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Abst rac t .  In this article, we present a new process for defining and 
building the set of configurations of Marching-Cubes algorithms. Our 
aim is to extract a topologically correct isosurface from a volumetric 
image. Our approach exploits the underlying discrete topology of vox- 
els. Our main contribution is to provide a formal proof of the validity 
of the generated isosurface. The generated isosufface is a closed, ori- 
ented surface without singularity with no self-intersection. Furthermore, 
we demonstrate that it separates the foreground from the background. 
Finally we show that the graph defming the isosurface is closely linked 
to the surfel-adjacency graph of the digital surface of the same image. 

1 I n t r o d u c t i o n  

The Marching-Cubes algorithm, presented in [8], provides a fast solution to 
extract an isosurface from an image with a given threshold. This algorithm 
has been intensively used for rendering purposes but has shown limits in other 
applications, because the extracted isosurface is generally not a "simple" surface. 
Many authors have contributed to solve this problem (see Section 2.1) but they 
have often provided an empirical solution or a visual justification. Some authors 
[16] have noticed that  the isosurface cannot always have the same topology that 
an underlying continuous surface defining the image. 

In this work, we propose a topological approach to this problem. First, we re- 
call major definitions on digital geometry in Section 2. Then, we demonstrate for- 
mally the coherence of the isosurfaee (closeness, orientability, no singularity, no 
self-intersection) in Section 3 along with fundamental properties: the extracted 
isosurface is the opposite (in terms of orientation) of the isosurface extracted 
for the opposite image with connectedness considerations, the foreground with 
a given connectedness is inside the surface and the background (with another 
connectedness) is outside the surface. The two last properties are proved in Sec- 
tion 4. Section 5 validates our method with examples on synthetic images and 
on medical images. A link between isosurface and digital surface is established 
in Section 5.4. 

2 Isosurfaces and Digital Geometry 

The Marching-Cubes algorithm is based on the tabulation of 256 different con- 
figurations. It allows a local isosurface extraction inside a cube defined by eight 
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voxels. The global isosurface is the union of these small pieces of surface com- 
puted on each set of eight connected voxels of the image. For a precise sur- 
vey, see [8]. We emphasize here that we only modify the table of configurations; 
that is the reason why the Marching-Cubes algorithm itself remains unchanged. 
Furthermore, we provide four different tables of configurations, because several 
connectednesses may be chosen for the foreground and for the background. 

2.1 Topologically Correct  Isosurfaces 

Our purpose is to build locally a surface by starting from an image of voxels. 
Each voxel is either a voxel of the foreground or a voxel of the background. 
The corresponding surface must separate the foreground from the background. 
The Marching-Cubes is indeed often used to solve this problem. However the 
coherence of this surface is not guaranteed as was stressed by, for instance, 
[18] and [2]. The surface has indeed some holes in it. Many researches have 
been done to empirically correct the topology of the surface [18] [11] [13]. The 
surfaces generated by these methods are topologically correct (simple and closed 
2-manifold). Despite this fact, the generated surface does not represent exactly 
the underlying volume. This problem was mainly studied by [16] who tested the 
methods by applying them on several continuous fields. 

On the contrary, a topological approach, based on digital geometry consider- 
ations, escapes these problems and guarantees the consistency of the generated 
isosurface. Moreover, as far as we know, no author has ever explored the rela- 
tionships between digital surfaces (and especially Jordan surfaces) of a set of 
voxels, and isosurfaces locally computed. 

2.2 3D Digital Geometry Definitions 

We are only interested in finite pictures. Furthermore we consider only pictures 
where there are only 0-voxels or only 1-voxels on the border of the support. In 
the following we use the notions of a binary picture (denoted I), and its inverse 
picture (denoted 7). We denote ~r the background of I (composed of O-voxels) 
and U(I) the foreground of I (composed of 1-voxels). We suppose that the notions 
of 6 -  18- and 26-adjacency between voxels, of connectedness between voxels of 
the same kind, and of connected components, are known. Let n be an adjacency 
relation. We denote ~ (O) the n-adjacency graph of a set of 1-voxels O. The 
1-map of 9~ (O) is the canonical embedding of this graph in ]R 3 according to the 
localization of the center of the voxels of O. It is denoted gln(O ). We have the 
similar definitions for 0-voxels considered with another adjacency relation )~. We 
denote Z~ the l-map of the whole space Z 3 considered as a set of voxels with 
the n-adjacency. 

