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Abstract. The paper presents a fuzzy database management system,
and a fuzzy method for dominant colour description of images, on which
an image retrieval system is built. The paper shows the suitability of the
fuzzy database management system for this kind of applications when
the images are characterized by fuzzy data. The synergy of these two
introduced components, improves traditional image retrieval systems in
three aspects: natural and automatic image description, a natural and
easy query language, and high performance in query resolution.

1 Introduction

Nowadays, large image collections offered to non expert users in near to real
time environments (i.e. through web sites) are becoming more common. This
kind of systems manage a huge amount of data, are concurrently accessed by
many users, and require fast query resolution. In our opinion, three key issues
are decisive in this kind of systems, natural and automatic image descriptors,
a natural and easy query definition mechanism and high performance in query
resolution. This paper proposes the usage of a combination of an automatic
image description method and a Fuzzy Object-Relational Database Management
System (FORDBMS) to solve these issues.

The initial approaches to image retrieval systems were based in textual de-
scriptions of the images. Although it is an useful mechanism, the descriptions
must be made by humans. Currently, image retrieval systems are based in au-
tomatic extracted image features, such as colour, texture and shape. Usually,
these systems uses sample images or sketches to define queries, which can be
inappropriate for non expert users.

In this paper we use a novel method for describing images based on its dom-
inant colours [1]. This method takes advantage of fuzzy set theory for dealing
with vagueness in colour descriptions. It describes the dominant colours of an
image as fuzzy colours, and assign to each one a dominance degree. This fuzzy
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approach lets define query conditions on the basis of linguistic terms, which
seems to be more natural for non expert users.

The large amount of data requires a database management system (DBMS)
to manage efficiently its storage and retrieval. The DBMS has to deal with the
other two key issues: easy query definition and query processing performance.

To ensure high query processing performance, the employed DBMS must
implement advanced query processing techniques, such as indexing and query
optimization, and high availability, scalability and distribution degrees. Actual
market leader DBMSs offer seamlessly all the previously required features. De-
spite of that, most actual DBMSs implements the relational data model, and
some of them including object-relational features, which is not suitable to seam-
lessly manage fuzzy data required by the kind of image description algorithm
considered in this paper.

On the other hand, a great research effort has been spend in making possible
to store and manage fuzzy data in databases [2,3,4,5,6,7]. Nevertheless, the
existing fuzzy DBMSs (FDBMS) are research prototypes. These FDBMS, due
to their early stage, are not able to ensure the previously required features for
applications for the storage and retrieval of such large image databases.

In order to solve the drawbacks of both, actual DBMSs and the prototypical
FDBMSs, we propose a Fuzzy Object-Relational model [8]. This model defines
a group of types and operators to store, manage and query fuzzy data, which
can be used to extend an Object-Relational DBMS (ORDBMS) to implement a
FORDBMS. This extension consist in adding a group of user-defined types and
operators to the ORDBMS taking advantage of its extension mechanisms. This
approach combines the desired features of actual DBMSs and the ability of fuzzy
data storage and handling of prototypical FDBMS. The resulting FORDBMS
is very suitable for supporting flexible content based retrieval of images for the
discussed type of systems.

This usage of extended datatypes and operators for including fuzzy data man-
agement in classical databases, matches with the SQL:1999 standard. This stan-
dard compliance lets express a fuzzy query in a fully SQL compliant sentence,
which lets implement a SQL compatible fuzzy query definition language.

The rest of the paper is organized as follows. Section 2 introduces the mecha-
nism for describing images based on its dominant colours. Section 3 describes the
proposed FDBMS and depicts how it can be used to model the image descrip-
tors. Section 4 describes the proposed operators for defining conditions used in
image queries. Section 5 shows some query examples and their results. Finally,
Section 6 highlight the concluding remarks and future works.

2 Dominant Fuzzy Colour Descriptor

To achieve a good performance in the retrieval process, efficient methods for de-
scribing images are needed. The current retrieval systems face this issue by means
of features, such as colour, texture or shape [9]. In this context, dominant colours
arise as a powerful tool for describing the representative colours in an image.
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In this paper we propose to describe images by means of dominant fuzzy
colours. Concretely, we face the colour description in two stages: firstly, a set of
crisp dominant colours is extracted (sect. 2.1); then, each colour calculated in
the previous stage is used to obtain the set of dominant fuzzy colours (sect. 2.2).

