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/| Power Monitor

void setup()

Serial.begin(38400);

}

void loop()

Serial.printin(analogRead(A2));

delay(1);

}

Figure 2. Power monitoring core codes
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(a) (b)

Figure 6. Perspective correction process
(a) Input image
(b) Output image
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(b)
Figure 9. Result of pixel categorization
(a) Original image

(b) Processed image
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Evaluation Result

Mame value

Fabric Pixel
Line Pixel 42881.00
Yarn Pixel 107517.00
Mo of Peak 2.00

X Total Peak Length 65050.86

T Ave. of Power 133.85

Stdev, of Power 59.23
Mo, of Rest 100
Total Rest Length 24,496
Ave, of Rest Length 24,46
Stdev. of Restlength  0.00
Hand Frames 3303.00
Left Hand W 92,27
LeftHand H 84.23
Right Hand W 162.14
Right Hand H 285.00
Left Path Length 2825.76
Right Path Length 5540,17
Left Hand Speed 0.85

. Right Hand Speed 1.68

Add Delate Rename

Evaluate Performance

(a) (b)
Figure 11. User interface of SNU-SSE
(a) Subject list

(b) Evaluation result
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No. of peak
Total peak time
Avg. power
Std. of power
No. of rest
Total rest time
Avg. rest time
Std. of rest time

Work time
Rest time

Table 1. Average power monitoring parameters



Current(A)

Current(A)

N
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Figure 12. Comparison of power monitoring result
(a) Skilled operator
(b) Unskilled operator
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Table 2. Average of hand tracking parameters

Skilled operator Unskilled operator

Hand Frames 2,184 2,635

Width 157 217

Left Height 75 80
Path length 2,799 4,503

Speed 1.36 1.81
Hand Frames 2,184 2,635

Width 192 229

Right Height 243 315
Path length 4,624 6,731

Speed 2.20 2.59
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X X

(a) (b)
Figure 13. Comparison of hand tracking result
(a) Skilled operator
(b) Unskilled operator

Table 300 Hlmste] GEIgth A8 Adas BAo] JHEs o}
ol Aol ela) o wel 7}

Table 3. Average of sewing template parameters

Skilled operator Unskilled operator
Fabric 16,205,577 16,187,984
Guide line 52,498 68,963
Yarn 93,360 94,488
_ 36 _



(a)

(b)
Figure 14. Comparison of sewing template result
(a) Skilled operator
(b) Unskilled operator

_37_



Table 4. Comparison between skilled operator and unskilled operator

5]

5|\

Skilled operator Unskilled operator .
M SD M SD
P 3.89 3.53 0.43 2.21 3.59%x%
H 1.75 0.68 1.20 0.39 3.24%x%
T 11.06 6.49 7.01 2.18 2.83%*
*xp<.01
_ 38 _



]

o

1

T
=
T

L

6%

_q]

=
j=]
S

I sz vetlon, HF <«

I

}

A7}A] A

T

T

O~ = 5
TE T2

3|
“

iy
o g Uetiglth. OP1-OP6°] E3d <#E 1

BA 2 A
¥} 2t} Table 5
o)

1
s
w

[}

ol
‘.mO

)
il

1

of WE Fa

g v

Ry
-

7b A3k AA

o

]

hyz

o, OP7-0OP10°]

BX
.
fite)

o
o

ol

)

—
fi%e}
jgrce)
jant
)

17N

I3

=

o

=

=

3 W

A AR

=

o] ¥

13

o2 yehykth

T

Al 7HA

o

T

4744
TE FAAEZ YERR AT

o

T

Table 6
e 7t "Wojxlon OP2, OP4, OP5, OP6

el M ¥2 OPL

5
X

el
°

<

_39_

o} A1 7] el

A

=
-

-
T

7hE o]

=

A -l A

[©]

s

=
o

A



Table 5. Evaluation result for each operator

Ssquare Spocket Sheart Seir cle T
OP1 0.99 1.00 0.82 0.83 3.64
OP2 0.66 0.52 0.75 0.69 2.63
OP3 0.41 0.50 0.50 0.50 1.92
OP4 0.44 0.63 0.38 0.23 1.67
OP5 0.54 0.18 0.43 0.19 1.35
OP6 0.32 0.11 0.34 0.32 1.09
OP7 0.37 0.04 0.22 0.30 0.94
OP8 0.13 0.18 0.36 0.25 0.91
OP9 0.18 0.10 0.11 0.32 0.70
OP10 0.11 0.02 0.17 0.25 0.95

Table 6. Evaluation result for each evaluation criterion

P(Power monitor) H(Hand tracking) T(Image analysis)

OP1 0.95 0.88 0.90
OP2 0.47 0.32 0.92
OP3 0.87 0.88 0.08
OP4 0.32 0.33 0.51
OP5 0.27 0.31 0.38
OP6 0.19 0.14 0.38
OP7 0.24 0.11 0.29
OPs 0.27 0.26 0.19
OP9 0.19 0.14 0.19
OP10 0.24 0.09 0.11
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Abstract

Development of a system to
evaluate sewing operators’
skills for improving production

efficiency

Hyeryeon Park
Department of Fashion and Textiles
The Graduate School

Seoul National University

In this study, an objective and quantitative method has been
developed that evaluates the relative skill proficiency within a group
of sewing operators. For this purpose, a multidimensional evaluation
system has been established. Firstly, a power monitoring device was
developed and attached to a sewing machine to measure the power
consumed by the operators to assess their skill level. Secondly, a
hand-tracking algorithm was developed to analyze the operators’

movements. Thirdly, a series of sewing templates were used to
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evaluate the quality and accuracy of sewing work through image
analysis. Finally, a comprehensive analysis was performed to evaluate
the skill level of operators within a group. It is expected that fair
comparisons and evaluations of skill proficiency among sewing
operators will be possible by utilizing the system developed in this
study. These results are expected to be used to improve the

production efficiency in garment industry.

keywords : Sewing skill, Operators, Objective evaluation, Power

monitoring, Hand tracking, Image analysis

Student Number . 2021-26149
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