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Foreword

ISO (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.

deskcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘neé
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Introduction

Currently, more than 70 % of the world's people live in cities. The proportion of people living in cities is
rising around the world as civilizations develop and congregate around the areas where employment
opportunity most arises. Societies develop more innovatively and more rapidly in cities, adding to
their attraction. Finally, cities present better entertainment opportunities. These points all add to their
attraction and popularity, hence the continuing trend. It has recently been forecast that by 2045, an
additional 2 billion people will live in urban areas.[4] Due to the concentration of the population that

this causes, various issues arise, such as road congestion due to increases in vehicle population and

environ

m . .
the amouﬁt of delivery trucks, taxis and town centre traffic and is further exacerbated by obstacle
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recognizeq
the need t
becoming

ke of urban space due to private ownership of cars (parking lots, street parking).

h scientific advice that significant action and change of behaviour is needed o ameliot
e effects of climate change, more environmentally-friendly use of the tranSport syster]

bcognized that within cities, there is a general deterioration in road.infrastructure, lac

bf information on the use of public transportation, driver shortages-{due to an increas
r of elderly people) and inconvenience of multimodal fare payments. Action to improve
urgently needed.

in recent years, in Europe, studies on the development ef mobility integration standa
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active in solving urban problems. There are also varieus movements around the world

orts to address such issues. In the United States, for gxample, intelligent transport sys
hology is used to try to solve urban problems in the Smart City Pilot Project. Important
'e are the core architectural elements of smartgities and urban ITS sharing of probe d
d sensor data), connected cars and automated driving. In addition, new issues have b
| with the introduction of the connected cat¢to the real world regarding privacy protect
0 strengthen security measures, big data collection and processing measures, which
mportant considerations.

In terms
automated

f effective use of urban space; it'is hoped that the introduction of connected cars
driving can significantly reduce the requirements for urban parking lots (redistribuf

[em
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are
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of road space). If technology can eliminate congestion, city road area usage can also be minimized or

reallocatedl (space utilization imprevement) to improve the living environment and quality of life in

city. In ad
overloadeq
other shar
elderly ped

To achieve

coopel

lition, the environment-around the road will be improved by improving enforcement
| vehicles). It is possible, even in rural areas, to introduce automated driving robot taxis
bd mobility that saves labour (and is therefore more affordable) and improves the mobilit
ple.

this, the following points will need to be achieved:

‘ationin the harmonization of International Standards and other industry standards;

the
e.g.
hnd
y of

recogt

lition of the significance of international standardization (for example, in redugq

ing

implementation costs);

recognition of the significance of harmonization activities by countries around the world;

cooperation and contribution between ISO/TC 22 for in-vehicle systems and ISO/TC 204 for ITS
technology.

ITS technology is an important element for realizing smart cities, and it is important to clearly
understand the role model of ITS service applications when developing standards to achieve these
objectives.

ISO/TR 4445 is already an important resource for this objective, providing consideration of the emerging
direction of mobility electrification, automated driving and the direction of an environmentally friendly
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society, whilst also incorporating other urban data such as traffic management into city management
within the context of improving the mobility of urban society.

This document, ISO/TR 7872, describes how ITS sensor data can be integrated into a valuable data
cluster presented on map data, so that ITS service providers can provide services such as automated
driving, parking, kerb operations, etc.

This document does not describe smart city use cases for ITS data in detail, nor does it describe in detail
any specific ITS use-cases; it is instead focussed on the generic role model for digital infrastructure
service.

© 1S0 2022 - All rights reserved vii
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Intelligent transport systems — Mobility integration —
Digital infrastructure service role and functional model for
urban ITS service applications

1

Scope

This document describes a basic role and functional model of digital infrastructure servieé
lligent transport system (ITS) service applications. It provides an extension ofythe imformation

intq
giv

a)
b)
‘)

d)
e)

2
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bn in ISO/TR 4445. It lays out a paradigm describing:
a framework for the provision of digital infrastructure for cooperative ITSsérvice applig
a description of the concept of roles and functional models for such services;

a conceptual architecture between actors involved in the provisiofn/réceipt of digital infr
services;

references for the key documents on which the architectureds based; and

a taxonomy of the organization of generic procedures;

Normative references

following documents are referred to in the text in such a way that some or all of th

ated references, the latest edition of thereferenced document (including any amendmen

TS 14812, Intelligent transport systems — Vocabulary

Terms and definitions

the purposes of this,document, the terms and definitions given in ISO/TS 14812 and th
ly.

