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Abstract

An ergonomic product based on natural human motion improves user satisfaction
and increases efficiency. This study is proposed to develop ergonomic half guard design
(groove and projection) which is applied to natural motion for the use of product and
validate effect of the development. So, there are three objectives in this study. First is to
grasp the characteristics of half guard design and the natural motion for the use of a half
guard quantitatively. Second is to develop new half guard design through applying the
extracted natural motion. Third is to propose the product design evaluation process used
motion analysis and analyze the effect of developed half guard design based on the
process.

The approach to design a half guard considering user natural motion has 3-steps;
design characteristics analysis, natural motion analysis, and design improvement. Design
characteristics analysis is the step to understand fundamental design characteristics of a
half guard (e.g. product components, use environment, and related patents). Natural

motion analysis is the step to analyze quantitatively natural human motion for the use of



half guard. At first, we capture the natural motion from 18 participants (mean age = 44,
SD = 9.0) by motion analysis system, and regression analysis is performed to grasp the
tendency of the user natural motion and to extract representative trajectory for applying
the user natural motion to half guard design. Design improvement is the step to design a
half guard with applying the user natural motion. The improvement process consists of 4-
steps; design parameter analysis, constraint analysis, design ideation, design
determination. Through the 4-steps, 2 types of half guard design are developed;
Trapezoid wedge with reference point (Trapgp) and Curved wedgerp (Curvgp).

To validate effect of developed half guards in the 3™ step, usability for new
(Trapre, Curvgp) and previous half guard designs (Nipper, Nippergrp, Rectangular
wedgegp; Rectgp) are compared for 18 participants (mean age = 43, SD = 7.7). The
usability evaluation is composed to a quantitative measure (trajectory similarity;
minimum distance between natural motion and trajectory for the use of each half guard)
and a qualitative measure (subjective rating for satisfaction of the use of the half guards; 7
point-scales: totally satisfied, 4: neutral, 1: totally unsatisfied). The developed design
includes natural motion and the idea of the reference point (RP). The trajectory of
developed designs (Curvgp, Trapgre: 1.0 £ 0.1 cm) are more similar to natural motion than
previous designs (Nipperge: 1.6 = 0.1, Rectge: 1.9 £ 0.1, and Nipper: 2.0 = 0.1). And
participants were highly satisfied with developed designs (Curvgp: 6.3 £ 0.2 point,
Trapre: 5.5 = 0.3) than previous designs (Rectgp: 5.3 = 0.3, Nippergp: 4.2 £ 0.3, and

Nipper: 3.3 = 0.3).
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=
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AFE AR AL AREAE =7 A dke s "R aAVE (TR
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Wle ik AF7F S Qo AE AFE A FH 52 5SS 1Y
AE H7F Fd AFEES FILE, AFE A WS wE A dstE
g2 o7 ylolgit}, o5 S0, Treaster et al. (2000)2 o] 2 7+4 FAHo]

7}5 %t alternative keyboard & ©]-&3to] keyboard AF-& Al AA ®(el: pitch

angle, separation distance)oll w2 <&rkE B4, &5 A4RE SASL &F
A=9] do] WstE F43ko] pitch angle ©] F7hetol we} &5 =2 o]

A7) A ghelskelth. Tk Karlguist et al. (1999)2 mouse <} track-
ball AF-&o tigk A& =AFA(4l: shoulder rotation), EMG (%MVE), Z18]il
¥] 2 = (modified Borg scale, ¥ <¢l: 0 ~ 14)& =73}¢], track-ball A}-&°] mouse
e o7 W &8 K-S A (o 5 E(trapezius muscle)2] %MVE: track-ball
AFE Al 15 % AN 7= o2 HI7FSFSITE Treaster et al. (2000)2 Karlgvist
et al. (2000)°] Ao & AF F7tel| #g VE AFES AF AA A
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A8 B olslelE AHgRt ARl Warstm Addree AF AE

A4 % EAe B3 ;e aFE,
AL MBS Adzde AF

AE B D WA B AT FAHD govt, AdsYe BAL
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2.1.1. Motion capture system
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Motion capture & AFE9

A% 71550 ¥4 bsd dolHw

Heste] AFEHE ¢lo] Fole AHom v Zokel: oiydold, 9=
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A4S Ash= del &8dTEHME 9], 2007). EI o8 FoklM =

AL SAAA B AePolt FHA Y olrE DRy A

Acte] ZH oz AlgH@TH(o]A 3,
AL @3 & 55 a3 5o 0
%42 motion capture

3}8}2] (optical) system, HA}7]H-&

f
o
ot

2003). o]¢jo = AX= 33} <17l
gk Eokol A &-8H AL lth(e] Al E], 2003).
system & B Q  FiHEgE o] &3

o]-&3F % =#}7]4](electro-magnetic) system,

A =4& &83F 77424 (mechanical) system ©] 1o o= 284}

Vg F5 ka lrk(el 4], 2003). B34

system = 574 FIE WolEol= filter & ZbE of g U9l vy e JHdEtE

TAEY. 54 = dA7)RFe] woll H-2HH reflective marker & HEAFA] 7]

Fvleke] A9l Felo] Feet

rr

=glEE gAeg 2 O o s

3l =% reflective marker ¢ 3D #HEE AANFE o] &sto] At

ZAAF7] 2] system 2 transmitter =

Lo

3xd o]l F7HAel A A7) (electro-magnetic

field)S FAGA71L A7IAFe] Fol F2E sensor E°] Ao 2 HE



|2k = == § wolt) 7]Al4] system &

¥ 71A ZFZ(mechanical skeleton) ¥A°] sensor =5-E]

Qe Ak g gt

217 2-1. Motion capture system setup (http://tic.nonam.ac.kr/)



server, & FHFE, 4 B ®BA ZRafox  FAHol St
(http:/ftic.honam.ac.kr/). ZHHllEb= =73 th/doll -2 reflective marker®] 2 <l
S 53}38kaL serveri= =3FE analog &2 9] datas digital data® WHEStE oS

S =3 3h(http:/itic.honam.ac.kr/). ServerS F3 & AFEHZ HAEE digital

data: F4] T2 Zd A7 A (editing) S 72 cH(] A7), 2006). F-A]
2] Ao A= reflective marker®] 1A (ell: T #E)7} 2 A A9}

N
iy
(o]

A Q%

g 9 Al reflective marker’} 7} A=

Jh«
als

]

74 5-, data’} serverE T3 digital P2 o2 WEE = HAHAA DA FH

N\

4 oFE wART.

