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Joint constraining techniques are employed in a variety of fields including simulations and games. The demand for accurate, high performance anatomical joint models is increasing as simulations and games become increasingly realistic and detailed. Here, a joint constraining technique that utilises distance fields is considered and an approach is constructed. The approach’s accuracy is then compared to existing approaches, whilst additional information metrics are generated.
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Skeleton and joint systems allow for the realistic and relatively accurate simulation of virtual object movement. Constraining techniques exist that limit joint movement to aid in the realistic movement and positioning of skeleton objects in animations. Accuracy and computational expense are often exclusive, and attaining a higher level of accuracy will often incur a penalty to computational expense.
Distance fields can be used to model joint limits and offer a hybrid of binary and corrective approaches to determine feasible and infeasible joint poses [1]; taking point cloud data gathered from motion capture packages, a valid set of rotations can be constructed within a distance field, and subsequent points can be tested against the field to determine validity and gather an appropriate correction. 
[bookmark: _Toc481055713]Aim
The main aim of this report is to:
Develop a joint constraining technique that employs a 3-dimensional distance field, and execute and evaluate a broad spectrum of experiments to determine the feasibility, performance and accuracy of the technique when compared to existing approaches. 
[bookmark: _Toc481055714]Objectives
The objectives of this project are to:
· Conduct a literature review of distance fields, joint movement, joint constraining and existing joint constraining techniques; evaluating accuracy and performance where applicable.
· Construct a Signed Distance Field apparatus that’s capable of generating a signed distance field of valid points, by using motion capture data. The apparatus must also be capable of correcting invalid points to the closest correct point.
· Generate accuracy and performance metrics of the Signed Distance Field approach, by providing the application with point cloud data sets in the SNNS format, where the file contains both valid points for constructing the Signed Distance Field, and invalid points that are corrected to the nearest boundary.
· Compare the accuracy and performance metrics of the Signed Distance Field approach against existing approaches.


[bookmark: _Toc481055715]Research and Review of Literature
[bookmark: _Toc450130858][bookmark: _Toc481055716]Joint Constraint Return Types
Numerous approaches to joint constraining exist, with two primary joint constraint method types; binary and corrective constraints [2]. Binary constraints yield true and false return values to determine joint feasibility. A constraining method utilising a binary approach, will return false for unfeasible joint positions, whilst a feasible joint will return true. Corrective constraint methods will yield corrective values in order to make the joint rotation feasible in regard to the closest valid rotation, however. Feasible joint positions return no correction value, whilst unfeasible positions return a corrective component [2]. An example of a corrective constraint approach is utilised by Jenkins and Dacey [3], where a quaternion based Self Organising Map approach to joint constraining, generates a corrective quaternion, that unfeasible joint positions are multiplied with in order to attain a feasible position [3].
[bookmark: _Toc450130859][bookmark: _Toc481055717]Current Joint Constraining Methods
Current implementations of anatomical joint constraint methods are utilised for both realistic animation, diagnostic medical applications and have other uses too [3]. The real-time processing of joint constraints affords a loss of accuracy in exchange for computational speed [3]. A loss of accuracy in articulated movement constraints is acceptable in some areas, where the accuracy can be traded in exchange for higher performance, and where accuracy isn’t as important of a requirement. Slight inaccuracies in fast paced games, for example, aren’t likely to be noticed by the player, but inaccuracy can be a large problem for some simulations-- where accuracy would be of utmost importance, such as medical simulations or sensitive simulations of any kind.
[bookmark: _Toc450130860][bookmark: _Toc481055718]Signed Distance Field Cones
An approach to joint constraining is undertaken by Engell-Nørregård et al. where they employ the use of distance fields as a corrective joint constraining method. An inside-outside test can be performed in order to determine whether a joint is out of bounds, and whether to calculate a corrective return [2]. The projection operator of a signed distance field cone is a constant time operation [2]. It’s believed that memory consumption for the signed distance field cone method can be high when compared to other methods due to the use of distance fields, however this drawback can be limited by using lower resolution distance fields. A lower resolution distance field comes with a drawback of its own however-- lowering of the overall accuracy. As the signed distance field method is only truly beneficial for joints that have multiple degrees of freedom (DOF) [2], it is believed that memory consumption can be indirectly reduced by applying the signed distance field method on 3-DOF joints only [2].
Engell-Nørregård et al. state that the over-all performance of the signed distance field cone method experiences a bottle-neck at the time of generating the distance field [4]. Computation time increases significantly as the distance field resolution increases, with a resolution of 8 x 8 x 8 generating in 0,21 seconds, whilst a resolution of 16 x 16 x 16 takes 1.34 seconds [4]. These results also show that the storage requirement increases significantly too. An 8 x 8 x 8 field requires 4 kB, whilst a 16 x 16 x 16 field requires 32.7 kB [4]. 
[bookmark: _Toc481055719]Distance Fields
A distance field can be described as a field of scalar values, where each cell in the distance field contains the scalar value to the nearest boundary [5], calculated in Manhattan distances. Distance fields can be signed or unsigned (distance field, and signed distance field respectively). A signed distance cell that holds a negative value, indicates a position within a boundary or a shape, whilst a cell that holds a positive value will indicate a positon outside of a shape or boundary [6].
The Manhattan distance between two points  and  can be described as
 

As shown by Engell-Nørregård et al., the time to generate a distance field can become significant as the size increases [4]. As distance fields are composed of scalar values, they can be saved in various formats to avoid generating the same field repeatedly. This is a process known as baking, and distance fields are commonly saved as single channel images [6].
[bookmark: _Toc481055720]Box Model (Euler Angles)
Euler angles describe a rotation about three orthogonal coordinate axis in fixed space [7], in either local or world coordinate space.  The box model is usually computed with the use of matrices and is currently one of the most popular approaches to representing rotations in 3D graphics [3], [7]. Easy to understand, but inadequate for representing all forms of rotation, the box model can suffer from gimbal lock [3]. The box model allows the rotation order sequence to be specified, leading to different orientations about the X, Y and Z axis. With the box model approach, axis are embedded within one another and behave much like a gimbal machine [7]. 
[bookmark: _Toc481055721]Marching Cubes
Marching Cubes is an algorithm initially introduced in 1987, written by William E. Lorensen and Harvey E. Cline [8]. By producing triangular surfaces out of a scalar field, the marching cubes algorithm is able to form 3D triangle composed geometric meshes [8].
The marching cubes algorithm has seen numerous applications in various fields, such as the reconstruction of surfaces in the medical field, geology and more [9].
The method used by the Marching Cubes algorithm uses uniformly sized cells that are constructed out of eight points  [10], which are arranged to form a logical cube.  An appropriately sized lattice is then formed out of these equally sized cells, which covers the area of the scalar field. Each cell is additionally assigned a starting value, which is 0.
Using a divide and conquer approach, the algorithm performs tests to determine whether an arbitrary point resides within a cell. If it does, the cell is assigned the value of 1. Tests to determine where exactly the point resides within the cell are carried out at a later time [8]. The algorithm then proceeds to check the next adjacent cell. This is carried out in a sequential, forward marching order that can be identified as a scan line [10].
Once the initial passes are completed, determining the location of where a point resides within a cell can then begin. By looking only at those cells that are assigned the value of 1, we can forgo looking at cells that are decisively empty. The location at which a point resides within a cell determines how triangles are thus created. This is normally determined by using a lookup table; which pre-defines the topology of triangles relative to a points location within a cell [8], [10]. These lookup tables are normally generated offline, prior to the application of the Marching Cubes algorithm, which in turn saves computational expense.  As discussed earlier, each cell is composed of 8 vertices; this results in 256  different vertex combinations, however if rotation and reflection is exploited, then we are able to condense this number down in to 15 different topological configurations, which is outlined in the standard Marching Cubes algorithm [8], [10]. Once all of the triangular facets have been generated, the collection of facets is combined from all cubes to form a complete triangular mesh [8].
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[bookmark: _Toc481055724]Research Process
The aim of this research is to replicate the signed distance field approach undertaken by Engell-Nørregård et al [4]. and determine the accuracy and performance of this approach when compared to existing approaches, by building a signed distance field apparatus. By running a wide spectrum of experiments to generate quantitative information, the information can be collected and comparisons between the signed distance field method and existing methods, can be conducted.
[bookmark: _Toc481055725]Research Philosophy
The generation of quantitative data in the form of accuracy and performance, directly relates to important factors of consideration, when joint constraining techniques are considered for use in applications. A slow but highly accurate approach would be favoured for use in applications where rendering can be conducted off-line, but for real-time applications such as games, accuracy is not as important of a factor than performance is. Accuracy, in real-time applications, can often be sacrificed if the performance gain is adequate—but accuracy does still remain an important factor.
[bookmark: _Toc481055726]Research Methodologies
Literature review
A literature review of existing joint constraint methods will be undertaken, where advantages and disadvantages of such methods will be outlined. Accuracy, performance and memory usage of these existing methods will be documented, whilst other benefits such as an easy approach to motion-capture support will also be documented, but not for a means of comparison.
Experimental
As existing material for the signed distance field method is limited, extended literature review of this approach to joint constraints is unfeasible. This will require an experimental approach to discovering quantitative data for use in comparison to that of suitable methods that currently exist.
[bookmark: _Toc481055727]Research Deliverables
· A scalable signed distance field apparatus, capable of loading point cloud data in the SNNS file format. The apparatus will be capable of modifying the size of its generated distance field, but also be capable of modifying the resolution and position of the field also.
· A test schedule report of various approaches to testing, to ensure that the apparatus works as intended, and generates accurate, reliable information.
[bookmark: _Toc481055728]Experimental Methodology
[bookmark: _Toc481055729]Experiment Hypothesis
The resolution of the distance field as an independent variable, will be modified with each test. Increasing in size by a factor of two with each experiment, it’s predicted that as the resolution increases, the level of error (which is measured using the mean squared error between the corrected point and the closest correct point) will decrease. As points are corrected to the centre of the distance cell, larger cells can potentially result in a higher deviation from the correct position, whilst smaller cells can result in a lower deviation.
The distance field attains form in three dimensions. Higher resolution fields are predicted to take significantly longer to generate than their smaller counterparts. Generation of the distance field uses a brute-force approach, as such, the generation of the distance field is calculated as . Correcting a point in higher resolution fields is also predicted to take longer, as a larger number of cells will increase the number of steps required until an incorrect point reaches the valid boundary.
As the number of points used to generate the distance field increases, it’s predicted that the time taken to generate the field will increase. This is expected, as more points must be tested for their positions and more calculations must be made to determine the points resulting containing cell. More calculations result in a longer time taken.

