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1. INTRODUCTION 

Ornamentation consists of a group of interlocking points, lines, and shapes that give distinctive geometric shapes 

used to decorate buildings. Ornamentation is one of the arts sciences that aims to research the philosophy of proportion, 

abstraction, mass, space, composition, line, and color [1]. The Ornamentation are of various types, including botanical 

ornament, which relies on the leaves of plants and trees in its formation, written ornament that rely on letters to form 

the decoration, which is often used in the Arabic language, geometric ornament that rely on geometric shapes such as 

squares, triangles, circles, and lines in formation, and pictorial ornament that relies on objects Living in formation[2]. 

The large number of possibilities for overlapping geometric shapes and forming decoration has become a necessity in 

using smart tools to generate all these possibilities of ornament that help artists or those interested in forming and 

studying ornament [3]. 

2. Image mining techniques 

Image mining is based on extracting tacit knowledge and patterns not explicitly stored in images through image 

thresholding, edge detection and boundary tracking followed by association rule mining [4]. The techniques used in 

image mining are the same as those used in data mining including image classification, image clustering, and 

association rules in images. Image mining includes a set of levels of operations as follows [5]: 

a- Level of knowledge extraction. 

b- Level of patterns relations. 

c- Level of semantic concept.  

d- Level of visual patterns  

3. AI image generators 

Many institutions and researchers have sought to develop artificial intelligence tools to generate images for 

commercial and research purposes. These tools have varied in their generation mechanism. Some rely on descriptive 

texts to generate the image, while others rely on images to generate images. The most prominent challenge faced by 

these tools is the accuracy of the details of the resulting image and the extent of their matching for the descriptive data, 

among the most famous tools that rely on natural processing language and text processing based on deep learning are 

Diffusion, DALLE, Craiyon, Stable, Glide and Midjourney [6,7]. 
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4. Permutations and Combinations 

It is the process of arranging the elements of a group in a series or a specific order. If the elements are arranged, 

the process of rearranging their elements is called permutation. Permutations differ from combinations, which are 

defined as selections of elements from a set without regard to order, it is defined by the formula [8]: 

 

         (1) 

 

Where repetition is not allowed, r objects are chosen from n different distinct objects. If n = 3 and r = 3, according to 

the formula, we will have 6 groups of permutations. Note Fig.1. 

 
FIGURE 1. Example of permutations 

5. Synthetic Data 

Synthetic data is defined as the data that is generated through computer algorithms, this method of generation is 

relied upon to obtain data that is not sufficiently available in real world to enhance artificial intelligence algorithms and 

train them more on this data and enable them to generate more effective data in the health sectors, commercial and 

industrial[9], One of the advantages of using this type of data is that it breaks away from the limitations imposed by the 

available data, which makes it more effective in software testing and ensuring quality, The challenge with this data 

remains the inconsistencies that may occur and the inability to generate accurate data, Fig. 2 shows the generation of 

synthetic data [10]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 2.  Generation of synthetic data 

 

6. Characteristics of synthetic data 

The quality of data, patterns, and trends are the most important thing that concerns data scientists, as they do not 

consider whether the data is real or synthetic. Therefore, synthetic data must have some characteristics so that data 

scientists can benefit from it, and these characteristics include [11]: 

1. Data quality: The high cost and sources of obtaining data from the real world may lead to some errors, 

biases and inaccuracies in data, so institutions that rely on synthetic data to train artificial intelligence models 

seek to focus on improving the quality of data. 
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2. Scalability: The increasing demand for training data has made real data insufficient, so using synthetic data 

and making it scalable is the ideal solution to meet the training needs of artificial intelligence models [12]. 

3. Simple and effective: Synthetic data must be simple in its generation mechanism, but it must be effective 

and not contain any biases or inaccuracies that could negatively affect training [13]. 

 

7. Types of synthetic data 

Due to the sensitivity of using Synthetic data in training, it is necessary to know the type that suits the training 

model. Synthetic data is divided into two parts: 

1. Fully synthetic data: All required variables are available in this type, but data has no connection to real data. 

This type of data is used when there is no real data, but there are specifications and limitations for data [14]. 

2. Partially synthetic data: Data in this type retains all real data except sensitive data or data containing errors 

or biases that are deleted and replaced with the synthetic dataset [15]. 