F7F o8] frameol A WhEH oz wbge

o
o

, B AdS AHE FEst
data® g = §le= 4971 A u(http//lwww.motionanalysis.co.kr/). 33 &2
motion capture system< o] &9 E2x =A& 18 22 o} o] fuAE TAH

th(e1 Al 5, 2003).
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\
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9
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5 ¢4 data F5&
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BN
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A 2, 1

ol

Reflective marker

DataZ &3k W4~

shoh(el: #14)

6 @74 3% data &

I

oy wlo] 4, o)t 217+5-3)

19 2-2. 3] motion capture process

3} motion capture system<] 739~ digital system} analog systeme]
z=27) 9o digital system<] MNa=7) SFolA| AL A
(http://www.motionanalysis.co.kr/). Digital system<> analog system¥} *}H2 o2
digital data FEIZ FAHE o] servers T3 W3 7o) B Qo)A g,
2003). wekA analog systemell Bls| 574 7 Sl A $Ae] HAo]
SHv= &4 o] 2t Digital systeme] 7} ] analog system¥} =% ¢r¢} digital

system®] &8 %7} F7Fskal 9l th(http://www.motionanalysis.co.kr/).
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2.1.2. Marker set

343t motion capture systeme &-83F FE& IS ko] AA #

d & vy Ewo H2E = reflective markere] 91X =3 Z-A o uel o
gst 54 2 FAS A% A 71 marker seto] A TH(Richards and

Bruening, 2006). 3224 <1 reflective marker setS. 2+ X855 HH o2 98 Fof
oA 7)¥# Cleveland Clinic marker set ¥} Helen Hayes marker seto] 3lt}
(Richards and Bruening, 2006). Cleveland Clinic marker set9] 532 37 o]4}2]
reflective marker= T3 % rigid triad (marker group)ES T2 1A A Afo]d
Eolx= Aolti ¥ 2-3) FX). 7 rigid triadS> YA 7+A o wdH 37
o] Ako] reflective marker® TA o] =4 oFE 3 7] markere] YA7F A
HA] ke Ag-ol SHEA e reflective marker ¥ A9 markerEE A=
FA3e] B8k 4= 2lth(Richards and Bruening, 2006). L2t} markerES o2
ol o] of7] wiitel FA AA 58S Sl #HA S Y3 of

=]
=
3= @S 7R At} Helen Hayes marker set-2 reflective markerS & Al 3%

o)
©
2005). H3EA]Q1 marker set=S A4l SAS Ve o g2 FHEJOY Hag 4

=74 HAol| welA] marker setoll A F-iEH 02 marker YA E FE3H A}

oo o

el
=

%) th(Richards and Bruening, 2006).
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r.>, b % R.Toe
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(a) Cleveland Clinic marker set (b) Helen Hayes marker set

9 2-3. A2 reflective marker set (3 &-$-, 2005)

22. &% A& T AF B
ARgAES] Al ARE ARA B E2F 58S el gk Igbe A AlsE
H7bo] that A7 FEE L ATHE 2-1 FX). Karlguist et al. (1999)&
mouse<} track-ball®] A}-8 Z}A|(<ll: wrist extension, shoulder rotation)<} =3+%]

WEEE SYsto] A AHL W B AF A7 U A

il
2

o] &% 7Ztw W3l I xA, 2eE]a 3 =(: typing speed, accuracy)S =
Aslo] AFe AHeAS HIFsES T Karlgvist et al. (1999)3 Rempel et al.

(2008)9] ATE AF MG A W B SelA AFE AHEYEL B

=

-



skl o, ARRAZE HdEskes AFE ARE sFtel gk aes FEFh
Andreoni et al. (2002) 52 415 &3l cushion, backrest®}2] interaction-S
et Absak AAE RSk PR, AR S edAe] #d

&2} W9l(range of motion; ROM)WFo] }ek=] It} Karlgvist et al. (1999)3}

Rempel et al. (2006), ~22] 3L Andreoni et al. (2002)3} 2 A|3&<] AH84 H7}
of #3k 7E AFES 7IE AF AR A B 524 FYPEE TVFoR

B7h T leme ATt AEsHe AAse e AE A A4 L FH

o

A

o

A7t Aasiot

% 2-4. Keyboard AHE =52 #4415 9lgk AE setup (Rempel et al., 2007)
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F 2-1 F BAS 289 ASF AREA E7L
Author (Year) Product Measures Other measures
Karlgvist et al. ] Muscle load,
Mouse track-ball | Wrist angle o )
(1999) subjective rating
Treaster and Marras . i
Keyboard Finger angle, wrist angle, tendon travel
(2000)
Nelson et al. i ) . e - .
(2000) Keyboard Finger angle, wrist angle, wrist deviations, tendon travel | Subjective rating
Andreoni et al. Neck ROM, lumbar ROM, hip ROM, knee ROM, elbow
Car Pressure
(2002) ROM, shoulder ROM
Moffet et al. ] Muscle load,
Notebook Head angle, upper arm angle, trunk angle, wrist angle L )
(2002) subjective rating
Kerrigan et al. -
Shoes Knee joint torque
(2005)
Subjective rating,
Rampel et al. ) ) o ] ]
(2006) Keyboard Wrist extension, ulnar deviation, forearm pronation typing speed,
typing accuracy

