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1.0 [bookmark: _Toc69684926]Application
1.1 [bookmark: _Toc69684927]Description
The graphics template allows the user to render an object with a png image as a texture. The author has added the ability to load an obj file and render the object, shader that apply effect when activated, and a rotation feature for the rendered model. The object loader take a file name, finds it, and render it. It does this by reading the obj file data one line at a time. It starts with the vertices and grabs the necessary data by filtering out the characters we don’t need, it then stores them in a variable. The function does the same thing for the texture co-ordinates and the normals. Once it has all the correct data it stores it in separate variables ready for later use. The function is then called later in the graphics template and the name of the obj file is specified so that it loads the correct model. Later on, when we declare our vertex specifications, we pass the stored data to our vertex buffer object. Then in the render loop we use this data to render or draw the model. We can change the obj file by specifying a new one in the function argument. As long as the obj file is in the right place then it will be called, read, and rendered.
We also make use of two shaders; they are the blur and emboss effects. Blur is self-explanatory but emboss has quite a unique effect. It highlights the difference between pixels in parts on the model. To use these shaders effectively new shader files were created. The author used a website [4] that visualises image effects. The website also supplies a 3x3 matrix for multiplying each pixel by to achieve the effect. The matrix values differ between different effects. In the frag shader there is a function that does all the calculations for the shader values. These values then get used in the main graphics template after the calculations are done. Each pixel around the centre pixel is multiplied by the corresponding number in the matrix. These values are then all added together and sent out of the frag shader file to be use din the graphics template. The shaders are then loaded by giving the correct file path and initialising a new variable for them. We can then call them later on in the graphics template, specifically in the render loop. The author has given the user the ability to choose which effect they see. If the press a button on their keyboard a certain effect will show, a different button shows another. 
Finally, a few line of code in the render loop allows the model to spin on an axis. This involves using translate and rotate commands.  
1.2 [bookmark: _Toc69684928]User Guide
When the user presses the local windows debugger button they will be greeting with a window. This window will display the currently loaded obj file, in this case the blender monkey. When the window is open the user can press W, A, S, D to move the camera around the scene. Q, and E can also be pressed to adjust the pitch of the camera. If the user presses the B key a blur shader effect will be applied. If the M key is pressed then a emboss shader effect will be applied. 
1.3 [bookmark: _Toc69684929]Tests
Test 1
Description
In this first test we will be testing the camera to see if it works as intended. The expected outcome would be that the camera works properly. It should be able to move around using the appropriate keys, change pitch, and move around the object.
Result
The camera works as intended; it has all the functionality mentioned above. 
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Pass / Fail
Pass

Test 2
Description
In this test we will see if the object loader can load a different object. It should be able to even if there is a difference in data size.
Result
The object loader successfully loaded a different object.
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Pass / Fail
Pass, although there seems to be a problem with the textures of the object.

Test 3
Description
For this test we will see if the two shaders display correctly and are switchable. This should be able to be achieved by pressing different buttons on the keyboard.
Result
The two shaders work correctly and can be switched on command.
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Pass / Fail
Pass

Test 4
Description
In this test we will see if a different texture can be loaded successfully. This can be done by changing the file path to a different png image.
Result
The texture was changed successfully. The texture used is below the first screenshot. Both textures were made by the author.
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Pass / Fail
Pass














2.0 [bookmark: _Toc69684930]GPU Trends Discussion
2.1 [bookmark: _Toc69684931]Mesh Shading
Mesh shading is a relatively new trend in the world of graphics programming. It is used mainly in DirectX 12; however, it can also be used in openGL and Vulkan with extensions. Mesh shading offers a new approach to the traditional graphics pipeline. As described by Nvidia, “The new shaders bring the computer programming model to the graphics pipeline as threads are used cooperatively to generate compact meshes (meshlets) directly on the chip for consumption by the rasterizer.” [1]. This new approach allows games that have complex models to benefit from increased efficiency for culling, level of detail, and procedural generation. Meshlets is a new term used to describe the triangle mesh being converted into compact meshes. By doing this it allows the mesh to be rendered more optimally and re-used with less data being gathered. 
[image: ]      [1]

