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[bookmark: _Toc193982088]Blurring
[bookmark: _Toc193982089]What is blurring?
Blurring is a technique that is used to make an image look blurry, it does this by reducing how sharp the image is. It makes the image look smooth and blurry, not as easy to see[1].
[bookmark: _Toc193982090]Different types of blurring
[bookmark: _Toc193982091]Gaussian blurring
Gaussian blurring comes from the mathematician Carl Friedrich Gauss[2]. Gaussian blurring is a technique that makes the image smooth and adds a blur effect. It is used to reduce noise and detail in an image[3]. It also preserves the edges better than other blurring methods[4]. Gaussian blurring essentially softens the image out and smooths the image by cutting out any pixel outliers[4]. It uses a bell-shaped curve to smooth the image thus creates a smooth and soft looking image[5].
Box blurring
Box blurring is a technique that is used when blurring an image where the pixels smooth into an average colour of the surrounding pixels and blending them, so they look smooth, but this does result in an overall less detailed image as the colour of the pixels are changed[6]. This can be used to approximate Gaussian blur[6]. If this effect is repeated, then it can approximate the effect of Gaussian blur. This can be used in UI as it can create a central image to bring into focus by creating a background blur and enhancing focus on the UI[7].
[bookmark: _Toc193982092]Motion blurring
Motion blur is used to create the effect of something moving quickly, it does this by moving the camera or object and this results in the image being blurry with either the object or the background blurred to simulate moving quickly[8]. 
Motion blur is used when you want to have blur in the current scene this is used in racing games to simulate that you are going quick as you blur past the background with how fast you would be moving. Motion blur is also used in first person shooter games when you move the camera quick so that it feels smooth when moving.[9]
[bookmark: _Toc193982093]Depth of Field
Depth of field is another technique that is used in gaming and this effect makes it so that what you see looks layered, the background will be blurred and the main object/character on the screen will be in perfect clarity, this shows what you are meant to be focusing on as it draws your attention to what isn’t blurred[10]. 
[bookmark: _Toc193982094]Where & when to use these blurring effects
There are many ways to use the many different types of blurring. Helping with noise reduction to smooth out an image as well as depth of field effects to focus on the foreground or the background, and motion blur to create the effect of something moving quickly. These are helpful in games because you can use these effects effectively[11].
[bookmark: _Toc193982095]Sharpening
[bookmark: _Toc193982096]What is sharpening?
Sharpening is a post-processing technique that is used to make images clearer, this is often the case when used with other techniques such as upscaling. It enhances edges and makes the image look clearer[12].
[bookmark: _Toc193982097]Post-Processing
Post-processing is an effect that is applied after the render of the game to increase the sharpness of the game and making it less blurry, this is applied usually alongside upscaling techniques because they lower the quality of the game and then post-processing helps bring the quality back[13].
[bookmark: _Toc193982098]Where to use sharpening
In gaming sharpening is generally used for enhancing textures, this is most visible when looking at edges as they appear much sharper[14]. Sharpening is now included in games as forms of AI upscaling such as Nvidia DLSS and AMD FSR, this renders your game in a lower resolution and improves performance with the visual quality looking the same due to the sharpening[15]. Sharpening is used in VR as the headsets usually have a low resolution and the sharpening helps increase the quality.
[bookmark: _Toc193982099]The Application
[image: ]In the application that was created, it needed to produce an image with the top half being blurring and the bottom half being sharpening. This was successfully created and when launched it shows these effects on the image.
Stb_image was used to import the image used as it is needed for applying textures. It is a public domain image loader for c++.
When creating the application OpenGL was used to produce it. The shader files were loaded from separate shaders that were created that contain what is needed to create these effects on the image. In the fragment shader is where the code for these effects are and they check for these effects. They are hard coded into the code so it would take work to change these effects if needed. It makes sure that the blurring stays on the top half and that the sharpening is only applied the bottom half of the image as shown. Blur kernel and Sharpen kernel were used to produce these effects.
// Blur kernel
const float blurKernel[9] = float[]
(1.0/16.0, 2.0/16.0, 1.0/16.0,
 2.0/16.0, 4.0/16.0, 2.0/16.0,
 1.0/16.0, 2.0/16.0, 1.0/16.0);

// Sharpen kernel
const float sharpenKernel[9] = float[]
(-1.0, -1.0, -1.0,
 -1.0,  9.0, -1.0,
 -1.0, -1.0, -1.0);
These are the algorithms used to produce these effects, and the numbers increase and decrease the effect of the effects on the image.
The image is loaded through a file path that is in the code; to change the image you would have to change it in the code so that it loads that specific image instead. There are error checks for things that could go wrong so that you will be able to know where the issues are. There are also checks in the command box that shows if the shader files were loaded correctly as well as if the texture was loaded correctly. The application window expands and shrinks to the size that you change it too.

