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Abstract 
 

The purpose of this thesis is the creation of a Smart Parking system and Application 

that will aid the drivers in their search for available parking places when they want to 

go to a destination. The system will also provide functionality for the parking providers 

to manage their own parking places and for the system administrators to manage the 

whole system. To begin with the whole smart parking problem was researched for 

drivers and parking providers alike in order for possible solutions to be considered. 

Various similar applications were studied including one previously developed from a 

university student parts of whose work were inserted into the new system. The system 

consists of a website which will offer the functionality for the parking providers to 

manage their own parking places and an application for the normal users to be able to 

search for those places, based on their personal preferences. A small part was also 

created for the system administrators to add the new parking places into the system in 

order to maintain a safe way of accessing the system. The whole system architecture, 

design and implementation is explained throughout this thesis. For the parking search 

the mobile application which can be deployable on multiple mobile platforms was 

developed. The user sets his destination and by taking the information from the mobile 

phone the system can process all the parking places available and return the results in 

descending order based on a score. The score is calculated based on a priority of 

preferences set by the user by putting them on a fuzzy logic algorithm. Other minor 

functions were also implemented which will be discussed in this thesis along with the 

specific preferences mentioned before. The website provides an interface for the 

parking providers to change their own parking places information and make them 

available or unavailable in the system. For the addition of new parking places the 

administrator will only have access to upload them into the system through the 

administrator console. The whole functionality mentioned above is tested throughout 

this thesis and certain recommendations and additions are mentioned for the future as 

the time was limited. 
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Chapter 1 

1 INDRODUCTION 

1 . 1  P r o b l e m  S t a t e m e n t   

 

One of the most common everyday problems in a city is the search for suitable parking 

places. It is not only the search of just any parking place but also the frustration of 

finding a parking place that satisfies our needs and preferences. Each one of us have 

experienced the exhaustive research for a parking place once we arrive at a 

destination, searching in neighboring places for the nearest and cheapest parking we 

can find. Also we are stuck in traffic at times and the distance we have to drive to the 

desired parking place is too long. At the end in the worst case we may use an 

alternative method of transport to go to our destination or not go at all if the problem 

is too big for us. 

As I mentioned before, the two most common problems that anyone can face is the 

discovery of a parking that is cheap and close to the destination. There are people that 

cannot afford paying for a very expensive parking or do not have the intention to do 

so. As such, they spend much too much time searching for a parking place with many 

times having no choice but to go to an expensive parking the initially rejected, not to 

mention the fuel and other costs spend while searching for the alternative. In addition, 

the distance they have to walk to reach their destination is one of the biggest 

problems. No one wants to take his car to a place only having to walk even more time 

to reach their destination and get tired in the process. 

As some studies show, up to 75% of the traffic on the streets is caused by drivers 

looking for street parking and the average time it took them was between 3.5 and 40 

minutes [1]. These figures help as realize the severity of the problem and the 

frustration is causes. 
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The user is only one side of the system, there are also other parties being affected 

from the parking problem. Firstly for businesses their location is the key and having 

accessible parking near them can greatly affect their business. In that case there is a 

need for a suitable infrastructure for parking providers. Every business or any other 

interested parking provider has difficulty controlling his own parking places or parking 

lots and there are only so many applications that give the ability to everyone to add his 

own parking places and manage them. At the same time, there is a need for controlling 

the parking places and who parks at what times with law enforcement straggling to 

control parking offenders. Therefore, the user needs to know what parking places are 

available and where he is allowed to park at what times. Moreover due to constant 

change of many factors those particular parking places or parking lots need to be 

constantly updated by their provider to present up to date information to the user. 

Most of the parking applications so far don’t take into account the user’s preferences 

but instead they just present the available parking places. The preferences of each 

driver are not taken into account and as a result he may end up in a parking place that 

he is not satisfied with. Also some other applications based on crowdsourcing 

information have been deemed as unreliable as they leave their functionality and 

usefulness on the good intentions of the user. Therefore, more trusted systems using 

sensor and IoT technologies need to be implemented for a more real time function. 

 In conclusion, all the problems mentioned above have motivated the production of 

this thesis so that that a smart parking system can be implemented that can serve both 

users and providers. 

1 . 2  C o n t r i b u t i o n  

 

The purpose of this thesis is the design and development of a mobile application for 

both Android and IOS phones as well as a website for the parking providers to manage 

their own parking places. Also proper infrastructure will be designed in order for the 

whole parking system to run smoothly and its components to cooperate well with each 

other. The system must also be able to provide an easy way for the system 
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administrators to add new parking places into the database and manage the system 

users. 

 

 

 

 

More specifically with mobile application the users will be able to: 

 Search for available parking places near a location through various ways 

 Get the parking places sorted based on their personal preferences 

 Select and rank those parking places with some filters 

 

As for the parking provider’s website, the parking providers will be able to: 

 View their own parking places information 

 Change their own parking places information 

 Change if their parking places will be available or not to the users 

 

This solution is very important for real life situations where a company or any other 

business wants to put her own parking places into a public system where other users 

will be able to search for those parking places when they want to reach that business 

location. 

 

Let us take the example of a coffee shop which has 4-5 parking places behind its 

building. This coffee shop would like its customers to know that there are available 

parking places behind the coffee shop when they want to visit it. It can also give a 

name to those places and put a price on them. It can very easily do that by contacting 

the parking system administrators and provide them with its parking places 

information in a file. The parking administrator will then add the parking places to the 

system and give access to the provider (coffee shop owner) so he will be able through 

the provider website  to access those places and manage them. 

On the other side there are the customers which want to visit the coffee shop. They 

would be able to make a search for available parking places near the coffee shop’s 
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location through the mobile application. The application will return to them the most 

relevant parking places based on their preferences that will usually include those 

parking places added by the coffee shop owner. 

