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[bookmark: _Toc225560789]Introduction

This assignment covers rendering methods and techniques which can be used to create image enhancing effects. Two image processing effects are discussed, blurring and sharpening, along with their use cases in rendering. These techniques are then demonstrated using an image loader program and OpenGL. The OpenGL Shading Language is then used to apply these effects to the image.

[bookmark: _Toc225560790]1: Image Processing Effects

In the areas of image processing, the pixels of an existing image can be manipulated to change its look and style, effectively creating a brand-new image. Many of these image manipulations are created by using what is known as a filter. A filter uses a pre-determined matrix to combine and weight the values of all locally neighbouring pixels, in order to create a new value for each pixel [1]. This matrix is known as an image kernel, or convolution matrix. These new pixel values allow for these filter effects to be applied to an image. Using these effects after rendering is known as post-processing, and these effects are commonly used to increase realism and for artistic effect. Multiple passes can be performed to apply multiple effects on a single frame. [2].

[image: ]
Fig.1: A diagram showing an example convolution matrix. Here, the centre pixel with a value of 50, has the neighbouring values in the green box  added to it, with each value being multiplied by the weights in the kernel. Since each other value in the kernel except for the one in the top middle is 0, the only value that will be added to it is (42 x 1), which results in the pixel’s value becoming 42. Taken from [3].

The values of these kernels will vary depending on the effect and will dictate the resulting effect applied to the image, such as an edge detection filter. These values are typically stored in a 3x3 matrix or 5x5 matrix.

[image: undefined]
Fig.2: Two images showing the interior of St Paul’s Cathedral, with the image on the right using Phase Stretch Transform for edge detection. Taken from [4].

[image: ]
Fig.3: A diagram showing 2 image kernel matrices for edge detection and sharpening, with each kernel having different values stored. Taken from [5].

[bookmark: _Toc225560791]1.1: Blurring

One such effect that can be created using a kernel is a blurring effect. Different variations of the blur effect exist, such as the Gaussian blur for example, which uses the gaussian function to weight the neighbouring pixels [6]. Such an effect reduces the level of detail seen in an image.

Blurring as an effect has many uses cases in image processing as well as in 3D renders and video games. One common application for this effect is to create a “depth-of-field” effect to simulate the look of a real camera lens, allowing certain areas like the background to be blurred to focus on certain objects in a scene [7]. 

[image: ]
Fig.4: A screenshot of the Nvidia “Toys” demo [8], showing a 3D render of toys in a bedroom. Here, a “depth-of-field” effect is created by blurring the toy objects behind the tank, to create a realistic simulation of a focusing camera lens. Taken from [7].

Another application is creating a motion blur effect, which is commonly used in games. It allows for a sense of realism and speed to be applied to a scene in a game, such as in a racing game for example, where you need to convey a sense of high-speed to the player [9].
[image: ][image: ]
Fig.5 and 6: An image of a rendered scene, with the bottom image having a motion blur effect applied to it. Taken from [9].

[bookmark: _Toc225560792]1.2: Sharpening

Another effect commonly used is a sharpening effect. This effect creates a crisper and clearer looking image by making details and edges stand out more, the opposite of what the blur effect creates. Sharpening can be used in cases where an image is too blurry for detail to be perceived properly [10]. 

In gaming as a post-processing effect, sharpening is very common and allows for a greater level of detail to be seen by the player. Upscaling technologies such as AMD FSR allow for a sharpening pass to be applied to the image [11], resulting in a less blurry output, compared to the base output of FSR. This is supported in a wide variety of PC games, such as Deadlock [12].

[image: ] 
Fig.7: A screenshot of the game Deadlock [12], showing its video options menu. Here, the game has an option for which upscaling technology the player would like to use in-game. The screenshot shows FSR being selected, along with the sharpness level of the upscaling being 0%. Screenshot taken in-game.


[image: ]
Fig.8: A screenshot of the game Deadlock [12], showing the base for The Hidden King. Here, the game is being rendered using FSR upscaling at 100% and the sharpness level at 0%. Many of the details and edges in the game look soft as a result. Screenshot taken in-game.