2.1 Dominant Colours

In this section a methodology to extract dominant crisp colours from images is
presented using the HSI colour space. In this perceptual space, the hue compo-
nent (H) represents the colour tone, saturation (S) is the amount of colour and
the third component (I) is the amount of light. Let us remark that, although the
red-green-blue (RGB) is the most used model to acquire digital images, it is well
known that it is not adequate for colour image analysis. Furthermore, the colour
components of this space do not have an intuitive interpretation according to
the human perception of colour [9)].

Dominant Crisp Colour Extraction. In the literature there are many crisp
approaches to dominant colour extraction, for example those based on histogram
analysis or clustering techniques. In this paper we will perform a clustering ap-
proach using the Batchelor& Wilking algorithm [10], where the number of clusters
is unknown a priori. This method is initialized with one cluster consisting of all
pixels and then an iterative split procedure is performed until a stopping crite-
rion is met. This stopping criterion is based on a parameter 6 € [0,1] related
to the maximum distance to be achieved between points within each cluster (in
this paper we have fixed empirically 6 = 0.3). To measure the distance between
points, the distance between HSI colours proposed in [11] will be used. As a
result, we obtain a set of N clusters where the centroid of each cluster, calcu-
lated as the mean value, defines a dominant colour. In the following, the set of
dominant colours will be noted as DC'S, with

DCS = {dc;,dcs,...,den} . (1)

and dci = [hg, Sk, ix] being a dominant crisp colour represented in the HSI
colour space.

Degree of Dominance. Intuitively, a colour is dominant to the extent it ap-
pears frequently in a given image. It seems natural to model the idea of frequent
apparition by means of a fuzzy set over the percentages, i.e. a fuzzy subset of
the real interval [0, 1]. Hence, we define the fuzzy subset Dominant of colours
as follows:

0 fric) <uy
Dom(c) = { 119w < fr(e) <us 2)
1 fr(c) > us

where fr(c) is the percentage of pixels with colour ¢ in the image under consid-
eration, and w1 and us are two parameters such that 0 < u; < us < 1. We have
empirically fixed them to be u; = 0.05 and us = 0.2.
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Fig. 1. Fuzzy HSI colour space

2.2 Dominant Fuzzy Colours

In this section, a set of dominant fuzzy colours is obtained taking as starting
point the set of dominant crisp colours extracted in the previous one.

For this purpose, the fuzzy HSI colour space presented in [1] will be used.
In this proposal, a fuzzy HSI colour C is defined as a linguistic label whose
semantics is represented by a fuzzy subset of [0, 27] x [0, 1] x {0, ...,255}. Then,
a fuzzy HSI colour space HST is defined as a set of fuzzy HSI colours that define
a partition of [0,27] x [0, 1] x {0,...,255}.

To define and represent a fuzzy HSI colour space, [1] propose to employ a
fuzzy hue space, a fuzzy saturation space and a fuzzy intensity space, consisting
of fuzzy hues, fuzzy saturations and fuzzy intensities, respectively (see Fig. 1).
Then, a fuzzy HSI colour C can be defined and represented in practice by a
triple [CH, Csg, C’I] where Cp, Cs, and Cy are a fuzzy hue, a fuzzy saturation
and a fuzzy intensity, respectively (see [1] for more details)

On the basis of the fuzzy HSI colour space defined in [1], we introduce the
concept of dominant fuzzy colour in an image as follows:

Definition 1. A dominant fuzzy colour is a fuzzy HSI colour that appears fre-
quently in the image.
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As in the case of dominant crisp colours, this definition is imprecise in nature,
i.e., “dominant” is an imprecise concept defined on the set of fuzzy colours.

Many approaches are possible to calculate how dominant a fuzzy colour is in
an image. One possible approach is to calculate the frequency with which each
fuzzy colour appears in the image, by using some fuzzy cardinality measure. This
will be dealt with in future papers.

One alternative approach we adopt in this paper is to obtain the fuzzy subset
of dominant fuzzy colours from the set of crisp dominant colours. We shall con-
sider that a fuzzy colour is dominant to the extent that it matches a dominant
crisp colour. This leads to the following definition:

Definition 2. Let DCS = {dei,...,den} be the set of dominant crisp colours
where dey, = [hg, Sk, ix]. The fuzzy subset of dominant fuzzy colours for an image
will be

DCs= |J DCS . (3)
ke{l,...,N}
where o _ ~
DCs = % (C(dck)®Dom(dck)) /C . (4)
CeHSI

with ® being a t-norm (we use the minimum in this paper) and where Cisa

fuzzy colour of the fuzzy HSI colour space f/I\S_'/I, and the union is performed using
the mazimum.

