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Abstract

In order to inspect woven fabric density automatically, a method combining image processing and multi-
scale wavelet transform is proposed in this paper. Firstly, fabric images are pre-processed by Bimodal
Gaussian function histogram equalization to obtain more structure information. Secondly, fabric images
are decomposed into horizontal and vertical sub-images by using wavelet filter. Thirdly, texture features
are extracted from the sub-images through binarization and smooth processing. Finally, density of yarns
is acquired accurately after analyzing features of warps and wefts of the fabric. The experiment results
prove that the proposed algorithm is perfectly suitable for three principle weaves and the relative error
of automatic inspection compared with manual inspection is less than 0.86%.
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1 Introduction

Fabric density is an important index in inspection of the fabric quality. However nowadays fabric
density inspection relies on traditional manual operation with the aid of a magnifying glass,
microscope and so on [1]. Manual analysis is time-consuming, and results are greatly influenced
by subjective factors of checkers, which might lead to different results among different checkers.
Therefore, textile industries have a demand of an objective and accurate recognition system, which
can obtain the woven fabric density with high speed, to satisfy the need of flexible production.
With development of computer vision, pattern recognition, image processing and analysis, some
relevant algorithms are presented to detect woven fabric density and many achievements have
been obtained. T. J. Kang [2, 3] extracts reflected light image and transmitted light image of
fabric style with the illumination system. However, this method can only be applied in few
fabrics. Gray level co-occurrence matrix is proposed by J. J. Lin in [4] for density inspection,
which is just suitable for plain weaves. B. Xu [5] uses the inspection method based on Fast Fourier
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Transform (FFT) which is applied to acquire energy spectrum diagram. M. Tunák et al. [6] use
Fourier transform to obtain frequency spectrum image of fabric. By selecting the horizontal
and vertical center region of frequency spectrum to reconstruct fabric image, the reconstructed
image only consists of warp or weft and then the density of the fabric is calculated. But the
method based on Fourier transform is only applicable to monochrome fabrics. Comparing with
the Fourier transform, wavelet transform could select a particular frequency band or scale in
transformation [7]. Therefore, it is conducive to choose more effective texture information and
give up some unrelated texture information making it possible to improve the speed and accuracy
of texture analysis.

In this paper, an automatic assessment of woven fabric density based on image processing tech-
nology is proposed. Woven fabric image is preprocessed by median filter and Bimodal Gaussian
function histogram equalization algorithm in order to filter noise and improve contrast. Then
wavelet transformation is applied to decompose the pre-processed image into horizontal and ver-
tical sub-images. After extracting and analyzing features of sub-images, woven fabric density is
achieved accurately. The main process of woven fabric density is indicated in Fig. 1.
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Fig. 1: Flow diagram of automatic inspection of fabric density

2 Wavelet Transform

Wavelet transform is inherited and developed from traditional Fourier transform. With good
localization properties both in the time domain and frequency domain analysis and focusing on
the details of any local information, wavelet transform is widely used in signal processing, pattern
recognition and many other fields [8, 9]. The definition of wavelet transform is shown as follows.
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where, a is the dilation factor, b is the translation vector and ψ is Fourier transform.

Continuous Wavelet Transform (CWT) and Discrete Wavelet Transform (DWT) are two types
of wavelet transform including. The reason of applying DWT is that only the discrete signals
could be processed by computer [10]. Discrete wavelet transform coefficient is shown in Eq. (2):
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where, the reconstruction function is given in Eq. (3).
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where, C is a constant independent signal.
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3 Image Processing

3.1 Image Acquisition and Preprocessing

In this paper, three elementary weaves with different warp and weft density are captured via
CanonScan 9000F scanner with resolution of 600 dpi. RGB images are resized into 256 × 256
pixels, which can be converted into gray images to improve processing speed and reduce the
calculation amount. In order to improve the visual effect and facilitate image analysis of ma-
chine, image enhancement is used to make fabric texture more outstanding. Due to the pixel
of gray images that is too concentrated, Bimodal Gaussian function histogram equalization is
carried out to distribute the images gray level in lower and higher gray level so that fabric
images contrast can be enhanced, which is conducive to demonstrate texture structure clear-
ly and extract more structure information. The results of twill woven fabric are indicated in
Fig. 2.
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Fig. 2: Comparison between gray and enhanced fabric images by histogram equalization. (a) Bimodal
Gaussian functions graph, (b) The gray fabric image, (c) The enhanced fabric image

