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[bookmark: _Toc509962977]Introduction
The brief was to create a museum and art gallery walkthrough using OpenGL, incorporating several features, including:
· Rooms with walls and textures
· Lighting
· Animated objects, such as a rotating ceiling fan, a clock, rotating sculpture composed of more than one object, etc. with shading
· Keyboard and/or mouse control for movement
[bookmark: _Toc509962978]Room Structure
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[bookmark: _Toc509962956]Figure 1: Room Structure
This is the structure of the room, drawn using MS Paint. The room is drawn using a series of thin boxes for each of the components, such as the walls, floor and ceiling. A door separates the 2 rooms.
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[bookmark: _Toc509962957]Figure 2: Lighting on objects
Lighting is shown on the table and teapot, using a combination of ambient and diffuse lighting techniques. The box is the same colour, but lighting has cast a shadow over aspects, hence the shading.
[bookmark: _Toc509962980]Textures & Data Files
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[bookmark: _Toc509962958]Figure 3: Importing data files for use as textures
Here, textures have been applied to objects to provide colour and meaning to objects, such as the floor, walls and door. These have been imported into the application using the following code, which has been adapted from class exercises:
[image: ]
[bookmark: _Toc509962959]Figure 4: Importing BMP files for use as textures
Sources include the bitmap file code, which is taken from a class exercise/ tutorial session to import the files for the textures. The texture sources: [1]–[6]
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[bookmark: _Toc509962960]Figure 5: Object animation using a teapot
The teapot and the box it is on rotate, as if it is part of an exhibition display. The code is an openGL function, and is as follows:
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[bookmark: _Toc509962961]Figure 6: Rotating objects code
[bookmark: _Toc509962982]Keyboard & Mouse Control
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[bookmark: _Toc509962962]Figure 7: Code snippet from keyboard function
This is used within the application to navigate around the scene. The keyboard controls use the ‘w’, ‘a’, ‘s’, and ‘d’ keys to navigate, and the ‘z’ and ‘x’ keys to rotate the camera angle. This is handy for those not using a mouse, such as a laptop, and is more precise and controllable method.
The keyboard control code was adapted from an existing class exercise to account for the new variable declarations and changes to the code structure.
The camera function was adapted from the keyboard code, with support from [7].
[bookmark: _Toc509962983]Algorithms, Data Structures & Methods 
The main class inherits from the ImageHandling class, which holds the reading, writing and storage of the image files, and the UserInput class, which holds the coordinates as a struct. The use of classes keeps the information in one location and reduces the amount of code in the main.cpp file. Ideally, the mouse and keyboard functions would be in the UserInput class, however, OpenGL does not handle classes, and would require a wrapper to object-orientate the code further. 

[bookmark: _Toc509962984]Code Testing
Testing is as follows:
	Test No.
	Test Description
	Passed/ Failed

	1
	Move forwards/ backwards
	Passed

	2
	Move left/ right
	Passed

	3
	Mouse moves in correct direction
	Passed

	4
	Z and X commands work correctly
	Passed

	5
	Objects rotate correctly
	Passed


[bookmark: _Toc509962950]Table 1: Test Results Table


[bookmark: _Toc509962985]User Guide
The application is a museum and art gallery walkthrough. It has the following layout:
[image: ]
[bookmark: _Toc509962963]Figure 8: Floor plan
You can navigate around the scene using the following commands:
· A – Strafe left
· S – Move backwards
· D – Strafe right
· W – Move forwards
· Z – Rotate left
· X – Rotate right 
· Mouse movement – Can be used as an alternative to the Z and X keys
· P – Full screen
· O – Exit application
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#pragma once

typedef struct Coords
{
	Coords()
	{
		x = 0;
		y = 0;
		z = 0;
	}

	// Initialise the constructor
	Coords(float newX, float newY, float newZ)
	{
		x = newX;
		y = newY;
		z = newZ;
	}

	// Overloaded common operations
	Coords add(Coords pos, float constant) 
	{ 
		return Coords(pos.x + x, pos.y + y, pos.z + z); 
	}
	Coords minus(Coords pos)
	{ 
		return Coords(x - pos.x, y - pos.y, z - pos.z); 
	}
	Coords multiply(float number) 
	{ 
		return Coords(x*number, y*number, z*number); 
	}
	Coords divide(float number) 
	{ 
		return Coords(x / number, y / number, z / number); 
	}

	float x, y, z; // Coordinates
} Coords;

class UserInput
{
public:
	// Positions and camera angle
	Coords cameraPos;
	float cameraAngle = 0.0f;
	Coords viewPos;
	Coords upPos;

