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Evaluating the Driving Safety and Mobility of Personal Mobility Devices:
Focused on the First Neighborhood District of the Multifunctional
Administrative City

52 Bae Jueun®*, ©|4% Lee Su-Jin***, 1% % Kim Chung Ho****

Abstract

This study aims to evaluate the driving safety and mobility of personal mobility devices and to derive the correlation
between driving characteristics and driving environments, focusing on the First Neighborhood District of the
Multifunctional Administrative City. For this, the study presented a methodology to evaluate the driving safety and
mobility of personal mobility devices, and measured acceleration and speed in the driving process after selecting
normal bicycles, electric bicycles, and e-scooters as driving test devices. Then, the study conducted correlation analysis,
cluster and outlier analysis, and multiple regression analysis in order to understand the effects of driving environments
on driving characteristics. As a result, the research reached the following conclusions. First, regardless of the type
of personal mobility device, the correlation between driving safety and driving mobility was found to be low overall.
Next, the effects of driving environments on driving characteristics differed for each type of personal mobile devices.
In terms of driving safety, e-scooters were more affected by road surface environments than electric bicycles. On
the other hand, in terms of driving mobility, in addition to road type variables, situational factors such as competition

with pedestrians and other personal mobility devices were also judged to be important.

Keywords: Personal Mobility Devices, Driving Safety, Driving Mobility, Driving Environments, Multifunctional
Administrative City
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Figure 1

_ Photos of Analysis Site
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Figure 2 _ Map of Analysis Site
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Table 1

_ Summary of Analysis Routes

- Vol Section Road Type Length(m) Land Use
\ A [ | Local Road 332.323 Residential Area
[ | Park Road 497.780 Park
[ | 722.890 Residential Area
Sidewalk
[ | 305.880 Commercial Area
[ | Bicycle Road 480.910 Park
Eigich [ | Road 129.362 Road
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Table 2 _ Summary of Driving Experiments

Experimenters
A B C

Day Time Devices

Normal Bicycle o

Electric Bicycle

E-scooter

13:00
Normal Bicycle

Electric Bicycle

Dayl
10/11
Sunday

E-scooter

Normal Bicycle

Electric Bicycle

E-scooter

16:00
Normal Bicycle

Electric Bicycle

E-scooter

Normal Bicycle

Electric Bicycle

E-scooter

13:00
Normal Bicycle

Electric Bicycle

Day2
10/12
Monday

E-scooter

Normal Bicycle

Electric Bicycle

E-scooter

16:00
Normal Bicycle

Electric Bicycle

E-scooter




Table 3 _ Summary of Driving Experimenters

Exoeri Statistics
t

Xperimenters — —

Age (year) 27+4 22

Height (cm) 174.5%2.5 160

Weight (kg) 86+14 48+5
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Table 4 _ Specification of Mobility Devices for Analysis
Specification Normal Bicycle Electric Bicycle E-Scooter
Photos

Sharing Service Public Bicycle Sharing

Electric Bicycle Sharing -

Wheel Size (inch) 26 20 10
Weight (kg) 16~17 20 24
Max Speed - 25km/h 25km/h

Control System Pedal Pedal Assist System (PAS) Throttle
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Table 5 _ Summary of Variables

Variables Measurement Method
Road T Local Road=0, Sidewalk=1, Park
2 e
P Road=2, Bicycle Road=3, Road=4
Land Use Residential Area=0, Commercial
Area=1, Park=2
Slope “(angle)

None=0, Unsignalized
Intersections Intersection=1, Signalized

Intersection=2

Cross None=0, Exist=1
Parking Lot None=0, Exist=1
Facility Bus S None=0. Exist=1
Obstacles us Stop one=0, Exist=
Bicycle Dock None=0, Exist=1
Curb None=0, Normal=1, Stone=2

Road 170 bl None=0, Exist=1
e e= =

Obstacles S one=r, B
Speed Bump None=0, Exist=1

Asphalt=0, Block=1, Urethane=2,

Road Surface T
o ace lype Faulty Surface=3
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Table 6 _ Summary of Driving Characteristics

Variable | Vehicles | Max | Min | Mean | Std.Dev | Number
Normal
. 0.338 | 0.019 | 0.095 | 0.041 371
Bicycle
DCI Electric
R 0.509 | 0.035 | 0.184 | 0.082 1,066
Bicycle
E-scooter | 0.482 | 0.026 | 0.161 | 0.088 640
al
Normal | o 1171 0.000 | 14671 | 5702 | 303
Bicydle
Speed Electric
(mlb) | piye |33293| 0000 | 13.159| 6.128 | 1,204
E-scooter {39.924| 0.000 | 14.523 | 6.783 1,485
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Figure 4 _ Spatial Characteristics of Driving Safety and Mobility
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Figure 4 _ Spatial Characteristics of Driving Safety and Mobility (continued)

Spatial Distribution Map and Graph of Driving Mobility - Speed(km/h)
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Note: In the Driving Mobility section, red points on the map and yellow points on the graph are defect points of driving mobility.
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Table 7 _ Kolmogorov-Smirnova® Test

=
g AR cRE A=t H=E ol8shs

Vehicles Variable Statistic df P-value
Normal DCI 0.068 291 0.003
Bicycle Speed 0.119 291 0.000
Electric DCI 0.084 1176 0.000
Bicycle Speed 0.061 1176 0.000
DCI 0.083 291 0.000

E-scooter
Speed 0.032 291 0.001

, Kolmogorov-Smirnov ' 501 Stk 115 7

Note: a. Lilliefors Significance Correction.



