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Abstract—This paper describes a new indexing and retrieval method that can be used for indexing an
Arabo-Andalusian pattern images database where each image is characterized by its zellij Tiles
(elementary shape) and their spatial relationship. The proposed method allows representing this spatial
relationship by an adjacency graph, itself represented by an adjacency matrix. The search of patterns
similar to a given one presented as a query is then realized by calculating a similarity index
characterizing the maximum common sub-graph between query image and model images of the database.

The performance of the proposed method is then tested on a database of rosettes (decors which begin
at a central point and grow radially outward), built for the purpose of this work.

Keyword-Content-based image Retrieval and indexing, Adjacency graph, Maximum common sub-graph,
Arabic-Andalous decors, Geometrical Art, Similarity measure.

I. INTRODUCTION

Mosaic tiles, also referred to Zellij, Moorish, Andalusian, Moresque or Fes tiles, have an antique look. This
form of art flourished during the Hispano-Moresque era during the Marinid dynasty around the 14th century;
they are still prevalent in Spanish and Portuguese architecture and they can be seen in many Moorish
monuments, mosques, churches, houses, and palaces. This art refers to arbo-moresque, arabo-moorish or arabo-
andalusian.

Arabo-Andalusian patterns are made of the arabesque, the glazed ceramic mosaic (or zellij in Arabic) and
calligraphy [1].This kind of design is a cultural heritage which has been always a source of inspiration for
artists and a tool for socio-economic development.

It is well known that the zellij patterns addressed in this work can be divided in 3 categories (Fig.1):

o  Wallpaper [2]: patterns that admit translations in two or more directions.

e Rosette [3].: patterns which begin at a central point and grow radials outward. The central point is a
star with 8, 16, 24, 40, 48, 72 and 96 petals, called order of the rosette. Then, the pattern grows by
using zellij tiles generated from this central star.

o Frieze [4]: patterns that admit translation in only one direction.
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Fig.1. Example of each decor: (a) Wallpaper, (b) Rosette, (c) Frieze

In this paper, we are interested in one of the most beautiful and well known forms of geometric art which is
the rosette. The particularity comes from the periodicity and symmetry of tile patterns.
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Recently, questions have been raised about the virtual conservation and management of collections and their
accessibility to experts such as archeologists, art historians, and even to the large public. Requirements concern
facilities:

» For cataloguing collections and distant consultation, and also for intelligent retrieval tools.

» For virtual conservation, reconstruction (e.g., restoration, missing tiles).

To achieve this objective, several works of geometrical patterns modeling as well as automatic methods for
indexing and retrieving images of Islamic patterns databases are reported in the literature. Here is a short
description of them.

In Abas [5].the author discussed the evolution of classical geometric methods for Islamic geometrical patterns
and developed algorithms based on group theory for efficient generation of all crystallographic repeat patterns
using modern computer graphics. In Grunbaum and al. [6] the authors decompose periodic Islamic patterns by
their symmetry groups, obtaining a fundamental region they use to derive properties of the original pattern.
Elsewhere, Grunbaum derived a fundamental region by decomposing the star pattern by their symmetry groups
[7].In Kaplan [8].the author presented a procedure for constructing Islamic star patterns based on placing
radially-symmetric motifs in a formation dictated by a tiling of the plane, and showed some styles in
which they can be rendered. Castera [1].presented a technique based on the construction of networks of
eightfold stars and “Safts”.

In Albert and al. [9].the authors propose a method based on the detection of symmetry in a decor, but no
measurement of symmetry in the image is calculated.

Several others research works tackled the zellij’s images indexing and retrieval. A. Zarghili and al,( [10]-
[11]) propose a method to index an Arabo-Moresque decor database which is not based on symmetry. They use
a supervised Mosaicking technique to capture the whole principal geometric information (connected set of
polygonal shapes, called “spine™) of a pattern. The spine is then described by using Fourier shape descriptors to
allow retrieving images even under translation, rotation and scale. But, the drawback of this method is related to
the manual extraction of the spine.

In Djibril [12].the authors represent a rosette by its minimal triangle, called fundamental region, by
considering the groups of symmetry. Then, the characteristics of the rosette are represented by the color
histogram corresponding to the fundamental region. The drawback of this method is related to the fact that tiles
included in this zone and their spatial arrangement are not taken into account, but no work has presented the
decor of zellij by an adjacency graph, and then used a similarity measurement to compare the decor of zellij.

