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Introduction

This assignment will consist of two tasks which focuses on the implementation of a real time image processing program using opengl and glsl shaders, the aim is to load an image as a texture and apply two visual effects. Implementing these effects via the fragment shader will demonstrate how convolution based filters can be used efficiently by the GPU. The program will work by combining shader programming and an understanding of image processing to create an image consisting of the effects selected.
Task 1 – Image Loader & Effects

In this section the objective was to demonstrate an understanding of the GPU image processing by creating a program that is capable of loading and image and applying certain effects, for this task the effects chosen were to blur the top half of an image and to sharpen the bottom half.
[image: ]The program will load a texture, render it into a full screen quad and then processes the image in real time using fragment shaders. Both effects would be created by a 3x3 convolution kernel which allows the program to modify the pixels directly via the GPU.
[1] Figure 1 to the left taken from template.net with an anonymous author shows the image that will be used to apply the shader driven manipulation in this program.
1.1 – Image Loader
The image loader on this program is responsible for reading an image from file, decoding it into raw pixels and then uploading the data to the GPU, allowing the fragment shader to sample it. To assist with this the program uses the stb_image library taken from github and created by S Barrettt [2], being a single header library which is commonly used in graphic applications. Without this the image would be the opengl used would not be able to access or render the texture of the image, Furth more its simplicity and reliability allowed the program to overcome complex code allowing quick loading for the GPU process.
1.2 – Architecture
This program follows an effective architecture build using the standard opengl rendering pipeline, it divides into three main stages:
· Set up
· Preparation
· Rendering
Each of the stages has its own responsibility:
1.2.1 – Set up
The program will set up everything needed for rendering, the GLFW library will be used to create the window that displays the image and opengl context. GLAD will also be used which helps with the functions, this allows the GPU to get ready to receive commands.
The performance of the program will be efficient enough to apply the effects as intended directly in the fragment shader which will allow the GPU to process the pixels together. Both effects will use a small 3x3 convolution kernel and will require a small number of samples, this will be lightweight compared to larger kernels such as for instance a Gaussian blur effect. When testing the program is aimed to maintain real time performance and produce no frame drops, illustrating the chosen algorithms for this program to be suitable, however no frame rate measurements will be used in this program.
The shader will distinguish the top and bottom halves of the image to allow the separate effects to be applied, this is done by using a y component of the texture coordinate shown in the code by TexCord.y
The corordinates will range from 0.0 from the bottom of the image and 1.0 at the top, this will make it easier to apply the effects to different regions. When the fragment shader runs it will be checking where the pixels coordinates are and if its above or below the halfway point of 0.5, for instance this shown in the programs code by TexCoord.y > 0.5 if it belongs to the top half region and TexCoord.y <= 0.5 if it belongs to the bottom half.
This conditional logic will allow the shader to apply the blur effect to the top region and the sharpen effect to the bottom, this is illustrated in the screenshot below.
[image: ]
1.2.2 – Preparation
After the setting up stage the program will load all the requires resources such as the image loader with the help from the stb_image library, loading the PNG image. The vertex shader will prepare the full screen quad and the fragment shader will apply the effects, both shaders are compiled to the GPU.
The triangle in the quad will be created using a vertex array object and vertex buffer object which are responsible for manging the 3d model in the GPU and will act like the starting point for the image and effects which will be applied.
1.2.3 – Rendering
The main loop in the program will be responsible for drawing the frames by clearing the screen binding the shader and texture before drawing the full screen quad and applying the effects from the fragment shader. 
The GPU will process the image in real time using convolution filters and the program will continue until the user closes the program.
1.3 – Testing
To after installing the required libraries such as GLFW, GLAD and stb_image, testing of the program can begin. Firstly a test to ensure the environment is ready for shaders, this was done with the below screenshot of code:
[image: ]
This code does not include or call on any shaders yet and was made to just test if a window appears, which later and will display the image.
[image: ]
The above screenshot illustrates this test was a success and a window opens correctly.
Now moving onto adding a full screen quad, loading an image, adding the effects and then rendering the image. 
[image: ]After completing the program, the image loader was tested verify that the image was displayed, this was done by loading a standard PNG texture using the stb_image library, the program successfully read the file and rendered the image.
Next was to ensure the effects displayed on the output, figure 2 on the right illustrates the result of the image after manipulation, using simple observation the effects of blur and sharpness are present, but the values needed adjusting.
By increasing the offset values and adjusting the convolution kernels values the effects became more prominent during the next test outcome shown as figures 3 & 4 below.
[image: ]
[image: ]
With both effects active and at an optimal value the rendering of the full image after inspection produces a successful manipulated image, demonstrating the texture sampling, convolution kernels and shader programming.
A full view of the programs code with comments can be found in the Appendix section of this report.

