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Abstract

This paper presents a fast and efficient surface reconstruc-
tion method from contour data sets. The reconstructed sur-
face is defined as an implicit surface. We create a strati-
fication of the polygonal contours in each cross–section to
speed–up the point membership classification involved in
the field function computation and avoid the creation of a
geometric skeleton. Tests carried out with medical scanner
data–sets show that the reconstruction may be performed at
interactive rates.
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1. Introduction

In this paper, we focus on surface reconstruction from con-
tour data sets that are produced by many medical applica-
tions such as tomography and scanners.

Reconstruction techniques may be classified according to
the type of the input data. Surface reconstruction from scat-
tered or unorganized points proves to be very difficult issue.
Although several methods have been proposed, all of them
suffer from high computational complexity because of the
lack of knowledge of samples.

In this paper, we address the reconstruction of a three–
dimensional object from cross–sectional contours. Each
cross section is a non intersecting polygonal shape consist-
ing in one or several closed polygonal contours. We present
a new technique based on a stratification of polygons and
anisotropic distance functions that fully exploit the partial
structure of the data. We create a potential field function for
each cross–section and combine them to create an implicit
surface that contains the contours.

The paper is organized as follows. In section 2, we present
a short overview of existing reconstruction techniques. In
section 3, we describe our reconstruction algorithm and fo-

cus on both the stratification of contours in parallel cross–
sections and the definition of an accelerated field function.
In section 4, we present polygonized objects and show that
reconstruction may be performed at interactive rates.

2. Related work

Algorithms may be split into two categories : purely ge-
ometric algorithms that directly create an external triangu-
lated surface, and implicit surface based algorithms.
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Figure 1. Tiling and branching problems that occur in
geometric algorithms

Those algorithms face the following main two problems re-
lated to surface reconstruction :

� the correspondence problem that consists in deter-
mining adjacency relationships between contours from
consecutive cross–sections,� the tilingand branching problems that occur when con-
structing a triangular mesh between vertices of differ-
ent contours (figure 1).

Several techniques have been proposed to deal with the cor-
respondence and the branching problems, A good overview
and an extended bibliography may be found in [10].

Parametric reconstruction techniques [8] approximate the
surface by smoothly deforming a fixed topology polyhedral
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model. Constraint based deformations enable the polyhe-
dral model to grow and fit to the final shape. [12] has de-
scribed a hybrid implicit–parametric method for fitting a de-
formed sphere to a set of points using deformations of a su-
perquadric.

On comparison to geometric algorithms, implicit surface
based reconstruction techniques do not suffer from topolog-
ical considerations. Existing methods attempt to create a
smooth implicit function

����� ���
	�� �
such that the sample

data points is close or in the zero–set of
�

. [9] has presented
an incremental technique to fit an implicit surface built from
point skeletons at a given approximation level ; however, the
reconstruction process is very slow.

Another approach, introduced in [5] and completed [6] con-
sists in using graph traversal techniques to calculate a signed
distance function from the data points, approximate tangent
planes at the data points and build an implicit surface from
this function.

[1] has developed a medial axis generation technique to lo-
cate point skeleton based implicit surfaces for scattered data
points. [11] has proposed to use a set of R-Functions based
on splines, however this technique is computationally very
expensive. In [7], a potential field function is built from
a signed distance for each contour. The overall implicit
function is defined by interpolating the field function of two
consecutive slices. Accelerations are performed by using a
voxel decomposition of space.

An implicit surface reconstruction algorithm for branching
shapes has been addressed in [4], however this technique re-
lies on the creation of a complex skeleton (which involves
Bézier triangles as extra skeletal elements to perform bulge–
free blends between branches) and its associated field func-
tion is computationally expensive to evaluate.

