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In this report the programmer is going to be talking about the main aim and objectives, the main aim being that the programmer is going to be using 3D marching cubes in order to render metaballs. The objectives are going to be similar to a step by step guide of the work in hand. The programmer is going to be completing a task to render metaballs in 3D using marching cubes, starting with marching squares. The programmer will then be discussing the process they took in order to complete predefined objectives. The programmer will then be evaluating the work that has been done to see if any changes could be make and if so how the programmer would be doing the work differently if they were to do it again. Then finally the programmer will be talking about how the project as a whole changed them as a person and what they learnt from the whole coding process.
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In this paper the programmer is going to be talking about the Marching Cubes (MC) algorithm. This algorithm is for extracting a polygonal mesh of an iso surface from a 3D scalar field. This is also widely used in the medical field such as CT scans and MRI scans. MC was developed by William E. Lorensen and Harvey E. Cline in 1987. This algorithm is almost identical to the Marching Squares algorithm but that algorithm is mainly used for 2D space although it can be used for 3D space also. In this algorithm, MC, it consists of first splitting the screen space into equal size scalar cubes, the MC algorithm then runs the same check on each grid. This check is where it checks to see if any lines have intersected into this grid and depending on where it has intersected it will replace the block with one of 15 different shapes. These shapes will be stored in a look up table and will be referenced by binary numbers converted into whole numbers. It can then go a step further, depending on how accurate you want to go, by doing linear interpolation, this will find out the exact position of where the line has intersected to then put the new image in the correct position. It will then do this for the rest of the cubes in the screen space. Once this has completed this is where you can apply a texture and / or lighting if required.

The aims and objectives of this project are; 
The main aim the programmer is trying to achieve is going to be using 3D marching cubes in order to render metaballs. In order to achieve this the programmer is going to; 
To first be able to draw a circle using only straight lines and a radius for the size of the circle.
To be first able to complete marching squares in a 2D space.
To be able to incorporate metaballs into my 2D section.
To be able to upgrade my 2D working project to 3D.
To be able to move the balls around a screen border.
In the next chapters to follow this introduction the programmer is going to be going over literature papers for a good portion, followed by going in depth about the programmer’s project, what is involved with the project and how it is going to work, the testing etc.
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Introduction 
In this section called Literature Review the programmer is going to be going over the literature in date order, and pick out key points and also go over the important paragraphs in the paper and give you the results of the findings.

The first paper that was written on this subject matter was by the authors called William E. Larensen and Harvey E. Cline which is called “MARCHING CUBES: A HIGH RESOLUTION 3D SURFACE CONSTRUCTION ALGORITHM” [1] In this paper the writers explain that they are presenting a new algorithm that they have  called Marching Cubes. They go into detail on how the algorithm works and how it uses a divide and conquer method to cut up the shape into equal parts in order to perform the required operations. The paper was originally made to help the medical industry as they go into great detail into what machines need this algorithm, although they already have something similar, it isn’t high definition enough. As you need someone who is trained to look at the images, like a radiographer. As this paper was made in 1987, they break through with fast draw speeds of 10,000 triangles per second and with a grid of 64 by 64 by 48 it will take 100 seconds to complete. The time will go up relative to the screen size [1].

In this paper called “Structured deformable models’ application of metaballs to 3D medical image segmentation” by Ibanez, L. Hamitouche, and C. Roux, C. the authors talk about introducing a concept called “Structured deformable model” which is going to be used in the medical industry. They describe the structured deformable model as a model that is formed from a group of basic shapes and that in this paper they are going to be talking about bone joint modelling but it can be changed to fit other biological shapes. [2] the authors wanted to look into creating shapes that didn’t just look but were also created and acted like the real thing. They talk about how global and local sources can affect the model so would like to make it as real as they can. They first start off by merging two metaballs together then once this is achieved, they start making the shape more complex and combining different shaped metaballs to make a more complex, bone joint like, shape.
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In the final chapters of the paper the authors talk about how they can model shapes based on data from other parts of the body. They talk about how they model the joining of the head to the neck through muscular insertion data. Finally, in their conclusion they say that their algorithm can be adaptive and smooth and also have the modularity to be changed to fit other shapes where needed.

In this paper called “Geometric design and space planning using the marching squares and marching cube algorithms” by Carsten Maple[3] , he talks about a method that you can use to approximate area and volume using marching cubes. In this paper he also covers the 2D variant that uses marching squares but as this isn’t what I’m looking into then I’m going to skip over it. This algorithm can be used to visualise the design of rooms, or things that require space planning. In this algorithm, it will find the area between the object and a straight line providing each end of the straight line is on the edge of the object, they explain that the only reason they require this is because if both ends are not on the object then the line could be infinite and if that is the case then you are unable to work out the area if the area is infinite. In order to find out the area of the space you will either, for 2D spaces use the marching squares or for 3D you will use the marching cubes algorithm. What is involved in this is for every voxel in between the shape and the line, the MC algorithm is ran, depending on what shape it has as its output it will have a value between 0 and the set maximum, which in this case, is 2. It will then add those up to find the area. Lowering this maximum value which means making a finer grid will make the result more and more accurate. The authors also use this method in order to see if an object can fit inside a pre-disclosed space. In the conclusion for their work they would like to add use for finding the exact same result but not just for a straight line but for a curved line also.
In this paper called “Dual Marching Cubes” by Gregory M. Nielson [4] , he talks about the base marching cubes algorithm and how it isn’t very smooth. What he proposes is to go over the object first using the marching cubes algorithm then revisit any spots that have a change in elevation and run the dual MC algorithm on those group of elevated squares. What this will do will mark the mid-point of the cubes and render another smaller shape on top of the cube to “smooth” out the object. This can also negate the “pointiness” of the object by, as said above, taking the mid-point of the new lines and joining those up instead. This algorithm can be run over and over again it make the object smoother and smoother but you will only physically see limited change in the shapes realism.

In this paper called “Artworks using metaball representation with stepwise approach” by Joe Takayama and Etsuo Genda [5], the authors talk about how the metaballs are designed to be used in the 3D planes to create complex structures but in this paper they say that if you use it purely in the 2D plane that you can make much more complex shapes. In the paper they tell us the steps they took in order to produce the metaballs. The first one is they check to see if the pixel is in the density field of the metaball, if it isn’t you obviously do nothing but if it is then they calculate the total density value of the pixel. Finally, they finish up with threshold detection, this decides if the current pixel should be drawn as part of the metaball, depending on if you are showing the whole metaball or just the outer edges of the metaball, this is performed on all pixels of on the screen. Although there isn’t just one way to do this, the authors then talk about a different approach to render all metaballs in the scene, not just the overall accumulated outer shell. In this approach they look at the pixel’s density value and the density value of the metaball it’s attached to then the threshold detection is carried out but with the value it has from its own metaball not the total value from all metaballs. This step is repeated for as many metaballs as there are in the scene. This will in turn, render all metaballs in the scene, merging in and around each other. By using this method, the authors can use not just metaballs, but triangular shapes and hexagonal shapes. They have also made a representation of freshwater algae using this technique and using 2D metaballs. The authors then concluded that by altering some of the metaballs properties like its density field, density value, threshold value and so on it can generate different results and patterns.

[image: ]In this paper called “Detail sculpting using cubical marching squares” by Ho, Chien-Chang Tu, Cheng -Han and Ouhyoung, Ming [6], the authors point out a lot of problems people have when making objects using marching cubes and other techniques for sculpting in the volumetric space. They also define what outcomes and results that these issues give to the final render of 3D objects. In this paper they propose a fix which they have called cubical marching squares. Firstly, they talk about how they are storing volume data, they chose the method, mixed form representation over a traditional used scalar field. They also use arrays of rays to hold samples of 2D volume data that store, normal direction and the position of itself. Each ray contains a list of samples. Each ray holds pairs of sample points and a single pair defines a region. First sample holds the left boundary and the second holds the right. The ray itself stores its data in a vector like format. For 3D volume data they use a 2D array of rays. The next step is they shoot an array of axis aligned rays along one of the axis and every time they intersect they store the intersection point and the volume data and the normal. Finally, in order to visualise the data stored they then use the cubical marching squares algorithm. They also show other ways they can render the shapes, either 1 shape overlapping another and then taking away the shape that’s on top in order for it to look like the top shape has taken a bite or imprint on the other.

	



In this paper called “Extended cubical marching squares for surface extraction from various kinds of volumetric structure” by Ho, Chien-Chang Chen, Bing-Yu Ouhyoung, Ming Chen and Jyh-Horng [7] the authors talk about an extension to a past paper called Cubical Marching Squares [6]. Firstly, they talk about the algorithm in the previous paper by talking about how it unfolds the cubes into an oct tree.
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They then go on to say that this can be extended in order for it to work with any shape. In order for it to work with any shape they must first track the contours of the shape slice by slice. They then create bounding frames along the “turned on corners” the corners / voxels that are in the shape and use squares and triangles to connect them all together. Then lastly, they fold all the pieces back together, fix some gap issues that could occur and render the final image.

In this paper called “Real-time rendering of solvent-accessible surfaces for molecular models” by Lee Jun, Park Sungjun, Choi Youngjin, Kim Hyung Seok and Kim Jee-In [8] how important 3D rendering of these molecular models are. For instance, the researchers can understand the molecule and see if critical parts of the molecule are rendered correctly and if they are joined together correctly. They also go on to say that this is difficult to achieve using the conventional methods and these methods use iso surfaces with different information at different points on the molecule, but in this paper, they have devised their own methods for this. First thing they talk about is saying that molecular modelling is a theoretical method for developing new drugs, they also say that in recent times, back in 2008, web technologies can be used to analyse the results of the rendered object in 3D they can the manipulate it if they want to using the common VMD and JMOL tools. They also then move on to talk about how it cost a lot of resources to render 3D objects so in their example they are going to use a method called Metaballs. One of their goals is to visualise said surfaces in real time during the simulations of the molecules. In order to complete this task, they have to complete three steps. The sizes of the data need to be managed so it doesn’t get too big, use the GPU to accelerate the simulation and create a user interface for adjusting the resolution of the surfaces. They next move on to talking about the layout of amino acids and how each one is different but they also define that they are going to treat an amino acid as a single object compared to a group of objects as that’s how they are in the body. This is what will reduce the data size by a considerable amount. As they are dealing with their own data structure, they will render attaching nitrogen and carbon strings as they are always on amino acids. They include a matrix model to transform from its position to another amino acids position, and a rotation which can rotate an amino acid to a desired vector. They then move on to say that the reason they have designed a user interface is because there are different surfaces needed for the metaballs and so that the researchers can pick and choose what ones to use and not to use. The size of the metaball is also developed under the van der Waals radius as by tweaking this radius is how they will achieve different surfaces. To conclude, they released their fps outcomes and determined that they had a low of 9 fps and a high of 18 fps, these fps’s were considered good in the field at the time.

