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ABSTRACT

Existing parking management approaches do not consider specific requirements, priorities, user comfort, or modes
of use when allocating a parking spot in a large park. As a result, vehicles carrying multiple passengers but staying for
a limited period often have to drive further, searching for a parking spot, which increases fuel consumption, emissions,
waste of time, and discomfort of users due to extra walking distance. In this paper, we consider the need for both
sustainability and comfortable livings in a future smart city and propose an adaptive-optimal scheme that takes
advantage of parking efficiency based on the passenger information and flexibly provides the optimal parking spot
to the individual. We presume that the management system has information about the number of users, user priority,
and expected stay time when a car arrives or a parking request is made. The best parking slot is assigned based on
the available parking slots and the given objectives, such as the shortest travel distance inside the parking zone for a
low pollution, the shortest walking distance per user, or a combination of both with some trade-off. The decision
process is fine-tuned using parking data obtained from a model of a large car park of a shopping complex, and the
results of the proposed scheme are compared with other schemes. The findings indicate that overall time spent in the
parking lot, as well as individual walking and travel distances, have significantly improved.

Keywords: Smart car parking, Cloud computing, Adaptive optimization, Dynamic parking allocation, Smart livings.

1 INTRODUCTION

In the last few decades, private cars have been the most popular mode of urban transportation. The number of cars
in the world is projected to rise significantly from 841 million in 2008 to over 1.6 billion in 2035 [1]. The growing
number of personal cars on the road leads to increased traffic congestion, fuel consumption, emissions, and time
wastage. In addition, drivers looking for parking spaces account for about 30% of total traffic [2]. According to a
global parking survey conducted by IBM in 2011, the average time spent looking for a desirable parking spot is 20
minutes [3]. In most modern cities, finding unoccupied parking spaces is a common issue as individuals arrive by car
and need to visually check for vacant spaces, resulting in a large number of vehicles competing for a few available
parking spaces, which causes traffic congestion in parking lots. In such situations, it becomes more difficult for vehicles
to locate a vacant parking lot in a timely manner, and they are often unable to pass, even though they wish to leave
the congested area. Specifically, large parking lots, such as those found in shopping centres, hospitals, airports, and
stadiums, are sources of time-wasting, fuel consumption, and pollution, all of which have an effect on individual
users and their social lives. One of the major problems is the mismanagement of available parking spaces, which
makes it difficult for users to find a parking spot in a timely manner. Therefore, it is highly desirable to develop a
smart car parking management system that considers individual needs and usage while providing optimal services.
The primary objective of a smart car parking management system is to identify, assign, and reserve the optimal
accessible car parking lot for a user driving in a specific location.

In recent years, the idea of a smart city for smart livings has gained popularity in many countries. Car parking
facilities and traffic management systems are two of the most important concerns in smart cities [4-5], which can be
resolved by Intelligent Transport Systems (ITS). Recent advancements in inter-vehicle communication, Internet of
Things (loT), and sensing technologies, which share information between vehicles and roads, have allowed for
improvements in parking lot navigation performance, such as comprehensive entry route guidance in large parking
lots and driving route guidance before entering the parking lot [6]. Inline, the cloud is an ideal partner for loT because
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it serves as a platform for storing and accessing sensor data from remote locations [7]. If parking information is given
to drivers or cars can be dispatched automatically by interacting with them, these efforts are supposed to save a lot
of time, driving distance, and walking distance.

For the future smart society, various loT-based car parking systems have been proposed in the literature. In [8],
an loT-based cloud-integrated smart parking system is proposed, which includes installing an loT module on-site, and
tracking and communicating each parking space's availability. In [9], a cloud-based intelligent car paring service is
developed for smart cities, which consists of sensors, communication systems, and devices. In [10], an automated
thresholding algorithm-based approach for detecting car parking lots is proposed. Due to the high cost of image
processing algorithms, a hardware approach is developed. Another research developed an innovative smart car-
parking system based on intelligent resource allocation, reservation, and pricing [11]. The new system is based on
mathematical modelling using mixed-integer linear programming (MILP), with the goal of lowering overall monetary
costs for drivers while increasing parking resource usage. A multiagent agent system based on InfoStation is proposed
to facilitate a car parking locator service [12]; users are provided with customized services based on their location
and mobile device capabilities. Some researchers suggested a new scheme that included a parking assistance service
[13]. The assigned parking space will be shown on a small map using wireless transmission for cars using the dedicated
short-range communication protocol DSRC when entering the car park. The car is directed to the allocated space
using an inertial navigation system (INS). Some other work proposed a multi-layer architecture for smart parking
systems consisting of multi-parametric parking slot sensor nodes, the latest long-range low-power wireless
communication technology, and Edge-Cloud computation [14]. The developed scheme facilitates dynamic parking
management for broad areas via near real-time vehicle tracking, while providing valuable information to drivers
about available parking spaces and related services.

