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Currently, the issue of creating smart parking lots is extremely important due to the rapid growth of number of cars,
especially in big cities. Thus the need for parking spaces and search facilities still remains an urgent problem. Assuming that every
day the average motorist spends 20 minutes searching for such a place, this is about 120 hours a year, which could be spent on
something more useful. Today, there are many projects of "smart" parking, but practical examples can be counted on the fingers,
and information about the cost-effective aspect of their implementation is generally very limited. The paper provides analysis of the
most common methods and tools for smart parking and proves the advantages of camera-based method. The research in general is
aimed at image recognition for camera-based smart parking using convolutional neural network.
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OJIbI'A TTABJIOBA, BOJIOJVUMUP KOBAJIEHKO,
TETAHA I'OBOPYIIIEHKO, BOJIOAMMIP ABCIEBUY

XMeNnbHULBKUH HalllOHATBHUH yHiBepcuTeT, XMENbHULIbKIHA, YKpaiHa

METO/ PO3ITNI3BHABAHHS 306PAKEHD JIVISA PO3YMHOI'O TAPKIHI'Y HA
OCHOBI HEHPOHHOI MEPEXI

Hapasi nMTaHHs CTBOPEHHS PO3YMHUX T8PKOBOK € HAA3BUYANHO aKTYalIbHUM, OCOO/INBO Y BE/IMKUX MICTaX. 3/ 3D0CTaHHIM
Ki/IbKOCTi aBTOMOOI/IiB 36I/IbLLYETHCS OTPEGA Y Ki/IbKOCTI MapPKyBaibHUX MicUb Ta 3ac06ax ix MowwyKy. SKLo NpurnyCcTuTy, O KOXEH
JEHb CEPEAHbOCTATUCTUYHMI aBTOMOGI/IICT BUTPaqae 20 XBU/IMH HA IOLYK TaKoro Micls, B pik ye 6ym3bko 120 roguH, ki MOXHA
6y/10 6 BUTPATUTH HA LUOCH GiJibll KOPUCHE. A SKWO B3STH 4O yBaru Tou PaKT, wjo “Hapizatoun” KO0 3a KOJIOM B [1OLIyKax
BI/IbHOrO Micysl 36i7bLUYETLCA W BIporigHicTs notpammtv y ATIT - iHgopmMayis npo BiibHe Micle Moxe 6yTu 6e3uiHHa. Ha cborogHi
fcHye 6€e3/1i4 MPOEKTIB "po3yMHUX” N3PKOBOK, ase fpaKTMyHO Peasli3oBaHi NMpuKIaan MOXXHAa NepeEpaxyBatv Ha nasabysx, a npo
EKOHOMIYHO-BUIHMI ACITEKT IX pearni3allii iHGopmaLis B3ara/i Jyxe 06MexeHa.

CbOorogHi icHye 6araro rpoEeKTIB PO3YMHOIo NapKyBarHs, a/ie MpuKIaan rotoBux 40 BUKOPUCTAHHS MOXHA NEpEpaxyBaTu
Ha NanbUYsx, a IHGOPMALIs PO eKOHOMIYHO BUIAHMI ACIeKT ix peasiizallii, SK rpasusio, Ayxe obmexeHa. Crig Matu Ha yBasi, LYo
npy PO3po6Li TaKkuX [HCTPYMEHTIB HaUbIfbLLy GIHAHCOBY YacTUHY DO3BUTKY OPOLXYE MPOrPamMHe, a HE arapaTHe 3a6e3MeYeHHS.
HaBiTb y BIAHOCHO [OPOIrux CEHCOPHUX CUCTEMAX Ha OCHOBI MarHiTHMUX, pagio T1a iH@pavepBOHUX AaTYUKIB MO/I0BHE - Lje B3aEMOLIS
KOPUCTYBa4a 3 anapatHuMu KOMITOHEHTAMM, OIUCaAHUMKU BULLE. B [feasi iHTEpQEc noBuHeH 6yTu y BUI/ISAI CITKU NMEPKyBalbHUX
MICLb, SKa [TOBUHHAE YITKO [ 63 3aUBUX PyXiB [TOKA3yBaTH KOPUCTYBAYEBI, BI/IbHI BOHU Y¥ Hi,

