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Abstract

The IoT-driven Smart Parking System is designed to enhance the efficiency of parking operations in metropolitan areas
and high-traffic zones. By enabling drivers to swiftly identify available parking spaces, the system not only saves time
but also alleviates traffic congestion. Furthermore, it promotes the optimal utilization of parking infrastructure,
contributing to improved urban management. A dedicated IoT-integrated mobile application streamlines the process of
locating vacant parking spots, thereby reducing search durations and enhancing user convenience. This initiative aims to
mitigate urban parking challenges while fostering the development of sustainable transportation solutions. Within the
scope of this study, a prototype system was developed, integrating hardware, embedded software, and a mobile
application. Infrared (IR) sensors were employed for detecting parking space occupancy, while servo motors facilitated
barrier control at entry and exit points. Arduino Mega served as the primary hardware controller, whereas NodeMCU,
equipped with a Wi-Fi module, was utilized for data transmission via Firebase. The mobile application, developed using
Flutter, provides functionalities such as user authentication, parking space monitoring, and reservation management.
Additionally, the system allows for automated fee calculation based on usage duration, enabling payments through the
application. To validate the system’s performance, various operational scenarios were tested, successfully demonstrating
the functionality of both the prototype and the mobile application.

Keywords: Internet of things (IoT), Mobile applications, Parking system.

Oz

Nesnelerin interneti (IoT) tabanli Akilli Park Sistemi, biiyiik sehirlerde ve yogun bdlgelerde park siireglerinin daha verimli
hale getirilmesini ve iyilestirilmesini hedeflemektedir. Siiriiciilere uygun park alanlarini hizli bir sekilde bulma imkani
sunarak hem zaman tasarrufu saglamakta hem de trafik yogunlugunu azaltmaya katkida bulunmaktadir. Bunun yani sira,
sistem park alanlarimin etkin kullanimini tesvik ederek kentsel yonetimin optimizasyonuna olanak tanimaktadir.
Kullanicilar i¢in 6zel olarak gelistirilen IoT destekli mobil uygulama, bos park alanlarinin tespit edilmesini hizlandirarak
arama siirelerini en aza indirirken kullanim kolaylig1 saglamaktadir. Bu ¢alisma, kentsel park sorunlarini ¢6zmeyi ve
stirdiiriilebilir ulasim sistemlerini tesvik etmeyi amaclamaktadir. Bu baglamda, IoT tabanli Akilli Park Sistemi, siirticiiler
icin giinliik yagamu kolaylastirirken kentsel trafik yonetimi ve gevresel siirdiiriilebilirligin gelistirilmesi a¢isindan énemli
bir adim olarak degerlendirilmektedir. Bu ¢alismada, donanim, gémiilii yazilim ve mobil uygulamanin entegre edildigi
bir prototip gelistirilmistir. Park alani tespiti igin IR sensorleri kullanilmis, giris ve ¢ikis bariyerlerinin kontrolii igin servo
motorlar entegre edilmistir. Donanim kontrolii, Arduino Mega ile saglanirken, Wi-Fi modiiline sahip NodeMCU
kullanilarak Firebase ile veri iletisimi gerceklestirilmistir. Mobil uygulama, kullanict kimlik dogrulamasi ve park yeri
yonetimi islevlerini igerecek sekilde Flutter ile gelistirilmistir. Uygulama, park yeri uygunluk durumunu ve rezervasyon
islemlerini yonetmekte olup, kullamim siiresine bagli olarak ficretlendirme islemleri mobil uygulama iizerinden
gergeklestirilebilmektedir. Ayrica, sistemin isleyisini degerlendirmek amaciyla farkli senaryolar gelistirilmig, bu
senaryolar araciligiyla hem prototipin hem de mobil uygulamanin islevselligi basariyla test edilmistir.
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1. Introduction

Considering the increase in the world population, it is estimated that the number of cars will
double to 2 billion by 2040. Therefore, it is clear that the need for parking spaces will increase (Smith,
2016). This situation causes a number of problems, such as drivers spending more time looking for a
parking space and having a negative impact on traffic congestion and air pollution in closed parking
areas (Li et al., 2014), (Vukovi¢ et al. ,2014). Smart Parking Systems (SPS), proposed to solve such
problems, offer a solution that reduces traffic congestion and emissions by reducing the time to search
for a parking space (Surpris et al., 2014), (Zumma et al., 2023).

