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 In modern agriculture, the use of automation and robotics is becoming 

increasingly essential to enhance efficiency, reduce labor, and ensure the 

safe handling of hazardous materials. This paper presents the design and 

development of a remote-controlled agricultural robot specifically intended 

for spraying liquid-type pesticides using radio frequency communication. 

The system comprises a mobile robot platform equipped with a pesticide 

tank, a spraying mechanism powered by a direct current (DC) pump, and a 

set of drive motors for navigation. The robot is remotely controlled through 

a radio frequency (RF) transmitter and receiver pair, allowing the operator to 

manually guide the robot across agricultural fields without direct contact 

with pesticides. The RF module transmits commands such as movement 

directions and spray activation, which are interpreted by an Arduino 

microcontroller onboard the robot. The system aims to reduce human 

exposure to harmful chemicals, minimize labor efforts, and increase 

precision in pesticide application. This solution is cost-effective, user-

friendly, and adaptable for small to medium-sized farms, offering a practical 

step toward smart farming. 
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1. INTRODUCTION 

The authors present a real-time, data-driven remote-control framework for agricultural robots using 

human hand gestures. It employs a 3D convolutional neural network with deep separable convolution and 

inverted residual structures for dynamic gesture recognition. The system is demonstrated on a Unite 

agricultural robot, showcasing efficient and responsive teleportation in complex environments [1]–[3]. A 

wireless local-area network (WLAN) based remote monitoring and automatic navigation control system was 

developed for agricultural vehicles. It includes a vehicle navigation system, a communication server, and a 

monitoring center. The system allows real-time tracking of multiple tractors on a geographic information 

system (GIS) map. Using real-time kinematic global positioning system (RTK-GPS), a digital compass, and 

an angle sensor, it determines the vehicle's position and orientation. Communication is achieved via a 

wireless local network, and fuzzy control is applied for steering. A line-tracking algorithm enables the 

vehicle to follow a predefined path automatically [4]–[7]. The authors present a data transmission and 
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interaction platform for intelligent agricultural robots within the Internet of Things framework. It focuses on 

designing a message queuing telemetry transport (MQTT) based communication protocol with enhanced 

security, data compression using an optimized Lempel–Ziv–Welch (LZW) algorithm, and efficient storage 

using Redis and MySQL databases. The system addresses challenges in real-time data processing and large-

scale data flow from remote monitoring. Experimental results show the platform ensures stable, secure, and 

efficient communication for multiple agricultural robots, supporting real-time status updates and remote 

control [8]–[10]  

This article addressed the challenges in agricultural distribution networks, such as wide coverage, 

high failure rates, and difficult maintenance. It introduces an all-terrain, variable-width tracked robot 

designed for live operations in narrow spaces. The robot features specialized tools and a visual feedback-

based human-machine interaction control strategy. It supports remote and automated operation across various 

terrains, including soil, rocks, and grasslands [11]–[14]. 

 

 

2. BLOCK DIAGRAM 

The radio-frequency identification (RFID) transmitter system using a 433 MHz radio frequency (RF) 

module and the AT89C2051 microcontroller shown Figure 1. The operates by transmitting identification data 

wirelessly through radio frequency. At the core of the system is the AT89C2051, an 8051-based 

microcontroller, which stores or generates the RFID code to be transmitted. This microcontroller sends the 

identification data through its serial port (UART) to an encoder, such as the HT12E, which converts the 

parallel or serial data into a properly formatted serial data stream with address and control bits for reliable 

communication. This encoded signal is then fed into the 433 MHz RF transmitter module. The transmitter 

modulates the digital data using amplitude shift keying (ASK) and sends it out through its antenna as a radio 

frequency signal. The RF signal carrying the RFID data can then be received by a compatible 433 MHz RF 

receiver. This setup allows the system to act as a wireless RFID tag emulator, where the transmitted ID can be 

used for identification, access control, or other automation tasks. The entire process is low-power and suitable 

for short to medium-range wireless communication [15]–[20]. 

The RFID receiver system using a 433 MHz RF module and the AT89C2051 microcontroller are 

shown in Figure 2. This operates by receiving and processing wireless identification data. The system begins 

with the 433 MHz RF receiver module, which captures radio frequency signals transmitted by an RFID 

transmitter. These signals, modulated typically using amplitude shift keying (ASK), are demodulated by the 

receiver into digital serial data. The output of the RF receiver is then fed into a decoder, such as the HT12D, 

which converts the serial data into parallel form and verifies the address and control bits to ensure the signal 

is valid and intended for this device. The decoded data, usually representing an RFID tag or identification 

number, is sent to the AT89C2051 microcontroller via its I/O ports. The microcontroller then processes the 

received data—this may involve displaying it on an LCD, comparing it with stored IDs for authentication, or 

sending it to a PC or control system for further action. This setup provides a simple and efficient means of 

wirelessly receiving RFID data over short distances for applications like access control, object identification, 

and wireless monitoring. 

