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Abstract

In addition to being a difficult undertaking for the majority of drivers, driving in search of parking
also contributes to increased congestion and pollution. As a result, researchers and city authorities
are showing a growing interest in intelligent parking assistance systems. A significant portion of
these systems are dependent on technology that is both costly and not easily scalable, such as real-
time parking sensors or video systems. The purpose of this work is to offer a deep learning
architecture that, based on digital metre payment events, can make predictions about the current
number of cars parked at various locations. We achieve better results than simple baseline models
and a probabilistic technique that is considered to be state-of-the-art in the literature. A direct
correlation between transactional data and parking occupancy cannot be established because not
all individuals adhere to the length or pay that they have paid for. As a result, we will discuss the
dependability of our method on a variety of datasets and spatial granularities. In spite of the fact
that our model is not as trustworthy as sensor data, particularly for parking zones that are relatively
small, our methodology offers a cost-effective approach to infer the occupancy of on-street parking
spaces and enables meaningful autonomous parking services.

Keywords: On-street parking Occupancy, Parking Meter Transaction, Congestion and Emissions,
Small Parking Zones, Efficiently Operating, Monitoring, and Managing Parking.
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It is estimated that cars that are looking for parking are responsible for approximately thirty
percent of the traffic congestion that occurs in the city. Throughout history, municipalities,
businesses, and property developers have endeavoured to ensure that the supply of parking
spaces is proportional to the ever-increasing demand for parking spots [4-9]. On the other hand,
it has become abundantly evident that merely increasing the number of parking places available
is not sufficient to solve the congestion problem. In an effort to provide a more balanced
perspective on parking that more effectively regulates the link between supply and demand, new
ways that make use of parking management systems are being developed [10-14]. Within the
context of an urban mobility plan, parking can be defined as the utilisation of cutting-edge
technology for the purpose of effectively operating, monitoring, and managing parking spaces
efficiently [15].

The global market for parking systems reached $93.5 million, with the United States
representing 46 percent of the market share [16-19]. This market has a significant opportunity for
growth for businesses that provide services both in the United States and in other countries.
There are a number of technologies that serve as the foundation for parking solutions. These
technologies include data analytics, wireless communications, and car sensors. The development
of smartphone applications for customer service, mobile payment systems, and in-car navigation
systems are examples of sectors where innovation has made parking a realistic option. The
ability to access, collect, evaluate, disseminate, and take action based on information on parking
usage is at the core of the parking idea. Intelligent technologies are increasingly providing this
information in real time, which enables parking managers and drivers to maximise the capacity
of parking spaces [20-25].

An early patent application for a parking metre was submitted by Roger W. Babson on
August 30, 1928. This patent was a United States patent. In order for the metre to function, it
was designed to draw power from the battery of the vehicle that was parked, and it was
necessary to establish a link between the vehicle and the metre. Initially implemented in
Arlington in the late 1980s, the Intelligent VVehicle Parking Administration (IVPM) system is
currently being adopted by universities and municipalities all around the world as a centralised
means of parking management, revenue collecting, and compliance enforcement [26-31].

In a street, a machine that is located next to a parking space and into which the driver
deposits money in order to be granted permission to park the vehicle for a specific period of
time. Both generating income and assisting in the release of parking places are two of the most
essential duties that parking metres provide. The regular parking metre, on the other hand, has
several shortcomings. The use of such metres not only helps to increase income but also assists
in the turnover of parking places [32-39]. The parking transaction that is recorded in such metres
includes information on when, where, and for how long a parker is required to pay for parking
time. This data can be used to infer whether or not parking spaces are occupied without the need
to install additional sensing systems. Every transaction that takes place for every parking metre.
The raw datasets could be challenging to work with due of their size and complexity [40-45].

Literature Review

The Internet of Things (IoT) has the capability to simultaneously connect billions of
devices and services with a wide range of applications at any given time and location. In recent
times, the Internet of Things has emerged as a new technology. Internet of Things (1oT) research
is currently being discussed on a number of themes, one of the most significant of which is smart
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parking. Despite the fact that there are more than one million vehicles on the roadways of a
contemporary big centre, there is not enough room for parking. In addition to this, the majority
of academics working in the modern era advocate for the administration of data in the cloud.
There is a possibility that this procedure could be considered problematic due to the fact that the
raw data is instantly transmitted from the scattered sensors to the parking area through the cloud
and then received back after being processed. When it comes to the transmission of data, the cost
of energy, and the amount of energy that is consumed, this method is called high-priced. This
paper goes beyond the typical solutions that have been proposed and proposes an alternative
method. While the majority of proposed solutions focus on the problem of finding parking
spaces that are not occupied, they ignore other critically important issues, such as information
about the nearest car parking and road traffic congestion. The paper suggests a smart car parking
system that will help users find a parking space and reduce the amount of time they spend
looking for the nearest available parking spot [1]. This system will also help address the problem
of finding parking spaces.

