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To address the urgent issue of car owners wasting a lot of time because they cannot find empty parking spaces in the largely
multistorey car park, the paper conceives a solution including algorithm ParkIG. This scheme uses the infrared photoelectric
switch to monitor the parking space status. At the same time, we define a special communication protocol named MCP to
analyze the parking space data when analyzing the data transmitted by the photoelectric switch. Algorithm ParkIG is used in
finding the nearest empty parking space and optimal path planning. Based on the MCP protocol and navigation system, the
algorithm ParkIG initially identifies the layer of multistorey where the car is positioned. Our algorithm ParkIG greatly reduces
the time and space size of the search domain and update domain when searching for vacant parking spaces in optimal path
planning and ends the algorithm running to avoid a lot of computations that are not essential when the algorithm found an
optimal path from the entrance to empty of parking space. Simulation experiments show that the performance of our scheme
has been significantly improved, such as the time that it takes for the car owner to search for a vacant parking space is
decreased by about 25.8% and reduced the space size of search domain and update domain by 70% compared to the algorithm
Dijkstra.

1. Introduction

With the rapid development of the economy, private car
travel is becoming increasingly common. The increased
number of vehicles not only puts a strain on traffic but also
causes a slew of problems for car owners [1]. People’s travel
is increasingly inextricably linked to automobiles, so they
will inevitably encounter parking during travel [2, 3]. In
office buildings or shopping malls with heavy traffic, espe-
cially during the peak parking period, the problem of park-
ing difficulties is more prominent. The main reasons for
the “difficult parking” problem are the following: current
urban parking spaces are in short supply, and more impor-
tantly, people can obtain less valuable parking spot info in
the process of finding parking spaces [4]. This means that
there is currently short of a parking space information man-

agement platform to provide reasonable parking guidance to
vehicle drivers.

In outdoor car parks, there are already many technolo-
gies that can find and navigate empty parking spaces and
guide car owners to find appropriate empty parking spaces
to meet their parking demands [5, 6]. However, for some
indoor car parks, there is no suitable solution due to techni-
cal limitations. According to the survey, the current popular
map navigation can only reach the entrance of the car park
and cannot see the empty parking spaces inside the car park
[7]. The previous path planning algorithms can only be car-
ried out in the same layer, which is more difficult for multi-
storey car parks. Indoor navigation technology and outdoor
navigation technology are essentially the same, and both
require three types of technical support: indoor positioning
technology, indoor map, and route planning technology [8].

Hindawi
Wireless Communications and Mobile Computing
Volume 2022, Article ID 3821414, 9 pages
https://doi.org/10.1155/2022/3821414

https://orcid.org/0000-0002-4131-313X
https://orcid.org/0000-0003-2337-4163
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/3821414


Many car owners often circle the car park to park, but
they never find a suitable empty parking space. This brings
great trouble to the car owners. For car park managers, in
the case of heavy traffic, they can only direct the car owners
to park in person, and even the managers do not know
where there are vacant parking spaces [9]. This situation
not only greatly discounts the parking efficiency of car
owners but also is not conducive to the work of car park
managers.

This paper gives a series of solutions to this type of prob-
lem. Each parking place has an infrared photoelectric switch
to gather parking data, and the MCP protocol is configured
for data transfer. Simultaneously, the algorithm ParkIG is
built and employed while planning the path from the entry

to the empty parking spot. In addition, our solution contains
a set of car park navigation systems that are convenient for
users to park and the management of the car park by the
administrator. The car owner may utilize the empty parking
spot navigation applet to find an empty parking place and
park quickly, increasing the car owner’s parking efficiency.
The car park manager may also observe and manage the park-
ing places in the car park using the multistorey parking lot
management system, which makes the managers’ jobs easier.

2. Materials and Methods

2.1. Introduction to Algorithm ParkIG. Algorithm Dijkstra is
a classic single-source shortest route algorithm. As a greedy

Input: reserve the first K free parking spaces as candidate empty parking spaces,
Output: The route distance and route of the nearest empty parking space.
Begin
1. Use IPS technology to locate the location information I of the entrance of the parking lot, locate the vehicle's location infor-
mation Icar in real time, and the initial number of layers of the vehicle Nlayer←0;
2. if the vehicle is on the ground and I=Icar
3. then Nlayer←Nlayer+1;
4. elseif the vehicle is underground and I=Icar
5. then Nlayer←Nlayer-1;
6. end if
7. Load Nlayer layer information; P← Free parking space;
8. W← the Manhattan distance between the entrance, intersection, and the candidate’s empty parking space.; // The adjacency
matrix
9. P← {The first k parking spaces with the smallest Euclidean distance from the entrance in P};
10. S[1~K]←0; H[1~K]←Ø; // Path distance S, path H of candidate parking spaces
11. for i=1 to K do
12. Si, Hi←ParkD (Pi, W);
13. end for
14. S←min{S}; I←index (min{S}); H←HI;
15. Return S, H
End

Algorithm 1: ParkIG(K).