In this paper called “BVH for Efficient Raytracing of Dynamic Metaballs on GPU” by Olivier Gourmel and Anthony Pajot they start with introducing us the problems of drawing, raytracing, lighting and reflecting / refracting metaballs back in 2009. As they list the problems, they then introduce their solution, which is, using both the CPU and the GPU to make this process go as fast as possible, using a raytracing method that will split up a curve into 2 or more segments and also using the BVH method, which stands for Bounding Volume Hierarchy’s. Using these methods, they can achieve render speeds that you are able to interact and change information in real time. They move on to say that although BVH is efficient its doesn’t scale well if you have large amount of balls moving around so they will split up a large shape into a few smaller ones to make this problem a minimum. In a single leaf of metaballs they will have a single metaball duplicated throughout the leaf due to their finite support. The next stage is to do some sphere to sphere testing to remove any metaballs that are not needed. They then set up dynamic allocation on the CPU as it will be faster to do this small job on the CPU as the GPU can take a few more lines of code to set up and it wouldn’t be worth it for that small section of the code. Next, they step through the BVH looking for a specific point along a ray that situates inside the first leaf node. When it hits another metaball the density value is then worked out to see if it still needs to be kept inside the leaf of not, and therefore, unrendered. You need to then find the intersection point, they find this by getting a point outside the group of metaballs, they suggest the start of the ray, step along the ray using the secant function with a small increment stepping along the ray till it hits the metaball. They have also implemented this to work on the GPU which is extremely fast at doing multiples of the same thing at the same time. What the authors have done to take advantage of the GPU power is, they first store the metaballs in textures, the reason they do this is because they want to take advantage of texture cache when the BVH does the rendering. They also render and animate on the GPU but the building of the metaball itself is done on the CPU. They take advantage of the loop holes in the connections between the GPU and the CPU to get faster data transfers two frames in advance. In conclusion, they say they have made advances in techniques to raytrace large amounts of metaballs while still effectively doing shadows and reflections but they say as the metaballs have finite support, their techniques can only support around 200,000 metaballs.

In this paper called “Improvement of marching cubes algorithm based on sign determination” by Tianqi Jia, Xue Feng and Xijuan Guo[9], they start by introducing the issue that the Marching Cubes (MC) algorithm has a problem of repeating a calculation over and over again. They then introduce a type of solution that they call boundary voxel utilisation where they test two edge voxels that are next to each other, against each other. If the edge sign of the voxel is “not existed” then they change the next set of edge voxels to be the same sign, this way they can avoid counting the intersection point more than once. In the first section they introduce you to two categories for isosurface reconstruction. The first one being constructing the isosurface based on contour, this one generates contour lines in 2D surfaces then they are connected to other contour surfaces to form the final object. The second category generates isosurfaces from voxels from volume data then these are as well linked to other isosurfaces to form the final shape, this is the one that people commonly know as the Marching Cubes algorithm. They then talk about how other authors have adjusted and tweaked the algorithm in different and unique ways. The authors also talk about the MC algorithm and how it works then talk about what they will add into it, which one of the things is Sign Determination, sign determination is, as they explain, is divided into three states, Y, N and NULL. When there is a crossover between the edge and isosurface it sets the edge sign to Y, if there isn’t then it will set the edge sign to N, but if they don’t know the answer yet, if they haven’t reached that part of the data yet or so on and so forth, it is set its default state of NULL. The next this they will add to it is categorised as boundary voxel searching, in short, they look in every direction from the current voxel, above, below, left, right etc to see if the voxel next to it is a boundary voxel or not. They choose to do this rather than search the whole of the voxel space. Finally, Transmission of the intersection is done, as the intersection edge will be done more than once, they will just transmit the intersection instead of running the calculation and therefore avoiding double counting. When the authors are dealing with edge sign, they have to decide whether to transmit the intersection or not, they do this only when the edge sign is null. If it is null then the adjacent voxel has to be the boundary voxel and the adjacent surface must be a common surface. If the edge sign is ever null when you are working through these calculations, and the sign of the bounding voxel is Y then you can then transmit the intersection of the edge and the isosurface and then you can change its edge sign and the edge sign of the adjacent voxel also. In short, the steps the authors have taken to run the MC algorithm are; 
1. Find the voxels that have intersected with the isosurface, this is then given a label of boundary voxel
2. Change boundary signs if needed on the boundary voxel
3. Add the adjacent boundary to the link list that has been created earlier and set the visited flag to 1 or true
4. Transmit the intersection of the edges of the isosurface and then change the edge signs
5. If the linked list is not null then find all intersections of the edges with the edge sign being null, otherwise exit loop.
6. Find the next voxel and then run the loop again
The authors have then experimented this algorithm on different objects, the experimental data is scanned by 3D laser scanners and then read by C++ code and rendered with OpenGL. They are drawn the traditional way and then drawn with their own method to see which one is more efficient. This data is the imported into a table for a clear understanding of the data and from that data they say that their algorithm improves the computing speed for the images.
In their conclusion the authors talk about how they have implemented the algorithm and how by only running the algorithm on the voxels that have intersected with the isosurfaces it saves them a lot of computing power.

In this paper called “The Merging of Water Droplets Base-on Metaball” by Dongfang Chen and Jiahuan Zhang [10], they start by introducing what they would like to achieve in this paper, and what they would like to achieve is realistic characters of liquids. They also state that as different liquids need different characteristics then they will need to implement code for each liquid to address the model and rendering aspects of the liquid. Similar things have been completed before but for larger bodies of liquid like the ocean, waves and connected fluids, the work on these have been for the motion and regularity of the fluids. Not a lot of work have been developed for small masses of liquid, like the forming of water droplets and the motion of water droplets when moving on any particular surface. The droplets when they are moving have their own attributes that are changed by a number of factors such as gravity and resistance. In this paper the authors are going to talk about a new method they have proposed which will render the Metaball objects in real time. They will use six polynomials from Wyvill for the field area and it will deform the shape of the metaball but this will take a lot of computing power. They will also use 12 control points to make the outer edge of the water droplet as inflexible and inaccurate as the code allows. As they know these problems are here they will be using ways to overcome these issues like using a bump map and using the power of the GPU in order to render the objects and also the refracting and reflection of the light. They include a section about their previous similar work but as that isn’t in this paper directly, I am going to skip over this section. The next part of the paper talks about the modelling for the water droplet and how they are algorithms for drawing the surfaces using maths, rather than splitting them up into a large number of polygons. The algorithms generate a more general image of the implicit surface that can be applied to the changing water droplets. They then show an algorithm that has T0 as the threshold, Qi as the maximum density and Fi as the density function. The algorithm is as follows;
F (x, y, z) = Qi * Fi – T0 = 0
The authors then say that there are a few other similar algorithms that have been created by Blinn, Murakami, Wyvill and Nishimura but they are not going to use these in there project. In the algorithms proposed by the names mentioned previously they used solutions based on a radius of the objects and also a field of influence. Adjusting these parameters you will achieve different results so tweaking to their liking will be needed. They mention that individual water droplets  are created like spheres and defined by Gaussian distributions, and all values that are outside a pre-defined range, are discarded and considered as outside the sphere and the areas that overlap between 2 or more spheres are then put into a new table and drawn to give new curve. Next they talk about how to get a realistic looking curve, where just simply overlapping works it doesn’t look real enough. In order to achieve this they need to blend one or more together. The algorithm enclosed in this description talks about taking the influence radius away from the objects radius for all objects then comparing that with the current x, y, z coordinate that you are currently looking and as seeing if they lay on the edge of the object and if so then the move further along the code line. In the next section, the authors talk about motion on the bump map. They use this section to test their particles shadow algorithm, in order to achieve this they have to fully implement a particle first, then apply there techniques. In their document they say that their water droplet has a position vector, a velocity, an acceleration and a mass. They used these in order to better describe all the water droplets in a 3d world. They also say that in order to make the water droplets react and render accurately, a lot of internal and external forces would need to be taken into consideration and applied onto the object. They also say that another author called Wang has done something similar on this but to a physics model and as this was extremely computationally expensive, it took 5 – 8 days to finish everything. Next they discuss why they are using bump mapping instead, they use this because there are inconsistencies with using the polygon technique that are clear to see, whereas bump mapping deals with it on a pixel level and this will take away most visual discrepancies. They can then animate the change in position using its acceleration and given velocity in a single frame. In order to render the water droplet they say that a very common way to do this is to use ray tracing. What this technique can do is perfectly show the reflection and refraction of the object in question but it requires a lot of computing power so this can take a while to run. The authors have worked around this by changing the lighting to the Fresnel model that combines the reflections and refractions in a far less expensive calculation. They then do the final rendering effect that depends on the background texture in order to make it look like you are seeing it through a water droplet. The refracted angle will change when looking through the water which will give you the illusion of the water droplet. At the end of the paper before the conclusion the authors then compare their method with the other author they were using as a comparison, Yu. Both are merging but the current papers method is far more realistic merging. They then conclude by summarising what has happened and what they would like to improve upon in the future.

