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Z=Hd A ZE2H(WMSDs) FITHE BF3(Evans et al., 2009)
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» Evans et al. (2009). Work-related musculoskeletal disorders among registered diagnostic medical sonographers and vascular technologists: A representative

sample. Journal of Diagnostic Medical Society, 25, 287-299
d Ergonomic Design

» DHHS (2006). Preventing work-related musculoskeletal disorders in sonography. Centers for Disease Control and Prevention. National Institute for Occupational
Technology Lab

Safety and Health.
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X210} Probel| Q17tEstH XM LA 9l HF,
Stress = 2F3} Protocol 7j &

1. Vaginal, Linear, Convex, Phased Array probe2| QI1ZtastH %X AA 5! HS: AtE

S
A 2M AHE Xt needs =44, PUI(physical user interface) 84 §°d 244, C|XtQl

benchmarking, QIH|EHEHA 24 XX M Q7ta3s™ A

—/ |1 = O /1 1 3

| protocol 7' Probel| A K| A stress H 2%

H7H(FErA dbtH gl ZH b giel) XA protocol 7H &

2. Probe Al2 & stress &2
H
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oL A Probe & &

QO = 47l 8 probe, 175 BHO|| CHSH MS 2 M
HI = AL Vaginal (5%) HI = AL Linear (5&) Convex (4%) Phased Array (3%)
) I ’ , y
SM +3 SM <:?
. : L3-12A 50mm PA1-5A
" ~ o
SM 7ot GE \/ y
P
ML6-15D M5Sc
GE-Straight ) PL-1 : ; : - {/
- L12-5 50mm C5-1 S5-1
GE-Curved PL-2 C//\ - -
' V22
. A
PL B -
: | _J
Aplio500 Aplio500
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O A+ e probeS0fl et AHE 8, =% S, grip 78 A

Mg 8E =5 SH
Vaginal Linear Convex Phased array
A2 scan =5 scan
- Sliding
x Ag =T
- ol " = 'l'}i ¥
\\‘L' L ; i‘g )
Tilting
£ H scan & scan
|
= ¢
5 Arg L .
=4l Rotation
XX Grip &.¢ °
=% Grip ¥ Compression
- : Push
. Pinch grip (Push)
Power grip : . . .
A8 1 finger / 3} 4 fingers Narrow grip Wide grip Pen grip
H: 4 finger / &: 1 fingers Z}: 4 finger / 2: 1 fingers Z}: 1 finger / 2: 4 fingers
o Rocking
% - ° zt =
i ol =
Vaginal Linear Convex Linear Convex Phased Array
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S2. AE2XI Al &M

O Vaginal probe A2

Abg} mhob

O|AK(n = 3), Linear, Convex, PA X

SEk SYH £ L 4
&l 2} (Phased array))

r

rk

NE
15°]
rig
ox

o} 7| Akt 2| AH(n = 5) interview

%4 8f(Linear), = —.—(Convex)),

O

D

H-5U(Linear),

Probe 82 A8 4 brand

Linear & Convex

Phased Array

AL Al 2R R

Probe 3 & A}

ol

+ Philips (M

z), GE, Toshiba, SuperSonic

Philips, GE

Cable support A 01%

Cable support

+ CableO|
cable support A& A| cable0| M2 110 confrol0]| & &
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ProbeZ} 7t & cable support
MESHA| &

Compression

of, 5, &5, 52

Mg £
Atg &2 (eg, sliding, holding, rotating, tilting, rocking)
Probe &% SX 78 &%(eg, holding, rotating)
AN 2Pt 2 X
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S3. Probe PUI £ &4: 24 2% & 11

Q ProbeE grip5 (A AL ThHX| B, head 8 (EHXL MH| HER), guard (8 X|X| & 0|7 WX 2)2 L2510 MA QIX} MO

Vaginal (A 21X} 247H) Linear (AKX} 217H) Convex (A 21X} 257H) Phased Array (A%l 217H)
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S3. Probe PUI §’d 24 Vaginal (242X} 247) 12
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S3. Probe PUI £ 2. Convex (242X} 257H)

25. Probe Z 0|
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i 21. *Head-grip%
* ™ LH| THX}

2|y S

i¢= 20.*Head-grip%
: HH £ T}

13. *Grip§ XA FHX| ™ X|H

oMz SE

7. Grip5 X2 5FH|
XH™ =4 Zo|

* sl X | = ~
14 CripT AT A 8. Gripk 2y
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S4. Probe A Benchmarking: M2 24 4tH 14

0 3D scan 5! CAD data 7|9t2 2 probe A QI Xt(e.g., TtH 20|, &, /K|, 2=, ZEHL] )2 dA M 54 8 &M

2A HAH 24 oAl

APM DY C| & GE Philips Toshiba

/ (
Head® M@ Z& s
Linear i,
l Head Z|CH L{H]| ‘
} 24.9 mm
o ‘ Grips 214 | P
. 43.6 mm
Convex |Probe Z0|
Grip%: /f LiH] 377 mm
48.8 mm
Grips Z0|
\ g 72.3 mm
PA (
,%. INDUSTRIAL AND MANAGEMENT -y Ergonomic Design
W.2% ENGINEERING, POSTECH Technology Lab



S4. Probe

A Benchmarking: Vaginal (G| A])

