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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for 1ts further maintenance are described
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duction

Automated vehicle technology has been developing rapidly in recent years as one of the measures for reducing
automobile accidents caused by human errors and for promoting the automobile industry. The automated
driving bus (ADB) is a new type of public transport mode embedded with automated vehicle technologies.
The progress of development and deployment of ADBs has accelerated in recent years, exceeding that of
automated passenger vehicles.

From the connectivity perspective, to ensure its effectiveness as a public transport mode, ADBs need to
connect with:

— tra
— the

— oth

In termis of safety, the ADB needs to:

— be pmbedded with automated vehicle functions to connect with the wireless'sighal control syste

— be
bic

With sd

Along ¥
This do
on ADB
route 1
service

Further
perforn

This do
functio

relevant governing authorities and industrial stakeholders.

fic signal networks both for vehicles and pedestrians;
monitoring and control centre for bus operation; and

er relevant infrastructure.

ready to respond to unexpected situations involving other road (users such as pedestriz
yclists.

cured connectivity and safety, ADBs can provide stable services)

vith stable service provision, an ADB deviates its operational measures from convention
cument describes basic components for providing transport services and service framewor
. It also explains use-cases of ADB services, includifigstructure of service components, ope

procedures for each service use-case.

more, public transport authorities need<technical reference points to measure the
nance of ADB for enhancing public safety.on roads.

s of ADB on a national and international level. It is intended to benefit public transport op

m; and

ins and

hl ones.
k based
Fational

anagement, fare payment, emergency response, aiid provision of operational information along with

service

cument provides the basis for the development of performance testing for connectivity and safety

erators,
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Intelligent transport systems — Performance testing for
connectivity and safety functions of automated driving bu
in public transport —

Part 3:

ses

Service framework and use cases

1 Scope

This dgcument specifies the general service framework and components for operating automated
buses (ADBs) in public transport networks. It includes:

a) a dpscription of the ADB service components which consist of ADBs, the'\monitoring and contr
centre, Internet of Things (IoT) infrastructure, the smart bus stations’aid the passengers.

b) adgscription of the use cases for the ADB service operation.

rmative references

the latest edition of the referenced document (including any amendments) applies.

ISO 21734-1, Intelligent transport systems — Performance testing for connectivity and safety fund
automatted driving buses in public transport — Rart 1: General framework

3 Terms and definitions
For the[purposes of this document; the terms and definitions given in ISO 21734-1 and the following

ISO and IEC maintain terminelogy databases for use in standardization at the following addresses:

— IS{ Online browsing platform: available at https://www.iso.org/obp

— IE({ Electropediat-available at https://www.electropedia.org/

driving

ol (MC)

stitutes
brences,

tions of

apply.

3.1 rms and definitions
3.1.1

automated-drivingbus

ADB

bus designed for public transport and embedded with automated driving functions based on SAE level 4

or higher

Note 1 to entry: definitions of autonomous vehicle can be found in the SAE document SAE J3016.

© IS0 2024 - All rights reserved
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3.1.2

automated driving bus service framework

ADB service framework

framework for transport services provided by the automated driving bus (ADB) system through interactions
among the system components consisting of ADB, Internet of Things (IoT) infrastructure, passengers, smart
bus stations and the monitoring and control centre

3.1.3
monitoring and control centre
MC centre

system that can ensure the safety of automated driving bus (ADB) operations by monitoring and controlling
the fle i

bns that
recognize road traffic conditions and ADBs

3.1.5
smart bus station
facility where an automated driving bus (ADB) stops and passengers safely bodrd; alight and wait forjan ADB

Note 1 tp entry: Smart bus stations include a station kiosk and Internet of Things{(1oT) infrastructure to communicate
with thg monitoring and control (MC centre).

3.1.6
passenger
one of the automated driving bus (ADB) users provided with ADB transport services

3.1.7
operatpr
one of the users who is responsible for operating andmanaging automated driving bus (ADB) systems

3.1.8
on-dempand operation
operatihg measure with a flexible schedule and route that responds to the passengers’ demand within the
delineated service area

Note 1 tp entry: Passengers are only permitted to board and alight at a smart bus station.

3.1.9
station kiosk
device that is installed at'a’smart bus station and that provides boarding reservation, payment and billing
servicep to passengers

3.1.10
mobilelapplication
software program supporting automated driving bus (ADB) passengers in making their boarding resgrvation
and paymentiwith a mobile device

3.1.11
operation manager

person who is responsible for monitoring the operation of the automated driving bus (ADB) fleet and
responding to emergencies in the MC centre

3.1.12

in-vehicle operation manager

individual who is responsible for monitoring automated driving bus (ADB) operation and responding to
emergencies in an ADB while it is in operation

© IS0 2024 - All rights reserved
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3.1.13
one-time boarding ticket
ticket used for one round trip

Note 1 to entry: Depending on reservation methods, tickets can be either paper or electronic.

