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[bookmark: _Toc203355341]Introduction
For this assignment, a program had to be created to display two graphical effects. This program would need to be able to display an image, then apply two separate effects on opposite halves of the image. The effects chosen for this assignment were edge detection, which highlights the edges of an image, and colour inversion, which inverts the colours of an image to their opposites.
Once this program was completed, it was then necessary to research and explain these effects in detail, with consideration to their practical uses, before finally detailing the code used to create the program, going over integral sections of the program and explaining the implementation of the graphical effects in the shader. 




















[bookmark: _Toc203355342]Edge Detection
Edge Detection is a graphical effect that highlights the edges of a given image, while discarding other unused features, leaving only an outline of the edges of an object. To do this, an algorithm detects where an image has sharp changes of brightness, identifying such contrasts in an image as an edge. These are then highlighted, while discarding all other detail, leaving a final image consisting only of these edges.
[bookmark: _Toc203355343]History of Edge Detection
The first algorithm for Edge Detection was the Roberts Cross operator, created in 1963 [1]. This algorithm uses two 2x2 convolution kernels, with one kernel rotated ninety degrees. Both kernels are then applied to an image to measure the gradients in an image, then combined in order to determine the magnitude and orientation of a gradient. [2] This then leads to an edge detected image. While this algorithm is quick to produce a result, it is very sensitive to noise, which, due to advancements in computer processing speed, make the Roberts Cross operator somewhat outdated.
Several other edge detection algorithms were later created, such as the Kirsch operator, Sobel operator, and Canny. [1] These algorithms improve over the Roberts Cross operator by reducing image noise, utilising different techniques such as an additional convolution kernel in the case of the Sobel operator [3], or a 5x5 Gaussian filter, utilised by the Canny edge detector [4].
[bookmark: _Toc203355344]Uses of Edge Detection
Edge detection can be used for a variety of purposes. One such purpose is to pick out details in an image that may be hard to quickly identify. Edge detection can be used in tasks such as identifying car number plates and in X-Ray scans, reducing unnecessary details in an image to identify more important features. Edge detection can also be useful for robotics and self driving cars – stripping an environment of irrelevant information, allowing the robot or car to only focus on important information for navigation. 
Edge detection can also be used for artistic purposes – Providing a minimalist image, only featuring important features to draw a figure, such as a face, object, animal or location. Such art can also be implemented in games, particularly in 2D games, only presenting important features and stripping unnecessary features. 
Edge detection can also be utilised in 3D games in basic environments, to emphasise detail and prevent environmental features from blending together such as in the game Crypt, which utilises edge detection to add detail and depth to an otherwise simple environment [5].
[bookmark: _Toc203355345]Sobel Edge Detection
The algorithm chosen to be used in the project was the Sobel edge detection algorithm, as it was not to complex to implement and did not feature much noise in the final image. In order to create the algorithm, two 3x3 kernels were created, labelled X and Y, with X detecting horizontal edges and Y detecting vertical edges. This is then used to check an image, sampling pixels and comparing the gradient’s strength against neighbouring pixels to find an edge.




















[bookmark: _Toc203355346]Colour Inversion
Colour Inversion is an effect that inverts the colours of an image to their opposite, creating a vivid image. When used as a graphical effect, it inverts the RGB values of the colours in an image, turning blacks to whites, and blues to oranges, for example.
[bookmark: _Toc203355348]Uses of Colour Inversion
Colour inversion has a variety of uses, such as for accessibility. For colourblind users of a program, colour inversion can allow them to identify colours they may not be able to see. For example, in a game, user interface elements may be a colour that is difficult for users to identify. Inverting these colours can make it easier for these users to read and understand these elements. Similarly, colour inversion can be used for creating dark modes on applications and websites, where inverting the colour from a harsh white to a softer black can help reduce eye strain, particularly in dark environments.
Colour inversion can also be used in more creative ways in games – In fast paced games, particularly in 2D games, if an enemy takes damage, it may be difficult for the user to register if an enemy has taken damage, especially if many things are occurring at once, such as in a bullet hell game, where the user is primarily focussed on avoiding lots of projectiles. By making damaged enemies temporarily ‘flash’ by inverting the colours of the sprites of the enemies, the user can receive feedback that the enemy has been damaged, without compromising the details of the enemy.
Finally, colour inversion can be utilised well for artistic purposes, where an image’s colours can be inverted to experiment with different colour palettes, or to create a vivid image. Colour inversion can also be used to create visual effects that contrast with their background, making them ‘pop’ more or make them more noticeable.








