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Abstract
Agriculture is a critical sector that requires continuous innovation to meet the increasing global
demand for food. Traditional seed planting methods often involve labor-intensive processes that are
time-consuming and prone to inefficiencies. This project presents an automatic seed planting machine
that integrates ESP32 microcontroller technology with various sensors and actuators to enhance the
precision, speed, and efficiency of seed planting. The system is designed to automate seed dispensing,
soil digging, and movement using a combination of line tracking, obstacle avoidance, and depth control
mechanisms. Key components include a seed dispensing unit, stepper motors for soil preparation, and
a DC motor-driven robotic platform. The machine ensures optimal seed placement, reduces labor
dependency, and improves crop yield. Field trials demonstrate significant improvements in planting
accuracy and efficiency compared to manual methods. The proposed system contributes to the
advancement of precision agriculture, offering an affordable and scalable solution for modern farming.

Keywords: Seed planting robot, real-time mapping, precision agriculture, autonomous navigation,
smart farming

INTRODUCTION

Agriculture is a vital sector that sustains human life by providing food and raw materials. With the
global population growing and the demand for food increasing, there is a need to adopt efficient and
sustainable farming practices. Traditional methods of seed planting are labor-intensive, time-
consuming, and prone to human errors, leading to uneven seed distribution and inefficient resource
utilization.

Automation in agriculture has emerged as a transformative solution to address these challenges. One
such advancement is the automatic seed sowing machine, which integrates modern technology to
enhance precision, efficiency, and productivity in the planting process [1-3]. This project aims to
develop an automated seed-sowing system using microcontroller-based control mechanisms to optimize
seed placement, reduce labor dependency, and improve crop yields.

The agricultural sector faces multiple challenges, including labor shortages, fluctuating climatic
conditions, and the necessity for sustainable

*Author for Correspondence
Abhishek Mangutkar
E-mail: abhiimangutkar@gmail.com

1-3Student, Departement of E&TC, Rajgad Dnyanpeeth’s,

SCSCOE, Dhangwadi, Bhor, Pune, Maharashtra, India
“Assistant  Professor, Department of E&TC, Rajgad
Dnyanpeeth’s, SCSCOE, Dhangwadi, Bhor, Pune,
Maharashtra, India

Received Date: April 14, 2025
Accepted Date: May 02, 2025
Published Date: May 22, 2025

Citation: Abhishek Mangutkar, Omkar Sawant, Atul Ambike,
Vinod Jagdale. Automatic Seed Planting Using a Controller.
Journal of Electronic Design Technology. 2025; 16(2): 1-8p.

farming methods. Manual seed sowing can lead to
uneven planting depths and spacing, which
negatively impact germination rates and crop
health. By integrating automation, these issues can
be mitigated, ensuring consistent seed placement
and reducing wastage.

LITERATURE SURVEY

The agricultural sector has witnessed significant
technological advancements to address challenges
such as labor shortages, inefficiencies in planting,
and the need for sustainable farming practices.
Traditional seed-sowing methods are often time-
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consuming, inconsistent, and labor-intensive. To overcome these limitations, automation in farming has
gained traction, leading to the development of automatic seed sowing machines [4]. These machines
integrate modern technologies like microcontrollers, sensors, and actuators to enhance the precision and
efficiency of seed planting. Recent research has focused on developing automated seed-sowing systems
that improve accuracy and productivity [5-7]. Various studies highlight the use of microcontrollers,
such as ESP32 and Arduino, to control the seed dispensing mechanism. These controllers allow real-
time adjustments based on environmental conditions, ensuring optimal seed placement. Sensors play a
crucial role in automation by providing real-time data on soil conditions, seed placement, and machine
navigation. Key sensors used in automatic seed-sowing systems include:
e Depth sensors: Ensure seeds are placed at the correct depth for optimal growth.
e Obstacle detection sensors: Prevent collisions and ensure uninterrupted operation in the field.
o Control mechanisms for automated sowing: To achieve precise seed placement, various control
strategies have been implemented in automatic seed sowing systems:
e Stepper motor mechanisms: Control the rotation of seed dispensers to ensure uniform seed
distribution.
o Robotic systems: Some innovations involve self-navigating robots equipped with automated
seed-sowing mechanisms.

Economic and environmental impact: Automation in seed sowing reduces labor costs, increases
efficiency, and ensures better resource utilization [6]. However, the initial investment in automated
machines can be high, making affordability a key concern. Studies have shown that farmers can recover
their investment over multiple planting seasons due to higher productivity and reduced wastage.

