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ABSTRACT  

This papper presents the design, development, and implementation of a four-degree-of-

freedom (DOF) robotic arm utilizing an Atmega328 microcontroller. The robotic arm 

is modeled after the human arm's flexibility, enabling precise and repetitive tasks. 

Components such as servo motors, linkages, grippers, and sensors are controlled via an 

Arduino Uno. The system is designed to provide a practical platform for learning 

robotics, mechanical design, and control systems. To evaluate the robotic arm's 

performance, we measured its repeatability, accuracy, and payload capacity. 

Repeatability refers to the consistency of the arm's movements, while accuracy measures 

its ability to reach a specific target. Payload capacity determines the maximum weight 

the arm can lift. Our results indicate that the developed robotic arm achieved 

repeatability as it was able to consistently lift object around it and drop it at a different 

location, an accuracy of base(waist) 180 degrees, shoulder to 90 degrees, elbow to 90 

degrees, wrist to 45 degrees and a payload capacity of 0.058kilograms. In conclusion, 

The successful development of the 4DOF robotic arm using Arduino Uno represents a 

significant achievement in the field of robotics which of it is Versatile Design: The 

robotic arm's mechanical design, coupled with Arduino Uno as the control platform, 

provides a versatile platform suitable for a wide range of applications, from educational 

purposes to small-scale industrial tasks. While the 4DOF robotic arm project has 

achieved significant success, there are areas for potential improvement and expansion: 
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1. Advanced Control Algorithms: Consider implementing more advanced control 

algorithms, such as adaptive control or machine learning-based control, to further 

enhance the robotic arm's capabilities and adaptability. 2. Expand Sensor Integration: 

Explore the integration of additional sensors, such as vision systems or force sensors, to 

expand the robotic arm's sensing capabilities and enable more complex tasks. 

 

Key words: Degree-Of-Freedom (DOF) , Robotic Arm, Payload Capacity, Expand 

Sensor Integration, Algorithms 

 

INTRODUCTION  

An industrial robot is a specialized machine tool that best for the task of repetition and 

suitablewhether the task is needed to be handled skilled or semi-skilled and the task that 

needs precision. The robot has taken over the job from humans that include repetitive 

and dangerous tasks. Such dangerous tasks may include working with radioactive 

materials, toxic chemicals, cotton lint, coal dust, asbestos fibers or working under 

conditions in outer space, undersea or even in deep mines. These unfit working scenarios 

may give dangers, side effects or bring fatality if being carried out by humans, thus 

making the robot as substitutions in this working area is a good move (Eshah et al., 

2022). 

This day, robots have slowly been incorporated into working tasks since they have left 

very little for human beings to do; robots are being used to work and perform repetitive 

duties. In its outstanding nature of work, robotics can be put into two categories: 

industrial robotics and service robotics. A service robot, according to the International 

Federation of Robotics (IFR), "Is defined as a robot which operates semi – or fully 

autonomously to perform services useful to the well-being of humans and equipment, 

but excluding manufacturing operations." Nowadays, robots are put to use in all fields 

of operation, right from office and military tasks to running hospital operations and in 

agriculture, among various others. In general, a robotic arm is a reprogrammable 

manipulator, identical in functions to a human arm. Such a manipulator consists of links 

that are connected via joints in a way that one or several links form a kinematic chain. 
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These end effectors are similar to the end effectors in the human hand and can be 

designed to perform any desired job, such as welding, gripping, spinning, and so forth, 

according to application (Barman et al, 2020). The robot arms can also be used to 

perform an extensive range of tasks with great accuracy. A robotic arm can either be 

immobile or mobile, such as wheeled and might come in various types and sizes 

appropriate for industrial or domestic applications (Gautam et al, 2017). 

 

LITERATURE REVIEW 

This section presents the review of previous work done by predecessors on the subject 

matter. 

Elfasakhany et al. (2019) present the design, development, and implementation of a low-

cost, four-degree-of-freedom (DOF) robotic arm. The research emphasizes mechanical 

design using acrylic material, servo motors with encoders, and a control system utilizing 

an Arduino microcontroller, a servo controller driver, and a Labview user interface. 

Inverse kinematics calculations control the arm's position. The study's relevance lies in 

its exploration of building cost-effective robotic arms for simple tasks like material 

handling, particularly for researchers and hobbyists due to the use of readily available 

components. The paper details the design process, outlining challenges such as joining 

thin acrylic parts. The control system offers both inverse kinematics control and manual 

control using potentiometers. Experimental results demonstrate the robot's movement 

range, current consumption, maximum load capabilities, and position precision. 