15

= H MO o}
Q A 5EX| Huw 242 5%t vaginal probe 2 E2E A E/4 ntef
CHE PL SM ¥ GE-Straight GE-Curved SM 7l 2ot
mm Short (7|&) Long (+43.2/+8.8) Medium (+20.6/+6.4) Medium (+13.0/+5.3) Long (+34.8/+15.4)
Head5-Grip& Af0| ZtE ° Straight (7|&) Curved (-16.3) Straight Curved (-16.0) Straight
GripF ©THE FH| mm Medium (7|&) Thick (+3.2) Thin (-2.7) Thin (-4.6) Thin (-4.3)
Grip® STHE FH| mm Medium (7| %) Thick (+5.3) Medium (+1.9) Medium (+1.9) Thin (-5.2)
. E x_l EPE . E . EE . . E . EE . . E . EE .
%%ﬁ%ﬁégg o | High 2=/ M;d;m ==/High Low @2 /Medium E2/22 Medium Eﬂ/gggh ==/Medium  High Rﬂ/lgg%h ==/High Medium 92/low 22/22
Guard§ =0| mm High |1=) - Low (-3.7) High (0.0) Medium (-1.9)
i 3s08mm § | TRl T Ty
328% mm 320.6 mm
30716 mm
1637° |
\ 164.0°
Image y A i
J 5.3 mm ”1 6 mm i 5.2 mm
- - 655 mm b bizgzom [ _><_ e ||
R 7 i 234 mm E I:—'1641 mm -341 mm
172 mm 4_»(249 mrh 178.8 mm -34.2 mm 43?2’ N -224 mm (
34.9 ‘ 406.7 mm 550 mm 55.6 mm
188.9 mm > 1p00.0 mm 42i6 mm 32.1
i 3992 mm f > 1000.0 mm 39. :
373 gfm 167.6 mm\
152 mm ) a1 136.2 fim 851 mm) 13_ia48 rim 47 mm) 132.7 hm 171.7 mm
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9 = i co@nsoee 22 Tee
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X 21} Probe AA| 72t 17

Q Z probe SHO L3l benchmarking(BM) 7|2}, hand data(HD) 7|8t 7§ A Ao 71t

Vaginal Linear Convex Phased Array

Benchmarking 7| gt
74442t (BM)

Hand data 7|t
M2t (HD)
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S6. Benchmarking 7|8 7} MQt A 7|: Vaginal 18

Q Vaginal probe 55 0| CHo F2HH F7t ZatS 7|He 2 = 27 542 toste 7|E SM 24|0f cfsh 7§ Tk 27

dEE1 7
" Probe XH Zo| M¥Y Head-Grip& Ao| 2t e OripR ST 4HE X0 7=
o= o — o)
s Bas MYy @) TE NHEY 27 At St Iy N e
3
2 3 ~
1 © © . o 5 , © |
I l 1 1 | Long J Medium
Philips. g gy - M M — ) [] [] ) _ (3424) | 14.2~21.8 |(320.6~328.2)
p SM GE- GE- sM Ph||‘|Ps ..... o U WSS S A —— PI'IIIIPS (Qrenranan MGE_ ........... ey o ]
24 Straight Curved Tleot A SM GF- GE- SM A T4 Straight . Curved 7ot
- 180.0° &  Straight Curved 7Zj2ot
3 2 : ‘ -2 H_~coH ) ;
07emM . 350.8mm 342.4mm i s AL Head5-Grip+ ! | Straight J Curved
3282mm 3206mm 3 180.0°| 18).0° >100@8m .3 == > 1000.0mm 900.3mm Ato] Zt : (180.0) 16.2~16.3 [(163.7~164.0)
163.7° 164.0° - I l ) \
N v ™~ 241.9mm \
Gripy ST AoE \ | Large \} Small
5H IE HEd (900.3) 658.4 (241.9)
Grips StHslHE &H + Cripf 2 olHE 5H
= grsg . 5
e L Al Ehis S MPd (=) =5 HE4d Grip§ HTH stHE S p— Large J Small
oz GrPT UT SIHT JH ; ; =3 25 MY (34.1) 11.7 (22.4)
) =& IEd 2 © © 2 ©
3 1 1
© Philips ...0 ........ 7T T LLLLELEE . ----------- . ------------ ‘Sl " philips 0 amssaaaazasssssssssass Mg T . llllllllll mans . u = " u
2 1 1 . . Grip® 3¢t SIHE o Large J Small
1 ssomm 2 SM GE- | GE- sm 2 sm GE- GE- M £H 58 HE4 (457.5) 1401.9~402.5 (55.0~55.6)
Phili ) -3 =¥ Straight. Curved  zfj'dot -3 Y Straight = Curved  jutot . 4
ilips - o T A el P deeenes e g e
y T4 Straight Curved :')IJ l )
A7.2mh . - I ' - -15.2 mmo 167.6 mm | 171.7mm  Grip§ 2 Th StHE mm Large \ Small
{ 17ad ( ( smm | R 53 I8 MEY (1717) | 218.9 (-47.2)
3 \ CMM - 550mm | 55.5mm L J
- -65.5 mm | \ -34.1mm r ) )
-34.2mm | 22 4mm
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S6. Benchmarking 7|2 74442t 2 4|: Vaginal

a 74 Bm AAE2 7| E smof H|sl| MEtHo = 37|F HAAA|7|1 ST 5™

SM CHH| BV @4 H|

SM CliH]|
L{H] Z+A (A=00)
Eo
Ao
SM CH{H|
=t Z0] Za (A=00)
=L

SM CliH]

=~
o

S

it

I—|E=|7| _2_ %7} (A=OO)

o=

M

{3 INDUSTRIAL AND MANAGEMENT
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20| 37t (A=00)

