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Abstract. During the last half century, medial representations of objects have 
been involved in many biological and physical theories, and computer scientists 
have designed suitable algorithms for their computation. Aim of this paper is to 
provide a short, non-comprehensive, survey of the most common medial repre-
sentation systems. 
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1   Introduction 

In the image processing literature, much attention has been devoted to the medial 
representation of objects, mirroring an analogous interest in the physical and biologi-
cal fields. Most of the activity in the field of medial representation has been inspired 
by the work done by Blum [1] to define the medial locus of a 2D object by introduc-
ing the notion of symmetry point and a growth process. For a 2D object, a symmetry 
point is a point that is center of a disc, bitangent two distinct sections of the boundary 
of the object and entirely contained in the interior of the object. A symmetry point can 
be associated with the length of the radius of the corresponding disc. In turn, the disc 
can be built via a growing process that, starting from the symmetry point, incorporates 
all object’s point whose distance from the symmetry point does not overcome the 
length of the radius associated to the symmetry point itself. The envelope of the discs 
coincides with the object and the medial representation of the object is the locus of the 
centers (called medial locus in the following), associated with the lengths of the cor-
responding radii. Besides introducing the medial locus representation scheme (gener-
ally referred to as the Medial Axis), Blum also studied its geometric properties and 
showed its usefulness in shape analysis [2].  

Successively, the Medial Axis, initially suggested by Blum for 2D objects, was ex-
tended to higher dimensions and a number of alternative representation systems, still 
identifying the medial locus of an object, were introduced. One of these alternative 
schemes is provided by the Grassfire Transformation. This transformation detects as 
medial locus the set of quenching points, which are found in the positions where a 
fire, lit at time t=0 at all border points of a dry grass field and uniformly propagating 
towards the interior, extinguishes. Each quenching point can be associated with the 
instant of time at which the fire died out at the position of the quenching point itself. 
Another scheme defines the Medial Axis as the location of shocks in a partial differ-
ential equation of motion at constant speed in a direction initially normal to the object 



2 G. Sanniti di Baja 

boundary (Shock Graphs [3-6]). Also the Voronoi Diagram can be seen as strictly 
related to the Medial Axis, if its computation is done with respect to an infinite num-
ber of elements on the boundary of the object (see [6-11] for both the 2D and the 3D 
cases). Finally, skeletonization methods, based on the detection of suitable anchor 
points in the distance transform of the object with respect to the background and on 
the iterated application of topology preserving removal operations, originate a skele-
ton that does not substantially differ from the Medial Axis (see, e.g., [12-16] for both 
the 2D and 3D cases).  

Other representations, somehow related to the Medial Axis but not considered in 
this paper, are the Midpoint Locus, introduced in [17] and the Process Induced Sym-
metric Axis (PISA), introduced in [18,19]. The Midpoint Locus is obtained as the 
locus of points placed in the middle of the chords connecting the pairs of bitangent 
points. PISA is the locus derived by connecting each pair of bitangent points along the 
shortest geodesic path on the bitangent disc/ball and taking the associated point to be 
the center of this geodesic path.  

Techniques for extracting the medial representation based on Voronoi Diagram, 
grassfire transformation and shock graphs mainly represent continuous methods, 
working with real coordinates of points, while skeletonization techniques mainly 
constitute discrete methods, where the object is stored as a collection of pixels/voxels 
and the resulting skeleton is a connected subset of such a collection of pixels/voxels. 

Whichever is the approach to compute the medial representation, this is a graph in 
case of planar objects, while is a dimensionally heterogeneous entity consisting of 2D 
manifolds, called sheets or surface patches, and 1D manifolds, called curves, in case 
of 3D objects. Actually, a medial representation exclusively consisting of 1D mani-
folds is possible for 3D solid objects, i.e. objects rid of cavities. 

Medial representations have a number of features, some of which offer at the same 
time advantages and disadvantages. A typical example is the possibility to decompose 
the medial representation into a set of elementary parts (i.e., parts that consist of un-
branching arcs or un-intersecting surfaces). The advantage of such a decomposition is 
that an elementary part of the representation can be mapped with a part of the object. 
The disadvantage is that, due to the high sensitivity of the medial locus to even small 
scale geometric aspects of the object, not all its elementary parts do correspond to 
individually significant portions of the object. 

