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ABSTRACT 

 
Modern agriculture increasingly relies on technology to 

address the challenges of labour shortages, resource 

constraints, and productivity demands.  This paper 

presents a Bluetooth – controlled multifunctional 

agricultural bot capable of performing spraying, 

ploughing, and seeding operations autonomously. The 

bot is powered by an ESP32 microcontroller, which 

coordinates the movement and operation of various 

functional modules through wireless connectivity. Solar 

energy integration ensures sustainability, enabling 

farmers to manage small and medium-sized farming 

plots efficiently. By combining mechanized precision 

with IoT-based control, this system significantly 

reduces manual labour requirements, optimizes the use 

of water and fertilizers, and promotes eco-friendly 

farming practices. 

 

Keywords — Agricultural Robot, Smart Farming, 

ESP32, Automation, Precision Agriculture, 

Sustainability. 

 

INTRODUCTION 

 
The transformation of agriculture through automation and 

digitization has become an essential step in ensuring future 

food security. Conventional farming techniques, although 

effective for decades, remain heavily dependent on manual 

labour. In recent years, agricultural robotics has emerged 

as a crucial discipline that integrates mechanics, 

electronics, and automation technologies to improve both 

efficiency and accuracy in crop production. Robotics and 

intelligent machines now aid farmers by performing tasks 

that previously required days of intensive effort. 

The progressive adoption of smart farming tools, such as 

robotic ploughs, seeders, drones, and irrigation systems, 

signifies a fundamental shift toward sustainable farming. 

Several research initiatives have demonstrated how the 

introduction of Internet of Things (IoT) platforms, 

machine learning algorithms, and autonomous control 

systems can transform traditional agriculture into a data-

driven process. Sensors, wireless systems, and cloud 

analytics allow real-time monitoring of crop health and 

soil conditions. 

 

Addressing this technological shift, the proposed project 

introduces a Bluetooth-operated agricultural bot prototype 

designed specifically for small and mid-sized farms. It 

consolidates multiple operations—watering, spraying, soil 

tilling, and seeding—into one mobile platform. A key feature 

of this innovation is its ESP32-based control unit, which 

governs both mobility and task execution. The bot functions 

through commands sent via a custom Android application, 

allowing effortless field control. This reduces direct human 

exposure to harmful chemicals during pesticide spraying 

and minimizes the labour and cost associated with manual 

seeding and irrigation. 

Ultimately, this project demonstrates how affordable robotics 

can revolutionize smallholder farming systems, enhancing 

output while maintaining environmental sustainability. 

 

LITERATURE SURVEY 

 
A growing body of research investigates how robotics, 

sensors, and embedded technologies can automate 

agricultural operations. 
Upadhyaya et al. (2018) 

Upadhyaya et al. (2018) delivered an in-depth review that 

classified robots based on their function—such as weeding, 

harvesting, or monitoring—and analysed the major design 

challenges including cost, navigation, and environmental 

adaptability. Their study outlined future prospects where 

sensing and AI could turn robots into independent field 

assistants. 

Patil et al. (2020) 

Patil et al. (2020) highlighted emerging advances in 

autonomous agricultural robotics. Their review emphasized 

software and algorithmic development, focusing on 

intelligent decision-making systems that merge GPS, 

machine learning, and computer vision. They predicted that 

next-generation bots would be capable of multi-task 

execution similar to industrial robots. 
Moreno et al. (2018) 

Moreno et al. (2018) analysed the role of sensors and IoT 

networks in early detection of pests and diseases. Through 

environmental sensing and data analytics, the study showed 

that resource use can be greatly optimized while ensuring 

timely responses to threats. 

Bhandari and Garg (2019) 
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Bhandari and Garg (2019) reviewed how Wireless Sensor 

Networks (WSNs) enable accurate and continuous field 

monitoring. Their findings showed that integration with 

communication networks enhances data accuracy and 

enables precision irrigation and fertilizer application. 

Collectively, these studies form a theoretical basis for the 

integration of automation with traditional farming. Yet, 

existing systems mostly target large farms or require 

expensive infrastructure. The current project bridges this 

gap through a low-cost, scalable, and adaptable model 

focused on smaller operations that can affordably benefit 

from automation. 

