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ABSTRACT 

Texture can be defined as a regular repetition of an element or pattern on a surface. It is a property that 

represents the surface and structure of an Image. A texture image can be represented as a set of essential small 

units termed as texture units, which characterize the local texture information for a given pixel and its 

neighbourhood. The statistics of all the texture units over the entire image reveal the global texture aspects. 

Texture segmentation can be considered the most important problem, since human can distinguish different 

textures quite easily, but the automatic segmentation is quit complex and it is still an open problem for 

research.This paper describes new statistical approach for texture segmentation, based on average of fuzzy left 

and right texture unit matrix. In this method, the “local” texture information for a given pixel and its 

neighbourhood is characterized by the corresponding fuzzy texture unit. The proposed Average Fuzzy Left and 

Right Texture Unit Matrix (AFLRTU) segmentation method overcomes the computational complexity of Fuzzy 

Texture Unit (FTU) by reducing the texture unit from 2020 to 79. Four patterns of Left Texture Unit (LTU) and 

four patterns of Right Texture Unit (RTU) are used for texture segmentation. Pixel wise averaging operation is 

performed on the resultant image obtained after adding all thee eight pattern images which leads to noise 

reduction. The proposed scheme is compared with the Wavelet Transform with Image Fusion (WTIF) in [17]. 

The results demonstrate the efficacy of the proposed method. 

KEYWORDS: FUZZY TEXTURE UNIT LEFT RIGHT TEXTURE UNIT MATRIX, TEXTURE SPECTRUM, AND 

TEXTURE. 

1. INTRODUCTION 

An image texture can be defined as the local spatial variations in pixel intensities and orientation [19, 

29]. A texture is an ensemble of repetitive sub patterns, which follow a set of well-defined placement 

rules. These sub patterns themselves are made up of more fundamental units, called primitives. Image 

texture, defined as a function of the spatial variation in pixel intensities (gray values), is useful in a 

variety of applications and has been a subject of intense study by many researchers. One immediate 

application of image texture is the recognition of image regions using texture properties. Texture is 

the most important visual cue in identifying these types of homogeneous regions. Image textures are 

complex visual patterns composed of entities or regions with sub-patterns with the characteristics of 

brightness, colour, shape, size, etc. An image region has a constant texture if a set of its characteristics 

are constant, slowly changing or approximately periodic [1]. Texture can be regarded as a similarity 

grouping in an image [2]. 

Texture segmentation is a difficult problem because one usually does not know a priori what types of 

textures exist in an image, how many different textures there are, and what regions in the image have 

which textures. Segmentation is done by deciding the most probable texture for every pixel, making 
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use of the features for this pixel [8, 9, 3, 10, 11, 12, 13, 14, 15, 31]. In fact, one does not need to know 

which specific textures exist in the image in order to do texture segmentation. All that is needed is a 

way to tell that two textures (usually in adjacent regions of the images) are different. The two general 

approaches to performing texture segmentation are analogous to methods for image segmentation: 

region-based approaches or boundary-based approaches. In a region-based approach, one tries to 

identify regions of the image which have a uniform texture. Pixels or small local regions are merged 

based on the similarity of some texture property. The regions having different textures are then 

considered to be segmented regions. This method has the advantage that the boundaries of regions are 

always closed and therefore, the regions with different textures are always well separated. It has the 

disadvantage, however, that in many region-based segmentation methods, one has to specify the 

number of distinct textures present in the image in advance. In addition, thresholds on similarity 

values are needed. The boundary-based approaches are based upon the detection of differences in 

texture in adjacent regions. Thus boundaries are detected where there are differences in texture. In this 

method, one does not need to know the number of textured regions in the image in advance. However, 

the boundaries may have gaps and two regions with different textures are not identified as separate 

closed regions. Strictly speaking, the boundary based methods result in segmentation only if all the 

boundaries detected form closed curves. Boundary based segmentation of textured images have been 

used by Tuceryan and Jain [16], Voorhees and Poggio [4], and Eom and Kashyap [5]. In all cases, the 

edges (or texture boundaries) are detected by taking two adjacent windows and deciding whether the 

textures in the two windows belong to the same texture or to different textures. If it is decided that the 

two textures are different, the point is marked as a boundary pixel. Du Buf and Kardan [6] studied and 

compared the performance of various texture segmentation techniques and their ability to localize the 

boundaries. Tuceryan and Jain [16] use the texture features computed from the Voronoi polygons in 

order to compare the textures in the two windows. The comparison is done using a Kolmogorov- 

