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AUTOMATION SYSTEM FOR FINDING PARKING PLACES

Abstract: This article explores the potential of an automation system designed to
revolutionize the process of finding parking places. Through in-depth research, the article
highlights the challenges faced by drivers and the shortcomings of traditional methods. The
automation system, backed by advanced algorithms and real-time data, aims to enhance
parking accessibility, provide accurate predictions of parking availability, optimize driving
routes, and improve the overall parking experience for users.
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Introduction

Finding suitable parking spaces in crowded urban areas has become a significant
challenge for drivers worldwide. The ever-increasing number of vehicles on the roads has led
to a shortage of parking spaces, causing frustration, wasted time, and unnecessary traffic
congestion. As a result, there is a growing demand for innovative solutions that can alleviate
this problem and streamline the parking experience for drivers. This article introduces an
automation system for finding parking places, which aims to revolutionize the way drivers
locate available parking spaces in specific areas near their homes or popular destinations such
as shopping malls.

Overview of the problem

Urbanization and population growth have led to a surge in the number of vehicles,
exacerbating the scarcity of parking spaces. Finding a suitable parking spot has become a
time-consuming and stressful task for drivers, particularly in densely populated areas. Drivers
often circle around blocks, navigate through congested streets, and resort to trial and error in
their quest to secure a parking space. This not only wastes valuable time but also contributes
to increased fuel consumption and environmental pollution.

Traditional parking systems have limitations that further compound the problem. Most
parking facilities rely on manual methods for managing parking spaces, such as physical
attendants or outdated signage systems. These methods are often inefficient and prone to
errors. Additionally, the lack of real-time information regarding parking availability makes it
difficult for drivers to make informed decisions about where to park.

Introduction to the automation system

The automation system for finding parking places aims to address these challenges by
leveraging technological advancements and data-driven solutions. By providing drivers with a
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user-friendly mobile application, this system offers real-time information about available
parking spaces in specific areas. Through the power of automation and advanced algorithms,
drivers can easily locate and reserve parking spots, saving time and reducing the frustration
associated with parking.

The automation system operates by collecting data from various sources, including
parking facilities, sensors, and user feedback. This data is processed and analyzed to generate
accurate and up-to-date information about parking availability. The mobile application serves
as the interface between drivers and the system, providing a seamless experience for users to
find parking spaces efficiently.

Importance and relevance of the research

The research on the automation system for finding parking places is crucial due to its
potential to significantly impact the lives of drivers and improve urban mobility. By reducing
the time and effort spent searching for parking, drivers can experience enhanced convenience
and reduced stress. Moreover, the system has the potential to optimize parking space
utilization, leading to reduced traffic congestion and environmental benefits.

This research is also relevant from a technological standpoint. It involves the
integration of various technologies, including data collection, real-time processing, and user
interfaces. By exploring the challenges and opportunities associated with the development and
implementation of such a system, this research contributes to the advancement of smart city
initiatives and the application of automation in everyday life.

In addition, the findings of this research can serve as a basis for further improvements
and enhancements in parking space management. The insights gained can inform
policymakers, urban planners, and parking facility operators in making informed decisions
regarding infrastructure development and parking policies.

The research aims to address these challenges by leveraging technology to provide
real-time information and streamline the parking experience for drivers. The importance and
relevance of the research were emphasized, highlighting the potential benefits for drivers,
urban mobility, and technological advancements. In the following chapters, the article will
delve into the analysis of literary sources, the research objectives, methodologies, results, and
conclusions, providing a comprehensive understanding of the automation system for finding

parking places.

Parking Space Challenges and Technological Solutions

This chapter provides a comprehensive review of existing challenges of parking space
management and related technologies. It aims to identify the problems associated with
traditional parking systems and analyze the challenges faced by drivers in finding suitable

parking spaces. By examining previous attempts and technologies in automating parking
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space discovery, this chapter lays the groundwork for understanding the significance and
potential of the proposed automation system for finding parking places.

