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Abstract

The purpose of this study was to investigate drivers’ postures in different car pedal systems and skilled
levels under fatigue. Twenty four subjects participated in this experiment. For three—dimensional analyses, six
cameras (Proreflex MCU-240, Qualisys) were used to acquire raw data. The parameters were calculated and
analyzed with Visual-3D. In conclusion, ROAs of two leg-pedal system were less than one leg pedal system
by pattern analysis. Through statistical tests, skilled levels have effects on ROAs(X, Y, Z) of ankle joint at
breaking a pedal and ROAsS(Y, Z) of ankle joint at accelerating a pedal. Also, car pedal systems have effects
on ROAs(Y, Z) of ankle joint, and ROA(Z) of knee joint at accelerating a pedal. In addition, skilled levels and
car pedal systems (cross effects) have an effect on ROA(Z) of ankle joint. These findings suggested that we
should improve a present single pedal system.

Keywords: Fatigue, Pedal System, Driver’s Posture, Range of Angle
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o 9 W Ao A4S $ vk BAE o9 4 3> olgd Aol mRel giF A1) wETRY 2
= Ao® St 2 wbdzbe Addd WAl & IR 3 AA e Aoz Aztsu ahdd A
T AR $AE Fdshs 204 28X dow ¢ 2 exlAhks A9EE 25E 7 WME A 8

Algle] Al zgelxe] A2 wdzke FAAel A b2 WAs|Hg A ste] sjHde] o]5E vt

DALt v A g AFAQ)S AJAFEHCE AHob exAte] RalE a4 dvkar Az
TE|a oAl zgle] 2 BH ARelE At 5
3.2 A #A ZHHH(ROA) 2 Aol ulZA] Lo A LA Fog Z =)
S WEom IHAA s uiA HER 2w
AT zhHo= A Aulzbl|A] HA Azt R sl WRE xYste] SEAAEES o]
olafol = gl stsirk A okl AZEek e A ES ghe o
SRTelA FEAzgle] Evd ZPE9)ZE 2 e
321 A-ZF 3AXAE) AL 2d ol S skar ] wiEel Al &
W2 A SEne Hua s ogu) wAgle] = ool AIHEe] e ddeletal Az of= 7]
Hh 9 S TAe] A-sarake] wE zhios glo|uha Aoz oAl xdln} A2l ok ARA(XE}
sz o W H AEA e o] HA] fA)e] ZfololA

T

<Table 3> Frontal/postal ROAs of joints on lower limbs Mean(standard deviation)

EERERE ol g
T %A H] el AT SEET
(/A5 o o o o
P AzE o ARl AR S AsE g Alasl Sl AaEl R AsE S Al
Furzhyg 9] 259(1.91) 2.02(0.92) 150(061) 151(0.30) 2.62(1.67) 253(1.44) 1.93(0.72) 1.86(0.64)
Tk zhg gl 487(3.36) 549(3.32) 447(211) 545(198) 3.50(3.03) 427(1.83) 2.13(0.69) 3.67(1.40)
Zpazhgl 861(346) 970(3.74) 732372) 8.92(3.07) 7.27(8.32) 5.20(1.12) 3.56(1.64) 5.01(1.39)
Zpazha gl 1763(453)  16.70(6.81) 15.32(3.70) 15.00(4.46) 1241(335)  15.12(420)  12.890(416)  13.22(5.00)
<Table 4> Medial/lateral ROAs of joints on lower limbs Mean(standard deviation)
ool wg o) s
T
Hua ) &e Hu e
(Y5/2533) il il il =
Gk A" ok Aj 2l G Al ik AjEl Rl Bt 9k Aj2El F Al2=gl o]k Aj2H]
2zl 0.80(0.80) 0.83(0.72) 0.49(0.19) 0.78(0.40) 0.93(0.92) 1.09(1.17) 058(0.27) 0.61(0.19)
TFAZPE S 7.08(2.32) 10.22(3.31) 6.79(2.13) 7.64(2.55) 3.56(3.06) 9.77(3.65) 1.75(0.62) 659(2.83)
Zoazhg gl 3.85(1.82) 449(2.38) 5.47(3.73) 7.84(3.33) 2.79(1.75) 3.07(1.03) 2.03(0.46) 2.50(1.04)