We define an 8-cube as a set of voxels v0, . . . ,  v7 such that for all i and j 
belonging to {0, . . . ,  7}, vi and vj are 26-connected if i r j. We classically order 
the eight voxels such that the coordinates depend on the binary coding of the 
indice. We denote Extr(A) the extremal points of a convex set A and Pr(A) the 
frontier of A which is equM to the adherence of A minus the interior of A. 
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2.3 Ex tens ion  of  Ad jacency  G r a p h  

Our purpose is to segment volumetric images according to the connectedness. 
For instance, the obtained surface must not intersect the connection (defined 
by the adjacency relation) between two voxels of the same kind (i.e. O-voxels or 
1-voxels). So we introduce the following definitions: 

Defini t ion 1 (3-map of  Ea). We defined the 3-map of the space ~a considered 
with the R-adjacency, that we denoted Z 3, as the polyhedral complex derived 
from the 1-map Z~ such that: (i) the vertices and the edges are those of Z~; ver- 
tices are the O-cells of this complex, edges are the 1-cells; (ii) the faces or 2-cells 
(resp. the volumes or 3-cells) are the minimal closed convex cells of dimension 2 
(resp. 3) that can be formed using the 1-cells (resp. 2-cells); 

Def in i t ion2  (R-adjacency m-map).  We define the n-adjacency m-map of a 
9~ ((9), as subset of Z 3 such that set of voxels (9, for 0 _~ m < 3, and denote m a 

9 : ( 0 )  = {p E Z 3 [ dimp _< m and Extr(p) are voxels of O}. 

3 The graph 9~ (O) is the "volume" occupied by a set of voxels considered with 
a given connectedness. Note that Z 3 is the standard decomposition of ~z into 
unit-cubes, squares, edges and vertices. Let S be a closed and oriented surface, 
Int(S) its strict inner part, Ext(S) its strict outer part. Then S includes a set of 
n-connected voxels iff the n-adjacency 3-map of the voxels is included in Int(S). 

3 I s o s u r f a c e  G e n e r a t i o n  

3.1 Isosurface  P r o p e r t i e s  

Let I be a binary picture. Let n be a given connectedness for the 1-voxels and 
), for the 0-voxels. We denote by 3E:~, the process which transforms a binary 
picture into a surface according to the chosen connectednesses. We now precise 
the properties which the generated surface ~ = ~VC~).(I) must follow: 

(i) $~:~ is a simple, closed and oriented surface; 
(ii) Sn;~ is embedded in ~3 without self-crossing; 

(iii) If 7 is the inverse of the image I, then we must have ~ x  (I) = ~r (7); 

(iv) 9~(U(I)) C Int(S~);  

(v) c 

Point (i) specifies the kind of surface we want to obtain. Point (ii) forbids self- 
crossing. Point (iii) expresses that the isosurface generated for a picture I must 
be the same that the isosurface generated for the picture 7 up to its orientation. 
Points (iv) and (v) force the isosurface to separate the n-components of 1-voxels 
from the ),-components of 0-voxels. We emphasize that these conditions force 
the surface to lie within the limits defined by the connections between voxels. In 
the following, the complete definitions and demonstrations may be found in [7]. 
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3.2 Local Reconstruct ion and Local Graph 

In order to build the isosurface, we decompose the binary picture into the set of 
all 8-cubes of I. For each 8-cube, a small piece of surface is built inside. We show 
after that  the global resulting surface follows the properties described above. 

Let gs(v0, �9 �9 vT) be an 8-cube of a binary picture I. An 8-cube has six faces 
(or 4-faces), each composed of four voxels. One 4-face is shared by exactly two 
8-cubes. One 4-face has an inner side and an outer side for a given 8-cube. We 
choose the orientation for each inner 4-face as described in Figure 2.a; the 4-faces 
are then said to be ordered. We call an 8-configuration (resp. a t-configuration) 
an 8-cube (resp. a 4-face) associated with the value of each voxel (0 or 1). A 
couple of two 6-connected voxels is called a link. The value of a link is the value 
of its voxels. An inner 4-face possesses four links in the clockwise direction. 
Notice that  ordered 4-faces are coded with the Hamming coding. 

We apply the following rules on each link of an ordered 4-face according to 
its value: 

�9 (0, 0) or (1, 1): there is no vertex created between these two voxels; 
�9 (0, 1): there is one vertex between these two voxels and there is an incoming 

oriented edge on this vertex which stays on this 4-face; 
�9 (1, 0): there is one vertex between these two voxels and there is an outgoing 

oriented edge on this vertex which stays on this 4-face. 

