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Abstract 

 
 Nowadays, scientific progress is advancing rapidly, resulting in the emergence of countless 
educational media. While the educational media can greatly assist learners, they also come with 
limitations. This project aims to develop a single computer program to simulate the motion of 3-
dimensional rigid body objects in classical mechanics. During testing, the team simulated 3 scenarios using 
the program to determine the precision and accuracy of the computed values. The tested parameters 
include the following: distance travelled in the Y-axis in free fall for 1 second, final velocity along the Y-
axis during free fall after 1 second, and the mechanical energy with the reference level plane Y = 0.5 
during seconds 0-1, with the downward acceleration due to gravity being at a constant 9.8100 meters per 
second squared without linear drag. The results reveal that the program-computed values correlate, but 
do not perfectly align with, the formula-computed ones. The distance travelled computed with the 
program depicts a constant 0.584 percent error, while the final velocity shows one of 0.01 percent. 
Furthermore, the mechanical energy diverges away from the formula-computed ones in the negative 
direction over time. This inconsistency with the incorrectly computed parameter may be caused by the 
limitations of using the Rigidbody Component in Unity to calculate. On the other hand, testing of the 
performance impact, which is carried out by evaluating the effects of the number of objects within a 
scene at a given time on the FPS value, shows a great capability to handle large amounts of game objects. 
Nevertheless, this project faces various obstacles during development, for instance: client-side device 
compatibility, limited user-editable variables, and the inability to save and load created scenes. As an 
improvement, more variables should be introduced, along with the function to save and load user-
generated scenes 
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Introduction 

Nowadays, scientific progress is advancing 
rapidly, resulting in the emergence of countless 
educational media. Part of these educational 
media includes various programs, simulating 
linear motion, projectile motion, circular motion, 

rotational motion, momentum and collisions, etc. 
While the growing pool of educational media can 
greatly assist learners in visualizing the material, 
these media, on their own, also have their 
limitations. For instance, the variety and freedom 
in simulating given scenarios. This leaves the user 
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needing to switch between programs after each 
simulation. As a result, the work needed to learn 
increased. 

To address this challenge, the project 
team decided to develop a computer program to 
simulate the motion of rigid body objects using 
Unity for students and the interested learners. 
The learners can study the behavior of rigid body 
objects in linear motion, projectile motion, 
circular motion, rotational motion, momentum 
and collisions, and forces through the program’s 
ability to draft a free body diagram and show each 
parameter of the object, for example, velocity, 
angle, and forces at a given moment, to ease the 
difficulties in studying Mechanics. 
 
Methodology 
 The project team for the Rigid Body 
Dynamics Simulation Program, during 
development, followed the following 
methodology: 

1) Obtaining Hardware and Software 

1. A computer, along with an adequate internet 
connection. 
2. Unity (Version 2023.2.20f1) 

2) Programming 
1. Install and open Unity 2023.2.20f1 and 

create a new project 
2. Study the following: 

2.1. Basic Mechanics 
2.2. Linear Motion 
2.3. Projectile Motion 
2.4. Circular Motion 
2.5. Rotational Motion 
2.6. Momentum and Collisions 

3. Design the framework and interface 
3.1. Framework 
The program is divided into 4 main 

parts, controlled by the following objects: 
3.1.1. Game Controller: 
Controls camera movement, 

cursor position, and Inspector Tab 
states. 

3.1.2. Input Controller: 
Controls user input and the 

exchange of information between 
the Inspector Tab and Objects.  

3.1.3. Object Controller: 
Controls the selection of 

Objects. 
3.1.4. Inspector: 

Lives in the user UI, contains 
input fields to receive user input and 
exchange the received values with 
the Input Controller. 
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3.2. Main User Interface 
3.2.1. Panel: 

Contains the UI elements, 
including the Inspector Tab, timer, etc.  

