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The effect of image segmentation on the determination of porosity
of woven textiles through image processing
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Abstract: The processing of grayscale images of woven macrostructures is a fast way for determination of their
porosity. The method is suitable for complex macrostructures and textiles with uneven distribution and size of
the pores. The study aims to assess the effect of the image segmentation threshold on the porosity determination.
The experimental results from the image processing are compared with results from the theoretical
determination of the porosity, based on geometrical models. The analysis allows determining some
recommended values of the threshold for different types of woven macrostructures.
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I.  Introduction

The porosity of a woven textile macrostructure depends on its inherent characteristics: linear density
and material of yarns, yarn structure, number of threads in warp and weft directions, number of warp and weft
sets (if more than two). The porosity determines the permeability and penetration abilities of the textiles, as well
as the heat transfer through them. In this sense, the porosity is very important for the thermophysiological
comfort of textiles and clothing (i.e. bedding, protective clothing), for application of technical textiles (i.e.
airbags, sails), medical textiles (i.e. filters, implants) and quality of processes (i.e. inkjet printing).

The theoretical approach for determination of the porosity of a woven textile requires the determination
of warp and weft cover factors, based on the known (measured or calculated) warp and weft densities and linear
density of the warp and weft sets of threads [1]. However, this approach is used for single-layer woven
macrostructures only. The determination of the porosity of complex macrostructures requires other methods to
be applied. They could be based on the direct measurements of the pore area, which is tedious work and can be
applied for modelling of a particular woven structure [2]. Another method is the sorption method, based on the
determination of the vapours of a liquid (with low-molecular-weight), absorbed at different vapour pressures
[3]. The mercury porosimetry is also used [4]: a method, based on the principle that a nonwetting liquid, which
does not react with the textile surface cannot penetrate its pores without application of sufficient pressure. The
air-permeability of the textiles can also be measured, and the porosity is defined as the proportion between the
flow through the textile and the flow through a vacuum [5].

The processing of grayscale images of woven textiles is another way of determination of the porosity
[6, 7]. The method is fast, it doesn’t require sophisticated equipment and software, and it is very suitable for
complex macrostructures and textiles with uneven distribution and uneven size of the pores. However, the
conversion of the microscopic image into a binary image requires different settings, which can influence the
output result.

The aim of the present paper is to study the effect of the image segmentation threshold on the porosity
determination of woven macrostructures by image analysis. The porosity results from the image processing are
compared with results from the theoretical determination of the porosity, based on geometrical models. The
analysis allows assessing and recommending values of the threshold for different woven macrostructures.

I1. Theoretical Background

The image segmentation or thresholding of a grayscale image leads to conversion to a binary image.
There are different ways of image segmentation [8]:

. based on the shape of the histogram of the grayscale image;
clustering into two parts of the grayscale image: object and background,;
algorithms that use the entropy of the object and the foreground,;
based on the similarity of the grayscale image and the binary image;
the spatial method;
local adaptation of each pixel to the characteristics of the image.
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The threshold determines the number of both black and white pixels. Its value T is often selected to be
the mean value of the grayscale image. Then the pixel is converted into a black one if the image intensity I<T or
the pixel is converted into a white one if I>T.

I11. Materials and Methods
Table 1 summarizes the basic characteristics of the woven samples. The yarns linear density was
experimentally measured, following ISO 7211-2:1984 [9]. The fabric weight was determined, applying BDS EN
12127:2000 [10].1SO 2060:2019 international standard was used for experimental measurement of the fabric
density (warp and weft density) [11].

Table 1: Structural Data of the Studied Samples

Samg)le Material Fabrg:/*vzeight, Fabric density, threads/dm Linear density, tex [\)/;/tet?e\;i
Warp, Dya Weft, Dut Warp, Ttwa Weft, Ttua
1 CO 100% 89 176 124 28 28 Plain
2 CO 100% 138 270 266 25 25 Plain
3 CO 100% 201 258 238 36 36 Plain
4 CO 100% 184 383 338 28 28 Twill 2/1
5 CO 100% 202 386 226 30 36 Twill 3/1

A digitalmicroscopeOptika DM-15 with a built-in camera was used to make the pictures.Fivepictures
were takenfor eachsample. The image resolution was set to 300 dpi with 256 greyscale level.