	// Methods
	UserInput();
	~UserInput();
	void SetPositions();
};
[bookmark: _Toc509962989]UserInput.cpp
#include "UserInput.h"
#include <Windows.h>
#include "glut.h"

UserInput::UserInput()
{
	SetPositions();
}


UserInput::~UserInput()
{
}

// Set Positions: Set the camera positions
void UserInput::SetPositions()
{
	cameraPos = Coords(0.0f, 2.0f, 5.0f);
	viewPos = Coords(0.0f, 2.0f, -1.0f);
	upPos = Coords(0.0f, 1.0f, 0.0f);
}
[bookmark: _Toc509962990]ImageHandling.h
#pragma once
#define BITMAP_ID 0x4D42		// the universal bitmap ID
#include <windows.h>
#include <stdio.h>

class ImageHandling
{

public:
	BITMAPINFOHEADER	bitmapInfoHeader;	// bitmap info header (needs windows.h to define type)
	BITMAPFILEHEADER	bitmapFileHeader;	// bitmap file header
	unsigned char*		bitmapData;			// the texture data
	ImageHandling();
	~ImageHandling();
	unsigned char *LoadBitmapFile(char *filename);
	int WriteBitmapFile(char *filename, int width, int height, unsigned char *imageData);
};
[bookmark: _Toc509962991]ImageHandling.cpp
#include "ImageHandling.h"



ImageHandling::ImageHandling()
{
}


ImageHandling::~ImageHandling()
{
}

// LoadBitmapFile: Returns a pointer to the bitmap image and the its header information
unsigned char* ImageHandling::LoadBitmapFile(char *filename)
{
	FILE *filePtr;							// the file pointer
	BITMAPFILEHEADER	bitmapFileHeader;	// bitmap file header
	unsigned char		*bitmapImage;		// bitmap image data
	int					imageIdx = 0;		// image index counter
	unsigned char		tempRGB;			// swap variable

	// open filename in "read binary" mode
	filePtr = fopen(filename, "rb");
	if (filePtr == NULL)
		return NULL;

	// read the bitmap file header
	fread(&bitmapFileHeader, sizeof(BITMAPFILEHEADER), 1, filePtr);

	// verify that this is a bitmap by checking for the universal bitmap id
	if (bitmapFileHeader.bfType != BITMAP_ID)
	{
		fclose(filePtr);
		return NULL;
	}

	// read the bitmap information header
 	fread(&bitmapInfoHeader, sizeof(BITMAPINFOHEADER), 1, filePtr);

	// move file pointer to beginning of bitmap data
	fseek(filePtr, bitmapFileHeader.bfOffBits, SEEK_SET);

	// allocate enough memory for the bitmap image data
	bitmapImage = (unsigned char*)malloc(bitmapInfoHeader.biSizeImage);	

	// verify memory allocation
	if (!bitmapImage)
	{
		free(bitmapImage);
		fclose(filePtr);
		return NULL;
	}

	// read in the bitmap image data
	fread(bitmapImage, 1, bitmapInfoHeader.biSizeImage, filePtr);

	// make sure bitmap image data was read
	if (bitmapImage == NULL)
	{
		fclose(filePtr);
		return NULL;
	}

	// swap the R and B values to get RGB since the bitmap color format is in BGR
	for (imageIdx = 0; imageIdx < bitmapInfoHeader.biSizeImage; imageIdx += 3)
	{
		tempRGB = bitmapImage[imageIdx];
		bitmapImage[imageIdx] = bitmapImage[imageIdx + 2];
		bitmapImage[imageIdx + 2] = tempRGB;
	}

	// close the file and return the bitmap image data
	fclose(filePtr);
	bitmapData = bitmapImage;
	return bitmapImage;
}

// WriteBitmapFile: Takes image data and saves it into a 24-bit RGB .BMP file with width X height dimensions
int ImageHandling::WriteBitmapFile(char *filename, int width, int height, unsigned char *imageData)
{
	FILE			 *filePtr;		// file pointer
	int				 imageIdx;		// used for swapping RGB->BGR
	unsigned char	 tempRGB;		// used for swapping

	// open file for writing binary mode
	filePtr = fopen(filename, "wb");
	if (!filePtr)
		return 0;

	// define the bitmap file header
	bitmapFileHeader.bfSize = sizeof(BITMAPFILEHEADER);
	bitmapFileHeader.bfType = 0x4D42;
	bitmapFileHeader.bfReserved1 = 0;
	bitmapFileHeader.bfReserved2 = 0;
	bitmapFileHeader.bfOffBits = sizeof(BITMAPFILEHEADER) + sizeof(BITMAPINFOHEADER);