Some of the features that should characterize a medial representation, even if some 
of them cannot be satisfied at the same time and others require suitable pre- and post-
processing, are the following: 

• Dimensionality reduction: the dimensionality of the medial representation is 
lower than that of the object. For a 2D object, the medial representation is a 1D set, 
union of arcs and curves; for a 3D object, the medial representation is union of sur-
faces, arcs and curves; it can also be union of arcs and curves, for solid objects 
with tubular shape; 

• Centrality: the medial representation is medially placed within the object. In the 
discrete space and in the presence of objects including parts whose thickness is ex-
pressed by an even number of object elements, medialness can be achieved only in 
an approximate manner. Think of a straight segment consisting of an even number of 
elements: any of two elements – or both elements – are centered within the segment; 
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• Topological equivalence: the medial representation is topologically equivalent to 
the object. The same number of object components and holes (i.e., background 
components) characterizes a 2D object and its representation; the same number of 
object components, cavities and tunnels characterizes a 3D object and its represen-
tation; 

• Robustness: minor changes in the object’s shape must produce minor changes of 
the medial representation. To guarantee robustness, pre-/post-processing is gener-
ally necessary. For example, noisy holes of a 2D object have to be filled in before 
computing the medial representation. This would otherwise include a closed curve 
surrounding each noisy hole, due to the topological equivalence of the representa-
tion and the object. In turn, noisy protrusions along the boundary of the object gen-
erate peripheral elementary parts of the representation, which can be removed by 
adequate post-processing (pruning). 

• Invariance: the medial representation does not depend on the position/orientation 
of the object in space. The use of the Euclidean metric to detect the symmetry 
points, or –at least- of a reasonably good approximation of the Euclidean metric, is 
necessary to satisfy this feature;  

• Reversibility: the object can be recovered starting from its medial representation. 
This feature may be contradictory with respect to the dimensionality reduction 
property, requiring that the medial representation of a 2D (3D) object is union of 
arcs and curves (surfaces, arcs and curves). Actually, complete recovery is possible 
only if, in correspondence of all object’s regions with even thickness, the medial 
representation is nearly thin (i.e., 2-element thick). Moreover, only for objects  
having tubular shape, a reasonably good recovery is possible from the 1D medial 
representation; 

• Abstraction: the medial representation represents the object in a concise manner, 
capturing only those shape aspects that are relevant for the task at hand, is suffi-
cient to unambiguously describe the object, and, at least intuitively, resembles the 
object’s shape. 

With the above features, a medial representation provides rich information on the 
geometry of the represented object, provides a basis for a description at multiple spa-
tial scales and can be used in various image analysis tasks, such as object recognition. 

Many other features would be desirable, such as the uniqueness of the representa-
tion and a precise correspondence between elements of the representation and ele-
ments of the object, but these can be seldom satisfied satisfactorily. 

2   The Medial Axis Transform 

The medial axis transform defined by Blum, MAT, is the locus of symmetry points, 
i.e., the object points placed midway between two sections of the object boundary. 
Each point of the MAT is the center of a ball, which touches the object boundary in 
two different points and can be associated with its distance to the boundary, i.e., the 
radius of the ball. The object can be recovered by taking the union of the balls associ-
ated to MAT points. These balls partially overlap with each other, so that the MAT is 
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not necessarily a minimal coding. In fact, objects can be reconstructed from proper 
subsets of their MATs (see [20]).  

The continuous MAT of a planar object consists of lines, each of which corre-
sponding to a region of the object. See Fig. 1, where the MAT is superimposed onto 
the object. Three balls, centered on symmetry points located at the end of a line, along 
a line and at the intersection of three lines, are shown. In particular, the MAT of a 
polygon consists of straight lines and parabolic arcs, and peripheral MAT branches 
start from the convex vertices of the polygon. In the discrete case, all objects are actu-
ally polygons approximating the corresponding continuous object and, depending on 
the metric used to detect symmetry points and – hence - on the shape of the balls 
associated with the symmetry points, peripheral branches of the MAT originate from 
sufficiently sharp contour convexities. The continuous MAT of an object in R3 con-
sists of surfaces and lines. For a polyhedron, peripheral MAT surfaces originate from 
convex edges of the polyhedron. The discrete 3D MAT also consists of discrete sur-
faces and lines, originating from sufficiently sharp convexities along the object 
boundary. 

 

Fig. 1. The MAT of a 2D continuous object. Three maximal discs are shown. 

