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1) Introduction

In this paper | will discuss my work towards coming up with away to visudize dendty in
simulationswhereit is notreadily appaent where the majority of thedensity islocated.
To hdp me work towardsthisgod, | used the RIT GRAPEcluger as my visudization
system, and wrote different visudizers for the system, which worked flawlesdly.

Thedifficulty in viewing densty isgenerally dueto the overabundance of paticles. This
makes it hard to determine, jus by looking at the picture and/or movie, which portions
are denser than others. In order to come up with a solution to the problem, | worked with
Jodah Allen, and borrowed from work from William McLaughlin.

Therest of this paper is broken up into four sections

2) Pre-Visudization Development: In which thework doneprior to starting onthe
development is described.

3) Visudization Algorithms: In which thework doneto develop theagorithms,
and adescription of thealgorithms used is described.

4) ResultsCondusons In which the effectiveness of thealgorithms used to hdp
visudize dengty is described.

5) Further Development: In which a course for further work in this areaislooked
a.

Sections3 and 4 are further broken upinto sub categories, once for each of the
visudization techniques | developed while working on this project. These techniques are:
1) Dengty as Contoured Sections
2) Densty as Contour Follow
3) Dengty as Slices

For each of my visudizations it was decided to take the daa, and project it down as
planer (2 dimendond) daa on each of thethree planes of a cube(xy plane yz plane and
xz plane) indead of inddethe cubewhere the stars actudly inhabited. This processis
described further in Section 2.

2) Pre-Visualization Development

In order to develop improved ways to view dendty in the GRAPEcluger environment,
Josah and | needed away to calculate the dengty at different pointsin thecube To do
this, we came up with the following algorithm:

1) Asktheuser tofor anumber of slices.
2) Setup a 3x3 udketOmatrix of theinputed number of dices.



3) lterate throughall of thestars
a  Addthestar to the 3x3 matrix in the udketOcorresponding to its
(x,y,2) postion
After the GucketOmatrix was setup, Josah then wrote a fundion to kerndize the daa
This is a process by which data (such as this density data) is GmoothedOby taking a
weighted average of adjacent cubes, and then adjusting the valuein each cell to reflect
thefact tha neighboing cells have an effect onthedendty of any particular cell.

Thenext thing | had to dowas setup afundion to convert the 3x3 matrix into three 2x2
matrices, oneeach for each of thethree planes. This was necessary because my
visudizationswere all going to be projected onto the three planes of the cube namely
the xy plane yz plane and xz plane In order to do this, | devised thefollowing
algorithm:
1) For each of the(x, y, z) coordinates, choos onecoordinate: c, to keep static.
a Create a 2x2 matrix with the same nunmber of dices as the 3x3 matrix.
b. Set al values of the2x2 matrix to 0.
c. Loopover theother two coardinaes: a, b.
i. Loopoverc.
1. Inthe2x2matrix in postiona, b addthevalue of the
3x3 matrix in postiona, b, c.
2) Kerndizethenew 2x2 matrcies.
With this kernleized daa, | was able to begin work onthe new visudizationsbased on
the projected daa.

3) Visualization Algorithms

In this section, al the algarithms describing the new visudization techniques will be
described.

3.1) Density asContoured Sections

Thefirst algorithm developed was Dengty as Contour Sections Contour drawing (or
level linedrawing) isbased ontheideathat lines can bedrawn to connect points of
common value (in this case dendty) to form curves representing specific values. In this
algorithm, the entire square area of dengty is broken upinto smaller squae cells as
described above Looping ove these cells, the maximum and minimum dendties are
found andthen, based onthe numbe of curves requested, the values of thedengties at
which each of thecurves are to bedrawn are calcul ated.

Looping over al of thecells agan, each oneis cut in hdf alongthe uppe-left to lower-
rightdiagond. In each of thetriangles, the predetermined curve values are loopel over,
and the algorithm attempts to find two points tha are onthecurve value by interpolating
between each of thethree points onthetriangle. If two points arefound,alineis drawn
between thetwo points usng thecolor value calculated based on the dengty value If
three points are found,however, nolinecan bedrawn because that is consdered a
degeneate case. Thenext triangle is then selected by theloop and the process repested.



Findly theresulting pictures are rotated, and moved to be put onto a cube
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Figure1l: Figurel: Thisisan exampleof a single cell after it has been cut from the larger whole. A
level linewill bedrawn if the valueto be plotted isbetween the three cornersof the current triangle.
Thetwo triangles have vertices. A, B, C for the QowerOtriangle, and A, C, D for the QupperO
triangle.

3.2) Density asContour Follow

Thistechniqueis similar to theoneapplied above The same techniquefor determining
the minimum and maximum dengties, as well as the values of thelevel curvesto be
drawn is applied. Once the minimum and maximum values, alongwith the contour values
are calculated, the algarithms start to differ.

