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[bookmark: _Toc69490908]Abstract
The aim of this document is to present the process of shader development in created graphics template, which allows for rendering 3D models by uploading them to the main scene from OBJ files.
[bookmark: _Toc69490909]Introduction
The created template has been developed in Visual Studio 2017 using C++ programming language and OpenGL. The program is made of scripts responsible for loading 3D models from OBJ files and rendering them in the window application. Additional features have been added to the rendered objects, such as applying textures and light effects.


[bookmark: _Toc69490910]Design
The application is the result of skills and knowledge of incorporating strategies and techniques used in real-time graphics rendering utilising GPU hardware acceleration obtained during the studies. While the program is started, animated 3D models are rendered in the window. The models rotate around the XYZ axis to show how it is impacted by the source of light attached to the camera object. A user can manipulate the camera and accordingly the position of the light by pressing specific keys on the keyboard. Also, the attenuation effect has been added to the light system. Attenuation is the loss of light intensity over distance. The greater the distance, the lower the intensity.
The light is managed due to implementing Phong Illumination shader, which handles the ambient, diffuse, and specular RGB colours to calculate how the light is reflected from surfaces.
[image: ]
Fig.1 3D models are displayed in the application window. The light effects can be seen on the surface of the objects.
[bookmark: _Toc69490911]Implementation
[bookmark: _Toc69490912]Object Loader
Rendering 3D models is possible due to implementing an object loader script that reads data from provided OBJ file. Namely, the data is saved as a mesh object by providing a string reference in the code to the required file. A mesh object is made of vertices. The information regarding a position vector, normal vector and texture coordinates are stored for each vertex, and they can be further use for rendering and texturing objects.
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Fig.2. The example of loading various 3D models into the scene (cube, monkey and sphere).
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Fig.3 Object Loader implementation.
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Fig.4 Object Loader is used by cModel class to load and keep an object as a 3D model. Moreover, more than one object can be displayed in the scene.
[bookmark: _Toc69490913]Texturing
Textures are managed by loading required data from image files. The texture loader has been developed basing on the SOIL2 library. Accordingly, a reference to loaded images is stored by the application in the form of a texture that can be applied to a rendered 3D model.
In the program, two types of images are bind textures. The first one is the diffuse map which defines the colours and patterns of the texture. The second one is a specular map that determines the shine and highlight colour of a surface. Changing the value of a pixel from black to white make a referenced point brighter and simulate a specular reflection effect.
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Fig.5 The example of applying different textures to the model imitating gold and silver appearance.
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Fig.6 The picture used as a diffuse texture for the silver texture.
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Fig.7 The image used as a specular texture for the silver texture.
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Fig.8 Textures are loaded and kept due to implementation of cTexture class.
[image: ]
Fig.9 The saved textures can be applied to rendered models.
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Fig.10 The references to textures are stored as enum values. It helps to sort and load preferred texture when it is needed.


[bookmark: _Toc69490914]Shaders
[bookmark: _Toc69490915]Vertex Shader
The implemented vertex shader is responsible for transforming the loaded 3D positions of vertices into the 2D coordinates displayed on the screen. The vertex shader runs once for each vertex given to the GPU. Moreover, it allows for manipulating the properties of a vertex such as position, texture coordinates and colours.
[image: ]
Fig.11 Vertex shader implementation example.


[bookmark: _Toc69490916]Fragment Shader
Fragment shader, also known as a pixel shader, is a program running on GPU that defines RGBA colours for each pixel being processed. It is a powerful tool for using colours to simulate lighting and shadowing effects in graphic production.
The source of light in the application is a pointed light attached to the position of the camera. Moreover, it is based on the Phong Illumination model, consisting of three elements: ambient, diffuse, and specular lighting.  The fragment shader calculates those values and uses them to simulate realistic lighting effects.
Ambient lighting – simulates the fact that the objects are seldom entirely dark.
Diffuse lighting – simulates the directional impact of light on a game object.
Specular lighting – simulates the bright spot of light on surfaces of game objects.
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Fig.12 The specification of a material can be defined inside the program.
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Fig.13 Fragment shader implementation example.
[bookmark: _Toc69490917]User Guide
The application is a simple presentation of how shaders are working with a developed OpenGL application. Therefore, no additional sophisticated methods and UI have been used. The described steps below aim to help the user navigate across the program.
1. The application is opened in the application window. 
2. After the simulation started user can:
	- Press “w” to move the camera forward.
	- Press “s” to move the camera backwards.
	- Press “a” to move the camera left.
	- Press “d” to move the camera right.
3. Press “ESC” to exit the application.
To change the rendered object or load a new one, the required OBJ files must be saved in the OBJ Files folder in the main folder of the program. Then, the path to the directory of the model must be changed in the initialiseModels function in cGame.cpp script.
[bookmark: _Toc69490918]Conclusion
The research for this assignment was based on practice implementation and knowledge from available resources. The developed template for the program has been created due to the eagerness for a better understanding of GPU programming and OpenGL. Furthermore, the implementation of own shaders resulted in gaining powerful tools to modify the graphical aspects of the application. Also, the ability for loading 3D models and applying materials and textures to them is performed by the program. These features are the fundament of creating game engines.
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Appendix
Source Code
ReadMe.txt
===============================================================================================
    GPU Programming - ASSIGNMENT PROJECT
===============================================================================================

This program is a simple OpenGL application that renders 3d objects loaded from OBJ files.
The developed shaders allow for the light effects, materials, and textures have been incorporated into the scene.
When the program is run, the window application is displayed, which renders a loaded object.
The model is rotating along the y-axis, aiming to highlight how lights affect the materials.

===============================================================================================
HOW TO USE THE PROGRAM
===============================================================================================
1. The application is opened in the application window. 
2. After the simulation started user can:
	- Press “w” to move the camera forward.
	- Press “s” to move the camera backwards.
	- Press “a” to move the camera left.
	- Press “d” to move the camera right.
3. Press “ESC” to exit the application.

To change the rendered object or load a new one, the required OBJ files must be saved in the OBJ Files folder in the main folder of the program. 
Then, the path to the directory of the model must be changed in the initialiseModels function in cGame.cpp script.
===============================================================================================
										CLASSES
===============================================================================================

cGame - This class is responsible for controlling the application, setting the scene and supervising the program.

cCamera - This class is responsible for handling a camera object in the application.

cLight - This is the base class for light in the application.

cPointLight - This is the class responsible for point lights.

cMaterial - This class is responsible for the management of materials.

cMesh - This class processes mesh objects.

cModel - This class instantiates and keep game objects\models.

cShader - This class is responsible for handling and loading shaders.

cTexture - This class reads and implements textures to game objects.

objectLoader - This class allows for loading the data from OBJ files.


===============================================================================================
										SHADERS
===============================================================================================

fragment_core.glsl - This is the fragment shader.

vertex_core.glsl - This is the vertex shader.


main.cpp
#include"cGame.h"
#include <chrono>
#include <thread>

const std::chrono::milliseconds frameRate((int)((1.0f / 60.0f) * 1000.0f)); // Get constant frame rate

int main()
{
	// Instantiate the game
	cGame game("Bartosz Galantowicz - OpenGL Project",
		800, 800,
		4, 4,
		true);

	// MAIN LOOP
	while (!game.getWindowShouldClose())
	{
		// --- UPDATE  ---
		game.update(); // Process input events
		// Wait before render and the next update
		std::this_thread::sleep_for(std::chrono::nanoseconds(frameRate));
		game.render();
	}

	return 0;
}




libraries.h
#pragma once

#include<iostream> // Provides basic input and output services for C++ programs
#include<fstream> // Allows for reading form files.
#include<string> // Strings

#include<glew.h> // GLEW library
#include<glfw3.h> // GLFW library

// Mathematics libraries
#include<glm.hpp>
#include<vec2.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc\matrix_transform.hpp>
#include<gtc\type_ptr.hpp>

#include<SOIL2.h> // Allows of uploading images as textures

// Own libraries
#include"cModel.h"
#include"cLight.h"



cGame.h
#pragma once

#include<time.h>
#include"libraries.h"
#include"cCamera.h"

// Enumerators
// Enums for shaders
enum shaderEnum{SHADER_CORE_PROGRAM = 0};

// Enums for textures
enum textureEnum{
	TEXTURE_SILVER = 0, TEXTURE_SILVER_SPECULAR,
	TEXTURE_GOLD, TEXTURE_GOLD_SPECULAR
};

// Enums for materials
enum materialEnum{MATERIAL0 = 0 };

// Enums for meshes
enum meshEnum{MESH_QUAD = 0 };

// This class is responsible for controlling the game, setting the scene and supervising the gameplay.
class cGame
{
private:
	// Variables
	// Window
	GLFWwindow* window;
	const int WINDOW_WIDTH;
	const int WINDOW_HEIGHT;
	int framebufferWidth;
	int framebufferHeight;

	// Background colours
	glm::vec4 backgroundColour = glm::vec4(GLclampf(0.0), GLclampf(0.0), GLclampf(0.0), GLclampf(1.0));; // Set to black
	glm::vec4 black = glm::vec4(GLclampf(0.0), GLclampf(0.0), GLclampf(0.0), GLclampf(1.0)); // Default colour
	glm::vec4 pink = glm::vec4(GLclampf(1.0), GLclampf(0.1), GLclampf(0.3), GLclampf(1.0)); // Colour when a card is mismatched 
	glm::vec4 gold = glm::vec4(GLclampf(1.0), GLclampf(0.8), GLclampf(0.0), GLclampf(1.0)); // Colour when all three cards of type are found 

	// OpenGL Context
	const int GL_VERSION_MAJOR;
	const int GL_VERSION_MINOR;

	// Delta time
	float deltaTime;
	float currentTime;
	float lastTime;

	// Camera
	cCamera camera;

	// Matrices
	glm::vec3 cameraPosition;
	glm::vec3 worlUpVector;
	glm::vec3 cameraFront;
	glm::mat4 viewMatrix; // Keep view matrix to identity matrix. This is used for the camera's view transformation.
	glm::mat4 projectionMatrix; // This is used for projection transformation.
	float fieldOfView;
	float nearPlane; // Near plane distance
	float farPlane; // Far plane distance

	// Shaders
	std::vector<cShader*> shaders;
	// Textures
	std::vector<cTexture*> textures;
	// Materials
	std::vector<cMaterial*> materials;

	// Models
	std::vector<cModel*> models;
	std::vector<cModel*> cardModels;
	cModel* activeModel; // Stores the reference to the currently highlighted model of a box.
	int activeModelIndex; // Stores the index of a currently highlighted box.
	int previousActiveModelIndex; // Stores the index of a previously highlighted box.

