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| Abstract |

We introduce several functions from the misc3d package, ind-
ing functions to compute and render isosurfaces (three dimsonal
contour plots) and functions to draw scenes consisting of enor
more surfaces described by triangular mesh data structurefken-
dering can be done using rgl, standard graphics, or grid graigs.
We describe the algorithms used to compute isosurfaces|therigi-
nal marching cubes algorithm and the marching cubes 33 algm
which solves the face and internal ambiguity problems. WdListrate
the power of misc3d's rendering functions by showing severaews
of the Utah teapot, a classic computer graphics example, ange
present three illustrations of statistical applications.

The Marching Cubes Algorithm |

The marching cubes (MC) algorithm, a well known high-
resolution isosurface extraction method used in volume datisual-
ization, was rst studied by Lorensen and Cline (1987). MC pr-
duces the isosurface oF (x;y;z) = by a divided and conquer

method. The basic idea of MC is that the whole space can be di-

vided into a set of cubes and decisions are made separatelydach

cube on how the intersection of the surface with the cube ispee-

sented by one or more triangles. MC was rst proposed for and |
widely used in medical image rendering. MC is also used in ath
elds, for example for displaying a volume of oil in a geologal vol-

ume. In statistics it can be used to draw a three dimensionabatour

plot of a density function.

After dividing the space into cubes, each cube is examined.dne
or more vertices (corners) of a cube have values less than tiger-
speci ed isovalue (negative), and one or more have valuesegter
than this value (positive) then the cube must contribute sora com-
ponents of the isosurface. (Throughout the poster, vertiseare con-
sidered to have the same values if they are either all greater all
smaller than the isovalue.) After determining which edgesfdhe
cube are intersected by the isosurface, a triangular topacal rep-
resentation of the surface can be constructed. Since thereea3
vertices for each cube and the value of each vertex can be eitth

negative or positive, there are 2= 256 possible cases for each cube.

Due to topological equivalence by rotation and switching heeen
the positive and negative values, however, there are in tdta5 con-
gurations shown in Figure 1, which was generated based ondkup
tables in contour3d. There is no triangle in con guration O, since
values of all vertices are either all positive or all negatet For con-
guration 1, all vertices, except the one at front left lowercorner,
have the same values. Therefore, the isosurface separatesunique
vertex from the others. The topological representation ofe isosur-
face within a cube is constructed by one or more triangles. €h
vertices of these triangles, the points at which the isosate inter-
sects the cube edges, are determined by bilinear interpatat. The
iIsosurface representation is obtained by going through d@He cubes

Figure 1. The Original Lookup Table of the Marching Cubes Algorithm.

Since its origin, a lot of research has been done to im-
prove the quality of the topological representation produsd by
MC. Nielson and Hamann (1991) pointed out that there could
be an ambiguity in the face of a cube when all four edges of
the face are intersected. Face ambiguity arises when the ver
tices on diagonal corners have the same values, the valuesvei-
tices joined by edges dier. Face ambiguity is illustratedn Fig-
ure 2. If vertices A, C are positive and B, D are negative, then
the isosurface can intersect the plane in two possible ways.

Figure 2. lllustration of face ambiguity

In addition to face ambiguities, Chernyaev (1995) recogred that,
there are internal ambiguities, in terms of the representain of the
trilinear interpolant in the interior of the cube. For exampe, in Fig-
ure 3, case 4 has two sub-cases. Two marked vertices coultieitbe
separated (case 4.1.1) or connected inside the cube (cade?}. Fur-
thermore, in order to make the triangular representation othe iso-
surface more conformable to the truth, an additional vertexight be
needed (see case 7.3 in Figure 3 for example). Te¢wntour3d func-
tion mainly uses the algorithm suggested in Chernyaev (1995The
enlarged lookup table in Chernyaev 1995 is shown in Figure 8d
Is derived from the lookup tables incontour3d . Note that there are
still some sub-subcases which are not exhibited in the endgad table.
Take case 13.2 for example, there are 6 sub-subcases, ang tm
one with positive vertices on the top face being connectedsbown.

Figure 3. The Lookup Table of the Marching Cubes 33 Algorithm

| lllustrations of the Rendering Functions

We illustrate the power of misc3d's rendering functions byh®w-
ing several views of the Utah teapot, a classic computer ghaigs
example.

Di erent Rendering Engines

Rendering can be done using rgl, standard graphics, or grid
graphics. Figure 4 shows the teapot rendered by three engie

Figure 4. Dierent Rendering Engines.

Di erent Rendering Colors

Di erent colors could be used, as ilustrated in Figure 5.

Figure 5. Dierent Rendering Colors.

Rendering Multiple Objects

Several objects could be drawn on the same graph by cre-

ating a list of appropriately positioned triangle mesh objets.

Figure 6. Multiple Teapots.

Nested Objects

Nested objects can be rendered using wire frame e ects or ngi
di erent transparency levels if supported by the renderingengine.

Figure 7. Nested Teapots.

Lighting and Shading

Rendering in the standard or grid engines is enhanced by us-
ing a lighting model. Shading can further enhance the ressiltat
the expense of higher computational cost. Two lighting motkeare
supported by the functions phongLighting and perspLightig. The
Phong lighting model adjusts colors based on view directiphght
direction, and material properties. It incorporates ambiat and dif-
fuse light, which are the same color as the object, and speaulight,
which is a convex combination of the object color and the (wta)
light color. This is based roughly on the description in Foleet al.
(1996). perspLighting implements approximately the sameghting
model as the persp function. Figure 8 shows the e ects of phgn
Lighting with di erent materials, perspLighting, and the default.

