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Accessibility requirements for smart public transportation services

Summary
The concept of accessibility in public transportation services have been mainly concerned in eliminating physical barriers such as adopting accessible trains and buses that allows a wheelchair accessibility by mechanical lowering-entrance floors. In smart public transportation services, the use of Internet of Things, when properly designed, may increase accessibility of public transportation services by providing access of information and physical accessibility. The Internet of Things can be used to create tools for persons with many types of disabilities and specific needs, including physical, visual, hearing and cognitive disabilities. In order for the smart transportation services to appropriately provide accessible services, information of accessibility profiles must be agreed upon in advance. Such accessibility profiles should basically include information on accessibility needs while traveling on public transportation services. This Recommendation specifies accessibility requirements for smart public transportation services.

Keywords
Accessibility, Inclusive Design, Smart Cities and Communities, Smart Public Transportation Services, Persons with Disabilities, Persons with Specific Needs, Universal Design [TBA]

Introduction
For many persons with disabilities, it is difficult to use public transportation services. The transportation issues also apply to persons with age-related disabilities and those with specific needs, which include temporary disabilities as well as literary disabilities. If the use of public transportation is challenging, persons with disabilities and those with specific needs would be socially disconnected and their quality of life would, as a result, be degraded. Thus, mobility rights are one of the important issues for persons with disabilities. In smart public transportation services, the use of Internet of Things, when properly designed, may increase accessibility of public transportation services by providing access information. This information can be used by persons with many types of disabilities and those with specific needs. In order for the smart transportation services to appropriately provide accessible services, information on the type of disabilities profiles must be agreed upon in advance. Such accessibility profiles basically include information on accessibility needs of persons with disabilities while traveling through the public transportation services.
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1 [bookmark: _Toc457841856][bookmark: _Toc454439523][bookmark: _Toc454749399][bookmark: _Toc457841857][bookmark: _Toc457923944][bookmark: _Toc513973075][bookmark: _Toc531880921]Scope
This Recommendation specifies accessibility requirements for smart public transportation services. 
The scope of this Recommendation includes:
· Accessibility requirements for smart public transportation services for persons with disabilities, persons with age-related disabilities and those with specific needs to utilize the benefits of IoT applications and services.
· Accessibility profiles for accessible smart public transportation services.

2 [bookmark: _Toc457841858][bookmark: _Toc454749400][bookmark: _Toc457841859][bookmark: _Toc457923945][bookmark: _Toc513973076][bookmark: _Toc531880922][bookmark: _Toc454439524]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 F.790]	Recommendation ITU-F.790 (2007), Telecommunications Accessibility Guidelines for Older Persons and Persons with Disabilities.
[ITU-T Y.4000]	Recommendation ITU-T Y.4000/Y.2060 (2012), Overview of Internet of Things.
[ITU-T Y.4204]	Recommendation ITU-T Y.4204 (2019), Accessibility Requirements for Internet of Things Applications and Services.
Editor’s Note: Possible reference to “Wayfindr” [b-ITU-T F.921] recommendation to be considered. It is in the bibliography for now.
 [TBA]

3 [bookmark: _Toc510575247][bookmark: _Toc513973077][bookmark: _Toc531880923]Definitions
3.1 [bookmark: _Toc513973078][bookmark: _Toc531880924]Terms defined elsewhere
This Recommendation uses the following terms defined elsewhere:
3.1.1 accessibility [b-ITU-T F.791]: The degree to which a product, device, service, or environment (virtual or real) is available to as many people as possible.
3.1.2 accessibility features [b-ITU-T F.791]: An additional content component that is intended to assist people hindered in their ability to perceive an aspect of the main content.
3.1.3 assistive technology [b-ITU-T F.791]: Is an umbrella term that includes assistive, adaptive, and rehabilitative devices used by a person with disabilities to prevent, compensate, relieve, or neutralize any resulting impairment.
3.1.4 persons with age related disabilities [b-ITU-T F.791]: Persons when they age, often develop cognitive and physical disabilities that are caused by the aging process itself. Examples are diminished eyesight, deafness in varying degrees, reduced mobility, or cognitive abilities.
3.1.5 persons with specific needs [b-ITU-T F.791]: Includes persons with disabilities (PWD), persons who are not literate, those with learning disabilities, children, indigenous people, older persons with age related disabilities, and anyone who has a temporary disability.
3.1.6 platform accessibility features [b-ITU-T F.791]: Accessibility functionality provided as standard on a particular hardware/software platform.
3.1.7 specific needs [b-ITU-T F.791]: This replaces the use of the term ‘special needs’. This term refers to a wide range of categories including women, children, youth, indigenous people, older persons with age related disabilities, persons with illiteracy, as well as persons with disabilities (PWD), see [b‑ITU PP Res.175], [b‑WTDC Res.58], and [b‑WTDC AP]. See also clause 6.39 of [b-ITU-T F.791].
3.1.8 universal design [b-UNCRPD]: The design of products, environments, programmers and services to be usable by all people, to the greatest extent possible, without the need for adaptation or specialized design. "Universal design" shall not exclude assistive devices for particular groups of persons with disabilities where this is needed.
[TBA]
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This Recommendation uses the following abbreviations and acronyms:
	AT
	Assistive technology