SPS optimize parking management in modern cities, enhancing user experience and providing
many significant benefits. Users can quickly find and reserve available parking spaces through mobile
applications, allowing them to park without wasting time. Because of this, the time spent searching
for parking spots, especially in high-traffic areas, is significantly reduced, simplifying users’ daily
lives. SPS regulate city traffic by reducing congestion and improving overall efficiency. Thus,
unnecessary vehicle circulation to find parking is prevented, leading to smoother traffic flow and
more efficient urban transportation. More effective use of parking spaces allows more vehicles to
park in the same area. Therefore, parking capacity increases and parking shortages in the city are
alleviated. SPS minimize fuel consumption and air pollution by reducing unnecessary vehicle
circulation. Because of this, they contribute to reducing environmental impacts and promote a more
sustainable urban life. SPS also play a crucial role in enhancing security by better monitoring parking
areas and increasing safety measures. All these benefits combined make urban life safer, more
convenient, and more efficient. Because of this, SPS become an indispensable part of modern cities.

The main hypothesis of this study is: An loT-based smart parking system developed using IR
sensors, NodeMCU, and Firebase technologies can offer a successful solution that is more cost-
effective than existing systems, provides fire safety integration, and improves user experience with
cross-platform mobile application support.

When we look at the literature studies, within the scope of the keywords used in the article, SPS
concept of previous studies has generally been about determining the availability of space.
Microcontrollers such as Arduino, Raspberry and NodeMCU were used to display parking space
availability via sensors’ LCD screens and to control and communicate with the sensors. It helps the
user to find suitable parking spaces faster through web pages or mobile applications. The studies
carried out within the scope of the keywords of the article below are listed.

In their study, Khanna and Anand (2016) performed change control with Raspberry Pi by using
ultrasonic sensors for each parking space. The sensors are connected to a system of lights that turn

green, red or yellow depending on parking space availability. A cloud-based database was used and
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supported by a mobile application to keep all records regarding parking areas and end users accessing
the system.

In the study by Aydin et al (2017), the focus was on finding the nearest empty parking space
using an algorithm-oriented and simulation-based genetic algorithm.

In the study by Qadir et al (2018), a system with ZigBee for energy efficiency, IR sensors, and
GSM module for SMS notification was proposed for the parking system.

In their study, Rahman and Bhoumik (2019) developed a smart parking system that uses
ultrasonic sensors placed in each parking space to detect parking occupancy. The system also
managed the gate at the entrance to the parking lot using Arduino Mega 2560. Information about the
parking situation is linked to the website and is updated when the situation changes.

Taylor et al. study (2021) uses the traffic congestion status of streets to inform users about
parking availability. Thanks to the Google API integrated into the system, in addition to the
recommended route that prevents traffic congestion, the location of the nearest parking lot is also
presented according to their current location.

In the study of Allbadi et al. (2021), the identity cards of the users can be read by Radio
Frequency Identification (RFID) at the parking gate from the proposed system. The sensors are
connected to the Arduino Mega 2560, a programmable microcontroller with digital input and output
pins. To transmit the data to the cloud, the exact location and number of available parking spots are
obtained using the NodeMCU ESP8266 development board. The proposed system is compatible with
Android Mobile Applications.

In the study proposed by Ahlam-Rauf et al. (2023), the loT-based Smart Parking System
consists of components such as Arduino Uno, Raspberry Pi4 Model B, 74HC595 Multishift Register,
HCSRO04 Ultrasonic Sensor, RGB LED Lights, a resistor and an SG90 Micro Servo Motor. Flutter
application without working the occupancy status of the parking area is shown via the interface. In
the study, the prototype design was tried to be explained only with diagrams. The working of the
developed prototype was not shown.

In this study by P. Kumar et al. (2023), a smart parking system model containing Arduino,
ESP8266 and ultrasonic sensors is proposed. Arduino transmits the processed data (occupancy status)
to WampServer via HTTP requests or other communication protocols. This information provides the
status (occupied or empty) of each parking space. Within the scope of the literature study, the
information given about the general operation of SPS attracts attention in the survey studies listed.