The figure above shows the traditional graphics pipeline versus the new mesh pipeline. According to Nvidia, “The interfacing with the pixel/fragment shader is unaffected. The traditional pipeline is still available and can provide very good results depending on the use-case.” [1]. This new pipeline offers new benefits for the user. The first is, “Higher scalability through shader units by reducing fixed-function impact in primitive processing. The generic purpose use of modern GPUs helps a greater variety of applications to add more cores and improve shader’s generic memory and arithmetic performance.” [1]. The second benefit is bandwidth reduction. This is due to the reuse of vertices thanks to the conversion of the mesh into meshlets. This in turn means that the buffers don’t have to be scanned every time, which lowers the bandwidth usage. Lastly is the flexibility it offers. Nvidia states, “The previous tessellation shaders were limited to fixed tessellation patterns while geometry shaders suffered from an inefficient threading, unfriendly programming model which created triangle strips per-thread.” [1]. Developers are given the freedom to utilize threads for their own needs and distribute data within them. 
Pros
· Incredible flexibility
· Impactful optimisation
· Utilises complex models more effectively
· Improved GPU performance
Cons
· Lack of available source code
Verdict
Effectively mesh shading has revolutionised the graphics industry. It allows more complex models to be rendered on screen at a fraction of the usual cost. They can be reused which leads to better efficiency and overall, a more optimised approach.
2.2 [bookmark: _Toc69684932]Ray Tracing
Ray tracing is all the rage at the moment. Hailed by many as the “holy grail” of graphics, ray tracing brings some much-needed realism to the graphics industry. Ray tracing offers a more realistic and advanced way to render light and shadows in a game. The reason its not more mainstream is because its an incredibly taxing process. However, advancements in the GPU industry have allow ray tracing to become a more feasible reality with the added benefit of being more commercially available. As said by TechRadar, “Ray tracing is a rendering technique that can produce incredibly realistic lighting effects. Essentially, an algorithm can trace the path of light, and then simulate the way that the light interacts with the virtual objects it ultimately hits in the computer-generated world.” [2]. Ray tracing has the overall goal of rendering realistic lighting and shadow as seen by the human eye. It’s all about how the light interacts with the world around it, realism is key. Previously ray tracing had been used extensively for computer generated images for films and TV shows. Studios that use this method have the benefit of utilising large networks of computer to do the legwork for them. However, recent development has allowed it to be brought into the lives of many ordinary people through video games. Nvidia has pioneered the ray tracing craze with their range of 20 series graphics cards, all of which have the RTX prefix. RTX is an abbreviation for ray tracing used by Nvidia. 
Traditionally rasterization has been used for image rendering. “While the internal representation of the game world is maintained as three dimensions, rasterization ultimately operates in two dimensions (the plane of the screen), with 3D primitives mapped onto it through transformation matrices.” [3]. Different methods are used in conjunction with rasterization to minimize the number of pixels that aren’t visible to the player. These methods are usually frustrum culling, viewport clipping, back-face culling, and z-buffering. All these methods make sure that pixel that don’t need to be seen aren’t rendered. However, the use of rasterization is being pushed to its limits, as described by the Microsoft DirectX blog, “Today, techniques such as screen-space reflection and global illumination are pushing rasterization to its limits, with SSR, for example, being solved with level design tricks, and GI being solved in some cases by processing a full 3D representation of the world using async compute.” [3]. 
[image: ][3]