[bookmark: _Toc193972977][bookmark: _Toc193982100]Code
[bookmark: _Toc193972978][bookmark: _Toc193982101]Main File 
#include <iostream>
#include <string>
#include <fstream>
#include <sstream>
#include <GL/glew.h>
#include <GLFW/glfw3.h>

#define STB_IMAGE_IMPLEMENTATION
#include "stb_image.h"

// Size of window
const unsigned int width = 800;
const unsigned int height = 600;

// File path for texture
const std::string textureLocation = "C:/Users/lloyd/Desktop/Shader/1.png";

// Function prototypes
void framebuffer_size_callback(GLFWwindow* window, int width, int height);
void processInput(GLFWwindow* window);
std::string loadShaderFromFile(const char* filePath);
unsigned int compileShader(GLenum type, const std::string& source);
unsigned int createShaderProgram(const char* vertexPath, const char* fragmentPath);

int main() 
{

    if (!glfwInit()) 
    {
        std::cerr << "Failed to initialize GLFW" << std::endl;
        return -1;
    }

    glfwWindowHint(GLFW_CONTEXT_VERSION_MAJOR, 3);
    glfwWindowHint(GLFW_CONTEXT_VERSION_MINOR, 3);
    glfwWindowHint(GLFW_OPENGL_PROFILE, GLFW_OPENGL_CORE_PROFILE);

    // Create the window
    GLFWwindow* window = glfwCreateWindow(width, height, "Texture Window", NULL, NULL);
    if (window == NULL) 
    {
        std::cerr << "Failed to create GLFW window" << std::endl;
        glfwTerminate();
        return -1;
    }
    glfwMakeContextCurrent(window);
    glfwSetFramebufferSizeCallback(window, framebuffer_size_callback);

    // Initialize GLEW
    glewExperimental = GL_TRUE;
    if (glewInit() != GLEW_OK) 
    {
        std::cerr << "Failed to initialize GLEW" << std::endl;
        return -1;
    }

    // Build and compile our shader program from files
    const char* vertexShaderPath = "shader/Vertex.shader";
    const char* fragmentShaderPath = "shader/Fragment.shader";
    unsigned int shaderProgram = createShaderProgram(vertexShaderPath, fragmentShaderPath);
    if (shaderProgram == 0) 
    {
        std::cerr << "Failed to create shader program" << std::endl;
        return -1;
    }

    // Set up vertex data
    float vertices[] = 
    {
         // Positions         // Texture Coords
         1.0f,  1.0f, 0.0f,   1.0f, 1.0f, // Top    Right
         1.0f, -1.0f, 0.0f,   1.0f, 0.0f, // Bottom Right
        -1.0f, -1.0f, 0.0f,   0.0f, 0.0f, // Bottom Left
        -1.0f,  1.0f, 0.0f,   0.0f, 1.0f  // Top    Left 
    };
    unsigned int indices[] = 
    {
        0, 1, 3, // first triangle
        1, 2, 3  // second triangle
    };

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

    glBindVertexArray(VAO);
    glBindBuffer(GL_ARRAY_BUFFER, VBO);

    glBufferData(GL_ARRAY_BUFFER, sizeof(vertices), vertices, GL_STATIC_DRAW);
    glBindBuffer(GL_ELEMENT_ARRAY_BUFFER, EBO);
    glBufferData(GL_ELEMENT_ARRAY_BUFFER, sizeof(indices), indices, GL_STATIC_DRAW);

    glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, 5 * sizeof(float), (void*)0);
    glEnableVertexAttribArray(0);
    glVertexAttribPointer(1, 2, GL_FLOAT, GL_FALSE, 5 * sizeof(float), (void*)(3 * sizeof(float)));
    glEnableVertexAttribArray(1);

    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_NEAREST);
    glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_NEAREST);
    glPixelStorei(GL_UNPACK_ALIGNMENT, 1);

    // Load image using stb_image
    int width, height, nrChannels;
    stbi_set_flip_vertically_on_load(false);
    unsigned char* data = stbi_load(textureLocation.c_str(), &width, &height, &nrChannels, 0);

    if (data) 
    {
        std::cout << "Texture loaded successfully" << std::endl;

        if (nrChannels == 3)
            glTexImage2D(GL_TEXTURE_2D, 0, GL_RGB, width, height, 0, GL_RGB, GL_UNSIGNED_BYTE, data);
        else if (nrChannels == 4)
            glTexImage2D(GL_TEXTURE_2D, 0, GL_RGBA, width, height, 0, GL_RGBA, GL_UNSIGNED_BYTE, data);
        else 
        {

        }
    }
    else 
    {
        std::cerr << "Failed to load image: " << textureLocation << std::endl;
        std::cerr << "stb_image error: " << stbi_failure_reason() << std::endl;
        return -1;
    }
    stbi_image_free(data);

    glUseProgram(shaderProgram);
    glUniform1i(glGetUniformLocation(shaderProgram, "u_Texture"), 0);

