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Distance Between two points
The distance between two points is calculated by using Pythagoras theorem. The way this works is by taking the difference between each value (x, y, z) in both points and squaring them before adding them together and taking the square root of the result, doing this calculates the distance by treating it as a hypotenuse of a right angled triangle and solving for it. 




This is an example of calculating the distance between two points




This is the equation for calculating the distance between two points [1]



[image: ]
 This is my code for calculating the distance between two points


	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Positive Numbers: ((1,2,3) (4,5,6))
	5.196152
	5.19615
	PASS

	2
	Negative Numbers: ((1,-2,-3) (-4,5,6))
	12.4499
	12.4499
	PASS

	3
	Large Numbers: ((27,173,59) (284,68,1934))
	1895.441637
	1895.44
	PASS



Distance Between two points squared
The distance between two points squared is calculated in the same way as non-squared, however the final step of taking the square root of the number is skipped. [image: ]
This is my code for calculating the distance between two points squared


This is the equation for calculating the distance between two points squared





This is the equation for calculating the distance between two points squared


	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Positive Numbers: ((1,2,3) (4,5,6))
	27
	27
	PASS

	2
	Negative Numbers: ((1,-2,-3) (-4,5,6))
	155
	155
	PASS

	3
	Large Numbers: ((27,173,59) (284,68,1934))
	3592699
	3.5927e+06
	PASS









Normalize Plane Normal Vector
To normalize a vector, each value must be divided by the length (magnitude) of the vector. The length of the vector is calculated by squaring each value, adding them together and then taking the square root of the result, this will provide a scaler result which is used in the normalizing.[image: ]
This is my code for calculating the length of a vector and normalizing a vector


This is the equation for calculating the length of a vector [2]


This is the equation for normalizing a vector

v = 








This is an example of normalizing a vector




	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Positive Numbers: (1,2,3)
	
	
	PASS

	2
	Negative Numbers: (1,-2,-3)
	
	
	PASS

	3
	Large Numbers: (284,68,1934)
	
	
	PASS











Calculating Plane Normal
To calculate the plane normal from two points, the cross product of the points must be calculated, this is because the resulting vector will be orthogonal (perpendicular) to the plane.

This is the equation for calculating the cross product of two vectors [3]
a = 
b = 




This is an example of calculating the cross product of two vectors




[image: ]
This is my code for calculating the length of a vector and normalizing a vector










	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Positive Numbers: ((1,2,3) (4,5,6))
	
	
	PASS

	2
	Negative Numbers: ((1,-2,-3) (-4,5,6))
	
	
	PASS

	3
	Large Numbers: ((27,173,59) (284,68,1934))
	
	
	PASS














Point Distance from a Plane & Relative Position
To calculate the distance of a point from a plane, you must first calculate D from the plane equation. To do this, the dot product between p0 and the normalized plane normal is calculated, however instead of adding each value together, the inverse of each value is added together. With this, the distance from the plane can be calculated by adding D to the dot product of the normalized plane normal and the point that is having its distance measured.
	P0 = 	n = 












This is an example of calculating the distance of a point from a plane

This is the equation for calculating D when you have p0 and a normal

This is the equation for calculating the distance of a point from a plane











[image: ]
This is my code for calculating the length of a vector and normalizing a vector


To work out the position of the point relative to the plane, you take the distance and compare whether it is positive, negative, or exactly 0. If it is positive, the point is above the plane, if negative, the point is below the plane, and if the distance is exactly 0, the point lies on the plane. 

	Test Number
	Description
	Expected Result
	Actual Result
	Pass/Fail

	1
	Above the plane:
 (p0 = (1,2,3) p1 = (4,5,6) p3 = (31,64,22)
	30.6186
Above
	30.6186
Above
	PASS

	2
	Below the plane:
 (p0 = (1,2,3) p1 = (4,5,6)) p3= (-16,-35,-41)
	-5.30723
Below
	-5.30723
Below
	PASS

	3
	On the plane: 
(p0 = (1,2,3) p1 = (4,5,6) p3 = (7,8,9)
	0
On Plane
	0
On Plane
	PASS



Code Printout – Source.cpp#include "Vector.h"
#include "Plane.h"
#include <iostream>
#include <string>

using namespace std;

void distTest();
void normalizeTest();
void planeNormalTest();
void planeTest();


int main()
{
mainMenu:
	system("CLS");
	int userInput = 0;

	cout << "\t" << "====MAIN MENU====" << endl << endl << "Use number to navigate" << endl << "1: Distance between two points Test" << endl << "2: Normalizing Test" << endl << "3: Plane Normal Test" << endl << "4: Plane Test" << endl << "5: Exit" << endl;