Table 8 _ Correlation between DCI and Speed

Statistics Normal Bicyde | Electric Bicycle E-scooter
Spearman’s
-0.271%% -0.031 -0.051%*
Rho(p)
p-value <0.001 0.289 0.004

Note: **Correlation is significant at the 0.01 level.
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Table 9 _ Summary of Local Spatial Auto—Correlation(Moran’s )

N (%
Variable Vehicles @) Raw N Max Min Mean Std.Dev
HH HL LH IL Total
Normal 15 9 8 16 48
) 371 0304 | 0.01 0.106 | 0.057
Bicycle (4.043) | (2.426) | (2.156) | (4313) | (12.938) ?
Electri 138 36 40 190 404
DaI ectne 1066 | 049 | 0039 | 0187 | 0.092
Bicyde | (12.946) | (3.377) | (3.752) | (17.824) | (37.899)
176 56 56 182 470
E-scooter 640 0.453 0.035 0.183 0.099
(27.500) | (8.750) | (8.750) | (28.438) | (73.438)
Normal 30 9 0 39 78
) 303 27.117 | 0000 | 12914 | 9.010
Bicycle 9.901) | (2.97) 0) (12.871) | (25.743)
Speed Electric 376 107 52 313 848
) 1204 | 33293 | 0.000 | 13318 | 6.628
(km/h) Bicycle (31.229) | (8.887) | (4.319) | (25.997) | (70.432)
377 84 84 378 923
E-scooter 1485 | 39.924 | 0000 | 14.278 | 7.506
(25387) | (5.657) | (5.657) | (25.455) | (62.155)
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Figure 5 _ Maps of Local Spatial Auto—Correlation(Moran’s 1)
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Table 10 _ Example of Driving Environment Survey (Every 5m)

Road . ki Road

ID | DCI | SPEED |Cluster| ] Slog)e Intersection | Cross e I g | Bus Curb | Manhole S5 surface

Type | Use (° Dock Lot Stop Bump Type
1 |0.204| 0.171 | HL 2 0 |-19.413 0 0 0 0 0 0 0 0 2
2 10.204| 0.241 | HL 2 0 |-18.324 0 0 0 2
3 10.146| 0.419 | LH 2 1 |-17.022 2 1 0 0 0 1 0 0 1
1187/0.329| 1.210 | HL 1 2 8.415 0 0 0 0 0 0 0 0 2
1188/0.204| 0.968 | HL 2 0 9.827 0 0 0 0 0 0 0 0 2
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Table 11 _ Descriptive Statistics of Driving Characteristics and Environments

Driving Safety (DCI) Driving Mobility (Speed, km/h)
Variables Measurement Method Electric Bicycle E-scooter Electric Bicycle E-scooter
N | Mean [StdD| N | Mean | StdD| N | Mean |StdD| N | Mean | Std.D
Dependent Variable DCI / Speed 404 0.187 | 0.092 | 470 0.183 | 0.099 848 | 13318 | 6.628 | 923 | 14.278 | 7.506
Local Road* 0 214 2 126 102
Sidewalk 1 35 166 157 182
Type of Road Park Road 2 | 1o 218 3n 360
Bicyde Road | 3 36 I 187 24
Road 4 9 20 6 55
Residential Area* | 0 275 196 328 373
Land Use Commercial Area | 1 66 56 177 146
Park 2 63 218 343 404
Slope “(angle) 404 404 | <1360 | 2.140 | 470 | -0.674 | 11869 | 848 | -0.881 | 2947 | 923 | -0.791 | 4463
None* 0 306 434 742 738
Intersection Unsignalized 1 35 32 12 124
Signalized 2 63 4 94 61
None* 0 295 442 698 744
Cross
Exist 1 109 28 150 179
Parking None* 0 | 404 468 840 917
Lot Exist 1 0 2 8 6
Facility Bus None* 0 396 452 840 915
Obstacles | Stop Exdist 1 8 18 8 8
Bicydle None* 0 403 466 840 892
Dock Exist 1 1 4 8 31
None* 0 349 410 731 780
Curb Normal 1 51 50 109 120
Stone 2 4 10 8 23
Road
Obstaces| Manhole None* 0 343 368 739 806
Exist 1 61 102 109 117
Speed None?* 0 | 4o 40 848 923
Bump Exist 1 0 0 0 0
Asphalt* 0 236 16 150 158
Road Surfce Type Sidewalk block 1 75 106 157 190
Urethane 2 87 306 540 574
Faulty surface 3 6 42 1 1
N of Records 404 470 848 923
Note: *Reference Variables.
of AU Wad o pec Selalgt ARAY) Uehieh, ZLeIME 77170
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Table 12 _ Result of Multiple Regression Analysis for the DCI