Hence, for each dominant crisp colour dcg, we obtain the possibility distribution
given by equation (3), where the degree of dominance associated to each C is
calculated as the minimum between the membership degree of dcj to C and
the dominant degree of dcg. If a fuzzy colour C is compatible with several
dominant crisp colours, then different degree of dominance will be obtained
for C corresponding to each crisp colour compatible with it; in this case, the
maximum of these degrees will be selected as the final degree of dominance of
C' as (4) shows.

3 Fuzzy Object-Relational Database Management System

This section briefly introduces our FORDBMS datatypes to show its modeling
capabilities. Afterwards, the usage of this capabilities to model image descriptors
for an image retrieval system is detailed.

3.1 User-Defined Types for Fuzzy Data

A wide variety of fuzzy data can be handled and represented by our FORDBMS
through its user-defined datatypes. The available datatypes for fuzzy data man-
agement are the following:
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— Atomic fuzzy types (AFT): This type groups subtypes for representing fuzzy
data as a possibility distribution defined on crisp domains.

e Ordered AFT (OAFT): This type handles fuzzy data defined on ordered
domains by means of trapezoidal possibility distributions.

e Non ordered AFT (NOAFT): The type lets define possibility distrib-
utions on non ordered finite scalar domains with a similarity relation
defined between the domain elements.

— Fuzzy collections (FC): This type groups subtypes for representing fuzzy sets
of objects of a particular class. The elements can be fuzzy or crisp data.

e Conjunctive FC (CFC): The semantics of the set is inclusive, the set
represents every element within it.

e Disjunctive FC (DFC): The semantics of the set is exclusive, the set can
only represent one of its elements.

— Fuzzy objects (FO): This type is used to group user-defined datatypes whose
attribute types, or some of them, are fuzzy types. Every attribute of the
datatypes extending FO datatype is associated with a degree to measure its
importance in the fuzzy object comparison algorithm.

3.2 Modeling the Flexible Dominant Colour Image Descriptor

The previously introduced method for image description generates a data set
representing the dominant colours of an image. In an image retrieval system sup-
ported by a DBMS, a user-defined database datatype, for this data set, would
ease storage, handling and querying these image descriptors. The datatypes for
representing fuzzy data of our FORDBMS are a convenient base to build the
image descriptor datatype because the image description data set includes fuzzy
data representing flexible colour descriptions. Additionally, the FORDBMS op-
erators for fuzzy data querying let the definition of flexible conditions on the
image descriptor.

The datatype DominantColorSet models the proposed image description
dataset. This datatype is modeled as show in Fig. 2. The classes in this fig-
ure follow a colour code where, the datatypes provided by our FORDBMS to
represent fuzzy data have a dark grey background, a black background for the
abstraction of the basic types of the host ORDBMS on which the FORDBMS
is built, and a white background for the datatypes created to built de image de-
scriptor datatype. Let us describe the definition of DominantColorSet datatype
by a bottom to top approach.

The basic components of a fuzzy colour are the linguistics labels representing
fuzzy hue, saturation and intensity values. These linguistics labels represents
trapezoidal possibility distributions defined on crisp hue, saturation and inten-
sity domains, as shown previously in Fig. 1. As all the underlying domains are
ordered, an OAFT derived datatype could be defined for each HSI colour com-
ponent. Hence, the datatypes FHue, FSaturation and Fintensity are defined for
each colour component, representing the fuzzy hue (H), saturation (S) and in-
tensity (:f ) spaces respectively. On these datatypes the linguistic labels in Fig. 1
are defined, in order to use these linguistic labels as value for the datatypes.
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Fig. 2. UML diagram for DominantColorSet datatype

_According to the previous definitions, a fuzzy colour is represented as a triple
[H,S,I]. In fact, a fuzzy colour can be viewed as a group of three linguistic la-
bels, each one representing a value on fuzzy hue, saturation and intensity spaces
respectively. In the database, a fuzzy colour is represented by the datatype Fuzzy-
Color. This datatype is defined by composing three values of FHue, FSaturation
and Flntensity, the same way that a fuzzy colour is defined previously. The
FuzzyColor datatype is modeled as a FO derived datatype with three attributes
of FHue, Fsaturation and Flntensity datatypes respectively.

