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ABSTRACT 

Received: 27 May 2024 

Parking  management  systems  often  need  to  improve  due  to  outdated  infrastructure, Revised: 20 August 2024 

inefficient manual processes, and the lack of automation, resulting in increased congestion Accepted: 3 September 2024 

and  poor  user  experience.  Traditional  parking  management  systems,  reliant  on  manual Available online: 27 September 2024

license plate entry and outdated payment methods, need help to meet modern demands. In response, this research introduces a novel Intelligent Parking System (IPS) that leverages automatic License Plate Recognition (LPR) with a YOLO model for real-time detection 

 Keywords: 

and recognition of vehicle license plates. By eliminating the need for sensors and manual deep learning, parking system, YOLO, license data  entry,  our  system  enhances  accuracy,  reduces  maintenance  costs,  and  optimizes plate recognition, object recognition parking  operations.  Furthermore,  integrating  QR  code-based  payment  simplifies  and accelerates the payment process, reducing wait times and improving user experience. This approach addresses the growing need for scalable and adaptable parking solutions in smart city initiatives. Through this research, the IPS provides a scalable, intelligent alternative to conventional parking systems, contributing to smarter urban environments. 

1. INTRODUCTION

traditional systems: human error. By integrating this advanced detection  system,  the  IPS  eliminates  the  need  for  sensors, Parking  management  systems  are  critical  in  urban simplifies  infrastructure,  and  reduces  maintenance  costs, environments, where the exponential growth of vehicles has enhancing its practicality in large-scale urban deployments. 

led to significant parking challenges [1, 2]. The limitations of One  of  the  significant  areas  for  improvement  of  older traditional parking management methods, which often rely on parking  systems  is  the  potential  for  revenue  leakage  due  to manual entry of license plate numbers and outdated, inefficient inaccuracies  in  manual  license  plate  entry  or  reliance  on payment processes, are becoming increasingly evident. These outdated  technologies.  Our  IPS  enhances  billing  accuracy, systems  struggle  to  keep  pace  with  the  demands  of  modern ensuring  that  all  vehicles  are  correctly  charged  for  parking urbanization,  leading  to  operational  inefficiencies,  revenue time, thereby preventing revenue losses for parking operators. 

leakage,  and  user  dissatisfaction.  In  response  to  these Additionally,  the  system  improves  operational  efficiency  by challenges,  there  is  a  growing  need  for  more  intelligent, reducing  the  reliance  on  labor-intensive  processes  and automated  solutions  to  address  the  complexities  of enhancing data accuracy. 

contemporary  parking  systems.  Our  research  introduces  an Furthermore,  our  IPS  significantly  enhances  user Intelligent Parking System (IPS) designed to bridge this gap convenience by integrating QR code-based payment systems by  integrating  cutting-edge  technologies  such  as  automatic 

[10] at  the  point  of  exit,  bypassing  the  need  for  traditional License  Plate  Recognition  (LPR)  and  YOLO-based  object payment terminals and reducing waiting times. This seamless detection  [3-5],  providing  a  more  efficient,  scalable,  and payment process improves the user experience and decreases accurate solution. 

congestion  at  parking  exits,  contributing  to  overall  system Unlike  traditional  methods,  our  IPS  leverages  real-time efficiency.  Through  extensive  simulations  and  real-world LPR  with  the  YOLO  model,  a  high-performance  object deployments, our research demonstrates the IPS's efficacy in detection algorithm, to swiftly and accurately capture license optimizing space utilization, reducing congestion, increasing plate  numbers  upon  vehicle  entry  [6-9].  This  automation revenue accuracy, and improving user satisfaction. 

eliminates  the  need  for  manual  input  and  significantly Unlike  previous  object  detection  methods  that  required streamlines the parking process, addressing a key challenge of analyzing image regions separately, YOLO processes an entire 447

image  in  one  step,  directly  predicting  bounding  boxes  and traditional  payment  terminals  and  reducing  wait  times  [11]. 