In this study by Gagan and Ravi (2024), a smart outdoor parking system that takes advantage
of IoT technology, especially using embedded controllers (NodeMCU) and infrared (IR) sensors, is

proposed. Entrance and exit gate management is also used in the study, allowing only users who have
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reserved the parking space to reserve parking spaces and go to their destination. Android mobile
application has been developed for the application communicates with firebase.

In this study by Sharmila et al. (2024), a Car Parking System prototype is presented with
hardware tools such as IR sensor and servo motor, using Arduino Uno and IoT-connected mobile
applications. Drivers can see whether parking spaces are available on the LCD screen before reaching
the parking area. The mobile application part and user authorization are missing in the study.

This study by Visputa et al (2025), focusing on preventing unauthorized parking through the
integration of IoT and deep learning (R-CNN and YOLO), presents an image processing-based
approach.

In the study by Tomar et al (2025), an Al-focused system is proposed that detects parking spaces
using YOLOvV8 and Mask R-CNN algorithms and predicts demand using LSTM networks and
Random Forest.

A comparison of the characteristics of similar studies is shown in Table 1.

In this study by Channamallu et al. (2023), an IoT-based cloud integrated smart parking system
is presented. The proposed Smart Parking system consists of an IoT module used to monitor the
occupancy status of each parking space. It allows the user to check the availability of parking space
and make a reservation through the mobile application. This study by Alam et al. (2023) examines
IoT- oriented smart parking management systems. Various approaches to the parking system, related
technologies, commonly used components, communication standards, and related system security
issues were evaluated. In their review, Channamallu et al. (2026) examined 124 academic papers and
identified key limitations in smart parking systems. They proposed Al-powered integrated sensor
frameworks for sensor technology, network architecture for communication networks, and
blockchain technology for data management. Ndunda and Nicolas (2026) examined 25 smart parking
applications worldwide and evaluated real-world applications in cities. They emphasized that sensor
robustness, changes in political will, and funding issues affect the sustainability of these
systems.Studies Channamallu et al.(2023,2026) ,Alam et al. (2023) and Ndunda and Nicolas (2026)
are studies that describe the system in general terms but cannot classify it according to the features

specified in the table.

Table 1. Comparison of similar studies

Equipment Mobile Mockup Platform Key Feature
Authors of . . I
the Stud Used in the Microcontrollers Application or

y Study Status Prototype

Khanna and Ultrasonic Cloud-based
Anand Sensors, Servo 52585666 ; ’ gzi doE/[;) ache No Web/Android database
(2016) Motor perty p
Aydin et al. Navigation Genetic
(2017) sensors Not specified No No Smart Phone  optimization

+reservation
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Qadir et al. IR Sensor, GSM Yes ZigBee
(2018) module Arduino, ZigBee (SMS/App) No Android energy
efficiency
Rahman and Ultrasonic Servo Motor Yes . Web-based
Bhoumik . No Not specified information
(2019) Sensor Arduino Uno (Mockup)
Taylor et al. Eelltig Ezrrlri}; Pl Raspberry pi, Yes (Android No Android Sli):grl ;ﬁoﬁPI
(2021) ESP8266 Studio) &
sensor
Servo  motor, RFID
Allbadi et al.  Ultrasonic Arduino  Mega Yes (Android No Android authentication
(2021) sensor, Led, 2560, ESP8266 Studio)
Rfid
Servo  motor. Diagrams
Ahlam-Rauf . > Arduino Uno, IoS/Android  only, no
Ultrasonic . Yes (Flutter) No .
etal. (2023) Raspberry pi working
sensor
prototype
Ultrasonic . HTTP  with
P.Kumar et Arduino Uno, Yes (Apache .
al. (2023) Sensor, LED, ESPR266 Cordova) No Web/Android WampServer
Servo Motor
Gagan and Yes (Android Yes Android Entry only for
Ravi (2024) Rfid, IR Sensor ~ ESP8266 Studio) (Prototype) reserved users
Sharmila et IR Sensor, Yes LCD screen
Servo  Motor, Arduino Uno No Not specified information
al.(2024) Led (Prototype
. Unauthorized
Vispute et Ultrasonic Not specified parkin
p Sensor,ESP32-  Not specified No No p P g
al. (2025) CAM.YOLO prevention
’ with YOLO
Not specified Al-based
Tomar et al.~ Camera Not specified No No demand
(2025) (YOLOVS) P AN
prediction
IR Sensor, . Fire safety +
LCD Servo Arduino  Mega Yes Cross-
This Study Mo t(;rs Flame 2560, NodeMCU- Yes (Flutter) (Mockup) IoS/Android  platform+
. ESP8266 P Cloud-based
Sensor
database

Although the hardware materials used in the proposed SPS prototype are similar to other similar

studies, the construction stages of the prototype, its explanation and the ease of use of the mobile

application differ. Its different parts can be listed as follows:

scenarios. Vehicle location status is instantly queried via the Cloud.

literature).