and IEC maintainrterminology databases for use in standardization at the following add

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

for urban

ation;

astructure

bir content

stitutes requirements of this document.~For dated references, only the edition cited applies. For

s) applies.

e following

esses:

4

For

Al

Abbreviated terms

the purposes of this document, the following abbreviated terms apply.

artificial intelligence

AVPS automated valet parking system

AV

automated vehicle

CAV connected and automated vehicle

CONOPS concept of operations
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EFC electronic fee collection

EV electric vehicles

ExVe extended vehicle

FCV fuel cell vehicles

GDD graphic data dictionary

GDF geographic data files

HD high definition

ITS intelligent transport system

LSAD low-speed automated driving

MaaS mobility as a service

METR management for electronic traffic regulations

NDS Navigation Data Standard

OBE on-board equipment

OEM original equipment manufacturer

QoS quality of service

RV road vehicle

RVU road vehicle user

SCMS security credentials management system

SPaT-MAP| signal phase and timing (SRaT) and map (MAP)

WIM weigh in motion

5 General overview and framework

5.1 Objective

Emerging |TS setwice applications such as parking (including AVPS: automated valet parking systems),
CAV (connected' and automated vehicle, including LSAD: low-speed automated driving) and \Jgrb
operationy_fequire infrastructure supports for secured and safety operations. Several ongging

standardization work items exist within ISO/TC 204, including:

— high definition (HD) maps,

— management for electronic traffic regulations (METR), and
— graphic data dictionary (GDD).

There is a need for the creation of a document describing how these standardization items fit into
a prospected digital infrastructure service role and functional model for smart city ITS service
applications.

2 © IS0 2022 - All rights reserved
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This will lead to a digital twin operation for smart cities: creation of a digitality formed society
connecting real (physical world) society to processing and analysing big data and sending out a data
stream to the real world.

In actual deployment, distributed security technology such as block chain will be introduced for
efficient and speedy transactions.

This document suggests investigating ITS as a component of a smart city and that the ITS data can
focus on data originating from ITS components and available for sharing with other smart city services
and commercial interests.

Thil

cooEy
(Cl4
pro

clause describes a generic framework for the provision of digital infrastructure-s¢rvices for

erative telematics application services for ITS service applications.

d. Clause 7
)

use 6 provides the general concept of operations for which this architecture is\designe
vides a framework, role definition and summary of the architecture at a conceptual level

5.2

Th
feat
ser

National variations

instantiation of interoperable on-board platforms for ITS service applications wit
ures is expected to vary from country to country, as will the provision of regulated, or
vices.

N common
supported,

5.3 Mandatory, optional, and cooperative issues

5.3
ITS
ag
in 1

sta
effi

5.3
reg
smj

5.4

Coqd
ser

5.5
Ard

1 This document does not impose any requirements on Nations in respect of which s
service applications countries will require, or.¥hich they will support as an option, bt
bneric common framework architecture within which countries can achieve their own
espect of application services for ITS-supported service applications in cities, and ¢
hdardized sets of requirements descriptions for the exchange of data to enable consistel
cient implementations where instantiated.

2 Cooperative ITS application, in this context, is the use of a common platform to
ulated and commercial service-provision providing collaboration between transport sy
rt cities.

Specification of(seérvice provision

perative ITS applications for ITS service applications (both commercial services and|

ervices for
t provides
objectives
in provide
it and cost

meet both
stems and

regulated

7ices) are specified in terms of the service provision, and not in terms of the hardware angl software.

Architecture options

hitecturally, it needs to be possible for a vehicle user/on-board equipment (OBE) to use tl

e services

of

ifferent application services. The in-vehicle system can be a vehicle-original equipment s

ecification

option, in-built at the time of manufacture of the vehicle, with the service provider selection being a
subsequent service-user choice. Alternatively, it can be after-market equipment that has access rights
to the required data. An ITS application service will be based in the infrastructure. Other options are
possible and can be supported within the conceptual architecture. The objective of this role model is
the accessibility of the use of ITS data generated in ITS application services in smart city application
services.
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6 Concept of operations

6.1 Gen

eral

This clause describes the characteristics of a proposed system from the viewpoint of an individual
who will use that system. Its objective is to communicate the quantitative and qualitative system
characteristics to all stakeholders.

ISO/TR 4445 describes the roles and responsibilities of the classes and actors involved in the provision
of digital infrastructure for ITS services for ITS service applications using a secure vehicle interface.