Task 2 - Research

This task focuses on researching the visual effects selected from task 1 and analysing how they are implemented in GPU processing, this will be done by looking at real world graphic applications which demonstrate the use of such effects, as well as describe how they were adapted into this program.

2.1 Blur Effect 
Blur filters are a common and needed tool in image processing, mostly used to smooth out textures and reduce to high detail, research continues to analyse these smoothing techniques. A Buades, B Coll and J Morel authors of A review of image denoising algorithms, with a new one, provide a review on the contemporary denoising and smoothing algorithms, highlighting the convolution-based filters in image processing. [3] 
Their findings reinforce the relevance of the simple 3x3 kernels used in this program which work by combining the neighbouring pixel vales to create a soft output. 
The decision to use a 3x3 box blur was loosely based on the balance of the effects chosen as well as the real time requirements of the program, although more advance methods exist this method still demonstrates the convolution based processing. Below is a table illustrating the comparison of the chosen box blur in this program and a more advance methods, gaussian blur:
	Box Blur
	Gaussian Blur

	Will use equal weight in the kernel
	Uses weighted kernel

	Speed will be fast
	Will produce smoother blur

	Easy to implement
	Will reduce artefacts

	Simple uniform effect
	More complex with 5x5 or 7x7 often in two stages

	Low quality
	



The box blur was selected because of its low computational cost and simplicity when analysing, even though gaussian is a better method it would have cost more texture look ups, samples and a more arithmetic operation that will require extra rendering, therefore making the box blur more an simpler option on performance and implementation. 
As briefly mentioned in the table above the 3x3 kernel was used instead of a larger one because of needing nine samples and the extra speed it will take on the GPU, again easily implemented and suitable for this task.









2.1.1 - Real World Applications
[image: Box Blur Filter]
[4] Figure 5 above taken from the computer hope website with an unknown author perfectly illustrates the use of box blur, within photoshop a digital application allowing numerous filters to manipulate images.
2.1.2 – Algorithm & Program Use
[image: ]The algorithm of the 3x3 box blur convolution used within this program, illustrated as figure 6 on the left, applies the blur effect using a uniform kernel allowing each pixel to contribute all together, each of the colours get multiplied by one ninth, the nine samples are then added together to produce the final blurred colour.
Each value of the kernel represents the contribution to the pixels, as the screenshot above shows all the weights are equal meaning the pixels contributions are even and will display this in the final colour. The sum of the kernel equals one meaning the overall brightness of the image is maintained.
The math involved here is straightforward and consists of the pixel values becoming 110 which is the average of the neighbouring pixels, this is calculate by multiplying the kernel weight and dividing by none demonstrating the blur effect intensity 



2.2 Sharpen Effect 
Image sharpening enhances the quality of an image by increasing the edges and fine details, this is typically done using convolution-based filters which boost the components producing sudden changes in intensity resulting in clearer more defines images. [5]
2.2.1 - Real World Applications
Modern day smartphones all now come with sharpening built into this processing pipeline as standard, using the same principle which amplifies the contrast on images by using convolution kernels. [6]
2.2.2 – Algorithm & Program Use
[image: ]The 3x3 sharpening kernel used in this program illustrated as figure 7 on the left, samples the pixels and then multiplies them by the kernel respective weights, for instance the middle value is 12 then the pixel is multiplied by that value and so on. The corner values are usually a low number resulting in the amplification quality, in this instance -1.
In this kernel the centre pixel has a positive weight, and the others have negative weights meaning the edge pixels are amplified.