class  probabilities  for  all  objects.  This  makes  YOLO 

Through  extensive  simulations  and  real-world  deployment, computationally efficient and ideal for real-time applications our research demonstrates the efficacy of the IPS in reducing like our IPS. By incorporating YOLO's advanced capabilities congestion,  increasing  revenue,  and  improving  user into our IPS, we have developed a system that is not only fast satisfaction.  This  innovative  system  offers  a  comprehensive but  also  highly  accurate  and  scalable,  making  it  a  robust solution  to  modern  parking  challenges,  optimizing  space solution to the pressing challenges of modern urban parking utilization  and  enhancing  the  overall  parking  experience  for management. 

users and operators alike. Unlike the previous object detection Old  parking  system  methods  may  suffer  from  revenue methods that analyze image regions separately, YOLO takes a leakage due to human faults in license plate entry or outdated single image input and directly predicts bounding boxes and technology. With our system, the accuracy of billing improves. 

class probabilities for objects within the image in one go. This This ensures all vehicles are billed accurately, preventing lost makes YOLO computationally efficient and ideal for real-time revenue for parking operators. 

applications like our IPS. 

Furthermore,  our  IPS  enhances  user  convenience  by integrating QR code payment at exit, eliminating the need for 

 

Table 1. Comparison of parking systems in literature Ref. 

Technology 

Key Features 

Main Contributions 

Deep learning-based object 

Detection of vehicle, license plate, and 

'Shine' system for managing accessible parking spaces 

[12] 

detection 

disability badges 

(mAP: 92.16%). 

Vehicle detection instead of parking slot 99.5% accuracy, 45 FPS real-time performance on 

[13] 

YOLO v5 deep learning 

classification 

PKLot dataset. 

2-step approach for high accuracy in parking slot 

[14] 

ResNet34 deep classifier 

APSD-OC 

occupancy classification. 

mAlexNet, CNRPark + Ext 

Parking occupancy detection with IP 

[15] 

93.15% classification rate, 0.5s processing per space. 

dataset 

Camera 

YOLOv2 target detection 

Vehicle and parking space contour 

[16] 

99.1% training accuracy using contour detection. 

algorithm 

detection 

[17] 

YOLO v5, Neural Networks 

Real-time vehicle video detection 

PIS for car, van, and truck detection. 

LoRaWAN, AI-based 

IoT-based smart parking service in 

Enhances parking sensor readings with AI-based 

[18] 

predictors 

Santander 

predictors. 

[19] 

IoT, Arduino UNO, Sensors 

Smart parking model using IoT 

FCFS scheduling model for parking slot allocation. 

[20] 

IoT framework, Mobile App 

Intelligent Parking System (IPS) 

Real-time data collection and mobile app integration. 

Image Processing, Raspberry 

Smart Parking System with autonomous 

Autonomous gate operation, real-time space 

[21] 

Pi 

operations 

management. 





2. LITERATURE REVIEW 

3. METHODOLOGY 





Recent  advancements  in  smart  parking  systems  have Figure  1  demonstrates  the  System  architecture  of  the leveraged  various  cutting-edge  technologies,  including  deep Intelligent Parking System. Modules of the Intelligent Parking learning,  IoT,  and  blockchain,  to  enhance  functionality  and System mainly consists of three modules. 

efficiency.  Table  1  compares  different  smart  parking methodologies  in  the  literature.  Various  IoT-based  solutions 3.1 License plate recognition module 

have been explored in the literature to improve smart parking systems. In the study [19], an IoT model with Arduino UNO 

This module starts with a camera with a resolution capturing and sensors implemented a First-Come-First-Serve scheduling the vehicle license plate at the entry point. The camera ensures model  for  parking  slot  allocation,  while  Aditya  et  al.  [20] 

an optimal and high-resolution image, precisely capturing key integrated IoT with a mobile app for real-time data collection details  for  image  processing.  Image  Acquisition  and and  intelligent  parking  management.  An  image  processing-Preprocessing:  the  captured  image  undergoes  a  series  of based  system  in  the  study  [21]  utilized  Raspberry  Pi  for preprocessing  steps  to  enhance  image  quality  and  clarity  for autonomous gate operations and real-time space management. 