15
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7 o] t}. Nyberg and Kempic (2006)> M EE =<9 Al A28l AFEAL] =}
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=
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=
. G AV B A3 9](2006)= AFEAE AHAAH L B
2o 7HE Ax7) ARE Al 87l AlAFLA(el: &5, o17)9] range of
motion (ROM)S A el3staL, o]& 7|Fo w2 7|& HAx7S5@M)el e 52
S Ao AbEd H7F WHES Ndetal HUbelth(id 28 Hx). &
T35 9)(2006)0] ATE AAx=YR AA L TS FFHoR Fotstd
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(@ A (b) 7HA 5

% 2-7. AAd2He A4S a3k AlEr] A A (Nyberg & Kempic, 2006)

A AE AL F23} vl

FALE: 76 %

-31° 48°

O 28 AAnT R AR FEkel 2R AlFE BI7HEES 2], 2006)
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Mo

T Aol s 29" 313 Zo] 3vA A A S Skl Ay

boieh A

H

ok
o
ol

A

%
EN

=2 w183 YFa half guard ¢ FHE

A8} o] half guard AR-g-ol

o

GAC) A= half guard A A 249 2y EA

1 ©+A): Half Guard A Al E4 24

v

2GA: AR 2% T2 B9

v

3 &A): Half Guard 2191 A A

1% 31 AA~HE AL B2S 1838 halfguard A 94
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3.1. Half Guard A4 EA 24

2 dAA = half guard & A7 5SS 24181 AF&AF] half guard

>
ofo
offl
_[1>i
=
o2
o%
o
=)
N
rlr
Fo
[
i
&

gporaltl, B A= half guard & TS
vtorslr] 93k A 84 B4 half guard 2 F#sE APES o]
Ak A 5A 249 2 FRoR AT AA a4 s AFY
), Fo], do], F7 %9 specification (¢l: dFH, do], FA) A4S =

1Al AE AA EAS oldditt. 13 3-3% benchmarking & E3 A%
AA BEA A9 o2, half guard 2] dimension 73X .|t} Half guard 2] A7
EA B4 dA M= specification FA] o= AL&AF FALeE A3 EF
A 34 Fx) Fol FaAEHo i AFS AA trend Iotd i

LA

2
o
2
=
o
©
%
K1
ot
0%,
o
m

S A} W A} M A}

Parameter

L A2+ AboE] # A2 AALZEE
9% |Uem) %lv% 2.0 [o}H | 2.0 &lrﬂ 2.0 OP??% 1.8 %‘\ﬂ 2.0 okfﬂ?i 2.0 %hﬂ 2.0 [o}=d | 20
HZW |28 |92 |28 [HZ9| 20 | $=W |16 [HZSH | 20(9=9 [20/F=4 | 20| $Z¥ | 20
‘77l (cm) 1.0 1.0 1.0 1.0
e 7h=thet 719 Aboke]E 27| AAE AbchE] & #7119
4 em) %‘L& 0.9 o} | 0.6 %‘”d 3.0 o}ﬂiﬂ”d 20|94 4.2 OPTELE 1.0 %1”3 20 o}"?ﬂ'ﬁ 1.8
25| 44 |95 |40 (FH51| 30 |57 |30 (HASE | 25(9-51 (35|51 | 24 |50 | 22
7 (cm) 1.0 1.0 1.0 1.0
7hE oy & 7hE o & e e S 7hE oy &
299 (g ) (%%;}_% =) (a9 (gL E =)
A4 — T
.‘ | KL
|
71&71(°) 5 5 0 3

1% 3-2.Half guard 74 &4
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mi- Rk 1997-0034023 £9¢ 1997.11.26

=MHE 1999-0020544 =MY 1999.06. 15

SE/21¥H3 0217350 5E31¢ 2001.01.09

IPC F25D-023/02

SH/USNOAN  (HEnA FA8A

53 JlE E0] 2E
sh= 4] JtEo] 04, Zojo] FHEE i
O Avold URHYE 52 AAE olws
o] 245D, st=4 o ¢aHo| Hof

HAC & 25l zo] WA arol sy
WEsts 0] HHEDO Y, JUEA B 0]
Agsio] st=4 =7 zoje] wido DA
9E g SR°F B,

noke] AdEEy Jteg] Audt o] WA

. . a. g2 go14
unssd e | ;Olzé 2014
19 3-3.Half guard A 7ol #gk 3 53] 24 o

J.o

- =

half guard 9] A& EA(d: A&

Ag B Ak Aok

AA 5],

FH 208 S Ao R FGlI &

>~

Fg-stel 2AHA. Ha
3} Eolgom, sl

7% half

o

AL

el AL s A T

5
=]

o

W el half guard o A3S HEs=

N
it
—_&,
M
il
B

EN

o] R

A AFgAe] Fapel Aol

E>

a9

12

5]

9

o

rir
o

of A

[e)
=

22

F3st A3} half guard

Jol| w&
o 32

H

=A)3 AE S

We)E vherats

rr

L AOIR Fl 90%

Half guard A}-&

BHIAY T

If guard AF& 2]
guard FEE Al
Aol

ke

sl
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=

)= half guard



3211 A% Foixt

AA2e] ¢ half guard AHE 52 SAS 98 P8R WAL ARE R
L7 52 30 ~50 tf A FH 18%(H 1 o] + SD = 44 + 9.04])0] AF ]
ZHofsielth, 2 Aol s 7] SR vFg Abgto]l Fod 4= JA=F Size
Korea(2004) #}£¢] oJA 715 z+zt 37)(33" percentile ©]&}, 33" ~ 67™ percentile,
671 o]ah) oJdow TRl AF HojAZ NubslgdrhE 31 Fx). A
Zelxke] 7)== #1574 cm (SD = 5.3 cm)@ YEFG O B9 1487 cm ~
1735 cmz ARE AT A3 Fojzte] 78 R 7], 554, 2ol T2t

G 1A F Qe B Polsh o/l Folw FHAKEE 1 H=),

217
2! A = o
< 33" percentile 33"~ 67" percentile 67" percentile <
o] <155.0 155.0 ~ 159.7 159.7 <

*Size Korea(2004), 30 ~59 A ] 2,164 ™
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3212 Ad 34 G4
A2~ half guard AHS 52 545 & 9 359 22 Y

i mock-up©] AF-&-% At} Mock-up2 half guard %] =] M2 half guardE %

>

R

A %= aluminum profile} o2 ¥ A ZE A} Half guard 7
A ol SA W, WA half guard EolE FEShe] 6vkel =o](15, 45,

75,95, 125, 155 cm) = A SFATHEE 3-3 FX).