Smirnoff test. A probabilistic relaxation labelling, which enforces border smoothness, is used to 

remove isolated edge pixels and fill boundary gaps. Voorhees and Poggio extract blobs and elongated 

structures from images (they suggest that these correspond to Julesz’s textons). The texture properties 

are based on blob characteristics such as their sizes, orientations, etc. They then decide whether the 

two sides of a pixel have the same texture using a statistical test called maximum frequency difference 

(MFD). The pixels where this statistic is sufficiently large are considered to be boundaries between 

different textures. Jain and Farrokhnia [7] gave an example of integrating a region-based and a 

boundary based method to obtain a cleaner and more robust texture segmentation method. They used 

the texture features computed from the bank of Gabor filters to perform region-based segmentation.  

The present paper is organized as follows:  The concepts of texture unit, texture spectrum and fuzzy 

texture spectrum are given in section 2. The proposed methodology is given in section 3. Section 4 

contains experimental results and conclusions are given in section 5. 

 2. FUZZY TEXTURE SPECTRUM 

The texture spectrum is a statistical way of describing texture feature of an image, was first introduced 

by He and Wang [20, 21, 22]. In this method a texture unit represents the local texture information for 

a given pixel and its neighbourhood, and the global texture of an image is characterized by its texture 

spectrum [18].   

The basic concept is that a texture image can be represented as a set of essential small units termed as 

texture units, which characterize the local texture information for a given pixel and its neighbourhood. 

The statistics of all the texture units over the entire image reveal the global texture aspects. In a square 

raster digital image, each pixel is surrounded by eight neighbouring pixels. The local texture 

information for pixel is then extracted from the neighbouring pixels, which form the elements of the 3 

x 3 window with the pixel under consideration as the central one. It can be noted that the eight 

neighbourhoods represents the smallest complete unit from which texture spectrum information can 

be obtained. 

Given a neighbourhood of 3 x 3 pixels, which are denoted by a set containing nine elements, V= {V0, 

V1,…, V8}, where Vi (i = 0, 1, . . . , 8) represents the gray level of the i
th
 element in the 

neighbourhood with V0 representing the gray level of the central pixel [19]. It is important to note 
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that the eight pixels in the neighbourhood are always taken in some order and the subscripts might 

denote the direction in which a particular neighbourhood pixel lies. 

The corresponding texture unit (TU) of the pixel is then defined by a set containing eight elements. 

Thus, TU = { E1 , E2 , .. . , E8}, and Ei (i = 1, 2,. . . ,8) is determined by the following description in 

base3 method: 

            (1) 

 

where the element Ei occupies the same position as the pixel i. As each element of the TU has one of 

the three possible values, the combination of all the eight elements results in 38 = 6561 possible 

texture units in total. The algorithm labels these texture units by the following formula: 

 

NTU=3i-1 Ei  , i=1, 2…, 8              (2) 

 

Where NTU represents the texture unit number. Each texture unit number describes the local texture 

aspect of a given pixel, which are the relative gray level relationships between the central pixel and its 

neighbours. Thus, the statistics on frequency of occurrence of all the texture unit numbers over a large 

region of an image should reveal texture information. With this background, the term texture 

spectrum is defined as the frequency distribution of all the texture unit (numbers) with the abscissa 

indicating the texture unit number NTU and the ordinate the frequency of its occurrence. In base5, the 

following equation 3 is used to determine the elements, Ei of texture unit 

 

   (3) 

 

where x, y are user-specified values. The FTU number (FTUn) is computed in Base5 as given in 

equation 4. 