This docuy
does not af
common s{
‘Secure IT
be referen
additional

A ‘concept
capabilitie

6.2 Stat

The overa
between tj

These sery
communic
and persof

nent recognizes that there will be variations between jurisdictions, a role in ISO/TR 444
tempt, nor recommend, homogeneity between jurisdictions. It is simply designed toprov
andard features to enable equipment of common specification, that supports a standardi
b Interface’, to be used, and to enable the common features of service provisiofi te be abl
ced simply by reference to an ISO deliverable (requiring detailed specification of only
requirements of a jurisdiction).

of operations’ (CONOPS) generally evolves from a concept and is a deseription of how a s¢
5 will be employed to achieve desired objectives.

ement of the goals and objectives of the system

| objective of the ITS service application in smart cities is the seamless exchange of ¢
ansport applications and smart city service applications.

ices are provided to meet the smart city requirenients using common ‘Secure ITS interf
htions between ITS systems (including in-vehicle systems, infrastructure-based syste
lal ITS stations) and smart city applications.

6.3 Strategies, tactics, policies and constraints affecting the system

Strategies,
optionally
of such asj

tactics, policies and constraintsyand indeed, the services that are regulated as mandator

ects.

6.4 Organizations, activities and interactions among participants and stakeholders

The class{
architectu

6.5 Clea

Clause 6 d

s, attributes and\key relationships are described in Clause 7. High-level concepf
Fal detail is elabgrated in Clause 8.

r statement of responsibilities and authorities delegated

pscribes the high-level options and issues. The actors, their responsibilities and authori

b. It
ride
zed
b to
the

tof

ata

hce'
ms,

i or

supported, will vary from jurisdiction to jurisdiction. Clause 7 provides detail of the options

ual

ties

are descril{)ed in Clause 7.

6.6 Ope

rational processes for the system

The following description of operational processes is at a high abstracted level (above that of any
application service). Specific services will have additional requirements not described herein.

6.6.1 Service requirements definition

A smart city application service provides a service (a benefit that a service user receives or a duty
that a service user provides) to a service user using exchanges of data, in this case using a secure ITS
interface. Smart cities can also use other communications means appropriate to the context of their
use. The interface will be wired or wireless, but is likely to be the latter, in which case the latency of the
system will limit the ability to provide/capabilities of the application service.
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An ITS application service provides an ITS service (a benefit that a service user receives or a duty that
a user provides) to a service user using a secure ITS interface. The interface will be wired or wireless,
but is likely to be the latter, in which case the latency of the system will limit the ability to provide/
capabilities of the application service.

Wireless communications between a vehicle and its original equipment manufacturer (OEM), commonly
known as "ExVe" (extended vehicle) are separate and complementary to, and out of the scope of, this
document.

6.7 Appointment of an approval authority (regulatory)

Thi
wit]
org
to 4
ass
ser
of t
wil

s document is based on the premise that a smart city will develop its own regulation basée{in consort
h national government and other smart cities). The term used in this document o ‘describe this
anization and its regulation base is the ‘jurisdiction’, and this body creates or appoints amn authority
pprove and audit the ‘process’. The ‘process’ in this context is a smart city apfilieation s¢rvice. The
himption is made that there will be some form of approval process to contral'smart city application
yices and their cybersecurity (at the least to protect privacy and avoid fraud, and to minjmize risks
prrorism or other disruption). The structure of that authority is a matter for the jurisdiction, and it
be a separate appointed organization, or a department of the jurisdiction. Within the conltext of this

dod
bus

An

app
the
Thd
app

ument, it is the actor ‘role’ of ‘approval authority’ that is important,not its structure, ow
iness model.

approval authority (regulatory) will only preside over{the instantiation and operat
lication service or will preside over the instantiation and¢operation of many application s
discretion of the jurisdiction).

approval authority (regulatory) will, where apprépriate, approve service providers (g
roval of service providers), and will provide audit as described in Clause 5, in accordan

requirements of the jurisdiction.

6.8

In ]
me

6.9

An
the
veh
rec
ent
as a

In-vehicle system

TS service applications, the OBE-that provides the application service is an ITS trusted
bts the requirements of ISO 5616:

User

ITS application service provides a service to a service user using a secure ITS interfg
context of mobility-integration, while most ITS services are provided to/from a road ve
icle user (RV/RVY) to another RV/RVU, or between an RV/RVU and a service provider

biver, the applieation service will also be between the RV/RVU and another transport sy
ty, such as\a vulnerable road user, micro mobility user, public transport service provide
servicey(MaaS) service provider, etc.