3t 3-2. Half guard ] 4782 ¢1% benchmarking

W3 model ¥ | SBS*EHFE | SBS E4l FuIE 4G (D)
— — — i i
1 (SD)
Half guard <] =]
Dairy guard 152.5 152.5 152.5 159.5 154.3 (2.6)
1st half guard 127.6 127.6 127.6 1235 | 126.6 (1.5)
W22 | 2nd half guard 725 736 725 - 72.9(0.4)
3rd half guard 40.0 40.0 40.0 48.0 42.0(3.0)
4th half guard - - - 13.5 13.5(0.0)
1st half guard 154.8 154.8 153.5 153.5 154.2(0.6)
2nd half guard 128.0 128.0 - - 128.0(0.0)
3% | 3rd half guard 97.0 - - - 97.0(0.0)
4th half guard 69.7 70.0 67.5 59.0 66.6(3.7)
5th half guard 43.0 435 435 43.3(0.2)

*SBS: side by side
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1 Half guard
712 o

il | 155(cm)

Reflective
markers

N
i e e 45

|
u i

% 3-4. A= half guard AHS 52 SAHS 913 setup

At 2~ 2]& half guard AH8 & 2S 332 motion capture systemS &
st 54 E AT Motion capture 7HHEtE HAAIREA] 5748 Hawk-l1 (Motion

Analysis Co., US.A) 6 7} AFS-= It} idgts aafdos 538 54

o

F AEF YHL F mock-up FH A X% Ao, sampling rate= 60 Hz= A
Ak =3, AR AR 54 S-S A marker= 1% 3-5¢] e

W A go] A Eo] 1.2 cmel markerS Q& ol 47)(sE, £8, Z A, o),

s

half guardell 17§, 18] ¥7&3 & mock-updll 370& F-2&laith. & Aol A
AAel #5104 e ol£n FAA S half quard R E

=]

(U

Jm
ol

4= 1y

|\
)

2
1%

Aol g

]

o o2 2o a4 H4s,
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T 5 B ¥ 5 b B g o4 F Ko
mﬂ S % G~ S i3 p) —T m:
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N I e . s
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oy x T ¥ P ERE TP
TR W GG
. o Lf ~ Lf N
~ i = ~ Al o 5
= N o 7o o & ~X ™ — N
~ o5 T W W X
- ™ N T oo X No = )
w0 ap SICY T o R
~ X = X X B oo 2 <
TR = T X X 5§ ¥ = A
w s s ¥ 2 & 3 @ pull 7
ol = 2 S —_ o i — — 1%
o ge) = °T X X 3 ° W \\,.‘x‘v‘ﬂ\fﬂ < 7
of 5§ ¥ £ 3 g8 T % ¥ W NN o N —Y
T & & & & E W I X H o8 Yo

T19 35, Ad=e) - half guard AR F




3214 A3 Ax
AAzeE half guard G2 T2 SHL 6DAR o] Foxth A
Gl A SAI RS AF FARdA AEE F A P

FAME W, B4 AT AP Felae AAA/E FHstack

H

AR A E AAdze e half guard AME BF SAHE 9k A9
ol 2ol Al reflective marker & 218Gty Al TAl = A i}
°F 1027+ ¥l mock-up & ©l&3to] half guard FEH F2E dFeteS
sttt tAlAl @Al A= oF 1AI3tell A 6t xololl Ao AdAse e half

guard 3% 42 SAag vn wAAE 88 Felde 4

Motion capture system = 3 SAHE data &= G FAES 951
FAe A AAF I FAY AL reflective marker =2 f1A]
identification, noise A4, zglar #2 4= A& alignment ¢ 3 7IA =
T ¥, EVaRT ¢F MATLAB & o]&3to] ¥ At =4 2F= reflective
marker o 9IA7} SAEHo] F& AAHS AT F (= data = noise =
BFEo] AlLednt. 432 (half guard A Fol(6d) x FE(23]) X
T (23]) X A3 FofH(187)) e A =El &2 data ol A noise =

data S A 9]& 35972 data 7} #AJol ARSI SAT) Alignment = 2 3 A
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ult} motion capture ZhH|EtE sl HEE A2l S calibration $] ] 2]

1

A Apolm AP it wAF AA Frol A gkm AFo] EUXA

e

A A 45 Ade dAATI= Aol MATLAB Z=213S AHE-8ho]

T H alignment 29 H &3 A4S 93 A% wpgo]r)

d

3.222. ¥4 A

AbA2~e]¥ half guard A& &2 AA2> half guard AA o] H=
FAFSE pattern 2 HTH 23 3-62 A Fojxt 18 o] AAAH g half
guard &2 32 AlF oz A Folate] AA 2(d: 71, & Aol uwhet
half guard ¢X]ol =}ol7} vl &y} half guard 7} & 9ol EA=

A Ao A= 2 A4 pattern ©] half guard 0] B2 FAEF A4S 2 = 3l
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155(cm)

125

95

75

45

15
- A el e B A

% 3-6. AAA 28 halfguard 22 53 3

S48 AA2HE half guard FE2 52 A-e] g IAEAS
S3ste] half guard AA JiAe] g3t g E AAxHLE T AZHS

guard & FE&stes Bt BE A o] ARE=A| gFal half guard 7t W7ol

e s R AHFo] AFEE QT Half guard 7} WAEm Fol AdEE
F-2-2 half guard ZHA 7} half guard FE2 5 2bol] JekS vz FHoR

P

M

H 379014 3k b (6 cm) ot} 19 3-8 AFEA}7} half guard & “3el=
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half guard 7}

1
R

a

SCE]

A4 <

aL

2|

-

o

o= 7 A Al

Fol 121 23 394 &

S

B

PN
T

1= [e)
T’:}‘\jl'é‘

tef 271

S

2 )