[bookmark: _Ref480987428][bookmark: _Ref481046964][bookmark: _Toc481055783]Figure 1. Hit Sphere Optimisation Diagram
Improvements to the generation method will be attempted by using a hit sphere optimisation that’s commonly found in games for collision detection. This optimisation approach is predicted to decrease the time required in order to generate the distance field. A point’s distance is normally tested against three planes  in order to determine whether a point resides within a cell or not, and this test is conducted for each point, for each cell. Instead, by comparing a point’s distance from the distance cell’s centre point, we can determine if a point resides within a “sphere”. If the point resides inside the sphere, further checks can be conducted to check whether the point resides within the cell itself. It’s believed that this approach will therefore reduce the overall number of comparisons required, and it’s believed that the generation speed of the distance field will increase significantly when using the hit sphere optimisation, as opposed to not.
Figure 1. shows this optimisation process on a 2D level.
· The red circle sits outside both the distance cell and the distance cell hit circle, and only a single calculation is required to determine this, by comparing the radius of the hit circle, with the distance that the red circle is from the centre of the hit circle, we can determine if the red circle is in or out. This speeds up the process.
· The yellow circle sits inside the distance cell hit circle, therefore it has the potential to be within the distance cell also. Additional calculations must be performed in order to determine whether the yellow circle is within the cell. This requires two additional calculations—testing against both the X and Y planes. Whilst the distance from the X plane is correct, the distance from the Y plane is incorrect and the circle is determined to be outside. This however, requires three calculations in total.
· The green circle sits inside both the distance cell and the hit circle. As a result, three calculations are performed in total—much like with the yellow circle.
Overall, with one hit cell, each point would require a calculation against the X plane and the Y plane—resulting in 6 calculations total. With the hit circle, these calculations can potentially increase to three if all points were inside the circle. In this instance, one point resides outside and we save a calculation. Overall, the number of calculations is more, because two points are within the circle and must be tested against the planes, whilst one point is outside and does not. If all points were outside the circle however, the number of calculations required would be three in total, whilst without the hit circle optimisation, the result would be six.
[bookmark: _Toc481055730]Experiment Hardware
Generation of the distance field and the subsequent correction of points, will take place on a computer system with the following specifications:
· Intel® Core™ i7-4820k CPU @ 3.7GHz
· 16.0 GB System Memory (RAM)
As the point cloud is loaded in to memory from the computer’s hard drive before timings take place, the hard drive specifications are out of the hardware specifications scope.
[bookmark: _Toc481055731]Experiment Inputs
The experiment has a number of independent variables in order to generate a high spectrum of quantitative information. The following inputs are considered when generating the distance field and correcting points:
· Distance field resolution
· The resolution is measured in number of cells for X, Y and Z components of the distance field. All three components are tied, so a specified resolution of 16, will generate a distance field with the resolution of 16 cells x 16 cells x 16 cells. Distance field resolution is changed in order to evaluate the effect that resolution has on generation time, memory usage, accuracy and point correction time for incorrect orientations.
· Distance field resolutions began at 2 cells x 2 cells x 2 cells, and ended at 256 cells, x 256 cells, x 256 cells.
· Distance field resolution steps increment by a factor of 2 with each test.
· Point cloud - Swing angle
· The swing angle of the point cloud is measured in degrees. Varying from 10 to 170, distance fields are generated using 250 points of valid rotations, with 250 points that require correction. The point count in this instance is kept at a constant of 250 points.
· Swing angle steps increment by a factor of 10 with each test.
· Point cloud – Point count
· The number of points used to generate the distance field varies, but maintains a constant swing angle of 90 degrees. The point counts utilised are:
· 250 valid points. 250 invalid points to correct.
· 500 valid points. 500 invalid points to correct.
· 1500 valid points. 1500 invalid points to correct.
· 2500 valid points. 2500 invalid points to correct.
· Target sphere
· As a means of optimising the generation of the distance field, a target sphere (or hit sphere) can be used as a pre-step to determining whether a point is inside a cell or not. Target spheres are used as an optimisation for collision detection systems.
· The target sphere input has two modes. On, to use the target sphere or off, to not use the target sphere.


[bookmark: _Toc481055732]Experiment Outputs
For each experiment conducted, the resulting dependant variables will be measured.
· Distance field generation time.
· Time taken to correct all points.
· Memory requirement.
[bookmark: _Toc481055733]Experiment Reliability
As timing is measured in microseconds, slight inconsistencies regarding applications speed are expected. Varying system loads will also have an adverse effect on the speed of high performance applications, even slightly. To alleviate inconsistencies regarding speed, the conducted experiments are repeated three times, and the results are averaged in order to produce a set of information. Mean squared error is expected to remain constant throughout. These averaged results are available in the appendix.
[bookmark: _Toc481055734]Experiment Execution
Successful execution and collection of results from the experiment, requires control over all modified inputs. Namely, the modification of more than one input will result in undesirable results that show no meaningful correlation to each input, or may generate unexpected results.
To ensure a reliable experiment that generates meaningful information, one input is changed on each experiment. For each point cloud file (first point cloud size, and then point cloud swing angle), a number of distance fields are generated—first using no hit spheres, and then using hit spheres. The results are recorded and saved to a file after each respective field is generated.
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The Agile Unified Process (AUP) is a software development methodology created by Scott Ambler [11]. AUP is derived from the Rational Unified Process (RUP) and agile methods (AM), where it uses a combination of the two disciplines to cover the full spectrum of the software development life-cycle [12].
Traditional methodologies such as the waterfall model or RUP, use a sequential series of steps [13]. Beginning at requirement specifications, these methodologies complete each step before moving to the next. Requirements, design, implementation, testing and deployment [13]. They define a complete set of requirements at the start of a project and the project’s success depends entirely on the requirements gathered at the beginning. Changes to the requirements later on in development can cause jarring issues for the project [13], [14]. For larger projects, this is more of an issue. The deliverable runs the risk of becoming obsolete before delivery, or contains many features that no longer meet the requirements of the user.
Agile methodologies tackle these issues by performing incremental and iterative phases [13]. By revisiting stages in the development life cycle repeatedly, iterations can improve the project by gathering user feedback and using it to improve the solution. Issues encountered within traditional methods are reduced as a result, and user feedback, changes and changing requirements are no longer an issue [13]. 
AUP itself consists of four phases and seven disciplines [11]. Inception, Elaboration, Construction and Transition make up the four main Agile UP phases, whilst Model, Implementation, Test, Deployment, Configuration Management, Project Management and Environment make up the seven Agile UP disciplines.
[image: ]
[bookmark: _Toc481055784]Figure 2. The Life Cycle of the Agile Unified Process (Ambler 2005)
Phases are performed in a serial manner throughout the AUP project iterations, whilst the disciplines are performed in an iterative manner and define activities which team members perform, in order to deliver a working solution that meets the needs of the user [11]. Iterations can run in parallel, with different phases starting and completing at different times—as iterations may have dependability on another iteration. Iterations can also be ordered—with higher priority iterations taking precedence.
[bookmark: _Toc481055736]Inception
The inception phase defines the project’s scope, by specifying what the system will do and what the system won’t do at a high level [11]. Secondly, this phase generally estimates the cost, the project schedule and is used for the early Elaboration iterations [11]. Thirdly, the phase defines the projects risks. Discovering risks early on allows for better project management, as they can be identified and efforts to mitigate, avoid or deal with these risks can be conceived before they are encountered [11]. Fourthly, the feasibility of the project is determined in this stage. From technical, operation and business perspectives, the project must make sense. it should be possible to conduct, and it should make economic sense [11]. Finally, the project’s environment is prepared. Workspace, necessary people and any required hardware and software can be requested and obtained [11]. The inception deliverable is in the form of use cases which are utilised in the following phase [12]. 
[bookmark: _Toc481055737]Elaboration
The elaboration phase proves the architecture for the system to be developed [11] in the form of UML diagrams such as class, object and sequence diagrams. The purpose of this phase is to ensure that the system can be developed to meet the requirements gathered in the inception phase. Often, an architectural prototype is sometimes developed [11] with high risk use cases in mind, in order to prove that the system is technically feasible. Unlike a regular software prototype, this prototype isn’t thrown away. It’s written as a high-quality, working software [11].
[bookmark: _Toc481055738]Construction
In the construction phase, the system is developed until ready for pre-production testing. Understanding of requirements, writing code and testing the software is focused in this phase. Early releases can be deployed in order to obtain user feedback if necessary [11].
[bookmark: _Toc481055739]Transition
This phase focuses on taking the system in to production. Further, more extensive testing may take place in this state, such as beta testing [11]. Retuning of the deliverable and reworking defects also takes place in this phase if applicable.
[bookmark: _Toc481055740]Disciplines
Model
Understanding of the problem domain that the project’s addressing, and identifying a viable solution to address the problem domain [11].
Implementation
Transformation of models and diagrams in to executable applications, where basic levels of testing, such as unit testing, can be carried out [11]. 
Test
Performing of an evaluation that ensures quality of the solution. Discovering of defects and validating the systems functionality relative to the design specifications and user requirements [11].
Deployment
Planning for the systems delivery, and execution of the delivery plan to make the system available to its users [11].
Configuration Management
Access management to project work products, including tracking product versions over time, and controlling and managing changes to them [11].
Project Management
Directing project activities. Managing risks, directing team members and coordinating with individuals and systems outside of the projects scope to ensure that the project is delivered on time, and that it does not exceed the project budget assigned [11].
Environment
Supporting the project by ensuring that proper processes, guidance and tools are available as they are needed [11].
[bookmark: _Toc481055741]Rationale 
The agile unified process accommodates projects with changing requirements, and allows for the development of solutions using an iterative and incremental flow. As the experiment apparatus is constructed, further understanding of the problem domain is likely to be achieved and errors with the current approach are likely to be discovered. The requirements of the project are also susceptible to change as a result of further reading, research and development. The agile unified process will permit the project to be developed in different parts as further understanding of the problem domain is discovered, and new ideas are formulated.
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Microsoft Visual Studio IDE
Microsoft Visual Studio [15] is a versatile integrated development environment. MSVS supports the C++ language and offers extensive debugging functionality for applications written within it. MSVS also has integrated support for GIT, permitting quick and easy version control for projects.
GitHub
GitHub is a free and popular service that offers a reliable and readily accessible Git version control service for software projects
[bookmark: _Toc481055743]Language
C++
The purpose of the project requires high performance execution of the experiment apparatus. The C++ language provides low level programming support, permitting direct and manual access to memory (with no garbage collection) and compilation for the targeted system [16]. The popularity of C++ in both general development, and more-so in game development has resulted in a wide array of useful software libraries being readily available, some of which are employed within this project.
Python
Conducting the vast number of experiments that are required for this project would require the changing of numerous variables. These variables are passed to the experiment apparatus by parameters. The Python scripting language is able to effectively automate this process, and can gather the apparatus’ console output generated from running the application—saving it to a file relative to the experiment type.
[bookmark: _Toc481055744]Libraries
Google Test Framework
Google Test framework [17] will be utilised to assist in the management of project testing (such as unit testing). Testing is a fundamental part of software development, and Google Test provides a simple, accurate and reliable framework to construct test harnesses.
SFML
SFML (Simple and Fast Multimedia Library) [18] will be utilised in order to provide visualisation of the signed distance field approach. SFML is capable of providing an OpenGL interface to the C++ language, where the developer is able to use the SFML windowing system to construct graphic objects.
SNNS File Loader Library
SNNS File Loader library (Dr. Glenn L. Jenkins) is utilised in this project, in order to load and manage SNNS formatted files. As the project uses SNNS files generated by a SOM (Self Organising Maps) in order to build the signed distance field, handling of SNNS files is a requirement.

