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Abstract

Implicit surfaces in 3D geometric modeling are
limited to two manifolds because the corresponding
implicit fields are usually defined by real-valued
functions which bisect space into interior and exte-
rior. We present a novel method of modeling non-
manifold surfaces by implicit representation. Our
method allows discontinuity of the field function
and assesses the special meaning of the locus where
the function is not differentiable. The enhancement
can yield a non-manifold surface with such features
as holes and boundaries. The discontinuous field
function also enables multiple classification of the
field, which makes it possible to represent branches
and intersections of the implicit surfaces. The im-
plicit field is polygonized by the algorithm based on
the marching cubes algorithm, which is extended
to treat discontinuous fields correctly. We also de-
scribe an efficient implementation of converting a
surface model into a set of discrete samples of field
function, and finally present the result of the non-
manifold surfaces reproduced by our method.

Keywords: implicit surface, non-manifold, im-
plicitization, polygonization, segmented distance,
vertex generation diagram

1 Introduction

Volumetric representation of surface models is be-
ginning to play an important role in areas of ge-
ometric processing such as blending, deformation,
and boolean operation. The major advantage of vol-
umetric representation over explicit surface repre-
sentation is uniformity in three-dimensional space
and scalability for large and detailed models. In
the volumetric representation, models are defined
as arrays of volume elements (voxels) placed on a
regular grid, which makes it easy to process com-
plicated objects with constant time and space com-
plexity.

One common approach to encoding surface mod-
els into volumetric structure is to employ an im-
plicit surface[2]. An implicit surface is originally
defined as an isosurface of a real-valued function
in three-dimensional space. Given a surface model,
first it can be converted into the functional repre-
sentation by the techniques called implicitization,
and then the implicit field can be converted again
into the explicit representation, such as a triangular
mesh, through processing called polygonization.

Since the isosurface of a continuous function is
manifold in principle, most existing methods guar-
antee that the resulting triangulated surface is man-
ifold, which means it has neither holes, boundaries
nor dangling faces. On the other hand, if the orig-
inal surface is non-manifold, it can be modified or
changed topologically into manifold ones. Since
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many of the existing surface models in computer
graphics and computer-aided designs are not nec-
essarily manifold, the scope of the implicit surface
has been restricted.

In this paper we propose a method of represent-
ing the non-manifold implicit surface within the
framework of a scalar field and polygonizer based
on the traversal of hexahedral cells. A surface
model with arbitrary topology can be converted into
volumetric representation of the scalar field with
little loss of topology, and then our polygonizer can
reproduce the surface approximately in the form of
triangular meshes.

The major contributions of this paper are as fol-
lows.

• We propose a novel method of converting
surface models into a volumetric data struc-
ture which can represent non-manifold fea-
tures correctly. The volumetric data is a set
of discrete samples of the segmented distance
field which is designed to take discontinuity
and multiple classification into account. We
also present an effective implementation of the
distance transformation of given surface mod-
els by making the best use of hardware accel-
eration in common graphics hardware.

• An algorithm for converting the distance field
described above into the triangular mesh is
proposed. While it is based on the stan-
dard polygonization technique known as the
marching cubes methods, non-manifold fea-
tures such as holes, boundaries and inter-
sections can be produced correctly by our
method. Compared with the original algo-
rithm, our approach generalizes the interpo-
lation step during polygonization by adopting
the novel look-up table called the vertex gener-
ation diagram which makes it possible to gen-
erate an interpolated vertex at an arbitrary po-
sition on the edge of the hexahedral cell.

2 Related work

The implicit surface is one area of geometric mod-
eling and has been studied widely by many re-
searchers [2]. The application ranges over such

fields as modeling, deformation, animation, blend-
ing and rendering. Since the implicit surface is de-
fined as the isocontour of a continuous function in
three-dimensional space, it is inherently restricted
to the manifold surface. Therefore most of the ex-
isting research assumes that the surface is manifold.

