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Abstract

It is becoming difficult to secure parking lots especially in an urban area. Multi-story parking lots are being constructed to ef-
ficiently utilize limited parking spaces. However, the number of parking spaces per unit area has been reduced in the consid-
eration of traffic accidents within the parking lot and the ease of movement. In addition, incidents such as theft in parking lots
have become a problem. Recently, there are some valet parking systems that increase the number of parking spaces per unit

area, making it easier to move around in the parking lot, and preventing incidents such as theft. The parking lot staff take care
of entering and exiting the parking lot in this parking method. There were problems with labor costs and securing highly skilled
personnel in this parking system. An automatic valet parking system has been devised but it has not yet been put into practical
use. Several papers have proposed the basic systems, the efficient algorithms for parking a vehicle (parking), and algorithms for

taking vehicles out of a parking lot (leaving). Three studies to speed up an automatic valet parking are conducted in this paper.
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1. Introduction

A parking lot (Wikipedia, 2022) is a space for parking ve-
hicles (cars), and can be broadly divided into a flat parking
lot and a multi-story parking lot (Asai, 2001). The flat type lots
locate on the ground and are the most common type. The
ground space is divided according to the size of the car to be
parked in this type. There are two types of multi-story (level)
parking, namely self-propelled and mechanical. A multi-story
parking lot is better when considering parking efficiency
relative to land size (Yahoo Japan, 2022). The design of a
multi-story parking lot changes depending on the number
of people who park permanently or temporary cars, and the
purpose of the parking lot. It is also designed with consider-
ation to harmony with the location, safety, and convenience.
One type of multi-story parking lot is the ‘mechanical type’
(Kagoshima, 2018; Driver, 2009; Takada, 2015). In this type, cars
are stacked one above the other in the first and second tiers.
There are various types, including types that move up and
down only in the vertical direction (two-tier/multi-tier park-
ing lot) and types that move up and down and left and right
(tower parking lot: vertical circulation system which is called
an elevator system). In any case, the user has to get out of the
car and put it away, which is time-consuming for the user. In
addition, this system requires special equipment which in-
creases the cost. However, there are many parking spaces per
unit space, which has the advantage of being able to more
efficiently secure the number of parking spaces. In addition
to the ‘mechanical type, there is also the ‘self-propelled type!

a Union Press

This method allows the driver to park while driving, and the
drivers can drive and park by themselves (Watahan Solution,
2022). This type requires less manpower and it is easier for
users to park compared to the ‘'mechanical type! Its efficiency
in terms of the number of parking spaces is inferior to that of
the ‘'mechanical type’since the number of parking spaces per
unit area is smaller than that of the ‘mechanical type! Multi-
story parking systems have been studied as cars become self-
driving, and automatic valet parking has also been proposed
(Kitagawa Corporation, 2021). This system can allow cars to
automatically enter and exit the parking lot. It has not yet
been put into practical use. The main reason for this is the at-
tempt to realize self-driving cars using mobile phones. This is
because the control methods of customers’ cars vary widely,
and one-size-fits-all control is not possible. Each car has a
wide variety, and differs in performance and appearance.
Parking issues are an important challenge in the smart city
concept (NEC, 2022), which is a national policy. As the scale
of multi-story parking lots increases, some problems such as
accidents (traffic accidents, theft accidents, etc), searching
for parking spaces, narrow enter/exit area from the car, and
difficulty for beginners and elderly people to use the parking
structures have become problems. The authors of this paper
proposed an automatic valet parking using a unique auto-
matic pallet to solve these problems (Funase et al., 2022a).
The authors also proposed a time-efficient parking location
determination method for exiting from the parking lots (Fu-
nase et al, 2022b). Furthermore, the authors proposed an
automatic pallet movement method that improved the ef-
ficiency of leaving time from the parking position (Funase et
al, 20220). In the study, it was examined if the time efficiency
for leaving from a lot can be improved by simulation (Funase
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et al, 2023b). The target of this study was to make maximum
use of three-dimensional space in a multi-story parking lot. A
part of this study was published in a previous report (Funase
et al, 2022¢). Another study also demonstrated the basic
parking and exit algorithms for multi-story parking lots (Fu-
nase et al, 2024). Improvements to this paper were then pro-
posed (Okada et al, 2024). The multi-story parking lot sum-
marized in these studies was a type of mechanical multi-story
parking lot equipped with one elevator for entering and one
elevator for exiting (Funase et al,, 2022a; 2022c¢; 20233; 2023b;
2024; Okada et al., 2024).