3.2 Abbreviated terms and symbols

A fare

ADM automated driving message

ASM automated driving service message
BIS bus information system

BSM basic safety message

EEM emergency event message

[oT Internet of Things

JPY Japanese yen

KRW South Korea won

MRT mass rapid transit

N deposit for the additional amount to pay when theiteservation information differs from des
NFC near field communication

R deposit of calculation of purchase cost ofd one- time ticket

e refund false

re refund true

SGD Singapore dollar

T ticket

4 ADB service framework

4.1 ADB service-components

4.1.1 |[General

rination

The AD service componentconsists of five comnaonents inn]nr‘ing the ‘A‘DB, the I\/IC Centre’ !CT lnfrastl ucture’

VI C O P O C I e C OO Ot O v S T o pr o rerreorIrerererr ey,

the smart bus station and the ADB passenger. These components are shown in Figure 1.

© IS0 2024 - All rights reserved
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MC
centre

Passenger

ADB
service
componets

IoT
infrastructure

Smart bus
station

Figure 1 — Five components of ADB service

4.1.2 |Automated driving bus (ADB)

An ADB is a vehicle designed for the carriage of passengers with a capacity of more than 9 persons. It can
providg safe transport services by communicatingswith traffic signals and IoT infrastructure that are
installeld on the roadside and can transmit messages’to the MC centre. An ADB can also allow the M( centre
to mangge its driving functions when necessary:

The messages an ADB provides to the MC e¢entre include its real time locations, the number of emptly seats,
its expgcted arrival time at a smart bug'station, the number of boarding passengers, passengers’ id¢ntities,
and trdffic conditions. Additionally, an ADB provides the MC centre with emergency messages with the
occurrgnce of an event such as systent errors or accidents. Furthermore, information protection poli¢ies and
technolpgies are applied for operating an ADB.

4.1.3 |Monitoring and control centre

The furfctions of the MC'céntre component consist of delivering ADB mobility services, managing information
for resdrvations anddare payments, and responding to emergencies.

For delivering the’ADB mobility services, the functions of the MC centre include the provision of infoymation
for facilitating-bus operations and serving passengers. The provision of information includes the number of
boarding/alighting passengers at the next station, optimum paths to their destinations, traffic copditions
includes an ADB's current location, its expected arrival time, and the number of remaining seats.

Additionally, the MC centre manages information for the passengers’ boarding reservations and payments
through in-vehicle equipment, station kiosks and passengers’ mobile applications. A station kiosk and a
mobile application identify passengers’ intentions to board on an ADB along with their designated stations
for boarding and alighting, fares for their trips, and their payment status information. It further manages
the issuance of a one-time ticket and the refunding of deposits upon returm, and imposes a penalty fare if
necessary.

For responding to emergencies, the MC centre operation manager is informed of emergency situations by
ADBs, passengers or [oT infrastructure. The MC centre operation manager is responsible for communicating

© IS0 2024 - All rights reserved
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with first responders including hospitals, police and the fire stations, if necessary, based on information on
the emergency type, time and location, and emergency handling procedures.

When collecting and utilizing passengers’ personal information for the delivery of these functions, the MC
centre complies with regulations for protecting privacy.

4.1.4

IoT infrastructure

The IoT infrastructure directly detects road and traffic conditions in real time, collects real-time operational
data from ADBs, and transmits the collected data to ADBs and the MC centre. The data that IoT infrastructure
collects includes traffic, road and weather conditions, along with information for ADBs to identify safety

gaps whenpassins-threoughintersectonswithinaschedwedtime———m—————

4.1.5
The sm

operatipnal information concerning the ADBs through devices such as bus infoprhation syst
monitors and kiosks at the station. The operational messages of an ADB include route‘information,
locationps, the number of remaining empty seats, and the remaining time for armnival at the stati

smart b
provids
ADBs’ a

4.1.6

The ADB passenger is a person using an ADB by making theirdboarding reservations at a station }

with th

Smart bus station

us station also identifies passengers’ boarding intentions through kiosksdnstalled at the stat
s the MC centre with the messages including the number of passengers who intend to bo
rrival and departure time at a stop lot.

ADB passenger

bir own mobile application before boarding an ADB and'paying the fare for their trip. When mj

art bus station provides passengers with shelters while waiting for their ADBs. It also ]I;ovides
e

(BIS)
current
pon. The
ion and
hrd and

tiosk or
aking a

reservdtion, an ADB passenger provides a station kiosk or a mobile application with the messages desif,nating

their dd
An ADF
boardiy

respondl to in-vehicle information in case of emergency.

4.1.7
Table 1

parture and destination stations, the number of-décompanying passengers and the boardi
passenger touches one-time boarding ticket.on the tagging devices installed in the vehic
g and before alighting or at a smart bus station to provide boarding information. Passeng

Summary

provides a summary of the roles'of each ADB service component.

g time.
le upon
ers can

© IS0 2024 - All rights reserved
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Table 1 — Summary of roles for each ADB service component

Component Summary of roles

ADB — Provision of real time operational information.

— Collection and provision of real-time data for ADB operations.

— Storage and management of data collected from the components.
MC centre
— Management of passenger's boarding reservations and payments.

— Responses to emergency events.

— Provision of information including traffic, road and weather conditionst

the MC

—_—

[0

centre.

T infrastructure

— Provision of information to ADBs for making decisions as to whether
through an intersection.

to pass

— Provision of ADBs’ operational messages for passengers.

Smart bus station — Provision of a space for a kiosk instalment.

— Arrival and departure time of ADBs at the smart statiens.

