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Abstract - Smart parking systems are a new avenue to address urban parking 

challenges while maximizing the efficiency of space usage and reducing traffic 

congestion. This paper performs a systematic literary review (SLR) regarding on-

going advancement of smart parking systems, which includes technology-

enabled solutions: (e.g., sensor-enabled, vision-enabled, and IoT- enabled ). It 

systematically reviews the various methodologies, architectures, and algorithms 

used in smart parking management. The adept recognition and detection of real-

time parking availability, reservation systems, pricing approaches, and mobile 

app integration are essential, therefore we critique these important factors. Major 

challenges, including infrastructural costs, data safety concerns, and barriers to 

adoption are discussed. 

In this work, we present a Smart Parking System that utilizes Artificial 

Intelligence (AI) and Computer Vision to revolutionize urban parking 

management. We utilize real-time video feeds and algorithms like YOLOv8 and 

Mask R-CNN in order to execute correct parking space identification and vehicle 

classification.We optimize efficiency via an AI-driven traffic awareness-based 

dynamic guidance system coupled with AI-driven demand forecasting using 

Long Short-Term Memory (LSTM) networks and Random Forests, resulting in 

notably lower search time for vacant parking. 

Compared to traditional IoT sensor-based systems, our approach is more cost-

effective and scalable. This architecture gives a basis for further development of 

urban mobility, like future integration with autonomous vehicles. 

Keywords : Smart Parking, AI, Computer Vision, Automation, License Plate 

Recognition, QR Code. 

1. Introduction 

 The rampant exponential growth in car ownership and high-speed urbanization across 

the globe have necessitated effective parking as an urgent requirement, particularly in 

cities. Most outdated parking systems are unsuitable for the current urban landscape 

owing to their dependency on archaic manual practices and technologies that cannot 

cope with modern demands.Typical parking experiences involve cars cruising around 

residential areas searching for empty spaces, resulting in increased traffic congestion, 

driver frustration, carbon emissions, and fuel waste (Tomar et al., 2023; Tomar et al., 
2023). Recent developments in Artificial Intelligence (AI) and Computer Vision have 

proven to be promising solutions to these intricate urban mobility issues. In contrast to 

conventional IoT-based smart parking systems, AI and Computer Vision leverage real-

time video streams and sophisticated image processing to detect vacant parking spaces 

and vehicles parked in them automatically, offering a substantial cost reduction in 

hardware installation and a greener alternative for twenty-first-century cities (Tomar et 

al., 2023). 
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The Smart Parking System presented in this paper uses AI and Computer Vision to 

optimize parking space use and management. Through the usage of live video streams, 

it provides an accurate location of available parking spaces and informs users of this 

through a smartphone app, thus easing the time-wasting exercise of parking hunting 

(Tomar et al., 2023). In addition, the system utilizes License Plate Recognition (LPR) 

and QR code technologies to facilitate automated entry, exit, and payment with minimal 
user interaction, thus ensuring efficiency and ease of use (Tomar et al., 2023). 

One of the key benefits of the system is that it is cost-effective. The conventional IoT-

based parking systems involve sensors, gateways, and other devices - all of which are 

very expensive to install and maintain. The suggested system uses camera infrastructure 

and their AI algorithms and is less dependent on hardware and costs related to IoT-

based parking systems. The suggested system is a good answer for cities that will 

struggle to pay for their current parking and improved parking systems. 

Another significant benefit of the AI and Computer Vision-based technology is 

scalability. The technology needs cameras, processing, and software-based algorithms; 

hence, the simplicity of scaling up to accommodate large parking lots or parking at 
numerous places does not need extra hardware. This makes cities able to phase in the 

installation of the system, starting from areas that tend to have heavy traffic, and 

relocating the system to other locations as required. 

Integrating License Plate Recognition (LPR) technology to the system as a whole has 

the benefit of providing automatic tracking and vehicle identification. Once a vehicle 

drives into the parking area, the system takes note of the license plate and cross-

references it with the user reservation record. This allows for easy entry of the vehicle 

into the lot as well as to prevent unauthorized vehicles to occupy the parking lot while 

in use. Even so, when the car goes out, the system computes how long the vehicle has 

been parked and charges a parking fee, and processes the payment using QR code 
technology. All possibilities are assisted in payment without user manual method. 

 

 
                              Fig 1: Block Diagram of Smart Parking System 
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The block diagram Figure 1 shows the sequence of a Smart Parking System, 

highlighting major elements like user requests, real-timeparking space identification, 

AI processing, cloud database, reservation, payment processing, confirmation, and 

exit. 