	IoT
	Internet of Things

	PWD
	Persons with Disabilities

	UI
	User Interface

	UNCRPD
	UN Convention on the Rights of Persons with Disabilities

	[TBA]
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5 [bookmark: _Toc531880930]Conventions
In this Recommendation:
The expression "is required to" indicates a requirement which must be strictly followed and from which no deviation is permitted if conformance to this Recommendation is to be claimed. 
The expression "is recommended" indicates a requirement which is recommended but which is not absolutely required. Thus, this requirement need not be present to claim conformance.
6 [bookmark: _Toc513973081][bookmark: _Toc531880931]Accessible smart public transportation services
In the UN Convention on the Rights of Persons with Disabilities (UNCRPD), Article 20 on personal mobility states “to ensure personal mobility by facilitating access to quality mobility aids and devices, including making them available at affordable cost; and encouraging entities that produce mobility aids, devices and other assistive technologies to take into account all aspects of mobility for persons with disabilities.” Also, in Article 26, it further mentions that “States Parties shall promote the availability, knowledge and use of assistive devices and technologies, designed for persons with disabilities.” [b-UNCRPD]
Therefore, public transportation service providers have been working on rectifying lack of accessibility in transportation. Presently, the concepts of accessibility in transportation mainly have been concerned eliminating physical barriers such as adopting accessible trains and buses that allows a wheelchair accessibility by mechanical lowering-entrance floors. Smart services for public transportation which make usage of the Internet of things (IoT), when properly designed, may increase accessibility of public transportation services. This can be done by providing information that can be used by persons with various types of disabilities including physical, visual, hearing and cognitive disabilities. For example, persons with visual disabilities may purchase a bus ticket by using their smart phone with accessibility features already set up. Persons with physical disabilities may use their computer to search the route and any accessibility information about the train services prior to leaving home. Persons with hearing disabilities could receive an alert message through their smart phones activated by the message as it is broadcasted on the speakers of the train station. Such features not only increase the accessibility for persons with disabilities, but also expand usability for everyone including persons with and without disabilities.
Smart services for public transportation embedded into the existing public transportation system would improve the service quality radically. Such smart public transportation services will include various passenger services. However, the level of sophistication of different services may vary. The most elementary service may be a simple presentation of information, such as timetables, stop locations and terminal information, route and fare information, and any notice of exceptional conditions. More sophisticated services may include automatic ticket purchasing, finding the best route, arrival and departure information, information on how crowded the vehicle is, and so on. There will be many other creative services are under development and will be introduced in the future. 
As anticipated, IoT can be utilized in the smart public transportation services. IoT is “a global infrastructure for the information society, enabling advanced services by interconnecting (physical and virtual) things based on, existing and evolving, interoperable information and communication technologies” [ITU-T Y.4000]. IoT may be used to recognize the information and communicate that information to interact among the passengers and service providers‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬‬. It can
Each state has their own public transportation service systems. One might have a centralized service system that provides different public transportation services such as bus, train, subway, tram, etc. Others might have independent service providers for each different service. Moreover, service provider of a ‘smart’ services may be different from transportation service provider. Thus, in order for the smart transportation services appropriately provide accessible services, information on set of accessibility profiles must be agreed upon in advance. Such accessibility profiles basically include information on accessibility while traveling through the public transportation services. For example, wheelchair accessible direction of departure and arrival train stations, time table of low-floor bus for specific route, etc. 
Even though the ecosystem of public transportation may involve various players, passengers do not need to know whether the systems are integrated or not. Smart public transportation system seeks to create seamless services no matter how the underlying operational systems are organized. To achieve this goal, a vast amount of information must be exchanged among the public transportation service providers. For the accessibility standpoint, such information includes passenger’s accessibility needs and preferences, and the service provider’s list of accessible services and their detailed information. When enough information is obtained, smart public transportation services can provide the most convenient means to travel considering the user’s needs and capabilities. 
There are significant barriers to the use of public transport by some persons with disabilities. Some of the most salient problems of the public transportation services by persons with disabilities includes safety, frequency and reliability of services, connectivity and the transfer between the departure location and other bus stops and train stations, and in absence of the direct services. 
Information that needs to be achieved prior to travel for persons with disabilities mostly concerns an access to available specific services. This includes the provision and location of lifts at subway stations, the availability of clear signage for persons with vision impairment, the use of audible announcements for persons with hearing disabilities, the availability of amenities including accessible toilets, the capacity to access bus/train stations and so on.
Accessible pedestrian environment to public transportation services, is also important to ensure proper access to the services. Thus, it is essential that the available footpaths, which offer a direct and safe route to public transport, do not have obstacles to disadvantage access for persons with disabilities. Recommendation [b-ITU-T F.921] has addressed these aspects with applicable audio-visual guidelines for designing and operating such pathways for persons with vision impairments.
Note that not all of such barriers can be removed with an aid of IoT services. However, an IoT can provide efficient and economical means to remove at least some of the significant barriers. 
In the Appendix I, there are use cases indicating the needs for smart public transportation systems that benefit persons with disabilities are presented. The use cases serve the role of identifying accessibility requirements for smart public transportation services. In clause 7, accessibility requirements for smart public transportation services are identified. And the accessibility profiles for smart public transportation services are presented in clause 8.
[TBA]

