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<G 6> M uke] FH

A4
i T T (F13%) A W 9} 93
delta¥} 0.5~4Hz
TR W\-/_

(§-waves) ( 100~200uV)

theta 3} 4~8Hz xo

3 v \/\N\/\/\/\

(6-waves) ( 10~504V) #HgH

alpha 3} 8~13Hz

a3 |\ M\ M
(a-waves) (10~100V)

SMR¥}: 12~ 15Hz

beta 3}
@ ) M-betast: 15~20Hz | 1787 H WVUWA]WI\M
= —waves
&t H-Betad}: 20~ 301z
gamma
30Hz o]

TR
(y-wavs) = M
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Jgaure -25 5 Minutes Hand Wash at
F2uEE - 10 (30£3) C, Neutral

Detergent, Flat Dry
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<% 16> EEG &1y A}k

spec

Qeeg—knfl101d4

EEG sensors

AF3, AF4, T7, T8, Pz

Sensor material

Hydrophilic semi-dry polymer

Wireless

Bluetooth Low Energy

Proprietary USB receiver

2.4GHz band

Sampling rate

128 samples per second per channel

Resolution

14 bits with 1 LSB = 0.51uV

Frequency response

0.5-43Hz, digital notch filters at 50Hz and 60Hz

Filtering

Built in digital 5th order Sinc filter

Dynamic range

8400 nV(pp)

Coupling mode

AC coupled

<9 15> H3=A FJ=A3 EMOTIV Insight 5 Channel Mobile EEG
Zzadow AsE ¥
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<E 17> M 40 " 24 (2] em)

5 HIE A H] Lk B H I C H] L5

2l 2 o] 42.4 42.4 42.4 42.4
HH] 6 6 6 6

A4l Aol 60.5 60.5 60.5 60.5

SR PN 7h& U A 25.7 25.7 19 265
<k & ] o v 24 21.4 18.2 25

 th H) 24.5 18.3 18.3 24.5
5154 Aol 70 70.8 70 70

S g 26.4 2538 19 265
i BEARCE 24 27.6 18.2 25

eh B 24.5 30.7 18.3 24.5
ooy 7hE U A - - 134 -
o BERCE - - 11.7 -
RS RE ] - - 125 -

2 o] 635 63.5 63.5 63.5

dE= 51.8 51.8 51.8 52.4

A AHE 383 38.3 38.3 38.3

THAEY 28.7 28.7 28.7 28.7

AeE e 19.2 19.2 19.2 19.2
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<E 18> I gAY vuE 4% A7 (9 )

. S1 S2 S3 S4 S5
1) 8i% uz | zxm
xgols ©amy | owmn | amn o amy |y | oo | EERA
high- 8 high- B high- 8 high- 8 high- 8
216.75 1.70 1.28 17.15 3.87
HZ=E A 4.40 1.76 0.96 17.54 2.31 5.39 6.91
49.27 0.96 1.33 0.98 1.68
14.47 1.63 3.38 352.94 1.06
HuS B 1.56 154 2.1 499 1.46 2.45 1.51
o = 9.29 1.05 1.25 70.73 0.73
AL S
N 3.84 154 125 71.29 11.54
HlWS C 2.38 0.40 0.99 9.96 6.36 4.02 4.05
1.62 3.85 1.26 7.16 1.81
8.76 1.57 114 104.09 119
W= D 154 184 1.39 13.48 0.19 3.69 5.51
5.67 0.85 0.82 172 6.15
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sx 3
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68.16 0.89 1.72 8.58 1.89
14.01 1.61 1.49 125.30 1.39
Hw=E D 5.37 1.51 6.88 17.73 0.84 5.42 7.1
2.61 1.07 15.49 7.07 1.65
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wae STD AP saw STD AP
FO-R1 4,668 FO-L1 5,557
F1-R1 21,723 F1-1L1 22,500
F1-R2 18,995 F1-1.2 18,831
F2-R1 24,276 F2-1L1 24,592
F2-R2 32,380 F2-12 34,145
F3-R1 15,752 F3-L1 15,568
F3-R2 19,368 F3-12 21,485
BO-R1 3,118 BO-L1 2,848
B1-R1 27,989 B1-L1 25,898
B1-R2 23,431 B1-L2 22,175
B2-R1 23,096 B2-1L1 22,463
B2-R2 29,096 B2-12 26,915
B3-R1 16,490 B3-L1 14,544
B3-R2 18,218 B3-12 17,107
AO-R1 58,135 AO0-L1 59,163
Al-R1 72,350 Al-L1 73,758
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<E 20> AD AAo] Axw A 24 (&9 mm?)

paw | A4 | o0 Lage | 2ew | Aad | 0 | wserw)
2} A 2 AA

FO-R1 4,668 4,596 =72 FO-L1 5,557 5,684 127
F1-R1 21,723 14,559 -7,164 F1-L1 22,500 20,592 -1,908
F1-R2 18,995 16,371 -2,624 F1-1L2 18,831 11,765 -7,066
F2-R1 24,276 21,441 -2,835 F2-L1 24,592 21,940 -2,652
F2-R2 32,880 25,166 7714 F2-1.2 34,145 32,908 -1,237
F3-R1 15,752 11,999 -3,753 F3-L1 15,568 12,199 -3,369
F3-R2 19,368 20,123 755 F3-12 21,485 21,646 161
BO-R1 3,118 2,937 -181 BO-L1 2,848 2,778 =70

