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Abstract

This study develops a methodology for hand motion analysis to evaluate
product design characteristics. The hand motion data were measured by using
3D motion capture system Falcon® and reflective marker set, which can minimize
interference of measurement device. From coordinates of reflective markers,
angle of finger joint and trace of tip can be calculated. And, hand motion data
were visualized by 3D hand model which was developed with software, Maya®
and Sl. The hand motion analysis method was applied to the text input task by
using 4 types of mobile phones. Mobile phones were selected based on button
layout area (3 level) and index of difficulty (2 level), and index of difficulty is
calculated based on Fitt's law. As a result of application, an average posture of
finger during task can be determined with angles of finger joints. The average
posture of each phone has little difference. And the range of motion during task is
increased in area of button layout, which can be measured with maximum and
minimum angle values. The finger movement can be quantified by calculating the

trace of finger tip, and it is also increased in area of button. Finally, subjective



satisfaction was measured about finger reach-ability and finger move-ability, and
it showed different results for each hand size group of subjects. In this study,
hand motion is quantified by using motion capture system, and angle and trace
data were analyzed. This information can be used to evaluate product design

characteristics and improve the satisfaction of product.
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FUE, RE, g2t e o7 %Z#3s= hand-held device 2
input device®] A}go] FT7lslal th. FuiEel AS- §3 7|e¥N ofy}
029 7}vgl, MP3 player 5 thefst dx}7]7)9F A3EHA] ALE W7 =
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mol Agow olojd ssAel AUk FUES A BAWMAA A
(SMS)7H &4 F3h A8S AZtE Qi Ao eI You(HAH,
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(2003)+= meat hook®] e H7}E <93l FSR (Force Sensing Resistor) 41417}
F-2d A7+ EMG (Electromyography) =7 A]|28lS AFE-3LO 24 meat
hook AF&A] & 35 #418}3I T} You et al. (2005)+= pliere] design 7} A+

o 4 EMG A|A~®lS ALE-3lo] pliere] design zFolo] wWE &= 3 A7]|E Hl

3 7kak k.
& B8 242 FU /E ATE S40] §olF AV £S A%

TRhe B3] AtE S4=3skar lth Nelson et al. (2000)2> FAFEH 7|HE
of A7 Fed wu HE FPs AFolA index fingerell electro-
goniometergs 23t o =M Elol Y Al &7tE #d AU Fi, S
T} 72 joint kinematics®} <& Aol deviationS A3 TE  Electro-
goniometer®] 7-¢- &3 2 A2 AlA Fejo] Ak AL tha AgHA o
), o] AME 23 AR A9 Al st o] = Aoz U A
21 tH(Chaffin et al., 1999).
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o], B3 F2A°] 79 Helen Hayes marker set¥} 7Fo] sj-g-2 o5 2 AHol¥

marker seto] AWFH o= AREE AL JUHFHF, 2005). & S SAY

A& marker set¥} 1o wWE A FHEA HAA 2 e 4 UHS A

=4, 549 £ 2 delHE veer £ AdS 7HE & ¢
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FiEo=w FARET, 7F o g ¥ 1% 2-1¢F ZTH(Chao et al.,, 1989).

S VRITHE 2-2 FX). dE 501, E7FEm Abo] (P9 A% A=

7h 19l A ¥d |HE sk low, EubgEriEm dE(MCP)e] g ¢
Ae AHE 190 A3 #4(hinge joint) YA &7k A E 290 BRI
4 (ellipsoid joint)e] HE)E dtar glivh. Ao EEEnigm ¥E(CMC)o] 7
G, ATkl wel A E7E 3oekal sk - 9l e (Buchholz, 1992), ¢
g o g AHFEE 28 Hr)
F 2-1 &= #H-o B
i g A=
&5 A (wrist joint) ofefj 7} ELw Afo] ]
4 ?
E&Enfe S&u o} Bupe Ajol
2
(carpometacarpal joint, CMC) o ¥4
EnpgrErhem g Lol of Fluprim A} 2
(metacarpophalangeal joint, MCP) | o] #4 (9A:1)
=9 E&7hem Afo] whd Awpe]w ef FFhuhr] w
(proximal interphalangeal joint, PIP) | Alo] ] ¥4 1
91 &7k Alo] w4 S w o} el (HA:1P)
(distal interphalangeal joint, DIP) Abole] #4
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o] 22195 ZA317] 9alA electro-goniometer, cyber-glove,
video spot locator system¥} 72 T}k AH]E0] ARE-% a1 )t} Nelson et al.
(2000)+= index fingere} wristo] flexion 3 extension Zt=5 ZA3l7] ¢4

electro-goniometerS AF&3ith(1d 2-2 %), Keyboard AF-&A] &=71e3
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goniometer= - A A w470 B o

