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Abstract. Student studying robot arms requires mathematical knowledge and programming 

skills to simulate robot arm movements. Students often have difficulty understanding the 

mathematical equations of robotic arms and how to simulate them. The author tries to solve this 

problem using GeoGebra by constructing a 2D robot arm and a 3D robot arm and performing 

rotation operations on the robot arm. The robot arm consists of an upper arm and a lower arm 

and can be rotated independently. The simulations that have been carried out are in the form of 

a 2D robot arm and a 3D robot arm with an R, R, R configuration. With the help of GeoGebra, 

students are helped to simulate a robot arm with an RR (revolute revolute) joint configuration. 

1.   Introduction 

To study robotic arms requires basic knowledge of coordinate systems, both Cartesian coordinates and 

polar coordinates. The robot arm consists of an upper arm and a lower arm with an RR (Revolute 

Revolute) joint configuration. The robot arm is controlled by the angle of the upper arm and the angle 

of the lower arm to obtain the desired end effector point. To find out the coordinates of the arm and the 

final position of the end effector, a simulator is needed. The robot arm mechanism is an application of 

mechanics with rotational and translational operations. Studying robot mechanisms requires 

visualization of arms that can be changed quickly in angle and arm length. The difficulty experienced 

by students is how to build and turn on the robot arm. GeoGebra offers several representations of 

mathematical functions, GeoGebra is used to help students create graphs of mathematical functions. 

Animating the movement of a robotic arm requires basic knowledge such as forming segments or joints 
and performing rotational operations on the arm.  

The simulator robot using GeoGebra was done by Homa [1]. The robot built is an arm robot with 

revolution and prismatic configurations for STEM (Science, Mathematics, Technology and 

Engineering) education. Homa creates activities for students to study robotics, manipulate robot arms, 

position objects in a plane, apply mathematics, and solve inverse problems. The use of GeoGebra as 

validation of robot arm movements was also carried out by Wardhana [2]. The robot arm model used is 

an R-R-R robot arm.  

GeoGebra is used in STEM education which includes topics of trigonometry, calculus, geometry-

based design, programming, and visualization. Robotics has a lot to do with trigonometry, calculus, and 

programming (sequence of steps) so GeoGebra is suitable for robotics problems. 

In this paper, the authors will discuss robot arm rotation using GeoGebra. GeoGebra is a web-based 

application for mathematical problems and makes visualization easier. This work aims to show how 

dynamic geometry concepts can be applied to subjects using GeoGebra software.  

mailto:Joko_unt@usd.ac.id
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2.   Theoretical background 

2.1.   Kinematics robot arm 

The robot arm consists of an upper arm and a lower arm. The upper arm is connected to the base and 

the lower arm is the end effector. The point connecting the base, upper arm, and lower arm joints and 

the end effector forms a triangle. The movement of the RR robot arm requires basic knowledge of the 

properties of triangles. The visualization of the robot arm is shown as in figure 1, where Link 1 and Link 

2 will form an arbitrary triangle. The joint of the robot arm can be a Revolute Joint. Point A is the base 

point which is the revolute joint, B is the revolute joint, and C is the end effector of the robot arm. Robot 

movement manipulation is carried out to move the end effector at the endpoint of the system. The 

position of the end effector can be determined by changing the angle of the upper arm and the angle of 

the lower arm. 

 

 

Figure 1. 2D robot arm model with R R joints. 

 

 

Figure 2. The cosine rule. 

To calculate the position of a point or angle of a triangle, the cosine rule is used as shown in figure 2. 