7 [bookmark: _Toc513973082][bookmark: _Toc531880932]Accessibility requirements for smart public transportation services
Editor’s Note: In this clause, smart services accessibility requirements to reduce barriers when to persons with disabilities when they use the public transportation will be identified. Types of barriers of each functional areas of public transportation services for each type of disabilities disability will be presented. Then, accessibility requirements to lift the barriers will be listed.
In this clause, accessibility requirements specific to smart public transportation services are addressed. Accessibility requirements listed here are based on general IoT accessibility requirements as identified by [ITU-T Y.Accessibility-IoT4204], and are categorized as eachby functional areas of public transportation services.
Editor’s Note: A comprehensive set of functional areas of public transportation services needs to be identified, using existing references as much as possible.  

7.1 Functional areas of accessible public transportation services
Several studies have identified accessibility barriers to public transportation for persons with disabilities, including older persons with age related disabilities, and those with specific needs. Early study was done by [b-Griffin] that pointed out that entrances must be fully accessible and provide convenient access for passengers.
Persons with disabilities including older persons with age related disabilities find that standing for any length of time uncomfortable or even impossible, so providing seating at appropriate points throughout the terminal is very important. [b-Sawyer] stressed that the provision of accessible toilet facilities in the building is important. [b-Malhotra] conducted a study in accessible public transport, and that highlighted priority seats for persons with disabilities in the vehicle should be close to both the driver and to the entrance/exit of the vehicles, this eases communication with the driver and minimises the distance to be walked in the bus.
[b-Soltani] identified several areas that are the most problematic travel components. This includes walking to and from terminal, buying ticket, finding the correct service and boarding and alighting the vehicle. They also reported that there is a lack of standardization of accessibility for the provision of public transport information, including signage and audible announcements both in the terminal and the vehicle.
[b-Haning] also studied accessibility for persons with disabilities in transportation through a survey. Many respondents provided suggestions to assist in increasing transport accessibility for persons with disabilities. The most common responses were related to the pedestrian environment. With respect to public transport, there needs more carriages on trains so they are not so crowded so seats are available, more frequent accessible buses, and improved alignment of the vehicle step height with the curb or platform, were the most common suggestions. 
[b-Bezyak] also reported a number of public transportation barriers as well. Further analysis uncovered significant differences in the experience of barriers in public transportation according to the type of disability. The list of barriers reported includes drivers not calling out stops, no accessible route to stop/station, driver’s lack of knowledge, inability to navigate public system, inaccessible stop/station, gap or step to vehicle and problems with lifts. 
[b-Mashiri] scans the existing practices in both developed and developing countries relating to the provision of public transport information to persons with disabilities. It also provides an overview of the range of issues including technology features and the general environment that need to be taken into account in designing inclusive, robust, easily accessible and practical public transport information packages to facilitate ever-increasing and stress-free travel not only for persons with disabilities, but for all passengers.
[b-National Council on Disability] also reported that policies should be implemented that support the availability of accessible taxis, buses, trains, and other transportation modes.
[image: ]
[bookmark: _Toc3238346][bookmark: _Toc3238379][bookmark: _Toc3238448]Figure 1 The Journey Cycle (Source - [b-Lafratta])
Figure 1 shows the journey cycle for persons with disabilities and those with specific needs (source – [b-Lafratta]). According to [b-Lafratta], it is important to consider the journey cycle for a better understanding of the experience of the whole journey for persons with disabilities. It also helps to know the problems faced by a person with disabilities and those with specific needs.
Based on the assessment of the existing studies above, functional areas of public transportation service and information that may be provided to enhance accessibility are identified and illustrated in Table 1.
	Functional Area
	Accessible information required for persons with disabilities