In the fragment shader, the texture is sampled at the current pixel and its surrounding offsets. Each sample is multiplied by the corresponding kernel value, and the results are summed. The strong central weight reinforces the original pixel value, while the negative surrounding values subtract neighbouring colour contributions, producing a sharper image.

This method enhances high-frequency components of the image, making edges appear more defined and improving overall visual clarity.
There are more advance techniques to use for this effect and involve bigger convolution kernels but the 3x3 provides a good balance between what’s requested of the effects and the image.
With the sharpen kernel the math involved produces a pixel value weight of 9 increasing the contrast.
2.3 – Shader Concepts 
“Shaders are also a set of instructions, but the instructions are executed all at once for every single pixel on the screen. That means the code you write has to behave differently depending on the position of the pixel on the screen. Like a type press, your program will work as a function that receives a position and returns a color, and when it's compiled it will run extraordinarily fast.”
The quote above taken from the book of shaders website written by P Gonzalez Vivo and J Lowe illustrates what shaders are and highlights the function of what happens with the pixels on screen [7].
This program implemented several shader concepts which allowed real time image manipulation by the GPU, the shaders executed operations such as sampling and convolution to each pixel.
The vertex shader was responsible for processing the geometry used when displaying the image and using the full screen quad created two triangles which was needed to provide coordinates to the fragment shader.
The fragment shader does the processing work on the pixels provided from the quad and determines whether the pixel lies on the top or bottom half of the image.
Both the blur and sharpen effects were implemented by convolution kernels which is a small matrix of weights and decides how the pixels come out.
A simple conditional statement was used to apply the different effects to two different regions of the image, this demonstrates how shaders can perform specific processing tasks without the need of multiple functions.
Conclusion

After creating this program its clear how important image processing techniques are when implementing GPU based shader programming, the use of the convolution kernels in the fragment shader produces multiple effects on the same image illustrating flexibility and efficient of graphic pipelines.
The research carried out for task two highlighted the operations of the two effects and the blur functioning as a smoothing filter where the sharpening enhances edges improving the visual look of images.
Recent literature on the subject shows that the convolution based filters are still used in modern image applications especially mobile phone and the use of 3x3 kernels produced a meaningful visual transformation as intended.
This assignment not only provided practical experience with opengl shader but also strengthened the understanding of the mathematical uses behind image processing effects.
Future improvements could be made on this program such as including larger or separable kernels and even adjusting the sizes of the kernels, furthermore an incorporating performance monitor would be used to better understand the scalability of the program.
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Appendix

Below are screenshots of the program code.
[image: ]
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Below is a screenshot of the fragment shader code.
[image: ]
[image: ]
Finally, below is screenshots of the vertex shader code.
[image: ]
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Er#include <windows.h>
#include <iostream>
#include <fstream>
#include <sstream>
#include <string>

#include <glad/glad.h>
#include <GLFM/g1fu3.n>

#define STB_IMAGE_THPLEMENTATION
#include “stb_inage.h"

/7 tere sets up a text file into a string, used by the shaders

|std: istring loadFile(const char* path)
std: :ifstrean File(path);
B i (tfile)
i
Std: scerr << "Failed to open File:
return "

3

std: :stringstrean buffer;
buffer << file.rdbuf();
return buffer.str();

¥
/1 creating a shader

EGLuint compileShader(GLenun type, const char® src)
€
GLuint shader = glCreateshader(type);
glShaderSource(shader, 1, &src, nullptr);
£1ConpileShader (shader) ;

1/ checking for for any creation errors
GLint success = 05
ElGetShaderiv(shader, GL_COMPILE_ STATUS, &success);

B if (isuccess)

i
char log[2048];
| glGetshaderInfoLog(shader, 2048, nullptr, log);
Std: :cerr << "Shader compile error:\n” << log << std::endl;
3

return shader;

¥
/1 linking the vertex, frag and shaders into the program

E6Luint createProgran(const char* vsSrc, const chart FsSrc)
€

GLuint vs
| Gluint fs

‘compileshader (GL_VERTEX_SHADER, vsSrc);
‘compileshader (GL_FRAGENT_SHADER, fs5rc);

