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Abstract: A method of measuring the fabric density (weft pick per cm & warp per cm) of a woven
fabric has been developed in this research. The fabric density of a woven fabric measured by
capturing a digital image of the woven fabric to be examined by means of a digital microscope,
converting the image into digital image information, storing the digital 1 image information in a
digital memory and converting said information by a central processing unit into the fabric density
information. The method was tested using 4 (four) woven fabric samples with different structures
and densities. In order to validate the proposed method, the results were compared with the mean
fabric density which was directly measured from the standard method. It has been found that the
results between conventional and proposed method are not significantly different (with 0,95

significance value).
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1. Introduction

There have been some conventional methods to measure fabric density. Conventional means of
measurement usually require manual operations, which are time-consuming and readily make an
operator’s eyes really tired. Thus, it is highly desirable to develop an automatic counting system for
fabric density. Image processing has been proved to be an efficient method of analyzing fabric
structures [1-12]. There have been recent studies to measure the fabric density using fourier transform
analysis [1,2]. The fourier transform analysis usually requires some advances in mathematical and
programming. Other measuring methods uses co-occurrence matrix and gray line-profile [3,4]. In this
research, the proposed image processing method to measure the fabric density is the counting pixel
method. In this paper, we investigate the efficiency, accuracy and compare it with manual operation

method procedure.
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2. Materials and Methods

The basic weave structures (plain, twill and satin) are used in this study. Two samples of satin
weaves, one sample of plain and one sample of twill weaves were collected for evaluating the

performance of the proposed method. The characteristics of each fabric samples can be shown in

Table 1.

Table 1. Characteristics of woven fabric samples

Sample Fabric Sample Weave Pattern Density,
code yarn/inch
(Warp X Weft)
S1 Satin Solid 41X 21
S2 Satin Solid 37X28
S3 Satin Solid 76 X 35
P1 Plain Solid 33X 24
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The digital images were captured by a digital microscope with 600 DPI resolutions. The
resolutions used during capturing image are dependent on the fineness of the yarn in the fabric. The
higher resolutions were required in the fabric of fine structure and the resolutions used for each
sample are shown in Table 1. The resolutions can be formed by optimize the zoom feature on the

digital microscope device.

Figure 1 shows the captured image of plain fabric (P1). As we see in Figure 1, black areas appear
along the spacing between yarns. We use this property to find fabric density. These black areas are
caused by the light transmitted through the fabric from the light source of the digital microscope. The
boundary positions between yarns can be easily defined by measuring the yarn spacing on the digital
image. The pixel counting method does not require a preprocessing or filtering technique in its
measurement. The measurement of manual operation is based on SNI ISO 7211-2-2010 standard
method.

Yarn spacing

Yarn spacing

Figure 1. Captured image of plain fabric (P1) using digital microscope device

The yarn density could be measured by capturing the images of the fabric. The correlation

between yarn spacing (a,q,,) and the yarn density (B),4,») were formulated as below:

1
Byarn = r— 1)

Yarn spacing (@,q,) Were measured by counting the pixel number of the each yarn, and then
converted to the unit of inch using the calibration method. The calibration shows the conversion
multiplier of the image processing, in order to convert the yarn spacing (in pixel) to the yarn spacing
(in inch).
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3. Results

The results of each methods (manual operation and pixel counting method) has been compared
in this research. The comparison of fabric density between each method for the fabrics can be shown
in Table 2.

Table 2. The result of fabric density using manual operation and image processing method

Sample Fabric sample Manual Operation Image Processing
code Yarn/inch Yarn/inch  Yarn/inch  Yarn/inch
(Warp) (Weft) (Warp) (Weft)
S1 43 21 43.05 22.69
42 23 42.11 22.08
41 22 41.07 21.87
41 22 42.43 23.19
41 21 41.07 21.08
x=41.6 x=21.8 X =41.07 X =21.08
s =0.89442 s =0.83666 s =0.8681 s =0.8056
CV% =215 CV%=383 CV%=211 CV%=3.82
S2 36 28 37.26 28.57
37 28 37.81 28.89
36 28 36.91 28.01
37 29 37.50 28.89
38 28 36.50 29.10
X =38 X =28 X =36.5 x=29.1
s =0.83666 s=0.44721 s =0.5098 s =0.4256
CV% =220 CV%=159 CV%=139 CV%=1.46
S3 76 36 78.71 35.06
76 35 77.12 35.87
78 34 77.09 34.91
76 35 75.14 34.55
75 35 76.88 34.91
X=75 x=35 X =76.88 X =34.91
s=1.09544 s=0.7071 s=1.2668 s =0.4902
CV% =146 CV%=2.02 CV%=165 CV%=1.40
P1 33 24 33.91 24.39
34 23 33.13 2411
33 22 34.11 2291
34 24 33.77 23.11
34 24 32.99 23.51
X =33.6 x=234 X =32.99 X =23.51

s =0.54772 s =10.89442 s=0.494 s=0.6341
CV%=163 CV%=382 CV%=150 CV%=2.80
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In order to validate the proposed method, the results were compared with the mean fabric
density directly measured from the standards methods. It has been found that the results between
conventional and proposed method are not significantly different (with 0,95 significance value). The
T-test results between conventional and proposed method can be shown in Table 3. The Independent

sample T-test result performed by SPSS Statistics 17.0 software.
Table 3. The T-test results between conventional and proposed method

