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Abstract— Texture is an important spatial feature useful for identifying objects or regions of interest in 
an image. This paper presents a novel texture characterization method based on Fuzzy Texture Unit 
(FTU) for texture synthesis. The proposed fuzzy texture characterization approach, takes into account the 
vagueness introduced by noise and the different caption and digitization processes, for defining the 
texture unit, by which texture synthesis is obtained. FTU extracts local texture information from the 
pixels for characterizing the textural aspect of a digital image and FTU detects the classes having highest 
relevance for deciding the existence of a concrete textural feature within an image by which patches can 
be identified easily.  A patch that satisfies the minimum error criterion computed using L2norm is 
selected as the candidate patch. Edging two patches along the minimum error boundary cut is considered 
to be one of the most efficient candidate patches till recently. However, in real textures, especially the 
semi-stochastic ones, perfect cuts do not exist; therefore, the defects due to the inconsistency between the 
patches become an important problem for the synthesized texture quality.   For this reason the present 
paper adopts a modified MEBC determine the boundary between the patches. Experimental results on 
wide range of texture samples demonstrate that the performance of the present approach is superior to 
many other existing methods of texture synthesis. 
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I.  INTRODUCTION 

Generally, the goal of texture synthesis is to generate  a new synthetic texture according to a given sample 
texture so that this new synthetic texture is (1) similar to the original texture in terms of human perception and (2) 
sufficiently different from the given texture. Since texture is an important cue in human visual perception, texture 
processing has been one of the most actively studied areas in computer graphics, computer vision and image 
processing [1-7]. Technologies used for texture synthesis can be divided to two categories [8]: procedural texture 
synthesis [9] and example-based texture synthesis [10]. Procedural texture synthesis, using an algorithm, intends 
to create a realistic representation of natural elements such as wood, marble, granite, metal, stone, and others, so 
they obtained texture is a computer generated image. The example-based texture synthesis generates a high 
resolution texture from a small input example. The continuity and similarity of texture structures are assured in 
the example-based texture synthesis.  

Example-based texture synthesis can be categorized as [11]: pixel-based methods, patch-based methods and 
tiling-based methods. Pixel-based algorithms, the synthesized texture are generated pixel by pixel. Each pixel is 
the result of a search of the given example, using the neighborhood already synthesized. The main advantage of 
pixel-based methods [12–22] is the ability to control textures at pixel level. However, these methods are sensitive 
to the size of the window during the search for pixels in the example images and when deciding a pixel’s 
neighbors in the synthesized texture. More recent work [23] provides a controllable parallel method at pixel level 
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that can utilize modern GPUs. Patch-based algorithms, the texture is generated patch by patch and cutting paths 
are sought which minimize overlap errors between patches. Specific algorithms include image quilting using 
dynamic programming [24], graph-cut texture [25], iterative optimization based on Markov Random Fields [26] 
and the earlier lapped textures technique [27]. Patch-based algorithms tend to preserve the global structure, but 
they sometimes introduce local artifacts in the regions of overlap between neighboring patches. Patch-based 
texture synthesis has been shown to produce high-quality textures faster than pixel-based approaches.  

As a typical representative of patch-based synthesis algorithms, image quilting [28] solves the problem of 
stitching neighboring blocks by means of Minimum Error Boundary Cut (MEBC). The MEBC algorithm has 
been used to achieve a better transition between the adjacent patches. For each synthesis unit, the overlapping 
block error between the old synthesized block and the candidate block in its neighboring position is estimated, 
and a block with minimum error is chosen as the newly synthesized patch. Then the MEBC through the error 
surface can be computed via dynamic programming and the newly chosen block with an irregular optimal path is 
made. Although image quilting algorithm holds a good performance particularly for semi-structured textures and 
stochastic textures, there still exists some typical problems especially when the input texture does not contain 
enough variability. Fuzzy Texture Unit (FTU) can capture the micro-structure of local brightness variations and 
therefore can describe complementary features based on the distribution of local spatial patterns. Inspired by the 
local properties of FTU and the peculiarity of MEBC we combine both features together and present in this paper 
a new method for texture synthesis. The main idea is to synthesize a new texture by taking FTU image as the 
temporary image for selecting overlap regions satisfies MEBC. Regions block matching and the best match 
boundary by using FTU. The proposed algorithm is to improve synthesizing efficiently. 

The rest of the paper is organized as follows. In section 2, FTU is briefly described. Section 3 introduces the 
novel texture synthesis method using FTU and MEBC. In section 4, we present experimental results. Finally, we 
conclude in section 5.  

II. Fuzzy Texture Unit  

Greater or lesser quantities are further quantized using fuzzy logic based approach as follows. Here, two more 
levels of comparison are introduced. A texture unit is represented by eight elements, each of which has only five 
possible values {0, 1, 2, 3 and 4} obtained from a neighborhood of 3×3 image region. In Base5, Eqn. (1) is used 
to determine the elements, Ei of texture unit. The texture number representation is shown in Fig.1: 
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Figure 1.   Fuzzy Texture Number (base-5) Representation 

where x, y are user-specified values. 