	// define the bitmap information header
	bitmapInfoHeader.biSize = sizeof(BITMAPINFOHEADER);
	bitmapInfoHeader.biPlanes = 1;
	bitmapInfoHeader.biBitCount = 24;					// 24-bit
	bitmapInfoHeader.biCompression = BI_RGB;			// no compression
	bitmapInfoHeader.biSizeImage = width * abs(height) * 3;	// width * height * (RGB bytes)
	bitmapInfoHeader.biXPelsPerMeter = 0;
	bitmapInfoHeader.biYPelsPerMeter = 0;
	bitmapInfoHeader.biClrUsed = 0;
	bitmapInfoHeader.biClrImportant = 0;
	bitmapInfoHeader.biWidth = width;					// bitmap width
	bitmapInfoHeader.biHeight = height;					// bitmap height

	// switch the image data from RGB to BGR
	for (imageIdx = 0; imageIdx < bitmapInfoHeader.biSizeImage; imageIdx += 3)
	{
		tempRGB = imageData[imageIdx];
		imageData[imageIdx] = imageData[imageIdx + 2];
		imageData[imageIdx + 2] = tempRGB;
	}

	// write the bitmap file header
	fwrite(&bitmapFileHeader, 1, sizeof(BITMAPFILEHEADER), filePtr);

	// write the bitmap info header
	fwrite(&bitmapInfoHeader, 1, sizeof(BITMAPINFOHEADER), filePtr);

	// write the image data
	fwrite(imageData, 1, bitmapInfoHeader.biSizeImage, filePtr);

	// close file and return
	fclose(filePtr);
	return 1;
}
[bookmark: _Toc509962992]Main.cpp
// Includes
#include <math.h>
#include <array>
#include <stdio.h>
#include <windows.h>
#include <stdlib.h>
#include <iostream>
#include "glut.h"

#include "ImageHandling.h"
#include "UserInput.h"

// Object array, texture information and global variables
static int objMax = 18;
float objArr[18][2][3];
static GLuint texnum[9]; // array of texture object names
float globAngle = 0; // global angle for rotating object
UserInput in;

// Function prototypes
void Init(void);
void Display(void);
void SpinDisplay(void);
void DrawBox(float w, float h, float l, int textureNumber);
void Reshape(int w, int h);
void ObjInit(void);
void LoadTextures(void);
void Keyboard(unsigned char key, int x, int y);
void MouseCameraMovement(int x, int y);

// Lighting variables
float ambientLight[] = {1.0f, 1.0f, 1.0f, 1.0f  };	// ambient light
float diffuseLight[] = {1.0f, 1.0f, 1.0f, 1.0f };	// diffuse light
float lightPosition[] = {10.0f, 100.0f, 10.0f, 0.0f };	// the light position

// Material variables
float matAmbientWhite[] = { 0.1f, 0.1f, 0.1f, 1.0f };
float matDiffWhite[] = { 0.1f, 0.1f, 0.1f, 1.0f }; 
float matAmbientLight[] = { 0.3f, 0.3f, 0.3f, 1.0f };
float matDiffLight[] = { 0.3f, 0.3f, 0.3f, 1.0f };
float matAmbientDark[] = { 0.7f, 0.7f, 0.7f, 1.0f };
float matDiffDark[] = { 0.7f, 0.7f, 0.7f, 1.0f };

// Window dimensions
static int winW = 500;
static int winH = 500;

// look direction and last mouse x
int lastX = 10;
int lastY = 10;
int theta = 0;

// Init: Initialises the OpenGL features
void Init()
{
	glClearColor(1.0f, 1.0f, 1.0f, 0.0f); // clears colour buffer to to white
	glEnable(GL_DEPTH_TEST);			  // hidden surface removal
	glEnable(GL_CULL_FACE);				  // do not calculate inside of polygrams
	glFrontFace(GL_CCW);				  // exclude counter clock-wise polygons

	// Lighting
    glEnable(GL_SMOOTH);
	glEnable(GL_LIGHTING);

	// Setup the materials for LIGHT0
	glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);
	glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);

	// Now setup LIGHT0
	glLightfv(GL_LIGHT0, GL_AMBIENT, ambientLight);		// setup the ambient element
	glLightfv(GL_LIGHT0, GL_DIFFUSE, diffuseLight);		// the diffuse element
	glLightfv(GL_LIGHT0, GL_POSITION, lightPosition);	// place the light in the world

