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IEC BRD’63476 has been prepared by IEC systems committee Smart Cities: Electrotech

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SMART CITY SYSTEM ONTOLOGY -
Part 1: Gap analysis

EOREWORD

THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comgrising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote,interndtional

cg-operation on all questions concerning standardization in the electrical and electronic fields. Tolthis e

and

injaddition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Pyblicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).|Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dea]t with

may participate in this preparatory work. International, governmental and non-governmental organizations li
with the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organizati
Standardization (ISO) in accordance with conditions determined by agreement between the two organizati

THe formal decisions or agreements of IEC on technical matters express, as neafly as possible, an interng
cansensus of opinion on the relevant subjects since each technical committee has representation frg
inferested IEC National Committees.

IEC Publications have the form of recommendations for internationalkisé and are accepted by IEC Na
Ce¢mmittees in that sense. While all reasonable efforts are made to\ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsible for,the/way in which they are used or fg
misinterpretation by any end user.

In| order to promote international uniformity, IEC National Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in their natienal‘and regional publications. Any divergence be
anly IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

IE[C itself does not provide any attestation of confarmity. Independent certification bodies provide conf
agsessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fq
services carried out by independent certification\bodies.

All users should ensure that they have the latést edition of this publication.

members of its technical committees and’IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of the publieation, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publicati
inflispensable for the correet application of this publication.

IEC draws attention”to~the possibility that the implementation of this document may involve the use
pdtent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rig
reppect thereof.,As\of the date of publication of this document, IEC had not received notice of (a) patent(s),
may be required to implement this document. However, implementers are cautioned that this may not rep
latest information, which may be obtained from the patent database available at https://patents.iec.c
shall not.be*held responsible for identifying any or all such patent rights.

aspects of smart Cities. It Is a Systems Reference Deliverable.

The text of this Systems Reference Deliverable is based on the following documents:

Draft Report on voting

SyCSmartCities/322/DTS SyCSmartCities/334/RVDTS
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. IEC
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Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Systems Reference Deliverable is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

° ithdrawn _ar

e revised.

IMBORTANT - The "colour inside” logo on the cover page of this document indicgtes
that it contains colours which are considered to be useful for the correct understanding
of ifs contents. Users should therefore print this document using.a‘colour printer.
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INRODUCTION

Ontology is becoming a key subject in the world of big data, Al, loT, and smart city system
standards. The following benefits of ontology are recognized as important with respect to
interoperability, connectivity, traceability of digital content, particularly machine readability,
executability and interpretability of digital content for decision making and actions.

Howegver, ontology has a variety of definitions in different international standards. Ho
unddrstand different meanings of ontology and select the right definition for the
stake¢holders’ concerns for the right purposes is a big challenge for_effective integratiq
business, data, information, knowledge and decision making, acress’ disciplines, dom
systems, platforms and applications in smart cites. Moreover, how to deal with the d
challenges of interoperability of many and various ontologies~to~satisfy the demands
artifigial intelligence and big data analytics are gaps to be filled(in,the area of smart city syst
How|to develop digital content that is machine readable, executable and interpretable, wo
in the system without human effort for a smart city system.are emerging needs to be stu
Therg are significant demands for better communication, coordination, cooperse
collaporation and connectivity of existing ontology standards to smart cities practical sed
This|document aims:

Increase interoperability across domains.
Enable machine-readable code for computational reasoning and decision making.

Create semantic linkages between data, information and knowledge systems.

Build accessible APls and semantic linkages between web-based data objects.
Link data domains with shared concepts or canonical data models.

Jonnect shared data concepts and definitions between domains.

te identify existing ontology standards fronizdifferent Standards Development Organiza

w to
right
n of
Rins,
rand
from
EMS.
rking
Hied.
tion,
tors.

tions

(pDOs) and to provide best practice examples and considerations of ontology standards

development and maintenance for smatrt city systems;

te identify gaps in existing ontology, 'standards for smart city systems and the opportunities
and challenges in ontology standards development taking into account multi-dimensjonal
and muti-domain stakeholdeis’ concerns city wide, and to provide recommendations for

ontology standards develepment and maintenance to enable integration, interopera
efficiency and effectiveness of smart city systems.

lity,
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This

tob
stan

2

Therp are no normative references in this document.

For the purposes of this document, the following terms and definitions apply.

ISO

addrgsses:

3.1

charfacteristic

abst

Note

[SOURCE: ISO 1087:2019; 3.2.1, modified — The EXAMPLE has been deleted.]

3.2

congept

unit

[SOUYRCESISO 1087:2019, 3.2.7, modified — The Notes to entry have been deleted.]

3.3

-8 - IEC SRD 63476-1:2024 © |IEC 2024

SMART CITY SYSTEM ONTOLOGY -

Part 1: Gap analysis

Scope

document provides a gap analysis on ontology relevant standards for smart city systems
i used as a base document for mapping, developing and maintaining a set of ontglogy
ards for smart city systems.

Normative references

Terms and definitions

and IEC maintain terminology databases for us€ in standardization at the follg

EC Electropedia: available at https://www.elettropedia.org/
BO Online browsing platform: available atdittps://www.iso.org/obp

action of a property (3.8)

to entry: Characteristics are’dséd to describe concepts.

bf knowledge created by a unique combination of characteristics (3.1)

wing

definition
representation of a concept by an expression that describes it and differentiates it from related
concepts (3.2)

[SOURCE: ISO 1087:2019, 3.3.1]
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3.4
digit

al system

system consisting of hardware, software, and possibly network components, used to generate
and/or use data to fulfil one or more specific functions

EXAMPLE 1: A digital traffic system that uses sensors to measure real time traffic movement digitally and sends that
data to where it can be collected, analysed and used both to control digital traffic signals and to provide information
to support decision making by staff in traffic management roles and by travellers.

