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Abstract—The parking place number still remains 

insufficient despite the continuous growth in vehicle number. 

This study proposed a solution using modern technology to 

resolve these parking issues.  The proposed solution is an 

automated parking management system that reduces parking 

scarcity by providing unused car parking places. This project 

has used IoT, mobile application, a web application to serve the 

following services, parking management, parking place 

availability monitorization, real-time invoice 

generation, payment system and, parking management.  By 

proving this system, the hassle of people will be reduced as they 

are getting updates on nearby available parking spots. 

Alongside IoT, mobile application, web application other 

technologies such as GPS -GSM module, image processing 

method, and other technologies were integrated. The system 

offers both web and android app-based solutions for better 

customer experience and easy usage. Moreover, there is also an 

offline mode to use the system. 

Keywords— Parking share, IoT system, Automated parking, 

Image processing, Android app. YOLOv3-tiny. 

I.  INTRODUCTION 

As the global economy develops, the usage of vehicular 
transportation is also increasing day by day. For the need of 
frequent traveling, more and more people are choosing to 
have a personal vehicle which can have a significant impact 
on society. Though it can be convenient at a personal level, it 
can have an unfavorable impact on society. The impact is 
much more severe on the issue of parking.  In major cities, 
the population is growing on a rapid scale, and so is the 
number of vehicles as more and more people are in an 
economic stage to afford a personal car. Car owners are 
facing a lot of hassle in finding parking spots. In megacities 
where the population is very large, it is more difficult to 
accommodate empty parking spots for every day a growing 
number of vehicles. Again there might be available parking 
positions, but for lack of getting available parking 
information, it doesn’t reach the people. This case can mostly 
arise for residential parking places. It is shown in media that 
almost 15,000 new vehicles and 85,000 motorbikes are being 
registered every day in Dhaka city [1], [2]. According to 
2019 statistics in India, 303,143.000-unit new vehicles were 
registered. This surpassed all preceding records [3]. Again 
statistics of 2017 in Pakistan indicate that there was a 9.7% 
increase in new vehicle registration, and this number 
continues to rise each year [4], but despite the rapid increase, 

the number of parking spaces is not increasing to meet the 
growing demand. The situation is not very different in 
developed counties as well, where the general people 
struggle to find parking spots. For instance, in the USA, 
drivers spend an average of 17 hours every year to find 
empty parking spots. Again in Malaysia, drivers may have to 
wait up to 25 minutes to find an empty parking spot. 
Moreover, statistics show that 43% Nairobi (43 percent), 
37% drivers in Milan, 44% in Bangalore (44 percent), and 
58% drivers New Delhi (58 percent) have taken part in 
verbal abuse or picked a fight for occupying specific parking 
space [6].  These events cause congestion at parking lot’s 
entry which eventually lead to jam in traffic as well.  

Nowadays, IoT is a significant field as a research area. 
Various projects using IoT such as farming automation [7], 
home automation [8], etc. Following these, this project has 
also chosen IoT to design a parking solution that benefits 
both parking owners and car drivers. This smart system looks 
to find a nearby suitable parking spot for the drivers. The 
system has two modes such as online and offline mode. In 
the online mode, the user must have the application installed 
on the user’s smartphone. The online mode covers various 
services or features such as the user can explore nearby 
parking spots, rent nearby parking lots, and choose the 
specific location of the user. The offline mode is generally 
designed for the user who has no smartphone or has no 
internet connection. The offline mode shows details of a 
parking spot such as rent rate, available parking spot from 
the display board situated near each parking place. With the 
help of the booking procedure, the user can select to book a 
parking spot.  The system stores details like the number of 
entering exiting vehicles, compute the hourly bills for the 
lender. The system is suitable in all types of environments 
such as shopping malls, cinema halls, stadiums, offices, etc. 
The purpose of this system is to show the application users 
the available parking places in the area. Also, this avails the 
parking owner with the opportunity to earn from the parking 
lot. The system was designed using the following 
technologies like Arduino, raspberry pi 4, etc. 