      (4) 

 

3. METHODOLOGY 

The GLCM method gives reasonable texture information of an image that can be obtained from two 

pixels. Further, a little work is reported in literature to produce strong texture information of an image 

by separating the neighbouring pixels into groups and to form a relationship among them. In the cross 

diagonal approach [7, 23, 24, 25, 26, 27,30], texture information of the image is evaluated by 

separating the neighbourhood pixels into diagonal and corner pixels. The corner pixels are not 

connected pixels. The cross diagonal approach is evaluated with original texture unit but not with the 

FTU information. To overcome these, Left Right Texture Unit Matrix (LRTM) on FTU is proposed 

recently [28]. The method divides the fuzzy texture information of an image by separating the 

neighbouring pixels into two well connected equal groups containing four pixels named as Left 

Texture Unit (LTU) and Right Texture Unit (RTU).  This method further reduces the FTU from 2020 

to 79 i.e., LTU and RTU values range from 0 to 78. This reduction is useful for decreasing the 

computational complexity. 

The texture information is obtained by LTU and RTU from the mathematical model representing two 

groups of 4-connected texture elements is shown in Fig.1 & Fig.2. The LTU and RTU are named 

based on the position of top most left texture element E1 and bottom most right texture element E5 
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i.e., the texture unit which contains E1 and E5 are called as LTU and RTU respectively. A 3×3 grid 

can have four such patterns of LTU’s and RTU’s as shown in Fig.1 & Fig.2. 
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Figure 1. Representation of 4-patterns of LTU. 
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Figure 2. Representation of 4-patterns of RTU. 

Each fuzzy texture element in the two groups has one of the five possible values {0, 1, 2, 3 and 4} as 

given in Eqs. (5) & (6): 

  

NLTU=ELi*5(i-1/2)      (5) 

 NRTU=ERi*5(i-1/2)      (6) 

 

Where NLTU and NRTU are the left texture unit number and right texture unit number respectively.  

The ELi and ERi are the i
th
 element of left texture unit and right texture unit respectively. The entire 

process of the proposed method is shown in Fig.3. The elements in the LTU and RTU may be ordered 

differently. The first element of each TU may take four possible positions. In the same manner, the 

remaining three elements also may take four possible positions. The values of LTU and RTU vary 

depending on the position of elements which can be labelled by using the Eqs. (5)& (6).  

In the proposed methods, the texture unit number of first LTU pattern is calculated in 3x3 overlapping 

windows for the entire image to obtain first resultant image. The process is repeated for the remaining 

3 patterns of LTU and 4 patterns of RTU to obtain 7 resultant images. At each pixel location of the 

original image, texture unit number is computed using the proposed method shown in Fig. 4. Pixel 

wise average is taken for the 4 resultant images corresponding to Fuzzy LTU (FLTU) patterns to 

obtain Average LTU (ALTU) image. Similarly, pixel wise average is taken for the 4 resultant images 

corresponding to Fuzzy RTU (FRTU) patterns to obtain Average RTU (ARTU) image. The entire 

process is shown in Fig.4. Finally, ALTU and ARTU images are averaged pixel wise to obtain the 

segmented output. 
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Figure 3 (a) Four possible patterns for each LTU (b) Four possible patterns for each RTU 

 

 
Figure 4. Block diagram of the proposed AFLRTU method 

4. RESULTS & DISCUSSIONS 

The proposed AFLRTU method is tested on Vistex & Brodatz textures of size 256x256. The 

AFLRTU method is compared with WTIF in [17]. The Figs. 5(a), 6(a), 7(a) and 8(a) show the input 

images of royalred and kashmirwhite, blackpearl and water 1, bark 0 and mammogram  respectively. 

