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Summary

Smart parking lots can provide various parking services for different parking lot scenarios, including parking guidance, parking space reservation, vehicle reverse search, vehicle automatic access control and self-service payment.

Recommendation ITU-T Y.4456 specifies the requirements and functional architecture for smart parking lots.
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Recommendation ITU-T Y.4456 

Requirements and functional architecture for smart parking lots in smart cities

1 Scope

Smart parking lots (SPLs) integrate parking information to enable the coordination of parking facilities within smart cities. SPLs work with other systems to provide various parking services. This Recommendation specifies the requirements and functional architecture for SPLs.

The scope of this Recommendation includes: 

– introduction of SPLs

– requirements for SPL

– Functional architecture of SPL

NOTE – For use cases of SPL see Appendix I.

2 References

The following ITU-T Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published. The reference to a document within this Recommendation does not give it, as a stand-alone document, the status of a Recommendation.







	[ITU-T Y.101]

	Recommendation ITU-T Y.101 (2000), Global Information Infrastructure terminology: Terms and definitions.



	[ITU-T Y.2012]

	ITU-T Recommendation Y.2012 (2010), Functional requirements and architecture of next generation networks.



	[ITU-T Y.2261]

	ITU-T Recommendation Y.2261 (2006), PSTN/ISDN evolution to NGN.



	[ITU-T Y.4000]

	ITU-T Recommendation Y.4000/Y.2060 (2012), Overview of the Internet of things.




3 Definitions

3.1 Terms defined elsewhere

This Recommendation uses the following terms defined elsewhere:

3.1.1    application [ITU-T Y.2261]: A structured set of capabilities, which provide value-added functionality supported by one or more services, which may be supported by an API interface.

3.1.2    functional entity [ITU-T Y.2012]: An entity that comprises an indivisible set of specific functions. Functional entities are logical concepts, while groupings of functional entities are used to describe practical, physical implementations.

3.1.3    service [ITU-T Y.101]: A structure set of capabilities intended to support applications.

3.2 Terms defined in this Recommendation

This Recommendation defines the following term:

3.2.1    smart parking lot: An application that integrates citywide parking information and provides various parking services to produce an enhanced parking experience.

4 Abbreviations and acronyms

This Recommendation uses the following abbreviations and acronyms:







	APP

	Application



	AAFE

	Access and Authentication Functional Entity 



	DAFE

	Data Analytics Functional Entity



	FE

	Functional Entity



	OOPL

	Off-street and On-street Parking Lots 



	PGFE

	Parking Guidance Functional Entity



	POMFE

	Platform Operation and Management Functional Entity



	SCMFE

	SPL Ctrl. and Mgmt. Functional Entity



	SPL

	Smart Parking Lot



	SPNP

	Smart Parking Networking Platform



	VAACFE

	Vehicle Automatic Access Control Functional Entity



	WEB

	World Wide Web




5 Conventions

In this Recommendation:

The keywords "is required to" indicate a requirement which must be strictly followed and from which no deviation is permitted if conformance to this document is to be claimed.

The keywords "is recommended" indicate a requirement which is recommended but which is not absolutely required. Thus this requirement need not be present to claim conformance.

The keywords "can optionally" and "may" indicate an optional requirement which is permissible, without implying any sense of being recommended. These terms are not intended to imply that the vendor's implementation must provide the option and the feature can be optionally enabled by the network operator/service provider. Rather, it means the vendor may optionally provide the feature and still claim conformance with this Recommendation.

6 Introduction to SPL

The number of vehicles in cities has increased sharply and finding parking spaces has become increasingly difficult. Furthermore, the lack of parking guidance and parking space booking services makes it difficult for drivers to find parking spaces.

A smart parking lot (SPL) brings the efficient integration of parking resources and coordinated parking facilities together with other systems (e.g., external payment systems, WEB/APP-parking systems, urban parking guidance systems, traffic systems, etc.).