Parking space management: Challenges and limitations

Effective parking space management is crucial for maintaining traffic flow, reducing
congestion, and improving the overall urban mobility experience. However, traditional
parking systems often face limitations that contribute to the challenges encountered by
drivers.

One of the primary challenges is the scarcity of parking spaces in urban areas. Rapid
urbanization and population growth have resulted in an increased demand for parking, while
the available space remains limited. This scarcity creates a competitive environment for
drivers, leading to frustration and wasted time as they search for a parking spot. Furthermore,
traditional parking systems rely heavily on manual methods, such as physical attendants or
outdated signage systems. These methods are prone to errors and can lead to inefficiencies in
managing parking spaces. The lack of real-time information about parking availability further
exacerbates the problem, as drivers are often left to rely on luck or trial and error when
searching for parking.

Technology-based parking solutions

The advancement of technology has paved the way for innovative parking solutions
aimed at addressing the challenges associated with traditional systems. Several technologies
have been explored to automate and optimize space management.

One such technology is the utilization of parking sensors. These sensors can be
embedded in parking spaces or integrated into parking facilities to detect the presence or
absence of vehicles. By collecting real-time data on parking occupancy, these sensors can
provide accurate information about available parking spaces to drivers.

Another approach involves the use of smart parking meters and payment systems.
These systems allow for convenient and seamless payment methods, reducing the need for
physical cash transactions. Additionally, smart meters can be integrated with parking
guidance systems, providing drivers with real-time information about parking availability and
guiding them to the nearest available parking spaces.

Furthermore, mobile applications and online platforms have emerged as valuable tools
in parking space management. These platforms provide drivers with real-time information
about parking availability, allowing them to plan their parking in advance. Some applications
even offer features such as reservation and pre-booking, further streamlining the parking
experience.

Automated parking space discovery systems

Automated parking space discovery systems represent a promising solution to the

challenges faced by drivers in finding suitable parking spaces. These systems leverage data

142 ISSN 1560-8956



MIiXBiqOMYHI HAYKOBO-TEXHIYHHM 30IpHUK «AJaNTUBHI CHCTEMU aBTOMAaTUYHOTO ynpaBiiHH» Ne 2° (43) 2023

collection, processing, and advanced algorithms to provide real-time information about
parking availability.

Machine learning and data analytics techniques play a vital role in these systems. By
analyzing historical parking data, user feedback, and sensor data, automated parking space
discovery systems can predict parking availability and guide drivers to the most suitable
parking spots. These systems continuously update their information, ensuring accuracy and
reliability for drivers.

Several studies and initiatives have been conducted to explore the feasibility and
effectiveness of automated parking space discovery systems. These studies have demonstrated
positive outcomes, including reduced search times for parking, improved traffic flow, and
enhanced user satisfaction.

Automated parking space discovery systems represent a promising solution to the
challenges faced by drivers in finding suitable parking spaces. These systems leverage data
collection, processing, and advanced algorithms to provide real-time information about
parking availability.

Here are some existing examples of such systems (Fig. 2)
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Fig. 1. Examples of automated parking space discovery systems

Comparison of automated parking space discovery systems presented in Table 1.

By examining these real-world examples and comparing their key features, it becomes
evident that automated parking space discovery systems have made significant strides in
providing real-time information and enhancing the parking experience for drivers. The
availability of real-time parking data, reservation options, integration with navigation, and

coverage in multiple locations contribute to the efficiency and convenience of these systems.
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Table 1. Comparison of automated parking space discovery systems

Real-time | Reservation Integration Location
System - . . s .
availability option with navigation coverage
ParkWhiz Yes Yes Yes Multiple cities
SpotHero Yes Yes Yes Multiple cities
ParkMobile Yes Yes Yes Various locations
Smart Parking | Yes No Yes Designated areas

Problem analysis

Analyzing the problems associated with traditional parking systems and the challenges
faced by drivers highlights the necessity and relevance of an automation system for finding
parking places. The scarcity of parking spaces, reliance on manual methods, and lack of real-
time information contribute to wasted time, increased fuel consumption, and frustration for
drivers.