text  extraction.  The  binarization  technique  transforms  the Blockchain technology has also been integrated into parking image  into  binary  format,  distinguishing  between  elements systems  to  secure  service  data,  as  shown  in  the  research  of and background noise. A noise removal algorithm ensures the Kumar  et  al.  [22],  where  the  Sawtooth  blockchain  tool  was quality  of  captured  images  is  free  from  distortions.  YOLO 

used  for  role-based  access  control.  In  the  study  [12],  the processing, You Only Look Once object detection technology, SAMPARK  protocol  applied  lightweight  cryptographic the  algorithm  analyzes  the  captured  image  to  identify  and primitives for secure communication in parking management. 

localize the license plate. YOLO efficiently detects the license Additionally,  Floris et al. [3] developed a Social IoT system plate  bounded  by  environmental  conditions,  lighting with  magnetometer  sensors  for  scalable  and  interoperable variations,  and  vehicle  orientations,  ensuring  robust parking  services,  and  Jabbar  et  al.  [4]  introduced  an  IoT-performance  and  accuracy.  Character  Recognition  employs SPMS-LoRaWAN model with extended-range sensing nodes. 

OCR algorithms, analyzes detected license plates, and extracts alphanumeric  characters  accurately  and  quickly.  Character Segmentation:  through  complicated  pattern  recognition  and machine  learning  techniques,  the  system  precisely  deciphers 448
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the characters, conquering varying font styles, sizes, and plate the initial process executed is LPR, in which the license plate angles. Database Management, the extracted text of the license is detected, and the license number is extracted. Then, the user plate,  and  the  alphanumeric  characters  are  directly  inserted is  given  an  option  to  select  the  block.  Users  will  get  three into the database with the user's timestamp and chosen block attempts to choose the right block where the user can park the details. This process eliminates the manual work of database vehicle. At every attempt, a new block is given to choose. If entries and monitors the in-time and out-time of the vehicle. 

the user denies all three choices the system gives, the system chooses the block for the user, and block allocation is done. 

3.2 User’s entry in parking lot module Based on the block allocated, the database entry is done using the  timestamp.  Block  occupied  is  displayed  on  the  display Upon entry of a user into the premises of the parking area, screen, along with the rest of the blocks in the parking area. 







Figure 1. System architecture 



3.3 User’s entry in parking lot module were  made  to  the  base  architecture  by  adding  additional convolutional layers to improve small object detection, which A dynamic QR code is displayed on the screen at the exit is critical for accurately identifying license plates. 

point.  The  parking  fee  is  generated  according  to  parking duration.  The  time  is  calculated  between  the  entry  and  exit 3.5 YOLO architecture  

timestamp, and based on that duration, the fee is calculated on cost  per  hour.  The  QR  code  eases  swift  and  contactless Figure 2 demonstrates how YOLO [22] architecture works. 

payment, eliminating the manual work of cash collection here. 

It  typically  consists  of  several  key  components,  mainly The  system  authorizes  users  to  exit  the  parking  area  after Convolutional  layers,  Residual  Connections,  Max  Pooling, payment. Using an efficient processing algorithm, the system Concatenation  layers,  sampling  layers,  and  final  layers  [23]. 

speeds  the  authorization  process,  minimizing  wait  times  and Integrating  these  components  into  the  YOLO  architecture optimizing  traffic  flow  within  the  parking  area.  Overall,  by improves  efficient  and  accurate  object  detection  in real-time prioritizing operational efficiency and user ease in the parking applications.  Convolutional  layers:  the  first  convolutional area,  the  system  enhances  the  effectiveness  of  parking layer processes the input image, mostly 416  × 416 × 3, with management, simplifies the parking process, and streamlines three color channels (red, green, blue). This layer applies 32 

entries and exits for all users. 