3. Description of the algorithm

Our method creates a procedurally defined implicit function
whose zero–set includes the set of parallel contours ��
 , ��������������������

. The whole surface itself is defined as an implicit
surface ���! #"%$'& ��()��*,+ � � �-� � � $.& �/(0�/*�+ �2143 .
In this section, we will assume that the cross–sections are
parallel to the plane $'5 �/67.��68 + located at the corresponding
height

* 
 , ��� ���,������������� .
We recall that we aim at computing a field function value� $.& �/(0�/*�+ at every point of space "%$'& ��()��*,+ . For each
cross–section �9
 , we create a field function

� 
 whose region
of influence is bounded by lower and upper planes

* � * 
,:9;
and

* � * 
=<�; (figure 2). Thus, given a point "%$'& ��()��*,+
in space, we sort it against the parallel cross–sections : let* � * 
 and

* � * 
=<�; the planes bounding "%$'& ��()��*,+ . �
will be defined as a combination of

� 
 and
� 
><�; . As we will
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Figure 2. Polygonal contours � 
 and � 
><�; in consec-
utive cross–sections, and projected vertices ? 
 and? 
=<�; corresponding to "

see later, the field function associated to a contour ��
 will be
defined by classifying the projection ? 
 of " against � 
 .
3.1. Overview

The class of problems we are interested in can be stated as
follows : given a polygonal contour ��
 in a cross–section� , define a field function

� 
 whose corresponding implicit
surface �@
 satisfies �A
CBD�@
 . Then, given

�
parallel polyg-

onal contours � 
 , �E� �#���������/����� , create the reconstructed
surface � by blending the implicit surfaces � 
 .
As proposed in [7],

�
may be defined as

� 
 �GF 
IHIJ�
 whereJ,
 is a signed distance function to the polygonal skeleton� 
 and F 
 a field function. Still, evaluating J#
 is compu-
tationally expensive as J 
 is defined as the minimum dis-
tance between a point " and every segment of ��
 . Al-
though a Voronoı̈ diagram would classify " against cells
and speed up the distance computation, pre–processing each
cross–section is both memory exhausting and computation-
ally expensive.

Thus, we propose to use a different partitioning technique
and rely on a stratification of the polygonal contours � 
 to
characterize

� 
 . Our method may be split into three steps :

� first, we create a stratification of the polygonalcontours
into trapezoı̈ds ; this decomposition is later used to cre-
ate an implicit function

� 
 corresponding to the poly-
gons �A
 in each cross–section.� once the stratification of the cross–sections is per-
formed, we define field function

� 
 such that its associ-
ated implicit front surface � 
 rests on the contour � 
 ,
i.e. satisfies � 
 BK� 
 .� eventually, the overall implicit function

�
is defied as a

combination of the functions
� 
 from two consecutive

cross–sections.
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3.2. Trapezoı̈ds classification

In this section, we assume that �9
 is a polygonal contour in
the cross-section � embedded by a bounding rectangle LM
 .�N
 may have holes, however multiple polygons in a cross–
section are handled separately.

The stratification of � 
 is performed as follows. The domainL 
 is split into vertical strips such that each vertical segment
of � 
 the stratification ; passes through a vertex OQP of � 
 .
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Figure 3. Vertical stratification of a polygon � 
 ,
dashed segments are parallel segments of trapezoı̈ds
outside � 


Thus, the stratification creates a set of trapezoı̈ds with paral-
lel vertical segments (figure 3). Each trapezoı̈d is marked as
in or out. As we will see later, trapezoı̈ds will provide a fast
classification of points that will speed up the overall perfor-
mance dramatically.

3.3. Front surfaces

Let R a trapezoı̈d of the stratification of the contour �S
 , we
create a front surface �T
 as follows. Let U a plane orthogo-
nal to the cross section and parallel to the stratification direc-
tion (figure 4). U intersects R in two points, referred to as

� ;
and

�WV
, and X is set as the midpoint of the segment Y � ; � �ZV\[ .