[bookmark: _Toc481055745]Design and Implementation
[bookmark: _Toc481055746]Problem Formulation
Accuracy and speed are two factors that are considered for a wide spectrum of computing solutions. Different solutions exist to solve problems for different requirements, but fundamentally, speed and accuracy are related components.
In gaming, speed holds more importance than accuracy. Of course, accuracy is held in high regard, but the overall performance of a game, and thus, the players experience, are held in high regard, and sacrifices of accuracy can be made to achieve this.
In other fields, accuracy is more of a concern than speed. Off-line rendering, such as in 3D animation (animated films, for example), speed isn’t a primary factor of consideration, where-as accuracy is.
The distance field approach is able to consider both speed and accuracy, and these are expected to be tied directly to the fields resolution [4]. Higher resolutions sacrifice speed, but gain accuracy. The opposite is true for lower resolutions.
[bookmark: _Toc481055747]Development
[bookmark: _Toc481055748]Inception Phase
During the inception phase of the agile unified process development methodology that’s used in this project, use cases are constructed that outline the requirements of the project. Use cases can span various iterations, providing an over-all picture of the systems requirements and needs—allowing iterations to be conceived and ordered, depending on dependability and priority.
During the inception phase, the initial requirements of the system were derived from Engell-Nørregård et al.’s approach. Not all of the requirements were gathered at this time, as further requirements would be identified later on in further iterations.
The initial requirements were identified as follows:
· The system must be able to generate a distance field.
· The system must be able to differentiate between a correct point and then, by interpolating across the distance field, correct a point that has been identified as incorrect, update its position to the new location.
· The system must be able to visualise the distance field, the point cloud used to generate the distance field, the point cloud of points to test, and the resulting point cloud of corrected points. This visualisation requires controls for the user to rotate and zoom the distance field, with various modes.
From these initial set of requirements, fully dressed use case documents were created and the project was broken up in to three parts:
· Generate Distance Field
· Correct Point
· Visualise Distance Field
[bookmark: _Toc481055749]Elaboration Phase
The next step involved ordering the requirements, prioritising by function. Correcting a point is impossible without a distance field, and visualising a distance field is impossible if the field does not exist. Generating the distance field became a priority and thus became Iteration 1. Correcting a point and visualising the distance field were deemed of equal importance; the project would fail if it could not correct a point, but visualisation would assist in debugging. Iteration 2 – Visualise Distance Field, was deemed more important in order to assist with Iteration 3 – Correct Point.
Further requirements were conceived during this phase – Generating a distance field requires a list of points, and the purpose of the project is conduct experiments with the produced apparatus. Inputs were required—a point cloud file, a switch to toggle an attempt at distance field optimisation (target spheres) and the distance field resolution. These would be passed as parameters to the apparatus, in order to automate the experiment process which would take considerable time.
The use case documents created during the inception phase were then revised to accommodate further changes and additions to the requirements discovered during the elaboration phase, and UML diagrams (Class and Sequence Diagrams) were constructed in order to prove the system could meet the requirements outlined in these phases. A working prototype was also developed in order to prove the system in both functionality and possibility. This was done by generating a 2-dimensional distance field with a single point located in the centre. An arbitrary point was picked within the field and the surrounding values were reported back to the prototype’s output. By interpolating across the distance field, by picking the lowest value adjacent cell, the system could correct the point back to the nearest cell with a value of 0.
[image: ]
[bookmark: _Toc481055785]Figure 3. Distance Field Prototype
[bookmark: _Toc481055750]Construction Phase
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[bookmark: _Toc481055786]Figure 4. Image of a Generated Distance Field, showing point clouds.
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[bookmark: _Toc481055787]Figure 5. Image of Valid, Invalid, SOM Corrected and SDF Corrected point clouds using 250 points with a 16 x 16 x 16 distance field resolution.
	Colour
	Description

	Pink
	Valid points imported from an SNNS data file. These points are used to generate the distance field.

	Red
	Invalid points that require correction.

	Yellow
	Points corrected by the SOM approach.

	Blue
	Points corrected by the Signed Distance Field approach.



During the construction phase, the experiment apparatus was developed, abiding the UML diagrams, requirements specifications that were developed as part of the previous phases, whilst following the priority order of the three iterations previously outlined.
Application components were subject to rigorous unit testing, using a test harness developed with the Google Test Framework [17], and some system testing was conducted to ensure that the various functions offered by the apparatus performed as expected.
[bookmark: _Toc481055751]Transition Phase
The transition phase encompasses more rigorous system testing, user testing and further system development.
Additional features were required to assist in testing and this was discovered as system testing was conducted. Being able to pick a cell, being able to see the chosen cell and view the cells associated value and position became an essential requirement during the construction phase, and the use case documents were updated to reflect this before the features were incorporated in to the system. Different view modes were also desirable for the purpose of demoing the apparatus when in view mode. Hiding the distance field and highlighting all cells with a selected value became a required feature, as did a hybrid mode that showed both the distance field and numerous highlighted cells that had a certain value. These additions were incorporated in to the Visualise Distance Field iteration’s requirements.


[bookmark: _Toc481055752]Experiment Results
The following pages illustrate the results gathered from running 25 sets of experiments.  The results are condensed in to graphs, with similar experiments portrayed on the same graph for the purpose of comparison.
A short table of results accompanies each graph, in order to provide immediate comparison between the sets of data obtained from the experiments, however, tables of results that cover the full spectrum of the conducted experiments can be found in the appendix of this report.
Experimentation was conducted via Python scripts in order to automate and simplify the experimentation process. The resolution range, the point cloud file and the flag to determine the use of hit sphere generation optimisation was to be used or not, were fed in to the application via parameters. The Python script caught the application output from the experiment, and saved the result to a csv file. Once the experiment runs were complete, the CSV files were imported to a spreadsheet, and the results were illustrated on a graph for comparison purposes.
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[bookmark: _Toc481055753]Memory Usage when Generating a Distance Field (Resolution range 2 – 32) (Graph)
The following graph shows the relationship between distance field resolution, and the associated memory usage of the distance field.

[bookmark: _Ref481006784][bookmark: _Toc481055788]Figure 6. Memory Usage when Generating a Distance Field (Resolution range 2 – 32) (Graph)


[bookmark: _Toc481055754]Time Taken to Generate a Distance Field (Resolution range 2 – 256) (Graph)
The following graph shows the relationship between the resolution of the distance field, the time taken (in microseconds) to generate a distance field, and the number of points used to generate the distance field.

[bookmark: _Ref481007985][bookmark: _Toc481055789]Figure 7. Time Taken to Generate a Distance Field (Resolution range 2 – 256) (Graph)

[bookmark: _Toc481055755]Time Taken to Generate a Distance Field (Resolution range 2 – 32) (Graph)
The following graph shows the relationship between the resolution of the distance field, the time taken (in microseconds) to generate a distance field, and the number of points used to generate the distance field.