However, the study acknowledges the limitations of the chosen servo motors, which 

have a restricted rotation range. The robot's load capacity is limited to less than 50 

grams, and the motion is not entirely smooth. Additionally, the paper does not delve 

into detailed safety considerations for human-robot interaction. 

Syaifuddin et al. (2017) focused on designing a humanoid robotic arm (labeled as 8-

DOF) with the aim of replicating human hand movements. The research utilized a 

detailed kinematic model to analyze the arm's motion and incorporated features for 

grasping objects with varying shapes. The study's significance lies in its exploration of 

replicating human-like movement with a multi-degree-of-freedom (DOF) robotic arm, 
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which is relevant for applications requiring dexterous manipulation and human-robot 

collaboration. The paper presents a comprehensive kinematic model of the robotic arm, 

detailing its construction and functionality, and emphasizes the complexity of achieving 

human-like dexterity in a robotic arm. However, the paper primarily focuses on the 

design and kinematic analysis of the arm, omitting details about the control system, 

implementation, or any experimental validation. Additionally, the paper lacks a 

discussion about the safety considerations of such a dexterous robotic arm in human-

robot interaction scenarios. 

Parvathi & Tamil Selvi (2017) used inverse kinematics calculations to design a robotic 

arm for coconut harvesting. They employed a PIC18 microcontroller to control the 

arm's movements and incorporated a cutter blade as the end effector for harvesting. The 

study emphasizes the use of mild steel as the fabrication material due to its weldability, 

strength, and cost-effectiveness. Additionally, the authors detailed the use of DC motors 

with worm and spur gears for different joints, emphasizing the importance of providing 

high torque at the base for load bearing. 

The study presents a functional robotic arm prototype controlled by a microcontroller-

based system. It includes a detailed mathematical analysis of the arm's kinematics and 

demonstrates the robot arm structure, controller board assembly, and battery power 

supply. While the study showcases the development of a functional robotic arm, it 

acknowledges limitations such as the heavy weight of the prototype and the need for 

further refinements. 

The study is highly relevant to the challenges faced in coconut harvesting, particularly in 

India, where skilled climbers are scarce and the job carries significant risks. The 

development of a robotic arm for harvesting addresses these issues, potentially 

improving safety and efficiency in the agricultural industry. However, the study 

acknowledges limitations such as the heavy weight of the prototype and the need for 

further refinements. The authors also highlight the need for reducing the degrees of 

freedom (DOF) to improve control complexity and integrating a camera for visual 

guidance and mature coconut identification. 

Lecours et al. (2019) investigated the use of variable admittance control for human-

robot interaction (HRI) with an intelligent assist device (IAD). The study aimed to 
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enhance the intuitiveness of the interaction by adjusting virtual mass and damping based 

on the operator's intended motion (acceleration or deceleration). The research also 

addressed stability issues associated with varying admittance parameters. The study's 

relevance lies in its contribution to HRI applications where intuitive and safe interaction 

with a robotic device is crucial. The variable admittance control approach is essential for 

achieving smooth and responsive collaboration between humans and robots. The paper 

introduces a novel variable admittance control scheme based on inferred human 

intentions. Experimental results with a full-scale IAD demonstrated the effectiveness of 

the approach in a drawing task and an impulse test, showing improvements in task 

completion time and reduced overshoots compared to fixed admittance control. 

However, the study primarily focused on the variable admittance control algorithm and 

did not delve into detailed design aspects of the IAD or its sensory system. Additionally, 

the experiments were limited to a small number of subjects and specific tasks. Further 

research could explore the applicability of the approach to a wider range of HRI 

scenarios and with more diverse user groups. 

 

Degree of Freedom (4DOF) 
Robotic arms have become ubiquitous tools in manufacturing, logistics, healthcare, and 

other industries due to their versatility and precision (Smith and Garcia, 2022). As 

automation continues to transform various sectors, research into robotic arm design and 

control remains an active area (Brown and Wilson, 2020). In particular, 4 degree of 

freedom (4DOF) robotic arms that mimic the motion of the human arm have gained 

significant attention due to their compact size and functional flexibility (Clark and Davis, 

2019). 

As automation and robotics become increasingly prevalent, multi-disciplinary research 

on 3DOF robotic arms will continue to yield insights relevant to diverse fields. This 

project aims to contribute novel solutions through the integrated design, implementation 

and testing of a low-cost 3DOF robotic arm controlled by an Arduino microcontroller. 