	// Lights
	std::vector<cPointLight*> pointLights;

	int score = 0; // The score
	int numberOfFoundSets = 0; // The number of found triples
	bool isGameOver = false;

// Private functions

	void initialiseTime();
	void initialiseGLFW();
	void initialiseWindow(const char* title, bool isResizable);
	void initialiseGLEW(); // Required after context creation
	void initialiseOpenGLOptions();
	void initialiseMatrices();

	void initialiseShaders();
	void initialiseTextures();
	void initialiseMaterials();
	void initialiseModels();
	void initialisePointLights();
	void initaliseLights();
	void initialiseUniforms();

	void updateUniforms();

public:
	// Constructor
	cGame(const char* title,
		int WINDOW_WIDTH, const int WINDOW_HEIGHT,
		const int GL_VERSION_MAJOR, const int GL_VERSION_MINOR, bool isResizable);
	// Destructor
	virtual ~cGame();

	// Accessors
	int getWindowShouldClose();

	// Modifiers
	void setWindowShouldClose();

	// Functions
	void updateDeltaTime();
	void updateKeyboardInput();
	void updateInput();

	void update();
	void render();

	// Static functions
	static void framebuffer_resize_callback(GLFWwindow* window, int framebufferWidth, int framebufferHeight);
};


cGame.cpp
#include "cGame.h"

void cGame::initialiseTime()
{
	srand(time(NULL));
}

// Private functions
void cGame::initialiseGLFW()
{
	if (glfwInit() == GLFW_FALSE)
	{
		std::cout << "ERROR::GLFW_INIT_FAILED" << std::endl;
		glfwTerminate();
	}
}

// This function creates the window
void cGame::initialiseWindow(const char* title, bool isResizable)
{
	// Declare the OpenGL version 4.4
	glfwWindowHint(GLFW_OPENGL_PROFILE, GLFW_OPENGL_CORE_PROFILE);
	glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR, this->GL_VERSION_MAJOR);
	glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR, this->GL_VERSION_MINOR);
	glfwWindowHint(GLFW_RESIZABLE, isResizable);

	this->window = glfwCreateWindow(this->WINDOW_WIDTH, this->WINDOW_HEIGHT, title, NULL, NULL);
	//glfwSetKeyCallback(this->window, this->keyCallback);
	glfwSetInputMode(this->window, GLFW_STICKY_KEYS, 1); // Set the keys' mode

	if (this->window == nullptr)
	{
		std::cout << "ERROR::GLFW_WINDOW_INIT_FAILED" << std::endl;
		glfwTerminate();
	}

	glfwGetFramebufferSize(this->window, &this->framebufferWidth, &this->framebufferHeight);
	glfwSetFramebufferSizeCallback(this->window, cGame::framebuffer_resize_callback); // Adjust the framebuffers to the window's size
	//glViewport(0, 0, framebufferWidth, framebufferHeight); // Canvas size

	// Initialise GLEW - window and openGL context are required
	glfwMakeContextCurrent(this->window);
}

// This function initialises GLEW
void cGame::initialiseGLEW()
{
	glewExperimental = GL_TRUE;

	// Error checking
	if (glewInit() != GLEW_OK)
	{
		std::cout << "ERROR::MAIN.CP::GLEW_INIT_FILE" << std::endl;
		glfwTerminate();
	}
}

// This function initialises OpenGL options
void cGame::initialiseOpenGLOptions()
{
	// OpenGL Options
	glEnable(GL_DEPTH_TEST); // Enable depth testing to check how far a pixel is.
	glEnable(GL_CULL_FACE); // Do not draw what is behind (cull polygons based on their winding in window coordinates).
	glCullFace(GL_BACK);
	glFrontFace(GL_CCW); // Front face is always anticlockwise.

	glEnable(GL_BLEND); // Enabling blending the colours.
	glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
	glPolygonMode(GL_FRONT_AND_BACK, GL_FILL); // Fill the polygon completely.

	// Input initialisation
	glfwSetInputMode(this->window, GLFW_CURSOR, GLFW_CURSOR_NORMAL); // Enable/Disable cursor.
}

// Initialise view matrix and projection matrix
void cGame::initialiseMatrices()
{
	this->viewMatrix = glm::mat4(1.0);// Keep view matrix to identity matrix
	this->viewMatrix = glm::lookAt(this->cameraPosition, this->cameraPosition + this->cameraFront, this->worlUpVector); // Set camera

	// Setting projection matrix
	this->projectionMatrix = glm::mat4(1.0);
	// Setting the perspective
	this->projectionMatrix = glm::perspective(glm::radians(this->fieldOfView),
		static_cast<float>(this->framebufferWidth) / this->framebufferHeight,
		this->nearPlane, this->farPlane);
}

// Initialise shaders
void cGame::initialiseShaders()
{
	this->shaders.push_back(new cShader(this->GL_VERSION_MAJOR, this->GL_VERSION_MINOR,
		"vertex_core.glsl", "fragment_core.glsl"));
}

// Initialise textures
void cGame::initialiseTextures()
{
	// Texture Initialisation
	// Creating a texture
	this->textures.push_back(new cTexture("Images/silver.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/silver_specular.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/gold.png", GL_TEXTURE_2D));
	this->textures.push_back(new cTexture("Images/gold_specular.png", GL_TEXTURE_2D));
}

// Initialise materials
void cGame::initialiseMaterials()
{
	// Material Initialisation
	this->materials.push_back(new cMaterial(
		glm::vec3(1.0), // Ambient strenght
		glm::vec3(1.0), // Diffuse strenght
		glm::vec3(120.0), // Specular strenght
		0, 1));
}

// Initialise models
void cGame::initialiseModels()
{
	// Initialise the models
	this->models.push_back(new cModel(
		glm::vec3(-3, 3, 0), // Model position
		this->materials[0], // Set materials
		this->textures[TEXTURE_SILVER], // Set texture
		this->textures[TEXTURE_SILVER_SPECULAR], // Set specular texture
		"OBJ Files/monkey.obj", // Load model from file
		glm::vec3(2.0))); // Set the scale

	this->models.push_back(new cModel(
		glm::vec3(3, 3, 0), // Model position
		this->materials[0], // Set materials
		this->textures[TEXTURE_GOLD], // Set texture
		this->textures[TEXTURE_GOLD_SPECULAR], // Set specular texture
		"OBJ Files/monkey.obj", // Load model from file
		glm::vec3(2.0))); // Set the scale

	this->models.push_back(new cModel(
		glm::vec3(-3, -3, 0), // Model position
		this->materials[0], // Set materials
		this->textures[TEXTURE_GOLD], // Set texture
		this->textures[TEXTURE_GOLD_SPECULAR], // Set specular texture
		"OBJ Files/monkey.obj", // Load model from file
		glm::vec3(2.0))); // Set the scale

	this->models.push_back(new cModel(
		glm::vec3(3, -3, 0), // Model position
		this->materials[0], // Set materials
		this->textures[TEXTURE_SILVER], // Set texture
		this->textures[TEXTURE_SILVER_SPECULAR], // Set specular texture
		"OBJ Files/monkey.obj", // Load model from file
		glm::vec3(2.0))); // Set the scale
}

// Initialise point lights.
void cGame::initialisePointLights()
{
	this->pointLights.push_back(new cPointLight(this->cameraPosition)); // Set the point light
}

// Initialise lights.
void cGame::initaliseLights()
{
	this->initialisePointLights();
}

// Uniform variables are used to communicate with fragment shader from "outside"
// This function is responsible for initialisation of uniforms.
void cGame::initialiseUniforms()
{
	// Uniforms initialisation
	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(viewMatrix, "viewMatrix");
	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(projectionMatrix, "projectionMatrix");
	this->shaders[SHADER_CORE_PROGRAM]->setVec3f(this->camera.getPosition(), "cameraPosition");

	for (cPointLight* pointLight : this->pointLights)
	{
		pointLight->sendToShader(*this->shaders[SHADER_CORE_PROGRAM]);
	}
}

// This function is responsible for updating uniform variables.
void cGame::updateUniforms()
{
	// Update view matrix (camera)
	this->viewMatrix = this->camera.getViewMatrix();

	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(this->viewMatrix, "viewMatrix");
	this->shaders[SHADER_CORE_PROGRAM]->setVec3f(this->camera.getPosition(), "cameraPosition");
	this->pointLights[0]->setPosition(this->camera.getPosition());

	// Update the point lights
	for(cPointLight* pointLight : this->pointLights)
	{
		pointLight->sendToShader(*this->shaders[SHADER_CORE_PROGRAM]);
	}

