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Abstract

Matveyev S.V. Apprcximation of isosurface in the marching cube method: ambiguity on
the faces: THEP Preprint 93-133. - Protvino, 1993. - p. 5, figs. 5, refs.: 4.

The purpose of the present article is the consideration of the problem of ambiguity
over the faces [3] arising in the Marching Cube algorithm. The article shows that for
anambigious choice of the sequence of the points of intersection of the isosurface with
edges confining the face it is sufficien’, to sort them along one of the ccordinates.

AnHOTaANUA

Matseer C.3. AunpokcHManus M30MOBEPXHOCTH B METOle ABUXYUIEroCH kyOmka: He-
ONHO3HAYHOCTH Ha rparax : IIpenpurt UPBD 93-133. - llpoTsuno, 1993. - 5 c.. 5 puc.,
6ubnnorp.: 4.

Ienbio DaHHOM CTATBU SBASETCA PACCMOTPEHME NPOOIEMEl HEOAHO3HAYHOCTII Ha TPa-
HsX [3], BO3HMKAIONNX B AlfOPATME NBHKYIIETOCH Kybuka. B paboTe nokasaso, uTC
JUIA OTHO3HAUHOTO BHLIGOpA MOCIENOBATENLHOCTH COENMHEHNS TOUEK NEPSCEUCHUS A30N0-
BEPXHOCTE ¢ pebpaMy OIDaHMYMBAIOUIMMH ['PAHE NOCTATOYHO MPOBECTH upouenypy ux
COPTHUPOBKH IO ONHOW M3 KOOpIHHAT.
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Introduction
Let there be a rectilinear volume grid whose nodes contain the values

of the function Fjj; = F(z,y,z). The problem is to approximate the
isosurface

Sp = {(z,y,z) : F(:c,y,z) = ﬁ} (1)

In the MC algorithm
\ I/ (1] [2] the isosurface is ap-
proximated sequentially in
all cells comprising the vol-
ume grid and intersecting
\ the specified surface.
In this case the coor-
/ dinates of the points of
of edges intersecting the
isosurface are computed.
Then the part of the sur-

face intsrsecting the given
cell is constructed at the

points obtained.

Figure 1. Ambiguity at the Edge



In virtue of symmetry there are only 15 possible types of intersection
of the isosurface and the cubic cell.

/

Figure 2. Example of wrong
connection.

The problem is that during approximation
of the isosurface there is a possibility for "holes”
to appear inside the cells of the volume grid as
a result of the wrong connection of the points
on the edges of the cells (see fig.1). Here and in
what follows the black points denote the edges
outside the isosurface Fyoqe > 0. In the MC
method this problem is solved for each cell sep-
arately without taking into account the effect
of the adjacent cells. Now the problem is to
connect the points at the cell edges correctly,

in which case the problem of "holes” appearing
at the cell edges is solved.

To connect the points correctly one may use the value of the function

at the edge center [2].

The comparison of the

value at the point with the
one on the isosurface allows
one to conclude whether the
given point is inside or out-
side the isosurface. However
this solution does not always
yield the correct result (see
fig. 2).

For the solution
of this problem Nielson and
Hamann [4] proposed to use

a bilinear representation of the function. In t

)

faa ¢ P Fou? P
Figure 3. Two Ways of Connecting the Points at
the Edge.

the intersection of the isosurface with the edge will be a hyperbolic one.

his case the curve describing



Defining the value of the function at the point of the intersection of
the hyperbola asymptotes we may tell in what sequence it is necessary to
connect points at the edge (see fig. 3) because this péint lies between the
isolines at the edge.

Solution at the Cell Edges

To determine the point of the intersection of the isosurface with the
cell edge the MC method uses the linear interpolation. The bilinear in-
terpolation will be a natural representation of the function at the edge.
When analyzing the function behaviour at the edge we will use the edge
projection onto a unity square. Then the the function behaviour at the
edge is described by the equation in local coordinates u, v:

F(u,v) = a+bu+cv+duv, (2)

where0<u<1,0<v< L
For the straight line u = const equation (2) will depend only on one
variable

Flu= const,v) = F(v), (3)

and, hence, will have not more thar one solu-
tion on the section from 0 to 1, i.e. not more
than one intersection with the isosurface.

Let us sort the points of the intersection of
the edges with the isosurface with respect to u
and connect them in pairs (see fig.4), in which
case the condition of ”one intersection” will be
Figure 4. Sorting points at SatlSﬁed'_ X . .

the edge. In this case for v = const this rule is satis-
fied automatically.
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Let us assume that this is not so and the case shown in fig. 5 is possible.
Let the isosurface with the function value Sp = {(z,y, 2) : F(z,¥,z) = 0}
be approximated. As to other cases, they are reduced by the transfer of
the coordinates. Then for the points of the intersection of the isosurface
with the face edges the following inequalities should hold true:

Bo. By,
By > By
B()1 - Bu BOO - BlO,
By > 20
Boo Bio Byo — Boi By — B’
By Bu
J— > , 4
o o By — Boo By — Ba )
Figure 5. Inadmissible inter- B B
section of the iso- L > o .
surface with edge By — By Bo1 — Boo
We obtain from the 1st pair that
Boy (Boo = Bo1)(Bo1 — Bu1) 5)
By (Boo — B1o)(Bio — Bu1)’

and from the 2nd one that

B (Bo — Bwo)(Bu = Buy)
By (B1o — Boo)(B11 — Bio)

(6)
Hence, we have proved that this case is impossible and, consequertly,
to connect the points at the edge correctly it is sufficient to sort them

along one of the coordinates.

Conclusions

This article offers a new approach to the solutiou of the problem of
ambiguity at the cell edge using the MC algorithm. It has been shown



that for such a solution it is sufficient to sort the points of the intersection
of the isosurface with the =dges confining the given face along one of the
coordinates and then to connect them in pairs.

To conclude the author would like to express his sincere gratitude to
S. Klimenko and V. Ziichenkov for the support of the present work and

also to for her assistance in preparing the text.
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