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ABSTRACT 

Robotic arms are widely used in automation systems to perform tasks that require precision, speed, and 

repeatability. This project presents the design and development of a low-cost robotic arm using an ESP32 

microcontroller for pick and place operations. The system is designed to mimic human arm movements with 

multiple degrees of freedom, enabling it to grasp, move, and release objects accurately. The robotic arm is 

constructed using lightweight materials such as acrylic or 3D printed components, ensuring flexibility in 

design and cost-effectiveness. The ESP32 microcontroller serves as the central control unit, providing 

efficient processing and built-in wireless communication through Wi-Fi and Bluetooth. Servo motors are 

used to control each joint of the arm, allowing precise angular movement based on user input. The system 

can be operated through a mobile application, joystick, or web interface, enabling remote and real-time 

control. Pulse Width Modulation signals generated by the ESP32 are used to control the position of each 

servo motor. The robotic arm is capable of performing pick and place tasks in various applications such as 

industrial automation, educational demonstrations, and small-scale manufacturing. The modular design 

allows easy customization and future enhancements, including integration with sensors or IoT platforms. 

The system is cost-effective, portable, and user-friendly, making it suitable for both learning and practical 

applications. Overall, the project demonstrates an efficient approach to developing an automated robotic 

system using modern embedded technologies. 
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I. INTRODUCTION 

Robotic arms have become an essential component in modern automation systems, widely used in industries 

for tasks such as assembly, packaging, material handling, and precision operations. These systems are 

designed to replicate the movements of a human arm, providing high accuracy, speed, and repeatability. 

With the increasing demand for automation, robotic arms are being adopted not only in large-scale industries 

but also in small-scale applications and educational environments. Traditional robotic systems, however, are 

often expensive and complex, making them less accessible for students and small organizations. This has 

created a need for low-cost and efficient robotic solutions. 

The advancement of embedded systems has made it possible to develop compact and affordable robotic 

arms. Microcontrollers such as ESP32 provide powerful processing capabilities along with integrated 

wireless communication features. The ESP32 enables real-time control of multiple components, making it 

suitable for multi-axis robotic systems. Its ability to support Wi-Fi and Bluetooth communication allows 

users to control the robotic arm remotely using mobile applications or web interfaces. This enhances 

flexibility and convenience in operation. 

The mechanical structure of a robotic arm plays a crucial role in its functionality. Lightweight materials such 

as acrylic sheets or 3D printed components are commonly used to construct the arm. These materials provide 

strength while reducing the overall weight of the system, making it easier for servo motors to operate 
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efficiently. The arm is designed with multiple joints, each representing a degree of freedom, allowing it to 

perform complex movements similar to a human arm. 

Servo motors are used as actuators to control the movement of each joint in the robotic arm. These motors 

provide precise control over angular positions, enabling accurate movement and positioning of the arm. The 

control signals are generated by the microcontroller using Pulse Width Modulation techniques. By adjusting 

the PWM signals, the position of each servo motor can be controlled effectively. This allows the robotic arm 

to perform tasks such as picking up objects, moving them to a desired location, and releasing them. 

The proposed robotic arm system aims to provide a cost-effective, flexible, and user-friendly solution for 

pick and place applications. It integrates mechanical design, embedded systems, and wireless 

communication to create a smart automation system. The project not only demonstrates the practical 

application of robotics but also serves as a learning platform for students and developers to understand the 

fundamentals of automation, control systems, and embedded programming 

II. SURVEY OF LITERATURE 

1.  The study by Yoram Koren (1999) focused on the relationship between mechanical design and the 

performance of robotic arms in pick-and-place applications. The research emphasized that the structure, joint 

configuration, and degrees of freedom significantly influence accuracy, speed, and repeatability. Industrial 

robotic arms were designed for high precision and efficiency but required complex control systems and 

high-cost components. The study concluded that optimized mechanical design can enhance performance 

without increasing system complexity. However, these systems were not suitable for small-scale or 

educational applications due to their cost and complexity. This research provides a foundation for 

developing simplified and cost-effective robotic arms, as seen in the proposed ESP32-based system, which 

uses lightweight materials and simplified control mechanisms. 

2. The research by M. S. Couceiro et al. (2013) introduced a low-cost robotic arm designed for educational 

purposes. The system used basic microcontrollers and servo motors to demonstrate robotic movements and 

control principles. The study highlighted the importance of affordability and simplicity in making robotic 

systems accessible to students and researchers. It also emphasized modular design, allowing easy assembly 

and customization. Although the system was effective for learning, it lacked advanced features such as 

wireless control and real-time monitoring. This work contributed to the development of low-cost robotic 

systems and inspired further research into integrating modern technologies such as IoT and wireless 

communication, which are implemented in the proposed ESP32-based robotic arm. 