 

Finally if the coffee shop is closed for a period, they can choose through the website to 

disable their parking places from appearing in the parking application results, in other 

words make them unavailable 

1 . 3  T h e s i s  o u t l i n e  

 

This thesis will be organized into five chapters as follows: 

 

Chapter 2: This chapter will present some similar and related applications on smart 

parking along with some background concepts that were studied in order understand 

the smart parking problem and its solutions. 

 

Chapter 3: In this chapter the design of the whole parking system as well as its 

architecture will be analyzed. Every part and role of the system is explained using use 

cases, component and data flow diagrams. 

 

Chapter 4: In this chapter all the technologies and tools used to implement the parking 

system are explained and the methodology used to implement it. 

 

Chapter 5: In this phase the whole system is tested that it performs correctly all his 

tasks through different scenarios and experiments. Proof of that is shown by a variety 

of screenshots showcasing the results. 

 

Chapter 6: The final chapter consists of some conclusions produced by this thesis and 

some recommendations for future work. 
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Chapter 2 

2 BACKGROUND AND RELATED WORK 

2 . 1  B a c k g r o u n d  C o n c e p t s  

2 . 1 . 1  I n t e r n e t  o f  t h i n g s   

Internet of things [2] is a computing concept on which individual objects are connected 

together in a network and share information with one another. They usually include 

sensor technologies, wireless technologies or QR codes. Each individual physical object 

has its identification in the network and in that way it provides the direct integration of 

the physical world into computer systems. The downside is that sometimes it poses 

risks through cyber-attacks that can affect the real word and cause real life damage. 

2 . 1 . 2  S m a r t  C i t y  

A smart City [3] is a municipality that uses different technologies in order to increase 

efficiency, share information with the public and improve the quality of the 

government services. A smart city mostly operates through the interconnection of 

multiple user devices. Many of the city’s assets can be managed including local 

departments, information systems, schools, libraries, transportation systems, power 

plans, water supply networks, waste management, law enforcement, and other 

community services. In general a smart city aims in improving city functions and 

economic growth while increasing the quality of life for the citizens. In the concept of 

this thesis the smart parking system that will be developed can be considered as a part 

of a smart city. 

2 . 1 . 3   S m a r t  P a r k i n g  

Smart Parking [4] is any parking system that helps drivers find available parking spots. 

It typically obtains information about parking places in a certain geographical area and 

usually will use sensors in order to determine if the parking place is empty or occupied. 
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It may benefit its users using the location information of the parking place and its goal 

is also the balance between the parking demand and the parking supply. 

2 . 1 . 4   A p p l i c a t i o n  P r o g r a m  I n t e r f a c e  ( A P I )  

An API [5] is a set of functions and protocols that programmers will use to interact with 

an external system. It provides them with commands that perform certain things so 

they don’t have to program them from scratch. The three basic categories of APIs are 

local APIs, web APIs and program APIs. The local APIs are used like a middleware 

software inside an application, the web APIs are usually using the HTTP protocol to 

send requests and receive responses and the program APIs use a remote control to 

make a remote program appear as if it is local. In this thesis a local API will be used as 

well as external ones in order to request parking places information and execute other 

parking related functions. 

2 . 1 . 5   F u z z y  l o g i c  

Fuzzy logic [6] is an algorithmic approach that uses levels of truth instead of the 

standard 0 or 1 values. In this logic the variables can take any number between 0 and 1 

with them being the two extremes. Fuzzy logic is closer to our way of thinking where 

everything is not black or white but we know something to have more value of truth 

than something else. It is mainly used in different artificial intelligence applications. In 

this thesis a fuzzy logic algorithm will be used to sort the parking places results to the 

user. 
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2 . 2  R e l a t e d  M o b i l e  A p p l i c a t i o n s  

2 . 2 . 1   P a r k G u r u  

 

 

Figure 2.1: ParkGuru Screenshots 

 

ParkGuru [7] is a mobile application mainly used in Greece for finding parking places 

including street parking and parking lots. The application allows you to search for 

parking places at any location you choose on the map. After that, depending on the 

parking’s specifications you have the ability to book the parking place and pay with 

your credit card. The app also provides you with instructions on how to drive to your 

desired parking spot. It shows relevant information for each parking spot such as 

distance, price, availability, if it’s provided, and some extra information like the 

parking’s opening hours. Some of the many advantages that the application provides is 

it’s availability of every parking type controlled by the municipal and its easy and safe 

usage as it can provide you with the option to give voice instructions while driving. 
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2 . 2 . 2   P a r k A r o u n d  

 

 

Figure 2.2: ParkAround Screenshots 

 

ParkAround [8] is another smart parking mobile application based in Greece that 

allows you to find parking that is usually up to 80% cheaper than normal and book it 

only through the app. It presents you the parking’s location and relevant information 

providing a picture of the parking as well, so it can be easily findable. Before you book 

your parking you have to state to the application an approximation of the time that 

you will arrive at the parking, notifying you before making the booking if the parking 

will be actually free. The app contains a variety of different parking spots including 

airport parking that can be also easily accessible through their website as well. The 

application also provides a rewarding system for its most often users giving points 

depending on how many bookings you made and discounts as a reward. 
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2 . 2 . 3   J u s t P a r k  

 

 

Figure 2.3: JustPark Screenshots 

 

 

JustPark [9] is a smart parking application that enables the efficient collaboration 

between parking owners and parking seekers. Through the creation of an account it 

gives you the ability as an owner to put your own parking spots into the system and 

later monitor them. As a normal user you can search for any available parking spots in 

a geographical area by putting you arriving and leaving times. Moreover it presents you 

with any amount of information uploaded by the parking owner and notifies him 

directly whenever you have the intention to park there so you can ask him questions 

and pay him directly. Finally the application provides you with some specific filters you 

can include in your searches such as showing you the most likely available spaces and 

those that are reservable. 
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2 . 2 . 4   P a r k o p e d i a  P a r k i n g  

 

 

 

Figure 2.4: Parkopedia Screenshots 

 