This paper considers the following three proposals for
speeding up automatic valet parking. (1) The cell pallet lastly
entered is moved to the space vacated by taking out the car
in Okada et al’s (2024) proposal. In this proposal, the cell pal-
let is moved to a space with a lower parking position number
than that of Funase et al's (2024) proposal. However, the cell
pallet closest to the exit is not selected. The selected cell pal-
let may be close to the exit or far from it. Choosing a pallet
close to the exit is more efficient in exit time. (2) If a car is
parked at parking position No. 2 or the higher parking posi-
tion number, or if a car is parked at parking position No. m;,
+ 1 or the higher parking position number, the car can easily
exit the parking lot. Therefore, it is better to adopt a method
different from the exit algorithms for other parking position
numbers. (3) The parking position numbers in Figure 3 of
Okada et al’s (2024) paper are not changed, and it is consid-
ered how to change the order of parking positions when en-
tering the parking lot to speed up the automatic valet park-
ing. It is considered specifically how to arrange the parking
positions when entering the parking lot to minimize the total
travel distance (cost) required for exiting all parked cars.

2. Consideration of proposal (1)

First, an improvement plan for the reference (Okada et al,,
2024) is proposed. It is an improved version of the paper (Fu-
nase et al, 2024). In the paper, the cell pallet where the last car
arrived is moved into the space vacated by taking a car out
of the parking lot. However, the pallet is not closer to the exit
than before it was moved. The only thing is that the parking
position number where a user parks the car is smaller, and may
move closer to the exit or move away from it. Therefore, the
authors investigated which of the following conditions is valid.

-+ Move the cell pallet that a car arrived at lastly to the space
vacated by taking a car out of the parking lot.

- Leave the space vacated by taking a car out. At this time,
the distance (travel cost) in the following two cases is com-
pared and the smaller one is selected.

- The distance from the cell pallet position where the last car
entered the lot to the coordinates (m,, 1, 1) every time a car
leaves the parking lot.

- The distance from the current position of the cell pallet
to the coordinates (m;, 1, 1) when the cell pallet that a car
lastly arrived is moved to the space vacated by taking a car
out of the parking lot.

Here, m, is the number of parking spaces in the horizon-
tal direction of the multi-story parking lot. The flowchart of
this process is shown in Figure 1. Note that Figure 1 is an
improved version of Figure 8 in the reference of Okada et al.
(2024). Table 1 shows the execution results of the program
shown in the flowchart in Figure 1. The results of Okada et al.
(2024) are shown in Table 2. The result was the opposite of
what was expected.

In proposal (1), the leaving cost is compared between the
case of moving the last entering cell pallet to the vacated
space and the case for not moving it, and the smaller one is
selected. In this case, if only leaving is considered, the time
will be shorter. However, the parking efficiency decreases in
a high-rise parking lot, when the value of the top floor (w) is
not small. The formula for calculating the leaving time also
includes a quadratic formula for w. If w becomes even slightly
smaller, the cost will drop significantly. The cars that have
recently entered the parking lot are parked on the upper
floors of the parking lot, so they are often less expensive than
cars leaving the parking lot, so they are not often moved. As
a result, w remains at a large value and the overall leaving ef-
ficiency decreases. And, in the reference of Okada et al. (2024),
when cars leave the lot, the last car that entered the lot will
always move, so the top floor of the lot that cars are parked
(it means the number of floors) will go down. This difference
has a big impact on the results. In addition, when a pallet is
moving, it is necessary to consider ‘the number of times it
has been moved’ and ‘the number of times it has not been
moved’ When the number of entering cars is small, ‘the num-
ber of times it has been moved'increases. When the number
of entering cars is large, ‘the number of times it has been not
moved’increases. From the above results, it is better to move
a cell pallet that a car entered to the vacant space after the
car left the parking space in terms of the time cost of leaving.

3. Consideration of proposal (2)

According to the results investigated so far, the most ef-
ficient retrieval algorithm is the one in the reference of Okada
et al. (2024). However, it is considered that it would be more
efficient to use a unique algorithm for a car to leave from a cell
pallet parked at certain parking location numbers near the
exit. The following proposals can be considered specifically.

