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Introduction
Within this assignment we shall be taking a look at vector classes within a game engine environment using C++. I shall be creating four pieces of code using the existing vector class .cpp and .h files given within the assignment brief. These four programs are: Distance between two points, a Plane class, a Sphere class with collision detection and a Point to Plane and Sphere to plane collision detection. I shall also be taking a look at the theoretical concepts behind my code and also providing a testing table for each one to ensure that the program works as expected.
[bookmark: _Toc155550794]Distance Between Two Points
This program is designed to take two vectors and work out the distance between them and what that distance is squared. 
[bookmark: _Toc155550795]Theoretical Concepts Used
The first thing we need to look at is the scaling of vectors. Scaling is essentially keeping the direction of the vector the same however it is the length of the vector that changes by a certain scale factor.[1] To do this, we would need to multiply a vector by a scalar which is done by multiplying all of the components within the vector by said scalar. [2] An example of this scaling could look like this:
Vector = [4, -3]
Scalar = 2
New Vector = [(4*2), (-3*2)] = [8, -6]

Vector addition is also an essential part to this program and is similar to scaling when it comes to the components of the vector. Vector addition is simply done by adding the corresponding components of the vector together to create your new vector. [2] An example of this would look like this: 
Vector A = [5, 3, 2] Vector B = [7, 4, 4]
New Vector = [(5+7), (3+4), (2+4)] = [12, 7, 6]

Distance Calculation is what is required for this specific program, so it is required that we use the Euclidean distance formula. This formula simply works out the distance between two points, whether those points are in a 2D or 3D space. [3] The formula we use to work out the distance between two points in a 2D space is (to use within a 3D space you just need to add the Z set of co-ordinates):
distance = √[ (x2 – x1)2 + (y2 – y1)2]
An example use of this would be:
Vector 1 = [1, 2] Vector 2 = [4, 6]
distance = √[ (4 – 1)2 + (6 – 2)2]
distance = √[32 + 42]
distance = √25
distance = 5 (units)

To then be able to find the squared distance between said two points, all we need to do is square that final answer back to what it was before we found the square root (which would be 25 in the above example. 
[bookmark: _Toc155550796]The Program
Within this program there are three files. There is the “main.cpp” file which is essentially the start point of the program. It executes all the functions within the program. This file contains our vector creation (what we set our x, y and z co-ordinates to be) and also our scalar (set to 2).
[image: ]
This file also utilises our “vector.h” file to be able to do the necessary calculations to work out the distance between the two points. This file contains all the definitions that will be then used in the “vector.cpp” file which is used to actually implement these methods into the program. As we can see from the screenshot below, the vector.h file defines all the methods required within this program including the add method, scale, get and then the methods used to  be able to calculate the distance between two points. 
[image: A computer screen with text on it

Description automatically generated]
Within the vector.cpp file, we can see the above methods have all been defined with the correct methods that will allow us to be able to do the necessary calculations for the program. These methods are then called by the vector.h file which in turn are called by the main.cpp file.
[image: A screenshot of a computer program

Description automatically generated]
And when we run the code, this is what we get:
[image: ]
And when we check our results using pen and paper, we can see that after scaling v1 by 2 and then adding v2 to v1, our new vector becomes [4, 7, 10] and our v2 is [2, 3, 4]. When we use the Euclidean equation using these vectors, our answer squared is 56 and the square root of that is 7.4833. 
[bookmark: _Toc155550797]Testing
	Test Description
	Expected Result
	Actual Result
	Pass/Fail (Y/N)

	Does the program scale V1?
	V1 should change from [1, 2, 3] to [2, 4, 6].
	V1 changed from [1, 2, 3] to [2, 4, 6].
	Y

	Does the program add V2 to V1?
	V2 should be added to the scaled V1 and the new value of V1 should be [4, 7, 10].
	V1 is now equal to [4, 7, 10].
	Y

	Does the program use the Euclidean equation to calculate distance between points?
	The program should use the equation to correctly work out the distance between V1 and V2.
	The program used the equation and worked out that the distance between V1 and V2 is 7.48331.
	Y

	Does the program square that distance?
	The distance between the two vectors should be squared and give the answer 56
	The answer given in the above test gets squared and is equal to 56.
	Y



