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X,Y = coordinates of the vehicle in the reference frame
Vo = the initial velocity of the vehicle
Ly = initial distance between the vehicle and a stationary obstacle
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FASE FEe] & Wdko] MR T2XE Folgof st $eo 17l
A

3¢ WIF F2 XF9 o] M= dAZrE & 5 Ak 5 AT
[Rotation order]+= W tholl s Feld 39 -49 Zr=(child-parent
angles)oll tjgt Z 2.2 Euler angle orderdl 93l XYZ=2 A3}
Wstge] & & $AHow Fholgdh
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+ Data Views2| Presentation graphs 1Et
ol =
I 1. e =327 | *  Graph layout Load graphs file2 AEHSI0] Y S2iS

o AUES AR I HES i WE0| Pt | W20 STURE HO|HS RASE
IZ'Ea'c'):;:r],?_}ﬂe_l‘{ | iom—»ItHCJlel};ohlL Lhﬁl [2] mioll 51ej| )t E HolE 5P|
4

«  F&E T2l Save graphs datas 22/610] H|0|H MYU2 XESIHLY,
EENEES |

Save graphs imageS 22/610{ APX M2 X%
IRy of| ke St 512 2te0f XY,Z350]| Cifet HlO|E] ghet el S5

a4 19 Helg & Azt

AT 3R FA R4 ARl dolE FE A Aaks
T 193 gom, Ty 209 g welHE 9 F Atk FEE
Z

delgelM X, Y, 25 % B



skt A%
gonz A
=)
4
F7ko] ol

7 |[Data]
2 Neck_Trunk
3 Neck Angle (deg) Trunk Angle (deg)
4 |Index X Y Z X Y z
s 1 29026 1689577 -7.28303 -0.00608 4.491024 1821682
6 2 3341473 1751092 -7.31106 0030308 4450348 18.10536!
7 3 3629821 1691151 -741039 0027027 4483431 18.15908
8 4 4058033 1800354 -741758 -0.10224 4382124 18.09136
9 5 4557564 178825 -7.33608 -0.09748 4313831 1805911
10 6 4889017 1775728 -7.36125 -0.10334 4257048 18.03762

B Neck Angle (deg) 11 7 5346739 1802535 -7.4858 -0.14023 42013% 18.03299
12 8 5674371 1925198 -7.54968 -0.06725 4.070645 18.04309.
13 9 5919064 1.962046 -7.66085 0042201 4.048203 18.0435.
1 10 6281154 2102117 -7.69287 0129511 3968211 17.92587
15 11 6622568 2024363 -7.58347 0127257 3.962941 17.9841
16 12 69452 2122656 -7.44931  0.1686 3.891086 17.88285
17 13 7223323 2181109 -7.54392 0.194859 3900196 17.91148
18 14 7427149 2164709 -7.5894 0228203 3878744 17.94132

100028 3
Bl .
TraAngle (des) 748 744 2092052 -3.03672 -7.17088 0.599767 10.79881 8697557

749 745 2101332 -321471 -7.12241 032093 10739 8971464
750 | 746 2118057 -328648 -71772 0.113207 1065219 9.163919|
751 747 2119378 -330864 -7.28177 -005753 1058042 9.285562
72| 748 211905 -328953 -7.35965 -0.11085 10.39643 9.051321
753 749 2124174 -336736 -7.3756 -0.17812 1021869 9.078667
754 750 2130257 -341688 -749 -039884 1015095 9229251
755 751 2137178  -35334 -745815 -0605 10076 9.373254]

756 752 2145619 -3.55971 -7.54036 -077592 9.930469 9.444208|
757 753 214239 -355129 -7.58118 -0.88682 9.820332 9.409439|
758 754 2140476 -364122 -7.53407 -1.04305 9764447 9.479249|
759 | 755 2145966 -3.69405 -7.66602 -1.20868 9.697261 9.60502
760 | 756 214739 -373182 -7.80013 -1.33184 9626346 9.631599|
761 757 21.55881 -384888 -7.85519 -147721 9.587078 9.757386

