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Abstract: In this paper we present a Content-Based Im-
ages Retrieval (CBIR) system which uses characteristics
of a region occupied by a shape and the outer contours
of the same. The CBIR system is a two-stage image re-
trieval system: it first extracts a subset of images which
contains those shapes most similar to those contained in
the query shape, based on the use of morphological char-
acteristics of the objects considered. It then indexes an
extracted subset of shapes from the database in view of
the similarity of the deformation of the outer contours of
these shapes. For this first stage, we propose a geomet-
ric method of two-dimensional shape recognition based
on the use of characterizations of those curves given by
the morphological operators of erosion, closure, aperture
and dilation with structural elements of increasing size.
The second stage of this system uses an invariant char-
acterization of shapes based on a deformable model. In
the experiments, we have illustrated that the CBIR sys-
tem can accurately retrieve the most similar images from
the database by using scaled, rotated, small, deformed or
mirrored sketched query images.

Keywords: Image database, Morphological operators,
Deformable models, Similarity measure, Image retrieval.

1. INTRODUCTION

Over the past few years significant development has been
made in the field of handling large quantities of electron-
ically stored data of a high graphic content. Such inter-
est owes itself, for the most part, to the need to create
multimedia computer systems and image database sys-
tems. Conventional image databases use alphanumeric
descriptions to index image information with regards to
its retrieval. Nevertheless, this is not the approach used
by humans to extract information. Different techniques
have been developed which, because they incorporate el-
ements of feature extraction and object recognition, al-
low queries in image databases using example images,
sketches, texture patterns or any other information of a
graphic character.

In this paper we propose a system of indexation and query
based on shape matching. Traditional shape descrip-
tion approaches include the extraction of a set of shapes
and their representation as points of a multidimensional
space. In related bibliography, we found description and
retrieval systems based on shape. Representations using
approaches to polygonal shapes and matching via polyg-
onal vertexes [24]; shape matching using relaxation tech-
niques in order to establish combinations of pairs of an-
gles among shapes [6]; use of chains to represent and de-
scribe shapes [5][10]; comparing images using the Haus-
dorff distance [11]; and use of invariant moments, to rep-



resent characteristics of a shape with regard to transfor-
mations of translation, rotation and scale [27][14][19].

Previous techniques have made use of a single model and
of characteristics associated to shape in order to describe
objects. One of the greatest limitations of using such sim-
ple models in shape description in content based image
retrieval systems is the dependence on the domain of ap-
plication.

This paper focuses on describing a method of image ex-
traction based on the similarity between characteristics of
the shape of the images under consideration. Three pro-
posals have been analyzed here in order to match objects
contained in the database:

� Initially, an invariant characterization of finite sets
based on mathematical morphology is studied.
Comparing shapes with this method requires the
prior extraction of features with a property of invari-
ance with respect to certain geometrical transforma-
tions of the image [7]. In [25][26] we find a sys-
tem of two-dimensional binary image recognition
using characteristics given by morphological oper-
ators. Another method also proposed in the same
works, makes use of the morphological aperture op-
erator for a similar scheme. Section 2 presents a ge-
ometric method of two-dimensional shape recogni-
tion based on using morphological erosion, closure,
aperture and dilation operators.

� Next, section 3 studies an invariant characterization
of shapes based on a deformable model. This ap-
proach matches shapes according to the amount of
effort it takes to deform an object and transform it
into another. References found in the bibliography
related to the idea of object description using de-
formable models are [28][3][21][20].

� Lastly, we have proposed a 2D recognition system
based on a combination of the above two. This ap-
proach is made up of two well-defined steps: first,
from the entire database, the system extracts a sub-
set of those objects which are most similar using the
invariant characterization of finite sets based on the
mathematical morphology given in section 2, and
then, it reorders those shapes retrieved using the cri-
teria of similarity proposed by the deformable model
described in section 3. Basically, what this third
approach to 2D shape recognition does is to join
the main discriminating characteristics of previous
techniques: discrimination of the area of the shape
(mathematical morphology) and discrimination of
the outer contour of the shape (deformable model).

This paper is organized as follows: Section 2 shows the
morphological approach; Section 3 shows the scheme
given by the deformable model for the characterization of
shapes; Section 4 presents the combined scheme of shape
retrieval; Section 5 presents the results obtained by the
three retrieval techniques showed and Section 6 presents
the main conclusions of the work.