_Ith

1871¢] A 7] A& sensor’} 2% cyber-gloveE Al-&3}3I T} Lee and Zhang
(2005)= power-grip AFAlC] predictionol] #3+ AFE F3Yst7] fElA, HE
221 video spot locator system 7}t 3F1tQ1 Vicon 250 motion capture system

& AHgaan.
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marker set 2 7}x7} Ao gkom, Z+ marker seto] FEjo} IAHLL o}
=7 #t} Somia et al. (1998)°] AF&3H 19 2-3(a)= <&HFE | (metacarpal
bone) Zt7tell markers F-# ol glow, Ao marker ?1x= AolekA &
L 9tk 19 2-3(b) Chiu et al. (1998)°] A3k marker seto =2 =7}t nf
t} 7} segmentE YERNE T 19 markers ARg3kal 9lo] AU ow @
markerZ AF83Fal vt 213 2-3(c)= Zhang et al. (2003)°] A}-&-3F market
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(a) Somia et al. (1998) (b) Chiu et al. (1998)

(c) Zhang et al. (2003)

19 2-3. £=9] reflective marker landmark
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Nelson et al. (2000)< electro-goniometers- ©]-8-slo] A &7159] &

218 BAslo g 7R EE wel 9354 o]’} U= measurement:S

kinematics 2 wrist deviationS =A sttt =4 A3}, 3 Af-=9 W3 @ A

<
Uk F o). 12, Nelson et al. (2000)9] FAAZA e A5
2-59F & A 7K =] #-&3F Treaster and Marras (2000)2] Aol A+
Nelson et al. (2000)2] Ao} S7gx]9] ZAFdA] LF- itel 235 Hlo
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3. & B3 B4 P AL L A7

£ F2S SA4%7] Y3lA Motion analysisAte] Falcon 240 7HEt=
AREERTE £ AU S AgsiA SAE7] s 8 mm d=rF FAE
Halel 6 S AAFARS FHORE 1.5 ~ 2 m Aol w8 o, SA
frequency™= 60 Hz= A3}t 18 3-1= & 52 F4o o]8% Falcon

system®] /A8 S veEld Ao R 6thel bk (Falcon HIRES)9 HlolE] A&
A H(Midas), HlolE 41 AFEHE 77d¢] HAnt ol A A (MIDAS)
£ T34 78 data= dlolH 4] AFHANA AR V|EHGoH,

dolg 3 % EAoli= EVaRT 4.2 2ZEg o7} AgH ),

EVa 7.0, EVaRT3.2

Evs Reaifime
Workstation
System

12



N
e

—

0

g
B

o

—
file)

0

—

0
]
—_

X
al g

~N

r
=
Ao
SR
o

ruge]

K
~

Ho

Zhetelt}, whebA, 19 3-23F o] Eo] %

4
.

]

A

¢] marke

dol] a3k 117

s

i

s
a

71

-
T

] marker

o] A}8-% reduced marker set

24719 reflective

&

A

13



©
g
I
4
1o
N
d)
2

markerE &3l &£o] HEAS HAASAT &)

9 JF %W reflective markerE F-zsto =2 Zhw Ao F R3S vector

monool Ztws =437 984 3719 marker® F7tE FAsl i1
33 #x). 7t Bde] AEE AAeE 12 AAs] YA A CMCs

jointg YHo= = HARAE AAAY. 1™ 34004 MCP2, MCPs,

19 3-3. Reflective marker set
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Aol 7hssith weEba], markere] 9IAS M= A9l T
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AT FEe AFEEH s o) }ck. A adduction-
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o] #Ag
abductionS #S AFEsh7] f18lA, 18 3-6°14 AH¥ X-Y planes ©]-&-35}
Ak ol E 59, 19 3-49]4 21X MCP jointe] adduction-abduction #tS Ak