[image: ]
Fig.9: A screenshot of the game Deadlock [12], showing the base for The Hidden King. Here, the game is being rendered using FSR upscaling at 100% and the sharpness level at 100%. Notice how the edges and details in the game are greatly enhanced compared to the previous screenshot. Screenshot taken in-game.

[bookmark: _Toc225560793]2: Image Loading Program and OpenGL Shading Language Demonstration

To demonstrate the use of these two effects, an image loader program will be used alongside shaders to apply the effects to a chosen image.

A sample image of a parrot, as seen below, will be used as the input image. This image will be loaded in using the stb_image library [13], and rendered to the screen using OpenGL. 

[image: ]
Fig.10: A photo of a Scarlet Macaw. Taken from [14].

[image: ]
Fig.11: A photo of the Scarlet Macaw image being drawn and rendered on the screen with no effects applied to it, using an OpenGL program written in C++. Image taken from [14].

The program itself is very simple, using a simple image loader and shader compiling/linking functions, along with a simple render loop which binds and renders the texture.
[image: ]
Fig.12: A screenshot of code, showing the LoadTexture() function which takes in a filepath and loads the texture. Taken from Visual Studio 2022. 

[image: ]
Fig.13: A screenshot of code, showing the two functions which compile and link the shaders to the program. Taken from Visual Studio 2022.

[image: ]
Fig.14: A screenshot of code, showing the render loop. Taken from Visual Studio 2022.

To apply these effects to the image, the OpenGL Shading Language, or GLSL, is used. Every OpenGL program executes shaders to determine the positions and colour of the input primitives, such as the vertex and fragment shader [15]. These effects are applied through the program’s fragment shader as this determines the pixel’s output colour. The base image can be stored in texture memory and accessed as a texture, with the shader computing every pixel’s convolution result using the provided kernels [16]. The kernel values for each effect are shown below.

[image: ]
Fig.15: A matrix showing the values needed for the gaussian blur effect. Taken from [17].

[image: ]
Fig.16: A matrix showing the values needed for the sharpening effect. Taken from [17].

In the fragment shader, two functions are created, called applyBlur() and applySharpen(). In their respective functions, the kernels for both the blur and sharpening effects are defined as a one-dimensional array, holding 9 values. An offset is also defined in a vec2 array, which act as texture coordinates for the convolution matrix. A problem with GLSL is that it does not support 2D arrays, so these must be defined in separate 1D arrays [16]. These are then used within a for loop to calculate each pixel’s convolution result, with it being added to a vec3 variable. An intensity variable is used for both functions and can be tweaked. This value is divided by the offset, which effects the distance that is sampled to the current pixel and will determine the strength of each effect. For the blur calculation, the kernel is divided by 16.0f. The image loader has “GL_CLAMP_TO_EDGE” specified as this will allow the for loop to use the pixel values at the edge of the image [16].

[image: ]
Fig.17: A screenshot of code, showing the applyBlur() function in the fragment shader, written in GLSL. Taken from Visual Studio 2022.

[image: ]
Fig.18: A screenshot of code, showing the applySharpen() function in the fragment shader, written in GLSL. Taken from Visual Studio 2022.

Once this is complete, the vec3 is returned by the function. This is then applied to the RGB values of FragColor to create the effect. For this to work properly, the alpha channel needs to be re-applied. The output of the image with the blur and sharpen effects applied can be seen below.

[image: ]
Fig.19: A photo of the Scarlet Macaw image being drawn and rendered using the OpenGL program with a gaussian blur effect being applied to the image. Image taken from [14].

[image: ]
Fig.20: A photo of the Scarlet Macaw image being drawn and rendered using the OpenGL program with a sharpening effect being applied to the image. Image taken from [14].

These two effects can both be applied at once to the image, with each effect being applied in different sections, such as the upper and lower boundaries of the image. To do this, an if statement is used in conjunction with the “gl_FragCoord” input variable, which specifies the “window relative coordinate (x, y, z, 1/w) values for the fragment.” [18]. This image has a resolution of 500x668 pixels, so0 if the X fragment coordinates are greater than 334, the sharpening filter is applied to those pixels within the boundary. If it is not, however, the blur effect is applied instead, effectively splitting the image into two sections with different effects. The resulting output can be seen below.

