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Abstract— 

The Smart Spraying Rover is an intelligent and automated rover 

system designed for smart agricultural monitoring and object 

detection applications. The main objective of this project is to 

develop a compact and efficient rover capable of performing 

automated movement, RFID-based identification, and AI-powered 

image processing for real-time monitoring. The system integrates 

modern technologies such as ESP32-CAM, NodeMCU, RFID 

sensors, and Edge Impulse to enhance automation and intelligent 

decision-making. 

The rover is designed to move automatically and detect specific 

objects or conditions using integrated sensors and a camera module. 

The ESP32-CAM captures real-time images, while the Edge 

Impulse platform is used to process and classify data using 

TinyML-based artificial intelligence techniques. RFID technology 

is incorporated for object recognition and authentication purposes, 

improving system security and operational efficiency. The system 

also supports wireless communication and automated control for 

better performance in agricultural and monitoring environments. 

 

Experimental testing demonstrated effective rover movement, reliable RFID detection, and successful AI-

based monitoring performance. The developed Smart Spring Rover provides a low-cost, compact, and efficient 

solution for smart automation and agricultural applications. Furthermore, the project serves as a practical 

implementation of IoT, embedded systems, and artificial intelligence technologies for future smart farming 

systems. 
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I. INTRODUCTION 

The Smart Spraying Rover is an intelligent and 

automated rover system designed to improve 

monitoring, object detection, and smart agricultural 

applications through embedded systems and 

artificial intelligence technologies. In recent years, 

automation and smart monitoring systems have 

become highly important in agriculture and 

industrial environments to reduce manual effort 

and improve operational efficiency. Traditional 

monitoring methods often require continuous 

human supervision, which may increase labor cost 

and reduce efficiency. 

The Smart Spring Rover is developed as a compact 

and intelligent solution capable of performing 

automated movement, RFID-based identification, 

and AI-based object monitoring. The system 

integrates modern hardware components such as 

ESP32-CAM, NodeMCU, RFID sensors, motors, 

and relay modules to achieve efficient system 

automation. The ESP32-CAM module captures 

real-time images for monitoring purposes, while 

Edge Impulse technology enables artificial 

intelligence-based classification using TinyML 

techniques. 

RFID technology is incorporated into the system to 

identify authorized objects or access conditions, 

ensuring security and reliable system control. The 

rover is capable of moving automatically and 

performing monitoring tasks based on predefined 

instructions and sensor feedback. The use of 

wireless communication and intelligent automation 

improves the flexibility and efficiency of the 

overall system. 

II. LITERATURE REVIEW 

Smart rover systems and automation technologies 

have gained significant attention in modern 

agricultural and monitoring applications. Several 

researchers have developed automated rover 

systems to improve surveillance, crop monitoring, 

and environmental analysis. Traditional rover 

systems mainly focused on manual control and 

lacked intelligent decision-making capabilities. 

Recent advancements in artificial intelligence 

and embedded systems have enabled the 

development of smart monitoring systems 

capable of real-time analysis and automation. 

Research studies show that ESP32-CAM modules 

provide efficient image capturing and wireless 

communication for remote monitoring 

applications. These systems are widely used in 

surveillance, agriculture, and automation due to 

their compact size and cost-effectiveness. 

Studies on RFID technology indicate that RFID-

based systems improve identification accuracy and 

provide secure authentication in automated 

systems. RFID sensors are commonly used for 

object recognition, smart access control, and 

inventory management because of their reliability 

and fast response. 

Artificial intelligence platforms such as Edge 

Impulse have significantly improved intelligent 

embedded systems by enabling TinyML-based 

machine learning models on low-power 

microcontrollers. Edge Impulse supports real-time 

image classification and data processing, making it 

highly suitable for smart agricultural and rover-

based applications.  

Figure 1 Smart Spraying Rover 

Several existing systems use robotic rovers for 

environmental monitoring; however, many systems 

suffer from limitations such as high implementation 

cost, low portability, and lack of intelligent 

automation. Therefore, the Smart Spring Rover is 

developed to overcome these limitations by 

integrating automation, RFID authentication, image 

processing, and AI-based decision-making into a 

single compact system.
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SYSTEM DEVELOPMENT 

1. System Architecture 

The Smart Spraying Rover consists of multiple 

integrated hardware and software components 

designed to perform automated monitoring and 

intelligent movement. The system architecture 

includes ESP32-CAM, NodeMCU, RFID sensor, 

relay module, motor driver, camera system, and 

Edge Impulse platform. The ESP32-CAM captures 

images, while the RFID sensor provides 

authentication and object detection. The 

NodeMCU acts as the central controller for 

processing sensor data and controlling rover 

movement. 

Working Principle 

The Smart Spraying Rover operates based on 

automation and intelligent monitoring principles. 

Initially, the rover starts moving according to 

programmed instructions. The RFID sensor 

continuously scans for authorized tags or objects. 

Once an RFID tag is detected, the ESP32-CAM 

captures an image and sends it for processing. Edge 

Impulse analyzes the captured data and performs 

classification using TinyML models. Based on the 

output, the system performs necessary actions and 

controls rover operation. 

2. Circuit Design 

The circuit design of the Smart Spraying Rover 

integrates ESP32-CAM, NodeMCU ESP8266, 

RFID sensor (MFRC522), motor driver, relay 

module, and DC motors for automated monitoring 

and movement. The NodeMCU acts as the main 

controller and processes sensor data to control 

rover movement. The RFID sensor detects 

authorized tags, while the ESP32-CAM captures 

real-time images for AI-based monitoring using 

Edge Impulse. A motor driver controls the rover’s 

movement, and the relay module performs 

automated operations. The system is powered 

using a battery supply for smooth and stable 

performance. 

