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Evaluation Method for Fit of Golf wears based on 3D Motion Analysis

- Focus on motion range of upper body -

Hye-Won Chungl"") Ju-Young Annie Shin? ', and Yun-Ja Nam”
I)Deszgn Center Busan, Busan, Korea
2)Dept of Fashion Design, Soongeui Womens University, Seoul, Korea
3)Dept of Clothing & Textiles/Research Institute of Human Ecology, Seoul National University;, Seoul, Korea

Abstract : The purpose of this study is to analyze joint angle for a range of swing motion derived through 3D motion
analysis in order to design the ergonomic golf wear, use it for evaluation method of apparel fit to improve exercise func-
tionality and provide the basic materials necessary for designing clothes. In order to do this, the subjects for this study
were 3 men of age 20s. The data for a range of motion of golf swing were collected by using equipment for 3D motion
analysis and then were used for analysis of joint angles and evaluation method of apparel fit. Range of motion was derived
through 3D motion analysis of golf swing motion and joint angles for items of joint motion item and of X, Y, and Z-axis
were calculated, respectively. In order to set the evaluation questions for evaluation of apparel fit, to find a range of motion
at the maximal value and the minimal value of swing motion. As a result, during the swinging motion, neck extension,
right shoulder extension, right/left elbow extension, right/left elbow supination did not appear. Items of joint motion show-
ing the maximum at range of each swing motion were applied into 55 questions and consisted. The results of this study
were meaningful as a basic study to apply 3D motion analysis to the fashion industry. It’s expected to be used to design

functional clothing.
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Wl 2= gH(Back swing top), Th&22%(Down swing), YHE
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Table 1. Subject's 3D Body measurements (unit : cm)
Subject Subject
Height Subject 1 Subject 2 Subject 3 Subject 1 Subject 2 Subject 3
/Length Circumference
Height 176 170 172 Neck circumference 40 37 39.7
Waist back length 42 40 40.5 Chest circumference 92 84 89.5
Bishoulder Length 49 42 44 Waist circumference 76 72 74
Shoulder length 17 135 14.5 Wais(togli;i‘;?izr)eme 77.5 73 78
Upperarm length 345 32 35 Hip circumference 94.5 87 90
Arm length 60 56 59.5 Armscye circumference 41 42 40
Year 23 26 23 Upper arm circumference 32 29 35
Exercise career 4 2 10 Body weight(kg) 69 54 61
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Number Marker name

Marker attachment location

1 RIGHTHEAD
FRONTHEAD
LEFTHEAD
2 Rshoulder
Lshoulder
3 RUPPERARMI1-4
LUPPERARMI-4
4 RLATERALELBOW
RMEDIALELBOW
LLATERALELBOW
LMEDIALELBOW
5 RLOWERARM1-4
LLOWERARMI1-4
6 RLATERALWRIST
RMEDIALWRIST
LLATERALWRIST
LMEDIALWRIST
7 RASIS
LASIS
8 RGT
LGT
9 RPSIS
LPSIS
10 TRUNK1-3
11 CLUBHANDLE
CLUBMIDDLE
12* RIGHT_HIP
LEFT HIP
RIGHT SHOULDER
LEFT SHOULDER

*Calculated marker on program

Fig. 1. Marker name for 3D motion analysis.
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Table 2. Joint measurements

X Y V4
Measurements
) ) () ) () )
Neck Head Head Head Head Head Head
Flexion Extension Right Flexion Left Flexion Left Rotation Right Rotation
Should R Extension Flexion Side Right Flexion Side Left Flexion Left Rotation Right Rotation
oulder
L Flexion Extension Adduction Abduction Medial Rotation Lateral Rotation
Eib R Flexion Extension Abduction Adduction Lateral Rotation Medial Rotation
oW
L Flexion Extension Varus Eversion Pronation Supination
T Flexion Extension Eversion Varus Supination Pronation
010
Extension Flexion Right Flexion Left Flexion Left Rotation Right Rotation