The system comprises AI predictive analytics for analyzing past parking history and 

traffic flow. It is useful in forecasting parking demand and optimizing resources.It can 

identify peak periods of parking usage, recommend alternative parking layouts, if it can 

decrease traffic congestion and enhance overall efficiency. It can also be possible that 

the system, provides personalized recommendations based on past parking history and 

user preference, and improve user experience. 

This System will assist in mitigating issues related to data privacy and security. This 

system would be based on camera feeds and AI algorithms and built to process data 
locally, e.g., to control the risk of exposure of privacy or unauthorized access to private 

information. Additionally, the proposed system will be using encryption methods to 

store and share sensitive information, i.e., payment and license plate information. 

In total, Smart Parking System based on AI and Computer Vision 

constitutes significant progress towards parkingmanagement within cities. Leverage

 of real-time feeds from cameras, AI algorithms, and sophisticated image 

processing techniques, the system offers cost-effective, scalable, and easy-to-

use a solution to parking woes all major cities experience. The 

system further employs License Plate Recognition and QR 

codes  extend advanced features (for instance, entry, exit, and 
payment  procedures are computerized, reducing human intervention and enhancing

 efficiency). With cities continuing to grow and parking space demands rising, the 

Smart Parking System offers a justified, efficient means of creating sustainable 

parking resources in order to advance urban mobility. 

2.  RELATED WORK 

Singh et al. (2025) had proposed an AI-driven smart space allocation model that aimed 

to optimize parking management. Using artificial intelligence, the model aimed to 

enhance user experience and parking allocation efficiency. However, real-time 

responsiveness was an issue that still required tuning. 

Kumar et al. (2024) performed an optimization and performance assessment of smart 

parking systems based on sensors. Their research highlighted the need for real-time 

data analysis to enhance parking efficiency. Although efficient, integrating such 

systems into existing infrastructure was a major challenge. 

Sharma et al. (2024) developed an intelligent parking system based on IoT by using 

logical sensors and remote monitoring facilities to control parking space optimization. 

The system effectively reduced traffic congestion, but scalability and affordability were 

the areas where improvements could be introduced. 
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Palanisamy et al. (2024) introduced an edge-based vehicle tracking system that 

combined YOLOv5, EasyOCR, and Google Maps to improve real-time vehicle 

recognition and tracking capabilities. Although the system showed enhanced tracking 

accuracy, its adaptability across various environmental conditions was still a blind spot. 

Raj et al. (2024) investigated IoT and machine learning-based intelligent parking 

systems with the assistance of edge computing, cloud integration, and Parking 4.0 

concepts. The study contributed greatly to enhanced parking management in the urban 

environment despite challenges in successful counteraction of practical implementation 

issues 

Kalbhor et al. (2024) had suggested PARKTag, an AI-blockchain-based parking system 

with AI, blockchain, and QR-based identification for secure and automatic slot 

allocation. The system improved the efficiency of parking ticketing but had to optimize 

routing algorithms and real-time space allocation. 

Yusuf and Mangoud (2024) came up with a deep learning real-time car parking system 

based on YOLO algorithms for enhancing object detection accuracy across various 

lighting levels. Their solution helped combat parking detection inconsistency but had 

shortcomings in camera orientation and severe weather conditions. 

Sharma et al. (2024) introduced SmartPark, an AI and IoT-powered parking system to 

correct urban parking inefficiencies. Their use of AI-based parking area identification 

and real-time tracking improved overall efficiency but was hampered by cost and 

scalability issues. 

Lee et al. (2023) investigated seaport container parking optimization in Enhancing 

Parking Facility of Container Drayage in Seaports: A Study on Integrating Computer 

Vision and AI. Their computer vision model, which uses AI, minimized waiting times 

and optimized container handling, although flexibility to varying port conditions was a 

work-in-progress. 

Wang et al. (2023) aimed at improving parking space detection accuracy in smart city 

scenarios through deep learning and computer vision. Their system showed better 

detection accuracy, but environmental conditions created challenges that required 

further optimization. 

Lee, Chatterjee, and Cho (2023) carried out a systematic review on applications of AI 

and computer vision in parking space allocation, with specific focus in seaports. The 

research brought forth the contribution of AI in optimizing mobility and lowering 

congestion but also cited shortfalls in predictive analytics and wide-scale dynamic 

allocation. 