— Utilization of ADB services.

— Boarding reservations and payments.
Passengers
— Provision of boarding information.

— Sounding of emergency alarm and évacuation.

42 F

The far
derives

Are management system

e management system component functions according to ISO 24014-1. The fare management
data and statistics required to calculate the’transport operator’s profit share. Within the co

ADB, fare management systems comply with regulations on data protection and financial services

capablg

Tickets
ticket 4
alightin

of protecting customer’s privacy.

or transit cards are used by ADB\passengers when boarding and alighting an ADB. Issuing
s a medium for a payment would reduce waiting time for ADBs when passengers are boar

g.

Two types of fare systems can be,applied, including a uniform fare system that pays an equal amoun

aCross §

ectors, or a variable fare system where the fare varies with distance, sector and zone.

4.3 Identification

The ide
specifid
by assig
Reason

ntification‘cemponent functions according to ISO 24014-1. Identification is a method of clar
personsan object, or a thing and of assigning a series of attributes for it. Each component is id
ningwunique IDs such as ADBs, the MC Centre, [oT infrastructure, smart bus stations, and pass
5 foridentification include the following:

system
ntext of
and are

an ADB
ding or

t of fare

ifying a
entified
engers.

— SecC

urity: unique IDs assigned to components are used for component certification procedures;

— message exchange handling: unique IDs are assigned for handling a large volume of messages that
components exchange as a message sender and receiver;

— inspection: unique IDs are used for inspecting the details of a problem and for locating a point at which
a problem occurs while exchanging messages.

© IS0 2024 - All rights reserved
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4.4 Security

4.4.1

General

The security policy of an ADB service protects the system’s public interest and assets. The security of public
interest, assets to protect, and general security is covered by ISO 24014-1.

4.4.2

Public interest

General principles concerning public interest are as follows:

— fair
to t

— pul
ser]

payment: the ADB service confirms for customers that they pay the correct amount of fare ac
he valid custom principle;

public

cording

lic trust: the ADB service confirms for customers that they pay the correct amount of fare for the

vice they want;

— public ethics: any deliberate disruption is regarded as an illegal act which iS'‘concerned with the p

of f]

— pri

hirness and public trust;

yacy: the information generated by the ADB service is protected‘according to the relevant lay.

rinciple

International, European and regional regulations concerned with.the protection of personal infoymation
limitations on the collection, storage, processing and distribution of data related to individyals and
tions. Some countries or regions require a complete anenymity system when dealing with personal
data. Therefore, the ADB services comply with the relevant reglilations in terms of protecting the pasgengers’

impose
their ad

personi
— On
—  The

1] information. To achieve this, at least the following'regulations are applied.
y the personal information thatis required forah ADB service operation is requested of the cus

b ADB service actors are obliged not to.disclose customers’ personal information to third

witlhout specified confirmation of the custemer.

4.4.3

ADB se
follows

— phy
tich

— sof]

— Inf

4.4.4

Assets to protect

tomers.

parties

'vices protect assets relatédito the ADB system for service provisions. Assets can be clasdified as

sical assets: the communication system, the customer’s medium, kiosk ticket vending machines,

et identification-devices, smart bus stations, ADBs, [oT infrastructure, etc.;
fware assetsfall’kinds of software related to the ADB operational system;

prmatioriassets: databases, operation procedures and plans, personal information, security k

Géneral criteria for security

by, etc.

The following general criteria for security can be applicable to ADB services.

— The ADB services provide the confidence that the service does not provide or disclose the information to
unauthorized individuals and parties.

— The ADB services provide the confidence that the information is not altered or damaged without the
owners’ permission (information integrity).

— The ADB services provide the confidence that the identity of the agent or the resource is guaranteed.
(fidelity)

— The ADB services provide the confidence of protection from false information.

© IS0 2024 - All rights reserved
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— The ADB services provide the confidence that each piece of the information is unique.
— TheADBservicesadministerthe security keys for data generation, registration, certification, distribution,

installation, and storage according to the security policy of ADB service.

5 ADB service and use cases

5.1 Overview

An ADB defined in this document is based on SAE level 4 or higher. Therefore, the goal is to provide safe and

convenjentmoebibityr services by ADBo ncluding:

— ADB operation services;

— pagsenger payment handling services;
— ADB emergency response services;
— trapsport information provision services.

This ddcument gives an account for services and use cases in detail to stanidardize the services gf ADBs.
Figure P illustrates ADB services and associated use cases which are drawn.from field test cases deyeloped
by the [Republic of Korea and described in Annex A. It provides an overview of the different use case
categorjies. The use cases are grouped into four ADB services. Detailed definitions for each servyice are
defined in Subclauses 5.2. to 5.5.

