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[bookmark: _Toc70053576]Procedural Shadering
The author’s initial idea for their project was to create an animated shader created through procedural texturing using a PlayStation Development Kit and its native shader coding language, PlayStation Shader Language. However, due to issues outside of the author’s control, these plans had to change and so the author conceptualised a new project; To create a Rubik’s Cube using OpenGL.
[bookmark: _Toc70053577]OpenGL Rubik’s Cube – Legacy OpenGL
When the author started working on their second attempt at their independent project, they started by using an old OpenGL template that they had worked on the previous year. They managed to output to the screen a single cube using an object (.obj) file. However, as this template was written using Legacy OpenGL, which has been deprecated since 2008 [1], the author found that some of the features he wanted to implement would be impossible with the current template, so they used a YouTube tutorial [2]  to create a new framework, this time in Modern OpenGL.
[bookmark: _Toc70053578]ftrack Entries
The following is an entry the author uploaded to ‘ftrack’ [3] to mark their progress while working on their OpenGL Rubik’s Cube:
[image: ]
[bookmark: _Toc70053579]OpenGL Rubik’s Cube – TheCherno Framework
Once the author realised that their initial framework would not be sufficient for their independent project, they started following an OpenGL tutorial on YouTube [2]. This tutorial covered many aspects of Modern OpenGL, including Vertex Arrays, Index Buffers, textures, and ImGui, which is a “graphical user interface library for C++” [4]. However, while working with their new framework, the author realised that the code used for this framework was incredibly specific and they felt like the time they would have to take to truly understand how the framework worked would push them past the deadline, so they decided to use a framework they had been developing as part of their GPU Programming module. 
[bookmark: _Toc70053580]ftrack Entries
The following are the ftrack entries the author uploaded to ftrack to mark their progress while working on their OpenGL Rubik’s Cube:
[image: ] 
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[bookmark: _Toc70053581]OpenGL Rubik’s Cube – GPU Programming Framework
Due to their work as part of their GPU Programming module, the author’s new framework was already able to output a single cube to the screen. The first thing the author did was create a list of objectives that they had to complete; Output 27 cubes to the screen, apply colour to said cubes, and apply rotations in the x, y, and z axes.
[bookmark: _Toc70053582]Outputting 27 Cubes
The author’s first objective was to have the program instead output 27 cubes to the screen to simulate a Rubik’s Cube. They did this by looping through the render loop 27 times, once for each cube. The following are before and after images of the output of the program:
[bookmark: _Toc70053583]Before
[image: ]
[bookmark: _Toc70053584]After
[image: ]
Note: Distance between cubes has been deliberately increased to show that 27 cubes are present.



[bookmark: _Toc70053585]Applying Colour to the Cubes – First Attempt
The author’s second object was to apply colour to each of the 27 cubes that they had outputted to the screen. The author’s first attempt at this did not succeed however, as the program did not apply the correct colours to the correct sides of the cubes, and made each cube a solid colour, rather than applying a maximum of 3 separate colours to each cube, depending on its position in the Rubik’s Cube. The following are before and after images of the output of the program:
[bookmark: _Toc70053586]Before
[image: ]
[bookmark: _Toc70053587]After
[image: ]
[bookmark: _Toc70053588]Applying Colour to the Cubes – Second Attempt
The author’s second attempt, however, was successful, albeit memory intensive. The author applied the colours by looping through each cube’s sides individually and applying the correct colour. The program worked out the correct colour by checking the index of the loop and, if it was below a certain value, it would get the colour relevant to that side. The following are before and after images of the output of the program:
[bookmark: _Toc70053589]Before
[image: ]
[bookmark: _Toc70053590]After
[image: ]
[bookmark: _Toc70053591]Applying Colour to the Cubes – Third Attempt
While the author could have left the code to apply colours to the cubes’ sides as it was, they wanted to find a more efficient way of doing so. After a few hours of working out values, the author created a method that told the program how to find the correct colour without using seven ‘if’ statements. They used the index of the loop that looped through each cube’s vertex positions, divided it by the number of vertex positions per side (6), and using the result as an index for the ‘colours’ array. \The following are before and after images of the output of the program, followed by a screenshot of the code used to create the latter two outputs:
[bookmark: _Toc70053592]Before
[image: ]
[bookmark: _Toc70053593]After
[image: ]
[bookmark: _Toc70053594]Code
[image: ]
Note: Uncommented code is third attempt, commented code is second attempt.








[bookmark: _Toc70053595]Apply Rotations in the X, Y, and Z Axes
The author’s third and final objective was to apply rotations in the x, y, and z axes. The author did this using matrix multiplication: applying rotations to the matrices stored in a rotation matrix array, and then multiplying the cubes’ positions by these matrices, rotating specific cubes around a point located at the centre of their collective x, y, or z axis. The following are before and after images of the output of the program when the middle set of cubes are rotated in the three axes individually:
[bookmark: _Toc70053596]Before – X/Y Axis
[image: ]
[bookmark: _Toc70053597]After – X/Y Axis
[image: ]
[bookmark: _Toc70053598]Before – X/Z Axis
[image: ]
[bookmark: _Toc70053599]After – X/Z Axis
[image: ]




[bookmark: _Toc70053600]Before – Y/Z Axis
[image: ]
[bookmark: _Toc70053601]After Y/Z Axis
[image: ]
Note: The program is also able to rotate in the other directions, but this is difficult to prove with still images.



