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1. Introduction  

Robotic arms, along with control equipment, are used for tasks 

such as welding, cutting, painting, and packaging in industries 

including automotive, medical, agricultural, and 

pharmaceutical sectors. These robotic arms replace high-risk 

human activities in these fields. Robotics encompasses a wide 

range of scientific disciplines and enhances skills such as 

reasoning, problem-solving, generalization, communication, 

and collaboration [1], [2]. Setting up a robotic system requires 

knowledge of mathematics, computer science, mechanical 

engineering, and electrical engineering. With the expanding 

application of robotics in various industries, the demand for 

education in this field has increased. Education in robotics 

cannot rely solely on theoretical discussions; it must be 

complemented by practical activities and the integration of 

both theory and practice [3]. Consequently, robots have been 

incorporated into educational environments, transforming 

traditional teaching methods. Educational robots have 

generated significant interest and gained increasing attention, 

contributing to the development of a unique generation of 

artificial intelligence [4]. Open source platforms such as 

Raspberry Pi and Arduino have become more accessible, 

allowing users -both novice and expert- to create projects 

ranging from simple electronic devices like LED displays to 

advanced robotic systems. As a result, educational platforms 

have diversified and become commercially available, 

including Lego Mindstorms and VEX Robotics, which can be 

integrated into existing curricula at various academic levels 

[5], [6]. Additionally, there are open-source designs related to 

the structures of robotics and controllers for robotic platforms 

[7]-[11]. To overcome financial challenges and promote Maker 

Culture, many studies have demonstrated that learning is most 

effective when students construct an entire project from the 

ground up, enabling them to understand how each movement 

occurs and how to control it. This work proposes an 

experimental platform for educational purposes, aimed at 

training students on industrial robotic manipulators in 

specialized colleges. Due to the rapid and significant 

development and increasing importance of industrial 

manipulators in the production process—given their 

substantial impact on production speed—a programming 

system was developed to control a 5 DOF robotic arm and 

simulate its movement using the Laboratory Virtual Instrument 

Engineering Workbench (LabVIEW) and SolidWorks 

software. The robotic arm in the College of Engineering 

laboratories, originally manufactured by Lab-Volt, was 
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replaced with another arm capable of performing similar tasks. 

An Arduino Mega was used as the main controller to connect 

the actuators to the microcontroller without the need for 

additional circuits. Numerous published research papers 

present various methods for controlling robotic arms and 

address this field from multiple perspectives; some of these 

will be reviewed herein. 

Hao and Ru [12] developed a laboratory setup featuring an 

open 5-degree-of-freedom robot arm and its control 

algorithms. This system provides easy access to both software 

and hardware components, with control implemented through 

MATLAB algorithms and a DSP hardware controller. 

Consequently, it serves as a unique experimental platform for 

research purposes. Neto et al. [13] modernized and 

industrialized a 5-degree-of-freedom SCARA-type robot arm 

for educational use and inventory management applications. 

Their approach focused on optimizing performance and cost. 

This model introduces an innovation by enhancing the 

conventional fixed-base arm structure with horizontal linear 

motion, thereby reducing the workload. The system also 

includes the development of the mechanism and firmware 

programmed in the C language.  Jin et al. [5] proposed a 

technique for designing a robotic arm system, encompassing 

movement analysis and control algorithm development. The 

method presented in this study supports robotics enthusiasts, 

particularly beginners, in exploring and practicing robot-

building techniques using simple materials. Oluwajobi and 

Oridate [1] suggested the development and design of an 

educational robotic arm with 5 DOFs. In their research, servo 

motors were used to operate all arm joints and perform inverse 

kinematics. To visualize joint movements, a simulation of the 

robotic arm was conducted using the MATLAB Robotics 

Toolbox. A servo controller managed the operation, and the 

control software was developed in C#. Zamarron et al., [4] 

explained how to design a 4 DOFs robotic arm with CAD, 

CAM, and Robotics Toolbox of MATLAB and other 

electronics to resolve any kinematics issues. This cheap system 

is applicable to research in research laboratories and may be 

applied in research, including design, manufacturing, 

electronics, and mechatronics research. The system improves 

the real-world experience of the students with their theoretical 

skills. Mirand-Flores et al. [14] came up with an innovative 

approach to designing and implementing a manipulative kit. 

