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a b s t r a c t

This paper presents a novel approach to address the problem of generic 2D shape recognition. We pro-
pose a morphological method to decompose a binary shape into entities in correspondence with their
protrusions. Each entity is associated with a set of perceptual features that can be used in indexing into
image databases. The matching process, based on the softassign algorithm, has produced encouraging
results, showing the potential of the developed method in a variety of computer vision and pattern rec-
ognition domains. The results demonstrate its robustness in the presence of scale, reflection and rotation
transformations and prove the ability to handle noise and articulated structures. In order to increase effi-
ciency, the retrieval process is applied after a coarse scale grouping of objects, without sacrificing effec-
tiveness and allowing indexing into large shape databases.

� 2008 Elsevier B.V. All rights reserved.

1. Introduction

There has been large work in the area of shape comparison for
object recognition and indexing. A number of approaches consider
an object as a single feature vector in a high-dimensional space
[47]. Unfortunately they are not able to predict entry-level catego-
ries because there is no abstraction from image data to a model. In
[32] shapes are represented as modal deformations of a prototype
object. Shape similarity is evaluated as distance between mode
vectors. Del Bimbo and Pala [7] have computed shape similarity
by minimizing a cost function which considers the amount of
deformation of the sketch and the degree of matching between
the deformed sketch and the query shape. There are also systems
which define global attributes and use vector model for indexing
in image databases. In [12] a set of 22 global shape features includ-
ing circularity, area, major axis orientation and a set of algebraic
moments are defined and indexing is performed on a lower dimen-
sional space by using R*-tree. In [20] shapes are represented by two
sets of global features: a 72 bins histogram of the shape edge direc-
tion and 7 invariant moments. Shape similarity is evaluated as a
weighted sum of the Euclidean distance between the histograms.
The authors do not propose indexing. Of course the use of global
features shows limitations in modelling perceptual aspects of
shapes. On the contrary, local feature-based methods present a
more effective performance. There are methods which represent
each object as a collection of line segments, curves, corners, regions
[11,13,35]. In [40] the author proposes an adaptive rectangular

decomposition, where a binary object is decomposed into a union
of rectangles. A dynamic programming is used to select the dimen-
sions and locations of the rectangles so that the total number of
rectangles required to represent the object is minimized. The
author shows that this decomposition can represent objects with
fewer points than the morphological skeleton. Another important
result is that by incorporating a more sophisticated search tech-
nique, the author shows that a more efficient representation may
be found. As a drawback the number of points required to repre-
sent the object can influence the computational cost. In [33] shapes
are represented as a set of segments between two consecutive
inflection points. Segments are considered at different levels of
shape resolution and matching is achieved by minimizing a cost
function. The success of these methods depends strongly on the
choice of the features and their extraction. Moreover, such meth-
ods show that geometric variations can be too selective since glo-
bal information could be lost in local details. The main task in all
pattern recognition problems is to define a suitable perceptual
model and automatically extract effective visual information to
model as features vectors. In this way the shape matching process
is reduced to evaluate distances between points in a multidimen-
sional feature space. Since the use of global features presents lim-
itations in modelling perceptual aspects of shape and poor
performance in the computation of similarity with partially oc-
cluded shapes, we propose to decompose the shape boundary into
perceptually significant entities with associated local boundary
features. A shape is then represented by a collection of boundary
feature vectors. In partitioning a shape boundary we have com-
bined the use of the thinned representation of a shape with the dis-
tance function in order to first decompose the shape into different
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regions and then to achieve the boundary segmentation. After
decomposing the shape boundary into entities, with each entity,
we associate geometrical features used to index the original object
in a database of shapes by minimizing a distance function. In [3]
Berretti et al. propose a similar approach by using the curvature
zero-crossing points from a Gaussian smoothed boundary to obtain
the primitives, called tokens. With each token they associate its
maximun curvature and its orientation as features. The token sim-
ilarity is a weighted Euclidean distance. The method is not rotation
invariant because of the curve orientation. For indexing the tokens
into a feature database they use an M-tree structure. For the N to-
kens of the query shape they first search the similar tokens by vis-
iting the index tree N times. The set of retrieved tokens with the
same shape identifier represents a potential similar shape. Then
they match the query shape and the potential similar shape using
a model-by-model matching algorithm which is the best match be-
tween the tokens of the two shapes. The tokens matching involves
thresholding which is ad hoc or empirical. Quantitative retrieval
performance and retrieval efficiency are reported only for classical
painted images. Also, the tree is visited a number of times in the
shape matching so it is not clear whether the indexing is better
than model-by-model indexing or not. Another comparable ap-
proach has been proposed by Latecki et al. in [26]. They present
a shape similarity measure based on correspondence of boundary
parts that are visually significant. They use a discrete evolution
method as a prefilter for shape comparison in order to decompose
a shape into visual parts. In [29] Mokhtarian et al. propose to use
the maxima of curvature zero-crossing contours of curvature scale
space image to represent the shapes of objects boundary contours
[30]. The matching algorithm is based on global boundary informa-
tion. The method is robust with respect to noise, scale and orienta-
tion changes of the object but it is sensitive to occlusion.