[image: ]
Fig.21: A screenshot of code written in GLSL, showing the main of the fragment shader, with the if statement using the gl_FragCoord function to apply the filter effects to specific areas on the image. Taken from Visual Studio 2022.

[image: ]
Fig.22: A photo of the Scarlet Macaw image being drawn and rendered using the OpenGL program with 2 effects being applied to the image, with the blur effect being applied to the top half and the sharpening effect being applied to the bottom half. Image taken from [14].

[bookmark: _Toc225560794]Conclusion

In conclusion, post processing effects such as blurring and sharpening can help provide a sense of immersion and realism with regards to image processing and rendering. In addition to the aforementioned rendering effects, the convolution matrix and image kernel can be used for a wide range of other different effects, such as edge detection or embossing. By using shaders, these effects can be brought to life within an application or video game.
 
[bookmark: _Toc225560795]Appendix

Video Demonstration
https://youtu.be/fz0SIuonlhg 

Source Code
GPUProgrammingAssignment2.zip
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//This function loads in textures from a given filepath and creates them.
~ unsigned int LoadTexture(const char« filepath)
{

//This lips the textures when they are loaded in, so that they will appear the correct way round.
stbi_set_flip_vertically_on_load(true);

//Generates the texture ID and binds it to the texture.
unsigned int textureID;

glGenTextures(1, &textureID);
glBindTexture(GL_TEXTURE_2D, textureID);

//sets the texture wrapping parameters.
glTexParaneteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_CLAMP_TO_EDGE);
glTexParaneteri (GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_CLAMP_TO_EDGE);

//sets the texture filtering parameters.
glTexParaneteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_LINEAR)
glTexParaneteri (GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_LINEAR);

//Loads in the texture from the filepath using stb_image.
int width, height, nrChannels;
unsigned chars data = stbi_load(filepath, swidth, sheight, &nrChannels, 6);

//Creates the texture and mipmap if loaded correctly, otherwise it will return an error along with the Filepath.
if (data)
1t

glTexInage2D(GL_TEXTURE_2D, ©, GL_RGB, width, height, ©, GL_RGB, GL_UNSIGNED_BYTE, data);
glGenerateMipnap(GL_TEXTURE_2D)

std::cout << "ERROR

FAILED TO LOAD TEXTURE!!! FILEPATH: " << filepath << std::endl;

//Frees the loaded image.
stbi_image_free(data);

return texturelID;
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//This function creates and compiles shaders, taking in their shader type and the shader's source.
~ unsigned int Compileshaders(unsigned int shaderType, const chars shaderSource)
{

//creates a shader based on the shader type.
unsigned int shaderID = glCreateshader(shaderType);

//Gets the shader source and compiles the shader.
glshadersource(shaderID, 1, &shadersource, nullptr);
glCompileshader(shaderID;
int shaderCompiled;

//creates a shader log, which can be used to debug any potential errors that may have occured during the compiling process.

char shaderLog[1024];
glGetshaderiv(shaderID, GL_COMPILE_STATUS, &shaderCompiled);

//1£ the shader does not compile correctly, it will return an error based on what shader type it was trying to compile, along with an error log.
if (!shaderCompiled)

{

| glGetshaderInfoLog(shaderID, 1624, nullptr, shaderiog);

std::cerr << "ERROR!!! SHADER FAILED TO COMPILE " << (shaderType == GL_FRAGMENT_SHADER ? "FRAGMENT " : "VERTEX ") << "SHADER!

ERROR LOG: " << shaderLog << std::endl;

1

return shaderID;

1

//This function links the shaders to a program, using the Compileshaders() function to create and compile the shaders.
~ unsigned int LinkshadersToProgram(const chars vertexshaderSource, const chars fragmentshadersource)

{

//creates and compiles both the Vertex and Fragment Shaders.

unsigned int vershader = CompileShaders(GL_VERTEX_SHADER, vertexshadersource);

unsigned int fragshader = CompileShaders(GL_FRAGHENT_SHADER, fragnentshadersource);

//Creates the OpenGL program.
unsigned int program = glCreateProgram();

//Links the shaders to the created program and validates it.
glAttachShader(progran, verShader);

glattachshader(progran, fragshader);
glLinkProgran(progran) ;

glvalidateProgran(program) ;