[bookmark: _Ref481006908][bookmark: _Toc481055790]Figure 8. Time Taken to Generate a Distance Field (Resolution range 2 – 32) (Graph)
[bookmark: _Toc481055756]Average Time Taken to Correct a Single Incorrect Point (Resolution range 2 – 256) (Graph)
The following graph shows the relationship between the resolution of the distance field, the average time taken (in microseconds) to correct a single incorrect point within the distance field, and the number of points to correct.

[bookmark: _Ref481008518][bookmark: _Toc481055791]Figure 9. Average Time Taken to Correct a Single Incorrect Point (Resolution range 2 – 256) (Graph)
[bookmark: _Toc481055757]Average Time Taken to Correct a Single Incorrect Point (Resolution range 2 – 32) (Graph)
The following graph shows the relationship between the resolution of the distance field, the average time taken (in microseconds) to correct a single incorrect point within the distance field, and the number of points to correct.

[bookmark: _Ref481008152][bookmark: _Toc481055792]Figure 10. Average Time Taken to Correct a Single Incorrect Point (Resolution range 2 – 32) (Graph)
[bookmark: _Toc481055758]Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (250 Points) (Graph)
The following graph holds two components. First, it shows the relationship between the resolution of the distance field and the resulting mean squared error of corrected points. Comparatively, it shows the mean squared error of the SOM approach with the same number of points.

[bookmark: _Ref481009258][bookmark: _Toc481055793]Figure 11. Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (250) (Graph)


[bookmark: _Toc481055759]Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (500 Points) (Graph)
The following graph holds two components. First, it shows the relationship between the resolution of the distance field and the resulting mean squared error of corrected points. Comparatively, it shows the mean squared error of the SOM approach with the same number of points.

[bookmark: _Ref481010092][bookmark: _Toc481055794]Figure 12. Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (500) (Graph)


[bookmark: _Toc481055760]Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (1500 Points) (Graph)
The following graph holds two components. First, it shows the relationship between the resolution of the distance field and the resulting mean squared error of corrected points. Comparatively, it shows the mean squared error of the SOM approach with the same number of points.

[bookmark: _Toc481055795]Figure 13. Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (1500) (Graph)


[bookmark: _Toc481055761]Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (2500 Points) (Graph)
The following graph holds two components. First, it shows the relationship between the resolution of the distance field and the resulting mean squared error of corrected points. Comparatively, it shows the mean squared error of the SOM approach with the same number of points.

[bookmark: _Toc481055796]Figure 14. Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (2500) (Graph)


[bookmark: _Toc481055762]Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (Swing 10, 80, 170) (Graph)
The following graph shows the relationship between the distance field resolution, the angle of the SNNS swing value and the resulting mean squared error. Comparatively, it displays both signed distance field results and SOM results.

[bookmark: _Toc481055797]Figure 15. Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (Swing 10, 80, 170) (Graph)
[bookmark: _Toc481055763]Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (Swing Range 10 - 170) (Graph)
The following graph shows the relationship between the distance field resolution, the angle of the SNNS swing value and the resulting mean squared error. Comparatively, it displays both signed distance field results and SOM results.

[bookmark: _Ref480982696][bookmark: _Ref480982688][bookmark: _Toc481055798]Figure 16. Mean Squared Error to Closest Correct Point (Resolution range 2 – 32) (Swing Range 10 - 170) (Graph)
[bookmark: _Toc481055764]Mean Squared Error to Closest Correct Point (Resolution range 2 - 32) (Swing range 10 - 170) (Results tables)
The following results figures coincide directly with the graph shown in Figure 16.
[bookmark: _Toc481055799]Table 1. Swing range – 10 – SDF 
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[bookmark: _Toc481055800]Table 2. Swing range – 20 – SDF 
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[bookmark: _Toc481055801]Table 3. Swing range – 30 – SDF 
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[bookmark: _Toc481055802]Table 4. Swing range – 40 – SDF 
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[bookmark: _Toc481055803]Table 5. Swing range – 50 – SDF 
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[bookmark: _Toc481055804]Table 6. Swing range – 60 – SDF 
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[bookmark: _Toc481055805]Table 7. Swing range – 70 – SDF 
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[bookmark: _Toc481055806]Table 8. Swing range – 80 – SDF 
[image: ]
[bookmark: _Toc481055807]Table 9. Swing range – 90 – SDF 
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[bookmark: _Toc481055808]Table 10. Swing range – 100 – SDF 
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[bookmark: _Toc481055809]Table 11. Swing range – 110 – SDF 
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[bookmark: _Toc481055810]Table 12. Swing range – 120 – SDF 
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[bookmark: _Toc481055811]Table 13. Swing range – 130 – SDF 
[image: ]
[bookmark: _Toc481055812]Table 14. Swing range – 140 – SDF 
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[bookmark: _Toc481055813]Table 15. Swing range – 150 – SDF 
[image: ]
[bookmark: _Toc481055814]Table 16. Swing range – 160 – SDF 
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[bookmark: _Toc481055815]Table 17. Swing range – 170 – SDF 
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[bookmark: _Toc481055765]Experiment Analysis
[bookmark: _Toc481055766]Memory Usage when Generating a Distance Field
The graph shown in Figure 6 explains that as the size of the distance field increases, the memory requirement of the distance field increases exponentially. The distance field in this project attains form in three dimensions, and this result is expected. 
[bookmark: _Toc481055767]Time Taken to Generate a Distance Field
The graph shown in Figure 8 explains that both the number of points used to generate the distance field, and the resolution of the distance field, have a direct effect on the time taken to generate the distance field. The number of points has a direct effect; 500 points takes twice as much time as the generation of 250 points, whilst 1500 points takes three times as long to generate as 500 points.
An increase of the distance field resolution causes an exponential increase in the time required to generate the distance field. This is expected, as an increase in the number of distance cell requires additional calculations to take place.
Figure 7 shows that at very high resolutions, the distance field generation time fluctuates considerably. Whilst the trend of the graph is an exponential increase as expected, the time fluctuation is an unexpected result.
Usage of the hit sphere optimisation approach causes distance field generation time to increase significantly. Figure 8 shows that the time difference is much more significant at higher resolutions. Using 2500 points, the time difference at resolution 32 x 32 x 32 is 334645 microseconds. Using 1500 points at the same resolution, the time difference is 78986 microseconds. Contrary to the experimental hypothesis outlined in section 3.2.1, the hit sphere optimisation does not behave as expected. As Figure 1 in the experiment hypothesis shows, the hit sphere optimisation technique has drawbacks, where the number of required calculations can increase. This should not be the case here however, as multiple cells exist, and the overall number of calculations required should be significantly lower. The actual cause of this anomaly requires further investigation in future work.
[bookmark: _Toc481055768]Average Time Taken to Correct a Point
Figure 10 shows that as the number of points increases, the mean time taken to correct a point increases. The result is unexpected, as points hold no correlation to one another and should not have an effect on the time it takes to correct a point.
Figure 9 shows that at higher resolutions, the time taken to correct a point fluctuates considerably. 2500 points at a resolution of 202 takes 17431.0044 microseconds to generate the distance field, but at a resolution of 204, generation times takes 21079.5604 microseconds. As the resolution increases further, the generation time falls to 17210.91 microseconds, before gradually increasing once more. This time spike was replicated in 2 further repeat experiments and requires future investigation to explain.
[bookmark: _Toc481055769]Mean Squared Error (Point Count)
Figure 11 illustrates that as the distance field resolution increases, the mean squared error result lowers significantly. The decrease in the mean squared error begins to exhibit diminishing returns after a resolution of 16 x 16 x 16. This coincides with the claim made by Engell-Nørregård et al., where they state:
“We tested different grid resolutions and it turned out that for our single motion sampled distance–cones there seemed to be a sharp line around a resolution of 16 × 16 × 16, above which the animations ran smoothly and with acceptable visual quality.” [1]
In comparison to the self organising map approach, Figure 11 shows that a point count of 250 results in the distance field approach offering a lower mean squared error at a resolution of 16 x 16 x 16. The distance field approach results in a mean squared error of 0.024266 whilst the self organising map approach results in a mean squared error of 0.039444. The self organising map approach performs better when the number of points increases however, and this is demonstrated in Figure 12, where the SOM results in a mean squared error of 0.009019—an improvement of 0.030425, whilst the distance field approach results in a mean squared error of 0.019648—an improvement of only 0.004618. At a resolution of 28 x 28 x 28 however, Figure 12 shows that the distance field approach has a mean squared error of 0.007568—an improvement of 0.001451 over the SOM approach.
[bookmark: _Toc481055770]Mean Squared Error (Swing)
From the swing ranges of 10 to 80, the mean squared error is at its highest when a distance field resolution of 2 x 2 x 2 is used. Swing ranges 10 bear the highest mean squared error, whilst swing ranges 80 bear the lowest of this subset. Each range exhibits the same behaviour, that an increase in distance field resolution causes the mean squared error result to decrease significantly. Past a distance field resolution of 10 x 10 x 10, increases in resolution cause the mean squared error of this subset to decrease significantly less with each increase of distance field resolution.
Swing ranges 90 to 110, see a significant drop in the mean squared error at a resolution of 6 x 6 x 6, before increasing significantly again at a resolution of 8 x 8 x 8. This behaviour doesn’t correlate with the behaviour of swing ranges below 90 and above 110.
Past a distance field resolution of 30 x 30 x 30, the mean squared error difference between all swing ranges is at its smallest. Swing range doesn’t have much of an effect on the mean squared error.
[bookmark: _Toc481055771]Conclusion
Most experiments coincide with the predictions made in the experiment hypothesis.
The memory usage of the distance field approach increases significantly as the distance field resolution increases. As predicted in the hypothesis, this behaviour supports with the results taken from Engell-Nørregård et al., where the basis of this prediction was founded.
The mean squared error reduces as the distance field resolution increases. Lower value resolutions can exhibit strange behaviour in this regard, but a lower resolution field can yield misleading results with larger swing angles, as exhibited in Figure 16.
The experiments generated various unexpected values however; an attempt at optimisation increases the computation time for both field generation and for point correction, and this warrants additional investigation as part of future work.

