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Smart parking is an artificial intelligence-based solution to solve the challenges of inefficient utilization of parking

slots, wasting time, congestion producing high CO  emission levels, inflexible payment methods, and protecting

parked vehicles from theft and vandalism. Nothing is worse than parking congestion caused by drivers looking for

open spaces. This is common in large parking lots, underground garages, and multi-story car parks, where visibility

is limited and signage can be confusing or difficult to read, so drivers have no idea where available parking spaces

are.

smart parking  Internet of Things (IoT)  Artificial Intelligence (AI)

1. Introduction and Motivation

Searching for suitable car parking in modern cities is considered a challenge in terms of wasted time and power

consumption . In the modern era, car licenses are daily growing at a very high rate, which means the number of

vehicles has expanded, which leads to severe traffic conjunctions, and onerousness to find suitable car parking. In

modern cities, car parking slots remain as they are, while the number of vehicles is expanding. Hence, modern

cities are suffering from car parking shortages. According to , in the USA, over 70 billion dollars are wasted every

year searching for parking, which is equal to 3.6 billion hours of time and 1.7 billion gallons of fuel. According to ,

one hour of congestion could emission enhancement fluxes of air pollutants and carbon dioxide by 14.3~30.4%.

According to , the main reason for traffic conjunction in big cities is the car parking problem. Finding a suitable

parking space is a challenge in big cities. Therefore, governments should implement laws to address this issue .

The developed systems  have proved the significance of using intelligent parking modes in modern cities.

Although modern cities have applied different intelligent solutions for solving car parking issues, the problem still

does exist .

There are two types of parking spaces: those reserved for specific individuals and free parking spaces available to

everyone. Parking spaces reserved for specific individuals may be unoccupied if the person is on leave or absent

from work. The problem becomes apparent when the number of employees in an organization is greater than the

number of parking spaces allocated to the organization. On the other hand, when the number of visitors exceeds

the available parking spaces, visitors may park incorrectly, causing traffic congestion.

The daily parking problems can be summarized as (1) shortage of designated parking slots for certain buildings,

which is not enough for employees and visitors. (2) traffic congestion caused by visitors searching for parking slots.
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(3) Incorrect parking where drivers park vehicles in a spot that is not designated for them. This could happen in a

variety of settings, such as in a parking lot where each spot is assigned to a specific individual or in a public street

where there are specific regulations about where and how long one can park. Hence, the optimal solution that

could deal with the above challenges should: (1) provide dynamic parking slot distributions to address the shortage

of parking slots. (2) provide a mechanism for pre-booking by specifying a specific parking slot at a specific time to

address the problem of incorrect parking. (3) provide a mechanism to make sure that the car is parked in its correct

parking slot, this solution is to address the issue of incorrect parking. In addition, the optimal solution should keep

records of traffic patterns in the parking. These steps would formulate a control and monitoring mechanism for a

smart parking system. To ensure the success of this mechanism, it must operate in real time.

2. The Significance of Smart Parking

The significance of smart parking, both from a theoretical research perspective and from an applied commercial

perspective, is reflected in the large volume of research work in this field. Thus, only recent works have been

considered, and the analysis of related works is limited to a timeframe of five years, from 2018 to 2023.

The related works have been analyzed for extracting strengths and weaknesses aiming for highlighting the

research gap and providing beneficial directions for researchers interested in this subject. As an exclusion criterion,

all works related to smart and electric vehicles have been neglected. These works should consider power

consumption and recharging, which are outside the scope of this research. In addition, works with repeated ideas

have been excluded.

The work presented in  involves a development of a system based on employing an Artificial Neural Network

(ANN) for selecting a suitable parking slot in a real-time environment. The system analyzed employees’ behavior

and accordingly suggested a suitable parking slot time and location. This solution lacks a real time control system.

The work in  developed a system based on drone-based surveillance to find suitable parking slots. This work

has a high cost of implementation. The work presented in  proposed intelligent parking system by using Arduino

sensors. This system is working by connecting chips with the Ethernet W5100 network and then transmits the

collected information to the server. This system does not keep records of the movement of cars within the parking

lot. The work presented in  have developed an intelligent system to find free parking slots. This system is

developed based on a detector that consists of three parts: the STM32 microcontroller, the geomagnetic sensor,

and the NB wireless module. The geomagnetic sensor collects the intensity of the magnetic field around, and then

the magnetic field intensity is sent to the microcontroller. The microcontroller determines whether the parking space

is free or not. This solution only includes a service for finding free parking slots. In , authors improved Radio

Frequency Identification (RFID) by using a low-profile vertical polarized antenna to enhance intelligent parking

based on (RFID). This solution is just to assist in finding free parking slots. The work presented in  includes the

development of an intelligent method based on genetic algorithms for optimizing the selection process for selecting

free public parking. The lack of a tracking mechanism could be a significant limitation of this proposal. The work

presented in  have developed an intelligent parking system based on ultra-wideband (UWB) position and

navigation technology. This system is suffering limitations due to the limitation of UWB.
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In , authors developed an intelligent method for assisting drivers by predicting suitable paths and parking slots.