The cosine rule is used to calculate the sides of a triangle for opposite angles. The side length of the 

triangle is calculated simultaneously as follows: 

𝑎2 = 𝑏2 + 𝑐2 − 2 𝑏𝑐 cos(𝛼) 

𝑏2 = 𝑎2 + 𝑐2 − 2 𝑎𝑐 cos(𝛽) 

𝑐2 = 𝑎2 + 𝑏2 − 2 𝑎𝑏 cos(𝛾) 

Triangular angles are calculated using the following equation: 

 cos(𝛼) =
𝑏2 + 𝑐2 − 𝑎2

2𝑏𝑐
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cos(𝛽) =
𝑎2 + 𝑐2 − 𝑏2

2𝑎𝑐
 

cos(𝛾) =
𝑎2 + 𝑏2 − 𝑐2

2𝑎𝑏
 

 

In the textbook, rotation operations on the robot arm use a rotation matrix as equation (1). Matrix 

rotation 2D: 

 𝑅𝑜𝑡(𝛼)  =  [
cos (𝛼) −sin (𝛼)
sin (𝛼) cos (𝛼)

] (1) 

2.2.   GeoGebra 
GeoGebra is an application for mathematical calculations, statistics, and visualization of mathematical 

functions. GeoGebra is Open Source (Open Source Software/Free Software where the license for the 

program is provided free of charge to its users. Users can use this program for various purposes, both 

for learning and for modifying programs.  

2.3.   Manipulated robot arm with GeoGebra 
Generally, the movement of robots in 3D uses cosine rules which are then converted to cartesian 

coordinates. The 3D rotation matrix describes the position and orientation of the frame on the axis of 

space assigned to each link. In addition to using cosine rules, and manipulation of rotation, 3D robots 

on GeoGebra can use cartesian and polar coordinates.  

The 3D coordinate system (spherical coordinates, sphere) requires parameters R, alpha angle, and 

beta angle. The alpha angle is the horizontal angle, while the beta angle is the vertical angle. The position 

of a robotic arm, several components make up its unique position. This unique position consists of an 

angular shape formed by the revolute joint of Link G1 against the base forming 𝜃1, Link G2 against the 

base forming 𝜃2. The next unique position is the unique position formed from the presence of prismatic 

joints that will cause a translational process in the arm 𝐿1𝑥𝐿1𝑦dan 𝐿2𝑥𝐿2𝑦  shown in figure 3. 

 

 
Figure 3. An example of a robotic arm calculation from a textbook [3, 4]. 

The simple form of the above system is visualized with GeoGebra. Visualizing the system with 

GeoGebra with syntax as shown in table 1. 
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Table 1. Command to create points using GeoGebra. 

Protocol Construction  Description 

A=(3,4) Point on Cartesian Coordinate 

B=(5;30°) Point on Polar Coordinate, angle in degree  

B=(5;pi/6) Point on Polar Coordinate, angle in radian 

C=(2,3,4) 3D Point on Cartesian coordinate 

D=(5;30°;45°) A 3D point on Polar Coordinates, Longitude, and Latitude angle 

3.   Methods 

In this study, a robot arm with an R-R (revolute-revolute) configuration, an independent Revolute was 

used. The arm robot consists of two main arms, namely the upper arm and lower arm, which can be 
controlled separately. The next step is to make construction in GeoGebra carry out forward kinematic 

calculations and compare the Cartesian coordinate system and polar coordinates as shown in figure 4 

and figure 5. 

 

 

 

 

Figure 4. The robot arm on Cartesian grid. 
 

Figure 5. The robot arm on polar grid. 

The syntax of the parallel link system above can be visualized with GeoGebra. Visualizing the system 

with GeoGebra can be done with syntax as shown in table 2. 

 

Table 2. Protocol construction for robotics arm 2D on GeoGebra. 

Protocol Construction Description 

L1=5 Upper arm length (5 unit radius) 

L2=2 Link to manipulate the lower arm 

α=slider(0,pi) angle range for upper arm L1 

A=(L1;α) Joint coordinate for Upper Arm (in polar coordinate) 

β=slider(0,pi) angle range for lower arm L2 and L3 

B=(L2;β) Joint coordinate for lower arm manipulator L2 (in polar coordinate) 

C=B+A Join for lower arm manipulator  

D=A+(L1;-β) Link for end effector 

Segment(O, A) Link for upper arm L1 

Segment(O, B) Link for arm manipulator L2 

Segment(C, D) Link for lower arm L2, L3 
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4.   Results and discussion 

Visualization of movement manipulation on the robotic arm using a parallel system can be visualized in 

3D. An example of syntax for GeoGebra 3D application is shown in table 3. The visualization syntax of 

the robotic arm is shown in figure 6. 