 

 

  
  

Figure 1. Autonomous firefighting robot Figure 2. RFID receiver system using a 433 MHz RF 

module 
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3. ARDUINO IN TINKERCAD DESIGN 

The remote-controlled agricultural robot using Tinkercad design shown in Figure 3. The 

AT89C2051 microcontroller can be effectively used with an RF transmitter and receiver module to enable 

wireless remote-control operations. In this setup, the transmitter side typically uses an encoder IC like the 

HT12E, which converts parallel inputs from push buttons into serial data. This serial data is then sent 

wirelessly through a 433 MHz RF transmitter module. On the receiver side, the RF receiver module receives 

the transmitted signal and passes it to a decoder IC such as the HT12D, which converts the serial data back 

into parallel form. The AT89C2051 reads these decoded inputs through its I/O pins and executes 

corresponding actions such as controlling motors for movement or activating a spray pump. This wireless 

control system allows for remote operation of agricultural robots, making the spraying of pesticides safer and 

more efficient by minimizing human contact with harmful chemicals. Figure 4 shows the schematic diagram 

firefighting robot [21]–[25]. 

 

 

 
 

Figure 3. Remote controlled agricultural robot using Tinkercad design 

 

 

 
 

Figure 4. Schematic diagram firefighting robot  
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The receiver system using the AT89C2051 microcontroller and the L293D motor driver operates as 

a wireless robot control unit. The system begins with a 433 MHz RF receiver module, which receives control 

signals wirelessly from a transmitter. These signals are typically encoded and transmitted as digital data using 

a compatible encoder (e.g., HT12E on the transmitter side), and decoded on the receiver side using a decoder 

like the HT12D. Figure 5 shows the firefighting robot in Tinkercad. The decoder outputs parallel control 

signals based on the data it receives, which are then fed into the input pins of the AT89C2051 

microcontroller. The microcontroller interprets these signals—such as commands for forward, backward, left, 

or right movement—and accordingly sends control signals to the L293D motor driver. The L293D, which is 

a dual H-bridge motor driver IC, receives these logic-level inputs and drives the robot’s DC motors in the 

required direction by adjusting the polarity and enabling appropriate motor channels. This setup allows for 

simple and efficient wireless control of a robot using basic RF modules, with the microcontroller acting as 

the decision-making unit and the L293D serves as the power driver for the motors. 

 

 

 
 

Figure 5. Firefighting robot in Tinkercad 

 

 

4. MECHANICAL DESIGN 

The remote-controlled agricultural robot for spraying liquid type pesticides shown in Figure 6. This 

operates using an RF transmitter and receiver system to enable wireless communication between the user and 

the robot. The transmitter unit, held by the operator, includes push buttons connected to an encoder IC (such 

as HT12E), which converts manual commands into serial data. This data is transmitted wirelessly via a  

433 MHz RF transmitter. On the robot side, a corresponding RF receiver captures the signal and passes it to a 

decoder IC (like HT12D), which converts it back into parallel signals. These decoded signals are then read by 

a microcontroller, such as the AT89C2051, which controls the robot’s movement (forward, backward, left, 

right) and the pesticide spraying system using a pump and nozzle setup. This system allows farmers to 

remotely navigate the robot through crop fields and spray pesticides safely and efficiently, reducing manual 

labor and minimizing direct exposure to harmful chemicals. Figure 7 shows the agricultural robot receiver.  

Agricultural robot vertical view shown in Figure 8. The robot controller receiver system based on 

the AT89C2051 microcontroller and L293D motor driver is designed to wirelessly control the movement of a 

robot using received commands, typically via a 433 MHz RF link. In operation, the RF receiver module 

captures encoded control signals sent from a remote transmitter. A decoder like the HT12D converts the 

received serial data into parallel signals, which are read by the AT89C2051 microcontroller. The 

microcontroller interprets the commands—such as moving forward, backward, turn left, or right—and then 

sends appropriate logic signals to the L293D motor driver. The L293D drives the DC motors according to 

these inputs, controlling both direction and movement of the robot. This system enables responsive, real-time 
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wireless control of robotic platforms. Figure 9 agricultural robot working model in terms of applications, this 

setup is widely used in wireless robotic cars, obstacle-avoiding robots, line-following robots with manual 

override, military or surveillance robots, remote-controlled material handling bots, and educational robotics 

projects. Its low cost, simplicity, and ease of implementation make it popular in both learning environments 

and basic industrial use cases where wireless mobility and remote operation are required. Table 1 shows the 

firefighting robot components.  

 

 

  
  

Figure 6. Agricultural robot for spraying liquid Figure 7. Agricultural robot transmitter 

 

 

  
  

Figure 8 Agricultural robot vertical view Figure 9. Agricultural robot working model 

 

 

Table 1. Firefighting robot components 
Component Name quantity 

Arduino Board 1 

L298 Motor Driver Module 1 
Flame Sensor Module 1 

Servo Motor 1 

On-Off switch 1 

 

 

5. CONCLUSION  

The remotely controlled agricultural robot for spraying liquid pesticides was successfully designed 

and constructed, according to the research. A prototype module is built for demonstration purposes, and the 

outcomes are deemed satisfactory. We sought advice from a few mechatronics experts during the design and 

development of this prototype module. These individuals, who work for several Hyderabad-based firms, 

assisted us in creating the spraying robot. Since it is a prototype module, not much money was spent, and the 

entire machine is built using locally accessible parts. In particular, the mechanical parts utilized in this project 

are purchased from mechanical fabricators and are subpar. 
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