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ABSTRACT

The purpose of this study is to understand motion characteristics of older drivers during reaching seat belt compared to
young drivers and to provide design guidelines in order to reduce discomfort for the elderly. The whole body kinematics of
each subject was captured using 12-camera motion analysis system. Subjective ratings on discomfort levels were obtained
simultaneously using a questionnaire. This paper first presents the result of motion characteristics of elderly drivers' reach
motion to seat belt. Compared to young drivers, older drivers performed seat belt reach motions less efficiently and moved
slower due to mostly the movement error. Older drivers also made use of reduced joint range of motion in cervical left
rotation, lumbar left rotation and right shoulder adduction, which can be explained by their reduced active range of motions
(AROMs). To compensate for their reduced joint range of motion, older drivers rotated pelvis more.

Keyword: Older drivers, Seat belt, Reach motion, Motion characteristics, Range of motion

1. 2 o] &ET oo uigt BAE oldls] fl&l W A
ZAPHE o] 83le] AJE HE st TAES A7]sHA
th 19410 A F-E] TOAI7FA] thefet Aol Fojst & A
St 2139 133 A2 A B o= Ugtr & A B4 Al A7 St 2 AA 5389 A}
o wEA AP glom ojgl HEo] 1Y AWUe A AE HE W3 7Ags EHIH vhE ¢ glow, weba
7} &4 ol vlER FAF Bojua Sl FAoluh(ed, uAECA o] R AE HME #7]#] golokx
2008). @A) F7kR ke s A g b desitkar AlAskar otk Herriotts (2005) 2 AH&
A el tigk B wEE wmobdrtn ok, 7 #E agLAREL] EHE| dis] 24s517] A o
2009; Choi, 2009; Ruy, 2009). 3] 2% 35 A% &4 o)l AFsk= 1,013% 9] 13RI (60~794) S ot
= A=A oA S8 HARI o) R A7]H o2 9| AT e st A AT oF 21%9
231 At} (Saunby and Matle, 1994; Herriotts, 2005). AHEAAEC] AJE HE W Ao et BHEE A
olglgt Ak 4 A AT F AE WE Wy AT Y= Aow ZAEY FY AEE B3 nEAE v
IHEAES e QA 3HE ApF A Al e E ook Fatel vis w9, Wy, A7), 28 #JE7] ¢4 4=
g FQ% olgr F Folth Balci 5(2001)2 AE WE  Fsh=d ofggo] wWEtiy FAMESleH, olF 3
WAA AR H PG
- A 137-871 A&A] AT ME%F 1522—-1, A3k 011-419-1699, E—mail: hychoi@hongik.ac.kr
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2~ (Fisk, 2002)
AAXEE TS
TFH3] sk AzbE s AlEE 0] ofelA] ull-¢- F Qs
A4 dideZ o3AR T 3Ith(Ait El Menceur, 2008; Park,
2008). o] skl wet A 2§97 7HAsky
E3] 1A= vlagAte] vl & 7 52 Hel (Youdas,
1992; Kuhlman, 1993, Hole, 1995; Doriot and Wang,
2006) ¢} &7 B T2 HY Dvorak, 1995; McGregor,
1995; Doriot and Wang, 2006)7} FEHX| A TAshH=
Aoz 4R Qlrk. olgst Wd F& WM A 1H
2] A E WE W3R AFS EshA REEs 2K]lo]
= g lon, o2 Q13 1A= FS SR
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2.1 XX} 2E

A
2 A7) 18- HAH(160~166cm) 10,
THEHAA(170~176cm) 1048-S ZHekqich of
Z7 o7 2~30t) SAAHFH A 13 o] AA &4 HY

NN
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%, ol off

d

=
A% e SR AASHEA A% Ao} A% 5
gl BlAE S Aae) 99 7 P4 TE B

2.2 K@K} 71= AA x|+ X M™ 5

AdE AhaE tdeR 7], 554, g7 & X3
Sk 2270 AlA| A5 (kS &=l #gun], weleadol,
w5 F 7, EAreldn], ThEUn], 27|, SlEH o,
A S8 T, Jddolyn], ¢k dHolvE
Ao, ok yn], 2k Zd o], 71 bk ol doeEd, &
WA=, A=Y, oHEEY, s E SN
ol 1A 7% AY 9 dzage] AolE AN
3t A} 244cm 45 27] H7HTUG: Timed—Up—and-
GO) (Rikli and Jones, 2005) & 338ttt =t T2
Ao 5528 A4 4 A (AROM) & &4 4 AuE
o] &3ty F731 th(Doriot and Wang, 2006; Latella and
Meriano, 2003).