Parkopedia [10] is a well-developed mobile application that allows you to find parking 

places either at your current location or on any address in 75 different countries. It 

provides a variety of filters along with account creation so you can easily manage your 

bookings. It provides a special feature that allows you to upload a photo of a parking 

sign or price list so you can add a new parking place into the system. Also it gives you 

the ability to report the availability of a parking place, post a new photo of it or write a 

review for it. 
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2 . 2 . 5   P a r k E a s y  

 

Figure 2.5: ParkEasy Screenshots 

 

ParkEazy [11] is a mobile application that allows you to easily reserve parking spots in 

shopping malls within Malaysia's busy vicinity. You have the ability to reserve the 

parking up to one hour prior to your arrival, then the parking is reserved for you 

and you alone can unlock it and park once you are there. Everything is easily 

controlled through the application including reserving, paying and unlocking your 

parking spot. 
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2 . 3  P a s t  T h e s i s  

 

One related past thesis that was studied in detail was that of Ioanna Wyrazik, 2016[12] 

which was on the development of a smart parking system based on information given 

by the crowd of the application. 

The thesis developed a mobile android application as well as a website that would help 

users point parking locations on the map and the rest of its users to execute a parking 

search based on their preferences. In particular, when the user arrived at his parking 

position he stated to the application that he was parked. If a parking place already 

existed in that place then it was marked as occupied. If there was no parking place on 

that spot a new one was created automatically and it was marked as a potential 

parking place. Each time a new user parked at that particular parking place, the place 

was validated more. 

The user was able to search for the already existing and available parking places 

around a particular location using five preferences including distance and time from 

current position to parking, distance and time from the parking to the destination and 

cost. Those parameters were given in a priority by the user and based on a fuzzy 

algorithm a score was calculated for each individual parking place. The parking places 

were then presented to the user on a map along with information about them and 

sorted on a list based on their score. 

There was also a website for the parking administrators. On that website you had the 

ability to create an account, login and view various statistics about the parking places 

including average requests to the system per hour and per each day of the week. Other 

kind of statistics were also visible through a statistics page including total number of 

places on the system, which of them are free, the current unique users of the system 

and information on how the parking places database is updated. 

Finally except from the crowd parking places taken by the user’s activity, the database 

was also importing parking places from various external APIs from around the world. 

 

Bellow you can see the general architecture diagram of that system 
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Figure 2.6: Smart Parking System Architecture of [12] 

 

In general that thesis succeeded its goal, which was to aid the driver in his choice of the 

best parking place based on his preferences. Assuming that the driver had a mobile 

phone he could easily find his most preferred parking place and at the same time park 

and keep a record of where he parked. Also, the crowd was successfully helping in the 

identification and validation of new parking places. However there is room for 

improvement in the future in terms of a mobile application that has more preferences 

for the user and also a more reliable system with better administrative support for the 

reason that the current system was mainly based on the good intentions of its users. 
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Chapter 3 

3 SYSTEM ARCHITECTURE AND DESIGN 

3 . 1  S y s t e m  D e s i g n  

3 . 1 . 1   U s e  C a s e s  

 

The Smart Parking System will have three main types of users. The fist type of user is 

the normal user that will use the system to find available parking places. The second 

type is the parking provider, which is anyone that will provide the parking system with 

his parking places and access will be given to him to view and manage his own parking 

places. The third and final user will be the administrator that will have full control over 

the system and he will be able to easily upload new parking places into the system that 

are provided to him by the parking providers. In the figure bellow there is the general 

use case diagram for those three types of users and their interaction with the system. 

 

Figure 3.1: System Use Case Diagram 
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You can see the five core activities provided by the Smart Parking System. Those 

activities are executed by the two parts that comprise the system, the mobile web 

application and the website. In general a user can search and find the available parking 

places using the mobile application and the administrators and providers and using the 

website to add and update parking places. 

 

In the figures bellow we see in detail what actions each type of user can perform on 

the system: 

 

Figure 3.2: Mobile Application Use Case Diagram 

 

 

 

In figure 3.2 are all the actions that can be executed by the normal user using the 

mobile application. 
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Figure 3.3: Parking Provider Website Use Case Diagram 

 

In the figure above are the actions that can be performed by the parking provider using 

the Website. Please note that the parking provider cannot add new parking places to 

the system and that will be done only by the system administrators. 

3 . 1 . 2   D a t a b a s e  E R  D i a g r a m  

 

For the parking system to work two separated databases are needed to be maintained. 

One database that will hold all the parking places and lots information and one for the 

user’s information. The users can either be normal users, parking providers or system 

administrators. The reason their information is kept separate is for more security as 

they contain sensitive information. 

The main database of the system is the parking database that holds all the parking 

information. The database is hosted in a No SQL database so no relationships between 

the collections are forced. However using some common fields there is a connection 

between the parking collections and the Users database. In the figure bellow we 

present both databases as one database and the relationships between them. 
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Figure 3.4: Database ER Diagram  

 

 

There are three main tables/collections in the parking system. The places collection 

holds the information about the parking places and the lots collection the information 

about the parking lots. Each of these two collections has a user field, which is the user 

id of the user owning them. The user id is part of the Users table which contains all the 

information about the users of the system. The relationship is not forced meaning that 

a user may or may not have any parking places of his own. 
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3 . 2  S y s t e m  a r c h i t e c t u r e  

3 . 2 . 1  O v e r a l l  F l o w  

 

In this section the whole system architecture is explained as well as the overall flow of 

information from one part of the system to another. 

 

 

Figure 3.5: System Component Diagram 

 

In the figure above we have the following components that comprise the Smart 

Parking System: 
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Administrator Console 

The Administrator Console will be a simple form that will allow the administrator to 

add new parking places to the system. The parking places will be given to him manually 

by the parking provider in a CSV file which will be uploaded through the form to add 

the new parking places into the database. 

 

Provider Website 

The provider website will mainly serve as a place for the parking provider to manage 

his own parking places. The provider will be able to view his parking places information 

that is send to the website from the database. He will be also able to change his 

parking place’s information with the updated information being send back to the 

server to update the database. 