The Independent T-test result of warp density of sample (S1) from image processing and manual

operation
Incke pe ndent Samples Test
Levens's Testfor Equality of
Varances ttestfur Equality ot Means
5% Confidenes hteral of the
Fhean std. Errur Ditference
F Sig. t df Sig. (2-tailed) Differeice Ditterence Lower Upper

TetalPercm Equal wariances OOBE 838 -6 g .aaz -.34B00 33744 -1.63143 83343
assumed

Equal wariances not -B21 7.893 332 -.34B00 33744 -1.63163 83863
assumed

The Independent T-test result of pick density of sample (S1) from image processing and manual
operation

Independent Samples Test

Lzuene's Testior Equality of

Varianees tHest fur Equality of Msans
G5 Confidetce terval of the
Mean Sid. Errur Differance
F Sig t df Sig. {2tailed) Dittereiice Diftersiice Lowiaer Llpper

TetalPsrem Equal ariances ola 806 -73a 3 483 -.38200 31944 -1.37932 aiaa2
assumsd

Equal variances not -73a 7.888 433 -.38200 1844 -1.38012 alE12
assumsd

The Independent T-test result of warp density of sample (S2) from image processing and manual

operation
Inddependent Samples Test
Levens's Testor Equality of
Varances test fur Equality of Means
85% Confidence Interal of the
thsan Std. Errur Difterence
F Sig. t df Sig. (2-tailed) Diftereice Diftersice Lowaer Llpper

TetalPerem  Equalwariances 1188 306 -804 El 383 -.38600 43316 -1.40640 61440
assumed

Equal wariances not -804 E.E11 388 -.38600 43316 -1.44438 B3238
assumsd

The Independent T-test result of pick density of sample (S2) from image processing and manual
operation

Independent Samples Test

Levens's Testfor Equality of

Varances ttest fur Equality of Means
&5 Confidancs nterval ofthe
thzan gtd. Errur Differance
F Sig. t df Siy. {2-tailed) Diftereiice Difter=iice Lower Llpper

TetalPercm Equal wariances .ooo 882 -1.782 8 (K] -43200 27612 -1.12874 14474
assumsd

Equal wariances not -1.782 781 i3 -458200 27612 -iazani RE=T]
assumed

The Independent T-test result of warp density of sample (S3) from image processing and manual

operation
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Independent Samples Test

Levene's Testior Equality of
Varianeces ttest fur Equality of Means
&5 Confidancs nterval ofthe
tAzan Std. Errur Differance
F Sig. t df Siy. {2-tailed) Diftereiice Difter=iice Lower Llpper

TetalPercm Equal wariances o4 808 -1.032 8 324 -. 78800 74800 -2.31318 83819
assumsd

Equal wariances not -1.032 7.837 324 -.78800 74800 -2.22147 84347
assumsd

The Independent T-test result of pick density of sample (S3) from image processing and manual

operation
Independent Samplss Test
Levene's Taat for Equality of
Variances st fur Equality of Msans.
954 Confidahcs Intereal of he
tAean Std. Errur Differancs
F Sig. t df Siy. (2-tailed) Diftsreics Diftsrsics Luwar Llpper

TetalPsrem  Equalwariances a7 787 - 136 2 =] -.0BOOO 33478 -84732 .B2732
assumsd

Equal wariances nut - 136 723 B30 -.0BOO0 33478 -.BEEER .24EED
assumsd

The Independent T-test result of warp density of sample (P1) from image processing and manual

operation
Inddependent Samples Test
Levens's Testor Equality of
Varances test fur Equality of Means
85% Confidence Interal of the
thsan Std. Errur Difterence
F Sig. t df Sig. (2-tailed) Diftereice Diftersice Lowaer Llpper

TetalPerem  Equalwariances S 483 .033 El 833 g EEivin] 32Baa -74272 77a72
assumed

Equal wariances not 033 7817 933 .oiaon 32833 - 74411 e
assumsd

The Independent T-test result of pick density of sample (P1) from image processing and manual

operation
Independent Samphks Test
Levene's Testfor Equality of
Vanances et fur Eguality of Msans
954 Confidetcs Mtereal ofthe
Mean Sid. Errur Differanes
F Sig. t df Sig. (2-tailed) Ditfereice Ditfersics Liwisr Uppsr

TetalPsrem  Equalwariances 843 360 -4z20 g BB3 -.20600 48032 -1.33BE8 .az24E8
assumed

Equal variances not -4z0 7.2io E&7 -.20E00 48032 -1.33862 .B4EE2
assumed

4. Discussion

In this study, we have found that the pixel counting method shows the equal result with the
manual operation (the value are not significantly different with 0,95 significance value). All of the T-
test results for all comparisons show the Sig. value are above 0,05, which means that the fabric density

results between manual and proposed method are not significantly different.

5. Conclusions

We investigated the performance of pixel counting method to find the fabric density. We have
discovered that the method gives us some benefits that cannot be obtained from manual operation.
The pixel counting method does not require a preprocessing or filtering technique in its measurement.

Above all, the result of proposed method measurement shows the equal result with the manual
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operation measurement. It has been found that the fabric density results between manual and

proposed method are not significantly different (with 0,95 significance value).
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