[bookmark: _Toc155550798]Plane Class
[bookmark: _Toc155550799]Theoretical Concepts
When we try to find the direction of N from the point of a vector, we call this the normal vector or normalising the vector. [2] This is when the vector points away from a surface at a certain given point within a 3D space. One of the ways we can calculate the normal of the vector is to use the cross product method. Here is an example of the cross product method:
When a and b start at the origin point (0,0,0), the Cross Product will end at:
cx = aybz − azby
cy = azbx − axbz
cz = axby – aybx  [4]
Essentially what this means is that each component of the resulting vector is calculated by multiplying the components of the original two vectors in the above order. Below is an example of this being used:
Vector 1 = [2,5,8] Vector 2 = [3, 4, 6]
cx = 5*6 – 8*4 = -2
cy = 8*3 – 2*6 = 12
cz = 2*4 – 5*3 = -7
V1 X V2 = [-2, 12, -7]
If we were to now normalise this new vector, it would have a magnitude of 1. This also means that the direction of this new vector is fixed meaning it can be used to help specify other directions and origins of other vectors.
“Point on plane” is a phrase used to describe a specific location on a plane surface. The equation to be able to work out a plane within a 3D space is as follows: 
Ax+By+Cz=D
Where x, y and z are the co-ordinates of a point on said plane, ABC are the directions of the normal of the plane and D is the constant. [5]
[bookmark: _Toc155550800]The Program
The program I created for this uses both of these equations to be able to work out if a vector is in front of, behind or on a plane by initialising a plane with the normal vector, calculates the distance between a point and the plane, calculates whether or not the point is in front, behind or on the plane and then normalises it.
In addition to the files used in the previous program, this new program adds two new files; “plane.cpp” and “plane.h”. These two files are used to define and determine the calculations and functions required to be able to run this new program in addition to the other determined files from the last program. 
Within the plane.h file, we have methods such as normalise() and pointPosition which are used to normalise a vector and to find a point relative to the plane. 
[image: A screen shot of a computer code

Description automatically generated]
Within the plane.cpp file, there is the constructor that initialises the plane with a normal vector and a point on the plane.
[image: ]
There is also the definitions of the methods such as normalise() and pointPosition() with all the calculations needed to be able to perform the required functions of the program. 
[image: A computer screen with text

Description automatically generated]
I also added a few new lines of code within the main.cpp file so that the newly added files and all the commands therein are actually able to run.
[image: A computer screen with colorful text

Description automatically generated]
When we run this code, this is what the results look like: 
[image: ]
We get these results using these steps:
1. The plane is initialised with a normal vector and a point on the plane.
2. The function PointDistance() calculates the distance between V1 and the plane.
3. The program determines whether or not V1 is on (distance = 0), in front of (distance > 0) or behind (distance < 0) the plane.
[bookmark: _Toc155550801]Testing
	[bookmark: _Hlk155538028]Test Description
	Expected Result
	Actual Result
	Pass/Fail (Y/N)

	Can the program calculate if it is on the plane?
	Setting V1 and V2 to [0, 0, 0] and the plane to be [0, 0, 0] should output “on the plane”.
	The program outputted “on the plane”.
	Y

	Can the program calculate if it is in front of the plane?
	Setting V1 and V2 to [1, 1, 1] and the plane to be [0, 0, 0]  should output “in front of the plane”.
	The program outputted “in front of the plane”.
	Y

	Can the program calculate if it is behind the plane?
	Setting V1 and V2 to [-1, -1, -1] and the plane to be [0, 0, 0]  should output “in front of the plane”.
	The program still outputted “in front of the plane”.
	N



[bookmark: _Toc155550802]Sphere Class with Collision Detection
[bookmark: _Toc155550803]Theoretical Concepts
As well as using the vector concepts from the previous two programs (particularly the first one), this new program also utilises sphere representation as well as collision detection against two spheres. When it comes to sphere representation there are two points that need to be considered. There is the centre of the sphere and the radius of the sphere (this will be used to calculate if the sphere has been collided with). [6]
Essentially, you define the centre of the spheres (vector 1 and vector 2) and then you define the radius of the spheres. If the distance between the two spheres is less than the sum of the two radii of the spheres then it means that the two spheres have indeed collided. It’s a nice and simple concept that can be applied and changed with ease. 
[bookmark: _Toc155550804]The Program
Within this new program there are five files; main.cpp, vector.h, vector.cpp, sphere.h and sphere.cpp. Within the main.cpp file, we have our sphere centre creation and our sphere radii creation. As stated above, we use these units to be able to work out where the sphere is and whether or not it has collided with the other one. 
[image: A screen shot of a computer code

Description automatically generated]
We also have a section that calls the isColliding method that essentially checks whether or not sphere 1 has collided with sphere 2 by comparing the radii and positions of the spheres as stated above. 
[image: A screen shot of a computer code

Description automatically generated]
We also have the sphere.h file. This file helps to define the sphere class. It contains the variables for the sphere such as the centre and the radius and also the definition of the isColliding function. 
[image: A black background with white text