28 S22 o]=#| 2 (Address), M=% (Back swing),
(Back swing top), TF2>9(Down swing), Y E
(Impact), ZZ2F(Follow through), 34| (Finish) &2Io=
| oL]. B oﬂ:rLoﬂ/ﬂ‘— 29 Ezl,] =S 245125]—
AAL 7oz ARslE7] 918 Chang et al(2011)¢] A2
Zarstel s S o3 gl FReE Wro] 4818
tHFig. 3).
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Fig. 3. Situation of swing motion.
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Middle Backswing(MB)

Middle Downswing(MD)

rzgljo] FIRE Pl ZJE 343

Impact(IM)

Middle Follow-Through(MF)

Fig. 4. Situation model on visual3D program.

Start of Finish(FIS)

Table 3. Scaling method of motion suitability, wearing sensation, fitness

End of Finish(FI)

Motion suitability

Very uncomfortable Uncomfortable Normal Comfortable Very comfortable
O] @ ® @ ®
Motion wearing sensation
Not fit very well Not fit well Normal Fit well Fit very well
@ @ ® @ ®

Motion fitness

Large and long Very large and very long

@ ®

Very small and very short Small and short Fit well
@® @ ©
4, AT} U =0 9 £5 H
A3z, 2
4.1 2= AYSH| AFHZ 2Y 5 =5
29 ¥4 A XE, Y&, 750 el 49 B BEde o= 456
e /417 (Neck Flexion/Extension), Uiﬂ] = WA= Hlg)] e22
2]"(Neck Side Flexion Right/Left), M| $= 3H/A= 3 zF HeE
Z(Neck Rotaion Right/Left)e] #dzto = ‘/]'E]r T Stk & o7l &

O 39.63°, YZOF 42.16° 7]

EEo2
o2 BT W7 2 Ao A

A 63.00°, HA 11.51°9] 2= AHAE et
&3 AR 5
Atk #FE FHeE sHe 9%
64.01° A3 Ao e} 9%

Ao
J5e A2 S0/9% SO 109.66%]t,

CEREEIE

A7ke o7 /417 (Shoulder Flexion/Extension),
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o]7] W/9)3 (Shoulder Adduction/Abduction), o7} W2 3] Ao g vehd § Qlvh o) #EZke IS Al9g