A fo]

=
T

0.1)=

TZ319 oM (E 3-3 Fx), stepwise regression (pin = 0.05, Pout

13 BH(p < 0.001).

0:4
o1

3}

=] O
sHS

oA e 3 AlF7t 9

1% 3-7. Half guard
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fiE AAz=eE s4 #A4
""""" B AP Adse e 2 AF
e 17} 591 84 27} 87 24
(cmis Trajectory plot Formula (cm) Formula (cm)
155 ¥ =155.002 - 0.397x ¥ = 154.986 — 0.455x — 0.001x?
R?=0.85 R?2=0.85
125 § =125.020 — 0.625x § =124.939 — 0.918x — 0.006x>
R?=10.83 R?=0.85
95 §=95.027 — 0.619x § =94.957 — 0.821x — 0.004x2
R?2=0.74 R2=0.75
- 9 =75.024 — 0.437x § =74.994 - 0.528x — 0.002x?
R2=0.74 R2=0.74
45 § =45.031 - 0.529x § =44.993 - 0.651x — 0.003x?
R2=0.75 R2=0.75
15 § =15.068 — 0.532x § =15.010 — 0.724x - 0.004x?
R?2=0.74 R2=0.75
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3.3. Half Guard A9+ A4
219f half guard & AAxEE AR w2 AFS 1y sk

AAlER e, A7 AFL " 3-83 Fo] 4dAR FAEHAT. AA

Half Guard 27 54 &4 A3(2d 32 #Fx)E ZAtow FqHAn. 27
H

o wWaE WE =Y A5Ew el slelgw UM Fow

T EATHH 3-10 =)

1A AA Es 4

v

2GA: A A EA Y

v

3GA:: AA ool 7t

17 3-8, A=Y

Mo
offt
Bt
2
ofo
o
offt
r
=0
=
—h
«Q
c
=)
o
s
)
=
2o
A
2

SA SANAE S ALY half guard A A A S Fxete] AA Ak
2745 B (2E 3-10 #x). AA A Hol| wh=H, half guard &= 3L

woll FHERAS Aol 237 kg o stss FASHoF Ak stE Al B
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3-9 #x). #4

o aens A

5]

)

S gl

Z]
S|

7

&aL

47 4

3

=
S

S
=

F}. Benchmarking

ksl
pul

A =] o of

Argow

A7) 9

2 Zdo|7F 71 A2 W Aol Zo](0.3

Z

A ZAF] half guard ¥4 A3y} 42 n}

At A A

cm)E

o
700

= 7|&

A9l #4320 cm X 2.0 cm X 1.0 cmyeZ AAEA o, FE

S|
=

A np# Z o] x FA|(cm?)

0.3 < 1.0

2.0x1.0
0.4 x<1.0

0.5 % 1.0

A| Z A}

WA

LA
S A}
MA}

a9 39, =Y EES) $4 vpE 79 o
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e F59 | AL gls |58 | AT els
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S=AlE  half  guard

TZH9c. 28 3-79
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a9 BA)el Bat 71271(- 052 °F 60°)E AAHon, £YE o] ofule
48990, 29 AZwe Aot 20 BAA A4 HAx 54 v
ol(03 cm)= AAHCr, 19 3120 Msh 2o At Ee] e W)
gasol 13 874 482 BH A AAE AR 472 gysis

2 B4 Aee Fal ALE At WAL Adsee s F4 AHe

54& Axs7] flstd 2 AA molelAe Adzely w4 AAS
Z g o wedste] AA o] o] MR ZHA design © =tk 19 3-13&

0] 125 cm oA &9 A7) AA AAH e d= 23 39 BAE T =

=
]

£ AdzEe Ba Ao 2HE A0 AgHE AP BAT
S FIE SO

WE Adsee F4 Ade zdE ofduel

H
AE&E0aL, =HEHe #AS5W o= HA 7 vk oj(03 cm)=

il
)
i,

Q
v
N
2k
S,
s
>
-0
iy
oo
(i,
BN
i)
17
rlo
1
rx
filo
el
i)
ol
rlr
N
ol
o
i)
ot
=
ftl

§=155.002 - 0.397x
R?2=0.85

§ = 125,020 — 0.625x h

R?=0.83

§=95.027 - 0.619x
R?=0.74

§=75.024 - 0.437x
R2=0.74

R2=0.75 (2F 609

¥ =15.068 — 0.532x
R?2=0.74

§ = 45.031 - 0.529% % 717 B ik - 0.52

17 317 24 2%

¥ 3-12.12F 3192 A 8-S &3k half guard A A
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AA 2~ L 52 AH L
o 32 A4 oll(s©] 75 cm)

WAL ol A E =
5.

half guard = Y H]: 5.7

% 3-13. =38 H7] AA 3 4

FRATFIAA ZHA ] mpES §EE 0 AEF
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ol
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e

827

3} ol

=
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152]

e
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e

1% 3-14. Half guard =¥
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#AA v
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S
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PN
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of Hol yul= 19 315049}
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3.7 cm 2 AARFEIT
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=
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4. Halfguard A4 37}

Hrbskgh, Bl Hrbol A}EE half guard & 5% o= J|E AA 3F
AAdxdE 4 AF HEL&S Foke] AEE A AA 2F:(REEE #7],
=3 ArNhoez FAEAL. Half guard A8/ 5359 half guard design 2
dazt sz digk Az & AFFAe] HA FAEer FeER

Soldel Hg w2 FrEE AT

fol
A
il
o,
N
N
ol
N
do
_0|L
£
N
N
2
K3
>
_{
o
o
axl
K
e

At AAe A

A3 30 ~ 50 W) A FE 189 (T o] + SD = 43 + 7.7 A)o] Ao

—|—‘

D8 g SHoA g

Y
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offt
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o
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Hdeol FAT 5 AEE Size Korea(2004) #solA g e 374 99

Il
_I

T

(33" percentile ©]3}, 33" ~ 67" percentile, 67" percentile ©]4}) o 2 F-E-3lo] AMuk