B1-R1 | 27,989 31,956 3,967 B1-L1 25,398 33,880 7,982

B1-R2 | 23,431 28,907 5476 B1-L2 22,175 33,725 11,550

B2-R1 | 23,096 18,897 -4,199 B2-L1 22,463 19,491 2,972

B2-R2 | 29,096 23,146 -5,950 B2-L2 26,915 27,652 737

B3-R1 | 16,490 21,063 4573 B3-L1 14,544 21,167 6,623

B3-R2 | 18,218 22,617 4,299 B3-L2 17,107 21,609 4,502

AO-R1 | 58135 58,601 366 A0-L1 99,163 57,265 -1,898

Al-R1 | 72350 73,163 813 Al-L1 73,758 65,719 -8,039
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<E 21> BT AA¢ AEd wAg 24 (¢¢]: mm?)
waw | A | o0 wgen | 2w | A | 0 | aseam)
g A & A
FO-R1 4,668 6,103 1,435 FO-L1 5,557 3,563 -1,994
F1-R1 21,723 16,025 -5,698 F1-L1 22,500 16,165 -6,335
F1-R2 18,995 19,073 78 F1-1L2 18,831 14,919 -3,912
F2-R1 24,276 21,460 -2,816 F2-L1 24,592 22,168 -2,424
F2-R2 32,880 28,392 -4 488 F2-1.2 34,145 31,386 -2,799
F3-R1 15,752 15,746 -6 F3-L1 15,568 15,021 -547
F3-R2 19,368 20,802 1,434 F3-L2 21,485 20,860 -625
BO-R1 3,118 4352 1,234 BO-L1 2,848 2,585 -263
B1-R1 27,989 23,534 -4 455 B1-L1 25,898 26,203 305
B1-R2 23,431 19,027 -4 404 B1-1L2 22,175 30,838 8,663
B2-R1 23,096 24,473 1,377 B2-L1 22,463 23,530 1,067
B2-R2 29,096 28,051 -1,045 B2-1.2 26,915 29,967 3,052
B3-R1 16,490 18,503 2,013 B3-L1 14,544 19,348 4804
B3-R2 18,218 22,984 4766 B3-1L2 17,107 20,364 3,257
AO0-R1 58,135 54,561 -3574 AO0-L1 59,163 55,009 -4.154
Al1-R1 72,350 76,557 4207 Al-L1 73,758 82,889 9,131
cAE e Mg g AM WAE - ) Ra AA
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FO-R1 F1-L1 BO-L1 BO-R1
Fi-R2  F1-R1 Fi-L1  F1-L2 B1-L2  B1-L1  B1-R1  Bi-R2
AO-RY. A1-RI AO-L1, A1-L1
F2-R2  F2-R1 F2-L1 F2-L2 B2-L2  B2-L1 B2-R1  B2-R2
F3-R2 F3-R1  F3-L1  F3-L2 B3-L2  B3-L1 B3-R1  B3-R2
= LT — =7
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<3 22> DS AA AxEw wA g E4 (291 mm®)
paw | A | o008 ageam | 2w | A | oo 0| weekw)
A4 A4
FO-R1 4,668 5518 850 FO-L1 5,557 2,287 -3,270
F1-R1 21,723 19,047 -2,676 F1-L1 22,500 15,379 -7,121
F1-R2 18,995 17,218 =-1,777 F1-1L2 18,831 10,010 -8,821
F2-R1 24,276 23,112 -1,164 F2-L1 24,592 22577 -2,015
F2-R2 | 32,880 27,829 -5,051 F2-1.2 34,145 29,420 -4.725
F3-R1 15,752 14,631 -1,121 F3-L1 15,568 14,631 -937
F3-R2 19,368 19,921 553 F3-12 21,485 20,384 -1,101
BO-R1 3,118 3,487 369 BO-L1 2,848 2,464 -384
B1-R1 27,989 26,224 -1,765 B1-L1 25,898 23,176 -2,722
B1-R2 23,431 13,910 -9,521 B1-1.2 22,175 22,100 =75
B2-R1 | 23,096 30,165 7,069 B2-1L1 22,463 29,029 6,566
B2-R2 | 29,096 24,607 -4.489 B2-1.2 26,915 33,919 7,004
B3-R1 16,490 19,913 3,423 B3-L1 14,544 19,407 4863
B3-R2 | 18,218 22,003 3,785 B3-1L2 17,107 16,439 -668
AO0-R1 | 58135 61,629 3,494 AO0-L1 59,163 57,224 -1,939
Al1-R1 72,350 78,494 6,144 Al-L1 73,758 76,660 2,902
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<E 23> IM AAS AxE WA 2 (&9 mm?)
JdE A E
g9 | AAA ASH(V) | B | QR4 A3 (V)
ZHA] A
FO-R1 | 4,668 4,151 -517 FO-L1 | 5557 6,099 542
F1-R1 21,723 11,191 -10,532 F1-L1 22,500 11,785 -10,715
F1-R2 18,995 16,488 -2,507 F1-1L2 18,831 19,921 1,090
F2-R1 24,276 21,617 -2,659 F2-11 24,592 20,007 -4,585
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F3-R1 15,752 15,695 =57 F3-L1 15,568 20,725 5,157
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B1-R2 23,431 25,743 2,312 B1-12 22,175 24,773 2,598
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AO-R1 | 58135 | 59,240 1,105 | AO-L1 | 59163 | 57,172 -1,991
Al-R1 72,350 81,709 9,359 Al-L1 73,758 81,747 7,989
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paa | A | 0% agam | 2w | gga | 000 | agew
A Al ZFAl

