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Abstract

Personal mobility (PM) vehicles are mandated to use the road edge without dedicated bicycle paths, resulting in
discomforting scenarios for both PM operators and vehicular traffic. Encouraging PM users to employ bicycle lanes
exclusively rather than conventional roadways becomes imperative through expanding such infrastructure to promote
harmonious coexistence among citizens. However, the scarcity of research addressing the comparative efficiency of
PM operation on bicycle lanes versus general roads presents a gap in the existing knowledge base. This study primarily
aims to ascertain the efficiency of bicycle paths for PMs. Hence, we calculated the average driving speed of PMs
across different road types. The research was focused on the districts of Gangseo-gu and Yangcheon-gu in Seoul, with
the analysis conducted using shared PM operation data. The analytical method and results are detailed as follows. A
comparative dataset of PM was constructed by linearly processing data points containing PM operation information
about PM travel using a geographic information system (GIS). The speed for each road type was derived by considering
departure time, arrival time, and travel distance from the constructed PM travel route dataset. The study subsequently
established the driving efficiency of PMs across various road types, including bicycle lanes, conventional roads, and mixed
pedestrian roads. This study quantitatively analyzed the effect of bicycle lanes on PM operation. The findings of this
research can inform policy development aimed at enhancing PM utilization and contributing to establishing a sustainable
urban environment with reduced car dependency.
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Table 1. Bicycle paths type
Type Installation type Categorization criteria

Roads installed independently in local areas, parks,
rivers, dunes, etc. (stand-alone type)

Roads installed three-dimensionally separated from
general roads in urban areas by curbside, flower beds,

Bicycle-only paths guardrails, etc. (walk height type)

Roads installed separately from roadways in urban
areas as separate facilities
(driving road height type)

A paths on which a bicycle, etc. can travel by utilizing
the entire area of an automobile driving road.

Bicycle-priority lane

bicycles, etc. can travel like a car in the right edge area

- {} On a paths with a wide road width, a road where
- 1 of the road.

.

splitting a A paths installed by separating bicycle, etc. and

&) fo pedestrian passage space by road markings.
g i '."

Pedestrian = I - '8

with bicycle

paths

Nen e ! ‘L--‘L Paths installed in rivers, parks, etc. in the form of
splitting i A ,|J'] bicycles, etc. and pedestrians.

Exclusive bicycle lane

;{2» A paths separated by installing lanes and road
§| markings on the lane as a passageway for bicycles,
/\, ] a — | etc.

Note: Guidelines for the Installation and Management of Bicycle Facilities, Ministry of Public Administration and Security - Ministry of Land, Infrastructure
and Transport, 2020.12.

28 "ZEAE, M58H HeS (2023)



E2R0| Qg OIS RIS SYLEE0 0x|= S 24

V. 24 28 7= ¥ 7|=6|0lE 7158 %
=

1. 9719 24 2 7=

£ g 52 AL o8 A7 =29 f¥0] pMe] 7
S ofmet FF2 vFEA A8, ol 24E S8
okfi9] 4] ()2t Zo] 24 BgE F=53i3on, 49 88
12719} W= ohat At

A WA W= 27 TA~10A 37+ PM 33 A48 B &
HEE (03} TA~104] FHY L&)k, ShA APEHONA]
AFHRO| 528 FHOR 3= TYUTE 2YSEE T8
SHA| A Zolek, SEAIRE £ Aol B8 = PM =3
dlojelofl= S8 H2jo] EEA] o7 e $22 F&
2 k= T3] F2 o]FolA]= 24 TA5E 273 10494 59
B)71A19] 58& vz &3t o] 8313 o] M F3f PM
o] YK BRIT = A E R FSRSE BE3T

4
y=a+ Y BxytBx, +BxstBx,
n=1
8
+ﬁcxc+6bxb+ﬁsxs+ Zﬁqxq—l_ﬁaxa
n=1

3
- ;ﬁwxw

were, y: TAM~10AM average speed

O: constant

pB: perameter

n: percentage of each road used by PM
1 bicycle-only paths
2: bicycle—priority paths
3! pedestrian with bicycle paths (splitting)
4. pedestrian with bicycle paths (nonsplitting)

r: average road width (In)

d: riding distance (In)

p: average population density (person/knr)