<J2HZ Ho|Ef> <$=X| Cf|o|E>
a9 20 AA 77 A E4 velH

1 |[Data]
2| Neck_Trunk
3 | Neck Angle (deg)  Trunk Angle (deg)
4_|Index X Y X Y
s | 1 1167329 -384741 -11.0009 -36585
5 2 1160007 -387664 -109572 -35259
7| 3 1167435 -388899 -109991 -3.59687
e 8 | 4 1166118 -387753 -10968 -347853
Neck Angle (deq) ) 5 1170185 -39436 -11.044 -3.49081
1o | 6 1165557 -397361 -11.0277 -347253
| 7 1160414 -39267 -11.1593 -345044
h2 | 8 116078 -404982 -11.0507 -346375
13 9 1151174 -397614 -11.0583 -347997
1a | 10 1151427 -401432  -11.081 -343775
s | 11 1146435 -396022 -11.063 -347768
- 16 | 12 1148569 -40781 -110786 -3.49831
T 7 | 13 1137285 -408917 -11.0736 -341504
18 14 1124016 -4.14234 -109568 -345122
g
s 253 2296804 0665101 -7.17651 -1.57482
lese 254 226958 0401738 -7.47663 -1.76149
Jeso 255 2234123 0250638 -7.42094 -1.53324
l20 256 2211344 0246105 -7.52673 -1.31889
st | 257 2186253 0077932 -7.41746 -1.05665
— 23 258 2163184 -0.12486 -7.45768 -08721
Josz 250 2127166 -021956 -7.28289 -0.80904
joss 260 2103959 -0.1762 -741906 -044845
joes 261 2085797 -038313 -7.41591 -0.18724
lees 262 2062582 -024997 -7.3266 0.187728
les7 263 2039118 -020029 -7.06652 0.776886
<J2HZ Hjo|Ef> <==X| H|0|E{>

a9 21 B9 77 ZA 4 dHolH
30 o .-'d- .-"'t‘l. _II_I:IL_T_ ]:.
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A4 2D 2%

$4s 7T o 24
1 9]=3.04~4.85)°] 1L, 4.31%(SD=0.39;
H91=3.60~5.05)°1,  $-3]# 4.31%(SD=0.36;
H=3.63~4.94)7F A8t 3y HAPFS FIE o AL A
AR w HE 5.48%(SD=0.71; ¥H9=4.31~6.63)0], FH3| A
He  4.80%(SD=0.56; W<=3.93~6.19)°|H, $-3JAd w H
5.37%(SD=0.58; H=4.71~6.67)7} 225t}

Ha 4.18%(SD=0.42;

U=}

R 14 T8 N 7l $AF

S| vk A (AP [sec]
Az 4.18 (+0.42)
a4 A s3] 4.31 (£0.39)
-3 d 4.31 (+0.36)
= 5.48 (£0.71)
3] 3] 23] 4.80 (£0.56)
-3 d 5.37 (£0.58)

X 2t 23 AIZK(s) o|m| 2t 38 AIZK(s)

44 53




Al =7l Az dolme] vl g Aol s HFE] A8 wARE AESE

B 53 A 47425 7|Fo2 A dolxm a-AZE S

A8 Fox BF dE7|Es o) AWsE FASsglernzE,
AsA & Aol 1d mRkel Ae-E 4 Aol flvkar Byt
A= A dolErt 3E Aee dE JRE g3 9 Asa A
Aol e AF FHAgzrl 179H(39.5%), AHIol Y AUt
269 (60.5%) 0= eI, A dolmrt e AeE Aol e
B57F 1%8(20%), 7A@l A= A7t 4H(B0%) o2 YEIHTE HE 2