FO-R1 4,668 2,287 -2,381 FO-L1 5,557 5,905 348
F1-R1 21,723 12,085 -9,638 F1-L1 22,500 18,468 -4,032
F1-R2 18,995 15,297 -3,698 F1-12 18,831 19,977 1,146
F2-R1 24,276 29,590 5,314 F2-1L1 24 592 30,283 5,691
F2-R2 32,880 30,744 -2,136 F2-1.2 34,145 31,322 -2,823
F3-R1 15,752 19,226 3,474 F3-L1 15,568 21,874 6,306
F3-R2 19,368 24,211 4843 F3-1L2 21,485 28,568 7,083
BO-R1 3,118 2,223 -895 BO-L1 2,848 3,581 733
B1-R1 27,989 21,133 -6,856 B1-L1 25,898 22,675 -3,223
B1-R2 23,431 28,076 4,645 B1-12 22,175 18,787 -3,388
B2-R1 23,096 24 815 1,719 B2-1.1 22,463 20,205 -2,258
B2-R2 29,096 30,406 1,310 B2-1.2 26,915 25,228 -1,687
B3-R1 16,490 19,003 2,513 B3-L1 14,544 22,307 7,763
B3-R2 18,218 21,657 3,439 B3-1L2 17,107 20,441 3,334
AO0-R1 58,135 56,935 -1,200 AO0-L1 59,163 57,157 -2,006
Al-R1 72,350 77,156 4 806 Al-L1 73,758 76,375 2,617
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AO-R1, A1-R1 (; (, (1 AO-L1, A1-L1
F2-R2  F2-Ri F2-L1  F2-L2 B2-L2  B2- B2-R1  B2-R2
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¥ 25> FE ~YFAE Axd ddg 24 (&+$): mm?)
230 KR Of=2A AfA| | Al B AW | CHRAR AN | ABE XA L4 R ZFM b BH2H(V)
FO-R1 4,668 4,596 6,103 5,518 4,151 2,287 4,554 3,816
F1-R1 21,723 14,559 16,025 19,047 11,191 12,085 15,772 10,532
F1-R2 18,995 16,371 19,073 17,218 16,488 15,297 17,240 3,776
F2-R1 24,276 21,441 21,460 23,112 21,617 29,590 23,583 8,149
F2-R2 32,880 25,166 28,392 27,829 24,920 30,744 28,322 7,960
F3-R1 15,752 11,999 15,746 14,631 15,695 19,226 15,508 7,227
F3-R2 19,368 20,123 20,802 19,921 18,366 24,211 20,465 5,845
BO-R1 3,118 2,937 4,352 3,487 2,648 2,223 3,128 2,129
B1-R1 27,989 31,956 23,534 26,224 25,909 21,133 26,124 10,823
B1-R2 23,431 28,907 19,027 13,910 25,743 28,076 23,182 14,997
B2-R1 23,096 18,897 24,473 30,165 24,775 24,815 24,370 11,268
B2-R2 29,096 23,146 28,051 24,607 22,622 30,406 26,321 7,784
B3-R1 16,490 21,063 18,503 19,913 20,251 19,003 19,204 4,573
B3-R2 18,218 22,517 22,984 22,003 18,366 21,657 20,958 4,766
A0-R1 58,135 58,501 54,561 61,629 59,240 56,935 58,167 7,068
A1-R1 72,350 73,163 76,557 78,494 81,709 77,156 76,572 9,359
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=l HAHA| Ol=2A ApM | A B XM | Ci228 AA| AWE XA A M) B1512HV)
FO-L1 5,557 5,684 3,563 2,287 6,099 5,905 4,849 3,812
F1-L1 22,500 20,592 16,165 15,379 11,785 18,468 17,482 10,715
F1-L2 18,831 11,765 14,919 10,010 19,921 19,977 15,904 9,967
F2-L1 24,592 21,940 22,168 22,577 20,007 30,283 23,595 10,276
F2-L2 34,145 32,908 31,386 29,420 28,996 31,322 31,363 5,149
F3-L1 15,568 12,199 15,021 14,631 20,725 21,874 16,670 9,675
F3-L2 21,485 21,646 20,860 20,384 29,364 28,568 23,718 8,980
BO-L1 2,848 2,778 2,585 2,464 3,495 3,581 2,959 1,117
B1-L1 25,898 33,880 26,203 23,176 28,790 22,675 26,770 11,205
B1-L2 22,175 33,725 30,838 22,100 24,773 18,787 25,400 14,938
B2-L1 22,463 19,491 23,530 29,029 26,726 20,205 23,574 9,538
B2-L2 26,915 27,652 29,967 33,919 21,127 25,228 28,568 8,691
B3-L1 14,544 21,167 19,348 19,407 25,251 22,307 20,337 10,707
B3-L2 17,107 21,609 20,364 16,439 26,416 20,441 20,396 9,977
Ao-L1 59,163 57,265 55,009 57,224 57,172 57,157 57,165 4,154
A1-L1 73,758 65,719 82,889 76,660 81,747 76,375 76,191 17,170
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M | 260 | 480 | 440 | 320 | 420 0001 | A<
2y 7667 | 00
SD | 0548 | 0447 | 0548 | 1.095 | 0.837 “* | BCE
M | 280 | 400 | 460 | 360 | 420
Zebol 2925 | 0047 | _
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S 5324 | 00041 g
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Bl UeEd e Bl D240)E T HlaE B(4.40)9 A EE E(4.60)7F Y
HAstA =71+ Aoz et sZHole HluE AQRG0)ETHE Hl &
B(4.80)¢F A¥E E(440)7F SAH R ¢ #HEA =7 AviRdEdE A
A AR40) Bt vy B(4.80)¢ AP E E(4.20)7F FAAcE © e