[bookmark: _Toc481055772]Evaluation
As discussed in the previous chapter’s conclusion, the generated results from the distance field experiment resulted in expected and unexpected data. The overall aim of the project was met and the resulting data obtained from the spectrum of experiments suggests new areas of investigation that should be conducted in order to explain the anomalies that arose during the experiments. Given the opportunity to revisit this project in the future, various improvements can be made in order to generate further results. Optimisation methods exist for distance field generation, where drawbacks take form in loss of accuracy for increased speed. An opportunity to develop and include these approaches in future work, would permit more quantitative data for use in comparison to the brute force method utilised in this project.
The objectives of the project were all met. A distance field apparatus was constructed, whilst conforming to the software engineering principles of the agile unified process. The apparatus is capable of not only generating a distance field, using provided SNNS point cloud data, but it’s capable of correcting invalid points to the closest point boundary, whilst reporting the metrics associated in undertaking both tasks, and visualising the distance field and point clouds.



[bookmark: _Toc481055773]Recommendations
[bookmark: _Toc481055774]Recommendations for Further Research
[bookmark: _Toc481055775]Hit Sphere Optimisation
Hit spheres are a common optimisation technique in the video game industry; namely for collision detection. Objects are surrounded by a sphere in a 3D environment, or a circle in a 2D environment, and the overall approach results in faster computation, as there are less avenues to test against.
In this project, the hit sphere optimisation resulted in an increase in computation time—an unexpected outcome of the experiment phase. Further research in to why this occurs is recommended.
[bookmark: _Toc481055776]Distance Field Generation Optimisation
Generation of distance fields can be undertaken with various approaches. This project focuses on generating the distance field with a brute force approach—a method that offers the best level of accuracy, but at a cost of massively increased computational time. Further research is recommended, in order to determine the loss of accuracy and gain in computation speed, when these optimisation techniques are utilised for the same experiments conducted in this project.
[bookmark: _Toc481055777]Multi-threaded Distance Field Generation
Exploring a multi-threaded approach to generation of the distance field could result in significantly faster generation times when a brute force approach it utilised to generate the distance field. 



[bookmark: _Toc481055778]Reflection
Picking up an idea developed by someone else and fully understanding it is a difficult task to accomplish. Often in the computer software industry, picking up someone else’s work and being able to understand it is the first step taken in new employment. It’s a fundamental part of being able to work as part of a development team, and being able to pick up where someone else left off, or being able to replicate or work with someone else’s work, is expected.
Initial steps of this project required a broad spectrum of reading in to a field that’s relevant to computer gaming, but the concept of joint constraining and the methods utilised in order to develop an accurate, high performance approach was daunting. Significant background reading was required in order to understand small little parts to the distance field approach, and it felt like development would never begin. From this experience, I learned a valuable lesson with thanks to the agile UP development methodology; to start small. Development of an initial distance field prototype allowed me to gain large insight and understanding of the distance field method and how it worked, and after breaking the approach up in to numerous iterations, the task at hand seemed all that less daunting.
Having developed the distance field method and conducted significant background reading in to distance field functionality, I’ve furthered my software development skills and gained an understanding on the importance of testing—even at the smallest levels. Not understanding something fully can lead to crippling stalls if software testing is not conducted regularly and thoroughly, and this is something that I was fortunate to avoid—having utilised the Google Test framework for unit testing, from the very first lines of code.
From an experiment standpoint, I understand the importance of repetition. The results gained from this project portray numerous anomalies, especially with measured time. Experiment repetition helps identify anomalies that may be the result of contamination (an unfortunate load increase on the CPU attributed to a variety of factors), or may be discoveries that warrant genuine investigation.
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[bookmark: _Toc481055780]Appendices
· Results
· Test Data
· UML Diagrams
[bookmark: _Toc481055781]Results
The following appendix entry contains the full set of results from the experiments run in this project. They are given in the following order:
1. 500NoTargetSphere
2. 500TargetSphere
3. 1000NoTargetSphere
4. 1000TargetSphere
5. 3000NoTargetSphere
6. 3000TargetSphere
7. 5000NoTargetSphere
8. 5000TargetSphere
9. 500NoTargetSwing10
10. 500NoTargetSwing20
11. 500NoTargetSwing30
12. 500NoTargetSwing40
13. 500NoTargetSwing50
14. 500NoTargetSwing60
15. 500NoTargetSwing70
16. 500NoTargetSwing80
17. 500NoTargetSwing90
18. 500NoTargetSwing100
19. 500NoTargetSwing110
20. 500NoTargetSwing120
21. 500NoTargetSwing130
22. 500NoTargetSwing140
23. 500NoTargetSwing150
24. 500NoTargetSwing160
25. 500NoTargetSwing170


[bookmark: _Toc481055782]Test Data
The following appendix entry contains the test data utilised in conducting the experiments of this project.