SYSTEM MODEL

The automatic seed sowing machine is designed to improve the efficiency and accuracy of the seed-
planting process through automation. Traditional seed-sowing methods often lead to uneven seed
distribution, excessive labor, and resource wastage. By integrating microcontrollers, sensors, and
actuators, this system ensures precise seed placement, optimized spacing, and reduced human effort [8].
The system model consists of various hardware and software components working together to achieve
seamless operation (Figure 1).

SYSTEM ARCHITECTURE
The system model of the automatic seed sowing machine consists of several key components:

Microcontroller Unit (MCU)

ESP32 microcontroller acts as the central processing unit of the system. It receives input from
sensors, processes the data, and controls actuators to execute the seed-sowing process. It supports
wireless communication (Wi-Fi/Bluetooth) for remote monitoring and control.

Power Supply System
A rechargeable lithium-ion battery provides power to all components. Voltage regulators ensure
stable power distribution to microcontrollers, motors, and sensors.

Seed Dispensing Mechanism

Solenoid valves control the release of seeds at precise intervals. Stepper motors rotate the seed
dispensers for uniform sowing. The system ensures that each seed is placed at an optimal depth for
better germination [9].

Navigation and Path Tracking System
Obstacle detection sensors (ultrasonic/infrared) prevent collisions with obstacles in the field. The
system adjusts its path dynamically to ensure smooth movement across the terrain.
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Figure 1. Circuit diagram.

Adjustment System
Depth sensors ensure that seeds are planted at the correct depth. The system can integrate GPS (global
positioning system) modules for precision agriculture and optimized seed distribution.

Operational Flow Initialization
The microcontroller is powered on, and the sensors calibrate the system.

Depth Control
The digging mechanism ensures the seeds are placed at an optimal depth. Monitoring and Feedback:
Sensor data is processed in real time, and the system makes adjustments for efficiency.

SYSTEM ARCHITECTURE
Figure 2 shows the automatic seed sowing machine process.

The automatic seed sowing machine operates using a structured flow that ensures efficient and
precise seed planting [10]. The system integrates an ESP32 microcontroller, ultrasonic sensors, and a
Blynk-based remote control to automate the seed-sowing process while offering a manual override
option. The operational flow is as follows:

System Initialization

The system starts by initializing the ESP32 microcontroller and establishing a connection with the
Blynk application. Blynk allows the operator to select between manual and automatic modes for
controlling the machine.

Mode Selection
The system checks whether the operator has selected manual mode or automatic mode. Based on the
selection, different control mechanisms are activated [11].
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Figure 2. Flowchart.

Automatic Mode Operation

The machine begins moving forward while drilling the soil and planting seeds at precise intervals. It
follows a zigzag movement pattern to ensure optimal field coverage. If an obstacle is detected using
ultrasonic distance sensors, the machine stops, reverses, and changes direction to avoid collision. The
process repeats in a continuous loop until the task is completed.

Manual Mode Operation

In manual mode, the operator can control movements using the Blynk application, allowing precise
navigation and seed dispensing. The machine executes left/right turns, forward movement, and stops
based on user input.

Obstacle Detection and Avoidance
The ultrasonic sensor continuously scans for obstacles in the field. If an obstacle is detected, the
machine stops, reverses, and re-adjusts its path to continue smooth operation.

Completion of Seed Sowing
Once the entire field is covered, the system stops operation. The operator can review the performance
and optimize parameters for future planting cycles.
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METHODOLOGY

The concept of automatic seed planting using a controller, such as the Controller 1, combines
advancements in robotics, control systems, and precision agriculture. This methodology focuses on
creating a system that can autonomously plant seeds in a precise and controlled manner while ensuring
zero plagiarism in its design and approach. The idea is to automate the process of seed planting in
agriculture using modern controllers and systems while maintaining originality and ethical practices.

System Overview and Objective

The primary objective of this system is to design and develop an automatic seed planting machine
that operates autonomously, performs planting operations with high precision, and ensures an error-
free, original approach in the process [2]. The Controller | is a key component in this system, which
provides real-time control, ensures optimal operation and prevents system failure. In the context of zero-
plagiarism, this refers to implementing unique and innovative solutions in the design and functionality
of the system, ensuring that the development is both original and non-infringing.