	Access to information and services
	Access to customer services
Service change notice (alert, detour, schedule change (delay), emergency, hazards, etc.)
Access to assistance services
Toilet information
Information to service facilities

	Journey planning
	Route to destination
Transit time table
Transfer information
Station/stop location

	Travel to point of boarding
	Footpath to station/stop
Wheelchair accessible path to station/stop

	Finding the correct service
	Route within the station
Finding a platform/stop
Transfer information
Wheelchair accessibility
Lift availability

	Purchasing ticket(s)
	Ticket purchasing and validating information
Ticket office location
Vending machine (kiosk) usage information
Mobile ticket usage information

	Boarding
	Gap or step to vehicle
Getting assistance from the driver
Baggage checking
Crowdedness of vehicle

	In transit
	Finding (assigned) seats
Finding priority seats
Access to audio/visual information (including signage)

	Alighting
	Notifying driver of alighting (bell)
Upcoming stop information
Claim checked baggage

	
	






[bookmark: _Toc5955387]Table 1. Functional areas and accessible information required for persons with disabilities for public transportation services
Smart public transportation services may provide at least some of information listed in Table 1 to improve accessibility. Many of the information listed in Table 1 are straightforward, but are often not explicitly provided. However, many persons with disabilities find it difficult to obtain such information. Lack of such information may be considered as barrier to use public transportation services. Note that list of accessible information covered in Table 1 are only principal elements. Many other services may be provided using Internet of Things applications (i.e. more intelligent services using artificial intelligence technology, etc.).
·  Access to point of boarding (i.e. train station, bus stop, etc.)
· Access to vehicle (i.e. train, bus, tram, etc.)
· Access to payment (i.e. ticket office, vending machine, mobile ticket purchasing function, etc.)
· Access to information (i.e. alert, emergency, hazard, etc.)
· Access to customer care (i.e. customer service, etc.)
· Other areas

7.2 Accessibility requirements for accessible smart public transportation services
Editor’s Note: In this sub-clause, accessibility requirements regarding accessible information identified by Table 1 are listed. The accessibility requirements are then associated with the ITU-T Recommendation Y.4204, the general IoT application and services accessibility requirements.
[TBA]
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Editor’s Note: ‘Accessibility profiles’ are basically users’ specific needs and different types of disabilities that can be entered to the services in advance, so that they can be used in mapping user needs and each service provider’s accessibility service capabilities. (This is not a formal definition of an accessibility profile for smart public transportation services. More formal definition will be provided later based on existing documentation and/or standards.)
In this clause, accessibility profiles for smart public transportation services are addressed. A profile is a set of capabilities for accessibility to be implemented in a smart public transportation service. This profile can be used in communications among different transportation service providers within the same geographical locations, or between the ICT service providers and transportation service providers. 

[image: ]
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[TBA]
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Use cases indicating the needs for accessible smart public transportation services that benefit persons with disabilities and those with specific needs
(This appendix does not form an integral part of this Recommendation.)

In this appendix, some of accessible smart public transportation services use cases that benefit persons with disabilities are presented as examples. Use cases are presented to explain the needs of accessibility while developing the smart public transportation services.

Editor’s note: consider possible sources of existing use cases (e.g. [b-ITU-T F.921]). 

I.1. Use Case 1. Person with low vision travel by subway
Mr. Kim who has low-vision, and is working for an information technology company, needed to move to a business meeting in a location he had never been before. He decided to use subway as the destination is close to a subway station. Though he knows exactly where he can find the assistive personnel at the station from where he departs, he is not sure about the destination station. He is even not sure if the assistive personnel are available there, or how to access such services in detail. 
He uses a smart phone application that the subway service has provided. He has been using the application for a long time, and he has updated his accessibility needs to the application. He just enters to his app his travel details including the destination station. 
Immediately, the application answered with the information that the assistive personnel service is available. He was told that his request for assistance has been received. When the subway train approaches the destination station, the mobile phone transmits a GPS signal to the service personnel information as to the exact location of the subway train he is on. Although not all of the stations have the assistive personnel. it is possible to successfully deliver services by moving assistants from one station to another.
When he arrived at the station, the assistive personnel were already there to assist him.