	cin >> userInput;
	switch (userInput)
	{
	case 1: {distTest(); goto mainMenu; }
	case 2: {normalizeTest(); goto mainMenu; }
	case 3: {planeNormalTest(); goto mainMenu; }
	case 4: {planeTest(); goto mainMenu; }
	case 5: {exit(0); }
	default:
	{
		cout << endl << "Error, please try again" << endl;
		system("pause");
		goto mainMenu;
	}
	}
	goto mainMenu;
}

void distTest()
{
	system("CLS");

	cout << endl << "Point 1:" << endl;
	Vector v1 = v1.vectorInput();
	cout << endl << "Point 2:" << endl;
	Vector v2 = v2.vectorInput();

	float dist;
	float distSqrd;

	dist = v1.pToPDistance(v2);
	distSqrd = v1.pToPDistanceSqrd(v2);

	cout << endl << "Point 1: "; v1.displayVector(); cout << endl << "Point 2: "; v2.displayVector(); cout << endl;
	cout << endl << "The distance between the points is: " << dist << endl << "The distance between the points squared is: " << distSqrd << endl << endl;

	system("pause");
	return;
}

void normalizeTest()
{
	system("CLS");

	cout << endl << "Vector to normalize:" << endl;
	Vector v1 = v1.vectorInput();

	system("CLS");

	cout << endl << "The original vector is: "; v1.displayVector(); cout << endl;
	v1.normalize(v1.length());
	cout << endl << "The normalized vector is: "; v1.displayVector(); cout << endl << endl;

	system("pause");
	return;
}
void planeNormalTest()
{

	system("CLS");

	cout << endl << "This vector will be p0" << endl;
	Vector v1 = v1.vectorInput();
	cout << endl << "This vector will be used to calculate the normal with p0" << endl;
	Vector v2 = v2.vectorInput();

	Plane p1;

	p1.setP0(v1.getX(), v1.getY(), v1.getZ());
	p1.calcPlaneNormal(v1, v2);

	Vector tempNormal = p1.getPlaneNormal();

	cout << endl << "p0 is: "; p1.getP0().displayVector();
	cout << endl << "The plane normal is: "; tempNormal.displayVector(); cout << endl << endl;

	system("pause");
	return;
}
void planeTest()
{
	system("CLS");

	cout << endl << "This vector will be p0" << endl;
	Vector v1 = v1.vectorInput();
	cout << endl<< "This vector will be used to calculate the normal with p0" << endl;
	Vector v2 = v2.vectorInput();
	cout << endl << "This vector will be the point that is compared to the plane to calculate distance" << endl;
	Vector point = point.vectorInput();
	Plane p1;
	
	p1.setP0(v1.getX(),v1.getY(),v1.getZ());
	p1.calcPlaneNormal(v1, v2);
	p1.normalizePlaneNormal();

	float tempDistance = p1.getPlaneDist(point);
	Vector tempNormal = p1.getPlaneNormal();

	cout << endl << "p0 is: "; p1.getP0().displayVector();
	cout << endl << "The normalized plane normal is: "; tempNormal.displayVector();
	cout << endl << "The point is: "; point.displayVector(); cout << endl;
	cout << endl << "The distance of the point from the plane is: " << tempDistance << endl;
	p1.getPointPos(point);

	system("pause");
	return;
}



Code Printout – Vector.h#pragma once


#ifndef VECTOR_H
#define VECTOR_H

using namespace std;

class Vector

{
public:

	//construct
	Vector(float x, float y, float z);
	Vector(void);
	void Scale(float s);
	void Add(Vector& v1);
	void Add(Vector& v1, Vector& v2);
	Vector getVector(void);
	float pToPDistance(Vector& v2);
	float pToPDistanceSqrd(Vector& v2);
	Vector Subtract(Vector& v2);
	float dotProduct(Vector& v2);
	Vector crossProduct(Vector& v2);
	float length(void);
	Vector normalize(float length);
	float getX(void);
	float getY(void);
	float getZ(void);
	Vector vectorInput(void);
	void displayVector(void);

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


Code Printout – Plane.h#pragma once
#include "Vector.h"

using namespace std;

class Plane
{
public:
	Plane(void);
	void setP0(float x, float y, float z);
	Vector getP0(void);
	void setPlaneNormal(float x, float y, float z);
	void calcPlaneNormal(Vector& v1, Vector &v2);
	void normalizePlaneNormal(void);
	Vector getPlaneNormal(void);
	float getPlaneDist(Vector& v1);
	void getPointPos(Vector& v1);

private:
	Vector p0;
	Vector planeNormal;