Consider the results of these rules for each 4-configuration on Figure 1.a. 14 
configurations provide an immediate result and only cases 6 and 9 must be spe- 
cially handled. Here the connectedness of the foreground and of the background 
is essential to give a coherent solution to these cases. If t~ (resp.)t) is the con- 
nectedness of the 1-voxels (resp. 0-voxels), the Figure 1.b shows that  a correct 
solution cannot be obtained for every couple (n,)0. As a matter of fact, the 
generated surface must follow point (iii) of Section 3.1. An arbitrary choice in 
any one of the cases {(6, 6), (18, 18), (18, 26), (26, 18), (26, 26))would provide a 
locally different surface in the inverse picture. In the following, the connectedness 
couples (6, 18), (6, 26), (18, 6), (26, 6), will be called valid couples. 

We emphasize that, on a 4-face, no oriented edge intersects the adjacency 
sub-graphs of the foreground and of the background (when the couple is valid). 
Let us denote G~x(gs) the graph obtained by gathering all the oriented edges 
generated on the six oriented inner 4-faces. This graph is called the local graph 
of the 8-cube gs. 

Theorem 3. If (n, A) is a valid couple, the local graph G~x (gs) is a set of ori- 
ented loops of length >_ 3, each loop being disconnected from the others. 

Proof .  We can use a Karnaugh table to represent the whole 8-cube. A close look 
at Figure 2.b shows that each link is an element of two 4-faces and that  each link 
is systematically covered twice in both directions. According to the four rules 
above, either no vertex is created on this link (case (0,0) and (1, 1)), or there is 
a vertex on this link with an incoming edge (0, 1) and an outgoing edge ((1, 0) 
when it is covered in the other 4-face). Because all vertices of the graph possess 
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(a) 

{(6,6)} {(6,18),(6,26)} 

e::::.""?:~ ..... o&.:..2~ ..... e,~i{: }:i~ 
9 

0 ' .:;O 9 . - ~ : : 0  

{( 18,6),(26,6)} {( 18,18),(18,26),(26,18),(26,26)} 

9 

(b) 

Fig. 1. (a) The 16 different 4-configurations for a 4-face; two cases remain indetermi- 
nate, (b) resolution of problematic cases according to the connectedness. 

(a) 

Zlo•O0 
O1 11 10 

(b) 

Fig. 2. (a) Orientation chosen for the 4-faces (the front 4-face is not visible), (b) the 
six oriented inner 4-faces coded in a Karnaugh table. 

exactly one incoming edge and one outgoing edge, the graph trivially forms a set 
of oriented loops with no common vertex or edge. It is easy to show that  there 
is no loop of length 1 or 2. [] 

Local  G r a p h  in case of  s t r i c t  26-adjacency.  By the same way the 
connectedness was influencing the generation of the local graph on 4-faces, the 
26-conneetedness modifies the local graph in 8-configurations where two voxels 
are strictly 26-connected. If Cs possesses two strictly 26-adjacent 1-voxels (resp. 
0-voxels) and tr = 26 (resp. A = 26), the local graph is transformed and the 
two disconnected loops are triangulated (see Figure 3). This critical modification 
explains why the embedding of the redefined local graph in ~3 does not intersect 
the adjacency 3-map of two strictly 26-adjacent voxels. 

3.3 Globa l  I sosur face  

We use the notion of combinatorial manifold (see [3]) to prove that the generated 
isosurface fulfills the properties of Section 3.1. 
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Fig. 3. The configuration of strict 26-adjacency: (a) displays the configuration, (b) 
shows the oriented loops generated for a couple (26,6), (c) shows the corresponding 
subdivision, (d) displays the isosurface derived from the subdivision. 

Def in i t ion4  (Comple te  Graph) .  Let I be a binary picture. By extension, 
we define the complete graph of I, and denote it G ~ ( I ) ,  as the set of all local 
graphs built from the 8-cubes of I. 