The FTU number (FTUn5) for the pixel p is computed in base5 as given in Eqn.2. 

     (2) 

The total texture units range from 0 to 194. 

For example 
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Figure 2.  Transformation of a 3×3 neighborhood to a FTU 
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III. TEXTURE SYNTHESIS BASED ON FTU 

A novel method for patch based synthesis using a combination of image quilting and the local properties of 
FTU is proposed in this paper. During the process of texture synthesis, FTU image of the input texture sample is 
firstly generated and used as a temporal image for overlapping block error estimation and block matching. To 
reduce visual artifacts, the adjacent patches are overlapped along the boundary regions. Because of overlapping, 
the successively synthesized patches will be slightly differed from the standard N×N pixels. In the following, we 
will firstly show the entire description of the proposed method. 

A. Methodology 

Let Ii be the input texture and the output image is IO. For a synthesized texture of 2N×2N pixels, the synthesis 
starts with a patch size of N/4×N/4 pixels. The proposed approach picks the size of overlapped areas between 
adjacent blocks by using FTU image. The complete process is for synthesizing a new texture image IO is as 
follows:  

Step 1: Calculate the FTU image using Eqn.2 for the original image.  

Step 2: 2a) For every location, search in the FTU image for a set of blocks that satisfy the overlap constraints 
by using modified MEBC along horizontal and vertical direction as given in Algorithm 3.3.1 with 
minimum error tolerance. Pick the two blocks from the corresponding locations of the input texture 
image. 

2b) Paste the patches from the input texture sample Ii on to the output image IO based on scan line order. 

Step 3: Select the next region such that it overlaps with the previous selected region. If the new selected 
regions satisfy MEBC then take the patch from the corresponding location of the original image and paste 
in the output image based on scan line order. 

Step 4: Repeat step 3 until the whole output image IO is synthesized. 

B. Calculate the Minimum Error Surface by using L2-Norm 

Before manipulating with the overlap region of the new patch and the constructed patch, an error surface is 
calculated. Different cost functions will result in different error surfaces; typically used metrics are L2-norm and 
squared root difference.  In our paper L2-norm is considered. The formula for this distance between a point x (x1, 
x2, etc.) and a point y (y1, y2, etc.) is given in Eqn.3: 

     (3) 

For color image texture synthesis, the FTU code of each color channel is calculated separately and therefore 
the resulted FTU code for the input texture is a color image. For the calculation of the minimum error, Euclidean 
distance metric is used on three color channels as given in Eqn.4:  

  (4) 

Here, R, G, B represent values of three color channels, i and j are two dimensional indices for two boundary 
zones.  

C. Determine Minimum-Cost Boundary Cut 

Once the error surface is constructed, the minimum-cost boundary cut algorithm is applied to it.  Once the 
best patch is chosen the Minimum Error Boundary Cut (MEBC) operation is performed to determine the 
boundary between the patches. Efros and Freeman (2001) [1] performed three types of MEBC operation to locate 
the boundary between the adjacent patches in the output texture. They are MEBC in vertical direction, MEBC in 
horizontal direction and L shaped MEBC. The determination of MEBC along the vertical and horizontal 
directions is easier where the L shaped MEBC is difficult. The computation difficulty in the L shaped MEBC is 
overcome by performing the MEBC operation in two stages, first along the horizontal direction then along the 
vertical direction. By performing this extended MEBC, the quality of the output texture has been increased to a 
greater extent in the region of the horizontal overlap. This is because a better boundary along the horizontal 
direction is obtained, compared with the conventional L-shaped MEBC operation. 

The Minimum Error Boundary Cut (MEBC) is calculated both along the vertical and horizontal directions. In 
general, the MEBC along the vertical direction is calculated using the formula given in Eqn.5 

G.Venkata Rami Reddy et al. / International Journal on Computer Science and Engineering (IJCSE)

ISSN : 0975-3397 Vol. 4 No. 01 January 2012 81



   (5) 

Similarly the MEBC along the horizontal direction is calculated using the formula given in Eqn.6 

   (6) 

where Eij is the cumulative minimum error in the ith and jth pixel. 

The modified MEBC operation is performed in two different types. They are MEBC along horizontal 
direction and MEBC along vertical direction.  

D.  Algorithm for MEBC along Horizontal Direction 

Step1: Find the pixel-to-pixel difference between the pixels in the boundary regions of the previously 
synthesized patch and the candidate patch. 

Step 2:  With the pixel-to pixel difference values obtained in step 1 form a new patch called difference patch. 

Step 3:  Identify the pixels with the lowest value in the last row of the difference patch. 

Step 4:  Locate three pixels in the previous row adjacent to the pixel identified in step (3). 

Step 5:  Choose the pixel with the lowest value from the identified three pixels of step 4. 

Step 6:  If the pixels identified in step 5 touches the left or right boundary of the difference patch then select 
the two adjacent pixels of previous row. 