Description automatically generated]
And in the sphere.cpp file we have the functionalities of these methods (isColliding) that will actually have the code to be able to run said functions. In the below snapshot, we can see that it uses Boolean to check if the two spheres are touching. If it is True then it means that the two spheres have indeed collided.
[image: A screen shot of a computer code

Description automatically generated]
When we run the program with the program with the below definitions, this is our result: 
[image: A screenshot of a computer program

Description automatically generated]
Result:
[image: ]
Here we can see that with these numbers for the spheres and radii, the program has calculated a collision has occurred.
[bookmark: _Toc155550805]Testing
	Test Description
	Expected Result
	Actual Result
	Pass/Fail (Y/N)

	Testing if no collision can be found.
	Setting the centre of sphere 1 to [0,0,0] and the radius to 2 and setting the centre of sphere 2 to [4,0,0] and the radius to 1 will provide no collision.
	No collision detected.
	Y

	Testing if a collision can be found.
	Setting the centre of sphere 1 to [-1,-1,-1] and the radius to 3 and setting the centre of sphere 2 to [2,2,2] and the radius to 2.5 will provide a collision.
	Collision detected.
	Y

	Testing if no collision can be found.
	Setting the centre of sphere 1 to [3,3,3] and the radius to 1 and setting the centre of sphere 2 to [6,6,6] and the radius to 0.5 will provide no collision.
	No collision detected.
	Y

	Testing if a collision can be found.
	Setting the centre of sphere 1 to [-2,-2,-2] and the radius to 4 and setting the centre of sphere 2 to [-5,-5,-5] and the radius to 3 will provide a collision.
	Collision detected.
	Y



[bookmark: _Toc155550806]Point to Plane and Sphere to Plane Collision Detection
[bookmark: _Toc155550807]Theoretical Concepts
This program essentially takes all the aspects from the previous one and combines them into one big program. This means that when it comes to the theoretical concepts used, it mainly uses all the ones we have previously looked at. 
It works with vectors and all the concepts that come with that i.e. scaling and addition. It also uses normalisation and cross product. It also uses the plane equation and the distance calculation. 
It also uses collision detection between a plane and a sphere. This is the one that is slightly different than the other ones. To be able to work out a collision between a plane and a sphere, you’ll need to calculate the distance between the plane and the centre of the sphere. [7] We take into account the radius of the sphere like last time but instead of seeing If the distance between the two spheres is less than the sum of the two radii of the spheres, we now see if the radius of the sphere is less than the distance between the sphere centre and the plane. If the distance between the sphere and plane is less than the radius, then a collision has indeed occurred. [7]
[bookmark: _Toc155550808]The Program
This new program utilises a lot of the methods used within the previous programs. This means that there are 7 files total within this program. This includes: main.cpp, sphere.cpp, sphere.h, plane.cpp, plane.h, vector.cpp and vector.h. 
The main addition to this program is that it now has the ability to check whether or not both spheres have collided with each other and whether or not either spheres have collided with the plane. As it states above, this is done by checking whether or not the radius of the sphere is greater than the distance between the plane and the centre of the sphere.
The main.cpp file also contains some tests that checks for that sphere to plane collision. This is shown here: 
[image: A screen shot of a computer

Description automatically generated]
Both the sphere.cpp and sphere.h file have been updates so that they can now perform the calculations required to be able to show if a collision with the spheres and plane has occurred. 
[image: ]
[image: A screen shot of a computer code

Description automatically generated]
When the program runs, this is what we get: 
[image: A screen shot of a computer

Description automatically generated]
As we can see from the output, it takes into account all the methods used before however it now also detects if the spheres have collided with the plane. We can see that for the units I set the vectors and radii, both spheres have collided with each other and both spheres have collided with the plane.


[bookmark: _Toc155550809]Testing
	Test Description
	Expected Result
	Actual Result
	Pass/Fail (Y/N)

	Test to see if sphere 1 collides with the plane and sphere 2 does not.
	Setting the centre co-ordinates for sphere 1 to [0,0,0] and the radius to 2 and sphere 2 has [3,3,3] and a radius of 1.5.
	Sphere 1 collided with the plane and sphere 2 did not.
	Y

	Test to see if sphere 2 collides with the plane and sphere 1 does not.
	Setting the centre co-ordinates for sphere 1 to [5,5,5] and the radius to 1 and sphere 2 has [2,2,2] and a radius of 3.
	Neither spheres collided with the plane.
	N

	Test to see if both spheres collide with the plane.
	Setting the centre co-ordinates for sphere 1 to [1,1,1] and the radius to 2 and sphere 2 has [-1,-1,-1] and a radius of 2.
	Both have collided with the plane.
	Y
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[bookmark: _Toc155550811]Appendices
[bookmark: _Toc155550812]Program 1 – Distance Between Two Points
[bookmark: _Toc155550813]main.cpp#include <iostream>
#include "vector.h"
using namespace std;

int main() 
{
    //Creating the vectors
    Vector v1(1, 2, 3);
    Vector v2(2, 3, 4);