3 Aol mE Azt o=

|

do
Lo
o
)
)

it
f
)
)
5
rlr

% 15-1 AF JER=E &5 3 F57d 9E A dol= Ao

A dol= i}
FAA 3 = A A x? D
= 17094.4) | 16.6) | 18(100.0)
e 73 i 0.729 0.393
nee & 26(86.7) | 4(13.3) | 30(100.0)
BE 43(89.6) | 5(10.4) | 48(100.0) 48(100.0)
_ AT GOl ] )
3] 9] p = A X p
= 6(33.3) | 12(66.7) | 18(100.0)
e 743 i 1.067 0.302
nee & 6(20.0) | 24(80.0) | 30(100.0)
A 12(25.0) | 36(75.0) | 48(100.0)

E 15-2 A% ¢34 39 F7 BHE A WolE o]

A7 dol= .
744 e el A x? p
] = 17(94.4) | 1(5.6) | 18(100.0)
ENE il
ne e & 2686.7) | 4(13.3) | 30a00.0) | 0% 0.393
A4 43(89.6) | 5(10.4) | 48(100.0) 48(100.0)
o A7 oz N
ki | g = AA x2 D
] o 6(33.3) | 12(66.7) | 18(100.0)
g2 A3 T
e e e 6(20.0) | 2480.0) | 30a00.0) | 1067 0.302
A 12(25.0) | 36(75.0) | 48(100.0)

3 o 1 |
33 A1 =-TH T



2. Y3 SN F3 AdAHA
BoApe e el el diete], FA e wel VAR
wate] AR NASYL W J1E FARL ® 169 )
X 16 £33 =4 7l¢ $AF
4 W B (EEAAD
2 7 12.86 (£5.36)
A #3]4d 27.67(+14.16)
2 7 +3Hd 23.80(x11.97)
(X= 2 7 24.69 (£10.43)
3]9] #3)d 21.36 (£9.86)
<34 28.53 (£10.10)
A7 9.97 (£4.67)
FAX #3)d 8.98(+4.51)
w7} <34 8.76(+4.09)
Y) 27l 8.64 (£4.84)
o 3] 9] =3 11.11 (+4.39)
34?;5 <317 8.28 (£3.20)
(o] 27 11.61 (£5.83)
FAX =34 10.51(£4.55)
& 7} PR 8.56(+4.66)
X3) 27l 9.01 (£5.21)
3] 9] =34 9.34 (£3.90)
5317 8.95 (+4.59)
A7 9.78 (£4.94)
HAX 3] % 8.49(£3.59)
3e 7t T34 9.40(%4.84)
(YZ) A7 7.86 (+£3.34)
3] 3] 3] 10.53 (£4.39)
5314 7.05 (£3.89)
27 37.28 (£17.66)
FAX 3] 49.58 (+£17.95)
Aol Az T34 54.69(+22.86)
[cm] A 67.85 (£19.39)
3] 5] 23| Ad 120.3 (£38.59)
5317 116.17(+£41.55)

"}:‘-'! ; ‘l-l



HA, e mE =d fdE 9 Al AYY Aolrt A=

stttk A+ HA L Kolmogorov-Smirnov 743} Shapiro-Wilk

Rom, x 17-1% ® 17-2¢ QokHo Q. FA

4 B pgke] 0.05xT fomg

23 tkal kA

" v 23 HAQ Kruskal-Wallis

A ArET. Aol AYY A F HA EF pite] 0.05HT

v, 2e gAY v HJorE Bytds 7H8eH] s
o] ANOVA¥RE ol e}, Kruskal-Wallis 4% o] &3}% ).

rir
o2
=l
M
el
-
k)

l

£ 17-1 SAANMY E23 A A7 23

Kolmogorov-Smirnov Shapiro-Wilk
w3k CTT CTT
A | AH=E - A | AHE .
T fags T ase
w o | AR 0173 16 0.200 | 0.903 16 0.091
&;) 3|4 | 0.108 | 16 0.200 | 0.945 | 16 0.411
=54 | 0.209 16 0.060 | 0.867 16 0.025 *
o, | A% 0153 16 0.200 | 0.956 16 0.588
[ #=5- | 0.266 16 0.003 * | 0.891 16 0.058
(Y%)
=4 ©34 | 0.142 16 0.200 | 0.901 16 0.083