3.2.2. Inspector Tab: 
1) Rigidbody Toggle: 
Controls the on or off rigid 
body state of the selected 
object. 
2) Mass Parameter: 
Displays and receives mass 
input. 
3) Position Parameter: 
Displays and receives 3-
dimensional position input. 
4) Rotation Parameter: 
Displays and receives 3-
dimensional Euler rotation 
input. 
5) Velocity Parameter: 
Displays and receives 3-
dimensional velocity input. 
6) Angular Velocity 
Parameter: Displays and 
receives 3-dimensional 
angular velocity input. 
7) Energy Parameter: 
Displays Kinetic, Potential, 
and Mechanical energy. 

 
Fig. 1 Shows the Game Panel and Inspector Tab 
on the left-hand side of the screen 

4. Develop the Program Using C# 
Programming Language 

The following are the .css C# scripts that 
were used in the program: 

4.1. Mouselock controller  
A component of the Game Controller, 

which controls the visibility and mouse-locking. 
The cursor is locked to a fixed position and its 
visibility is set to invisible by default, and by 
holding the Alt key, the cursor becomes briefly 
visible and unconfined. 

 
Fig. 2 Shows the code used to control the mouse 
locking behavior. 

4.2. Camera Movement 

The Camera Movement module is 
another component of the Program Controller. It 
enables the camera to continuously follow the 
user by calculating the relative position between 
the player and the camera using a positional 
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offset vector. This approach establishes smooth 
and responsive follow behavior while preserving 
a consistent viewing perspective. 

 
Fig. 3 Shows the code for the camera movement 

4.3. User Interface Controller 

The User Interface Controller, 
integrated within the Program 
Controller, manages the visibility and 
interaction of the graphical user 
interface, including the activation and 
deactivation of Edit Mode. The 
interface is organized into three 
operational levels: 

Level 0: The user interface 
remains hidden. This is the default 
state when the program is launched. 
Transitioning to another level is only 
possible after an object has been 
selected. 

Level 1: Displays the user 
interface containing the physical 
properties and parameters of the 
selected object. 

Level 2: Expands the Inspector 
Panel when the user scrolls upward 
twice consecutively, providing access 
to additional configuration options. 

 
Fig. 4 Shows the code for controlling the 
Inspector Tab 

 
Fig. 5 Shows the code for syncing Inspector 
values toggling Edit Mode 

4.4. Variable Input 
The Variable Input module is part 

of the Input Controller and is 
responsible for synchronizing data 
between the selected object and the 
user interface. Physical parameters are 
retrieved from the object and 
displayed within the interface, while 
user modifications are immediately 
applied back to the object. Each 
editable parameter is assigned to a 
dedicated case statement—for 
example, Case 1 corresponds to mass, 
whereas Case 2 represents the object’s 
X-coordinate position. In addition, the 
module performs real-time 
calculations of the object’s 
mechanical energy. 
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Fig. 6 Shows the code for computing parameters

 
Fig. 7 Shows the code for displaying Inspector 

values

 
Fig. 8 Shows the code for syncing Inspector values 

4.5. Object Selection 
The Object Selection module, 

which belongs to the Input Controller, 
enables users to select or deselect 
objects through ray casting. When the 
user clicks within the simulation 
environment, a ray is projected from 
the camera toward the cursor position. 
If the ray intersects a rigid body object, 

the corresponding selection state is 
updated accordingly. 

 
Fig. 9 Shows the code for Ray-casting 

 
Fig. 10 Shows the code for controlling object 
selection 

4.6. User Movement 
The User Movement component, 

incorporated into the Player 
Movement system, enables free 
navigation throughout the simulation 
environment. User input is 
continuously processed to control the 
movement of the player object, 
allowing intuitive exploration of the 
virtual workspace. 

 
Fig. 11 Shows the code for the user’s movement 
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Fig. 12 Shows the code for the user turning 

4.7. Draw Arrows 
The Draw Arrows module is 

attached to each simulated object and 
is responsible for performing relevant 
physical calculations while visualizing 
important vector quantities. Using 
Unity’s Line Renderer, the module 
renders vectors representing linear 
velocity, angular velocity, applied 
force, and applied torque, thereby 
providing users with a clear graphical 
interpretation of the object’s physical 
state. 