3.2 Decomposition and Reconstruction of Fabric Image

Wavelet transform is used for decomposing a woven fabric image into low and high frequen-
cy and reconstructing the high horizontal component and vertical component, after which the
yarns information along the warp and weft direction could be acquired. It is important to se-
lect appropriate wavelet basis because that different wavelet basis correspond to different clarity
of decomposition component, different wavelet decomposition levels and different clarity of im-
ages during the wavelet transforming. Compared with other wavelets, biorthogonal wavelet has
advantages including scaling function and wavelet function being compacted support, high dis-
appear matrix and linear-phase [11]. In this paper, biorthogonal wavelet 3.7 (bio3.7) is utilized
to decompose and reconstruct the fabric image information in horizontal and vertical direction.
Being decomposited and reconstructed, the information of warp and weft can be best reserved
respectively in a layer of high frequency vertical and high frequency horizontal reconstruction
images [12]. The experiments proved that the bio3.7 could make information of high frequency
vertical and horizontal reconstructed images that corresponding to warp and weft direction more
clearly. Compared with the results of decomposition from each level, it can be concluded that
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scales 3 wavelet decomposition is suitable for woven fabric and the results of one fabric image are
shown in Fig. 3.

(a) Horizontal (b) Vertical

Fig. 3: Woven fabric horizontal and vertical sub-images decomposed by wavelet

3.3 Features Extraction and Analysis

As shown in Fig. 3, the arrangement of the yarns could be reflected by horizontal and vertical
sub-images after wavelet decomposition and reconstruction. Binarization and smoothing of sub-
images are processed consequently for expressing information of warp and weft clearly and vividly.
Binarization is that the images are represented in form of white and black. Selection of the proper
threshold is very crucial in the binary process. Error diffusion dithering is applied in this paper
to realize binarization processing [13]. In proposed method, pixel in the gray image is converted
into 0 or 1 by comparing with a pre-determined threshold. But there are great errors between
gray value (0-255) of this pixel and binary value (0 or 1). In order to reduce the influence of
errors, errors are assigned to adjacent pixels according to the error distribution table of Burkers
filter [14]. The results are shown as Fig. 4.

Outline of the yarns is presented after binary processing, but binarization results containing
noises are not conducive to the density calculation. In order to reflect the arrangement of yarns
more clearly and calculate the density of the yarn, it is significant to smooth the image. Smooth
processing is applying gray value (0 or 1) of the majority number of the image pixels to represent
the specific form of the yarn on this row (column) [15]. It is convenient to calculate the number
of yarns in smoothed image. Results after smooth processing are shown in Fig. 5. The yarn
becomes very smooth and can be completely separated from the background.

(a) Horizontal (b) Vertical

Fig. 4: Result of binarization of sub-images

(a) Horizontal (b) Vertical

Fig. 5: Result of smooth processing of sub-images
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3.4 Density Calculation

It’s easy to determine the position of yarn and compute fabric density, because the warps and
wefts are extracted from original images. Selecting one row (one column) in the matrix of fabric
images after smooth processing and calculating the amount of black pixels S which is consecutive,
the number of black pixels in each yarn H will be calculated by S dividing the width of image.
Density of warp and weft will be calculated by the multiplication of H and resolution of scanner
R. Then unit of density is converted into standard density unit. The fabric density (yarns per 10
centimeter) will be calculated as follows:

W =
H× R× 10

2.54
(4)

where, R is resolution of scanner, W is the density of warp and weft of woven fabrics, H is the
number of black pixels in each yarn.