[bookmark: _Toc203355349]Explanation of Code
In order to create a functioning program, two files were required; a main file, to create a window, bind textures, determine the location of the outputted image, assign buffers, load the image and bind the shader file, as well as a shader file, to allow for a texture to be used in the program, as well as to set up the graphical effects used in the program.
Several other files were used in the creation of the project; an image file [8] was used as a texture to showcase the graphical effects, as edge detection would not be possible without an image with edges. 
Additionally, the project solution relied on several imported files from the class OpenGL library, primarily the shader files, shader.h and shader.cpp, responsible for ensuring the shader used behaves correctly and with full functionality, and the renderer files, required by the shader files to draw the triangles necessary to output a texture. Additional files, such as the VertexBuffer, IndexBuffer and VertexArray were included as the shader and renderer depended on these files to function. 
[bookmark: _Toc203355350]Main.cpp
The main file is necessary to create a window, create a square that will be used to display a texture, and set up an environment to display a texture to, using a shader.
To begin, STB_IMAGE_IMPLEMENTATION is included in the file, as it is necessary to display an image in the project. This is a public library that can be used in order to load an image [6], which is necessary as C++ cannot natively display images without using a similar library.
Next, sqVertices and sqIndices are defined as a float and int, respectively. sqVertices defines the vertex position of the blank square drawn in the displayed window, and defines the texture coordinates to display the image on the square, while the indices are used to define the two triangles that make up the square on screen. 
A LoadTexture function is created, to be used when a texture needs to be loaded, such as when loading the image. In order to do this, a texture ID is created, and the texture is bound as a 2D texture. Additional parameters are set for this texture, such as how the texture will be wrapped filtered, using GL_TEXTURE_WRAP, and GL_TEXTURE_FILTER respectively. In order to prevent a bug where an image appears upside down, the image is flipped when loaded, then the image is loaded using the STB library previously included in the project. The texture is then created using glTexImage2D.


The main loop then creates a window using GLFW, by first initialising GLFW, then creating a window using GLFWwindow* window, defining the resolution as 1920 pixels wide, and 1080 pixels tall. GLEW is then initialised in order to support OpenGL. Buffers are then created and bound, using the vertex array object (VAO) to store information for a rendered object [7], a vertex buffer object (VBO) to act as a memory buffer to store vertices [8], and the element buffer object (EBO) to store information on the indices used to draw the triangles used to create the square. The LoadTexture function is then used to load the image as a texture.
The shader is then set up, using the shader file imageShader.Shader, and bound. STB is then used to gather information about the used image, gather the image’s width, height and the number of colour channels used. Shader uniforms are set, and the background colour of the window is set to a dark grey; this is for debugging purposes, as if the image does not load, it is easy to identify the empty square against the background; otherwise, the square blends into the background.
Finally, the program renders the image. The screen is cleared of any objects, and the shader is rebound. The texture is activated using glActiveTexture, with the image being bound as a texture, then binding the VAO and drawing the elements using GL_TRIANGLES, taking 6 indices to draw two triangles, creating a quad that forms a square. Once this is complete, the image is displayed, with the texture being displayed over the created square.