6.1

nership or

jon of one
ervices (at

r delegate
e with the

levice that

ce. Within
hicle/road
or service
stem using
1, mobility

O-Application service

An application service will be provided on request or will be cyclical to a pre-agreed cycle.

In an ‘on request’ implementation, an ITS trusted device, offering the appropriate credentials via the
secure ITS interface will request pre-specified information from the client OBE, which, on confirmation
of the credentials of the requestor for the requested information, will provide it via the secure ITS
interface.

An OBE will or will not be set up to deal with one or both cyclical and on request demands for
information.

The nature and definition of the information supplied will be the subject of a specification or regulation.
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6.11 Big data management entity

6.11.1 Big data management

This big data will be connected to other smart city data entities and share the data for the efficient
smart city operation in a manner approved and authorized by the jurisdiction. This role is required to
support privacy requirements and to fairly manage any business case issues.

6.12 Data aggregator

yice
5 or
der
1 in
can

The data dggregator will provide timely and value-added data to service provider for its ITS ser}
application provisioning. Data collected for sharing is generally not forwarded in the same format
data timing so there is a need to have an entity that can provide standardized data to service prov
in a standard data format and data timing. This role is like a role between ITS entities ascdescribe
ISO 21184 but in this case is between ITS entities and smart city entities. Artificial intelligence (Al)
be deployed to create such structured value-added data for service providers.

NOTE

6.13 Ma

The open
free, map
provide, et

The map s
cloud data
as HD map
(NDS), etc

his document does not attempt to describe the role of big data/data aggregation in smart cities.

service providers

rchitecture platform map data will be assumed as being nidp data that anyone can use
ata that is charged but has no usage restrictions, map data’'that anyone can modify and
C.

brvice will provide an open architecture platformmap data and it receives probe data, d
etc. from a data aggregator. It combines such data into a map and provides map data (s
) cluster in a standard format such as geographic data files (GDF), Navigation Data Stand
to digital infrastructure service provider fof’ITS application services.

6.14 Digital infrastructure service provider

!

The digit
from the 1
as METR,
as a data
infrastruc
ITS servicg
tools in so}

7 Conc

7.1 Gen

infrastructure service provider) will receive the map data cluster in a standard for
hap service provider and reeeive public infrastructure and enforcing regulation data, s
GDD, etc. from jurisdictions/road authority/municipals. It combines such data into a 1
cluster, digital infrastrgcture data which consist of dynamic and static data. The dig
ure service providerprovides these to the service provider, who performs provisionin
s such as CAV, parking (AVPS), kerb, etc. The service provider will utilize Al/edge comput
me use cases fordew-latency safety service applications.

eptual architecture framework

eral

for
re-

EM
uch
ard

mat
uch
nap
ital
o of
ing

Clause 6 provided the generic concept of operations which the relevant actors and classes enact to
provide the application service(s). To specify a generic framework standard of the ITS service platform
exchange of data with smart cities, this framework standardization deliverable identifies core actors
and classes as described in 7.2 to 7.4, which are described as elements which are independent of any
specific application. Examples of digital infrastructure service are listed in Annex A for reference.

7.2 Actors

ISO/TR 4445 describes a role model where the roles and responsibilities of three key actor classes are
defined to provide an entity known as an ‘application service”:

a) the service users;
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b) the service provider;
and, for any regulated applications:
c) thejurisdiction(s).

The ISO/TR 4445 role model provides the general attributes and the responsibilities of the parties.
These aspects are further described within this document. Figure 1 illustrates a conceptual role model
architecture for application service provision.

Data
CI&L;ldllSU
. . with external
Dt Smart city Big sources
Data
exchange
management
/ entities
Data
aggregators
(Al) Y, Uploading data
Providing
requested data
to service .
providers Service
providers
f
Security
Certification
Monitoring/collecting Managément
regulation violation reports System
SCMS
¢ ) Probe data collection from us¢rs
Certification & traffic, safety and regulatiopn
authorities information provisioning to ugers
Jurisdictions/ Users.
Rodd authority (Vehicles/bicycles
/pedestrians, etc.)
Figure 1 — Role model conceptual architecture
7.3] CRole model and functional model of digital infrastructure servicer

This document defines a role and functional model where the roles and responsibilities of two key actor
classes are defined to provide an entity known as a digital infrastructure service:

a) the map service provider(s), and
b) the digital infrastructure service provider.

This document provides the general attributes and the responsibilities of these parties. Figure 2
illustrates a conceptual role model architecture for application service provision.

©1S0 2022 - All rights reserved 7
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Providing probe
data, OEM cloud

data, etc.