This method has been developed by using the Internet of Things (IoT), and genetic algorithms. It was enhanced by

using Artificial Neural Network (ANN). The work presented in  have developed a simulation of the shared parking

operation that considers the uncertainties with four parameters which are users, arrival, and departure time. The

presented work in  involves the employment of a canny edge detection method and a USB camera to define the

available parking slots. The work in  is used wireless vehicle detectors and magnetic sensors to define the

availability of parking spaces. The four aforementioned works lack tracking and controlling mechanisms.

The work presented in  employed a Raspberry Pi 4 B+ (RPi) computer, Pi camera module, GPS sensor,

ultrasonic sensors, and Blynk App to develop an intelligent parking system. This solution is successfully finding the

available parking slots over the Internet. The work in  has developed an intelligent system that allows users to

pre-reservation free parking slots and then update the parking status after detecting a car’s plate by using the OCR

algorithm. The work in  has developed an intelligent mobile application that can suggest free parking slots

around the target location. The suggestions are generated based on the user’s preferences.

In , authors have developed a parking management system based on ARM and ZigBee wireless sensor

networks to define free parking slots. The deep learning model has been used as a car’s plate recognition system,

where the system controls the entrance and exits of the parking. The work in  has developed an intelligent

model to recognize the free parking slots based on AI vision and the MobileNet classification model. This system

can recognize occupied parking slots and the vehicle’s type. The work in  has developed an intelligent parking

system by integrating related technologies such as ZigBee, geomagnetic sensors, and RNN to detect the status of

parking spaces.

The work presented in  includes the development of an intelligent model that utilizes a Convolutional Neural

Network–Long Short-Term Memory (CNN-LSTM) architecture, along with comprehensive 360-degree panoramic

images, ultrasonic and sensor distance measurements. The model is designed to assist drivers in accurately

parking their cars, thereby reducing congestion in open parking spaces. In , authors have developed an

automatic parking lot occupancy detection model. This model utilizes an around-view monitor (AVM) image

sequence with a 360-degree bird’s-eye view camera, as well as ultrasonic sensors, to accurately determine the

presence of adjacent vehicles.

The optimal solution should provide (1) dynamic parking slot distribution, (2) a mechanism for pre-booking a

parking slot, and (3) a mechanism to ensure that the car is parked in the correct slot. (4) inquire about the location

of any car at any time. The first two represent control of the parking system, while the third, and fourth pertain to

monitoring. Based on the discussion and analysis of related works, it is evident that there is a critical need for a

real-time system that provides both control and monitoring subsystems. Therefore, researchers will use the

features of optimal solution as benchmark to compare the proposed smart parking with the related works. Table 1

shows this comparative summary.

Table 1. Comparative summary between related works and the proposed system.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]



Smart Parking | Encyclopedia.pub

https://encyclopedia.pub/entry/53005 4/6

References

1. Das, S. A novel parking management system, for smart cities, to save fuel, time, and money. In
Proceedings of the 2019 IEEE 9th Annual Computing and Communication Workshop and
Conference (CCWC), Las Vegas, NV, USA, 7–9 January 2019; pp. 950–954.

2. Wen, Y.; Zhang, S.; Zhang, J.; Bao, S.; Wu, X.; Yang, D.; Wu, Y. Mapping dynamic road emissions
for a megacity by using open-access traffic congestion index data. Appl. Energy 2020, 260,

The Work Dynamic
Distribution

Pre-
Booking

Ensure the
Correct Slot

Inquire about the Location of
Any Car at Any Time

X √ X X

X √ X X

X X √ X

X √ √ X

X √ X X

X √ √ X

X X √ X

X √ √ X

X √ X √

X √ √ X

X √ √ X

X √ X X

X √ √ X

X √ √ X

X √ √ X

X X √ X

X X √ X

X √ X X

X √ X X

The proposed
system

√ √ √ √

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]



Smart Parking | Encyclopedia.pub

https://encyclopedia.pub/entry/53005 5/6

114357.

3. Wang, X.; Shi, H.; Zhang, C. Path planning for intelligent parking system based on improved ant
colony optimization. IEEE Access 2020, 8, 65267–65273.

4. Chambhare, H.; Rathi, P.; Tekam, R.; Shaikh, S.; Bitla, L. Smart Parking Using IOT. In
Proceedings of the 2023 4th International Conference for Emerging Technology (INCET),
Belgaum, India, 26–28 May 2023; pp. 1–4.

5. Triputro, R.W.; Giawa, A.; Suharyanto, S.; Wijaya, J.H. Government policy in Illegal Parking
Charges at Public Spaces. J. Gov. Public Policy 2023, 10, 191–202.

6. Aditya, A.; Anwarul, S.; Tanwar, R.; Koneru, S.K.V. An IoT assisted Intelligent Parking System
(IPS) for Smart Cities. Procedia Comput. Sci. 2023, 218, 1045–1054.