[bookmark: _Toc203355351]imageShader.Shader
imageShader.Shader is the shader file used in the project. It is responsible for creating a texture that can be projected to an object in the main file to display an image. It is split into two sections, the vertex shader, to determine vertex positions and transform these positions to clip space, and the fragment shader, to determine the size and colour of each displayed pixel, which, when combined, displays a texture on screen.
Included in the fragment shader are the algorithms used to display the graphical effects in the image. The simplest of these two algorithms is the colour inversion algorithm, which simply samples the colour of the texture, then inverts the RGB colour values using 1 – color.rgb. This then returns these updated colours to the image. The other algorithm, used to implement edge detection, uses the Sobel filter. This algorithm takes two 3x3 kernels to scan a texture’s colour gradients horizontally and vertically, then samples the colour of the gradient to multiply against the two kernels, storing these samples in color.x and color.y. The edge strength is then determined by checking the length of color.x and color.y, removing the colour and outputting an edge detected image.
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Code used:
Main.cpp
#define STB_IMAGE_IMPLEMENTATION

#include <iostream>

#include "GL/glew.h"
#include <GLFW/glfw3.h>
#include "glm/glm.hpp"

#include "Shader.h"
#include "stb_image.h"

// Square Vertices
float sqVertices[] = {
    //     Positions   TexCoords
         0.25f,  0.5f, 1.0f, 1.0f, // Top Right
         0.25f, -0.5f, 1.0f, 0.0f, // Bottom Right
        -0.25f, -0.5f, 0.0f, 0.0f, // Bottom Left
        -0.25f,  0.5f, 0.0f, 1.0f  // Top Left
};

// Square Indices
unsigned int sqIndices[] = {
    0, 1, 3,
    1, 2, 3
};


unsigned int LoadTexture(const char* path) // Loads texture
{
    unsigned int textureID;
    glGenTextures(1, &textureID);
    glBindTexture(GL_TEXTURE_2D, textureID);

    // Texture parameters
    glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
    glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);
    glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR);
    glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

    int width, height, nrChannels;
    stbi_set_flip_vertically_on_load(true); // Stops image being displayed upside down
    unsigned char* data = stbi_load(path, &width, &height, &nrChannels, 0);
    if (data)
    {
        GLenum format = (nrChannels == 4) ? GL_RGBA : GL_RGB;
        glTexImage2D(GL_TEXTURE_2D, 0, format, width, height, 0, format, GL_UNSIGNED_BYTE, data);
        glGenerateMipmap(GL_TEXTURE_2D);
    }
    else
    {
        std::cout << "Failed to load texture! - " << path << std::endl;
    }
    stbi_image_free(data);

    return textureID;
}

int main()
{
    // Making a window (Code from class OpenGL Git Library - drawATriangle)

    if (!glfwInit()) { // Error if GLFW fails to initialize
        std::cerr << ("Failed to initialize GLFW");
        return -1;
    }
    GLFWwindow* window = glfwCreateWindow(1960, 1080, "Image Effects Loader", NULL, NULL); // Creates a window (With window size parameters and window name)
    if (!window) { // Error if window fails
        std::cerr << "GLFW Window failed" << std::endl;
        glfwTerminate();
        return -1;
    }

    glfwMakeContextCurrent(window);
    glewExperimental = GL_TRUE;
    if (glewInit() != GLEW_OK) { // Error if GLEW fails to initialize
        std::cerr << "Failed to initialize GLEW" << std::endl;
        return -1;
    }
    std::cout << "GLEW VERSION = " << glGetString(GL_VERSION) << std::endl;

    int frameBuffWidth, frameBuffHeight;
    glfwGetFramebufferSize(window, &frameBuffWidth, &frameBuffHeight);
    glViewport(0, 0, frameBuffWidth, frameBuffHeight);

    unsigned int VAO;
    unsigned int EBO;
    unsigned int VBO;
    glGenVertexArrays(1, &VAO);
    glGenBuffers(1, &EBO);
    glGenBuffers(1, &VBO);
    glBindVertexArray(VAO);

    glBindBuffer(GL_ARRAY_BUFFER, VBO);
    glBufferData(GL_ARRAY_BUFFER, sizeof(sqVertices), sqVertices, GL_STATIC_DRAW);

    glBindBuffer(GL_ELEMENT_ARRAY_BUFFER, EBO);
    glBufferData(GL_ELEMENT_ARRAY_BUFFER, sizeof(sqIndices), sqIndices, GL_STATIC_DRAW);