In this paper called “A Corner Feature Sensitive Marching Squares” by Sui Gong and Timothy S. Newman [11] they first introduce how the marching squares are determined and what they are going to do with the algorithm. They also discuss where the marching squares algorithm will be most effective. Following the introduction they then briefly discuss background work that is related to this paper. As I have looked at marching squares in a few of the previous paper I will not be going into it here, I will just say that they have talked, in detail in  what the marching squares are. Linking with the long description of marching squares the authors then pick up an issue with the code that they are wanting to resolve, they see that when the standard marching squares algorithm deals with a corner, it more cuts it off instead of drawing the corner into the final image. They then talk about the marching cubes algorithm in a bit more detail. Next they move onto what they are going to present in the paper, which is they are going to use the marching squares algorithm and their own way to display the data, in order to create sharp corners instead of the final render losing sharpness. They will be able to detect what part of the shape is a sharp corner, they will do this by not drawing an angled line when only one corner of the square is inside the objects bounding box, but instead drawing a right angle in place of that. Next they show how their solution will work on a larger two by two grid and instead of the standard marching squares just drawing a larger straight line straight past the shape, the author’s method will draw two straight lines in a right angle shape around the shape in question. Cells that are likely to contain part of the shape are found by what the paper describes as cell groups. Each group could contain a cell that has at least one corner inside the shape, the ones that have the possibility are described as a central corner cell. Every cell that contains the iso contour. They form a grid cell group at that corner and two adjacent cells that are next to the central corner cell. The layout of these can have 6 different variations, these are called forms. Each vertex is either labelled with either a one or a zero, there are two to the power of eight or 256 possible combinations of the markings but less when you take out rotation and the ones that are either fully out or fully in the shape. With the corner detection algorithm the paper says that it relays heavily on some information of the neighbouring cells. Next they gather some data to work from and provide evidence for their findings. They have a variations of grid cell groups with difference corners being inside the shape, they then precede to use their algorithm to produce sharpened corners of the different cases that arise. The neighbouring cells will be rendered using marching squares, the middle one id the one that will need to be converted into a sharp edge. Firstly they will calculate the slopes of the lines in the neighbouring grid cells. Next the angle between them is worked out, if it is close to 90 degrees, then they know it will be a sharp edge and will reconstruct accordingly. In order to reconstruct it correctly they first extended the neighbouring lines to see where they intersect then drawing the sharp corner from there, it will connect to the two lines from that centre point. Although if the angle is less than 90 degrees then the cell will be rendered as normal marching cubes, also non corner cells are also rendered with standard marching squares. Next in the paper the authors talk about their experiments and results and analysis them. They will be looking at their method in comparison with the standard marching squares. The data they use to test against are from image slices from popular data sets. The density of the grids are all the same and the size of the grids are also the same. They also display their results in the same picture with the different algorithms and the original picture in different colours. The outcome is when it gets to the corner of the square the marching squares algorithm slices the corner off where their algorithm adds on the sharp corner and therefor makes it a lot more accurate to use the papers algorithm. The first set of data they use is a well knows slice of an engine. Also in this image there are some sharp corners that are not picked up with the marching squares algorithm but are picked up by the papers algorithm so again, the papers algorithm is again, more accurate. One way they look to see which code is more accurate is they look over the code visually and see what one looks he most accurate. Next they test the algorithms on an x-ray of a chest cavity with a sharp hook and again, the papers algorithm is more accurate as it deals with the sharp point of the hook better than the standard marching squares. Although the method is better the authors say that the code is not perfect but more of an improvement on the original. In the image with all the squares, both algorithms are not on the actual image, the papers algorithm is closer but it is still not correct and this is why they say it is not perfect but more of an improvement. Finally they concluded talking about their work and saying they would like to develop more extensions that can take on other shapes like curves. [12] [13] [14] [15]


Conclusion
In conclusion to the literature review the programmer found out that there a few variations on the marching square algorithms that can in turn effect how the marching cubes algorithm is ran and executed. There has been a lot of papers written over the years on this subject and it is heavily informative. Although there are variations on the marching squares and marching cubes algorithm, they are all extremely similar, so learning new ways to run the algorithms are easy to understand once he base way is learnt.
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Introduction
In this section called Research Methodology the programmer is going to be talking about the philosophy that the programmer has chosen and why. Next the programmer will be talking about what approach the programmer is going to take with the task at hand then finally the programmer will be going over what three strategies the programmer has chosen for the project.

Philosophy – 
When looking into the research methodology the philosophy the programmer has chosen for the project is called Positivism. Positivism suits this project best because the project can be observed, as this is the only way to see whether the project is doing what it should be or not. 

Research approach – 
In this next section there are two different approaches that the programmer could take. The approach the programmer has decided to take will be the deductive approach. The programmer has decided on this approach because in this approach it states that the programmer will have to explore theories, the programmer will be doing this by taking a few predefined theories and studying them to see what one would most likely suit the programmer’s needs. It will also enable the programmer to develop theoretical framework if needed. The programmer will then be able to define a hypothesis, gather data to then test this hypothesis. The programmer will be able to test this hypothesis in a way by being able to visually see if the circles and or balls have collided and merged


Strategies – 
The final part of this section the programmer will need to state what three strategies the programmer is using and why, firstly;
Software development, the programmer has chosen this one as in order to visualise the metaballs the programmer will be using OpenGL, as previously stated and using this, will be able to see what needs to be visually represented.
The second strategy will be experiment. The programmer has decided on this strategy because although this has been coded before, the experiment will come from the programmer using OpenGL lines and nothing else in order to complete the project to the best of its ability.
The final strategy will be Document Analysis. The programmer has looked at past literature in order to see how the authors of those documents completed the task in their way. This means that the programmer will be taking their advice and there code examples and incorporating it into the programmers own work.

























[bookmark: _Toc7608054]Design and Implementation

Introduction 
In this section called design and implementation the programmer is going to be talking about the design decisions that were made during the course of the development of the program, why those decisions were made and why the decisions were made over other options. The programmer will also explain what decisions were most important and why, if any the programmer chose to ignore. Also the programmer is going to be talking about the project in detail. The main points the programmer is going to be talking about are what the programmer used in the project. Why the programmer used what the programmer decided to use in the project and how the programmer completed and used the procedures in order to complete the task at hand.

For the programmer’s major project, the way in which the programmer decided to complete the task at hand is to first complete the marching squares portion of the overall task. The way in which the programmer chose to start this was to first, using OpenGL to set up the screen space in order to render objects. 
Once this was set up with a separate window being able to open up, the programmer then decided to move on to splitting the screen up into equal size squares so that the user could then change to make the resolution of the objects drawn either smoother or rougher depending on what was desired. This was also implemented as a way to take further load off the CPU. If the work load ever got too much then the user could then increase the size of the square, as a simple variable change, then the size of the squares could then be larger to decrease the amount of calculations the algorithm would have to run every frame in order to render the correct image. 
Although this was a fairly routine task the programmer came up against an issue where it would only run the code for the bottom line of the new window. An easy over looked fix was at the end of the line the programmer needed to just move up a line in the positive y direction and also to reset the x direction to zero in order to scan every line correctly.
The advantage of splitting up the grid into user defined grids would be that it can be a quick and easy fix to increase either performance or resolution.
The only disadvantage the programmer could thing of would be if the user were to set a number that was too large for the screen, as this error would hardly ever happen, if at all, the programmer has decided to not implement a check for this so the programmer can work of more important and less remedial tasks.

The next step the programmer took was to set up the coordinates for the centre of the circle. This is needed so that every vertex in the grid that was created in the before step can be distance checked against the circles centre and if any vertex of the grids lay on the boundary then it can be passed to the next section of the code, drawing of the line.
Instead of hard coding the location of the circles centre the first thing the programmer did was to put the circle in the middle of the screen. This was achieved dividing the width by two and setting that number to be the x value of the circles centre point, and then dividing the height by two and applying this to the y value of the circle.
This was later improved by randomising the position on the circle and later, circles. This was achieved by setting the boundaries of where the centre of the circle could be randomly created by taking the radius of the circle off of both the width and the height. This was the maximum value. The next step was to not take the radius of the circle away from the width and height but to add it on to the lowest the width and height could be, in this case the programmer left it as default and that was the lowest values for both the width and height would be set to zero.
One problem the programmer encountered when setting the random values of the centre of the circle was that on the rare occasion, when using more than one circle sometimes they would appear on top of each other and give some strange looking effects.
This could be just solved by checking where then the previous circle is, and if the new circles centre point lies in between the old circle then re-run the random calculation again. This was never implemented as later on in the code the programmer will be implementing a method to “bounce” the metaballs around a screen to the user will be able to effectively see the metaballs code working as expected.
The advantage to setting up the centre of the circle the way the programmer has coded it is so that the metaball will never start outside the screen and will always be fully visible to the user.
One slight disadvantage to setting up the circles to start in a random position every time would be that you will get different results every time and if you want to test with the same data, the same circle position then this random start position will make this impossible to start with the same data every time.

The next task the programmer had to achieve was to draw the correct lines when the vertex of the grids intersected with the radius of the circle. This was achieved by doing a distance check between the point in question and the radius of the circle. If the distance between the point in question was more than the radius then it was excluded from the next calculation, if it was less than the radius then the program will check the other points in the grid. If they are all less than the radius then nothing is done to the grid and it is moved onto check the next grid in the program. If there are less than four points in the grid that are below the radius then it will draw the line according to how many are in and out of the boundary line, for example if the right two vertex’s of the grid are inside the boundary but the left two are not, then the line drawing section of the code will draw a line from the middle of the top of the grid in question to the middle of the bottom of the grid. 
The advantage to drawing the lines in this way using the vertexes of the grid is so that it can be interpolated further down the code line if it is needed and or wanted.
Another advantage to drawing the lines in such a way is that as the grid size gets changed, so will the lines length as it is directly proportional.
The disadvantage to drawing the lines with the grid is as the more grids you have and the further smooth the resolution gets, the more checks the program with have to compute and this can be computationally expensive. This can be slightly combatted with limiting the amount of circles that can be drawn and visually seeing when the program gets too slow in order to change the resolution accordingly.