The resultant segmented images by the proposed scheme show well-defined borders. The results 

obtained are satisfactory. The proposed method works well on images having two different textures 

and are able to differentiate clearly two textures. The method is able to extract more details from dark 

texture images. The algorithm is also tested on medical images and the results are shown in Fig.8. The 

suspected micro calcifications are highlighted in the outputs of the proposed method. The visual 

appearance of ALTU, ARTU and AFLRTU is identical. Results in Fig 7 show that the proposed 

scheme is able to segment dark regions of the texture. The outputs shown in Figs. 5-6 (e) clearly show 

that the WTIF method fails to distinguish two different textures. Results in Fig 7 show that the 

proposed scheme is able to segment dark regions of the texture. Fig. 8 (e) shows that WTIF method is 

unable to extract the suspected micro calcifications in mammograms. 
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(a)       (b)                 (c)  (d)        (e) 

Figure 5. (a) Input image (b) ALTU (c) ARTU (d) Proposed output (e) WTIF 

     
(a)     (b)        (c)  (d)    (e) 
Figure 6. (a) Input image (b) ALTU (c) ARTU (d) Proposed output (e) WTIF 

 

     
(a)  (b)     (c)         (d)    (e) 

Figure 7. (a) Input image (b) ALTU (c) ARTU (d) Proposed output (e) WTIF 

 
 

     
(a)           (b)  (c)                  (d)    (e) 

Figure 8 (a) Input image (b) ALTU (c) ARTU (d) Proposed output (e) WTIF 

5. CONCLUSIONS 

A novel approach based on LRTM as a feature for unsupervised texture segmentation is presented in 

this paper. Eight different patterns of texture unit are used for the segmentation of images thereby 

giving good segmentation results. The proposed algorithm reduces noise if present as pixel wise 

averaging is performed on the image obtained after addition of eight texture unit pattern images.The 

method is able to distinguish clearly two different combined textures. The proposed method is 

rotationally invariant because LRTM can be formed differently based on the position of LTU and 

RTU. The method is efficient in segmenting bright areas on dark regions clearly rather than dark areas 

on bright regions. This algorithm works well for dark texture images. The proposed method can be 

applied to extract suspected micro calcifications in mammograms. 

ACKNOWLEDGEMENTS 

The authors would like to express their gratitude to Sri K.V.V. Satya Narayana Raju, Chairman, and K. Sashi 

Kiran Varma, Managing Director, Chaitanya group of Institutions for providing necessary infrastructure. 

Authors would like to thank anonymous reviewers for their valuable comments and SRRF members for their 



International Journal of Computer Engineering & Science, Jan 2013. 

         ©IJCES          ISSN: 2231–6590 

7 |   Volume 2, Issue 2, pp. 1-8 

invaluable help. The authors would like to express their gratitude to Dr.G.Tulsi Ram Das, Vice chancellor, 

JNTU Kakinada. 

REFERENCES 

[1]  J Sklansky, image segmentation and feature extraction, IEEE transaction on systems, Man and 

Cybernetics, 8(4):237-247, 1978 

[2]  A.Rosenfeld, Editor, Digital Picture Analysis, Springer Verlag, Berlin 1976. 

[3] Rafael C. Gonzalez and Paul Wintz. Digital Image Processing, Second Edition. Addison-Wesley 

Publishing Company, Inc. 1987. 

[4] Voorhees, H. and T. Poggio, “Detecting textons and texture boundaries in natural images,” In 

Proceedings of the First International Conference on Computer Vision, pp. 250-258, London, 1987. 

[5]  Eom, Kie-Bum and R. L. Kashyap, “Texture and Intensity Edge Detection with Random Field 

Models,” In Proceedings of the Workshop on Computer Vision, pp. 29-34, Miami Beach, FL, 1987. 

[6]  Du Buf, J. M. H. M. Kardan, and M. Spann, “Texture Feature Performance for Image Segmentation, 

“Pattern Recognition, 23, pp. 291-309, 1990. 

[7]  Jain, A.K. and F. Farrokhnia. “Unsupervised Texture Segmentation Using Gabor Filters, “Pattern 

Recognition, 24, pp. 1167-1186, 1991. 

[8] Robert M. Haralick en Linda G. Shapiro. Computer and Robot Vision Addison-Wesley Publishing 

Company, Inc. 1992. 