4 Analysis of Experimental Results

The results of woven fabrics with different densities of warp and weft in experiments are compared
with the results of manual test to verify the accuracy improvement of proposed algorithm in this
paper. Making skewed angle of fabric image during the image processing has no influence on
accuracy of density detection and outline of yarn in the images that captured via the scanner
could been observed clearly. Wavelet decomposition is utilized to obtain vertical and horizontal
sub-images. So this method is more suitable for inspecting the density of plain weave. It is
equally applicable to inspect the density of twill and stain weave through the study. As results of
twill weave shown in Fig. 6, texture features of non-warp or non-weft direction fabric still could
be extracted after wavelet decomposition. Density of weft is calculated by weft image after image
processing. Although texture of weft image after image processing is oblique, it still represents
the warp which is distributed alternately. In Fig. 6, on account of the organization structure of
the satin to make the surface texture information shown as warp or weft, the satin weave can be
divided into warp satin weave and weft satin weave. For warp satin weave, the weft information
is not obvious through wavelet transform, which makes it difficult to compute weft density. But
accuracy of the density detection of warp is high for warp satin weave, which is the same for the
weft satin weave.

Table 1: Woven fabric density inspection results

Samples Compute (warp) Manual (warp) Compute (weft) Manual (weft) Warp error Weft error

1 203.1 203 212.2 212 −0.05 −0.09

2 129.2 129 119.9 120 −0.16 0.08

3 239.9 241 193.8 195 0.46 0.62

4 249.2 249 147.6 147 −0.08 −0.41

5 304.5 305 203.2 204 0.16 0.39

6 415.2 415 230.7 231 −0.05 0.13

7 — — 195.3 197 — 0.86

8 193.9 195 — — 0.56 —
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Fig. 6: Consequences from image processing that separately correspond to the original images

The experimental results contrasted with manual measurement are shown in Table 1. In this
Table, eight samples are applied to density detection. Samples number 1-3 are plain weave,
Samples number 4-6 are twill weave, Samples number 7 is weft satin weave and Samples number 8
is warp satin weave. The result of manual measurement is x, the result of automatic measurement
after image processing is y and the error is defined as (x − y)/x. The maximum error of warp
density detection results is 0.56%, the maximum error of results of weft density detection is
0.86%. Manual measurements can be concluded that it has maximum precision of 0.5 yarns. For
the whole fabric image, the result of automatic measurement is more accurate.

5 Graphical User Interface Design

In order to promote experiment of woven fabrics density identification, the building of indepen-
dent operation original image capturing and image identification software is designed. Interface
of woven fabrics density identification Graphical User Interface (GUI) based on Matlab 2012a
version has been designed in this paper. Main interface is indicated in Fig. 7. This GUI pos-
sesses several practical characteristics. First, process of woven fabrics density identification could
be decomposed into independent sections. Parameters setting is used for obtaining the best
recognition conditions for density inspection of warp and weft, which is conductive to establish
identification system. Second feature is real-time supervising function. Top left window in Fig. 7
act as display window of original image. Bottom left in Fig. 7 is an image processing window.
The image processing window has three functions, which are wavelet transform function, image
binarization function and smooth processing function. The appropriate selection of wavelet basis,
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wavelet coefficients and decomposition level can achieve wavelet transform, which could obtain
better image information. Image binarization and smoothing processing are helpful to calculate
the density of warp and weft. The third feature of interface is a flexible display. Display windows
of interface identification process are reserved, relevant process windows and distinct procedures
in image processing window can be exhibited for further analysis.

Fig. 7: Main interface of density identification

6 Conclusion

A method is proposed in this paper, which combining image processing and wavelet transform
to detect the density of warp and weft of woven fabric. The woven fabric images could be
decomposed into vertical and horizontal sub-images through wavelet transform. Then the density
of woven fabrics could be inspected by analyzing features of the sub-images. Thirty plain samples,
thirty twill samples and twenty satin samples are employed for confirming the accuracy of wavelet
algorithm. According to the experimental results, the proposed method for image processing in
density inspection is possessed with higher accuracy and faster speed. Meanwhile, it is suitable for
three elementary weaves with the solid color and other mixed color weaves. However, disadvantage
of this method is that the density of fabric with complex organizational structure is not inspected
precisely. The next target in this study is to improve the implementation of proposed method
and expand the range of application.
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