When we process a given surface model by the
volumetric representation, first it is necessary to
convert the model into volumetric data set by means
of the distance transformation. However, the com-
putational cost for calculating the exact distance is
high since the distance transformation is a repre-
sentation of the Voronoi division of the space.

The major approach to achieving a fast distance
transformation algorithm is to use approximations
of the Euclidean metric, such as the chessboard
metrics [19], and the chamfer distance [4]. With
these metrics, the value associated with a voxel can
be derived from the values of its neighbors, which
allows these algorithms to work in two raster scans
over the data set. One major problem of these algo-
rithms is the low accuracy of the result, but this can
be improved by considering the vector distance as
proposed in [7, 8, 12].

The data set created by the methods listed above
is the signed distance field, which can represent
only the closed manifold model, as explained in
section 3.1. In order to represent a non-manifold
surface correctly in the framework of the distance
field, we employ not the signed distance but the seg-
mented distance described in section 3.3.

While the implicit representation itself can be
processed directly for such operations as deforma-
tion and rendering, surface-based operations such
as shape optimization or modeling often need ex-
plicit parameters which define the shape and posi-
tion of the surface. Bloomenthal and Ferguson [3]
proposed a method for the polygonization of non-
manifold implicit surfaces using tetrahedral cell de-
composition. Dae et al. [13] also used tetrahedral
cells to model a non-manifold surface by the accu-
mulative construction scheme similar to CSG rep-
resentation. Hege et al. [11] described a method
for generating non-manifold surfaces from a scalar
field using hexahedral cell decomposition based on
the marching cubes method [15]. All of these meth-
ods take multiple classification into account and
treat the intersection of surfaces correctly, however
the other types of non-manifold features, such as
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the discontinuity of surface, are not considered. In
our method, such degenerations of the surface can
be successfully represented by restricting the inter-
polation of the field function, as described in sec-
tion 4.2.

3 Implicitization

3.1 Implicit surface

Given a surface S ⊂ R3, the implicit surface repre-
sentation of S is the combination of the scalar value
t and function f such that

p ∈ S ⇔ f (p) = t, (1)

where p ∈ R3 is the point in three-dimensional
space.

f can be defined as a distance between p and the
surface, which means f is not unique for a given
S . One common choice is to use the signed dis-
tance and build a signed distance field where each
point p is assigned a distance from the surface. The
function returns a real-valued distance of positive
sign when p is outside the region enclosed by S
and negative sign when p is inside S . When used in
the computer, the implicit fields are usually repre-
sented by not a function but a set of discrete points
on a regular grid in three-dimensional space.

An example of the signed distance field in two
dimensions is shown in Figure 1. Broken lines de-
note the original surface S . For each grid point p
the nearest point q on S is calculated as illustrated
by arrows, then the distance between p and q is as-
signed the same sign as the dot product of the nor-
mal of the surface at q and vector p − q.

For geometric modeling and processing, it is
useful to approximate the surface with an explicit
representation, such as the triangular mesh. The
marching cubes method [15] and its extensions
[5, 16] are the standard techniques used to extract
the isosurface from a scalar field. It enumerates all
cases of surface intersection with the cell composed
of eight adjacent voxels, and then produces trian-
gulated isosurface patches by means of a look-up
table and linear interpolation. This method guaran-
tees that the topology of the resulting isosurface is
manifold, except the boundary of the scalar field.

nearest point 

interpolated  surface

original surface

Figure 1: The isosurface reconstructed from the
sampled distance field by means of linear interpo-
lation can differ from the original.

3.2 Non-manifold surface

In three-dimensional space, surface S is two-
manifold if and only if the infinitesimal neighbour-
hood around any point on S is topologically equiv-
alent to a two-dimensional disk. In other words, ex-
actly two different directions can be chosen as the
axes of a two-dimensional local coordinate system
for any point on the surface.

Conversely, S is non-manifold if and only if the
number of directions which can be chosen on a
point on S is less than two, or more than two.
Therefore surface S is regarded as non-manifold in
one of the two following cases.