Finally, the DominantColorSet datatype is defined. The data of this datatype
represents a fuzzy subset of fuzzy colours DCS. The membership degree of each
fuzzy colour in the fuzzy set corresponds to its degree of dominance, which is
calculated following (4). As DCS is a fuzzy set of complex elements, which are
also fuzzy, the DominantColorSet datatype must be derived from FC. Taking
into account the conjunctive semantics of DCS , the DominantColorSet datatype
is defined as a CFC derivative whose members are of FuzzyColor datatype.

4 Fuzzy Operators for Colour Based Image Retrieval

This section describes the most significant operators for the fuzzy datatypes
described earlier. These operators will be used later for defining flexible selection
conditions in image retrieval queries.

4.1 Fuzzy Inclusion Operator

The fuzzy inclusion operator, FInclusion(A,B), returns the degree of which A C
B, where A and B are instances of CFC. This degree is calculated in our approach
by a adaptation of the Resemblance Driven Inclusion Degree introduced in [12].
This proposal is peculiar because it computes the inclusion degree of two fuzzy
sets whose elements are also imprecise.
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Definition 3. (Resemblance Driven Inclusion Degree). Let A and B be two
fuzzy sets defined over a finite reference universe % , pa and pg the membership
functions of these fuzzy sets, S the resemblance relation defined over the elements
of %, ® be a t-norm, and I an implication operator. The inclusion degree of A
in B driven by the resemblance relation S is calculated as follows:

©s(B|4) = min max 04.8.5(T,y) . (5)
where
0a,5,5(@,y) = @(I(pa(x), n5(Y)), 1s(z,y)) - (6)

The resemblance driven inclusion degree does not allow partial inclusion, which
means that Thetag(B|A) > 0 even though some of the least important elements
of A are not members of B. It can be very interesting for colour based retrieval for
decrease the importance of less dominant colours with respect to very dominant
colours. For this reason, we propose, inspired by [13], to modify (5) substituting
the minimum aggregation by a weighted mean aggregation, whose weight values
are the membership degrees in A of the elements of %. This proposal allow
partial inclusion, and takes into account the importance of each included element
in terms of relative membership. The Modified Resemblance Inclusion Degree is
defined in (7), where [A| =}, pa(z).

pra()

max 0a,8,5(z,y) - (7)
TEU

The implementation of FInclusion(A,B), used to calculate the results shown
in this paper, takes the minimum as t-norm, and as implication operator the one
defined in (8).

1 ifx<y
y/x otherwise

I = { ®)

4.2 Fuzzy Equality Operator

The fuzzy equality operator, FEQ(A,B), calculates the resemblance degree be-
tween two values of a fuzzy datatype. The way this calculus is done depends on
the fuzzy datatype of the operands.

Fuzzy Equality Operator for Conjunctive Fuzzy Collections. If A and B
are two instances of a CFC derived datatype, the resemblance degree is calculated
according to the Generalized Resemblance between Fuzzy Sets proposed in [12].
This method is based on the Resemblance Driven Inclusion Degree by applying
the concept of double inclusion, shown in (9).

A= Bif, and only if, (A C B) A (B C A) . (9)
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Definition 4. (Generalized resemblance between fuzzy sets). Let A and B be
two fuzzy sets defined over a finite reference universe % , over which a resem-
blance relation S is defined, and ® be a t-norm. The generalized resemblance
degree between A and B restricted by ® is calculated by means of the following
formulation:

s.@(A,B) = ®(Os(B|A),Os(A|B)) . (10)

The previous definition uses the modifications proposed in (7), therefore this
operator aggregates the results of FInclusion(A,B) and FInclusion(B,A). In
order to increase the flexibility of the equality operator, a modification for (10)
consisting in substituting the t-norm by a arithmetic mean aggregation is pro-
posed. This modification makes the fuzzy equality operator to not penalize so
much asymmetric inclusions degrees as minimum t-norm does, which leads to
get more flexible comparisons.

Fuzzy Equality Operator for Fuzzy Colour Instances. When the operator
FEQ(A,B) is applied on instances of a class derived from FO, in this paper on
instances of the datatype FuzzyColor, the resemblance degree of these objects is
calculated using the following method.

Definition 5. (Object Resemblance Degree). Let 01 and o2 be two objects of the
class C, obj.a; the value of the i-th attribute of the object obj, n the number of
attributes defined in the class C', and FEQ the resemblance operator.