In this paper, we propose a novel method for which a rosette is represented by its fundamental region as in
([4], [22] - [13]). Then, the fundamental region is characterized by the adjacency graph representing the spatial
arrangement of its belonging zellij tiles.

For the retrieval operation we propose to use the similarity measurement between two graphs G; and G,
which represent respectively the query image and the model image. So the flowchart of the proposed method is
as the following:

Fundamental Fundamental region
Query p region .| Characterization by its
Imaae extraction "| Adjacency matrix of
its components tiles
Display Results of the a N\
best similar Patterns < Similarity
to the query image Measurement
\. J
»| Fundamental »| Fundamental
Patterns region region
Image R extraction of Characterization
Natahaca »  model

Fig. 2. Content-Based image Indexing and Retrieval Process of the proposed method

The rest of the paper is organized as follows: Section 2 describes the method used for the extraction of the
fundamental region. Section 3, demonstrates the representation of a rosette by its corresponding adjacency graph and
its adjacency matrix. Section 4, defines the similarity index used to retrieve the best similar zellij pattern to a query
one. The results of the proposed method, by using images of the constructed database, are then presented in section 5.
The last second is left for the conclusion of this work.
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Il. FUNDAMENTAL REGION EXTRACTION
A rosette is represented by a set of zellij tiles with a central symmetry. The observation of symmetries can
reduce the decor to a minimal symmetrical part, called the fundamental region ([4], [12] - [13]). From this

representative region the whole image can be regenerated. The automatic extraction of this region is based on
the following steps:

1. Detecting the rotation center of the rosette image,
2. Completing the image structure by using symmetry information.
3. Computing the angle of rotation and number of folds.
4. Extracting the fundamental region
Fig. 3-b illustrates the result obtained by the application of this method to the image of fig. 3-a.

b)
Figure 3. Rosette and its fundamental region

A. Characterization of the Fundamental region by the adjacency matrix

As it is shown by Fig. 3-b, the fundamental region of zellij pattern is constructed by a set of connected tiles
with different shapes. Therefore, the characterization of this region can be achieved by identifying all the
belonging tiles and then modeling their spatial arrangement.

The identification of each tile is based on a segmentation operation (para.3.1) followed by a pattern
recognition operation. The objective is to identify each tile by a label, specified in figure 4 by names used by
Moroccan Craftmen.

For the modeling of spatial arrangement of tiles, we propose to use the adjacency graph ([14]-[15]), which is
itself represented by an adjacency matrix ([16]-[17])
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Fig.4. Examples of Tiles and their corresponding used names

B. Image segmentation
Generally, image segmentation is the process of isolating objects in the image, i.e., partitioning the image into

disjoint regions, such that each region is homogeneous with respect to a certain property, such as grey value,
color or texture.

The segmentation approach can be classified into two classes: contour-based segmentation and region-based
segmentation.
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The watershed algorithm takes a very different approach, compared to the other classical approaches
mentioned before.

Watershed segmentation, a very prominent segmentation scheme with many advantages for image
segmentation in such a way that it ensures the closed region boundaries and gives solid results.

Many methods and approaches of watershed method have been proposed in the literature ([18], [19], [20],
[21]-[22]). The choice of a method generally depends on the processed images. In this work we propose a
hierarchical segmentation method using two successive watershed method [23], based on the follwing Meyer's
Algorithm [20].

Algorithm 1. Meyer’s Algorithm :

A set of markers, pixels where the flooding shall start, are chosen. Each is given a different label.

1. The neighboring pixels of each marked area are inserted into a priority queue with a priority level
corresponding to the gray level of the pixel.

2. The pixel with the highest priority level is extracted from the priority queue. If the neighbors of the
extracted pixel that have already been labeled all have the same label, then the pixel is labeled with
their label. All non-marked neighbors that are not yet in the priority queue are put into the priority
queue.

3. Redo step 3 until the priority queue is empty.

The non-labeled pixels are the watershed lines.

Fig.5 shows examples of results obtained by applying this method to some zellij images.