We create a curve �A] in the plane U that passes through ver-
tices U_^`R . Therefore, �T
 is defined as a swept surface by
moving U , and �A
aBb�@
 . If �A
 is convex, the swept sur-
face �@
 is in general unambiguously defined, however the
following two cases may generate creases in the swept sur-
face :

� if a segment of �A
 is parallel to the direction of the
stratification (i.e. parallel to the sweeping plane U ), �c

does not contain that segment (figure 5),d

Strips may be either vertical or horizontal ; as shown in section 3.4,
we will rely on two orthogonal stratifications to define the front surface eAf
associated to the polygon ghf
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Figure 4. Front surface creation with a vertical strati-
fication of a polygon � 

� If � 
 is non–convex, the swept curve may not be

uniquely defined in planes UTP that cross non–convex
vertices O>P (as shown in figure , � :]ji�j� <] ).

1

Π

ΓΠ

Γk

C

I

I2

Figure 5. Discontinuities in the definition of �k
 at
edges parallel to the sweeping plane U

Whenever such cases are met, the swept surface may be
closed by adding the piece of surface contained in the planeU (e.g. between � :] and � <] ). As we will see later, this prob-
lem may be skipped by using two orthogonal stratifications.

3.4. Potential field

In general, the potential field function
�

may be defined as
a combination of a distance function J �N� ���l	m� � < and a
field function F �4� � < 	n� �

; therefore we will refer to the
following notation :

� �KF Hpo .

We have chosen to use accelerated anisotropic distance
functions presented in [2]. Given a center point X , a di-
rection

6q and an analytic profile curve � , a point of space"%$'& ��()��*,+ may be defined by a pseudo–polar tuple $.r �/s>+
where r is the pseudo–polar angle t with the direction

6q ands
is the distance u�Xv"%u (figure 7).
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Figure 6. Discontinuities in the definition of �S] at
non–convex vertices of �9
 with a vertical stratifica-
tion

� is used to compute the front surface distance wx$.r + and the
distance o 
 is defined as :

o 
0$'& ��()��*,+ � s
wx$'r +

We shall use this technique to compute our potential field� 
 �KF 
pHpo0
 .
In this section, we assume that the stratification of the con-
tour �A
 has been performed, therefore the front surface �c
 is
known. The potential field

� 
 is defined as follows. Given a
point "%$.& �/(0�/*�+ in space, U is set as the vertical plane that
contains " , and we denote ? the projection of " on the
cross–section.
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Figure 7. Anisotropic distance function defined by a
center point X , a direction

6q and an analytic profile
curve �

If ? is classified in an outside trapezoı̈d, then the field func-
tion

� 
 $'& ��()��*,+ should be negative, otherwise ? is classified
in an inside trapezoı̈d and

� 
 $.& �/(0�/*�+ should be positive.

Unfortunately, the front surface �c
 may have vertical sheets
when built from non–convex vertices of �S
 (figure 6). This
leads to discontinuities in the definition of the potential field� 
 , which will eventually result in a non–continuous defini-
tion of

�
.
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Figure 8. Creation of two analytic front curves in or-
thogonal planes �9]Iy and �A]Nz corresponding to or-
thogonal stratifications

To avoid those discontinuities, we rely on a two orthogonal
stratifications of � 
 instead of only one (figure 8).

�
is de-

fined as a combination of the resulting two potential fields
��{

and
� P defined in each direction $.5 �/67�+ and $'5 ��68 + of a given

cross–section. The combination of
� {

and
� P should be posi-

tive (respectively negative) when both
� {

and
� P are positive

(respectively negative) and should drop to 1 if any of the two
field functions converges to 1 . This criterion ensures that the
whole contour �A
 is embedded by the front surface �p
 . Al-
though

�
may be any appropriate combination of

�Q{
and

� P ,
we propose to use the R–Function intersection [13] :

� 
v� � {x| � P � � {N} � P-~�� � { V } � P V
In practice,

� 
��%�����x$ � { � � P + works well and is preferable
out of efficiency. Strange as it may seem, the blending com-
bination

� 
v� � {�} � P does produce excellent results and the
resulting reconstructed surface appears to be smoother.