 

Mobile Application 

The mobile application will interact with the normal user that will use the system to 

find available parking places. The application will be able to send to the system the 

user’s position, desired destination and preferences for processing. The system will 

process this information on the server with data from the database and will send back 

to the application the sorted parking places with their information.  

 

Server 

The server will mainly be used for the communication between the different parts of 

the system as well as the processing of information. The databases will also be hosted 

on the server and that will allow them to send their information for processing and get 

updated by the server. The server will also receive the user’s real time information by 

the mobile application and make the processing necessary to send results back to the 

user. Finally the server will serve the back-side communication between the provider 

website, administrator console and the databases.  
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Parking Database 

This database will be used to store the parking place’s information and the requests for 

parking made to the server. 

 

User Database 

This database contains all the system user’s information. 

 

Overall the flow of information will go between the mobile application, website and 

the databases using the server as medium and as a processing component. This is done 

through the API running on the server that will provide the services to those two 

components. 

 

3 . 2 . 2   M o b i l e  A p p l i c a t i o n  

 

As mentioned before the mobile application will send real time data to the server 

along with the user’s current location, desired destination and preferences. As to the 

location the phone’s GPS will be used by the application and an option will be available 

for the user to choose a different location than his current as a starting point. 

 

The user will be able to give his own priority on the following preferences: 

 Distance from current location to parking 

 Distance from parking to destination 

 Time from current location to parking 

 Time from parking to destination 

 Price 

 

This preferences will each be given a normalized weight based on their priority then 

send to the server and used in a fuzzy logic algorithm to calculate a score for each 

individual free parking place near the destination location. The API on the server will 

then send back the first 50 parking results along with their information sorted based on 
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the score calculated. The information send back to the user for each parking place will 

include the distance from current location to parking, the distance from parking to 

destination and the parking price. Details on the figure bellow. 

 

 

Figure 3.6: Mobile Service Component Diagram 

 

Finally after the user receives the parking places there are two options to filter the 

parking places based on the nearest to the destination and those that are free of 

charge. 

3 . 2 . 3  P a r k i n g  P r o v i d e r  W e b s i t e   

 

The parking provider website will give to each parking provider access of his own 

parking places information so he may change it if he likes. More specifically he will be 

able to change their name, price and their availability on the parking system. If one 

parking place is marked as unavailable by its provider then it will not be available to 

the normal users through the mobile application. The website will use the back-end API 

in order to communicate with the parking database and access will be given only to the 

specific provider’s parking places. The parking provider will not be able to add his own 

parking places to the system but that will be done only by the system administrators. 
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Figure 3.7: Parking Provider Service Component Diagram 

 

 

As we can see from the figure the back-end API will be used as a mediator for the 

communication between the parking provider and the parking database and will 

control which provider has access to which parking places. 

3 . 2 . 4   A d m i n i s t r a t o r  C o n s o l e  

 

Administrator console will give the option to the administrator to upload a file 

containing the new parking information. By specifying which user, this information will 

be processed on the server and update the parking database with the new parking 

places. Only the system administrators will be able to update the database with new 

parking places and only then the parking providers will be able to access them. 
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Figure 3.8: Administrator Console Component Diagram 

 

The data flow is really simple, the administrator will upload the csv file containing the 

new parking places into the back-end API which is located on the server. From there 

the file will be processed and the new parking places will be added to the parking 

database.  
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Chapter 4 

4 IMPLEMENTATION 

4 . 1  I m p l e m e n t a t i o n  t o o l s  a n d  t e c h n o l o g i e s  

 

In order to implement the whole system various tools and technologies were used and 

combined together to archive the desired functionality. For the mobile application, 

Ionic a hybrid mobile development framework was used on which the application was 

written using web languages. The mobile application was also aided by different APIs 

like the google maps API in order to provide location and map services to the user. A 

previously developed fuzzy algorithm API which was written in c# and the .NET 

framework was used in order to provide the sorted parking places to the mobile user. 

Also all the parking information is stored in a MongoDb database and the user data on 

a simple MySQL LocalDB instance. Finally for the development of the provider’s 

website and administrator console Html with Bootstrap was used along with PHP in the 

back for the communication with the database. 

 

In more detail the following tools were used: 

4 . 1 . 1   I o n i c  F r a m e w o r k  

 

Ionic [13] is a tool that provides you with the ability to develop hybrid mobile 

applications using web languages. It uses the node.js framework as its platform for 

installation, development and debugging on your local system. Its main language is 

Angular but it also allows you to combine pure JavaScript. Also it has its own libraries 

for html in the front so that the GUI can have the same appearance as a mobile phone. 

After the development it gives you options to export your application to any of the 

supported mobile platforms by creating a web view and later wrapping it with the 

desired kernel. The reason this framework is used is to give the ability to 
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simultaneously provide a fully functional mobile application for both android and iOS 

without any difference between them. 

 

Figure 4.1: Ionic Framework Mobile Phone deploy screenshot 

 

In the above screenshot you can see how the application is compiled and exported to 

the desired mobile opereting system which in this case is android. In this example the 

mobile phone is connected to the pc and the application is  autmaticaly deployed on 

that phone. 

4 . 1 . 2  G o o g l e  M a p s  J a v a S c r i p t  A P I  

 

Google Maps JavaScript API [14] provides you with many of the services a google map 

can provide so that the developers can use them on their own websites and 

applications. It contains very easy documentation and you only have to get your own 

API key for free in order to use the supported services up to specific frequency. In this 

system the google maps JavaScript API is used by the mobile application in order to 

provide the users with an interactive map containing the various parking places as 
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markers and allow the user to interact with them and state his destination preference 

on the map. 

4 . 1 . 3  G o o g l e  P l a c e s  A P I  

Google Places API [15] can be combined with Google Maps to give access of a large 

database with different places all around the world to developers. A request can be 

made on a specific location with a certain radius and return back the results based on a 

text query. The results include the places associated with the text query along with 

extra information about them. In the mobile application Google Places API is used to 

give the ability to the user to search for any particular place on the map to use it as a 

destination location or as a starting location. 

