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Abstract-

The use of smart technology in agriculture has revolutionized the way we approach farming. In this paper, we present a smart tractor system using the ESP32
microcontroller that can automate several critical aspects of the farming process. The system is designed to enhance precision and accuracy while minimizing
labor and time. The proposed system utilizes sensors to measure soil moisture, temperature, and humidity, which are processed by the ESP32 to provide real-
time analysis of the field's conditions. The system also includes Bluetooth capabilities, enabling it to track its position and communicate with other devices.
The tractor can be remotely controlled via a mobile application, allowing the farmer to monitor and adjust the tractor's performance from a distance[5]. The
system's flexibility and scalability make it an ideal candidate for use in modern agriculture, where precision and efficiency are paramount.
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I. INTRODUCTION

Agriculture is a critical sector of any economy, and with the world's growing population, there is an increasing need for efficient and sustainable
farming practices. In recent years, smart technology has been increasingly adopted in the agricultural industry to enhance productivity, precision,
and sustainability. This paper presents a smart tractor system that utilizes the ESP32 microcontroller to automate several critical farming tasks,
including sprinkling water, sowing seeds, and plowing the ground. The system is designed to be flexible and scalable, allowing farmers to adapt it
to their specific needs and environments. With the ability to remotely control the tractor using a mobile application, the system offers farmers
greater control over their farming operations, enabling them to monitor and adjust performance in real-time. The proposed system has the potential
to revolutionize the way we approach agriculture, enhancing efficiency, and productivity while promoting sustainable practices.

One of the main advantages of this system is its flexibility and scalability. Farmers can customize the system to meet their specific requirements
and adapt it to different environmental conditions. For example, the system can be programmed to adjust water sprinkling frequency based on soil
moisture and temperature levels, ensuring that the crops receive the optimal amount of water needed for growth. In conclusion, the proposed smart
tractor system using ESP32 microcontroller is a game-changer in the agriculture industry. It offers farmers greater precision, control, and efficiency,
enabling them to enhance productivity and sustainability while reducing labor costs.

The smart tractor system using ESP32 microcontroller, ultrasonic sensors, servo motors, and a solar panel is an innovative and sustainable solution
for modern farming. It automates farming tasks such as water sprinkling, seed sowing, and ploughing the ground, improving accuracy and efficiency
while reducing waste. The system is powered by solar energy, making it a cost-effective and environmentally friendly solution for farmers. Its
ability to detect obstacles and prevent collisions also enhances safety.

1. LITERATURE REVIEW

e  Smart Tractors in Pistachio Orchards Equipped with RFID[1].

Farshid Sahba Informatics Institute, National Academy of Sciences of Armenia, Yerevan, Armenia ,Zahra Nourani Computer Faculty, Raja
University, Qazvin, Iran

Regarding the particular condition of pistachio in Iran non-oil exports, methods for increasing production of pistachio is one of the research priorities
in Iran. Knowing the exact conditions and the identification of watering and temperature requirements and spraying for increasing the efficiency
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are regarded as some of the most important factors of gardening and they could result in production increase [2]. In this research a system will be
introduced in which physical activities such as watering, spraying, and investigating temperature conditions will be done automatically.

e  Path Following for Autonomous Tractor under Various Soil Conditions and Unstable Lateral Dynamic[2].
Min-Fan Ricky Lee, IEEE Member, Asep Nugroho, Widagdo Purbowaskito, Saul Nieto Bastida, and Bahrudin

Lighten the job of the agricultural vehicle operators by providing some autonomous functions is an important field of research, whose most
important challenges are to keep the accuracy and optimize the yields. Autonomous navigation of a tractor involves the control of different kinematic
and dynamic subsystems, such as the tractor positions, the yaw angle and the longitudinal speed dynamics. The dynamic behavior is highly
correlated with the soil conditions of the agricultural field. This paper proposes a Lyapunov’s stability theorem (LST) based kinematic controller
for path following in autonomous tractor. Moreover, a Fuzzy-PID controller is employed to control the longitudinal dynamic, and a linear quadratic
regulator (LQR) based state-feedback controller to handle the lateral dynamic behavior. Numerical simulation results in MATLAB software show
the proposed algorithms can handle the uncertainty of the soil conditions represented by the variations of the rolling friction coefficient.

e Internet-of-Things (loT)-Based Smart Agriculture: Toward Making the Fields Talk[3].