3. The study by A. Alarifi et al. (2018) explored the integration of wireless communication with robotic arms 

using Arduino and Wi-Fi modules. The system allowed remote control of the robotic arm through a web 

interface, improving flexibility and user interaction. The research demonstrated that wireless communication 

enhances usability by eliminating physical control systems. However, the Arduino-based system had 

limitations in processing power and lacked built-in connectivity features. The study suggested using 

advanced microcontrollers with integrated Wi-Fi capabilities. This directly supports the use of ESP32 in the 

proposed project, as it provides both processing power and built-in wireless communication, improving 

system efficiency and reducing hardware complexity. 

4. The research by M. M. Hassan et al. (2020) focused on the use of 3D printing technology to develop 

lightweight and cost-effective robotic arms. The study demonstrated that 3D printed components reduce 

manufacturing costs and allow flexible design customization. The robotic arm was designed with five 

degrees of freedom, enabling complex movements similar to human arms. The use of lightweight materials 

reduced power consumption and improved efficiency. However, the system was limited to basic control 

methods and did not include wireless or IoT-based control features. This research supports the proposed 
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system’s design approach, which also uses lightweight materials but enhances functionality by integrating 

ESP32-based wireless control. 

5.  The study by A. Saxena and M. Mehta (2021) introduced a robotic arm controlled using Bluetooth 

communication via the ESP32 microcontroller. The system allowed users to control the robotic arm using a 

mobile application, providing real-time interaction. The research highlighted the advantages of ESP32, 

including low cost, high performance, and built-in wireless communication. The use of servo motors 

enabled precise control of joint movements. However, the system focused only on Bluetooth communication 

and lacked multi-interface control options such as web-based or Wi-Fi control. This study closely relates to 

the proposed project, which extends the concept by supporting multiple control methods, including mobile 

apps, web interfaces, and improved flexibility. 

6.  The research by S. Misra et al. (2020) focused on integrating IoT technology into robotic arm systems. 

The system enabled remote monitoring and control using cloud-based platforms, allowing users to operate 

the robotic arm from anywhere. The study demonstrated that IoT-based systems improve automation, 

scalability, and real-time performance. It also highlighted the importance of combining sensors, embedded 

systems, and communication technologies to enhance robotic capabilities. However, the implementation 

required stable internet connectivity and increased system complexity. This research aligns with the 

proposed system, which uses ESP32 for wireless control and can be further extended with IoT features for 

advanced automation and monitoring. 

III. WORKING METHODOLOGY 

 

Fig.1 Robotic Arm Hardware Setup 

 

The working methodology of the robotic arm system is based on the coordination between mechanical 

components, servo motors, and the microcontroller. The robotic arm is designed with multiple joints, each 

representing a degree of freedom that allows movement in different directions. These joints are connected 

using a lightweight structure made of acrylic or 3D printed components. Servo motors are mounted at each 

joint to control the movement of the arm segments. The gripper mechanism is attached at the end of the arm 

to perform pick and place operations. The entire setup is designed to ensure stability, flexibility, and precise 

movement. 

The ESP32 microcontroller acts as the central control unit of the system. It receives input commands from 

the user through a mobile application, joystick, or web interface. These inputs are processed and converted 

into control signals for the servo motors. The ESP32 generates Pulse Width Modulation signals, which 

determine the angle of rotation of each servo motor. By adjusting these signals, the position of each joint can 

be controlled accurately. The microcontroller ensures real-time coordination between all motors to achieve 

smooth and synchronized movement. 
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Fig.2 Pick and Place Operation Setup 

The system operates by following a sequence of actions for pick and place tasks. Initially, the robotic arm is 

positioned at a starting point. Based on user input, the arm moves towards the object by adjusting the angles 

of its joints. Once the object is reached, the gripper closes to hold the object securely. The arm then lifts and 

moves the object to the desired location. Finally, the gripper opens to release the object, completing the task. 

This sequence can be repeated continuously for multiple operations. 

Wireless communication plays an important role in the system, allowing remote control of the robotic arm. 

The ESP32 uses its built-in Wi-Fi or Bluetooth capabilities to communicate with external devices. Users can 

control the arm through a mobile application or a web interface, making the system more flexible and user-

friendly. This eliminates the need for physical connections and enables operation from a distance. 

Overall, the working methodology involves the integration of mechanical design, embedded control, and 

wireless communication to perform automated tasks. The system ensures precise movement, efficient 

operation, and ease of control. It demonstrates how a simple and cost-effective robotic arm can be used for 

automation and educational purposes. 