2. MORPHOLOGICAL FILTERS

2.1. Introduction

Using morphological models in shape recognition finds
its development in the theory of random closed sets [15].
One image (background white) with a shape (foreground
black) can be modelized as a point process or a random
set; carrying out the point process is a random set. In this
way we can define the random variable N(E) as the sum
of the number of points of set E.

The most obvious characteristic of a random set A is the
probability that point x belongs to the set: p = P (x 2
A) = 1�Q(fxg), for any such point x. This value can
be calculated by:

p̂=
area(A\W )

area(W )

whereas the area is accounted for by means of counting
the points in observations A and A\W over a window
W . The calculation given in [25] and [15] may be applied
to define necessary operators. Given two setsA andB we
determine:

�A= f�x j x 2 Ag

A�B = fx+y j x 2 A;y 2 Bg

A	B = (Ac�B)c = fx jB+x�Ag

and we define:

eT =
areaf(A\W )	 �Tg

areafW 	 �Tg
(1)

dT =
areaf(A� �T)\ (W 	 �T )g

areafW 	 �Tg
(2)

whereas the terms of the numerator of both expressions,
using the Serra notation [25], denote erosion and dilation.
The dual operations denote opening and closing over disc
T are given by the following, respectively: (A	 �T )�T

and (A� �T )	T .

These operators are known as morphological transforma-
tions and they work on the observed part of A, A\W .

We can also define:

oT =
area[f(A\W )	 �Tg�T ]\V

área V
(3)

cT =
area[f(A\W )� �Tg	T ]\V

área V
(4)

whereas V denotes the maximal set such that the opening
of A by T is known within V from A\W .

Our goal is to describe the characteristic curves eT , oT ,
cT and dT as a function of T . We can clearly state that
eT � oT � cT � dT

We can confirm that the four curves are monotonous in
T , except in some cases due to the effect of the outer
contours of the objects present in the scenes. The curves



characterize the objects of the image according to a varia-
tion in the relationship of surfaces existing between what
would be the area of the object originally taken into ac-
count and that which is obtained by a morphological filter
for each of the operators, when the radius of disc T varies.

2.2. Our approach

The question of shape recognition based on a set of char-
acteristics may be redefined as the establishment of a sim-
ilarity between an object considered and the remaining
content in the database. Whereas the concept of similar-
ity can be defined according to different criteria, in this
paper it shall be understood as the difference between two
objects considered.

This object matching procedure follows two different
stages which are described below in detail.

2.2.1. Determining the characteristic vector of the ob-
jects in the database

If we consider the shape and the simulation shown in fig-
ures 1.a and 1.b for a structural element T of increasing
radius, the following points can be considered:

1. With respect to morphological operators, when the
radius of structural element T increases, the area ra-
tio given by the erosion and aperture operators tends
towards 0. On the other hand, and under the same
circumstances, the area ratio given by the dilation
and closure operators tends to be greater.

2. A window or frame of reference which allows us to
fix the growth of dilation and closure should be de-
limited.

Both points require, in short, the definition of an adequate
range of values for the structural element T used. In our
approach, and in order to provide a normalized work en-
vironment, we applied an increasing range of values to T
starting at 0 and increasing to whatever would be neces-
sary for the object considered to be eliminated from the
scene in the erosion process. This is how we arrive at
the representation of morphological curves such as those
found in Figure 1.

Therefore, the result of this first stage of defining a shape
recognition system is a vector of values representing the
response from the shape of four morphological filters in
a predetermined number of different diameters of T of
equal distance.

2.2.2. Defining a measure of distance between the differ-
ent characteristic vectors

The similarity of two shapes shall be determined by the
Euclidean distance between the vector of characteristics
X of the input shape and vectors Zi of those shapes con-
tained in the database:

d(X;Zi) =
q
(X�Zi)T (X�Zi) (5)

Figure 1. a) Original binary 2D shape. b) The simulation
carried out for a circular structural element of increasing
radius r (r 2 [1;40]) over the original image given a). c)
Simulation carried out for a circular structural element of
increasing radius r (r 2 [1;32] over the original image a).
Curves marked with d correspond to dilation, c to closing,
a to opening and e to erosion.