MUHAMMAD AYAZ 1, (Senior Member, IEEE), MOHAMMAD AMMAD-UDDIN 1, (Senior Member, IEEE), ZUBAIR SHARIF2 , ALI
MANSOUR3 , (Senior Member, IEEE), AND EL-HADI M. AGGOUNEL1 , (Senior Member, IEEE)

Despite the perception people may have regarding the agricultural process, the reality is that today’s agriculture industry is data-centered, precise,
and smarter than ever. The rapid emergence of the Internet-of-Things (IoT) based technologies redesigned almost every industry including ‘‘smart
agriculture’” which moved the industry from statistical to quantitative approaches. Such revolutionary changes are shaking the existing agriculture
methods and creating new opportunities along a range of challenges. This article highlights the potential of wireless sensors and 10T in agriculture,
as well as the challenges expected to be faced when integrating this technology with the traditional farming practices. 10T devices and
communication techniques associated with wireless sensors encountered in agriculture applications are analyzed in detail. What sensors are
available for specific agriculture application, like soil preparation, crop status, irrigation, insect and pest detection are listed. How this technology
helping the growers throughout the crop stages, from sowing until harvesting, packing and transportation is explained. Furthermore, the use of
unmanned aerial vehicles for crop surveillance and other favorable applications such as optimizing crop yield is considered in this article. State-of-
the-art loT-based architectures and platforms used in agriculture are also highlighted wherever suitable. Finally, based on this thorough review, e
identify current and future trends of 10T in agriculture and highlight potential research challenges.
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Fig 1. Block diagram of Smart Tractor
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Fig 2. Circuit diagram of Smart Tractor

Bottom View

Fig 3. Top and Bottom view of Smart Tractor
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Fig 4. App for Smart Tractor

Fig 5. Full view of Smart Tractor

The smart tractor circuit diagram using ESP32 is made up of several components. These are:

1. ESP32 Development Board: This is the main component of the circuit. It is an loT-enabled microcontroller board that is used for processing the
data and communication with the cloud.

2. Motor Driver: The motor driver is used to drive the DC motors of the tractor. It is used to control the speed, movement, and direction according
to the signals received from ESP32.

3. Power Supply: A power supply module is used to provide the required voltage and current to the ESP32 and the motor driver.
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4. Sensor Module: Several sensors such as temperature, humidity, and soil moisture sensors are used to monitor the environmental conditions of
the farmland.

5. Display Module: A display module is used to display the real-time data such as temperature, humidity, and soil moisture.

6. Solar Panel: The solar panel in the smart tractor system serves as a power source for the various components of the system, including the ESP32
microcontroller, sensors, and actuators. It is an essential component that ensures the system can operate efficiently and sustainably.

The solar panel typically comprises photovoltaic (PV) cells that convert sunlight into direct current (DC) electricity. The panel is connected to a
charge controller that regulates the amount of current flowing into the battery to prevent overcharging and damage to the system.

7. Ultrasonic Sensor: The addition of an ultrasonic sensor to the smart tractor system using ESP32 microcontroller enhances the system's ability to
detect obstacles and measure distances accurately. Ultrasonic sensors use sound waves to detect objects and measure distances, making them ideal
for use in farming applications.

8. Servo Motors: The addition of servo motors to the smart tractor system using ESP32 microcontroller enhances the system's ability to control the
movement of various components, such as the water sprinkling mechanism and the seed sowing mechanism. Servo motors are widely used in
farming applications as they offer precise control and can be easily programmed to adjust their movement according to specific requirements.

The circuit diagram is designed to provide a fully automated and smart solution for farming. It has the capability to provide real-time data about
the farmland, which can be utilized for better crop management and yield optimization. By integrating different sensor modules , it can provide a
complete solution for precision farming.