F leMe 1 A7) Ak gzl Fo AlA A
o]z 4l Ay ArE vludM BT 3tk BE Fo

AA Afo]zo A F Z1EIE Aol Gl AOE JERHTE
1% AFE hsE 244cm S A7) AoM= 13
A7F gz Bo oF 1.6% A% =¥ A0 Z(p<0.001)
el 127 gzl vl AgF oz AstEo] QS
< ¢ F Aok a8v 3RS TUG B 42 A A
FlelA Yelhdar ole 715 w2l 70 HAERL S dolA
= 422 (Rikli and Jones, 2005) & ¥ A7o] FHojdt 11

A7t A AFEE BelEm ek

E 1. KRR AAH AtO|= 2 M Y Aot

. LA e

N (n=10) (n=10)
A% (Al) 68.8+3.9" 28.614.6
7] (cm) 162.7+1.8 162.8+2.3
25 (kg) 62.1+6.3 63.3£7.6
ok-2-7] (cm) 88.1+3.1 87.9+2.3
1ZAeo] (cm) 287%1.4 29.5%1.1
BHAEEH 0] (cm) 43.0+0.7 42.3+14
TUG® (sec) 4.4%0.3° 3.8£0.4

#p<.001, $944cm Timed—Up—and—Go test
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= : Fo] Al ¥
& Az 95 AgsA sk AE 99X 29 1
v gol AAALe] Y B FAHOTRE AE WE Z
& AA7A x W A (RDx) 2 FoHgith A% 99X

(P& 7ITo® 50mmA A*F WEFe R AxE W48t
WA Q1A HE i AE HES Agdh= A Zgol
St AAXRHA AN E HES A83tes A8t B3,
’d 7t AEA el Oigtk olaEE Eol7] $18] A ARtk
g A7 TS 8T Chevalot and Wang, 2004).
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Phase 2. H7} ©A!: 48 34 %
of thet 2A A1 H7HE FHslth A E
Aeke A e 9] W3, A& o v 73:
] 0 2 otk (Monnier 2004). ¥ 1-of|4
A As A T 53 &g 3E w4 7}72} ol
o EE WY Age] uPAR A M & BHdew
ZL%%L Zlolet 7Hg eIt olel wet F7t D1r74]°ﬂ 1% 2

HEApAA FHeh | F=e] 7]
fIgk ZH o FHHG. Ho ¥

A7 #B7ke] -9 RDx7F 2419 7]% #olol-olA
el gt
Hofgk A B
] AR AE WE W3 ALXS S35l TE XA
worth Aol W3 X @elA Y] AE A7F p+100 Ei=
pt50 AFRT} AZel] AT A vtz A A $X]
(p+50 &=+ p)FH ¥ F7HE Al&skdoh

AE WE W A% 538 & 1 H7t
CP-50) (Chevalot and Wang, 2004) & ©]g-3}] F37]
A st BAsto] WA AAF-9E ARGl o2
FAlel 12012 A9l FhEtE 79 & B4 A|AE
(Motion Analysis Corp.)= ©]&3to] X]¢xte] AF A4
BEE FHsoH ol s AFAe] HAle] 58719
HEAL B}A (reflective marker) & F-2HFqic), &3 W
A 78 & A FE Fuy S9 1830 oA 1l
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S o7 Q8% E& A
o] ¥3+ A4 A X (sampling rate: 30Hz, filtering:
fourth—order zero—lag Butterworth filter with a cut—off
frequency of 6Hz) & ©]&3ato] FZHUTE £ T2t
o A3 BRe WA Aol WSk A% 27
o7 Aoaion, NS £57F Hal £529 10% A
A& ol A1F (Wang, 1999) 02 3 &5 nlA 9
x W #H3TF A9H Ha ARl mEe Aow o8t