We call a subdivision of a loop (with a length at least 3) any triangulation 
of this loop. A manifold derived from another manifold M by replacing every 
loop of length strictly greater than 3 with any subdivision of this loop is by 
extension called a subdivision of M. Using Theorem 3 we can prove that each 
edge of the complete graph of I belongs to exactly two loops (with two different 
orientations). The definition of oriented manifolds, together with the redefinition 
of the local graph in the configuration of strict 26-adjacency, provide 

Theorem 5. If (~,A) is a valid couple, then the complete graph G~:~(I) of a 
binary picture I is an oriented two-dimensional combinatorial manifold with- 
out boundary. Moreover, if M is any subdivision of G~),(I), then its canonical 
embedding is a closed and oriented triangulated surface without singularity. Fur- 
thermore this surface is embedded in ~3 without self-crossing. 

4 C o r r e c t  S u b d i v i s i o n  f o r  t h e  G e n e r a t e d  M a n i f o l d  

The Marching-Cubes process 3 ~ ( I )  is defined as the canonical embedding of 
a particular subdivision of G ~  (I). 

4.1 G e n e r a t e d  Volume and Induced  Local Surface 

In this section, we fix A = 6. Moreover we suppose that Cs does not form the 
configuration of strict 26-adjacency. In this case, one may notice that there is 
only one ~-component in gs. Let L1, . . . ,  Lk be the oriented loops of the local 
graph G~(C8). We denote 0 the embedding of the 1-voxels of r and A the 
embedding of the vertices of the loops (Li). We define the generated volume 
V~6 (gs) as the convex hull of 0 U A. It can be shown that 0 U A are exactly the 
extremal points of V~6(Cs). Because the (embeddings of the) loops L1, . . . ,  Lk 
are Jordan curves of Fr(V~6 (gs)), we obtain 

Proposi t ion6.  Each loop Li splits Fr(V~6(gs)) into two open surfaces. One of 
these two surfaces, called the interior surface of Li, contains no element of OU A. 
Consequently the interior surface of Li implicitly defines a subdivision for Li," 
this subdivision is only defined by vertices of Li. 
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4.2 M a r c h i n g - C u b e s  Sur face  

We can now completely define the triangulated manifold generated by the Mar- 
ching-Cubes process as well as the corresponding isosurface. 

De f in i t i on  7 (Local  t r i a n g u l a t e d  m a n i f o l d ) .  Every 8-cube Cs of the binary 
picture I together with a valid connectedness couple (~, A) defines a local graph 
G~x(Cs) that is a set of oriented loops L i , . . . , L k .  Note that we have clearly 

Gx~(Cs) = G~x(Cs). That is the reason why we define the local triangulated 
manifold S~x (Cs) by cases: 

- case .~ = 6; ifCs is a configuration of strict 26-adjacency then, either ~ = 26 
and S~),(Cs) is defined as in Section 3.2, or ~ = 18 and S~x(Cs) = G~x(Cs); 
else S~x(Cs) is defined as the subdivision of G~:~(Cs) implicitly defined by 
the interior surfaces of L i , . . . ,  Lk (see Proposition 6); 

- case ~ = 6; then S~x(Cs) is defined as Sx~(~ss) with the opposite orientation 
(which is already defined by the previous case). 

De f in i t i on  8 ( M a r c h i n g - C u b e s  Sur face  or  I sosurface) .  We define the iso- 
surface of the binary picture I considered with valid connectedness (~, A), and 
note ~ x ( I ) ,  as the canonical embedding of the complete graph of I (G~;,(I)) 
with the subdivision of Definition 7. 

The following theorem can be obtained by fixing A = 6. Its proof is based on 
the convexity of the generated volume (see [7] for complete demonstrations). 

Theorem 9. Let (~, A) E {(26, 6), (18, 6)}. Then the )~-adjacency 3-map of N'( I) 
is a subset of Ex t (~6 ( I ) )  and the a-adjacency &map of U(I) is a subset of 

The theorem below states that the isosurface fulfills the requested properties. 

Theorem lO. If (t~,A) is a valid connectedness couple then )g[~;~ ( I) respects 
properties (i), (ii), (iii), (iv), (v) of Section 3.1. 