SPLs can provide various parking services to meet the particular requirements of different scenarios. Typical services may include parking guidance, parking space reservation, vehicle reverse search, vehicle automatic access control and self-service payment.

– Parking guidance: An SPL publishes information about unoccupied parking spaces with parking guidance information. 

– Parking space reservation: An SPL can help search for available parking spaces and reserve parking spaces in advance.

– Vehicle automatic access control: An SPL may support vehicle parking without the need for stopping at entries and exits.

– Self-service payment: An SPL supports payment through self-service terminals, hand-held devices, WEB/APP-based parking systems or fully-automatic charging, etc. 

– Vehicle reverse search: An SPL could help vehicle users to identify where their vehicles are parked, should they forget where they have left them.

The overview of the SPL environment is depicted in Figure 1.

– Off-street parking lots may have controlled entries and exits and on-street parking lots usually do not have controlled entries and exits. Both off-street and on-street parking lots (OOPL) may use sensors and actuators to monitor and control the use of parking spaces.

– Communication networks provide communication capabilities between off-street and on-street parking lots, smart parking network platforms (SPNPs) and external systems.

– An SPL platform provides capabilities (operation and management, access and authentication, data analytics, etc.) for the integration of parking information via interfaces. 

– External systems are relatively independent of the SPL. They include WEB/APP-based parking systems, urban parking guidance systems, external payment systems and traffic systems. The SPL supports external interfaces for external systems to provide various parking services.
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Figure 1 – Overview of the SPL environment

7 Requirements for SPLs

7.1 Parking guidance

OOPL are required to collect parking space information and report it to the SPNP.

The SPNP is required to provide interfaces to external systems to support parking guidance.

OOPL are recommended to use parking space lights, electronic guide screens to indicate parking space information to drivers.

7.2 Parking space reservation

The SPNP is recommended to receive requests for parking space reservations from external systems.

OOPL may reserve parking spaces according to requests from the SPNP.

The SPNP is recommended to provide interfaces to external systems to support parking space reservations.

7.3 Vehicle automatic access control

OOPL may control vehicle automatic access.

The SPNP is recommended to update vehicle information from OOPL.

7.4 Self-service payment

OOPL are required to support a method of self-service payment. 

NOTE – Self-service payment can be supported through self-service terminals, hand-held terminals, WEB/APP-based parking systems and fully-automatic collection.

OOPL are required to collect payment information and may report the information to the SPNP.

The SPNP may support interfaces to external systems for self-service payment.

NOTE – Payment information is required to enable self-service payment. The payment information may include vehicle identification (licence plate number, e-tag, RFID, etc.), payment amount, payment time and payment status (paid, unpaid) and rate.

7.5 Vehicle reverse search

An SPNP may check vehicle identification and request the parking space location of the vehicle with the corresponding parking lot.

OOPL may provide a response of the parking space location to the SPNP.

The SPNP may provide the interface to external systems for vehicle reverse search.

7.6 Information management

OOPL are recommended to provide parking lot information and parking space information, and they may provide vehicle information.

An SPNP is required to manage parking lot information and parking space information, and may manage vehicle information.

OOPL and SPNPs are recommended to exchange parking lot information and parking space information, and they may exchange vehicle information.

NOTE 1 – Parking lot information: parking lot ID, parking lot type and parking lot location.

NOTE 2 – Parking space information: parking space ID, parking space status (occupied, vacant, temporarily reserved, long-time reserved).

NOTE 3 – Vehicle information: vehicle identification (licence plate number, e-tag, RFID, etc.), vehicle status (long-term, temporary, etc.), vehicle arrival time, vehicle departure time, vehicle arrival and departure and parking images.

8 Functional architecture of SPLs

8.1 Functional architecture overview

The SPL environment, as shown in Figure 1, consists of four components. From the requirements in clause 7, this Recommendation mainly focuses on OOPL and SPNPs. Communication networks and external systems are out of the scope of this Recommendation in terms of functional architecture.