V. WORKING

The smart tractor system using ESP32 microcontroller, ultrasonic sensors, servo motors, and a solar panel works by automating farming tasks and
improving efficiency, accuracy, and sustainability.

The system's primary component is the ESP32 microcontroller, which serves as the brain of the system, receiving input from various sensors and
controlling the movement of various components using servo motors. The ESP32 microcontroller is connected to ultrasonic sensors mounted on
the tractor's front and water sprinkling mechanism to detect obstacles and measure distances accurately[7]. The sensors send signals to the
microcontroller, which analyzes the data and sends signals to the servo motors to adjust their movement accordingly.

The water sprinkling mechanism comprises a water pump, water tank, and sprinkler nozzles mounted on the tractor's sides. The microcontroller
controls the water pump's movement using servo motors, ensuring even water distribution and reducing water waste. The system can be programmed
to adjust the water flow according to specific crop requirements, reducing water usage and improving crop yield.

The seed sowing mechanism comprises a seed hopper, seed metering mechanism, and seed delivery system. The microcontroller controls the seed
metering mechanism's movement using servo motors, ensuring accurate seed placement and reducing seed waste. The system can be programmed
to adjust the seed flow according to specific crop requirements, improving crop yield and reducing seed usage[9].The system is powered by a solar
panel that converts sunlight into electricity, which is stored in a battery. The solar panel is connected to a charge controller that regulates the amount
of current flowing into the battery, preventing overcharging and damage to the system. The use of solar power reduces the system's environmental
impact, making it a sustainable and cost-effective solution for farmers.

The smart tractor system offers several advantages over traditional farming methods. Firstly, it reduces the need for manual labor, improving
efficiency and productivity. Secondly, it offers precise control over the movement of various components, ensuring accuracy and reducing waste.
Thirdly, it enhances safety by detecting obstacles and preventing collisions, reducing the risk of damage to the tractor or crops. Finally, it offers a
sustainable and cost-effective solution for farmers, reducing energy costs and environmental impact.

In conclusion, the smart tractor system using ESP32 microcontroller, ultrasonic sensors, servo motors, and a solar panel is an innovative and
sustainable solution for modern farming[4]. Its ability to automate farming tasks, improve accuracy, and reduce waste offers significant benefits to
farmers of all scales. Its use of solar power also makes it an environmentally friendly and cost-effective solution for sustainable farming practices.

V. CONCLUSION AND FUTURE SCOPE

In conclusion, the smart tractor system using ESP32 microcontroller, ultrasonic sensors, servo motors, and a solar panel is a valuable innovation
that offers several benefits to farmers. Its ability to automate farming tasks, improve efficiency and accuracy, and reduce waste makes it an ideal
solution for modern farming practices. The use of solar power also makes it an environmentally friendly and sustainable solution that can
significantly reduce energy costs.
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The project's future scope lies in further improving and expanding the system's capabilities, such as adding more sensors to detect soil moisture,
pH levels, and temperature. These sensors can provide valuable data for farmers to optimize crop growth and yield. Additionally, the system can
be further programmed to adjust its movement according to specific crop requirements, such as adjusting the water flow and seed sowing rates[11].
This can further reduce water usage and seed waste, improving crop yield and reducing production costs.

Another potential area for future development is the integration of artificial intelligence and machine learning algorithms. This can enable the
system to learn and adapt to different farming conditions, providing even more precise control and optimization of farming tasks. The system can
also be connected to a cloud-based platform, allowing farmers to remotely monitor and control their farm operations, making farming even more
efficient and sustainable.

Furthermore, the system can be adapted to work with different types of tractors, making it accessible to farmers of all scales. The addition of GPS
technology can also provide valuable data for precision farming practices, such as crop mapping and yield monitoring.

In conclusion, the smart tractor system using ESP32 microcontroller, ultrasonic sensors, servo motors, and a solar panel offers a promising future
for modern farming. Its potential for further development and integration with new technologies can significantly improve farming practices,
reducing waste, and improving efficiency and productivity. It offers a sustainable and cost-effective solution for farmers to meet the growing
demand for food production while minimizing their environmental impact[13].
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