The IoTSpS prototype was designed as a model.

In the IoTSpS model, parking lot entry-exit control is provided according to different

Vehicle exit evacuation is provided with the fire detection sensor (not found in the

IoTSpS mobile application is compatible for both IOS and Android.

[oTSpS offers user information controls and subscription and pricing information from

the mobile application.

By integrating with the mobile application, IoTSpS allows users to access parking information

remotely as well as find parking spaces efficiently and save time. In addition, thanks to the mobile
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application we developed, users can view the status of the parking spaces before arriving at the
parking lot and choose the spot they want. These features significantly improve the user experience
and effectively streamline parking management.

The first part of the article is the introduction, the next part is a general explanation about how
the system works. The second part consists of an explanation of the hardware used in the construction
of the system and the software information used. The third part describes the IoTSpS model design.
In the fourth part, [oTSpS mobile application interfaces and user controls are explained. The fifth part

describes sample scenario studies. In the last section conclusion is included.

2. Materials and Methods

Figure 1. Structure of the System

The smart parking system consists of two main components: hardware and software. The
structure in which the hardware part of the system is designed is shown in Figure 1. To develop the
hardware part, programming based on C/C++ languages was done using Arduino IDE. Various
libraries need to be installed to program and control hardware components in this language. For
example, to communicate with Firebase on the ESP8266 microcontroller, the ESP8266 Firebase
library must be used. This library provides functions such as sending and storing data to Firebase.

Development for the mobile application part was done using Flutter. Flutter is a tool used to
develop modern and cross-platform applications. Dart programming language is used to write Flutter

applications. Dart is the basic programming language used in Flutter applications and provides
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integration with Flutter. In this way, applications can be developed for both Android and iOS

platforms with a single code base.

2.1. Technologies Used to Develop the Hardware Part of the System

Hardware elements are shown in Figure.2 to used to develop the hardware part of the smart
parking system. Arduino Integrated Development Environment (IDE) (Figure.2a) is developed for
the Arduino platform and allows users to write, upload, and test code on Arduino boards(Arduino,
2015). It features a user-friendly text editor with syntax highlighting, making the process of writing
and editing code easier.

Arduino IDE compiles the written code and uploads it to the board. The compilation process
converts the code into machine language, allowing the Arduino board to execute it. Additionally,
Arduino IDE includes pre-written libraries for sensors, motors, displays, and other components.
These libraries facilitate working with specific hardware components and speed up the coding
process.

Among the components used in the system is the Arduino MEGA 2560 R3, a version of the
Arduino MEGA (Kumar et al., 2015) development board suitable for complex projects due to its
extensive GPIO interface. The "R3” version provides a broad GPIO interface with more digital and
analog input/output pins, enabling expanded connectivity and control capabilities. To transmit sensor
data connected to Arduino to Firebase, the NodeMCU-ESP8266 WiFi module(Figure.2b) has been
used. NodeMCU- ESP8266 (Parihar, 2019) is a development board used in IoT projects, based on the
ESP8266 microcontroller module, facilitating WiFi connectivity and programmability through
environments like Arduino IDE. An IR receiver-transmitter sensor module(Fig.2¢) is employed to
detect the presence of objects using infrared light. A flame detector sensor(Figure.2d) is utilized for
fire detection, converting the presence of flames or fire into electrical signals, playing a significant
role in fire detection systems.A servo motor(Figure.2e) is used to control entry and exit gates,
designed to rotate to specific positions or angles (SG90 model typically rotates up to 180 degrees)
(Pasquo, 2020). For users to view parking spaces at the entrance, a 16x2 LCD screen(Figure.2f) is
used; these screens reduce connection complexity by connecting to microcontrollers via the 12C
protocol (Clary, 2015) preferred in various embedded systems. LED lights are employed for
illumination and signaling purposes; these semiconductor components are chosen for their energy
efficiency and durability in wvarious applications such as lighting, indicators, and
displays(Figure.2g).An fire sensor alerts users with auditory signals upon detecting fire, utilizing a

buzzer(Figure.2h) (Manurung et al., 2021) to convert electrical energy into mechanical vibrations for