=7 Aor yeistth WAy AAle] dA S A vaE

A320), MliE CGR60)RTH AgE EU80)7F EAMoR o WahA 7=
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<* 29> BT #AA 9 &7

9% [vlnd|wnd | vns|wand [ qus| AE
3719 A B C D E Pl aa
M | 260 | 440 | 380 | 360 | 480 A<B
mzg) 5364 | 0004 ’
SD | 0548 | 0894 | 0837 | L140 | 0.447 N
M | 340 | 440 | 420 | 340 | 440
Aol 1523 | 0234 | -
SD | 1517 | 0894 | 0447 | 0894 | 0548
M | 240 | 360 | 380 | 300 | 420
o1 7)1 3-9] 2500 | 0075 | -
SD | 0548 | 1517 | 1095 | 1000 | 0.447
_ M | 320 | 420 | 320 | 360 | 460
oL E 2310 | 0093 | -
SD | 1095 | 1095 | 0447 | L140 | 0548
M | 320 | 380 | 220 | 360 | 460
9E 4505 | 0009 | o op
SD | 1095 | 1304 | 0447 | 0894 | 0548 .
M | 320 | 420 | 420 | 340 | 440
Nz 1281 | 0311 | -
SD | 1095 | 1095 | 0837 | 1517 | 0548
] M | 260 | 420 | 380 | 360 | 460
SRR 2679 | 0061 | -
SD | 0548 | 1095 | 0837 | 1673 | 0548
M | 340 | 440 | 360 | 240 | 460 BE>
ISER 4825 | 00071 ™
SD | 0894 | 0894 | 0894 | 0.894 | 0.894 |
M | 280 | 480 | 400 | 380 | 440 <
=71 0] 4897 | 0:006 | A<B
SD | 0447 | 0447 | 1225 | 0837 | 0548 g
M | 380 | 460 | 380 | 420 | 400
AEE7 0571 | 0686 | -
SD | 0837 | 0548 | 1304 | 1304 | 0.707
) M | 400 | 420 | 320 | 360 | 460
PR 0.859 | 0505 | -
SD | 1225 | 1304 | 1304 | 1673 | 0.894
Bwx | M | 380 | 420 | 360 | 380 | 480
1018 | 0422 | -
Z¢ | SD | 0837 | 1304 | 1140 | 1304 | 0447
zolwel | M| 240 | 480 | 400 | 360 | 420 | oo | A<B
Z¢ | SD | 0548 | 0447 | 1225 | 1342 | 0837 | * E
M | 240 | 460 | 480 | 340 | 460
w2 ol g0 | V07T 1
SD | 1673 | 0894 | 0447 | 1673 | 0548 -
A7 M | 820 | 420 | 360 | 320 | 480 | ... 0030 | AC<
w24 | SD | 0447 | 1095 | 0548 | 1304 | 0447 | * E

#:p<0.05, **:P<0.01, *++:p<0.001
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30>3 #Zo] o791 (F=4.302%), S (F=5.000%*), 7}&& 2 (F=3.703%), 3]2]&
2 (F=3.054%), &#ol(F=3.282%), &= (F=3.140%), Awj5 2= (F=4.029%),
DA S A (F=4.0284) A 2]k 2Fo]7F AU