3F7] 91384, PIP joint markere] $]x& X-Y plane°] F<%3lo] PIP,’ marker

=
o] #FEE 4F=38)a, marker PIP,'SF MCP.2 A 5= ¥WE 9 MCP,.¢ CMCs

il
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1% 3-6. Adduction-abduction #te] =A

A e7E 291 9 flexion-extension #k& AFESt7] f1EiA, 71+ X-Y
planed 22l WS AFostar AHT markers FIAZTE A4
MCP joint] flexion-extension %t 871 84 2zt E7pehe] Eupem
(metacarpal bone)E A1}l X-Y planec] “=21%1 B S Aol 19 3-7
oA Hi= wpel go] A st ek= E£712He] PIP joint #131E X-Y planedl
el Fo] £4dste] PIP,"g}al 3al CMCs, MCP,, PIP,"7} o] F& 2%
AXrEo 254 ZF MCP jointe] flexion-extensions AF&38F3ith. £23 oj#] &

7bet w3, 7]% HHe] $#o]al CMCs¥ MCPs& #u
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marker % E Fgsto] 2 AFRe| g A&

1% 3-7. Adduction-abduction #te] =3

AAZEo 2 dojA = markerd] ik HEE WEOR EVFE E59)

A4 s AREH) YsiA AR S Excel sheet® 24 3}al validation

3-89t 22 jige Alztete] AAl rd ZAwrt AEHeAE HSssith A

o|\

A3k 3 3104 Bz upst o] Ao AAE 308 HA ¥ low v
Hom, Excele o] &ate]l Ae AAYS T8l 4Es AEshs 2ol e
g Aow wFerE ek o123 QA1 motion capture systeme] =74 2219} jig

A A LA A5 oAbl 7118 Aoz AztH
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4 val

idation®l] A% jig

a9 3-8 74k Al

¥ 3-1. 7%= A= 34 validation 23}

(91 °)
< abd /£ abe 2 abf
Flexion Deviation Flexion Deviation Flexion Deviation
71+ 45 0 45 28.41 45 48.29
A= 43.81 0.12 43.28 28.57 42.76 48.50
H 2} -1.19 0.12 1.72 0.16 2.24 0.21
3.1.3 &9 A4 W 4

A% A FHlE et 249 Aus AFFer] QA &)
2 tipoll F-2HE markerd] ol AAHE AT &1 E(tp) s HES
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2238 A9 tipoll F2E markere] XS BAFo 2 £vfeto] 29l
AEE BA38l= Aol 7H53ktl. Motion capture systemol] AF8% = camerai
6001 4 240 Hz¢] sampling rateE 7141, 2 AFo| A= 60 Hz2 =Ho] F
gt 2+ frame® markere] 329 WY zpo]lE AAELe] Ao M

marker®] °o|E#A 2 AlE AXteAThHEA 2 Fx).

Trajectory = Z\/(Xij - Xi(j-l))2 + (yij - yi(j—l))2 + (Zij - Zi(j—l))2

i . marker name 2
j : frame number

3.2 3D hand modeling

by
of

2 574 datas wBoR &8 FHUS THAEe] s A
o] 2§ software?] SI<} 3D graphic modeling software?! Maya®E ©]-8-3}¢]
3D hand modelS #3321t 3D hand models ©]-&3te 19 3-99F #o] 2
A Abg =3} 748 hand model©] motion capture data®} -5 % o] w2 o]&=

7o) 7bsstt. Al 2" 3D hand model2 sking W7 sto 24 tpoFkst 7] &

sl

Pl & mde AFaE o] stk
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19 3-9. 3D hand modelS £3F & %2z+e] 71A) &)

A wch A3 softwareq! Sl 2.0 ©]-&3dto] &9 W) RS AJds)
T} SI+= motion capture software?! EVaRT<} 37 #|¥%+ software =4

Falcon system® = =73l motion datas HIE o= <A W& A= 7]

ofr
=

= 7HA

k. £o WHlE ) A et e g &g

fstrt 1A

©
flEL

, =5 A HH 2VAAE VFe® woe A9k fA

|

S AASjoF di(d 3-10 #x). =4, AEE WY #HAH4Qd A=
(degree of freedom)$} 521 ¢ (range of motion)S A 2] 3kt}, o] I}pA o A
o] Aot FARAE AFTFoEN QA2 A4S Bt sl

Psdteh s RoE, Adssad s AAEA dolee] 4§

o
it
S
=)

g 2 48e SRsA "k
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% 3-10. SIE o] &3k & wo A