 
Fig. 13 Shows the code for drawing the forces, 
velocity, and torque vectors 

 

4.8. Object Replication 

The Object Replication module 
forms part of the Object Controller 
and allows users to generate 
additional rigid body objects 
dynamically. New objects are created 
by instantiating predefined object 
prefabs stored within the project’s 
Assets directory. 

 
Fig. 14 Shows the code for placing a Game Object 

 

4.9. Object Behavior 
The Object Behavior module is 

attached directly to each simulated 
object and governs its physical state 
and dynamic behavior. It manages the 
object’s status information while 
interacting with Unity’s Rigidbody 
component, which defines essential 
physical properties and enables 
realistic motion. Through this module, 
objects respond appropriately to 
physical quantities such as velocity, 
acceleration, force, and torque, 
thereby ensuring behavior consistent 
with the laws of classical mechanics 
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Fig. 15 Shows the code for setting the materials 
for the Game Object 

 
Fig. 16 Shows the code for setting the values for 
the Rigidbody Component 

5. Simulation Validation 

The completed simulation program was 
evaluated by conducting a series of 
representative physical scenarios designed to 
assess its numerical accuracy, functional 
reliability, and computational performance. 

6. Program Refinement 

Following the validation process, the identified 
limitations and implementation issues were 
systematically addressed. The program was 
subsequently refined through code optimization, 
algorithmic improvements, and interface 
enhancements to improve its accuracy, stability, 
computational efficiency, and overall user 
experience. 
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1.3. 
5. Flow Chart

Fig. 17 Shows a flow chart representing the thought process of the program 
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Results and Discussions 

The Rigid Body Dynamics Simulation 
Program was developed to accurately simulate 
both translational and rotational motion based 
on the fundamental principles of classical 
mechanics. To evaluate the program's reliability 
and performance, a series of validation 
experiments was conducted, with the 
assessment divided into three categories. 

1) Evaluating the Accuracy of the 
Program-Computed Values 

The accuracy of the simulation was 
evaluated by comparing the results generated 
by the program with theoretical values obtained 
through analytical calculations. Three 
independent experimental scenarios were 
designed and tested, with each scenario 
repeated three times, resulting in a total of nine 
trials. The objective was to assess the 
consistency and numerical accuracy of the 
simulation under different physical conditions. 

1.1 Scenario 1 
The first validation scenario 

simulated the free fall of a rigid body 
released from a height of 10 meters 
above the reference plane (Y = 0) with 
zero initial velocity. The displacement 
of the object after 1 second was 
recorded by the simulation and 
subsequently compared with the 
theoretical value calculated using the 
kinematic equations of motion under 
constant gravitational acceleration. This 
comparison was performed to evaluate 
the accuracy of the program’s 

implementation of translational 
dynamics. 

Using physical formulae, the 
computed value is expressed by the 
following: 

𝑠 = 4.9050 𝑚 
Where s represents the distance 
covered along the Y-axis 

  
Table 1 Shows the final Y position, distance 
travelled in the Y-axis, and error of the program-
computed values with three repetitions. 

Values 
Program-

computed 
yf (m) 

s (m) 
= 10 - 

yf 

Flat 
Error 

s Error 
Percentage 

1 5.0211 4.9789 0.0739 1.51 

2 5.0211 4.9789 0.0739 1.51 

3 5.0211 4.9789 0.0739 1.51 

4 5.0211 4.9789 0.0739 1.51 

mean 5.0211 4.9789 0.0739 1.51 

1.2 Scenario 2 
The second validation scenario 

simulated the free fall of a rigid body 
released from a height of 10 meters 
above the reference plane (Y = 0) with 
zero initial velocity. The objective was to 
determine the object’s velocity along the 
Y-axis after 1 second of motion and 
compare the simulated results with the 
corresponding theoretical values derived 
from the equations of kinematics. 

The formula-computed value is 
expressed by the following: 

  𝑣𝑓 = −9.810 𝑚/𝑠 

Where vf represents the final velocity 
along the Y-axis 
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Table 2 Shows the final velocity along the Y-

axis, and the error of the program-computed 

values with three repetitions. 