Once the lines were drawn in the correct places everything was working as intended, the programmer then moved on to moving the ball around the screen with a random speed and keeping it within the confines of the screen. These tasks were very remedial and didn’t require much thought. The way the programmer enables the balls to move around the screen was to add a randomly generated velocity to the circles x and to the circles y position. Then if the balls outer edge touched the edge of the screen, reverse its direction. This was calculated by adding the radius to the circles current x and y position and then checking that number to see if it was less than the maximum width and height, and also higher than zero in the x and zero in the y. If it ever exceeded these boundaries then its velocity would then be multiplied by minus 1 so that if it was going in a negative direction in either the x or the y then it would change to be a positive. This would be the same if it is then going in the positive direction, it will be then changed to a negative direction, this would therefore this would then give the illusion that the ball is bouncing off the screen.
The advantage of this would be that the user will be able to see if the balls come into close proximity with each other, then the user will be able to see the metaballs merge with one another.
One disadvantage to this is that it could take some time to see the balls to merge if they travel away from each other to start with but they will bounce off the screen edges and eventually come into contact. This can be reduced by either making the circles radius larger or the screen size smaller.

After the previous is completed the programmer then created another ball to check against, this was just created exactly like the first one was created, the checks that the code does will only check against the first ball so the programmer put the code in a loop so that the distance checks, check against all the radius’s of the circles. The outputted code then draws and moves the circles correctly as the programmer wants. The programmer has also set a value for the amount of circles that can be draw, so this can be changed with a user input. This value is what value the added loops use to render and move the circles.
The clear advantage to this is that you can then see if the merging can work as the circles can now have something to merge into. And you can easily add more by just changing one value.
The obvious disadvantage is that with more and more circles that get added, the slower the program will get, if the resolution is high and smooth then you will not need many balls in order to slow the program down but if the resolution is low and rough then you will need a lot more balls in order to slow the program down.

Finally in the program, due to time constraints, the metaball portion of the program has only been semi implemented. What the programmer has achieved to do is when the balls collide into each other all vertex’s on the grid are set to be “inside the circle” and are then not rendered at the end. What this looks like is the circles lose the edges that are in contact with the other circles in order for the circles to appear to start the merging process. Next an outer radius is defined. This is going to be used to also give further information to be used in the merging process. This will allow the circle to know when it is close to merging so that if it comes into close contact it can run the code that connects the two circles without their radius’ touching and therefor making a realistic merge.
The advantage of setting up another radius is to help give more information to the merging process and to therefore make the circle appear to have a more realistic merge when the circles are not completely touching but are close enough to merge.
The disadvantage to this is you will have to run double the checks in order to see if the circles are close enough to merge, one check for the circles radius and one check to check the circles influence radius, therefore doubling the amount of checks the program has to do.

Finally, the programmer implemented a keyboard only style of settings menu, where the space bar changed the circles velocity to a new random amount which would change the speed and direction of the balls. The programmer also implemented a pause feature, this feature just set the balls velocity to zero to give the illusion that the balls were in fact, paused. Lastly the programmer implemented a sleep function where it can be toggled on or off. This function will run the entirety of the code and then wait for three hundred milliseconds, then run the code again, this was used so that the programmer can see what is happening in real time but a lot slower, almost frame by frame to spot any anomalies and keep an eye on a recent change of the code more easily.
The advantage of putting in a keyboard style settings menu is to create options for the programmer to implement for either user enjoyment or as a debugging tool.
As of disadvantages, in this section the programmer in unable to find any at this point in time.

In order to test how this is going to be implemented, as the metaballs are very visual based, the user will be able to see clearly if the program is working or not. The programmer will also be visually marking the code to make sure it looks like expected.

When the programmer wanted to set up the random velocity and positions of the circles radius, the programmer used the time function from a library called time.h and the rand function from stdlib.h. What these functions enabled the programmer to do was set the time function to return a seed for the random function then no matter how fast the code was ran it will always get a new value. The programmer also decided to use these function as that is what the programmer has been taught over the years so that’s what the programmer knows to the best of the programmer’s knowledge.
Another design implementation was to use OpenGL, the programmer chose to use this graphical interface as this is the only one the programmer has been taught and the only one the programmer feels comfortable editing. It is also a simple function call to create a line, as that’s what the programmer has used. The only negative to using OpenGL is the set up cost. There requires more and more lines, depending on how complicated the scene would need to be as you can turn on culling shapes in 3D, adding lighting and adding shaders. It can get complicated fast but as the programmer is sticking with the basics in order to complete the task at hand then the set up cost is not that much.
The programmer chose to use GL_LINES instead of line loops or anything else as the program is only going to be drawing a single like, and if the programmer used line loop then it would draw an extra unneeded line that would just use more computing power.

The programmer chose to use the radius of the circle and the radius of influence in order to attempt the task. This was chosen as it was the simplest method to implement and the programmer wanted to make as much progress in the shortest time possible, hence why this method was chosen. This contributed to the final output of the metaballs by rendering another set of lines that can be used for the influence of the joining of both circles.


Conclusion
In conclusion the design choices that were made, were made correctly and helped the process and development of the program. All decisions were made with prior knowledge and most techniques were either heard of or learned prior. Also the programmer thinks that although the program was not implemented to 3D that the 2D variant is almost one hundred percent completed. There are only a couple of things that would need more work, these sections would be when the circles collide into one another, that once collided for the circles to have no gap between them. Also for the influence radius, the programmer would like that to render as the programmer would like but due to time constraints, will have to leave it in its most basic form.

Implementation

Introduction
In this section the programmer is going to be talking about the interesting points that the programmer came up against, the ways ideas were implemented and the interesting points that were not implemented but could be implemented in the future.

The first interesting way an idea was implemented was splitting the screen up into grids, they were never a visual grid, but instead it was drawing the same square, with the same starting position but with an offset that was added on every time. The first point would be the bottom left portion of the grid, that would be a zero in the x and zero in the y, then to move to the other vertexes in the cell it would add on the size of the cell where needed. Then to move too all other cells it would repeat the same portion of code but instead of moving the initial x and y co-ordinate it would draw by first adding the offset to all vertexes that was added to itself every time it completed a cell.
Another interesting task that was completed was the way in which the lines where not drawing when the circles would come into contact with each other. In short, once a single point was inside two or more circles, it would set the flag “all points inside” to be true and what that tells the code to do is to not render any cell that has the flag “all points inside” set to true. That is was makes it look like it has merged into one another on contact.
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For future work the programmer would like the influence radius to only be rendered when it comes into contact with the other circles influence radius and to only draw the outside edge of the merging process. This will enable it to be easily extended into 3D in the future.

Project requirements –
Visual studio
Knowledge of OpenGL
Either a lookup table of all the different ways a line can be drawn or knowing what line to draw when a specific check has been completed


System model – 
The only system model that the programmer has used is a Use Case, the programmer used this case in the programmer’s user input function where the user can pause, slow down and re randomise the circles.

There have not been any interfaces created for this project. The programmer has looked into this and deems it not needed in order to complete the project.

As there are not many lines of code that can be individually tested, in this section the programmer will be displaying the code working then not working in order to prove that it works.

This is the grid size at four and the next one is with the grid size at ten. The larger ten should be displayed with larger lines
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The next picture is showing only one circle when the amount of circles variable is lowered to one
[image: ]
In this picture you can also see the individual lines that make up the circle this also proves that each section in the code that tells the project to draw a certain line, works. This enables the programmer to not need to comment out each section of code that tell what line to draw where. In this picture you can also see the outer green area of influence getting rendered too. This proves this section of the code works but as evidence, here is a picture with the radius code commented out.
[image: ]

As this code is meant to work while moving, pictures will not be able to prove that the circle can bounce off the walls or change direction or even pause so the programmer is unable to provide picture evidence of the previously talked about things so the code will have to be ran in order for this to happen.

The programmer has tested if the radius is correct in the calculations increasing and decreasing the size of them and it works as expected.

The system as a whole works as expected, this is able to be checked visually and you can see the circle being drawn every frame and moving around the screen. This is what the user should expect to see for the code that is there at this point in time. 


Conclusion
In conclusion there would be more subjects to write about but due to time constraints the programmer was unable to apply this to 3D so was therefore unable to solve issues interestingly and can only guess at the issues that could arise in the future. In the testing section the programmer thinks that all things that could be tested were tested appropriately and the results were shown in an accurate manner.
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	Introduction
In this section called Evaluation the programmer is going to be comparing the project with what the programmer has previously wrote down in the aims and objectives section to see if they were met or not met. The programmer will be looking at whether any conclusions can be drawn up from the data. If the programmer’s data coincided with the data from the literature or not and if the answers the programmer got were what was expected. Then finally if the programmer was to do it again, what would be done differently.