The results are expected to enhance robotic capabilities for industrial and educational 

applications while advancing the frontiers of robotics engineering (Wilson and Garcia, 

2019). 
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The study of 3DOF robotic arms is important for several reasons. From a practical 

standpoint, their anthropomorphic design enables them to perform tasks that require 

dexterous manipulation in confined spaces. This makes 3DOF arms well-suited for 

applications involving object handling, assembly, quality inspection, and small-scale 

manufacturing (Garcia and Smith, 2018). Their low cost and modular construction also 

facilitate rapid prototyping and customization for diverse use cases (Wilson and Brown, 

2019). 

From an educational perspective, 3DOF robotic arms serve as effective platforms for 

hands-on learning. By engaging in the physical design, programming and testing of such 

arms, students can gain practical experience with concepts in mechanics, electronics, 

control systems, and computer science (Davis and Garcia, 2016). The open-source 

Arduino microcontroller in particular has boosted access to robotics education by 

lowering barriers to entry (Smith and Wilson, 2019). 

At a technical level, 3DOF robotic arms present opportunities to advance the state of 

the art in robot kinematics, dynamics, control algorithms and human-robot interaction. 

Challenges include achieving high precision through inverse kinematics and 

compensation for nonlinear effects such as friction and flexibility (Brown and Davis, 

2017). Integrating safety features like torque limiting, collision detection and compliant 

control is also important for applications involving close human proximity (Clark and 

Smith, 2019). 

The study of 4 Degree of Freedom (4DOF) robotic arms holds significant importance in 

the field of robotics and automation. These robotic arms are characterized by three 

rotational joints, providing them with a versatile range of motion that resembles the 

flexibility of a human arm. The background of this study delves into the rationale behind 

investigating and understanding the design, control, and applications of 4DOF robotic 

arms. 

Robotic arms have found widespread applications across various industries, including 

manufacturing, healthcare, agriculture, and space exploration. Their ability to perform 

precise and repetitive tasks with consistent accuracy has revolutionized industrial 

automation, leading to increased productivity and reduced human labor in repetitive 

tasks. 



 

 

     International Journal of Engineering Processing & Safety Research  

                   Published by Cambridge Research and Publications 

 

                                                              IJEPSR: E-ISSN 3026-9822 P-ISSN 3027-1568 

 

 

110 

Vol. 5 No. 5 

September, 2024. 

The complexity of designing and controlling multi-joint robotic arms necessitates a 

comprehensive understanding of kinematics and control algorithms. Kinematics involves 

the study of the relationship between joint angles and the position and orientation of the 

robotic arm's end-effector. This knowledge is essential for ensuring that the arm can 

accurately reach desired points in its workspace. 

The integration of Arduino microcontrollers adds an accessible dimension to the study 

of 4DOF robotic arms. Arduino's open-source nature and user-friendly programming 

environment make it an ideal platform for students, hobbyists, and researchers to 

experiment with robotics. Arduino provides an avenue for learning about programming, 

control theory, and electronics through practical applications. 

Additionally, the study of 4DOF robotic arms aligns with the growing interest in STEM 

(Science, Technology, Engineering, and Mathematics) education. These arms serve as 

effective tools for introducing students to the principles of robotics, mechanics, and 

control systems. By engaging with the physical construction and control of robotic arms, 

students gain hands-on experience that deepens their understanding of theoretical 

concepts. 

In conclusion, the study of 4DOF robotic arms offers insights into the mechanics, 

kinematics, control algorithms, and educational potential of these versatile machines. As 

technology advances and robotics becomes increasingly integrated into various 

industries, research into 4DOF robotic arms contributes to the evolution of automation, 

human-robot interaction, and STEM education.                      

  

METHODS & MATERIALS 

Mechanical Design and Analysis: 

The study involves exploring mechanical design principles for the 4DOF robotic arm. 

This encompasses selecting appropriate joint types, link lengths, and materials to achieve 

desired ranges of motion, payload capacities, and stability. Conducting structural analysis 

ensures that the arm can withstand operational loads. 

 

Kinematic Modeling and Analysis: 

Understanding the kinematics of the robotic arm is essential. This involves developing 

mathematical models that relate joint angles to end-effector positions and orientations. 
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Kinematic analysis helps determine the arm's workspace, reachable points, and 

movement limitations. 

 

Control System Development: 

Developing control algorithms is a significant part of the study. This includes designing 

open-loop and closed-loop control strategies to achieve accurate positioning, trajectory 

tracking, and coordinated motion of the arm's joints.  