3.1 Leaving a car from no. 1 of parking position and upper floor

If the cell pallet of the car scheduled to leave the parking
lot is parked at parking position No. 1, the vehicle is just al-
lowed to leave the parking lot (see Figure 2). If the cell pallet
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M1: Left and right width
M2: top and bottom width
M3: front and rear width

M: Total number of parking
numbers per floor

MM: Total number of parking
numbers excluding the top floor
and the floor directly below it

e: control variable of the
parking number

FLOOR (t): value after removing the
decimal point of t (this routine finds the
3D coordinates (x, y, z) of the
parking number (No. k))

F1(e): e-th available
parking number

Tl: total entering time for M* vehicles
TQ: total leaving time for M* vehicles
ee: total number of available parking numbers

G(i): the number where the
i-th cell pad was parked

this routine calculates the 3D
coordinates (x, y, z) of
parking number G(i)

J

Figure 1: Flowcha
Note: Total arriving (entering) time and total lea

}_

Part 1

M1 =10, M2 =10, M3 =10

FOR k=1 TO MM
[
y—FLOOR((k—1)/M)+1
Jj—k=(y-1)*M
F—FLOOR((-1)/M3)
x—M1-F
z—j-F+M3

<

FOR M*=50 TO 500 STEP 50

I
TI—=0, TQ—0, TK—0, ee—e

|
FF@)<—F13)
<_NEXTi >
G()<—FF()
y—FLOOR((G(i)-1)/M)+1
j—G()-(y-1)-M
F—FLOOR((-1)/M3)

x—M1-F
z—j-F+M3

Part 2

H(@i)—y+z+x-1

O,
rt to derive each value of proposal (1)-1
ving (exiting) time (cost), total operation time that reduces the leaving

time, number of times the cell pallet was moved to a space vacated by leaving, number of times the cell pallet did

not move.
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rand(): diffusion function rand(), a uniformly
distributed random number between O and 1 T—a

@ ®

FOR =1 TO M* <

- |
7~ ~{ t—FLOORMM*-rand0)+1 |

GG(i): parking number where the
i-th cell pad was parked

{ GG()—G(t)
| J

this routine calculates the 3D coordinates
(x, y, z) of parking number GG(i)

y'—FLOOR((GG(i)-1)/M)+1
[=GGWH-y/-1)*M
————————————————————— F—FLOOR((-1)/M3)

X —M1-F

Z'—j-F+M3

|

Leaving time cost from G(i) to (M1, 1, 1) } ________________

L'@)—2+(w-y)(w-y+1)+w+2-y'+2 w(w+1)
HM1=x)H w+1)+HZ'-1)

L'()<0

TQTQ+L'() -« I

y<—FLOOR(GG(MM*)-1)/M)+1

j—GG(MM*)-(y-1)*M
———————————————————— F—FLOOR((~1)/M3)

x—M1-F

2j-F+M3

the parking number (GG(MM*)) of the

calculate the 3D coordinates (x, y, z) of
last parked vehicle

parking number of the last parked
vehicle to the coordinates (M1, 1, 1)

L_last: entering time cost from the }

[
L laste—2+(w-y)*(w-y+1)+w+2-y+2 w(w+1)
HM1=x)+(w+1)+(z-1)

reduce the leaving time cost by
the i-th leaving

MOVE«—MOVE+1

K'(i): the operation time required to }
N

\1 K' (i) —|x—x' [+ w+2-y)+ w+2-y")+z—2| ‘

TK—TK+K'(i)

G(t)—G(MM*)
| HH@®<—HHMM®) | [ HH@&—HHMM®) |
[ MM+ —MM=-1 [ MM*—MM*-1 | [ MM*—MM+*-1 |

[
NEXT i

/ Output M* TI,TQ,TK,MOVE,STAY /

NEXT M*

Figure 1: Flowchart to derive each value of proposal (1)-2

scheduled to leave is parked on the upper floor of parking
position No. 1, the cell pallet parked on parking position No.
1 and the upper floor thereof is temporarily moved. At that
time, the cell pallet scheduled to leave is moved to parking
position No. 1 and leaves. After that, the cell pallet that was
moved returns to the first floor. In the reference of Okada et
al. (2024), the cost of the quadratic expression of w affects

the movement of the target cell pallet scheduled to leave to
parking position No. 1. On the other hand, w is a linear ex-
pression in the proposed method and the cost is low.