gt £ T 9t e 78 304 HolFE Ax o]
Rok(bell shape) FE3} w1e] (tai) F-3-9] F gdo=z
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AE AFHANAFE Hau SEAHE A AE5EE 3
oAl Hul %9 10%E Ad A% dAsE A HA A
94 Hai S5 A7 992 FoH o, tail FY
< bell shape ¥¢jo] Bt o|F7E WA As & A7}
28] Felor Aok WA AF & XA o]& Wt
A AGH Ha HE AFo] WAgEA] oW tail Foo]
e AoR Fsglon oY £ Teads §9 1
2 53k} Bell shape tail ¢
A& /F 2= ERSPeH, 78 28 oAl &
Al mke} ol tail GHo] Iy L1
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a)

st A

b) Bell shape part Tail part

= (m/s)

o0 02 o4 06 oz 10

a8 3. &% 0ol 45 Z2nd o) K 1,b) 9 2

H2 4% T2l §F U ¥

#3 el

F4 1 T 5 Fovt &A1

qgp | EEe | F2L | W2y
A gg0-2 | 5499 F 53

W g
TPBP(s) T B FG: olF AIRE
MDBP (m) T Bk 9 olF A
AVBP (m/s) & 2ok 99 ¥3t $% = MDBP / TPBP
TRAD T Bk 9: 5 vl 7T ARE )
TPTP(s) wel g9 olF A7k
%TPTP (%) AA 49 i) a8 godo] AAsh= vl &
TTP(s) AA @ olF ARE
TMD (m) AA 4 o5 AL
AVT (m/s) A @9: B+t £ = TMD/ TTP

AE HIE WX A5 Al £ A sk 52 H
A= 24 AEXEY](SIMM, Musculographics Inc.) &
58] A+EE 33 2 (Delp, 1990; Holzbaur, 2005;
Lu and O'Connor, 1999; Pearcy, 1993; Vasavada, 1998)

o o) gafo] AT B =RelE 0EES olgd

= fiin

NE e WY A A Fo Bd FAolet BuEE B

WO A% 59, HY A% Y, 0EF op) #Y 9

Bg 9B% Bwx FY, QBE ol JW) WS BA

som, vd Mg e} it A ME W3 A

5 A ks Ad) B2 W9 Aol vlw A,
it Ao] Aol o] g5 WSS RDxol ke 7hzt

Al 715 (G1: RDx < 400mm, G2: 400mm < RDx < 500
mm, G3: RDx = 500mm) 2.2 “1&F3}slo] =)
212k ¥ RDxE A7) 98 2est 99 w4 44
2 9z ASISS} 922 ASIS w7 HolE]E o]gate] F
433tk Bell, 1990).

A ARE T 1P} =g @A 2folE et
H e B2 Aol dsiiE FUHHoR s5d B B
2 HE Ao H, w5 B Tl 549 F

wd 7t giu] AE WE W3 Agela s Ao &
A Zbe] digt ujES AT

N

=2 ZE t 717 (independent samples t—test) WHS
gsto] AR} 2Tt Aol digk {2438 AAlS
[e]

o FA 24 AFEE e B 0.05%2 A
o
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oo wRAke] B Hd w3 7el= 546.5mm

Hl& 79.8mm e Aoz UERTh

= |

A £ 2-29] vlEo] WA A LhEd) 2 mYAE
AE ME WY A% A B4 oot @43 B4e & 4
oleh, taEe BE JAelA #4919 ugol 71 7

DA RE SR 53 2-29) W&ol

Bell shape %%3: Bell shape %ol x 2] H o5 A7+
(TPBP)> EE Aol ARzle] zlol7}t gl Zo=
el o, Ayt TS E - OF BT ol ARkl
Z7lshe Ae Jehith I o)% Ag (MDBP) = Gl
ARAE AQde BE XA THAF A Fe Zo®
el o (G2: p<0.05, G3: p<0.05) 1 xpo]= A7}
Ho]A4= 71X = Z1(G2: 60mm, G3: 90mm) & & e}
Wk et Al olF AR (AVBP) & & AelA o
FAp7b izgtel vlE tha w20 R vER o FA1A
g2 Kol ¢kskeh 751t oin] 7K 7 AlIRE b
#(TRAD) 9A] BE AA|olA A=zt 2ol fle 3o
2 Yehgor ¥ o9 IF 2% Azt "olgel uket
TRAD o] 718t A%, & 7% 77k 9 Alke &