Data aggregators

(AD

Providing

Smart city Big

Data
management
Data entities
exchange OPEN DATA
PLATFORM

Uploading data

requested data to
service providers

Map service

nrawvidarc

Service providers for
CAV, parking
(AVPS), kerb, etc.

|
)

:
)

provIaTs Providing digital (can situate as Edge
open platform map infrastructure data computing)
dynamic and static 7
Certification and
Providing 3D D map data auditing
in a standard fprmat Monitoring/‘collefcting
GDF, NDS, et regulation violation reports Certification Probe data goli¢ction from users
¥ authorities & traffic, safety and regulation
informadtion provisioning to users
Digitpl infrastructure

Sery|

ice provider for

[ TS services

)

Providing public
infrastructure and
enforcing
regulation data,
METR, GDD, etc.

Jurisdictions/

Users

Road authority/

Municipals

| Enforcement/enrollment

1 (Vehicles/bicycles
\/pedestrians, etc.)

Figure 2 — Role model and functional model of digital infrastructure servicer
The conceptual view of the digital infrastructure of a role and functional model is as shown in Figure 3.
A Stacking layers of information
Map Service Digital infrastructure on 3D HD map
providers Service-provider for ITS
Op4gn platform map services Layers of information
J Dynamic information: prope

data, traffic signal, etc.

3D map datd in a standard format Wi P
GDF, NDS, dtc. Stacking e ‘“‘:vl § y < Semi-dynamic
data = “— information: traffic
é g A condition, work zone, etc.

s

Semi-static information:
weather forecast, work
planned, information for

-

i o P T - vulnerable road users, etc
gy P e et * -

Y e S e
= r = i) — AR,

A\L

support infrastructure, information for
vulnerable road users, etc.

Staticinformation-road cignc lanes C
>t HHO AP Feda- SRS esSts

Figure 3 — Conceptual view of digital infrastructure

7.4 Service definition

The service definition for each application service comprises:

a)

a clear description of the service provided and its inputs, outputs and results;
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b)
‘)

d)
e)

f)
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basic vehicle data content and quality that an OBE is required to deliver;

core application data content to meet the requirements of the service and meet any requirements

of the jurisdiction;
any additional application-specific data content for the provision of that service;

» o«

service elements (such as “retrieve data from OBE”, “map data to a map with access c
“report non-compliance”, etc.):

rules for the approval of OBEs and application services.

onditions”,

7.5

7.5

Thil
gre

7.5

Role model architecture

1 General

s subclause considers the roles of the actors defined in 7.2 and 7.3 and.their interrela
hter detail, as well as their relationship to the provision of the applicatiens service(s).

2 Application service actors

Ap

requirements on the OBE.

It
froi

Application services can be architecturally described as involving seven further classes/su

act

Sin
cer
suc

lication services, whether or commercial or regulated, need clear definition in ter

so falls to the service provider to provide sufficiently accurate specification of what i
m the vehicle to enable the OEM, or after-market pro¥ider, to design the OBE.

br's in addition to the jurisdiction:

the security credentials management system (SCMS);
the certificate issuer;

the OBE;

the equipment installer (subelass);

the OBE equipment maintainer (subclass);

the approval authority (regulatory);

the service user.

ble entities'will perform the roles of multiple classes of actor. For example, the SCM
Lificatésauthority will be the same actor. Other actors will also be embraced within thesg
h as.a communications provider, but these will be regarded as additional subclasses th

fionship in

ms of the

s required

bclasses of

S and the
t key roles,
at support

ong

ofthe key actor roles.

7.5.3 Service provider(s)

A service provider, within the context of this deliverable, can be described as a party which is providing
safety, commercial or regulated ITS or smart city services. Application services will be certified by the
certification authority (regulatory) as suitable.

8

Quality of service requirements

This document contains no specific requirements concerning quality of service. Such aspects will be
determined by a jurisdiction.
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9 Testrequirements

There are no test requirements within This document.

10 Marking, labelling and packaging

Attention is drawn to ISO/TR 12859 in this respect. Regulation EU 2016/679, “General Data Protection
Regulation"[24] can also be relevant for implementers in Europe.

11 Decll_t_l_t_t_d_t_n_t_l—tira ion of patents and intellectual property
This docuinent contains no known patents or intellectual property other than that which isimplicit in

the media ptandards referenced.

12 Defirlition of service domains utilizing digital infrastructure

12.1 Gengral

Digital infrastructure will support the implementation of emerging service applications neefled
for smart fity services. For example, such infrastructure could eventually be implemented to asgess
physical inffrastructure needs and improve safety within cities.