GLuint program = glCreateProgran();
glAttachshader (program, vs);
glAttachshader (program, 5);

| glLinkProgran(program);

{1/ checking for errors when linking
GLint linked = 0;
E1GetPrograniv(progran, GL_LINK_STATUS, &linked);

if (1linked)
Pt
char log[2048];
ElGetPrograninfolog(program, 2048, nullptr, log);
Std: scerr << "Program link error:\n” << 1og << std:

3

ElDeleteShader(us);
| glbeleteShader(fs);

| return program;
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Eiint main()

R

1/ using GLFM to create window and contexts

if (tg1fuInit())

i
Std: tcerr << "Failed to initialise GLF\n";
return -1;

3

1/ using opengl version 3
ELfubdindowtint (GLFH_CONTEXT_VERSION_MATOR, 3);
ELfubdindowtint (GLFW_CONTEXT_VERSION_MINOR, 3);
ELfubdindoutint (GLFW_OPENGL_PROFILE, GLFW_OPENGL_CORE_PROFILE);

1/ creating the window, tested successfully
GLFueindow” window = glfuCreatedindou(00, 600, "Inage Test”, nullptr, nullptr);

if (twindow)
1

Std: scerr << "Failed to create window\n";
| gifuTerminate();

return -1;

3
1 futakeContextCurrent (window) ;

/1 using glad to load the opengl functions

1f (1gladLoadéLLoader((GLADIoadproc) glfuGetProcAddress))
i

std: :cerr << "Failed to initialise GLAD\n"
return -1;

3

1/ making the view to match the buffer size
int fblidth, foreignt;
ELfuGetFranebufferSize(window, &FbWidth, &fbHeight);
ElViewport(o, 0, fouidth, FoHeight);

1/ did this if the quad fails the background colour will show so ill know why
ElClearColor(8.1F, 0.1f, 6.1F, 1.8¢);

7/ £l screen quad vertex data, trinagles
Float quadVertices[]
1/ this is pos  // this if cords
.0, -1.0f, 0.0f, 0.0F, // bottom lefty
i 1.ef, -1.ef, Ler, 0.6f, // bottom rignt
1.0, 1.0f, 0.0f, 1.0F, // top left
| 1.ef 1.0, 16f, 1.0F // top rignt
i

GLuint quadVAO, quadveo;
ElGenVertexArrays(1, &quadva0);
ElGenBuffers(l, &quadveo);

E1BindVertexarray (quadvAO);
E1BindBufrer(GL_ARRAY_BUFFER, quadveo);

1/ ploading the vertex data to the GPU
ElBufFerData(6L_ARRAY_BUFFER, sizeof(quadVertices), quadVertices, GL_STATIC_DRAN);

1/ position data
glVertexattribPointer(o, 2, GL_FLOAT, GL_FALSE, 4 * sizeof(float), (void*)e);
ElEnableVertexAttribArray(8);

1/ cordinate data
ElVertexattribPointer(l, 2, GL_FLOAT, GL FALSE, 4 * sizeof(float), (void®)(2 * sizeof(float)));
ElEnableVertexAttribArray(1);

1/ using stb_image to 1oad the image
Stbi_set_flip_vertically_on load(true);

int width, height, channels;
unsigned char* data = stbi_load("duck.png”, &width, &height, &channels, 8);
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1 #version 330 core
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S uniform sanpler2D uTexture;
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E sampleTex[i] = texture(uTexture, uv + offsets[i1).rgb;

E

E 17 matn

E vec3 color = vec3(0.0);
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0 color += sampleTex[i] * kernel[il;
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a2 return color;
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45 // applying the sharpen kernel
45 vec3 applysharpen(vec2 w)
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56 1, -1, 1,

57 1,12, 1,

E EREREY

£ )

0
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73 void main()
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75 1/ splitting image in half

76 1/ TexCoord.y > 8.5 = top half

7 if (Texcoord.y > 0.5)
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11 outputting the frag
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10 void main()
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12 1/ passing the texture through
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