The above works did not consider individual needs, preferences, user convenience, or modes of use when
allocating a parking spot in a large park. Hence, vehicles carrying many passengers but staying for a limited period
of time often have to drive further in search of a parking spot. Consequently, parking increases fuel consumption and
pollution, as well as the additional walking distance per person. In this paper, we recognize the need for both
sustainability and comfortable living in a future smart city, and we propose a scheme that takes advantage of parking
efficiency based on passenger information and flexibly provides the person with the best parking spot. We assume
that when a car arrives or a parking request is made, the management system has details about the number of users,
their priority, and the duration of their expected stay. Based on the available parking slots and the given goals, the
best parking slot is allocated. The findings indicate a substantial reduction in overall fuel consumption and person
walking distance in the parking lot.

The rest of the paper is organized as follows. Section Il presents the proposed smart car parking management
system, including the concept and system architecture, modelling of smart car parking, schemes for parking allocation,
and car parking simulation model. Section Il describes the simulation results. Section IV concludes the paper.

2 SMART CAR PARKING MANAGEMENT SYSTEM

2.1 Concept and System Architecture

Figure 1 illustrates the basic concept and architecture of the proposed smart car parking management system. The
parking lot management system includes a system for interacting with cars as well as sensors for monitoring parking
lot conditions. In order to support vehicles that do not have a communication facility, a camera for image processing
and a display for guidance are installed. In this manner, the status of the parking lot is always updated on the cloud.
Before a car enters the parking lot from the road, the number of people in the car, the intent of their visit, the time
of stay, and other information is sent to the cloud-based management system, which utilizes the information to
decide optimal car parking in real-time. Note that the implementation of an adaptive optimization scheme, as
described in the next section, is the most important aspect of the architecture. After computation, the car near the
entrance is given the ID of the parking space through communication or display. The status of the parking space is
transmitted to the management system via sensors when a car enters and parks in the parking lot.
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Figure 1: Concept and architecture of the proposed smart car parking management system.

2.2 Modelling of Smart Car Parking

For the necessity of modelling the smart car parking system, we consider the parking space has a capacity of Np. For
each parking slot p = 1,2, ... ... , Np, the optimal driving distance dp(p) between the car entrance and parking point,
and the optimal exit distance dg(p) from the parking point to the exit are known. The walking distance dyqix (p)
from the parking point to the shopping mall entrance is also known. Such information is stored in a static database
of the proposed cloud-based management system. Note that from the parking lot, there could be several customer
entrances to the shopping center. However, we believe that people will always walk to and from their cars along
the best walkway, e.g., minimum distance. On the other hand, the necessary information of each parking at time t
are stored in a dynamic database, which includes the status of the parking point given by a binary variable §,(t,p) €
{0,1}, where 0 denotes empty and 1 denotes occupied, and the remaining expected occupancy time tz{t, p} by the
car.

Customers usually choose to park their car near the shop entrance to reduce the amount of time they have to
walk and the pressure of carrying their belongings. This could be one of the objectives of the proposed system.
However, assigning all cars to be parked near the shopping entrance is not feasible, and such a strategy may often
result in a hotspot of pollution. To minimize pollution in a closed parking area, it is better to park in a location that
decreases the travel distance inside the parking area. Furthermore, cars arriving within a certain time frame should
not be directed to the same parking area because they could take longer to complete the parking and waste more
fuel. Allocating the best spot for a car that will be parked for a long time might not be the best option for a car that
will be parked for a short period of time. It is important to find appropriate parking places for each car that provide
the best overall service to all, taking into account vehicle arrival trends and parking occupancy. Thus, it is presumed
that each car's stay period is approximately known.