    //Scaling v1
    v1.Scale(2);

    //Adding v2 to v1
    v1.Add(v2);

    //Calculating distance between v1 and v2
    float dist = v1.pToPDistance(v2);
    cout << "The distance between Vector 1 and Vector 2 is: " << dist << endl;

    //Calculating distance between v1 and v2 (squared)
    float distSqrd = v1.pToPDistanceSqrd(v2);
    cout << "The square of that distance is: " << distSqrd << endl;

    return 0;
}

[bookmark: _Toc155550814]vector.h#pragma once

class Vector 
{
public:
    //Constructors used:
    Vector(float x, float y, float z);
    Vector(); //Default constructor

    //Methods used:
    void Scale(float s);
    void Add(Vector& v1);
    void Add(Vector& v1, Vector& v2);
    Vector getVector();
    float pToPDistance(const Vector& other) const; //Calculate distance between two points
    float pToPDistanceSqrd(const Vector& other) const; //Calculate squared distance between two points

private:
    float x;
    float y;
    float z;
};

[bookmark: _Toc155550815]vector.cpp#include "vector.h"
#include <cmath>

//Constructors used:
Vector::Vector(float myx, float myy, float myz)
    : x(myx), y(myy), z(myz) {}

Vector::Vector() : x(0), y(0), z(0) {}

//Methods within the Vector class:
void Vector::Scale(float s) //Scales the vector by the scalar
{
    x = s * x;
    y = s * y;
    z = s * z;
}

void Vector::Add(Vector& v1) //Adds the components from another vector to this one
{
    x = x + v1.x;
    y = y + v1.y;
    z = z + v1.z;
}

void Vector::Add(Vector& v1, Vector& v2) //Adds v1 and v2 together and then stores the result as v1
{
    v1.x = v2.x + v1.x;
    v1.y = v2.y + v1.y;
    v1.z = v2.z + v1.z;
}

Vector Vector::getVector() //Creates a new vector object with the same x, y, z components as the current vector
{
    return Vector(x, y, z);
}

float Vector::pToPDistance(const Vector& other) const //Calculates the distance between current vector and another vector
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return sqrt(dx * dx + dy * dy + dz * dz);
}

float Vector::pToPDistanceSqrd(const Vector& other) const //Same as above however the answer is then squared
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return dx * dx + dy * dy + dz * dz;
}


[bookmark: _Toc155550816]Program 2 – A Plane Class
[bookmark: _Toc155550817]main.cpp#include <iostream>
#include "vector.h"
#include "plane.h"
using namespace std;

int main() 
{
    Vector v1(-10, -10, -10);
    Vector v2(-10, -10, -10);

    v1.Scale(2);
    v1.Add(v2);

    float dist = v1.pToPDistance(v2);
    cout << "Distance between points: " << dist << endl;

    float distSqrd = v1.pToPDistanceSqrd(v2);
    cout << "Squared distance between points: " << distSqrd << endl;

    //Plane definitions
    Vector normal(1, 1, 1);
    Vector pointOnPlane(0, 0, 0);
    Plane plane(normal, pointOnPlane);

    //Normalizing the plane's normal vector
    plane.Normalise();

    //Calculating the normal vector given two vectors
    Vector calculatedNormal = Plane::CalculateNormal(v1, v2);


    //Checking the position of V1 relative to the plane (in front, behind or on)
    string position = plane.PointPosition(v1);
    cout << "The position of V1 relative to the plane is: " << position << endl;
    
    return 0;
}

[bookmark: _Toc155550818]vector.cpp#include "vector.h"
#include <cmath>

//Constructors used:
Vector::Vector(float myx, float myy, float myz)
    : x(myx), y(myy), z(myz) {}

Vector::Vector() : x(0), y(0), z(0) {}

//Methods within the Vector class:
void Vector::Normalise() 
{
    float magnitude = sqrt(x * x + y * y + z * z);
    if (magnitude != 0) 
    {
        x /= magnitude;
        y /= magnitude;
        z /= magnitude;
    }
}

void Vector::Scale(float s) //Scales the vector by the scalar
{
    x = s * x;
    y = s * y;
    z = s * z;
}

void Vector::Add(Vector& v1) //Adds the components from another vector to this one
{
    x = x + v1.x;
    y = y + v1.y;
    z = z + v1.z;
}

void Vector::Add(Vector& v1, Vector& v2) //Adds v1 and v2 together and then stores the result as v1
{
    v1.x = v2.x + v1.x;
    v1.y = v2.y + v1.y;
    v1.z = v2.z + v1.z;
}