The kit provides the assembly with immense flexibility, which 

can be configured to different structures to impart the concepts 

of rotation, homogeneous transformation matrices, as well as 

forward and inverse kinematics. The kit of manipulation is 

created through 3D printing, which enables the students to 

have it. Wang et al. [15] carried out research on the 

effectiveness of educational robots in enhancing the learning 

outcomes of students. They reviewed randomized trials of 

learning robot interventions with a concentration on learning 

outcomes. On the basis of such analysis, the effectiveness of 

robots in education was proved. Murzynski et al. [16] 

developed and built a low-cost and reconfigurable robotic arm 

to teach robotics and automation in different industries. Such 

an arrangement made students highly usable. Vega and Perez 

[17] created an educational ROS2 based robotic arm. In this 

system, low-cost components that have high teaching abilities 

are employed in teaching programming and control. Zeng et al.   

[18] introduced a six-degree-of-freedom model of a robotic 

arm to be used in education. The effectiveness of this model 

with a set of students was measured by using tests which tested 

the improvement of their computation skills. Zajc et al.   [19] 

designed a cost-effective, open-source educational platform 

that will be used to ease the learning and teaching of STEM 

concepts at different levels of education. The user testing 

showed that there was a considerable increase in motivation, 

learning, and conceptual understanding. This research field has 

also been covered in many other studies employing novel 

methods and approaches  [20]- [23]. 

The platform suggested in this paper is intended to be used in 

the laboratories of engineering schools as an open workspace, 

where the students will have an opportunity to gain skills and 

learn to operate with the robot hardware and software systems. 

The main benefit of the presented work is the creation of a 

platform which is easy to design and use, where the courses 

could be customized to the educational requirements of the 

corresponding fields of science. This work provides a 

qualitative improvement to the past attempts in the field by 

combining theoretical knowledge with practical skills, hence 

equipping students better to meet the requirements of a modern 

workforce in the areas of automation and smart manufacturing. 

In that vein, the 2nd and 3rd Sections outline the process of 

modeling and implementation of the robotic arm, and the 

assessment of the methodology of the project. The 4th section 

contains the conclusions. 

 

2. Methodology  

The aim of this study is to develop a low-cost, efficient tool for 

training students in specialized industrial robot laboratories. 

This tool is expected to significantly enhance the creative 

abilities of students and other interested individuals. The 

research methodology and its fundamental framework are 

outlined below. 

2.1. Materials and Methods 

This setup utilizes a LabVIEW-based system for training, 

testing, measurement, and automation applications that depend 

on graphical programming. LabVIEW is renowned for its 

clarity and simplicity. Unlike traditional text-based scripting 

languages, it does not require a textual syntax. The platform 

offers a comprehensive suite of functions for design, numerical 

analysis, data acquisition, and processing. Additionally, 

LabVIEW provides various development tools, including 

artificial intelligence features for managing cloud logic. It 

supports programming in a single language across multiple 

development environments, such as computers, programmable 

logic controllers, and mobile devices. Furthermore, LabVIEW 

includes libraries for robotic arms that can calculate the 

instantaneous position of the arm based on motor angle values 

and determine the necessary motor angles to reach a specific 

point. In this work, SolidWorks software was used to design the 

robotic arm, which was controlled through LabVIEW using the 

SoftMotion library. 
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2.2. Governing Research Tools 

In this work, several programs were integrated to achieve the 

desired final movement. LabVIEW 2018 was used to control 

the constructed design and move it to specific locations. 

Subsequently, LabVIEW  2019 was employed to control the 

Arduino chip connected to the robotic arm. Through this setup, 

the coordinates to which the robotic arm is intended to move 

are fed into the LabVIEW 2018 program. The complete 

implementation plan for the educational robotic arm model is 

illustrated by the block flow diagram shown in Fig.1. 

 

Figure 1. Block diagram illustrating the implementation of the 

robotic arm. 

A comprehensive presentation on LabVIEW programming 

will now be provided for both forward kinematics and inverse 

kinematics. 

2.2.1. Forward kinematics  

Firstly, the user interface was designed using LabVIEW and 

includes the following components: 

• Serial Port: An input field to specify the serial port 

to which the Arduino chip is connected. 

