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Abstract

When analysing the colourcolours in woven fabrics images, the fabrics are suggested to be
divided into three categories: solid colour fabrics, single-system-mélange colour fabrics and
double-system-mélange colour fabrics. Corresponding to the classification, the inspection of
woven fabric density can be also divided into three stages. A method of inspecting the density
of solid colourcolour fabrics is discussed in detail in this study. The Hough transform is used
to detect the skew angles of warp and weft yarns, and then the pixels in the fabric image
are projected along the skew-direction. Warp and weft yarns can be segmented successfully
by locating the true minimum values which indicate the interstices between the yarns. The
density of solid colourcolour fabric can be inspected by counting the yarns in a unit length

in the fabric image.
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B Introduction

Traditional methods of measuring wo-
ven fabric density are mainly based on
manual operations. One of these methods
is to count the number of warp and weft
yarns in a unit length with a textile analy-
sis magnifying glass. These methods are
not only time-consuming and lab-inten-
sive, but also they cannot avoid careless
mistakes committed by workers who
have been in service for a long time. The
detection results are often influenced by
the mental and physical condition of the
inspectors. Thus, it is highly desirable to
develop an automatic counting system for
fabric density. Image analysis has been
proved to be an efficient method of ana-
lysing fabric density. The main method
used so far is the Fourier transform tech-
nique [1 - 2]. The main principle is to find
the peaks in the power spectrum which
represent the frequency of periodic ele-
ments in the time domain image. As warp
and weft yarns form periodic texture in
the fabric image, the number of yarns can
be recognised by locating the peaks in the
frequency domain image. These methods
are limited to solid woven fabric and can-
not be applied to colour fabrics. It is hard
to inspect the density of colour fabrics in
the frequency domain because the col-
our pattern is combined with the power
spectrum formed by other textures in the
fabric.

The co-occurrence matrix has been pro-
posed to inspect fabric density [3]. The
experiment showed that the inspection
accuracy rate for plain weaves is far bet-
ter than that for twill or satin weaves.
Moreover, it is impossible to use this
method to measure the density of colour

fabrics. We have used the gray projec-
tion method to inspect fabric density in
previous research [4]. At that time we
discussed white fabrics only. We need to
do more research on colour fabrics in this
study.

Besides the methods mentioned above,
some other researchers [5 - 8] have also
conducted investigations related to fabric
density when they studied other subjects.
However, the theories proposed mainly
focus on white fabric; during the proc-
ess for this, the fabric should be laid in
a position without skew. Weft yarns are
laid in a horizontal direction, while warp
yarns should be in a vertical direction in
the fabric image. The algorithm demands
a high image acquisition. However, dur-
ing the process of capturing a fabric im-
age, the skew of the fabric cannot be
completely avoided. We have proposed a
method for fabric image skew rectifica-
tion [9], but at that time we were devoted
to rectifying the skew brought about by
the position in which the fabric was laid
during the capture process. The warps
were believed to be perpendicular to the
wefts in the fabric. The skew of the fab-
ric could be rectified by rotating the wefts
to place them in horizontal direction. In
fact, as shown in Figure 1, the wefts may
not be perpendicular to the warps. In this
situation, the skew of the fabric cannot be
rectified by rotating one group of yarns.
As the wefts and warps can not be laid in
a vertical and horizontal direction at the
same time, the method mentioned above
can not detect the weft and warp densi-
ty simultaneously. Without a doubt, the
warp and weft density can be individu-
ally detected by the method mentioned.
However, it is not convenient to detect
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Figure 1. Reflective image of solid colour
fabrics.

the fabric density by rotating the image
twice. Therefore, there is a great need to
develop a new method of detecting the
density of fabric with skew yarns.

To inspect the density of different fabrics,

we investigated the actual fabrics in the

experiment and proposed to divide the
fabrics into three categories according to
the colours in the fabric image.

1) Solid colour fabrics. There is just one
kind of colour yarn in this fabric, as
shown in Figure 1. White fabrics,
which have already been discussed,
are assigned to this category.

2) Single-system-mélange colour fab-
rics. There are more than two kinds
of colour yarns in this fabric. But
one group of yarns, wefts or warps
are constituted by one kind of colour
yarn. Figure 2 shows one sample of
this fabric. The warps are all white
yarns, while the wefts are composed
of three kinds of yarns with different
colours.