19

es

ro

]

odt
|0
u
[t
oY

BM 7HM ot

SM LCHH| HMEHE

SHZ0| Z4A (A=00)

SM CHiH| SEHE
=t Z0] Z4 (A=00)

103.4mm
SM CijH| SEHE
=g|Z0| &2 (A=00)
89.7mm
SM Ciid| 2R

=t Z0] Z4& (A=00)
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S6. Hand Data 7|8t 7 MQt A A| BEH: Overall 20

O Vaginal probe: Power grip AtA| A| HZHEl =712 2.2|9| hand datagE 121} grips MTHE SEHE 2 HHE 8| 24
5]

Q Linear/Convex/PA probes: Pinch grip A| A& XtA| 2t H2HEl £712F B2|9] hand dataS 112{5} 4 grip

Vaginal probe Linear/Convex/PA probe

8% £71= €|
(D2 Length)

rip& Z|CH
| x| Zo|

T, 4
,;ﬂ. INDUSTRIAL AND MANAGEMENT Ergonomic Design
W0 ENGINEERING, POSTECH Technology Lab




S6. Hand Data 7|4t 7| MQt A 4|: Vaginal Probe (1/2) 21

Q 0O|= ¢4} ot= 21| hand data "2k, =7I=f Z 0| H[E/X}0], grip XtA| 4 7|22 M= grip =8| FE4 S 7Y A