	// Enable the light and 2D texturing
	glEnable(GL_LIGHT0);
	glEnable(GL_TEXTURE_2D);

	glGenTextures(9, texnum);                  // generate texture objects
	ObjInit();
	LoadTextures();
}

// Load Images: Loads the images as textures
void LoadTextures()
{
	// Load in the bitmap files - Floor
	ImageHandling floor;
	floor.LoadBitmapFile("floor.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[0]);   // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, floor.bitmapInfoHeader.biWidth,
		floor.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, floor.bitmapData);


	//Load in the bitmap files - Left wall
	ImageHandling LeftWall;
	LeftWall.LoadBitmapFile("leftWall.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[1]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, LeftWall.bitmapInfoHeader.biWidth,
		LeftWall.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, LeftWall.bitmapData);


	//Load in the bitmap files - Right wall
	ImageHandling RightWall;
	LeftWall.LoadBitmapFile("rightWall.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[2]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, RightWall.bitmapInfoHeader.biWidth,
		RightWall.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, RightWall.bitmapData);


	//Load in the bitmap files - Back wall 1
	ImageHandling backWall1;
	backWall1.LoadBitmapFile("walls-2.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[3]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, backWall1.bitmapInfoHeader.biWidth,
		backWall1.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, backWall1.bitmapData);


	//Load in the bitmap files - Back wall 2
	ImageHandling backWall2;
	backWall2.LoadBitmapFile("walls-3.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[4]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, backWall2.bitmapInfoHeader.biWidth,
		backWall2.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, backWall2.bitmapData);


	//Load in the bitmap files - Porcelain
	ImageHandling porcelain;
	porcelain.LoadBitmapFile("porcelain.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[5]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, porcelain.bitmapInfoHeader.biWidth,
		porcelain.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, porcelain.bitmapData);


	//Load in the bitmap files - Teapot1
	ImageHandling teapot1;
	teapot1.LoadBitmapFile("teapotTex1.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[6]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, teapot1.bitmapInfoHeader.biWidth,
		teapot1.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, teapot1.bitmapData);


	//Load in the bitmap files - Teapot2
	ImageHandling teapot2;
	teapot2.LoadBitmapFile("teapotTex2.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[7]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, teapot2.bitmapInfoHeader.biWidth,
		teapot2.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, teapot2.bitmapData);


	//Load in the bitmap files - Door
	ImageHandling door;
	door.LoadBitmapFile("door.bmp");
	glBindTexture(GL_TEXTURE_2D, texnum[8]);       // enable our texture object

	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
	glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_NEAREST);

	// generate the texture image
	glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, door.bitmapInfoHeader.biWidth,
		door.bitmapInfoHeader.biHeight, 0, GL_RGB, GL_UNSIGNED_BYTE, door.bitmapData);
}

// DrawBox: Draws a box based on width, height, and depth parameters
void DrawBox(float w, float h, float l, int textureNumber)
{
	glPushMatrix();       //save modelview 
	w = w / 2.0; h = h / 2.0; l = l / 2.0; //adjust values so centre is in middle of box
	glBindTexture(GL_TEXTURE_2D, texnum[textureNumber]); // enables the texture object
	glBegin(GL_POLYGON);
		glNormal3f(0.0f, 1.0f, 0.0f);	// top face
		glTexCoord2f(0.0f, 0.0f); glVertex3f(w, l, h);
		glTexCoord2f(1.0f, 0.0f); glVertex3f(w, l, -h);
		glTexCoord2f(1.0f, 1.0f); glVertex3f(-w, l, -h);
		glTexCoord2f(0.0f, 1.0f); glVertex3f(-w, l, h);
	glEnd();

	glBegin(GL_POLYGON);
		glNormal3f(0.0f, 0.0f, 1.0f);	// front face
		glTexCoord2f(0.0f, 0.0f); glVertex3f(w, l, h);
		glTexCoord2f(1.0f, 0.0f); glVertex3f(-w, l, h);
		glTexCoord2f(1.0f, 1.0f); glVertex3f(-w, -l, h);
		glTexCoord2f(0.0f, 1.0f); glVertex3f(w, -l, h);
	glEnd();

	glBegin(GL_POLYGON);
		glNormal3f(1.0f, 0.0f, 0.0f);	// right face
		glTexCoord2f(0.0f, 0.0f); glVertex3f(w, l, h);
		glTexCoord2f(1.0f, 0.0f); glVertex3f(w, -l, h);
		glTexCoord2f(1.0f, 1.0f); glVertex3f(w, -l, -h);
		glTexCoord2f(0.0f, 1.0f); glVertex3f(w, l, -h);
	glEnd();
	