The measure of distance given in the above equation (5)
allows for a mechanism of indexation of the different
shapes considered in the database.

2.3. Supported Invariances

The proposed procedure for measuring similarity sup-
ports an invariance over three different transformations:

1. Invariance to a scaling transformation is assured by
the normalization mechanism that establishes a pre-
vious shape scaling step which assures that the shape
disappears completely when the erosion operator is
applied with a structural element T of a maximum
predetermined size.

2. Invariance to a translation transformation is also
assured since the magnitude itself measured in
the morphological curves attends to a relationship
among surfaces.

3. Invariance with relation to a rotation transformation
is also assured as long as the structural element T
used in the morphological operators is a centered
disk.

2.4. Extension of the Approach to Non-isotropic Ele-
ments

This paper has included another experiment via the con-
sideration of non-isotropic structural elements such as
rectangulars positioned on their respective centers of
gravity.

With respect to the questions of invariances supported
by this approach and mentioned in Section 2.3, several
points can be made with regards to using non-isotropic
structural elements:

� All those considerations made for the invariance ap-
proach under transformations of scale and transla-
tion are still valid even when either of the two types
of non-isotropic structural elements are used.



� The calculations used to assure the invariance with
respect to rotation must be modified, as follow.

2.4.1. Invariance to Rotation over Non-isotropic Struc-
tural Elements

If we want to preserve an invariance to transformations
of rotation, a study would have to be carried out on the
morphological curves bearing in mind that the structural
element rotates 360Æ.

Because this procedure considerably increases the com-
putational cost of the process, we use a discretization of
the first two quadrants. Since the structural elements are
positioned on their center of gravity, discretization will
affect the third and fourth quadrants equally.

Figure 2 shows several examples of morphological curves
obtained while considering four different angle steps for
a rectangular structural element positioned on its center
of gravity of a maximum size of 16 pixels wide by 32
pixels high.

Even though this resolves the problem of the formation
of the characteristic vector, modifying the above-defined
measure of similarity to adapt it to new problems is a task
which remains.

Figure 2 shows two shapes, rotated 90Æ to each other, and
their corresponding morphological curves for four differ-
ent angle steps. The graphics are not seen differ, in the
same sequence, but the groups of morphological curves
have shifted.

The proposed solution is very simple:

1. Determine the displacement produced by the groups
of curves.

2. Apply a measure of distance between the new vec-
tors obtained whose elements have been previously
corrected by possible displacement due to transfor-
mations of rotation.

3. DEFORMABLE MODELS

With respect to shape contour we can define a property of
deformation, between the object in question and the ana-
lyzed correspondent, which allows us to match objects in
the database. This leads to the use of a model of object
contour deformation.

Different ways of modeling deformations are described
in the bibliography [4] [13] [23] [1] [9] [12] [8].

We will have to define some type of measure which al-
lows us to evaluate the effort or energy of deformation
which we have to apply to a given contour in order to
adapt it to another.

3.1. Elastic Model

In this paper we have used the deformable model given by
Nastar in [16] [17] [18] which is decribed briefly below.

The deformable model defined by Nastar was first used
for analyzing the non-rigid motion of structures in tem-
porary sequences of 2D and 3D biomedical images. One

Figure 2. Simulation carried out with a rectangular struc-
tural element positioned over its center of gravity, of a
maximum size of 16 pixels wide and 32 pixels high. a)
the original images, b) the corresponding graphics.

of the significant characteristics which we can observe is
the consideration of elastic deformations. This restriction
should be understood as the capacity of an object to re-
cover its original configuration or shape once those forces
responsible for the deformation are no longer present.

The mechanical formulation of the problem consists in
assuming that the contour is made up of a set of punctual
masses (or nodes) joined together by springs. These elas-
tic springs provide a polygonal approach of the contour
and are supposedly identical, without mass, in stiffness k
and length l0. These springs modelize the surface elas-
ticity of the object.

Therefore the system under study is composed of N
punctual masses situated at a point of time t on geometric
points (M1(t);M2(t); : : : ;MN (t)).