Vector Vector::getVector() //Creates a new vector object with the same x, y, z components as the current vector
{
    return Vector(x, y, z);
}

float Vector::pToPDistance(const Vector& other) const //Calculates the distance between current vector and another vector
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return sqrt(dx * dx + dy * dy + dz * dz);
}

float Vector::pToPDistanceSqrd(const Vector& other) const //Same as above, however, the answer is then squared
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return dx * dx + dy * dy + dz * dz;
}

[bookmark: _Toc155550819]vector.h#pragma once

class Vector 
{
public:
//Constructors used:
    Vector(float x, float y, float z);
    Vector(); //Default constructor

//Made public so that they can be easily accessible
    float x;
    float y;
    float z;

//Methods used:
    void Scale(float s);
    void Add(Vector& v1);
    void Add(Vector& v1, Vector& v2);
    Vector getVector();
    float pToPDistance(const Vector& other) const;
    float pToPDistanceSqrd(const Vector& other) const;
    void Normalise(); //The Normalising method
};

[bookmark: _Toc155550820]plane.h#pragma once
#include "vector.h"
#include <string>

class Plane {
private:
    Vector normal; //Normal vector of the plane
    Vector P0; //Point on the plane

public:
    Plane(Vector normalVector, Vector pointOnPlane); //Initialising the normal vector and a point on the plane
    void Normalise(); //Normalising the plane's normal vector
    float PointDistance(const Vector& point) const; //Calculating the distance of a point from the plane
    std::string PointPosition(const Vector& point) const; //Determining the position of a point relative to the plane
    static Vector CalculateNormal(const Vector& vec1, const Vector& vec2); //Method to calculate the normal vector when there are two vectors on the plane
};






[bookmark: _Toc155550821]Plane.cpp#include "plane.h"
#include <cmath>
#include <string>

Plane::Plane(Vector normalVector, Vector pointOnPlane)
    : normal(normalVector), P0(pointOnPlane) {}

void Plane::Normalise() 
{
//Calculating the magnitude of the normal vector
    float magnitude = sqrt(normal.x * normal.x + normal.y * normal.y + normal.z * normal.z);
    if (magnitude != 0) 
    {
//If the magnitude is not zero, it will normalise the normal vector
        normal.Scale(1.0f / magnitude);
    }
}

float Plane::PointDistance(const Vector& point) const 
{
//Calculating the numerator of the point-to-plane distance formula
    float numerator = normal.x * (point.x - P0.x) + normal.y * (point.y - P0.y) + normal.z * (point.z - P0.z);
//Calculating and returning the distance
    return abs(numerator) / sqrt(normal.x * normal.x + normal.y * normal.y + normal.z * normal.z);
}

std::string Plane::PointPosition(const Vector& point) const 
{
//Calculating the distance between a point and the plane
    float distance = PointDistance(point);
//Establishing the point's position in relation to the plane
    if (distance == 0) 
    {
        return "On the plane";
    }
    else if (distance > 0) 
    {
        return "In front of the plane";
    }
    else if (distance < 0)
    {
        return "Behind the plane";
    }
}

Vector Plane::CalculateNormal(const Vector& vec1, const Vector& vec2) 
{
//Method to calculate the normal vector when there are two vectors on the plane
    Vector normalVector(vec1.y * vec2.z - vec1.z * vec2.y,
        vec1.z * vec2.x - vec1.x * vec2.z,
        vec1.x * vec2.y - vec1.y * vec2.x);
    normalVector.Normalise(); //Normalising the normal vector
    return normalVector;
}

[bookmark: _Toc155550822]Program 3 - Sphere Class with Collision Detection
[bookmark: _Toc155550823]main.cpp#include <iostream>
#include "vector.h"
#include "sphere.h"
using namespace std;

int main()
{
    //Defining the centres of the spheres
    Vector centre1(-2, -2, -2);
    Vector centre2(-5, -5, -5);

    //Creating the spheres with using both the radius and the centre
    Sphere sphere1(centre1, 4.0);
    Sphere sphere2(centre2, 3.0);

    //Checking for collision between the spheres
    if (sphere1.isColliding(sphere2)) 
    {
        cout << "Collision detected!" << endl;
    }
    else 
    {
        cout << "No collision." << endl;
    }

    return 0;
}

[bookmark: _Toc155550824]vector.h#pragma once

class Vector 
{
public:
    //Constructors used:
    Vector(float x, float y, float z);
    Vector(); //Default constructor