Uy Ao s d BbEAA S, FeldER 005 vRtY AMSH
A VIESR deag AAe ofAFe = Hlas AR40)ET AFE
E(4.80)7F Aoz ¢ #HgS =7+ Aoz yUeEt. SE2 Hlalk
A(260) Huh= A58 E440)7F SAA R | #HeA =7= Aoew e
i ZkEEds s A260) o valE B4.60)7F o \ekAl =71= A
2 etk sElEde s AQKS0ET A& E(4.60)7F TAIA SR
AstAl =713 SHol= Bl DB.00)E k= Bl B(4.80)7F TAA &
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HELE AQ20)2T WaE BA409DGEA0)E BAMeR © ke w7
= AoR PASYU deay A9 AA FAYTY BAASE v
ARBNET A& EMA80)7F AR 1 HEA =7+
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<E 30> DS #AA¢ F#

9% [Ane [wag|[and |[nd Q8w AE
37} 9] A B C D E Pl aa
M | 260 | 420 | 360 | 320 | 420
25y 2786 | 0.055 | -
SD | 0548 | 0837 | 1517 | 0837 | 0.447
M | 340 | 420 | 380 | 320 | 440
Zre}izol 1383 | 0275 | -
SD | 1342 | 0837 | 1095 | 0837 | 0548
M | 240 | 380 | 340 | 360 | 480
SEEX 4302 | 001 | Acp
SD | 0548 | 1304 | 0894 | 1140 | 0.447 -
_ M | 320 | 440 | 340 | 320 | 440
oL E 2279 | 0097 | -
SD | 1304 | 0894 | 0894 | 0837 | 0548
M | 260 | 420 | 300 | 280 | 440
9E 5000 | 0006 1 A
SD | 0548 | 0837 | 0707 | 1304 | 0548 &
M | 260 | 460 | 340 | 360 | 400
s 3703 | 0021 | Acp
SD | 0548 | 0548 | 0548 | 1517 | 0.707 '
M | 280 | 420 | 400 | 400 | 460
e S 3054 | 0041 Acp
SD | 0447 | 1095 | 0707 | 1225 | 0548 -
M | 420 | 500 | 420 | 340 | 400
Qe 7 1745 | 0180 | -
SD | 1095 | 0000 | 0837 | 1342 | 1.000
M | 380 | 480 | 420 | 300 | 460
57 0] 3282 | 0032 | pop
SD | 1304 | 0447 | 0837 | 0707 | 0.894 '
M | 380 | 400 | 360 | 260 | 480
5= 3.140 0'237 D<E
SD | 0837 | 1414 | 0894 | 1.140 | 0.447 -
M | 400 | 420 | 340 | 260 | 460
91 HE 4| 3304 | 0031 |
SD | 0707 | 1304 | 0894 | L140 | 0548 -
B3x | M | 380 | 420 | 400 | 300 | 440
1553 | 0225 | -
S SD | 0837 | 1304 | 1225 | 0707 | 0548
zolwel | M| 220 | 440 | 380 | 340 | 500 | o005 | A<B
%7 SD | 0837 | 0894 | 1789 | 1517 | 0000 | * D
M | 280 | 460 | 420 | 360 | 500
e 2338 | 0000 | -
SD | 1304 | 0548 | 1789 | 1673 | 0.000
A4 M | 280 | 420 | 380 | 340 | 480
] 4028 | OO | Acp
a4 | SD | 0447 | 1304 | 0837 | 0894 | 0447 |

#:p<0.05, **:P<0.01, *++:p<0.001
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(5) 4H9E AAMY FHAAFAE H7t

HlaLE A~DeoF A% ES] IM AAl 24344 Hrbe £49 A, <&
31>3 o] ZEhizol(F=4.781x*), AUF(F=3594%), HF(F=4.060%), 3=
(F=4.091%), X &E#d(F=3.114%), BEU(F=4.829%*), B4 2% (F=2.985%),
252 &8l (F=3579%), AAE 2 (F=5.219+x)o| A <8 zto] 7k S