1. Discontinuity of surface connection:
There is at least one point p ∈ S around
which only one or no direction can be chosen
in the local coordinate system. This case oc-
curs when a surface has boundaries or holes.
An example in two dimensions is illustrated
on the left in Figure 2.

2. Ambiguity of surface orientation:
There is at least one point p ∈ S around
which more than two directions can be cho-
sen in the local coordinate system. This case
occurs when the surface has branches or dan-
gling faces. An example in two dimensions is
illustrated on the right in Figure 2.

3.3 Enhancement of distance field

The approximate surface extracted from the sam-
pled distance field is not necessarily close to the
original because the geometric parameters of the
surface are estimated by linear interpolation of the
discretized distance field which usually does not
vary linearly, particularly when the surface is not
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differentiable. An example in two dimensions is
shown again in Figure 1 where the interpolated sur-
face is not close to the original surface in the neigh-
borhood of a sharp edge, but the topology of the
interpolated surface is still the same as the original.
Although generating the isosurface by linear inter-
polation may deteriorate the accuracy of geometry,
the fidelity of topology can be preserved as long as
the interval of sampling is sufficiently small. In ad-
dition, the accuracy of geometry in this case can be
improved by adopting the enhanced distance field
proposed by Kobbelt et al. [14]

On the other hand, if the original surface is non-
manifold, the generated surface is drastically mod-
ified and far from the original with respect to not
only geometry but also topology.

In Figure 2, the left figures show examples of
non-manifold surfaces due to the discontinuity of
surface connection in two dimensions. In the up-
per left, the boundary point where the original line
breaks off is incorrectly extended by unnecessary
interpolation, which results in a completely differ-
ent shape. The unnecessary vertex and faces con-
nected to it should be removed to keep the topology
correct, as shown on the lower left in Figure 2. This
modification can be accomplished by not applying
interpolation to the pair of regions whose distances
differ by more than the width of a voxel.

The right drawings in Figure 2 illustrate the ex-
amples of non-manifold surfaces due to ambiguity
of surface orientation. Because the implicit surface
assumes binary classification of the field, it cannot
treat the branches of the surface inherently. Intro-
ducing multiple classification makes it possible to
treat such situations as pointed out by Bloomenthal
[1]. In this method, the additional information on
classification is attached to the field function. Dif-
ferent from Bloomenthal’s work, in this paper, we
propose a novel distance which enables multiple
classification in the framework of the single real-
valued distance function.

Provided that the distance field can be separated
into regions in which the original surface forms a
portion of the boundaries, each region can be dis-
tinguished by assigning a real number belonging to
a different range to each region.

The signed distance is one such distance that dis-
tinguishes two different regions, namely, interior
and exterior. The value in the distance field can

? ?

incorrect surface reconstruction

our method

Figure 2: The upper left shows an example of in-
correct surface reconstruction due to the disconti-
nuity of the surface connection, which has been
corrected by preventing unnecessary interpolation
in the lower left. The upper right shows another ex-
ample of incorrect reconstruction due to the ambi-
guity of surface orientation. This problem is caused
by binary classification of the distance field, and is
successfully solved by considering multiple classi-
fication by introducing the segmented distance field
which is explained in section 3.3.

be classified into positive and negative regions. The
absolute value of distance is equal to the Euclid dis-
tance from the boundary. Viewed from the repre-
sentation of real values in the computers, this fact
corresponds to the sign bit (MSB) of a signed dis-
tance being assigned to represent the indices of re-
gions.

For the multiple classification, we must adopt an-
other distance which makes it possible to distin-
guish the arbitrary number of regions. Accordingly
we introduce a distance defined only within some
intervals whose values are real numbers, which we
call a segmented distance. In the computer, the seg-
mented distance can be represented by using some
higher bits of a number as the index of the region.
This assignment is equivalent to modifying the dis-
tance so that it starts from a certain value which
differs for each region and increases in accordance
with the distance from the boundary of the region.