    //Methods used:
    void Scale(float s); 
    void Add(Vector& v1);
    void Add(Vector& v1, Vector& v2); 
    Vector getVector();
    float pToPDistance(const Vector& other) const; // Calculates the distance between two vectors
    float pToPDistanceSqrd(const Vector& other) const; // Calculates the squared distance between two vectors

private:
    float x; 
    float y;
    float z;
};


[bookmark: _Toc155550825]vector.cpp#include "vector.h"
#include <cmath>

//Constructors used:
Vector::Vector(float myx, float myy, float myz)
    : x(myx), y(myy), z(myz) {}

Vector::Vector() : x(0), y(0), z(0) {}

//Methods within the Vector class:
void Vector::Scale(float s) //Scales the vector by the scalar
{
    x = s * x;
    y = s * y;
    z = s * z;
}

void Vector::Add(Vector& v1) //Adds the components from another vector to this one
{
    x = x + v1.x;
    y = y + v1.y;
    z = z + v1.z;
}

void Vector::Add(Vector& v1, Vector& v2) //Adds v1 and v2 together and then stores the result as v1
{
    v1.x = v2.x + v1.x;
    v1.y = v2.y + v1.y;
    v1.z = v2.z + v1.z;
}

Vector Vector::getVector() //Creates a new vector object with the same x, y, z components as the current vector
{
    return Vector(x, y, z);
}

float Vector::pToPDistance(const Vector& other) const //Calculates the distance between current vector and another vector
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return sqrt(dx * dx + dy * dy + dz * dz);
}

float Vector::pToPDistanceSqrd(const Vector& other) const //Same as above however the answer is then squared
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return dx * dx + dy * dy + dz * dz;
}


[bookmark: _Toc155550826]sphere.h#pragma once
#include "vector.h"

class Sphere 
{
private:
    Vector centre; //Centre of the sphere
    float radius; //Radius of the sphere

public:
    Sphere(Vector centre, float radius);

    //Checking to see if there has been a collision between the two spheres
    bool isColliding(const Sphere& other) const;
};
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//Constructor for the Sphere class
Sphere::Sphere(Vector centre, float radius) : centre(centre), radius(radius) {}

//Checking if there has been a collision
bool Sphere::isColliding(const Sphere& other) const 
{
    float distance = centre.pToPDistance(other.centre);
    return distance <= (radius + other.radius);
}

[bookmark: _Toc155550828]Program 4 - Point to Plane and Sphere to Plane Collision Detection
[bookmark: _Toc155550829]Main.cpp#include <iostream>
#include "vector.h"
#include "plane.h"
#include "sphere.h"
using namespace std;

int main() 
{
    //Vector section
    Vector v1(1, 2, 3);
    Vector v2(2, 3, 4);

    v1.Scale(2);
    v1.Add(v2);

    float dist = v1.pToPDistance(v2);
    cout << "Distance between points: " << dist << endl;

    float distSqrd = v1.pToPDistanceSqrd(v2);
    cout << "Squared distance between points: " << distSqrd << endl;

    //Plane section
    Vector planeNormal(1, 1, 1);
    Vector pointOnPlane(0, 0, 0);
    Plane myPlane(planeNormal, pointOnPlane);

    //Checking the position of V1 relative to the plane (in front, behind, or on)
    string position = myPlane.PointPosition(v1);
    cout << "The position of V1 relative to the plane is: " << position << endl;

    //Sphere section
    Vector centre1(1, 1, 1);
    Vector centre2(-1, -1, -1);

    Sphere sphere1(centre1, 2.0);
    Sphere sphere2(centre2, 2.0);

    if (sphere1.isColliding(sphere2)) 
    {
        cout << "Collision between spheres detected!" << endl;
    }
    else 
    {
        cout << "No collision between spheres." << endl;
    }

    //Sphere to Plane collision test
    if (sphere1.isColliding(myPlane)) 
    {
        cout << "Collision between sphere 1 and plane detected!" << endl;
    }
    else 
    {
        cout << "No collision between sphere 1 and plane." << endl;
    }

    if (sphere2.isColliding(myPlane)) 
    {
        cout << "Collision between sphere 2 and plane detected!" << endl;
    }
    else 
    {
        cout << "No collision between sphere 2 and plane." << endl;
    }

    return 0;
}

[bookmark: _Toc155550830]Sphere.h#pragma once
#include "vector.h"
#include "plane.h"

class Sphere 
{
private:
    Vector centre; //Centre of the sphere
    float radius; //Radius of the sphere

public:
    Sphere(Vector centre, float radius);

    bool isColliding(const Sphere& other) const; //Sphere-Sphere collision detection
    bool isColliding(const Plane& plane) const; //Sphere-Plane collision detection
};
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Sphere::Sphere(Vector centre, float radius) : centre(centre), radius(radius) {}

bool Sphere::isColliding(const Sphere& other) const 
{
    float distance = centre.pToPDistance(other.centre);
    return distance <= (radius + other.radius);
}

bool Sphere::isColliding(const Plane& plane) const 
{
    float distance = plane.PointDistance(centre);
    return distance <= radius;
}