IM ApAlo] S2AAd F7HEA A, FoSER 005 Wt AAFHALE
Z|Eo® kol HluE AQR60)EU A& EM440)7F =A uEbskaL, dE
Al HIE AQR60)ETE AFE E440)7F =4 dEhen SEE HuE
AQADEY AFE EM460)7F AA R o HMghe =7l Aow yEy
ok FElEd s v A(260) BuhE HaE B(46 E
AMew o AsA =7 Aoz vy deszds vlal AR60) 2o
AdE EMA607F B #HIA =7l= o dEyn REdEs vy
D(240)Ett A& 5 E(4.60)7F A vEbwal, A Ed A vl D(2.40)
Hop A5 E@60)7F A R o #AstA = AviRrgEde v
C(220)0K .t} v ¥ B(480)7F EA4c® ] HeES 7= Aow BEAE
Atk AHE AAe] WA FAAFA BAATE= vuE AR60)ETH H AL
B(4.40)¢} A& E E(4.40)7F EAH o % o HalA =7 Ao vEpykth
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<3 31> IM AA9] s2A 3] H Ik A
o | HmE | HuE  HuE | HuE | AFE - AL
B2 9 A B C D E Pl an
M 3.40 4.20 4.00 2.80 4.40
=5 2.378 | 0.086 -
SD 1.342 | 0837 | 1.225 | 0447 | 0548
M 2.60 4.20 4.20 3.20 4.40 0.007
Zhalis o 4781 | ¥ A<E
wEe] SD 0548 | 0837 | 0.837 | 1.095 | 0548 o
M 2.60 3.80 3.60 3.00 4.20
o 7| -2 2.040 | 0.127 -
SD 0548 | 1.304 | 0548 | 1581 | 0.447
_ M 2.60 4.00 3.40 3.60 4.40
o3 3504 | 0023 | Acp
SD 0548 | 1.000 | 0548 | 1.140 | 0548 -
M 2.40 4.20 3.20 3.00 4.60 0014
E 4060 | 7Y A<E
SD 0894 | 0.837 | 0.837 | 1581 | 0548 -
M 2.60 4.00 3.00 3.40 4.40
e 2714 | 0.059 -
SD 0548 | 1414 | 0707 | 1.342 | 0548
M 2.60 4.60 3.40 3.80 4.60 A<B
EEEE 4091 | 0014 ’
SD 0894 | 0548 | 1.140 | 1.304 | 0548 ' E
M 2.60 4.80 3.80 3.40 4.40
L= 3491 0.226 -
SD 1.140 | 0447 | 0837 | 1673 | 0548 '
M 3.20 4.60 4.00 3.80 5.00
57 o] 1.708 | 0.188 -
SD 1304 | 0.894 | 1.414 | 1643 | 0.000
M 2.60 4.00 4.00 3.60 4.60
5= 3.114 0'238 A<E
SD 0548 | 1.414 | 0707 | 1.140 | 0548 -
B M 3.00 4.20 3.40 2.40 4.60 0.007
ol 9 = ¢ 4.829 ’ D<E
HEEd SD 0707 | 1.304 | 0.894 | 0894 | 0548 o
I3 % M 3.00 4.20 3.60 2.40 4.60
WA 0985 | 004 | g
=9 SD 1.581 1304 | 1.140 | 0.894 | 0548 ¥
) M 3.20 4.80 2.20 3.20 4.40
17 3579 | 0023 | psc
=9 SD 1789 | 0447 | 1.095 | 1643 | 0548 -
M 2.20 4.00 3.80 3.00 4.40
2w 2 o] 1.990 | 0.135 -
SD 0.837 | 1414 | 1643 | 2.000 | 0548
71 A M 2.60 4.40 3.40 3.00 4.40 =19 | 0.005 A<B,
5 2HA SD 0.894 | 0.894 | 0.894 | 0.707 | 0.548 ' o E

#:p<0.05, **:P<0.01, *++:p<0.001
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6) AU AA SZHHFAH F7t
s A~De} A9E E° FS #AA $2A4FA H7te E4% A9, <z
32> o] EE#(F=4.935%x), Zehizo](F=5.742+x), o) 7| H-9](F=521%x), <
F(F=2.887%), B F(F=4.633+*), 7}5E el (F=4.425+), %2 (F=3.309+), $1Z%&
A (F=5.107x%), A& 24 (F=6.184%%)o A 2|3 2ol 7} 1),
AU Ao TR FHEAN AT, FoEEE 0.05 vt AFFAAL
7o ® HEds HlaE ARR60)ETH Bl B(4.40)9F A¥E E4.60)7F
TAAMCE ¢ HMGs 7le Aow Yyt Zelzels Pl A(2.80)
B A E4.80)7F AL, o191 HlalE A(220) Rrke A¥
B E(4.60)7F #etstivh. o EE vl A(260) Bt AdE E4.60)7}
AR O HetA =7+ Ao Yewt S5 Alus DEI)ET A
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<& 32> FS AAe] e 9] B7hes
9% [Ane [wag|[and |[nd Q8w =
3719 A B C D E Pl aa
M | 260 | 440 | 400 | 380 | 460 A<B
mzg) 4935 | 0006 ’
SD | 0548 | 0894 | 1000 | 0837 | 0548 . E
M | 280 | 440 | 420 | 320 | 480 0.003
Zrebizo 5742 | © A<E
HE o | oss7 | 0894 | 047 | 1095 | 0447 *r
M | 220 | 400 | 320 | 280 | 460 0.003
Ao 5821 | O A<E
WS SD T 047 | 1000 | 0837 | 1804 | 0548 o
_ M | 260 | 400 | 400 | 320 | 460
o3 0887 | 009 | Acp
SD | 0548 | 1414 | 1000 | 1304 | 0548 -
M | 280 | 420 | 340 | 280 | 500
9E 4633 | 0008 | g
SD | 1483 | 0837 | 0548 | 1304 | 0.000 .
M | 240 | 420 | 300 | 380 | 440
N 4425 | 00101 A cp
SD | 0894 | 1304 | 0707 | 0837 | 0548 '
] M | 340 | 460 | 280 | 400 | 440
&5 2686 | 0.061 | -
SD | 1342 | 0548 | 0837 | 1225 | 0894
M | 300 | 460 | 380 | 400 | 440
Qe 7 1672 | 0196 | -
SD | 0707 | 0548 | 1304 | 1732 | 0548
M | 360 | 460 | 260 | 340 | 460
=7 o] 3309 | 0931 | poc
SD | 0894 | 0894 | 0548 | 1817 | 0548 -
M | 340 | 380 | 340 | 300 | 440
AEE7 1061 | 0402 | -
SD | 0894 | 1643 | L1140 | 1.000 | 0.894
) M | 400 | 420 | 400 | 260 | 460 0.005
o 2% 5107 | O D<E
A=A D T 0000 | 1304 | 0707 | 0543 | 0548 o
B3x | M | 340 | 440 | 380 | 320 | 460
1755 | 0178 | -
S SD | 1140 | 0894 | 0837 | 1.304 | 0.894
P M | 280 | 440 | 340 | 340 | 480
17 2012 | 0131 | -
g SD | 1304 | 0894 | 1673 | 1673 | 0.447
M | 200 | 380 | 380 | 340 | 480
e 2734 | 0058 | -
SD | 1000 | 1643 | 1643 | 1673 | 0447
A4 M | 260 | 440 | 340 | 280 | 480
] 6184 | 00021 A op
B24 | SD | 0548 | 0894 | 0894 | 1304 | 0.447 .