    // Position
    glVertexAttribPointer(0, 2, GL_FLOAT, GL_FALSE, 4 * sizeof(float), (void*)0);
    glEnableVertexAttribArray(0);

    // TexCoords
    glVertexAttribPointer(1, 2, GL_FLOAT, GL_FALSE, 4 * sizeof(float), (void*)(2 * sizeof(float)));
    glEnableVertexAttribArray(1);

    unsigned int image = LoadTexture("apple.png");

    if (image == 0) // Error if image is not found / fails to load
    {
        std::cerr << "Failed to load image :(" << std::endl;
        return 0;
    }

    // Setting up shader
    Shader shader("imageShader.shader"); 
    shader.Bind();
    int width, height, nrChannels;
    stbi_info("apple.png", &width, &height, &nrChannels);
    shader.setUniform1i("texture1", 0);
    shader.setUniform2f("texel", 1.0f / width, 1.0f / height); // Added extra uniform to shader files to allow uniform2f to be used
    glClearColor(0.1f, 0.1f, 0.1f, 1.0f); // Background colour to make it easier to identify if a shader issue has occured

    while (!glfwWindowShouldClose(window)) // While the program is currently running:
    {
        glClear(GL_COLOR_BUFFER_BIT);
        shader.Bind();

        glm::mat4 model = glm::mat4(1.0f);
        shader.setUniformMat4f("model", model);

        glActiveTexture(GL_TEXTURE0);
        glBindTexture(GL_TEXTURE_2D, image);

        glBindVertexArray(VAO);
        glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_INT, nullptr);
        
        glfwSwapBuffers(window);
        glfwPollEvents();
    }
    return 0;
}

// All files besides main.cpp and imageShader.shader are imported from the class OpenGL Library.
imageShader.shader
#shader vertex
#version 330 core

layout(location = 0) in vec2 position;
layout(location = 1) in vec2 texCoords;

out vec2 texCoord;

uniform mat4 model; 

void main()
{
	gl_Position = model * vec4(position.xy, 0.0, 1.0);
	texCoord = texCoords;
}


#shader fragment
#version 330 core 

in vec2 texCoord;
out vec4 FragColor;

uniform sampler2D texture1;
uniform vec2 texel;

vec4 edgeDetection() // Edge Detection using Sobel filter
{
	vec3 kernelX[3] = vec3[](vec3(-1, 0, 1), vec3(-2, 0, 2), vec3(-1, 0, 1)); // Detects horizontally
	vec3 kernelY[3] = vec3[](vec3(-1, -2, -1), vec3(0, 0, 0), vec3(1, 2, 1)); // Detects Vertically

	vec3 colorX = vec3(0.0);
	vec3 colorY = vec3(0.0);

	for (int y = -1; y <= 1; y++) 
	{
		for (int x = -1; x <= 1; x++)
		{
			vec3 sample = texture(texture1, texCoord + texel * vec2(x, y)).rgb;
			colorX += kernelX[y + 1][x + 1] * sample;
			colorY += kernelY[y + 1][x + 1] * sample;
		}
	}

	float edgeStrength = length(colorX) + length(colorY); // Determines intensity of effect
	return vec4(vec3(edgeStrength), 1.0);
}

vec4 colourInversion() { // Colour Inversion
	vec4 color = texture(texture1, texCoord);
	return vec4(1.0 - color.rgb, 1.0); // Inverts RGB colour values
	}

void main() // Splits the screen in half to display different effects
{
	if (texCoord.x < 0.5)
	{
		FragColor = edgeDetection(); // Left = edgeDetection
	}
	else
	{
		FragColor = colourInversion(); // Right = colourInversion
	}
	
}
