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Analysis of E-scooter Riding Safety on Slopes Based on Real Road
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ABSTRACT

With the increasing use of E-scooters, there is an urgent need for research into their driving risks
because of the rising number of related accidents. Existing theoretical analysis methods are primarily
vehicle-centered and do not adequately reflect the lightweight and compact characteristics of
E-scooters. This study was conducted on real roads to analyze the risk and stable speeds of drivers
on longitudinal slopes, considering the unique attributes of E-scooters. The risk speed on slopes was,
on average, 21 km/h, with the initial risk speed decreasing as the slope became steeper. The stable
speed was determined to be an average of 17 km/h, except on slopes of 1-2%, which presented a
relatively low risk. These results are expected to contribute to the academic foundation for policies
(© 2023. The Korea Institute of aimed at reducing the top speed of personal mobility, as is currently being promoted in Korea.
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1. o7 HiAH
& AFZ EE(Electric Scooter ©]3} E-scooter)®] AHE-E©] 5438 SV gtol mel, oo digh kA A

7)
753 UTHGeels et al., 2017; Degele et al., 2018). E-scooter®] <1717} F538tHA =9
AR FAYH, EHFY, Ataet dEE BAE 38t FE9 $27F A48ITHGuo and Zhang,
2021). E-scooters= A& 2} B AR Aol Hlel A o2 2+ npF| A7 = Qe =29 22 wslo| = nigtet
Al Whgste] ALE FEE 4 931, B-scooter?] HHA S A Aba AAE B3] olsfistal o]
gk 2Ade oy o] P 23lth(Beck et al, 2020; Prati et al., 2017).
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1. E-scooter QIEM 2 AP
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7199 HZ 194 AAL HolE] Ao w2, E-scooter®] o] &E0] & A#EL 20tH(44.1%) %} 30t0(21.4%)
o2 Uehgtt olg|g HolHE vy o B Ao Ay FAARE AA3A 2™ E-scooter AHE-ll 7 A A

20t 293} 30th 2 o] YA Z FABIITE B AFoAe e EA wet P4 9 kAL dAIE

L5Vt O F dthke M4 stoll, vl B @At 47 6719 thE 7S 3034 FYSIES ST

H

o ot

rlr SR

Vol.22 No.6(2023. 12) The Journal of The Korea Institute of Intelligent Transport Systems 105



AE 2 7|8k E-scooter ZAIZ T oMM ofF

<Table 1> Designing a driving survey

Factor Description
Product NAVEE Electric Scooter S65
Road surface conditions Asphalt (Dry and fine conditions)
Road alignment Straight
Slope range 12% | 3~4% | 5~6% | 7~8% | 9~11% | 12~14%
Minimum length of slope 20m
Intersections
Exclusion factors Roadside facility obstacles
Roadside obstacles
Dynamic Environments

N
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<Fig. 1> Experimental Devices
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FANEE AEEE AHgsto A=kl o, <Fig 2>$ o] Ees
g s £ Vector©|Th. Acceleratione &4 & 7|02 g
Vector®] W, Gyroscopet £ & 7|02 3Ido thdt £3 W3E yells Vectorolth F,
Acceleration®} Gyroscope™ &% WH3tgFe] 718 Wakg YEY = Vectoro] 22 Acceleration®} Gyroscope2] &
kel S5 &5 ¥gge] Ate AL & 5 Aok oS #83F Acceleration= E-scooter®] & 3 7+
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<Fig. 2> Acceleration and Gyroscope
o]t o2& HiRroZ B A9 escooter?] 3-aix gyroscopes <Table 2>9} #o] A3

<Table 2> Descriptions of 3-axis gyroscope

3-axis gyroscope Descriptions
X axis gyroscope Changes according to factors that cause left and right shaking, such as road obstacles, etc.
Y axis gyroscope Change in inclination due to gradient
Z axis gyroscope Changes due to the steering wheel
2 ATe 4EEE T Escooter?] 7]27] MEE AAs=H AT A4E5E 4 oSS
T3t 129 100719 445 HolHE FH38te o]E 012 %H/l scalar® M oM, T ghe A%
=2 Aot &, SAdES AR dd F4e WA HAS W Escooter’} o= AE EEHS
LAS=AE Uelle H5oH, & A7dlAs FAE ﬂ«l 8305 HUG AQjste] ddstaa slon
2 Heola Ao o3 £Esle S0 FAYEE UEhd Zoitt. FAYEE =E8] AT A
£ 3% gyroscope?] HUAZT HEFHS L3 Ma et al.2021)2] HHES F8319 T} o] 4HF4L 12 Y]