UML Diagrams
The following appendix entry contains UML diagrams, and use case documents utilised in the development of the project’s apparatus.
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250 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	34	278	954	2315	4428	7620	12596	18568	25710	36658	48419	63863	82536	99524	121273	149402	177889	210843	258194	296625	334081	390918	437127	492066	561550	628809	758317	788859	915861	989084	1094763	1218707	1304203	1432951	1576522	1703352	1849792	2052158	2263564	2410980	2536326	2681986	2946575	3136808	3330149	3545379	3735306	4013994	4295383	4562095	4909596	5158681	5416511	5678218	6045093	6361818	6760035	7147720	7569676	7858078	8206627	8669065	9005630	9571199	9947809	10307034	10876193	11468305	12170517	12433236	12930805	13707241	14153056	14730370	15417901	15822460	16718233	17121601	17910020	18614487	19390195	20234733	20633501	21424152	22139031	23026799	24031458	25370776	25581851	26535771	26999925	28018392	28945402	29996123	30986549	32278870	33336321	34128038	35320928	36411998	37681723	38368703	40152511	40657147	41790883	43838787	44212803	45461013	46802320	48559208	49270228	51174482	52839740	53853954	55258751	56283860	58193619	59216470	61359409	62984704	64740934	65195490	67081085	68919856	70773070	72487749	74163116	75918969	250 Points(Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	48	348	1164	2787	5216	9379	14438	21277	30973	42181	56609	73518	93653	115683	142600	172292	209351	244088	292307	339839	392277	448306	520927	585207	661007	743601	833623	926023	1051865	1166798	1288862	1432321	1570883	1706261	1853366	2015659	2191679	2400801	2626034	2838911	3022202	3194929	3459295	3694701	3956144	4178606	4458664	4765850	5082057	5442858	5762967	6093487	6377550	6792571	7229035	7787049	8001573	8414763	8843931	9349660	9728389	10228815	10655464	11221226	11917186	12332898	13009415	13726807	14311952	14842240	15378822	16011491	16630723	17366051	17978873	18911629	19512359	20812918	21318790	22150213	22901787	23777350	24998884	25835218	26647005	27213220	28135536	29083979	30248207	31175394	32261723	33579408	34782166	35930210	37273971	38589231	39582209	41242481	41810674	43616485	44529095	45429854	47368159	48529230	50017348	51660513	52718793	54196335	55811459	57971851	60111498	60635904	62378006	64182531	65652743	67141222	69615722	70265721	72736938	73782795	76774347	77303538	78766699	81715263	82714240	85196963	87367579	89302517	500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	66	521	1866	4561	8478	15008	23700	36007	50643	72757	94653	123651	156162	204699	238935	290665	348181	418098	501894	572309	667281	756886	867246	987307	1109387	1256082	1409323	1578960	1748206	1947921	2208399	2384156	2614726	2829042	3090526	3367601	3663643	3984253	4336455	4656490	5006424	5363624	5816211	6185230	6606632	7042270	7604897	8130471	8689778	9128671	9710751	10368107	10974103	11559415	12148064	12872388	13560627	14222827	15120496	15922228	16641183	17540777	18680864	19294959	20107128	21173206	22239629	23108774	24713049	25554723	26478019	27601582	28957588	29910402	31070392	32741674	33787620	35178599	36767576	37888525	39269666	40713964	42181704	43702574	45467855	46920921	48835721	50781612	52077299	54100674	55929108	58015992	60002306	61777993	63866561	65948295	68329053	70774416	73317988	75795454	76974885	79642512	82243008	85268208	86994659	89849289	93537616	95423413	97116631	100392239	103315756	106332294	110122427	111957725	115543747	117763888	121142982	125439879	126834468	130025728	134259527	137031494	140265040	143078305	148304776	150545904	153783929	158220539	500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	94	950	2303	5509	10615	17926	29224	44035	62124	84296	112460	143266	184874	230985	284205	344580	416154	484944	577648	678842	776807	893121	1034078	1173023	1329089	1489775	1672606	1882175	2092362	2304093	2523303	2804528	3085306	3354005	3682113	3998063	4376505	4741339	5153232	5567114	5903435	6318641	6860079	7341990	7812935	8388602	8918653	9511115	10216908	10828628	11435184	12116001	12891636	13680043	14436991	15368414	16089804	16963839	17908022	18899171	19719507	20802779	21829396	22849484	23745347	25058101	26300456	27391148	28974467	29948101	31288831	32564676	34464977	35678526	36985428	38472685	40246118	41792825	43386188	44693649	46422289	48418966	50035854	51774927	53717805	55731911	57908354	59683733	62208634	64037810	66213098	69253372	71796281	74048283	76112753	79185017	80923199	83837689	86550091	89140962	91192714	94024127	97122536	100251267	103152594	105929334	109373228	113144655	114747433	118422559	121744133	126460738	129272333	131930427	134365774	138686335	144079764	146487541	149122543	153762705	157701149	159723372	164310678	166931789	173468973	176194837	179399199	185885141	1500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	181	1575	5831	13331	25776	45016	71777	106846	158592	212652	285736	361764	488165	631400	751795	1008567	1089141	1271644	1488934	1828134	2024408	2323816	2691427	2985156	3389211	3920936	4338238	4788832	5259872	6022250	6655252	7267339	7930702	8575078	9399142	10380113	11380478	12407977	13675981	14531723	15423176	16785599	17782089	19481036	20976259	22379463	23724084	25286287	27046209	28697123	30756798	32327820	34218360	36148660	38826277	40948242	43882743	45532108	47099538	51319784	53883448	57250872	59594826	60937239	63346999	66704473	69563695	73455605	80181277	82119433	85662600	86586813	90781475	95178270	97504250	103970111	108427438	111249870	117930252	123157082	126727602	131824236	134047268	140262821	146656543	154272217	160249023	165100869	170501340	174667457	177477179	186272477	193816276	199678497	205062569	213362853	218865656	223766626	232008844	245974507	255215521	260174996	268302657	285268534	289599623	291145771	302605388	310068673	327784515	331193991	342440023	353621592	362121287	365552400	370736046	384781865	416068030	416406180	426435080	442155178	442822075	452520304	485587268	497176997	489913934	507834791	505540844	518014749	1500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	264	2101	7402	16163	31155	56042	85496	132092	183766	254780	347045	441788	590952	724460	885066	1087553	1250982	1484473	1733602	2052449	2352589	2886791	3498656	3535374	4041811	4599838	5322259	5711504	6291854	6962608	7743681	8485112	9311878	10131205	11064855	12121149	13236232	14394040	15950236	17238438	18474885	19642692	21109490	22601439	24573214	25981058	27993543	30008454	32222945	33790398	35601662	38265917	39988635	43078779	45636402	47868578	49900188	52308988	55432732	59310729	62289481	65857111	70320114	72903824	76759085	80550640	83237572	85780313	89618993	92816043	98660718	101617553	105377521	111108827	114618282	120905345	126271621	131712897	142057084	145566644	152815631	151913288	156658908	164477834	169299288	179632019	190935377	197122495	199238914	204504630	209141578	215919904	223569246	230239019	240943449	250569655	256839182	266774984	272539702	289371908	297923692	310231600	332982139	333890719	337249297	343863391	348321273	351677254	372270920	390389845	399658727	412972603	416490945	433206166	439873482	447188263	466944503	477003321	491112536	511779520	522020817	529788887	533528751	535452565	566819289	580639788	589515307	604017590	2500 Points	288	2605	9142	21752	43369	73209	113536	172851	241048	352734	466988	613656	769529	994662	1205377	1483979	1810516	2169322	2528491	2970320	3384551	3804343	4463522	4975105	5650657	6294089	7345223	7921046	8850360	9808468	10779637	11936348	13251743	14417572	15711626	17331013	18761230	20363214	22795155	24060902	26012049	27923958	30147179	32555793	35025693	37305353	39287832	42110759	44585567	48069825	51175678	54216359	58312089	60322542	64452385	67190370	71294922	75020911	79259003	84235194	89176222	93586184	96497553	101367024	107355028	111894299	121984742	124228691	131294090	136548347	140879769	146863503	152194612	160897948	167829432	176068175	180527115	187539357	198052863	208612882	213727458	223117128	231882492	238799369	250577243	262727238	273331407	281611135	289658270	300913257	308871048	319122613	330484520	339016535	354402483	364208116	372453856	390157566	398066287	416547211	441732591	457197833	466264942	479198433	492370407	514224451	530319022	552140368	571930048	577459632	598855456	609840131	616938948	629867978	645722352	666570463	675646258	703316154	715204915	733439601	742315784	764889723	779905500	810393753	824428589	2500 Points (Sphere)	436	3424	11293	27823	51582	89493	140367	212794	308143	433829	550513	727557	966651	1211589	1478495	1819624	2193256	2524668	3002500	3384147	4016149	4558428	5165398	5882924	6778058	7558235	8347826	9436795	10459478	11657758	12654977	14019484	15340914	16856789	18542934	20308797	22022863	23960496	26594218	28252068	30630856	33468436	35701466	37840858	40686182	43086478	46356455	50792451	53255821	56076393	59673142	63545938	66867394	70139828	75143777	78623123	84746459	90393365	93376390	97180270	102610916	111219346	117530202	121396420	124936917	130358997	140070484	146035932	152713806	159144107	165498229	171015639	179799266	187160088	195283387	203132095	212590867	223057287	233190062	242374505	247165617	265690515	276862773	287991573	290150416	303329012	312593572	329546331	340625820	351841764	359781023	371167573	385004471	395591401	412327979	420708688	438387813	455733009	469938054	485181773	503811099	516504366	540044003	561173102	577308009	597450862	600112313	611569581	627163483	658524040	676383030	694280664	694200990	718831923	736719172	749424196	771849895	780659293	820699602	Field Resolution


Time to Generate Field (Microseconds)




Time Taken to Generate a Distance Field (Point Count Variation)
Resolutions: 2 - 32

250 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	34	278	954	2315	4428	7620	12596	18568	25710	36658	48419	63863	82536	99524	121273	149402	250 Points(Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	48	348	1164	2787	5216	9379	14438	21277	30973	42181	56609	73518	93653	115683	142600	172292	500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	66	521	1866	4561	8478	15008	23700	36007	50643	72757	94653	123651	156162	204699	238935	290665	500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	94	950	2303	5509	10615	17926	29224	44035	62124	84296	112460	143266	184874	230985	284205	344580	1500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	181	1575	5831	13331	25776	45016	71777	106846	158592	212652	285736	361764	488165	631400	751795	1008567	1500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	264	2101	7402	16163	31155	56042	85496	132092	183766	254780	347045	441788	590952	724460	885066	1087553	2500 Points	288	2605	9142	21752	43369	73209	113536	172851	241048	352734	466988	613656	769529	994662	1205377	1483979	2500 Points (Sphere)	436	3424	11293	27823	51582	89493	140367	212794	308143	433829	550513	727557	966651	1211589	1478495	1819624	Field Resolution


Time to Generate Field (Microseconds)




Time Taken to Correct an Incorrect Point (Point Count Variation)
Resolutions: 2 - 256