¢ number of crosswalks

st distance from the start and end point to the
subway (m)

b: distance from the start and end point to the
bus stop (m)

q: 25m radius building use area of the starting

point of the operating route

17 other area use of building with 25m radius
of start point
2! commercial area use of building with 25m
radius of start point
3! business area use of building with 25m radius
of start point
4! residential area use of building with 25m
radius of start point
5! other area use of building with 25m radius
of end point
6: commercial area use of building with 25m
radius of end point
7: business area use of building with 25m radius
of end point
§8: residential area use of building with 25m
radius of end point
a: driver’s age (In)
g driver's gender (man 1, woman 0)
w! climate at the time of riding
1! temperature at the time of riding
2! precipitation at the time of riding

3! wind speed at the time of riding
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Legend - o

PM driving speed
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Figure 2. PM driving data in study site AM 7:00~AM 10:00
(speed)
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Figure 4. GIS building information data in the study site
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Legend T}
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Figure 5. Density of living population in the study site
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Table 2. 7AM~10AM linear regression analysis of PM riding speed

Unstandardized Standardized Multicollinearity
Independent variables coefficient coefficient I
(Modified R2=0.225) Standad £

B P beta Tolerance VIF

Constant (7 AM~10 AM average speed) 2945 0.490 0.000
The rate of bicycle-only paths 1.811 0127 0.236 0429 2332 0.000
The rate of bicycle-priority paths -3.806 1.669 -0.027 0970 1.030 0015
The rate of pedestrian with bicycle paths (splitting) 0.449 0.287 0018 0873 1.145 0118
The rate of pedestrian with bicycle paths (nonsplitting) -8957 0425 -0.239 0913 1.095 0.000
Average road width (In) -0.069 0.005 -0.203 0.469 2133 0.000
Riding distanse (In) 1.278 0.051 0327 0.687 1.456 0.000
Average population density (person/km?) -0.008 0.002 -0.049 0735 1.361 0.000
Number of crosswalks -0.036 0.005 -0.096 0.669 1.496 0.000
Distance from the starting point to the subway (m) 0.000 0.000 0.049 0712 1.405 0
Distance from the end point to the bus subway (m) -0.001 0.000 -0.09 0.895 1117 0
Distance from the starting point to the bus stop (m) -0.001 0.000 -0.019 0882 1134 0109
Distance from the end point to the bus stop (m) -0.001 0.000 -0.032 0920 1.087 0.004
Other area use of building with 25m radius of start point  -3610E-08  0.000 -0.022 0972 1.029 0045
Commercial area use of building with 26m radius of 1482E11  0.000 0.000 0.962 1040 0999
start point
FB}(t)Ji?:?ess area use of building with 256m radius of start 156609  0.000 0021 0.950 1052 0055
Egis;:?ential area use of building with 256m radius of start 7 307E-08 0.000 0019 0975 1025 0.077
Other area use of building with 25m radius of end point 2.284E-08 0.000 0019 0918 1.089 0.090
ggirr?tmermal area use of building with 25m radius of end 2 003E-08 0.000 0,006 0,986 1014 0572
E:)Ji?}l?ess area use of building with 25m radius of end 1262608  0.000 0030 0.959 1042 0008
Egis;:?entlal area use of building with 256m radius of end 1325E-07 0.000 0012 0.966 1035 0282
Driver's age (In) 0.266 0.095 0.031 0952 1.051 0.005
Driver's gender (man 1, woman 0) 0.550 0.058 0.104 0.981 1.020 0.000
Temperature at the time of riding (°C) 0.006 0.005 0013 0952 1.050 0230
Precipitation at the time of riding (mm) 0.027 0116 0.003 0988 1012 0815
Wind speed at the time of riding (m/s) -0.066 0.028 -0.026 0979 1022 0018
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o|FA AJAHEE PM HZ AIZE A 10827 H2ol 7Hs |
A2 7,471,234.36m'= VYEHTHFigure 8). 18]3L PM 843
& 7Wdol wE PM SBEES] Bl EEAE 93 tidA ] =
€ 228 o) SARA A 7P mEra E4E AHA g
22 JAHE w2 /i F PM H Az AEE A2k,
M F pM A2 Al AR 1087 F2E - e W
9,034,552.97n' 2 YeFtthFigure 7). F A=) 1087 4 7h
& AL v w3EE W AAlE 20.62%2] 207} o, A
= 26.99%7H] o] 71 A8l tHFigure 9, Table 3).

vV.d 2

& A ARA 227F PMO| 23] lolA] droh 58
RS AR ARR 40| 7hsRt SFEE AF8HA £

Figure 9. Comparison before and after PM access time map
for 10 minutes

Table 3. Reachable area difference by PM access time map (m?)