In thisalgorithm, the cells are also looped over. If, however, oneof thecontour valuesis
between the three vertices, then the two points are foundthe same way as above The
next step, however isto determinea starting edgeand afinishing edgeare determined for
thecurve. If the contour goes througha vertex on the corner of thetriangle, then tha
vertex is chosen as oneof the edges as oppo®d to arbitrarily choosng oneof the edges
tha it lieson. The starting edge (or point) is deermined either by going from South b
West DNorth BEagt, or if there is an edgeon theborder, that is chosen asthe start edge
Thetriangleis then added to a collection of GeenGtriangles. The next triangle, as
oppo=d to beng determined by theloop,is determined by the end edgeof the previous
triangle. Thus if thetriangle endsontheEast edge thewest edgeof thetriangleto the
rightis chosen. Similarly, if theNorth edgeis the end edgethe South edgeof thetriangle
directly aboveit ischosn, if it isthe South edge the North edgeof thetriangle directly
bdow it ischosen, andfindly if it isthe West edge the East edgeof thetriangle to the
left of it is chosen. If, however, oneof the pointsisavertex of oneof thetriangles, then
thereisno easy way to determine where the next triangle is. Ingead of knowing where
the curve mug go, onemus loopthroughthetriangles aroundtha vertex, and
determining where the contour QjoesOby seeing which of those triangles containsthe
curve value, and the same point that ended theprevioustriangle is chosen to start the new
triangle, with the modfication tha ingead of thereference point bengthe previous
triangle, it isthenew triangle. Thedrawing of thecurve findly stopswhen eithe: a) a



triangle which has already been encouniered is seen agan, or b) if the contour attempts to
go off theedgeof the mapping area. Once theend of a closed curve isfoundby either of
thetwo situaions thealgorthm continues at thetriangle that would have come after the
first triangle if the loopwasn® preempted by the contour follow fundion.

Findly theresulting pictures are rotated, and moved to be put onto a cube

3.3) Density as Slices

Thistechniqueis vastly different than the other two techniquesin terms of what is seen
once thedrawing is completed. As oppo®d to drawing level curves, amountin range
like map is drawn with the heights each point representing the dengty at that point.

Oncethedaais broken up into the cells, and the minimum and maximum dengties are
calculated as before, a modification mus occur. To ensure tha the heghtOof any
Qnountin peakOdoes not exceed a predetermined value, and thereby making the picture
harder to discern, thedensties mug be nommalized so tha themax heghtisof a
predetermined value Once thisis done thetwo dimensond array isloopel over, and a
height valueis added to a vector corresponding to each of the points. Thisisthen made
into aplane This plane, with its peaks and valleys are then moved onto the cubeon the
corresponding face, and then displayed.

4) Resultsand Conclusions
4.1) Density asContoured Sections

As expected, this method did not peform well at al. Theagorithm skipped some cells,
and the contours did not follow correctly from cell to cell. Even with alarge number of
dices, thedrawingsproducd were nat crisp, and cells were till skipped, but the
algorithm did give some idea as to the undelying structure of the dengty. Thefollowing
pictures are an example of wha thealgorithm produced on sample inpu.
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igure2: An image produced by Density as Contoured Sectionsin theyz plane.
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Figure 3: An image produced by Density as Contoured Sectionsin the xz plane.



“StarCam3D: 0.000000 yd
)

0/0.10/2.00 yd

Figure4: Animage produced by Density as Contoured Sectionsin thexy plane.

As can be ascertained from the screenshots, the algorithm does not give theuser a great
idea of wha is going on, only avery vagueidea of where mog of thedengty is
conaentrated, butnothow it is concentrated in that area

4.2) Density asContour Follow

This method worked better than expected when the number of contours used was
relatively low. Themore contours there were, theless tha was visible because contours
would get so close togeher tha nothing was clear. Thefind agorithm computed a very
nice contour map tha showed a very representative picture of thedengty in the
simulation.
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Figure6: An image produced by Density as Contour ed Sectionsin the xz plane.
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Figure7: Animage produced by Density as Contoured Sectionsin the xy plane.

As can be seen in the screenshats, the algorithm shows the different level curves
correctly, and also the curves do not cross (as they shouldn@). Oneges arelatively good
idea asto where thedengties are located, and as to how the dengty is concentrated in
different areas. Note that the pictures are of the same cube taken at different angles. This
view can thusbe moved aroundto encompass even more than oneview pe shot,
allowing more information to be shown on the screen at any onetime period.

4.3) Density asSlices

This method also worked better than expected. The GnountingOmake viewing of the
dengties at each of the points on each of the planes easy and intuitive, making thisthe
best overall methodfor viewing thedendty. When too many dlices were used, the picture
became blurred, but when usng theright number of dices (see bdow) the picture came
outrelatively clearly.
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Figure9: Animage produced by Density as Contoured Sectionsin the xz plane.



StarCam3D4: 0.000000
-3.0/-3.0/-5.0

Figure 10: An image produced by Density as Contoured Sectionsin thexy plane.

As can be seen in the pictures, the mourtainsgive a very goodidea asto where the
dengty islocated in each of the planes. Theonly bugistha for some views, thelines
representing negligible densty are not shown. Thisis areprodudble bugwhich | cannot
eliminae from the pictures themselves. This bug,however allows theuser to cometo a
better conduson as to which parts of the cubeare of highest dendty, and which of the
lowest dengty because thereis no clutter of wherethelowest dendty actudly is.

5) Further Development

For further development | suggest refining method 3 (Dengty as Slices) to alow for
coloring of different heights. Thiswould allow for multiple cues to hdp the viewer
determinethe heights at varioustimes during a moving presentation.

Theother two methods(Dengty as Contoured Slices and Densty as Followed Contour) |
bdieve are not worth further development, unlessit is minortweaks to allow different
coloring schemesto beapplied. Thisis dueto thefact tha throughall thework | putinto
those two methods | fed little was accomplished by developing them compared to the
amountof time | spent trying to codethem, and that thetime could have been better spent
developing different methodsof visudizing daa.

In terms of other ways to visudize dengty, | bdieve tha many ways can be built and
expandad upon,and theways presented here are not the best ways to approach the
problem, but merely stepping stones that other visudization techniques can draw from
and use to create an even beter way of visudizing this absract concept.