II. BACKGROUND STUDY 

The authors of [9] proposed a smart parking management 
system containing RFID scanner, IR sensors, and mobile 
application. The system also introduces real-time driver 
interaction, car parking facilities, reduction of vacant space 
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search, and parking time using a slot assignment technique. 
Authors of paper [10] introduced a parking system that uses 
low-cost IoT sensors, data aggregation for offering efficient 
routing for incoming vehicles to be parked. An algorithm 
called ADMM (Alternating Direction Method of Multipliers) 
was introduced by authors of [11], which balances the 
demand across multiple parking lots and deals with the cost 
minimization problem of parking assignment. The paper [12] 
proposed a parking management system that takes the 
environment, user, and devices into consideration and 
provides an optimal parking space to the driver using real-
time information and availability. A smart parking platform 
was proposed by the authors of the paper [13] that uses an 
IoT-based system and mobile application. The modules in 
the system guide drivers to the parking place through the 
shortest route while protecting the vehicle from collision and 
displaying park reservation information. A parking system 
called Parking Rank was proposed by authors of [14]. It uses 
information regarding vacant parking lots, fair and service 
references to allocate parking space to oncoming vehicles. 
The IoT cloud-integrated smart parking system in the study 
[15] monitors vacant and occupied parking spaces, and 
drivers can use the web and mobile applications to prebook 
the vacant slots. A smart parking system called ASPIRE was 
suggested by the authors of [16] that consider driver's 
preferences of parking type, fare, and distance between 
destinations to the parking lot. With the help of IoT, 
vehicular network, GPS, and imaging system, the parking 
system assigns drivers with a preference-based optimal 
parking slot. A parking lot management system [17] 
suggested by researchers of Hohai University consists of 
different modules that handle parking information, fee and 
space management, allocation of a parking lot, and fee 
deduction, delivering information to the drivers, and storing 
parking lot data in administrator servers. The system was 
implemented using the Dijkstra and Floyd algorithm. The 
authors of [18] suggested an IoT-based E-parking prototype 
that performs parked vehicle detection and automated 
parking fee collection. It includes a local parking 
management system (LPMS) that consists of sensors and 
imaging modules and a central parking management system 
(CPMS) for performing wireless communication. The 
following paper [19] proposed a parking system algorithm 
that estimates parking traffic based on parking records 
history. With driver behavior analysis and parking traffic 
prediction, this system handles parking demands by 
allocating available parking lots with improved efficiency. 
The authors of [20] suggested a decentralized parking system 
that uses fog computing and IoT to provide parking services. 
The system validates real-world parking traffic with a 
characterized traffic using the 3D-Ray Launching (3D-RL) 
tool and provides parking services accordingly. The parking 
system suggested by the author of [21] contains agents for 
automated fee collection, vehicle entrance 
authorization, ticketing system, vacant lot detection, and 
modules like RFID, camera, identity & subscription 
verification, etc. The system utilizes artificial intelligence 
and IoT, and with the help of preexisting agents, it authorizes 
parking spots according to individual driver's preferences. In 
the disabled parking system [22], the authors used modules 
like RFID, a variant of sensors, and cloud technology to 
confirm that the parking lots allocated for the disabled person 
are occupied only by the authorized people. The authors of 
[23] proposed a parking architecture that includes an e-
parking system and multi-agent features. The system 