 

IV. IMPLEMENTATION 

 

Fig.1 Servo Motor Angle Control Graph 

The implementation of the robotic arm system begins with the assembly of mechanical components and 

integration of electronic modules. The arm structure is constructed using lightweight acrylic or 3D printed 

parts, ensuring proper alignment of joints and servo motor placement. Each servo motor is securely mounted 

at specific joints such as the base, shoulder, elbow, wrist, and gripper. Proper mechanical assembly is 

essential to achieve smooth motion and avoid misalignment during operation. The wiring connections 

between the servo motors and the ESP32 microcontroller are carefully established to ensure reliable 

communication and power supply. 

The ESP32 microcontroller is programmed using the Arduino IDE to control the movement of the robotic 

arm. The program includes servo control libraries and defines the GPIO pins used for each motor. Pulse 
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Width Modulation signals are generated to control the angular position of each servo motor. The code is 

designed to accept input from external devices such as mobile applications or web interfaces. Based on user 

commands, the microcontroller calculates the required angles and sends corresponding signals to the servo 

motors, enabling precise movement. 

 

Fig.2 Joint Movement Analysis Graph 

The communication system is implemented using the built-in Wi-Fi or Bluetooth features of the ESP32. A 

mobile application or web-based interface is used to send control commands to the robotic arm. This allows 

users to operate the system remotely and in real time. The wireless communication enhances flexibility and 

eliminates the need for physical control devices. The system is designed to ensure stable communication and 

quick response to user inputs. 

Graphical analysis is used to evaluate the performance of the robotic arm. The servo motor angle control 

graph represents the relationship between PWM signals and the resulting angular positions of the motors. 

This helps in understanding how precise control is achieved. The joint movement graph shows how the 

angles of different joints vary over time during pick and place operations. These graphs provide valuable 

insights into the system’s performance and help in optimizing movement accuracy. 

The overall implementation demonstrates the successful integration of mechanical design, embedded 

systems, and wireless communication. The system performs pick and place tasks efficiently with accurate 

control of movements. It is a cost-effective and scalable solution that can be further enhanced with 

additional features such as sensors, automation algorithms, and IoT integration. 

 

V. RESULT AND ANALYSIS 

 

 

Fig.3 Pick and Place Accuracy Graph 

 

The pick and place accuracy graph represents the precision of the robotic arm during object handling 
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operations. The graph shows the difference between the intended position and the actual position of the 

object over time. Under normal operation, the error remains minimal, indicating that the robotic arm can 

accurately place objects at the desired location. Slight variations may occur due to mechanical limitations, 

servo calibration, or external disturbances. During testing, the system demonstrated consistent accuracy in 

handling lightweight objects, with minimal deviation from target positions. The graph highlights that proper 

calibration of servo motors and alignment of joints significantly improves performance. This analysis 

confirms that the robotic arm is capable of performing reliable pick and place tasks in practical applications. 

 

Fig.4 Servo Response Time Graph 

 

The servo response time graph illustrates the time taken by the robotic arm to respond to input commands. 

The graph shows the delay between the command input and the actual movement of the servo motors. Under 

ideal conditions, the response time is minimal, ensuring smooth and real-time operation. However, slight 

delays may occur due to wireless communication latency or processing time in the microcontroller. During 

testing, the system showed quick response to commands, with negligible delay in movement. The graph 

demonstrates that the ESP32 microcontroller provides efficient processing and communication capabilities. 

This analysis confirms that the system is suitable for real-time control applications and can perform tasks 

efficiently with minimal latency. 

VI. CONCLUSION 

The robotic arm project demonstrates an effective integration of mechanical design, embedded systems, and 

wireless communication to create a functional and cost-effective automation system. The use of an ESP32 

microcontroller enables precise control of multiple servo motors, allowing the robotic arm to perform pick 

and place operations with accuracy and efficiency. The lightweight structure, constructed using acrylic or 3D 

printed components, ensures smooth movement and reduces the load on the motors, improving overall 

system performance. 

The implementation shows that the system can accurately control joint movements through Pulse Width 

Modulation signals, enabling precise positioning of the arm and gripper. The integration of wireless 

communication using Wi-Fi or Bluetooth enhances the usability of the system by allowing remote control 

through mobile applications or web interfaces. This eliminates the need for direct physical interaction and 

provides greater flexibility in operation. 

The results and analysis confirm that the robotic arm performs reliably with minimal error in positioning and 

quick response to input commands. The system is suitable for various applications, including educational 

demonstrations, small-scale industrial automation, and research projects. It provides a practical 

understanding of robotics, control systems, and embedded programming. 

Overall, the project offers a scalable and adaptable solution that can be further enhanced by integrating 

sensors, automation algorithms, and artificial intelligence techniques. It serves as a strong foundation for 

future developments in robotics and automation, contributing to the advancement of smart and intelligent 

systems. 
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