Ad= | g A | 0.220 16 0.038 " | 0.882 16 0.042 "
sy #3]4 | 0.133 16 0.200 0.955 16 0.571
5314

(X=) 0.162 16 0.200 | 0.871 16 0.028 *
& g A7 0.126 16 0.077 | 0.957 16 0.608
Z+ | #38ld | 0.203 16 0.200 | 0.928 16 0.228
Y=) | $-314 | 0.100 16 0.200 | 0.943 16 0.390
Aol A 0.160 16 0.200 | 0.891 16 0.057
el z3) 4 0.101 16 0.200 | 0.989 16 0.999
53] 0.137 16 0.200 | 0.933 16 0.274
#p<0.05

35 J'A! _CI:I_ 1_-_]5 J]



R 17-2 399X 9 84 S Z4 AA

Kolmogorov-Smirnov Shapiro-Wilk
e g | As= | | A | ae=| T
FgE o &E
= 7 Ax 0.178 16 0.187 0.909 16 0.111
(X% 3] | 0.229 16 0.024 " | 0.848 16 0.013 "
3] | 0.136 16 0.200 0.925 16 0.200
= 7 Azl 0.199 16 0.089 0.892 16 0.061
(= 3] | 0.203 16 0.078 0.869 16 0.026 *
=4 34 | 0.161 16 0.200 0.913 16 0.132
A= | 39 2z 0.148 16 0.200 0.911 16 0.123
z} 34 | 0.157 16 0.200 0.948 16 0.456
X5) | 384 | 0.177 16 0.196 0.908 16 0.107
3] g A% 0.141 16 0.200 0.960 16 0.666
z} 3] | 0.180 16 0.172 0.883 16 0.043 "
Y=) | $-314d | 0.158 16 0.200 0.872 16 0.029 *
A% 0.161 16 0.200 0.931 16 0.251
j: 23] 0.153 16 0.200 0.951 16 0.500
534 0.170 16 0.200 0.902 16 0.085
* p<0.05

4.2.1. 24 9I=

Kruskal-Wallis #74 A3+ #F 18-13 F 18-2¢] 2.9k% o] itk
A2 gl E deE 7leoz 54" X5 WY Ho| Huy Zo
ATH whHol, 33 FelA=
o] F3 wiakol| whet

05

N g

36 A =T =



E 18-1 FAA A 24 J¥9= K-W #A

ZZ Y¥=E [degl
EiCH = 7 3 pa 5 pra
e = 2} = 2} 39 % a9 %
X=) Ys) X%) ¥%)
Kruskal-
Wallis®] H 12.529 0.674 3.728 0.465
o g%}e 0.002 * 0.714 0.155 0.792
frolgE

* p<0.05, AFE=2

¥ 18-2 A9 &4 I K-W AA
29 A Yd=(deg)
7] 5 2zt = 2 83 Z 33 Z
X%) %) X%) %)
Kruskal-
Wallis®] H 4.099 4.789 0.286 7.445
A .
P 0.129 0.091 0.867 0.024
* p<0.05, ApFE=2
Wako] whE vhERjal AeE ¥ 19-1, ¥ 19-2 @ 18 239 QoFy
o] At} vsH]1l= Bonferroni 485 &3l F94 Ftol A A
4% FgeA XF wWEke] o] Hu 72 Az -3 d e
frolst xfol7) Qlar, Heto] A ET= 33 o] ¢ a2 =4 9
do] © Arta B 4 Atk 3 AIA el FoF o]zt
SRt 5 FeE2 xV|shd, HL-I A, FA3) Aoz g 5 9l
th. 33 dAgdellA Y& W slele) Ao 4o $3A3 RFA ol
= @ zolzt 9, Wirel 2 HAade]l FA Adel o Aty @
T ATt & Fe3E w|ehd, ¢3S o w2 7718
E 19-1 FA3AdAY & ZXFH) AFEEY
Z4d 93I=
e A "X ki
A 29 A9 46H)
ak-u-gk ol gs Z349 §98&
217 -9-3] A 0.007 0.020 "
A7 -3 A 0.001 0.003 *
31 -z3 A 0.549 1.000
* p<0.05