70 oF

- -

D2 Link

D3 Link

* d= grip S8 FH4 ol 208 o
v ’datgk: Deformed-D3 Link + Palm-Touch Link + Clearance ¢ Dl% ol & On_l- —
v Twist 8k Deformed-D3 Link + Palm-Touch Link + Clearance + Twist = D3 Link hand data B®4f 72 Zlo| xjo| &
60% 25% 10% 5%  100% . =72k ZIQ|
X D3 Link X D3 Link X D3 Link X D3 Link  x D3 Link
o
| 5] 8/X0]
D3 Link ; ; . Gl’lp X|-k||
Deformed-D3 Link Hursr Twist 28
grip Al S El D3 Link Length M3 grip =2 M3 grip =1 /
B
Deformed- 'Il?almr} Deformed-
- | Touc : aim-
b3 L,'p_'—( ------ i D3_I_'_'_r_‘k ifTouch
g | ST =~ |
~~~~~~~~~~ ’ b Link
Clearance
7 Twist Cl;arance
3 INDUSTRIAL AND MANAGEMENT d Ergonomic Design
Technology Lab
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S6. Hand Data 7|4t 742t A A|: Vaginal Probe (2/2) 22

O M= E middle finger point (D3) E2(103.7 mm)E 7|E2 = £7I2 Z0| H|F 3! X}0| datag & -85} 0{ C}Z finger pointS(D2, D4,
D5)°| grip 2 2%
« Length & link length data of D2 to D5

« US Army data & Korean data
« Ratio & difference of finger length

US Army Korean
Ratio/Difference Ratio/Difference
US Army Data (Year 1991) Handle Size 103.7  Korean Data (Year 2008) Handle Size 103.7
D Hand Dimensions composite (fm = 1:1) Ratio to D3 |Diff. from D3 Basedl on Basgd on composite (fm = 1:1) Ratio to D3 |Diff. from D3 Baseq on Basgd on
mean SD Ratio Diff. mean SD Ratio Diff.
59 [Hand Length 1874 99 177.3 8.1
61 [Palm Length 105.7 59
63 |Hand Breadth 85.0 40 81.8 39
| 1 |D1Length 66.6 48 58.8 37
10 |D2 Length 725 438 0.90 -8.1 93.3 95.7 68.6 43 09 7.7 93.2 96.0
Length 22 |D3 Length 80.5 53 1.00 0.0 103.7 103.7 763 43 1.0 0.0 103.7 103.7
34 |D4 Length 75.7 5.1 0.94 -48 97.5 98.9 72.0 43 09 -43 97.8 99.4
| 46 |D5 Length 615 48 0.76 -19.0 79.2 84.7 57.0 45 0.7 -19.3 775 84.4
12 |D2 Tip to Wrist Crease Length 1776 9.6
24 |D3 Tip to Wrist Crease Length 186.5 10.1
36 |D4 Tip to Wrist Crease Length 177.0 10.0
48 |D5 Tip to Wrist Crease Length 152.7 9.6
_ 17 |D2 Link Length 1043 6.7 0.99 -0.8 102.9 102.9
Link 29 |D3 Link Length 105.1 67 1.00 0. 103.7 103.7
Length 41 |D4 Link Length 102.1 6.2 097 -30 100.7 100.7
53 |D5 Link Length 81.8 5.7 0.78 -233 80.7 80.4
13 |D2 Proximal IPJ Breadth 21.5 1.5
25 |D3 Proximal IPJ Breadth 20.9 1.5
37 |D4 Proximal IPJ Breadth 199 14
49 |D5 Proximal IP) Breadth 179 12
% INDUSTRIAL AND MANAGEMENT Ergonomic Design
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S6. Hand Data 7|9t 7|4 Qt A A|: Linear, Convex, PA

.
x

d hand 27|2| AR M=

o —
SZ=HE ?%Xl(a, b)2t hand &f2| H=H fUX[(a’, b)2| TAIE 2 £71E 20| HEE 4

a: grip® = X|H

b: grip%® Z(Cf HH| X|F

c grip® X™ZF XA

a" dX| F8R ot 5= X|F
b SX| FHM OtC| W= X|H

a

—t
ot

grip 2 A0f| CHSH,

23

I}X] Al scanning® 3D hand-probe @& X2 & AFE50| probe 4|

a: grip® X $= X|H

b: grip%® Z[CH HH| X|F

c grip® XHS XX

a" dX| F8R ot 5= X|F
b SX| FHM OtC| W= X|H

Grip® 24 M &

Hand data 7|2t H&3}

=
—

~
©
ul

a: gripF %25 X HE

b: gripF Z|CH HH| X|F

c gripF =TS X|H

a" gX| AW oL =2 X|F
b X HEW otc| S+ X[ H

GripF Z|CH 4H]
X Z0[ (b-o)

0.81 * (BX|&712 2HA] + 3HAY
otc| ZoJ)

Grips A4 M VIR Hand data 7|8t X-8%t
Grip& Z|TH LH]| b’ 0.90 * (BX|&7H2) 2R A +
X|& 20| (b-c) - 3BmY OrC| o)

Grip 20| (a-c) a'-c 1.05 * (AX|&71e Zo|)
£

A3} INDUSTRIAL AND MANAGEMENT
W.2.% ENGINEERING, POSTECH

Grip§ 20| (a-¢)

0.99 * (AX|&7t2t ZO|)

Grip§ &4 H# 7 Hand data 7|8t M-&g}
Grip® Z|CH L{H] b’ 0.91 * (AX|E7t2 2 + 3HWY
XH 20| (b-0) < ote| Zol)

Grip® 20| (a-¢) a'-c 1.06 * (AX|&7t2F 2ol

Ergonomic Design
Technology Lab



S6. Hand Data 7|%t 7{4QF EA|: Vaginal

24
Q 74 HD 2AQ2 7|& smoj| H|of FEtH o2 F7|E ZAAA 7|0 FTHSIHES| =222 2ot gfo =2 HA
SM CiH| HD &4t H| HD 7l 412t
SM LCHH|
L{H]| ZtA (A=00)
SM LC{H| MEHE
sS4 Z0| Z4A (A=00)
EIE