• Joint Position: A table was created containing five 

fields. Each field holds a specific value representing 

the actuator angle corresponding to that field number 

(for example, the first field corresponds to the first 

actuator). It is important to note that the first actuator 

controls the base. 

• Knob: The knob controls the degree to which the 

handle at the end of the arm is closed. 

• End Effector Transform: It consists of a table 

displaying the current coordinates of the arm. 

• Stop: The button used to stop the control. 

Fig.2 illustrates the user interface for forward kinematics. 

 

Figure 2. User interface of forward kinematics. 

After the final programming interface is designed, the data  for 

the serial arm is entered into the LabVIEW environment. This 

data includes both the distances between the joints and the 

directions of motor rotation.  

Twist angle: This is the angle of twist of the joint. Its value is 

90 degrees when the joint axis is parallel to the vertical Y-axis, 

and zero when the joint axis is parallel to the horizontal X-axis. 

Length: This refers to the length of the segment connecting two 

joints, or between a joint and the base, or between a joint and 

the end-effector. Rotation angle: This is the joint’s rotation 

angle. Offset distance: This represents the angle of deviation. 

Fig. 3 shows the programming interface for forward kinematics. 
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Figure 3. Program interface of forward kinematics. 

As the next step, the predefined data is entered into the serial 

arm construction box, as shown in Fig. 4. 

 

Figure 4. Programming the serial robotic arm construction. 

Next, the program (Pick and Place) that the robot will execute 

is written, as shown in Fig. 5. 

 

Figure 5. Programming part for converting angle values into 

values suitable for servo motors. 

2.2.2. Inverse kinematics 

The user interface for the reverse kinematics is designed as 

illustrated in Fig. 6. This interface includes the following 

components: 

• Start Position: An input to specify the coordinates 

from which the movement will begin. 

• End Position: An entry used to specify the current 

coordinates where the movement will end. 

• Current Position: Display of the current position. 

• Max. Step and Number of Trajectory  Points: This 

section specifies the variables related to the number 

of steps. 

• Stop: Button used to stop the motion. 

The kinematic and dynamic equations of the robotic arm with 

five degrees of freedom are presented in Appendix A. 

 

Figure 6. User interface of inverse kinematics. 

After defining the arm as a serial manipulator and entering all 

the necessary data, a program was developed for inverse 

kinematics. This program calculates and displays the actuator 

angle values required to reach the coordinates of a specified 

point. These values are then applied to the actuators. The 

process begins by converting the coordinates of the starting 

point and the target point into two matrices. The program then 

attempts to find a common solution between these matrices, 

which corresponds to the actuator angle values. The 

programming part for converting user inputs into a matrix form 

and for determining the actuator angles is shown in Fig. 7 and 

Fig. 8, respectively. 

 

Figure 7. The programming part for converting user inputs 

into matrix form. 

 

Figure 8. The programming part for determining the actuator 

angle values. 
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2.3. Simulation of the Robotic Arm 

In this work, a robotic arm was designed using SolidWorks 

software. The designed robotic arm closely resembles the 

implemented model.  Each component of the robotic arm was 

created individually and then assembled using the constraints 

within the SolidWorks environment. The integration of the 

LabVIEW  program with SolidWorks relies on a motion 

analysis library that enables monitoring of the three-

dimensional design’s movement in space. Fig. 9 shows the 

robotic arm designed in SolidWorks. 

 

   Figure 9. The robotic arm designed using SolidWorks. 

To send movement commands from LabVIEW 2019 to 

LabVIEW2018, the Virtual Serial Port Tools program was 

used. This software enables the creation of virtual COM ports 

on the personal computer with high accuracy, where these ports 

function as bridge-type communication channels.  

 

3. Test the Designed Model 

The experimental work in this study involved conducting two 

tests on the designed model, outlined below: 

3.1. The First Test 

In this test, the model’s ability to accurately determine the 

effective head position of the structure was verified when the 

actuator angle values were input by the user. The final position 

of the structure, designed in virtual reality, was also compared 

with the final position of the structure constructed in the real 

world. Fig.10 shows the interactive interface in the LabVIEW 

program. 