The discrete MAT can be computed by detecting the centers of maximal balls in 
the distance transform of the object. In fact, a center of a maximal ball is a symmetry 
point, since the associated ball touches the boundary of the object in at least two dis-
tinct parts and is completely contained in the object.  

Different discrete path-based distance functions can be used to compute the dis-
tance transform [21,22] and the shape of the ball associated with the centers of maxi-
mal balls depends on the adopted metric. A quasi circular (spherical) shape character-
izes only maximal balls computed by using quasi-Euclidean metrics, where suitable 
weights are used to properly differentiate the length of the unit moves from a pixel 
(voxel) to its edge- and vertex-neighbors (face-, edge- and vertex-neighbors). For 
metrics where equal weights are used for unit moves towards all neighbors, the MAT 
will not be stable under object rotation. See Fig. 2, where three 3D objects are shown 
to the left, while the sets of centers of maximal balls computed by using D6 (i.e., the 
3D version of the 2D city-block distance) and D26 (i.e., the 3D version of the 2D 
chessboard distance) are respectively shown in the middle and to the right. 

Another drawback of the discrete MAT is that since not all symmetry points result 
to be centers of maximal balls, the discrete MAT does not necessarily reflect the to-
pology of the associated object. Again refer to Fig. 2, where only for the first object, a 
cube, the MAT consists of a single connected component when using D6 or D26. For  
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the other two connected objects in Fig.2, the MAT includes more than one connected 
component or spurious tunnels. While invariance under rotation can be obtained by 
resorting to a quasi-Euclidean metric, topological equivalence between an object and 
its discrete MAT cannot be guaranteed. 

 

Fig. 2. Three 3D objects, left, their discrete MAT computed by detecting the centers of maxi-
mal balls on D6, middle, and on D26, right 

To compute the MAT of a discrete surface in the 3D space, the distance transform 
to be used is the geodesic distance transform, where the object voxels delimiting the 
surface are used as the source from which distance information propagates towards 
the object voxels that are internal in the surface. In Fig. 3, the MAT of a rectangular 
object in upright and rotated position, as well as subjected to different bendings is 
shown superimposed on the surface. The metric adopted to compute the MAT is 
quasi-Euclidean. Thus, the MAT has the same structure whichever is the orientation 
of the object and independently of whether the surface is flat. For this object, the 
MAT also results to be topologically equivalent to the object. 

 

                 
 

Fig. 3. The discrete MAT of a surface in the 3D space 

3   Grassfire and Shock Graph 

Grassfire Transformation and Shock Graph can be seen as a dynamic interpretation of 
the MAT concept. In both cases, the problem to be faced is the identification of singu-
larities (quenching points and shocks) in a partial differential equation of motion, 
occurring at fixed speed in a direction initially perpendicular to the object boundary. 
The main difficulties concern numerical discretization of the flow and detection of 
singularities. 

As concerns the grassfire, let us suppose that all points on the boundary of a dry 
grass field are set on fire at the same instant of time. In the absence of wind, the fire 
propagates at constant speed in every direction toward the innermost part of the field. 
Fire dies out at the quenching points, i.e., the points reached at the same instant of 
time by fire fronts originated at different parts of the boundary of the field. Of course, 
the quenching points are symmetrically placed within the field and the instant of time 
at which they are reached depends on their distance from the boundary of the field. 
Thus, the grassfire transform has the same properties as the MAT.  
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An algorithm inspired by the grassfire process has been suggested, for example, to 
compute the straight skeleton of a polygon [23]. The wave-front propagation leading 
to the computation of the straight skeleton originates from consecutive subsets (the 
edges of the polygon) of the object boundary. These edges move towards the inner-
most part of the object, with constant speed and parallel to the initial edges of the 
polygon. While they move inwards, the edges change their lengths. The vertices of 
the polygon move along the bisectors, tracing the representation scheme, which con-
sists of straight line segments only.  

Two types of changes are possible for a moving edge: it may shrink to zero length 
(this event causes either the neighboring edges to become adjacent, if they have still 
positive length, or the wave-front to vanish); the edge splits due to interference (if 
self-interference occurs, two wave-fronts merge into a single one, otherwise splitting 
of a wave-front occurs). 

The Shock Graph, [4], is obtained as the locus of singularities (shocks) generated 
during a propagation from the shape boundary. Each shock point is associated with a 
direction and with the (instantaneous) speed of flow [24]. Depending on the number 
of contact points and the flow direction, shock points are classified [25]: source and 
sink points determine the nodes of the graph, while the links connect source points to 
sink ones and define the arcs of the graph. Some attributes (intrinsic geometry of the 
region of the object that corresponds to a link, radius and flow direction of each node) 
are associated to the shock graph. The growing direction of the radius of the bitangent 
ball that is associated to each arc makes the shock graph representation somehow 
richer than the MAT.  