Above is an image which demonstrates the current problems with rasterization and developing graphics trends. Even though the object out of view has been culled, it is still displaying a full-bodied shadow. The new method of ray tracing hopes to relieve the strain of 3D methods on rasterization. By producing realistic lighting and shadows the future looks bright for games and engines that wish to utilise this new technology. 
Pros
· Realistic lighting and shadows
· Solves many problems with lighting and rasterization
Cons
· Limited uptake by games due to new nature
Verdict
Ray tracing presents a new opportunity to experience something that was previously unfeasible. It has rightly earned its place as possibly the most exciting thing to become available in the industry. Hopefully int the future it will be as commonplace in games as the older methods of graphics rendering are. 
3.0 [bookmark: _Toc69684933]Bibliography
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4.0 [bookmark: _Toc69684934]Appendix
Object loader
using namespace glm;
// Creating list for storing faces from obj file
std::vector <Vertex> faces;

// Obj loader loads data from object file
void objLoader(std::string filepath)
{
	// Variables for each part of the obj data
	std::vector <vec3> positions;
	std::vector <vec2> textures;
	std::vector <vec3> normals;
	
	// Variables for reading the file data
	std::string position;
	std::string line;
	std::ifstream myfile(filepath);

	// If the file is open, run the statement
	if (myfile.is_open())
	{
		// Variable for faces data
		int fCount = 0;

		while (getline(myfile, line))
		{
			// If the line has a v and a space
			if (line[0] == 'v' && line[1] == ' ')
			{
				// Temporary variable to store data in
				vec3 tempPos;
				int count = 0;
				float tempFloats[3];
				//Starts at the second char
				for (int i = 2; i < line.length(); i++)
				{
					// If the current char on the line is not a space
					if (line[i] != ' ' )
					{
						position += line[i];
					}
					else
					{
						// Puts the data into a string and then into a float array
						std::stringstream(position) >> tempFloats[count];
						count++;
						// Resets the position variable
						position = "";
					}
				}
				// Puts the data into a string and then into a float array
				std::stringstream(position) >> tempFloats[count];
				count = 0;
				// Resets the position variable
				position = "";
				// Sets the temp position variable to the individual variable of the tempFloats variable
				tempPos.x = tempFloats[0];
				tempPos.y = tempFloats[1];
				tempPos.z = tempFloats[2];
				// Pushes the data into a positions data vector
				positions.push_back(tempPos);
			}

			// If the line has a v and a t
			if (line[0] == 'v' && line[1] == 't')
			{
				// Temporary variable to store data in
				vec2 tempPos;
				int count = 0;
				float tempFloats[2];
				//Starts at the third char
				for (int i = 3; i < line.length(); i++)
				{
					// If the current char on the line is not a space
					if (line[i] != ' ')
					{
						position += line[i];
					}
					else
					{
						// Puts the data into a string and then into a float array
						std::stringstream(position) >> tempFloats[count];
						count++;
						// Resets the position variable
						position = "";
					}
				}
				// Puts the data into a string and then into a float array
				std::stringstream(position) >> tempFloats[count];
				count = 0;
				// Resets the position variable
				position = "";
				// Sets the temp position variable to the individual variable of the tempFloats variable
				tempPos.x = tempFloats[0];
				tempPos.y = tempFloats[1];
				// Pushes the data into a textures data vector
				textures.push_back(tempPos);
			}

			// If the line has a v and an n
			if (line[0] == 'v' && line[1] == 'n')
			{
				// Temporary variable to store data in
				vec3 tempPos;
				int count = 0;
				float tempFloats[3];
				//Starts at the third char
				for (int i = 3; i < line.length(); i++)
				{
					// If the current char on the line is not a space
					if (line[i] != ' ')
					{
						position += line[i];
					}
					else
					{
						// Puts the data into a string and then into a float array
						std::stringstream(position) >> tempFloats[count];
						count++;
						// Resets the position variable
						position = "";
					}
				}
				// Puts the data into a string and then into a float array
				std::stringstream(position) >> tempFloats[count];
				count = 0;
				// Resets the position variable
				position = "";
				// Sets the temp position variable to the individual variable of the tempFloats variable
				tempPos.x = tempFloats[0];
				tempPos.y = tempFloats[1];
				tempPos.z = tempFloats[2];
				// Pushes the data into a normals data vector
				normals.push_back(tempPos);
			}