3D graphic modeling software¢! Maya®Z ©o]-&-3}o] Slol A whEoxl wj
e} Akl & skin models Z2%3+9] 3D hand modelS €431 th Maya®=
o]§-3te] SIollM rEEo1xl & Withel polygono= T sking 283t
(28 3-11 #Fx). & woie} skine] scales ZAsto] AR A7|= AT
<, o] #d7 skine] FHEF-LE bindingdtit. £ 2 el wh} skin
] polygono] Wth& we} Hol= Fmrt depAn®r, a7 3-99 o] 7t
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43 2¥ A
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ke

4-4. 4738 FdlE9] design specification

(91 mm(A ©]), mm?(H 4))

Button Button layout Button Body

layout index of ThR | M2 |72 | M 2] Grip | Grip Index of
difficulty | 7}= | Al = | = & difficulty

area ol | do] |7+4 |74 | span |length

Small High 34| 29| 986 11, 55 12 7 42 80 144.2

Medium| High 40| 28.5|1140f 11.5| 5.5 14| 7.6 48 85.5 144.4

Large High 35| 36(1260 8 8 13| 93 45.4 91.5 143.7

Medium| Low 36| 32|1152 12 8 12 8 42 85 116.2

432 T WA

Nz ge gAede] FUEe A48T b & 549 Aols 247 9
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data 7]% fileel motion data®} 7 A7g= ATt AX<E=7F2] 1P (1 dof), MCP
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st flexion® &3 CMCO| deviations XE3Heh dA Z4w9 &S F7I=2 7
Ahebglvh Zb 7 S Aol e A4t Bt Ak, AR 7w wg A
&, Adigk, Hagte] BAFA A tipol F-2E markere] FHE AHE o]
Sl AA tipe] olEHAE Axteon, =9 o5 AT At A

AP FAHOR e WS Ee BUEE 5457 914




x| design questionnaire®} T2 w7} AREE QT A FoixEo] 7k F
)= 9] design specificatione] thal =7]&= WEEZS =AE7] Y& FHE
grip span, grip length, button size, button gapel ™3t T+5%=7} 734 Likert -
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AREAPZE 7HE Wl A9 ke Hl Y wbEReh e A ElSkal specificationo] =L
A Ao mek #9-% scales HAEE 7 JAEF vk Ao R, ¥
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2ol 48 A7HS EA3F A3} button layout A Z o] AAFE A =
g A sl Skl o, AR & AV]E foe G A
A7 e Ao FA & Aol

w9t} Layoutdl] wet 29 G8) A7kl 9]
(3]

7} Qe Ao® EAEQ Om(F(2, 18)=3.58, p=0.049), Bonferroni t-test 23},
layoute] b2 FrofjEo] YA FojEd [Fog Apo]lE Hole ASE A
HATHEE 4-7 Fx). Layouto] 22 FulEel Ag o 27.1%9] FAY
Alzbo] A om, F3F FuUEY T FUES 47 HAt 244%, 24.1%2A
Toapeli= A 3.0%2 AoE EALANIH 4-6 Fx)
¥ 4-7. Button layout area o]l wE 2k] 428 A|7F HAabEA Ax}
Source df SS MS F %k p &k
WA E A 12(G) 2 2467.78 1233.90 1.27 0.326
b2 A 2HS)[G] 9 8720.03 968.89
Layout (L) 2 192.17 96.08 3.58 0.049
LxG 4 119.68 29.92 1.11 0.381
L x S[G] 18 483.42 26.86
Total 35 11983.07
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HE layout ®H
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p=0.006) 2 deviation (F(2, 18)=4.06, p=0.035) Zt%=7} =% -3k 2}o]S H
QTHLE 4-8 FX). Layouto] K& FulEy #e F
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2ol S B3 O M(F(2, 18)=14.24, p<0.001), SNK &2} A3} A 7}x] Foj& =
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Fi= designell theh W= E A%k A, grip length, button size,

O

button distance W olA] layoute] Yl FulEe] AEH o, grip span =
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4.5.2 Index of difficulty z}o]of] w2 &3}

29 ) AIZES A% A3, Index of difficulty7t W2 FoiEo] At
Ao e A I Ate HIOU(E 4-8 Fx)

ATHF(2, 9)=4.18, p=0.071). Index of difficulty”} & FHZ3} % FHPES

Z}7} 3t 24.4%, 23.0%9 A FHAES HGoH, 1 ztol= 14x%]H

(29 4-13 #=x).