[9] Todd R. Reed and J.M. Hans du Buf. A Review of Recent Texture Segmentation and Feature 

Extraction Techniques. CVGIP: Image Understanding, Vol. 57, No. 3, May, PP. 359-372, 1993. 

[10] B.V.Ramana Reddy, M.Radhika Mani, V.VijayaKumar, “ A random set view of texture segmentation”, 

IJSIP,2010, vol.1,iss.1,pp.24-30. 

[11] Vakulabharanam Vijaya Kumar, B.Eswara Reddy, A.Nagaraja Rao, U.S.N. Raju ,Texture 

Segmentation Methods Based on Combinatorial of Morphological and Statistical Operations, Journal 

of Multimedia, Vol 3, No 1, 36-40, May 2008. 

[12] V. Vijaya Kumar, U.S.N.Raju, M. Radhika Mani , A.L.Narasimha Rao ,Wavelet based Texture 

Segmentation methods based on Combinatorial of Morphological and Statistical Operations, IJCSNS, 

VOL.8 No.8, August 2008. 

[13] Dr. V. Vijaya Kumar , A. Nagaraja Rao, V.V.Krishna , Dr. A. Damodaram ,A new unsupervised 

algorithm for texture segmentation, Map Asia 2003. 

[14]  Dr.V.VijayaKumar, Prof.M.Joseph Prakash, Dr.B.Eswara Reddy, S.Kezia, A novel approach for 

texture segmentation based on mathematical morphology, ICRATEMS 2011, pp. 270-275. 

[15]  V.Vijaya Kumar, A. Nagaraja Rao, U.S.N.Raju, and B.Eswara Reddy, Pipeline Implementation of New 

Segmentation Based on Cognate Neighborhood Approach,IJCS, Vol.35, Iss.1,Feb 2008. 

[16]  Tuceryan, M. and A. K. Jain, “Texture Segmentation Using Voronoi Polygons,” IEEE Transactions on 

Pattern Analysis and Machine Intelligence, PAMI-12, pp. 211-216, 1990. 

[17]  M.Joseph Prakash, S.Kezia, B.V. Ramana Reddy, “An approach for texture segmentation based on 

random field model and wavelet fusion”, IJSIP, Vol. 1, Iss.3-2010,pp.183-189. 

[18] Image processing Principles and Applications, Ajoy K. Ray, Tinku Acharya, A JOHN WILEY & 

SONS, MC., PUBLICATION. 

[19]  G.Wiselin Jiji, L.Ganesan, “A new approach for unsupervised segmentation,” Applied Soft Computing, 

Vol.10, pp.689-693, 2010.  

[20]    A. Said and W. A. Peralman, “A New Fast and Efficient Image Codec Based on Set Partitioning in 

Hierarchical Trees,” IEEE Trans. on Circuits and Systems for Video Technology, 6(3), June 1996, 243-

250. 

[21]  A. Said and W. A. Peralman, “An Image Multiresolution Representation for Lossless and Lossy 

Compression,” IEEE Trans. on Image Processing, 5, September 1996, 1303-1310. 

[22]  P. Chen, T. Acharya, and H. Jafarkhani, “A Pipelined VLSI Architecture for Adaptive Image 

Compression,” International Journal of Robotics and Automation, 14(3), 1999, 115-123. 

[23]  G.cross,A.Jain,1983, markov random fields feature  models,IEEE Trans. Pattern Anal. 

Mach.Intell,5,pp.25-39. 

[24]  J.M. Keller , S.chen, R.M.Crownover,1989.texture description and segmentation through fractal 

geometry.Comput.Vision Graphics Image process,45,pp.150-166. 

[25]  A.Bovik,M.Clark and W.Geisler,1990.Multichannel texture analysis using localized spatial filters. 

IEEE Trans. Pattern Anal. Mach.Intell,12(1),pp.55-73. 

[26]  L.S.Davis,1981,Polarograms: a new tool for texture analysis .Pattern Recognition,13,pp.19-223. 

