Creating shapes from procedurally generating Marching Squares (MS)

[bookmark: _Toc8228364]Abstract
In this paper the developer is going to look at author’s steps in creating meshes from the MS algorithm and to see if there are any variants or things to add in, in order to guide their work to a specific final render. The developer will be giving a brief over view of what the algorithm is and how it works. The developer will also be explaining how their code is working and has been implemented. The developer will then be looking at the results, evaluating them and finally seeing what can be implemented in the future.
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[bookmark: _Toc8228365]Introduction
In this paper the developer is going to be talking about the Marching Squares (MS) algorithm. The MS algorithm is where it takes a 2D grid of scalar data, splits this data up into grid cells of equal size. The MS algorithm then visits each cell sequentially and turns that cell into a contour image, whether each corner of the grid or (node) is either inside, outside, or on the border of the shape. When it finds a node that’s on the border it will convert that section of the grid into one of the predefined images from a look up table until all grid segments have been evaluated accordingly.

[bookmark: _Toc8228366]Literature Review
When using Marching Squares (MS), you can look at flat 2D shapes and determine what to find and/or draw. You can also use MS in conjunction with itself, that is called Cubical or Dual Marching Squares, to draw 3D objects, instead of doing another algorithm called Marching cubes (MC). The advantage of doing Cubical Marching Squares is that you will have no “gaps” in the final render of the object where in MC, some shapes used next to each other can produce said gaps in the final render. One paper that has done this dual MS approach was written by Chien-Chang Ho, Cheng-Han Tu and Ming Ouhyoung in 2005, and their paper is called “Detail Sculpting using Cubical Marching Squares” [1] In this paper the authors start the MS algorithm the typical way but when it comes to the sculpting section they have to change course slightly. They split the space into sub divisions of 2D space and render each square that needs rendering in each of the 2D sub divisions to get their detail and joined up 2D shapes in the 3D space. Another paper that has worked with cubical marching squares is one from the authors Chien-Chang Ho, Bing-Yu Chen, Ming Ouhyoung, and Jyh-Horng Chen in 2006, the paper is called “Extended Cubical Marching Squares for Surface Extraction from Various Kinds of Volumetric Structure” [2] in this paper the authors have worked out another way to render cubes but only using marching squares. They unfold the cubes into squares, run the marching squares algorithm to get the desired shape then folds them all back up together. This also achieves the same result as the previous paper, as in the final rendered image will have no “gaps” what this paper has also achieved is that they can use far thinner objects and still manage to get the same results, as the cubical marching cubes algorithm needs set scalar values, sometimes these values can be too big for parts of the object so some accuracy can be lost. Another similar algorithm is using the MC algorithm and then the MS algorithm. One paper that uses this is one by HAN Hongling and CUI Zhiheng called “Study on Three-Dimensional Scene Modelling and Interactive Technology Based on Marching Square Algorithm”[3] in this paper they split the object into a grid as normal, then they get contour lines on each side using the MS algorithm. Then using the contour lines, they generate a wire like frame to fill in for the final shape. Finally, if they need to do any extra things like making it look more real then this is the stage, they will do that. In this paper their work has been displayed for a virtual reality system. Another paper that uses this same format for using Marching Cubes and then Marching Squares is one by Carsten Maple, this paper is called “Geometric Design and Space Planning Using the Marching Squares and Marching Cube Algorithms”[4] What Carsten Maple does in this paper is she will use Marching Cubes to approximate the area and volume of 3D space. Maple also does the same thing but with Marching Squares. They also visualise what the MC and MS have done. Finally using either the MC or MS algorithm they can work out the distance between 2 points which they find useful for the space planning, they show an example and the steps to work this out. Instead of using 2 algorithms, Sui Gong and Timothy S. Newman, have introduced a new method called Dual Marching Squares (DMS), they have wrote a paper on it called “Dual Marching Squares: Description and Analysis” [5] In this paper they talk about how they can find the midpoint of the iso contour, and then use the midpoint of that intersection and connect it to other mid points for a, in some cases, a smoother image. In the DMS algorithm it starts off the same as MS where it finds what square is overlapping and does the required steps to find what case that cell is, then using linear interpolation it would fine the exact point the line would cross. Then the DMS intersection point is found, this is found at the midpoint of the two MS edge intersection points. Finally, it connects up all the mid points to form the shape. From their calculations, DMS seem to generate a smoother image than the MS in comparison. Lastly the authors, Sui Gong and Timothy S. Newman have produced paper called “A Corner Feature Sensitive Marching Squares”[6] which is very similar to the “Dual Marching Squares: Description and Analysis” [5] but this one was written first. In this paper they only concentrate on the segments of the grid that have sharp corners in them, where the original MS algorithm would turn this corner into a smoother one, here they have changed that to go to the midpoint of the square and then draw the intersection lines in order to make the corner as sharp as possible. They also say, as this only concentrates on a small but crucial part of the algorithm, that this is only an extension to the algorithm.

