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Fig. 2 Ilustration of vehicle storage and retrieval in SAV parking lot
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Table 1 Retrofitting cost for parking lot
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Table 2 Definitions for parameters and decision variables
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Fig.3 Framework of CNN-LSTM model
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Fig.4 Zoning division and taxi demand heatmap in 2030 in Manhattan, New York
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Table 3 Initial site-selection results for parking lot retrofitting in Manhattan
under different SAV substitution rates for taxi demand
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Fig.5 Selected areas and its supply-demand points distribution
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Table 4 Initial selected sites data under various SAV substitution rates for taxi demand
SAVERFE LI/ %
10 20 30 40 50 60 70 80 90 100

EiER

/N R B/ AR 212 423 634 845 1056 1268 1479 1690 1901 2112
eIk B /A 2 4
S AL/ m? 1277 2749 4135 6212 7714 9098 10502 11993 12972 13845

7 8 10 11 12 13 15

ol

O T AE A AL/ JT T 78.3 155 232 307 384.3 461.1 536.5 613.4 691.7 765.6
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Xof A 55 5 SR OSUEE MG Bl 0 e 1 L 1 2 AN IS e i B . BRI L 430 LA SAV X A R AT
BARE R 3096 .50% .70 % 34 B Be A by JE a5, PRI O XA VB L C 43 il it in o5 g B AR 5 e AR SR
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Table 5 Site selection changes under 30%—-70% SAYV substitution of taxi demand with demand fluctuations

SAVXHEFEHICK/ % RIS/ % AR S AR /Tt HUR TR i bk AR B %%@ﬁﬁﬁ?
T A/ T 78
30 +5 7 2610.0 +1 0
—5 6 2320.0 0 0
+10 7 2610.0 +1 0
—10 6 2320.0 0 0
+15 7 2697.0 +1 0
—15 5 2059.0 —1 93. 96
50 +5 10 4123.5 +1 0
—5 9 3842.5 0 0
+10 10 4408.0 +2 0
—10 8 3494.5 —1 125. 28
+15 11 4509. 5 +3 0
—15 8 3378.5 —1 167. 04
70 +5 12 5298. 25 +1 0
—5 11 4908. 25 0 0
+10 12 5473.75 +1 0
—10 101 4502. 25 —1 146
+15 13 5662. 25 +2 0
—15 10 4313.75 —1 214
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Table 6 Site selection changes for retrofitting under a 30% SAYV substitution of taxi demand

DX 4
LRNGE- Y
A B C A.B ALC B.C AB.C
—10 -1 -1 -1 -1 -1 -1 -1
5 +1 +1 +1 +1 +1 +1 +1
10 +1 +1 +1 +1 +1 +1 +1
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Table 7 Site selection changes for retrofitting under a 50% SAYV substitution of taxi demand

X
iR IR/ 0%
A B C A.B A.C B.C A.B.C
—10 —1 —1 —1 —1 —1 —1 —1
5 +1 +1 +1 +1 +1 +1 +1

10 +1 +1 +1 +1 +1 +1 +1
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Table 8 Site selection changes for retrofitting under a 70% SAYV substitution of taxi demand

X
F R/ 1
B C A.B AC B.C A.B.C
—10 —1 —1 —1 —1 —1 —1 —1
5 +1 +1 +1 +1 +1 +1 +1
5 +1 +2 +1 +1 +1 +1 +1
10 +1 +1 +1 +1 +1 +1 +1
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City Parking Lot Layout and Retrofit Siting Considering the
Characteristics of Shared Autonomous Vehicles

SUN lJiangtao', LIU Jia®, ZHANG Jin*, HUO Yueying'

(1. Institute of Transportation, Inner Mongolia University, Hohhot 010070, China;
2. Inner Mongolia Transportation Design Institute Co. , Ltd, Hohhot 010011, China;
3. China Intelligent & Connected Vehicles (Beijing) Research Institute Co. , Lid,
Beijing 100176, China)

Abstract: Shared autonomous vehicles (SAVs) offer potential advantages over conventional ve-
hicles in terms of parking organization and vehicle storage-and-retrieval efficiency. To accommodate the
future parking demand associated with large-scale SAV deployment, a layout form of parking lots tai-
lored to SAV characteristics was proposed and a method for retrofitting existing parking facilities into
dedicated SAVs parking lots was developed. Using taxi data, the spatial distribution of future SAV
travel demand was forecasted. Combined with the practical operational requirements, the internal layout
of SAV parking lots was further investigated. On this basis, a multi-objective location model was estab-
lished to minimize retrofitting cost, travel distance cost, and the sunk cost associated with abandoning
some existing parking facilities. The proposed model can support the optimization of parking lot layout
and location decisions. Finally, the stability and feasibility of the proposed model were verified through
the sensitivity analysis on a small-scale case study. The proposed model was then applied to the entire
Manhattan area of New York City, which enables an integrated process from district-level demand fore-
casting to citywide location optimization. The study can provide theoretical support and practical guid-
ance for planning dedicated parking lots for SAV in future urban environments.

Key words: shared autonomous vehicles; parking lot location; parking lot layout; multi-objective pro-

gramming model