[bookmark: _Toc155550832]Plane.cpp#include "plane.h"
#include <cmath>
#include <string>
using namespace std;

Plane::Plane(Vector normalVector, Vector pointOnPlane)
    : normal(normalVector), P0(pointOnPlane) {}

void Plane::Normalise()
{
    //Normalising the plane's normal vector
    float magnitude = sqrt(normal.x * normal.x + normal.y * normal.y + normal.z * normal.z);
    if (magnitude != 0)
    {
        normal.Scale(1.0f / magnitude);
    }
}

float Plane::PointDistance(const Vector& point) const
{
    //Calculating the numerator of the point-to-plane distance formula
    float numerator = normal.x * (point.x - P0.x) + normal.y * (point.y - P0.y) + normal.z * (point.z - P0.z);
    //Calculating and returning the distance
    return abs(numerator) / sqrt(normal.x * normal.x + normal.y * normal.y + normal.z * normal.z);
}

string Plane::PointPosition(const Vector& point) const
{
    //Calculating the distance between a point and the plane
    float distance = PointDistance(point);
    //Establishing the point's position in relation to the plane
    if (distance == 0)
    {
        return "On the plane";
    }
    else if (distance > 0)
    {
        return "In front of the plane";
    }
    else
    {
        return "Behind the plane";
    }
}

Vector Plane::CalculateNormal(const Vector& vec1, const Vector& vec2)
{
    //Method to calculate the normal vector when there are two vectors on the plane
    Vector normalVector(vec1.y * vec2.z - vec1.z * vec2.y,
        vec1.z * vec2.x - vec1.x * vec2.z,
        vec1.x * vec2.y - vec1.y * vec2.x);
    normalVector.Normalise(); // Normalising the normal vector
    return normalVector;
}

bool Plane::isPointOnPlane(const Vector& point) const 
{
    //Method to calculate if the point is on the plane or not
    float distance = PointDistance(point);
    return abs(distance) < 0.0001; 
}

[bookmark: _Toc155550833]Plane.h#pragma once
#include "vector.h"
#include <string>
using namespace std;

class Plane 
{
private:
    Vector normal;
    Vector P0;

public:
    Plane(Vector normalVector, Vector pointOnPlane);
    void Normalise();
    float PointDistance(const Vector& point) const;
    string PointPosition(const Vector& point) const;
    static Vector CalculateNormal(const Vector& vec1, const Vector& vec2);
    bool isPointOnPlane(const Vector& point) const; //Method to check if a point is on the plane or not
};

[bookmark: _Toc155550834]Vector.h#pragma once
using namespace std;

class Vector
{
public:
    //Constructors used:
    Vector(float x, float y, float z);
    Vector(); //Default constructor

    //Made public so that they can be easily accessible
    float x;
    float y;
    float z;

    //Methods used:
    void Scale(float s);
    void Add(Vector& v1);
    void Add(Vector& v1, Vector& v2);
    Vector getVector();
    float pToPDistance(const Vector& other) const;
    float pToPDistanceSqrd(const Vector& other) const;
    void Normalise(); //The Normalising method
};

[bookmark: _Toc155550835]Vector.cpp#include "vector.h"
#include <cmath>
using namespace std;

Vector::Vector(float myx, float myy, float myz)
    : x(myx), y(myy), z(myz) {}

Vector::Vector() : x(0), y(0), z(0) {}

void Vector::Normalise() 
{
    // Normalising the vector
    float magnitude = sqrt(x * x + y * y + z * z);
    if (magnitude != 0) 
    {
        x /= magnitude;
        y /= magnitude;
        z /= magnitude;
    }
}

void Vector::Scale(float s) //Scales the vector by the scalar
{
    x = s * x;
    y = s * y;
    z = s * z;
}

void Vector::Add(Vector& v1) //Adds the components from another vector to this one
{
    x = x + v1.x;
    y = y + v1.y;
    z = z + v1.z;
}

void Vector::Add(Vector& v1, Vector& v2) //Adds v1 and v2 together and then stores the result as v1
{
    v1.x = v2.x + v1.x;
    v1.y = v2.y + v1.y;
    v1.z = v2.z + v1.z;
}