-
il

Al Eo] Fojaiqih g #Holxle] 7= H 158.6 cm (SD =52 cm)Z L}

bk on] Mo 149.4cm~ 164.9 cmz FAME THHE-= 1 ZX).
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412 A% &4 A4

Half guard A7 H7F 43S F33t7] flste] 19 419 22 Y3 a
%3 half guard mock-up ©] A&k W T3} half guard= SAFS] Al E©]
& UlFellE A8 half guard FEE & SA Al v 6719
half guard A ] ol ZHZo] AX I half guardell &= ZHE o] AXHS)
oh. =HY 3 =2 3D printer (Elite Printer, Dimension Co., US.A)Z A 2}% 3 o™

=7 A S o] gate] WAL Eo|¢} half guardel F-2= it}

2

&

Ar)

& e BA

e

Half guard &=z &2k 2 g At FdsH
motion capture system-= &-8-5}o] =% =t} Motion capture system®] 7} 2} &
7, A=A 1%, sampling rate, 12|31 2 S4S 8] AAlo F-2Hw reflective

markers] ERS} 913 Ed Az e AS B2 24 A9k FAsh

_I

413, H7} A
AA AN &3 HrF S E 42 9 7o) half guard ZH A design
of W& 53 AA 3% JAYE, (AP + =H F24, AAAE A7) +
29 FxA, At A 2% ATEE A7) + 29 JFEA, 2% A7) + =29
Fx74)9 half guard®= A EH. 7]E AAY £HE FEH= 2502, AHEA
205 o= g3k FGI oA half guard A&7l ek w5 373
H

4

A=)

CAdAdem e A4S R Ll 149 =
gHoE AEAUY WAGEH)S SHES5H) 2HAY U FE2E A%

g A7 =dHAR ARG L] AAY 29 =Y B w5l o
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g 2F o= yxo 7]E A

]

o)
XA

X
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mock-up
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1% 4-1. Half guard
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E 41 W4 =9 37F i half guard

AAE AAE A2 47 AbetE] & 7] = 47
+§%ﬁ}§@, + x4 Fxd +5%?5@ + 28 F=x4
ER R |
W m 'L u\q +8 #7] o
) J J (3] 155 cm)
FH A A A2
292 |2olem %1? 2.0 0}? H | 2.0 %1? 2.0 o}? H | 2.0 «A, 2.0 0}? )| 2.0 S o 2.0 0}? H | 2,09 4 2.0 o}%ﬂ H 2.0
59 |20 | 5W |20 F50 20 |5 |20 |F5H) 20] $59] 20 5 | 20959 | 2059 | 20959 2.0
7 (cm) 1.0 1.0 1.0 1.0 1.0
Aolem) &h? 42 o}?it& 1.0 %h? 4.2 o}?ﬂd 1.0 %héi 2.0 o}a?“t& 16 %?‘ 2.0 o}a?“ﬂd 4.8 %Wji 3.7 0}?3\:5_ =X 27}
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3 4-2.Half guard A8 #1724 FAF=] gt 224k
HEal AFE AFE HIAF F p

A Fofz 25(G) 1.84 0.92

23 Fof=H(S)[C] 15 89.12 5.94

Half guard design (D) 4 51.00 1275 8.16 <.001
DxG 8 11.44 143 092 0.348
D x S[G] 60 87.45 1.56

Half guard A %] 3£ °](H) 5 12.95 259 12.92 <.001
HxG 10 1.04 0.10 052 0.871
H x S[G] 75 14.24 0.20

DxH 20 5.49 027 228 0.002
DxHxG 40 6.00 014 1.25 0.159
D x H x S[G] 300 31.76 0.12

AA 539 312.33
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3 4-3. Half guard Z&2 §-o]de g F4HEA
HEagl AFE AFEE BTAF F p

A Fofa 25(G) 2 2384 11.92

A3 F2HS)[G] 15 14263 9.51

Half guard design (D) 4 596.67 149.17 47.90 <.001
DxG 8 2847 3.56 1.14 0.348
D x S[G] 60 186.85 3.11

Half guard A %] 3=°](H) 5 9520 19.04 15.67 <.001
HxG 10  21.02 2.10 1.73 0.090
H x S[G] 75 9115 1.22

DxH 20  46.95 2.35 3.79 <.001
DxHxG 40  19.64 0.49 0.79 0.812
D x H x S[G] 300 185.91 0.62

A A 539 1438.34

52



el pt

< !

el el

moRn Mo

Ko W

+ % opr o+

~ g N

TR

o+~ A
o MH wE W
m= X ® P OT
RORTORDOop
LY +
[ I I |

& i
P -5 - - -~
T @b e
’ vy N

PR F - S
, I -1 h
w - ,.mu- A,

s 7 / i
s 7 \
{t SR

’ A —
N / N%ul T
&
7
/ 1N A ZL
e \\+11|1\+||.ﬂ%v~
I 1
-\ y '
P _p%\
5
vy vy
vy e] v v
s ) Y S

% ©°|(cm)

6

T2 golA

713 4-5. Half guard design@} o]l tf

53



oA A= half guard & A EAQ¥ A ~e]$ half guard AFE-

offl
»
4

4ol <1+ half guard A A 7R ks AIQEsE T Nelson et al. (2000)

ATEE ASATE AFL AgSE B4 SHsel AT A8HL

ot
N
-~
Q‘L
38
o
+
>~
=
ofo
x
N
-~
s
}011
P‘L
rir
>
re
[>
B
Mo
2
i
>~
=
ofo
offt
2
=2
r o)
R
rO
W
rir

Jr
Al
ol
ol
32
v
e
e
-
=2
>,
rlr
o
o
—r
«
[
QD
s
i
R
J|m
oX,
M
1
2L
re
[
Av)
Mo
=
o
—h
(@]
[y
QD
s