What conclusions can be drawn from the data?
Even though the project is not fully implemented yet the programmer things that the data that can be drawn up so far is the data from the marching squares, this can be then linked to the 3D variant as there is not much difference. The marching squares part is accurate and can be scaled accordingly and even if the circles properties are changed, the marching squares will still work correctly.
The programmers data, in conclusion, backed up the data found from the literature review to a point, as the project wasn’t finished the programmer couldn’t compare all of the literatures data to the programmer’s own work but with everything that has been completed with the marching squares, the line drawing in the correct place has worked correctly. This can be proven by increasing the grid size so you can see the lines much more clearer and all lines match up to what they are supposed to look like and it they are all connected to make it seem like one big line.
Taking a look at the objectives the programmer thinks that not all of them have been completed but all have the chance to be completed if extra time was allocated. The first objective was to draw a circle using only straight lines and the circles radius. This one was defiantly completed. It was a bit of a learning curve in order for the programmer to understand the initial scenario and imagine the grid in the programmer’s head but once it was understood then the next few parts were not as challenging. The next objective was to draw the lines using marching squares, this ties in with the previous sentence in a way where once the process was understood then it was a lot easier to make the further progress. The next few objectives were the ones that took the most time. The programmer was stuck on getting the metaball section of the code working the way the programmer would have liked so after trying a few ways and not fully understanding the situation, the programmer decided to use an influence radius in order to draw the joining part of the balls. This was not fully implemented due to time constraints but the outer radius was drawn but it wasn’t accurate enough to be implemented fully. As 2D was not fully implemented then the upgrade to 3D could not be achieved, this was because the metaball section of the code was not working as required, then too much time was spent on fixing the metaballs than upgrading it to 3D. The programmer also thinks that it was better to spend the time getting a basic version of the metaballs incorporated into the project than focusing on the 3D aspect of the project. The final objective was to get the 3D metaballs merging and moving around the scene. As the merging was at a basic level and the 3D aspect was not achievable then the programmer decided to put some time into making the object move around the scene and bounce off the walls. This was a pretty simple task and was completed with relative ease and at a decent pace.
As the overall aim was to get a working metaball into 3D that moves around and collides with other balls in the scene, the programmer has established that the overall aim was only half completed, as the basic metaball was achieved in 2D and not 3D, more work needs to put into this in the future in order to make a fully functioning metaball that works in 3D space using OpenGL.
Overall when looking at the final product of the metaballs in a marching squares environment and when looking at all the past literature the programmer thinks that, when comparing the programmer’s work with other similar work that the programmer has achieved what is to be expected. When implementing the marching squares, the end result was to expect to see the visible portions of the lines, so the user can see that the screen is split up into grid when using a lower resolution and a larger grid size. The programmer thinks that this was achieved accurately as the size of the grids can be changed and this is visually represented in the end result of the code.
Another section that the programmer thinks has gone as expected was using the radius of the circle to coincide with the marching cubes algorithm in order to draw a circle. This is visually tested as the programmer and the user can both know what a circle looks like and be able to accurately compare with the currently marching squares drawn circle and see that both are extremely alike. This is shown in the screen shots above and also the programmer can achieve a smoother looking circle when using a higher resolution.
Although there is a point of the code that has not gone as the programmer would have expected, this portion of the code is the metaball section, where the programmer has created another radius called the influence radius. This did not go to plan mainly as the programmer took a long time to understand what had to be done and therefore took a long time to implement this formula to make the merging more realistic. This gave the programmer a set back in time as too long was sent implementing and fixing the merging metaball section of the code and unfortunately ran out of time to implement anything else and unable to complete the other objectives and overall aim.
If the programmer was to do this again there are a few things that the programmer would do differently. The first thing that the programmer would do differently would be that no matter what size the grid is set to be, render the grid so that the viewer of the program can see where the lines are getting drawn and if they are the correct lines, as it is hard to visualise and see if the correct line has been drawn in the correct place. This would help to visualise the lines dramatically and speed up the testing of the line drawing algorithm substantially.
Secondly the programmer would like to put more time at the beginning of the project writing down or jotting up notes in a document, planning out what is needed to be done for all the main points in the program. This will lead to better time management as after a main point or objective has been achieved then instead of going onto what the programmer wants to incorporate into the program, going through the project in logistical steps, this will increase productivity and maximise workflow.

















[bookmark: _Toc7608056]Conclusions and Recommendations

Introduction
In this section called Conclusions and Recommendations, the programmer is going to talk about all the previous work in little detail and the programmer is going to tie up all the loose ends in the previous chapters. Also in this section the programmer is going to talk about how was the programmer did contributed to meeting the objectives that were defined at the start of the document.

When the programmer was working through the literature review, this took the most time, as the time it took to find the papers were little, but the time it took to write about them took longer than expected so the programmer had to put extra time that could have been used to code, to write up more papers on the subject matter. The programmer is also glad that extra time was taken to do this as writing and reading about all the past work did in fact help the programmer in tackling the objectives one by one till completion.
Further work would like to be taken in this section in order to write about as many documents as possible in order to influence the programmer’s work on the matter to produce better and more concise code with less time being stuck and looking for answers.

When the programmer was working through research methodology, this was a pretty straight forward topic as all the philosophies, research approaches and strategies were in fact easy to choose as the ones that were chosen were the only ones that fit the work that the programmer was doing. There was not much room for error when the only options were the options that worked well with the project. There was not much the programmer could write about in this section so maybe for future work the programmer could look into this section a whole lot more in order to gain more knowledge of the subject and to increase the programmer’s knowledge here.

When the programmer was working through design and implementation, as a few of the objectives were not met, not all the objectives could be critically talked about. Although the programmer has estimated what issues could arise when trying to complete these future objectives, this is not accurate and there could either be more unforeseen errors or the errors that the programmer has guessed would happen, might not even happen at all. When designing the program, there were choices to be made, these choices were made educationally and ultimately, made correctly. As 3D was not implemented, the 2D variant of the code is almost fully functional, the only thing that needs more work is the influence radius only rendering when the balls collide. For future work the programmer would like to implement this fully into 2D then once that is completed to be able to transfer this over to 3D this will enable the user to see what is happening more clearly and have, the programmer assumes, a more enjoyable experience being able to see the metaballs merge in 3D space.

When the programmer was working through the evaluation, the programmer evaluated all previous work and underlined the work that was undertook, and also talked about what work was not undertook but how the not completed work could be completed in future developments. The programmer also talked about how the aim and objectives were met, and if they were not met, how they were not met and what could be done in the future in order to be completed. Finally the programmer talked about if the project would be attempted again, what the programmer would do differently and if there were any bad points or good points to the way the programmer worked.

There was one major benefit to the project and that was that when the programmer was looking into the previous work in the literature review. The programmer didn’t realise how heavily it could influence and help the programmer’s project itself, so working through, reading and writing up previous documents, really helped the project as a whole to completion.
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Introduction
In this section the programmer is going to talk about how the project as a whole changed the programmer and, if anything, what did the programmer learn while doing this project.

Looking back to the beginning of this document is the literature review. The programmer learnt the importance of learning from other people’s past knowledge and the past mistakes that people have made, then how people after them have fixed this issue or worked on the work as a whole. This is important as it influences the programmers work as a whole and can look at these papers for guidance. Another time where the programmer learnt something was as the grid were not drawn, only the lines of the circles would be rendered, the programmer would have to picture the grid in the programmer’s head. Although this has its bad points at it slows down the work flow. Being able to picture the grid in the programmer’s head can then see if something doesn’t look right just by merely looking at it. Finally the last time where the programmer learnt something would be when the programmer was learning about giving the circles an influence radius where this radius would help visualise the merging when coded correctly. This got the programmer to look in to an algorithm further in order to get the balls to merge when they come close to one another as well as when they come close to one another. 
Writing this project made me develop myself as a person as I learnt to control myself in a stressful environment and adapt my work flow when work got too intense. I also took time in finding different ways to enjoy the work when sections of the write up and project got to be either too monotonous or too difficult. 
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#include <stdio.h>
#include <stdlib.h> 
#include <time.h> 
#include "glut.h"


int count = 1; // a count for the idle function
const int amountOfCircles = 2; //The number of circles drawn, cant be changed but the higer the number the slower it runs

//Size of window
const int WIDTH = 800;
const int HIGHT = 600;

int hightLoop = 0, widthLoop = 0;
int startX, startY, endX, endY, interpilatedY = 0, interpilatedX = 0;
int squareDistance, squareDistance2, radiusSqu, radius2Squ;
bool topLeft = false, topRight = false, bottomRight = false, bottomLeft = false;
bool colisiontopLeft = false, colisiontopRight = false, colisionbottomRight = false, colisionbottomLeft = false;
//bools for the MSGrid
bool MSGtopLeft = false, MSGtopRight = false, MSGbottomRight = false, MSGbottomLeft = false;
bool MSGcolisiontopLeft = false, MSGcolisiontopRight = false, MSGcolisionbottomRight = false, MSGcolisionbottomLeft = false;
//bool testcolision = false;
bool allPointsInside = false;
bool flag1 = true, sleep = false;

struct Sphere
{
	int x;
	int y;
	int radius = 75;
	int radius2 = 100;
	int velocityX;
	int velocityY;
};

Sphere sphere[amountOfCircles]; //an aray of the Sphere structure

struct Grid
{
	int x = 0, y = 0;

	int gridSize = 4, offsetX = 0, offsetY = 0;

}grid;

struct MSGrid
{
	int x = 0, y = 0;
	int offsetX = 0, offsetY = 0;
	int gridSize = 5;
	bool isYInside[HIGHT / 5];
	bool isXInside[WIDTH / 5];
}msgrid;

struct Vector
{

	int x = 0, y = 0;

};

Vector vector1, vector2;

void init() 	//Setting up where the sphere center will be and its radius. Also the random velocitys
{
	srand(time(NULL)); //seed for the rand function
	
					   
	// sets a random position between the width and hight, taking into account for the radius of said circles
	//Also sets a random velocity for each circle
	for (int i = 0; i < amountOfCircles; i++) 
	{
		sphere[i].x = rand() % (WIDTH - (sphere->radius * 2)) + sphere->radius + 1;
		sphere[i].y = rand() % (HIGHT - (sphere->radius * 2)) + sphere->radius + 1;

		sphere[i].velocityX = rand() % 5 + 1;
		sphere[i].velocityY = rand() % 5 + 1;

	}

}

void drawLine(int startX, int startY, int endX, int endY, int offsetX, int offsetY) //this function will draw the line fromthe start x & y to the end x & y
{

	//interpilatedY = ((startY + grid.offsetY) - (endY + grid.offsetY));
	//interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.1)));


	glBegin(GL_LINES);

	glVertex2f(startX + offsetX, startY + offsetY); //Starting from the bottom left
	glVertex2f(endX + offsetX, endY + offsetY);		//top left //glVertex2f(endX + grid.offsetX, endY + grid.offsetY);
	//glVertex2f(endX + grid.offsetX, endY + grid.offsetY);

	glEnd();


