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ABSTRACT

Fuzzy median graph is an important new concept that can represent a set of fuzzy graphs by a represen-
tative fuzzy graph prototype. However, the computation of a fuzzy median graph remains a computation-
ally expensive task. In this paper, we propose a new approximate algorithm for the computation of the
Fuzzy Generalized Median Graph (FGMG) based on Fuzzy Attributed Relational Graph (FARG) embedding
in a suitable vector space in order to capture the maximum information in graphs and to improve the
accuracy and speed of document image retrieval processing. In this study, we focus on the application
of FGMGs to the Content-based Document Retrieval (CBDR) problem. Experiments on real and synthetic
databases containing a large number of FARGs with large sizes show that a CBDR using the FGMG as a
dataset representative yields better results than an exhaustive and sequential retrieval in terms of gains
in accuracy and time processing.

Similarity measure
Document image retrieval
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1. Introduction

During the recent years, the widespread use of digital devices
(smartphones, cameras, tablet computers, etc.) and the tremen-
dous growth in digitizing various collections of documents (in-
voices, books, historical documents, etc.) have resulted in the cre-
ation of large databases of document images. Browsing and retriev-
ing from such large-scale document images is more than ever a
challenging problem in data mining research. There is still a grow-
ing need for efficient and fast methods for searching information in
these huge databases. Traditional approaches for Document Image
Retrieval (DIR) are text-based [1-3]. However, fully text-based ap-
proaches are not practical enough for DIR applications due to many
limitations such as time consumption, subjectivity of the annotator,
ambiguity (same words but not in the same place in a document
image), etc. Therefore, Content-based Document Retrieval (CBDR)
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approaches have been proposed to overcome the shortcomings of
the text-based retrieval [4-10]. Most document image content rep-
resentation methods are based on the vector space model of in-
formation. One of the most important advantages of this represen-
tation model is the computation time and memory consumption.
However, this popular method of document representation does
not capture important structural information, such as the location
of an object within the document image or the spatial relation-
ships between document image regions. Also, vector based repre-
sentations suffer from the constraint of fixed dimensionality of fea-
ture vectors [11]. Therefore, structural signature represents some
interesting alternatives to construct faith documents representa-
tion, through the use of document image regions and their topo-
logical relationships. Indeed, graph-based document image repre-
sentation model can preserve document image structural and spa-
tial information and furthermore it doesn’t require a predefined
size of the representation. It provides a rich and holistic descrip-
tion of the layout and content of the analyzed document images. It
was shown to outperform the traditional vector representation for
several applications in many fields [11,12]. However, graph-based
representations are usually computationally more expensive than
vector-based representations as they require exponential time and
space due to the NP completeness of the problem. For further read-
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ing on graph-based representations and applications we refer the
interested reader to [11,12].

Due to many particularities of document images (for example:
noise and degradation, overlapping layouts, presence of handwrit-
ing, etc.), eventual segmentation errors may occur after the seg-
mentation of document regions. Segmentation results are highly
dependent on the performance of the segmentation algorithm
which might be unstable over various document images. There-
fore, the use of fuzzy graph-based description (instead of a clas-
sic graph-based representation which is a rigid description) could
be helpful to add flexibility against these errors. Moreover, a doc-
ument image content may generally be submitted to variations
that introduce some vagueness or uncertainty in the way to de-
scribe the information. Therefore, representing the content by
fuzzy graphs allows to capture the maximum information from
a document image with a certain error-tolerance. Structural and
visual features should be represented by fuzzy concepts, such as
“Near” and “Far”, “Big” and “Small”, etc. These concepts are de-
scribed with the use of the fuzzy set theory. A crisp description
can be represented as a special case of a fuzzy description. For
further reading on fuzzy graphs and its applications we refer the
interested reader to [13-15].

Generally, the CBDR process is composed of three main phases:
extracting features, structuring feature space and retrieving. The
first two phases are usually performed off-line. In this paper, we
assume that all document images are represented by Fuzzy At-
tributed Relational Graphs (FARGs). We will focus on the second
phase which aims at organizing the input fuzzy graphs into an ef-
ficient data structure in order to improve and accelerate retrieval
results. The proposed approach avoids the sequential search in a
FARG database by direct access to a reduced set containing the
FARGs most similar to a query FARG. Therefore, we used the con-
cept of median graph for the structuring phase of a CBDR sys-
tem. Median graph aims at representing an input set of graphs
with no constraint on the set size. It is frequently used to indi-
cate the graph that best captures the information presented in all
input graphs. In other words, the median graph of a given set of
graphs is the graph that minimizes the sum of distances to all
other graphs in this set. Median graphs have wide-spread appli-
cations in diverse fields such as pattern recognition, classification,
image analysis, etc. [16-19]. In recent years, more and more re-
search efforts have been devoted to median graph problem. A brief
review of some strategies for median graph construction will be
outlined in the related work section.