I.2. Use Case 2. Person with a physical disability riding on a bus
[image: ]
[bookmark: _Toc3238348][bookmark: _Toc3238381][bookmark: _Toc3238450]Figure I.1. Service scenario of the bus trip assistance service for persons with disabilities
Mr. A has a physical disability. Every morning, he rides on a bus to get to work. At home, he selects the departing and arrival bus stop, and the bus that he wants to ride. He uses his smartphone and makes a reservation. During the booking process, the smart public transportation service acknowledges Mr. A’s specific requests and knows he needs using previously entered profile. 
When Mr. A arrives at the bus stop, his smartphone and the wireless communication terminal installed at the bus stop communicate with each other to confirm his arrival to the bus stop. The smart public transportation service informs Mr. A about the anticipated arrival time of the bus he wants to board through his smartphone. At the same time, the bus driver for which Mr. A will be boarding is informed of Mr. A’s reservation, and his specific needs, so that he, the bus driver, can give Mr. A proper assistance to board the bus.
When Mr. A gets on the bus, the smart public transportation service notifies the accessibility services of the boarding of Mr. A. He rides on the bus to his destination. When the bus is approaching Mr. A's destination, the smart public transportation service notifies Mr. A with exit guidance information. At the same time, the bus driver is also informed that Mr. A will get off the bus at a specific stop so that Mr. A can receive necessary assistance and the smart public transportation service is also informed of the stop to greet Mr. A.

I.3. Use Case 3. Finding a way to the subway platform
Ms. Jay, a person who uses motorized wheelchairs, must use lifts instead of stairs or escalators to move within a subway station, and must also use a ticketing gate that is wheelchair accessible.
The city where Ms. Jay lives provides a smart service that provides an interactive map of subway stations. The smart service has an application that guides the user through the most convenient route to the boarding platform from the user’s current location. The users can use the service through a mobile application that is capable of tracking the user’s location.
Ms. Jay would like to avoid stairs and turnstile gate that is not wheelchair accessible on her way to the boarding platform. So, Ms. Jay set her accessibility preferences in her smart phone application in advance. The application provided the most convenient routes accommodating her accessibility needs. This is done by downloading and analyzing the station’s available accessibility services to her smart phone.
Note that to maintain the confidentiality of sensitive personal information, personal accessibility preferences must be stored and used in the user’s personal user interfaces (in this case, smart phone). Even in the environment where multiple user interfaces are available, transferring a user’s accessibility preferences from one interface to another must be handled strictly at the user’s discretion. Clear instruction and information on how the user’s accessibility preferences are handled must be provided.

I.4. Use Case 4. Paratransit Service
Many municipalities provide complementary paratransit service for persons with disabilities. A paratransit service is provided as a supplement to fixed-route bus and rail systems. those with disabilities who cannot use public transportation services due to various reasons may alternatively choose to use a paratransit service.
However, even with a specifically designed service to satisfy persons with disabilities still are some barriers such as difficulties in scheduling reservations, excessive wait time for the vehicle to arrive, late arrivals and no show, lengthy travel times, and so on. Individuals with disabilities who rely on paratransit services typically have to schedule and plan out their activities well in advance to receive transportation services.
Not all of the barriers of (complementary) paratransit services can be resolved with the introduction of smart services geared to IoT technology. However, many of the issues can be resolved when utilizing location services (e.g. GPS tracking of the driver or customer), in real-time and interactive notification of information services, etc.

I.5. Use Case 5. Temporal Bus Timetable Changes
Ms. Kay, a blind, routinely takes a bus to work at a bus stop in front of her home. The bus runs according to a predetermined schedule, and Ms. Kay leaves home every day according to the timetable. 
One day, road construction began on one of Ms. Kay's bus routes, and the buses temporarily operate on a different route than the existing one. The bus company decided to change the bus timetable to reflect delays due to the detour. Notification of temporal schedule change was posted to the bus stop. Ms. Kay, who is blind, was unaware of the changed bus timetable as notification of the change were provided in a printed paper format.
Bus companies can increase reliability and predictability of their service by directly informing users of changes in public transportation services using push notification services of smart phone application. More sophisticatedly, the company may provide real-time tracking of the vehicle on the road and its expected time schedule using real-time information collection and traffic prediction technology.
Smart services using a smart phone application and real-time vehicle tracking technology (e.g. GPS transmitter) can provide users more accurate information in timely manner. Also, persons with disabilities may benefit from services that provides accessibility functionalities such as screen-reading tools, vibration notification, automatic captioning functionality, etc. Without much effort, digitally formatted information can be transformed into different format (e.g. text-to-audio and vice-versa) compared to its traditional counterparts (e.g. written in paper format, audio announcements, etc.).
[TBA]
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