Karadeniz Fen Bilimleri Dergisi 16(1), 454-474, 2026 461

audio alerts in various electronic devices and applications. Additional a connection cable shown in

Figure.2i.

(® (h) (i)

Figure 2. Hardware Elements Used in the System a) Arduino MEGA 2560 R3 b) NodeMCUESP8266 ¢) IR
receiver-transmitter sensor module d) Flame sensor ¢) Servo motor SG90 model f) LCD
display(16x2) g) LED (Light Emitting Diode) h) Buzzer i) Jumper wires

2.2. Technologies Used to Develop the Software Part of the System

The mobile application developed for users in the smart parking system is created using
Android Studio IDE (Satyaputra, 2016) for developing Android applications. Provided by Google,
this tool is designed to facilitate the coding, testing, and debugging processes of Android applications.
Built on the IntelliJ IDEA platform, Android Studio supports programming languages such as Java,
Kotlin, and C++.

The mobile application developed for the smart parking system uses Firebase as its database.
Firebase is a platform offering a wide range of services (Chougale, 2021). In this system, data from
sensors is instantly recorded in Firebase Realtime Database (Maulana, 2020) through the mobile
application, allowing users to view this data in real-time. Additionally, Firebase Authentication is
used for user login and account creation, ensuring secure storage of user data on Firebase (Pramono
and Javista, 2021). Among Firebase’s other features are Firebase Hosting, which securely hosts web
applications, Firebase Cloud Messaging (FCM) for sending notifications to applications, Firebase
Analytics for tracking and analyzing user behavior, and Firebase Crashlytics for monitoring and

reporting application errors. Firebase Cloud Functions enable serverless backend functions,
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expanding the system’s functionality. This allows the smart parking system to manage data securely
and optimize user experience effectively.

The mobile application in the system has been developed using Flutter. Flutter is a user
interface (UI) framework developed by Google for creating cross-platform mobile applications. It is
based on the Dart programming language and aims to create fast, beautiful, and impressive user
interfaces. Flutter allows you to develop applications for various platforms such as i10S, Android, and
web using a single codebase, which accelerates development processes and reduces costs. With its
widget-based architecture, Flutter facilitates creating reusable and flexible Ul components.
Additionally, it provides fast error correction, hot reload capabilities, and extensive library support,
simplifying the development process. Flutter has become a preferred framework among startups,
independent developers, and large companies, and it is used by many popular applications.

Dart is a programming language developed by Google. It offers broad platform support, making
it suitable for web, mobile, desktop, and IoT applications. Dart supports object-oriented programming
(OOP) paradigms and enables modular and reusable code writing (Bracha, 2015).1t features a strong
type system that allows for early error detection and offers fast execution on the Dart VM. Dart can
also be compiled to JavaScript, making it usable on web browsers and mobile devices. With support
for asynchronous programming, it ensures more responsive applications. Particularly when used with

frameworks like Flutter, Dart is a powerful tool for developing modern and effective applications.

3. IoT Based Parking System Model

The IoT based parking system model section is presented in sub-sections covering hardware

and application.

3.1. Hardware Part of the System

In Figure.3, the IoT-based Parking System Model features four parking spaces, entry and exit
gates, and a control cabin. Inside the cabin, there is an LCD screen, a fire sensor, LEDs, and sensors
for the entry and exit gates. These sensors are strategically placed to detect vehicles. All electrical
connections for these components are made underneath the model. The system setup involves

connecting all components to predefined pins on an Arduino board.
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Figure 3. loT Based Parking System Model

Figure 4. Hardware Connections

In Figure 4, shows the lower section of the model with electrical connections for all hardware
elements. Power from Arduino is supplied to the breadboard, ensuring isolation between positive and
negative terminals of sensors. Each sensor’s output terminals are connected to Arduino pins as
defined in the code. The ESP8266 WiFi module connects to Arduino for transmitting parking space

statuses to a database, enabling real-time updates.
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3.2. Application Part of the System