	glBegin(GL_POLYGON);
		glNormal3f(-1.0f, 0.0f, 0.0f);	// left face
		glTexCoord2f(0.0f, 0.0f); glVertex3f(-w, l, h);
		glTexCoord2f(1.0f, 0.0f); glVertex3f(-w, l, -h);
		glTexCoord2f(1.0f, 1.0f); glVertex3f(-w, -l, -h);
		glTexCoord2f(0.0f, 1.0f); glVertex3f(-w, -l, h);
	glEnd();

	glBegin(GL_POLYGON);
		glNormal3f(0.0f, -1.0f, 0.0f);	// bottom face
		glTexCoord2f(0.0f, 0.0f); glVertex3f(-w, -l, h);
		glTexCoord2f(1.0f, 0.0f); glVertex3f(-w, -l, -h);
		glTexCoord2f(1.0f, 1.0f); glVertex3f(w, -l, -h);
		glTexCoord2f(0.0f, 1.0f); glVertex3f(w, -l, h);
	glEnd();

	glBegin(GL_POLYGON);
		glNormal3f(0.0f, 0.0f, -1.0f);	// back face
		glTexCoord2f(0.0f, 0.0f); glVertex3f(w, -l, -h);
		glTexCoord2f(1.0f, 0.0f); glVertex3f(-w, -l, -h);
		glTexCoord2f(1.0f, 1.0f); glVertex3f(-w, l, -h);
		glTexCoord2f(0.0f, 1.0f); glVertex3f(w, l, -h);
	glEnd();

	glPopMatrix();   //restore previous modelview matrix so leaving things as you found them 
}

// Object Initialisation: Initialises object size and position
void ObjInit()
{
	// Object size/ dimensions
	// Floor
	objArr[0][0][0] = 25.0;
	objArr[0][0][1] = 25.0;
	objArr[0][0][2] = 0.01;
	// Left wall
	objArr[1][0][0] = 0.01;
	objArr[1][0][1] = 25.0;
	objArr[1][0][2] = 3.0;
	// Right wall
	objArr[2][0][0] = 0.01;
	objArr[2][0][1] = 25.0;
	objArr[2][0][2] = 3.0;
	// Left front wall
	objArr[3][0][0] = 11.5;
	objArr[3][0][1] = 0.01;
	objArr[3][0][2] = 3.0;
	// Right front wall
	objArr[4][0][0] = 11.5;
	objArr[4][0][1] = 0.01;
	objArr[4][0][2] = 3.0;
	// Box
	objArr[5][0][0] = 1.0;
	objArr[5][0][1] = 1.0;
	objArr[5][0][2] = 1.0;
	// Teapot
	objArr[6][0][0] = 0.3;
	objArr[6][0][1] = 0.3;
	objArr[6][0][2] = 0.3;
	// Door
	objArr[7][0][0] = 0.01;
	objArr[7][0][1] = 2.0;
	objArr[7][0][2] = 3.0;
	// Back wall
	objArr[8][0][0] = 25.0;
	objArr[8][0][1] = 0.01;
	objArr[8][0][2] = 3.0;
	// Ceiling
	objArr[9][0][0] = 25.0;
	objArr[9][0][1] = 25.0;
	objArr[9][0][2] = 0.01;

	// Room 2
	// Floor
	objArr[10][0][0] = 25.0;
	objArr[10][0][1] = 25.0;
	objArr[10][0][2] = 0.01;
	// Left wall
	objArr[11][0][0] = 0.01;
	objArr[11][0][1] = 25.0;
	objArr[11][0][2] = 3.0;
	// Right wall
	objArr[12][0][0] = 0.01;
	objArr[12][0][1] = 25.0;
	objArr[12][0][2] = 3.0;
	// Left front wall
	objArr[13][0][0] = 12.5;
	objArr[13][0][1] = 0.01;
	objArr[13][0][2] = 3.0;
	// Right front wall
	objArr[14][0][0] = 12.5;
	objArr[14][0][1] = 0.01;
	objArr[14][0][2] = 3.0;
	// Box
	objArr[15][0][0] = 1.0;
	objArr[15][0][1] = 1.0;
	objArr[15][0][2] = 1.0;
	// Teapot
	objArr[16][0][0] = 0.3;
	objArr[16][0][1] = 0.3;
	objArr[16][0][2] = 0.3;
	// Ceiling
	objArr[17][0][0] = 25.0;
	objArr[17][0][1] = 25.0;
	objArr[17][0][2] = 0.01;