			// If the line has an f and a space
			if (line[0] == 'f' && line[1] == ' ')
			{
				// Temporary variable to store data in
				vec3 tempPos;
				int count = 0;
				face tempFace;
				float tempFloats[3];
				//Starts at the second char
				for (int i = 2; i < line.length(); i++)
				{
					// If the current char on the line is not a space and a /
					if (line[i] != ' ' && line[i] != '/')
					{
						position += line[i];
					}
					// If the current char on the line is a /
					else if (line[i] == '/')
					{
						// Puts the data into a string and then into a float array
						std::stringstream(position) >> tempFloats[count];
						count++;
						// Resets the position variable
						position = "";
					}
					else 
					{
						// Puts the data into a string and then into a float array
						std::stringstream(position) >> tempFloats[count];
						count = 0;
						// Resets the position variable
						position = "";
						// Sets the temp position variable to the individual variable of the tempFloats variable
						tempFace.v = tempFloats[0];
						tempFace.vt = tempFloats[1];
						tempFace.vn = tempFloats[2];
						Vertex data = Vertex(positions.at(tempFace.v - 1), (textures.at(tempFace.vt - 1), (normals.at(tempFace.vn - 1))));
						// Pushes the data into a faces data vector
						faces.push_back(data);
						fCount++;
					}
				}
				// Puts the data into a string and then into a float array
				std::stringstream(position) >> tempFloats[count];
				count = 0;
				// Resets the position variable
				position = "";
				// Sets the temp position variable to the individual variable of the tempFloats variable
				tempFace.v = tempFloats[0];
				tempFace.vt = tempFloats[1];
				tempFace.vn = tempFloats[2];
				Vertex data = Vertex(positions.at(tempFace.v - 1), (textures.at(tempFace.vt - 1), (normals.at(tempFace.vn - 1))));
				// Pushes the data into a faces data vector
				faces.push_back(data);
			}
			
		}
	}
	else
	{
		// This triggers if an obj file is not found
		std::cout << "Couldn't Open File" << std::endl;
	}



	
}
Blur Shader
#version 330 core

out vec4 FragColour;

in vec2 TexCoords;

uniform sampler2D texture1;

void main()
{
	vec4 blurcolour = vec4 (0.0f, 0.0f, 0.0f, 1.0f); 
	// 3x3 Matrix with the correct matrix values to apply a blur effect
	mat3x3 blurshader = mat3x3 (0.0625, 0.125, 0.0625, 0.125, 0.25, 0.125, 0.0625, 0.125, 0.0625);

	// Get the pixels around TexCoords, co-ord is y[1]x[1]
	// Right/Down is +, Left/Up is -

	// Going through each pixel around the center one and creating a variable 
	// Also giving them a value to multiply by the blur matrix
	vec2 topLeftPixel = vec2(TexCoords.x-0.005f, TexCoords.y-0.005f);
	vec2 topPixel = vec2(TexCoords.x, TexCoords.y-0.005f);
	vec2 topRightPixel = vec2(TexCoords.x+0.005f, TexCoords.y-0.005f);

	vec2 middleLeftPixel = vec2(TexCoords.x-0.005f, TexCoords.y);
	vec2 middleRightPixel = vec2(TexCoords.x+0.005f, TexCoords.y);

	vec2 bottomLeftPixel = vec2(TexCoords.x-0.005f, TexCoords.y-0.005f);
	vec2 bottomPixel = vec2(TexCoords.x, TexCoords.y+0.005f);
	vec2 bottomRightPixel = vec2(TexCoords.x+0.005f, TexCoords.y+0.005f);

