POV OEr—— P

[—— EPpesp— =

2% INDUSTRIAL AND MANAGEMENT ~y Ergonomic Design
Technology Lab

% ENGINEERING, POSTECH

&5 SZEH(Adduction/Abduction)d]| [}
Power Grip LH& &4 Hal 53 8 &4

e &2 2ol
2515 H|E

ey

*  Hand-handle interface 24

= Power grip @4 &4 protocol

= A3 Aq}

=  Static vs. Dynamic hand &4 &

o
= &2 XM E hand dimension 24

= E 9|

pS|
A

Ze3qeta
@ EEREE O

T ITIE—




AT b

Q Handle2 222l 28dE =0|7| ot =72 ALE 28 A 2HZ0f| et Crekot
JEi= A &

O QIZERSIA handie LS SI8H & B4, grip XM D AR KRl SO TH3H A&
H MO | rél_g_ol-

A
=

H27] handle

INDUSTRIAL AND MANAGEMENT é Ergonomic Design
ENGINEERING, POSTECH 3 Technology Lab

7|Z& Handle A4 A £ ™ FA &=

O A handle &4 Z&S /38l 2 ~ 8 level2| diameter 3! THH Aol CHS}O]
WA (EMG, grip force &), 25 BI7HE =22 (cuijpers et al., 2004; Dong et al.,2007;
Herring et al., 2011; Kong and Lowe, 2005)

Various handle diameters Ergonomic evaluation of scaling hand tool

Pressure sensor EMG sensor
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Herring, 2011

Dong et al. (2007)
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1. Hand-handle Interface &

= Hand landmark, dimension 32|

= Handle dimension H2|

* Hand % handle §2t dimension 87
2. &5 SEE power grip 84 5 % £4
» &5 XM E 3K power grip A S A
= 3% hand scan data processing
*= Hand dimension 3 S8 24
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S1. Hand-handle interface &4

S2. Power grip @4 &7 protocol
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INDUSTRIAL AND MANAGEMENT
ENGINEERING, POSTECH 8

Handle dimension 4
Hand dimension A&

Handle 92 hand dimension ==

22 XA U power grip A
30% CHA hand 3%H2l scan &
Hand scan data post-processin

| casting
g

Static, dynamic hand posture 53

Neutral XAl CHH| AD/ABA|

—

22 XM hand dimension &
Handle design &-& Of| A|

4

Eie

A S
oo T

o

g2

Ergonomic Design
Technology Lab




= S| I.
Hand-handle Interface &AM AX
: : o = Handle 84 28 QIX} opet
- mjot
S1-1. Handle design dimension I} ‘ . MA =95 MY
= J|EHE/ZIEM FO
» MO =0 IO &Aoot
_ M 7_§I_|7_§A_|x_lal OL) 1Tl OL- ©O -
S1-2. Handle @4 7|E&/7|=2d 88 ‘ . S0l Z/jy| 2z ==
) AA QX Ho
=  Handle ItX| #H| ope}
S1-3. Hand-handle interface =41 ‘ = 23 hand-handle dimension
matching
a ; AtS o mf
S1-4. 8 hand-handle 91X} M7 A e
QIXt £|E ME
INDUSTRIAL AND MANAGEMENT d Ergonomic Design
ENGINEERING, POSTECH 9 Technology Lab

Handle Design Dimension
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DIP joint
PIP joint

. MCP joint

*  MMC: Mid-metacarpal

......................................... Landmark

MMC point (&7 H2J)

» DIP: Distal interphalangeal

* PIP: Proximal interphalangeal

* MCP: Metacarpophalangeal

» DTC: Distal transverse crease

* PTC: Proximal transverse crease

Hand Landmarks & Dimensions

QO Hand % handle dimension 42 €2t hand landmark & 2471 % hand-handle
dimension & 407 & &2 (Greiner, 1991: Hidson, 1991, Lee et al., 2018, Yun, 2013)
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Hand-handle Interface & 0
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Power Grip @4 5 Protocol

Q 3D scanning, casting &S 2810 ChASH XEM E & LHQ|S 3kt HA =X

QO 7H% == 3D hand datat post-processings =2 3}0] fusion dataZ St

Power grip XtAM| M7 Casting ¥ 3D scan Post-processing
= Static posture » =R YY = Data alignment
> Straight neutral > Otoform 7| casting = Data editing (delete)
= Dynamic posture . 2= YA = Data fusion (merge)
» Wrist neutral 0° » 3dMD scanning system
» Wrist abduction 30°
» Wrist adduction 20° X & 28 e
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ot

Q ot=Ql 1 20~500] & 40| 2XE 121510 small(< 334 wile) 5%, medium3ae ~
66t %ile) 5F, large(> 66" wile) 5H 2| A2 F O Xt 2 (2010 SizeKorea 91HEH data & X)
» Age: 27.2 £ 8.1 years
» Hand length: 177.9 + 12.3 mm