$ervice 4: Transport information provision service

Use case 4) Transport information provision service for ADB safe driving

7
. > Smart
ADB MC centre IoT 1nfrastructu{}\ . Passenger
Q bus station
75255 1 - ‘\‘
1
1 $ervice 1: ADB driving service |
1
1
! Use case 1-1) Fixed-route type Use case 1-2) Demand-responsive type |
! |
! 1
i 1
b ervice 2: Passenger payment handling service '
1
1
! Use case 2-1) Prepaid fare Use case 2-2) Deferred payment i
! |
! 1
! 1
i $ervice 3: ADB emergency(response service i
! 1
i | Use case 3-1) Accidents and.autonomous Use case 3-2) In-vehicle emergencies i
: driving\system errors occurrence :
: :
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! 1
! /

’

—_——Efm e e, — e ——————————— S

Figure 2 — ADB service use cases

5.2 ADB operation service

5.2.1 General

As for conventional buses, the human drivers monitor the vehicle vicinity and support passengers to board
and alight. However, an ADB lets vehicle sensors, instead of a human driver, monitor the vehicle vicinity and
identify the passengers’ information. An ADB also lets IoT infrastructure identify traffic conditions.

© IS0 2024 - All rights reserved
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In terms of ADB service operation types, there are two types of use cases, as illustrated in Figure 3:
1) predefined route; and
2) on-demand route type.

In a predefined route service operation type, an ADB operates along the predefined routes by schedule,
whereas an on-demand route service type has more flexibility regarding route choices: the ADB operates
within a service area with a planned destination and stops at smart bus stations, but it can change routes
while operating based on the requests from passengers (provided that the requests fit an optimal travel plan).

Both types of service operatlon allow passengers to board and allght at smart bus stations due to boarding
reservafio 4 Ity that an
ADBca flex1bly bypass statlons along the optlmum routes derived from passengers’ demands, realstim
conditigns collected from IoT infrastructure and other ADBs, and information provided by the ME. céntre.

The optimum route is the optimal travel plan derived by matching desired routes of ADBs and pasgengers.
With optimum routes, passengers can travel between routes without making transfer stops to their
destination, while ADBs can switch routes to pick up passengers at smart bus stations.\"The optimunp routes
are determined by the MC centre utilizing information on passenger reservations and road and traffic
conditipns. They are transmitted to the ADBs in real time.

For on-flemand operation, the fundamental equipment for an ADB is a routeanap that specifies all the possible
routes that can be taken and IoT infrastructure that can identify traffic conditions within the servife area.
Messagp sets that ADBs exchange with the MC centre during driving refer ISO 17185.

ADB papsengers make boarding reservations by using station kioSks or mobile applications in advance.

r/
L\

)
> A

~
)
<

on-demand type
predefined-route type
lineAr

line B

line C

smart bus station

Onw:(>l\)>—x

Figure 3 — Predefined route type and on-demand type

5.2.2 Use case 1-1: Predefined route type

Table 2 describes a predefined route type use case (Use case 1-1) for ADB services.

© IS0 2024 - All rights reserved
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Table 2 — Use case 1-1: Predefined route type

Item Predefined route type

Definition An ADB operates with predefined routes and schedules.

— ADB
— The MC centre
Actors — IoT infrastructure

— Smart bus station

—  PdSSENEeT

Premise A passenger intends to use an ADB.

Description

1y

2)

3)

4)

5)

6)

7)

8)

An ADB starts driving according to the predefined operation schedule and transmits messages for
to drive to the MC centre.

— Messages that the ADB transmits to the MC centre:
— ADB's time for entry to/departure from the garage.

An ADB drives along the predefined route.
— Messages that the ADB transmits to the MC Centre during driving:

— the location message (GPS), GPS collection time, current number of empty seats, expected
time at the next station, travel speed.

— Message that the MC centre transmits to the ADB and passengers:

— location of the ADB.

— Messages that the MC centre transmits to smart bus station:

— ADB's current number of empty seats, location, expected arrival time.

[oT infrastructure (such as signal controller) transniits messages to the MC centre of the ADB's st3
passes through the intersection and of traffic conditions.
— Messages that [oT infrastructure transmitsito the MC centre:

— ADB's operational status if it passesthe intersection, traffic conditions, road conditions.
Passengers input their boarding reservation information for an ADB by using a station kiosk or g
application.

— Boarding reservation messageésthat passengers input to the station kiosk:
— destination, the number'of passengers boarding with the reservation.
— Boarding reservation messages that passengers input to their mobile applications:
— boarding and alighting stations, the number of passengers on board, boarding time.

A station kiosk or a mebile application transmits boarding reservation messages to the MC centre.
— Boarding reséryation messages that the station kiosk or the mobile application transmit to MC

— stationdBs (boarding and destination), the number of passengers boarding, the number of
gers alighting,

The MC centre collates passenger reservation messages transmitted from station kiosks and mobi
cation$.and provides ADBs with the messages for the number of passengers boarding and alighting
next'Station.

“_‘Messages that the MC centre transmits to an ADB:

starting

arrival

tus if it

mobile

centre:
passen-

e appli-
at their

— next station ID, the number of passengers boarding and alighting at the next station.

An ADB arrives at the smart bus station, and the station and the ADB transmit the arrival messages to the

MC centre.
— Message that the smart bus station and the ADB transmit to the MC centre:
— the ADB’s arrival time at the station.
An ADB opens its door and transmits the message that indicate the door is open to the MC centre.
— Message that the ADB transmits to MC centre:
— status of the ADB’s door operation.
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Table 2 (continued)

Analighting passenger tags a prepaid ticket or a deferred payment card on the in-vehicle ticket identification
device and alights the ADB.