 

 

Figure 6. The robot arm construction in 3D using GeoGebra. 

 

 

Table 3.  GeoGebra protocol construction for 3D robot arm configuration R, R, R. 

Protocol Construction Description 

L1=5 Upper arm length (5 unit radius) 

L2=2 Link to manipulate the lower arm 

θ=slider(0,pi) angle for the robot arm base, ranging from 0 to 180 degrees 

α=slider(0,pi) angle for upper arm L1 

A=(L1;θ;α) Joint coordinat for Upper Arm (in 3D polar coordinate) 

β=slider(0,pi) angle for lower arm L2 and L3 

B=(L2;θ; β) Joint coordinat for lower arm manipulator L2 (in 3D polar coordinate) 

Segment(O, A) Link for upper arm L1 

Segment(O, B) Link for arm manipulator L2 

Segment(C, D) Link for lower arm L2, L3 

 

Commands using polar coordinates do not require the sine and cosine functions. The sine and cosine 

commands are required when converting polar coordinates to Cartesian coordinates. The coordinate 

position of Point D (end effector) is calculated using the cosine rule. Changes in manipulating the 

movement of the robot arm at the end effector point can be done by changing the value of α to change 

the angle of link A. Meanwhile, changing the value of β to change the angle of link B. The calculation 

of the position and angle of the end effector is shown in figure 7. 
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Figure 7. The end effector position and the angle of the robot arm. 

Given L1 = 5 cm ; L3 = 5 cm; the angle of the upper arm robot α =70°, the angle of the lower arm 

robot β= 30°, end effector position can be calculated using following equation: 

𝑂𝐷 = √𝐿1
2 + 𝐿3

2 − 2𝐿1𝐿3cos(𝛾) = √52 + 52 − 2 × 5 × 5 × cos(∠80𝑜  ) = 6.43 cm. 

An end effector angle calculate using following equation:  

∠𝐴𝐷𝑂 = 180° − ∠𝛽 − ∠𝛼 = 180° − 30° − 70° = 80°, 

∠𝐴𝑂𝐷 = ∠𝐷𝑂𝐴 =
180° − 80°

2
= 50°. 

An end effector angle is ∠𝑂𝐷 = ∠𝛼 − ∠𝐷𝑂𝐴 = 70° − 50° = 20°. 

Through simulation and visualization of the robot arm using GeoGebra, users can validate equations 

with simulation results. Validation that can be shown includes the angles of the robot arm, the position 

of the end effector, and the working space of the robot arm [5]. Robotic arm simulation using GeoGebra 

is a combination of mathematics, programming, and engineering skills that can become a topic in STEM 

education [6, 7]. Geogebra supports STEM learning. In Mathematics: GeoGebra is used to visualize 

mathematical concepts, such as graphs, functions, and geometry. It helps students in understanding 

fundamental mathematical concepts in STEM subjects. In Science: GeoGebra can also be used in natural 

sciences to visualize relevant data, calculations and mathematical models. This can help students 

understand the scientific principles underlying science topics. In Technology: GeoGebra is technology-

based software that can be used in STEM contexts. It teaches students the technology skills necessary 

to operate this math software. In engineering, GeoGebra can be used to design and visualize 

mathematical models related to engineering problems. It helps students and engineers in designing and 

testing engineering solutions.Thus, GeoGebra is a very useful tool in STEM education, as it helps 

students and teachers in understanding and teaching the mathematics and science concepts underlying 

STEM subjects. 

5.   Conclusion 

The conclusions obtained are that 2D and 3D robot arm simulation using GeoGebra was successful. 

Robot arm movement is carried out using a slider facility to change the angle values for the base, upper 
arm, and lower arm. The GeoGebra construction protocol is given as an example that students can carry 
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out to make it easier to simulate the movement of a robot arm. GeoGebra is suitable for simulating 

mathematical equations and can be used in STEM education for students. 
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