contains facilities such as detecting vehicle entrance, vacant 
parking lot, vehicle guidance system, a smartphone 
application for booking parking space, and automated fee 
collection. The system uses RFID, ALPR for detection & 
guidance systems, and multi-agents for handling booking, 
payment requests. The wireless parking system suggested by 
[24] uses microcontrollers, geomagnetic sensors, and NB 
wireless modules to find vacant parking slots by the 
magnetic field detection method. The microcontroller detects 
empty parking spaces with the help of algorithms. The 
following parking system in [25] uses IoT sensors and 
computer vision technology to monitor parking lots, count 
empty or occupied parked spaces. The system provides 
drivers with real-time parking space availability and 
occupancy prediction. The authors of the paper [26] 
introduced a parking system that tracks vehicle entry & exit 
at the parking lot, scans license plates, and uploads parking 
data to the cloud database. The system utilizes an IoT cloud, 
image processing system, and programmable logic controller 
with different sensors, RFID scanners, and mobile 
applications for conveying information to drivers. The 
automobile parking system proposed in [27] determines the 
availability of parking space using sensors and, with the help 
of RFID modules, authorizes vehicles to use the vacant 
parking lot and has an automated payment system to deduct 
parking fees. The following paper [28] introduces an IoT 
distributed cloud architecture that improves search time of 
finding the nearest empty parking space based on road 
traffic. This parking system uses a road sensor unit and 
googles traffic services to collect real-time traffic data and an 
ant system algorithm to identify the optimal parking spot. 
The IoT parking system [29] proposed by researchers of 
Binus University utilizes sensors and cloud servers for 
monitoring real-time parking traffic, image processing for 
license plate checking, validates cars checking in & checking 
out. It also comes with automated payment and parking spot 
reservation systems. In paper [30], Researchers of 
Christopher Newport University suggested a smart parking 
system that consists of a mobile application, machine 
learning, and a tracking system for the distribution and 
booking of parking spaces. The IoT parking monitoring 
system in paper [31] comes with a low-cost sensor system, 
including vehicle transceiver device sensors, motion 
detectors, global navigation satellite system sensors, and an 
automatic payment method. The following paper [32] 
suggests a smart parking system based on Bluetooth Low 
Energy (BLE). It comes with automated payment methods, a 
parking guidance system and mobile application for drivers, 
a database server for storing parking history, real-time usage, 
and parked vehicle metadata. An IoT cloud-platform-based 
parking system was proposed in paper [33] that accumulates 
data responsible for providing an efficient way of parking 
vehicles through using different sensors. The system delivers 
its end-user service through the web or mobile application. 
The parking system proposed by the authors of [34] utilizes 
IoT, artificial intelligence, and multi-agent systems. The 
agents are responsible for analyzing driver's parking 
preferences, vacant lot detection, guiding vehicles to the 
parking spot, vehicle identification and parking subscription 
validation, automated fee collection, and authorizing vehicle 
entrance. In the study [35], the problems with regular parking 
places were briefed. They have proposed an IoT-based 
parking solution that used technologies such as WIFI, RFID, 
IR sensors. Additionally, their system also provides an 
android application that can block parking slots for the user 
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and calculate parking fees. In the developed system [36], the 
authors have introduced a pre-bookable parking system. In 
the proposed smart system, they have used Arduino, node 
MCU, to develop the system. The research [37] showcases 
the drawbacks of traditional parking systems and it’s 
outcome. Because the number of vehicles is increasing, it’s 
become troublesome to find parking slots. They have 
developed a system where they have used weighbridge load 
to implement IoT based smart parking system. In the paper 
[38], a parking lot monitoring system was introduced, which 
provides real-time parking lot’s status about the empty 
parking spaces. They have used a deep learning method to 
identify the empty parking location from the frame captured 
by the camera in the parking lot.  They have used mAlexNet 
to do the data per processing, camera adjustment, and 
detection works. The study [39] looks to solve the 
insufficient parking space solution by proposing an IoT- 
based parking system. The process used a GSM module for 
introducing a messaging system and provides information 
regarding free parking slots. 

III. METHODOLOGY 

The project is mainly a combination of two-part which 
are the electronic and software part. Both parts have a vital 
contribution to the development of the system. Both of the 
portions are combined to reach the final output.  In the 
electronic part, the design, build, and testing of the 
functionality of the circuit was handled. Again, the software 
part is required for automatically managing the project. 
Every component is managed by programming. The whole 
system is an integrated system where the solution was 
assembled together using electronic circuits and software. 

 

Fig. 1. Use case diagram. 

A. Use Case Diagram of This Project 

The entire solution is visualized in the above use case 
diagram (figure 1). To use the system, a user registers with 
their number, which is later verified by the system. Upon 
verification, the user logs into the system. After the login, the 
user can select a parking spot, and the vehicle type is verified 

by the YOLO object detection model. Upon successful 
verification, the user can choose a desirable parking spot, 
pays the owner, and inputs the number of hours to book the 
spot in order to finalize the booking. 