250 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	12	51	140	299	523	872	1409	2000	2760	4414	5633	7604	9281	11645	13821	16697	19884	23687	28927	33274	36945	43182	48149	53746	61549	67730	78353	88843	98890	109711	118184	130222	152558	155306	169731	190951	209129	224630	244791	261749	280685	294478	318376	338541	367077	396790	418593	439587	468660	495671	529546	563570	601582	629995	669034	698735	731740	793590	810928	854095	895955	958247	1007687	1052940	1099193	1153727	1185790	1245123	1288829	1345407	1416157	1467318	1525728	1619282	1674631	1746013	1839402	1892263	1949537	2021854	2083033	2175253	2235290	2318161	2396816	2481997	2589326	2683033	2807771	2923262	3022100	3084693	3196479	3319364	3379302	3450639	3592837	3740280	3817594	3934052	4026932	4117116	4308842	4413811	4742866	4835232	4894396	5046283	5116790	5249244	5377924	5462431	5605252	5776187	5904834	6059147	6401245	6452456	6529576	6723139	6956295	7152622	7327528	7521388	7710841	7864200	8049496	8161891	250 Points(Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	19	93	244	517	962	1630	2590	3924	5479	7417	10025	12661	16378	20056	24896	29942	36226	42595	49923	57779	67673	77737	88325	100459	115825	128115	142933	161873	180147	207105	228229	255595	266242	292876	318475	350508	377864	429265	453607	479645	515721	559534	594688	631359	679434	731413	778206	829209	886895	927041	989826	1050161	1112020	1185075	1256520	1341931	1380693	1454093	1526297	1608102	1692203	1786001	1896564	1987304	2065311	2141296	2234960	2337129	2496817	2553523	2683256	2778747	2917552	3028507	3170546	3300222	3469255	3599628	3696674	3813569	3949507	4128853	4421043	4450963	4580905	4743355	4909016	5061393	5373792	5517558	5694467	5886552	6107757	6373577	6451638	6571298	6764971	7002661	7191892	7406018	7661444	7995888	8233361	8461392	8699123	8999358	9236710	9463727	9905247	9942371	10203164	10542230	10770973	11001860	11301071	11696643	11950683	12295341	12640960	13040552	13169505	13462065	14039118	14115108	14454591	14889061	15173101	15455344	500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	25	93	346	582	1037	1711	2626	3916	5417	9094	11593	14371	18632	23147	27041	33736	39324	46639	55329	62887	72397	84646	95217	107196	120613	141915	156764	168849	188552	212129	240275	267100	288569	314549	343536	378658	407534	439699	477929	515773	554802	607876	638672	683216	732073	781394	838431	884892	936055	993645	1064892	1116793	1193028	1232053	1301300	1372495	1444081	1521992	1607103	1681364	1768677	1856271	1948904	2040253	2186063	2277923	2363287	2478484	2598185	2709746	2833297	2949044	3050648	3167623	3265659	3401697	3543149	3671870	3812531	3958061	4099344	4263932	4415768	4650250	4806898	4984298	5146786	5328699	5517182	5711010	5884110	6078965	6220567	6399136	6604955	6812946	7197131	7345786	7610445	7777972	8025962	8249941	8555943	8930587	9160460	9416232	9687539	9970082	10271110	10529730	10814997	10987437	11192209	11525549	11676744	12039747	12314419	12652772	12938796	13253326	13571122	13904455	14383926	14817560	15178136	15539184	15906975	16558650	500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	42	186	500	1092	1985	3293	5181	8133	10685	14652	19507	25148	31815	39819	49048	59827	72234	85794	99919	116136	138316	156074	176237	201195	226671	259927	299471	328835	362808	401279	436918	483558	526895	578613	630959	686982	744639	810171	874893	952685	1010937	1095001	1169644	1261265	1350231	1445056	1575628	1653021	1761622	1889101	1991824	2094409	2220389	2334858	2457875	2611805	2737528	2880338	3016364	3189600	3350301	3512726	3682184	3859725	4067388	4269440	4442380	4679389	4885854	5120531	5341492	5593166	5772134	5965698	6193915	6481211	6742901	6964814	7313379	7589921	7866405	8131849	8435402	8734774	9046663	9448467	9828476	10159027	10571007	10835478	11198452	11587784	11948143	12831073	12761258	13113140	13491655	13936187	14429680	14859571	15339488	15859423	16286661	16904616	17455212	17971117	18460152	18905388	19221335	19780223	20333296	20626688	21299595	21850491	22580950	23026323	23585722	24092703	24833103	25433396	26289300	26571723	27341556	28062144	28565042	29245112	29964752	30759787	1500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	73	275	836	1729	3195	5158	8188	11667	16503	25952	33505	43337	55228	67967	90444	100349	118736	138996	165063	200156	220476	251974	288397	330806	370261	426676	460814	528883	600283	640645	724253	767594	868642	991218	1050569	1111622	1205196	1299469	1411090	1539325	1689365	1832298	1907749	2026726	2145244	2306321	2459057	2702446	3004810	3169063	3291136	3457860	3609458	3867348	3913195	4159894	4566168	5048540	5181103	5113780	5301929	5578655	5810873	6085346	6571299	7288548	7413789	7314318	7620304	8068555	8627922	8903687	9252569	10298476	10568628	10357003	11084736	11393475	11641065	12125495	12395763	13202383	14433111	14284614	14275216	14648216	15309499	15868054	16603145	18058104	19070473	18217057	18937371	19260617	20962142	21146793	21541341	23467201	23646451	23077320	24120536	24572232	25386345	25796456	26541115	27886390	30877846	29430446	30011940	30748876	31308415	32290178	33633982	38545537	44565639	36220687	36966563	38081460	39350297	41062351	41720897	50851109	46698015	44230450	44758632	46239213	47925358	48657874	1500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	119	531	1485	3156	5789	9890	15517	24264	32256	44208	59717	77991	103957	160326	149324	182668	215942	255398	306946	354131	400748	542902	557401	635852	697254	772974	889437	996531	1080920	1204547	1312411	1435823	1612360	1788388	1935943	2065947	2240132	2410015	2609595	2843642	3049680	3308785	3555171	3855321	4132935	4313332	4614969	4970537	5265053	5631556	5922694	6221494	6618051	7151153	7621922	8317026	8656963	8716521	9266205	9634797	10039724	10467224	11128109	11537489	12136738	12841116	13461799	14235675	14792049	15195728	15973694	16441385	17435785	18411131	18983808	19626495	20203102	21087064	22208896	22831335	24031098	24921739	25380054	26327261	27362862	28238335	29234140	30451288	31207426	32480831	33444030	35395445	37158924	38011469	38600656	39428335	40724585	41887260	43426733	44463684	45288368	46848562	48446438	49742728	51709728	54189323	55195967	56321518	57795627	58886404	60216110	62494591	63496508	65436373	68039651	74151809	74415774	73931402	75208134	76438117	79211303	79445041	82159899	83647511	85069015	88466824	90329571	91933030	2500 Points	118	444	1336	2886	5212	8474	13040	19466	27178	44124	58128	74059	91911	117642	140735	175026	204458	238889	302436	334575	385616	434986	525471	563011	628770	729981	800165	898537	991704	1078190	1186217	1348685	1489666	1625363	1764797	1920413	2016843	2256163	2452420	2565916	2795338	2991327	3280912	3472692	3929542	4098007	4197701	4407432	4763291	5033656	5347019	6382699	7594974	6507285	6956732	7186185	7435245	7802579	8694264	8774628	9174789	9547076	9875043	10358179	11093520	11786345	13081038	12705851	13066685	13731158	14150313	15032329	15943618	17775641	17283454	17713457	18691954	19533759	19889027	20921343	21559619	22111683	22750845	23227118	24295800	24990467	28233812	29269120	28124715	29065124	29609652	30586281	31999238	34289075	36891062	36693770	36117537	37367019	38548575	40812842	43577511	52698901	43027275	44051497	45091152	47120419	48419160	51471166	55397953	53116417	54508073	55241429	55741926	57160761	58775299	60231827	61839083	64245885	65642794	66909344	68568595	70350664	72045535	74639795	75353793	2500 Points (Sphere)	203	869	2480	5820	9924	16314	25805	38302	54984	76714	100121	162912	168380	204165	260265	324431	397269	434626	510755	605433	703994	800799	927872	1150644	1177663	1350044	1496180	1645578	1929745	2131458	2270089	2486947	2733008	2948063	3416420	3573484	3901594	4213232	4501166	4908421	5189199	5543422	5977373	6425615	6937780	7410441	7900093	8359764	8845378	9380929	10162932	10630443	11342727	12248430	12685415	13826534	14231878	14716404	15533750	16500470	17487252	18090736	19033589	19687106	20593178	21957765	22783155	23907733	24669441	26038980	26955773	28073660	29808192	30664126	32552108	34198733	35114928	35631943	37451759	38946865	40943511	41409316	43197844	44796327	46184512	48987774	49542119	51666354	53475175	54806413	57078171	59083996	60230705	62839532	66340622	69518974	73112783	70434470	73192855	75771430	77359607	85748487	86561707	84425521	86781229	91002188	93179573	93959276	97045106	99283415	102030739	104616175	106593025	109585777	112385646	115223517	117864833	122357584	124264281	Field Resolution


Time to Generate Field (Microseconds)




Time Taken to Correct an Incorrect Point (Point Count Variation)
Resolutions: 2 - 32

250 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	12	51	140	299	523	872	1409	2000	2760	4414	5633	7604	9281	11645	13821	16697	250 Points(Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	19	93	244	517	962	1630	2590	3924	5479	7417	10025	12661	16378	20056	24896	29942	500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	25	93	346	582	1037	1711	2626	3916	5417	9094	11593	14371	18632	23147	27041	33736	500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	42	186	500	1092	1985	3293	5181	8133	10685	14652	19507	25148	31815	39819	49048	59827	1500 Points	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	73	275	836	1729	3195	5158	8188	11667	16503	25952	33505	43337	55228	67967	90444	100349	1500 Points (Sphere)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	119	531	1485	3156	5789	9890	15517	24264	32256	44208	59717	77991	103957	160326	149324	182668	2500 Points	118	444	1336	2886	5212	8474	13040	19466	27178	44124	58128	74059	91911	117642	140735	175026	2500 Points (Sphere)	203	869	2480	5820	9924	16314	25805	38302	54984	76714	100121	162912	168380	204165	260265	324431	Field Resolution


Time to Generate Field (Microseconds)




Mean Squared Error to Closest Correct Point (250 Points)
Resolutions: 2 - 32

250 Points (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.47339300000000001	0.31630900000000001	0.13931399999999999	7.4526800000000004E-2	0.12990699999999999	6.6829200000000005E-2	4.0322799999999999E-2	2.42659E-2	2.5187500000000002E-2	2.1561899999999998E-2	1.19738E-2	1.0916E-2	1.4053400000000001E-2	1.26926E-2	6.5269600000000001E-3	4.9447900000000001E-3	250 Points (SOM)	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	3.9443499999999999E-2	Field Resolution


Mean Squared Error





Mean Squared Error to Closest Correct Point (500 Points)
Resolutions: 2 - 32

500 Points (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.44526500000000002	0.348555	0.10568	3.9244300000000003E-2	9.9873199999999995E-2	7.2596800000000003E-2	2.87128E-2	1.96478E-2	2.63048E-2	1.9603700000000002E-2	1.43464E-2	1.25202E-2	1.22971E-2	7.5677499999999998E-3	7.49513E-3	5.0480300000000002E-3	500 Points (SOM)	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	9.0188300000000002E-3	Field Resolution


Mean Squared Error





Mean Squared Error to Closest Correct Point (1500 Points)
Resolutions: 2 - 32

1500 Points (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.40119700000000003	0.31190699999999999	0.11347599999999999	9.5527799999999996E-2	0.104778	5.3398099999999997E-2	3.22676E-2	2.1525599999999999E-2	2.4656600000000001E-2	1.22165E-2	1.1805700000000001E-2	1.15119E-2	1.0199099999999999E-2	8.0723199999999991E-3	7.5100999999999996E-3	6.4178300000000002E-3	1500 Points (SOM)	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	3.9222099999999998E-3	Field Resolution


Mean Squared Error





Mean Squared Error to Closest Correct Point (2500 Points)
Resolutions: 2 - 32

2500 Points (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.37521300000000002	0.33546700000000002	0.134326	8.1086500000000006E-2	0.10147399999999999	6.04091E-2	2.8704500000000001E-2	2.0518499999999999E-2	2.2583200000000001E-2	1.33644E-2	1.0242599999999999E-2	1.1711900000000001E-2	1.15E-2	6.6178799999999996E-3	7.9120000000000006E-3	5.7608599999999996E-3	2500 Points (SOM)	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	2.8501199999999998E-3	Field Resolution