I 4o 98 a5 H(1EA, g2, AE HE 9 Hlsk= AeS YERldh
2 W(G1, G2, G3) &% Zwale] 4390 uby wy HlE Tail 9493: Tail GAeIM 2] Hit o]% AIZHTPTP) <
S HolFy Q. AWtAow mHALe] AL ozl v BE A d87E ApolE YERAYE 18k HH Ao
2 ool vla) GlolA 0.26%(p<0.05), G294 0.28
B4 A% Z2nol OF W BE UG H|S Z(p<0.05), G394 0.762(p<0.01) FE o 2H]3R= 2
OS2 Yehygth AA 5 239k F tail G0 Ak
AR 2z ;
. o T MR@TPTR) A RE AN 492 Aol ug
1) 90 wwn | RIS on se Aust wela 2% 0 Aol o AAe A
730 ) VEAE= AA &5 T TO]Z o Oi
A | 16.7% | 13.9% | 69.4% | 57.1% | 22.4% | 20.4% OA;E HLE}“E}';“" tL A 4 Efr @ tail
o] A k= HlFo] oF 26%lA 40% HEQl Ao
Gl | 10.0% | 20.0% | 70.0% | 46.7% | 20.0% | 33.3% 710l AASh= Mgl e I N H
oz | 25.0% | 18.7% | 56.3% | 65.0% | 25.0% | 10.0% ERgtor iz Gl (3 15.1%) S A9t B5F 10%
e et S gkl Ae® Uk ol2d Aol A fode
G3 | 100% | 0.0% | 90.0% | 57.1% | 21.4% | 21.4% o
BTk
E 5. DX X0 AIS HWE 91X ¥ SSENSE HAS HF 7 HlD
_ TPBP MDBP AVBP TPTP %TPTP TTP TMD AVT
Ay T8
4% = n ) (m) (m/s) TRAD ) @) (sec) (m) (m/s)
- a5 zp 10| 0.97+0.33 | 0.71+£0.08 | 0.81*+0.27 | 0.66*=0.16 | 0.46+0.42" |31.0*16.0° [1.43+0.60 | 0.78+0.11" [0.51+0.16
= 15| 0.97%0.14 | 0.67£0.06 | 0.70=0.10 | 0.59+0.19 | 0.20£0.21 15.1+15.4 |1.17£0.23 | 0.69+0.06 |0.61*=0.12
o 31‘%‘Z}§ 16| 1.11+0.31 | 0.77£0.06" | 0.74*=0.21 | 0.43+£0.17 | 0.44+0.37" |26.2+18.6" [1.56+0.47 | 0.83+0.07 |0.46+0.11"
|2 B 20| 1.27£0.20 | 0.83+£0.08 | 0.67%£0.09 | 0.53£0.22 | 0.16%=0.30 8.8+15.0 |1.42%£0.30 | 0.85%£0.07 |0.61%*0.10
3 _T’_eé‘x]'“" 10| 1.224+0.29 | 0.87+£0.07" | 0.75+£0.14 | 0.41£0.20 | 0.95+0.68™ |40.3+21.4™ [2.17+0.64"| 1.01+0.09 |0.38+0.07™
" x= 14 | 1.47£0.29 | 0.96£0.10 | 0.67%+0.10 | 0.46+0.22 | 0.19£0.31 85%112.,5 |1.65%£0.50 | 0.98+0.11 |0.63%£0.13

L wxp< 001, S8R AT 29 18] ©

27 N7 AR B A% 18] A9l T8A A% A 18] A9,
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A el A o] Ft o)F AIZHTTP) Ax 74" 52 89 (p<0.001)E YERAL o7 #3E
& Aoz YePg ot 1 2ol G3eA 52 oA BE Ao

kis itk et ol A= (TMD)+ G1 yepiow G2 SIAelARE 2 2}o](7.6%, p<0.05)7F &
9 Omm A% © °]%§ 2 (p<0.05) ARSZE Fo3t RoZ yepgtth T w3 527 A4
o7 vepstoy o A= Afel7h Qe Ao® e ¢ a¥AE AlE HE QX7 ool whet Fhashs 4
Wk Hi 17 olF SR(AVD E Gl 9AE Agsta &S veEdlon txd o9k wE vk S8R A
AT AA S AJo|7) Q= ASE YERRTE @A o Bl A w1y e Het Ho 5 HYE
z3ol vl GlolA 0.1m/s, G214 0.15m/s, G3olA] GlollMwt A4 FoAS »olnk ol odF F2 WY
0.25m/s A% T3+ o] &5k =@A Yehtow o]zdk °] 74