	// Object positions
	// Floor
	objArr[0][1][0] = 0.0;
	objArr[0][1][1] = 0.0;
	objArr[0][1][2] = 0.0;
	// Left wall
	objArr[1][1][0] = -12.5;
	objArr[1][1][1] = 1.5;
	objArr[1][1][2] = 0.0;
	// Right wall
	objArr[2][1][0] = 12.5;
	objArr[2][1][1] = 1.5;
	objArr[2][1][2] = 0.0;
	// Left front wall
	objArr[3][1][0] = -6.75;
	objArr[3][1][1] = 1.5;
	objArr[3][1][2] = -12.5;
	// Right front wall
	objArr[4][1][0] = 6.75;
	objArr[4][1][1] = 1.5;
	objArr[4][1][2] = -12.5;
	// Box
	objArr[5][1][0] = 0.0;
	objArr[5][1][1] = 1.0;
	objArr[5][1][2] = 0.0;
	// Teapot
	objArr[6][1][0] = 0.0;
	objArr[6][1][1] = 1.75;
	objArr[6][1][2] = 0.0;
	// Door
	objArr[7][1][0] = 1.0;
	objArr[7][1][1] = 1.5;
	objArr[7][1][2] = -11.5;
	// Back wall
	objArr[8][1][0] = 0.0;
	objArr[8][1][1] = 1.5;
	objArr[8][1][2] = 12.5;
	// Ceiling
	objArr[9][1][0] = 0.0;
	objArr[9][1][1] = 3.0;
	objArr[9][1][2] = 0.0;

	// Room 2
	// Floor
	objArr[10][1][0] = 0.0;
	objArr[10][1][1] = 0.0;
	objArr[10][1][2] = -25.0;
	// Left wall
	objArr[11][1][0] = -12.5;
	objArr[11][1][1] = 1.5;
	objArr[11][1][2] = -25.0;
	// Right wall
	objArr[12][1][0] = 12.5;
	objArr[12][1][1] = 1.5;
	objArr[12][1][2] = -25.0;
	// Left front wall
	objArr[13][1][0] = -6.25;
	objArr[13][1][1] = 1.5;
	objArr[13][1][2] = -37.5;
	// Right front wall
	objArr[14][1][0] = 6.25;
	objArr[14][1][1] = 1.5;
	objArr[14][1][2] = -37.5;
	// Box
	objArr[15][1][0] = 0.0;
	objArr[15][1][1] = 1.0;
	objArr[15][1][2] = -25.0;
	// Teapot
	objArr[16][1][0] = 0.0;
	objArr[16][1][1] = 1.75;
	objArr[16][1][2] = -25.0;
	// Ceiling
	objArr[17][1][0] = 0.0;
	objArr[17][1][1] = 3.0;
	objArr[17][1][2] = -25.0;

	for (int objI = 0; objI < objMax; objI++)
	{
		objArr[objI][1][0] -= 0;
		objArr[objI][1][1] -= 2;
		objArr[objI][1][2] -= 3;
	}
}

// Display: Draws the scene
void Display()
{
	glPushMatrix();	
	//gluLookAt(in.cameraPos.x, in.cameraPos.y, in.cameraPos.z, in.viewPos.x, in.viewPos.y, in.viewPos.z, in.upPos.x, in.upPos.y, in.upPos.z);
	gluLookAt(0, 0, 0, sin(float(theta)*0.0175) , 0, cos(float(theta)*0.0175), in.upPos.x, in.upPos.y, in.upPos.z);
	glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);		// clear screen and depth buffer and reset modelview matrix

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[0][1][0], objArr[0][1][1], objArr[0][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[0][0][0], objArr[0][0][1], objArr[0][0][2], 0);  //draw floor
	glPopMatrix(); //restore previous "current" position/orientation etc.
 
	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[1][1][0], objArr[1][1][1], objArr[1][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[1][0][0], objArr[1][0][1], objArr[1][0][2], 1);  //draw left wall
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[2][1][0], objArr[2][1][1], objArr[2][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[2][0][0], objArr[2][0][1], objArr[2][0][2], 2);  //draw right wall
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[3][1][0], objArr[3][1][1], objArr[3][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientDark);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffDark);
		DrawBox(objArr[3][0][0], objArr[3][0][1], objArr[3][0][2], 3);  //draw back wall 1
 	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[4][1][0], objArr[4][1][1], objArr[4][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientDark);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffDark);
		DrawBox(objArr[4][0][0], objArr[4][0][1], objArr[4][0][2], 4);  //draw back wall 2
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glColor3f(0.4,1.0,1.0);  //set colour not used. Automatically disabled when lighting Enabled
	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[5][1][0], objArr[5][1][1], objArr[5][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set box light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		glRotatef(globAngle,0,1,0); //rotate object
		glDisable(GL_TEXTURE_2D); //disable texture to remove colour issues
		DrawBox(objArr[5][0][0], objArr[5][0][1], objArr[5][0][2], 5);  //draw box
 	glPopMatrix(); //restore previous "current" position/orientation etc.
	glEnable(GL_TEXTURE_2D); //reenable texture

    glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[6][1][0], objArr[6][1][1], objArr[6][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientDark);//set teapot light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffDark);
		glBindTexture(GL_TEXTURE_2D, texnum[6]); // enables the texture object
		glRotatef(globAngle, 0, -1, 0); //rotate object
		glutSolidTeapot(objArr[6][0][0]); //param is size of teapot
 	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[7][1][0], objArr[7][1][1], objArr[7][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set box light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[7][0][0], objArr[7][0][1], objArr[7][0][2], 8);  //draw box
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[8][1][0], objArr[8][1][1], objArr[8][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[8][0][0], objArr[8][0][1], objArr[8][0][2], 8);  //draw back wall
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[9][1][0], objArr[9][1][1], objArr[9][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientWhite);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffWhite);
		DrawBox(objArr[9][0][0], objArr[9][0][1], objArr[9][0][2], 5);  //draw floor
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[10][1][0], objArr[10][1][1], objArr[10][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[10][0][0], objArr[10][0][1], objArr[10][0][2], 0);  //draw floor
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[11][1][0], objArr[11][1][1], objArr[11][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[11][0][0], objArr[11][0][1], objArr[11][0][2], 1);  //draw left wall
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[12][1][0], objArr[12][1][1], objArr[12][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[12][0][0], objArr[12][0][1], objArr[12][0][2], 2);  //draw right wall
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[13][1][0], objArr[13][1][1], objArr[13][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientDark);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffDark);
		DrawBox(objArr[13][0][0], objArr[13][0][1], objArr[13][0][2], 3);  //draw back wall 1
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[14][1][0], objArr[14][1][1], objArr[14][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientDark);//set backdrop material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffDark);
		DrawBox(objArr[14][0][0], objArr[14][0][1], objArr[14][0][2], 4);  //draw back wall 2
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glColor3f(0.4, 1.0, 1.0);  //set colour not used. Automatically disabled when lighting Enabled
	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[15][1][0], objArr[15][1][1], objArr[15][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set box light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		glRotatef(globAngle, 0, 1, 0); //rotate object
		glDisable(GL_TEXTURE_2D); //disable texture to remove colour issues
		DrawBox(objArr[15][0][0], objArr[15][0][1], objArr[15][0][2], 5);  //draw box
	glPopMatrix(); //restore previous "current" position/orientation etc.
	glEnable(GL_TEXTURE_2D); //reenable texture

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[16][1][0], objArr[16][1][1], objArr[16][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientDark);//set teapot light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffDark);
		glBindTexture(GL_TEXTURE_2D, texnum[7]); // enables the texture object
		glRotatef(globAngle, 0, -1, 0); //rotate object
		glutSolidTeapot(objArr[16][0][0]); //param is size of teapot
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPushMatrix(); //save current position/orientation, etc.
		glTranslatef(objArr[17][1][0], objArr[17][1][1], objArr[17][1][2]);  //move by x,y and z units
		glMaterialfv(GL_FRONT, GL_AMBIENT, matAmbientLight);//set box light material properties
		glMaterialfv(GL_FRONT, GL_DIFFUSE, matDiffLight);
		DrawBox(objArr[17][0][0], objArr[17][0][1], objArr[17][0][2], 5);  //draw box
	glPopMatrix(); //restore previous "current" position/orientation etc.

	glPopMatrix(); //pops the last matrix
	glFlush();  //force drawing
	glutSwapBuffers();  //bring backbuffer to foreground


	//Display error codes if errors arise
	GLenum errCode;
	const GLubyte *errString;
	if ((errCode = glGetError()) != GL_NO_ERROR)
	{
		errString = gluErrorString(errCode);
		fprintf(stderr, "OpenGL error : %s\n", errString);
	}
}

// Reshape: This is called when the window is resized to proportion the scene correctly.
void Reshape(int w, int h)
{
	  glViewport(0,0,(GLsizei) w, (GLsizei) h); //respecify size of view port to match new w and h
	  glMatrixMode(GL_PROJECTION);  //go into projection mode
	  glLoadIdentity();   //reset projection matrix
      gluPerspective(60.0,(GLfloat)w/(GLfloat)h,1.0,200.0);  //redefine projection matrix to match changes in w and h
	  glMatrixMode(GL_MODELVIEW);  //switch back to modelview mode
	  glLoadIdentity(); //reset modelview matrix
}