Model 1-1 : Electric Bicycle Model 1-2 : E-scooter
Variables
B t p-value B t p-value
(Constant) 0.157 23.506 0.000 0.296 5.028 0.000
Slope °(angle) -0.002 -1.007 0.315 0 1.378 0.169
Sidewalk -0.028 -0.723 0.470 -0.041 -0.725 0.469
Park Road -0.033 -0.924 0.356 -0.051 -0.943 0.346
Road Type
Bicycle Road 0.014 0.405 0.686 -0.031 -0.558 0.577
Road -0.048 -1.087 0.278 -0.004 -0.073 0.942
Commercial Area 0.006 0.216 0.829 -0.012 -0.999 0.318
Land Use
Park 0.003 0.097 0.923 -0.103 -6.006 0.000%#*
Unsignalized Intersection 0.048 1.771 0.077%* -0.022 -0.863 0.388
Intersections
Signalized Intersection 0.158 4.653 0.0007%#% -0.074 -1.289 0.198
Cross Exist -0.026 -1.183 0.238 -0.003 -0.125 0.901
Bicycle Dock Exist 0.0810 0.994 0.321 -0.023 -0.519 0.604
Parking Lot Exist - - - -0.059 -1.090 0.276
Bus Stop Exist 0.014 0.430 0.668 -0.003 -0.147 0.883
b Normal -0.009 -0.362 0.717 -0.042 -3.194 0.002%%%
Cur
Stone -0.12 -2.645 0.008 -0.083 -3.177 0.002%%%
Manhole Exist 0.039 3.086 0.002%*% -0.080 -8.390 0.000%%#%*
Block 0.011 0.333 0.739 0.029 1.189 0.235
Road Surfz
aT Hrace Urethane 0.047 1.344 0.180 0.013 0.553 0.580
ype
Faulty Surface -0.037 -1.001 0.317 -0.107 -3.993 0.000%*%*
Summary R Squared:0.291, F:8.771, p-value:0.000%*** | R Squared:0.470, F:21.028, p-value:0.000%**
Type of Road : Local Road / Land Use : Residential Area / Intersection : None / Cross : None
Reference Variables / Parking Lot : None / Bus Stop : None / Bicycle Dock : None / Curb : None / Manhole
: None / Road Surface Type : Asphalt

Note: *P<0.1, #*¥P<0.05, ***P<0.01.
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Table 13 _ Result of Multiple Regression Analysis for the Speed(km/h)
Model 2-1 : Electric Bicycle Model 2-2 : E-scooter
Variables
B t p-value B t p-value
(Constant) 10.333 17.297 0.000 9.643 13.218 0.000
Slope °(angle) 0.035 0.555 0.579 0.460 1.030 0.303
Sidewalk -7.068 -4.168 0.000%** 2.349 1.532 0.126
Park Road -6.863 -3.397 0.001%%:* 7.278 2.720 0.0077%*%
Road Type
Bicycle Road -3.75 -2.266 0.024%* 4.998 3.369 0.001%%%
Road 7.918 2.810 0.005%%:* 3.927 2.819 0.005%%%
Commercial Area 2.986 4.283 0.000%** -0.926 -0.935 0.350
Land Use
Park 0.747 0.618 0.536 3.202 1.439 0.151
Unsignalized Intersection -9.113 -4.854 0.000%** -11.412 -12.886 0.000%3%
Intersection
Signalized Intersection -4.873 -4.727 0.000 -9.474 -6.364 0.000%3%
Cross Exist -1.533 -1.846 0.065* 5.479 5.727 0.0007%:*%
Bicycle Dock Exist 3.441 1.808 0.071%* 3.96 3.005 0.003 %%
Parking Lot Exist -4.9 -2.666 0.008%** -0.84 -0.296 0.767
Bus Stop Exist 3.03 1.639 0.101 1.475 0.695 0.487
Curh Normal -2.818 -3.208 0.001%%:* -2.993 -3.237 0.001%%%
url
Stone 1.412 0.748 0.455 -0.412 -0.248 0.804
Manhole Exist -1.272 -1.825 0.068%* -3.696 -5.308 0.000%#%
Block 8.434 4.525 0.000%%* -2.009 -0.838 0.402
Road Surface
Type Urethane 11.051 5.680 0.000%%* 1.385 0.485 0.628
Y]
Faulty Surface 16.895 3.087 0.002%%:* 7.464 1.153 0.249
Summary R Squared:0.420, F:31.597, p-value:0.000 R Squared:0.418, F:36.136, p-value:0.000
Type of Road : Local Road / Land Use : Residential Area / Intersection : None / Cross : None
Reference Variables / Parking Lot : None / Bus Stop : None / Bicycle Dock : None / Curb : None / Manhole
: None / Road Surface Type : Asphalt

Note: *P<0.1, **P<0.05,
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