 

4 . 1 . 4   P H P  w i t h  M o n g o D B  L i b r a r y  

 

PHP is a very common server-side programming language that allows the 

communication of the front end with back end Database while providing various 

functionality that can be carried out on the back server-side. PHP with a MongoDB 

library imported is used on the server. With the library you gain the functionality to 

connect to MongoDB and execute operations like adding, reading or changing records, 

then PHP is communicating with the front end using GET and POST commands to 

execute the desired operations. PHP is specifically used in the provider’s website to 

give providers access to their own parking places on the database. PHP is also used on 

the administrator console to import the parking places into the database using a csv 

file. 

4 . 1 . 5  M o n g o D B  

 

MongoDB is a free document-orientated database that uses JSON format for its data 

representation. That makes it extremely convenient to exchange information with a 

web service. It is also classified as a NoSQL Database which means that is very flexible 

allowing for flexible records and collections. In this smart parking system is used to 
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store all the parking places and parking lots information along with the requests that 

are made to the system. The reason MongoDB is used instead of an SQL Server is 

because of its easy communication with the web services and also because it provides 

various libraries that let you perform geographical searches. For example by having the 

coordinates of the parking places you can execute a query on a specific geographical 

area using the coordinate’s data from the parking places records. 

 

4 . 1 . 6   S Q L  S e r v e r  L o c a l D B  

 

LocalDB is a lightweight SQL server that uses only the minimal files necessary to 

operate. The LocalDB is only used to store the user’s personal information and provide 

simple login services to them. The user’s personal information is not stored in 

MongoDB for the reason that an SQL server is more secure and it’s needed for 

sensitive information. 

4 . 1 . 7   W i n d o w s  S e r v e r  2 0 1 2 R 2  

 

For the hosting of the web services and the system databases a machine with Windows 

Server 2012R2 64bit operating system is used. In order to host those services the 

system operates an IIS Web Server. The reason Windows Server is used is the hosting 

of the .NET web services that require IIS which can only be installed on a Windows 

Server. 

4 . 2  I m p l e m e n t a t i o n  P r o c e s s  

 

Using the various tools and technologies, the website and mobile application were 

developed as well as the API. The final product was a combination of newly developed 

systems as well reuse of some already developed parts. The system was developed in 

such way that all the components communicate well with each other and are 

combined to produce results. 
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4 . 2 . 1  S e r v e r  a n d  A P I  

 

As mentioned before the server runs on Windows Server 2012R2. That system was 

already installed along with a running IIS web server. Internet information technologies 

(IIS) is a flexible, secure and manageable web server for hosting anything on the web 

developed by Microsoft. The whole website as well as the API will be hosted on that 

server. A previously developed API taken as a whole is used to process the information 

coming from the mobile application as discussed before. That API was part of a 

previews website written in .net C# MVC and only its back API services are used 

through POST and GET requests from the mobile application 

PHP with MongoDB library is installed on the server and four PHP files were developed 

in order to receive requests from the parking provider website and administrator 

console. Specifically the PHP files are used for the reasons bellow accordingly: 

 Receive the CSV file from the administrator console and add the new parking 

places to the database 

 Update the parking database based on the requests for change received by the 

parking provider website 

 Update the availability of the parking places of the database based on the 

requests from the parking provider website 

 Retrieve the parking places information from the database and send it back to 

parking provider website  

 

This PHP files conclude the API used for the website and are used separately from the 

c# API serving the mobile application. 

4 . 2 . 2  M o b i l e  A p p l i c a t i o n  

 

For the mobile application as mentioned before, IONIC, a framework for hybrid mobile 

application development using web languages is used. The application was developed 

and tested using node.js and exported into the desired mobile phone operating 

system. For the dynamic content we mainly have anglular.js a JavaScript framework as 
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described before and for the view and feel of the mobile application HTML is used 

formatted in the correct way. 

Basically the mobile application consist of two pages on which each one has its own 

HTML, typescript and CSS file. Also the application executes various GET and POST 

requests in order to communicate with the API located on the server and receive 

information. Google maps is imported into the application using an API key and various 

services from the Google Maps JavaScript API and Google Places API are used. Bellow 

you can see the two main pages developed on the mobile application. 

 

 

Figure 4.2: Mobile Application Look Screenshots 

 

 

The first page is the main map page developed. From here the user can view the 

parking places on the map after he completes its search with the green flag pointing to 

the destination spot inputted by the user. The three buttons on the top of the page are 

for displaying a sorted list of the parking places, entering the preferences page showing 

on the right and set a different current location respectively. 
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The second page is the page where the user sets his preferences priority with which 

the parking place’s score will be calculated. 

More details about the functionality will be explained in the scenarios section later. 

 

 

 

 

4 . 2 . 3  W e b s i t e  

For the website front end we used HTML with pure JavaScript for the developing of the 

login screen, the provider’s parking page and administrator console. Those files are 

sending POST and GET requests to the back-end API discussed before for 

communication with the database and extra processing. A small amount of the 

Bootstrap framework is used to make the website pages appear friendly to the user. 

Bellow you can see the two main pages of the website, one for the parking providers to 

manage their parking places and one for the administrator console 

 

Figure 4.3: Parking Provider Website Look Screenshot 
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On the left the parking provider can see his own parking places on the map along with 

their information on the right. From the parking list he can choose any parking place 

and update its information or make it unavailable 

Figure 4.4: Administrator Console Look Screenshot 

 

 

In the figure above how the administrator console used by the parking system 

administrators to add new parking places to the system looks like. The administrator 

can put the user’s id and upload the file containing his new parking places or parking 

lots. 