}

void collisionOfCircles(int circle1)
{

	radiusSqu = sphere->radius*sphere->radius;
	radius2Squ = sphere->radius2* sphere->radius2;


	for (int i = 0; i < HIGHT;)
	{
		for (int j = 0; j < WIDTH;)
		{
			//**********************************************************************************************
			//Gets the squared distance from the top left vertex of the square and the center of the circle
			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (grid.x + grid.offsetX) - sphere[circle1].x;
				vector1.y = (grid.y + grid.gridSize + grid.offsetY) - sphere[circle1].y;

				vector2.x = (grid.x + grid.offsetX) - sphere[k].x;
				vector2.y = (grid.y + grid.gridSize + grid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance <= radiusSqu)
				{
					topLeft = true;

				}

				if ((squareDistance <= radiusSqu ) && (squareDistance2 <= radiusSqu ))
				{
					colisiontopLeft = true;
				}

			}
			//**********************************************************************************************

			//**********************************************************************************************
			//Gets the squared distance from the top right vertex of the square and the center of the circle

			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (grid.x + grid.gridSize + grid.offsetX) - sphere[circle1].x;
				vector1.y = (grid.y + grid.gridSize + grid.offsetY) - sphere[circle1].y;

				vector2.x = (grid.x + grid.gridSize + grid.offsetX) - sphere[k].x;
				vector2.y = (grid.y + grid.gridSize + grid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance <= radiusSqu)
				{
					topRight = true;
				}

				if ((squareDistance <= radiusSqu) && (squareDistance2 <= radiusSqu))
				{
					colisiontopRight = true;
				}
			}
			//**********************************************************************************************

			//**********************************************************************************************
			//Gets the squared distance from the bottom right vertex of the square and the center of the circle
			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (grid.x + grid.gridSize + grid.offsetX) - sphere[circle1].x;
				vector1.y = (grid.y + grid.offsetY) - sphere[circle1].y;

				vector2.x = (grid.x + grid.gridSize + grid.offsetX) - sphere[k].x;
				vector2.y = (grid.y + grid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance <= radiusSqu)
				{
					bottomRight = true;
				}

				if ((squareDistance <= radiusSqu) && (squareDistance2 <= radiusSqu))
				{
					colisionbottomRight = true;
				}
			}
			//**********************************************************************************************

			//**********************************************************************************************
			//Gets the squared distance from the bottom left vertex of the square and the center of the circle
			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (grid.x + grid.offsetX) - sphere[circle1].x;
				vector1.y = (grid.y + grid.offsetY) - sphere[circle1].y;

				vector2.x = (grid.x + grid.offsetX) - sphere[k].x;
				vector2.y = (grid.y + grid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance <= radiusSqu)
				{
					bottomLeft = true;
				}

				if ((squareDistance <= radiusSqu) && (squareDistance2 <= radiusSqu))
				{
					colisionbottomLeft = true;
				}
				
			}


				//This if statement will see if all points are inside the circle and set the bool true if they are
				if ((topLeft == true) && (topRight == true) && (bottomRight == true) && (bottomLeft == true))
				{
					allPointsInside = true;
				}

				if ((colisiontopLeft == true) && (colisiontopRight == true) && (colisionbottomRight == true) && (colisionbottomLeft == true))
				{
					allPointsInside = true;
				}
			

			//**********************************************************************************************
			//Draws the bottom vertex of the square
			//**********************************************************************************************
			 if ((bottomLeft == true) && (bottomRight == true) && (allPointsInside == false) && (colisionbottomLeft == false) && (colisionbottomRight == false))
			{

				startX = grid.x;
				startY = grid.y + (grid.gridSize / 2);

				endX = grid.x + grid.gridSize;
				endY = grid.y + (grid.gridSize / 2);

				//if (startX != endX)
				//{
				//	interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.001)));
				//	endY = interpilatedY;
				//}
				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			}

			//**********************************************************************************************
			//Draws the right vertex of the square
			//**********************************************************************************************
			  if ((bottomRight == true) && (topRight == true) && (allPointsInside == false) && (colisionbottomRight == false) && (colisiontopRight == false))
			{

				startX = (grid.x + grid.gridSize) - (grid.gridSize / 2);
				startY = grid.y;

				endX = (grid.x + grid.gridSize) - (grid.gridSize / 2);
				endY = grid.y + grid.gridSize;


				//if (startX != endX)
				//{
				//	interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.001)));
				//	endY = interpilatedY;
				//}

				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			}

			 //**********************************************************************************************
			 //Draws the top vertex of the square
			 //**********************************************************************************************
			  if ((topLeft == true) && (topRight == true) && (allPointsInside == false) && (colisiontopLeft == false) && (colisiontopRight == false))
			 {

				 startX = grid.x;
				 startY = grid.y + grid.gridSize - (grid.gridSize / 2);

				 endX = grid.x + grid.gridSize;
				 endY = grid.y + grid.gridSize - (grid.gridSize / 2);

				 //if (startX != endX)
				 //{
					// interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.001)));
					// endY = interpilatedY;
				 //}
				 glColor3f(1.0, 0.0, 0.0);
				 //Draws the grid if it is within the radius
				 drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			 }


			 //**********************************************************************************************
			 //Draws the left vertex of the square
			 //**********************************************************************************************

			  if ((topLeft == true) && (bottomLeft == true) && (allPointsInside == false) && (colisiontopLeft == false) && (colisionbottomLeft == false))
			 {
				 //Draws the grid if it is within the radius

				 startX = grid.x + (grid.gridSize / 2);
				 startY = grid.y;

				 endX = grid.x + (grid.gridSize / 2);
				 endY = grid.y + grid.gridSize;

				 //if (startY != endY)
				 //{
					// interpilatedX = ((startX)+((endX)-(startX)) * (1 - (startX)) / ((endX)-(startX + 0.001)));
					// endX = interpilatedX;
				 //}
				 glColor3f(1.0, 0.0, 0.0);
				 //Draws the grid if it is within the radius
				 drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			 }

			 //*********************************************************************************************************************************************************************
			 //Draws the line going between the middle of the top left point and the top right point, and the middle of the top left point and the bottom left vertex of the square
			 //*********************************************************************************************************************************************************************
			  if ((topLeft == true) && (topRight == false) && (bottomLeft == false) && (bottomRight == false) && (allPointsInside == false) && (colisiontopLeft == false))
			{

				startX = grid.x + (grid.gridSize / 2);
				startY = grid.y + grid.gridSize;

				endX = grid.x;
				endY = grid.y + grid.gridSize - (grid.gridSize / 2);

				//if (flag1)
				//{
				//	printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				//	flag1 = false;
				//}

				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			}



			 

			  //*********************************************************************************************************************************************************************
			  //Draws the line going between the middle of the top right point and the top left, and the middle of the top right point and the bottom right vertex of the square
			  //*********************************************************************************************************************************************************************
			  if ((topLeft == false) && (topRight == true) && (bottomLeft == false) && (bottomRight == false) && (allPointsInside == false) && (colisiontopRight == false))
			  {

				  startX = grid.x + grid.gridSize; //top left part of line
				  startY = grid.y + (grid.gridSize / 2);

				  endX = grid.x + (grid.gridSize / 2);
				  endY = grid.y + grid.gridSize;

				  //if (flag1)
				  //{
					 // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
					 // flag1 = false;
				  //}
				  glColor3f(1.0, 0.0, 0.0);
				  //Draws the grid if it is within the radius
				  drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			  }

			  //*********************************************************************************************************************************************************************
			  //Draws the line going between the middle of the bottom right point and the top right, and the middle of the bottom right point and the bottom left vertex of the square
			  //*********************************************************************************************************************************************************************
			  if ((topLeft == false) && (topRight == false) && (bottomLeft == false) && (bottomRight == true) && (allPointsInside == false) && (colisionbottomRight == false))
			  {

				  startX = grid.x + (grid.gridSize / 2);
				  startY = grid.y;

				  endX = grid.x + (grid.gridSize);
				  endY = grid.y + (grid.gridSize / 2);

				  //if (flag1)
				  //{
					 // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
					 // flag1 = false;
				  //}
				  glColor3f(1.0, 0.0, 0.0);
				  //Draws the grid if it is within the radius
				  drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			  }

			  //*********************************************************************************************************************************************************************
			  //Draws the line going between the middle of the bottom left point and the top left, and the middle of the bottom left point and the bottom right vertex of the square
			  //*********************************************************************************************************************************************************************
			  if ((topLeft == false) && (topRight == false) && (bottomLeft == true) && (bottomRight == false) && (allPointsInside == false) && (colisionbottomLeft == false))
			  {

				  startX = grid.x;
				  startY = grid.y + (grid.gridSize / 2);

				  endX = grid.x + (grid.gridSize / 2);
				  endY = grid.y;

				  //if (flag1)
				  //{
				  // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				  // flag1 = false;
				  //}

				  glColor3f(1.0, 0.0, 0.0);
				  //Draws the grid if it is within the radius
				  drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			  }

			  //*********************************************************************************************************************************************************************
			  //If every point is inside the circle apart from the top left draw line acourdingly
			  //*********************************************************************************************************************************************************************
			  if ((topLeft == false) && (topRight == true) && (bottomLeft == true) && (bottomRight == true) && (allPointsInside == false) && (colisionbottomLeft == false) && (colisionbottomRight == false) && (colisiontopRight == false))
			 {

				 startX = grid.x;
				 startY = grid.y + (grid.gridSize / 2);

				 endX = grid.x + (grid.gridSize / 2);
				 endY = grid.y + grid.gridSize;

				 //if (flag1)
				 //{
				 // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				 // flag1 = false;
				 //}

				 glColor3f(1.0, 0.0, 0.0);
				 //Draws the grid if it is within the radius
				 drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			 }

			  //*********************************************************************************************************************************************************************
			  //If every point is inside the circle apart from the top right draw line acourdingly
			  //*********************************************************************************************************************************************************************
			  if ((topLeft == true) && (topRight == false) && (bottomLeft == true) && (bottomRight == true) && (allPointsInside == false) && (colisionbottomLeft == false) && (colisionbottomRight == false) && (colisiontopLeft == false))
			  {

				  startX = grid.x + (grid.gridSize / 2);
				  startY = grid.y + grid.gridSize;

				  endX = grid.x + grid.gridSize;
				  endY = grid.y + (grid.gridSize / 2);