Considering the above facts, preferences, and constraints, we minimize the following objective function by

selecting the appropriate p for each car c.
Nda}’ Ncars

] = Z Z afcomfort(tr C:p) + (1 - a)fenvironment(tr C:p): (1)

d=1 c=1

where a is the tuning factor, f.omsor: is the cost related to the comfort of the user, and fenyironment is the cost related
to environmental aspects. The factor a should be correctly selected by observation and fine-tuning of the parameters.
In traditional optimization, factor a is usually kept constant for all cars. However, it is preferable to find a different
value of a for each passenger, and hence, we choose an adaptive factor a for each car that varies depending on the
car users, stay time, and occupancy trends of the parking lots. The costs f.omfort @Nd fenvironment are given as

fcomfort = we2dwaik, )

fenvironment = We1(dp + dg) + Wepp(t) + Wes, 3

where w, denotes the multiplying factor, w,q, W,,, and w,; are constant weights, and p(t) is the extra complexity
depending on the occupancy rate of the park. The reduction of fe,yrore May result in the least amount of walking
time or distance between the car and the shop entrance, which is highly desired by users. The reduction of f.,,ironment
means that the car's engine runs for the shortest possible time, reducing emissions and fuel waste in the parking and
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contributing to clean air. Therefore, the above optimization problem can be tuned for different objectives of parking
management by choosing suitable a.

2.3 Schemes for Parking Allocation
For the parking allocation task, we consider several schemes with different objectives as follows.
¢ Uncontrolled scheme: As one of the baseline schemes, a parking point is randomly selected by each car. The
cars are distributed at random among the available parking spaces. This approach is used as the foundation
for evaluating the rest of the schemes based on the above optimization problem.

e Least-walk scheme: The system looks for available parking spaces near the store's entrance. This can be
considered a greedy selection scheme of parking points by the users in an uncontrolled scenario. The same
results can be obtained from (1) if a is set to 1, i.e., the user's comfort is the only factor considered in the
objective function.

e Least-travel scheme: All cars are looking for a parking spot in an available parking lot that is near to the car's
entrance/exit and dispatched without regard for the user's comfort, i.e., a is set to O in the objective
function. Since the total travel distance by a car in the parking lot can be minimum, it is also called a
Minimum emission Parking scheme.

e  Optimal scheme: With the trade-off for user comforts and emission reduction, the objective function is taken
at a balanced condition by setting a at 0.5.

e Adaptive-optimal scheme: Under this scheme, the balancing factor « is tuned dynamically, considering
several factors for each car. Specifically, the number of passengers of a car, intended stay time, and trend of
the congestion are used to tune a for improving the user comforts, parking utilization beyond the optimal
scheme in a conventional sense while keeping the environmental aspect the same. Particularly, in this scheme
for each car according to its arrival context, a is tuned as

_ { 0 for tg{t,p} > 2hr,and 0(t + 15) = 1 )
min(0.5 + (n(c) — 1)/3,1) otherwise,

where n(c) denotes the number of passengers in car ¢ and 8(t, 7z) denotes the trend of the congestion level with 1
means peak congestion (with above 85% occupancy) is expected within the stay time of the car. If the peak times of
the user arrival are known from the past data, and covering that time when a vehicle intends to stay for more than
2 hr, then a is set to O according to (4). In the other cases, a varies from 0.5 to 1.0 depending on the number of
passengers in the car. In this way, the proposed adaptive optimization scheme provides the least walking park to the
cars with a higher number of passengers while avoids blocking the most favourable parking point by the long-staying
cars.

2.4 Car Parking Simulation Model

We develop a two-dimensional model of a real parking lot, as shown in Figure 2. It refers to the fourth floor of a
multilevel car park with four levels. The parking lot is approximately 150 meters long and 71 meters wide, with 248
parking spaces. Each parking space is assigned an ID and details about its location, including the shortest distance
between the car and human entrances and exits. There is one entrance and exit for cars and two entrances and exits
for people. The parking space is 6.0 meters long and 2.5 meters wide, with a road width of 7 meters. There are two
types of roads: one-way and two-way, which is a reference to the design standards for parking spaces in Japan.
Buildings and other structures are shown in orange.