3) Double-system-mélange colour fab-
rics. These are also composed of more
than two kinds of colour yarns, but
they are different from single-system-
mélange colour fabric. Both wefts and
warps are composed of more than two

The interested
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Figure 4. Theory of Hough transform.
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Figure 2. Image of single-system-mélange
colour fabric.

kinds of colour yarns. Figure 3 shows
one sample fabric compared with the
two other fabrics above. This category
of fabrics is the most complicated, and
it is difficult to detect the density of
wefts and warps.

Having categorised the fabrics, we dis-
cussed methods of detecting fabric den-
sity with the three steps in the experi-
ment. Moreover, the entire system will
be created by analysing different kinds
of fabrics. In this study, the first category,
solid colour fabrics are discussed. The
Gray-projection method, discussed in a
previous study [9], is improved to cater
for colour fabrics with skew yarns.

¥ Hough transform

It is not convenient to detect the warp
and weft density at the same time when
the fabric is composed of skew yarns. To
solve this problem, the skews of warps
and wefts were detected in the experi-
ment, and then the fabric density was
measured automatically. The Hough
transform, first proposed by Hough in
1962 [10], can detect lines in an image
automatically without previous experi-
ence. In this study, it is used to detect
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Figure 3. Image of double-system- mé-
lange colour fabric.

the skew angles of warps and wefts. In
the polar coordinate system [11], the line
concerned, shown in Figure 4, can be ex-
pressed by:

s=xcosO + ysin 6 (1)

With Equation 1 the points in an image
space can be changed into a parameter
space by the Hough transform. As shown
in Figure 5, the s, 0 parameter space can
be divided into a number of small blocks,
each one indicating a straight line. Here
H and W denote the height and width of
the image, respectively. To detect lines
in the image space, it is simply required
to search all the pixels concerned in the
image and calculate all corresponding
s, 0 pairs. Straight lines in the image
space can be found by searching for the
peaks in such a parameter space.

The algorithm of the Hough transform
can be found [12] using the following
steps:

1) Define the increments of s and 0: As
and A©.

2) For each pixel concerned, calculate
the corresponding s value for each 0
in the parameter space by Equation 1.

3) Accumulate s, 0 pairs for each block
and find the line which is defined by

Figure 6. Fabric image after threshold processing.
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Figure 7. Fabric models with skew wefts; a)
slanting to the left, b) slanting to the right.

the block with a maximum value in a
certain angle range.

Detecting the skew of yarns

Image acquisition

A Microtek flat scanner is used to capture
a reflective image of solid colour fabric
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Figure 8. Fabric models with skew warps;
a) slanting down, b) slanting up.

in the RGB mode. The resolution is set as
1200DPI. Mélange colour fabrics will be
discussed in the future. We digitise fabric
images using the full-colour mode (RGB
Mode). The region captured should be cho-
sen far from the edge of the fabric, and the
surface of fabric should be clearly visible.

1 51 101 151

201 251 301 351

longitudinal coordinates after transformation

Figure 9. Sum results of the gray level along the horizontal direction after coordinate

transformation.
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Figure 10. Sum results of the gray level along the vertical direction after coordinate trans-

formation.
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Threshold processing

The Hough transform needs too much
computing time in the traditional meth-
od. To reduce the calculation, some pre-
processes should be conducted before
detecting lines. As mentioned above, the
aim of the Hough transform in this study
is to determine the skew angles of yarns.
It is obvious that the interstices between
the yarns are parallel to the yarns in the
fabric. For this reason, the fabric image
can first undergo the threshold process to
remove most of the pixels, leaving just
some which represent the locations of in-
terstices in the fabric image. The Hough
transform will be implemented for these
pixels, and it will still be possible to de-
tect the skew angles.

The threshold value can be found as fol-

lows:

1) Convert the fabric image from the
RGB mode to the gray (256 levels)
mode, and then accumulate the pixels
for each level in the image. Statistical
results, Gray[256], can then be ob-
tained.

2) The threshold value can be calculated
by:

Threshold = i(Y_ Gray[il> H xW x5%) (2)

0

About 5% of pixels in the fabric image
will be kept after the threshold process.
The result of threshold processing for
the fabric image in Figure 1 is shown in
Figure 6. The Hough transform will be
applied to white pixels in the image.