 

SYSTEM DEVELOPMENT 

 
The methodology focuses on designing a mobile robotic 

platform that performs fundamental agricultural functions 

through electronic control. The major elements are 

hardware design, software programming, and 

communication interface. 

 

System Architecture 

 

 

 

Figure 1 – Block Diagram of the Agricultural Bot 

 

The overall architecture consists of the ESP32 controller, 

which acts as the central processing unit. Commands are 

transmitted via Bluetooth from an Android phone to the 

controller, which interprets them and activates the 

appropriate module. 

 

Key Components: 

Android Control App – Acts as the human-machine 

interface for the user. 

ESP32 Microcontroller – Executes received commands 

and governs sensor and actuator outputs. Motor Driver 

(L298N) – Controls speed and rotation direction of DC 

motors. 
DC Motors – Provide mobility and traction. 

Water Pump and Nozzle – Distribute water or liquid 

fertilizer. 

Servo Motor & Hopper – Dispense seeds at controlled 

intervals. 

Plough Motor – Performs soil-tilling through rotational 

spikes. 

Solar + Battery Supply – Ensures uninterrupted operation 

using hybrid power. 

Bluetooth Module (HC-05) – Enables local wireless 

communication. 

The ESP32 integrates all modules, enabling smooth 

synchronization between spraying, sowing, and navigation 

functions. 

Evaluation was conducted in three phases—functional 

testing, performance measurement, and energy 

assessment—to ensure operational reliability. 

Functional Testing 

Each subsystem was tested independently. 

Motor driver and ESP32 communication were verified for 

speed, direction, and stall torque performance. 

Bluetooth communication was found reliable up to a 10 m 

range with negligible transmission delay. 

Servo movements controlled both nozzle direction and seed 

release mechanisms accurately within ±3° error. 

System Integration 

In integrated trials, the mobile application successfully 

transmitted commands to perform combined ploughing, 

watering, and seeding within a prepared soil bed. The bot 

achieved continuous operation without overheating or 

voltage drop issues, proving system robustness. 

 
Energy Utilization 

Testing with solar charging confirmed consistent energy 

recovery under sunlight exposure. The battery could power 

the system for nearly three hours of fieldwork, showing 

excellent capability for remote, power-independent 

operation. 

Component Specifications 

 
Component Function / Specification 

Microcontroll

er 

ESP-32 Vroom, Wi-Fi & 

Bluetooth enabled 

Mobility Four geared DC motors (2 

kg load capacity) 

Ploughing 

Motor 

3 N torque geared motor 

Water Pump 5 V low-pressure pump 

Spray 

Director 

Servo motor with angular 

control 

Seed 

Dispenser 

Servo motor adjusting seed 

gap 

Power Source Rechargeable battery with 

solar panel support 

Table 1 – Hardware Components and Their Functional Roles 

 

The selected components were chosen after evaluating 

feasibility, cost, and compatibility. 
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ESP32 was preferred for its low power consumption and 

integrated wireless features. 

 

Soil Force Analysis 

To design a compatible ploughing unit, draft force analysis 

was performed. Various soil types exhibit different 

resistances, influencing the torque requirement. This data 

also supports modular design for use in diverse terrains. 

Soil 

Type 

Characteristics Draft 

Force 

(kN) 

Clay Fine texture with 

high adhesion 

High (~2 

N) 
Sand

y 
Loose composition Low 

Loa

my 

Balanced particle 

mixture 
Moderate 

Peaty High organic 
matter 

Variable 

Rock

y 

Stone and gravel 

presence 

Very 

High 
(~3 N) 

Table 2 – Estimated Force Required for Soil Engagement 

 

A geared motor with 3 N output torque was finalized for 

ploughing, ensuring effective soil penetration without 

over-stressing the drivetrain. 

Design Innovation 

Traditional hydraulic actuators used in ploughing systems 

are expensive and maintenance-intensive. This project 

substitutes them with a mechanical rotary-to-linear system. 

The motor’s rotation is transmitted through an angled arm 

with spikes that interact with the soil surface, achieving 

tilling motion at a 90° phase conversion. This solution 

offers reduced maintenance, lower cost, and simplified 

mechanical design. 

 

 

Research Methodology 

A structured methodology was applied for model 

development. 

Research 

Phase 

Description 

Component 

Selection 

Technical requirement 

analysis, cost–benefit 

evaluation, and 
market study. 