[27]  B.Kartikeyan,A.Sarkar,1991.An identification approach for 2D AR models for describing textures. 

CVGIP: Graphical models Image Process,53,121-131. 



International Journal of Computer Engineering & Science, Jan 2013. 

         ©IJCES          ISSN: 2231–6590 

8 |   Volume 2, Issue 2, pp. 1-8 

 [28]  Rotationally Invariant Texture Classification using LRTM based on Fuzzy Approach ,  B.Sujatha,  Dr. 

V. VijayaKumar,  M. Chandra Mohan, IJCA,Vol 33,No.4,Nov 2011,pp.1-5. 

[29]  Medical image texture segmentation using range filter, Amir Rajaei, LalithaRangarajan and 

ElhamDallalzadeh,vol 2,CS &IT CSCP,2012. 

[30]  Texture Segmentation Based on Multifractal Dimension, AzmiTawfik Alrawi, Ali makki  Sagheer and 

Dheyaa Ahmed Ibrahim,vol.3,No.1, IJSC,2012. 

[31] Unsupervised Learning Algorithm for Color Texture Segmentation Based Multiscale Image Fusion, J. 

Seetha, R. Varadharajan, V. Vaithiyanathan, EJSR,Vol.67, No.4 ,2012, pp. 506-511. 

Authors  

M.Joseph Prakash received the B.E (ECE) Degree from Andhra University in 1996 and 

received his M. Tech. in Computer Science from JNUCE, JNT University, 

Kukatpally,Hyderabad, India in 2003. He is having nearly 16 years of teaching and industrial 

experience. He handled various positions Professor&HOD,I/C Principal, Co-coordinator, 

currently with GIET, IT Dept., Rajahmundry, Andhrapradesh, India. He is pursuing his Ph.D 

from JNT University, Kakinada in Computer Science under the guidance of Dr. V. Vijaya 

Kumar. He is a life member of Computer Society of India, ISTE, Red Cross Society and he is 

a member of SRRF-GIET, Rajahmundry. He has presented 9 papers in various National, Inter National 

conferences proceedings. 

Saka.Kezia received the B.Tech (ECE) degree from JNTU College of Engineering, JNT 

University, Kakinada in 2002. She received M.Tech IIT Madras, India in 2004. She is 

having nearly 8 years of teaching and industrial experience. She is currently working as 

Associate Professor, Dept of E.C.E, CIET, Rajahmundry. She is pursuing Ph.D from JNT 

University, Kakinada in ECE under the guidance of Dr. V. Vijaya Kumar. She is a life 

member of ISTE, IETE, Red cross Society and she is a member of SRRF-GIET, 

Rajahmundry. She has presented 7 papers in various National, Inter National conferences 

proceedings. She has published four International journal papers. 

Dr.I.Santhi Prabha is a professor in ECE department and also director of Empowerment of 

Women & Grievances at JNTUK, Kakinada. She did her B.Tech in Electronics & 

communication engineering from JNTU college of Engineering, Kakinada and Masters 

Degree in the area of Instrumentation & controls and Doctoral degree in the field of Speech 

signal processing from the same institution. She has more than 25 years of experience in 

teaching. She has published more than 20 papers in various journals and conferences. She is 

a member of ISTE, IETE and fellow member in Institution of Engineers. 

 

Vakulabharanam Vijaya Kumar received integrated M.S. Engg. , degree from Tashkent 

Polytechnic Institute Associate Professor and taught courses for M.Tech students.  He has 

been working as Dean Computer sciences and Head Srinivasa Ramanujan Research Forum-

GIET, Rajahmundry, Affiliated to JNT University, Kakinada. His research interests include 

Image Processing, Pattern Recognition, Network Security, Steganography, Digital 

Watermarking, and Image retrieval. He is a life member for CSI, ISC, ISTE, IE (I), IRS, 

ACS, CS and Red Cross. He has published more than 100 research publications in various 

National, Inter National conferences, proceedings and Journals. 

 