3.2 Leaving a car from parking position no. 2 and upper floor
The cell pallets parked on the lower floor move to the near-
est empty parking space on the upper floor to vacate the
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Table 1: Total entering time (cost) and total leaving time cost in proposal (1)

) ) Total operation Number of Number of
Number of Total entering ~ Total leaving . ) )
; ; ) ) time to reduce the  times a car (pallet) times a car
entering vehicles time cost time cost L .
leaving time cost has moved did not move
50 2200 596 289 30 20
100 3035 2544 1067 76 24
150 5280 3791 781 54 96
200 6181 9032 1083 65 135
250 8466 10395 1610 102 148
300 9438 19973 1851 102 198
350 11758 22250 2444 135 215
400 12806 37416 2857 140 260
450 15156 40977 3076 149 301
500 16285 62865 3897 173 327

Note: Total operation time that reduces leaving time (cost), number of times the pallet was moved to a space va-
cated by leaving and number of times not moved.

Table 2: Results of literature

Number of Total entering  Total leaving Total operation time to
entering vehicles time cost time cost  reduce the leaving time cost
50 2200 591 502
100 3035 1380 1153
150 5280 2943 1858
200 6181 4397 2611
250 8466 6509 3437
300 9438 8857 4180
350 11758 12546 5136
400 12806 15887 6154
450 15156 21027 7112
500 16285 26079 8196

Source: Okada (2024).

Rotating wheel that
changes the direction
of parked cars

Rotating wheel that
changes the direction
of parked cars

Qa (M =1) ms+1

Car entrance Car exit

m;: Left and right width
ms: Front and rear width

Figure 2: Parking position number on the first floor
Source: Okada et al. (2024).
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parking position No. 1. If the cell pallet scheduled to leave is
at parking position No. 2, it is moved to parking position No.
1 (see Figure 2). If the cell pallet scheduled to leave is parked
on the upper floor of parking position No. 2, the cell pal-
let parked at parking position No. 2 (and the upper floor) is
temporarily moved. The target cell pallet scheduled to leave
is moved to parking position No. 1 via parking position No. 2
and leaves. After that, the cell pallet that was moved to the
first floor is moved. In the reference of Okada et al. (2024),
it takes a quadratic equation cost of w to move the target
cell pallet scheduled to leave to parking position No. 1. In
contrast, the proposed method requires only the cost of the
linear expression of w.

3.3 Leaving a car from parking location no. (m; + 1) and
upper floor

The idea is the same as Section 3.2. The cell pallet parked
on the lower floor is sequentially moved to parking position
No. 1 or the nearest empty position on the upper floor. This
move will free up parking position No.1. If a cell pallet sched-
uled to leave is parked at parking position No. (m5 + 1), it is
moved to parking position No.1 (see Figure 2). If the cell pal-
let scheduled to leave is parked on the upper floor of parking
position No. (m; + 1), the cell pallets parked at parking posi-
tion No. (m; + 1) and the upper floor thereof are temporarily
evacuated. At that time, the cell pallet that is scheduled to
leave is selected and it is moved to the parking position No. 1
via parking position No. (m5 + 1) and it leaves. After that, the
cell pallet that was moved (evacuated) is returned to the first
floor to fill the gap. The cost of the quadratic equation of w is
required to move the target cell pallet scheduled to leave to
parking position No. 1 in the reference of Okada et al. (2024).
In contrast, the proposed method requires only the cost of
the linear expression of w.

4. Consideration of proposal (3)

The leaving time cost (L' (i) ) is expressed by the following
formula. It means the moving time cost from the parking
position number where the i-th cell pallet was parked (coor-
dinates (x,y, z)) to coordinates (m;, 1, 1),

=2 w-y)(w-y+1)+w+2-y+2w(w+1)
, ) M
+(M=x)+Ww+D+(EZ-1)
Here, w is the top floor where the cell pallet is parked. As the
coordinate (x;y, ') is determined by random numbers, the
values of x; y"and z' are unknown. m; is a fixed value since it
is given. w is a value determined by the entering algorithm.
w was the smallest when entering algorithm 2 was used in
the reference of Okada et al. (2024). The entering algorithm is
improved in this paper. The flowchart is shown in Figure 3.
The execution results of the program coded with the flow-

chart in Figure 3 is shown in Table 3. The entering method for
Okada et al. (2024) is changed in proposal (3). Vehicles were
parked in order of parking position number when parking.
However, in proposal (3), parking was performed from the
parking position number closest to the entrance. Namely, the
order of parking positions is determined in descending order
of w (= x +y) for two-dimensional coordinates (x, y). In other
words, the parking is performed from a parking position close
to the entrance in order to reduce the cost of entering.