E 19-2 33049 s2] Z(¥F) AFRA

. =3 A=
eEES R T
529 Hd A4(Y=)
PF-L #olge 244 f)%s
53] -2 0.344 1.000
53] -2 3] % 0.007 0.021°
REAEE Jok) 0.081 0.244
* p<0.05
2397 ot o|m| 2ty
60.000000 25.000000
50000000 _ =
@: KIr 20000000
L S 40.000000 t :->;
B0 = ®ORC o
=l OF T 15000000
&N =L 30000000 UESE
A B({:- _— Cl ng 10.000000
i ? 5000000
000000 - 000000
1 2 3 1 2 3
Y3 3t
(Z7=1, 2}3|H=2, R3|H=3) (HT=1, 2f9|H=2, 238|H=3)

29 23 4 Y9I = Kruskal-Wallis AR
4.2.2. Aol AL

ANOVA 2 Kruskal-Wallis #374 ZA¥+= % 20-17 3% 20-29
g oks]o] Qth FA4A HPAdA = F 2 BT Ao meof Ayt 53

:

A S i s R R S 9}‘}9«3} T3 3] Fel M= Ao A

Yel7h 2 3@l w919 Aolst 98-S FARAT

N

38 A 2T} 8



E 20-1 F3A A Aol A8l ANOVA € K-W #HA
Aol Ad(cm)
L Z] 7]
#87 #Hd T EECEE
F 93.321
ANOVA
FolgE 0.045 *
Kruskal Kruskal-Wallis¢] H 6.623
~Wallis 2} 985 0.036 *

* p<0.05, AHFE=2

¥ 20-2 3|9 dA 9 Aol Ag ANOVA ¥ K-W HA

) Aol Adl(cm)
35 #] Aol b A
P 11.364
ANOVA
Gol3tg 0.000 *
Kruskal Kruskal-Wallis©] H 6.599
-Wallis b o E 0.037 *

* p<0.05, AHFE==2

s

gk w ‘ﬂr?‘ﬂ] A= 1 21-1, 3% 21-2 H 39 240 Q.9
o] 3tk ANOVA =% tsiA+ Duncans 5‘30}04 AP AL
™ Kruskal-Wallis 74 9] E}TH]L~ Bonferroni 4% E3 94
gtol A=A FA8A APAA F AFFEA BT Ao Il A
A7 34 el ok ko7t Qdar, Hato] F §-3]1do] Aol up
A8l 2as Ayt o Ava & 5 Ut %7: o2 #E7|std
o2 %718 & vt 3 HFYPolA F *}—?1‘?‘4 B 11]
of b Age A F9-Fd b= FYs Aolrt dar, Hafol
AXBG= F9-3de] ¢ 22 Aol b A ¢ Ay B 4
. A Zrell= frolgk Zol7t gl & FeE=E %
718, A x<3 A, 30 = 27T 5 AU

39 "':l"*-_-ﬂ: _'\,,:_. 5



% 21-1 FAR AN Ao A2l AFEA

Hg’fi.]: 1 2
R 37.281 -
%3] 4 49.575 49.575
284 - 54.688
-k FgE 44 Fgs
2 7-%3) 0.047 0.142
A %1-9-31 - 0.016 0.048
23] -3+ 0.668 1.000
% p<0.05
£ 21-2 39X ¢ Ao A AFEAH
u}gk 1 2
A7) 67.850 -
=34 - 116.169
© 3 A - 120.300
-3 frelgdE ZRE frodE
X 2 -23] A 0.001 0.002 *
2 -9-3] A 0.000 0.000 *
%3] 4 -9-3] 0.728 1.000
% p<0.05
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1200
2000
100.0 T
o o
o
gt _._K 800 . " 1500
arsr il %
SH S ol
'k‘b— 600 '..'<‘2>—
3 & 100
Tt 400 i
200
500 =
0
1 2 3 1 2 3
Wt st
(BT=1, 22|W=2, R2|H=3) (RT=1, Z2|W=2, R8|H=3)