1 n
OR(o1,00) = > FEQ(ol.a;,02.0;) . (11)
i€A

5 Retrieving Images by Dominant Colour Criteria

The previous set of fuzzy datatypes and operators makes our FORDBMS able to
answer queries including conditions defined on the set of dominant colours which
describes images in a database. The proposed approach to create a FORDBMS
based on a commercial ORDBMS by extending it with user defined datatypes
and operators, let to express these queries as SQL, following the latest standard.
A dominant colour based condition is, actually, a fuzzy condition defined on
the fuzzy set of fuzzy colours which describes each image in a database. This kind
of conditions are based on the usage of the previously defined fuzzy inclusion
operator or the fuzzy equality operator for CFC. Through these operators, a
condition requiring that a fuzzy set of fuzzy colours is included, or resembles to,
the dominant colour descriptor of each image in a database can be defined.
Each user defined fuzzy colour for a condition can be defined by using the
linguistic labels previously defined for each HSI colour component. This way,
a query is defined with natural colour descriptors, which means an advantage
in contrast to numerical definition. Additionally, this condition definition way
makes possible to define different conditions on each HSI colour component,
and to omit requirements for a colour component by using the linguistic label
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unknown defined by the membership function p(a) = 1,Va € D(A), where D(A)
is the underlying domain for the attribute A.

5.1 Query Examples

This section shows some query examples, based on the fuzzy inclusion and equal-
ity of fuzzy sets of dominant colours, and its results.

Dominant Colour Inclusion Query. An example of a condition using the
fuzzy inclusion operator could be “Retrieve all the images including the fuzzy
colour bright very high saturated red”. This condition is defined using the fuzzy
inclusion operator on the image descriptor and the user defined fuzzy set of
dominant colours, which in the example includes only the fuzzy colour [red,
veryhighsat,bright]. This query is expressed in SQL using the previously defined
datatypes and operators as the following sentence:

SELECT image,cdeg(l) FROM images WHERE FCond( FInclusion(
ColorDescriptor,
DominantColorSet (1.0, FuzzyColor (
FHue(’red’) ,FSaturation(’veryhighsat’),Intensity(’bright’)
) ) ) , 1) >0 ORDER BY 2 DESC;

Figure 3 shows the results of the previous query and a more complex example
of this type of queries applied on a database of 160 flag images. In this figure
the first column shows the fuzzy colours which must be included in the resulting
images, and for each fuzzy colour a sample crisp colour which fits it. The second
column shows the query results ordered by relevance.

Another example of this kind of condition is the requirement “Retrieve all
the images including bright colours”. In this case, the inclusion operator must
ensure to include the fuzzy colour [unknown,unknown, bright]. Note the usage
of the label unknown to avoid to define the condition for the hue and saturation
components. The previously defined query, applied on a database of about 700
colour images, obtains the results show in Fig. 4 which are ordered by relevance.

Dominant Colour Resemblance Query. Another interesting kind of queries
is the one which includes a condition to retrieve the set of images of a database

Query Results

[ ]
| . 3 * > —
i e & Bl
Bright VeryHighSat Red I ]
A — —
n ] - &
Bright Bright s P <]
VeryHighSat VeryHighSat [ ] [

Red Yellow

Fig. 3. Colour inclusion query results using all the colour components
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Query

Bright

Fig. 4. Colour inclusion query results using only the intensity component

with a dominant colour pattern similar to the one associated with a sample
image. This kind of conditions are defined by using the fuzzy equality operator
for CFC, which computes the resemblance degree between the sets of dominant

colours of an image in the database and the sample image. A sample query of
this kind is:

SELECT a.image,cdeg(1l) FROM images a, images b WHERE b.id=# AND
FCond( FEQ( a.ColorDescriptor, b.ColorDescriptor ),1 ) > 0O
ORDER BY 2 DESC;

Several examples of this kind of queries, applied on a database with about
700 colour images, are shown in Fig. 5. In each example, the fist column shows
the sample image, and the second column shows the set of images ordered by
relevance with a dominant colour pattern similar to the image sample.

Query Results

Fig. 5. Image resemblance query results

6 Concluding Remarks and Future Works

This paper has shown the suitability of a FORDBMS for flexible image retrieval
systems. The synergy of a fuzzy approach for dominant colour description ex-
traction, and the ability of the proposed FORDBMS to represent and handle
complex fuzzy data, results in a powerful system for content based image re-
trieval.

Future works will focus on new methods for indexing fuzzy data in order to
boost query processing performance. These indexing methods will be based on
traditional indexing methods for an easy integration in the host ORDBMS.
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