filters, and each generates feature maps. The size of each filter is 3 × 3. The second convolutional layer works on the previous 3.4 Data collection  

layer's output (416 × 416 × 32). Utilizes 64 filters of 3 × 3 size and generates new feature maps. The dimensions are reduced The  dataset  for  training  and  testing  the  YOLOv5  model to 208 × 208 × 64 with max pooling. 

consists  of  3500  images  captured  under  varying  lighting To  reduce  vanishing  gradients,  residuals  are  used  after conditions,  including  diverse  license  plate  formats  from convolutional layers. It adds the input of a layer to its output, different states of countries. The dataset was divided into 70% 

which  aids  in  gradient  flow  during  training.  Max  pooling  is for  training  and  30%  for  testing  to  ensure  robust  model done  to  downsample  feature  maps,  reducing  dimensionality evaluation.  The  YOLOv5  medium  version  was  employed  in and enhancing computational efficiency. Concatenation layers terms  of  architecture  due  to  its  balance  between  speed  and merge feature maps from different network parts for improved accuracy.  The  model  was  trained  using  the  Adam  optimizer object detection. Up-sampling layers increase the resolution of with a learning rate 0.001 and a batch size 16. Modifications feature  maps.  Existing  feature  map  values  are  filled  in  for 449
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higher-resolution  representations  in  this  process.  To  reduce system.  The  system  then  calculates  the  parking  time  and computational costs, the 1 × 1 convolutional layer reduce the modifies the data in the database. When the vehicle leaves the number of channels in feature maps before passing them to the parking lot, a receipt is produced and the payment QR code is next  layers.  The  final  layers  are  responsible  for  object shown. When the payment is finished by scanning the QR code, classification  and  bounding  box  regression.  These  layers the  car  eventually  leaves  the parking  lot.  By  eliminating  the predict the class probabilities and bounding box coordinates. 

need  for  human  permit  entry,  this  automated  solution simplifies  the  parking  process  for  managers  and  vehicle owners. 







Figure 2.  YOLO Architecture 



3.6 License plate recognition module (LPR) The system captures an image of the vehicle’s license plates using the camera. The grayscale conversion, noise reduction, and  image  resizing  are  done  in  the  pre-processing  step.  the captured RGB image converted to grayscale, techniques such as  filtering  applied  to  remove  noise,  and  image  resizing smoothens  processing  by  the  convolutional  neural  network. 

Figure 3. Use case diagram 

After  the  license  plate  is  detected,  individual  characters  are segmented from the license plate region. An Optical Character Recognition  engine  is  applied  to  segmented  characters converting them to alphanumeric code. The final output of the system is an accurately recognized license plate number. 



3.7 YOLO and LPR integration 



The YOLOv5 model detects license plates in real-time, and once  detected,  the  plates  are  passed  through  an  Optical Character Recognition (OCR) module for text extraction. The extracted  text  is  then  cross-referenced  with  a  pre-existing database for vehicle identification. If the license plate matches an  entry,  the  system  automatically  grants  or  denies  access based on the user's parking status. In cases of entry, the time of  arrival  is  logged,  and  upon  exit,  the  duration  of  stay  and parking fee are calculated. This entire process is automated to minimize manual intervention. 

Figure  3  demonstrates  the  use  case  diagram  of  the Intelligent  Parking  System.  The  system  has  two  actors  the Admin and  the  User. The  admin  holds privileges  for  system configuration  and  management.  Action  ‘Enter  Parking  Lot’ 

outlines  the  complete  entry  procedure  of  the  user  which involves  selecting  the desired  block for  parking  and  parking vehicles in the parking lot. The ‘Exit Parking Lot’ outlines the complete exit procedure which involves Scanning a dynamic QR code for parking fee payment and exiting the parking lot. 