¥ 4-8. Index of difficulty z}ololl w2 =& F28) AJ7F FAHEA A

Source df SS MS F % p #k
AR 1F(G) 2 1321.25 660.63 1.77 0.225
¥4 A ZHS)G] 9 3365.02 373.89
ID () 1 37.98 37.98 4.18 0.071
IxG 2 68.96 34.48 3.80 0.064
| x S[G] 9 81.74 81.74
Total 23 4874.96
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I: Standard error

400 J_

U 300

o
zr 200
Ik
L
100
---#--|P ---E--- MCP ---A--- CMC_Flex CMC_Dev.
0
low high

(@) ¥4 H Zx W3t A
1% 4-15. Index of difficulty z}olo] w2 4 H Ztw Wl A

AAE7NE tipe] 29 olF WAL o7

A o] #A S Index of difficulty”} F2 FolEol

th. WE layout We] fAtstEieE WES] =17
2ol ool fodsA Aol @ AL
p=0.009). =<

& 4 ATHF(2, 9)=11.01,

indexe] &uEo] Hi 1162.9 mm=E < index? FUE9

4 o5 #H 1075.3 mmet v PS W, 87.6 mm O ¢S HATHH

4-16 %)

45



I: Standard error

ol& A= (mm

F

o0
|K-|

low high
Index of difficulty

(@) 2% & A4

1400

I: Standard error

3

1000

=& 0|lS HA(mm

low high
Index of difficulty

(b) 7 % A4

1% 4-16. Index of difficulty ko]l wE tipe] o] A4

46




£ index’} &

5 gol4

9

A7

A7) wet

S A&
T -

d

o]/\

oo

uheh ol

I I 4-17(a)dl Hol=

4

ZR!

=]
Run

el

ke
|

A= index’F H

X

0

7
o

—_—

0

el

)

i

w3

~
0
B

ok

3} 13 4-17(b)ol

)

—_
fiTe}

low

=0
B

o]

)

ol

Aoz e,

i)
,
b

40

|
|
|
|
|
|
|
|
|
|
|
|
I,
1/
T
o
0
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I

oD

0o

fo
KA

1o R0 RO Koo

H o8 1608 o of
=} S S
010 0o 0o
fo OF
K4 =]

high

low

Index of difficulty

(@) Index of difficulty =}oleol] & A

47



=2 g20/8
A-.
2 - +
s ]
20 A
S Zz3e8olstx | et
op s *
Ho
> 8OIGIXI |- _ o ________|
— =
K
U e o8 | |
ors --e--- 237 2 ---m--- 237 57
SRR SER AR = =5
Il
low high
Index of difficulty

(b) Index of difficulty z}o]ol] W& A o]F &olA

719 4-17. Index of difficulty z}ojo] w2 A=A Z= o]

FUE designell digh THHEE A Ay grip span index7} 2

FOELS 9 Adsste Ao® YERwen, grip length®} button size= index”}t
¥ =2

48



Grip spar

=8 EEH
248
X CFa
My
g £
2 z38S]
=3 &8 2
Q
5 - =
1= T
e zs - 2373 no- &3 F% Oie BS oo e 2378 w237 52
* B8
--A-- 237 ES = N R ks
; !
low high low high
Fitt's law index Fitt's law index

(a) Grip span (b) Grip length

Button size

£33 EE
e
ot N ES E8
- s —
O
S mga
E b
T zass
c
T R S
‘5 TR
m
W EHSH e 2378 -ome- 23752 |- e zg [ ¢ &S oome- 237152
a-- 237 32 ek T oA 237|_2g g7
s ‘
low high low high
Fitt'a law index Fitt's law index

(c) Button size (d) Button distance

Z1% 4-18. Design questionnaire &4 23}

49




E9

motion capture system=- ©]

AT

=

[e]
%49

=i}
=

ol wE o] AA

A4 &

5T
™

Al

KN
=

of| ] = motion capture system

F-eloll 7ol H=

o=
N

CER

ﬁo

ﬁo

o7
4

fi%e)
olo

®

fei3
=

Fhefol A @A

ks AEdoesyn &

_%I

Zel

=2
=

}.