 

4 . 2 . 4  D a t a b a s e s  

 

As mentioned before the system consists of two databases which are both hosted on 

the server. The first one is the parking database which is hosted on a MongoDB 

instance that was already installed into the server. It is accessed from the API on server 

using a specific portal. The second one is an SQL LocalDB which as mentioned before is 

a lightweight SQL Server. The whole database is stored in an MDF file which is 

imported into the SQL Server and it contains all the user information in one table. This 

database is only accessed through the .Net API mentioned before in order to be really 

closed and safe as it contains sensitive information. 
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 Chapter 5 

5 OPERATION AND EVALUATION 

5 . 1  U s e r  I n t e r f a c e  O v e r v i e w  

In this section the whole Smart Parking System and its functionality is discussed by 

giving a variety of screen shots that showcase the results. The screenshots will show in 

detail both the mobile application and the parking provider website and how their 

features look like to the user.  

5 . 1 . 1   M o b i l e  A p p l i c a t i o n  

As discussed earlier the Mobile Application has two main screens, one is the main map 

screen with the parking information and the other is the preferences screen where the 

user sets its own personal preferences. Bellow will have an overview of each screen 

and its functionality. 

 

 

Figure 5.1: Mobile Application Functionality screenshots 

 

1 

2 

3 

4 

5 

6 
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8 
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1. This button will show all the results with the parking places that came back to the 

Mobile application and are now appearing on the map. The results are sorted based on 

the score of each parking place. The list appearing is shown below and provides a quick 

way for the user to select any parking place on the map. 

 

2. The button takes you to the screen on the right where the user can choose his own 

preferences priority, more on that later. 

 

3. By pressing the button the below search bar will appear to the user. Through this 

search bar he can search for a different place to set as its current location. From that 

point on all the distances will be calculated taking into account that position as his 

current location and starting point. When he wishes to switch back to his real current 

location provided by the GPS he can do so by clicking the button again and leaving the 

search bar textbox empty. 

 

Figure 5.2: Set Location Textbox Screenshot 

 

4.  The search bar is used by the user to select a destination by searching for a specific 

location. A list of different places will appear as shown below and the user can select 

one of them as its final destination. 
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Figure 5.3: Destination Textual Search Screenshot 

 

5. These are some filters that the user can put after the results are being shown on the 

map. He can choose to display only parking places within 1 km of his destination, 

parking places that are free of charge or both at the same time. The parking places will 

be filtered and only those satisfying the filters will appear on the map at each time. The 

user can deselect any of the two filters and the parking places will appear again on the 

map automatically.  

 

6. A marker corresponds to a specific parking place. By clicking on the marker you can 

view information about that parking place as shown below 

Figure 5.4: Parking Place Information Screenshot 

 



 

35 

Christakis Vasiliou  

You can view information such as the name of the parking place, its score, which is 

calculated with the fuzzy algorithm mentioned before, and the parking price. Various 

distances are also shown such as the distance of the parking place from your current 

position and the distance of the parking from the destination. 

 

7. The green flag represents the final destination the user has selected. He can select 

that destination either by clicking on the map or by using the search bar. All the result 

parking places will then appear using that spot as destination. 

 

8. These are the preferences the user can set a priority on. He can do this very easily as 

each preference is a sliding item so he can slide them to the correct position and set 

their priority. After he exits the screen, this priority will be saved and any parking 

search he performs later will be based on that priority. 

5 . 1 . 2  W e b s i t e  

 

The website mainly consists of the screen where the parking provider can view and 

manage his own parking places and the administrator console which is for the parking 

administrator to add new parking places into the system. Depending on what type of 

user you are, the website login page will direct you to the correct screen. First let’s see 

how the login page looks like. 

 

Figure 5.5: Website Login Screenshot 
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If you log in as a parking provider the below screen will appear with the following 

functions. 

Figure 5.6: Parking Provider Website Functionality Screenshot 

 

This is the personalized page for each parking provider to view his own parking places. 

He can view them on the map to the left and on the list on the right. On the list the 

provider can see the name, price and availability of each of his parking places. 

 

1. A marker corresponds to a specific parking place. By clicking on the marker the 

provider can view the name and price of his parking place and alter them as he likes as 

shown below. 

Figure 5.7: Update Parking Place Information Screenshot 

 

1 

2 

3 



 

37 

Christakis Vasiliou  

2. This button is used to trigger the update window shown above to the selected 

parking place. In this way the user can easily select which parking place to edit from his 

list rather than looking for it on the map. 

 

3.  This checkbox will show if the parking place is available to the system or not. If the 

parking place is unavailable the list item will appear grey. The provider can anytime 

check and uncheck the checkbox to change the availability. 

 

If you log in as a parking system administrator the bellow simple form will appear for 

you to add new parking places into the system. 

 

Figure 5.8: Administrator Console Functionality Screenshot 

 

1. In this textbox the administrator will put the user Id which owns the new parking 

places he is about to insert. For security reasons the administrator will view the user id 

manually from the database which he only has access. 

 

2. From here the administrator will upload a CSV file containing the new parking places 

information. The CSV file is given offline to the administrator by the parking provider in 

a predetermine format. 

 

1 

2 
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3. The parking provider has the option to provide the administrator with either alone 

parking places or parking lots that contain many parking places. The new places will be 

saved as parking lots if the administrator chooses the parking lot option.  

5 . 2  S c e n a r i o s  a n d  e x p e r i m e n t s  

5 . 2 . 1   V a l i d a t i o n  o f  p a r k i n g  r e s u l t s  

 

As discussed before, the mobile application sends back the parking places results 

sorted based on their individual score. Due to the fact that there are five different 

preferences you can have a large number of different priority sequences between 

them. In order to test those results we tested 5 different combinations to see the 

effect they have on the ordering of the results. 

 

 

Figure 5.9: Parking Results Experiment Screenshot 
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We executed the above parking search five times using the same user location and 

destination (green flag) each time and only changing the priority of the user’s 

preferences. With those results we produced the following tables each containing the 

parking places relevant information as it is extracted from the API. In the experiments 

we only specifically stated the ordering of only the first three preferences as there are 

the only ones that are taken into account in the fuzzy logic algorithm. 