B. Image Processing for Vehicle Type Detection 

The incoming vehicles are recognized using Image 
processing. To identify the vehicle YOLOv3-tine model was 
trained. The YOLOv3-tiny algorithm was used for training 
the object detection model. YOLO is a popular deep 
learning-based object detection algorithm that is trained 
using the COCO dataset. The COCO data set contains 80 
types of labeled objects. There are several kinds of object 
detection algorithms such as Histogram of Oriented 
Gradients (HOG), Single Shot Detector (SSD), YOLO (You 
Only Look Once) [40], Region-Based Convolutional Neural 
Networks (R-CNN), etc. Despite being very accurate RCNN 
is very slow. While SSD tends to be very fast, but the 
accuracy rate is dropped significantly. Now in terms of both 
speed and accuracy, YOLO is very accurate. This YOLO 
tiny v3 model is deployed in a Raspberry pi microprocessor. 
When the user provides a uniquely generated key for 
booking completion, the Raspberry pi takes an image of the 
customer vehicle. The car type is identified by the YOLOv3- 
tiny model using the captured image.  An output of a vehicle 
detection using the YOLOv3-tiny model was shown in 
Figure 1. The output also indicates the confidence rate of the 
detection, which is 0.9987 for the particular image. 

 
Fig. 2. Vehicle detection using YOLOv3-tiny. 

TABLE I.  YOLOV3-TINY MODEL EVALUATION CRITERIA 

Floating-point operations per second (FLOPS) 5.56 Bn 

Frames Per Second (FPS) 220    

mAp 33.1% 

C. Offline Parking Mode 

Figure 3 visualizes the offline parking mode process. At 

the start of the offline mode (when the user has no previous 

account), the user must register in the system. When a user 

comes in front of the parking gate, the LCD displays a 

message “Do you want to park?” There is a keypad where 

the user can input yes to move forward. With the help of 

Raspberry Pi, a microservice image of the vehicle is 

captured using the camera module. The Raspberry Pi model 

determines the vehicle type. Then the system wants to know 

the duration of the booking. Upon providing the data, the 

user is asked to enter their cell number where they receive a 
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message with O.T.P. Using this O.T.P number, and the user 

can confirm the booking. 

 

 

Fig. 3. Offline parking flow diagram. 

D. Prototype of This Project 

 

 
a 

 
b 

Fig. 4. (a) Prototype of the system, (b) vehicle entry. 

  
a b 

Fig. 5.  (a) Arduino Uno & (b) Raspberry Pi. 

  
a b 

Fig. 6. Raspberry pi camera module (a) Top view (b) Bottom view. 

  

a b 

Fig. 7. (a) 20x4 Character LCD & (b) Servo Motor 

 
Fig. 8. One time password received by user. 

Figures 4a and 4b from the above images visualize the 
overall system prototypes. In the proposed intelligent parking 
solution, various components such as Arduino (figure 5a), 
Raspberry pi (figure 5b), Raspberry pi camera module 
(figure 6a, 6b), LCD display (figure 7a), servo motor (figure 
7a) etc., were used. In the figure 8 the OTP message from 
offline line mode was displayed. 

E. Web Application 

The web application of the system used C# as server-side 
programming. For designing and performing client-side tasks 
HTML, CSS, Angular JS were used to create the web 
application. Using the web application, the parking lender 
can view the status of the parked vehicles. The lender can 
also view the duration of the parked vehicle, how much 
billing was generated, and other information. The web 
application is shown in figure 9. MS SQL Server database 
was used for the system. The database schema and values 
were visualized in Figures 10 and 11. 
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Fig. 9. Web application view. 

 

 
Fig. 10. Database design view. 

 

Fig. 11. Database select data view. 