3.8 Workflow 



Figure  4  shows  the  workflow  of  our  proposed  Intelligent Parking System (IPS). It employs license plate recognition to guarantee  effective  parking.  The  license  plate  of  the  car  is captured  by  the  system  once it  is  inside.  Users  may  select  a parking  spot  in  the  parking  lot,  depending  on  the  particular Figure 4. Workflow of intelligent parking system 450
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4. RESULT AND ANALYSIS  

screen  allows  the  admin  to  enter  information  such  as  the 

 

database name, username, password, and the number of two-

• Case 1: Testing the YOLO model based on the character wheeler and four-wheeler spaces. 

recognition  rate.  This  can  be  calculated  by  comparing  the 

•  Authentication  window  for admin:  The  image depicts  a dataset's truth values for license plates. 

secure  login  screen  with  username  and  password  fields  for 

• Case 2: Comparing the performance of the YOLO-based verification. 

character  recognition  against  Tesseract-OCR  to  check  if  the 

•   Parking  slot  selection:  Users  can  slot  available  in  a new  method  learns  better  than  the  open-source  character parking lot and park accordingly. Figure 5 demonstrates the recognition software. character recognition rate will be used to Home  window  for  a  vehicle  parking  system.  The  home measure the performance of these models. 

window shows slots in the parking lot. It shows which slots 

• Case 3: Testing how well the YOLO character recognition are  occupied  and  which  are  not.  The  green  slot  shows  the works on a dataset with oblique license plates and how better available slot, and the red slot shows the occupied slot. 

the model performs. 

Figure 6 demonstrates the Add Vehicle window, and Figure 7 demonstrates the Exit window. In the Add Vehicle window, 4.1 Simulation setup 

an image of a car is selected, and using YOLO, the License plate number is extracted and added to the database. The Exit 

•  Setup  window  for  a  vehicle  parking  system:  The  setup window displays current vehicles parked in the parking area. 







Figure 5. Workflow of intelligent parking system Figure 6.  Add vehicle to database using YOLO 



451

[image: Image 17]





Figure 7. Exit window 



4.2 Real-world deployment 

One limitation is the system's reliance on high-quality cameras 

 

and stable internet connections for optimal performance. The 

• Compliance  comparison  with  traditional  systems:  IPS 

system's  accuracy  may  decrease  in  real-world  environments outperformed  traditional  systems'  effectiveness,  efficiency, with  variable  lighting  conditions  and  heavy  traffic. 

and  user  experience.  Real-time  processing  using  the  YOLO 

Additionally, integrating the IPS with other smart city systems, model  resulted  in  smoother  operations  and  reduced such  as  traffic  management  or  electric  vehicle  charging administrative workload. 

stations, presents challenges that need further exploration. 

• User  feedback  and  satisfaction:  Feedback  from  users Future research could address these challenges and improve interacting with IPS was overwhelmingly positive. Automatic the  system’s  resilience  in  diverse  environments.  User license  plate  recognition  and  a  QR  payment  system  were acceptance studies could also be conducted to gauge how the appreciated for a hassle-free parking experience. 

public interacts with and perceives this automated system. 

•Billing accuracy improvement: IPS significantly improved billing accuracy compared to traditional systems. Reduction in billing errors and profit leakage due to automatic license plate 6. CONCLUSIONS 

recognition and real-time processing. 





The  Intelligent  Parking  System  (IPS)  presented  in  this 4.3 Evaluation metrics 

research  demonstrates  a  significant  improvement  over 

 

traditional  parking  methods  by  utilizing  real-time  automatic 

•Accuracy: The automatic License Plate Recognition (LPR) License  Plate  Recognition  (LPR)  and  YOLO-based  object detection.  Our  system  effectively  streamlines  the  parking system  achieved  a  high  accuracy  of  97.11%  (without process,  reduces  human  error,  and  simplifies  infrastructure considering spaces) and 91.91% (considering spaces). 

requirements by eliminating sensors and automating payment 

•Recall: IPS demonstrated a recall rate of 97.25% (without via  QR  codes.  Real-world  deployments  have  confirmed  the considering  spaces)  and  95.4%  (considering  spaces), system's  ability  to  enhance  operational  efficiency,  increase indicating  effectiveness  in  identifying  license  plate  numbers billing  accuracy,  and  provide  a  seamless  user  experience. 

accurately. 