Comparing the results of proposal (3) and Okada et al.
(2024) in Table 2, it can be seen that the leaving cost can be
reduced slightly overall. Some reductions in entering costs
are observed when the number of vehicles in the parking lot
is 50, 150, 250, 350, and 450. This is because the parking posi-
tion of vehicles parked on the top floor is closer to the exit.
This result is different from Okada et al's (2024) result. In the
case of 100 parking vehicles and 200 parking vehicles, the
reason that the entering cost cannot be reduced is because
the number of vehicles that can be parked on the top floor is
small. The number of vehicles parked on the top floor is only
one in the parking lot with the capacity of 100 vehicles, and
the entering cost is the same as Okada et al. (2024). The num-
ber of vehicles parked on the top floor is two when there are
200 parking spaces. The entering cost is almost the same as
the result of Okada et al. (2024).

5. Conclusion

Parking lot users at the following facilities feel stressed:
shopping malls, large complex buildings, theme parks and
airports. There are two main causes of the stress: ‘user cannot
find a parking space’ or ‘parking place is far’. In addition, the
limited parking spaces cannot be used efficiently in urban ar-
eas. Parking intervals are not even minimized. Many countries
around the world, including Japan, Europe, the US.A,, and
China, are investigating the practical application of automatic
valet parking systems using autonomous driving technology
to solve these problems. It is necessary to establish interna-
tionally unified standards for system operations, processes,
and interface specifications between vehicles and parking
lots under these circumstances. Various results have been ob-
tained from vehicle research and demonstration experiments
in Japan. The automatic valet parking systems with com-
mon functions and methods must be widely disseminated
based on those results around the world. An international
standard for ‘automated valet parking’jointly developed by
Japan and Germany was published in 2023. It will contribute
to the effective use of parking lot spaces and the reduction
of accidents in parking lots when this technology becomes
widespread. This eliminates the need for users to perform op-
erations in the parking lot, and eliminates the need to search
for a parking spot and wait for an available parking space.
This standard is expected to improve user convenience and
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M1=10, M2=10, M3=10

MM <M1 - M2 - M3

FOR M*=50 TO 500 STEP 50

©

FOR =1 TO M*

[ t—FLOORMM*-rand())+1 |

TI<0, TQ<0, TK—0, w < 1,
x<—0, y—1, z<0
e—M*, i— 1, PN—0
T

PN: the variable that stores j
parking position number (No.) J

GG(@)—G(t)
.@ YES

FOR v=M1TO v>0

x—v,z<1

7 NO
xis other than 1 J x!=1orz!=

YES

[[PartB]]

i—i+1
e—e-1

x—x+1
z—z+1

e=0orz=M3+1orx=MI+

NO

FORv=2 TO v<M3+1

YES

NO

when x is 1, the parking j YES
position number will be shifted, PN<—PN-1
so adjust it. J

e=0orz=M3+1orx=MI+

NO
ye—y+i NO
w(—
L4 YES

vehicles parked on the entire }

floor, so the parking floor is
@

shifted to the upper floor.

NO |
y'—FLOOR((GG(i)-1)/M)+1
i—GG@H)-(y-1)-M
F—FLOOR((j-1)/M3)
x'—M1-F
2 —j-F-M3

L) —2-(w-y)(w-y+D)+w+2-y+2w(w+1)
HM1=x)Hy'+w+1)+(z-1)
[

YES

Part B

PNe—(y -1)-M+j-(y - 1)

YES

Figure 3: Flowchart for calculating the total car entering time cost, the total leaving time cost, and the total work

time to reduce the leaving time cost in proposal (3)

reduce carbon dioxide emissions. However, the automatic
valet parking system has not yet been put into practical use.
The multi-story parking lot targeted in this study has only
parking spaces and it does not consider the space for walk-
ways or slopes. The car is moved through the parking spaces
to the desired parking space. In addition, instead of having
someone drive the customer’s car, the car is transported on a
special electric pallet called the cell pallet, which is the size of
a normal parking space for a car. The multi-story parking lot is

made up of a skeleton of poles, similar to the jungle gym in a
park. The cell palette moves left and right, up and down, and
back and forth in the jungle gym. In other words, the custom-
er's car is parked on the cell pallet. In this paper, an efficient
automatic valet parking system that is practical and makes
maximum use of three-dimensional space is investigated. In
addition, three points regarding speeding up the parking sys-
tem are considered.
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Table 3: Each value when changing the number of entering vehicles in the parking lot, namely the total entering
time cost, the total leaving time cost and the total work time to reduce the leaving time cost in proposal (3)

Number of Total entering  Total leaving Total operation time to
entering vehicles time cost time cost  reduce the leaving time cost

50 1410 524 499
100 3035 1288 1200
150 4534 2739 1975
200 6170 4261 2572
250 7774 6438 3449
300 9417 8797 4295
350 11132 12526 5124
400 12753 15826 6177
450 14610 20966 7251
500 16200 25352 8136

Acknowledgment
This work was supported by JSPS KAKENHI Grant Number
Scientific Research (A) 24H00717, 2024.