 

No Distance from 
destination(Km) 

Distance from 
user location(km) 

Time from 
destination 

Time from 
user location 

Cost 

1 1.116 2.209 14.58 5.21 19 

2 1.633 3.629 20.46 10.16 0 

3 0.642 3.144 7.3 7.68 19 

4 2.31 5.358 29.46 14.76 0 

5 1.85 4.677 22.116 12.55 0 

6 1.21 3.09 15.18 8.08 1 

7 1.148 3.028 14.51 7.83 2 

8 1.126 3.006 14.26 7.76 0 

9 1.62 3.63 20.38 10.18 0 

10 1.472 1.22 18.98 3.16 0 

Table 5.1: Experiment Parking Places 

This first table contains in a random order all the parking places results we will use in 

the following experiments. The number on the first column is just a reference to the 

specific parking place and that parking place will carry that number in all experiments 

in order to show how their ordering changes depending on the user preferences. 

 

Cost, Distance from parking to destination, Distance from user location to parking 

No Cost Distance from 
destination(Km) 

Distance from 
user location(km) 

Score 

8 0 1.126 3.006 93.91 

6 1 1.21 3.09 93.44 

7 2 1.148 3.028 92.98 

10 0 1.472 1.22 92.05 

9 0 1.62 3.63 89.67 

2 0 1.633 3.629 89.58 

5 0 1.85 4.677 86.11 

4 0 2.31 5.358 81.92 

3 19 0.642 3.144 19.98 

1 19 1.116 2.209 19.96 

Table 5.2: Results for Cost, Destination Distance, User Distance  
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The two parking places that are much more expensive from the other have the lowest 

score as it was expected, with the exception of parking places 6 and 7 due to the fact 

that their cost difference is too low compare to the distance difference. As a result the 

second priority which is the distance from user location out weights the first priority 

which is cost. 

 

Time from parking to destination, Time from user location to parking, Cost 

No Time from 
destination 

Time from user 
location 

Cost Score 

8 14.26 7.76 0 92.83 

6 15.18 8.08 1 92.12 

7 14.51 7.83 2 91.96 

10 18.98 3.16 0 90.56 

3 7.3 7.68 19 79.91 

1 14.58 5.21 19 79.19 

9 20.38 10.18 0 73.78 

2 20.46 10.16 0 73.25 

5 22.116 12.55 0 62.72 

4 29.46 14.76 0 52.07 

Table 5.3: Results for Destination Time, User Time, Cost 

 

The score is relatively decreasing as the time from parking to destination increases 

with some exceptions like parking place 3 which drops down due to the large 

difference in cost.  

 

Distance from user location to parking, time from parking to destination, Distance 

from parking to destination 

No Distance from user 
location(km) 

Time from 
destination 

Distance from 
destination(Km) 

Score 

3 3.144 7.3 0.642 94.41 

1 2.209 14.58 1.116 93.05 

8 3.006 14.26 1.126 92.40 

7 3.028 14.51 1.148 92.21 

6 3.09 15.18 1.21 91.64 

10 1.22 18.98 1.472 89.78 

9 3.63 20.38 1.62 84.60 

2 3.639 20.46 1.633 84.56 
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5 4.677 22.116 1.85 76.23 

4 5.358 29.46 2.31 72.06 

Table 5.4: Results for User Distance, Destination Time, Destination Distance 

 

In this table you can notice that parking place 3 although it has a larger distance from 

the user location than most of the other parking places it has the higher score as it  has 

much  less time from parking to destination.  

 

Time from user location to parking, Cost, Distance from parking to destination 

No Time from user 
location 

Cost Distance from 
destination(Km) 

Score 

10 3.16 0 1.472 93.37 

8 7.76 0 1.126 93.28 

6 8.08 1 1.21 92.76 

7 7.83 2 1.148 92.37 

2 10.16 0 1.633 86.61 

9 10.18 0 1.62 86.61 

1 5.21 19 1.116 79.74 

3 7.68 19 0.642 79.35 

5 12.55 0 1.85 57.80 

4 14.76 0 2.31 52.73 

Table 5.5: Results for User Time, Cost, Destination Distance 

Parking places 1 and 3 fall down due to their high cost, otherwise the score normally 

comes down as the time from user location increases. 

 

Distance from parking to destination, distance from user location to parking, cost 

No Distance from 
destination 

Distance from user 
location(km) 

Cost Score 

8 1.126 3.006 0 93.47 

6 1.21 3.09 1 92.94 

7 1.14 3.028 2 92.66 

10 1.472 1.22 0 90.59 

9 1.62 3.63 0 82.40 

2 1.633 3.629 0 82.88 

3 0.642 3.144 19 79.92 

1 1.116 2.209 19 79.24 

5 1.85 4.677 0 62.13 

4 2.31 5.358 0 52.11 

Table 5.6: Results for Destination Distance, User Distance, Cost 
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We can conclude from all the tables that changing the preferences ordering does affect 

the results as different scores are calculated for each parking place with each 

experiment. Also we can proof that the second and third priority preferences can also 

affect that score especially if they have big difference compare to the first priority. 

 

Figure 5.10: Parking Results Experiment Graphs 

 

Finally from the experiment tables we extracted the charts that show the relationship 

between the first priority metric and the score. The main conclusion here is that 

although they have some fluctuations due to the second and third priority preference, 

the scores go down in the long run as the metric number goes bigger. 
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5 . 2 . 2  S c e n a r i o s   

Some scenarios will be executed in order to examine the whole system that it functions 

properly and delivers the desired results. The scenarios will test the mobile application 

and website as well as the communication between them through the server. 

A parking provider for some reason wants make a parking place he owns unavailable. 

That means that the parking place will no longer be available in the system and it 

would not come back as a result when a user executes a search for parking places 

through the mobile application. In the example bellow we show a case where a parking 

provider makes a parking place unavailable and the consequences it has when a user 

executes a parking search from the mobile application. 