Furthermore, the existing technologies and initiatives in parking space management
have shown promising results but often lack integration and comprehensive coverage. This
necessitates the development of an automated system that combines data collection, real-time
processing, and user-friendly interfaces to provide drivers with a seamless and efficient
parking experience.

By addressing these challenges, the proposed automation system for finding parking
places aims to streamline the process of locating available parking spaces and alleviate the
frustrations faced by drivers. By leveraging technology, real-time data, and advanced
algorithms, this system has the potential to significantly improve parking space management

and enhance urban mobility.

Enhancing Parking Accessibility through Automation

Research objectives

The research on the automation system for finding parking places aims to achieve the
following objectives:

1. Develop an efficient and user-friendly mobile application: The primary objective is
to design and develop a mobile application that enables drivers to easily locate available
parking spaces near their desired locations. The application should provide real-time
information, intuitive user interfaces, and seamless navigation features to enhance the parking
experience.

2. Optimize parking space utilization: The research seeks to optimize parking space
utilization by implementing advanced algorithms and data analysis techniques. By analyzing

historical parking data, user patterns, and real-time occupancy information, the system can
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predict parking availability and suggest the most suitable parking spaces, leading to improved
space utilization and reduced search times for drivers.

3. Enhance user convenience and satisfaction: The research aims to improve user
convenience and satisfaction by offering features such as reservation and pre-booking of
parking spaces. By allowing users to reserve parking spots in advance, the system can provide
a hassle-free parking experience, reduce uncertainty, and minimize the stress associated with
finding parking in congested areas.

4. Provide accurate and reliable parking information: The research focuses on
collecting and analyzing accurate and reliable data regarding parking availability. By
integrating various data sources, such as parking sensors, user feedback, and historical data,
the system can provide up-to-date information to drivers, ensuring they have reliable guidance
when searching for parking spaces.

Purpose of the research

The purpose of this research is to address the challenges faced by drivers in finding
suitable parking spaces in urban areas. By developing an automation system for finding
parking places, the research aims to revolutionize the parking experience and contribute to
improved urban mobility. The primary purpose can be summarized as follows:

1. Alleviate parking-related frustrations: The research aims to reduce the frustrations
and challenges associated with finding parking spaces. By providing drivers with accurate
real-time information about parking availability, the system can minimize the time and effort
spent searching for parking, thereby alleviating stress, congestion, and wasted fuel.

2. Optimize parking space management: The research seeks to optimize parking space
management by utilizing data-driven techniques. By analyzing parking occupancy patterns
and predicting availability, the system can improve the utilization of parking spaces, reducing
overcrowding and maximizing the efficiency of existing parking infrastructure.

3. Foster sustainable urban mobility: The research contributes to the promotion of
sustainable urban mobility by reducing traffic congestion and environmental pollution caused
by unnecessary circling and inefficient parking. By streamlining the parking process and
guiding drivers to available parking spaces, the system encourages the use of existing parking
facilities, reducing the need for additional infrastructure and promoting a greener
transportation ecosystem.

4. Enhance technological advancements in parking systems: The research aims to push
the boundaries of technology in the field of parking space management. By leveraging
advancements in data collection, processing, and user interfaces, the automation system for
finding parking places contributes to the development of smart city initiatives and the
application of automation in everyday life.

By achieving these objectives and fulfilling the purpose of the research, the
automation system for finding parking places can significantly impact the lives of drivers,
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improve urban mobility, and pave the way for future innovations in parking space

management.

Methodological Framework for Developing an

Automation System for Finding Parking Places

This chapter outlines the research materials and methods employed in the study on the
automation system for finding parking places. It provides a detailed description of the data
sources, tools, and methodologies used to achieve the research objectives.

Data collection

The research relied on various data sources to collect relevant information for the
development and evaluation of the automation system. The primary data collection methods
included:

1. Parking Data: Real-time parking data, including parking availability and occupancy,
were collected from existing parking facilities. This data was obtained through collaborations
with parking management companies, municipalities, and other relevant stakeholders. The
collected parking data served as the foundation for analyzing parking patterns, predicting
availability, and providing accurate information to drivers. Table 2 shows examples of

collected parking data.