The conversion from grayscale to a binary image was applied using boundary extraction from 40 to 200
with the step of 20. Two values were determined for each threshold: the total number of pixels and the number
of pixels in the pores (black pixels). For each threshold the average values were calculated, based on the
measurement of the five images for every sample.

The porosity P was calculated as:

1) P =-2100,%
where n, is the number of black pixels, and N is the total number of pixels.

The porosity values, determined by the pictures, were compared with the theoretical porosity P, of a
woven macrostructure, calculated in the basis of geometrical dependences:

(2) Pt = 100 - (Ewa + wa - 0.01Ewa wa)
where E,, and E,; are the warp and weft cover factors of the woven macrostructure, respectively.

The cover factors were calculated through warp D,,, and weft density D,,; of the samples and the linear
density of the warp Tt,, and weft threads Tt,s, namely:

’Ttwa
(3) Ewa = kawa 1000 ' %

_ Ttwf
Eut = keDyy |72, %,

where ks is a coefficient that depends on the material.

IV. Results and discussion

Figurel presents the microscopic images of Sample 1 (the most porous and light fabric) and Sample 5
(the less porous and tightly woven fabric).

Figure 2 shows the results from the image processing of the microscopic picture of Sample 1, using
different threshold levels. As the sample is very porous, the visible changes appear after threshold T>120 (Fig.
2e). Certainly, the number of black pixels change with every change of the threshold.

Figure 3 summarizes the differences in the image segmentation of the B&W picture of Sample 5. The
same threshold levels were applied, but due to the minimal porosity of Sample 5, the visible changes appear
faster. The binary image on Fig. 3d (T=100) already differs from the binary images with a lower threshold
(T<100).
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Figure 2: Image segmentation of Sample 1, using different threshold levels T: a/ T=40, b/ T=60, ¢/ T=80, d/
T=100, e/ T=120, f/ T=140, g/ T=160, h/ T=180, i/ T=200.

The porosity was calculated for each sample and threshold. With the increment of the threshold for the
image segmentation the porosity of all samples increased as well, as the number of black pixels on an image
raised (Fig. 4). The results showed that the porosity increment was smooth to the threshold level of about 80-
100, then changed faster, especially for the samples with higher fabric weight and fabric density (Samples 3-5).

Figure 5 shows the comparison between the theoretical values of the porosity of the samples P,
calculated by eq. (2), and the measured porosity values, using different threshold. The analysis shows that for
the most porous Sample 1 (P=48%), the measured and theoretical values coincide at a threshold T=180. For
Sample 2 (P=24%), the measured and theoretical porosity have closest values for threshold T=120. For Sample
3 (P=17%), the measured and theoretical porosity coincide at a threshold of approx. T=100. For Sample 4
(P=13%) and Sample 5 (P;=8.9%), the same threshold of approx. T=100 gives the best results.

The conclusion is that for very porous and light fabrics, the threshold for the image segmentation has to
be much higher than the used by default (T=128). Values of T=160-180 are recommended. For macrostructures
with fabric weight above 100 g/m?, a threshold of T=100-120 can be used. For tightly woven macrostructures
with fabric weight above 150 g/m?, a threshold of T=100 is recommended.
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Figure 3: Image segmentation of Sample 5, using different threshol
T=100, e/ T=120, f/ T=140, g/ T=160, h/ T=180, i/ T=200.
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Figure 4:Porosity change as a function of the image segmentation threshold
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Figure 5: Comparison between the measured and theoretical porosity
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V. Conclusion

The processing of grayscale images of woven textiles is a fast and reliable method to determine the
porosity of a woven macrostructure. The settings, used for the image segmentation and conversion of the
microscopic image into a binary image, influence the output result. The comparison between the measured and
theoretical values of porosity showed that the following values of the threshold T could be suggested:
e T=160-180 for porous light fabrics (fabric weight up to 100 g/m?)
e T=100-120 for fabric weight above 100 g/m?
e T=100 for fabric weight above 150 g/m?.
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