#:p<0.05, **:P<0.01, *++:p<0.001
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<¥ 34> JExE v 453 HF A5 YT (21 uv)
o S1 ) S3 S4 S5 .
a a a a a Tgil _
atgo|= . A= — WHZ o HEL Y=z — 3=zt At
high- 8 high- g high- g high- 8 high- g
216.75 1.70 1.28 17.15 387
HDE A 4.40 176 ———1 096 1754 2.31 539 6.91
49.27 0.96 1.33 0.98 168
1447 163 3.38 352.94 1.06
HDE B 156 154 ———H 271 499 146 245 151
} 9.29 1.05 1.25 70.73 0.73
- 384 154 1.25 71.29 1154
g | vmEC 238 040 ———— 099 9.96 6.36 402 405
© 162 385 1.26 7.16 1.81
™ 8.76 157 1.14 104.09 1.19
H|ZE D 1,54 184 ———+ 139 13.48 0.19 3.69 551
5.67 0.85 0.82 772 6.15
EIES 6.08 7.05 8.99 14.66 1.76
i 3.60 570 ——— 443 9.75 1.15 493 3.17
A= 1,69 124 203 150 153
368.77 201 184 106.49 098
H|ZE A 5.48 221 ———— 113 6.87 1.07 335 267
67.25 091 1,64 15.49 092
22759 1,66 1.70 126.99 1.20
H|Z= B 3.21 176 ———Ho 162 19.72 1.28 552 7.98
- 70.82 095 1.05 6.438294 093
c 351.76 1.75 3.98 135.20 8.92
x| dnEC 5.16 196 +——+ 231 15.76 473 598 5.65
- 68.16 0.89 1.72 8.58 1.89
N 14.01 161 149 125.30 1.39
H|ZE D 537 151 ———+1 688 17.73 0.84 5.42 7.11
2,61 107 15.49 7.07 1,65
~ 5.00 8.67 7.69 1359 8.46
A= 3.94 505 ——— 485 9.84 6.11 6.14 225
127 146 1.59 1.38 138
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ABSTRACT

A Study on the Development of Golf Base Layer Patterns Using
3D Motion Analysis

Cho Youn-Jin
Dept. of Clothing
Graduate School of

Sungshin Women’s University

With the recent increase of leisure time, modern people take much time and
effort for improving the quality of life. Also, with the increased interest in health,
they are enjoying sport activities for the purpose of the enhancement of
physical/psychological  health, self-development, formation of interpersonal
relationship, and the expression of individuality. As a result, the interest and
participation in diverse leisure activities have been increased, which is led to the
expansion of sportswear market.

Especially, the golf is gradually popularized as an exercise that could be
enjoyed by everyone regardless of age, sex, and build, and the golf wear market
is continuously growing in the annual average for 10% or more.

Thus, for the preliminary research on base layer which would be essentially
worn for golf, this study targeted middle-aged men in their 40s-50s, showing the
most active demand for golf. Through the preliminary research, this study selected
the pattern of golf wear and the brand of comparison wear, and then understood
the brand preference and inconveniences. Also, out of people with golf experience

for ten years or more, this study selected five people falling under the error range



of standard figure in 40s-50s, suggested by the Korean Agency for Technology
and Standards. After selecting a person who was the closest to the standard figure
out of those five subjects, this study conducted 3D scanning with a type of STD
and five types of golf swing motions that were selected based on preceding
researches, and then calculated changes in body surface for each motion through
the process of flattening. Next, this study produced the first experimental wear by
applying the 3D human body data with the basic pattern of a type of comparison
wear selected for the excellent pattern through the brainwave analysis. This study
suggested the final base layer pattern by comparing the brainwave analysis on the
second experimental wear and four types of comparison wears after
modifying/complementing the pattern through the evaluation of motion suitability

for the first experimental wear and four types of comparison wears.