a3 24 A9 AT Kruskal-Wallis 23

4.3. QAH SHAXY F3 ¢HHA

LA AEsto] HolHE £4s3len, 7e SAFS ® 229 Eh

R 22 XA S9 Vg SAF

¢ s B (FFEHAD
27 1.78 (£1.29)
HAA 3] 1.84 (£1.39)
PR -3 1.91 (£1.37)
A7 1.66 (£1.22)
3] 9] #3]% 2.00 (£1.41)
37 2.00 (£1.32)
A7 1.75 (£0.93)
FA4A =37 1.81 (+0.98)
W 37 1.94 (£0.77)
A7 2.25 (+£0.93)
3] 9] 3] 2.25 (£0.93)
A o] 5314 2.13 (+0.96)
go|4 A7 1.88 (£0.81)
FAA =37 1.94 (+£0.93)
. ©.3) 4 1.94 (£0.77)
T 2 A 2.19 (£0.98)
3] 9] =34 2.06 (£0.77)
T34 2.13 (£1.09)




27 2.06 (£1.00)

FAA 37 1.88 (£1.02)

A 8 317 2.44 (£1.15)

A7 2.50 (+£1.21)

3] 9] z3]4 2.31 (£0.95)

© 54 2.31 (£1.01)

B 10.94 (£2.32)

FAA =3 11.06 (£3.19)

. T3 11.19 (£3.25)

A7 12.06 (£3.71)

3] 9] 3] 7 12.19 (£3.51)

$-317 12.00 (£3.88)

A 1.75 (£1.06)

FAA #3517 1.81 (+0.75)

el Ao © 57 2.31 (£0.79)

27 2.25 (+£0.86)

3] 9] #3171 2.31 (+£0.87)

©. 57 2.19 (+0.66)

B 4.06 (£0.93)

FAA #3571 3.63 (£1.15)

A T3] 3.56 (£0.81)

B 3.50 (£1.03)

3] 9] 3] 3.50 (£0.97)

53] 3.63 (+£0.81)

* p<0.05

a¢] wieke] tste], Fal wae] uwleh 3pAR PR APL
PP e W LEAAE, g, Fx D AA FAe @ Ao
o[, Bt Y AAE F EHFY Aol7t A=A E HASATH

H
A2 Kolmogorov-Smirnov A3 Shapiro-Wilk 774 9]
o, ¥ 23-13% 3 23-20] f.9k¥o] vk Ad AA A
Wefol 4o EQbghe AYetal, + HA EF pakel 0.06EY
frolatth. webd FA-A MEeAe] EbgrE AlQ]ehal,
SHY ARELS Aitwxd mEx Qi A XIR=E,
5% 3tollA HHFRE v EFHA Kruskal-Wallis A S
A4 E5 pgkel 0.05KHT}

A 7HAsH] oge

ANOVA¥T oy g}, Kruskal-Wallis A %X o] 83}% .

[0 o oo =

o X
Ly 0 X 4 ox ox
u
g

I 32 N

>
O]
-

¥ WU oax do O ozl O o oo X
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E 23-1 SAX AN AAH S F4 HA

Kolmogorov-Smirnov Shapiro-Wilk

ol e ase | ST sa | e | O
o8 +98&

2 0.228 16 0.026 * | 0.906 16 0.101

FEANE | #H3A | 0.229 16 0.025* | 0.893 16 0.063

934 | 0.184 16 0.153 0.910 16 0.117

Ao 27 0.290 16 0.001* | 0.786 16 0.002 *
§o]A #3d | 0.296 16 0.001* | 0.796 16 0.002 *
T 3 | 0.220 16 0.038* | 0.819 16 0.005 *
A o] 27 0.313 16 0.000* | 0.785 16 0.002 *
8014 #3d | 0.223 16 0.032* | 0.848 16 0.013 *
H% 934 | 0.343 16 0.000 * | 0.769 16 0.001 *