= Aol = AdAHE half guard AHS B2 AlAS AlE A
A-get7] flstel AR ow Agsist= WS AAEAT AE AR
T2l B3 71E A= Zhang et al. (2003)3 o] AFEE AEdhE AR
& TS ARAHoR A oY, AFE SRS AF Al A&ste

vhotoll thek m#E vl B Aol A = #8HA] motion capture system

olgale] ALEAT Aist AAxAL AFE AE 54 ALHom
selalgin). 3 B ATAE 48 52 A4 data = A BAL



tol AAE half guard A5+ AA e} 7]&

5|

A

AT AA S AR Az 4 AH 2 A e A7) + 29

(1.9 + 0.1 cm), 18]

1213

(16 £ 0.1 cm), HA

]
=i

=

R

Agkoma 2lgt AAZE EF design ]

3

H]

0.1 cm)ell

op

N

™
B

al

71E AA il oF 80% AT

JECAL]

o

o half

=
LN

Fol AA=A7] o

Aol 2] ¢

tol =

S

AL A5

93 A

€

guard

)R

£ design o H]

ol o

A A

j
—‘l“j\__

55



h T T OE W g W R N o
SO S S BB N m HOR
TR o od o0 Mmoo X W
| T KH L o
T T oypoW g7 +
— X 1 0o aﬁ —~ — - J&l
X oW s e X o A
NRT o NS o ®
CECOC g T
VI -~ B A
R I Nox o P
— X0 I~ £y gy £y X | =0 lyl s
Sy ° o o X T )
R - X K o oH o, B
FTLoe Lz XTosom g
v T oo RO < 5 T
X - T o N MM b O ol =
Mo N ol oo L
o = P oy AV
# o ST og 7o R N
ﬁ = T W ook S
J._;,._ ,OI :n.uﬂ._ ﬂ ,,w ‘umo T G\ ° mwﬁ MME
S W T = X T o N
X m _zrl &o ™ ,}l = +
G oz -
T X 7 B o PPy ox
oW 5 7 AN S I
— N _Zrl = ~o L ‘HE M‘A
NS G RO o wm P m
TR R ok W g N O® oy Ny
0 o : il
PR % T oW dow 2. X0
o - T T To ~
_— — - =y oF —_ o N ] i
TR ON oo = < X oF I
TR o o WOk R o &
T O I S = B A
g mw X oo ob R
Pow T 5 M T B B
o od W /5 o ¥ = o) w9
U T G < R

2] &)
=

=

e},

g

s

=
T

o] 40 cm =

o=

al

A

l

= O]
56

73
AH FAEE e

o

design o] 2= A}RE-ZA}
At AA 9

T

1

Eis

z
L2 = i 2 LB A DA

[e))]
2]

=

Aol A

1=
-

_]

e

A%

ZAtal 4
A F b AQomw u

E]CH

=

L.
)

A

‘]



sokey, ey ®

e
=

AL = ]

At Al

S X
T

7NE =

+o]

S

e EAE NEoR

ek,

1717} 7hss

3

A

"
Tor
Mo
-

27k A ofef

1;5_]__

o

~
T

s

1
-

o

N
oy

Ho

o
B

244 2]

-

o
s

SREEE

= =

AT},

3}
oo aEEE AE A

= SE7t #e A Al

7

Aol =g v

sk
=

el

N

S
=

8

o7



6.

half guard 2] A A 543 =

A

2

ATH Half guard ¢ 9 A7 84

O
P

gl

half guard 271 7}

| half guard o tj

1=1P. e} =
‘ff/’\jl'i &3

il
oy

O

Ex
xr
il

I half guard 7=

9

ojo

FaH o7 AA~E half guard A

)
1o
o

o
e

pzs
&

de FRAToEAN A2 AF A F

7}

190 9]

[e)

-
T

o

% half guard Al A9} 7]E A

=
=

3 =

E
;On_

o

i
—_

ﬁo

S A=

1 Az 2

AR (14

[e)
T

stel 74

ﬁo

At A

AARAE: 20 = 01

=
| N

0.1 cm)<} 7]

to AAE At AA(RE 7]

S

0 6.3 + 027, AltElE H7] +

N
;AU
s
N

58



A}

71 A7

™o
)

T
Nd

X

ol
N

=koH, 7|&E

7]
=

et 1.2

3L

H] 3

42 £ 03%)d

AFE AAE AHE T2 SHoA AT e=N AE

I
fife)
of

el

1o
ojo

~

A A

A

Aol A

3T
™

27)) AA el A=A AljtE A3

g

ps

FrH<E,

Fob ¥ Aol A= half guard

|

A A

u, Al

[e;
Ao

5

=
=

& mejstel AT 2AE

s
1=

7l

A}
S,

Ho

N

e

oj

jpuze)

I
T

o
Hin

59



References

bl ], A, whA, 1A (1995). WAl T)RiQle] Q17HE

&/ 0] 749/ 373, 12, 50-51.
EX] 3

o] A}7] (2006). A A E H 7}

sl

[e]

Fl

A,

ol Al 8] (2003). A A A, AA, 2efaL v, YHH 3], 21(7), 24-

A AA H7F T2 TR

. G824 713 (Optical Motion

. P B = 8= K] 7(8),

O
QD
2
[
&
o
1>
o
o,

pp. 109-116.
3% (2005). 3= 20 Of

7} A T3,

A58 A& AAE(2009). A A 7123} 28 Retrieved September

=2 O

,d
rg

73

10, 2009 from http://tic.honam.ac.kr/.

Andreoni, G., Santambrogio, G. C., Rabuffetti, M., and Pedotti, A. (2002). Method for the

analysis of posture and interface pressure of car drivers. Applied Ergonomics, 33,

511-522.

60


http://tic.honam.ac.kr/

Karlgvist, L., Bernmark, E., Ekenvall, L., Hagber, M., Isaksson, A., and Rostd, T. (1999).
Computer mouse and track-ball operation: Similarities and differences in posture,
muscular load and perceived exertion. Industrial Ergonomics, 23, 157-1609.

Kerrigan, D. C., Johansson, J. L., Bryant, M. G,, Boxer, J. A., Croce, D., and Riley, O. O.
(2005). Moderate-heeled shoes and knee joint torques relevant to the development
and progression of knee osteoarthritis. Arch Phys Med Rehabil, 86, 871-875.