Fig. 5. Original Images and their segmented version by Meyer’s Watershed algorithm

C. Fundamental Region Tiles Recognition

To identify which of the basic shapes of the zellij tiles database corresponds to each tile extracted from the
image after segmentation, we applied the pattern recognition method using a dissimilarity measurement between
the extracted form and the tiles’ image database. This index/measurement represents a set of parameters,
invariant to translation, rotation and scale parameter [24]. Fig. 6 shows the flowchart of this method.
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Fig. 6. Flowchart of the proposed method to recognize the specific name of an extracted tile belonging to fundamental region

1) Polygonal approximation of the tile edge and its normalization

The purpose of a polygonal approximation method of an edge is to extract from a string of edge points,
successive segments to minimize a global error criterion or respect a local approximation error. To this end,
many methods have been developed ([25], [26] - [27])

In this work, we have used the method developed by Huang and Wang [24] This choice is motivated by the
simplicity of implementation and the good behavior with noise.

2) Tile characterization by polygonal Attributes

The tile recognition requires the characterization of its polygon representative by a set of attributes invariant
to translation, rotation and scale parameter. The following attributes used in this work are those proposed by
Huang and Wang [24].

Polar distance: The polar distance r; is denoted as the distance between vertex point P’; and its respective
centroid.

Polar angle: The polar angle 6; is denoted as the slope of the line connecting a vertex point i and its
centroid.

Vertex angle: The vertex angle a; is denoted as the angle between the two line segments [P’i-1,P’i]
and [P’i, P’i+1].
- Chord length: Let i denotes the ith chord length of the normalized polygon, which is the distance between

the two consecutive vertex points, [P’i, P’i+1].
The above polygonal attributes are illustrated in Fig 7:
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Fig.7. The illustration of the polygonal attributes.
3) Dissimilarity index

The dissimilarity index used in this work is that based on the comparison of normalized polygons,
characterized by their attributes [24].
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4) Region Adjacency Graphs (RAGs) modeling the adjacency relationships between tiles
After the extraction of all tiles by using segmentation followed by a pattern recognition operation, leading to
identify each tile by a label or a specific name, we build the region adjacency graph by using the algorithm
proposed in [28].
Algorithme2. Build region adjacency graph:
create a new graph G
for each region r do
add a new vertex to G
set relative size of region
set average pixel value encompassed by region
end for
for each row i do
for each column j do
let m be the region to which pixel i,j belongs
let n be the region to which pixel i+1,j  belongs
if m#n then
if there is no arc in g from m to n then
add an arc in g from vertex m to vertex n
set increment in average pixel value
else if there is no arc in G from n to m then
add an arc in G from vertexnto vertex m
set increment in average pixel value
end if
end if
end for
end for
As a result, the obtained adjacency graph will be represented by the corresponding adjacency matrix ([16]-

[17]).
I11. CONTENT BASED RETRIEVAL PROPOSED METHOD
D. Definition of similarity measure based on the Maximum Common Sub-Graph(MCS)

Given a database of Zellij patterns and a query pattern, the task is to retrieve one or several patterns from the
database that are similar to the query. By using the graph as a representation of Zellij pattern, the retrieval
operation becomes a graph-matching problem. For this purpose, we propose to use the following similarity
measure, based on maximum common sub-graph (MCS) ([29],[30],[31], [32], [33]-[35]) .

vesG, G

MCS( 1 2):1_7
e T

Where [IMCS(G;,G,)| denotes the number of vertices/ edges from the maximum common sub-graph [39]. |G4]
and |G,| denote the number of vertices/ edges of G;, G, respectively.

The formal description of the MCS is as follows:

Having two graphs G; and G,, What is the largest induced sub-graph of G, isomorphic to an induced sub-graph
of G,?

Many algorithms about MCS have been proposed ([29],[30],[31], [32], [33]-[35]) .

A different strategy for deriving the MCS first obtains the association graph of the two given graphs and then
detects the maximum clique (MC) of the latter graph ([31], [35]-[36]).

The use of this computational method reveals two main drawbacks; the first one is its computational
complexity. This is an inherent difficulty of the graph-matching problem. A brute-force approach requires a
computational cost of O(n! ) for a graph with n nodes. The sub-graph isomorphism is proven to be NP-complete
[37]. The second drawback is related to the results accuracy (section 5).