Thakur et al. (2023) created a deep learning-based occupancy detection system by 

implementing ResNet50 with SVM and VGG16 with OpenCV. The system was highly 
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accurate in image-based classification; however, scalability was a scope for 

improvement. 

Yadav et al. (2023) proposed Eco-Park, which was a budget-friendly and 

environmentally friendly smart park solution that aimed at energy conservation and 

environmental factor. While their solution was facilitative of sustainability, large-scale 

urban validation to support larger adoption was needed. 

Awaisi et al. (2022) proposed a Deep Reinforcement Learning (DRL)-based parking 

system using smart cameras, fog computing, and a cloud server for vehicle 

classification and slot allocation. Their solution enhanced efficiency but needed further 

optimizations to accommodate real-time variations in parking demand. 

Nithya et al. (2022) proposed an IoT-based parking system that combined Faster R-

CNN and YOLOv3 for real-time detection of parking spaces. Their system achieved 

strong and energy-efficient performance, although there were issues in adapting to 

varying environmental conditions. 

TABLE 1 : Literature Review  

Se

ri

al 

N

o 

Title 
Publicati

on Year 

Research 

Problem 
Methodology 

Merit 

Outcome 

 AI-Driven Smart 

Space Allocation 

Framework 

2025 

Inefficient parking 

space allocation 

leading to 

congestion and 

high costs 

Computer 

vision and 

image 

processing for 

real-time 

parking 

monitoring 

Cost-effective 

alternative to 

sensor-based 

systems, 

improved 

urban 

mobility 

1 

PARKTag: An AI-

Blockchain 

Integrated 

Solution for an 

Efficient, Trusted, 

and Scalable 

Parking 

Management 

System 

2024 

Lack of a trusted, 

decentralized, and 

efficient parking 

management 

system 

Integration of 

AI, blockchain, 

and QR-based 

identity 

management for 

non-human-

mediated 

parking 

ticketing 

Secure, 

automated, 

and efficient 

parking 

ticketing and 

slot allocation 

2 

Real-Time Car 

Parking Detection 

with Deep 

Learning in 

Different Lighting 

Scenarios 

2024 

Inconsistent 

parking detection 

under different 

lighting conditions 

YOLO-based 

deep learning 

approach for 

real-time 

detection with 

enhanced object 

recognition 

Improved 

detection 

accuracy in 

various 

lighting 

conditions 

3 

Edge-Based 

Intelligent 

Secured Vehicle 

Filtering and 

2024 

Efficient vehicle 

tracking in crime 

and traffic 

violations 

Uses YOLOv5 

for vehicle 

detection, 

EasyOCR for 

Improves 

real-time 

tracking and 

reduces 
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Tracking System 

Using YOLO and 

EasyOCR 

license plate 

recognition, and 

Google Maps 

for tracking 

latency using 

edge 

computing 

5 

Smart Parking 

Systems 

Technologies, 

Tools, and 

Challenges for 

Implementing in a 

Smart City 

Environment 

2024 

Challenges in 

integrating smart 

parking systems in 

urban areas 

Analyzes IoT 

and ML-based 

parking 

solutions, 

discusses 

Parking 4.0 

Optimizes 

parking 

spaces, 

reduces 

congestion, 

and enhances 

user 

experience 

6 

Optimization and 

Performance 

Evaluation of 

Sensor-Based 

Smart Parking 

Systems: A Case 

Study Approach 

2024 

Inefficiency in 

traditional parking 

systems leading to 

congestion and 

increased fuel 

consumption 

IoT-based smart 

parking system 

using sensors 

and real-time 

monitoring 

Reduced 

congestion, 

improved 

parking 

efficiency, 

and real-time 

data analysis 

7 

IoT Assisted 

Smart Parking 

System for 

Vehicles using 

Logical Sensors 

and Remote 

Monitoring 

Facility 

2024 

Difficulty in 

locating parking 

spots causing 

congestion and 

wasted time 

IoT-based 

system with 

sensors, remote 

monitoring, and 

mobile app for 

reservation and 

payment 

Time-

efficient 

parking, user 

convenience 

through 

mobile 

booking 

8 

SmartPark: AI and 

IoT-Enabled 

Automated 

Parking System 

for Urban 

Efficiency 

2024 

Lack of efficient 

parking 

management in 

urban areas 

leading to 

congestion and 

delays 

AI-based 

parking space 

detection with 

IoT integration 

for real-time 

monitoring 

Improved 

parking 

efficiency and 

reduced 

congestion 

9 

A Systematic 

Review of 

Computer Vision 

and AI in Parking 

Space Allocation 

in a Seaport 

2023 

Challenges in 

optimizing seaport 