	// Update framebuffer size and projection matrix
	glfwGetFramebufferSize(this->window, &this->framebufferWidth, &this->framebufferHeight);

	// Update projection matrix
	this->projectionMatrix = glm::mat4(1.0);
	this->projectionMatrix = glm::perspective(
		glm::radians(this->fieldOfView),
		static_cast<float>(this->framebufferWidth) / this->framebufferHeight,
		this->nearPlane,
		this->farPlane);

	this->shaders[SHADER_CORE_PROGRAM]->setMat4fv(this->projectionMatrix, "projectionMatrix");
}

// Constructor
cGame::cGame(const char* title,
	int WINDOW_WIDTH, const int WINDOW_HEIGHT,
	const int GL_VERSION_MAJOR, const int GL_VERSION_MINOR, bool isResizable)
	: WINDOW_WIDTH(WINDOW_WIDTH), WINDOW_HEIGHT(WINDOW_HEIGHT),
	GL_VERSION_MAJOR(GL_VERSION_MAJOR), GL_VERSION_MINOR(GL_VERSION_MINOR),
	camera(glm::vec3(1.0, 0.0, 10.0), glm::vec3(0.0, 0.0, -1.0), glm::vec3(0.0, 1.0, 0.0))
{

	this->window = nullptr;
	this->framebufferWidth = this->WINDOW_WIDTH;
	this->framebufferHeight = this->WINDOW_HEIGHT;

	this->initialiseTime();

	// Setting view matrix
	this->cameraPosition = glm::vec3(0.0, 0.0, 10.0);
	this->worlUpVector = glm::vec3(0.0, 1.0, 0.0);
	this->cameraFront = glm::vec3(0.0, 0.0, -1.0);

	// Setting projection matrix
	this->fieldOfView = 90.0;
	this->nearPlane = 0.1f; // Near plane distance
	this->farPlane = 1000.f; // Far plane distance

	this->deltaTime = 0.0;
	this->currentTime = 0.0;
	this->lastTime = 0.0;

	this->initialiseGLFW();
	this->initialiseWindow(title, isResizable);
	this->initialiseGLEW();
	this->initialiseOpenGLOptions();

	this->initialiseMatrices();
	this->initialiseShaders();
	this->initialiseTextures();
	this->initialiseMaterials();
	this->initialiseModels();
	this->initaliseLights();
	this->initialiseUniforms();
}

// Destructor
cGame::~cGame()
{
	// Cleaning the memory
	for (size_t i = 0; i < this->shaders.size(); i++)
	{
		delete this->shaders[i];
	}

	for (size_t i = 0; i < this->textures.size(); i++)
	{
		delete this->textures[i];
	}

	for (size_t i = 0; i < this->materials.size(); i++)
	{
		delete this->materials[i];
	}

	for (auto*& i : this->models)
	{
		delete i;
	}

	for (size_t i = 0; i < this->pointLights.size(); i++)
	{
		delete this->pointLights[i];
	}
	glfwDestroyWindow(this->window);
	glfwTerminate();
}

// Accessors
int cGame::getWindowShouldClose()
{
	return glfwWindowShouldClose(this->window);
}

// Modifiers
void cGame::setWindowShouldClose()
{
	glfwSetWindowShouldClose(this->window, GLFW_TRUE);
}

// Functions
void cGame::updateDeltaTime()
{
	this->currentTime = static_cast<float>(glfwGetTime());
	this->deltaTime = this->currentTime - this->lastTime;
	this->lastTime = this->currentTime;
}

// This function process user input
void cGame::updateKeyboardInput()
{
	//Program
	if (glfwGetKey(this->window, GLFW_KEY_ESCAPE) == GLFW_PRESS)
	{
		glfwSetWindowShouldClose(this->window, GLFW_TRUE);
	}

	//Camera
	if (glfwGetKey(this->window, GLFW_KEY_W) == GLFW_PRESS)
	{
		this->camera.move(this->deltaTime, FORWARD);
	}
	if (glfwGetKey(this->window, GLFW_KEY_S) == GLFW_PRESS)
	{
		this->camera.move(this->deltaTime, BACKWARD);
	}
	if (glfwGetKey(this->window, GLFW_KEY_A) == GLFW_PRESS)
	{
		this->camera.move(this->deltaTime, LEFT);
	}
	if (glfwGetKey(this->window, GLFW_KEY_D) == GLFW_PRESS)
	{
		this->camera.move(this->deltaTime, RIGHT);
	}
	if (glfwGetKey(this->window, GLFW_KEY_C) == GLFW_PRESS)
	{
		this->cameraPosition.y -= 0.5f;
	}
	if (glfwGetKey(this->window, GLFW_KEY_SPACE) == GLFW_PRESS)
	{
		this->cameraPosition.y += 0.5f;
	}
}


// Update inputs
void cGame::updateInput()
{
	// Poll for and process events
	glfwPollEvents();

	this->updateKeyboardInput();
}

// The main update of the game
void cGame::update()
{
	// Update input
	this->updateDeltaTime();
	this->updateInput();

	models[0]->rotate(glm::vec3(1.0, 0.0, 0.0));
	models[1]->rotate(glm::vec3(0.0, 1.0, 0.0));
	models[2]->rotate(glm::vec3(0.0, 0.0, 1.0));
	models[3]->rotate(glm::vec3(1.0, 1.0, 1.0));

}

// This function renders the scene.
void cGame::render()
{
	// --- DRAW ---
	// Clear
	glClearColor(backgroundColour.x, backgroundColour.y, backgroundColour.z, backgroundColour.w); // Window's colour
	glClear(GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT | GL_STENCIL_BUFFER_BIT); // Clear buffers

	// Update uniforms
	this->updateUniforms();

	// Render models
	for (auto& i : this->models)
	{
		i->render(this->shaders[SHADER_CORE_PROGRAM]);
	}
	// End Draw
	glfwSwapBuffers(window); // Swap the front and back buffers of the specified window
	glFlush(); // Empty all the buffers

	glBindVertexArray(0);
	glUseProgram(0);
	glActiveTexture(0);
	glBindTexture(GL_TEXTURE_2D, 0);
}

// Static function
void cGame::framebuffer_resize_callback(GLFWwindow* window, int framebufferWidth, int framebufferHeight)
{
	glViewport(0, 0, framebufferWidth, framebufferHeight);
}


cCamera.h
#pragma once

#include<iostream>

#include<glew.h>
#include<glfw3.h>

#include<glm.hpp>
#include<vec3.hpp>
#include<mat4x4.hpp>
#include<gtc\matrix_transform.hpp>

// Enumerators
// Enums for camera direction
enum direction {FORWARD = 0, BACKWARD, LEFT, RIGHT};

// This class is responsible for handling a camera object in the game.
class cCamera
{
private:
	glm::mat4 viewMatrix;
	glm::vec3 worldUp;
	glm::vec3 position;
	glm::vec3 front;
	glm::vec3 right;
	glm::vec3 up;

	GLfloat pitch; // x
	GLfloat yaw; // y
	GLfloat roll; // z

	GLfloat movementSpeed = 100.0;

	// Update the camera vectors
	void updateCameraVectors()
	{
		// Coordinate system for the camera
		// Get lenghts
		this->front.x = cos(glm::radians(this->yaw)) * cos(glm::radians(this->pitch));
		this->front.y = sin(glm::radians(this->pitch));
		this->front.z = sin(glm::radians(this->yaw)) * cos(glm::radians(this->pitch));

		// Normalizing camera's vectors
		this->front = glm::normalize(this->front);
		this->right = glm::normalize(glm::cross(this->front, this->worldUp));
		this->up = glm::normalize(glm::cross(this->right, this->front));
	}

public:
	// Constructor
	cCamera(glm::vec3 position, glm::vec3 direction, glm::vec3 worldUp)
	{
		this->viewMatrix = glm::mat4(1.0);

		this->worldUp = worldUp;
		this->position = position;
		this->right = glm::vec3(0.0);
		this->up = worldUp;

		this->pitch = 0.0;
		this->yaw = -90.0;
		this->roll = 0.0;

		this->updateCameraVectors();
	}
	~cCamera(){}
	// Accessors
	const glm::mat4 getViewMatrix()
	{
		// Update camera
		this->updateCameraVectors();

		// Set the view matrix
		this->viewMatrix = glm::lookAt(this->position, this->position + this->front, this->up);

		return this->viewMatrix;
	}

	const glm::vec3 getPosition() const
	{
		return this->position;
	}

	// Functions

	 //Implement this function for moving the camera
	void move(const float& deltaTime, const int direction)
	{
		// Update position vector
		switch (direction)
		{
		case FORWARD:
			this->position += this->front * this->movementSpeed * deltaTime;
			break;
		case BACKWARD:
			this->position -= this->front * this->movementSpeed * deltaTime;
			break;
		case LEFT:
			this->position -= this->right * this->movementSpeed * deltaTime;
			break;
		case RIGHT:
			this->position += this->right * this->movementSpeed * deltaTime;
			break;
		default:
			break;
		}
	}


};


cVertex.h
#pragma once

#include<glm.hpp>

// This is simple struct for vertex and its characteristic.
struct Vertex
{
	glm::fvec3 position;
	glm::fvec3 color;
	glm::fvec2 texcoord;
	glm::fvec3 normal;
};


objectLoader.h
#pragma once

// STD libraries
#include<iostream>
#include<string>
#include<fstream>
#include<vector>
#include<sstream>
#include<algorithm>

// GLEW
#include<glew.h>

// GLFW
#include<glfw3.h>

// OpenGl Math libraries
#include<glm.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc/matrix_transform.hpp>
#include<gtc/type_ptr.hpp>

// Own libraries
#include"cVertex.h"

// This class allows for loading the data from OBJ files.