The segmented distance must be defined for each
model according to the number of regions into
which the field can be classified. Since each point
on the surface can exist on the boundary between
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different regions unless the point is the junction of
the surface, we can classify the field by segment-
ing the surface into patches which have no junction
edge. The classification which satisfies the above-
mentioned condition is not unique. It may be fea-
sible to compose the segmented distance manually
if the surface model is sufficiently simple, but for
complex models, it is difficult or almost impossible
to determine the number of regions necessary to de-
fine the segmented distance. Therefore we describe
a simple method of classifying the field automati-
cally.

First, if the junctions exist on the surface, we di-
vide the surface into several patches along the di-
verging lines. Then both front and back faces for
each patch are assigned different indices which in-
dicate the classification. When the segmented dis-
tance field is calculated, the distance function f (p)
for the point p in the field is defined by both the in-
dex n of the nearest point and the distance Dn from
the point. Suppose that a sufficiently large number
d is selected as the interval of the region, then the
distance is calculated by

f (p) = min(Dn, d) + rn (2)

where rn = d · n. f can be regarded as the distance
with the offset rn assigned to each region. d should
be larger than the width of the distance field, and
rn must differ by at least d between one another in
order to identify each region by f uniquely.

As a result of the discontinuity of the segmented
distance, some values for the segmented distance
can be undefined. In addition, such numerical
operations as addition, subtraction and scaling of
the segmented distances may yield undefined val-
ues, even if rn and d are properly defined. Con-
sequently the interpolation which is necessary to
extract smooth surfaces cannot be performed on
the distance values themselves. Therefore the seg-
mented distance field must be constrained not to be
interpolated, by controlling the process of distance
interpolation, as described in the next section.

4 Polygonization

4.1 Definition of terms

Our polygonization algorithm is based on the
marching cubes technique which sequentially pro-

intersection vertex 

cell vertex cell edge

cell face

MC cell

cell vertex 

intersection edge

Figure 3: MC cell

cesses the cells composed of eight adjacent voxels,
as shown in Figure 3. To clarify our explanation,
we define the following terms before we discuss the
polygonization of the distance field.

MC cell: logical cube created by eight adjacent
voxels

cell vertex/edge: vertex/edge of MC cell

intersection vertex/edge: approximate intersec-
tion point/line between MC cell and the actual
surface

4.2 Interpolation using VGD

Polygonization in the methods based on the march-
ing cubes algorithm essentially consists of two
steps. In the first step, an isocontour value is de-
fined by the user and all cubes that are intersected
by the surface are identified. In the next step, those
cubes in the boundary set are examined and a set of
connected polygons are produced. Although some
of the polygonizing methods assume binary data
sets and yield triangles only with the precalculated
normal [10, 18], it is preferable to interpolate field
values to generate smoothly connected triangles.

The position of the intersection vertex is deter-
mined by linear interpolation of field values as-
signed to cell vertices at both ends of the MC edge.
The interpolation can be written as

p =

⎧
⎪⎪⎨
⎪⎪⎩

t − u
v − u

if t ∈ [u, v], u � v,

0 otherwise,
(3)

where t is the isosurface value, u and v are field val-
ues on each MC vertex, and p is the position of the
intersection vertex, which is measured from the MC
vertex whose value is u. p is normalized to satisfy
0 < p ≤ 1, and p = 0 means that no intersection
vertex is generated on the edge.
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Figure 4: The vertex generation diagrams. Left:
standard marching cubes method. Right: march-
ing cubes method considering discontinuity of field
function.

As mentioned in section 3.3, if we do not take
discontinuity of the distance field into account, the
resulting isosurface may have incorrect topology
as well as incorrect geometry. Therefore we con-
strain the interpolating process by introducing the
vertex generation diagram (VGD), that is, the two-
dimensional chart which determines the place at
which to generate an intersection vertex on the
MC edge. The diagram takes two field values u,v
and yields the position of the intersection vertex in
the form of the normalized parameter p described
above.