Input: Candidate vacant parking space P, an adjacency matrix W formed by the Manhattan distance between the entrance, intersec-
tion, and the candidate vacant parking space.
Output: The path distance and path from the entrance to the candidate vacant parking space P.
Begin
1. V←entrance, n intersections, and candidate parking spaces; //a total of n+2 nodes;
2 initialize mark set T[1~n+1]←0, adjacent node set Adj(Vi), path distance set D(V), used to record the set L(V) of the previous
node in the path;
3 while T(n+1)≠1 do
4 m←{m|T(m)=0 and min{D(m)}}; T(m)←1;
5 For each i∈Adj(m) and T(i)≠1 do
6 D(i)←min{D(i), D(m)+W(i,m)};
7 if D(m)+W(i, m)<D(i), L(i)←m;
8 end for
9 end while
10. H←backtracking according to L(n+1) to find the optimal path from the entrance to the candidate parking space;
11. Return D(n+1), H
End

Algorithm 2: ParkD (P, W).
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strategy, it is often used in path planning problems [10].
Compared with other path planning algorithms, such as
algorithm Floyd, algorithm ant colony, and algorithm A∗
(A Star) [11–13], algorithm Dijkstra has certain advantages
in both time complexity and space complexity. And for car
park path planning, we only need to find the route from
the outset to the destination and do not care about other
paths [14]. Dijkstra is a single-source shortest path algo-
rithm, so it is more suitable for solving car park path plan-
ning problems [15]. In addition, the algorithm Dijkstra is
used to determine the shortest path, and other conditions
such as the intersection of the car park lanes, parking spots,
and their occupancy are configured. The empty parking
space resources can be used more efficiently and with higher
accuracy [16]. However, the search for empty parking spaces
in a car park only requires the path and path distance from
the outset to the parking space, while the traditional algo-
rithm Dijkstra will compute the route from the outset to
all the other dots, especially when the car park is very large
and the number of nodes will be many. It will cause many
unnecessary calculations and waste a lot of time [17]. There-
fore, it is necessary to improve the algorithm Dijkstra to
meet the demand of finding the nearest empty parking space
in the car park [18, 19].

The traditional algorithm Dijkstra is used in the process
of finding empty parking spaces in the car park. There will
be a lot of redundant calculations, especially when the car
park is relatively large; the time wasted will be very long,
which will not improve the parking efficiency of the car owner
[20]. Furthermore, the Dijkstra algorithm is unsuitable for
multistorey parking garages. The car owner enters from the
entrance of the car park, so the empty parking space closest
to the entrance can be prioritized given the Euclidean distance.
In an environment like a car park, the number of adjacent
intersections at each intersection is generally no more than
4. The search domain can bemodified to reduce the time com-
plexity. In addition, determining which floor the vehicle is on
is a key part of a multistorey car park.

Based on these ideas, this paper proposes the algorithm
ParkIG; the detailed introduction of the algorithm is as fol-
lows: first, use IPS technology to locate the vehicle and deter-
mine which floor it is on. After the vehicle goes on a certain
floor, load the parking lot layout of that floor. The entrance
of this floor is taken as the starting point, and K parking
spaces with Euclidean distance closest to the European-
style entrance (K value can be determined according to the
actual size of the car park) are selected as the endpoint.
For each of the K empty parking spaces, an undirected
weight map is formed together with the starting point and
intersection, and the weight is the Manhattan distance
among each node. When algorithm Dijkstra is applied to
the undirected weighted graph, the concepts of the label set
and adjacent node set are introduced to reduce the search
domain and update domain from n to less than 4, which
decreases the cost of time to a certain extent. In the ParkIG
algorithm, for empty parking spots and intersections, the
midpoint of parking spots is selected to calculate the dis-
tance and other data. The entrance, intersection, and candi-
date empty parking space are defined as nodes, and the

collection of adjacent nodes is defined as the collection of
adjacent nodes of each node. The tag set is defined to mark
whether the nearest route and route distance of the node are
determined by the algorithm. If it is “0,” it means it is not
determined, and “1” indicates that the path is determined.
The path distance set defines the route distance of each node
from the outset. The previous node set is used to record the
previous node of the currently determined path. The com-
prehensive algorithm procedures are as follows:

The algorithm ParkIG will call the algorithm ParkD,
which adopts the thought of the algorithm Dijkstra and
improves it. Algorithm ParkD realizes the optimal path
planning from the vehicle to each vacant parking space. As
a result, you simply need to use the algorithm ParkD for
each candidate’s available parking space to determine the
closest distance and optimal path.

The time complexity of the algorithm ParkIG is O(n3), but
due to the particularity of car park routes, the count of adja-
cent points of nodes is generally notmore than 4 in the process
of cyclic finding the nearest adjacent points. And because K is
a constant, the choice of K is generally not exceeding 10
(depending on the size of the car park). The algorithm ends
directly after finding the optimal path from the entrance to
the parking space with no vehicles; that is, the maximum
count of cycles is n. After adding these constraints, the overall
time consumed in the algorithm is nomore than 4Kn, and the
overall performance has been greatly improved.

2.2. Car Park Hardware Deployment and MCP Protocol. At
present, there are many methods for obtaining the situation
of parking spots. For example, the GPP and PGS2 systems
use ultrasound, while the Siemens system is a parking sensor
placed on the ground [21]. Considering that this system is
mainly aimed at large- and medium-sized car parks, and
ultrasonic sensors are very sensitive to temperature changes
and extreme air, it is one of the wisest methods to monitor
vehicles through infrared sensors [22]. Therefore, out of
considerations such as funding and accuracy, diffuse reflec-
tion infrared photoelectric switches are used at the car park,
and four infrared photoelectric switches are arranged in each
parking space. Figure 1 depicts the location of the switches
in the parking slots. In this figure, the length and width of
each parking space are 5.0 meters and 2.6 meters, respec-
tively. The four photoelectric switches are all on the center-
line of the parking space. Two photoelectric switches are

5.0 m

2.6 m1.0 m

0.6 m

Figure 1: Distribution of four infrared photoelectric switches in
parking spaces.
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60 cm from the nearest long side, and the remaining two
photoelectric switches are 100 cm from the nearest wide side.

The scheme controller uses a single-chip microcomputer
to output the parking status information collected by the
infrared photoelectric switch. Each photoelectric switch
returns one bit of data, and the overwritten data of the photo-
electric switch is “0”; otherwise, it is “1.” The communication
module adopts a 4G/5G wireless communication module to
ensure the data transmission between the car park and the
multistorey car park management system [23]. The MCP pro-
tocol is based on the distribution of photoelectric switches in
the parking spaces. Because there are four infrared photoelec-
tric switches, the management system can know whether the
parking space is an empty parking space through the returned
data. If it is not an unoccupied parking spot, the management
system can determine whether the vehicle parked in the park-
ing space is parked in a standard manner.

As shown in Table 1, the MCP protocol is a new multi-
storey car park protocol that specifies the following: a total of
16 bytes of data are transmitted, the first six bytes represent
provinces, cities, counties, communities, and car parks, the
seventh byte represents the data collector number, and the
eighth byte to the 15th byte represents the data of parking
spaces collected by the collector. For multistorey car parks,
each floor has a specific car park number as the basis for
judgment. As shown in Table 2, the high and low four digits
of each byte represent a parking space, respectively, in the
parking data transmitted; that is, the status of 16 parking
spaces can be transmitted in one transmission. Such as

Equation (1), if the four-digit data is “1111,” it means an
empty parking space, if it is “0000,” it means parking is reg-
ulated, and the rest of the data type means parking is not
regulated. The last byte is the cumulative checksum.