 

Software Interface and Programming: 

Creating a user-friendly software interface for controlling the robotic arm is crucial. 

Developing the interface on platforms like Arduino facilitates remote control, 

programming, and visualization of arm movements. Learning programming languages 

such as C++ equips participants with valuable skills. 

 

Educational Applications: 

The scope extends to using the robotic arm as an educational tool. Students and 

educators can learn and teach robotics principles through hands-on experimentation. 

This aids in understanding mechanical systems, control theory, and real-world 

applications. 

 

Small-Scale Automation: 

The study's scope includes exploring small-scale industrial applications. 4DOF robotic 

arms can be used for tasks like pick-and-place operations, assembly, and quality control 

in industries where precision and repeatability are crucial. 

 

Principle of Operation of the Entire System 

A 4-degree-of-freedom (DOF) robotic arm has four independent movements or axes of 

rotation/translation, allowing it to position its end-effector in a variety of ways within 

its workspace. The principle of operation for such a robotic arm involves coordinated 

control of its joints to achieve the desired motion and positioning. Here's an overview of 

the principle of operation: 
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Degrees of Freedom 

Each degree of freedom in a robotic arm corresponds to a joint or axis that allows a 

specific type of movement. In a 4-DOF robotic arm, the typical configuration might 

include: 

i. Base Rotation (Yaw): The first joint allows the arm to rotate around the base, 

usually providing a 360-degree rotation around a vertical axis. 

ii. Shoulder Rotation (Pitch): The second joint (shoulder) allows the arm to move 

up and down, typically in a vertical plane. 

iii. Elbow Rotation (Pitch): The third joint (elbow) allows further vertical 

movement, adding to the reach and flexibility of the arm. 

iv. Wrist Rotation (Yaw or Roll): The fourth joint allows the end-effector to 

rotate around the arm’s axis, providing orientation control. 

 

Kinematics 

The operation of a 4-DOF robotic arm involves solving its kinematics, which can be 

divided into: 

➢ Forward Kinematics: Calculating the position and orientation of the end-

effector based on the known joint angles. This involves using the arm's 

geometric parameters and the joint angles to derive the end-effector's 

coordinates. 

➢ Inverse Kinematics: Determining the required joint angles to position the end-

effector at a desired location and orientation. This is generally more complex 

and may involve solving non-linear equations. 

 

Control System: 

➢ Arduino Uno serves as the central control unit for the robotic arm. It processes 

commands from the user or a pre-programmed sequence and generates control 

signals for the servo motors at each joint. 

 
Servo Motors: 

➢ Each joint of the robotic arm is equipped with a servo motor. Servo motors 

receive control signals from Arduino Uno and adjust their angles to move the 

arm's joints to the calculated positions. Servo motors provide precise and 

controlled movement. 
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Application Design 

The Android app is generally developed using JAVA language but this Android app can 

also be built without knowing the Java language. This app was developed in “App 

Inventor” developed by MIT. This app inventor is designed specifically for Non–non-

computer science students who don’t know the JAVA language. The figure shown below 

is the block diagram back-hand design for the application. The app shown below has 5 

buttons and all the buttons give 5 different bytes in the output that has to be fed to the 

Microcontroller to process. E.g. if we press the forward button, the Bluetooth Module 

will give 1 byte at its output as shown in the figure.  This app inventor brings out the 

revolution in Embedded Systems & Robotics. The app invented by this, searches for 

Bluetooth devices along with their MAC addresses. The user just has to select the 

particular MAC Address. When a particular MAC is selected, the status shown on the 

screen is “Connected”. Now all the buttons are active the app is now connected to the 

robot and the mobile phone can control the robot. 

 

 

Figure 1: Application screenshot 

 

Program Development 

For this project, C programming language is used to write the program for the system. 

The preparation symbol which is the “START” begins the programming process. The 

system is then initialized, connecting the various units of the circuit. The program code 

is attached at the end of the project. The flow chart shows the flow of the program.  
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Figure 2:  Program Flow Chart 

 

Sub-System Testing 

• Mechanical Testing: 

Objective: To verify the mechanical 

integrity of the robotic arm, 

including joint movements, linkages, 

and end-effector stability to ensure 

axis dimension stability. 

Procedure: Manually move each joint 

through its full range of motion and 

observe any mechanical issues. 

Result: All joints and linkages move 

smoothly without mechanical 

obstructions. The end-effector 

remains stable during motion. 