Tomy rpob6riemMa roLyKy BiJlbHOrO MICLS A1 MaPKYBaHHS Ha POMALACHKIV aBTOCTOSHLI aKTya/ibHa B Hal 4ac. OCKi/lbku
YpAA aKTUBHO pO3POBJISIE CUCTEMY PO3YMHOIO MICTa, PO3YMHA [POMAajCcbka aBTOCTOSHKA 3 HU3bKOKO BapTICTIO Ta BUCOKOKO
AOCTYIIHICTIO 4/15 BCIX MELIKAHLIIB MICTa MAE CTaTu HEBIJ EMHOK YaCTUHO LifEI cucTemu.

Kmo4oBi c/10Ba.; 06pobKa Biieo, pO3yMHI NMapKOBKY, PO3YMHE MICTO, [TIMOUMHHE HABYaHHS, 3ropTKOBa HEUPOHHAa MEPEXE,
MaLLNHHE HaBYaHHS.

Introduction

Currently, the issue of creating smart parking is extremely important, especially in large cities. As the
number of cars increases, so does the need for parking spaces and search facilities. Assuming that every day the
average driver spends 20 minutes searching for such a place, this is about 120 hours a year, which could be spent on
something more useful. And if take into account the fact that driving circle after circle in search of a free place
increases the probability of getting into an accident - the information about a free place can be invaluable.

Today there are many smart parking projects, but ready for use examples can be counted on the fingers, and
information about the cost-effective aspect of their implementation is generally very limited. It should be born in
mind that when designing such tools, the largest financial part of the development is born by the software, not
hardware. Even in relatively expensive sensor systems based on magnetic, radio and infrared sensors, the main thing
is the user interaction with the hardware components described above. The interface should ideally be in the form of
a grid of parking spaces, which should clearly and without unnecessary movements show the user whether they are
vacant or not.

Therefore, the problem of finding a vacant parking spot on public parking is relevant nowadays. Since the
government is actively developing a smart city system, smart public parking with the low cost and high accessibility
for all the city dwellers should be an integral part of this system.

State-of-the-art

With the growing level of urbanization and the increasing number of cars in large cities, the problem of
parking has become interesting not only from an applied point of view, but also from a scientific point of view, since
it was necessary to find new rational ways to park cars, such as the concept of a smart city.
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This problem has been considered in the works of many scientists around the world. Lookmuang et al. [10]
propose and develop a prototype using an embedded controller, Raspberry Pi 3, ultrasonic sensor, and a camera,
with the aim of localizing vacant parking spots. Similar approaches are contributed by Vakula et al. [11] and Grodi
et al. [12]. In particular, Grodi et. al. discuss the advantages and disadvantages of multiple sensor types, such as
induction proximity, RFID, light/ranging detection, and camera. In both cases, the authors chose to use an ultrasonic
sensor for detecting when a vehicle was parked on a parking spot. Maine et al. [13] present another smart parking
system, which combines different IoT technologies, such as ultra-high frequency RFID (UHF RFID), Wireless
Sensor Network (WSN) and Near Field Communication (NFC).The work done by Patane et al. [14] is an example of
a vacant parking spot detection system that makes use of a vision-based system. A similar approach was contributed
by Amato et al. [5], where a collection of approximately 150 000 images were trained for classifying vacant parking
spot.

But the above mentioned works do not present any ready-to-use solution for a smart parking system which
provides fasr and easy acces for the user with the low installation and maintanence cost. Therefore research of smart
parking solution methods still remains an urgent issue.

Research of known methods and solutions in the smart parking domain

Today, there are multiple proposed systems that are being utilized for finding vacant parking spots, where
small sensors are placed on each parking spot or cameras are positioned next to them, keeping track of vacant
parking spots [1] [2]. However, these solutions require a power source and often maintenance of each of the sensors.
Each solution has some benefits and drawbacks based on the sensor technology that is used to determine the state of
the parking spots.

