrates loT technology, environmental sensors, cloud
communication, and robotic automation to achieve efficient irrigation management and real-time agricultural monitoring.

By continuously monitoring soil moisture, temperature, and humidity, the system automatically controls irrigation
according to crop requirements, thereby reducing water wastage and preventing over-irrigation. The implementation of predictive
irrigation logic and crop-specific moisture thresholds improves resource utilization and supports precision agriculture practices.

The integration of the ESP32 microcontroller with the ThingSpeak cloud platform enabled real-time data transmission and
remote monitoring, allowing users to access agricultural parameters from anywhere through internet connectivity. The
autonomous robot movement and obstacle detection mechanism further enhanced field monitoring and reduced manual effort.

Experimental results confirmed that the proposed system provides improved irrigation efficiency, reduced human
intervention, and better water management compared to traditional irrigation methods. The project also demonstrates the practical
application of 10T, embedded systems, and robotics in sustainable agriculture.

Overall, the proposed system offers a reliable, cost-effective, and scalable solution for future smart farming technologies
and contributes toward sustainable agricultural development and increased crop productivity.
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