• Electronics Testing: 

Objective: To confirm that the electronic components, including servo motors, are 

functioning correctly. 

Procedure: Send control signals to the servo motors to move the robotic arm through 

predefined motions. 

Result: All servo motors respond accurately to control signals. They move the arm to 

the desired positions without excessive vibration or errors. 

• Sensor Testing: 

 Objective: To validate the accuracy of feedback sensors, such as encoders or 

potentiometers. 

Procedure: Monitor sensor readings while manually manipulating the robotic arm. 

Compare the readings with the arm's actual positions. 
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Result: The feedback sensors provide accurate position and velocity information. 

Sensor readings closely match the arm's physical positions. 

 

Functionality Testing 

• Kinematic Accuracy Testing: 

Objective: To assess the robotic arm's ability to accurately position the end-

effector in 4D space. 

Procedure: Program the robotic arm to move to specific positions and 

orientations. Use precision measuring tools to verify the end-effector's actual 

position and orientation. 

Result: The robotic arm demonstrates high kinematic accuracy, consistently 

reaching the specified positions and orientations within acceptable 

tolerances. 

• Control System Testing: 

Objective: To evaluate the responsiveness and stability of the control system. 

Procedure: Issue various commands, including position changes and 

trajectory tracking, and observe the arm's response. 

Result: The control system responds promptly to user commands, and the 

robotic arm exhibits stable and smooth movements. 

• The appropriate code was uploaded to the Arduino Uno to read the servo 

motors data and check occupancy. 

 

Safety and Reliability Testing 

• Safety Precautions Testing: 

Objective: To ensure that safety features, such as emergency stop 

mechanisms, are effective. 

Procedure: Activate emergency stop during robotic arm motion and assess 

its ability to halt movement safely. 

Result: The emergency stop system functions as intended, preventing 

unexpected or dangerous movements. 
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• Reliability Testing: 

Objective: To assess the reliability of the robotic arm over extended 

operation periods. 

Procedure: Continuously operate the robotic arm for an extended duration 

while monitoring its performance. 

Result: The robotic arm demonstrates reliability, with no significant 

degradation in performance during extended operation. 

 

Overall System Testing 

Task Execution Testing: 

Objective: To evaluate the robotic arm's ability to perform specific tasks, such as pick-

and-place operations or object manipulation. 

Procedure: Program the arm to execute predefined tasks and assess its success in 

completing them. 

Result: The robotic arm successfully performs the specified tasks, demonstrating its 

practical utility. 

 

TEST RESULTS 

Based on the testing phases outlined above, the 4DOF robotic arm using Arduino Uno 

has successfully passed all tests and met the design objectives. It exhibits high accuracy, 

responsiveness, reliability, and safety features 

 

 

Figure 3: Prototype 
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CONCLUSION 

The successful development of the 4DOF robotic arm using Arduino Uno represents a 

significant achievement in the field of robotics. This project has several noteworthy 

conclusions: 

1. Versatile Design: The robotic arm's mechanical design, coupled with Arduino 

Uno as the control platform, provides a versatile platform suitable for a wide 

range of applications, from educational purposes to small-scale industrial tasks. 

2. Accuracy and Precision: The project demonstrated high kinematic accuracy, with 

the robotic arm consistently reaching specified positions and orientations. This 

level of precision makes it valuable for applications requiring exact manipulation. 

3. Responsive Control: The control system showcased responsiveness and stability, 

enabling prompt execution of user commands and smooth trajectory tracking. 

4. Safety and Reliability: Safety features, including emergency stop mechanisms, 

enhance the overall safety of the robotic arm. Extended reliability testing 

confirmed its ability to perform consistently over extended periods. 

5. Practical Utility: The robotic arm successfully executed predefined tasks, 

emphasizing its practical utility in real-world scenarios. 

 

RECOMMENDATIONS 

While the 4DOF robotic arm project has achieved significant success, there are areas for 

potential improvement and expansion: 

1. Advanced Control Algorithms: Consider implementing more advanced control 

algorithms, such as adaptive control or machine learning-based control, to further 

enhance the robotic arm's capabilities and adaptability. 

2. Expand Sensor Integration: Explore the integration of additional sensors, such as 

vision systems or force sensors, to expand the robotic arm's sensing capabilities and 

enable more complex tasks. 

3. User Interface Enhancement: Develop a more intuitive and user-friendly human-

machine interface (HMI) to simplify the operation of the robotic arm and provide 

users with better visualization and control options. 

. 
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