1. Ultrasonic Sensors

Today ultrasonic sensors are commonly used for a wide variety of applications, such as noncontact
presence, motion detection, proximity, or distance measuring. Some of the main application areas for ultrasonic
sensors are water and wastewater, mining, general industry, chemistry, and petrochemistry [3]. Ultrasonic
technology is among the most preferred technologies for smart parking systems.

2. RFID

The RFID technology has been widely used in industry, electronic commerce, credit-cards, IDcards and so
on. Today, RFID is one of the key core technologies for the development of the Internet of Things solutions [4]. In
particular, one of the application areas for RFID technology is parking solutions.[9]

3. Magnetic Sensors

The use of magnetic sensors can be very useful when developing a system for detecting vacant parking
spots. Since the magnetic sensors rely on the magnetic field of the Earth, it can detect when there are some anomaly
changes, such as when a car is parked over the magnetic sensor.[9]

4. Camera

Although sensors are widely used for vehicle detection they have some drawbacks. One of the main
drawbacks is scalability, since the need to use one sensor per parking spot may be an expensive solution. To
overcome this issue, vision-based systems can be used for vehicle detection [2]. This type of systems can provide a
more scalable solution than a sensor-based system. A camera, which is placed in a location that covers a wide view
of a parking area can be used to determine the status of several parking spots.

In order to evaluate the smart parking techniques, a summary of the common characteristics of smart
parking solutions are derived in Table 1. The estimated characteristics presented in the table below may vary
depending on the number of parking places that the smart parking system covers.

Table 1

Comparison of different parking detection techniques

Ultrasonic sensors RFID Magnetic sensors Camera
Installation Cost HIGH HIGH HIGH LOW
Maintenance Cost HIGH HIGH HIGH LOW
Hardware Cost (Per unit) LOW LOW LOW MEDIUM
Power Consumption LOW VARYING VARYING HIGH
Relocation Possible HARD HARD HARD EASY
Hardware Complexity HIGH HIGH HIGH LOW
Software Complexity LOW LOW LOW HIGH
Scalability LOW LOW LOW HIGH
Reliability HIGH HIGH HIGH HIGH
Vehicle identification NO YES NO YES
Obstacle Recognition YES NO VARYING YES
Vehicle Recognition NO YES YES YES
Additional Requirements ) Privacy & all vehicles ) Privacy and

need to have an RFID tag Security issues
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Thus, from the above table a conclusion can be made that the method of smart parking using camera is
much more effective than others, taking into account most of the factors considered. In addition, since most of the
parking lots are usually located in public places, privacy and security factors also should be taken into account.

Neural network based method for image recognition

Let us consider the smart parking system which consists of the following hardware and software

components (Fig.1).

Parking Management Mobile Application to
System monitor the Car

|.’ Local Area Network A ((

Camera in Parking

Camera in Parking Lots

sl . S , = el .
_aibieaias @ _@s - -
Parking Lots Parking Lots

Fig.1. Model of the proposed Smart Parking System [8]

As it can be seen from the model, camera is the main tool that performs the analysis of the parking spot
state. Therefore detecting a vacant or occupied spots is an important issue for such Smart Parking System
development.

Object detection using deep learning

Deep learning is a subset of Machine learning (ML), where it uses neural networks with multiple layers to
learn from patterns.

Despite the recent advances of deep learning, there is still much more to contribute and improve in this
area. The use of deep learning in vision-based solutions has in the past years been widely used for recognizing
objects. Deep learning works in a way that requires a trained model before being able to classify the objects [6].