In addition, it gives users information on the current state of road traffic congestion.
Furthermore, the system that is being presented not only gathers the raw data locally but also
extracts features by employing data filtering and fusion techniques in order to limit the amount
of data that is transmitted over the network. Following that, the data that has been changed is
uploaded to the cloud in order to undergo processing and evaluation by means of machine
learning algorithms.

The increased connectivity between automobiles and infrastructure is leading to the
development of parking guidance and information (PGI) systems, which are becoming more
significant components of intelligent transportation networks. The unpredictable nature of
parking availability in parking facilities is one of the most significant obstacles that must be
overcome in order to design effective PGI systems (both on-street and off-street). It is expected
that a dependable PGI system will be able to accurately forecast the availability of parking
spaces at the time of arrival. In this research, we investigate the characteristics of the data
pertaining to parking availability in a large metropolis and present a multivariate autoregressive
model that takes into account both the temporal and spatial correlations of parking availability.
The model is utilised to provide accurate predictions regarding the availability of parking spots.
Based on the flaws in the prediction, the parking site that has the highest possibility of having at
least one parking spot available at the expected arrival time is the one that ought to be
recommended. The findings are illustrated by utilising parking data collected in real time in both
San Francisco and Los Angeles [2].

An accurate localization in both interior and outdoor environments is a difficult challenge
to accomplish. In addition to producing precision levels that are insufficient for lane or spot-level
localization, the GPS system, which is extensively used, was not designed for applications that
require high degrees of accuracy. Integration drift is another factor that contributes to the
accumulation of errors attributable to inertial sensors over time. ParkZoom is a smartphone-
based, infrastructure-assisted parking localization solution that we introduce. Its purpose is to
estimate (zoom in) the precise position of a vehicle's parking slot as it is traversing both indoor
and outdoor parking lots. Compass readings, accelerometer readings, and gyroscope readings are
just examples of the continuous sensor data that can be generated and transferred using the
suggested technigue. On the vehicle side, the method makes use of standard cellphones. When it
comes to the infrastructure, ParkZoom uses statistical learning of sensor data signatures, pattern
categorization of data, constraint propagation, and error correction to ensure that parking spots
are identified accurately. In this study, experimental findings with the ParkZoom algorithm are
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presented. These results were acquired from real data collected from driving in the city and from
two parking lots [3].

System Analysis

We already have a large number of parking management systems that are only able to
deliver services to users with the assistance of RFID tags or sensors from our inventory. Through
the use of an indication approach, we are only able to locate the vacant slot in the system that is
currently in place by utilising the electrical equipment. The only slot that we are able to identify
is the free slot, however we have not previously reserved that slot. In order to successfully
execute the system, the present system requires additional financial and human resources [46-
52].

This project's objective is to simplify the process of parking by utilising the web
application as the primary conduit. At this point, we are primarily concerned with parking spots
within the building, and the user has the ability to block the parking spot before entering the
facility. In order to cater to the client side, the web application was developed. All of the options
are designed with the user in mind. The purpose of this system is to determine the parking spots
that are available in the area where the user is currently located. In order to ensure that the
available parking spot is utilised to its fullest potential, users have the ability to block their slot
for a specific period of time. In the event that the user is unable to arrive at the parking spot
before the blocking time has passed, another user may block the same slot if it is required [53-
61].

System Study

During this phase, the feasibility of the project is evaluated, and the business proposal is
presented together with a very general plan for the project as well as some estimates of the costs
involved. An investigation of the practicability of the proposed system is going to be carried out
during the system analysis phases. Consequently, this guarantees that the suggested system will
not be a burden for the organisation. When doing a feasibility analysis, it is vital to have a solid
understanding of the system's primary requirements [62-71].

An outline design of system requirements in terms of input, processes, output, fields,
programmes, and procedures serves as the foundation for the evaluation because it is based on
the outline design. For the purpose of determining whether or not the new system will work
satisfactorily, this can be quantified in terms of the volumes of data, trends, and frequency of
updating, among other indicators. In light of this, the investigation of the viability of the based in
outline is what it means [72-76].