// Static function for loading 3D objects from obj files.
static std::vector<Vertex> loadObject(const char* fileName)
{
	// Vertex portions
	std::vector<glm::fvec3> vertexPositions;
	std::vector<glm::fvec2> vertexTexCoords;
	std::vector<glm::fvec3> vertexNormals;

	// Face vectors
	std::vector<GLuint> vertexPositionIndices;
	std::vector<GLuint> vertexTexCoordIndices;
	std::vector<GLuint> vertexNormalIndices;

	// Vertex array
	std::vector<Vertex> vertices;

	std::stringstream ss;
	std::ifstream inFile(fileName);
	std::string line = "";
	std::string prefix = "";
	glm::vec3 tempVec3;
	glm::vec2 tempVec2;
	GLint tempGLint = 0;

	// File open error check
	if (!inFile.is_open())
	{
		throw “ERROR::OBJLOADER::Could not open file.”;
	}

	// Read one line at a tme
	while (std::getline(inFile, line))
	{
		// Get the prefix of the line
		ss.clear();
		ss.str(line);
		ss >> prefix;

		if (prefix == "v") // Vertex position
		{
			ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
			vertexPositions.push_back(tempVec3);
		}
		else if (prefix == "vt")
		{

			ss >> tempVec2.x >> tempVec2.y;
			vertexTexCoords.push_back(tempVec2);
		}
		else if (prefix == "vn")
		{
			ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
			vertexNormals.push_back(tempVec3);
		}
		else if (prefix == "f")
		{
			int counter = 0;
			while (ss >> tempGLint)
			{
				// Pushing indces into correct arrays
				if (counter == 0) // First position
				{
					vertexPositionIndices.push_back(tempGLint);
				}
				else if (counter == 1)
				{
					vertexTexCoordIndices.push_back(tempGLint);
				}
				else if (counter == 2)
				{
					vertexNormalIndices.push_back(tempGLint);
				}

				// Handling characters
				if (ss.peek() == '/')// Avoid slashes
				{
					++counter;
					ss.ignore(1, '/');
				}
				else if (ss.peek() == ' ')
				{
					++counter;
					ss.ignore(1, ' ');
				}

				if (counter > 2)
				{
					counter = 0;
				}
			}
		}
		else
		{ }
	}

	// Build final vertex array (mesh)
	vertices.resize(vertexPositionIndices.size(), Vertex()); // Create empty vertices of vertex position indices size

	// Loading all indices
	for (size_t i = 0; i < vertices.size(); ++i)
	{
		vertices[i].position = vertexPositions[vertexPositionIndices[i] - 1]; // set the position in regard to indices
		vertices[i].texcoord = vertexTexCoords[vertexTexCoordIndices[i] - 1];
		vertices[i].normal = vertexNormals[vertexNormalIndices[i] - 1];
		vertices[i].color = glm::vec3(1.0, 1.0, 1.0);
	}
	// Debug
	//std::cout << line << std::endl;
	std::cout << "Number of vertices: " << vertices.size() << std::endl;
	std::cout << "OBJ file loaded" << std::endl;
	// Load success
	return vertices;
}


cMesh.h
#pragma once

#include<iostream>
#include<vector>

#include"cTexture.h"
#include"cMaterial.h"
#include"cVertex.h"
#include"cShader.h"

// This class processes mesh objects.
class cMesh
{

private:
	Vertex* vertexArray;
	GLuint* indexArray;
	unsigned int numberOfVertices;
	unsigned int numberOfIndices;

	GLuint VAO;// Vertex Array Object - Container for the whole model
	GLuint VBO;// Vertex Buffer Object
	GLuint EBO;// Element Buffer Object

	glm::vec3 position = glm::vec3(0);
	glm::vec3 origin = glm::vec3(0);
	glm::vec3 rotation = glm::vec3(0);
	glm::vec3 scale;
	glm::mat4 modelMatrix;

	// Initialise VAO, VBO, EBO
	void initialiseVAO()
	{
		// Create VAO, VBO, EBO
		glCreateVertexArrays(1, &this->VAO);
		// Generate VAO and bin
		glBindVertexArray(this->VAO);

		// Generate VBO (Vertex Buffer Object) and bind and send data 
		glGenBuffers(1, &this->VBO); // Generate one buffer
		glBindBuffer(GL_ARRAY_BUFFER, this->VBO); // Bind a named buffer object
		glBufferData(GL_ARRAY_BUFFER, numberOfVertices * sizeof(Vertex), this->vertexArray, GL_STATIC_DRAW); // Create and initialise a buffer object's data store

		// Generate EBO (Element Buffer Object) and bind and send data
		if (this->numberOfIndices > 0)
		{
			glGenBuffers(1, &this->EBO);
			glBindBuffer(GL_ELEMENT_ARRAY_BUFFER, this->EBO);
			glBufferData(GL_ELEMENT_ARRAY_BUFFER, numberOfIndices * sizeof(GLuint), this->indexArray, GL_STATIC_DRAW);
		}


		// Set Vertex Attribute Pointers and enable them
		// POSITION
		//GLuint atrributeLocation0 = glGetAttribLocation(coreProgram, "vertex_position"); // Get the location from the shader
		glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, position)); // Input assembly to the graphics card
		glEnableVertexAttribArray(0);

		//COLOUR
		//GLuint atrributeLocation1 = glGetAttribLocation(coreProgram, "vertex_color"); // Get the location from the shader
		glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, color)); // Input assembly to the graphics card
		glEnableVertexAttribArray(1);

		// TEXCOORD
		//GLuint atrributeLocation2 = glGetAttribLocation(coreProgram, "vertex_texcoord"); // Get the location from the shader
		glVertexAttribPointer(2, 2, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, texcoord)); // Input assembly to the graphics card
		glEnableVertexAttribArray(2);

		//NORMAL
		//GLuint atrributeLocation3 = glGetAttribLocation(coreProgram, "vertex_normal"); // Get the location from the shader
		glVertexAttribPointer(3, 3, GL_FLOAT, GL_FALSE, sizeof(Vertex), (GLvoid*)offsetof(Vertex, normal)); // Input assembly to the graphics card
		glEnableVertexAttribArray(3);


		// Bind Vertex Array to 0
		glBindVertexArray(0);
	}

	// Update the uniform variables.
	void updateUniforms(cShader* shader)
	{
		shader->setMat4fv(this->modelMatrix, "modelMatrix");
	}

	// Update model matrix;
	void updateModelMatrix()
	{
		this->modelMatrix = glm::mat4(1.0);
		this->modelMatrix = glm::translate(this->modelMatrix, this->origin); // Translate to origin
		// Set the rotation
		this->modelMatrix = glm::rotate(this->modelMatrix, glm::radians(this->rotation.x), glm::vec3(1.0, 0.0, 0.0));
		this->modelMatrix = glm::rotate(this->modelMatrix, glm::radians(this->rotation.y), glm::vec3(0.0, 1.0, 0.0));
		this->modelMatrix = glm::rotate(this->modelMatrix, glm::radians(this->rotation.z), glm::vec3(0.0, 0.0, 1.0));
		// Translate the mesh basing on the origin position.
		this->modelMatrix = glm::translate(this->modelMatrix, this->position - this->origin);
		// Set the scale.
		this->modelMatrix = glm::scale(this->modelMatrix, this->scale);
	}

public:
	// Constructor 1
	cMesh(Vertex* vertexArray,
		const unsigned& numberOfVertices,
		GLuint* indexArray,
		const unsigned& numberOfIndices,
		glm::vec3 position = glm::vec3(0.0),
		glm::vec3 origin = glm::vec3(0.0),
		glm::vec3 rotation = glm::vec3(0.0),
		glm::vec3 scale = glm::vec3(1.0))
	{
		this->position = position;
		this->origin = origin;
		this->rotation = rotation;
		this->scale = scale;

		// Store the index and vertex data
		this->numberOfVertices = numberOfVertices;
		this->numberOfIndices = numberOfIndices;

		// Store vertex
		this->vertexArray = new Vertex[this->numberOfVertices];
		for (size_t i = 0; i < numberOfVertices; i++)
		{
			this->vertexArray[i] = vertexArray[i];
		}

		// Store indices
		this->indexArray = new GLuint [this->numberOfIndices];
		for (size_t i = 0; i < numberOfIndices; i++)
		{
			this->indexArray[i] = indexArray[i];
		}

		this->initialiseVAO();
		this->updateModelMatrix();
	}

	// Constructor 2
	cMesh(const cMesh& object) // Copy the data from the other object
	{
		this->position = object.position;
		this->origin = object.origin;
		this->rotation = object.rotation;
		this->scale = object.scale;

		// Store the index and vertex data
		this->numberOfVertices = object.numberOfVertices;
		this->numberOfIndices = object.numberOfIndices;

		this->vertexArray = new Vertex[this->numberOfVertices];

		// Store vertex
		for (size_t i = 0; i < this->numberOfVertices; i++)
		{
			this->vertexArray[i] = object.vertexArray[i];
		}