The results of this study are as follows.

First, in the brainwave test of the five subjects after putting on the wears, the
comparison wear A showed the highest comfort, which was followed by
comparison wear C, comparison wear D, and comparison wear B in order. After
the swing motion, the comparison wear C showed the highest comfort, which was
followed by comparison wear B, comparison wear D, and comparison wear A in
order. Therefore, the comparison wear A that showed the highest comfort after
putting on it, showed the lowest comfort after the motion, which means that it
gives a sense of fatigue to body when taking motions. In case of the comparison
wear B, C, and D, the comfort was increased after the motion. Especially, the
comparison wear C showed the highest rate of comfort after putting on it except
for the comparison wear A, and also showed the highest rate of comfort after the
motion. Thus, this study selected the comparison wear C as the excellent pattern,

and then used it as the basic pattern for the production of the first experimental



wear.

Second, in the results of 3D body surface scanning analysis, the body parts
showing less changes in body surface in the position of STD and Address,
included the front/back neck girth, center of waist of the front trunk, side to hips,
and right arm. The body parts showing less changes in the position of STD and
Back Swing Top, included the hip girth of the front trunk and the center of chest
of the back trunk. The body parts showing less changes in the position of STD
and Back Swing Top, included the center of waist of the front trunk, hip girth,
back neck girth, center of waist of the back trunk, and hip girth. The body parts
showing less changes in the position of STD and Down Swing, included the
center of waist of the front trunk, hip girth, back neck girth, and the center of
chest of the back trunk. The body parts showing less changes in the position of
STD and Impact, included the front/back neck girth, hip girth of the front trunk,
chest girth of the back trunk, and upper arm girth. The body parts showing less
changes in the position of STD and Finish, included the waist girth of the front
trunk, back neck girth, and the waist girth of the back trunk.

Third, in the results of brainwave analysis on the four types of comparison
wears, the first experimental wear was produced by applying the 3D human
body data with the comparison wear C showing the excellent comfort as the
basic pattern. The waist girth and the hemline girth of the comparison wear C
were reduced by 2cm each while the upper arm girth and the elbow girth of
sleeves were reduced by lem and 0.5cm respectively. The length of sleeves
was reduced by Ilcm. Regarding the front/back shoulder cutting lines, the
existing S-shaped cutting line was changed into the rounded shape for the
effective muscle activities when taking a swing motion. Also, this study
produced the first experimental wear by maintaining the side panel without side

line after adding a cutting line to the side to waist and hip parts that showed



insignificant changes in body surface, moving the princess line of the front
trunk to the side to the chest part by 1.5cm, and moving lcm from the
hemline to the center for the modification of lines except for the parts with
great changes in body surface.

Fourth, in the results of analyzing the motion suitability for the comparison
wears and the first experimental wear, in most of the items, the first
experimental wear received the high evaluation. In the position of STD, the
comparison wear B received the high evaluation in the items of hemline girth,
back length, and sleeve girth. In the position of Address, the comparison wear
B received the high evaluation in the item of hemline girth. Also, in the
position of Down Swing, the comparison wear B received the high evaluation
in the items of chest girth, back length, and sleeve girth. Even in the position
of Impact, the comparison wear B received the high evaluation in the item of
sleeve girth. In the position of Finish, the comparison wear B showed the high
evaluation in the item of back length.

Fifth, based on the results of the experimental wear B that received the high
evaluation, the back length and the hemline girth of the final experimental wear
were extended by 0.8cm and lcm respectively. Also, on top of reducing the
upper arm girth by 1.5cm, the motor ability of teres major muscle located in
the shoulder blades was increased by adding a vertical-rounded cutting line to
inner side of shoulder blades in the center of chest of the back trunk showing
less changes in body surface. On top of increasing the activity, the tight feeling
in the back trunk when swinging was reduced by giving a room as much as
0.5cm to the cutting part. The final experimental wear was produced by
extending the elbow girth and the sleeve girth by 0.3cm each. For the
verification of the final experimental wear, the brainwave analysis was

conducted. Right after putting on the experimental wear, the average comfort of



the final experimental wear was 4.93, which was increased by 0.91 than the
comfort(4.02) of the comparison wear C. In the results of brainwave test after
ten times of golf swinging motion, the average comfort of the final
experimental wear was 6.14, which was increased by 0.16 than the average
comfort(5.98) of the comparison wear C.

The limitations and suggestions of this study are as follows.

As this study targeted five subjects, it would be necessary to be careful
about stretching the meanings of the results. As the selection of those five
subjects was based on the standard figure in accordance with the 7th Human
Body Size Survey Report by the Korean Agency for Technology and Standards,
it would be needed to be careful to apply it to every figure. If the follow-up
researches multilaterally analyze the figures in 40s-50s, the methods to design

the base layer pattern for each figure could be suggested.
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