The neural network in deep learning consists of three main layers: the input layer, the hidden layer, and the
output layer. The input layer consumes the information, in the case of image recognition this would be the image
data. In the next step, the nodes are weighted in the hidden layer and then processed in the output layer, which return
the classiffication result based on the weights [6]. A representation of a neural network can be seen in the Figure 2
below.
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Fig.2. Representation of a Neural Network [6]

Convolutional Neural Network
When handling a vision-based solution, where recognition is needed of an object, convolutional neural
network (CNN) can help to effectively recognize patterns in the image. Amato et al. [5] describe that the huge
amount of hidden layers in CNN are used in order to handle the input and provide a result as an output. A large
number of hidden layers improve the detection accuracy when deciding what the recognized objects are, resulting in
the output.

MDKHAPOJHUI HAYKOBUI K YPHAJT . 51
«KOMIT’"IOTEPHI CUCTEMH TA IHOOPMAIIWMHI TEXHOJIOI'Tl», 2021, Ne 1



INTERNATIONAL SCIENTIFIC JOURNAL
«COMPUTER SYSTEMS AND INFORMATION TECHNOLOGIES»

Convolutional Neural Network (CNN) is a deep learning algorithm, which is a subclass of the neural
network. The CNN architecture is used mostly for detecting objects in images, due to it is constructed to handle
large sized images, which the ordinary neural network does not handle.

This is possible due to that the CNN architecture handles the images as volumes, consisting of depth, width,
and height. When the data transfers between the input layer to the hidden layers, data is being processed and filtered
between the layers by using neurons, which try to find patterns in these images.

Data training is an important requirement for the CNN approach. Before starting the object detection, a
data-set that contains images of the desired object must be collected. The objects in images should be defined by
labelling each object separately. After the labelling process, the data-set is ready to be trained. During the training,
the data is filtered in the hidden layers in order to find and specify what similar patterns all the images share
together. These patterns are parameters that provide a specific description of the object/objects; the parameters
which helps to learn how the specific object looks like.

Nevertheless training a model for object classiffcation it can be very expensive from a computational and
time perspective. This is due to the number of iterations needed for the network to find and understand the layers in
the neural network, requiring a decent graphics unit to perform the training, [9]

Clustering

Clustering is commonly used within ML, and it is useful for classifying objects that are unlabeled.

Clustering is an unsupervised learning method, i.e., data that is not labelled, thus the clustering algorithm
labels the data by adding similar data together in the same cluster. This is possible by calculating the distance
between the different data points and afterwards associate similar data together. Moreover, clustering is useful for
detecting anomalies in the data, preventing the clusters from being affected by outliers in the data that might have
been collected due to a measurable error [6].

Image Processing

The idea with image processing is to interpret an image in order to extract essential information needed for
the desired purpose. This can be compared to the human eye and the perception, which help the human to get a
visual image of the world and understand the state of an environment.

The aim with image processing is to replicate the same function, but instead use it in machines. Today,
image processing is widely used in different areas, such as inspecting faults in electronic circuits, medical diagnosis
or object tracking for surveillance purposes [7].

Input Image
Data

Output extracted

—> Process image — > d
ata

Fig.3. The Three Basic Steps in Image Processing [9]

Thus the proposed system will be based on a CNN deep learning technique which will be used to create a
software for recognition the image of the parking spot and detecting whether it is vacant or occupied.
Therefore, the proposed method of Image Recognition based on Neural Network consists of the following

steps:
. Capture the images of the parking area using camera;
. Divide each frame into patches where each of the patches contains a single parking space;
. Classify each patch using a trained CNN in order to decide if the parking spot is occupied or not.

Discussion and directions of further work

In order to develop our smart parking prototype, the first step is to investigate the needed functionalities
and requirements that are important for this type of system. Investigating these functionalities and requirements
would enable to understand the development process of the complete system.

Installing a camera in a publicly available area requires a permit form camera surveillance. An important
factor that should be taken into the account is this privacy issue that comes with vision-based solutions.

Sending images to a server or cloud through the Internet comes with security issues as well. In order to
handle this security issue, some encryption process may be used. All of these limitations may affect the usability of
the system in a negative way. Performing image processing tasks in the place, where the images are captured
without storing or sending any image data through the Internet may help to avert these issues mentioned above.
Hence, the privacy and security aspect should be considered as a requirement of a smart parking solution.