		// Store indices
		this->indexArray = new GLuint[this->numberOfIndices];
		for (size_t i = 0; i < this->numberOfIndices; i++)
		{
			this->indexArray[i] = object.indexArray[i];
		}

		this->initialiseVAO();
		this->updateModelMatrix();
	}

	// Destructor
	~cMesh()
	{
		// Clear
		glDeleteVertexArrays(1, &this->VAO);
		glDeleteBuffers(1, &this->VBO);

		if (this->numberOfIndices > 0) // Do not need to be deleted if there is no indices
		{
			glDeleteBuffers(1, &this->EBO); 
		}

		delete[] this->vertexArray;
		delete[] this->indexArray;
	}

	// Modifiers
	void setPosition(const glm::vec3 position)
	{
		this->position = position;
	}

	void setOrigin(const glm::vec3 origin)
	{
		this->origin = origin;
	}

	void setRotation(const glm::vec3 rotation)
	{
		this->rotation = rotation;
	}

	void setScale(const glm::vec3 scale)
	{
		this->scale = scale;
	}

	// Transformation functions

	void translate(const glm::vec3 position)
	{
		this->position += position;
	}

	void rotate(const glm::vec3 rotation)
	{
		this->rotation += rotation;
	}

	void scaleFunc(const glm::vec3 scale)
	{
		this->scale += scale;
	}

	// This function allows for rendering the meshes.
	void render(cShader* shader)
	{
		// Update uniforms
		this->updateModelMatrix();
		this->updateUniforms(shader);

		// Use the shader
		shader->use();

		// Bind vertex array object
		glBindVertexArray(this->VAO);

		// Draw
		if (numberOfIndices <= 0)
		{
			glDrawArrays(GL_TRIANGLES, 0, this->numberOfVertices); // First method to draw basing on vertices
		}
		else
		{
			glDrawElements(GL_TRIANGLES, this->numberOfIndices, GL_UNSIGNED_INT, 0); // Second method to draw basing on indices
		}

		// Unbind data
		glBindVertexArray(0);
		glUseProgram(0);
		glActiveTexture(0);
		glBindTexture(GL_TEXTURE_2D, 0);
	}
};


cModel.h
#pragma once

#include"cMesh.h"
#include"cTexture.h"
#include"cShader.h"
#include"cMaterial.h"
#include"objectLoader.h"


// This class instantiates and keep game objects\models in the application.
class cModel
{
private:
	cMaterial* material;
	cTexture* overrideTextureDiffuse;
	cTexture* overridTextureSpecular;
	std::vector<cMesh*> meshes;
	glm::vec3 originPosition; // Central position
	glm::vec3 scaleVector;

	void updateUniforms()
	{

	}

public:
	// Constructor 1 - Mesh loaded model
	cModel(glm::vec3 originPosition, cMaterial* material, cTexture* overrideTextureDiffuse, cTexture* overridTextureSpecular, std::vector<cMesh*>& meshes)
	{
		// Set the characteristics
		this->originPosition = originPosition;
		this->material = material;
		this->overrideTextureDiffuse = overrideTextureDiffuse;
		this->overridTextureSpecular = overridTextureSpecular;

		for (auto*i : meshes) // Foreach loop
		{
			this->meshes.push_back(new cMesh(*i));
		}

		for (auto& i : this->meshes)
		{
			i->translate(this->originPosition);
			i->setOrigin(this->originPosition);
		}
	}

	// Constructor 2 - OBJ File loaded model
	cModel(glm::vec3 originPosition, cMaterial* material, cTexture* overrideTextureDiffuse, cTexture* overridTextureSpecular, const char* objFile, glm::vec3 scaleVector = glm::vec3(1.0))
	{
		// Set the characteristics
		this->originPosition = originPosition;
		this->scaleVector = scaleVector;
		this->material = material;
		this->overrideTextureDiffuse = overrideTextureDiffuse;
		this->overridTextureSpecular = overridTextureSpecular;

		// Load mesh data from the file
		std::vector<Vertex> mesh = loadObject(objFile);

		// Set the mesh
		this->meshes.push_back(new cMesh(mesh.data(), mesh.size(), NULL, 0, glm::vec3(0.0, 0.0, 0.0),
			glm::vec3(0.0),
			glm::vec3(0.0),
			this->scaleVector));

		for (auto& i : this->meshes)
		{
			i->translate(this->originPosition);
			i->setOrigin(this->originPosition);
		}
	}

	~cModel()
	{
		// Delete model's meshes
		// Use pointer refference to deleting
		for (auto*&i : meshes) // Foreach loop
		{
			delete i;
		}
	}

	// Accessors
	glm::vec3 getOriginalPos()
	{
		return originPosition;
	}

	glm::vec3 getScale()
	{
		return scaleVector;
	}

	// Functions
	void rotate(const glm::vec3 rotation)
	{
		for (auto& i : this->meshes)
		{
			i->rotate(rotation);
		}
	}

	void scale(const glm::vec3 scale)
	{
		this->scaleVector = scale;
		if (meshes.size() != 0)
		{
			for (auto& i : this->meshes)
			{
				i->setScale(scaleVector);
			}
		}
	}

	void update()
	{
		this->updateUniforms();
	}

	void render(cShader* shader)
	{
		// Update uniforms
		this->updateUniforms();

		this->material->sendToShader(*shader);

		// Use a program (shaders)
		shader->use();

		// Draw
		for (auto&i : this->meshes) // Foreach loop
		{
			// Activate textures
			this->overrideTextureDiffuse->bind(0); // Diffuse texture
			this->overridTextureSpecular->bind(1); // Specular texture

			i->render(shader); // Activate shaders
		}
	}
};



cMaterial.h
#pragma once

#include<glew.h>
#include<glfw3.h>

#include<glm.hpp>
#include<vec2.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc\type_ptr.hpp>

#include "cShader.h"

// This class is responsible for the management of materials.
class cMaterial
{
private:
	// Colours and intensities of the textures.
	glm::vec3 ambient;
	glm::vec3 diffuse;
	glm::vec3 specular;
	GLint diffuseTex;
	GLint specularTex;

public:

	// Constructor
	cMaterial(glm::vec3 ambient, glm::vec3 diffuse, glm::vec3 specular, GLint diffuseTex, GLint specularTex)
	{
		this->ambient = ambient;
		this->diffuse = diffuse;
		this->specular = specular;
		this->diffuseTex = diffuseTex;
		this->specularTex = specularTex;
	}

	// Destructor
	~cMaterial() {}

	// Functions
	// This function sends the materials settings to the shader
	void sendToShader(cShader& program)
	{
		program.setVec3f(this->ambient, "material.ambient");
		program.setVec3f(this->diffuse, "material.diffuse");
		program.setVec3f(this->specular, "material.specular");
		program.set1i(this->diffuseTex, "material.diffuseTex");
		program.set1i(this->specularTex, "material.specularTex");
	}
};


cTexture.h
#pragma once

#include<iostream>
#include<string>

#include<glew.h>
#include<glfw3.h>

#include<SOIL2.h>

// This class reads and implements textures to game objects.
class cTexture
{
private:
	GLuint textureID;
	int width;
	int height;
	unsigned int type;

public:
	// Constructor
	cTexture(const char* fileName, GLenum type)
	{
		this->type = type;

		// Loading image
		unsigned char* image = SOIL_load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);

		// Generating texture ID
		glGenTextures(1, &this->textureID);
		glBindTexture(type, this->textureID);

		// Texture settings
		glTexParameteri(type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
		glTexParameteri(type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
		glTexParameteri(type, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR); // Chooses the mipmap that most closely matches the size of the pixel being textured 
																				// Chooses the two mipmaps that most closely match the size of the pixel being textured 
		glTexParameteri(type, GL_TEXTURE_MIN_FILTER, GL_LINEAR); // Sets the minimum level-of-detail parameter. 
									// Returns the weighted average of the four texture elements that are closest to the center of the pixel being textured.
		if (image)
		{
			glTexImage2D(type, 0, GL_RGBA, this->width, this->height, 0, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
			glGenerateMipmap(type); // Mipmap is the same image in various resolutions
		}
		else
		{
			std::cout << "ERROR::TEXTURE_LOADING_FAILED: "<< fileName << std::endl;
		}

		glActiveTexture(0);
		glBindTexture(type, 0); // Unbiding the texture
		SOIL_free_image_data(image); // Remove the data from the memory
	}

	// Destructor
	~cTexture()
	{
		glDeleteTextures(1, &this->textureID);
	}

	// Accessors
	inline GLuint getID() const { return this->textureID; } // Get id of the texture

	// Functions
	// Find the texture
	void bind(const GLint textureUnit)
	{
		glActiveTexture(GL_TEXTURE0 + textureUnit);
		glBindTexture(this->type, this->textureID);
	}

	// Unbind the texture
	void unbind()
	{
		glActiveTexture(0);
		glBindTexture(this->type, 0);
	}

	// This function loads textures from PNG files. 
	void loadFromFile(const char* fileName)
	{
		if (this->textureID)
		{
			glDeleteTextures(1, &this->textureID);
		}
		// Loading image
		unsigned char* image = SOIL_load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);

		// Generating texture ID
		glGenTextures(1, &this->textureID);
		glBindTexture(this->type, this->textureID);

		// Texture's settings
		glTexParameteri(this->type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
		glTexParameteri(this->type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
		glTexParameteri(this->type, GL_TEXTURE_MAG_FILTER, GL_LINEAR_MIPMAP_LINEAR); 
		glTexParameteri(this->type, GL_TEXTURE_MIN_FILTER, GL_LINEAR);
		if (image)
		{
			glTexImage2D(this->type, 0, GL_RGBA, this->width, this->height, 0, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
			glGenerateMipmap(this->type); // Mipmap is the same image in various resolutions
		}
		else
		{
			std::cout << "ERROR::LOAD_FROM_FILE_TEXTURE_LOADING_FAILED: " << fileName << std::endl;
		}

		glActiveTexture(0);
		glBindTexture(this->type, 0); // Unbiding the texture
		SOIL_free_image_data(image); // Remove the data from the memory
	}
};


cLight.h
#pragma once

#include"libraries.h"