3.2. The Second Test  

The second test was conducted to investigate  the robotic arm’s 

ability to pick up an object at a specific location (a point with 

known coordinates) and then move it to another location 

(another point with known coordinates). Additionally, a 

comparison was made between the movement in the real 

environment and the movement in the model designed in the 

virtual environment. The procedure for this test is illustrated in 

Fig. 11, which depicts the test sequence from the initial object 

pickup to its release, followed by the arm returning to repeat the 

process. The primary specifications of the robotic arm are 

detailed in Appendix B. 

 

Figure 10. Communicative interface for entering actuator 

angle values and displaying the coordinates of the arm's 

current position. 

 

Figure 11. Positions of the robotic arm during testing in the 

real environment. 

Fig.12 illustrates the stages involved in capturing and releasing 

an object within virtual reality.  

 

4. Results and Discussion  

 Students may develop automation, intelligent manufacturing, 

operation, programming, and control system integration skills 

through professional educational models. Robot learning 

systems are high-tech devices that have revolutionised the 

learning institutions, especially science laboratories. These 

tools are very effective in terms of deep understanding, critical 
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thinking, and interactive prospects of engaging the learners to 

put into practice what they have been taught. The flexibility of 

the performance of the robot is remarkable, as it has smooth 

performance and accuracy in both simulation and experimental 

conditions. Mass transfer between two given positions running 

along a particular path was put to the test. Some of the 

constraints were limited actuator torque and robotic arm 

stability. Comparison of the setup and the model showed that it 

was very accurate and performed well in performing 

movements. With appropriate setting of torque limits, the robot 

is able to generate smooth and accurate control of its 

movements, particularly in those jobs that demand delicate 

balance, e.g., grasping objects or handling delicate tools. Over-

torque causes energy wastage and strain to the motor. 

 

Figure 12. Positions of the robotic arm during testing in the 

simulation environment. 

Modification of torque limits enhances the effectiveness of the 

system and energy savings. Another important consideration 

that is vital in guaranteeing safety and accuracy in the operation 

of the robot is to control vibrations during robot operation, 

especially at high speeds. Vibration control enables the 

stabilization of dynamic behavior and enables the robot to work 

faster without compromising accuracy. The findings indicated 

that there was high agreement between the results of the 

simulation and experimental data, albeit with a slight deviation 

in the final position of the end-effector. Such deviations are 

attributable to the existence of the fact that execution of the path 

between two points is dependent on the angular displacement 

of arm links coded to operate the robot, which influences the 

angular velocities and acceleration of the links. Also, vibrations 

caused by the actuators at both ends of the joint along the path 

affect the robotic arm. These effects may be said to be 

negligible, considering the high correlation between the 

practical and the simulation results. This is mostly because the 

lightweight nature of the links in the educational robots is a 

major factor that affects the accuracy of the course execution, 

even for a mass of 70 grams or less. A number of procedural 

considerations were carried out in this work, including 

balancing the mass carried and the torque necessary to move it, 

particularly when it was lifted off the axis of rotation. 

Acceleration and speed limits were also put in place because 

control of movement or abrupt stops was not easy with objects 

that had high inertia. Precision in location is significant for 

robotic tasks. The stability of the robot during movements 

guarantees precision in the path execution and accuracy of the 

task execution. With this in mind, path design and control 

algorithms took into consideration the kinematic characteristics 

of the robot (inertia, load, friction), acceleration and velocity 

limits, and, lastly, damping parameters to minimize vibrations. 

Calibration is also an important factor in obtaining desirable 

results since a slight error in calibration may lead to 

inaccuracies in the final position. Software integrity checks 

should be done continuously in order to identify coding 

mistakes that may cause unintended limitations. Besides this, 

constant check-ups are performed to detect and rectify wrong 

responses as they occur in the process. An experimental model 

presented in Fig. 11 and the virtual reality model presented in 

Fig. 12 exhibit that the virtual design provides a true replication 

of the experimental system. This can be seen in the motion 

mechanics as shown in the two figures, and the striking 

similarity between the two figures adds to the validity of the 

model designed. 