Designing the Seed Planting System
Hardware Components

The automatic seed planting system is composed of several hardware components that work in

tandem. These include:

o Controller I: The main control unit that receives inputs, processes data, and sends commands to
other components. This controller is responsible for controlling the movement of the planting
mechanism, seed dispensing system, and monitoring sensors.

e Actuators: These include motors that move the planting machine forward, backward, and lateral,
along with specialized actuators that plant the seed at the correct depth and spacing.

e Seed dispenser: A mechanism capable of precisely delivering the seed to the soil at specific
intervals. It consists of a hopper that holds the seeds and a series of channels or tubes that direct
the seeds to the planting location.

e Sensors: A range of sensors (e.g., depth sensors, soil moisture sensors, and GPS units) are
integrated into the system to monitor real-time data, ensuring that seeds are planted at the correct
depth, that soil conditions are optimal, and the machine is following the intended path [5].

e Power supply: A reliable power system that ensures the machine operates continuously and
efficiently. This could be a battery or external power source, depending on the system’s
requirements.

Software Components
The software components play a crucial role in ensuring the autonomous operation of the seed-
planting machine. The Controller I is programmed with sophisticated algorithms that allow it to perform
the following tasks:
e Path planning: An algorithm calculates the most efficient planting path, ensuring that the seeds
are spaced evenly and the machine moves efficiently through the field without overlap or gaps.
o Feedback loop: The controller continuously receives data from the sensors and adjusts the
system’s behavior. If a sensor detects a problem (e.g., the seed is too deep or too shallow), the
system adjusts the planting depth automatically.
o Seed dispensing logic: The controller manages the seed dispensing mechanism, ensuring that the
right amount of seeds are dispensed at the right time and location.

Precision and Accuracy of Seed Planting
A core component of this methodology is ensuring the precision and accuracy of seed planting. To
achieve this, several strategies are employed:
e Real-time data integration: The system integrates data from various sensors in real-time, such as
depth sensors that monitor the planting depth, and GPS sensors that track the exact position of
the machine. This allows for highly accurate and consistent planting, even in large fields.
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o Automated adjustments: If the system detects any irregularity, such as inconsistent soil conditions
or depth variations, the controller automatically adjusts parameters (such as speed, seed flow rate,
or depth), ensuring the planting process remains optimized [9].

e Variable rate technology (VRT): This technology allows the system to adjust the seed dispensing
rate based on soil conditions. If certain areas of the field require more seeds, the system will
adjust accordingly, ensuring that resources are used efficiently.

RESULT ANALYSIS

The automatic seed sowing machine was developed to enhance farming efficiency by automating the
seed planting process. The system was tested under controlled conditions to evaluate its performance,
accuracy, and feasibility in real-world agricultural applications. The results obtained were analyzed to
determine the machine's effectiveness in terms of precision, speed, resource optimization, and cost
efficiency.

The system was tested based on key parameters, including seed spacing accuracy, planting depth,
speed of operation, and obstacle detection efficiency. The results were compared with traditional
manual showing methods to determine improvements in productivity and precision. Figure 3 shows the
final model of the automatic seed planting system.

Accuracy of Seed Placement

The machine successfully maintained uniform seed spacing with an average deviation of 2 mm.
Seed placement depth was consistently within the predefined range, ensuring optimal germination.
Compared to manual sowing, the automated system reduced irregular seed distribution by over 90%.

Figure 3. Final model.
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Efficiency of Operation

The automated system planted seeds three times faster than manual methods. The machine covered
1 acre in approximately 2 hours, compared to 6 to 8 hours required for manual planting. Obstacle
detection using ultrasonic sensors showed a 98% success rate in avoiding collisions.

Power Consumption and Sustainability

The system operated on a 12-V rechargeable battery, with an average runtime of 5 to 6 hours per full
charge. Energy consumption was 30% lower than traditional tractor-based sowing equipment. The
design minimized seed wastage by up to 20%, leading to better resource utilization. Comparative
analysis is parameter manual sowing automatic seed sowing machine improvement (%)

CONCLUSION

The automatic planting robot designed using a microcontroller successfully demonstrates how
embedded systems and automation can be utilized to address key challenges in modern agriculture. The
system can perform seed planting tasks with precision, uniform spacing, and minimal human
intervention. By integrating components such as DC motors, servo motors, soil sensors, and wireless
communication modules like ESP32 with the Blynk internet of things platform, real-time monitoring
and control are effectively achieved.

In addition to increasing efficiency, this method lowers the time, expense, and labor often involved
in hand seeding. Consistent seed depth and distance, which are essential for optimum germination and
plant health, are guaranteed by the robot. Additionally, the system's programmable and modular design
makes it simple to modify for varied seed varieties and field circumstances, making it suitable for a
range of agricultural situations.

Through the use of mobile applications, users may remotely operate and receive information from
robots, demonstrating the significance of the internet of things in smart farming. Because of this feature,
the system is very easy to use and can be expanded to accommodate bigger agricultural operations.
Furthermore, the design's practicality and suitability for adoption by small-scale farmers are guaranteed
by the utilization of easily available and reasonably priced components.
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