SM CHH| ZTHE
7
\ SM CiH| =&t

SM CiH| Zch

=
T~ LT

=t 20| &4 (A=00)

e SM CiH|
= 2ol = _

@FS3) NDUSTRIAL AND MANAGEMENT
W.t.% ENGINEERING, POSTECH
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S6. Hand Data 7|4t 7| M9} Convex 25

Q 7" HD 2A|et2 7|E smoj HIs| HEHHo 2 37|58 S7HA|7| 2, gripF =t 20| & Z|CiH] X|- Z20|E d2A7|H, F

= = (=]
o SF=HS 2507 ot gripF ZEH FHE H2A7|H, 2t S5H S&2 2AAIT|I=E HE

[ -

rd

SM CHH| HD ¥4+ H| HD 7 A10t
e SM HY| o
?Elol §7|' (A=OO) ) OO0 mm .
Head %
SM Tfjb| S £y
SM CHH] Xy stE2™ 28 00 mm
grip5 Zt A (A=00)
20| &7} -
Grip§ (A=00) . i,
SM CHH| =™ mm
o o ZItf = e =8 58
rip—-- = |
TR st Cit] grioh =7Ha=00)
20| &4 X TH S Z A —
a .Umm
(A=00) (A=00)
MHE7|: — e N e 4 v v

“_ INDUSTRIAL AND MANAGEMENT

: Ergonomic Design
¥ ENGINEERING, POSTECH Technology Lab




S7. Probe 740t AZF H7} X} Overall

» 2 A2 FH| BHA|, task =&, =25 Ot

Vaginal Probe

E 282 A7k 120 min/2l

Preparation (50 min) @-mmmmmmmmmmmommmommmomes

{

Exercise (5 min)

'

1) Probe At2’d &7} (50 min.)

20 min 30 min
* Probe 87} & - &2 *(Motlon) =3 HIISHE |
_7|,_<_|:|| 0 _:L |'(EMG) *X-I _7'E:'|;|-7£-I| Dn_l'z—ﬂt‘E rg7|.

1

&

‘ts= Z

Electrode £ %t

!

MVC &H

26

Linear/Convex/PA Probe

E 28 A7k 100 min/¢l

>
oot
nx
[ol*]
ofn
10
x
12

%

Preparation (30 min) @ -mmmmmmmmmmmmmmmmmmmmmmme

! 71

Electrode S}

Exercise (5 min)

¢ MVC &3

1) Probe A2’d H7} (65 min.)

A 4

Reflective maker set £%f

Probe "7} N &4 Bt&5 TI}

Debriefing (5 min)

{3 INDUSTRIAL AND MANAGEMENT
{2 ENGINEERING, POSTECH

20 40 i
min min , 2oy
v 70|
_ _ L v 214H
« Probe E7} H|& G i Hotete ¢ A4
| TOHEMG) 53 f zpm gime w7

Probe 7} N &4 Bt5 TIt

Debriefing (5 min)

Ergonomic Design
Technology Lab



S7. Probe 7§t A= ™7} EX}: Linear, Convex, PA 27

= =4 EtA} B XRAL 7|E probe CfH[ 7H44 M| ArEE 7H4 21 AF
= W7} Cf4d: Linear 45, Convex 45, Phased Array 35

. WL Y

. UTH BIE DHE B
b ZIS'EIJH |

« L}0]:32.6 + 6.8
- Z4%:6.8+3.84
- &= Z0]:172.6 £ 12.0 mm

oL oy HSE 25 87t

S0t 7|7 AFE QAL Linear 109, Convex 98, PA 10H

mm)

pta
158.7 mm 205.6 mm
N (%ile) 2.5 5" 25 5Qmn 75h o5t g7sh \ t H
N (mm) = 169.0 171.0 1790  184.0 190.0 197.0  200.0 !
BNk | I N R N B :
(Size Korea!2010) = I | | | | | I !
(%ile) 2.5t | 5t 25t 50t 75t g5t g7 5 :
(mm) * 156.0 159.0 165.0 1700 1750 183.0 185.0 '
o | | | 1 :
I | | | I !
: Lt | | | | ¢ | |
B= = | | I [ I |
oL i th Eth th th th ! th 97 .5M
oo (%ile)25" 5 25 50 750 | 95 :
» =0|el (mm) " 167.0 170.0 180.0 192.0 2030 ! 217.0 221.0
(8ld I (Cdesar) o I | | | | IE
VN : | [ [ | | I M XE
N i %ile)2.5M 50 25th 5Qth 75t g5t 975t O O:I o o O:III‘
£ 2o  (elle)2> oo ' O 4 #to]x
( P (mm 0167.0 1750 1810 : 2000 2080 A & X}

—co-oko-o—+o—o0—1—o0—+—0—1 ' '
i L L A D A | 1 1

150 160 170

F INDUSTRIAL AND MANAGEMENT
V0% ENGINEERING, POSTECH

180 190 200 210 220 230
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S7. Probe 74 Qt HZ ™I} HK}: Vaginal Probe AM2%d T7} 2 28

H71L Phantom
HHE 7], probe &7 =0|/A0|/4 = SO LS 2AO|A HEE ZE 25

 Probe & Z0[: 70 mm
« Position guide: &3} Z+2 track 2 mm &2, track Tt 45 mm 22

Hotg
Phantom

sxjof gt==of
ZH2 2 rotation 3 HtE =
SN BELch

stxfof 9z=0f
I} 2 tilting 3H HHe &
Hoj A & LICH

=fR}Of| SE=0f
2|OF2f 2 tilting 3t HH= =
S0l HEL o

57t 71ats|
holding BtL|C}.

®
@

Ergonomic Design
Technology Lab

(% INDUSTRIAL AND MANAGEMENT

H s 1
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M Bl 29

M

S7. Probe 7182t AS H7I X} Vaginal Probe % % EMG

» S%2| CROM(comfortable range of motion) @& fIsH LA 127tX| 220 2 &4 marker £
= Probe AFE Al =232t 974X 252 MEDY electrodeE £S5t MVC (maximum voluntary contraction; Z|CH AHEHAN +==) =57
SX 2N marker 5%t 9|%| Electrode % 2{X]

Trapezius ,

Deltoid

4) Lateral epicondyl