Status =
Empty parking space, the four‐digit data = 1111,
Regulate parking, the four‐digit data = 0000,
Irregular parking, others:

8
>><

>>:

ð1Þ

2.3. Multistorey Car Park Management System. The parking
space management system for the car park is used by the car
park administrator, including the two roles of ordinary car
park administrator and senior administrator. Ordinary car
park administrators can see the data-receiving page, manual
entry page, parking space data report statistics page, rent
management page, user management page, and personal
information modification page. The data-receiving page is
used to receive real-time data from the car park. The manual
entry page can manually enter data in some fault situations.
Parking space data report statistics page can be statistics of a
variety of parking data reports, including a statistical table of
vehicle entry and exit, a parking information statistical table
of parking spaces, a statistical table of vehicle entry and exit
time intervals, a statistical table of empty parking spaces
within a certain period of time, a statistical table of irregular
parking status within a certain period of time, a statistical
table of standardized parking status within a certain period
of time, a daily report of vehicle entry and exit records, a
weekly report of vehicle entry and exit records, a monthly
report of vehicle entry and exit records, and an annual
report of vehicle entry and exit records. The rent manage-
ment page is used to manage the rent of temporary parking
and long-term parking. The user management page gets
used to managing resident users. The personal information
modification page is used for modifying personal informa-
tion and login password. Senior administrators can see the
ordinary car park administrator management page and
parking space data report statistics page. The ordinary car
park administrator management page is used to manage
ordinary car park administrators. The parking space data
report statistics page has similar functions to ordinary car
park administrators. The difference is that senior adminis-
trators can manage all car park data.

2.4. Navigation Mini Program for Empty Parking Spaces in
Multistorey Car Park. The user terminal includes a page
for finding the nearest available parking space as well as a
page for real-time navigation. The car owner can view the
real-time situation of the parking space in the car park by
scanning the QR code of the WeChat applet at the entrance.

Table 1: The table of byte descriptions in the MCP protocol.

Type Province City County/district
Community/shopping

market
Car park

Data collector
number

Parking
space data

Check code

Byte count 1 2 3 4-5 6 7 8-15 16

Table 2: Parking data table of a single byte in MCP protocol.

The upper 4 bits The lower 4 bits
D7 D6 D5 D4 D3 D2 D1 D0

One parking space
information

One parking space
information

Figure 2: Examples of parking recommendations and real-time
navigation.
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As shown in Figure 2, the system will also recommend the
nearest vacant parking space based on the algorithm ParkIG
and implement real-time navigation to guide the user to the
nearest vacant parking space to park.

2.5. System Architecture Design. The entire system design is
mainly divided into three parts: the car park terminal, the
parking space management system (management terminal),
and the empty parking space navigation applet (user termi-
nal). According to the above algorithm ParkIG, car park
hardware deployment, MCP protocol, multistorey car park
management system, and navigation miniprogram, the over-
all architecture of the solution is shown in Figure 3.

3. Results and Discussion

3.1. Environmental Model Building of Multistorey Car Park.
Unlike urban roads, the roads of car parks are often not so

complicated to facilitate car owners to park [24, 25].
Figure 4 shows the layout of a common car park. The
entrance and exit of the car park are set up separately, and
there is only one. The parking spaces are distributed regu-
larly, which is suitable for discussing path planning issues.
According to the road environment of the car park, the
entrance, intersection, and empty parking spaces are defined
as nodes, and the distance between the intersection and the
intersection is defined as the weight value to form a weighted
undirected graph.

Many factors should be considered when empty parking
spaces are recommended in the car park: the factors of the
parking spot itself, the distance between the empty parking
space and the pedestrian elevator, the distance among the
unoccupied parking spot and the outlet, and the distance
among the empty parking spot and the entrance [26]. How-
ever, priority was given to the factor of path distance from
the entrance to the parking spot where no car is parked

Figure 4: Layout of parking spaces in the multistorey car park.

Management
terminal

User
terminal

Parking lot
terminal

Infrared
photoelectric

switch
Parking

recommendation
page

Real-time
navigation
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General
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administrator
management

page

Rent
management

page

User
management

page

Personal
information
modification

Data
report

statistics

General
administrator

Senior
administrator

Database

Data
report

statistics

Figure 3: The diagram of system architecture.
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because of the urgent need of car owners to park. Set the
empty parking space of the car park as PðiÞ, the length from
the entrance to the empty parking space is SðiÞ, and then, the
minimum path length is min fSðiÞg.

3.2. Experimental Environment. In the Windows operating
system, PyCharm 2019.3.3 is used to write programs to sim-
ulate path planning, and MySQL database is used to store
the relative coordinates of the parking space and whether
the parking space is empty or not. Navicat Premium 12
was used to facilitate the operation of the database.