Step 7:  Repeat step 4 and 5 for the remaining rows of the difference patch. 

Step 8: A boundary line is made along the vertical direction through the pixels of the lowest difference 
values. 

Step 9: The pixels on the left side of this line form the boundary portions of the previously synthesized patch 
and on the right side are the boundary portions of the candidate patch. 

E.  Algorithm for MEBC along Vertical Direction 

Step 1: Find the pixel- to- pixel difference between the pixels in the boundary regions of the previously    
synthesized patch and the candidate patches. 

Step 2: With the pixel-to pixel difference values obtained in step 1 form a new patch called difference patch. 

Step 3: Identify the pixels with the lowest value in the last column of the difference patch set. 

Step 4: Locate three pixels in the previous column adjacent to the pixel identified in step 3. 

Step 5: Choose the pixel with the lowest value from the identified three pixels of step 4. 

Step 6: If the pixels identified in step 5 touches the top or bottom boundary of the difference patch then select 
the two adjacent pixels of the previous column. 

Step 7: Repeat step 4 and 5 for the remaining columns of the difference patch. 

Step 8: A boundary line is made along the horizontal direction through the pixels of the lowest difference 
values. 

Step 9: The pixels on the top side of this line form the boundary portions of the previously synthesized patch 
and on the bottom side are the boundary portions of the candidate patch. 

IV.  EXPERIMENTAL RESULTS 

The proposed method is tested on tested on VisTex  and other standard texture databases of color and gray 
images, each of size N×N. For the  input image of size N×N the experimental results generated the synthesized 
image of size 2N×2N, by considering the patch size of N/4×N/4 with the overlap region is of six pixels width. 
Figure 3 shows some of the results for image texture synthesis. In Fig. 3, the input texture images are in the left 
side and the synthesized results generated by the proposed method are in the right side.  

The quantifying parameters such as relative entropy and mean of the average difference in histogram are used 
to measure the performance of the texture synthesis algorithms. In order to validate the synthesized results 
measurably, we use metric called relative entropy. The relative entropy of P with respect to Q, is called the 
Kullback-Leibler distance, is defined by Eqn.7  

     (7) 
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where E is the relative entropy computed by original image P and the synthesized result Q. P(x) and Q(x) are the 
probability of each gray scale in image P and Q separately.  Although E(P,Q) E(Q,P), so relative entropy is 
therefore not a true metric, it satisfies many important mathematical properties. 

The obtained results for the various textures under FTU patch based texture synthesis method are shown in 
Table 1. From Table 1, it is observed that the entropy parameter is approximately same for the input and 
synthesized images. The second parameter which is mean of the average difference in histogram is very low. 
Therefore the inference is that input and output images are very much similar. 

TABLE I.   PERFORMANCE COMPARISON OF PATCH BASED TEXTURE SYNTHESIS USING FTU 

Texture   
Type 

Input Relative 
Entropy 

Output Relative 
Entropy 

Mean of Average difference 
in Histogram 

Fruit-1 5.67 5.06 0.00054 

Fruit-2 5.98 5.59 0.00043 

Fruit-3 5.66 5.33 0.00032 

Fruit-4 5.87 5.96 0.00022 

Fruit-5 5.91 5.56 0.00012 

Fruit-6 5.18 4.99 0.00034 

Stone-1 6.23 6.12 0.00041 

Stone-2 6.75 5.95 0.00032 

Stone-3 6.34 6.73 0.00036 

Metal-1 5.76 5.54 0.00047 

Metal-2 6.01 5.89 0.00043 

Metal-3 5.99 5.01 0.00025 

Water 5.67 5.43 0.00026 

Brick 5.45 5.12 0.00051 

Grass 6.02 5.87 0.00065 

Leaves-1 6.23 6.67 0.00045 

Leaves-2 5.99 6.09 0.00068 

Leaves-3 6.01 6.54 0.00061 

V. CONCLUSIONS 

While the algorithm is particularly effective for semi-structured textures (which were always the hardest for 
statistical texture synthesis), the performance is quite good on stochastic textures as well. Based on the results 
proposed approach are at par with state-of-the-art patch-based synthesis techniques like image quilting and graph 
cuts. On the other hand, proposed technique maintains the shape as well as orientation of the keys as it rotates the 
texture. The validation test results are shown in Table 1. Two parameters entropy and mean of the average 
difference in histogram are considered for testing. The test results are satisfactory and the proposed algorithm 
works well for any texture image.  

In this paper we have introduced a novel patch based texture synthesis algorithm which uses the effective 
combination of properties for FTU descriptor and the modified MEBC. FTU feature can provide with more 
abundant information of local micro structure variability about the input texture. A FTU based approach used for 
selecting patches in patch based texture synthesis. The best patch selection is done with L2-norm and also a 
modified minimum error boundary cut is used to preserve the texture feature along the boundaries and also 
synthesis conflicts between neighboring patches were substantially reduced.   
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Figure 3.  Results for texture synthesis. For each texture, the input is on the left and the output on the right 
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