Detecting the skew angles

To detect the skew angles of weft and
warp yarns in the fabric, the Hough
transform is carried out for the fabric
image after threshold processing. Dur-
ing the image acquisition process, the
fabric is placed in a position to avoid
skew. The skew angle is considered to
be no more than 20°. To detect the skew
of weft yarns, 0 is set within the range
80°, 100°. When detecting the skew of
warp yarns, 0 is set within the ranges 0°,
10° and 170°, 180°. The skew angles of
warps and wefts, Oy arps and Oyefis, can be
detected with Hough transform (As = 1,
AB =0.5°).

Detecting the fabric density

Model of fabric with skew wefts

In the ideal fabric image used in this pa-
per, the warps are in a vertical direction,
while the wefts are in a horizontal direc-
tion. In the reflection image it is clear that

FIBRES & TEXTILES in Eastern Europe 2010, Vol. 18, No. 4 (81)



the pixels in the interstices and intersec-
tion between yarns have lower gray lev-
els. The pixels around the center of the
warp and weft yarns possess higher gray
levels. To locate the wefts and warps,
one simply has to sum the gray levels of
the pixels along the same horizontal and
vertical pixel lines over the entire fabric
image. The interstices between yarns and
yarn center-lines exhibit the lowest and
highest gray-level sums. But if the yarns
are not in a horizontal or vertical direc-
tion, it means that the yarns have skew,
and hence we cannot determine the posi-
tion of yarns by summing the gray levels
in the horizontal or vertical line. Fig-
ure 7 shows a weft model with skew in
the fabric. To put it simply, the warps are
neglected.

In this model we cannot use the tradition-
al method to detect the weft density. To
locate weft yarns in the model, we sum
the gray-level of pixels in the skew-di-
rection, which means that the gray levels
of pixels in the actual yarns are summed.
To achieve this, the coordinates of pixels
in the fabric image should first be trans-
formed. The transform principle is shown
in Figure 7.a, P(x, y) being the original
coordinate of one pixel point in the im-
age, and P(xq, yg) - the coordinate after
transformation. The coordinate trans-
forms can be defined by:

0o =X

Yo :y—(W—x)xtan(g—Hweﬁ) ®)

Similar to the wefts, in an ideal fabric
the warps are in a vertical direction. Fig-
ure 8 shows fabric models with skew
warps. To put it simply, the wefts are ne-
glected. As with the weft segmentation,
the coordinates of pixels in the fabric im-
age should be transformed. The theory is
shown in Figure 8.a. We assume P(x, y)
to be the original coordinate of one pixel
point in the image, and P(xg, yo) - the
coordinate after transformation. The co-
ordinate transforms for fabric with skew
warps can be defined by:

N =Y

Gray-projection method

In order to get gray information from a
full colour fabric image, Equation 5 is
used to obtain the gray value of each pixel.

FIBRES & TEXTILES in Eastern Europe 2010, Vol. 18, No. 4 (81)
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Figure 11. Two kinds of minimum values.
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Figure 12. Yarn segmentation results; a) weft segmentation, b) warp segmentation.

Gray=0.587 xR+ 0.587 x G +
+0.114 x B

where: R, G, B represent the three com-
ponents in the RGB colour model.

After coordinate transformation, the gray
levels are first summed along the same
horizontal direction, which means that
the pixels in the wefts and interstices
between wefts are summed respectively.
Take the fabric shown in Figure 1 as an
example, the sum results for which are
shown in Figure 9. Weft yarns lie in a
position where the local maximum gray-
level sums occur, whereas the interstices
are located in positions where the local
minimum gray-level sums occur. Based
on the locations of the yarn and inter-
stices, the wefts can be segmented suc-
cessfully.

The gray levels along the same vertical
direction are then summed, meaning that
the pixels in the warps and the interstices
between warps are summed, respectively.
The fabric in Figure 1 is as an exam-
ple of this, the sum results of which are
shown in Figure 10. The warp yarns lie
in a position where the local maximum
gray-level sums occur, and the interstices

are located in positions where local mini-
mum gray-level sums occur. Based on
the locations of the yarn and interstices,
the warps can be also located success-
fully.

Locating the interstices

The wefts and warps can be segmented
automatically by locating the minima
in Figures 9 and 10. If the point satis-
fies G[i - 1] < G[i] < G[i + 1] in the ideal
curve, G[i] is considered as a minimum
point, where G[i - 1] and G[i + 1] are
the adjacent points of G[i]. However,
from Figure 11 it can be seen that the
minimum points can be divided into two
groups. Here, one group of points called
the true minimum values are proportion
to the interstices between yarns. Another
group of minimum points are called the
local minimum.