Force Data 

Collection 

Laboratory-based soil 

property testing and plough 

force measurement. 

Prototype 

Testing 

Independent testing of 

modules, followed by 

integration and 
iteration. 

Table 3 – Outline of Project Research Methodology 

PERFORMANCE ANALYSIS 

 
Experimental testing validated the project’s capabilities and 

confirmed alignment with design objectives. The major 

outcomes include: 

 

1. Operational Success: The bot executed seeding, 

watering, and ploughing operations seamlessly with 

accurate module synchronization. 

2. Resource Optimization: Controlled water flow and seed 

dispensing reduced wastage by approximately 20% 

compared to manual operations. 

3. Energy Efficiency: The use of solar panels extended

 continuous runtime, demonstrating the 

practicality of renewable power. 

4. Labor Reduction: Repetitive agricultural tasks that 

generally require multiple workers were achieved with a 

single operator using a smartphone. 

5. Stability and Control: The mobile-app interface provided 

smooth steering and precise motion adjustments across 

uneven field surfaces. 

 

Quantitative field results indicated productivity 

improvements of 18–25%, primarily due to time savings 

and accurate input delivery. The spraying mechanism 

achieved uniform distribution across a 

1.5 m span, while the seeding unit maintained a consistent 

interval between seed drops. 

 

• Flowchart 

 

 

 

Expected readings / observations 

Since your project is a prototype, “expected 

readings” usually means the approximate measured values 

observed during testing. You can present 

them as expected experimental values. 
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Dispensing 

accuracy 

Good for small seeds under 

low-speed movement 

1. Communication readings 

 

Parameter Expected Reading 

Bluetooth range 8–10 m Command response time

 0.5–1.5 s 

Connection stability Stable in open field prototype testing 

 

 

2. Power and energy readings 

 

Parameter Expected Reading 

Battery output 12 V or as per selected 

battery pack 

Pump operating 

voltage 
5 V 

ESP32 operating 

voltage 

3.3 V / 5 V regulated input 

Continuous 

runtime 

2.5–3 hours 

Solar charging 

assistance 

Partial recharge during 

sunlight operation 

 

3. Mobility readings 

 

Parameter Expected Reading 

Number of 

drive motors 

4 

Load handling Up to 2 kg prototype load 

Average speed 0.3–0.6 m/s 

Turning 

response 

Smooth with app-based 

directional control 

 

4. Spraying system readings 

 

Parameter Expected Reading 

Pump voltage 5 V 

Spray width Around 1 to 1.5 m 

Spray 

uniformity 

Moderate to good 

Nozzle control 

angle 

0° to 180° using servo 

Liquid 

application 
Controlled for

 water/fertilizer spraying 

 

5. Seeding system readings 

 

Parameter Expected Reading 

Seed dispensing 

actuator 

Servo motor 

Seed release 

interval 

Adjustable by programming 

Seed spacing Uniform for prototype row 

testing 

 

CONCLUSION 

 
The development of the Bluetooth-operated 

agricultural bot marks a significant step toward 

democratizing automation in modern farming. This 

research successfully demonstrates how a compact, 

low-cost prototype can integrate ploughing, seeding, 

and spraying operations into a single robotic unit 

governed by an ESP32 microcontroller. The system 

receives commands via a smartphone application, 

allowing easy operation without specialized 

technical knowledge. 

Experimental evaluations confirmed that the 

prototype achieves accurate motion control, efficient 

water and seed distribution, and sustainable energy 

utilization through solar support. The model also 

minimizes direct human exposure to pesticides, 

thereby promoting safer and more eco-friendly 

agricultural practices. Compared with conventional 

manual methods, the bot presented substantial 

improvements in time efficiency and uniformity of 

operations while lowering labor dependency. 

Through modular design and renewable power 

integration, this work demonstrates the feasibility of 

automated, low-maintenance agricultural systems 

suitable for small-scale farmers. The proposed 

framework can serve as a foundation for future 

enhancements—such as adding AI-based crop health 

monitoring, GPS-assisted navigation, and cloud data 

analytics—to move closer to the vision of 

comprehensive precision  agriculture. Ultimately, the 

study validates that robotic solutions, when designed 

with affordability and sustainability in mind, can 

transform conventional farming into a more 

productive, efficient, and environmentally 

responsible practice. 
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