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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], [12] - [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 G1 and G2, 
which represent respectively the query image and the model image. So the flowchart of the proposed method is 
as the following:  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

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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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 vertex n to    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]). 
III. 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]) . 

 

 
},max{

),(
1,

21

21

21 GG
GG

GGd
MCS

MCS
  

 
Where |MCS(G1,G2)| denotes the number of vertices/ edges from the maximum common sub-graph [39]. |G1| 

and |G2| denote the number of vertices/ edges of G1, G2 respectively.  
The formal description of the MCS is as follows: 

 Having two graphs G1 and G2, What is the largest induced sub-graph of G1 isomorphic to an induced sub-graph 
of G2? 

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. 
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