S 7 12.80(4.33) 14.13(3.54) 9.47(2.14) 11.77(2.71) 5.00(2.10) 11.69(3.81) 3.79(1.24) 8.78(1.60)
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<Table 5> Longitudinal Rotation ROAs of joints on lower limbs Mean(standard deviation)

Ho]a #Hg N w
. ;‘i%) saz Hlem Sl Hl e
Az S Az P AaE Sl AxE G AsE S Alad R Aad S Alag
el 1.06(0.52) 1.27(0.70) 0.79(0.25) 1.13(0.37) 1.16(0.60) 1.28(0.76) 0.94(0.38) 0.98(0,29)
IIE 7P S 6.15(2.97) 8.32(3.75) 5.82(2.17) 5.99(2.49) 3.04(1.55) 7.49(4.18) 2.27(0.74) 5.36(2.75)
SIE4R 9 10.47(2.49) 10.98(3.09) 11.19(3.71) 10.03(4.24) 5.03(2.34) 9.68(3.40) 4.22(2.28) 9.25(5.34)
7P ¢ 12.53(4.90) 11.78(4.76) 7.22(2.53) 9.67(1.89) 3.74(2.01) 10.33(3.89) 3.62(2.0) 6.02(0.93)
322 F-¢ AHTH) AAS 5L HAAA <Table 6>2 #Fo] HAlwS
Sz A B W AP gae) zhael & S Aol ) Fuk Zhisie] p < (BRI Fobd 7MY
Awel PARle] A B BT A Uehta (AR SR @de] sdsithe] gujsnE o
oA ZM9E A9sla YoudRe e g7 U olde] HAL FHA ¥ vwA Wl thsiA A
BT Table 4>, o)t @ubAlasle] 84 o5 A A AASE
A e A9 Zd ZPagle gl gAstol
L-20]7] wjFolt}, <Table 6> Identity test of box for covariance matrix
Box¢] el
323 2% 3A(FHW) VIR T R
W)g Al 2ok 9 SApd 3 8 2 B pp B BT 1360 12 M U
olaHY AFE A H|%ETte] 2¥A ZhHoe}l Lt Fyd 35282 1404 120 bR WS
o Zghd ZhoS Alelstn Semel phAglo] opa \p ET 55515 2210 002 7P Sl
A 2Elo A 25 ZHA] UER T Table 5>. S¥d 23809 948 520 7HA W
ol Fell A ul& A} ¢F ¥R Ale] ZNk gl shx]
o S|4 ZPE vwehaz] AN oR gold e <Table 7> Multivariate test
S B I &2 Aol iRt FHdolA] A 2Elo] Go] B oE
SpAzgnt o e gasde Bato] W T sl P e aw
B2 35S A= Hoz FuEo] Addoe] = SHE 61 617 092
$o] & Row AztET} ]—i i\%;]gé? 828 496 121
BP T g 080 910 013
33 =@ %9 HUAAEH &3 23 m= V‘Zilff _ _ &d= 3341 043 358
ROAS] =}o) Ty »*E;lfjé 613 615 093
 gaaea 033 634 089
GRwe) sEAag] fado] T 9 e Zhy AP w _Sa= 3778 039 386
gol AL L 2SI At FIWE VNG Wiks @ SLeai=d 20822 000 777
dwsh AeAzE FY)S FEAF N 2, 2 #rh A g 2876 065 324
T, S, S 2P N = 24704 x 6)9] =
BE TSI, M MRS WE A g ok 98 SO amlelaARE
2 o] oy MANOVAS] 798 Falokm o Yy 2 SR el
zﬂ_i} cun Zuele sog ABE melx] oo} < .0p), %“éﬂ]%’é U i‘%xégl i_ll—tl]jq‘ﬂf SEE
(Y, 2), AEA=RY, 2)3 seesl dA =g 4
tworway ANOVAE 41153 FAgol et Gol7Kp < 06) hebskri<Table 8>