/92]Z 3)7(Shoulder Medial Rotation/Lateral Rotation)2] ¥+ B QEZ H3l] JUlFoE %] & Zo=E Yeor,
Table 4. Joint angle of right elbow (unit : degree)
Left Value Subject 1 Subject 2 Subject 3 Average Joint angle Standard deviation *
X Maximum value 145.39 150.26 142.31 145.98 10.97
125.15 125.15
X Minimum value 16.36 16.91 29.22 20.83 6.62
Y Maximum value 10.22 30.19 13.55 17.98 17.98 10.95
Elbow 27.38
Y Minimum value -11.77 -0.84 -15.59 -9.40 9.40 10.57
Z Maximum value -31.80 -30.75 -36.92 -33.16 5.76
4531 4531
Z Minimum value -74.25 -85.58 -75.57 -78.47 9.69
Value Subject 1 Subject 2 Subject 3 Average Joint angle Standard deviation *
X Maximum value -14.41 -8.25 -11.89 -11.51 443
51.49 51.49
X Minimum value -69.29 -53.94 -65.78 -63.00 14.13
Y  Maximum value 41.72 37.86 39.32 39.63 39.63 2.00
Neck 81.79
Y Minimum value -37.11 -44.42 -44.94 -42.16 42.16 4,78
Z Maximum value 45.07 46.01 45.87 45.65 45.65 3.39 109,66
Z Minimum value -67.23 -63.06 -61.73 -64.01 64.01 3.23 ’
Value Subject 1 Subject 2 Subject 3 Average Joint angle Standard deviation *
X  Maximum value 26.57 26.83 17.57 23.65 23.65 6.18 4451
X Minimum value -11.95 -21.38 -29.26 -20.86 20.86 8.77 ’
Y Maximum value 26.37 26.71 21.64 2491 2491 2.63
Torso 33.14
Y  Minimum value -6.09 -12.51 -6.09 -8.23 8.23 3.30
Z  Maximum value 39.22 28.99 40.04 36.08 36.08 6.91 2841
zZ Minimum value -48.72 -34.84 -43.42 -42.33 42.33 5.98 ’
Right Value Subject 1 Subject 2 Subject 3 Average Joint angle Standard deviation *
X Maximum value 90.55 82.51 91.10 88.05 5.90
83.27 83.27
X Minimum value 3.74 2.27 8.34 4.78 3.04
Y Maximum value 44.46 52.09 4443 46.99 46.99 4.47
Shoulder o 92.32
Y  Minimum value -54.31 -42.03 -39.65 -45.33 4533 6.68
Z Maximum value 64.89 74.23 72.74 70.62 70.62 8.84 12525
zZ Minimum value -62.18 -61.52 -40.19 -54.63 54.63 13.30 '
Left value Subject 1 Subject 2 Subject 3 Average Joint angle Standard deviation *
X  Maximum value 79.52 61.42 88.15 76.36 76.36 12.30 "y
X Minimum value -24.62 8.28 -7.30 -7.88 7.88 18.03 ’
Y Maximum value 72.54 36.42 49.75 52.90 52.90 17.26
Shoulder 121.85
Y Minimum value -65.72 -70.92 -70.21 -68.95 68.95 4.14
Z  Maximum value 83.24 59.06 55.72 66.01 66.01 24.99 143.03
Z Minimum value -66.43 -80.60 -84.04 -77.02 77.02 9.03 '
Right Value Subject 1 Subject 2 Subject 3 Average Joint angle Standard deviation *
X  Maximum value 148.96 143.98 133.58 142.17 7.68
112.91 112.91
X Minimum value 25.02 28.58 34.19 29.26 491
Y Maximum value 20.30 10.11 9.97 13.46 13.46 8.11
Elbow 34.58
Y Minimum value -16.40 -25.59 -21.38 -21.12 21.12 6.50
Z Maximum value 86.61 78.09 78.97 81.22 46.69 6.26
46.69
7  Minimum value 30.92 32.64 40.04 34.53 46.69 491

* ROM by axis = Maximum value - Minimum value
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Fig. 5. Change of the neck joint angle.

Note. P1: Middle backswing, P2: Start of backswing top, P3: Finish of
backswing top, P4: Middle downswing, PS: Impact, P6: Middle follow-
through, P7: Start of finish, P8: End of finish
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Table S. Conclusion of swing section analysis

Axis & value X axis Y axis Z axis
Part Max. value Min. value Max. value Min. value Max. value Min. value
Neck - P7 P3 P7 P8 P3

R P8 - P8 P3 P8 P3
Shoulder

L P3 P7 P8 P3 P8 M

R P3 - P7 P5 P8 -
Elbow

L P8 - P5 P7 - P4
Torso P8 P4 P7 P3 P8 P3
Al At} B AfMs 559 B8-S AR 7P, Al 2 B7Ae] FES ST
Alg 75 3EY e aHEE 71F0E B #do] ¥4
9l Zh=E Jepit) 3319 AR gl Zx Agae 2 43 SENEM WX Y 4 &8
Bo] mYg A3l Aol AR Yept ol EEX A Sl o8l FFgE W Aol 4 £3e A4St
o] A= =HQ WY ghe] AJP3)t XA} o] 71 8 Ada Ae] Hrb F8S FAstdthHan et al,
sk Al WAy ge] B8 Yellle P49] 77k X = 2012; Hwang, 2009; Oh & Chun, 2011; Ryu, 2005; Ryou,
= o] Betrow gdHoor & Aor AN 2 =2 2009; SizeKorea, 2004). 2ol 2|gt o&e] Hr15 Ssire
oM B pazte) wWakz Fyshen] 2k BTN W BAASH B B2 neA Wt WA

B o), BEA, BE T B4 T A B4 WAE ool o] Y Bkl 90| B o= BRI

UeRl= 778 Table 590 AAISIE o o]9f 7he Aol u} oA Fele] HiEl S, AFXT S85S), AWATE B