Possible sqrvice applications can include:
— criticall safety information provision;
— safety|driving support;

— infrasfructure planning;

— dynanic traffic management;

— trafficrule enforcement;

— dynanpic map updates;

— emergency evacuation support.
Where applicable, digital infrastructure definition already defined by the local authority can be utilized.

For deployment, further’r€search or development of digital infrastructure is recommended.

12.2 Referenced-target use cases

ITS servic¢ applications largely rely upon the big data collected through applications. Services confsist
of a smart tity thatare hreldamd maimtaimed by stmart ity data mramagement entity-Those TTSservices
can be grouped into two categories: the services provided by jurisdiction or the road operator; and
the services by the public and private service providers. The applications offered and managed by
the jurisdiction, or the road operator can be classified in four groups as “infrastructure operation
management”, “traffic management”, “road traffic operation management” and “enforcement”. The
applications provided by the service providers can be offered through public or private sectors. The

classification of an ITS service and applications can be shown in Figure 4 below.
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[Data aggregators (public and ]_,, PP

Users
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~———

(A services
| —

private)

Figure 4 — Classification of smart city ITS service and its applications
The number of emerging ITS service applications for smart city deployment are growing| rapidly in
recent years. The list below provides examples of those applications:
— Traffic management applications to ease traffic congestionand maintain safety in urpan areas.
— Road traffic operation applications to realize efficient@nd safer use of infrastructure.

— Electronic fee collection (EFC) support for urban<ITS traffic management to realiZe dynamic
road pricing.

— Weigh in motion to ease heavy good transport vehicles.

— Dangerous goods/hazardous material$.tfansport management to enforce geo-fencin

SA

— Disaster information provisioning'systems for safer and timely evacuation activities
— Infrastructure services applications for efficient and automated maintenance works.
— Access control in urban area to enhance vehicle entry to certain area.

— Traffic signal (SPaF-MAP): signal phase and timing and road topology messages information
provisioning for safer and.efficient traffic flow in the urban area.

— Law enforcenient applications to regulated freight vehicles such as overloaded vehidle shut out
from certain urbafrarea.

— Remoterdigital tachograph monitoring to maintain safe freight transport vehicle moyement.

— Heavy vehicle air quality controls and geo-fencing in certain urban area.

— Emission control of vehicle entering certain urban area to enforce geo-fencing in certfain area of
the smart city.

— Autonomous vehicle applications such as monitoring, emergency controls, override command,
regulated information provisioning.

— Urban/suburban/expressways mobility mode-specific safety information provisioning and
traffic monitoring.

— Dynamic map management including probe data collection, data aggregation, managing digital
twin in the cloud and provisioning of safety information.

— EFC from services such as parking, event admission, car sharing.

— Vehicle remote maintenance applications such as over the air software updates.
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operations.

management.

Fuel cell vehicle charging applications.

Intelligent parking such as automated ballet parking supporting systems.

Freight vehicle management applications supporting efficient and safer transport fleet

Electric vehicle charging applications such as booking, monitoring, fee collections with security

Car sharing management including booking, matchmaking between user and driver, safety

informatigmprovisiommg:

Pu

Taj
safety info

Dy
vehicles fo

Bid
provision §

Major use
and future
are eachr
cases as a

blic transit information provisioning to users in timely and dynamic real time basis:

i fleet management applications such as booking, matchmaking between useps and driv|

[fmation provisioning.

hamic map utilizing service applications for automated driving buses;- shuttles, fre
" efficient and safer operations.

Tourist information/advice provisioning service applications to inbound users.

ycle/motor cyclist’s ITS service applications such as vulnerable Toad user safety informat
ervices.

cases and business cases for smart city ITS service applications (those currently availg
ones) are shown here for information only. The example uses cases shown in this documn
eferenced with a URL link information; howeverthere is no intention to promote those
standard but for reference only. Further applications can be expected to be developed in

ers,

ght

ion

\ble
ent
use
the

future degending on how the smart city ITS regulatops'can implement their initiative with the l¢cal
government.

The example use cases are grouped according td-the classifications shown in Figure 4.

12.3 Infrastructure operation management

The use cases fall into the “Infrastiucture operation management” category shown in Figure 5 [are
infrastructure service applications focusing on service vehicle operational efficiency and automdted
maintenarice.

Infrastructure
operation managemen

J

Figure 5 — Infrastructure operation management use case

Infrastruc

maintenance works.