    // Render loop
    while (!glfwWindowShouldClose(window)) 
    {
        processInput(window);
        glClearColor(0.2f, 0.3f, 0.3f, 1.0f);
        glClear(GL_COLOR_BUFFER_BIT);
        glUseProgram(shaderProgram);
        glBindVertexArray(VAO);
        glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_INT, 0);
        glfwSwapBuffers(window);
        glfwPollEvents();
    }

    glfwTerminate();
    return 0;
}

// Processess keyboard inputs
void processInput(GLFWwindow* window) 
{
}

// Allows for window size to be changed
void framebuffer_size_callback(GLFWwindow* window, int width, int height) 
{
    glViewport(0, 0, width, height);
}

// Load shader source code from file
std::string loadShaderFromFile(const char* filePath) 
{
    std::string shaderCode;
    std::ifstream shaderFile;

    try 
    {
        // Open file
        shaderFile.open(filePath);
        std::stringstream shaderStream;

        // Read file's buffer contents into stream
        shaderStream << shaderFile.rdbuf();

        // Close file
        shaderFile.close();

        // Convert stream into string
        shaderCode = shaderStream.str();

        std::cout << "Shader file loaded successfully from: " << filePath << std::endl;
    }
    catch (std::ifstream::failure e) 
    {
        std::cerr << "Error shader file not loaded correctly: " << filePath << std::endl;
    }

    return shaderCode;
}

// Compile shader
unsigned int compileShader(GLenum type, const std::string& source) 
{
    unsigned int shader = glCreateShader(type);
    const char* src = source.c_str();
    glShaderSource(shader, 1, &src, NULL);
    glCompileShader(shader);


    return shader;
}

// Create shader program from vertex and fragment shader files
unsigned int createShaderProgram(const char* vertexPath, const char* fragmentPath) 
{
    // Load shader source code from files
    std::string vertexCode = loadShaderFromFile(vertexPath);
    std::string fragmentCode = loadShaderFromFile(fragmentPath);

    if (vertexCode.empty() || fragmentCode.empty()) 
    {
        std::cerr << "Failed to load shaders" << std::endl;
        return 0;
    }

    // Compile shaders
    unsigned int vertexShader = compileShader(GL_VERTEX_SHADER, vertexCode);
    unsigned int fragmentShader = compileShader(GL_FRAGMENT_SHADER, fragmentCode);

    if (!vertexShader || !fragmentShader) 
    {
        return 0;
    }

    // Link shaders into a program
    unsigned int shaderProgram = glCreateProgram();
    glAttachShader(shaderProgram, vertexShader);
    glAttachShader(shaderProgram, fragmentShader);
    glLinkProgram(shaderProgram);

    // Delete shaders as they are linked
    glDeleteShader(vertexShader);
    glDeleteShader(fragmentShader);

    std::cout << "Shader program created successfully" << std::endl;
    return shaderProgram;
}
[bookmark: _Toc193972979][bookmark: _Toc193982102]Vertex Shader
#version 330 core
layout (location = 0) in vec3 aPos;
layout (location = 1) in vec2 aTexCoord;
out vec2 TexCoord;

void main() 
{
    gl_Position = vec4(aPos, 1.0);
    TexCoord = aTexCoord;
}
[bookmark: _Toc193972980][bookmark: _Toc193982103]Fragment Shader
#version 330 core

out vec4 FragColour;
in vec2 TexCoord;

uniform sampler2D u_Texture;

// Blur kernel
const float blurKernel[9] = float[]
(1.0/16.0, 2.0/16.0, 1.0/16.0,
 2.0/16.0, 4.0/16.0, 2.0/16.0,
 1.0/16.0, 2.0/16.0, 1.0/16.0);

// Sharpen kernel
const float sharpenKernel[9] = float[]
(-1.0, -1.0, -1.0,
 -1.0,  9.0, -1.0,
 -1.0, -1.0, -1.0);

void main() 
{
    vec2 u_Texel = 1.0 / textureSize(u_Texture, 0);
    vec4 result = vec4(0.0);
    
    // Check if top half is blur or bottom half is sharpen
    if (TexCoord.y > 0.5) 
    {
        // Top half - Apply blur
        for(int i = -1; i <= 1; i++) 
        {
            for(int j = -1; j <= 1; j++) 
            {
                vec2 offset = vec2(float(i), float(j)) * u_Texel;
                result += texture(u_Texture, TexCoord + offset) * blurKernel[(i+1)*3 + (j+1)];
            }
        }
    } else 
    {
        // Bottom half - Apply sharpen
        for(int i = -1; i <= 1; i++) 
        {
            for(int j = -1; j <= 1; j++) 
            {
                vec2 offset = vec2(float(i), float(j)) * u_Texel;
                result += texture(u_Texture, TexCoord + offset) * sharpenKernel[(i+1)*3 + (j+1)];
            }
        }
    } 
    FragColour = result;
}
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