=\ A = ‘ﬁ\ Biceps
- ‘ . i 3) Offset

4\ Supinator

5) Medlal eplcondyle Pronator

4// @ \ \\ s | Ext Teres
W\ . 10) Ulna xtensor
T 6) RIAS O d 71 KIS ; B, S0 i 10) . Digitorum
/’?% f:\* V- Radlusﬁ% 12) 2 metacarpal p
/ F
11) 5" metacarpal
Shoulder
Trapezius
Supination
Range of p . .
ronation 108.0 —
motion (ROM Extension (IR
(ROM) Radial 73.0° o=
b~ Flexion deviation Pronator Teres Flexor Carpi Flexor Carpi Extensor Flexor
\/ +69.5° Ulnar 29 3° Ulnaris(FCU) Radialis(FCR) Digitorum Digitorum
deviation 40° 55°
Comfortable 124 30
ROM 30° ’
1 50 1 oo o 1 50
0° 0

,}}L,; INDUSTRIAL AND MANAGEMENT -y Ergonomic Design
.5 ENGINEERING, POSTECH Technology Lab



S7. Probe 7§19t A= T 7} HAX}: Linear, Convex, PA A2 7} 21 A

= 87t layout: Probe AFEAHAALAL ZH=, phantom £= HiX|

= M7} task: Tilt, Push, Rotate

= 7t grip AtAMl: pinch grip (wide, narrow), pen grip

Electrodes

B 22 08
phantom

.
»
3
.
.®
4k ss*
ELSPER )

,%,,* INDUSTRIAL AND MANAGEMENT
W2 ENGINEERING, POSTECH

W78 Phantom

Abdominal

(Typical)
200 mm

(Typical)
220 mm

Grip XHA|

Tilt Push Rotate

\

Tre

Pinch grip  Pinch grip Pen grip

N (narrow) (wide) )

Probe AMEXH(H AL

= IHX| XEM[: pinch (narrow/wide), pen grip

= I & QES

-+ Ergonomic Design
Technology Lab



S7. Probe 7| MOt AF E7I X} ™ Zat EA HH 31
O FY = 2= datas rectification ™ filtering2 &3l pre-processing =1, task 52 X S&f cycleH 2 28 8 HHSI0] 24

S1. Pre-proceSMing S2. Synchronization S3. Data &=

= MiSMing data 2.2t ¢ | | N

I -éo: : ;f”’ \ /, ,

%400 500 10!00 15‘00 ' 20‘00 2500 ;m_ .;h:"""'-_x;,_ _/ |
=] ‘ 0 EII- e TDE‘:)IQD )
- | S2. Time synchronization S pattern &2
; S2. Data Ewt 2t
Time (sec) cycle (%)
% barwitherr.m
ﬂImpDrtData.m
eeeeeeeeeeeeeeeee ) MotionEMG_Analysis.m
f £ MvC_calm
Ei <Data M2| &> &) polyfitm
I — KEA| 7Ht %mlectdata.m
. . | shadedErrorBar.m
= i=2
B Sap“g rats 150HZ matlab code Al-o fl TimeMormalization.m
{3 INDUSTRIAL AND MANAGEMENT ; Ergonomic Design

W.2% ENGINEERING, POSTECH Technology Lab



32

ZilH o= T | I- (=1 18
T |_|' =1 |_|'—| T 07 o=
HO
"ot 29 A8’d Measure s .|T|.17|- MEx
. =X o
Gripg 40| & d o =1
Grip® #|2 HH| HFd
Grlp_l?l_ }_l |:H |_1|:|| X_-|I7CE'|AO'1 subject o, Subject No Subject No
H x| o _| =~ A‘l CEEEE E=ZW7|7| AHEZHE year AU EBI7|7| AEHY; year WERY £8T717] ABZ year
i S= |HH| & A8 2 He 2w N8 e He ey 48 2y FEXLT
37| MEA Grip® A== A8 X2 S . e — - R R 3
an_'?'_ }_lj\_ _":_J}-" X_‘llgg L — mm [ L — mm b o 220 m iy mm
o — I 4 C| =iy SPSPS) Linear Probe F2HX OIEE M2 ohy Convex Probe FZHH QIEE ME OHf
an_l_ _Ll H Aln }" e s:%s :x: € lnear robe 717 4B G FaH YIS WrEuich nwes probe 47141 AEol Se8 Wiy Phased Array FH HHE 4 o
R 4 % BoEAR B Bt AU Alel BRI E EHC, 2 HEE HYO| CHE Phased Amay 37HF] AIE Ty ey
Grlplﬁd— _$_|A —?—7}'" XH(:'.' %E‘"?Elol 75‘,"5“}5! Eaifn::\ @t‘n&jﬁl;@xﬂgm i:’:‘;;:;“ . SERH TR Yrhre T o AR zwgs?mo; ;\%;:‘LSJAM;\;;‘;Q;I%W“EN5’57 A\E'ZJ!,
M = = | = 220l Cish WYl WL A2 VUK BHFUNL Ej A:“gf f Efﬂ”“m B.C HERE SATE UNN AN £ 8 AEY 1F
Grlp_'_ il EH _'_7}” XIXD-I EE'"onl I_-|| EAO-I B ;;MT‘ENU;M‘S’s@xg‘é"ﬂl’*égiﬁﬂxmm BoYFUAL.
Grip: Grip% %8 2|0} 32 28 HE4 o A . c
Grip% %8 2|0) S5 28 HE 4 Vet f f 4
/ P '
o =] . - = J
I Grips Be A0f H2H 25 M 0
=z = R
Grip® HB 2| £5H 38 MY <> o o 7
Grip 212 S A& 2Mel 38 Y
Probe part -5
= = = v e
Grip® X0 = X 2M2] 58§ HEY
- =
2hE R R A Grip? 8% A& HAJ
= ==
o —
Grip® 58 24 HHY
. SEA N SEA
[ | EH X_‘|| O:’" 3 Gr|p_|_ %ﬂ EH I_‘! OHI' O-I Linear Probe & BHSE HIH1/6) Convex Probe FHX UHEE WIH1/7) Phased Array £ WHZE WIH(1/6)
= x ot ot Aoy
Head #0| 29 a3 :-:» ~ o G el g “:' MT
H X — A M 1.Grip¥ 2ol Ay R e . 1.Gipse 2ol 3wY 1. Grpyt 2ol HEA
Head: Z|CH 7 XES | iTTereesheseseet o, . .
= < ® @ ®® e
R Head* |Cf Lfu| =4 | coss sesiessiies Jl : 1 seeeiss