The VGD corresponding to equation (3) is drawn
on the left in Figure 4. The dark shading of the
diagram indicates the position of the interpolated
vertex within the edge.

Discontinuity of the implicit field, as mentioned
in section 3.2, can be represented by cutting the di-
agram off with a certain threshold w, as shown on
the right in Figure 4. The equation corresponding
to this diagram is

p =

⎧
⎪⎪⎨
⎪⎪⎩

t − u
v − u

if t ∈ [u, v], 0 < |v − u| < w

0 otherwise,
(4)

where w is regarded as the tolerance of continuity,
which is typically set to the width of one voxel.

Two or more VGD can be superimposed to ex-
tract multiple isosurfaces for different isosurface
values. The left diagram in Figure 5 shows a VGD
used to extract two different isosurfaces from a
signed distance field. It is worth noting that two
or more intersection vertices can be produced on a
MC edge if the diagrams overlap one another.

An example VGD for a segmented distance

u

v

t

t

w

u

v

s,t
p

w

s

s u

v

u

v

r1,r2,r3

p1,p2,p3

r1 r2 r3

r1

r2

r3

Figure 5: Left: A vertex generation diagram to gen-
erate boundary edges. Right: A vertex generation
diagram to distinguish three different regions and
generate the surface on their boundaries.

which has three segments is presented on the right
in Figure 5. Three regions are distinguished in this
diagram, and the boundary surface for each pair of
regions can be extracted. This diagram corresponds
to the equation

p =

⎧
⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

u − ri

(u − ri) + (v − r j)
if

u ∈ [ri, ri + d],
v ∈ [r j, r j + d],
0 < (u−ri)+(v−r j) <
w,

0 otherwise,
(5)

where i, j = 1, 2,3 and i � j since the field is clas-
sified into three regions. To extend the equations to
n regions, we should define the segmented distance
such that ri differs by more than the size of the field
d for each i ∈ [1, n], then the corresponding VGD
can be generated by equation (5).

4.3 Triangulation of MC cell

After determining on which edges intersection ver-
tices are generated, a set of triangles are produced
for each MC cell. When the volume data set has
n different regions, the fact that eight cell vertices
can take at most n different states means that there
are min(n, 8)8 different ways in which a surface can
intersect a MC cell.

In our method, however, the classification of cell
vertices cannot determine the connectivity of inter-
section vertices uniquely because the vertex gener-
ation diagrams do not guarantee that the cell edge
which intersects different regions has intersection
vertices. Hence we adopt another method. Pro-
vided that an implicit surface actually exists on the
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Figure 7: Candidates of intersection vertices are
first checked to determine whether there are actual
intersection vertices. If a vertex is determined to
be removed, the edges connected to the vertex are
flipped so that the vertex has only two edges. Then
the triangle which is connected to the vertex is re-
moved.

boundary between two different regions, the tri-
angular patch to be generated is part of the sur-
face patch generated using the existing cell-based
triangulation method, such as the marching cubes
method [15] for binary classification, and the gen-
eralized marching cubes method [11] for nonbinary
classification. Therefore, first we generate all ver-
tices on the cell edges which intersect different re-
gions, and then remove any that are not actual in-
tersection vertices. In our current implementation,
we use the look-up table based on the generalized
marching cubes method proposed by Hege et al.
[11]. The look-up table for binary classification is
show in Figure 6.

The simplest way of removing nonintersecting
vertices from the initial vertices is to remove all
faces which include the nonintersecting vertices.
This method, however, may decimate all faces
in the MC cell in the worst-case scenario, which
causes jagged boundaries of the surface. There-
fore, we must prevent triangles from being exces-
sively eliminated by edge flipping. Vertex removal
proceeds in a vertex-by-vertex manner, as shown in
Figure 7, and the detailed algorithm is described as
follows.