Local minimum points may be caused by
an undulating weave structure or other
reasons, but they do not represent the in-
terstices, hence they should be eliminated
from the results. A filter should be de-
signed to remove these points. The filter
used in the experiment is [0, 0, 1, 0, 0],
meaning that only if the point is the mini-
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Table 1. Yarn segmentation results for different fabric.

No. Fabric reflection image Warp segmentation results Weft segmentation results
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Table 2. Fabric density measured automatically and manually;, Sample 1 is the fabric
shown in Figure 1, and samples 2 - 8 are the fabrics in Table 1.

Sample Warp density, thd/inch Weft density, thd/inch Error, %

Automatically Manually Automatically Manually Warp Weft
1 57.5 57.5 53.2 53.0 0.00 0.38
2 144.6 144.5 59.7 60.0 0.07 0.50
3 114.8 115.0 53.2 53.0 0.17 0.38
4 69.6 69.5 54.2 54.0 0.14 0.37
5 58.6 58.5 63.4 63.5 0.17 0.16
6 104.0 104.0 60.4 60.5 0.00 0.17
7 75.0 75.0 57.1 57.0 0.00 0.18
8 50.8 51.0 58.3 58.5 0.39 0.34

mum in the adjacent five points, is it then
considered as a true minimum.

Warp and weft segmentation results

After removing the local minima, those
in the curves in Figures 9 and 10 corre-
spond to the interstices. These points are
located in the sum curve, and the posi-
tions corresponding to these points are
found in the fabric image. To locate the
yarns, an inverse coordinate transform
should be carried out for the pixels. Ac-
cording to Equations 3 and 4, we can re-
store the coordinates of pixels in the fab-
ric image. Weft and warp segmentation
results are shown in Figure 12 (see page
49). From the figure, it can be seen that
the segmentation results are similar to
those for human vision, therefore proving
the efficiency of the method proposed.

I Results and discussion

Yarn segmentation results
for different fabrics

To investigate the efficiency of the al-
gorithm proposed in this study, a set of
fabrics with different colours or differ-
ent weave patterns are selected to vali-
date the method. ZTable 1 shows some of
the results. In order to clearly show this,
some parts of the fabric images are dis-
played here. From the table it can be seen
that the algorithm can segment warp and
weft yarns in fabrics with different col-
ours or different weave patterns.

Detecting the fabric density
automatically

If the warps and wefts are segmented
successfully, the fabric density can be ob-
tained by counting the number of yarns
in a unit length. In the experiment, we
measured the amount of yarns in an inch
using an automatic counting method.
We also measured the fabric density five
times manually with a textile analysis
magnifying glass and then averaged the
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measurement results as the final manual
result. The densities of the eight fabrics
shown in Figure I and Table 1 are used
to compare the difference between the
automatic and manual methods. ZTable 2
shows the comparison results. Error =
=|Dm - Da|/Dm x 100%, where Dm rep-
resents the density measured manually,
and Da - the density measured automati-
cally.

From Table 2, it can be seen that the den-
sity results measured automatically and
manually are almost the same, with the
maximum error of the warp density be-
ing 0.39% and the maximum error of the
weft density - 0.38%. The manual meas-
urement result can only reach a preci-
sion of 0.5 thread, whereas the automatic
measurement result based on image anal-
ysis can reach a precision of one pixel.
For the entire fabric, the result detected
by the method proposed in this study is
closer to the true value.

B Conclusions

The Hough transform was used to de-
tect the skew angles of warps and wefts,
and then the coordinate of the pixels was
transformed based on different fabric
models. The local minimum points were
eliminated by the filters in the projec-
tion curve, and the true minima that rep-
resent the interstices could be located.
The yarns in a fabric can be segmented
successfully by locating the positions
of the interstices. The fabric density is
measured by counting the yarns in a unit
length. The experiment proves that the
algorithm proposed in this study can be
used to inspect the density of solid fabric
automatically. From the results shown in
Tables 1 and 2, it can be seen that there
is no clear difference between fabrics
with different fabric patterns. In order to
complete the whole detecting system, we
still need to discuss density inspection
methods for single-system-mélange col-

our fabric and double-system-mélange
colour fabric, which will be discussed in
further article.
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