ZpolE Gl Al9Jsta FAACE f2o3t Zloz vepyit =73

ot
ol
2L
N
uj
ox b
ﬂllo ri

e

3.4 MY S5 el a9 sl B, S, den B 9% B9 54
Belel thal BelFa Gk Bol A5 nYA= BE 9

SE% W P B2 990 B9 T 4ol B A3 oA ool vl @45 s B4 89S e
ol ARzt FEE AolE yEhd ¥ T4 ol By (G1: 31.4%, p<0.01, G2t 27.4%, p<0.001, G3: 27.8%,
WelR Uitk nEAe) A9 BE SAelN BE TR p<0.00D) dEl 9% B £ We] A v vE
ARl A Ak B H9IE wel v Yz

’ b wnzn YA AR B9 WV R AT Rt

v o =02 GL 9XlE TEAE e 2 B4 NS teblon

- & I FAA Fo/dS Holx| ¢oron G2, G3 YAdME &
140 xHE *XX Lo —n 100 = =
t P S o AR oz Fost xtol& YERITHG2: 20%, p<0.05, G3:
=120 | g—a—" = %0 34.8%, p<0.001).
=)
100 5 =0F 9% =9 19 A 1A dE2T B g
~ - T HSE o] &Sk Ao YeWon G3 A& Al2st
e @ e 0 Gl Gz G3 I RF EAFOR {3t Ao]E HATHGL: 313.7%,
c) 0 d) ¢, p<0.001, G2: 57.0%, p<0.01).
- ~ . X 6AME LFA} gzt @A T2 HE Afo)
Pl s o a® I S Ue B B 5 9% 59, 5 9% &
i ?_%:—:.F T o
L 1 A 40 el digt 558 T4 52 HAE HolF=a it} AVt
- : 7
LI S A d T4 H9 B 5 B 54 HAeA dix
& 1 T7F AAS ZFol (oA 7.3%, 1 28.9%, dE): 15.4%)
0 0 = S = w
Gl G2 63 Gl G2 G3 = HERI
T8 4. NS HE Q| 8 225 4X BE A 5% 9
*p<.05, *%#p<.001
a) b) c) -=- DA
$0 s 60 | 60 ==z
Hk HEx N — Tx% —
me | ! 1 o 40 1 40
" B i
ﬁz ./I—I a0 )
o 40 7 20 =120
e S Al
0 0 0 =
Gt G2 63 Gl G2 G3 G1 G2 G3

J8 5 AE HE X & 5, 32|, 28

, *p<.05, *%p<.01, +*xp<.001

o
i
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E6 55X 2 s34 54 2y
ik Q8% 5 el
a% | U] o Es 9% &4 9% =9

a#A | 10| 113.3+£55" | 54.0£10.5™ 52.9+9.4"

x| 10| 122.2+7.3 76.0£4.2 62.5+8.4

#p<.05, #p<.01, #+xp< 001

= =l A 7P gl o] 8
2h& ekl Qe 2 d(EE EE &)

9 £ Z2adE& FAsHs Zlojth(Wang, 1999;
Bennett and Castiello, 1994; Roy, 1999; Paizis, 2008).
B ATAE olelst w4 W olgstel AE M= W
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Qstt) webs, EAe] vlE
ghe] whet H3bsh 54
o] Asly= EA (Fisk and Rogers, 1997)°] vk
o7 o3t = k. && FHoA Q] olgst 1

o
Y

&
o2

ol
on

Yofr oft iz
Jm
oX,
lo
re
oft
o
ofN
S

o

Zfe

100 100

Vo)
(%)

f 20 |
il ]
W 60 L)

Hr Hr
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