				  //if (flag1)
				  //{
				  // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				  // flag1 = false;
				  //}

				  glColor3f(0.0, 0.0, 0.0);
				  //Draws the grid if it is within the radius
				  drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			  }

			  //***********************************************************************************
			  //If every point is inside the circle apart from the bottom right draw line acourdingly
			  //***********************************************************************************
			  if ((topLeft == true) && (topRight == true) && (bottomLeft == true) && (bottomRight == false) && (allPointsInside == false) && (colisionbottomLeft == false) && (colisiontopRight == false) && (colisiontopLeft == false))
			  {

				  startX = grid.x + (grid.gridSize / 2);
				  startY = grid.y;

				  endX = grid.x + grid.gridSize;
				  endY = grid.y + (grid.gridSize / 2);

				  //if (flag1)
				  //{
				  // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				  // flag1 = false;
				  //}

				  glColor3f(1.0, 0.0, 0.0);
				  //Draws the grid if it is within the radius
				  drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			  }


			  //***********************************************************************************
			  //If every point is inside the circle apart from the bottom left draw line acourdingly
			  //***********************************************************************************
			  if ((topLeft == true) && (topRight == true) && (bottomLeft == false) && (bottomRight == true) && (allPointsInside == false) && (colisionbottomRight == false) && (colisiontopRight == false) && (colisiontopLeft == false))
			  {

				  startX = grid.x + (grid.gridSize / 2);
				  startY = grid.y;

				  endX = grid.x;
				  endY = grid.y + (grid.gridSize / 2);

				  //if (flag1)
				  //{
				  // printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				  // flag1 = false;
				  //}

				  glColor3f(1.0, 0.0, 0.0);
				  //Draws the grid if it is within the radius
				  drawLine(startX, startY, endX, endY, grid.offsetX, grid.offsetY);

			  }

			grid.offsetX = grid.offsetX + grid.gridSize;
			j = j + grid.gridSize;

			//Sets the containment checks back to false
			topLeft = false;
			topRight = false;
			bottomLeft = false;
			bottomRight = false;
			allPointsInside = false;
			colisiontopLeft = false;
			colisiontopRight = false;
			colisionbottomLeft = false;
			colisionbottomRight = false;
		}
		//****************************************************************************************************

		//This moves the checks up a line and to the beginning
		grid.offsetX = 0;
		grid.offsetY += grid.gridSize;



		i = i + grid.gridSize;


	}

	grid.offsetY = 0;// resets the offset so it can be rerun 

					 //**********************************************************************************************
					 //**********************************************************************************************
					 //**********************************************************************************************
					 //This part will check against the outer radius of the circles
					 //**********************************************************************************************
					 //**********************************************************************************************
					 //**********************************************************************************************

	for (int i = 0; i < HIGHT;)
	{
		for (int j = 0; j < WIDTH;)
		{
			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (msgrid.x + msgrid.offsetX) - sphere[circle1].x;
				vector1.y = (msgrid.y + msgrid.gridSize + msgrid.offsetY) - sphere[circle1].y;

				vector2.x = (msgrid.x + msgrid.offsetX) - sphere[k].x;
				vector2.y = (msgrid.y + msgrid.gridSize + msgrid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance < radiusSqu)
				{
					MSGtopLeft = true;

				}

				if ((squareDistance < radiusSqu) && (squareDistance2 < radiusSqu))
				{
					MSGcolisiontopLeft = true;
				}

			}
			//**********************************************************************************************

			//**********************************************************************************************
			//Gets the squared distance from the top right vertex of the square and the center of the circle

			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (msgrid.x + msgrid.gridSize + msgrid.offsetX) - sphere[circle1].x;
				vector1.y = (msgrid.y + msgrid.gridSize + msgrid.offsetY) - sphere[circle1].y;

				vector2.x = (msgrid.x + msgrid.gridSize + msgrid.offsetX) - sphere[k].x;
				vector2.y = (msgrid.y + msgrid.gridSize + msgrid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance < radiusSqu)
				{
					MSGtopRight = true;
				}

				if ((squareDistance < radiusSqu) && (squareDistance2 < radiusSqu))
				{
					MSGcolisiontopRight = true;
				}
			}
			//**********************************************************************************************

			//**********************************************************************************************
			//Gets the squared distance from the bottom right vertex of the square and the center of the circle
			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (msgrid.x + msgrid.gridSize + msgrid.offsetX) - sphere[circle1].x;
				vector1.y = (msgrid.y + msgrid.offsetY) - sphere[circle1].y;

				vector2.x = (msgrid.x + msgrid.gridSize + msgrid.offsetX) - sphere[k].x;
				vector2.y = (msgrid.y + msgrid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance < radiusSqu)
				{
					MSGbottomRight = true;
				}

				if ((squareDistance < radiusSqu) && (squareDistance2 < radiusSqu))
				{
					MSGcolisionbottomRight = true;
				}
			}
			//**********************************************************************************************

			//**********************************************************************************************
			//Gets the squared distance from the bottom left vertex of the square and the center of the circle
			for (int k = 0; k < amountOfCircles; k++)
			{

				if (k == circle1)
				{
					continue;
				}
				vector1.x = (msgrid.x + msgrid.offsetX) - sphere[circle1].x;
				vector1.y = (msgrid.y + msgrid.offsetY) - sphere[circle1].y;

				vector2.x = (msgrid.x + msgrid.offsetX) - sphere[k].x;
				vector2.y = (msgrid.y + msgrid.offsetY) - sphere[k].y;

				squareDistance = ((vector1.x*vector1.x) + (vector1.y*vector1.y));
				squareDistance2 = ((vector2.x*vector2.x) + (vector2.y*vector2.y));

				if (squareDistance < radius2Squ)
				{
					MSGbottomLeft = true;
				}

				if ((squareDistance < radiusSqu) && (squareDistance2 < radiusSqu))
				{
					MSGcolisionbottomLeft = true;
				}
			}

			//This if statement will see if all points are inside the circle and set the bool true if they are
			if ((MSGtopLeft == true) && (MSGtopRight == true) && (MSGbottomRight == true) && (MSGbottomLeft == true))
			{
				allPointsInside = true;
			}

			if ((MSGcolisiontopLeft == true) && (MSGcolisiontopRight == true) && (MSGcolisionbottomRight == true) && (MSGcolisionbottomLeft == true))
			{
				allPointsInside = true;
			}

			//**********************************************************************************************
			//Draws the bottom vertex of the square
			//**********************************************************************************************
			//if ((MSGbottomLeft == true) && (MSGbottomRight == true) && (allPointsInside == false) && (MSGcolisionbottomLeft == false) && (MSGcolisionbottomRight == false))
			//{

			//	startX = msgrid.x;
			//	startY = msgrid.y + (msgrid.gridSize / 2);

			//	endX = msgrid.x + msgrid.gridSize;
			//	endY = msgrid.y + (msgrid.gridSize / 2);

			//	//if (startX != endX)
			//	//{
			//	//	interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.001)));
			//	//	endY = interpilatedY;
			//	//}
			//	glColor3f(1.0, 0.0, 0.0);
			//	//Draws the grid if it is within the radius
			//	drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			//}

			//**********************************************************************************************
			//Draws the right vertex of the square
			//**********************************************************************************************
			//if ((MSGbottomRight == true) && (MSGtopRight == true) && (allPointsInside == false) && (MSGcolisionbottomRight == false) && (MSGcolisiontopRight == false))
			//{

			//	startX = (msgrid.x + msgrid.gridSize) - (msgrid.gridSize / 2);
			//	startY = msgrid.y;

			//	endX = (msgrid.x + msgrid.gridSize) - (msgrid.gridSize / 2);
			//	endY = msgrid.y + msgrid.gridSize;


			//	//if (startX != endX)
			//	//{
			//	//	interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.001)));
			//	//	endY = interpilatedY;
			//	//}

			//	glColor3f(1.0, 0.0, 0.0);
			//	//Draws the grid if it is within the radius
			//	drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			//}

			//**********************************************************************************************
			//Draws the top vertex of the square
			//**********************************************************************************************
			//if ((MSGtopLeft == true) && (MSGtopRight == true) && (allPointsInside == false) && (MSGcolisiontopLeft == false) && (MSGcolisiontopRight == false))
			//{

			//	startX = msgrid.x;
			//	startY = msgrid.y + msgrid.gridSize - (msgrid.gridSize / 2);

			//	endX = msgrid.x + msgrid.gridSize;
			//	endY = msgrid.y + msgrid.gridSize - (msgrid.gridSize / 2);

			//	//if (startX != endX)
			//	//{
			//	// interpilatedY = ((startY)+((endY)-(startY)) * (1 - (startY)) / ((endY)-(startY + 0.001)));
			//	// endY = interpilatedY;
			//	//}
			//	glColor3f(1.0, 0.0, 0.0);
			//	//Draws the grid if it is within the radius
			//	drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			//}


			////**********************************************************************************************
			////Draws the left vertex of the square
			////**********************************************************************************************

			//if ((MSGtopLeft == true) && (MSGbottomLeft == true) && (allPointsInside == false) && (MSGcolisiontopLeft == false) && (MSGcolisionbottomLeft == false))
			//{
			//	//Draws the grid if it is within the radius

			//	startX = msgrid.x + (msgrid.gridSize / 2);
			//	startY = msgrid.y;

			//	endX = msgrid.x + (msgrid.gridSize / 2);
			//	endY = msgrid.y + msgrid.gridSize;

			//	//if (startY != endY)
			//	//{
			//	// interpilatedX = ((startX)+((endX)-(startX)) * (1 - (startX)) / ((endX)-(startX + 0.001)));
			//	// endX = interpilatedX;
			//	//}
			//	glColor3f(1.0, 0.0, 0.0);
			//	//Draws the grid if it is within the radius
			//	drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			//}