3.3. Analysis and Simulation of ParkIG Algorithm. Based
on the algorithm ParkIG mentioned above, an example
was selected for analysis. The hardware collector collected
the car park occupation at a certain time, as shown in
Figure 5. In the picture, the red parking spot represents
that the parking spot has vehicles parked and the parking
is regulated, the green parking space means that there is
no parking in the parking space, and the orange parking
spot means that the car is parked irregularly in the park-
ing spot.

The algorithm ParkIG starts at the entrance and ends at
K candidate parking spaces that may be the optimal empty
parking spaces. When K = 5 is set here, the results obtained
by the two algorithms on the same test data are the same.
Both algorithms can successfully find the nearest empty
parking space and plan the optimal route. However, the
algorithm ParkIG takes less time than the traditional Dijk-
stra algorithm. As can be seen from Table 3, when the park-

ing space is in this state, the time it takes to run the
algorithm has been reduced by about 37%.

As shown in Figure 6, the same experiment was con-
ducted for the other parking spaces in other states, and it
was found that the results of the two algorithms were the
same each time, and the running time of the algorithm Par-
kIG was relatively less. The algorithm ParkIG reduces the
average time by about 25.8%.

In the same situation, we use the algorithm ParkIG
and the algorithm Dijkstra to search for empty parking
spaces and route planning and count the size of the
update domain and search domain of each node. The
results are shown in Figure 7. We have counted the data
of 8 nodes. In any case, the size of the update field and
search field of the algorithm Dijkstra is 10, but the algo-
rithm ParkIG is between 2 and 5, which reduces invalid
operations by 70% on average.

4. Conclusions

This paper proposes a set of complete solutions for the
defects of the existing multilevel parking navigation tech-
nology. The scheme includes the layout control of the
infrared photoelectric switch at the car park, the transmis-
sion protocol between the parking lot and the administra-
tor, various statistical reports of the administrator, and the
optimal empty parking space recommendation and route
guidance based on the algorithm ParkIG. It not only
greatly facilitates the car park management and statistics
of the car park manager but also greatly facilitates the

Table 3: Comparison of two algorithm results.

Recommended parking space Path Path distance (m) Time-consuming (ms)

Dijkstra P1 M⟶D1⟶D4⟶P1 45.72 88.79

ParkIG P1 M⟶D1⟶D4⟶P1 45.72 55.82

Entrance

Elevator

Elevator

D3

D6

D9

D2

P3

P5

P2

P1

P6

P4 P7

D5

D8

D1

D4

D7
Exit

Figure 5: Occupancy of parking spaces at a certain time.
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parking of the car owner. We also targeted a simulation for a
classic car park, and the simulation results are achieved the
expected level.

The main innovation of this paper is the arrangement of
a certain regular infrared photoelectric switch to monitor the
situation of the parking slots in real-time, and the MCP pro-
tocol is proposed to analyze the data transmitted by the
hardware. Based on the MCP protocol and real-time parking
space data, the algorithm ParkIG is proposed to achieve the
search and path planning of empty parking spaces in multi-
storey car parks. Thus, the efficiency of route planning is
improved to ensure a good parking experience for car

owners, which has high practical application value. In addi-
tion, it also visualizes and analyzes the data in the car park,
which is convenient for the management of the car park
administrator.

Nevertheless, we still need to improve some areas in this
paper:

(1) Because the car owners are recommended for empty
parking slots at the entrance and the path is calcu-
lated, we cannot predict the changes after the owner
enters the car park, nor can we make adjustments
based on the real-time situation

30 40 50 60 70 80 90

30

40

50

60

70

80

90

Pa
rk

IG
 (m

s)

Dijkstra (ms)

Figure 6: Comparison of the time spent by the two algorithms.
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Figure 7: Comparison of search domain and update domain space size.
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(2) For very large car parks, this article does not provide
further proof to ensure the effectiveness of the sys-
tem, so the system is currently only suitable for
small- and medium-sized car parks

(3) In this paper, the weight calculation method is rela-
tively simple, which needs further improvement
and strict comparison with other methods, such as
the predictive control method based on the neural
network [27]

(4) Regarding the parking payment module, the auto-
matic payment is not completely realized in this
paper [28]. The function of payment can be added
to the user miniprogram, so that users do not need
to pay at the exit, which greatly improves the user’s
parking experience [29]. Parking will become
increasingly smarter in the future as smart parking
solutions are continuously optimized
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