Moffet, H., and Hagberg, M., Hansson-Risberg, E., and Karlgvist, L. (2002). Influence of
laptop computer design and working position on physical exposure variables.
Clinical Biomechanics, 17, 368-375.

Motion Analysis Korea (2009). A]2~¥1 4~7l|. Retrieved September 14, 2009 from

http://www.motionanalysis.co.kr.

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.

Nyberg, P., and Kempic, J. (2006). Transforming the Laundry process, Ergonomics in
Design, 14(2), 16-21.

Remepel, D., Barr, A., Brafman, D., Young, E. (2007). The effect of six keyboard designs
on wrist and forearm postures. Applied Ergonomics, 38(1), 293-298.

Richards, J. G., and Bruening, D. (2006). Gait analysis marker sets. Unpublished
manuscript, University of Delaware.

Size Korea (2004). Report on the Fifth Survey of Korean anthropometry. Korean Agency

for Technology and Standards, Ministry of Commerce, Industry and Energy.

61


http://www.motionanalysis.co.kr/

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.

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

Biomechanics, 36, 1097-1102.

62



63



$2 1 49 B4 3n

No. | Wol(Al) | A7%Hem) | =57Alkg) | A7 =°l(em) | &8 Z Zol(cm)
1 42 160.4 57.3 131.0 67.7
2 38 154.8 53.3 127.3 64.0
3 37 173.5 60.5 143.2 72.0
4 39 158.2 51.9 127.0 63.5
5 40 148.7 48.7 1255 61.5
6 41 151.5 46.3 125.5 60.0
7 41 164.8 55.2 135.0 64.0
8 30 156.4 42.1 128.0 55.3
9 46 158.7 54.6 129.3 57.2
10 52 155.7 54.4 125.3 59.5
11 57 152.2 56.1 123.0 97.5
12 36 157.6 49.7 128.5 62.0
13 53 151.1 50.8 123.5 58.5
14 55 164.8 59.4 1335 63.0
15 57 163.7 72.1 133.0 62.0
16 55 157.9 70.3 129.4 60.6
17 49 153.6 56.7 1235 66.1
18 29 164.8 48.5 136.0 68.2

Mean 44 158.2 54.9 129.3 62.4

SD 9 6.3 7.5 5.2 4.3
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B. 7§ &3 A7t

No. | vol(Al) | Al&(cm) | EFAlkg) | o7 =olem) | &2 = Zol(cm)
1 53 155.8 55.2 126.5 54.5
2 57 1515 56.6 126.0 67.0
3 46 159.5 57.7 128.0 67.0
4 49 164.9 63.9 131.0 69.0
5 42 162.1 57.1 129.5 68.3
6 49 153.0 57.9 126.3 61.5
7 30 164.8 48.5 136.2 68.6
8 41 152.0 47.2 127.0 64.0
9 41 164.8 56.3 137.0 66.0
10 40 149.4 50.9 124.4 56.0
11 38 159.6 52.6 132.6 64.5
12 52 163.7 57.7 133.0 69.0
13 38 158.6 50.9 127.5 64.5
14 36 159.0 53.9 128.0 62.7
15 53 155.0 57.0 128.0 65.0
16 36 163.6 55.8 132.3 65.2
17 49 153.6 56.7 123.2 76.4
18 35 158.8 48.5 136.5 68.5
Mean 44 158.3 54.7 129.6 65.4
SD 8 5.1 4.2 4.2 4.9
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No Half guard Hgl{ guardE ‘H:?lf_ guard&
- mol(mm) |4 AR 5 9k A% |44 AT 5 A= 4w
‘r_' 1 1550 Cl'«)
) — 2 1250 | @®E®EOO6 | AREEEO®
| 3 % | BOB®EEEE | AROEEEOE®
4 750 | @EEREOE | @EEO®O®E
5 450 | BO®EEEE | ®O®EEE®
6 150 | ®@O®EEEE® | @®EOGG®E®

H7}8t4] half guard design A (=¥ g3} 2ol sl (1) T 3 2 (2) AL S obefloll 7]=3 F4HA L.
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F-E 3. Half guard AH-84 371 23

A AH FAHE

_ AA3 ANAY 7] | Az A7) 29 4]
=ol(m) | EAH A - ° = .

+Z9R2E |+ 2UREA |+ 2URER + 2URERA
Mean 15 1.2 1.7 1.0 1.1

155
SD 0.1 0.1 0.1 0.1 0.1
Mean 1.9 1.3 1.6 0.9 0.8

125
SD 0.1 0.1 0.1 0.1 0.1
Mean 2.0 1.6 1.8 0.8 0.8

95
SD 0.1 0.1 0.1 0.1 1.1
Mean 2.2 1.7 2.1 1.0 1.9

75
SD 0.1 0.1 0.1 0.1 0.1
Mean 2.2 1.8 2.1 1.1 1.2

45
SD 0.1 0.1 0.1 0.1 0.1
Mean 2.2 1.9 2.1 1.1 0.8

15
SD 0.1 0.1 0.1 0.1 0.1
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_ AA3 ANAY 7] | Az A7) 29 4]
=ol(m) | EAH AAE e ° = .

+Z9R2E |+ 2UREA |+ 2URER + 2URERA
Mean 2.8 2.8 4.6 49 5.5

155
SD 1.0 1.0 1.4 1.6 1.3
Mean 3.1 34 5.6 5.8 6.4

125
SD 1.3 1.3 1.2 1.2 0.6
Mean 3.6 5.3 5.9 5.6 6.4

95
SD 1.7 1.2 1.0 1.4 0.8
Mean 35 4.5 5.4 6.1 6.4

75
SD 14 14 1.2 0.9 0.7
Mean 3.6 4.7 5.3 5.6 6.6

45
SD 1.6 1.2 11 1.3 0.6
Mean 3.0 4.3 51 4.9 6.3

15
SD 14 1.2 1.2 1.6 0.6
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