Figure 8. Dierent Lighting Functions.

The image can be further enhanced by subdividing the triang$
one or more times and applying the Phong shading model to thals
triangles. Figure 9 shows the e ect of di erent Phong shadig levels

Figure 9. Dierent Phong Shading Levels.

| Three Exampless of Statistical Applications

Contours of a TIri-Variate Density

Figure 10 shows nested contours of a mixture of three
tri-variate normal densities. Case 1 uses transparency and
case 2 uses a cut-out strategy to show the nested contours.

Figure 10. Nested Contours of Mixture of Three Tri-variate Normal Densities.

Figure 11 shows nested contours of a kernel density estimate
for the iris data estimated using a 3D analog to kde2d in MASS.

misc3ds~
nisc3ds~
misc3dds» source("kde3d.R")

misc3dr» data(iris)

misc3d» v <- kde3d{x=irisfSepsal.length, y=irisfSepal.Width, z=iris}Petal.Length)
nisc3d» rgl.points(x=irisfSepal.length,y=irisfSepal Width, z=iris$Petal.Length,
miscad+ size=2, color="red")

misc3dr axes3di)

misc3d» rgl.bgfcolor="white")

niscdd» contourdd(rdd, x=rfr, y=riy, z=ri=,

miscad+ lev=c{0.15, 0.05},

misc3ad+ alpha=c{0.4,0.5),

misc3id+ color=c{"red", "yellow"), =add=T)

misc3d> title3d(xlab="Sepal.Length",ylab="Sepal .Width" ,zlab="Petal .Length")

library(MASS)
library{misc3d)
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Figure 11. Nested Contours of a Kernel Density Estimate for he Iris Data.

Ratio-of-Uniforms Sampling Region

By the Ratio-of-Uniforms method, if V; U are uniform on

p
A=f(v;u):v2R%40<u< ** f(v=u+ )g

then X = V=U+
A for the binormal distribution with
= 0:75 based on

has density proportional tof . Figure 12 shows
=( 55), =(1;1) and
= (0;0) (green) and = (5; 5) (red).

niszc3d> parametricdd(fr=functienf{u, ¥} (u) * exp(-0.5 # {({u+5)"2 + (v-5)"Z2 -
mis=c3d+ 2 % 0.75 & (uts) & (wv-5)) /sqrt{1-.75"2))"(1/3),
mi=c3d+ fy=functionf{u, vl (v) * exp({-0.5 % ({u+s)~"2 + (v-5)"2 -
misc3d+ 2 4 0,75 & (utB) * (v-5))/sqrt{1-.75"2))"(1/3),
miscad+t fz=functionf{u, v) exp{-0.5 # ({utb)"2 + (v-5)"Z2 -
mis=c3d+ 2 4 0.75 & (u+B) *(v-5))/ aqrt(1-.75"2037(1/3),
mi=c3d+ u = geauchy( (1:1003 /1013-5, ¥ = gecauchy((1:100),/1011+5,
misc3d+ color="gresn", box=TRUE)

misc3d> parametricdd(fx = functienm{u, v) {(u) #* expl{-0.5 % (U2 + ¥v"2 -
mizcid+ 2 % 0.75 4 u % vy sqrt{1-.75"2117(1/3),

mi=c3d+ fy = functienfu, v) (v) # exp(-0.5 * (u™2 + v~ 2 -
misc3d+ 2 4 0.75 % u & vl aqrt(1-.7572117(1/3),

miscad+t fz = functionfu, v) exp{(-0.5 % (U2 + +°2 -

misc3d+ 24 0.75 4 u #v)/sqrt{1-.7572))7(1/3),

mi=c3d+ u = geauchy((1:1003 /1013, v = geauchy{(1:1001/101),
mi=c3d+ coler="red", =dd=T, box=TRUE)
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Figure 12. Ratio-of-Uniforms Sampling Region for Bivariate Normal Distribution.

Active Regions of the Human Brain

The left part of gure 13 shows the contour of a brain along
with two contours of active regions of the human brain under
stimulus, based on measured intensity di erences betweerwa
tasks (one of them is the control) in a PET experiment. The
three planes view of the active regions is shown on the right.

misc3d>
miscad~

library(inal yzeFHRI)
library{miscad)

nisc3d~
mizc3d~
nisc3d~
nisc3d~
nisc3ds~

tenp<-f.read .analyze .volume ("template.img")
tenp<-sperm{tenp,c(l,3,2,41]

contourdd (tenpl, ,95:1,1] ,1ev=10000,alpha=0.5])

tw<—f .read.analyze.volunel( "tmapl-8.ing" )

tmZ <- tm

misc3d> tmltmr=5] <- 5

niscidd> contourdd(ifelse(tenpl,,85:1,1] » 10000, tml[,,95:1]1, 0},
+ lev=5,coler="yellow" , add =TRUE]}

miscadr tml[tmp=4] < 4

nisc3dd> contourdd(ifelse(tenpl,,95:1,1] > 10000, tmz2[, ,95:1], G,
+ lev=i,color="red" ,alpha=0.3, add=TRUE )

misc3d> tmZ[tmz < 4] < 0§

nisc3dd> tmzZ[tmz »=1 % tmz <5] <- 1

nisc3d> misc3dr tm2[tm2 »=5] <- 2

miscadr slices3d(tm2,col=c{"white", "red", "vellow"),main="Three Planes View")
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Figure 13. Active Regions of the Human Brain.
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