[image: Figure]

Figure 2 – Functional architecture of an SPL

8.2 Off-street and on-street parking lots (OOPL)

OOPL includes the vehicle automatic access control functional entity (VAACFE), parking guidance functional entity (PGFE) and SPL Ctrl. and Mgmt. functional entity (SCMFE). The main functions of these functional entities are described below:

Vehicle automatic access control functional entity (VAACFE):

– identifies vehicles;

– sends arrival and departure information to the SCMFE;

– controls vehicle access automatically, according to responses received from the SCMFE.

NOTE – This last function is applicable only for off-street parking lots.

Parking guidance functional entity (PGFE):

– detects parking spaces inside parking lots;

– sends parking space information to the SCMFE;

– updates parking space lights and electronic guide screens to indicate parking space information to drivers.

SPL Ctrl. and Mgmt. functional entity (SCMFE):

– collects payment information and reports payment information to the SPNP;

– manages parking lot information including parking lot configuration, parking space information and vehicle information;

– sends alarm messages (vehicle block alarm, equipment abnormal alarm and vehicle arrearage alarm, etc.) to parking lot staff;

– communicates with the platform operation and management functional entity (POMFE) of the SPNP to report information and receive messages.

8.3 Smart parking networking platform (SPNP)

The smart parking networking platform (SPNP) includes the access and authentication functional entity (AAFE), platform operation and management functional entity (POMFE) and data analytics functional entity (DAFE). The main functions of these functional entities are described below:

Access and authentication functional entity (AAFE):

– authenticates parking lot information stored in the POMFE; 

– provides interfaces for authenticated users from external systems to access information to which they have rights.

Platform operation and management functional entity (POMFE):

– manages and stores information including parking lot configuration, parking space information, vehicle information and payment information; 

– provides service execution for smart parking operation with relevant capabilities;

– communicates with OOPL to get the information and sends the messages to support various parking lot services.

Data analytics functional entity (DAFE):

– supports data analytics and reporting for getting statistical information from the SPNP and OOPL;

– supports data mining to optimize the operation of the SPL.



Appendix I 
 
Use cases of SPL

(This appendix does not form an integral part of this Recommendation.)

I.1 Parking guidance

Without guidance drivers may cause congestion while looking for parking spaces. The location of parking lots and real-time information of parking spaces is provided to drivers to allow them to park conveniently.
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Figure I.1 – Parking guidance

I.2 Parking space reservation

SPLs can help drivers search for information on available parking spaces and to reserve parking spaces in advance. Drivers check electronic road maps with general information about the parking lots around a particular area and they can select the parking lot where they would like to make a parking space reservation, via a WEB/APP-based parking system.

[image: Figure]

Figure I.2 – Parking space reservation

I.3 Vehicle automatic access control

An SPL supports vehicle access to parking lots without the need to stop at entries and exits.

When a vehicle enters or leaves a parking lot an SPL automatically senses and identifies the vehicle; it then makes subsequent operations according to defined policies, such as: 

– for long-term vehicles the SPL will directly release them;

– for overdue vehicles the SPL will stop them or provide an alarm;

– for paid vehicles the SPL will release them; 

– for unpaid vehicles the SPL will release the vehicle following payment or a record of payment.

I.4 Self-service payment

Drivers can check information about parking fees and pay the fees through the WEB/APP-based parking system, handheld terminals, self-service terminals or automatic collection.
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Figure I.3 – Self-service payment

I.5 Vehicle reverse search

It is easy to forget the parking space location when there are many parking spaces and several floors inside parking lots. SPLs could help drivers to identify where their vehicles are parked, should they forget where they have left them. The drivers can input the licence plate numbers on the interface of the WEB/APP-based parking system and get the detailed location of where their vehicles are parked.

[image: Figure]

Figure I.4 – Vehicle reverse search
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