— Messages that the alighting passenger transmits to the ADB:
— alighting date and time, alighting station ID.
Aboarding passenger tags a prepaid ticket or a deferred payment card on the in-vehicle ticket identification
device and boards the ADB.
— Messages that the boarding passenger transmits to the ADB:
— Dboarding date and time, alighting station ID.

An ADB examines passengers’ information agreements between transmitted ones from the MC centre and

those of tagged ones for the 1dentification and the number of passengers boarding/alighting.
— Message that the ADB transmits to the MC centre:

— passenger identification.
An ADB identifies the number of boarding and alighting passengers in relation to the number of taken seats
by using the ticket identification device, calculates the number of empty seats, and informs the M( centre,
station kiosk, and passengers at stations with the number of available seats until the next station.
An ADB closes the door and starts driving to the next station.
— Message that the station transmits to the MC centre:

— departure time of the ADB from the station.
— Message that the ADB transmits to the MC centre:

— status of the ADB’s door operation.

An ADB announces the next station to in-vehicle passengers.

5.2.3
Table 3

describes an on-demand route type use case (Use gase 1-2) for ADB services.

Use case 1-2: on-demand type

Table 3 — Use case 1:2: On-demand type

Item On-demand type

Definition

The ADB drives flexibly'regarding operation time and station in response to pasgengers’
demands.

— The ADB

— The MC<entre
Actor — _IoTinfrastructure
<) Smart bus station

— Passengers

Premise Passengers intend to use an ADB.

Description

iy

2)

Passengers input their boarding reservation information for an ADB by using the station kiosk pr their
mobile application.

Boardingreservationmessagesthatpassengersinputtoastationkiosk:
— destination station, the number of passengers on board.

— Boarding reservation messages that passengers input to their mobile application.
— boarding and alighting station, the number of passengers on board, boarding date and time.

The MC centre collates passenger reservation messages provided by station kiosks and mobile applications

and instructs the ADB nearest to the passengers' reserved pick-up station and capable of accommodating
the reserved passengers to drive to the pick-up station.

— Messages that the MC centre transmits to the ADB:

— pick-up station ID, the number of passengers boarding at the pick-up station, the number of passen-
gers alighting at the pick-up station.
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Table 3 (continued)

The MC centre informs passengers of the allocated ADB ID and the expected arrival time.
— Messages that the MC centre transmits to passengers (via station kiosks or mobile applications):
— allocated ADB ID, expected arrival time of the ADB.

The ADB drives to the pick-up station as informed by the MC centre.
— Messages that the ADB transmits to the MC centre while driving:
— ADB location message (GPS), GPS collection time, number of empty seats, expected arrival time at
the pick-up station, travel speed.
— Messages that the MC centre transmits to in-vehicle passengers:
— the ADB’s location message, the next station.

— Messages that the MC centre transmits to the smart bus station:
— ADB ID, number of empty seats, expected arrival time.
IoT infrastructure (such as signal controller) transmits to the MC centre the messages of ADB's Jocation
status at the intersection and of traffic conditions.
— Messages that [oT infrastructure transmits to the MC centre:
— ADB's location status at the intersection, traffic conditions.
The MC centre informs the ADB of the optimum route determined using the traffic condition mlessages
transmitted from loT infrastructure and other ADBs.
— Message that the MC centre transmits to the ADB:
— the optimum route.
An ADB transmits to in-vehicle passengers an announcement for thé.\next station.
An ADB arrives at the pick-up/routine station and the smart bus station transmits to the MC cenptre the
messages of the ADB’s arrival.
— Message that the smart bus station transmits to the MC'centre:
— the ADB’s arrival time at the station.

An ADB opens the door and transmits the message thdt the door is open to the MC centre.
— Message that ADB transmits to the MC centre:
— status of the ADB’s door operation.
Alighting passengers tag a prepaid ticket ora deferred payment card on the in-vehicle ticket identification
device and alight the ADB.
— Messages that alighting passengers transmit to the ADB:
— alighting date and time{alighting station ID.
Boarding passengers tag a prepaid ticket or a deferred payment card on the in-vehicle ticket identification
device and board the ADB:
— Messages that boarding passengers transmit to the ADB:
— boarding date and time, boarding station ID, alighting station ID.
An ADB examinesthe agreement of the passengers’ information between transmitted ones from|the MC
centre and those of tagged ones for the identification and the numbers of passengers boarding/alighting.
— Message that the ADB transmits to the MC centre:
— . passenger identification.
An ADBidentifies the number of boarding and alighting passengers in relation to the number of takgn seats

by Using the ticket identification device, calculates the number of empty seats, and informs the M( centre,
smart bus station, and passengers at stations with the number of available seats.

AmADBTloses thedoorand startsdriving to the rext statiorr referred to by the M€ Temntre:
— Messages that smart bus station transmits to the MC centre:

— departure time at the station, time at which the ADB skipped the station.
— Message that the ADB transmits to the MC centre:

— status of the ADB’s door operation.

An ADB announces the next station to in-vehicle passengers.