};



Code Printout – Vector.cpp#include "vector.h"
#include <cmath>
#include <iostream>

//construct
Vector::Vector(void) 
{
	x = 0;
	y = 0;
	z = 0;
};
Vector::Vector(float myx, float myy, float myz)
{
	x = myx;
	y = myy;
	z = myz;
}
void Vector::Scale(float s)
{
	x = s * x;
	y = s * y;
	z = s * z;
}
void Vector::Add(Vector& v1, Vector& v2)
{
	v1.x = v2.x + v1.x;
	v1.y = v2.y + v1.y;
	v1.z = v2.z + v1.z;
}
Vector Vector::getVector(void)
{
	return Vector(x, y, z);
}
float Vector::pToPDistance(Vector& v2)
{
	return sqrt(pow((x)-(v2.x), 2) + pow((y)-(v2.y), 2) + pow((z)-(v2.z), 2));
}
float Vector::pToPDistanceSqrd(Vector& v2)
{
	return pow((x)-(v2.x), 2) + pow((y)-(v2.y), 2) + pow((z)-(v2.z), 2);
}
Vector Vector::Subtract(Vector& v2)
{
	Vector tempVector((x - v2.x), (y - v2.y), (z - v2.z));
	return tempVector;
}
float Vector::dotProduct(Vector& v2)
{
	return ((x * v2.x) + (y * v2.y) + (z * v2.z));
}
Vector Vector::crossProduct(Vector& v2)
{
	float tempX = (((y) * (v2.z)) - ((z) * (v2.y)));
	float tempY = (((z) * (v2.x)) - ((x) * (v2.z)));
	float tempZ = (((x) * (v2.y)) - ((y) * (v2.x)));

	Vector v3(tempX, tempY, tempZ);
	return v3;
}
float Vector::length(void)
{
	return sqrt(pow((x), 2) + pow((y), 2) + pow((z), 2));
}
Vector Vector::normalize(float length)
{
	x = ((x) / (length));
	y = ((y) / (length));
	z = ((z) / (length));

	Vector returnVector(x,y,z);
	return returnVector;
}
float Vector::getX(void)
{
	return x;
}
float Vector::getY(void)
{
	return y;
}
float Vector::getZ(void)
{
	return z;
}
void Vector::Add(Vector& v1)
{
	x = x + v1.x;
	y = y + v1.y;
	z = z + v1.z;
}
Vector Vector::vectorInput(void)
{
	float tempX = 0;
	float tempY = 0;
	float tempZ = 0;
	char separator;

	cout << endl << "Enter the values for the vector. (format: x,y,z)" << endl;
	cin >> tempX >> separator >> tempY >> separator >> tempZ;
	Vector v1(tempX, tempY, tempZ);

	system("CLS");
	return v1;
}
void Vector::displayVector(void)
{
	cout << getX() << " " << getY() << " " << getZ();
	return;
}

Code Printout – Plane.cpp#include "Plane.h"
#include "Vector.h"
#include <iostream>

Plane::Plane(void)
{
}

void Plane::setP0(float x, float y, float z)
{
	Vector temp(x, y, z);
	p0 = temp;
}

Vector Plane::getP0(void)
{
	return p0;
}

void Plane::setPlaneNormal(float x, float y, float z)
{
	Vector temp(x, y, z);
	planeNormal = temp;
}

void Plane::calcPlaneNormal(Vector& v1, Vector& v2)
{
	Vector temp = v1.crossProduct(v2);
	planeNormal = temp;
}

void Plane::normalizePlaneNormal(void)
{
	planeNormal.normalize(planeNormal.length());
}

Vector Plane::getPlaneNormal(void)
{
	return planeNormal;
}

float Plane::getPlaneDist(Vector& v1)
{

	float tempD = 0;
	float distance = 0;

	tempD = (-(planeNormal.getX() * (p0.getX())) + -(planeNormal.getY() * (p0.getY())) + -(planeNormal.getZ() * (p0.getZ())));
	distance = (((planeNormal.dotProduct(v1)) + (tempD)));

	if (distance > -0.01 && distance < 0.01) { distance = 0; }
	return distance;
}

void Plane::getPointPos(Vector& v1)
{
	if (getPlaneDist(v1) > 0) { cout << "The point is above the plane." << endl; }
	else if (getPlaneDist(v1) < 0) { cout << "The point is below the plane." << endl; }
	else { cout << "The point is on the plane." << endl; }
}
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