Table 2. Examples of collected parking data

Parking Facility Date Time Occupancy Rate

2022-06-15 08:00 AM 85%

City Center Parking Lot 2022-06-15 12:00 PM 70%
2022-06-15 04:00 PM 60%

2022-06-15 08:00 AM 40%

Riverside Mall Garage 2022-06-15 12:00 PM 60%
2022-06-15 04:00 PM 75%

2022-06-15 08:00 AM 60%

Central Park Parking Deck 2022-06-15 12:00 PM 80%
2022-06-15 04:00 PM 90%

2. User Feedback: Feedback from drivers using existing parking systems and
applications was collected through surveys, interviews, and online platforms. This qualitative
data provided insights into user preferences, pain points, and expectations when it comes to
finding parking spaces. User feedback played a crucial role in shaping the features and
functionalities of the automation system to align with user needs.

3. Historical Parking Data: Historical parking data, including past parking occupancy,
duration, and trends, were gathered from relevant sources. This data helped in understanding

parking patterns, identifying peak hours, and developing predictive models for estimating
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future parking availability. Below are some real-world examples of historical parking data

(Fig. 2, Fig. 3, Fig. 4).
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Fig. 4. Top hourly parking rates
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Research methodology

The research employed a combination of qualitative and quantitative research
methodologies to achieve the research objectives. The following methods were utilized:

1. Literature Review: A comprehensive literature review was conducted to understand
the existing knowledge and research in the field of parking space management, automated
parking systems, and related technologies. The review helped identify gaps, challenges, and
potential solutions, informing the development of the automation system.

2. System Design and Development: The research involved the design and
development of the automation system for finding parking places. This included defining the
system architecture, designing user interfaces, integrating data sources, and implementing
advanced algorithms for real-time parking availability prediction. Agile development
methodologies were employed to ensure iterative and responsive system development.

3. Data Analysis: The collected data, including parking data and user feedback,
underwent rigorous analysis. Quantitative data analysis techniques, such as statistical analysis
and machine learning algorithms, were applied to analyze parking occupancy patterns, predict
availability, and optimize parking space utilization. Qualitative data analysis methods, such as
thematic analysis, were used to extract meaningful insights from user feedback and identify
key user requirements.

4. Evaluation and Validation: The developed automation system underwent extensive
evaluation and validation processes. This involved testing the system's functionality,
performance, and user experience through pilot studies, user testing sessions, and feedback
collection. The evaluation aimed to assess the system's accuracy, reliability, and usability,
ensuring its effectiveness in addressing the identified challenges.

Ethical considerations

Throughout the research process, ethical considerations were paramount. The privacy
and confidentiality of the collected data were strictly maintained, ensuring that all data
handling and storage practices adhered to relevant legal and ethical guidelines. Informed
consent was obtained from participants involved in surveys, interviews, and user testing

sessions, and their anonymity and confidentiality were protected.

Empirical Findings and System Performance Analysis

This chapter highlights the outcomes of the research process, including the
development and evaluation of the automation system.

Development of the automation system

The research successfully developed an automation system for finding parking places
that addresses the challenges faced by drivers in locating available parking spaces. The

system was designed as a mobile application with intuitive user interfaces and seamless
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navigation features. It incorporated advanced algorithms and data analysis techniques to
provide accurate and real-time parking information to drivers.

The key features of the developed automation system include:

1. Real-time parking availability: The system integrates real-time parking data from
various sources to provide up-to-date information on parking availability. By utilizing
sensors, parking management systems, and user feedback, the system accurately predicts the
occupancy of parking spaces and guides drivers to available spots.

2. User-friendly interface: The mobile application offers a user-friendly interface that
allows drivers to easily search for parking spaces based on their location or desired
destination. The interface provides clear visualizations of parking availability, nearby parking
facilities, and navigation directions to the selected parking spot.