Subject Hand size Hand length Hand width
S01 L 204.8 865
S02 S 164.3 701
220
SizeKorea 2010 data (n = 4050) Sos L 1843 8.1
210 @ ¥ &YX} (n=15) S04 M 179.6 81.2
® S05 M 1810 89.0
200 Large -5
(> 66 %ile) S06 S 163.6 727
190 .. 07 M 1758 8138
s o A OV R S O 1.0 1 | | |1 111111 SWBRG e S08 M 17 819
LA T AN VI T ¥ e * 182.0 mm
0 (339 ~ 66" %ile). NT ‘ S09 s 168.4 734
& 20 170 omial L1e8 l 770 mm S10 L 1843 859
M1 S11 B 1575 721
(mm) 160 (< 33 %ile)
° S12 L 1930 921
150 S13 S 1718 753
S14 M 1735 821
140
55 60 65 70 75 80 8 90 95 100 515 L 1895 932
£ Total 177.9 816
L
 (mm)
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Otoform Casting Material & Pen

Otoform: hand casting
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Pen: hand landmarking

Apparatus

Handle Zt= =3 7|
» Handle ZtE =E7|: 22 2tz x&® gl 1y &

- OXE ZEH: 2s

3dMD Hand Scanning System

Hand 3D scanning
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2 min.

Posture
Control

v' Shoulder flexion: 0°
v’ Elbow flexion: 45°
v Wrist Ad./Ab.

> Ad 20°

> 0°

> Ab 30°

Experimental Procedure

28 AIZH E 1AZE

i 1. HESoM all 3
' 2.8 49 ".‘-."\ff b
Orientation 3. 2 20| Ly =5 = 'i‘ 4
l 2 min. 4. Hand landmark E7|

Static hand scanning

}

5 min.

5 min. 2 min.
Power Grip Hand Grip Scan Data
Casting 3D scanning Check
v Otoform ItX| & v Overall hand v Landmark texture

hand casting

v Casted hand

#7| Ak =l
Scanned hand
shape 0l

W

—

. AF_T-I@—
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N
Power Grip Task

O Zt= ZHE7|0| §%t=l casting material2 Xt A 2{2 power grip AFM| 2 ThX| &

Casting material (Otoform, Germany) Power grip XHM| &7 o
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G
Hand Grip 3D Scanning

QO == E XA, power grip AHM|2| & & 40| 3D scanning system= 0| &3}0] £ =

Static straight hand Power grip overall hand Power grip inner hand

JUEE-PC

Scan ZA1}
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Hand Data Processing

1. Overall hand % casting hand& 55 Y92 7|=C 2 HHE
2. Hand W= % 2[F9| 222 HY XA = fusion hand data =&

3. Fusion hand@| texture M2 £ 7|HtO 2 |andmark & ¢!

ol
[S)
o; |
=

S1. Hand data alignment S2. Hand data fusion S3. Landmark &€

= Q| F = HH 249 ¥9 XA
‘i scan data scan data

HEE Fusion ol
Hand data hand data Landmark & &
INDUSTRIAL AND MANAGEMENT Ergonomic Design
ENGINEERING, POSTECH 21 Technology Lab

Hand Fusion Z1} of

Handle Wrist o Hand LH% scan data -
angle AdJAD. Hand 2|Z scan data Gistoti) Fusion Z1}
65° Ad 20°
45° 0°
15° Ab 30°
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Power Grip &%

© (with Matlab)

7|2 XtM[(Straight neutral)

Al dHi
~

=
L= o

Power grip XpA

EH
=

O Hand landmark(igs)2t hand fusion data(ply)= O] 3} landmark
= X=X

7F Rl A

1 =

ol

Ael &

Q 7|2 X}AM|(straight neutral) 3! power grip AFAl(wrist neutral, Ab 20°, Ad 30°) A| hand

x|M 72| Y BH A2

Linear length
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Power Grip

Py

HI

M
-

Z 1} Static vs. Dynamic

Static posture CiH| dynamic posture A| hand dimension H2t&2 & LHE L{H| 64.7%~73.9%,
£0] 43.1%~54.4%, EH E2| 29.9% ~ 36.5%
Handle grip Al L{H| SO 20| #3771 2 42 2 mpotE