Figure 4 illustrates the data exchange flow for Use case 1-2.
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Figure 4 — ADB on-demand driving service use case

entional buses, the(bus driver identifies the passenger's destination and informs them of the
bsengers then pay)their fare by cash or a transit card. With the ADB service operations, a
mobile application, and a ticket vending machine can take charge of the driver's fare mang

\DB
W ADB

r fares.
station
gement

role whiile the MC eefitre manages the fare calculation and related data. The station kiosk is a device installed

at the s
progra

The ADB(fare system can adopt either a uniform fare system, in which a fare applies equally across
yment or

mart bus station for boarding reservations and fare collection; mobile application is a s
that@n carry out a boarding reservation and fare collection by mobile device.

bftware

sectors,

y 8
deferred payment is applicable depending on the payment system. W1th the prepaid method passengers
who pay the fare in advance using a station kiosk or a mobile application prior to boarding an ADB, will be
issued with a one-time ticket or a one-time mobile ticket. With the deferred payment method, the passengers
tag a contact transit card (credit card, mobile phone NFC) on the transit card terminal when boarding and
alighting an ADB. The total fare amount is then billed to the passenger. The ADB payment types can be

classified as shown in Table 4.
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Table 4 — Payment types

Item Fare system Payment method Fare adjustment
type 1 uniform fare prepaid x
type 2 uniform fare deferred payment x
type 3 variable fare prepaid o
type 4 variable fare deferred payment x

If the passengers board and alight differently from their initial reservation, the prepayment of the uniform
fare system does not cause a fare-related problem. However, the prepayment of the variable fare system

requiresthe passenger to pay or redeem the difference hetween the fares for the initially planned trips and

change

countrigs and regions.

In the

when purchasing a prepaid one-time ticket. The deposit would then be fully refunded when the pa

alights
additio
be refu

the deppsit for a one-time ticket reuse, and the deposit for the additional amount.

1) Calpulation of the initial one-time ticket purchase cost is as follows:

T=A+R+N
where
T | isthe ticket price;
A | isthe fare;
R | isthe deposit of calculation of purchasecost of a one-time ticket;
N | is the deposit for the additional aniount to pay when the reservation information differs fr

2) Reflund when the passenger alights'as the reservation information states is calculated as followsg:

rR+N

where rf is "refund true®.

3) Refund when the“passenger alights differently from what the reservation information s

cal

rg3R

l final trips. Therefore, a fare adjustment measure is needed for the fare system that differ$b

fase of additional trips, a predetermined deposit amount can be added on top of’the tick

at the station they originally reserved. While some penalties would be debitéd from the de
hal fares when the passenger deviated from their initial travel reservation,what is remainin
nded. Therefore, the calculation of a prepaid one-time ticket price results’in the sum of the A

tination.

fulated as_follows:

etween

bt price
ssenger
posit as
b would
DB fare,

bm des-

fates is

A SN I |
where ¢ FIs—reranararse

As a summary, Table 5 describes an example calculation of the purchase cost of a one-time ticket.
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Table 5 — Example calculation of the purchase cost of a one-time ticket

Item Amount (KRW)
Fare 1500
Deposit for the reuse of one-time ticket 500
Deposit Deposit for the additional amount to pay when
the reservation information differs from the 700
destination
Total 2700

An example of the transit fare penalty described in the use case in 5.3.2 is as follows.

The Re
charges
every 5
boardir
is not K
have tr

public of Korea's Gyeonggi-do bus system charges fare proportionately to distance thavelled. It
a basic tariff within the basic section (10 km) and then charges an additional amount ef WRW| 100 for
km up to KRW 700. Passengers’ travel distance is measured with the tagging of the tran$it card when
g and alighting. If a passenger forgets to tag a transit card when alighting, the exact travel distance
nown. The maximum additional fare of KRW 700 is charged because the passenger is assymed to
hvelled the longest distance possible.

An exa

The Re
passen
transit
debite

In Sing
purcha
the tra

5.3.2
Table 6

descripfion of the use case.

ple of the transit ticket deposit described in the use case in 5.3.3 is as follows.

ublic of Korea's subway system charges a deposit of KRW 500 in addition to the ticket pricewhen a
er purchases a one-time ticket. The deposit of KRW 500 is refunded when the passenger rgturns a
ard at the end of their subway trip. With Japan's Suica, a prepaidrechargeable transit card, JP[y 500 is
from the charged fare as a deposit and refunded when thepdssenger returns the card after the trip.
pore, the subway (MRT) charges a deposit of SGD 1 in addition to the ticket price when a passenger
es a one-time ticket. The deposit of SGD 1 is refunded-to the passenger when the passenger feturns
sit card within a month after the subway trip.

Use case 2-1: Prepaid fare system

describes a prepaid fare system use case\(Use case 2-1), including definition, actors, premnjise and

Table 6 —Use case 2-1: Prepaid fare system

[tem Prepaid fare
Definition Passenger prepays the ADB fare.
— The ADB
— Smiart bus station
fctor —\Station kiosk
— The MC centre
— The passenger
Premise A passenger intends to use an ADB.
Description
1) Passengers enter the boarding information of an ADB by using a station kiosk or a mobile application.
— Information that passengers provide to the station kiosk for the boarding ticket:
— alighting station, the number of passengers on board, boarding time.
— Information that passengers provide to the mobile application for the boarding ticket:
— boarding and alighting stations, the number of passengers on board, boarding time.
2) Passengers are notified of the fare by the message appearing on the station kiosk or the mobile application.
3) When the fare is confirmed, passengers pay it using the station kiosk with a transit card or cash or using the

mobile application with mobile authorization.
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Table 6 (continued)