= : - o . L ¥
Head 2 Head-grip# 5% F/H At 42 S T R — A .
ead—Tr— - 8B® @9 0 @ s ® @ © > S a - 5 \ LX) °
Head-grip® & HH| Ehxt HEH ”i T eeeceseliessos } so00 . el . :
X . >® 6 ® L ® L4 h
Head® guard =0| &Y —— PP
¥ 2 A nz X} °® 3 Gips 210k : PP
= = x4 B.@:Zl@@ K ° — A e A®@09 060 4 000 a °
s ®EA Head® 8% S8 NEY Cesiiiee vees . ) cevsvwes cescsses : e
- = = =2 A A - — E@e@eao00@® 000 ° — j«— D00 @O20O0Q@E p0OO0OOOO e oo
Head® ZH ZE& MHEHY B o . e
EVEEE Probe Z1X| 20| Xz et | | O s3sseses R TR TYTTY
TEEEEE Grip¥ @2 2 M Ny LU I S B
o o e na T A 2@ A® °® 5. Gript 12 $11 o0 3 =M
Xl-k"&'l%}g Xl-k”x_‘!g!'g sEeeacoee se X A e °o °
\ b@@d0D@@ Do o.c ® e el v : ] peevvoes e e
o 5 A8 XA 3 A8 HEY
=5 o4 =% g0
BT BT
= =
AU pIE e AUt piE e

INDUSTRIAL AND MANAGEMENT
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Vaginal Probe

3
m
2
m

W.2% ENGINEERING, POSTECH




[SM CHH|] Hand Data 7|2t 7} A HZF - Vaginal 34

Q SM OjH| =285 =k 33.7% ?4M, = |7 ol= 88 =&, 582 54% A

=. o, EXF X|C o '6'tAI-
7IE: sm Ao e Ba am  EIABEHOl <08% HE e B 400 N8
? (7|:| A 7||_ om +1-3|:|) (I—O —|E-l-| H40 =
" CXF BHO - AFA Cl2
(1) FUH BEE (2) 28 23t (EMG) (3) S% B SM: & SOE=
: Benchmarking based
7E|o|lag||§g HD: Hand data based
s )
Guard® SEj HsHA 2 =cpE {H| XA Micjng_l—l_{?id Radial/Ulnar Deviation Flexion/Extension Internal/External Rotation
o SM ST 1| _'E% FIexor i T )
HE T i 7 == o
- t 1 HD *quL% \[.,5 (¥ / (V1 D

=
=

wn
=
~
[
o

HD

15 15 15

x |:|-_=||_ _l|=_7;-|| Js-!XE-Ug R Extensor

1 .
2 v
igi iceps y-y
R A 2'79;235—112 3 (0|50 €= 10 @ . .
: side vew I = i\ [E/r5E 2] 4

. 33 . . 38 38
N -
SMo ---E====i— - SM 0 ——-s====aaae Ie—__ SM 0 =———Smmmmia—me -

Guard® 5% & HMHY

> Topview

. Flexor carpi radialis (FCR Supinator A
STHE S MEA R P upinator B ” " -
Guard % {H| HHd h N |
2 LY N5 . . 5
“r - E Sld:e view I

{ ? E &\ Flexor Carpi Ulnaris (FCU) Pronator &

i&\&\ EEsZ=D) = -10 10 10
NG 158
SEH S MY % ,
Sidjh:l;;w ]
1

"'.. ‘.’.g'-. INDUSTRIAL AND MANAGEMENT Ergonomic Design
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Hand Data 7|4t 7} A 45 =1} off A

HD 7{M ¢t

— Vaginal

35

o=z 2742 Z00| H| T X XFMIOIA hand grip L5 HAS HHASH grip HAt

=) LN ok7} ©
':t" oo = |_+-|-k" _ Grlp 37|: GE 7|8l HH grlp 37|
- Gl‘ip AR 2=718F ZI0] H|E =&
| 2 L = Ok7} © oo = ' =
HI:..-HI °° e +THI XtMIOlA hand grip L5 E4F gtE

GE C{H| HD ¥4 H|n HD 7§ Aot

78.1mm <

GE CfjH|
Zo| 7 (A=8.5)

}'ﬁ’, INDUSTRIAL AND MANAGEMENT
W.2% ENGINEERING, POSTECH

GE Cfjt] Mgk
S#Z0| Z7} (A=64)

GE [ FEHE

) S3Zol #a

\  GE CHH|
I EEZ0| #A (A=9.7)

SHE

GE Cju| ghe

=Y Z0| Z

ZH4 (A=19.5)

(A=0.6)

SM CHH| HD &4t H| @

SM CHH]
LjH| ZtA (A=3.9)

| SM CjH| Fche
— S#1Z00| Z4 (A=17.9)
91.9mm
| SM Ciit| STHe
E320| ZA (A=189)
\ SM CiH]| %‘;'F_FF.’—
E3Zo| ZA (A=27.0)
SM CiiH| FCHE
S31Zl0] ZA (A=23.9)

oF
ra

104.5mm

94.2mm

A
e

78.1mm <

SM CHH|
2| 37t (A=43)

Ergonomic Design
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7=I|.

Convex Probe A% Z1
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[SM CHH|] Hand Data 7|2t 7§ A ZZ - Convex

O SM CHH| FEH THE L 24.4% M|, 2|55t HEHEO

- L= 1

Hlu N = FoH o= K55} (EMG)
Hand Data M| k7t 2N
++ +
7|&: SM 24.4% E= S Ar2% X10] 1.7%

(78 HE 7| & +1.03)

(wide-grip push S% Al 3.6%)

(2)

2 0|/|—'| H|/FH|
'rf i 20 %2 /
L crips e Su

Gripst Ao 48| A|F

20| ®MEM
{ 4 I
Grips 2|0} S| A|H s LA
ri B HH A M
O 2Me 25 =md SMuIx) X prale H HES Y, ,
rC I

| Grip2 &4 =7 A|H : <
-j O Ep):ﬂrﬂl s ®EM Grip 2|t HH| =2 Thenar
— fe—
N ? Rgagtd | Grip® 214 £ MY _.1._
=48 5= 920 0,
) A=1.7%
—)  Grip= B0 N} Grip=t FlTH S0 EHES |
b SEd g HEM
J
Grips =8 | Grips %] S X|H {@ \
9 s HEY Safdo| =y (O
Grip =81 2|0)  Grip' 2o £ 7% \\ Extensor