// This is the base class for light in the application.
class cLight
{
protected:
	float intensity;
	glm::vec3 colour;

public:
	// Constructor
	cLight(float intensity, glm::vec3 colour)
	{
		this->intensity = intensity;
		this->colour = colour;
	}
	// Destructor
	~cLight()
	{}
	// Function
	virtual void sendToShader(cShader& program) = 0;
};

// This is the class responsible for point lights in the application.
class cPointLight : cLight
{
protected:
	glm::vec3 position;
	float constant;
	float linear;
	float quadratic;

public:
	// Constructor
	cPointLight(glm::vec3 position, float intensity = 5.0, glm::vec3 colour = glm::vec3(1.0),
		float constant = 1.0, float linear = 0.045, float quadratic = 0.0075) : cLight(intensity, colour)
	{
		this->position = position;
		this->constant = constant;
		this->linear = linear;
		this->quadratic = quadratic;
	}
	// Destructor
	~cPointLight(){}
	// Modifiers
	void setPosition(const glm::vec3 position)
	{
		this->position = position;
	}

	void setColour(const glm::vec3 colour)
	{
		this->colour = colour;
	}

	// Functions
	// This function sends the point light settings to the shader
	void sendToShader(cShader& program)
	{
		program.setVec3f(this->position, "pointLight.position");
		program.set1f(this->intensity, "pointLight.intensity");
		program.setVec3f(this->colour, "pointLight.colour");
		program.set1f(this->constant, "pointLight.constant");
		program.set1f(this->linear, "pointLight.linear");
		program.set1f(this->quadratic, "pointLight.quadratic");
	}
};


cShader.h
#pragma once

#include<iostream>
#include<fstream>
#include<string>
#include<vector>

#include<glew.h>
#include<glfw3.h>

#include<glm.hpp>
#include<vec2.hpp>
#include<vec3.hpp>
#include<vec4.hpp>
#include<mat4x4.hpp>
#include<gtc\type_ptr.hpp>

// This class is responsible for handling and loading shaders.
class cShader
{
private:

	GLuint id;
	const int versionMajor;
	const int versionMinor;

	// Private functions
	std::string loadShaderSource(const char* fileName)
	{
		std::string temp = "";
		std::string source = "";

		std::ifstream inFile;

		// Vertex Shader
		inFile.open(fileName);

		if (inFile.is_open())
		{
			while (std::getline(inFile, temp))
			{
				source += temp + "\n";
			}
		}
		else
		{
			std::cout << "ERROR::SHADER::COULD_NOT_OPEN_FILE: "<< fileName << std::endl;
		}

		inFile.close();

		std::string versionNumber = std::to_string(this->versionMajor) + std::to_string(this->versionMinor) + "0";
		source.replace(source.find("#version"), 12, ("#version " + versionNumber)); // Replace the versions of OpenGL

		return source;
	}

	// Load shader and return its id
	GLuint loadShader(GLenum type, const char* fileName)
	{
		char infoLog[512];
		GLint success;

		GLuint shader = glCreateShader(type); // Get id to the vertex shader
		std::string stringSource = this->loadShaderSource(fileName);
		const GLchar* source = stringSource.c_str(); // Stores the shader in char array
		glShaderSource(shader, 1, &source, NULL);
		glCompileShader(shader);

		// Error checking
		glGetShaderiv(shader, GL_COMPILE_STATUS, &success);
		if (!success)
		{
			glGetShaderInfoLog(shader, 512, NULL, infoLog);
			std::cout << "ERROR::SHADER::COULD_NOT_COMPILE_SHADER: " << fileName << std::endl;
			std::cout << infoLog << std::endl;
		}

		return shader;
	}

	// Link the program
	void linkProgram(GLuint vertexShader, GLuint geometryShader, GLuint fragmentShader)
	{
		char infoLog[512];
		GLint success;

		this->id = glCreateProgram();

		// Attaching shaders
		glAttachShader(this->id, vertexShader);

		if (geometryShader) // attach if it is true
		{
			glAttachShader(this->id, geometryShader);
		}

		glAttachShader(this->id, fragmentShader);

		glLinkProgram(this->id);

		// Error check
		glGetProgramiv(this->id, GL_LINK_STATUS, &success);
		if (!success)
		{
			glGetProgramInfoLog(this->id, 512, NULL, infoLog);
			std::cout << "ERROR::SHADER::COULD_NOT_LINK_PROGRAM" << std::endl;
			std::cout << infoLog << std::endl;
		}

		glUseProgram(0); // Reset the program
	}


public:

	// Constructor
	cShader(const int versionMajor, const int versionMinor, const char* vertexFile, const char* fragmentFile, const char* geometryFile = "") : versionMajor(versionMajor), versionMinor(versionMinor)
	{
		GLuint vertexShader = 0;
		GLuint geometryShader = 0;
		GLuint fragmentShader = 0;

		vertexShader = loadShader(GL_VERTEX_SHADER, vertexFile);

		if (geometryFile != "")
		{
			geometryShader = loadShader(GL_GEOMETRY_SHADER, geometryFile);
		}

		fragmentShader = loadShader(GL_FRAGMENT_SHADER, fragmentFile);

		this->linkProgram(vertexShader, geometryShader, fragmentShader);

		// End
		glDeleteShader(vertexShader); // Delete the shader as it is not longer needed
		glDeleteShader(geometryShader); // Delete the shader as it is not longer needed
		glDeleteShader(fragmentShader); // Delete the shader as it is not longer needed

	}
	// Destructor
	~cShader()
	{
		glDeleteProgram(this->id);
	}

	// Set uniform functions
	void use()
	{
		glUseProgram(this->id);
	}

	void unuse()
	{
		glUseProgram(0);
	}

	//  Modifiers

	void set1i(GLint value, const GLchar* name)
	{
		this->use();
		glUniform1i(glGetUniformLocation(this->id, name), value); // Uniform texture's data / Check texture unit 0
		this->unuse();
	}

	void set1f(GLfloat value, const GLchar* name)
	{
		this->use();
		glUniform1f(glGetUniformLocation(this->id, name), value); // Uniform texture's data / Check texture unit 0
		this->unuse();
	}

	void setVec2f(glm::fvec2 value, const GLchar* name)
	{
		this->use();
		glUniform2fv(glGetUniformLocation(this->id, name), 1, glm::value_ptr(value));
		this->unuse();
	}

	void setVec3f(glm::fvec3 value, const GLchar* name)
	{
		this->use();
		glUniform3fv(glGetUniformLocation(this->id, name), 1, glm::value_ptr(value));
		this->unuse();
	}

	void setVec4f(glm::fvec4 value, const GLchar* name)
	{
		this->use();
		glUniform4fv(glGetUniformLocation(this->id, name), 1, glm::value_ptr(value));
		this->unuse();
	}

	void setMat3fv(glm::mat3 value, const GLchar* name, GLboolean transpose = GL_FALSE)
	{
		this->use();
		glUniformMatrix3fv(glGetUniformLocation(this->id, name), 1, transpose, glm::value_ptr(value));
		this->unuse();
	}

	void setMat4fv(glm::mat4 value, const GLchar* name, GLboolean transpose = GL_FALSE)
	{
		this->use();
		glUniformMatrix4fv(glGetUniformLocation(this->id, name), 1, transpose, glm::value_ptr(value));
		this->unuse();
	}
};


fragment_core.gls
#version 440

// A Fragment Shader is the Shader stage that will process a Fragment generated by the Rasterisation into a set of colors and a single depth value. 
// The fragment shader is the OpenGL pipeline stage after a primitive is rasterised. 
// Fragment shaders take a single fragment as input and produce a single fragment as output.

// Hold material data
struct Material
{
	// Colours and intensities of the textures
	vec3 ambient;
	vec3 diffuse;
	vec3 specular;
	sampler2D diffuseTex;
	sampler2D specularTex;
};

// Define a point light
struct PointLight
{
	vec3 position;
	float intensity;
	vec3 colour;
	float constant;
	float linear;
	float quadratic;
};

in vec3 vs_position;
in vec3 vs_color;
in vec2 vs_texcoord;
in vec3 vs_normal;

out vec4 fs_color;

// Uniforms
uniform Material material;
uniform PointLight pointLight;

uniform vec3 lightPos0;
uniform vec3 cameraPosition;

// Functions
vec3 calculateAmbient(Material material)
{
	return material.ambient;
}

vec3 calculateDiffuse(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPos0)
{
	// Diffuse light							// TO		// FROM
	vec3 posToLightDirectionalVector = normalize(lightPos0 - vs_position);
	float diffuseAngle = clamp(dot(posToLightDirectionalVector, normalize(vs_normal)), 0, 1); // Get the dot product of two vectors clamped to value between 0 and 1
	vec3 diffuseFinal = material.diffuse * diffuseAngle; // Set how much colour to use
	
	return diffuseFinal;
}

vec3 calculateSpecular(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPos0, vec3 cameraPosition)
{
	vec3 lightToPositionDirectionalVector = normalize(vs_position - lightPos0);
	vec3 reflectDirectionalVector = normalize(reflect(lightToPositionDirectionalVector, normalize(vs_normal)));
	vec3 positionToViewDirectionalVector = normalize(cameraPosition - vs_position);
	float specularConstant = pow(max(dot(positionToViewDirectionalVector, reflectDirectionalVector), 0), 35);
	vec3 specularFinal = material.specular * specularConstant * texture(material.specularTex, vs_texcoord).rgb;
	return specularFinal;
}


void main()
{	
	// Ambient light
	vec3 ambientFinal = calculateAmbient(material); // Hitting the object with all directions