Example can be found at Reference [5].

ture operation management services applications are effective for etficient and automated

In this case, road maintenance service vehicles such as a snowplough dispatching operation becomes
safer and more efficient with proper monitoring and controlling from adding back-office management.

12.3.1 Traffic management

The “traffic management” use case can be applied to all vehicles, freight vehicles and automated
vehicles. See Figure 6.
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Forl all vehicles, traffic management applications to ease traffic congestion's- and maintail
urbjan area can be effective.

Forlautomated vehicles, automated driving vehicle support applicationiS’such as monitoring,
corltrol, override command, regulated information provisioning can'be effective.

EF( support for urban-ITS traffic management can be effectivefor realizing dynamic road pi

Exgmples include:

a)

b)

12

In

ISO/TR 7872:2022(E)

s N
All vehicles
. J
s N
Traffic management _J Freight vehicles
S J

L Automated vehicles

J/

—

Figure 6 — Traffic management use cases

Traffic management applications to ease traffic cohgestions and maintain safety in urbg
which the smart city ITS traffic centre monitors traffic conditions and controls both {
road signs to ease traffic congestions.

EFC support for smart city ITS traffic management to realize dynamic road pricing, in
smart city traffic centre controls traffie by changing toll fees dynamically to divert traf
other road networks. In such caseg; the traffic centre also provides feedback to the toll ¢
adjust toll fees to maintain the quality of service (QoS) of the toll road operations.

An example can be found atReference [5].

Autonomous vehicle support applications, which, to monitor road conditions, assist
control, respond to Override command and update regulated information provisioning.
example, the autemated driving vehicle relies mainly on its own sensor data, but the s
can be increased-with the supports from the infrastructure.

An examptlean be found at Reference [6].

4 Road traffic management

h safety in

bmergency

icing.

n areas, in
ignals and

which the
ic flows to
perator to

bmergency

In such an
afety level

eroad traffic management use case, the road traffic operation applications improve effi

ciency and

make it safer to use the infrastructure by allowing the road authority to control the traffic volume of

the

road, especially on the expressways. See Figure 7.

Road traffic operation
management

Figure 7 — Road traffic operation management use case

Road traffic operation management applications can be effective for realizing efficient and safer use of
infrastructure.
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They are normally implemented through controlling the volume of the vehicles entering the road with
ramp metering.

An example can be found at Reference [5].

12.5 Enforcement

Enforcement is a broad subject for smart city ITS. This subject can be further divided into two
categories: enforcement for all vehicles and enforcement for freight vehicles as shown in Figure 8.

For all veh

For freigh
goods/haz
applicatior
effective.

Applicatio
movement|
of vehicles

The use ca

a) Access
enforg

b) Emiss
the cit]
keep t

An exd

—

L A
L All vehicles J

[ Enforcement ] [ Freight vehicles ]

—

Figure 8 — Enforcement use cases

cles, access control in urban areas to enforce vehigle entry to certain areas can be effecti

h such as remote digital tachograph”monitoring to maintain safe freight transport vehi
and heavy vehicle air quality controls and geo-fencing in urban areas and emission con
entering urban areas to enforce geo-fencing in certain area of the city can also be effectiy

Ses include:

control in urban area to enforce vehicle entry to certain area, in which the smart city
ement controls the\traffic volume by controlling the access to the city centre of each vehi

on control of*vehicles entering urban areas by enforcing geo-fencing in restricted area
y, in which,the smart city ITS enforcement centre monitors and controls the traffic volum
he air elean near the city centre.

mple can be found at Reference [7].

ve.

- vehicles, weigh in motion (WIM) to enforce heavy goods transport vehicles, dangerjous
ardous materials transport management@o enforce geo-fencing and law enforcenjent
1s to regulated freight vehicles such as overloaded vehicle shutout from urban area car be

rles
trol
e,

ITS
"le.

5 of
e to

c¢) WIM to enforce heavy goods transport vehicles, in which the smart city ITS enforcement agency
monitors or detects overloaded vehicles to keep road traffic safe.

An example can be found at Reference [8].

d) Dangerous goods or hazardous materials transport management to enforce geo-fencing, in which
the smart city ITS enforcement agency monitors and controls the vehicles carrying dangerous
goods or hazardous cargos and keeps those vehicles away from entering the city centre for safety
reasons. Furthermore, by monitoring those vehicles, the first responders can be despatched in a

timely

14

manner to the accident site in case of emergency.
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e) Law enforcement applications to regulated freight vehicles such as overloaded vehicle shutout from
smart city ITS area, in which the smart city ITS enforcement agency monitors or controls the speed,
size and load of the vehicle to keep the road traffic safe.

f) Remote digital tachograph monitoring to maintain safe freight transport vehicle movement, in
which the smart city ITS enforcement agency monitors or controls the commercial vehicle and
ensures that the operator of the vehicle complies with the regulations and laws, such as maintaining
minimum resting time, to keep the road traffic safe.

