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This paper will go into detail on C++ code and vector integration
when it comes to collision simulation. This will also detail the use of
sphere collision also as it is the cornerstone of game engine
creation
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Introduction

The aim for this report is to investigate the various uses of a Vector Class using C++
programming language. We will look at the mathematical operations that are used within
C++, then develop code and discuss the underlying theoretical concepts that goes into the
implementation of the code. The goal will be to list and discuss various required operations
using a Vector Based Class System.

Using Vectors is part of Object-Oriented Programming. They can be used to create objects
or classes within C++ to help the programmer identify what to work with or what to fix. A
Vector is a type of container which can store elements of a similg =k e [1]

Furthermore, They, can be extremely helpful to store and manipulate points as demonstrated
if you are developing using an already established game engine.

To summarize its makes C++ code more manageable by using objects or classes ina
manageable way and it helps developers understand what they are working with regarding
programming. [2]

Investigation

To investigate this, A definition on what a Vector Class is and what else is required is to look
at the uses of a Vector Class and how its implemented within C++. Another thing to consider
regarding coding like this is that the mathematical equations behind these computational
operations that make collisions work in the first place. The most important part to understand
the method is to understand how Vectors work within the field of mathematics.

To further this investigation, there is a requirement to understand how these engines work in
the first place and how they are developed. When developers go out to create their own
engine they first choose which language to program in and this language is seen as C++ as
it is the most popular language for many game developers looking to build their games as it
provide a robust development environment which allows the developers to understand the
demands of the computer hardware and capabilities while also allowing for a robust
simulation of physics. As will be demonstrated within this investigation into C++ and collision
mechanics. [3]

Vector Classes

Vector Classes are defined through a class template which can be used for sequence
containers as they would store distinct types in an arrangement. Vector Classes can allow
for fast random access to any element within the program. You can define a vector class
through the function called “std::vector” which unlike arrays can account for the size of its
elements that are added or removed. [4] It is an immensely powerful container tool in C++.

Distance between two points.

To utilize this method meaning working out the distance between two points we would use
Pythagoras theorem. Basically, you take a line and then tumn it on a 90 degrees angle to
figure out the length of the line.




Mathematical operations

The length squared plus the breadth squared. Once added together you would square root
them you will end up with three or a “one two three” point triangle. This would only work with
a right-angle triangle, and this will help the calculation regarding the size of the line. The
mathematical equations for this are... a2 + b2+ c2 =c2

C++ code

Here is the code to help calculate the distance between two points. First thing required is to
create a function that allows for the calculation to occur for instance within the code there is
an implementation that starts with making the distance between the two vectors into a “Float”
which would make the distance between the vectors into a value that would change
depending on the output.

Int main code

Next thing required is to implement the calculation. Using the definition created in the main
file it would allow the program to understand where it will take the calculation.
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Floats for the PtoP Distance

This part of the calculation tells the program to implement the e between two points
which would detect the collision and the distance between thoskaai points. Using the x, y, z
signifiers allow to determine where it would collide with vectors using the square root of the
distance.

Also, the next important part is this is the Header File which would allow for the
establishment of the various functions within the program for example creating the float
functions and which role they would play within the program, or the header file can also help
establish the various Classes used within the function. In this care the utilization of the
Vector classes where these functions would be utilized.
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As demonstrated, there is a Class Vector where the various functions used to calculate the
Point-to-Point calculations and the x, y, z as a float function and finally the print function that
can be used to display this function in an output window.

Plane Class

Within C++ or any other languages, you can determine the physics of various objects using
the mentioned Vector Classes. For example, determining the physics of a plane. They can
allow you to calculate the distance regarding the front or the back of the plane. Using the
established Vector Classes within the code.

Mathematical operations

To define a plane equation, you would need a point and a vector that helps describe the line.
You could start from points b and a and take v = a — b. Within the code its essentially trying
to determine the surface of an area through a*x + b*y +c*z+d =0

C++ code

:Vector(
Vector(

Constructor for the Vectors




Part of the Vector class this part of the code you can determine the plane class of the said
Vector class. This will help calculate the plane class again using the x, y, z. Doing this would
help if you were using a constructor which would help build the plane class for the
calculation. This will help calculate the distance between these two points also since it
establishes that as the method for the dot product of the two vectors.

Sphere Class with collision.