Vector Vector::getVector() //Creates a new vector object with the same x, y, z components as the current vector
{
    return Vector(x, y, z);
}

float Vector::pToPDistance(const Vector& other) const //Calculates the distance between current vector and another vector
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return sqrt(dx * dx + dy * dy + dz * dz);
}

float Vector::pToPDistanceSqrd(const Vector& other) const //Same as above, however, the answer is then squared
{
    float dx = x - other.x;
    float dy = y - other.y;
    float dz = z - other.z;
    return dx * dx + dy * dy + dz * dz;
}
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//Methods within the Vector class:
Elvoid Vector::Scale(float s) //Scales the vector by the scalar

X = s * X;

y=s*y;
z=5s % z;
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The distance between Vector 1 and Vector 2 is: 7.48331
The square of that distance is: 56
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public:

Plane(Vector normalVector, Vector pointOnPlane); //Initialising the norma
void Normalise(); //Normalising the plane's normal vector

float PointDistance(const Vector& point) const; //Calculating the distance
std::string PointPosition(const Vector& point) const; //Determining the p
static Vector CalculateNormal(const Vector& vecl, const Vector& vec2); //I
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1Plane: :Plane(Vector normalVector, Vector pointOnPlane)
| : normal(normalVector), P@(pointOnPlane) {}
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Jvoid Plane::Normalise()

i

//Calculating the magnitude of the normal vector
float magnitude = sqrt(normal.x * normal.x + normal.y * normal.y + normal.z * normal.z);
if (magnitude != ©)
i

//1fithe magnitude is not zero, it will normalise the normal vector

1

| normal.Scale(1l.ef / magnitude);
3
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//Plane definitions

Vector normal(l, 1, 1);

Vector pointOnPlane(®, 0, 0);
Plane plane(normal, pointOnPlane);

//Normalizing the plane's normal vector
plane.Normalise();

//Calculating the normal vector given two vectors
Vector calculatedNormal = Plane::CalculateNormal(vl, v2);

//Checking the position of V1 relative to the plane (in front, behind or on)
string position = plane.PointPosition(v1l);
cout << "The position of V1 relative to the plane is: " << position << endl;
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Distance between points: 7.48331
Squared distance between points: 56
The position of V1 relative to the plane is: In front of the plane
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//Defining the centres of the spheres
Vector centrel(l, 2, 3);
Vector centre2(2, 3, 4);

//Creating the spheres with using both the radius and the centre
Sphere spherel(centrel, 2.0);
Sphere sphere2(centre2, 1.5
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//Checking for collision between the spheres
if (spherel.isColliding(sphere2))

{

i cout << "Collision detected!" << endl;
}

else

{
i cout << "No collision." << endl;
}
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Elclass Sphere

i

private:

i Vector centre; //Centre of the sphere
i float radius; //Radius of the sphere
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//Checking if there has been a collision
-bool Sphere::isColliding(const Sphere& other) const
i

float distance = centre.pToPDistance(other.centre);
return distance <= (radius + other.radius);
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//Defining the centres of the spheres
Vector centrel(l, 2, 3);
Vector centre2(2, 3, 4);

//Creating the spheres with using both the radius and the centre
Sphere spherel(centrel, 2.0);
Sphere sphere2(centre2, 1.5);
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Collision detected!




image16.png
//Sphere to

if (spherel.

i
i cout <<
3

else

cout <<

Plane collision test
isColliding(myPlane))

"Collision between sphere 1 and plane detected!" <<

"No collision between sphere 1 and plane." << endl;

.isColliding(myPlane))

"Collision between sphere 2 and plane detected!" <<

"No collision between sphere 2 and plane." << endl;

endl;

endl;
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bool isColliding(const Sphere& other) const; //Sphere-Sphere collision detection
bool isColliding(const Plane& plane) const; //Sphere-Plane collision detection
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Jbool Sphere::isColliding(const Sphere& other) const

float distance = centre.pToPDistance(other.centre);
return distance <= (radius + other.radius);

)

Ibool Sphere::isColliding(const Plane& plane) const

float distance = plane.PointDistance(centre);
return distance <= radius;

)
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Distance between points: 7.48331

Squared distance between points: 56

The position of V1 relative to the plane is: In front of the plane
Collision between spheres detected!

Collision between sphere 1 and plane detected!

Collision between sphere 2 and plane detected!
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//Creating the vectors
Vector vi(1, 2, 3);
Vector v2(2, 3, 4

//Scaling v1
vl.Scale(2);
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//Methods used:

void Scale(float s);

void Add(Vector& vi);

void Add(Vector& vl, Vector& v2);

Vector getVector();

float pToPDistance(const Vector& other) const; //Calculate distance between two points

float pToPDistanceSqrd(const Vector& other) const; //Calculate squared distance between two points