A o] 27 0.231 16 0.022* | 0.847 16 0.012*
8014 #3d | 0.264 16 0.004 * | 0.781 16 0.002 *
KAFAD | $-34d | 0.335 16 0.000* | 0.775 16 0.001 *

ESR] 0.157 16 0.200 0.963 16 0.716

Bobzk #3314 | 0.141 16 0.200 0.910 16 0.116

934 | 0.182 16 0.165 0.942 16 0.376

o B 0.322 16 0.000 * | 0.723 16 0.000 *
g;zz F3d | 0.236 | 16 0.018° | 0.809 | 16 0.004 *
$-31d | 0.278 16 0.002 " | 0.871 16 0.028 *

ER 0.281 16 0.001* | 0.748 16 0.001 *

i #3314 | 0.191 16 0.123 0.896 16 0.069
$-314 | 0.330 16 0.000 " | 0.827 16 0.006 *

x p<0.05

: 4 g8



R 23-2 39X 9 AH FE FAd AA

Kolmogorov-Smirnov Shapiro-Wilk
R T T B N S I e
o8 +98&
A7 | 0.276 16 0.002* | 0.872 16 0.029 *
FEALE | 3 | 0.237 16 0.017* | 0.857 16 0.017 *
<34 | 0.165 16 0.200 0.946 16 0.423
Ao 27| 0.255 16 0.006 * | 0.873 16 0.030 *
§o]A 234 | 0.334 16 0.000 * | 0.644 16 0.000 *
) 3% | 0.345 16 0.000* | 0.787 16 0.002 *
A o] 27| 0.268 16 0.003* | 0.869 16 0.026 *
8014 234 | 0.273 16 0.002* | 0.788 16 0.002 *
(&= 934 | 0.254 16 0.007 * | 0.884 16 0.046 *
A o] 2z | 0.198 16 0.092 0.923 16 0.190
8014 234 | 0.272 16 0.002* | 0.787 16 0.002 *
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Abstract

Development of a User-centered Safety
Evaluation Index for E-Scooter

Seung Yun HA
Department of Industrial Engineering
The Graduate School

Seoul National University

The purpose of this study is to explore user-centered driving safety of electric
scooters depending on driving context. An experiment on evaluation indicators for
driving safety of electric scooters was conducted to 8 motorcycle-licensed drivers
in their 20s and 30s(5 males and 3 females, mean age 28.75 & 3.55). According to
arbitrarily combined experimental order, participants were asked to perform
sudden-stop(SS) and collision-avoidance(CA) tasks along straight, left and right
turn paths in a controlled environment. For each trial, physical aspect indicators,
including motion analysis and distance data, and measurements of cognitive aspect
indicators, were collected along with performance time. Except for variables that
were measured as a single question in the cognitive aspect index, reliability
analysis was conducted to verify the suitability of the questionnaire, which showed
that the indicators within the factors were consistent. Regardless of experience in
riding an electric kickboard and driving a vehicle, performance time was the
shortest in the straight path in the SS task. In the CA task, the shortest performance
time was measured on the left turn path, with the longest performance time on the
straight path. In order to test whether the difference in measurement variable
according to the driving direction was significant, one-way ANOVA or Kruskal-
Wallis tests were applied according to the normality test. As a result, in the case of
physical aspect, significant differences were found in the neck angle concerning the

X-axis direction in the SS task, and in the trunk angle with respect to the Y-axis
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direction in the CA task. Significant differences in controlled distance according to
direction were found in both SS and CA tasks. In the cognitive aspect, significant
differences according to direction appeared only in the CA task. The controllability
of direction was significant. Whereby the controllability of the posture maintenance
and risk severity showed weak significance. The overall results showed differences
according to the direction for the two contexts. The results of this study can
contribute to designing detailed evaluation indicators for driving safety in the
future and is expected to support future studies on evaluating safety of personal

mobility vehicles.
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