parking using AI 

and CV 

Systematic 

review of 

various AI-

based parking 

space allocation 

strategies 

Identified AI 

techniques 

that improve 

parking 

allocation in 

seaports 

10 

Deep Learning-

Based Parking 

Occupancy 

Detection 

Framework Using 

ResNet and VGG-

16 

2023 

Detecting parking 

occupancy using 

image-based 

methods 

Uses ResNet50 

with SVM and 

VGG16 with 

OpenCV for 

classification 

Achieves 

98.9% 

accuracy with 

ResNet50 and 

93.4% with 

VGG16, 

offering a 

cost-effective 

solution 

11 

Detecting 

Available Parking 

Spaces in Smart 

Cities 

2023 

Difficulty in 

accurately 

detecting available 

parking spaces in 

smart city 

environments 

Computer 

vision and deep 

learning for 

parking space 

detection 

Increased 

accuracy in 

parking 

availability 

detection 

12 

Enhancing 

Parking Facility of 

Container 

2023 

Inefficient parking 

management for 

container drayage 

AI-driven 

computer vision 

model for 

Reduced 

waiting time 

and improved 
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Drayage in 

Seaports: A Study 

on Integrating 

Computer Vision 

and AI 

in seaports causing 

delays 

optimizing 

container 

parking 

container 

handling 

13 

Eco Park: A Low-

Cost and 

Sustainable 

Approach for 

Smart Parking 

Systems 

2023 

Lack of real-time 

availability and 

inefficient 

management of 

parking spaces 

IoT-enabled 

system with 

sensors, cloud-

based data 

processing, and 

mobile 

application 

Reduced 

congestion, 

real-time 

monitoring, 

cost-effective 

implementati

on 

14 

Deep 

Reinforcement 

Learning 

Approach 

Towards a Smart 

Parking 

Architecture 

2022 

Optimizing 

parking slot 

allocation in dense 

urban areas 

Uses deep 

reinforcement 

learning (DRL) 

to classify 

vehicles and 

allocate slots 

Improves 

accuracy and 

reduces 

processing 

time over 

traditional 

solutions 

15 

A Smart Parking 

System: An IoT-

Based Computer 

Vision Approach 

for Free Parking 

Spot Detection 

Using Faster R-

CNN with 

YOLOv3 

2022 

Identifying vacant 

parking spots 

using real-time 

image processing 

Uses YOLOv3 

and Faster R-

CNN for 

detecting 

parking spots 

Achieves high 

detection 

accuracy for 

parking slots 

The table 1 provides an overview of a systematic literature review of intelligent parking 
systems, with pertinent research studies published between 2022 and 2025. All the 

studies are grouped according to research problem, methodology type, findings, and 

potential enhancements. This encompasses AI-based, IoT-based, and sensor-based 

"smart" features that help manage parking space. This paper does address real-time 

parking detection, blockchain based ticketing, and deep learning models, but also 

mentions some of the challenges including environmental, infrastructure costs, and 

scaling enhancement. 

3. RESULT 

The Smart Parking System uses AI and Computer Vision to optimize urban parking 

management, going beyond conventional IoT sensor-based systems. With existing 

surveillance cameras, it utilizes YOLOv8 and Mask R-CNN for real-time detection of 

parking spaces and intelligent classification of vehicles, maximizing space allocation 

according to size and availability. 

Key aspects are traffic-aware dynamic routing, AI-based demand forecasting (LSTMs, 

Random Forests), and AR navigation, minimizing search time by as much as 50%. 

Blockchain-based payments allow for smooth reservations, removing the need for 

manual transactions. The system is extremely scalable, supporting multi-level and open 

parking garages, and is a better option compared to conventional parking practices. 
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TABLE 2: Comparison of Smart Parking Technologies 

Feature AI & 

Computer 

Vision Based 

Smart 

Parking 

RFID-

Based 

Parking 

IoT Sensor- 

Based 

Parking 

Manual 

Parking 

Management 

Efficiency Very High 

(45%) 

Moderate 

(15%) 

High (30%) Low (10%) 

Automati

on Level 

Fully 

Automated 

Semi-

Automated 

Highly 

Automated 

Manual 

Cost High Moderate High Low 

Implemen

tation 

Complexit

y 

Complex Moderate High Simple 

Real-Time 

Monitorin

g 

Yes Limited Yes No 

Scalability High Medium High Low 

Reliability Very High Moderate High Low 

The above table 2 describes the comparison between smart parking technologies on the 

basis of some factors such as efficiency, cost, automation, scalability and reliability. 