The research offers a secure learning setting to trial ideas 

without the threats and expenses of hands-on labs. The 

technology has been a major contributor to the quick 

improvements in artificial intelligence and engineering, and has 

become a potent workstation in learning through the use of 

laboratories. It brings a perfect chance to receive theoretical 

ideas through a realistic presentation. Instead of focusing on 

theoretical knowledge, students will have a chance to program 

a robot, monitor its performance, analyze the results, and be 

more engaged in the learning process. Based on these benefits, 

and as the current curricular models are based on hands-on and 

active involvement, educational robots have become the main 

elements of educational institutions. Such high-tech educational 

resources introduce technology in the educational process 

through scientific experimentation and research. They also 

equip students with the digital workforce by equipping them 

with core skills in engineering and smart industries, including 

deep learning, automation, artificial intelligence, and the 

Internet of Things. Finally, this tool can promote a smart model 

of education that is aimed at accommodating adaptive learning 

and facilitating the elaboration of integrated curricula. 

 

5. Conclusions 

This work proposes an educational platform designed to train 

students on industrial robotic manipulators in specialized 

colleges. A 5 DOFs robotic arm was modeled specifically for 

educational purposes. The robotic arm was modeled using the 

SolidWorks software, accompanied by a simple and user-

friendly control algorithm and a high-level programming 

interface developed with LabVIEW. This integration enabled 

precise control of the servo motors through commands sent via 

an Arduino microcontroller. The implementation and 

performance testing of the robotic arm demonstrated its 

suitability for laboratory use in training students to program and 

execute various movements, such as picking, editing, spot 

welding, and painting surfaces. We believe this platform will 

broaden opportunities for educational projects across multiple 

disciplines, benefiting laboratory systems in particular and the 

educational system in specialized colleges and scientific centers 

in general. 
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Appendix (A) 

For the 5 Dof robotic arm: 

1. Forward kinematics: 

Assume the base yaw 𝜃1, three pitch joints   𝜃2,  𝜃3 , 𝜃4 and 

wrist roll 𝜃5. The link length 𝑙1 (base offset), the arm 

lengths∶ 𝑙2, 𝑙3, 𝑙4, while the tool offset : 𝑙5.Let: 

α = 𝜃2+  𝜃3+ 𝜃4    

r = 𝑙2cos 𝜃2+𝑙3cos (𝜃2 + 𝜃3)+𝑙4 cos α  

𝑧𝑝 =𝑙2sin 𝜃2+𝑙3sin (𝜃2 + 𝜃3) + 𝑙4 sn α  

For the end-effector, the positions:   

𝑝𝑥= 𝑟 cos 𝜃1 +𝑙5cos 𝜃1 cos α 

𝑝𝑦= 𝑟 sin 𝜃1+ 𝑙5sin 𝜃1 cos α  

𝑝𝑧= 𝑙1+𝑧𝑝- 𝑙5sin 𝛼 

The Orientation: 

𝑅0
5= [

𝑐𝑎𝑐𝑏 −𝑠𝑎𝑐𝑔 + 𝑠𝑎𝑠𝑔𝑐𝑔 𝑠𝑎𝑠𝑔 + 𝑠𝑏𝑐𝑎𝑐𝑔

𝑠𝑎𝑐𝑏 𝑠𝑎𝑠𝑏𝑠𝑔 + 𝑐𝑎𝑐𝑔 𝑠𝑎𝑠𝑏𝑐𝑔 − 𝑠𝑔𝑐𝑎

−𝑠𝑏 𝑠𝑔𝑐𝑏 𝑐𝑏𝑐𝑔

]      

𝑊ℎ𝑒𝑟𝑒: 

𝑐𝑎: cos a, 𝑠𝑎: sin a, a = 𝜃1, b = α , g =  𝜃5 

 

2. Dynamics Equations of Motion 

For the rigid link  5 Dof arm: 

 M(Ɵ) Ɵ̈  +C(Ɵ,Ɵ̇) Ɵ̇+G(Ɵ) = D(Ɵ)  τ  

Where: 

Ɵ: [𝜃1  𝜃2  𝜃3  𝜃4  𝜃5 ]
𝑇 , M(Ɵ): is the inertia matrix, C(Ɵ, 

Ɵ̇): the coriolis and centrifugal term, (Ɵ): the gravity term, 

D(Ɵ): the matrix of torque distribution as follows: 

       D = 

[
 
 
 
 
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1]

 
 
 
 

       

 

Appendix (B) 

Robotic Arm Specifications 

DOF 5 

Material Lightweight aluminum sheets 

Dimensions 40 cm when fully extended 

Weight 1.5 kg (without load) 

Payload Capacity 300 g 

Motors Servo motors MG995 
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