Table 6. Developed evaluation instrument

Evaluation contents of motion section

Five-choice

(Dvery small and very short @small and short @fit well @large and long ®very large and very long

1 |How do you feel comfortable around neck area while your golf swing?
2 | How do you feel comfortable around length of center back collar?
3 | How do you feel comfortable around right side seam line?
4 | How do you feel comfortable around left side seam line?
5 |How do you feel comfortable around bust (front) circumference area while your golf swing?
6 | How do you feel comfortable around bust (back) circumference area?
7 | How do you feel comfortable around waist circumference (front) area?
8 |How do you feel comfortable around waist circumference (back) area?
9 | How do you feel comfortable around hem line while your golf swing?
P3 | 10 |How do you feel comfortable around interscye (back) length while your golf swing?
11 |How do you feel comfortable around waist (front) length?
12 | How do you feel comfortable around waist (back) length while your golf swing?
13 | How do you feel comfortable around right (front) armhole?
14 | How do you feel comfortable around left (front) armhole?
15 |How do you feel comfortable around right (back) armhole while your golf swing?
16 | How do you feel comfortable around left (back) armhole ?
17 |How do you feel comfortable around right length of sleeve?
18 | How do you feel comfortable around left length of sleeve while your golf swing?
19 | How do you feel comfortable around right width of sleeve?
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Table 6. Continued

Five-choice
Evaluation contents of motion section

(Dvery small and very short @small and short ®fit well Dlarge and long Gvery large and very long

20 |How do you feel comfortable around bust (back) circumference?
21 |How do you feel comfortable around waist (back) circumference?
P4 | 22 |How do you feel comfortable around interscye (back) length?

23 |How do you feel comfortable around waist (back) length?

24 |How do you feel comfortable around left width of sleeve?

25 |How do you feel comfortable around right width of sleeve?

P 26 |How do you feel comfortable around left width of sleeve?
27 |How do you feel comfortable around neck area while your golf swing?
28 |How do you feel comfortable around length of center back collar?
29 |How do you feel comfortable around right side seam line?

p 30 |How do you feel comfortable around left side seam line?

31 |How do you feel comfortable around interscye (front) length?
32 |How do you feel comfortable around bust (front) circumference area while your golf swing?
33 |How do you feel comfortable around waist (front) circumference area while your golf swing?

34 |How do you feel comfortable around left (front) armhole?

35 |How do you feel comfortable around neck circumference?

36 |How do you feel comfortable around length of center back collar?

37 |How do you feel comfortable around right side seam line?

38 | How do you feel comfortable around left side seam line?

39 |How do you feel comfortable around bust (front) circumference area?
40 | How do you feel comfortable around bust (back) circumference area?
41 |How do you feel comfortable around waist (front) circumference area?
42 | How do you feel comfortable around waist (back) circumference area?
43 | How do you feel comfortable around hem line?

44 | How do you feel comfortable around interscye (front) length?

P8 | 45 |How do you feel comfortable around interscye (back) length?

46 | How do you feel comfortable around waist (front) length?

47 |How do you feel comfortable around waist (back) length?

48 |How do you feel comfortable around right (front) armhole?

49 | How do you feel comfortable around left (front) armhole?

50 | How do you feel comfortable around right (back) armhole?

51 |How do you feel comfortable around left (back) armhole?

52 | How do you feel comfortable around right length of sleeve?

53 | How do you feel comfortable around left length of sleeve?

54 | How do you feel comfortable around right width of sleeve?

55 | How do you feel comfortable around left width of sleeve?
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Motion Suitability

5
4
3
2
1
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
—+—Golfshirt —m-Shirt + Windbreaker ~—+—Dress shirt
Motion Wearing Sensation
6
5
4
3
2
1
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
—+—Golfshirt -#-Shirt+ Windbreaker ——&—Dress shirt
Motion Fitness
5
4
3
2
1
0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55
——Golfshirt -m-Shirt+Windbreaker —&—Dress shirt

Horizontal axis: Question number, Vertical axis: Score

Fig. 7. Evaluation result of motion suitability.
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