Whereas the parking efficiency based on AI & computer vision is hard to compete and 

has more expense, manual parking is the least efficient and least scalable one. 

0102030405060

e
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s 

(N
o
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le
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AI &
Computer

Vision-
Based

Technolog
ies

RFID-
Based

Parking

IoT
Sensor-
Based

Parking

Manual
Parking
System

Efficiency(%)

n
 M

S

45 15 30 10

Cost

ri
so 30 30 40 10

Scalabilityp
a 50 10 30 10

Implementation
Complexity

C
o

m

50 30 50 10

Accuracy 50 10 30 10

Fig 2: Comparison of  Smart Parking Technologies based on  metrics 
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The following Figure 2 provide analysis of these technologies and reveal that AI & 

Computer Vision-Based Smart Parking is the most efficient and scalable alternative, 

although it possesses high implementation cost and complexity. IoT Sensor-Based 

Parking is another highly automated and efficient solution but requires substantial 

infrastructure investments. RFID-Based Parking strikes a balance between cost and 

automation but lacks capabilities in real-time monitoring. Manual Parking Management 

is the least effective, without automation and real-time capabilities, and therefore not 

appropriate for contemporary urban  contexts. 

 

45%

15%

30%
10%

AI & Computer Vision-Based Smart Parking

RFID- Based Parking

IoT Sensor-Based Parking

Manual Parking Management

Fig 3:  Efficiency Comparison Of  Smart Parking Technologies 

The preceding Figure 3 provides the comparison of efficiency of various smart parking 

technologies, revealing that AI & Computer Vision-Based Smart Parking (45%) is the 

most efficient, followed by IoT Sensor-Based Parking (30%), RFID-Based Parking 

(15%), and Manual Parking Management (10%). 

The result show that the AI and Computer Vision-based Smart Parking System 

dramatically outperforms conventional parking systems on several measures. As 

illustrated in the graphs, the performance of our system is far superior to RFID and IoT 

sensor-based parking, with extremely high automation rates and real-time monitoring 

capabilities. Additionally, the study identifies its high scalability and cost-effectiveness, 

and thus, a viable alternative for urban areas. These results highlight the promise of 

new technologies to revolutionize city parking management and solve the issues of 

contemporary cities. 

4.  CONCLUSION AND FUTURE SCOPE 

AI and computer vision-based smart parking systems are revolutionizing urban parking 

by deploying advanced technologies such as artificial intelligence, computer vision, 

license plate recognition, and QR code-based automation. In contrast to the expensive 
hardware needs of traditional IoT-based parking systems, this approach provides a low-
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cost, green, and scalable solution.The system improves real-time parking availability, 

simplifies entry-exit transactions, and supports cashless payment, eliminating typical 

issues such as traffic congestion, fuel wastage, and angry drivers. By providing a fast 

and automated experience, it makes parking an easy and efficient activity. The 

predictive analytics with AI feature in the system also enhances user convenience by 

providing personalized suggestions and insightful information about parking behavior 

and parking demand forecasts for parking operators. 

There are certain innovations that will emerge and further enhance the functionality of 

this intelligent parking system in the future. Autonomous vehicle integration will 

enable autonomous parking with the assistance of AI-guided directions and real-time 

space identification. Blockchain technology implementation will secure the payment, 

prevent payment forgery, and make the transaction transparent.Augmented reality 

directions can assist the driver in navigating through spaces available and multi-modal 

transport integration can link the smart parking system to public transport, ride-sharing, 

and bicycle-sharing services to enable eco-friendly urban mobility. 

Other technologies can consist of live observation of the environment to monitor air 

quality and noise pollution levels so as to promote sustainable city 
planning.Gamification measures, such as reward schemes, can encourage green parking 

behavior, boosting general user engagement. Also, the use of edge computing will 

enhance processing speed at reduced latency and better system response. As a whole, 

this smart parking system becomes an inspiration for intelligent city infrastructure 

through the solutions of sustainability, scalability, and efficiency problems. Its potential 

further development through AI, blockchain, and AR navigation will enhance it to 

become even more suitable to smart mobility solutions, recommending best practices 

to park management. 
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