References

Asai, K. (2001). Michi to michi ga wakaru jiten [Encyclopedia of
road]. Jitsugyo Publishing. (in Japanese)

Driver (2009). Horizontal circulation type, multilayer circulation
type, elevator sliding type, flat reciprocating type. driver 2009-
4-5.Yaesu Publishing.

Funase, S., Shimauchi, T., Kimura, H., and Nambo, H. (2022a).
A proposal of automated valet parking system using auto-
matic pallet. Studies in Science and Technology, Vol. 11, No.
2,147-150.

Funase, S., Shimauchi, T, Kimura, H., and Nambo, H. (2022b).
A proposal of parking location determination method to
realize high time-efficient exit operations in automated va-
let parking using automatic pallets. International Journal of
Engineering and Technical Research, Vol. 12, No. 2, 1-8.

Funase, S., Shimauchi, T, Kimura, H., and Nambo, H. (2022¢).
Proposal of a multi-story car park with cell pallets to maximize
space utilization efficiency in confined area. International Jour-
nal of Engineering and Technical Research, Vol. 12, No. 1, 1-5.

Funase, S, Kimura, H., and Nambo, H. (2023a), How to move auto-
matic pallets to improve the time efficiency of exiting in auto
valet parking. Sensors and Materials,\ol. 35, No. 7, 2229-2239.

Funase, S., Moriuchi, T., Kimura, H., and Nambo, H. (2023b).
Simulation of auto valet parking using automatic pallets.
Studies in Science and Technology, Vol. 12, No. 1, 53-66.

Funase, S, Kimura, H., Okada, K, and Hirobayashi, S. (2024). Pro-
posal of an auto valet parking to maximize space utilization
efficiency in three-dimensional area. International Journal of
Engineering and Technical Research, Vol. 14, No. 1, 23-32.

Kagoshima, Y. (2018). Kikaishiki chusyajyo no kihon: Sikumi,
tsukaikata, meritto, demeritto [Basics of mechanical parking:
Mechanism, usage, merits and demerits] (Retrieved March

20, 2022 from https://suumo.jp/article/oyakudachi/oyaku/
ms_shinchiku/ms_other/kikaishiki_chusyajo/). (in Japanese)
Kitagawa Corporation (2021). Shingata jisoushiki rittai chusyajyou
supa longu supan taipu [A new drive-in multi-story parking: Su-
per long-span system] (Retrieved March 20, 2022 from http://
kobayashi.hub.hit-u.acjp/topics/rand.html). (in Japanese)

Okada, K., Funase, S., Kimura, H., and Hirobayashi, S. (2024).
Efficiency comparison of an automated valet parking lot
using simulations. Studies in Science and Technology, Vol. 13,
No. 2. (in publish)

NEC (2022). Smartcity (Retrieved August 20, 2022 from
https://www.nec-solutioninnovators.co.jp). (in Japanese)
Takada, K. (2015). Chusya gaku [A study on parking]. Seizando

Shobo. (in Japanese)

Yahoo Japan (2022). Muti-story parking lot pictures (Retrieved
August 20, 2022 from https://search.yahoo.cojp/image/sea
rch?p=9%E7%AB%8B%E4%BD%93%E9%A7%90%E8%BB%S
A%E5%A0%B4&fr=top_gal_sa&ei=UTF-8&ts=13783&aq=-
1&ai=4113f900-1947-4fb2-b7ae-c74cdf0f5720&x=nl). (in
Japanese)

Watahan Solutions (2022). Self-propelled system multi-story
parking lot (Retrieved August 20, 2022 from https://stagew.
jp/). (in Japanese)

Wikipedia (2022). Parking (Retrieved August 20, 2022 from
https://ja.wikipedia.org/w/index.php?title= § B 35 &old-
id=88287901. (in Japanese)

Received: September 30, 2024
Accepted: October 17, 2024

8 Studies in Science and Technology, Volume 13, Number 2, 2024