An example can be found at Reference [9].

g) [Heavy vehicle air quality controls and geo-fencing in smart city areas, in which the smart city ITS
enforcement agency monitors or controls the emission of the monitored heavy vehicle t@ keep high
polluting vehicles out of the city.

An example can be found at Reference [10].

12/6 The role of service providers

Thd role of service providers, public or private, can be examined in-the four categories a$ shown in
Fighre 9.

—

[ All vehiclés ]

Service providers
(public and prjvate) Freight vehicles

( )

EV/FCV vehicles

\. /

( )

Public transit users

\. /

Figure 9 — The role of service providers

For all vehicles, disaster information provisioning systems for safer and timely evacuation activities,
traffic signal (SPaT-MAP), the signal phase and timing and road topology messages information
provision for safer and efficient traffic flow in the urban area, urban/suburban/expressways mobility
modes specific safety information provisioning and traffic monitoring, dynamic map management
including probe data collection, data aggregation, managing digital twin in the cloud and provisioning
safety in formation provisioning to the vehicles, EFC from services such as parking, event admission, car
sharing, vehicle remote maintenance applications such as over the air soft updating, intelligent parking
such as automatic ballet parking supporting systems, car sharing management including booking,
fee collection, battery monitoring and maintenance, dynamic map utilizing service applications for
automated driving bus, shuttle, freight vehicles for efficient and safe operation can be effective.
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For freight vehicles, freight vehicle management applications supporting efficient and safe transport
fleet operation can be effective.

For electric vehicles (EV)/ fuel cell vehicles (FCV), EV charging applications such as booking, monitoring,
fee collection and security, fuel cell vehicle charging applications like EV can be effective.

For public transit users, public transit information provisioning to users in a timely and dynamic real
time basis, taxi fleet management applications such as booking, matching between user and driver,
safety information provisioning, tourist information/advice provisioning service applications to
inbound users, bicycle/motor cyclist’s ITS service applications such as vulnerable road user safety
information provisioning services can be effective.

The examples used to examine the role of the service providers are as follows:

a) Disaster information provisioning systems for safer and more timely evacuation aetivities: [the
service provider offers information needed to the vehicle in the case of emergency and instructions
for theg vehicle to evacuate from the disaster area.

An exgmple can be found at Reference [5].

b) Traffig signal (SPaT-MAP), the signal phase and timing and road topolégy messages information
provisjion for safer and efficient traffic flow in the smart city ITS ared: the service provider offers
traffic|signal timing information to the vehicles to help maintain the vehicle emission level low And
assist p safe driving behaviour for the driver.

An exgmple can be found at Reference [11].

c) Urban}/suburban/expressways mobility mode-specific safety information provisioning and tr{ffic
monitpring: the service provider offers mobility-specific safety information to each vehicle and
monitprs vehicle behaviour to keep the city centre safe.

d) Dynamic map management including probe data collection, data aggregation, managing diglital
twin ip the cloud and provisioning safety in-formation provisioning to the vehicles: the seryice
provider collects vehicle probe data, updates the dynamic map at the centre and monitors trdffic
on the digitally-structured infrastructure platform (also called the “digital twin” or the “twin of
real trjaffic”) so that the service provider can provide each vehicle specific safety information |n a
timely|manner.

An exgmple can be found at Reférence [12].

e) EFC frpm services such as’parking, event admission and car sharing: the service provider monitors
the vehicle entering the’parking facility, event facility, or a car sharing facility (can be road or Kerb
side) and collects fee from users of those services.

An exdmple caf be found at Reference [13].

f) Vehiclge remote maintenance applications such as over-the-air software updating: the seryice
providet-provides remote maintenance service to the vehicle users by performing software upddtes
when the vehicte s 1die:

An example can be found at Reference [14].

g) Intelligent parking such as automatic valet parking supporting systems: the service provider
provides automated valet parking services by monitoring and controlling each vehicle parked
inside or nearby an area of the parking facility. Verifying user rights and payment processes are
included in the service.

An example can be found at Reference [15].

h) Car sharing management including booking, fee collection, battery monitoring and maintenance:
the service provider provides service information required for car sharing application to the car or
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