olFe] HANAM wdxst HEAEE FH FE
331z S9d 2hae 1A =pa0] e VAT ol AARAA wEH 4
FEE R R tworway, MANOVAIIM - g 45 2pigin) 71407) aiolela A7kt
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<Table 8> Between-subjects effect of pelvic and 13-z E3E Y] two-way ANOVAOI A
ankle joint angles A8 Levene7d QoA Bgolasds 8 o &3
o ) a ZPHLI(Y) ek ‘ﬁ.‘é‘ﬂﬂ 4S Aot o 1AEX, Y 2)
T TE F ;% o E} Zh9let £3d ZMLX, V) FogE p < 06E
T ;78 ng; o} zZtobx] 4ol fuiEER o o] HAS 43
. . . AR =z Eﬂf_?_] pe ZJT% A A]E
A% Yy 1181 290 056 i U B
7 697 414 034 <Table 9>.
. X 01l 919 .00l AR 23 HANA A DS v W S
; deAlag Y 415 527 020 7P 9)(7)= w2 Zol7Hp < .06) LFERdTH
71147 297 054 Table 1o> o|n oubaEle. HZuro] ekalo] o
me . X004 948 000 S S wE SEAse %o oEE 9
M Y 052 82 003 : X
BP A ste] $=ubn ol ylolok 7] W] Z@
X 5773 026 224 A 2Z5|do] ukey] o)
2
sd= ] ool folshAl LA e Wl didnte]
. : - olo] F|FrA EA AL7|7HE o)o 23NE =
= X 008 93 000 7HQ1e] B d, AF71 AR1e 7I=85E 5
@ #HgA~d Yy 1916 182 087 2ol tigk Aold = vk 2y HHE, HEAs
k| 7 544 469 026 eyl HErel FHua g ATaES B AR 9
L% X .26 618 013 AH- WMol tste] FAACR Fofgh IS mH
) EEA] 28] Y 101 754 .005
7 1.389 252 .065 . .
X 2497 130 111 <Table 10> Between—subjects effect of hip and knee
= Y 6.862 .016 .255 joint angles between subjects
Z 12.033 .002 .376 o o] BB
e fro] F& olE
= ] X 944 343 045 T &5 W Fogs gz
2 L 01 00 S AGA =T 564 A6 027
X 695 . . ST o«
M Y L1646 214 076 sgazg O 0
; ¢ _EAZE 2796 110 123
v} e
332 n#AY &34 4HAY AA &l ﬂ?%%]é%l 1554 227 72
SHE 687 417 .033
<Table 9> Levene test for equality of variance 7 HgA 28 1.300 268 .061
BP SEE x
1.228 281 058
Ae @ PR P o ua AL =9
=2 SHEE 614 442 .030
X 2.370 .101 7}A w= G A] 28] 896  .355 043
Ay | Y 593 627 A ©= = ) EHA] 2] 049 827 .002
BP zZ 316 814 713 ©= ul Y= 1A o)
X 950 435 7HA B A SHE 056 816 .003
<34 Y 3.298 042 7FA4 <u 7 A 2~ 8 003 .955 .000
SHE %
= SHE
Z 2.019 .144 7}A 9= S A 2o 927 347 044
X 420 08 JvE A TR (X, Y 2, 2% P4 A
Y| Y . 024 714 9#
o 3.903 0 4 S0 (X, V)= 7474 o)
AP Z 5650 .006 74 ¢ E 1= o0 ER T
) kU
X 4180 019 748 =i+ o SaN=d 9683 005  .326
¥4 Y 3235 .04 7HE 9 A7 T Ay . oL o0 000
Z 1.688 .202 713 w= g A] 28 ' ) )
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