Values 
Program-

computed 
v (m/s) 

Flat Error 
v Error 

Percentage 

1 -9.809 0.001 0.01 

2 -9.809 0.001 0.01 

3 -9.809 0.001 0.01 

4 -9.809 0.001 0.01 

mean -9.809 0.001 0.01 

1.3 Scenario 3 
The third validation scenario 

simulated the free fall of a 1 kg rigid 
body released from a height of 19.5 
meters above the reference plane (Y = 
0.5, corresponding to an initial Y-
coordinate of 20), with zero initial 
velocity. Throughout the simulation, the 
relationship between mechanical energy 
and time was recorded and represented 
graphically to evaluate the program’s 
ability to preserve total mechanical 
energy during free-fall motion. 

 
Fig. 18 A line plot showing the changes in the 
formula-computed mechanical energy compared 
to the formula-computed value over the seconds 
0-1. 
 As illustrated in the figure above, the 
simulated mechanical energy agrees closely with 
the theoretical value at the initial instant, prior 
to the commencement of the measurement 
period. As the simulation progresses, however, 
the total mechanical energy exhibits a gradual 
decline and increasingly deviates from the 
theoretical prediction. This behavior can be 
attributed to the accumulation of numerical 
errors introduced in the displacement and 
velocity calculations observed in Scenarios 1 and 
2. Such discrepancies are inherent to the real-
time numerical integration performed by Unity’s 
Rigidbody component and therefore represent 
an unavoidable limitation of the simulation 
framework rather than an error in the underlying 
physical model. 
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2) Evaluating the Impact of Object 
Count on the Performance 

The computational performance of the 
simulation was evaluated by examining the effect 
of increasing the number of simulated objects on 
the program’s rendering performance. The test 
was conducted by launching the simulation and 
incrementally adding rigid body objects, one at a 
time. The program’s frames per second (FPS) 
were recorded after every additional 25 objects, 
covering a range from 0 to 125 objects. The 
experiment was repeated three times to ensure 
the reliability and reproducibility of the results. 
Table 3 Shows the FPS value at different 
amounts of objects with three repetitions 
Objects 0 25 50 75 100 125 

1 60 60 60 57 54 49 

2 60 60 58 57 52 50 

3 60 60 59 56 53 48 

Mean 60 60 59 56.67 53 49 

The performance evaluation revealed a 
gradual decline in FPS as the number of 
simulated objects increased. When the scene 
contained 0–25 objects, the simulation 
consistently maintained an average frame rate of 
60 FPS, representing the maximum performance 
achieved during the experiment. This indicates 
that the program is capable of handling this 
workload efficiently while providing smooth and 
responsive real-time visualization. 

As the number of objects increased to 50, 
a noticeable reduction in frame rate was 
observed, indicating a greater computational 
burden on the simulation engine. At the 
maximum test condition of 125 objects, the 
average frame rate decreased to 49 FPS. 

Although the program remained fully functional 
under this workload, users began to experience 
perceptible rendering latency and reduced visual 
smoothness. Nevertheless, the observed 
performance demonstrates that the simulation 
maintains an acceptable level of responsiveness 
even under relatively demanding computational 
conditions. 

 

Conclusions 
This project successfully developed a 

Rigid Body Dynamics Simulation Program, a 
physics-based simulation application designed to 
facilitate the study and visualization of rigid body 
dynamics for students, educators, and 
individuals interested in physics. The simulation 
was developed using the Unity game engine, 
enabling an interactive environment in which 
users can observe and analyze physical 
phenomena in real time. 

Performance evaluation demonstrated 
that the simulation achieved a high level of 
accuracy. The program was validated through 
three experimental scenarios, including a free-
fall simulation in which an object was released 
from a height of 10 meters above the reference 
plane (Y = 0) with an initial velocity of zero. The 
object’s velocity along the Y-axis after one 
second was measured and compared over four 
repeated trials. The results indicated a high 
degree of consistency and reliability, confirming 
the accuracy of the simulation. 

In terms of computational performance, 
the program exhibited excellent efficiency. 
Benchmark testing showed that the simulation 
maintained stable and responsive performance 
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while handling between 0 and 50 rigid body 
objects simultaneously within a single scene. 
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