) meEasNEN =gzo HEM ‘ \HN
ne -
-=- % =4
i 44’1 INDUSTRIAL AND MANAGEMENT

M}' ENGINEERING, POSTECH

== F3t (EMG)

Flexor

37

O 2 1.7% SM5HH, wide-grip push % 3.6%= 21t 57|

GE: GE-curved (7|&)
SM: tHd M C|&

: Benchmarking based
HD: Hand data based

A> 3.0%

Push: Narrow Grip Push Wide
-10.0 FCU -100 FCU

-5.0

Thenar FCR

Thenar FCR
Extensor Flexor Extensor Flexor
Rotate: Narrow Grip Rotate: Wide Grip
100 - FCU -100 FCU
5.0 50
Thenar FCR Thenar FCR
Extensor Flexor Extensor Flexor

Ergonomic Design
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Hand Data 7|dt 7§ A 4= 21} A - Convex

° . = ° E °
= 1= 0 A 2N - Grip 27|: 1= grip XtMS 7|E22 grip
P +4+ ++ 20|t Z[CH L] X 278
M S OF7t M - Grip HAh: Eb 3 M2 93 XA head-
| . = b~ .
++ - grip 5 AL &=, grip FH H4A
GE CHH] HD " H| SM CHH| HD ¥4 Hl
ol =0 SM L] =
FE 20 571 (a=37) =E
Heads GE CHH| Head £
guard g N
THXF 71 (A=2.9)
GE CfjH|
GE Eﬂ.Hl grip& SM CH| =H
grips p e SM chs| ) BEH 38
AchiE 2 ZbA (A=35 grip& A4(a=43.8)
23} (A=36.7) g (A=35) Zo| =7t
Grip& (A=11.9)
SM CjfH|
Grip&£ grip5
Sy =z SM ciit] =&
Zo| #A o S5 38
(A=15.1) "7HA 143.8)
HE|=E e I EVES =
I INDUSTRIAL AND MANAGEMENT d Ergonomic Design
Technology Lab
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24 2MANOVA) 21}




ANOVA =4 QIx} B X} & 40

Minitab’
Q Z=SI} probel| 2173t AF AdEoAM DefE QXS2l atd "ot Antet FH "ot Zutof clist SAIXH g2l
o2 E mietstr| 2|8l Minitab 16.02 E8310 24t 2AM AlA|
Minita»
A2 "I Al el QIXf ZH2HA I ANOVA O Al: Thenar - Linear Probe
N a0l e AR HIAE
No CIXt (Factor) 4 =T IR} =2 (Factor Levels) (Source) (5) (df) (MS) Fo Prvalue
Product 638.39 3 176.67 279 0.045*
1 Product (MZ) 1 (fixed) 4 SM, GE, BM, HD Tes a5 2 5014 079 0ase
Grip 78.94 1 78.94 1.24 0.267
. . . HS 1237.18 2 618.59 0.16 0.856
2 Task (1) 178 (fixed) 3 Tilt L/R, Tilt F/B, Rotate Subject(HS) 1921667 5 384323
N Product x Task 149.51 6 15.64 0.25 0.96
3 Grip (Grip 7¥) 1™ (fixed) 2 Narrow, Wide Product x Grip 20.12 3 671 011 0957
Product x HS 317.74 6 52.96 0.83 0.546
=1 X : Error 6279.19 99 6343
4 Hand Size (& A7) 1178 (fixed) 3 Small, Medium, Large o rainoon 1o
5 Subject (Rt0{Xh HZkrandom) 8 ~9  S01 to S09
ToH 7t Al 2 E 2%t T 7t ANOVA O|Al: DA BFEE - Linear Probe
N ol e le A E
No Ol—lxl- (FaCtor) 'Igr%l _Jlk_z':_ Ol_lxl- _JI\_2'|_S (FaCtOI’ Leve|S) (Sirce) JE(S,S,) I(df)i (MIS) fo P-value
— Product 32.875 3 10.958 792 <0.01*
1 Product (M| 3) 1178 (fixed) 4 SM, GE, BM, HD HS 1192 2 0.59% 021 0819
Subject(HS) 20.333 7 2.905
. . . Error 37.375 27 1.384
2 Hand Size (& 37]) 17 (fixed) 3 Small, Medium, Large ota sir7s 39
3 Subject (| X} H 2k (random) 8 ~9 S01, SO3 to S09
F5 INDUSTRIAL AND MANAGEMENT Ergonomic Design

# ENGINEERING, POSTECH Technology Lab



ANOVA =M ZAi}: Linear 41

Q Linear probe 245 23 0IA| Probe EA|(Product)= 42X "7} A0 M= thenar muscled|A{ Tt f2|5t0, F2H H7|
AN M= 63%(14/22)2] HIIHE SN A Qo|3t Z{o =2 mot =
d Hand size(HS)= Z4&tH "7} Zat U F2tX "7t Zatof] g2let QAXE7t ofel Zic = mot =l

No. Tt a2 Product HS * < 0.05
1 |Grip® 20| HEd *k & OO’]
Factor 2 |(GripF X=F HH| HEH
Muscles 3 |Grip® Z[Cf FH HEA *
Product Task Grip HS Product Prodgct Product 4 |Grips A4 B X S 2ol HEA *k
x Task | xGrip | xHS 5 lorip% A/0H S x1H S 2ol HEA
ECU » 6 |GripF T 0 =8 & M2 **x
7 |Grip® W X EEY JE HEHY **
FCR ** * 8 |Grip® M Ay 2N T8 NN o
Flexor *k *k 9 |Grip® EH X0 S5 & HEY
10 |Grip 2o 7 XIH 2Mz2| 38 HEY
Extensor - - 11 [Grip o Ll xI% Zol My
Thenar - 12 (Grip% Sef Mg *
13 |Head® ZX[CH 74 HES
14 |Head-grip® &H 54 tHA HE Y **
15 |Head-grip® @™ LHH| SHA HE Y
16 |Probe Z0| HEH *
17 |29 24 =8 **
18 |DHA] RtA| Hgtd *%x
19 & A HEH **x
20 |=& 80|4 **
21 |28z ok
22 [l **
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