// SpinDisplay: Spins an object
void SpinDisplay(void)
{
	globAngle += 0.1f;		// increase our rotation angle counter
	if (globAngle >= 360.0f)
		globAngle = 0.0f;
	glutPostRedisplay();
}


// Keyboard: This function alters the x, y, and z position and the camera angle.
void Keyboard(unsigned char key, int x, int y)
{
	switch (key) {
	case 'a' | 'A':
		for (int i = 0; i < objMax; i++)
		{
			objArr[i][1][0] -= 0.1*sin(float(theta + 90)*0.0175);
			objArr[i][1][2] -= 0.1*cos(float(theta + 90)*0.0175);
		}
		glMatrixMode(GL_MODELVIEW);
		break;

	case 'd' | 'D':
		for (int i = 0; i < objMax; i++)
		{
			objArr[i][1][0] += 0.1*sin(float(theta + 90)*0.0175);
			objArr[i][1][2] += 0.1*cos(float(theta + 90)*0.0175);
		}
		glMatrixMode(GL_MODELVIEW);
		break;

	case 'w' | 'W':
		for (int i = 0; i < objMax; i++)
		{
			objArr[i][1][0] -= 0.1*sin(float(theta)*0.0175);
			objArr[i][1][2] -= 0.1*cos(float(theta)*0.0175);
		}
		glMatrixMode(GL_MODELVIEW);
		break;

	case 's' | 'S':
		for (int i = 0; i < objMax; i++)
		{
			objArr[i][1][0] += 0.1*sin(float(theta)*0.0175);
			objArr[i][1][2] += 0.1*cos(float(theta)*0.0175);
		}
		glMatrixMode(GL_MODELVIEW);
		break;

	case 'z' | 'Z':
		theta = theta + 0.1 + lastX % 360;
		glMatrixMode(GL_MODELVIEW);
		break;

	case 'x' | 'X':
		theta = theta - 0.1 - lastX % 360;
		glMatrixMode(GL_MODELVIEW);
		break;

	case 'p':
		glutFullScreen();
		glutPostRedisplay();
		break;
	case 'o':
		glutPositionWindow(100, 100);
		glutReshapeWindow(200, 200);
		glutPostRedisplay();

	case 27:
		exit(0);
		break;

	default:
		break;
	}
	glLoadIdentity();
	//gluLookAt(in.cameraPos.x, in.cameraPos.y, in.cameraPos.z, in.viewPos.x, in.viewPos.y, in.viewPos.z, in.upPos.x, in.upPos.y, in.upPos.z);
	glutPostRedisplay();
}

// Mouse: Alters the camera ange based upon changes to the mouse position
void MouseCameraMovement(int x, int y)
{
	//POINT mousePos; //Gets the mouse position

	if (x - lastX > 2)
	{
		theta = theta + x - lastX % 360;
		//in.viewPos.x -= 0.1;
	}
	if (x - lastX < -2)
	{
		theta = theta + x - lastX % 360;
		//in.viewPos.x += 0.1;
	}
	lastY = y;
	lastX = x;

	// OLD CODE
	//GetCursorPos(&mousePos);	// Get the 2D mouse cursor (x,y) position					
	//std::cout << x << std::endl;
	//SetCursorPos(x, y);	// Set the mouse cursor in the center of the window						
	//// limit the rotation around the x-axis
	//if ((in.viewPos.y - in.cameraPos.y) > 8)
	//	in.viewPos.y = in.cameraPos.y + 8;
	//if ((in.viewPos.y - in.cameraPos.y) <-8)
	//	in.viewPos.y = in.cameraPos.y - 8;
	glutPostRedisplay();
}

// Main: Main method
int main(int argc, char** argv)
{
	glutInit(&argc,argv);
	glutInitDisplayMode(GLUT_DOUBLE |GLUT_RGB | GLUT_DEPTH);
	glutInitWindowSize(winW,winH);
	glutInitWindowPosition(100,100);
	glutCreateWindow(argv[0]);
	Init();
	glutDisplayFunc(Display);
	glutReshapeFunc(Reshape);
	glutKeyboardFunc(Keyboard);
	glutPassiveMotionFunc(MouseCameraMovement);
	glutIdleFunc(SpinDisplay);
	glutMainLoop();
	return 0;
}
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