While  the  initial  cost  and  reliance  on  advanced  technology pose  challenges,  the  overall  benefits  of  reduced  congestion, improved  revenue  management,  and  optimized  space 5. LIMITATIONS AND FUTURE WORK 

utilization  make  IPS  a  robust  solution  for  modern  urban parking needs. The IPS offers practical implications for urban One of the primary advantages of the proposed LPR system environments,  contributing  to  smarter  and  more  efficient is its scalability. The system can be deployed across multiple parking management systems. 

parking facilities and scaled to handle thousands of vehicles daily  without  significant  changes  to  the  architecture.  The system's generalizability was tested by training it on datasets REFERENCES  
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https://doi.org/10.18280/ijtdi.080308 ABSTRACT

Parking management systems often need to improve due to outdated infrastructure,
inefficient manual processes, and the lack of automation, resulting in increased congestion
and poor user expericnce. Traditional parking management systems, reliant on manual
license plate entry and outdated payment methods, need help to meet modern demands. In
response, this rescarch introduces a novel Intelligent Parking System (IPS) that leverages
automatic License Plate Recognition (LPR) with a YOLO model for real-time detection
and recognition of vehicle license plates. By eliminating the need for sensors and manual
data entry, our system enhances accuracy, reduces maintenance costs, and optimizes
parking operations. Furthermore, integrating QR code-based payment simplifies and
accelerates the payment process, reducing wait times and improving user experience. This
approach addresses the growing need for scalable and adaptable parking solutions in smart
city initiatives. Through this rescarch, the IPS provides a scalable, intelligent alternative to
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conventional parking systems, contributing to smarter urban environments.

1. INTRODUCTION

Parking management systems are critical in urban
environments, where the exponential growth of vehicles has
led to significant parking challenges [1, 2]. The limitations of
traditional parking management methods, which often rely on
manual entry of license plate numbers and outdated, inefficient
payment processes, are becoming increasingly evident. These
systems struggle to keep pace with the demands of modern
urbanization, leading to operational inefficiencies, revenue
leakage, and user dissatisfaction. In response to these
challenges, there is a growing need for more intelligent,
automated solutions to address the complexities of
contemporary parking systems. Our research introduces an
Intelligent Parking System (IPS) designed to bridge this gap
by integrating cutting-edge technologies such as automatic
License Plate Recognition (LPR) and YOLO-based object
detection [3-5], providing a more efficient, scalable, and
accurate solution.

Unlike traditional methods, our IPS leverages real-time
LPR with the YOLO model, a high-performance object
detection algorithm, to swiftly and accurately capture license
plate numbers upon vehicle entry [6-9]. This automation
climinates the need for manual input and significantly
streamlines the parking process, addressing a key challenge of
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traditional systems: human error. By integrating this advanced
detection system, the IPS climinates the need for sensors,
simplifies infrastructure, and reduces maintenance costs,
enhancing its practicality in large-scale urban deployments.

One of the significant areas for improvement of older
parking systems is the potential for revenue leakage due to
inaccuracies in manual license plate entry or reliance on
outdated technologies. Our IPS enhances billing accuracy,
ensuring that all vehicles are correctly charged for parking
time, thereby preventing revenue losses for parking operators.
Additionally, the system improves operational efficiency by
reducing the reliance on labor-intensive processes and
enhancing data accuracy.

Furthermore, our IPS significantly enhances user
convenience by integrating QR code-based payment systems
[10] at the point of exit, bypassing the need for traditional
payment terminals and reducing waiting times. This seamless
payment process improves the user experience and decreases
congestion at parking exits, contributing to overall system
efficiency. Through extensive simulations and real-world
deployments, our research demonstrates the IPS's efficacy in
optimizing space utilization, reducing congestion, increasing
revenue accuracy, and improving user satisfaction.

Unlike previous object detection methods that required
analyzing image regions separately, YOLO processes an entire
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