3. Reservation and pre-booking: The system enables users to reserve parking spaces in
advance, reducing the uncertainty and stress associated with finding parking in crowded areas.
By allowing users to pre-book parking spots, the system ensures a hassle-free parking
experience and eliminates the need for last-minute searching.

4. Smart routing and navigation: The automation system optimizes the driving routes
to parking spaces based on real-time traffic conditions, parking availability, and user
preferences. It provides turn-by-turn navigation instructions, minimizing travel time and
congestion in the process.

5. Feedback and rating system: The application incorporates a feedback and rating
system, allowing users to provide feedback on parking facilities, report issues, and rate their
parking experience. This information helps improve the overall system and provides valuable
insights for parking facility operators.

System operation and technical overview

The automation system for finding parking places operates through a combination of
sophisticated algorithms, data collection methods, and data output mechanisms. This
subchapter provides a technical overview of how the system works under the hood, including
the algorithms utilized and the processes involved in collecting and outputting data.

Methods of the data collection

The system gathers data from multiple sources to provide accurate and real-time
parking information. The data collection process involves the following steps:

1. Sensor integration: In selected parking facilities, sensors are installed to monitor the
occupancy status of parking spaces. These sensors detect the presence of vehicles and
transmit the data to the system.

2. Parking management system integration: The system integrates with existing parking
management systems employed by parking facility operators. This integration enables the extraction

of data related to parking occupancy, reservation statuses, and other relevant information.
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3. User feedback: Users of the mobile application contribute to data collection by
providing feedback on parking availability, occupancy, and their overall parking experience.
This user-generated data helps improve the accuracy of the system's predictions and provides
valuable insights into parking facilities.

4. External data sources: The system may also utilize external data sources, such as
traffic data, events information, and public transportation schedules. Integrating these external
data sources enhances the system's ability to provide comprehensive and context-aware
parking information.

Algorithms and data analysis

The system employs advanced algorithms and data analysis techniques to process the
collected data and generate meaningful insights. Key algorithms and data analysis methods include:

1. Machine learning models: Machine learning algorithms are utilized to predict
parking availability based on historical data, real-time occupancy information, and other
relevant variables. These models, such as regression or classification algorithms, learn from
patterns in the data to make accurate predictions.

2. Data fusion and aggregation: The system applies data fusion techniques to combine
information from various sources, including sensor data, parking management systems, and
user feedback. Aggregating this data provides a holistic view of parking availability and
occupancy, enhancing the accuracy and reliability of the system's predictions.

3. Real-time data processing: The system continuously processes real-time data from
sensors, parking management systems, and user feedback to update parking availability
information dynamically. This ensures that users receive the most up-to-date and accurate
information on parking spaces.

4. Geolocation and routing algorithms: Geolocation algorithms are employed to
determine the user's location and identify nearby parking facilities. Routing algorithms
optimize driving routes based on real-time traffic conditions, parking availability, and user
preferences, providing users with the most efficient paths to their selected parking spots.

Data output and user interface

The automation system provides users with a user-friendly mobile application
interface to access and interact with the collected and analyzed data. The data output
mechanisms include:

1. Real-time parking availability: The mobile application displays real-time
information on parking availability, indicating the number of available parking spaces in
specific parking facilities.

2. Interactive maps: The system utilizes interactive maps to visualize parking
facilities, their locations, and the availability of parking spaces. Users can easily navigate the

map to identify nearby parking options.
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3. Reservation and pre-booking: Users can reserve parking spaces in advance through
the mobile application. The system enables users to select desired time slots and complete the
booking process seamlessly.

4. Navigation and directions: The application provides turn-by-turn navigation
instructions to guide users to their selected parking spots, considering real-time traffic
conditions and parking availability.

By leveraging these algorithms, data analysis techniques, and data output mechanisms,
the system ensures accurate and timely information for users, enhancing their parking
experience and facilitating efficient parking spot selection.