	// multiplying each pixel variable by a variable in the blur matrix
	blurcolour += texture(texture1, topLeftPixel) * blurshader[0][0];
	blurcolour += texture(texture1, topPixel) * blurshader[0][1];
	blurcolour += texture(texture1, topRightPixel) * blurshader[0][2];
	blurcolour += texture(texture1, middleLeftPixel) * blurshader[1][0];
	blurcolour += texture(texture1, middleRightPixel) * blurshader[1][2];
	blurcolour += texture(texture1, bottomLeftPixel) * blurshader[2][0];
	blurcolour += texture(texture1, bottomPixel) * blurshader[2][1];
	blurcolour += texture(texture1, bottomRightPixel) * blurshader[2][2];

	// Setting fragcolour variable to the new blur colour variable
	FragColour = blurcolour;
}


Emboss Shader
#version 330 core

out vec4 FragColour;

in vec2 TexCoords;

uniform sampler2D texture1;

void main()
{
	vec4 embosscolour = vec4 (0.0f, 0.0f, 0.0f, 1.0f); 
	// 3x3 Matrix with the correct matrix values to apply an emboss effect
	mat3x3 embossShader = mat3x3 (-2, -1, 0, -1, 1, 1, 0, 1, 2);

	// Get the pixels around TexCoords, co-ord is y[1]x[1]
	// Right/Down is +, Left/Up is -

	// Going through each pixel around the center one and creating a variable 
	// Also giving them a value to multiply by the emboss matrix
	vec2 topLeftPixel = vec2(TexCoords.x-0.005f, TexCoords.y-0.005f);
	vec2 topPixel = vec2(TexCoords.x, TexCoords.y-0.005f);
	vec2 topRightPixel = vec2(TexCoords.x+0.005f, TexCoords.y-0.005f);

	vec2 middleLeftPixel = vec2(TexCoords.x-0.005f, TexCoords.y);
	vec2 middleRightPixel = vec2(TexCoords.x+0.005f, TexCoords.y);

	vec2 bottomLeftPixel = vec2(TexCoords.x-0.005f, TexCoords.y-0.005f);
	vec2 bottomPixel = vec2(TexCoords.x, TexCoords.y+0.005f);
	vec2 bottomRightPixel = vec2(TexCoords.x+0.005f, TexCoords.y+0.005f);

	// multiplying each pixel variable by a variable in the emboss matrix
	embosscolour += texture(texture1, topLeftPixel) * embossShader[0][0];
	embosscolour += texture(texture1, topPixel) * embossShader[0][1];
	embosscolour += texture(texture1, topRightPixel) * embossShader[0][2];
	embosscolour += texture(texture1, middleLeftPixel) * embossShader[1][0];
	embosscolour += texture(texture1, middleRightPixel) * embossShader[1][2];
	embosscolour += texture(texture1, bottomLeftPixel) * embossShader[2][0];
	embosscolour += texture(texture1, bottomPixel) * embossShader[2][1];
	embosscolour += texture(texture1, bottomRightPixel) * embossShader[2][2];

	// Setting fragcolour variable to the new emboss colour variable
	FragColour = embosscolour;
}
Rotation Code
// Rotates the object on a set point
		model = glm::translate(model, glm::vec3(0.0f, 0.0f, 0.5f));
		model = glm::rotate(model, glm::radians(1.0f), glm::vec3 (0,1,0));
		model = glm::translate(model, glm::vec3(0.0f, 0.0f, -0.5f));
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objLoader("cube.obj");]




image6.png




image7.png




image8.png




image9.png




image10.png




image11.png
MESHLETS

TRADITIONAL PIPELINE

= ess,
TagTE contion [ resseruamon | evabimon | czonere B o | e
Ferch S Saoe s

Pipelined memory, keeping interstage data on chip

TASK/MESH PIPELINE

SRR HESH SHADEE .

Pipelined
Opuunal Expansion pelined memory




image12.png




image1.png




image2.png