A fixed point A shall be considered the origin of the sys-
tem’s reference axis. For all pointsMi, the basic equation
of the dynamics expresses the vectorial sum of the exter-
nal forces acting onMi as equal to the product of its mass
due to acceleration:

X
j

~fj(Mi; t) =mi

d2

dt2

�!

AMi=mi
�Mi (6)

This equation, expressed for nodes N , leads to a non–
linear system of coupled differential equations (for each



node, displacements x, y and z are paired and the dis-
placement of a node depends on the displacement of its
neighboring modes).

A possible solution to the non-linear equation given in (6)
could be the linearization described in [21]. Nastar pro-
poses in [16] making l0 = 0. This hypothesis does not
make the problem any less generalizable given that the
forces of balance ~feq allow for any possible initial config-
uration.

The direct consequence of the assumption of the above
hypothesis is that we obtain a linear system of differential
equations, in which calculations can be separated into x,
y and z. The main drawback to the system lies in the
possible rotations of the system, and although in theory
this should not happen, in practice the system allows for
this if they are small enough. Said limitations can also be
found in [21].

Lastly, the system’s equation of movement is given in the
form of a matrix of 3N dimension by:

MÜ+CU̇+KU = F(t) (7)

whereas U is a vector which stores the displacement of
nodes, K is the system’s stiffness matrix, C = diagonal
(ci) is the buffer matrix, M = diagonal (mi) is the diago-
nal masses matrix and F is the image of force which con-
tains the object attracted by the contour images. Matrices
C, M and, in particular, stiffness K matrix, are constant,
which is why they should not be recalculated in each it-
eration. Equation (7) gives the formulation based on the
use of finite elements of the deformation process.

In a dimensional space of order 3, the matrix equation (7)
represents fitted differential equations 3N . According to
the hypothesis already made of making l0 = 0, the result
is an expression of the same given by 3 matrix equations
of the N order for x, y and z:

8<
:

MÜx +CU̇x +KUx = Fx(t)
MÜy +CU̇y +KUy = Fy(t)

MÜz +CU̇z +KUz = Fz(t)

(8)

These differential equations of motion can now be inte-
grated according to the shape of their matrix following
different methods [2], Nastar [16] using an explicit Euler
scheme.

3.2. Mode Analysis

Once the system of motion has been described, a quanti-
tative analysis of the same must be undertaken. A method
of mode analysis based on frequencies will be used for
this.

In the line of providing a solution to the balance equation
(7), we can transform the problem by changing the base:
U(t) = PŨ(t), whereas P is the squared non-singular ma-
trix transformation of orderN which should be calculated
and P ~U is the vector of order N , known as the vector of
generalized displacement.

The equation of motion in the new base is given by:

M̃ ¨̃U+ C̃ ˙̃U+ K̃Ũ = F̃(t) (9)

In practice, an effective transformation is obtained by us-
ing the solutions to the equation of balance, assuming dis-
placements of free vibration with F(t) = 0. Obviously, if
the system is to balance itself, C should be 0 so there is
no loss of energy, thus resulting in the equation:

MÜ+KU = 0 (10)

The solutions to this equation are harmonics of the type
U = �sin!(t� t0), where � is a vector of orderN which
indicates the extent of the vibration, t is the temporary
variable t0 is a constant of time and ! is the frequency of
the vibration of vector �.

If we substitute the solution in harmonic form in the equa-
tion put forth, the result will be a generalized eigenprob-
lem from which we can determine � and !:

K�= !2M� (11)

The solution to this eigenproblem ([22]) is made up of 3n
eigensolutions.

If we define a matrix � whose columns are eigenvectors
�i and a diagonal matrix
2 which has the!2

i
eigenvalues

on its diagonal, then the 3n solutions can be written as
follows:

K�=M�
2 (12)

Matrix � will be an appropiate transformation matrix
(known as P ), and therefore the expression is as follows:

U(t) = �Ũ =

NX
i=1

~ui(t)�i (13)

where �i is the i�mode, ~ui is the amplitude and !i is its
frequency.

In fact, an approach to the nodal displacements U(t) as
Û(t) is done, the sum of p modes with lower frequency,
being p�N .

Û(t) =

pX
i=1

~ui(t)�i (14)

Vectors (�i)i=1;:::;p form a reduced modal base of the
system and allow a closed form solution through the se-
lection of modes with lower frequency.