[bookmark: _Toc8228367]My Algorithm 
In this project the developer is going to be using the marching squares algorithm in order to draw a square. What this algorithm will do is split the scene up into a grid of cells. Then it will scan each cell and see what corners are inside or on the border of the shape. Depending on what corners are inside the shape or outside the shape it will draw a line accordingly. In this project the developer is going to be making a larger square out of the marching squares algorithm. This will first be ran and timed on the CPU and then ran and timed on the graphics card.
[bookmark: _Toc8228368]Parallelization and implementation 
What the developer is going to parallelize is going to be each cell of the grid. The developer is going to pass the X and Y coordinates of the cell in question over from the CPU to the graphics card and from there the graphics card will then run the distance checks to see if either one of the 4 corners are inside the shape. Then once this has been completed it will then run the function to draw the line with its own coordinates if they are within the specified boundaries of the shape. This should be all the developer needs to parallelize as this is the only part of the code that is ran multiple times on the CPU. The developer is also going to test to see if it is faster to get the graphics card to run the line drawing function or if it faster to pass the co-ordinates and a true of false bool back over to the CPU in order for the CPU to run the line drawing algorithm.

[bookmark: _Toc8228369]Results
As the CUDA side of the programming has not been fully implemented yet there are no direct results to compare. What the developer thinks will happen is as the CPU can only deal with one cell of the grid at a time, that the CPU will in fact be slower than the graphics card. As the graphics card can deal will all these cells of the grid all at once the developer is expecting the graphics card to run the code at a much faster rate. As the developer is going to be running an OpenGL function call in order to draw a line on the screen, the developer doesn’t know if this will cause problems for the time to run to increase or not. To the developers understanding OpenGL is supported with CUDA so using the graphics card to call a function to draw a line shouldn’t be a problem but this will be tested in the code.
[bookmark: _Toc8228370]Evaluation
To evaluate the results the developer will have to time the code on both the CPU and the graphics card. As the CUDA section of the code is not fully implemented the developer is unable to accurately compare results. According to a profiling report the code that and been completed to run on the CPU has been timed, and according to this time it took 1.719 seconds to run but 98.69% of this time was idling, so with this high percent taken off the full time, the more accurate time that the CPU code took to run in order to fully render this square is 0.0178776 seconds. Although the time for this is very low, there is still an amount of code that has to wait in order for code within a loop to finish. Integrating CUDA into this code will therefore take this loop out, and in theory, make the program even faster. Although this is possible there is still a set up cost to establish a working CUDA so this could hinder the initial time it takes to complete.

[bookmark: _Toc8228371]Conclusion and future work
In this paper the developer has carried out a literature review through the Marching Squares algorithms and slight deviations and additions. The developer has also explained the different steps authors followed in undertaking reviews on this topic. The developer has then explained the algorithm the developer is going to be using and how. Also the developer explained how the CPU code is going to be parallelized and implemented and finally the possible results that could come of the graphics card nullifying the loop.
For the future the developer would like to implement the CPU code fully into CUDA. The developer would also like to take the shape out altogether and set each cell to randomly draw a line. This gets rid of the containment check but the developer could see if it is causing issues with OpenGL.
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