 

8. Synthetic data generation methods 

Synthetic data relies on many methods to generate it, taking into account the characteristics and limitations, as 

follows: 

1. Statistical method: statistical distributions are relied upon to extract numbers and values from real data and 

reproduce realistic data through the normal distribution, exponential distribution, and other distributions [16]. 

2. Agent to model method: In this method, an agent based on machine learning algorithms is relied upon to 

generate synthetic data that is very similar to real data and is more effective than traditional statistical methods 

[17]. 

3. Deep learning: In this method, some deep learning models are used that ensure that the inputs are very 

similar to the outputs and from unsupervised machine learning such as variational autoencoder or generative 

adversarial model [18]. 

 

9. Proposed work 

A three-stage approach was proposed to build a smart tool to generate synthetic data represented by a group of 

heritage ornament. The initial processing stage consists of collecting a group of ornaments, extracting the basic 

geometric shapes from each ornament, and isolating them as independent images so that new ornaments bearing the 

same pattern can be reshaped, the basic shapes were addressed through the three stages, as follows: 

1. First stage: This stage works on choosing the basic shapes and combining them in the form of layers of 

different sizes and using the permutation equation to form all the overlapping possibilities for the layers and 

form the basic unit of the ornament, as shown in Fig. 3. 

 

 
FIGURE 3.  Basic shapes. 

In Figure 3, 7 basic shapes have been identified, which represent value of N in the permutation equation. 

Here, the value of R must be determined, which represents the number of overlapping layers to form the 

basic unit of ornament, as shown in Fig. 4.  

Table 1 shows the number of basic ornaments generated according to the number of layers that are selected 

in each generation process, Increasing the number of layers generates more ornaments, which enhances the 

scalability of the resulting data within the parameters of the basic shapes. Generating the basic ornaments 

depends on a set of steps that can be summarized as follows: 

Algorithm 1: basic ornaments generation. 

Begin 

Step1: Extracting basic shapes from real ornaments. 
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Step2: convert basic shapes into PNG files. 

Step3: select no. of basic shapes as K. and no. of layers as r 

Step4: make all PNG files as a same height and width. 

Step5: loop from 1 to k  

  Loop from 1 to r 

  Call permutation method (k, r) (to select PNG files) 

  Call resize image layer method as l 

  Put PNG image in the layer l 

  Resize layer * 1.5 (to Increase the scale of the next layer) 

 Save the result 

 End loop 

         End loop 

End 

 

 
FIGURE 4. Samples of basic generated ornaments 

 

2. Second stage: In this stage, the compositional ornament is formed from the group of ornaments that were 

generated in the first stage. This formation process takes place through the circular pattern or the reflective 

pattern, as shown in the fig. 5, circular pattern depends on placing a basic ornament in the middle of image and 

it is surrounded in a circular manner by an ornament of a different type. All possibilities are generated to link 

any ornament generated in the first stage with all other ornaments, which allows generation of various forms of 

data while preserving the basic pattern of ornament, The reflection pattern is done by constructing a specific 

pattern using two types of ornaments and then performing the reflection process. This is a very famous pattern 

in building ornaments, as shown in the fig. 6. 

Table 1. Number of basic ornaments 

 

Basic Shapes no. No. of layers No. of ornaments 

7 2 42 

7 3 210 

7 4 840 
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8 2 65 

8 3 336 

8 4 1680 

 

 

 
FIGURE 5. Samples of circular pattern ornaments. 

 

 
FIGURE 6. Samples of reflection pattern ornaments. 

3. Third stage: The final stage is the stage of producing an integrated ornaments pattern by merging the patterns 

generated from the second stage, as shown in the figures 7 and 8. 
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FIGURE 7. Sample of reflection integrated ornaments 

 

 
FIGURE 8. Sample of circular integrated ornaments 

 

10. Conclusion and future work 

This paper presents a proposed method for generating synthetic data for heritage ornaments based on the basic 

shapes that make up the original ornaments. Artificial intelligence requires more data for training, which consequently 

improves the ability of smart algorithms to recognize shapes, distinguish patterns, and reshape ornaments with specific 

patterns based on artificial intelligence. Generatively, the most important thing that can be done to develop the tool’s 

work is to color the resulting ornaments and generate three-dimensional ornaments and shapes. 
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