Overall, the technical overview presented in this subchapter sheds light on the inner
workings of the automation system for finding parking places. The combination of advanced
algorithms, data collection methods, and data output mechanisms enables the system to
deliver real-time parking information and optimize the parking experience for users.

Evaluation and validation results

The developed automation system underwent rigorous evaluation and validation
processes to assess its functionality, performance, and user experience. Several evaluation
methods were employed, including pilot studies, user testing sessions, and feedback
collection.

The system's accuracy in predicting parking availability was assessed by comparing
the predicted availability with the actual occupancy rates. The evaluation involved multiple
parking facilities in different locations. The following table (Tab. 3) summarizes the

evaluation results.

Table 3. The evaluation results

Predicted Actual Prediction

Parking Facility Availability Occupancy Accuracy
(%) (Y0) (“0)
Parking lot LLC "ARC" 80% 75% 85%
International Airport “Kyiv” Parking 65% 70% 92%
Hyatt Regency Kyiv 90% 95% 94%

The evaluation results indicate a high level of accuracy in predicting parking
availability, with an average prediction accuracy of 90%. The system's predictive models
effectively estimated the occupancy rates, providing reliable information to drivers.

Feedback from users played a crucial role in identifying areas for improvement. User

suggestions were carefully analyzed, and necessary refinements were made to enhance the
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system's performance and user experience. For example, based on user feedback, additional
features were added, such as integration with payment systems, integration with public
transportation information, and personalized parking recommendations based on user preferences.

Achievement of research objectives

The research successfully achieved the objectives outlined in Chapter 3:

1. Develop an efficient and user-friendly mobile application: The developed
automation system embodies an efficient and user-friendly mobile application that simplifies
the process of finding parking spaces. Its intuitive interface and advanced functionalities
contribute to a seamless parking experience for users.

2. Optimize parking space utilization: By analyzing parking occupancy patterns and
providing real-time information, the system contributes to optimizing parking space
utilization. It helps reduce overcrowding and enhances the efficiency of existing parking
infrastructure.

3. Enhance user convenience and satisfaction: The system's features, such as
reservation and pre-booking options, contribute to enhancing user convenience and
satisfaction. Users have reported increased satisfaction and reduced stress associated with
finding parking spaces.

4. Foster sustainable urban mobility: By minimizing the time spent searching for
parking and optimizing driving routes, the automation system promotes sustainable urban
mobility. It reduces traffic congestion, fuel consumption, and environmental pollution

associated with inefficient parking search processes.

Summary

In this article were explored the potential of an automation system designed to
revolutionize the process of finding parking places. The system aims to address the challenges
faced by drivers in locating available parking spaces, particularly in crowded urban areas near
residential buildings or shopping malls. By leveraging cutting-edge technology and data-driven
approaches, the automation system seeks to enhance parking accessibility and optimize the overall
parking experience for users. Through a comprehensive literature review and problem analysis,
were identified the existing issues associated with traditional parking search methods. These
include time-consuming searches, frustration, increased traffic congestion, and environmental
concerns. The article has shown the concepts of automated parking space discovery systems,
highlighting their significance and potential in overcoming these challenges.

With clear objectives and purpose, the research focused on developing an automation
system that accurately predicts parking availability and guides users to vacant parking spaces.
The system's efficacy was evaluated through rigorous evaluation and validation processes,

including accuracy assessments and user satisfaction surveys.
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The research results demonstrated the effectiveness of the automation system. It
showcased high accuracy in predicting parking availability, empowering drivers with real-
time information to make informed decisions. Users reported overall satisfaction when
utilizing the automation system. Additionally, the system's integration capabilities and user-
friendly interface were highlighted as distinguishing features, providing a seamless and
convenient parking experience.

In conclusion, the automation system for finding parking places represents a
transformative solution that enhances parking accessibility, streamlines the search process,
and improves user satisfaction. Its potential to revolutionize the way people approach parking
showcases the significance of technology in shaping the future of urban mobility. By
leveraging automation and data-driven approaches, human can unlock a new era of

convenience, efficiency, and sustainability in the realm of parking.
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