[bookmark: _Toc70053602]ftrack Entries
The following are the ftrack entries the author uploaded to ftrack to mark their progress while working on their OpenGL Rubik’s Cube:
[image: ]
[image: ]
Note: Image included is provided ‘Code’ section of ‘Applying Colour to the Cubes – Third Attempt’
[image: ]
Note: Current bug section will be covered in next section
[bookmark: _Toc70053603]Current Limitations
The only known in-scope limitation of the program is that the user will not be able to apply rotations in multiple axes without first “solving” the cube, i.e., all sides are a single colour. The author believes the cause of this issue to be their method of telling the program which cubes to apply the rotations to. Because they pre-define the locations of each cube using an array ‘cubePositions’, they will apply rotations to cubes even if they are not in the row/column that the user is trying to rotate. This results in disfigured Rubik’s Cubes with nearly every combination (when pressing keys randomly, the author found a perfectly normal, shuffled Rubik’s Cube but could not replicate the results).
[image: ]
[bookmark: _Toc70053604]User Guide
Upon launching the program by opening the solution in Visual Studio 2017, the author provides the user with the following text, designed to teach them how to use the program as efficiently as possible, while also providing a warning in regard to the current limitations section of this report.
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Kyle Lovel amonth ago

Watched episodes 9-13 of OpenGL playlist.

Current version is 'Major Project v1*
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Kyle Lovel 28 days ago

Watched episode 14 of OpenGL playlist. Limited work done due to health issues. Current
version is "Major Project v2'

w Games_2021_L6 / dev / Supervision-L6-GamesDev / KL-ProceduralTexturingPS4Shader
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Kyle Lovel 22 days ago

Watched episodes 15-17 of OpenGL playlist.

Current version is 'Major Project v3'
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Kyle Lovel 14 days ago

Watched episodes 18-22 of OpenGL playlist. Current version is 'Major Project v4'
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Kyle Lovel 11 days ago

Watched episodes 23-25 of OpenGL playlist.

Current version is 'Major Project v5'
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OpenGL Template





image13.png




image14.png




image15.png
for (int =0 ¢ sizeof(cube) / sizeof(Vertex): ] +=3)
{
gimvec colour = colours[( / )}
‘glUniformaf{colourt ocation, colourx. coloury. colour-z, colour.a):
‘gibrawArrays(6L_TRIANGLES. J. 3):

FifGe6)
€

gim:vect colour = colours[0}

glUniformaf{colourLocation. colourx. coloury. colourz. colour.a):
3
elseif (< 12)
€

gim:vect colour = colours]1]:

glUniformaf{colourLocation, colourx. coloury. colourz. colour.a):
3
elseif < 18)
€

gim:vecs colour = colours[2):

glUniformaf{colourLocation. colourx. coloury. colourz. colour.a):
3
else F (< 24)

€

gim:vect colour = colours{3}

glUniformaf{colourL ocation. colourx. coloury. colourz. colour.a):
3
else f < 30)
€

gim:vecs colour = colours[4}

glUniformaf{colourLocation. colour.x. coloury. colourz. colour.a):
3
else if < 36)
€

gim:vect colour = colours{5}:

glUniformaf{colourLocation. colourx. coloury. colourz. colour.a):
¥/




image16.png




image17.png




image18.png




image19.png




image20.png
Kyle Lovel adayago

Due to technical difficulties, | have decided to use a new framework for my project. This

framework was programmed by myself as part of my GPU Programming module, and allows
for 3D objects. Current version is "Major Project v6' and features a single white cube
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Kyle Lovel 9 hours ago

[21/04/2021] Added colour to Rubik's Cube. Attached is the code used to do so. Original
version (commented) used 7 if statements to work out which side of each cube the program
was currently colouring. New version (above) simply uses the index to automatically choose
the colour of the side.

Both implementations resulted in the same image, but new version is less memory intensive.
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Kyle Lovell 9hours ago

Added x- /y- / z-axis rotation to the Rubik's Cube, as well as user input to perform said
rotations.

Current bug: Due to how the to-be-rotated cubes are selected, a rotation in two axes (e.g.
x-axis rotation, then a y-axis rotation) is impossible. Doing so results in multiple cubes going
into the same position as other cubes (Screenshot provided).

Current version is 'Major Project v7'
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Kyle Lovel 2 months ago

20/02/2021: Created obj to be used in the project Created function to read obj file, and
output single cube to the screen

Next steps: Have program output 27 cubes next to each other, to make up the Rubik's Cube
Colour each of the cubes with the correct colours
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Kyle Lovel 2021-03-1113:21:19

Following this playlist:

https://www.youtube.com/watch?v=W3gAzL wflPO&ist=PLIrATfBNZ98foT)P)_Ev03020q3-
GGOS2&index=2
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