When the station kiosk confirms the passenger’s payment, the passenger is given a one-time paper ticket.
A passenger using the mobile application would receive a one-time mobile ticket. The number of one-time
tickets provided is the same as the number of boarding passengers.
A station kiosk and a mobile application transmit the passengers’ information to the MC centre.
— Messages that the station kiosk and the mobile application transmit to the MC centre:

— boarding and alighting stations, the number of passengers on board, boarding time.
The MC centre transmits to ADBs the passenger information obtained from station kiosks and mobile ap-
plications.
— Messages that the MC centre transmits to the ADB:

7)
8)

9)

10)

11)

12)

— the number of passengers boarding and alighting.
The ADB arrives at the smart bus station and opens the door

Alighting passengers tag their tickets on the terminal device in the vehicle and alight.
— Messages that alighting passengers transmit to the ADB:
— actual alighting date and time, actual alighting station.

Boarding passengers board the ADB and tag their tickets on the terminal device.
— Messages that boarding passengers transmit to the ADB:

— actual boarding date and time, actual boarding station.
An ADB examines the agreement of the passengers’ information between/the MC centre transmitted ones

and those of tagged ones for passengers’ identification and passenger humbers for boarding and alfighting.
Then the ADB provides the MC centre with the messages of passenger identification.

— Messages that an ADB transmits to the MC centre:
— the identified information on the number of passengers boarding and alighting at the statjon

A passenger requests a refund of their deposit from a station kiosk or a mobile application.
— Transmitted messages to the station kiosk and the.mobile application regarding passenger’s tfip with
the ticket:

— boarding reservation information (boarding and alighting stations), actual boarding and alighting
information (actual boarding and alighting stations).

stations reservation as transmitted by the MC centre with the tagged actual boarding and alighting qtations.
Then the station kiosk or mobile application refunds the deposit if identical to the reservation or jmposes
the calculated penalty if different from the passenger’s reservation.

The station kiosk or the mobile application cenipare the passenger’s originally planned boarding and %lighting

5.3.3

Table 7
and des

cription of the use cadse.

Use case 2-2: Deferred payment system

describes a deferred payment system use case (Use case 2-2), including definition, actors, premise

Table 7 — Use case 2-2: Deferred payment system

[tem Deferred payment

De|

finition Passenger prepays the ADB fare.

\ ctar — Smartbusstation

— The ADB

— The passenger

Premise A passenger intends to use an ADB.

Description

1y

A passenger enters the boarding information for an ADB by using a station kiosk or a mobile application.
— Information that the passenger provides to the station kiosk for a boarding ticket:
— alighting station, the number of passengers on board, boarding time.
— Information that the passenger provides to the mobile application for a one-time boarding ticket:
— boarding and alighting stations, the number of passengers on board, boarding time.
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Table 7 (continued)

The station kiosk or the mobile application transmits the passenger’s information to the MC centre.
— Messages that the station kiosk or the mobile application transmits to the MC centre:
— boarding and alighting stations, the number of passengers on board, boarding time.
The MC centre transmits to the ADB with the passengers’ information obtained from the station kiosk or
the mobile application.
— Messages that the MC centre transmits to an ADB:
— the number of passengers boarding and alighting at the station.

An ADB arrives at the smart bus station and opens its door.

When the passenger tags their ticket on the transit card terminal device in an ADR for hoard, the hasic fare

6)

7)
8)
9)

is charged to the passenger.

— Messages that the boarding passenger transmit to the ADB:
— actual boarding date and time, actual boarding station.

An ADB examines the agreement of the passenger information (comparing information transmittefl by the

MC centre with information transmitted through tagged tickets) for the boarding andyalighting passenger
identification and the number of passengers.

— Messages that the ADB transmits to the MC centre:
— passenger identification.
An ADB departs for the next station.
An ADB arrives at the station and opens the door.
When the passenger tags their ticket on the transit card terminal device in the ADB for alighting, the addi-
tional fare is charged to the passenger if the passenger deviated/from their original destination.
— Messages that the alighting passenger transmits tothe’ADB:
— actual alighting date and time, actual alighting station ID.

Figure

b illustrates the data exchange flow for Use case 2-2;
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Figure 5 — Passenger‘{payment service use case

DB emergency response service

General

f emergency events that ¢ould occur during an ADB’s operation include traffic accidents (ve
vehicle to person, et¢;and vehicle alone), automated driving system error, passengers’ emer

lealth problems or ‘eonflicts between passengers, for example.

n an emergency) event, if the ADB is incapable of handling the emergency, the right of aut
control is given to the in-vehicle operation manager or the operation manager at the MC c
has an ini-vehicle operation manager on board in preparation for emergencies, the manager
bs the situation, helps passengers to evacuate, and calls first responders such as police officer
for stpport. When the in-vehicle operation manage is absent, the MC centre manager han

emerge,

ney)

hicle to
gencies

omated
entre. If
Hirectly
5 or fire
lles the

5.4.2 Use case 3-1: Occurrences of accidents and autonomous driving system errors

Table 8 describes the use case of occurrences of accidents and autonomous driving system errors (Use case
3-1), including definition, actors, premise and the description of the case.
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Table 8 — Use case 3-1: Occurrences of accidents and autonomous driving system errors

Item Accidents and autonomous driving system errors
Definition Response to the occurrence of an accident or a system error during ADB driving.
— The ADB
— The MC centre
Actor — IoT infrastructure

— Smart bus station

—  PdSSENEETS

emise Occurrence of accident during ADB driving

Description

1y
2)

3)

4)

5)

An accident or a system error occurs during the ADB driving.