3.3. Analytical Calculation of the Proper Vibration
Modes

Once the elastic structure has been defined, it is neces-
sary to present an analytical expression which allows its
calculation to be carried out. Although it is possible to di-
rectly use the numeric procedures to do so (12), we must
take into account that the size of the matrixes used could
be enormous for the most interesting case of 3D borders



(surfaces). Nastar ([16]) proposes a calculation to deter-
mine the analytical expression of the modes and, thus,
considerably reduce the costs of its computational calcu-
lation.

In the case of a closed curve, the eigenvalues ! 2 can be
defined by the dispersion equation:

!2 =
4K

M
sin2

�p�
n

�
(15)

We should point out the fact that if N is odd, !2
0 = 0 is

the only simple eigenvalues and the rest are all double
eigenvalues. If N is even, !20 = 0 and !2

n=2
= 4K=M

are the only simple eigenvalues, the others will be double
eigenvalues.

For the simple eigenvalues, the expression of the associ-
ated eigenvector is given by :

�=

�
cos

2p�

N
;: : : ;cos

2p�n

N
;: : : ;cos

2p�N

N

�T
(16)

where p 2 B(N), the first Brillouin zone [16].

B(N) =

� �
�N�1

2
; : : : ; N

2

	
if N is even�

�N�1

2
; : : : ; N�1

2

	
if N is odd

(17)

For double eigenvalues, we obtain a couple of orthogonal
eigenvectors given by:
8>><
>>:

�=
h
cos 2p�

N
; : : : ;cos 2p�n

N
; : : : ;cos 2p�N

N

iT

�
0

=
h
sin 2p�

N
; : : : ;sin 2p�n

N
; : : : ;sin 2p�N

N

iT (18)

3.3.1. Deformation Spectrum and its Application

As seen in the beginning of Section 3, the idea is to de-
fine an object of a deformable model in order to adapt it
to another, thus allowing us to measure the energy used
in the process as object similarity. Once we have an an-
alytical expression of the vibration modes of the nodes
situated upon a closed curve, we will define a represen-
tation mechanism of the modal width value as a function
of the shown mode: ~ui(t) = f(i)

This representation will be called modal spectrum [16].
Basically, it describes which modes and in which quantity
the different modes are excited in order to alter a shape
until it matches another. Thus we can obtain an indica-
tor of the quantity of deformation energy needed for the
process:

Edeformation =
1

2
UT KU =

1

2

NX
i=1

!2
i
~u2
i

Two deformations will be similar when their correspond-
ing displacement fields U1 and U2 are similar, except
the rigid transformations, which contain zero deforma-
tion energy. In other words: two deformations will be
similar when their corresponding deformation spectrum
are similar.

3.4. Similarity Measure Between Two Given Defor-
mations

In this section, all steps taken to obtain deformation spec-
tra of the different shapes used and to establish the simi-
larity among them will be described.

Since defining a vector with characteristics that allows us
to determine the deformation of a given shape is neces-
sary, we will have to define a shape prototype, common
to all those shapes chosen, against which deformation can
be calculated. The circular shape of a r radius selected a
priori has been chosen as a prototype.

Steps taken algorithmically are:

1. Scaling the shape analyzed by a factor so that its
maximum radius coincides with the r radius of the
circular shape shown.

2. Superposing the shape already escalated with the
contour of the r radius circle shown. The objective
is for both to touch each other, at least in one point.

3. Sub-sampling the contour of both shapes in a num-
ber of points, fixed a priori, that will be the nodes
shown in later calculations.

4. Calculating the deformation modal coefficient of the
analyzed shape to the prototype circle used.

5. Sorting the eigenvalues and their associated eigen-
vectors in increasing order by eliminating the modes
corresponding to rigid motion.

Finally, the aforementioned algorithm takes the deforma-
tion spectrum of a shape given to another circular one.
This will have to be done to the other shapes shown, un-
der the same conditions of r radius and number of points
of sub-sampled contours. In other words, all deformation
spectra of the shapes shown will be obtained. Then, we
would only have to establish a distance between the de-
formation spectrum of the shape given as input and of the
shapes contained in the database to establish a similarity
rate. As distance, we can use any Euclidean rule as:

d(D1;D2) =
1

p

vuut pX
i=1

(~ui(D1)� ~ui(D2))2 (19)

where D1 and D2 are the deformation labels for each of
the modes shown.