Login Become a member
'

Email Username

(d)

Figure 5. Parking Area Reserve Control

Figure.5 illustrates the interface elements for the mobile application’s login and registration
processes. Figure. 5a) shows the Login Page where users must log in with valid credentials; if
credentials are incorrect, login will not proceed. Users can reset forgotten passwords via the Forgot
Password?” link or navigate to the registration page by clicking ”Sign Up” if they lack an account.
Figure. 5b) displays the Registration Page for creating new accounts, designed similarly to the Login
Page. Figure. 5c) highlights the email control during login; if no email is entered, a warning “Enter
your e-mail address” will appear. Figure. 5d) shows the registration email control where an error

”This e-mail address is already registered” will be displayed if the email is already in use.
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7/ 040 G 6

68, wnoe

Payment information

Car Parking Area Payment information

P2 Buyer's Debt

Save

Number plate: 34 AAB 0045 Number plate:

Time Spent and Debt

(d) (©

Figure 6. Home Page Interface and Parking Area Reserve Control

Figure. 6a) shows the Home Page interface of the mobile application, where users can view
both available and occupied parking spaces, reserve spots in advance, and see hourly fee calculations,
which enhances parking efficiency and saves time. Figure. 6b) details the park area interface, where
users must enter their license plate after selecting a parking space to initiate fee calculation. If the
license plate is not entered and ”Save” is clicked, a warning message is displayed. All fee and plate
information is updated in real-time in Firebase Firestore, and users receive payment details upon exit,
with the parking space then marked as occupied. Figure. 6 presents the reservation control for parking
areas. When reserving a space in advance, users are prompted with an interface where they must enter
their license plate to start the fee calculation (Figure. 6c¢). If the plate is not entered and ”Save” is
clicked, a warning message Please enter the license plate first” appears (Figure. 6d). Additionally,
if the user attempts to leave after booking, a warning is displayed showing any outstanding fees and

the amount due (Figure. 6¢).
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4. System Scenarios

The loT-based parking system provides efficient entry, exit and occupancy management using
sensors, servo motors and mobile application. The system informs users with real-time data updates,
LCD screens and LED indicators, and shows the occupancy status of parking spaces. In case of fire,

sensors warn with orange LED and buzzer, thus optimizing car park management and security.

4.1. Senario 1

Realtime Database

Figure 7. Scenario 1

Figure. 7 shows Scenario 1 that the situation where the entrance and exit doors are open. There
are vehicles in the parking areas p1 and p4 in the parking lot (Figure. 7a). At the same time, a vehicle
enters the parking lot at the entrance and a vehicle exits at the exit. The status of the vehicles parked
in the parking lot is visible in the mobile application developed for the parking lot (Figure.7b). The
LCD screen shows which area is empty or full(Figure.7c). The data coming from the sensors in the
parking lot contains information that the pl and p4 areas are full (Figure.7d). This data is updated in

Realtime Firebase in real time in the mobile application and displayed to the user.
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4.2. Senario 2

(b)

(lir_degeri1) {
(ir_p1 || ir_p2 || ir_p3 || ir_pa) {

irite(LED1, HIGH);
(!ir_degeri2) {
otor. aci degerl);
ite(LED1, LOW);
(LED2, HIGH);

i (aci_de 'H
(LED3, LOW);
(LED4, HIGH);

(aci_deger1);
te(LED3, HIGH);
te(LEDA, LOW); e(aci deger2);
(LED1, HIGH);
te(aci_degerl); .
(LED3, IHMI)‘; (LEDZ, LON)_.
(LEDA, LOW);

(d)

e(aci_degerl);
e(LED1, LOW);

Figure 8. Scenario 2

Figure. 8 illustrates Scenario 2, where the IR sensors at the parking system’s entrance and exit
doors detect vehicles, signaling the doors to open as vehicles enter or leave. The LCD screen displays
available parking spaces, and the LEDs glow green indicating the doors are open (Figure. 8a). Figure.
8b shows the entrance door opens only when a vehicle is entering. The Arduino IDE interface
depicted in Figure. 8c and Figure. 8d controls the servo motors for both doors, ensuring they open
upon vehicle detection. In Scenario 2, shown in Figure. 8, the exit door opens when the IR sensor
detects a vehicle, turning off the red LED and lighting up the green LED (Figure. 8¢). The Arduino

code shown in Figure. 8f confirms that the exit door will open upon vehicle detection.
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4.3. Senario 3