7
4

2, &7 tipell

ul o
- —

=174

st

o] 7hF

A

Fotat

g

A

marker2]

o
;A#I

il

)

M

)

3.

o] 7}&

al

K

50



=35
=

layout

1=

R

bol7k iglont, 71

A

=

o =4 A

1

s

T AHA el

[}

]

layout HZ Z}o]e] w}
I

S

R

=

=3
=

FroiE B

-
s

A

of wah AAE7F

w5
e

=

o

o]

=]
Sy

AR o wr M K S P o om T o =
= = (O N TR S - SR B W
= = S SR S S - T ETU BOE N
= X = J - '
g v N T T - <
y W o . O = TN g M T+
& TR o= = & ° m X o2
) X el N2 3 il 1| - 5
T o 5 - L mm T
= -1 CEEA mAT o ol I e <0 &
ey 0 — HT_ i 0 o) X
S N WL w N F o5 @ w
2 . N o
X 2 F W R e S0 s Mo e
S ~ X AD H_AI 0
T e B H ¥ o P o N - = M_r
O E T w S IS
= GO N TN RN N )
ER " 5 o o= WIF mow B R =3
S =y X oT ﬂl Ot o C=3 . o fr—
] — (] k)
uwwm%oma%%%wwzg w
~ O - —_ — o J_,mﬂl m IS |l
2 No%9 &2 FT WX : m
— % I : i~
o5 O F B R W I
e K o+ == 2 5z P o = P Mok F z
wouow 2o T oMoz xR TR L
- r Wowm oo o T
i F T % K R L
o) W T 3w oL L oM 3w X
P EEZxoyowmogw T gos o o F
! S T o= <) - Eﬁ_ R oy =2 - = T = %
N ~ —
R A B -
g 0 o 0 i X 5 Ny S K
= x oo ORI~ 3 T S
. H o I > B = o | =)
os ds o W 2 S )
o ® g B o 3 o3 oo POW
W A o r g 3 o b
of W 0N o P 5 £ T T F X

51



=t
e

o
P

rot, 3

ol
=

A7) W Zol7tk A YepiA

ALg )

1
s

] ol A

H 2 o A

o]
e

eh

AR B

9

o Apel7} vreR T

o=

A

ol

.

=171l w

4/
)

Ko

£ Aol 7t

perception®l

Ar

ole g AA

a7 fleiA =

17

S
=

design specification

o)
Y

52



A, motion

3]

A

bt

[<]

&

2
A

°]-&
2ol

[e)

=

6.

5+ motion capture system
=

=

capture system

)

Fhegel

a
T

) W] A software?l

A&
layout 243} Index of

ol

=3

o

zo)

2
L

o

el
T

2~
=

=4,
£ 9] design specification] x}o]ol w}z}
)

=
L

o

ko3

bt

3D modeling software®! Maya<}
[e)

Tk ApA,

A%

[e)

=

1]
]

difficulty =}efel u}
o] design specification®] 7o #3t F7} A7}

[s]

3L

=3

°ol&

24 2

]

)
JO

2 wEne Aolsl 9 Ao versrh

3D hand model

SIE
g3 Al

M
[m

®
)
N

X
rvzel

X

Ar
®
)
=

-

—

0

T
ajo

To

\‘W
B
jok=
o
Gt
a

fvze]

Ar

0

g A
= At

é_x
T
AAH o2

%

2~=Z O
T =

design specification<-

-

-

5]

53

1%

Aow HAHAY. WA, F 717
A

%] design specification2]

E

=

ban, b3

AhowH AHgx

o=
T

=

=

7t



H, A AAAANA F6 W& design guideline = X HEE AA S

=28 7t = o] %A AE o] &)

b

2 ATE TEA AF AREA
o A= Aol sbsdH, ol¥d AHRE AF AA A design

specifications A4st=td &&FomN AF AAE Hrlstal HYZ S =0l

54



714 X% (2005). A 53 e AXHFRAF A8 AH

a
o
-3
lo,
rok
(o,
—_>‘4—"4

A9 (2005). A, T FHEE FA], #AF/HE Retrieved December 13,
2005, from http://www.etnews.co.kr/news/detail.html|?id=200511020026

FElY (2000). 27] BA Bote] £¥hd 2l fRRAL ANTHEE

{

H .