3.5. Supported Invariances

The similarity measure presented in this paper, supports
an invariance for three different transformations: Scaling,
translation and rotation.

The invariance to scaling transformation is assured by the
normalization mechanism described in the algorithm de-
scribed in Section 3.4.

The invariance to a translation transformation is also as-
sured due to the fact that upon considering isolated ob-
jects that are scaled (point 1 of the similarity measure



algorithm presented in section 3.4), the shape’s position
within the image has no influence.

The invariance to a rotation transformation is also assured
since the method used only responds to deformations that
must be applied to pairs of points (prototype - object), so
the possible rotation transformations will not affect the
scheme.

4. COMBINATION OF MORPHOLOGICAL

FILTERS AND DEFORMABLE MODELS

The 2D shape recognition schemes shown in Sections 2
and 3 describe, with different approaches, two similarity
calculations between a given shape and those contained
in the database.

To establish the matching, the approach based on the mor-
phological filter uses area features of the shape shown.
On the other hand, the approach based on the deformable
model uses the outer contour of the analyzed shape. Ac-
cording to results obtained in Section 5, the characteris-
tics shown by both techniques suggest, in fact, that both
techniques should not be understood as alternatives to be
used, but as complementary techniques. Therefore, in or-
der to match two shapes, both the characterization of the
area of the shape, and the deformation energy of its outer
contour and the data to index the result of the query must
be taken into account.

4.1. Proposed Approach

Establishing similarity/matching between an input shape
and the recognition system and the shapes contained in a
database will be carried out in two different stages.

1. Using a given shape, as an input to the recognition
system, we intend to index the shapes contained in
the database comparing its similarity to said given
shape. Thus, we will be able to extract the n�first
most similar shapes to the input prototype. The
first extract will be carried out by using the mor-
phological filtering technique shown in Section 2.
In this way, we characterize the similarity by using
the information supplied by the area occupied by the
shape.

2. Once we have the subset of the database shapes most
similar to the one given in the input, a similarity
measure is again established between the shape ini-
tially given as input and the subset of shapes re-
trieved in the first phase. To calculate the second
similarity measure, the deformable model technique
is used, as shown in Section 3. Thus, we character-
ize the similarity by using the information supplied
by the shape contour.

The proposed approach involves linking both techniques
initially described. The first one works as a database con-
sultation filter to define a subset of shapes that the second
one will try to order according to the outer contour of the
shape.

5. EXPERIMENTAL RESULTS

In order to show the results obtained with this 2D shape
recognition technique, we have used a database contain-
ing 161 2D simple shape images, which include: squares,
rectangles, triangles, ellipses, pentagons, hexagons, char-
acters, animals, airplanes, cars and silhouettes.

We could provide a list, a priori, of 20 different shape
families, however, since the objects within those fami-
lies have been deformed by using transformations such
as translation, rotation, scaling, slicing or contour defor-
mation, the use we have made of the family concept in
this paper, has been to chose a representative of each of
these in order to show the first 18 images retrieved in each
experiment.

In each of the two previous stages described in the recog-
nition process, we have carried out a number of experi-
ments that have allowed us to describe the type of struc-
tural element and its size, the number of sub-sampled
points and the maximum size of the prototype used, and
so on.

Two different types of experiments were carried out with
the technique proposed in Section 2. Both use the same
morphological operators (erosion, dilation, opening and
closing) and a structural element whose size is large
enough for those objects being characterised to disappear
completely when the erosion operator is applied:

1. Use of an isotropic structural element. A discrete
approach to a circular disc was chosen. The re-
sults obtained demonstrate the strength of the tech-
nique in standing up to retrievals invariant to rota-
tions. The type of shapes contained in the database
(long, round, hollow) cause the characterisation of
the morphological curves to retrieve undesired ob-
jects in the query.

2. Use of non-isotropic structural elements. Discrete
approaches to both an elliptical and rectangular el-
ement, both positioned on their centre of gravity,
were chosen. In order to ensure invariance to ro-
tation in retrieval in this case, those considerations
given in Section 2.4 had to be applied. Because the
technique of 2D shape characterisation discussed in
this paper is general and not directed at databases
with similar shapes, the best retrievals were obtained
with the characterisation given for non-isotropic el-
ements, thus pointing out a marked tendency in the
query shape.