In this study, we propose a new algorithm for the computation
of the Fuzzy Generalized Median Graph (FGMG) in order to im-
prove the speed and accuracy of retrieval processing. The first con-
tribution of this paper consists in representing query and database
document images by FARGs. One motivation for the FARG repre-
sentation is to keep advantages from both the graph and the vector
domains (power of representation of graphs and easiness manipu-
lation of the vector representations). Besides, FARGs allow to rep-
resent document images with a fuzzy approach which is similar
to human perception [9,10,13]. FARGs provide both syntactic and
semantic information. Syntactic information is held by the layout
of the graph (nodes and edges), while semantic information is ex-
pressed by attributes associated to nodes and edges in the graph.
Describing images by exploiting these two informations will re-
duce the semantic gap between low-level features and high-level
concepts and therefore improve the retrieval results. Also, the FARG
representation is very useful for reducing the effect of possible seg-
mentation errors which may be occurred after the segmentation
phase [13]. The second contribution of this paper is a new algo-
rithm for the computation of the FGMG based on FARG embedding
into a vector space. In the context of dealing with a large mass of
document image datasets, it is not trivial to perform an exhaus-

tive and sequential comparison of the query with all document
images in the database due to the high computational complex-
ity requirements. Thus, we have developed a new FGMG compu-
tation algorithm in order to contribute to the structuration of the
FARG space. The third contribution of this paper is a new FARG
embedding method in order to reduce the computation time of
the FGMG. FGMG computation is based on computing the distance
between every pair of FARGs. Since all the possible combinations
of FARGs need to be explored, the computation of the FGMG will
be therefore exponential in the number and size of input FARGs.
Embedding FARGs into a vector space solves this problem since
FARGs are represented by feature vectors [14,20,21,22]. Thanks to
this new method, we are able to keep power of representation of
FARGs while manipulating the vector representation of the FARGs.

The remaining of this paper is organized as follows. The
next section gives some preliminaries for the new FGMG algo-
rithm and a detailed presentation of the concept of the median
graph. Section 3 presents a literature review of related work.
Section 4 describes the FGMG computation algorithm in detail.
Section 5 introduces an example of application of FGMGs to the
CBDR problem. Experimental results are evaluated and discussed
in Section 6. Finally, concluding remarks and future work are given
in the last section of this paper.

2. Fuzzy median graph theory

In this section, we present some preliminaries for the new
FGMG algorithm, including the definition of the Fuzzy Attributed
Relational Graph (FARG) and those of a Fuzzy Set Median Graph
(FSMG) and of a Fuzzy Generalized Median Graph (FGMG).

2.1. Fuzzy attributed relational graph

A FARG is a graph whose nodes (also called vertices) and edges
(also called arcs) are both represented with fuzzy attributes. Given
a finite fuzzy attribute set A, a FARG G can be defined as a quadru-
ple (N, E, u, v) where N is a non-empty finite set of nodes, E C
N x N is the set of edges, u: N— A is a function that associates a
fuzzy attribute value in A to each node, and v: E —A is a function
that associates a fuzzy attribute value in A to each edge. In this
paper, FARG nodes represent document image regions and FARG
edges represent spatial relationships between the regions.

2.2. Fuzzy median graph

Given a set of graphs, the median graph is frequently used to
indicate the graph that best represents the set. In other words, the
median graph is the graph that best captures the information pre-
sented in all graphs. Intuitively, the median graph is located in the
center of the given graph set. Basically, two different definitions for
median graphs have been presented: the set median graph and the
generalized median graph. One difference between them is in the
search space of graphs where the median is looked for. The gen-
eralized median graph is usually constructed from a larger set of
graphs.

2.2.1. Fuzzy set median graph

Let U be the set of FARGs that can be constructed using a given
set of attributes A. Given a set S={G;,G,,..., G;} € U, the Fuzzy
Set Median Graph (FSMG) of S is defined as the FARG G e U that
minimizes the Sum Of Distances (SOD) to all FARGs in S.

Is|
G =argmin ) d(G, G;) = argmin SOD(G) 1)
GeS i—1 GeS

where d(G, G;) denotes a distance or a dissimilarity measure be-
tween a candidate median FARG G and a FARG G; €S.
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