Mean Squared Error





Mean Squared Error (10, 80, 170 Swing Variation)
Resolutions: 2 - 32

10 Swing (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.9362900000000001	0.93832800000000005	0.39829100000000001	0.18948400000000001	9.8077300000000006E-2	5.6764000000000002E-2	6.5458600000000006E-2	3.8951899999999998E-2	2.3725900000000001E-2	1.46868E-2	8.6483600000000008E-3	5.2152099999999996E-3	3.1117200000000001E-3	9.5218799999999999E-3	6.1332100000000001E-3	3.9272700000000001E-3	10 Swing (SOM)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	1.1613E-4	80 Swing (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.91029000000000004	0.24468999999999999	7.5812699999999997E-2	1.3443E-2	6.1568299999999999E-2	5.0340000000000003E-2	3.0041100000000001E-2	1.6700099999999999E-2	2.0804E-2	1.54421E-2	1.20372E-2	6.7233800000000002E-3	4.6207699999999997E-3	7.8494800000000007E-3	8.3158699999999995E-3	7.2035700000000003E-3	80 Swing (SOM)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	8.4286699999999992E-3	170 Swing (SDF)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.204453	0.204453	0.18304599999999999	0.124921	8.1344600000000003E-2	9.0025300000000003E-2	3.8974500000000002E-2	4.4331599999999999E-2	2.2321899999999999E-2	1.9206000000000001E-2	1.7163299999999999E-2	1.53013E-2	1.0215999999999999E-2	1.0568599999999999E-2	7.4501699999999999E-3	8.6563100000000004E-3	170 Swing (SOM)	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	0.173482	Field Resolution


Mean Squared Error




Mean Squared Error (Swing Variation)
Resolutions: 2 - 32

10 Swing	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.9362900000000001	0.93832800000000005	0.39829100000000001	0.18948400000000001	9.8077300000000006E-2	5.6764000000000002E-2	6.5458600000000006E-2	3.8951899999999998E-2	2.3725900000000001E-2	1.46868E-2	8.6483600000000008E-3	5.2152099999999996E-3	3.1117200000000001E-3	9.5218799999999999E-3	6.1332100000000001E-3	3.9272700000000001E-3	20 Swing	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.7336800000000001	0.71174400000000004	0.27228799999999997	0.19590399999999999	9.1674199999999997E-2	4.0438599999999998E-2	1.6147000000000002E-2	2.6059300000000001E-2	1.19705E-2	4.56523E-3	1.20733E-2	5.4990400000000002E-3	2.1446999999999998E-3	8.5855399999999998E-4	5.1740700000000002E-3	2.7682000000000002E-3	30 Swing	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.4052100000000001	0.54463600000000001	0.32571499999999998	0.10652499999999999	3.4348400000000001E-2	4.6116400000000002E-2	1.546E-2	8.3798399999999995E-3	7.67287E-3	1.6175300000000001E-3	9.9121000000000001E-3	4.98891E-3	1.3628899999999999E-2	5.8312700000000004E-3	8.4421900000000005E-3	7.8168999999999999E-3	40 Swing	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.32192	0.65221499999999999	0.19894800000000001	0.126196	3.5116700000000001E-2	3.6565E-2	1.0178899999999999E-2	1.39363E-2	8.5181600000000003E-3	1.1898300000000001E-2	1.2616E-2	9.0303499999999995E-3	8.4511800000000008E-3	3.9255899999999996E-3	3.5611100000000001E-3	5.4863899999999998E-3	50 Swing	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.23356	0.50564399999999998	0.210428	4.8654599999999999E-2	2.8595300000000001E-2	1.68348E-2	8.2528900000000006E-3	2.4740000000000002E-2	1.5417500000000001E-2	8.7310600000000006E-3	8.7520199999999992E-3	1.01545E-2	4.8094799999999997E-3	7.2890300000000002E-3	5.3971599999999998E-3	7.5684400000000001E-3	60 Swing	2	4	6	8	10	12	14	16	18	20	22	24	26	28	30	32	34	36	38	40	42	44	46	48	50	52	54	56	58	60	62	64	66	68	70	72	74	76	78	80	82	84	86	88	90	92	94	96	98	100	102	104	106	108	110	112	114	116	118	120	122	124	126	128	130	132	134	136	138	140	142	144	146	148	150	152	154	156	158	160	162	164	166	168	170	172	174	176	178	180	182	184	186	188	190	192	194	196	198	200	202	204	206	208	210	212	214	216	218	220	222	224	226	228	230	232	234	236	238	240	242	244	246	248	250	252	254	256	1.07647	0.44258700000000001	0.21981100000000001	6.0554999999999998E-2	1.14611E-2	2.3767400000000001E-2	3.5195799999999999E-2	3.7929600000000001E-2	1.1680599999999999E-2	1.10984E-2	7.5691100000000004E-3	1.47239E-2	1.3135900000000001E-2	1.02293E-2	6.8992300000000001E-3	5.6124199999999999E-3	70 Swing	0.94644700000000004	0.35835299999999998	0.13722999999999999	5.4161099999999997E-2	3.0222700000000002E-2	5.1637599999999999E-2	5.8573100000000003E-2	2.2541700000000001E-2	1.6309299999999999E-2	1.52122E-2	1.3454799999999999E-2	1.30694E-2	1.0500300000000001E-2	1.2459599999999999E-2	5.1931099999999999E-3	6.2593500000000003E-3	80 Swing	0.91029000000000004	0.24468999999999999	7.5812699999999997E-2	1.3443E-2	6.1568299999999999E-2	5.0340000000000003E-2	3.0041100000000001E-2	1.6700099999999999E-2	2.0804E-2	1.54421E-2	1.20372E-2	6.7233800000000002E-3	4.6207699999999997E-3	7.8494800000000007E-3	8.3158699999999995E-3	7.2035700000000003E-3	90 Swing	0.44526500000000002	0.348555	0.10568	3.9244300000000003E-2	9.9873199999999995E-2	7.2596800000000003E-2	2.87128E-2	1.96478E-2	2.63048E-2	1.9603700000000002E-2	1.43464E-2	1.25202E-2	1.22971E-2	7.5677499999999998E-3	7.49513E-3	5.0480300000000002E-3	100 Swing	0.312558	0.26983099999999999	7.8799800000000003E-2	0.10319300000000001	0.10141600000000001	3.3755899999999998E-2	3.0626799999999999E-2	3.6518799999999997E-2	2.6776500000000002E-2	1.0912699999999999E-2	1.2642499999999999E-2	1.27464E-2	9.9361499999999995E-3	9.2602899999999991E-3	7.0234900000000003E-3	6.8106399999999997E-3	110 Swing	0.23656099999999999	0.17496300000000001	3.4982100000000002E-2	0.12293	7.0427400000000001E-2	3.2404799999999997E-2	3.6122300000000003E-2	3.5762299999999997E-2	1.96822E-2	9.3883600000000001E-3	1.7195700000000001E-2	1.6665599999999999E-2	9.7142200000000008E-3	1.11579E-2	7.5848199999999999E-3	5.2661899999999996E-3	120 Swing	0.17644799999999999	0.133464	0.100701	9.3181E-2	4.6880699999999997E-2	3.56642E-2	4.8553499999999999E-2	2.8133399999999999E-2	1.7643599999999999E-2	2.2283399999999998E-2	1.6603099999999999E-2	1.21931E-2	9.6684000000000006E-3	6.4118700000000001E-3	9.3803299999999992E-3	8.2690300000000001E-3	130 Swing	0.14060800000000001	0.12388399999999999	0.135738	0.104058	4.1519199999999999E-2	4.68224E-2	4.6453599999999998E-2	2.66967E-2	1.7471799999999999E-2	1.9750199999999999E-2	1.46689E-2	1.4474600000000001E-2	8.5806400000000005E-3	7.7670999999999999E-3	9.1033399999999997E-3	6.7952000000000004E-3	140 swing	0.153638	0.12048	0.12072099999999999	9.0519100000000005E-2	4.6741699999999997E-2	5.8712199999999999E-2	3.3719100000000002E-2	2.2730799999999999E-2	2.4528600000000001E-2	1.6347E-2	1.51232E-2	1.1102000000000001E-2	9.8106800000000004E-3	9.7646699999999996E-3	7.7101100000000001E-3	7.9050700000000002E-3	150 Swing	0.140762	0.140762	0.13941899999999999	9.8613999999999993E-2	5.2756900000000002E-2	7.4238100000000001E-2	3.58968E-2	3.0835499999999998E-2	3.0637600000000001E-2	1.4512300000000001E-2	1.73729E-2	1.3741700000000001E-2	9.6331000000000003E-3	1.15292E-2	6.1368999999999998E-3	7.2997399999999999E-3	160 Swing	0.18579599999999999	0.149425	0.137959	0.112869	7.3714100000000005E-2	7.4577099999999993E-2	3.4846299999999997E-2	4.9975100000000001E-2	2.7928499999999998E-2	1.7444100000000001E-2	1.7808999999999998E-2	1.27146E-2	1.38703E-2	9.0965200000000003E-3	8.4296600000000003E-3	9.3954799999999995E-3	170 Swing	0.204453	0.204453	0.18304599999999999	0.124921	8.1344600000000003E-2	9.0025300000000003E-2	3.8974500000000002E-2	4.4331599999999999E-2	2.2321899999999999E-2	1.9206000000000001E-2	1.7163299999999999E-2	1.53013E-2	1.0215999999999999E-2	1.0568599999999999E-2	7.4501699999999999E-3	8.6563100000000004E-3	Field Resolution
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