Shock graphs are widely used for image matching, recognition and curve align-
ment. Most of the methods in the literature are mainly addressing the 2D case. How-
ever, shock graphs have also been extended to 3D. In the 3D case, the shock graph 
structure consists of components dimensionally heterogeneous and is not a planar 
graph.  

4   Voronoi Diagram 

In the continuous plane/space, given a finite set of points S, the Voronoi cell associ-
ated to a point p of S is defined as the subset of the plane/space with the points closer 
to p than to any other point q in S. Of course, for each point in the plane/space there 
exist at least one point of S to which it is closer. In turn, a point can have the same 
distance from more than one point of S and, if this is the case, the point belongs to a 
Voronoi edge separating two or more Voronoi cells. The union of the Voronoi cells of 
all points in S is a partition of the plane/space called Voronoi Diagram of the set S. 
See Fig. 4 left. 

If the set S consists of a suitable number of points on the boundary of an object, the 
Voronoi diagram of S contains edges extending outside of the object. The boundary of 
the object cuts the Voronoi diagram into an internal part and an external part. The 
internal part of the diagram is called the Voronoi skeleton. See Fig. 4 right. 
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Fig. 4. The Voronoi diagram 

The Voronoi diagram can be computed as the dual of the result obtained by com-
puting the Delaunay triangulation. Given the set S, the Delaunay method triangulates 
the convex hull of S in such a way that the circumcircle of each triangle includes only 
a generating point. The constituent elements of the Delaunay triangulation can be 
mapped onto the elements of the Voronoi diagram: the Delaunay points (i.e., the gen-
erating points of S) can be mapped to the Voronoi cells, and the Delaunay edges con-
nect the points of S which share a Voronoi edge.  

In [26] it has been proved for the continuous case that if the density of the bound-
ary points constituting S goes to infinity, the Voronoi diagram of S converges to the to 
the continuous medial locus, i.e., the skeleton of the object (once the Voronoi edges 
separating neighboring sampling points are disregarded). Actually, when the density 
increases, the number of Voronoi edges also increases and pruning has to be used in 
order to obtain a significant skeleton. 

There is a very close relation between the Voronoi skeleton and the representations 
of the object obtained by using the medial axis transformation or the shocks of the 
grassfire flow, the only difference being that a disjoint set of points, obtained by sam-
pling the boundary of the object, has to be used to build the Voronoi skeleton, instead 
of the continuous boundary as it is the case for the grassfire representation. As con-
cerns the analogy with the MAT, we note that a point p on a Voronoi edge is equidis-
tant from two points on the boundary of the object. Thus, a circle of appropriate ra-
dius centered on p has two points of contact with the boundary. In turn, if p is at the 
intersection of Voronoi edges, p is equidistant from at least three (generating) points 
on the boundary. Thus, a circle centered on p has at least three points of contact with 
the boundary. As for the analogy with the grassfire, we note that if the fire is lit only 
on the points of a subset S of the boundary, instead of on the whole boundary, the 
quenching points are the edges in the Voronoi diagram of S.  

A key problem to be faced to extract the Voronoi skeleton of an object regards 
boundary sampling. A uniformly dense sampling produces a huge number of generat-
ing points in S and, hence, a huge number of Voronoi edges, not all significant. Non 
uniform sampling that selects a larger number of generating points in regions of the 
boundary with high curvature could be a proper way to limit the number of non sig-
nificant Voronoi edges produced by generating points located along straight portions 
of the boundary [27, 28]. However, non uniform sampling may cause a bias in  
the position of the main Voronoi edges and, hence a considerable deviation from  
the position expected for the skeleton. Therefore, uniform sampling is more often 
preferred and a pruning phase is added to the computation of the diagram to compute 
the Voronoi skeleton. 
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To perform pruning of the Voronoi diagram and keep only the edges that are more 
stable and significant, significance measures have been introduced [29-32]. The sig-
nificance measure can be used to establish a hierarchy of edges. The root of the hier-
archy includes the most stable and significant edges, while edges that are farther and 
farther from the root have smaller and smaller significance. By pruning edges at dif-
ferent levels of the hierarchy, different approximations of the original object can be 
obtained, so originating a multi-scale representation. Significance measures can be 
local, e.g., the significance of each edge is evaluated by measuring the distance along 
the boundary of the two generating points from which the edge points are equidistant, 
or global, e.g., the significance of a group of edges is evaluated by comparing the 
shape of the objects recovered with and without the group of edges. 