			//*********************************************************************************************************************************************************************
			//Draws the line going between the middle of the top left point and the top right point, and the middle of the top left point and the bottom left vertex of the square
			//*********************************************************************************************************************************************************************
			if ((MSGtopLeft == true) && (MSGtopRight == false) && (MSGbottomLeft == false) && (MSGbottomRight == false) && (allPointsInside == false) && (MSGcolisiontopLeft == false))
			{

				startX = msgrid.x + (msgrid.gridSize / 2);
				startY = msgrid.y + msgrid.gridSize;

				endX = msgrid.x;
				endY = msgrid.y + msgrid.gridSize - (msgrid.gridSize / 2);

				//if (flag1)
				//{
				//	printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				//	flag1 = false;
				//}

				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}





			//*********************************************************************************************************************************************************************
			//Draws the line going between the middle of the top right point and the top left, and the middle of the top right point and the bottom right vertex of the square
			//*********************************************************************************************************************************************************************
			if ((MSGtopLeft == false) && (MSGtopRight == true) && (MSGbottomLeft == false) && (MSGbottomRight == false) && (allPointsInside == false) && (MSGcolisiontopRight == false))
			{

				startX = msgrid.x + msgrid.gridSize; //top left part of line
				startY = msgrid.y + (msgrid.gridSize / 2);

				endX = msgrid.x + (msgrid.gridSize / 2);
				endY = msgrid.y + msgrid.gridSize;

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}
				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			//*********************************************************************************************************************************************************************
			//Draws the line going between the middle of the bottom right point and the top right, and the middle of the bottom right point and the bottom left vertex of the square
			//*********************************************************************************************************************************************************************
			if ((MSGtopLeft == false) && (MSGtopRight == false) && (MSGbottomLeft == false) && (MSGbottomRight == true) && (allPointsInside == false) && (MSGcolisionbottomRight == false))
			{

				startX = msgrid.x + (msgrid.gridSize / 2);
				startY = msgrid.y;

				endX = msgrid.x + (msgrid.gridSize);
				endY = msgrid.y + (msgrid.gridSize / 2);

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}
				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			//*********************************************************************************************************************************************************************
			//Draws the line going between the middle of the bottom left point and the top left, and the middle of the bottom left point and the bottom right vertex of the square
			//*********************************************************************************************************************************************************************
			if ((MSGtopLeft == false) && (MSGtopRight == false) && (MSGbottomLeft == true) && (MSGbottomRight == false) && (allPointsInside == false) && (MSGcolisionbottomLeft == false))
			{

				startX = msgrid.x;
				startY = msgrid.y + (msgrid.gridSize / 2);

				endX = msgrid.x + (msgrid.gridSize / 2);
				endY = msgrid.y;

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}

				glColor3f(0.0, 1.0, 0.0); 
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			//*********************************************************************************************************************************************************************
			//If every point is inside the circle apart from the top left draw line acourdingly
			//*********************************************************************************************************************************************************************
			if ((MSGtopLeft == false) && (MSGtopRight == true) && (MSGbottomLeft == true) && (MSGbottomRight == true) && (allPointsInside == false) && (MSGcolisionbottomLeft == false) && (MSGcolisionbottomRight == false) && (MSGcolisiontopRight == false))
			{

				startX = msgrid.x;
				startY = msgrid.y + (msgrid.gridSize / 2);

				endX = msgrid.x + (msgrid.gridSize / 2);
				endY = msgrid.y + msgrid.gridSize;

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}

				glColor3f(0.0, 0.0, 1.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			//*********************************************************************************************************************************************************************
			//If every point is inside the circle apart from the top right draw line acourdingly
			//*********************************************************************************************************************************************************************
			if ((MSGtopLeft == true) && (MSGtopRight == false) && (MSGbottomLeft == true) && (MSGbottomRight == true) && (allPointsInside == false) && (MSGcolisionbottomLeft == false) && (MSGcolisionbottomRight == false) && (MSGcolisiontopLeft == false))
			{

				startX = msgrid.x + (msgrid.gridSize / 2);
				startY = msgrid.y + msgrid.gridSize;

				endX = msgrid.x + msgrid.gridSize;
				endY = msgrid.y + (msgrid.gridSize / 2);

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}

				glColor3f(0.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			//***********************************************************************************
			//If every point is inside the circle apart from the bottom right draw line acourdingly
			//***********************************************************************************
			if ((MSGtopLeft == true) && (MSGtopRight == true) && (MSGbottomLeft == true) && (MSGbottomRight == false) && (allPointsInside == false) && (MSGcolisionbottomLeft == false) && (MSGcolisiontopRight == false) && (MSGcolisiontopLeft == false))
			{

				startX = msgrid.x + (msgrid.gridSize / 2);
				startY = msgrid.y;

				endX = msgrid.x + msgrid.gridSize;
				endY = msgrid.y + (msgrid.gridSize / 2);

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}

				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			//***********************************************************************************
			//This will draw the lines for the outer radius
			//***********************************************************************************
			//***********************************************************************************
			//If every point is inside the circle apart from the bottom left draw line acourdingly
			//***********************************************************************************
			if ((MSGtopLeft == true) && (MSGtopRight == true) && (MSGbottomLeft == false) && (MSGbottomRight == true) && (allPointsInside == false) && (MSGcolisionbottomRight == false) && (MSGcolisiontopRight == false) && (MSGcolisiontopLeft == false))
			{

				startX = msgrid.x + (msgrid.gridSize / 2);
				startY = msgrid.y;

				endX = msgrid.x;
				endY = msgrid.y + (msgrid.gridSize / 2);

				//if (flag1)
				//{
				// printf("startX: %d startY: %d endX: %d endY: %d\n ", startX, startY, endX, endY);
				// flag1 = false;
				//}

				glColor3f(1.0, 0.0, 0.0);
				//Draws the grid if it is within the radius
				drawLine(startX, startY, endX, endY, msgrid.offsetX, msgrid.offsetY);

			}

			msgrid.offsetX = msgrid.offsetX + msgrid.gridSize;
			j = j + msgrid.gridSize;

			//Sets the containment checks back to false
			MSGtopLeft = false;
			MSGtopRight = false;
			MSGbottomLeft = false;
			MSGbottomRight = false;
			allPointsInside = false;
			MSGcolisiontopLeft = false;
			MSGcolisiontopRight = false;
			MSGcolisionbottomLeft = false;
			MSGcolisionbottomRight = false;



		}

		//moves the check for the larger grid up in the Y and back to the begining of the x
		msgrid.offsetX = 0;
		msgrid.offsetY += msgrid.gridSize;

		i = i + msgrid.gridSize;

	}

	msgrid.offsetY = 0;

}

void draw(void)
{
	int j = 0, k = 0;
	// clear the drawing buffer.
	glClear(GL_COLOR_BUFFER_BIT);

	
	glColor3f(0.7, 0.0, 0.4);

	//Loops through all circles
	for (int i = 0; i < amountOfCircles; i++)
	{
		collisionOfCircles(i);
	}	
	
	glFlush();// forces a render to the screen
	glutSwapBuffers();
}

void wallCheck()
{
	//Calls draw so it will redraw the circles in there new positions
	draw();

	//This loop will loop through all the circles and check to see if there X or Y value is greater than or equal to the width or the height of the screen
	//If so then it will set the velocity to minus of itself so it will apear that it is bouncing off the side of the walls
	for (int k = 0; k < amountOfCircles; k++)
	{

		if ((sphere[k].x + sphere[0].radius >= WIDTH) || (sphere[k].x - sphere[0].radius <= WIDTH - WIDTH))
		{
			sphere[k].velocityX = -sphere[k].velocityX;
			sphere[k].x = sphere[k].x + sphere[k].velocityX;
		//	printf("sphere[%d].X changed direction %d\n", k, count);
		//	count++;

		}
		else
		{
			sphere[k].x = sphere[k].x + sphere[k].velocityX;
		}

		if ((sphere[k].y + sphere[0].radius >= HIGHT) || (sphere[k].y - sphere[0].radius <= HIGHT - HIGHT))
		{
			sphere[k].velocityY = -sphere[k].velocityY;
			sphere[k].y = sphere[k].y + sphere[k].velocityY;
			//printf("sphere[%d].Y changed direction %d\n", k, count);
			//count++;

		}
		else
		{
			sphere[k].y = sphere[k].y + sphere[k].velocityY;
		}

	}

	if (sleep == true)
	{
		_sleep(300);
	}
	

}

void keyboardread(unsigned char key, int x, int y)
{

	switch (key) {
	case 'p':

		for (int i = 0; i < amountOfCircles; i++)
		{
			//everytime space is hit, it will randomly change both the x and the y of the circles
			sphere[i].velocityX = 0;
			sphere[i].velocityY = 0;
		}

		break;
	case ' ':

		for (int i = 0; i < amountOfCircles; i++)
		{
			//everytime space is hit, it will randomly change both the x and the y of the circles
			sphere[i].velocityX = rand() % 10 - 5;
			sphere[i].velocityY = rand() % 10 - 5;


			//These if's check to see if the velocity is ever 0, if it is, will add 1
			if (sphere[i].velocityX == 0)
			{
				sphere[i].velocityX += 1;
			}
			else if (sphere[i].velocityY == 0)
			{
				sphere[i].velocityY += 1;
			}
		}
		break;
	case 's':

		if (sleep == true)
		{
			sleep = false;
		}
		else if (sleep == false)
		{
			sleep = true;
		}
	}
}



void main(int argc, char **argv)
{

	glutInit(&argc, argv);
	glutInitWindowPosition(900, 200);
	glutInitWindowSize(WIDTH, HIGHT);
	glutInitDisplayMode(GLUT_RGB);
	glutCreateWindow("Marching Squares");
	init();
	glutDisplayFunc(draw);
	glutKeyboardFunc(keyboardread);
	glutIdleFunc(wallCheck);
	glClearColor(0.0, 0.0, 0.0, 0.0);
	glOrtho(0.0, WIDTH, 0.0, HIGHT, 0.0, 100.0);



	glutMainLoop();
}
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