Proof .  (i) and (ii) come from Theorem 5. Definition 7 proves property (iii). Let 
I be a binary picture. If A = 6 then Theorem 9 proves property (iv) and (v). If 
A ~ 6 then tc = 6 in order to have a valid couple. In this case, we use property 
(iii) and the fact that Ext(S) = Int(S) for Jordan surfaces to conclude. [] 

5 Results and Properties 

5.1 I m p l e m e n t a t i o n  

Locally, the generated isosurface depends only on the local configuration of vox- 
els. This means that  we can compute once and for all the 256 different config- 
urations for a given connectedness couple. We will build four different tables, 
one for each valid connectedness couple. A classical Marching-Cubes algorithm 
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Procedure Build-Local_Surface(Configuration C, Conneetedness a) 
Let E +--- O, 
For all inner g-faces F of C do 
] E F  e - -  Extract_edges(F,g,6) 
[ E+---EuEF 
End for all 

+--- ExtractAoops(E) 
H ~ - -  Convex_Hull(get_vertices(E) u get_l-voxels(C)) 
While s contains a loop L of length > 3 do 

L + - -  Remove_aloop_ofAength> 3 ( s  
L is an ordered set ( a l , .  �9 . , a } )  of vertices 
Let exit +-- false,  i +-- 1, j +--- i + 2 
Repeat 
[ I f  (a i , a j )  6 H then exit +--- true 
[ Else 
I I j ~---j+ 1 
I [ I f j = k  t h e n /  + - - - i + l , j  +---- i + 2  
] E n d  I f  
Until exit  
InsertAoop((al,  . . .  , a i ,  a j , . . . ,  ak), s  
InsertAoop(ai , . . .  , aj) ,  Z) 

End While 
I f  Configuration.strict_26-adj(C) and ~; = 26 then 
I s +--- build_specialAoops_26-adj(s 
End I f  
Return s 

Fig. 4. Algorithm for building local configurations with couples (18,6) and (26,6). 

may thus use directly one of these tables to build a coherent isosurface without 
any modification in the source code (unlike other methods such that [13] which 
impose to modify the algorithm). Moreover classical optimizations [1] [17] of the 
Marching-Cubes are not influenced by these modifications. Figure 4 summarizes 
the algorithm used to compute one local configuration for the connectedness 
couples (18,6) and (26,6). The two other tables are computed using the two pre- 
vious tables and property (iii). The procedure of Figure 4 must be called with 
the 256 different configurations. 

5.2 Re su l t s  on  Synthe t i c  D a t a  

Figure 5 shows the building process for a configuration considered with different 
connectednesses. Note that the result is identical whether one of the connected- 
hess is 18 or 26. This is due to the fact that the 26-connectedness behaves differ- 
ently than the 18-connectedness only for configurations of strict 26-adjacency. 
Figure 3 shows the behaviour of the algorithm in the configuration of strict 26- 
adjacency. If the connectedness of the foreground is 26, then a triangulation is 
done over the vertices of the local graph; if not, the local graph is not modified. 

We test our modified Marching-Cubes algorithm on synthetic images in or- 
der to highlight the influence of connectedness on the results. We exhibit here 
an example where the image represents a cube with eight connected vertices. 
Figure 6 shows the image and the various results for the couples (26,6), (18,6) 
and anyone of {(6, 18), (6, 26)}. 

One may notice that we never use the fact that a vertex of the isosurface 
stands at the middle of the two voxels which define it. Al l  our proper t ies  are 



253 

Fig. 5. An example of a configuration with the corresponding local surface: (a) displays 
the configuration, (b) (resp. (e)) shows the oriented loops generated for a couple (18,6) 
or (26,6) (resp. (6,18) or (6,26)), (c) and (f) show the corresponding subdivisions, (d) 
and (g) display the isosurfaees derived from the subdivisions. 

Fig. 6. Test of the Marching-Cubes over a "connection" cube: (a) displays the im- 
age, (b) result of the Marching-Cubes algorithm with (x,)~) = (26, 6), (c) with 
(~,)~) = (18, 6), (d) with (t~, A) E {(6, 18), (6, 26)}. 

still valid if created vertices stand in the open segment linking the two bordering 
voxels. This ability for the vertex to lie anywhere on this segment is critical in 
visualization, where the surface must be as smooth as possible [8]. 

5 .3  R e s u l t s  o n  M e d i c a l  D a t a  

Figure 7.a shows an isosurface of a computed tomography. The size of the image 
is 256 x 256 x 113. Note that we make no use of the interpolation to smooth the 
result. With this method, the edge length of the isosurface is extremely regular. 
Now, because the computed isosurface is a "simple" surface, it can be considered 
as a deformable surface and exploited as an initialization for another process. 
For instance, we have used the snake-like algorithm described in [6] to deform 
and smooth the isosurface according to physical constraints. The result (see Fig- 
ure 7.b) is better than a direct visualization of a Marching-Cubes. For instance, 
the isosurface computed by the Marching-Cubes possesses 354 connected com- 
ponents (and about 295,000 vertices) whereas the deformed surface possesses 
only 45 connected components (and about 191,000 vertices). 