The extraction of the 3D Voronoi skeleton, e.g., [31, 33], is definitely more com-
plex than in 2D, due to the huge number of sampling points. Similarly to the 2D case, 
the methods are mainly based on the Delaunay tetrahedralization. 

A way to reduce the computation load in the computation of both the 2D and the 
3D Voronoi skeletons, could be to resort to an approximation of the Voronoi dia-
grams based on the discrete grid used for ridge extraction in distance maps [9].  

5   Skeletonization by DT 

The term skeletonization has been introduced in the framework of linear representa-
tion of 2D discrete objects and then extended to the 3D case. For a binary 2D image, 
skeletonization is a process changing the status of object pixels into that of back-
ground pixels until a subset of the object is obtained, which is a union of arcs and 
curves placed symmetrically with respect to the border of the object. For a 3D object, 
the general strategy of skeletonization is still the same: object voxels are changed to 
background voxels, provided that topology and geometry are not altered, until the 
skeleton is obtained. The 3D skeleton is either a set of 3D surfaces and curves (called 
surface skeleton) or, if reversibility is not requested and the object does not include 
cavities, it can consist only of 3D curves (called curve skeleton). 

A skeletonization scheme, commonly followed in the literature, is iterative thin-
ning. This is based on the repeated use of topology preserving removal operations 
with a local support (generally 3×3 in 2D and 3×3×3 in 3D). To guarantee skeleton 
medialness, removal operations are applied border after border, so that a long compu-
tation time, proportional to object thickness, is necessary to obtain the skeleton.  

An alternative approach, characterized by a significantly smaller computational 
cost, is based on the use of the distance transform of the object. The distance trans-
form is a labeled replica of the image, where the elements (pixel in 2D and voxels in 
3D) of one of the two sets (the object of interest OI) are labeled with the value of their 
distance from the other set (the reference set RS). The distance transform can be com-
puted by means of a propagation process during which any object element p receives 
distance information from its neighbors that either belong directly to RS or are closer 
to RS than p, and propagates distance information to its object neighbors that are far-
ther than p from RS. Thus, the distance transform can be seen as consisting of layers, 
each of which includes elements reached at the same instant of time by the propagat-
ing wave-front. When the sets OI and RS do not exhaust the image, the distance  
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transform is generally called geodesic distance transform and the voxels that do not 
belong to either OI or RS are called barrier voxels. The structure of the distance trans-
form is very much related to the structure of the grassfire transform, so making it 
appealing for computing the skeleton. 

In the discrete space, the distance between two elements p and q is measured by the 
length of the shortest path linking p to q. Depending on the kind of neighbors that can 
be used to build the linking path and on the weights used to measure the moves to-
wards different kinds of neighbors, the computed distance will assume different val-
ues. In particular, proper selection of integer weights allows one to measure the length 
of the path in a way reasonably well approximating the Euclidean length of the path 
itself (see, [21,22]).  

Skeletonization algorithms based on the use of distance transforms in 2D and 3D  
computed by different metrics are, for instance, [12-14, 16, 34]. 

The general scheme to compute the skeleton of a 2D object or the surface skeleton 
of a 3D object is the following. The layers of the distance transform are interpreted as 
the successive borders that would characterize the object, if this undergoes iterative 
skeletonization. Since all layers are directly available in the distance transform, most 
of the skeletal pixels/voxels can be directly identified and marked there in one inspec-
tion of the distance transform. These elements are the centers of the maximal balls 
(necessary to guarantee both medialness and reversibility of the skeleton),  and the 
pixels/voxels placed in saddle configurations. Then, a small and fixed number of 
inspections is enough to identify and mark the remaining skeletal pixels/voxels neces-
sary to obtain a skeleton homotopic to the object. Since the set of the centers of 
maximal balls is likely to be 2-element thick in correspondence of object regions 
whose thickness is expressed by an even number of elements, a suitable final thinning 
is performed to gain unit thickness. Finally, even if the distance transform based 
skeleton is definitely much less sensitive to noise than the Voronoi skeleton, pruning 
is generally taken into account to remove peripheral parts of the skeleton whose sig-
nificance is negligible and whose presence in the skeleton would only make its struc-
ture more complex and heavy to use. At the end of the process, the skeleton of a 2D 
object is, as expected, a set union of arcs and curves, and the surface skeleton of a 3D 
object is a set union of intersecting surfaces (sheets) and curves (lines). 