Triangle Removal in MC Cell

for all vertices v on a cell edge do
if v is NOT an intersection vertex then

while v is shared by more than two
edges do

Select one edge e which is connected
to v and shared by more than two tri-
angles.
Flip e.

end while
Remove the triangle t connected to v.

end if
end for

According to the look-up table shown in Figure
6, we must generate the intersection vertex inside
the MC cell, for example, in the case of the lower
rightmost diagram in Figure 6. The vertices inside
the cell should connect directly to the intersection
vertices so that no isolated triangle is generated dur-
ing triangle removal.

5 Implementation details

5.1 Fast distance transformation

The Euclid distance is often employed as the dis-
tance between a point and a surface, because it
spreads smoothly in every direction, which is of-
ten convenient for performing such operations as
blending or deformation. Computing the Euclid
distance accurately, however, leads to a prohibitive
computational cost which increases cubically to the
size of the data set. For the purpose of isosurface
extraction with respect to a fixed isosurface value,
the Euclid distance is not necessarily required. A
simpler distance, such as the distance measured
along a certain direction, may be sufficient.

We implemented a simple and effective implic-
itizer which converts a surface model into a seg-
mented distance field, where the distance is deter-
mined by the depth measured from different views
of the original surface model. This approach can
make the best use of hardware-accelerated z-buffers
which are available on a standard PC graphics card.

Assuming that the entire surface to be converted
into the distance field is enclosed by a bounding
box, a depth buffer is generated for each face of

7
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Figure 6: If the field function can be classified into three regions or less, the initial triangles in the MC
cell are generated using a look-up table which has been created by symmetrically modifying the look-up
table for the original marching cubes algorithm. The triangles can be modified and removed according to
the field values assigned to the MC vertices. This figure shows the look-up table used in our method for
binary classification, which is a portion of the table proposed in [ 11]

the box by rendering the model onto it using or-
thographic projection. Then we can determine the
distance at the position of each voxel from the six
z-buffers by taking the minimum positive value as
the distance to the surface. Negative distance is al-
ways unreliable because the surfaces occluded by
another surface are ignored. One solution to this
problem is to assign a weight to each depth mea-
sured in six directions according to both the sign of
the distance and the normal of the surface, as pro-
posed by Curless et al. [? ]

Since positive distance is always accurate in our
situation, we adopt one of the distances with posi-
tive sign at each voxel where the normal of the sur-
face is the nearest to the viewing direction, while
the weighted sum of distance is used if all distances
are negative. The normal of the surface is also es-
timated, using graphics hardware, by shading the
surface by placing a point light source far in the
viewer’s direction. The brightness of the rendered
pixel is approximately in proportion to the cosine of
the angle made by the surface normal and the view
direction, which can be used as the weight in the
estimation of distance at the voxel.

In order to distinguish the boundaries in a field
classified into more than two regions, we also use
the color of the surface. According to the classifi-
cation, the surface is rendered using different colors
assigned to each side of the surface for each pair of
regions. Before the surface is implicitized, the field
must be classified correctly either manually or au-
tomatically by using existing methods such as that
proposed in [17]. As for the triangular meshes, we

assume that the degeneration described in section
3.2 occurs only on the edge of the faces. For in-
stance, two triangles may intersect each other along
a line other than an edge, which, however, can be
detected and solved by subdividing the triangle in
advance.

This method may fail to yield the exact distance
of a complicated or concave surface. If part of the
surface is not visible, the area will not be prop-
erly measured. However most surfaces will be con-
verted successfully. If the result is not acceptable,
adopting a more general solution such as that pro-
posed by Chen et al. [6] may be possible.

5.2 Using VGD as a look-up table

The calculation of intersection vertices can be ac-
celerated by using discretized VGD as a look-up
table, since a large portion of the time in the march-
ing cubes algorithm is spent on the interpolation of
MC vertices.

Although the range of the field function value is
generally too wide to keep the tabular VGD suffi-
ciently small to store in the computer, we can dis-
cretize the VGD in some situations.