Accessible Accessible lefet_enoe of
Access area before area after @ L
time improvement improvement Defore ot aler
pr (8) mpr ®) improvement
((B-A)/B%)
T minute 76984377 94,64558 23.01%
2 minute 284,819.34 353,968.564 2428%
3 minute 632,496.25 76292323 2062%
4 minute 1,094,72520  1,336,647.52 22.10%
5 minute 1,70720270 2,079,86541 21.83%
6 minute 2,390,239.19 295435971 23.60%
7 minute 324056633 4,115320.11 26.99%
8 minute 432368247 538403091 24 52%
9 minute 561742534 6913959356 23.08%
10minute 7,471,23436 9,20489878 2441%
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Appendix
EE 1 Appendix 1. Results of basic statistical analysis
Number of samples Minimum Maximum  Median Standard ; :
(6,589) Renge value value value Aletge deviation ISancn i SwiEss S KD
Constant (TAM~10AM
average speed) 10.258 5.403 15.661 11.665 11.430 2373 5631 -0.370 -0.561
The rate of genal road 1.000 0.000 1.000 0.885 0.730 0.305 0.093 -0.963 -0.282
ggteh;ate ot bieycleonly 1000 0000 1000 0002 0213  0.309 0095 1278 0281
Therateof ticycle: 0498  0.000 0498 0000 0002 0017 0000 16701 355915
priority paths - G G : i : i : :
The rate of pedestrian
with bicycle paths 1.000 0.000 1.000 0.000 0.036 0.096 0.009 3.781 17.624
(splitting)
The rate of pedestrian
with bicycle paths 0.587 0.000 0.587 0.000 0.018 0.063 0.004 4680 24917
(nonsplitting)
Average road width 6345.308 83988 6429297 12.8903 1039857 699848 489787.761 2.094 6.613
Riding distanse 40077 1.000 A1.077 841.043 13.800 7.011 49160 0932 0.735
Average population 209457 1409 210867 25859  27.346 13720 188243 2111 12742
density (person/km?)

CHS 0| X0l Al25(Continue on next page)
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Number of samples

(6,589) Range

Number of crosswalks 73.000

Minimum
value

0.000

Maximum
value

73.000

Median
value

3.000

Average

48568

Standard
deviation

6.259

Variance

39.178

Skewness

2684

Kurtosis

11.637

Distance from the start
point to the subway 1329396
(m)

1.002

1330.398

76.844

409.826

290.773

84549.058

0.316

-0.680

Distance from the end
point to the bus subway 1406.157

(m)

1.382

1407639

424.069

3156.308

261.414

63208.759

0.940

0.804

Distance from the start
paint to the bus stop 425325
(m)

0.495

425.820

77.099

94.065

71.648

5133.603

1.195

1.306

Distance from the end
point to the bus stop 366.291

(m)

0816

367.106

283.699

90.600

60.686

3670.673

1.120

1125

Other area use of
building with 25 m 36.782
radius of start point

0.000

36.782

0.000

0.134

1.450

2.104

18.665

388.097

Commercial area use of
building with 25 m 64330
radius of start point

0.000

64.330

0.000

0.297

3.195

10.208

13.219

188.467

Business area use of
building with 256m 501.312
radius of start point

0.000

501.312

0.000

3.830

32414

10560.660

10471

117.482

Residential area use of
building with 25 m 9112
radius of start point

0.000

9112

0.005

0.145

0.630

0.397

8.095

77.648

Other area use of
building with 25 m 0.000
radius of end point

0.000

0.000

0.000

0.000

0.000

0.000

1.120

1.125

Commercial area use of
building with 26 m 0.001
radius of end point

0.000

0.001

0.000

0.000

0.000

0.000

0.940

0.804

Business area use of
building with 26 m 40790
radius of end point

0.000

40.790

0.000

0.323

1.993

3971

10.952

149.693

Residential area use of
building with 256 m 20,570
radius of end point

0.000

20570

0.000

0.099

0.731

0.634

16.146

297.793

Driver's age 61.000

17.000

78.000

26.000

275626

8.487

72.030

1.432

2745

Driver's gender

(man 1, woman 0) 1000

0.000

1.000

1.000

0.718

0.450

0.202

-0.970

-1.059

Temperature at the time

of riding (%¢) 228

3.100

25400

14.300

14613

5323

28.336

0.021

-1.074

Precipitation at the time

of riding (mm) 5100

0.000

5100

0.000

0.028

0.224

0.050

12765

2253056

Wind speed at the time

of riding (m/s) 4560

0.300

4.800

2.200

221

0.936

0.876

0.466

-0.025

40 =708, M58 M6S (2029)
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