	// Diffuse light
	vec3 diffuseFinal = calculateDiffuse(material, vs_position, vs_normal, pointLight.position);

	// Specular light
	vec3 specularFinal = calculateSpecular(material, vs_position, vs_normal,  pointLight.position, cameraPosition);

	// Attenuation
	float distance = length( pointLight.position - vs_position);
								// constant linear quadratic
	float attenuation =  pointLight.constant / (1.0 + pointLight.linear * distance + pointLight.quadratic * (distance * distance));

	// Final effect
	ambientFinal *= attenuation;
	diffuseFinal *= attenuation;
	specularFinal *= attenuation;

	fs_color = texture(material.diffuseTex, vs_texcoord)
	* (vec4(ambientFinal, 1.0) + vec4(diffuseFinal, 1.0) + vec4(specularFinal, 1.0)) * vec4(pointLight.colour, 1.0);

	//fs_color = (vec4(ambientFinal, 1.0)+ vec4(diffuseFinal, 1.0) + vec4(specularFinal, 1.0)); // Textures are invisible
}


vertex_core.glsl
#version 440

// The Vertex Shader is the programmable Shader stage in the rendering pipeline that handles the processing of individual vertices. 
// Vertex shaders are fed Vertex Attribute data, as specified from a vertex array object by a drawing command.

layout (location = 0) in vec3 vertex_position;
layout (location = 1) in vec3 vertex_color;
layout (location = 2) in vec2 vertex_texcoord;
layout (location = 3) in vec3 vertex_normal;

out vec3 vs_position;
out vec3 vs_color;
out vec2 vs_texcoord;
out vec3 vs_normal;

uniform mat4 modelMatrix;
uniform mat4 viewMatrix;
uniform mat4 projectionMatrix;

void main()
{
	// Calculate position
	vs_position = vec4(modelMatrix * vec4(vertex_position, 1.f)).xyz;

	vs_color = vertex_color;

	vs_texcoord = vec2(vertex_texcoord.x, vertex_texcoord.y * -1.0);

	// Get the normal
	vs_normal = mat3(modelMatrix) * vertex_normal;

	// Get the clip-space output position of the current vertex
	gl_Position = projectionMatrix * viewMatrix * modelMatrix * vec4(vertex_position, 1.0);
}


Test Schedule
	[bookmark: _Hlk39502596]Test Case Id:
CameraMovement
	Test Purpose: To check if the user can move the camera.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15
OpenGL v.4.4

	Preconditions: The program has not been started.

	Test Case Steps: 3

	Step No
	Procedure
	Response
	Pass/
Fail

	1
	Press “CTRL” + “F5” buttons to run the debug mode.
	[image: ]
The application window is displayed.
	Pass

	2
	Press “w” to transform the camera forward.
	[image: ]
The camera’s view is moved forward. The 3D objects are more lighted.
	Pass

	3
	Press “s” to transform the camera backwards.
	[image: ]
The camera’s view is moved backward. The 3D objects are less lighted.
	Pass

	4
	Press “a” to transform the camera left.
	[image: ]
The camera’s view is moved left. The 3D objects which are outside the camera’s view are clipped.
	Pass

	5
	Press “d” to transform the camera right.
	[image: ]
The camera’s view is moved left. The 3D objects which are outside the camera’s view are clipped.
	Pass

	Comments:
All steps passed.

	Related Tests:

	Author: Bartosz Galantowicz

	Test Case Id:
ObjectLoading
	Test Purpose: To check if user can load two different models and print them on the scene.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15
OpenGL v.4.4

	Preconditions: The program has not been started.

	Test Case Steps: 3

	Step No
	Procedure
	Response
	Pass/
Fail

	1
	Initialise a cube model in cGame.cpp.
	[image: ]
The file path is set to the cube.obj file.
	Pass

	2
	Initialise a sphere model in cGame.cpp.
	[image: ]
The file path is set to the sphere.obj file.
	Pass

	3
	Press “CTRL” + “F5” buttons to run the debug mode.
	[image: ]
The models of a sphere and cube are displayed in the scene.
	Pass

	Comments:
All steps passed.

	Related Tests:

	Author: Bartosz Galantowicz

	Test Case Id:
TextureLoading
	Test Purpose: To check if textures are loaded correctly.

	Environment: 
Windows 10 Pro
Microsoft Visual Studio Community 2017 v.15.9.15
OpenGL v.4.4

	Preconditions: The program has not been started.

	Test Case Steps: 3

	Step No
	Procedure
	Response
	Pass/
Fail

	1
	Set textures for a cube model to TEXTURE_SILVER and TEXTURE_SILVER_SPECULAR values.
	[image: ]
The file path is set to the cube.obj file. The first texture is the diffuse texture set as TEXTURE_SILVER. The second texture is a specular texture set as TEXTURE_SILVER_SPECULAR.
	Pass

	2
	Press “CTRL” + “F5” buttons to run the debug mode.
	[image: ]
The cube 3D model with applied silver texture is displayed.
	Pass

	3
	Set textures for a cube model to TEXTURE_GOLD and TEXTURE_ GOLD_SPECULAR values.
	[image: ]
The file path is set to the cube.obj file. The first texture is the diffuse texture set as TEXTURE_ GOLD. The second texture is a specular texture set as TEXTURE_ GOLD _SPECULAR
	Pass

	4
	Press “CTRL” + “F5” buttons to run the debug mode.
	[image: ]
The cube 3D model with applied silver gold is displayed.
	

	Comments:
All steps passed.

	Related Tests:

	Author: Bartosz Galantowicz
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// static function for loading 3D objects from obj files.
static std::vector<Vertex> loadObject(const char* fileName

{

/1 Vertex portions

std: :vector<glm: :fvec3> vertexPositions;
std: :vector<glm: :fvec2> vertexTexCoords;
std: :vector<glm: :fvec3> vertexNormals;

// Face vectors

std: :vector<GLuint> vertexPositionIndices;
std: :vector<GLuint> vertexTexCoordIndices;
std: :vector<GLuint> vertexNormalIndices;

/1 Vertex array
std: :vector<Vertex> vertices;

st

stringstream ss;

ifstream inFile(fileName);
std::string line
std::string prefix = ¥
glm: :vec3 tempVec3;
glm: :vec2 tempVec2;
GLint tempGLint = ©;

// File open error check
if (linFile.is_open())
{

‘throw "ERROR: :0BJLOADER: :Could not open file.";

¥
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// Read one line at a tme
while (std::getline(inFile, line))|

{

// Get the prefix of the line
ss.clear();

ss.str(line);

ss >> prefix;

if (prefix
{

EVE) // Vertex position

ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
vertexPositions. push_back(tempVec3);

¥

else if (prefix

{

)

ss >> tempVec2.x >> tempVec2.y;
vertexTexCoords. push_back(tempVec2) ;

¥

else if (prefix

{

')

ss >> tempVec3.x >> tempVec3.y >> tempVec3.z;
vertexNormals.push_back (tempVec3);

}

else if (prefix

{

int counter = @;
while (ss >> tempGLint)
{

// Pushing indces into correct arrays

if (counter @) // First position

{ vertexPositionIndices.push_back(tempGLint);
ilse if (counter == 1)

{ vertexTexCoordIndices.push_back(tempGLint);
ilse if (counter == 2)

{

vertexNormalIndices .push_back(tempGLint);
b
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// Handling characters
if (ss.peek() == Hff)// Avoid slashes

1{
++counter;
ss-ignore(1, I/);
¥
else if (ss.peek() == *1%)
1{
++counter;
ss.ignore(1, !
¥
if (counter > 2)
1{
counter = 0;
¥
¥
¥
else
{1

¥

// Build final vertex array (mesh)
vertices.resize(vertexPositionIndices.size(), Vertex()); // Create empty vertices of vertex position indices size

// Loading all indices
for (size t i = ©; i < vertices.size(); ++i)
{
vertices[i].position = vertexPositions[vertexPositionIndices[i] - 1]; // set the position in regard to indices
vertices[i].texcoord = vertexTexCoords[vertexTexCoordIndices[i] - 1];
vertices[i].normal = vertextormals[vertexNormalIndices[i] - 11;
vertices[i].color = glm::vec3(1.0, 1.0, 1.0);

out << "Number of vertices: " << vertices.size() << std::endl;
out << "0BJ file loaded” << std::endl;

// Load success

return vertices;
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118 // Initialise models
119 cvoid cGame::initialiseModels()

120 |{
121 | // Initialise the models

122 this->models_push_back(new cModel(

123 | glm: :vec3(3, @, @), // Model position

124 this->materials[@], // Set materials

125 this->textures[ TEXTURE_SILVER], // Set texture

126 this->textures[ TEXTURE_SILVER_SPECULAR], // Set specular texture
127 "0B) Files/monkey.obj", // Load model from file

128 glm: :vec3(2.8))); // Set the scale

129

130 this->models_push_back(new cModel(

131 glm::vec3(-3, @, @), // Model position

132 this->materials[@], // Set materials

133 this->textures[TEXTURE_GOLD], // Set texture

134 this->textures[ TEXTURE_GOLD_SPECULAR], // Set specular texture
135 "0B) Files/monkey.obj", // Load model from file

136 glm: :vec3(2.8))); // Set the scale

137 |}

138
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// This class reads and implements textures to game

class cTexture

{
private:
GLuint textureID;
int width;
int height;
unsigned int type;
public:

/1 Constructor
cTexture(const char* fileName, GLenum type)

{
this->type = type;

// Loading image

objects.

unsigned char* image = SOIL_load_image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);

// Generating texture TD
glGenTextures(1, &this->textureID);
glBindTexture(type, this->textureID);

// Texture settings

glTexParameteri(type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
glTexParameteri(type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
glTexParameteri(type, GL_TEXTURE_MAG_FILTER, GL_LTNEAR MIPMAP_LINEAR); // Chooses the mipmap that most closely matches the size of the pixel being textured

// Chooses the two mipmaps that most closely match the size of the pixel being textured

glTexParameteri(type, GL_TEXTURE_MIN_FILTER, GL_LINEAR); // Sets the minimum level-of-detail parameter.
// Returns the weighted average of the four texture elements that are closest to the center of the pixel being textured.

if (image)
{

glTexImage2D(type, @, GL_RGBA, this->width, this->height, @, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
glGenerateMipmap(type); // Mipmap is the same image in various resolutions

¥

else

{
std::cout << "ERROR:

¥

glActiveTexture(0);

EXTURE_LOADING_FAILED: "<< fileName << std

glBindTexture(type, @); // Unbiding the texture

SOIL_free_image_data(image); // Remove the data from the memory

ndl;
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/1 Destructor
~cTexture()

{
glDeleteTextures(1, &this->texturelID);
¥

// Accessors

inline Gluint getID() const { return this->textureID; } // Get id of the texture

// Functions
// Find the texture
void bind(const GLint textureUnit)
{
glActiveTexture(GL_TEXTURE® + textureUnit);
glBindTexture(this->type, this->textureID);
¥

// Unbind the texture

void unbind()

{
glActiveTexture(0);
glBindTexture(this->type, );
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// This function loads textures from PNG files.
void loadFromFile(const char* fileName)

{
if (this->texturelD)
{
glDeleteTextures(1, &this->textureID);|
3
// Loading image
unsigned char* image = SOIL load image(fileName, &this->width, &this->height, NULL, SOIL_LOAD_RGBA);
// Generating texture ID
glGenTextures (1, &this->textureID);
glBindTexture(this->type, this->textureID);
// Texture's settings
glTexParameteri(this->type, GL_TEXTURE_WRAP_S, GL_REPEAT); // Set X coordinates
glTexParameteri(this->type, GL_TEXTURE_WRAP_T, GL_REPEAT); // Set Y coordinates
glTexParameteri (this->type, GL_TEXTURE_MAG_FILTER, GL_LINEAR MIPMAP_LINEAR);
glTexParameteri (this->type, GL_TEXTURE_MIN_FILTER, GL_LINEAR);
if (image)
{
glTexImage2D(this->type, @, GL_RGBA, this->width, this->height, 0, GL_RGBA, GL_UNSIGNED_BYTE, image); // Specify a two-dimensional texture image
glGenerateMipmap(this->type); // Mipmap is the same image in various resolutions
}
else
{
std::cout << MERROR::LOAD_FROM_FILE TEXTURE LOADING FAILED: * << fileName << std::endl;
¥
glActiveTexture(0);
glBindTexture(this->type, @); // Unbiding the texture
SOIL_free_image data(image); // Remove the data from the memory
¥
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// Initialise textures

void cGam

{

initialiseTextures()

// Texture Initialisation

// Creating a texture

this->textures.push_back(new cTexture (*Images/gold.png", GL_TEXTURE 20));
this->textures.push_back(new cTexture("Images/gold specular.png®, GL_TEXTURE_2D));
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// Enums for textures

enum textureEnum{
TEXTURE_SILVER = @, TEXTURE_SILVER_SPECULAR,
TEXTURE_GOLD, TEXTURE_GOLD_SPECULAR
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#version 440

// The Vertex Shader is the programmable Shader stage in the rendering pipeline that handles the processing of individual vertices.
// Vertex shaders are fed Vertex Attribute data, as specified from a vertex array object by a drawing command.

layout (location
layout (location
layout (location
layout (location

) in vec3 vertex_position;
1) in vec3 vertex_color;
2) in vec2 vertex_texcoord;
3) in vec3 vertex_normal;

out vec3 vs_position;
out vec3 vs_color;
out vec2 vs_texcoord;
out vec3 vs_normal;

uniform mat4 modelMatrix;
uniform mat4 viewMatrix;
uniform mat4 projectionMatrix;

void main()
| €
| // Calculate position
vs_position = vecd(modelMatrix * vecd(vertex_position, 1.f)).xyz;

vs_color = vertex_color;
vs_texcoord = vec2(vertex_texcoord.x, vertex_texcoord.y * -1.0);

| // Get the normal
vs_normal = mat3(modelMatrix) * vertex_normal;

// Get the clip-space output position of the current vertex
gl_Position = projectionMatrix * viewMatrix * modelMatrix * vec4(vertex_position, 1.8);
i




image18.png
105
106
107
108
109
110
111
112
113
114
.

// Initialise materials
void cGame: :initialiseMaterials()
{
// Material Initialisation
this->materials.push_back(new cMaterial(
/ec3(1.0), // Ambient strenght
:vec3(1.8), // Diffuse strenght
/ec3(120.0), // Specular strenght
0, 1));
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#version 440

// A Fragment Shader is the Shader stage that will process a Fragment generated by the Rasterization into a set of colors and a single depth value.
// The fragment shader is the OpenGL pipeline stage after a primitive is rasterized.
// Fragment shaders take a single fragment as input and produce a single fragment as output.

| /7 Wold material data
struct Material

{

// Colours and intensities of the textures
vec3 ambient;

vec3 diffuse;

vec3 specular;

sampler2D diffuseTex;

sampler2D specularTex;

// Define a point light|
struct PointLight
{
vec3 position;
float intensity;
vec3 colour;
float constant;
float linear;
float quadratic;

in vec3 vs_position;
in vec3 vs_color;
in vec2 vs_texcoord;
in vec3 vs_normal;

out vec4 fs_color;
// Uniforms
uniform Material material;

uniform PointLight pointLight;

uniform vec3 lightPos@;
uniform vec3 cameraPosition;
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// Functions
vec3 calculateAmbient(Material material)

{
return material.ambient;
¥
vec3 calculateDiffuse(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPose)
{
// Diffuse light a // FROM
vec3 posTolightDirectionalVector = normalize(lightPose - vs_position);
float diffuseAngle = clamp(dot(posTolightDirectionalVector, normalize(vs_normal)), 8, 1); // Get the dot product of two vectors clamped to value between @ and 1
vec3 diffuseFinal = material.diffuse * diffuseAngle; // Set how much colour to use
return diffuseFinal;
¥

vec3 calculateSpecular(Material material, vec3 vs_position, vec3 vs_normal, vec3 lightPos@, vec3 cameraPosition)
{
vec3 lightToPositionDirectionalVector = normalize(vs_position - lightPose);
vec3 reflectDirectionalVector = normalize(reflect(lightToPositionDirectionalVector, normalize(vs_normal)));
vec3 positionToViewDirectionalVector = normalize(cameraPosition - vs_position);
float specularConstant = pow(max(dot(positionToViewDirectionalVector, reflectDirectionalVector), ), 35);
vec3 specularfinal = material.specular * specularConstant * texture(material.specularTex, vs_texcoord).rgh;
return specularfinal;
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void main()
1<
// Ambient light
vec3 ambientFinal = calculateAmbient(material); // Hitting the object with all directions

// Diffuse light
vec3 diffuseFinal = calculateDiffuse(material, vs_position, vs_normal, pointlight.position);

// Specular light

vec3 specularfinal = calculateSpecular(material, vs_position, vs_normal, pointLight.position, cameraPosition);

// Attenuation

float distance = length( pointLight.position - vs_position)
// constant linear quadratic

float attenuation = pointLight.constant / (1.0 + pointLight.linear * distance + pointLight.quadratic * (distance * distance));

// Final effect
ambientFinal *= attenuation;
diffuseFinal *= attenuation;
specularFinal *= attenuation;

fs_color = texture(material.diffuseTex, vs_texcoord)
* (vec4(ambientFinal, 1.8) + vecd(diffuseFinal, 1.0) + vec4(specularFinal, 1.0)) * vec4(pointLight.colour, 1.0);

//fs_color = (vecA(ambientFinal, 1.0)+ veca(diffuseFinal, 1.8) + vec4(specularFinal, 1.8)); // Textures are invisible
|
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// Initialise the models

this->models .push_back(new cModel(
glm::vec3(-3, 3, @), // Model position
this->materials[@], // Set materials
this->textures[TEXTURE_SILVER], // Set texture
this->textures[ TEXTURE_SILVER_SPECULAR], // Set specular texture
"0B3|Files/cubeloby®, // Load model from file
glm: :vec3(2.0))); // Set the scale
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this->models . push_back(new cModel(
glm::vec3(3, 3, @), // Model position
this->materials[@], // Set materials
‘this->textures[TEXTURE_GOLD], // Set texture
‘this->textures[ TEXTURE_GOLD_SPECULAR], // Set specular texture
"0BJ Files/sphere.obj", // Load model from file
glm: :vec3(2.0))); // Set the scale
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// Initialise the models

this->models .push_back(new cModel(
glm::vec3(-3, 3, @), // Model position
this->materials[], // Set materials
‘this->textures[TEXTURE_GOLD], // Set texture
‘this->textures[ TEXTURE_GOLD_SPECULAR], // Set specular texture
"0BJ Files/cube.obj", // Load model from file
glm: :vec3(2.0))); // Set the scale
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