FERERER |

(d)

ig ite(kontrol ledl, HIGH);
if (Vir_pa & lir p3 & lir p2 & lir p1)

(lir_degeri1) {
(ir_p1 || ir_p2 || ir_p3 || ir_pa) {

.write(aci_deger2);
(LED3,

rite(LED4, 1 ledl, LOW);

te(LED2, LOW);
Write(LED1, HIGH);

te(aci_deger1);

(LED3,
(LEDA, LOW);

.write(aci_deger1);
(LED3, HIGH);
(LED4, LOW);

Figure 9. Scenario 3

Figure.9 shows Scenario 3. It is shown that the entrance and exit doors in the car park system
are closed, and the LEDs there are glowing red because the entrance and exit doors of the car park
are closed(Figure.9a). As seen on the LCD screen, when the parking lot is full and the sensor at the
entrance door detects a vehicle, the servo motor will not open the entrance door(Figure.9b) Figure.9¢
and Figure.9d show that the entrance door is opened when any parking area is empty. As Figure.9e

and Figure.9f are checked the parking area by Arduino codes evaluate whether it is full or not.
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4.4. Senario 4

alinan_deger = gi i(Alev_sesnor);

se )
rite(aci_degeri);
te(Ates_ledi, HIGH);

(alinan_deger == fa

(Buzzer, 1000);
te(aci_deger1);

(Ates_ledi, LOW);

r)

(Ates_ledi, LOW);
(Buzzer);

Figure 10. Scenario 4

Figure.10 shows Scenario 4. When the fire sensor in the parking lot detects a fire, the orange
LED turns on (Figure.10a). The buzzer in the parking system informs the users with an audible
warning when the fire sensor detects a fire(Figure.10b). In Arduino code, fire sensor and buzzer work
together; When fire is detected, the buzzer sounds and the warning LED turns on (Figure.10c) You
can review the general explanation of the project and the operation of the buzzer sound and LED

warning in this scenario in video (URL-1).

5. Test Method and Findings

To calculate the system's accuracy rate, repeated tests were conducted within the scope of each

scenario. The system's operation was recorded on video (URL-1) and analyzed in detail.

Table 2. System Performance Test Results

Test Category Number of Successful Unsuccessful | Accuracy
Tests 0 Rate (100%)
IR sensor vehicle entry detection 3 3 v v
IR sensor vehicle exit detection 2 2 v v
IR sensor parking occupancy detection 4 4 v v
Servo motor barrier opening 5 5 v v
Servo motor barrier closing 5 5 v v
Barrier staying closed when parking full 1 1 v v
LCD screen update 3 3 v v
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Mobile application data synchronization 2 2 v v
Fire sensor flame detection 1 1 v v
Buzzer fire warning 1 1 v v
LED fire warning 1 1 v v
TOTAL 28 28 0 100%

As shown in Table 2, a total of 28 tests were conducted across all scenarios, including vehicle
entry/exit detection, parking occupancy monitoring, full-parking condition management, and fire
safety warnings. The system achieved a 100% success rate in all tested categories, demonstrating
reliable operation under controlled laboratory conditions. The IR sensors accurately detected vehicle
presence in all 9 tests (3 entry, 2 exit, 4 occupancy), the servo motors correctly operated the barriers
in all 10 tests (5 opening, 5 closing), and the fire detection system successfully responded to flame
presence in all 3 tests (sensor detection, LED activation, buzzer activation). This comprehensive

testing confirms the functional integrity of the IoTSpS prototype and our hypothesis.