An ADB transmits to the MC centre the messages of an accident or a system error and hands over the
control to the in-vehicle operation manager or the MC centre.

— Messages that the ADB provides to the MC centre:

— ID of the ADB that an accident or a system error has occurred, time.6f the ADB accident or efror, lo-

cation of the accident or error, time of the system error, location of the system error.

The MC centre detects an emergency event using interior and exteriorvehicle cameras and sensors and calls
for supports from a medical centre, police station, fire station, etc. (rélevant to the emergency situation).

If the ADB does not identify the occurrence of an accident, passengers inform the MC centre of the emprgency

event through in-vehicle emergency events devices.
— Message that the passenger provides to the MC centreé:
— accident occurrence alarm.
The MC centre transmits emergency event messages t&’smart bus stations, passengers and ADBs.
— Messages that the MC centre provides to stations, passengers and ADBs:

— ADB emergency event type, time of emeigency occurrence, location of emergency occurrencg, emer-

gency event handling.

vehicle

5.4.3

Table 9
the use

Use case 3-2: Occurrences of in-vehicle emergencies

explains the use case of occurrences of in vehicle emergencies (Use case 3-2), including defir
case, actors, premise and deScription of the case.

Table 9 —Use case 3-2: Occurrences of in-vehicle emergencies

ition of

Item In-vehicle emergencies occurrence

Response to the occurrence of in-vehicle emergencies (passenger emergency event

Definition problems, etc.) during ADB driving.

5, safety

— The ADB

— The MC centre
Actor

— Smart bus station

— Passengers

Premise In-vehicle emergencies occur during ADB driving.

Description

1y

An in-vehicle emergency (passengers’ emergency, safety problem, etc) occurs when an ADB is in operation.
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Table 9 (continued)

2)  The MC centre identifies an in-vehicle emergency event through interior cameras and sensors and emergency
response personnel (operation manager) call police stations and fire stations for support.

3)  The passenger in the vehicle provides the emergency information to the MC centre with the in-vehicle emer-
gency alarm call.
— Message that a passenger provides to the MC centre:
— in-vehicle emergency alarm.
4)  The MC centre transmits emergency messages to stations, passengers and ADBs.
— Messages that the MC centre provides to stations, passengers and ADBs:

— ID of an ADB in which an emergency occurs, time and location of the ADB in-vehicle emergency and
in-vehicle emergency handling, accident occurrence alarm.

Figure ¢ illustrates the data exchange flow for Use case 3-2.
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¢ Inlvehicle emergency
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» Cdntre personnel support

¢ C4ll for support from policy
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\V4
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Figure 6 — ADB emergency response service use cases

5.5 Transpert information provision service

5.5.1 TGeneral

The information collected by the sensor attached to the ADB is specified as autonomous driving message,
autonomous driving service message, autonomous driving basic safety message and autonomous driving
emergency event message.

The ADM (autonomous driving message) is the message carrying data collected by the ADB sensors. Types of
ADM and the data sets are as follow:

— vehicle driving message: speed, acceleration/deceleration, angular acceleration, etc.;

— vehicle positioning message: latitude, longitude, GNSS mode, etc.;
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— route message: route ID, stopover, destination, etc.;

— steering control message: steering direction control, steering speed, acceleration, brake, etc.;

— sensed object message: object type, distance to object, etc.;

— decision message: system decision message (departure, stop, waiting, transmission information, etc.);

— sensor message: fail/safe, re-run message, etc.;

— aut

The A

onomous driving status message: fail/safe, passenger information, etc.

M _(autonomous driving service message) refers to service messages such as automated

driving

control
— ser
— ser
— ser

The BS
system

— cor
— we
— SyS

The EE
driving

— em
— em

Traffic
SEensors

road driving and pedestrian protection. The collected information includes the following:
vice unique ID;

vice purpose;

vice provision location, etc.

M (basic safety message) refers to the basic information for safe drivingsuch as communicat
status. The types of messages and carrying data include the following?

nmunication status: fail/safe;
hther information: clean, rainy, cloudy, etc.;
tem status: fail/safe.

M (emergency event message) refers to the information for responding to the vehicle emerge
requirements during ADB operating. The collecte@information includes the following:

prgency event ID;
brgency occurrence location, etc.;

condition messages refer to the information on the traffic condition that can be collected fr
or IoT infrastructure. The collected information includes the following:

— rodd driving condition;

— tra
— inc
5.5.2

Table 1
case 4)

ffic volume;

dent on the road, etc:

Use case 4: Transport information provision service for safe operation of ADBs

) explainsithe use case of transport information provision services for safe operation of AD
including definition of the use case, actors, premise and description of the case.

ion and

hcy and

m ADB

Bs (Use
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