  

 

 

 

       Figure 2. Circuit Diagram of Smart Spraying Rover 

3. Components Used 

The major hardware components used in the Smart 

Spring Rover include ESP32-CAM, NodeMCU 

ESP8266, RFID sensor (MFRC522), relay module, 

motor driver, DC motors, battery supply, jumper 

wires, and wheels. Software tools include Arduino 

IDE, Edge Impulse platform, and embedded 

programming languages such as C++. 

4. ESP 32-CAM Module  

The ESP32-CAM module is a low-cost 

microcontroller with an inbuilt camera used for 

real-time image capturing and monitoring in the 

Smart Spraying Rover. It supports Wi-Fi and 

Bluetooth communication, enabling wireless 

image transmission and remote monitoring. The 

module captures images during rover movement 

and processes them for AI-based classification 

using the Edge Impulse platform. Due to its 

compact size and low power consumption, ESP32-

CAM is highly suitable for embedded and IoT 

applications.. 

 

5. Node MCU ESP8266  

The NodeMCU ESP8266 acts as the main controller 

of the Smart Spraying Rover. It processes input data 

from sensors and controls the movement of the rover. 

The NodeMCU supports Wi-Fi connectivity and 

allows communication between hardware 

components. It controls the motor driver, RFID 

system, and other connected devices according to 

programmed instructions. The module is 

programmed using the Arduino IDE and supports 

embedded C/C++ programming.
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6. MFRC522 RFID Reader  

The MFRC522 RFID Reader is used for RFID-

based authentication and object detection. It reads 

RFID tags or cards through radio frequency 

communication and sends the information to the 

NodeMCU controller. The sensor helps improve 

system security by allowing only authorized access 

or predefined actions. The MFRC522 module 

operates at 13.56 MHz frequency and 

communicates using the SPI protocol. 

7. Relay Module 

The relay module is an electrically operated 

switching device used to control external electrical 

components in the Smart Spring Rover. It allows 

low-voltage signals from the NodeMCU to control 

higher-voltage devices safely. The relay  

automatically switches ON or OFF connected 

devices according to system conditions and 

programmed instructions. It improves automation 

and system control efficiency. 

III. RESULTS AND DISCUSSION 

The Smart Spraying Rover was successfully 

designed, developed, and tested for intelligent 

monitoring and automation applications. The rover 

demonstrated smooth movement and reliable 

system operation during testing. The RFID sensor 

accurately detected authorized tags and ensured 

secure system activation. 

The ESP32-CAM module successfully captured 

images in real time, and the Edge Impulse platform 

effectively processed the data for classification 

purposes. The AI model demonstrated accurate 

detection and monitoring performance under 

different testing conditions. 

The NodeMCU controller efficiently processed 

sensor data and controlled the rover movement 

according to programmed instructions. The 

integrated relay and motor driver system ensured 

stable rover movement and system automation. 

Experimental results showed that the Smart Spring 

Rover provides reliable automation, efficient 

monitoring, and intelligent system control. The 

developed system proved to be cost-effective, 

portable, and highly useful for smart agriculture 

and automation applications.limitations can be 

minimized in future work through improved 

optimization and advanced sensor integration 

 

 

Parameter Observation 

Rover Movement Smooth movement 

RFID Detection Successful 

Camera Performance Real-time monitoring 

Battery Supply Stable operation 

AI Detection Accurate result 

Overall Performance Successful 

 

Table I: Performance Observation 
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IV. CONCLUSION 

The Smart Spring Rover was successfully designed 

and developed for intelligent monitoring and 

automation applications. The system effectively 

integrated ESP32-CAM, NodeMCU ESP8266, 

RFID sensor, and Edge Impulse technology to 

achieve real-time monitoring and smart operation. 

The rover demonstrated smooth movement, 

reliable RFID detection, and accurate AI-based 

monitoring during testing. The developed system 

proved to be cost-effective, portable, and useful for 

smart agriculture and automation applications. 

Future improvements can include advanced 

sensors, improved AI accuracy, and enhanced 

wireless communication for better performance 

the developed rover successfully demonstrated 

real-time image capturing, RFID-based 

authentication, and automated movement under 

programmed conditions. The ESP32-CAM module 

effectively captured images for monitoring and 

detection purposes, while the RFID sensor 

provided secure and reliable object identification. 

The integration of Edge Impulse enabled TinyML-

based artificial intelligence processing, improving 

intelligent decision-making and monitoring 

accuracy within the system. 

During experimental testing, the Smart Spring 

Rover showed smooth movement, stable 

communication between hardware components, 

reliable RFID tag detection, and efficient 

monitoring performance. The NodeMCU 

controller successfully processed sensor inputs and 

controlled the rover according to programmed 

instructions, ensuring proper system automation 

and efficient operation. The battery-powered 

design improved portability and enabled the rover 

to function efficiently in different operational  

environments. Although minor limitations such as 

network delay, environmental lighting conditions, 

and sensor sensitivity were observed during 

operation, the overall system performance 

remained successful and reliable. These limitations 

can be minimized in future work through improved 

hardware optimization, advanced AI model 

training, and enhanced communication systems. 
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