 

Figure 5.11: Availability Scenario Screenshot 
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You can see in the figure the effects on the mobile application when a user searches 

for parking places before and after the parking provider makes it unavailable. The 

parking place with the name “Lidras” no longer appears when the user searches for 

parking places after the provider made it unavailable through the website. 

 

Similarly, the parking provider wants to change the name and price of one of his own 

parking places. Bellow you can again see the effects of it on the mobile application. 

 

Figure 5.12: Update parking place box screenshot 

 Figure 5.13: Update parking place Scenario Screenshot 
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You can see from the mobile application that both the name and price of the selected 

parking place is changed. Please note that to see the different you execute a parking 

search two times, one before the change at the provider website and one after. 

 

Now we will test how the parking administrator can put new parking places into the 

system through the administrator console. In this example an existing parking provider 

wants to insert 3 new parking places. 

 

 

 

 

 

 

Figure 5.14: Administrator Console Scenario Screenshot 

 

parkings.csv 
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As you can see the parking administrator uses the administrator console to upload a 

CSV file containing the new parking places information. You can see the CSV file on the 

top right. Its format is predetermined and has the name, coordinates and two true or 

false values the first specifying if the parking place is for disabled persons and the 

second if the parking is free. The system will then return back a message to the user 

that the new objects have been inserted successfully into the database. You can see 

the results of this thought the parking provider website. 

 

One last small scenario, in the case that a mobile application user wants to set a 

different starting point other than his current location he can very easily change it 

through the mobile application. For this experiment we execute the same search on 

the same destination before and after the user changes his current location. 

 

Figure 5.15: Different Current Location Scenario Screenshot 

 

In the figure you can see the same parking place information before and after the 

change. You can notice that the distance of the user from the same parking has 

changed from 5km to 3km due to the fact that the user set his current location on a 

place that is nearer to the parking place. 
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Chapter 6 

6 CONCLUTIONS 

6 . 1  S u m m a r y  a n d  C o n c l u s i o n s  

 

The problem of Smart Parking is a vital one that affects our everyday lives both as 

drivers and as parking providers. Many applications are available out there that solve 

the problem in many and different ways. Through this thesis a Smart Parking system 

was developed that not only serves the everyday users in their search for available 

parking places but also the parking providers which they want an easy way to manage 

their own parking places. 

For the normal users which are the drivers a mobile application was developed that 

enabled the easy search for parking places based on their preferences. Because it is on 

mobile the users could use it anywhere whether they were on the road or before they 

would start driving towards their destination. The variety of preferences provided by 

the application allowed them to customize their search based on what it is more 

important to them and produce the results in a different order every time. They could 

also if they so choose set a different starting location as their current position to 

execute a parking search way in advance. In many cases the user would want to just 

look into the free parking places or the ones nearest to his destination. The application 

by providing filtering of results avoids flooding the user with unnecessary information. 

Finally the interaction with the mobile application is really easy because of the options 

to both click on the map and execute a textual search for destinations. 

The website is developed in a way that is easily used by the parking providers and the 

administrators of the system. The interaction of the mobile application and website 

was almost instantaneous. As soon as the parking provider made a change through the 

website that change had effects on the mobile application’s search results. The 

provider could easily change his parking place’s name, price and make them available 

or unavailable accordingly. The system administrator could with just a CSV file 



 

48 

Christakis Vasiliou  

containing the parking places add the new elements into the database. To view the 

user’s information he would have to manually view the Users database records but 

that wasn’t a problem since as an administrator of the system he had access to 

everything.  

In general the system’s components communicated well with each other and produced 

the desired results. The system was found to be really useful for both everyday drivers 

and parking providers but for sure there is room for improvement and extra 

functionality in the future. 

6 . 2  F u t u r e  W o r k  

 

The parking system as a whole succeeded in deploying most of the core functionalities 

of such system but as time was limited there is always room for improvement and 

development. 

The mobile application was well customized into user’s needs by using five different 

preferences for the user but as there is a built in login feature there is much room for a 

more personalized application. In the future the application could contain popular 

features such as giving the ability to the user to save its own favorite parking places or 

moreover collect search history that could filter his search results. In addition the user 

could save extra information about him such as what car he drives or where he is 

parked at the moment. 

At the moment the mobile application does not provide any feature for reserving and 

paying the parking place in advance. For that reason a billing system can be developed 

which will give the option to the user to pay with his credit card easy and safe. To add 

to this, the prices are also fixed at the moment, which is a problem if a parking 

provider wants to change his price with the time the car stayed at the parking place. As 

such the application could provide flexible time price information and charge the user 

accordingly either after he records the time he parked or before. 

As it is the website has only very core functionality for the parking providers so in the 

future it can provide them with different statistics about their parking places. At the 

moment the system already records some information but it is not exploited yet. 
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Statistics may include which parking places are more popular and that could also be 

used by the mobile application to provide the normal users with that information. 

Moreover the website lacks the ability for the parking provider or the system 

administrators to delete a parking place. The only way to work around this problem at 

the moment is to make the parking place unavailable. 

The mobile application only has the two main filters. Displaying only the free parking 

places and the ones that are less than 1km away from the destination. There is room 

for additional filters for the user such as the time duration both from the parking place 

to destination and from current position to parking place. Those times and distances 

can be more flexible and not limited to just one amount. There are also more specific 

filters that can be deployed given the necessary information from the parking 

providers such as displaying only parking places that are shaded, secured, on hard 

ground or any other given information. For that to happen the website must also give 

the ability to the parking providers to upload any other relevant information they want 

about their parking places. 

Finally it would be a good idea for the mobile application to have an announcements 

feature which can notify users if there is an event at a particular location. The events 

maybe cases like when a road is closed for construction or some other reason and the 

parking places around it become unavailable. Also maybe there are certain events that 

cause particular roads to parking places to become full with traffic and as such 

recommend the user to avoid them. 
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