For the technique proposed in Section 3, experiments car-
ried out have modified two elements:

1. The number of modes considered in the modal de-
formation space. Modal analysis of the deformation
model given in Section 3.2 shows how the different
modal bases obtained are ordered in increasing or-
der for the corresponding eigenvalue. We will keep



only subset p of modes with less energy. Deforma-
tions associated to these modes are of a global na-
ture, as opposed to those high energy modes asso-
ciated to very local deformations. The best experi-
mental results were obtained when only 25% of the
low-energy modes were considered.

2. The number of subsampled points considered in the
outer contours of those query shapes. Step 2 of the
similarity measure described in Section 3.4 shows
a scaling of the query shape in order for it to be
adapted to the input prototype shape. This step is
prior to the matching of subsampled points in the
shape which is to be characterised and in the proto-
type shape.

For the technique proposed in Section 4, in the morpho-
logical filter phase, in those experiments carried out, we
have used a rectangular structural element, positioned on
its center of gravity with a maximum size of 2 pixels wide
by 32 pixels high, considering 16 values of the morpho-
logical curves and 8 rotation angles for the structural ele-
ment, which in this way cover 180Æ. In the second stage,
we have fixed a maximum prototype size equivalent to a
circular shape with diameter of 128 pixels. Regarding the
number of points of the contour shown, 128 points have
been sub-sampled. Both options have been carried out.

We have made three experiments: Morphological Filter-
ing and Modal Deformation, showing the result of the
techniques explained in section 2 and 3, and finally the
Combination of both techniques.

Figures 3-6, show the results obtained by using the dif-
ferent experiments in some of the families considered.

6. CONCLUSIONS

This paper has dealt with the question of indexing shapes
contained in a database beginning with the concept
of similarity. For this purpose, several discriminating
characteristics have been described within the different
shapes which allow us to calculate their similarity, from
a shape recognition process.

In some cases, the shapes are grouped in families ac-
cording to a simple perceptual concept. To what extent
could the silhouette of two different athletes be grouped
in the same family? Simple knowledge of what they rep-
resent, would make this possible. However, according
to a strict shape criteria it wouldn’t. Something similar
happens with some contour deformations that have been
made when generating some shapes. To what extent can’t
a rectangle with rounded corners be considered an elliptic
shape?

We propose two basic 2D shape recognition techniques:
The first is based on the morphological filtering process,
in which, via the use of operators such as: erosion, di-
lation, opening and closing, a geometrical recognition
scheme covering the studied area is described. The sec-
ond shows a invariant characterisation of the shapes via a
deformable model. For this, we measure the necessary

Figure 3. Indexing of the first 18 shapes retrieved by us-
ing the three recognition techniques described.

quantity of energy which need be applied to the outer
contour of an object in order to transform it into another.

In addition, a third technique is shown, which com-
bines the two aforementioned techniques. This tech-
nique makes use of the morphological scheme in order
to extract a subset of those most similar images from the
database. The energy measure of the deformable model
is then applied to index the resulting subset.

Experimental results obtained for queries made for sev-
eral shapes varying not only in the structural element used
but in the number of modes and subsampled points of the
same allows several points to be made:

1. 2D shape characterisation using the morphological
technique shown in Section 2 is appropriate when
the set of shapes to be retrieved contains morpholog-
ically different elements in the areas occupied by the
same: inner holes, re-entering or salient elements,
etc.

2. The use of a deformable model shown in Section 3
is appropriate for retrievals over shapes whose outer
contour is the most discriminating characteristic.

3. The use of both techniques mentioned in Section 4



Figure 4. Indexing of the first 18 shapes retrieved by us-
ing the three recognition techniques described.

on very diverse 2D shape databases, allows, accord-
ing to results obtained in experimentation, for the
retrieval of shapes which are most similar. We must
bear in mind that this technique uses characteristics
of both the area occupied by the shape and the outer
contours of the same.

Experimental results obtained from the database are
shown for each of the different techniques. Results in-
dicate how indexing generated by the third technique is
the most appropriate for the input prototype shape.
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