O

o] FTF (2004). e M ZFEFT G “Fafof, FH. FF L Retrieved December 13,
2005, from http://www.khan.co.kr/section/art_view.html?artid=200408091
548191z&code=900102

A%l (2005). KTF, FroiE 2 Al 744535 Al ehde]. or=r &/ a,
Retrieved December 13, 2005, from http://news.hankooki.com/Ipage

/leconomy/200507/h2005072718020321540.htm

=

S|
S

9 (2005). St=r 20 G AR P ot SFIAAE H &F5S

M
-

Bt AR =i, 2.

Buchholz, B. O. (1992). A kinematic model of the human hand to evaluate its
prehensile capabilities, Journal of Biomechanics, 25(2), 149-162.

Chaffin, D. B., Andersson, G. B., and Martin, B. J. (1999). Occupational
Biomechanics(3rd ed.). New York: John Wiley & Sons, Inc.

Chao, E. Y., An, K. N., Cooney, W. P., and Linscheid, R. L. (1989). Biomechanics

55


http://www.etnews.co.kr/news/detail.html?id=200511020026
http://news.hankooki.com/lpage
http://news.hankooki.com/lpage

of the hand: A basic research study(1st ed.). Singapore: World Scientific
Publishing Co. Pte. Ltd.

Chiu, H., Su, F. C., Wang, S., and Hsu, H. Y. (1998). The motion analysis system
and goniometry of the finger joint. Journal of Hand Surgery, 23B(6), 788-791.

Kong, Y., and Freivalds, A. (2003). Evaluation of meat-hook handle shapes.
International Journal of Industrial Ergonomics, 32, 13-23.

Nelson, J. E., Treaster, D. E., and Marras, W. S. (2000). Finger motion, wrist
motion and tendon travel as a function of keyboard angles. Clinical
Biomechanics, 15, 489-498.

Somia, N., Rash, G. S., Wachowiak, M., and Gupta, A. (1998). The initiation and
sequence of digital joint motion. Journal of Hand Surgery, 23B(6), 792-795.

Treaster, D. E., and Marras, W. S. (2000). An assessment of alternative keyboard
using finger motion, wrist motion and tendon travel. Clinical Biomechanics,
15, 499-503.

You, H., Kumar, A., Young, R., Veluswamy, P., and Malzahn, D. E. (2005). An
ergonomic evaluation of manual Cleco plier designs: Effects of rubber grip,
spring recoil, and worksurface angle. Applied Ergonomics, 36, 575-583.

Zhang, X., Lee, S., and Braido, P. (2003). Determining fingers segmental centers
of retation in flexion-extension based on surface marker measurement.

Journal of Biomechanics, 36, 1097-1102.

56



~|
)
=
©
c
c
o
=
0
Qo KL
S <
(o o
c
o
=
©
o
=
5
D
o
m N
n o
) =
S =
< a,
w0
i =
o o0
)
~ =
P o
0 .
=) —

00
TR
Ok

00
TR

00
TR
fo
Ki

-+

o0
00
Rr

00
kD

ro
Ki

0l
kD

0l
ki

OF

grip length

2. Froi<E

n0

n0

fo
Ki

-

__o_”_

Rr

olo
]
fo
K4

oo
]

00
S

OF

o] =7

3. Bl &

mo
KA

700

Rr

0l
Rr
no
K

i
Rr

i
Rr

OF

0
TR

OF

0l
TR

0l
TR
no
Ki

700

Rr

0l
ki

fo
Ki

0D
ki

0D
kin

OF

o7



2= B. Usability subjective rating

ol 4
P =9 8ol | gl Madel 9 NES o] Adw 4
997 oI5 8914 | Keypad 24 A MEo] 979 ool Bela A&

| | 1 | | 1
I | | I | |
O < 0|6t A3 2 A3 0|8 0 <
Z0|6tAl %2 0|6t 208 0|8
= %8
2. 9A o]F &olA
1 | | 1 | | 1
I | | I | |
0 < Z0|6tXl A3 2 A3 0|8 0 <
E0|3tXI %22 E0I5tXI 0|8 g0|8t
ore ore
s o s o

58




	제품 설계 특성 평가를 위한 손 동작 분석 방법의 개발
	제품 설계 특성 평가를 위한 손 동작 분석 방법의 개발
	Department of Industrial and Management Engineering,
	제품 설계 특성 평가를 위한 손 동작 분석 방법의 개발
	이 상 기