The remainder of this paper is organized as follows. Section 2
contains an overview of the proposed approach. In Section 3 the
idea to use the morphological skeleton for shape partitioning is
presented. Section 4 describes how to use local boundary features
for an effective shape indexing. In Section 5 the shape matching
algorithm is discussed. The evaluation of the method, indexing
and a comparative analysis to similar approaches are presented
in Section 6.

2. Overview of the method

Our approach for shape matching consists in decomposing a
shape boundary into entities in correspondence with protrusions
and modelling each entity according to a set of perceptually salient
attributes. In this work we propose to use the skeleton of a shape in
order to segment its boundary into parts by means of morpholog-
ical operators as introduced in [8]. A skeleton can be partitioned
into parts, each of them being a skeleton branch. From the skeleton
parts we can also infer a meaningful decomposition of the object
into regions, each of them being associated with one of the skele-
ton branches. We assign to each skeleton branch a region of the ob-
ject by decomposing the object through the boundaries of the
influence zones of the partitioned skeleton. Consequently from
the partition of the object we can infer a segmentation of its
boundary into entities, i.e. by intersecting the boundaries of the ob-
ject regions with the shape boundary we obtain a shape boundary
segmentation into entities. The partition occurs where the shape
curvature presents sudden variations or, in other words, in corre-
spondence to protrusions of the boundary curve. An entity can
be modelled according to a set of perceptual significant attributes
allowing an effective shape indexing. Two shapes are considered
similar if they share entities with similar attributes, according to
an appropriate distance measure. The entity distance is used to

provide a measure of similarity between two entities. The shape
distance is defined as a combination of entity distances and it is
used to derive a global measure of shape similarity which fits hu-
man perception. Given two generic shapes, respectively, their dis-
tance is computed by combining the similarity of their entities
according to a minimization procedure. In order to be useful, a
shape retrieval system must have sufficiently high accuracy and
speed to meet the needs of the user or application. For this reason
we compare two shapes after a coarse scale grouping of the data-
base images into families. A query shape is compared with all the
images of a particular family and not with all the images in the
database. Some recently published systems have employed com-
plex shape matchers to achieve high accuracy, at the cost of rela-
tively high pairwise matching times [37,44,46]. Our aim in this
work was also to increase the speed of shape retrieval, without
penalizing accuracy.

3. From morphological skeleton to shape decomposition

The skeleton represents a powerful tool for qualitative shape
matching because it abbreviates information about the shape of
the object and its topology, aiding synthesis and understanding
[5,21]. In [9,10] we have introduced algorithms for detecting the
main skeletons characteristic points (end points, junction points
and curve points) based on a morphological approach. The detec-
tion of end points, junction points and curve points of medial axis
is important for a structural description that captures the topolog-
ical information embedded in the skeleton. Our approach for shape
matching consists in decomposing a shape boundary into entities
in correspondence with protrusions and in modelling each entity
according to a set of perceptually salient attributes. In this work
we propose to use the skeleton of a shape in order to segment its
boundary into parts by means of morphological operators. In [9]
we have proposed two different methods to identify end points
and to detect junctions points from a skeleton using mathematical
morphology. In this way a skeleton X of an object O can be consid-
ered as the union of the end points, the junctions and the curve
points of X, i.e.

X ¼ EndPointsðXÞ [ JunctionPointsðXÞ [ CurvePointsðXÞ:

As a consequence, a skeleton X can be partitioned into N parts
S ¼ SiðXÞ; i ¼ 1; . . . ;N, each of them being a skeleton branch. From
the skeleton parts we can also infer a meaningful decomposition
of the object into regions, each of them being associated with one
of the skeleton branches. With each skeleton branch SiðXÞ we asso-
ciate a region RiðXÞ in the following way. Let S be the set of the skel-
eton branches computed by subtracting the junctions points from
the skeleton X, i.e.

S ¼
[

i

SiðXÞ ¼ X n JunctionPointsðXÞ:

We assign a region of the object O to each skeleton branch SiðXÞ, by
partitioning the object through the boundaries of the influence
zones of S. We first detect the skeleton by influence zones of skele-
ton parts, IZðSÞ [38,43]. Indeed, the set of pixels of a binary image
that are closer to a given connected component than any other con-
nected component defines a partition of the image known as Voron-
oı̈ diagram, each of them representing the influence zone of the
considered connected component. There is a one-to-one correspon-
dence between the set of connected components of a binary image
and the set of its influence zones. The connected skeleton branches
SiðXÞ are used as seeds (i.e. markers) for the splitting procedure. An
Euclidean distance is used in the image decomposition. As in image
processing field, the use of distance and markers permits to define
influence zones and the boundary between influence zones is the
skeleton by influence zone or SKIZ. The SKIZ principle is easily
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