As a result, the following requirements diagram was developed based on the above mentioned factors:
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«Requirement»
Smart parking system specifications

«Requirements

«Requirements
Adaptability

Locality
Id="1.6"

Text="The prototype should be|
able to adapt to environmental
changes in the parking lot, e.g.,
changes in the number of parking
spots, and the position of parking

Id="1.1"

Text="The processing of images
should be done locally withou
sending or storing any image
data"

«Requirements eRequirements

Interactivity Legality
1a="1 2" «Requirements «Requirements 4= 5"
Text="The prototype should be] Advancedness Autonomy Text="The prototype should be]
able to provide information| 1d="1 3" 1d="1 4" able to detect illegally parked|
about the number of \.-'acapt Text="The prototype should bel Texi="The prototype should bel vehicles'
parking spots on a parking lot able to automatically define the| able to transmit data withou

parking spots without predefining having Internet access"
their locations”

Fig.4. Smart Parking System Requirements Diagram

A vision-based smart parking system may include different subsystems, e.g., cloud, visualization platform,
and database. The focus of this study is to build a prototype that is responsible for capturing images, extracting the
parking occupancy information from those images and sending this small sized information to a platform. Choosing
the best data transmission technology, visualization platform and data storage are out of scope for our study.

Based on the requirements diagram presented above, the problem breakdown flow was developed in order
to get a general overview of the different subproblems of the system. Each subproblem contains a set of tasks that
are needed in order to solve the subproblem. To solve the main problem, four subproblems were derived: parking
spot detection, data transmission, hardware choice and configuration, and integration. The main focus of this study
is to solve the subproblem parking spot detection. The problem breakdown flow is illustrated in the Fig.5.
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Fig.5. Problem Breakdown Flow

According to the Fig.5, the main steps of the research are the subproblems, highlighted with red arrows.
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Parking spot detection

In order to build a dynamic smart parking system, parking spots should be detected automatically. This task
can be performed by using an object detection algorithm. The chosen approach for detecting the parking spots is
vehicle detection using deep learning technology. The chosen approach is based on its simplicity of detecting the
parking spots on a parking lot.

Another approach that can be used for detecting parking spots is line detection. However, this approach has
some drawbacks, i.e., that lines may be erased or blurred over time or may be simply covered with snow.

Data transmission

The purpose of data transmission in the system is to transmit the data to a server where the parking
information can be registered. The transmitted data aims to give information about the status of a parking lot, i.e.,
how many parking spots are available and how many of these parking spots are unoccupied.

Hardware choice and configuration

The hardware that can be used in this system consists of three different parts: the camera part, the computer
part, and the user interface part. The camera’s purpose is to capture images of the parking lot and send them to a
single board computer. The computer’s purpose is to perform the calculations and image processing on the images
that is received from the camera in order to detect the parking spots. A transmission device is used to transmit
information about the parking lot to a server, e.g., parking lot id, how many available spots, and how many are
unoccupied. The user interface part may be developed in the form of mobile application.

Integration

Once the parking spot detection, implementation of the chosen data transmission technique and hardware

selection are done, these different parts need to be integrated into one system.
Conclusions

Currently, the issue of creating smart parking is extremely important, especially in large cities. Since the
number of cars increases, there is steel the need for parking spaces and search tools which allow user to find the
parking space remotely, using mobile phone, for instance. Therefore, finding the best technology for smart parking
today is an urgent task.

In this paper the known tools and technologies for smart parking have been considered, taking into account
installation cost, maintenance cost, hardware cost, power consumption, hardware and software complexity and other
criterias. Thus, from the above mentioned facts a conclusion can be made that the method of smart parking using
camera is much more effective than others. In addition, since most of the parking lots are usually located in public
places, privacy and security factors also should be taken into account.

Problem breakdown flow and requirements diagram have been created, and it has been concluded that the
neural network image recognition method will best cope with the above mentioned tasks.

Thus, work on all the above mentioned subproblems and development of smart parking system using image
processing method is the aim of further research of the authors.
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