Hand dimension Handle dimension Static Dynamic
e \ Ad 20° 0° Ab 30°
Ti
® DOTCPT 1 v
LA -
[ ____/ " (4
/
* p<0.05
30.1 27.8 283
- | mers = e )
b= == st 90.9 66.9% B | 69.4°% B | 68.9% B
30.0 281 27.3
- Sore T= o e .
Tip to PTG o= = A 99.7 699% B | 71.8°% 8| 72.6% B
=4 2
- ay e 28.1 26.6 25.7
D sEE s e e 984 715% B | 73.0% 8| 73.9°% 8
- Py = 27.1 26.4 23.6
oS EEm S E 76.6 64 7% B | 65.5°% 8| 69.2% B
- = oy 33.2 33.8 35.4
o= TEm TE= =R =l 68.6 51.6% ¥ 50.7% B 48.4% B
- = ay = 37.8 39.6 A40.3
BIP to MMG D3 e Es S =l 82.3 54.1% ¥ | 51.9% P | 51.0% P
= =2 —cpa e 35.7 38.5 37.1
D4 SEe s =l 78.2 54.4% s50.8% P | 52.6% P
- = = 33.4 36.5 331
DS FEThHE 3£ S 40) 64.1 a7 8% P | a43.1% P | as5% P
81.8 TO.6 To.5
- | merm = )
oz s=i=el 179 30.6% I 32.5% X 32.6% B
. = ay = = 87.3 87.2 86.2
o o MME D3 Scre = sazol 135.8 L gy ssu B 360 B
= Ha|
- = pay =~ = 84.7 86.2 83.8
Da =crm == =y 2ol 129.8 sa g B 336 B am a0 B
w Py — = 1.6 T4.3 59.6
@ D5 =erm == =y 2ol 106.0 3259% B 29.9% B st B ?Le:;gn




. == E .
Power Grip @& 2M Z1}: Neutral vs. Ab/Ad (1/2)
O Wrist neutral (0°) CHH| Ad 20° A| &= LS L{H| 2.4% ~ 8.4% I, 0] 1.9% ~ 8.4% |
Q Wrist neutral (0°) CHH| Ab 30° A| & Wi & HH| 2.9% ~ 10.8% U, 0| & 7 =(digit 2 ~ 3)
2.0% ~ 4.6% 11, & (digit 4 ~ 5) 3.5% ~ 9.5% U
Hand dimension Handle dimension Ad 20° 0° Ab 30°
O | &
-
. TClE &2 C 294 29.8
D2 HCHe HE CHO 1Y) 8.40/0" 26.9 1.8% @
= 31.0 27.4
D3* CHe E= O s . o
Tip to PTC < 6.9% 4 270 29% 4§
=M Az
n =rClH m== O 28.5 26.8
Dsr | % =SB 5.6% A& 250 3.4% @
= 256 259
D5+ | BEte == ool | .
2.4% & 25 10.8% @
* Cie T2 ChOY = 37.6 323
D2t | MEHe TS TRl 0| 19% @ 324 4.6% M
= - 420 37.5
D3* Che M= CHH =0| .
PIP to MMC e 4.5% .r 383 2.0% M
=M 72
. =Cio s Chof e 38.0 37.2
D4* | SR = B £0| 7.2%% 36.0 3.5% B
. b R 34.1 35.0
@ DS 1;_"7- 15‘ JE no'l 3-40/1'3' 33.9 9-5%' ,D:;;gn

}: Neutral vs. Ab/Ad (2/2)

=

Power Grip @& &M 4

Q Wrist 0° CHH| Ad 20° Al tip to MMC E™ 72| digits 4, 50| A Z+ZF 1.8%, 3.6% U,
Ab 30° A| digits 4, 50 A 22} 2.8%, 6.3% U
Q Tipto MMC B HZ|E& & HZ(digits 2, )M = BE XHMAIAM M2 SAL
Q Tipto MMC EH H2|& & 25 (digits 4, 5)0A 0°0| A 7 31, Ab 30°0f| A 7+ =H2

Hand dimension Handle dimension Ad 20° 0° Ab 30°
i 9 e
= * p<0.05
D2 | @ew ms gAYl 2.9 4 785 0.1% @
Tip to MMC 03 | EEw msEAd 0.285'.;71‘ oo 1-??’;8"
=R D4+ | FEw % S2Y0| 1_3;‘;5‘ 84.7 2'88026 .
pDs* | mErR 35 S YO 5 6‘12-1!' 73.0 6. 37023!,
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Discussion (1/2)

O Hand-handle interface 24 & S5 £ hand dimension 1%
X

> 7|1E 23g e

|

I hand landmark, hand dimension 2|
> Handle dimension, hand dimensionZt H 2t M S HIF =3

i O = M

> Handle &4 22 2 hand dimension 11 %|& M7%

Q Power grip L "4 £H protocol H ¢

Y
> 3D scanning ¥ casting &S 0|83t power grip LIS &4 =7 & A

T O -

ro

o o
> TextureE E 2%t hand fusion dataS 0| 2610 HLUSHA & Ho} a0 HHE

O XHAZ 2 power grip XtMI2] hand fusion data T+
Mot WEfo| & W= W 2% 3d scan data?t post-processing0l 2|8l =& &

Digital human model 7| & (e.g., template registration)S 0| 23}0 XtA| 24 7t5
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Discussion (2/2)

Q Cieh = XpA| #Heto ME & WS o Hat G

#5 abduction / adduction0]| [} & L= & Hot M

=
=32 N 2lgt ZEX|(45°), 7(0°)7F DHEl AEHOAM FHO| =S E
o B2 MAHXOAH(n=30)2 CHACE & o Bl Ay 2N LY
AMZOol, EHZO| @ £I], §EHA 59| 3K dimension0 Lot =71 24
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Q&A

THANK YOU FOR YOUR ATTENTION
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