//creates a program log, which can be used to debug any potential errors that may have occured during the Llinking process.
int programLinked

char programLog[162u];

glGetProgramiv(progran, GL_LINK_STATUS, &programLinked);

//1£ the shaders were not Llinked correctly, it will return an error, along with an error log.
if (!programLinked)

glGetProgranInfoLog(progran, 1624, nullptr, programLog);
std::cerr << "ERROR!!! SHADERS FAILED TO LINK WITH PROGRAM:

ERROR LOG: " << programlog << std::endl;
1

//Both the shaders that were created are deleted as they have been linked to the program and are not used afterwards.
glDeleteshader(vershader);
glDeleteshader(fragShader)

return program;
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//Render loop.
while (!glfuwindowshouldClose(window))

{

//uses the progran for rendering the image.
gluseProgran(progran) ;

//Clears both the depth and colour buffers.
glClear(GL_COLOR_BUFFER_BIT);

//Binds the VAO.
glBindVertexArray(VA0);

//Binds the texture.
glBindTexture(GL_TEXTURE_2D, parrotTexture);

//braws the image.
glDrawElements(GL_TRIANGLES, 6, GL_UNSIGNED_INT, 6]

glLewswapBuFfers(windol
gléwpollEvents();
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//This function returns a vec3 which can be applied to the image to create a blur effect.
vec3 applyBlur()
1

//The blur kernel.

#loat kernel[9] = float[]

.0F, 2.6F, 1.6F
.OF, U.6F, 2.6f,
.0f, 2.0F, 1.6F

//The offset aray, which defines coordinates relative to the window. This allows for the kernel to compute the convolution result relative to these coordinates.
vec2 offset[9] = vec2[]
C

vec2(-1, -1), vec2(e, -1), vec2(1, -1),

vec2(-1, 0), vec2(e, 6), vec2(1, 6),

vec2(-1, 1), vec2(e, 1), vec2(1, 1)

//The resulting output.
vec3 blurOutput = vec3(6.86);

//The intensity value for the sharpen effect. Can be tweaked to make the image more or less blurrier.
#loat blurIntensity = 160.0F;

//This for loop calculates each pixel's convolution result to apply it to the image, and adds it to the blurOutput variable.
For (int i =0; i<9; i+
{
blurOutput += texture(aTexture, texCoord + (offset[i] / blurIntensity)).rgb * (kernel[i] / 16.0);
¥

//Returns the values for the effect.
return blurOutput;
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//This function returns a vec3 which can be applied to the image to create a sharpening effect.
vec3 applysharpen()
1

//The sharpen kernel.

#loat kernel[9] = float[]

0.0f, -1.0f, 6.0F,
-1.0f, 5.0f, -1.0f,

//The offset aray, which defines coordinates relative to the window. This allows for the kernel to compute the convolution result relative to these coordinates.
vec2 offset[9] = vec2[]
C

vec2(-1, -1), vec2(e, -1), vec2(1, -1),

vec2(-1, 8), vec2(e, 8, vec2(1, 6),

vec2(-1, 1), vec2(6, 1), vec2(1, 1)

//The resulting output.
vec3 sharpenOutput = vec3(8.06);

//The intensity value for the sharpen effect. Can be tweaked to sharpen the image less or further.
#loat sharpenIntensity = 200.6F;

//This for loop calculates each pixel's convolution result to apply it to the image, and adds it to the sharpenOutput variable.
For (int i i<9; ith)
{

sharpenOutput += texture(aTexture, texCoord + (offset[i] / sharpenIntensity)).rgb * kernellil;
¥

//Returns the values for the effect.
return sharpenoutput;
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void main()

{

//This if statement effectively splits the image into having 2 effects applied to the RGB of the texture. If the fragment coordinates on y are greater than 334 (which is half of the image's height),
//those pixels with a higher y value will have the blur effect applied to them. Otherwise, all other pixels will have a sharpen effect applied to them.

i£(gl_FragCoord.y > 334)
{

FragColor.rgb = applyBlur(
¥
else
{
FragColor.rgb = applysharpen();
¥

//unconment this if you want to see the texture as it looks normally.
//FragColor = texture(aTexture, texCoord);

//8pplies the alpha channel for the texture. This is required so that the result is visible on the screen.
FragColor.a = texture(aTexture, texCoord).
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