We recall that as a point "%$'& �/(0�/*�+ in space is influenced by
two consecutive cross–sections � 
 and � 
=<�; , � is defined as
a combination of

� 
 and
� 
=<�; . The following R-Function

union definition works well :

� � � 
k� � 
><�; � � 
 } � 
=<�; } � � 
 V } � 
=<�; V
Needless to say that

� �b���Q�x$ � 
 � � 
=<�; + is more efficient
and provides good results as well. Visually speaking, our
experiments have shown that

� � � 
 } � 
><�; produces the
best reconstructed surfaces.
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Figure 9. Contour data–sets provided by tomography (from left to right, a lung, a femur and a heart)

3.5. Complexity

In this section, we evaluate the complexity of the compu-
tation of

� 
 . Let
�

the number of vertices of the polygon� 
 . With a divide and conquer approach, the stratification
of � 
 enables us to find the trapezoı̈d containing the pro-
jected point in 5`$����9$ �N+�+ time. In fact, only floating point
comparisons are to be performed at each step, which is more
efficient than any point membership classification over a
Voronoı̈ decomposition of the cross–section whose query
time is 5�$ � ���N$ �N+�+ [3].

It is worth noticing that polygonization algorithms based
on a voxel decomposition of space may take advantage
of the coherence between adjacent queries with a view to
speeding–up point membership classification.

Eventually, we rely on accelerated anisotropic field func-
tions to evaluate

�={
. [2] has presented a set of analytic pro-

file curves � that speed–up the computation of the pseudo–
distance. A mere dozen floating points operations are in-
volved in the computation of anisotropic field functions.

4. Results

The reconstruction algorithm has been implemented in C++
on a Pentium–II processor work–station with a ����� MHz
Clock and �Q� megabytes of main memory. Reported cpu
time is in seconds.

Our algorithm has been first tested with an artificial data–
set described as 3 slices with holes (figure 10). We have
also tested the reconstruction process on different data sets
produced by medical tomography. The heart (figure 9,11)
is characterized by 15 parallel cross–sections (1729 ver-
tices) which is a rather simple case, whereas the femur (fig-
ure 9,11) has been constructed from 26 cross–sections (4435
vertices). The lung is built from 24 cross–sections (2574
vertices).

To evaluate the efficiency of the field function computation,
we have voxelized space to create

� �
sample vertices (i.e.

Figure 10. Polygonized reconstructed surface from a
contour data–set with holes

$ � ~ ��+ �
cells). The meshing was created with a look–up

table, combined with a ambiguous configuration detection
scheme to guarantee a topologically valid polygonization.
Timings show that even such a brute force polygonization
performs very fast (table 1).

Samples Femur Heart

Time Triangles Time Triangles� 1 � 0.44 2556 0.50 5910�,� �
1.45 5783 1.68 7038� 1�1 � 3.38 10470 3.99 12734

Table 1. Timings for
� �

evaluation of
�

for the femur
and the heart data–sets, the number of generated trian-
gles is also reported

In practice, a marching cube algorithm would perform bet-
ter by analyzing fewer cells, i.e. only 5�$ � V + , would be vis-
ited. Since we guarantee that the function

�
is null over the

contours �A
 , the implicit surface � also contains ��
 and the
marching cube initialization is straight forward.
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Figure 11. Polygonized reconstructed surfaces from contour data–sets (from left to right, a lung, a femur and a heart)

It is worth noticing that as expected, the stratification of
cross–sections �A
 is almost instant ( 1 � 1�� , 1 � 1 � and 1 � 1,� sec-
onds for the femur and the heart and lung data–sets respec-
tively).

5. Conclusion

We have proposed a fast reconstruction technique for con-
tour data–sets. The algorithm takes advantage of the partial
structure of the data to create a two–dimensional stratifica-
tion of contours in each cross–section to speed–up the po-
tential field computation. It is worth mentioning that our al-
gorithm should deal with multiply nested contours success-
fully.

Although this method is fully automatic, control over the re-
sulting implicit surface may be achieved in several ways, ei-
ther by changing the analytic profile curves, or chosing dif-
ferent combinations of field functions involved in vertical
and horizontal stratifications.
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