254 

Fig. 7. Results on medical data: (a) isosurface of a Computed Tomography, (b) after 
processing of a snake-like algorithm. 

5.4 Properties of  Isosurfaces 

In this section we prove that the complete graph of I~ considered with the con- 
nectedness couple (t~,)~), is exactly the graph of surfel-adjacency of the corre- 
sponding digital surface of I defined with the same connectedness couple. 

A description of digital surfaces in ~ may be found in [4]. A digital surface 
that lies between a ~-component O of/~(I)  and a )~-component Q of Af(I) is 
a g)~-boundary of I. The first interesting result is that these surfaces follow a 
Jordan-like theorem for couples (18,6) and (6,18) [14] and for couples (26,6) and 
(6,26) [10]. We can establish a parallel between that fact and the coherence of 
generated isosurfaces for these connectedness couples. 

The study of algorithm of digital surfkce tracking has provided the notion 
of adjacency between surfels or surfel-adjacency. The surfel adjacency is closely 
linked to the underlying adjacency between the voxels which defined the surfels. 
Refer to [5] for precise definitions and to [15] for the theory of boundaries in ~ .  

D e f i n i t i o n l l  ( S u r f e l - A d j a c e n c y ) .  Let sl = (u,u')  and s2 = (v,v') be two 
surfels. These surfels are said to be c%~-adjacent if 

(i) u = v and either u' is ),-adjacent to v' or w E Q (see Figure 8.a); 
(ii) u ~ = v' and either u is ~-adjacent to v or w E O (Figure 8.c); 
(iii) 6(u, v) and 6(u', v') (Figure 8.5); 
(iv) u is strictly ~-adjacent to v and u' is strictly ),-adjacent to v' (Figure 8.d). 

Points (i), (ii), (iii) are classical definitions of the surfel-adjacency for the 
connectedness couples (18,6) and (6,18). For the couples (26,6) and (6,26), as 
far as we know, only the authors of [10] have introduced an adjacency between 
surfels of two strictly 26-adjacent voxels, by arbitrarily connecting two surfels of 
these voxels. They have proved the validity of a surface tracking algorithm for 
these digital surfaces in [12]. 
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Fig. 8. Description of surfel-adjacency of digital surfaces. 

If this definition of ~26.6-adjacency is sufficient for a surface tracking algo- 
rithm where only one connection is required, it has no real topological meaning. 
That is why we introduce the point (iv) of Definition 11. This definition states 
that two surfels are cr26.6-adjacent if they share a vertex and if they do not lie on 
the same plane (see Figure 8.d). As a matter of fact, we have e26.6(si, s~) when 
i r j. With this definition, the surface tracking algorithm of [12] is still valid 
and we can deduce the following properties: 

Theorem12.  Let ~ (0 ,  Q) be the xA-boundary of O and Q. Let G ~ ( O  U Q) 
be the restriction of the complete graph of I to the vertices of (9 U Q. Then the 
~-adjacency  graph of ~((9, Q) is identical to the graph Ga~ ((9 [3 Q). 

Corollary 13. Let ~ be the digital surface defined by tl ( I) and H ( I). Let G~x ( I) 
be the complete graph of I. Then the ~r~-adjacency graph of ~ is identical to 
the graph G ~  ( I). 

A very interesting consequence of this theorem is that a Marching-Cubes 
over a component of the foreground and a component of the background can 
be computed in O(s) time if s is the number of surfels of I, by using a surface 
tracking algorithm to build the complete graph. The computation of the classical 
Marching-Cubes is in O(n3), where n 3 is the size of the volumetric image. Usu- 
ally, a digital surface has O(n 2) elements. It may thus be interesting to use this 
property when computing one isosurface of the volumetric image I. 

6 C o n c l u s i o n  

We have presented a new topological and formally proved approach for extracting 
consistent isosurfaces from volumetric images. For a given connectedness couple, 
a corresponding isosurface is built which separates foreground elements (d-cells 
of the foreground) from background elements (d~-cells of the background). The 
identity between the underlying graph of the isosurface and the surfel-adjacency 
graph of the digital surface has been established. The algorithm has been imple- 
mented and validated with synthetic data. It is at the moment used in segmen- 
tation of medical images. Additional informations may be found in [7]. 
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