7. Suhr, J.K.; Jung, H.G. Survey of target parking position designation for automatic parking
systems. Int. J. Automot. Technol. 2023, 24, 287–303.

8. Gade, D.S. A Deep Dive into Smart City Technologies and Portfolio of Smart Services: Smart City
and Its Smart Services; Shashwat Publication: Bilaspur, India, 2023.

9. Shin, J.H.; Jun, H.B.; Kim, J.G. Dynamic control of intelligent parking guidance using neural
network predictive control. Comput. Ind. Eng. 2018, 120, 15–30.

10. Sarkar, S.; Totaro, M.W.; Elgazzar, K. Intelligent drone-based surveillance: Application to parking
lot monitoring and detection. In Proceedings of the Unmanned Systems Technology XXI,
Baltimore, MD, USA, 16–18 April 2019; International Society for Optics and Photonics:
Bellingham, DC, USA, 2019; Volume 11021, p. 1102104.

11. Li, Y.; Lin, G. Design of intelligent parking lot based on Arduino. In IOP Conference Series:
Materials Science and Engineering; IOP Publishing: Bristol, UK, 2019; Volume 490, p. 042010.

12. Xing, Y.L.; Li, J.Y.; Wang, X.H. Research and Design of Parking Detector Based on NB-IoT and
Geomagnetism. In Proceedings of the 2019 IEEE 2nd International Conference on Information
and Computer Technologies (ICICT), Kahului, HI, USA, 14–17 March 2019; pp. 275–279.

13. Mobashsher, A.T.; Pretorius, A.J.; Abbosh, A.M. Low-profile vertical polarized slotted antenna for
on-road RFID-enabled intelligent parking. IEEE Trans. Antennas Propag. 2019, 68, 527–532.

14. Shen, T.; Hua, K.; Liu, J. Optimized public parking location modelling for green intelligent
transportation system using genetic algorithms. IEEE Access 2019, 7, 176870–176883.

15. Zhao, J.; Wu, Q.; Chen, J.; Huang, Y. Parking, Intelligent Parking System. In Proceedings of the
2019 IEEE 4th Advanced Information Technology, Electronic and Automation Control Conference
(IAEAC), Chengdu China, 20–22 December 2019; Volume 1, pp. 2262–2267.



Smart Parking | Encyclopedia.pub

https://encyclopedia.pub/entry/53005 6/6

16. Liu, J.; Wu, J.; Sun, L. Control method of urban intelligent parking guidance system based on
Internet of Things. Comput. Commun. 2020, 153, 279–285.

17. Zhao, P.; Guan, H.; Wang, P. Data-Driven Robust Optimal Allocation of Shared Parking Spaces
Strategy Considering Uncertainty of Public Users’ and Owners’ Arrival and Departure: An Agent-
Based Approach. IEEE Access 2020, 8, 24182–24195.

18. Trivedi, J.; Devi, M.S.; Dhara, D. Canny edge detection based real-time intelligent parking
management system. Sci. J. Silesian Univ. Technol. Ser. Transp. 2020, 106, 197–208.

19. Lou, L.; Li, Q.; Zhang, Z.; Yang, R.; He, W. An IoT-driven vehicle detection method based on
multisource data fusion technology for smart parking management system. IEEE Internet Things
J. 2020, 7, 11020–11029.

20. Jabbar, W.A.; Wei, C.W.; Azmi, N.A.A.M.; Haironnazli, N.A. An IoT Raspberry Pi-based parking
management system for smart campus. Internet Things 2021, 14, 100387.

21. Alharbi, A.; Halikias, G.; Yamin, M.; Abi Sen, A.A. Web-based framework for smart parking
system. Int. J. Inf. Technol. 2021, 13, 1495–1502.

22. Canli, H.; Toklu, S. Deep learning-based mobile application design for smart parking. IEEE
Access 2021, 9, 61171–61183.

23. Xiang, Z.; Pan, J. Design of Intelligent Parking Management System Based on ARM and Wireless
Sensor Network. Mob. Inf. Syst. 2022, 2022, 2965638.

24. Gu, S.S.; Sun, X.F.; Wang, M.; Yu, J.Q. Research on Parking-Space Occupancy Recognition
Based on MobileNet and Intelligent Parking Guidance Strategy. J. Highw. Transp. Res. Dev.
(Engl. Ed.) 2022, 16, 78–84.

25. Ren, C.; Lee, S.; Jeong, D.; Chen, H.; Xiao, Y. Parking Guidance System Based on Geomagnetic
Sensors and Recurrent Neural Networks. J. Sens. 2022, 2022, 7481064.

26. Ma, Z.; Jiang, H.; Ma, S.; Li, Y. Intelligent Parking Control Method Based on Multi-Source Sensory
Information Fusion and End-to-End Deep Learning. Appl. Sci. 2023, 13, 5003.

27. Dev, N.M. Parking Space Detector. Grenze Int. J. Eng. Technol. 2023, 9, 826–829.

Retrieved from https://encyclopedia.pub/entry/history/show/119681