The Idea behind Collision is physics based. It is a short duration interaction between
physical bodies causing change in said bodies. This process usually involves a change in
velocity and momentum and the velocity impact is seen as the "Closing Speed.” There are
differing types of Collision such as Elastic Collision (which involves kinetic energy meaning
Objects would bounce off each other) and Inelastic Collision (Basically if all the kinetic
energy is lost the objects will lose momentum and stop dead in its tracks) [5]

Mathematical operations

The maths behind Collisions involves Momentum (p), Mass (m) and Velocity (v). The idea
behind this equation is to detect the intersection of objects in a space. Understanding this
concept will help with applications like computer graphics, physical simulation, video games
and robotics [5] to calculate the act of collision there needs to be a determination of the law
of conservation of momentum. It is linked to calculating the both the objects momentum,
mass, and velocity. It is understood through p + m + v where the speed and momentum of
the objects is determined by the mass (which means weight of the object in this context

C++ code

To simulate this in code it can take some time to understand the intricacies however if the
code already a jumping off point with the Vectors has calculation then it would be rather
simple to understand how this concept would apply to 3D objects like spheres and how they
would interact.

<< std::endl

Sphere Collisions

To start this is to establish the spheres that the program would use. Then use a value to
determine the size and the collision. Which would allow for the program to calculate the

spheres. Theres also the print function which would print the output into the terminal that
would be displayed through the Operating System's command prompt.




he code involves.
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Is adding the Sphere Collision equation to the Point to Plane distance equations which is
important to determine how far the Spheres are moving away from each other which would
help with the next step in the equation.

: :SphereCollisio

), radius(r

1::isColliding(Spher

<< center.y << ". " << ' " << center.z << ")";

Sphere Collision bool

The creation of the constructor would help build the equations which would determine the
center of the sphere and the radius. After which there is also making the collision into a bool
or Boolean which asks the program whatever if the Spheres are colliding or nor. After which
there is an effective method which involves in creating a float function for the distance that is
related to the center and the radius of the sphere.

Finally, for both the Vectors and Spheres the header file is an important part of the creation
of this program.

For the Spheres collision header file.




r center;
radius
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Classes for the Sphere Collision

This involves establishing the center as the vector which would help develop the equations
involved in this collision detection system. Theres also the radius of the Spheres and how
they would collide and how it would relate to the center as a vector. Along with making the
collision as a bool which would ask whatever if the spheres were colliding or not.

Point to Plane

Point to Plane involves the distance between the point and the perpendicular distance to the
plane. This involves taking the sphere created for collision detection and using physics
simulation to determine where the sphere will collide with. This method is used a lot within
3D game engines as a basis for simulating physics. For instance, when playing a game with
a physics engine Its where an object is represented by single point (Like a projectile) and
where it collides with on the plane. This is also used in a lot of game engines or even ray
tracing. (How light would reflect or interact with the plane) [6] [7]

Mathematical operations
The maths behind this is typically defined by the equation Ax+By+Cz+D=0

Where (A, B, C) is the vector of the plane (related to the surface) and D hekps the position of
the plane on the surface.

A point is represented as P (Xp, Yp, Zp) where XYZ is part of the 3D space (where you
calculate the position of where the point would be) within game engines it would be used to
determine how the physics work and how would objects would relate to each other.

Another way to simulate this is for example if a Point is above or below the plane the
mathematical operation would detect if there would be a collision, and the position of the
object would be adjusted accordingly or is the point moves along the plane the physics
engine would calculate the reaction (like if you are bouncing) you can calculate this using
friction or kinetic energy. [8]

For example, the Source 2 engine uses an advanced form of physics interaction when it
comes to collision. Where you can place objects within an object without the program
glitching in unexpected ways (like placing a virtual object inside of a virtual box) [9]

C++ code
To represent this in C++ we use
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Floats for the PtoP distance 3

As mentioned previously there needs to be an element of calculation within the code with
how these objects would interact with each other. As demonstrated within this screenshot
there is a use of utilizing the Point-to-Point distance function to calculate the both the vectors
colliding with each other and the sphere colliding with each other.

Conclusion

To conclude this document the idea behind collision is key for games development especially
in designing a games engine. As the vast majority of game engines on the market especially
modemn game engines uses an element of physics to it [10] And its important to understand
the very core basics of collision mathematics in order to implement these complex
mathematical equations into a more understandable coding format. Such as c++.
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Assignment 2

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS
Areally great attempt, you were missing a handful of
things that would have really pushed this above and
beyond!
In the future, when demonstrating your code also
show the input and output of your testing, to
demonstrate working functionality.

/ 1 O O But you smashed it. Great work Jacob.
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PAGE 2
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PAGE 4

Comment 1

In this context we are discussing the vectors in 3d space, i.e. vertices

PAGE 5

Comment 2

why is the D capital

PAGE 6

PAGE 7

PAGE 8

Comment 3

why did you square radiussum?

Comment 4

Just for feedback, it is preferred to delete unused or commented-out code, especially when
demonstrating them if they do not serve a purpose.



It is what we would call housekeeping

PAGE 9

, Comment 5

the first implementation of the ptopdistance here is raising to the power of 1?

’ Comment 6

the second return that returns 0.0f is completely unnecessary
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