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Extended abstract 

Image processing methods get a considerable attention and are used for woven 

fabric analysis and evaluation. This aim seems to be continued with an increasing 

number of researches in textile industry until developing more practical and widely 

applicable methods. Contrary to some other industrial materials, image analysis of 

woven fabrics is difficult to deal with due to the variety of weaves, colour designs 

and flexibility of textile material’s nature. 

 

Yarn density in a woven fabric is an important parameter that influences fabric 

properties and structure which further determine the ultimate usage and cost of the 

fabric. The measurement of yarn density in quality control laboratories often 

involves tedious procedures where expert inspectors are needed [1-9]. This study 

discusses the woven fabric density measurement methods using image processing 

methods particularly, projection profile analysis and the problems faced when they 

are used in practical situations particularly when skewness is included. 

 

Although woven fabrics are made up of yarns interlaced at right angles, skewness 

can be included in acquired images of woven fabrics due to two main reasons [1, 2, 

3]. Skewness Type 1 may arise due to skew of fabric where weft yarns lie angularly 

to a line perpendicular to the warp yarns. In this skewness condition warp yarns lie 

parallel to the vertical edge of the image while weft yarns lie at an angle to the 

horizontal edge of the image. Skewness Type 2 may occur due to the scanning 

process of woven fabric images even if the woven fabric does not have any skew. In 

this condition warp yarns are perpendicular to weft yarns, but they lie angularly to 

the horizontal and vertical edge of the woven fabric image [1, 2, 3]. 

 

Image Processing Methods 

When directional characteristics of woven fabrics are examined, it can be seen that 

warp and weft yarns form horizontal and vertical texture features on woven fabric 

surfaces. Due to this characteristic of woven fabrics, projection profile analysis 

method (PP) is widely used as an image processing method for woven fabric image 



 

 

analysis. PP is particularly used for automatic measure of fabric density which can 

also be named as Gray line profile method [4, 5, 6, 7]. In this method when vertical 

yarns are assumed to be warp yarns, vertical projection profile reveals the warp 

yarns and horizontal projection profile reveals the weft yarns. Particularly twill 

woven fabrics pose difficulties and it is observed that horizontal and vertical 

projection profiles lead to erroneous results when they are obtained from the same 

image of woven fabric without skew correction. 

 

Figure 1. Twill woven denim fabric; vertical and horizontal projection profiles 

before and after skew corrections 
 

Experimental Studies 

Test dataset contains images of 50 different woven fabrics. Images of the woven 

fabrics are scanned by a flat scanner with a resolution of 600 dpi. The scanned woven 

fabric image area with a size of 700×700 pixels are arbitrarily selected for 

investigation. The images are scanned in true colour (RGB) without any pre-

processing applied. The error (%) is used to evaluate the effect of the skew angle on 

projection profile analysis which is used for woven fabric density estimation. 50 

different woven fabric samples are rotated 15 degrees in clockwise and anti-

clockwise directions and in every angle rotated the projection profile analysis is used 

in order to measure woven fabric density and mean of % errors are calculated for 

these samples respectively. 

 



 

 

      

Figure 2. Skewness of woven fabric image in degrees and % error rates of yarn 

detection by using projection profiles a- plain woven fabric b- twill woven fabric  

 

Conclusions 

Projection profile analysis is a widely used image processing method in woven fabric 

analysis and the research clearly demonstrates that when skew of one set of yarns 

exceeds 1o-1.5o degrees these methods lead to erroneous results. It might be 

concluded from the graphs shown in Figure 2 that the skew of the woven fabric 

should be corrected before the image processing methods are applied if the skew 

angle is higher than 1o-1.5o. The accuracy of projection profile method is affected in 

the warp and weft directions of plain woven fabrics equally, whereas warp direction 

accuracy rates are better than the weft direction accuracy in twill woven fabrics. This 

might arise from the longer floats in warp direction. Due to the natural skew included 

in twill weave construction, rectification of woven fabric image should be considered 

before applying image processing methods on twill woven fabrics. 

 

Acknowledgements 

This work was supported by Research Fund of the Erciyes University. Project 

Number: FYL-2015-6246 

 

References 

[1] Pan, R., Gao, W., Liu, J., Wang, H., Automatic inspection of woven fabric density 

of solid colour fabric density by the hough transform, Fibres & Testiles in Eastern 

Europe, 2010, 81, pp.46-51  

[2] Jeong Y., Novel technique to align fabric in image analysis. Textile Research 

Journal, 2008, 78, 304- 310  

[3] Yildirim, B., Projection profile analysis for skew angle estimation of woven fabric 

images. The Journal of The Textile Institute, 2014, 105(6), 654-660.  

[4] Huang, C.C., Liu, S.C., & Yu, W.H., Woven fabric analysis by image processing Part 

I Identification of weave patterns. Textile Research Journal, 2000, 70, 481-485 



 

 

[5] Kuo., C. J., Shih, C. Y., & Lee, J. Y., Automatic recognition of fabric weave patterns 

by a fuzzy c-means clustering method. Textile Research Journal, 2004, 74, 107-111 

[6] Wang, X. & Li, X. Recognition of fabric density with quadratic local extremum, 

International Journal of Clothing Science and technology, 2012, 24, 328-338  

[7] Jeong, Y. & Jang, J., Applying image analysis to automatic inspection of fabric 

density for woven fabrics, Fibers and Polymers, 2005, 6, 156-161 

[8] Technikova, L. & Tunak, M., Weaving density evaluation with the aid of image 

analysis, Fibres and Textiles in Eastern Europe, 2013, 21, 2, 74-79 

[9] Tunak, M., Linka, A., & Volf, P., Automatic assessing and monitoring of weaving 

density. Fibers and Polymers, 2009, 10, 830-836 

 



 

 

 