• The volumetric data set obtained by scans
such as CT imaging or MRI are often defined
as a scalar field represented by 8- or 16-bit in-
tegers, in which case we can utilize a tabular
VGD to accelerate surface extraction.

• If the VGD has spatial coherency, we can com-
press the size of the diagram by segmenting it

8
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into small blocks. For example, as shown on
the right diagram in Figure 5, a large portion
of the diagram is empty and can be ignored.
Since the effectual values are distributed in the
same manner around each intersection point of
ri and r j for i � j, it is sufficient to store the
block only once. If the size of the block is suf-
ficiently small, it is feasible to create a look-up
table by sampling only the block.

6 Experimental result

Figure 8 shows the results of implicitization and
polygonization of three different surface models.
Although our method of implicitization is not re-
stricted to polygonal models, these models are all
composed of triangular meshes because the im-
plicitization described in section 5.1 utilizes the
graphics library which can only render triangles at
present.

The left models in Figure 8 are the original sur-
face models and the right ones are the resulting
meshes. The original models are first converted
into volumetric data sets and then triangulated into
polygonal models by the method proposed in this
paper.

The model of a cat shown in the first row was
generated by scanning a real object and then con-
verted into a triangular mesh. There is no face at
the bottom of the original model. The boundary
edges are successfully reproduced in the generated
model. In the second row, the model of a moni-
tor created using a 3D modeler for the use of ren-
dering is presented. The model has more than one
component and has boundary edges. In addition, as
is often the case for models created by CAD mod-
eler, the model has numerous small holes on the
surface because detailed shapes are modeled sepa-
rately and then put into a common space without in-
formation concerning their connectivity. The holes
can be eliminated by appropriate sampling into vol-
umetric representation. In the third row, a sample
model with three different regions is presented. The
branches of the surface are successfully reproduced
as shown in the right figure.

7 Conclusions and future work

We have presented an enhancement of the implicit
surface to handle two-dimensional non-manifold
surfaces embedded in three dimensions. The diffi-
culty of non-manifold representation in the frame-
work of an implicit surface is classified into two
cases: discontinuity of surface connection and am-
biguity of surface orientation. Our method can
treat a discontinuous distance field properly and
prevent undesirable interpolation. Generalizing the
process for interpolation by introducing the vertex
generation diagram (VGD) enables not only bound-
ary representation but also nonbinary classification
which is necessary to represent branches of faces.
Also we presented an effective method of implicit-
izing given surface models easily by taking advan-
tage of hardware acceleration.

One problem in the polygonization methods
based on the marching cubes algorithm is that the
accuracy of geometry and topology depends on the
coordinate system of sample points as well as their
intervals. The geometry of the surface can be im-
proved by introducing the directed distance field
representation proposed by Kobbelt et al. [14]. As
for topology, topological feature tracking can be
taken into account by, for example, the method pro-
posed in [20]. Both problems still remain for future
work.

Although the accuracy of geometry and topology
can also be improved by increasing the sampling
ratio of the distance field, processing a volumetric
data set with high quality is often intractable be-
cause the data size increases cubically. To avoid
this problem, it is effective to introduce hierarchi-
cal representation such as the octree. There is also
an advantage in introducing hierarchical represen-
tation with respect to adaptive refinement of de-
tail. We are planning to modify our polygonization
method to process the octree correctly in a similar
manner as in [9].

For the use of rendering, an implicit representa-
tion of a surface can be displayed not only by con-
version into parametric representation but also di-
rectly, for instance, by ray tracing. The discontinu-
ous implicit field and the vertex generation diagram
are applicable to these methods.

9
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Figure 8: Left: the original models. Right: the polygonized implicit surfaces generated by our method.
The original models are first converted into volumetric representation by the discontinuous implicitiza-
tion, then polygonized again into the triangle models shown on the right. In the top row, boundary edges
could be successfully reproduced. In the middle row, two separate surfaces, one manifold and the other
non-manifold, are reproduced. In the third row, three different regions are successfully separated.
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