The surface skeleton can also be used to efficiently compute the curve skeleton of a 
3D object, still by using distance information. In this case, the geodesic distance 
transform of the surface skeleton is necessary. To this aim, the voxels of the surface 
skeleton have to be classified so as to distinguish the voxels delimiting the surface 
skeleton (edge voxels), which will constitute the reference set RS, the voxels internal 
in the surface skeleton (internal voxels), which will constitute the object of interest 
OI, while all other voxels (background voxels, voxels belonging to lines and to inter-
section among surfaces or lines) will act as barrier voxels. The rationale for letting the 
intersections act as barriers is to guarantee that distance information propagated from 
the edge voxels delimiting a sheet does not flow through the intersections towards 
voxels internal in intersecting sheets. In this way, the centers of maximal balls found 
in the distance transform can be correctly interpreted as symmetry points of the vari-
ous sheets forming the surface skeleton. Besides the centers of maximal balls, also the 
voxels classified as belonging to lines and to intersections carry relevant shape infor-
mation and, as such, are marked as skeletal voxels. Once all these voxels have been 
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identified and marked in the geodesic distance transform, the remaining voxels  
necessary to guarantee skeleton connectedness can be detected in a small number of 
inspections. Also in the case of curve skeletonization, final thinning and pruning are 
necessary to gain unit thickness and to obtain a skeleton consisting only of significant 
curves. 

The best results are obtained if a quasi Euclidean metric is used to compute the dis-
tance transform. In Fig. 5 a) the skeleton of a 2D object, computed by weighting 3 and 
4 the unit moves towards pixels sharing an edge and pixels sharing a vertex is shown 
superimposed on the input object. Fig 5 b), c) and d) respectively show a cylinder, its 
surface skeleton and its curve skeleton, obtained by using the weights 3, 4 and 5 to 
measure the unit moves towards face-, edge- and vertex-neighbors, respectively.  

 

 
              a)          b)          c)             d) 

Fig. 5. The skeleton of a 2D object,superimposed onto the object, a), a cylinder, b), its surface 
skeleton, c), and its curve skeleton, d), all computed by using a quasi Euclidean distance 

6   Applications of Medial Representations and Conclusion 

Some medial representation schemes have been briefly discussed in this paper, which 
are all related to the Medial Axis Transform. Medial representations have found many 
applications in computer vision and image analysis. A few examples, mainly concern-
ing with the curve skeleton are given below to conclude this paper. 

The curve skeleton has been used in virtual navigation to generate collision-free 
paths through a scene and, in particular, for virtual navigation through human organs. 
Typical examples are colonoscopy (e.g., [35]), bronchoscopy (e.g., [36]) and angio-
scopy (e.g., [37]). The above endoscopic methods are invasive and certainly uncom-
fortable for the patients. Since virtual endoscopy can produce images similar to those 
available by the traditional endoscopy without being invasive, the curve skeleton is a 
useful tool. After imaging, the skeleton of the object is computed and by moving a 
virtual camera through it, the inspection of the organ becomes possible. 

The skeleton has also been used in computer graphics for the animation through ver-
tex deformation of a static object. One of the problems is the difficulty in deforming 
vertices in the proximity of multiple limbs of the skeleton, still being able to maintain a 
surface with natural appearance. In [38], the weights associated with vertex deformation 
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are computed automatically, by applying convolution to the medial axis/surface of the 
object, and fewer undesired artifacts appear in the animated surface. 

Another application of the skeleton is for matching of 3D objects, where, given a 
query object, the task is to find similar objects in a database. If the curve-skeleton can 
differentiate the part structure of the original object, then also part matching is possi-
ble, by matching only parts of the objects against the query. For example, the method 
[39] uses graph matching techniques to match (parts of) the skeletons and to compare 
them. The skeletal graphs can be manually annotated to refine or restructure the search, 
so allowing to choose between a topological similarity and a geometric (shape) similar-
ity. The matching results can also be used for driving a number of registration algo-
rithms, most of which require a good initial guess to perform registration.  

Finally, the skeleton has also been used in other image processing tasks like seg-
mentation (e.g., [40]). 
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