6. Discussion

Scalability: The [oT-based smart parking system presented in this study, while encompassing
only four parking spaces at the prototype level, possesses a highly scalable design due to its
fundamental architectural structure. The IR sensors, NodeMCU-ESP8266 module, and Firebase-
based cloud infrastructure at the heart of the system have been selected to maintain functionality even
with an increase in the number of parking spaces. The horizontally scalable nature of Firebase
Realtime Database allows for low-latency data flow management even with a large-scale increase in
the number of sensors. However, certain architectural improvements may be necessary when aiming
for a city-scale application. In this context, modular sensor layouts that allow each parking space to
be added to the system as independent modules can be used; and in cases where sensor density
increases, regional ESP8266/ESP32 microcontroller clusters can be preferred instead of a single
control board to balance data traffic. In large parking lots with high vehicle density, the use of low-
latency communication protocols such as MQTT together with the Firebase infrastructure will
improve real-time performance. Similarly, the processing load on the mobile application interface
will increase with an increase in the number of parking spaces; Dynamic listing, asynchronous data
processing, and lightweight client-side architectures can be addressed. Based on these assessments,
the proposed system appears adaptable to large-scale applications in terms of both hardware and

software.
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Robustness and Potential Failure Modes: When the proposed smart parking system is to be
implemented in real-world conditions, it is likely to encounter various failure modes, ranging from
sensor performance and communication infrastructure to hardware components and data integrity.
Therefore, a comprehensive assessment of the system's robustness is critical. Sensor-related errors,
particularly IR sensors, can lead to false positive or false negative results due to the effects of ambient
light, weather conditions, or physical obstacles. Similarly, flame sensors can give misleading
warnings due to changes in ambient temperature and light. Therefore, it is evident that the success
rate may drop below 100% in real-world conditions (long-term use, varying lighting conditions,
temperature changes, etc.). These types of problems can be significantly reduced by using hybrid
detection with ultrasonic or magnetic sensors and employing multi-sensor verification mechanisms.

In ESP8266-based modules, Wi-Fi disconnections can cause delays in data updates, while
network-related errors on the Firebase side can disrupt the processing of real-time notifications.
Therefore, the integration of local buffering, reconnection policies, and error handling strategies is
crucial. At the hardware level, servo motors may experience mechanical fatigue due to continuous
operation, or power distribution instability may occur with an increasing number of sensors. Such
problems can be addressed by using industrial-grade motors, implementing regular maintenance
procedures, and opting for regulated power supplies.

Risks related to software and data consistency can also limit system reliability. Since data
collisions may occur during simultaneous reservations or status updates, the use of Firebase's
transaction mechanisms is recommended. Firebase Authentication and token-based protection
measures against security threats such as unauthorized access or data manipulation should be
integrated into the system. This comprehensive assessment reveals areas for improvement to make

the system more robust in long-term and large-scale real-world applications.

7. Conclusions and Recommendations

This study presents an loT-based smart parking system that integrates sensor-driven space
monitoring, automated gate control, and a cloud-connected mobile application for user interaction.
The system successfully demonstrates real-time detection of parking availability through IR sensors,
automated barrier operation via servo motors, and cloud-based data synchronization using the
Firebase Realtime Database. The accompanying mobile application enables slot reservation, user
authentication, and payment management, offering a functional prototype aligned with modern smart-
city requirements.

A key contribution of this work is the development of a scalable and modular system architecture.

Although the prototype includes only four parking slots, both the hardware and cloud software
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infrastructure are designed to support large-scale deployments. The modular sensor layout, the use of
ESP8266-based wireless communication, and Firebase’s horizontally scalable database structure
collectively enable the system to operate effectively even as the number of parking spaces increases.
These design characteristics position the proposed solution as a viable foundation for multi-level
parking facilities and city-wide smart parking frameworks. Future iterations can further enhance
scalability through the integration of message-queue protocols such as MQTT and distributed
microcontroller clusters to balance data flow in high-density environments.

In addition to scalability, the study highlights several robustness considerations necessary for real-
world operation. Possible sources of system failure such as sensor inaccuracies, network delays,
hardware degradation, and data consistency issues were identified, and mitigation strategies were
proposed. Incorporating hybrid sensor mechanisms, local caching, error-recovery procedures,
industrial-grade actuator components, and enhanced authentication methods will significantly
improve system reliability and operational continuity.

Overall, the developed system demonstrates the feasibility of a lightweight yet extensible IoT
architecture for smart parking management. With future improvements in sensor reliability,
communication resilience, and large-scale architectural optimization, the proposed framework has
the potential to be deployed in real urban environments, contributing to improved traffic flow,

reduced congestion, and more efficient use of parking resources.
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