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Abstract: A method of measuring the stitch density (course per inch and wale per inch) of a knitted
fabric has been developed in this research. The stitch density of a knitted fabric measured by
capturing a digital image of the knitted fabric to be examined by means of a digital microscope,
converting the image into digital image information, storing the digital image information in a
digital memory and converting said information by a central processing unit into the stitch density
information. The method was tested using 3 knitted fabric samples with different densities. In order
to validate the proposed method, the results were compared with the mean stitch 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).
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1. Introduction

There have been some conventional methods to measure stitch density of knitted fabrics and the
most traditional one is the manual operation method. However, this measurement shows some
drawbacks, which are time-consuming and tiring. Therefore, it is necessary to develop an automatic
counting system for stitch density. Image processing has been proved to be an efficient method of
analyzing fabric structures [1-14]. There have been recent studies to measure the fabric density using
fourier transform analysis [1-4] which usually requires some advances in mathematical and
programming. Other measuring methods use co-occurrence matrix and gray line-profile [5,6]. In this
research, the proposed image processing method to measure the stitch density is the counting pixel
method. In this paper, we aim to investigate the efficiency and accuracy of the method, and compare

it with manual operation method procedure.

2. Materials and Methods
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Knitted fabric structures are used in this study. The samples consist of three samples of rib knit
structure, which are selected for evaluating the performance of the proposed method. The

characteristics of each fabric samples are shown in Table 1.

Table 1. Characteristics of knitted fabric samples

Density,
Sample ) e 1
q Fabric Sample Structure Pattern stitch/inch
code
(Wale X Course)
S1 Rib Solid 28 X112
S2 Rib Solid 32X15
S3 Rib Solid 26 X 14

Figure 1 shows the captured image of sample fabric (S1). As we see in Figure 1, black area
appears along the spacing between yarns. We use this property to find stitch density. These black area
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 wale spacing and
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course spacing on the digital image. The pixel counting method does not require a preprocessing or
filtering technique in the measurement. The measurement of manual operation is based on “SNI
0458:2013 Tekstil - Kain rajut pakan - Cara uji konstruksi” standards method.
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Figure 1. Captured image of knitted fabric (52) using digital microscope device

3. Results

The results of each methods are compared (manual operation and pixel counting method) in this
research. The comparison of stitch density between both methods for the fabrics are shown in Table 2.

. In order to validate the proposed method, the results are compared with the mean stitch density
directly measured from the standards methods. The results shows that the stitch density between
conventional and proposed method are not significantly different (with 0,95 significance value). The
T-test results between conventional and proposed method are shown in Table 3. The Independent
sample T-test result is performed by SPSS Statistics 17.0 software.

Table 2. The result of stitch density of knitted fabric using manual operation and image

processing method
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Sample Fabric sample Manual Operation Image Processing
code Wale/inch Course/inch Wale/inch Course/inch
% =286 £=12.8 x%=2807 x=12.08
5= $=0.83666 s=0.8681 s=0.8056
0.89442  (cy% =653 CV%=  CV%=6.67
CV% = 3.09
S1 3.127
% =32 %=15 X =325 %=15.1
5= $=0.44721 s=0.5098 s=0.4256
0.83666  Ccv% =298 CV%=  CV%=2.82
CV% = 1.57
S2 2.61
X =26 X=14 $=26.88 x=14.91
s= $=0.7071 s=1.2668 s=0.4902
1.09544  cv% =505 CV%=  CV%=3.29
CV% = 4.71
S3 4.21

Table 3. The T-test results of knitted fabric stitch density between conventional and proposed
method

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

operation
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Inekepenclent Samples Test

Leuene's Teat for Equality of

tset for Egquality uf Means

Warlances
54 Confidencs Interusl of te
tAean 5td. Errur Diffarance
F Siy t df Sig. (2-tailed) Diftsrence Diftsrence Luwer Llpper

TetalPerem  Egualwariances .O0E B3B8 -E21 8 332 -.34B00 53744 -i.63143 83843

assumsd

Equal wariances not -B21 7.883 33z -.34B00 33744 -i.631EB3 B3BE3

assumsd

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

operation
Independent Samples Test
Luusna's Testfor Equality of
Varances ttest fur Equalityof Means
&5 Confidenes hterual of he
FAsan Std. Errur Difterence
F Sig t 4t Siyy. (2ailsd) Differsince Diffsreiice Lonwvasr Upper

TetalPerem Egual variances o3 806 -¥3a a 433 -.38200 31944 -1.37382 aiaaz

assumed

Equal variances not -733 7.838 433 -.38200 Fin44 -iseoiz giEiz

assumed

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

operation
Independent Samples Test
Luusna's Testfor Equality of
Varances ttest fur Equalityuf Means
&5 Confidenes hterual of he
FAzan gtd. Errur Difterence
F Sig. t df Siy. (2-tailed) Differsice Diffsr=iice Lowver Upper

TetalPerem Egual variances i-193 306 -804 a 383 - 38E00 43316 -1.40640 Bi440

assumsd

Equal variances nut -804 BB 3088 -.39E00 43218 -1444:9 B32:8

assumed

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

operation
Inckepenchent Samples Test
Leuene's Tastfor Equality of
Varances et fur Eyuality uf Msans
954 Confidetes hterual of e
FA=an Std. Error Diftaraiics
F Sig. t df Biy. (2-tailed} Ditferance Ditfersncs Loassr Llppsr

TetalPerem  Egualwariances .ooo .BEZ -1.782 [ REE -48200 27612 -1.12874 4474

assumsd

Egual variances nut -1.782 7l A3 -4B200 27612 -i4280 REEY]

assumsd

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

operation

Inckepenchent Samples Test

Leuene's Tastfor Equality of

et fur Eyuality uf Msans

Warlances
954 Confidetes hterual of e
FA=an Std. Error Diftaraiics
F Sig. t df Biy. (2-tailed} Ditferance Ditfersncs Loassr Llppsr

TetalPerem  Egualwariances o4 .Boa -1.0532 [ 324 - 78800 74800 -2.531318 .83a18

assumsd

Equal wariances not -1.052 7837 324 - 73300 74800 -2.32147 84347

assumsd

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

operation

Independent Samples Test

Luusna's Testfor Equality of

ttest fur Equalityuf Means

Warnances
&5 Confidenes hterual of he
FAzan gtd. Errur Difterence
F Sig. t df Siy. (2-tailed) Differsice Diffsr=iice Lowver Upper

TetalPerem Egual variances o7 787 -136 a a0 -.0BOO0 38479 -84732 82732

assumsd

Equal variances nut -136 7423 aa0 -0BO0G 38470 - BEEEQ 24EED

assumed
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4. Discussion

The result of this study shows that the pixel counting method yields equal result with the manual
operation (the values are not significantly different with 0,95 significance value). All of the T-test
result for all comparison shows the Sig. value are above 0,05, which means that the stitch density

results between manual and proposed method are not significantly different.

5. Conclusions

We investigated the performance of pixel counting method to find the stitch density. We
have discovered that the method gives us some benefits that cannot be obtained by 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 equal
result with the manual operation measurement. It has been found that the fabric density
measurement results between manual and proposed method are not significantly different
(with 0,95 significance value). Thus, the proposed method, which is not time-consuming nor

tiring, can be an alternative in measuring the stitch density of knitted fabrics.
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