F. Online Parking With Mobile Application 

The IoT device saves the following information such as 
available vehicle spots, vehicle type, an hourly rate of 
vehicle types, lender’s mobile number, parking location, 
lender’s address, and payment method. This information is 
saved in the firebase database. The system can provide a 
facility in both online and offline mode. In the online mode, 
the user can facilitate with both web and android mobile 
applications. They search and book parking spots from both 
the web and android app. To use the features from either web 
or android app, the user must register. During registration, 
the user must provide information such as mobile phone no, 

mobile payment method, password, and give permission to 
access geolocation. The geolocation is needed to get the 
user'’s current location so that the system can show them 
nearby available parking spots. The available parking spots 
are depicted as breadcrumbs on the map. This is shown in 
figure 9 (a). The application adds Google Maps API in the 
application and shows the breadcrumbs. A similar approach 
was taken by other previous projects to achieve this task [41] 
- [43]. To see parking details such as available parking spot, 
hourly rate as per vehicle type, specific address by clicking 
on each breadcrumb. The user must input vehicle type, 
booking duration to confirm the booking. Consequently, the 
user will get a unique code that will be used to verify the user 
on his chosen parking lot. After the code verification, the 
vehicle type is matched using image processing. Next, the 
charge will be calculated from the hourly rate and the 
number of hours the user has chosen to rent. The balance will 
be deducted from the user account and transferred to the 
parking owner account. The web application and the android 
application have exact parallel functionalities. Additionally, 
from figure 9(b), it is shown that the parking owner can 
choose to see the details of his parking lot using the admin 
dashboard. 

 
a 

 
b 

Fig. 12. (a) Parking lot booking through App, (b) Admin dashboard mobile 

view. 

IV. COST OF THE PROJECT 

The cost details of the project are shown in the below 
table. While implementing the project in the real world, the 
cost may vary depending on the LCD display size and servo 
gate cost. To make the system totally automated, the parking 
lot owner has to integrate the servo gate. Else this cost will 
be reduced. Again, many commercial buildings and 
residential buildings have caretakers who can help maintain 
the offline mode if the servo gate is not integrated. 

No Equipment Quantity Cost (USD) 

1 Raspberry Pi 4 1 110 

2 Raspberry Pi Camera Module 1 34 

3 Arduino Mega 1 9.5 

Asian Journal of Convergence in Technology 
ISSN NO: 2350-1146 I.F-5.11

Volume VII and Issue II 

111



4 GPS GSM GPRS SIM808 1 41.5 

5 LCD display 2 9.5 

6 Servo Motor 1 2 

7 Keypad 1 1.5 

8 Power Supply 2 3.5 

9 Battery (4500mAh) 1 39 

  Total $250.5 

 

V. THE NOBILITY OF THE WORK 

The presented system is totally an automated system. 
While the offline mode of the system may require some 
human supervision, the online mode is completely manless. 
The proposed system has both online and offline mode 
considering every case. In the online mode, the user can use 
the features of both web and android app to book the parking 
spot by choosing from the nearby available spots. While 
selecting a suitable position, they can see the details such as 
available spots, pricing of each of the parking spaces. Again 
the offline mode lets the user book a spot very conveniently. 
The system tries to provide a simple automatic parking 
providing solution. Additionally, the system benefits the 
parking spot lenders as they can collect money from every 
booking where previously the parking facilities might have 
been underutilized. 

VI. CONCLUSION  

The project looked to solve a growing issue that was 
especially very necessary for the cities while modern 
technology. Evidently, the cities are facing many problems 
because of lacking parking places. Many times the parking 
scarcity arises from not knowing about available empty 
parking spots. So many times, the roadsides space are being 
used as a parking spot, resulting in a traffic jam, which is 
already another issue in cities. So many times, parking on the 
road is not allowed. So for not knowing or finding a place to 
park, they face a lot of hassle on a regular basis. This 
proposed system looks to solve these issues by finding the 
car owners suitable parking spots. Moreover, the parking 
lenders are also benefited because of the rent they are getting 
from lending their unutilized parking spots. The system helps 
the mass people in large cities by providing them required 
parking spots hassle-free. Additionally, the system is very 
reasonably priced to implement and creates a chance to 
utilize the empty space of the parking space lenders. 
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