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Abstract

With the nationwide trend, the number of cars registered per capita is increasing, and
numerous efforts are currently being made to meet the growing demand for vehicles on the
road. Self-driving technology is also one of these efforts, and this study attempts to present the
concept of self-driving cars through road reorganization and maintenance corresponding to the
introduction of self-driving vehicles. The Flex Zone is a concept that first appeared in the Seattle
Urban Comprehensive Plan in 2017 and refers to a road using a multi-purpose curb space that
utilizes road use priorities according to land use. The road occupancy area required for system-
based autonomous vehicle traffic is expected to decrease compared to the same number of
general vehicles passing through, which will allow for the creation of spare sites along with the
increase in the capacity of road space. This study aims to establish a new concept of Flex Zone
that can respond to autonomous driving era by subdividing the existing multi-purpose Use case
for free space on the road that can occur in the autonomous vehicle era, build an optimization
algorithm for multi-purpose placement considering accessibility, and check the operation cha-
racteristics by time. To this end, demand estimation data were aggregated using the collected
image data after selecting the spatial range, and the MCLP (Maximum Covering Location
Problem) that maximizes the demand for use of the Flex Zone was used for model construction.
According to the analysis through the constructed algorithm, the optimized use case arrange-
ment varies by time zone, and accordingly, it was confirmed that the purpose of using the road
curb space could change dynamically depending on the time zone, passage traffic volume, and
surrounding land use.

Keywords: autonomous vehicle, flex zone, genetic algorithm, location optimization, maximal
covering location problem
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& AFE B2 o] 89 a4 EolV] Aol rRsitel R A AElE & Qe A4 370 ARGl et A3
A2 SHA R HESHH. Shepard(2018)= LA T4l 232 B 94 331 o] 8ollAf o84} 2l=& ¢
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Table 1. Seattle flex zone functions prioritized based on surrounding land use

Residential Commercial & mixed use Industrial
1 Mobility (modal plan priorities) Mobility (modal plan priorities) Mobility (modal plan priorities)
2 Access for people Access for commerce Access for commerce
3 Access for commerce Access for people Access for people
4 Greening Activation Storage
5 Storage Greening Activation
6 Activation Storage Greening

source: reorganized by researcher based on Shepard (2018).
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S A W 2A S| FA Gl AFe] 7] - AA|eF F F7 AE M=
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max F(A E ]\/;’ . ppfz/f’ * g (D
h=0 |T]
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st. Y, Al'=m,. vheH ()

2&{P, PD, LU}

with multiple constraints

Al'>0V2e{P,PD, LU}, hEH, (3)

o714, A" : The number of allocated curb spaces for the curb use z in epoch h,
N! : Number of vehicles in stationary state P(Parking) at the beginning of time period ¢,
p, - The unit profit obtained from the parked vehicles,

! © The number of vehicles transitioning from system state j €./ to system state j'.J in period ¢,
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¢, - The unit cost of traffic delay,

M, : The total curb space available.
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Table 2. Flex zone use case segmentation in an era of autonomous driving

Use case Division Definition
Transportation Autonomous vehicle mobility ¢ Vehicle movement including AV, SAV, etc
mobility Pedestrian mobility + Movement of people and goods
Bicycle and PM mobility + Movement of bicycles and PM
Public transport mobility « Movement of public transportation using bus, light rail/tram, etc
UAM mobility « Movement of air mobility such as UAM

Transportation ~ SAV boarding area
accessibility Transferable area

Passenger pick—up/drop—off area of SAV
Reciprocal transfer area for public transport, light rail/tramway,
UAM and SAV

Area for parking of personal vehicles

Curb parking area

Freight Regular freight * Loading/unloading area for food and regular delivery of goods by
accessibility logistics companies
Parcel freight * Loading/unloading area for parcel delivery including non—periodic
freight
UAM freight * Loading/unloading area using drones and UAM
Activation + Offers vibrant social spaces
Greening + Enhances aesthetics and environment health

Specific purpose space Specific purpose space such as autonomous driving fallback,

charging facility, etc

MCLPS| A&

MCLP(Maximal Covering Location Problem)+= AP0l Hol| =0] AJAER 7Hset B2 Q5 AT 4= QL
£ AAE 2Ask= 7| S 2 Equations 5-99F 2 7] S oF A HSE 0|85t Fo]HH(Church and ReVelle,
1974). MCLPE &£~ Fof| 28517 floixl= 243k 78] =9 Tlo]e7 BashH, =20 YEY A+ A45
o157 tholl A4 B7ho) AAEE Bela 29 43 FHAS 57 £29| HAEC) /15)E astodrh 2 7
5 A Bes 2 TR §2A0| A7k AAFE 2t2te] 200 vtz B4 ghol oo FuelZe] o
et 520 gho] BA W s v o] F2A 0| AE XA o] A o)A HjA| 2t & 4 Yt

Mazimize Eaiyi ®)
ie1
ST Yz, =y Vi (©6)
JEN,
Zx]. =P (7)
jEeJ
2,2 (0.1} v ®)
y,€1{0,1} vi )

o714, I: Denotes the set of demand nodes,
J * Denotes the set of facility sites,
S @ The distance beyond which a demand point is considered “uncovered”(the value of S can be chosen

differently for each demand point if desired),
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d;; - The shortest distance from node i to node j,

. {1if a facility is allocated to site j
xT. . .
Ootherwise,

N i {jEJ 1 d,; < S},
a; - Population to be served at demand node i,
p - The number of facilities to be located,

. {1if a demand node 7 is covered by a facility within .§ distance
0 otherwise.
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Table 4. Temporal flex zone use case distribution (02:00-07:00, 07:00-11:00)

Non-accessibility SAV boarding Transferable Curb parking Regular Parcel freight

use case area area area freight
02:00-07:00 Count 55 16 4 28 67 0
Percentage 32.35% 9.41% 2.35% 16.47% 39.41% 0.00%
07:00-11:00 Count 47 19 7 34 49 14
Percentage 27.65% 11.18% 4.12% 20.00% 28.82% 8.24%
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Figure 5. Flex zone use case optimal location (11:00-14:00) Figure 6. Flex zone use case optimal location (14:00-18:00)

Table 5. Temporal flex zone use case distribution (11:00-14:00, 14:00-18:00)

Non-accessibility SAV boarding Transferable Curb parking Regular Parcel freight

use case area area area freight
11:00-14:00 Count 55 14 8 32 39 22
Percentage 32.35% 8.24% 4.711% 18.82% 22.94% 12.94%
14:00-18:00 Count 57 15 7 35 32 24
Percentage 33.53% 8.82% 4.12% 20.59% 18.82% 14.12%
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Figure 7. Flex zone use case optimal location (18:00-21:00) Figure 8. Flex zone use case optimal location (21:00-02:00)

SruES2l], A 40¢ A 52, 20224 102 759



Article Allocation Modeling for Flex Zone on Curb Space Use in an Era of Autonomous Driving

Table 6. Temporal flex zone use case distribution (18:00-21:00, 21:00-02:00)

Non-accessibility SAV boarding Transferable Curb parking Regular Parcel freight

use case area area area freight
18:00-21:00 Count 84 2 6 36 32 10
Percentage 49.41% 1.18% 3.53% 21.18% 18.82% 5.88%
21:00-02:00 Count 88 15 6 30 31 0
Percentage 51.76% 8.82% 3.53% 17.65% 18.24% 0.00%
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