Figure 3 shows the distributions of car parks for different walking distance and driving distances. We collected
approximate parking usage data for several days from 7:00 am to 11:00 pm and created a trend model for parked
cars, as shown in Figure 4. In the study area, the stores operate from 9:00 am to 11:00 pm. Customers and store
employees are the two categories of consumers, and the amount of time spent in the store, the amount of time spent
in the parking lot, and the number of cars vary. Figure 5 shows the histograms of cars with varying users and their
stay time. Though most cars come with a single user, a significant number of cars have more than one passenger. The
cars stay for several hours are usually belong to the shop employees or staffs. Most customer cars stay less than 1
hour, and it is expected that providing the best parking point to them could improve the overall usage of the parking
lot.
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Figure 2: A simulation model using a real parking lot in Japan contains 248 parking points. The small yellow squares
indicate an occupied parking point.
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Figure 4: Average car arrival patterns over hours in a day. The parking data model for several days from 7:00 am to
11:00 pm.
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Figure 5: Histograms of Average users over a day, (a) the average number of passengers per car, and (b) the average
stay time of the cars.

3 SIMULATION RESULTS

We consider a real parking lot as a model for implementing and evaluating the smart parking system, as illustrated
in Fig. 3. The simulator is built in MATLAB and solved a nonlinear optimization problem (described in (1)) in discrete
time. The maximum walking and driving distances are about 200 m and 400 m, respectively, according to the parking
area. The weight w, of cost related to the comfort of user f,,mfor¢ is Normalized by the maximum walking distance
and the weight w,; of environmental cost f.,vironment 1S NOrmalized by the maximum driving distance. For simplicity,
weights w,, and w,3 are set to zero in this study. The tuning factor « is varied between O and 1. The results of each
of the previously described schemes are shown. The simulation results of different control schemes are shown in
Figure 6(a), (b), (c), and (d).

In Fig. 6(a), the least-travel scheme gives the shortest driving distance, while the least-walk scheme gives the
longest driving distance. The adaptive-optimal scheme has a shorter driving distance than both the optimal and
uncontrolled schemes, whereas the optimal scheme has a shorter driving distance than the uncontrolled scheme. In
Figure 6(b), the adaptive-optimal scheme gives the shortest walking distance, while the least-travel scheme gives the
longest walking distance. The optimal scheme has a shorter walking distance than the uncontrolled scheme but is
longer than the least-walk scheme. The least-walk scheme in Figure 6(c) provides the shortest distance between the
car and building entry, while the least-travel scheme provides the longest distance. The adaptive-optimal scheme has
a shorter distance between car and building entry than the uncontrolled scheme but is longer than the optimal
scheme. The adaptive-optimal scheme in Figure 6(d) spends the least amount of time in the park, while the
uncontrolled scheme spends the most. The time spent by the optimal and least-travel schemes is equal, whereas the
time spent by the least-walk scheme and the uncontrolled scheme is similar. Hence, the adaptive-optimal scheme
significantly improves the overall time spent in the parking lot, as well as individual walking and travel distances,
compared to other schemes.
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Figure 6: Comparison of the parking schemes.
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4 CONCLUSIONS
In this paper, we have developed an adaptive-optimal car parking management system that takes advantage of
parking efficiency based on passenger data and dynamically assigns the best parking spot to each person. We assumed
that the parking management system has details about the number of users, user priority, and estimated stay time
when a car arrives or a parking request is made. Based on the available parking slots and the given objectives, the
best parking slot is allocated. The decision-making process is fine-tuned using parking data collected over several days
from a model of a large shopping complex car park, and the results are evaluated using several schemes with different
objectives. The adaptive-optimal scheme is found to be successful in reducing the distance travelled and distance
walked in accordance with their goals.

In the future, we will consider using machine learning to forecast usage conditions, as well as data on patterns on
the roads leading up to the parking lot and data on advance reservations.
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