WEo] A% ol AFE WIAG O B ATNME olF Heksel Gyroscope WA OZ BEFATH

rz

S, _ \/(X;nax 7Xmin)2 +(Ymax — Ymin)z +(Zmax 7Zmin)2 ...................................................................... (1)
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7} TR AW A% F 760709 F wlolElE FASAO, o] F FEY HolE 5408 FE5
3 FAAER Adelel W FA4ES PN S5 AN FA4E W) 2 e 84
ate] neola 24 Ao AYLES) 2V} HAHE IHEES BASI FAEHE 2AD 985
9 QAEE FoHe AF] ste] YYRAEH One-Way ANOVA)E AASHETH BAHEA S o
o Porel o] A2 BEUE 218 A4 SARY PHoEM, AYS T BUG Y& 49
¢ AW S Uk ol W 7 FAE He o] Ho] BE 2 BAUTAA FEHYLL ST mE
Aol HEe e AwIEe Agegnt
1. ZAEY QBSE

E-scooter”} 94T&°l glo] Fsttrt LA Bola 220 st L7t 543] 145 B4
of ZAA7} AA &5 FAYGEY Wt A B oH, Y AL E T A £25 P&
T2 Aosiinh H A& L9 BAHEAS A Aol 524 A AR S St TS wHEEeA
Ittt ikl 544 A AR <Table 3>9F 2ol F2EE 74(0.077)¢] 0.05 odo| B2 TR S Tt
Sakel, BARA0] JVed 2 0R Uehg,
<Table 3> Test of homogeneity of variances of Dangerous speed analysis by slope

Levene Statistic Degrees of Freedom 1 Degrees of Freedom 2 p-value
1.998 5 534 077

Ne AASt AAEYE FaAEEES FogES BAsHAT 1 7&4 <Table 4>%} Zo] HALZ

H HH#YdEE7E B oM, 98E 0001 T E YERRTE o] BA% B EE =T o,

AR 2 7 BEFYPEE] o)t gtk Ao E s 4 th Scheffe test A3 AAE 7~8% B
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Sl mel S5 ANAY ZolAe T HFRI HHoE =EEA] gol, ofof g dls £ 4
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<Table 4> Results of Dangerous speed analysis by slope

Slope 1~2%" 3~4%" 5~6%° 7~8%"° 9~11%° 12~14%" | Average
n 90 90 90 90 90 90 -
Average Dangerous Speed (Km/h) 213 205 203 18.8 224 23 20.8
SD 285 268 284 304 256 231 -
F 319 -
P 0.000%** _
Scheffe d<c-b-a bec<ex<f

¥ p<0.05 ** p<0.01 *** p<0.001

2. ANEY AT

SAATE T F HeolaE A% T 484 SRS W £EF FATH A0 E-scooter®] 4
Az WatEo] g He Frho] WARY oM, o)F IHLER Helagth. AYEE BARH S AN
3l7] Mol A Z2A AA S Tl TEAEES BEE=A IS AT. B4k 524 AA A I <Table
5>9F Zo] F2FE F4(0.572)°] 005 o] Fe|BE FEAMIE TS, EAREH o] 7Hsd A o' YERT
<Table 5> Test of homogeneity of variances of Stable speed analysis by slope

Levene Statistic Degrees of Freedom 1 Degrees of Freedom 2 p-value
770 5 534 572

HAHEA A3 <Table 6>9F o] AALEE HPgEErE #AHIoH, F9SE 0001 PITCE YEk
o} ol& BAG WP EETE folshH, AAR T3 bl BHbEEES] Afol7t QltkeE AR Sj4
S+ 4= 9t} Scheffe test A3 HALS 1~2%9F 3~4%,5~6%,7~8%,9~11%,12~14% 2] AA&ES H =o]7F e}
1~2% ZAAAE B dALEET) 19.5kmhE YERGoH 1 9 AALAE 16.5~17.0km/hE A2 o
S57F WA BAEAT
Ué,éli A 2 Aol whet TEA e ou, Hit HEEEE AAE 12%F
2 BT AAE 12%E 195km/hE T2 77 a4 =Rt B4 Ut o]
2o Al ~2%4 AAETE ddA o2 fEAe] @] Wl E Add ¢ Aok 1 9 AAE 3% ©]
el A= 16.5~17.0km/h H97F RS ERE BAEAEH AARE WolA 3247 B+ 17km/he
T3 A LS =2Yda 24T 4 ok

¢
& 4@
£

o = 2
r}i - oL
Kl JPH

1
s34
r9: j_

Boox e X
b Lo

””41

<Table 6> Results of Stable speed analysis by slope

Slope 1-2%" 3~4%" 5~6%° 7~8%" ~11%° | 12~14%" Average
n 90 90 90 90 90 90 -
Average Stable Speed (Km/h) 195 16.6 16.8 16.7 17.0 165 172
SD 260 225 237 252 210 231 -
F 23329 -
p 0.000%** _
Scheffe b,c,d, e f<a

* p<0.05 ** p<0.01 *** p<0.001
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