When it comes to determining whether or not a new system is effective, the method that is
utilised the most frequently is economic analysis. The process, which is more often referred to as
cost-benefit analysis, is used to determine the anticipated advantages and savings from a
candidate system and then compare those savings and benefits to the costs of the system. In the
event that the advantages are more than the expenses, the decision is made to create and put into
action the system. Prior to taking action, an entrepreneur is required to conduct a thorough
analysis of the costs and rewards involved [77-81].
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A proposed system is evaluated based on how well it addresses the issues that have been
identified, how well it capitalises on the opportunities that have been identified during the scope
definition phase, and how well it satisfies the requirements that have been identified during the
requirements analysis phase of system development [82-89].

System Implementation

A user interface design is implemented during the user registration process. This design
allows users to create a new account, which requires them to provide information such as their
name. Id for email. A password and a local phone number. gender, date of birth, and location is
required. Once you have registered. The user will use their email address and password to log in
to the homepage of the website. Once the user has successfully logged in to the homepage, they
seek out the parking lots that are available on the website. If they are in need of parking their
vehicle, they have the option to reserve their parking space [90-95].

Once the user has successfully logged into the system, they will be able to search for the
parking lot by selecting their location. Following the selection of their present location, the
system will display the parking spots that are available in that specific location. The user is then
required to choose any one of the available parking spots in order to determine whether or not a
parking lot is available; if there is no parking lot available, the user will be directed to the next
nearest parking place, where they will be able to repeat the process until they find a parking lot
in which to park their vehicle [96-101].

When a user has located a parking lot that is open, they have the ability to reserve that lot
for a specific period of time by entering their login information. Users have the ability to keep
their parking lot for a maximum of ten minutes, and they must arrive at the specific parking
place before the time limit is exceeded. Within the event that they are unable to reach their
designated parking lot, the hold will be removed. This indicates that the lot will be made
available to another user so that they can take possession of the article of trade [102-109].

Within this module, the administrator has the ability to handle incoming vehicles as well as
parking lots. In the role of an administrator, a machine learning approach is utilised; even though
the administrator is not a human, the administrator will be responsible for managing the
information regarding parking lots. If one user wants a parking lot that another user already has,
then the user who needs the same parking lot will be placed in a queue; if the user is unable to
reach the parking area, then the user who is waiting in the queue can hold the parking lot that the
other user already has [110-115].

This module is responsible for the administration of the outgoing cars as well as the
updating of the database. Following the departure of a certain user from the parking lot, the
information on the parking lot that is available will be quickly updated in the system. This will
allow the other user to make full use of the system. While this is going on, the administrator will
also check to see if any user leaves their parking lot free before the parking limit is reached; the
database will be updated with this information as well [116-121].

System Design
Object interactions are depicted in a sequence diagram, which is organised in a
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chronological order. This diagram illustrates the many classes and objects that are a part of the
scenario, as well as the sequence of messages that are passed back and forth between the objects
in order to carry out the functionality of the scenario (Figure 1).

b~

Figure 1: Sequence Diagram

A collaboration diagram is a graphical representation that, within the context of an overall
information technology architecture, illustrates how different software components interact with
one another and how users might benefit from this cooperation (Figure 2).
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Figure 2: Collaboration Diagram
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Data-flow diagrams, often known as DFDs, are used to illustrate the flow of data within a
system or process (usually an information system). In addition to this, the DFD offers details
regarding the outputs and inputs of each entity, as well as the process itself. The absence of
control flow, decision rules, and loops is characteristic of a data-flow diagram.

One type of structural diagram that is utilised in database design is known as an Entity
Relationship Diagram, often known as an ER Diagram or an ER model [122-125]. An Entity
Relationship Diagram (ERD) encompasses a variety of symbols and connectors that serve to
illustrate two crucial pieces of information: the key entities that fall under the purview of the
system and the interrelationships that exist between these entities.

Conclusion & Future Enhancement

Within the scope of this investigation, the several varieties of intelligent parking systems
have been explored. The various examples of the implementation of the smart parking system that
are being presented demonstrate the effectiveness of the system in reducing the traffic problem.
This is especially true in the urban area, where there is undeniable evidence of traffic congestion
and a lack of parking spaces. In order to accomplish this, it directs customers and makes the most
efficient use of parking spaces. The online application that was developed may also be compared
to Google Maps and can determine the GPS location of the vehicle as well as the parking spot.
The directions to the parking spot can be displayed in the Android application and on Google Maps
if this information is provided. It is planned that future study will focus on taking into consideration
the weather conditions, social events, and information regarding the occupancy of parking lots.
The second point is that the approach that has been suggested has been designed solely with the
information on parking lots in mind. In order to lessen the impact of estimating uncertainties,
additional study will be conducted to investigate the availability of parking places along the side
of the road as well as information regarding traffic congestion.
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