To overcome these drawbacks, the proposed method keeps only the relevant relationships between vertices.
Being restricted to the search of MCS between two graphs with the same vertices (after the removal of vertices
and not common edges) significantly reduces the number of calculations to be performed. Indeed, the aim is to
find the most similar patterns to a query one (with the same tiles and the same spatial arrangement of tiles).

E. Practical method for calculation of the MCS

To better understand the proposed method, we provide an illustration of the different steps needed for this
purpose.

a)  First step aims to delete rows and columns not common between adjacency matrix of query and model
images (Fig. 8). This operation leads to common adjacency matrices given by Fig. 9.

ISSN : 0975-4024 Vol 4 No 4 Aug-Sep 2012 180



F. Touzani et a. / International Journal of Engineering and Technology (IJET)

b)  The second step aims to extract common sub- graphs (see algorithm 3).
¢) Inthe last step, the MCS is extracted; it is the graph with the largest number of the vertices, from graphs
found in the second step (Fig.10).

Algorithm 3. Extract common sub-graphs:

V= set the vertices of common adjacency matrix of query image, V= set the vertices of common
adjacency matrix of model image,
G¢= common sub-graph, V= set the vertices of G..
Initialize G, with the first element of the first column of My : (G.=Va,)
for all Vq in Mq do
for all Vm in Mm do
if (Vg,vm)=1and (Vq,Vc)=1 and (Vm,Vc)=1 then

add vertices to Gc

end if
end for
end for
N
<1 >\
N0
oy 3
.\W . /
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Adjacency matrix of query image Adjacency matrix of model image

Fig.8. Query and model image, with their corresponding matrices
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Fig.9. Query and Model image with their comman adjacency matrices

Model image Sb Query image Sr

Maximum common sub-graph Sc

Fig.10. Example for Maximum common sub-graph

I\VV.EXPERIMENTS
This section is devoted to the experimental evaluation of the proposed method.
Efficiency of the proposed method can be measured in terms of:

« Execution time (time complexity): A measure of the amount of time required to execute an algorithm

« The amount of memory required (space complexity)

For most of the algorithms, time complexity comparisons are more interesting than space complexity
comparisons.

The following Table | show that the proposed method is faster than the Maximum clique method.

TABLE |. SAMPLE EXPERIMENTAL

ISSN : 0975-4024

Simulation
Time (s)
Number Maximum Proposed
of Tiles clique Method
7 6 10°
9 8 10°
14 32 1
15 64 1
18 121 1
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F. Analysis of simulation results

The performance of the proposed method is shown by the comparison of its obtained results with those
obtained by the MC method. For this purpose, a database of rosettes is used.

Fig. 12 gives the results obtained by applying the method based in MC on the association graph, while

Fig. 13 gives the results obtained by applying the proposed method. Table Il show the good performance of

the proposed method in comparison with the MC method, regarding the number of corresponding tiles in
retrieved images.

TABLE Il. SIMULATION RESULTS

Maximum clique Proposed Method
Retrieved Images | Number of corresponding tiles | Number cf corresponding tiles
1st image found 3 19
2nd mage found 2 15
3rd image found 1 8
4th image found 15 8
5th Image found 19 8
6th Image found 5 7

Query
Image

Retrieved Images automatically by MC Retrieved Images automatically by our methods

Fig.11. Results obtained by using the method of MC and by using the proposed method
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Fig. 12 illustrates results obtained by applying the proposed method to two different query images.

Image 139 ]

Tmage 7900 Tmage 54.1pg Tmage 26.Jp0 Tmige 6409

Fig.12. Simulation results

V. CONCLUSION

In this paper, an Arabo-Andalusian pattern images indexing and retrieval method, based on graphs matching,
has been proposed. The problem of computing the similarity between two pattern images is transformed to that
dealing with computing the measure of similarity between two adjacency graphs.

The adjacency graph which illustrates the spatial relationship of the adjacent tiles forming the pattern are
extracted from the zellij pattern, and represented by adjacency matrix. In order to calculate the measure of
similarity between two graphs we propose to use a similarity measure computed on the common sub-graph.

The performance of the proposed method is then tested on a database of rosettes, built for the purpose of this
work. This performance is measured by the accuracy of the retrieved decors similar to a query one and by the
low complexity time in comparison with the maximum clique method.
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