EXAMPLE 2: A digital health record system that transforms information related to patients into digital form and
enables it to be shared and analysed to support treatment.

EXAN

DLL 2. A _dioital i % ot 4 <l <l =i data—t P~ P~
oo ag e P ey e Rt Sy St et U S eSS at et ara ST eate TSR t—SeCufre—aatra—ranSiSStofiT—ahe

sends

querig
witho

EXAM
sourc
qualit

[SOU

3.5
dom

s and enables the alteration of data within financial institutions, to allow goods and services to be(p4
t the need of cash.

PLE 4: A digital assembly line system in a factory that collects and monitors data coming from”a var

es and uses that to coordinate robotic assembly processes and make any adjustments necessary to s
and efficiency goals.

RCE: IEC 60050-831:—, 831-02-03]

ain

subject field

field
[SOU

3.6
obje

of special knowledge

RCE: ISO 1087:2019, 3.1.4]

ct

anything perceivable or conceivable

Note
ratio’,

[SOU

3.7

to entry: Objects can be material (e.g. /éngine’, ‘sheet of paper’, ‘diamond’), immaterial (e.g. ‘conv
‘project plan’) or imagined (e.g. ‘unicorn’y\sCientific hypothesis’).

RCE: ISO 1087:2019, 3.1.1]

physical system

set o

EXAM

[SOU

3.8

f physical objects.and processes that work together to fulfil one or more specific func

PLE Electricaltpower distribution systems, logistics systems, metro systems.

RCE: IE€60050-831:—, 831-03-03]

property

id for

ety of
pport

Brsion

fions

feature of an object (3.6)

Note 1 to entry: One or more objects can have the same property.

[SOURCE: ISO 1087:2019, 3.1.3, modified — The EXAMPLES have been deleted.]
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3.9

smart city

city where improvements in quality of life, services, sustainability and resilience are facilitated
by the effective integration of many and various types of physical, digital and social systems
and the transformative use of data and technology

Note 1 to entry: This is a general definition of a smart city. The IEC looks at these aspects from the perspective of
electrotechnology.

Note 2 to entry: The effective integration of physical, digital and social systems can be facilitated by integration of
digital twins of all these systems.

[SOURCE: TEC 60050-83T:—, 83T-UT-T9]

3.10
system
combination of interacting elements organized to achieve one or more stated,pufposes

Note { to entry: In the context of smart cities, the system as a whole exhibits (as the result.of interactions befween
its eldgments) some emergent characteristics indispensable to achieve one or more of jits stated purposes.

Note 2 to entry: In the city transport system the interactions between traffic{ management and emerpency
management, sharing information related to resource allocations, road network conditions, video surveillance
imaging and control, enable the emergent characteristic of improvement in traffic congestion.

[SOUYRCE: ISO/IEC/IEEE 21840:2019, 3.1.8, modified — The Notes to entry have been adfled.]

3.1
socipl system
pattgrned series of interrelationships existing between individuals, groups, and institutiong and
form|ng a coherent whole

EXAMPLE Nuclear family units, communities, cities, nations, college campuses, corporations, and industries.
Note ] to entry: An individual can belong to multiple social systems at once.

Note 2 to entry: The organization and definition of groups within a social system depend on various ghared
propefties such as location, socioeconemic status, race, religion, societal function, or other distinguishable features.

[SOYRCE: IEC 60050-831:—-831-04-03]

3.12
system of systems
SOS
<sysfems> set{of operationally and managerially independent systems (3.10) that| are
coordlinated\together to achieve one or more commonly stated purposes

Note 1 e entry: Each constituent system is a useful system by itself, having its own management, goald, and
resoutees—and-coordinates—withinthe-SOS toprovide-the-unique-capabilityof the-SOS-

[SOURCE: IEC 60050-871:2018, 871-05-03, modified — The domain <systems> has been
added. In the definition, "operated" has been replaced by "coordinated", "commonly" has been
added, and "for a period of time" has been deleted. Note 1 to entry has been replaced by new
Note 1 to entry from ISO/IEC/IEEE 24748-1:2018, 3.56, in which "but coordinates" has been
replaced by "and coordinates".]

3.13
term
designation that represents a general concept (3.2) by linguistic means

[SOURCE: ISO 1087:2019, 3.4.2, modified — The EXAMPLE and Note 1 to entry have been
deleted.]


https://iecnorm.com/api/?name=9de5b4a606053c70e83de9f439038645

IEC SRD 63476-1:2024 © |IEC 2024 -1 -

3.14
term

inology

set of designations and concepts (3.2) belonging to one domain or subject

[SOURCE: ISO 1087:2019, 3.1.11]

4 Foundations of concept system building for smart city systems

4.1

Methods of ISO 704:2022

An e:lnaly3|s of key terms relevant to ‘unit of knowledge' and ‘characteristics’ in definit|io
smait city is conducted based on understandings about ‘concept’ and ‘charactefisti

ISO

The
ISO

y04:2022 and 1SO 1087:2019.

relations between the ‘object’, ‘property’, and ‘characteristic’ are wely describg

define concept.

4.2

Basqg
inves
SDO
close

Core concepts and the characteristics of smart city by different SDOs

d on six collected definitions of smart city, a survey mias conducted to identify
tigate core concepts and their characteristics in the definitions of smart city from diff
s during online meetings from 29 April to 14 May 2021 ‘Eight questions, comprising s
d questions and one open question, were designed’ina questionnaire (see Annex A)

questionnaire was sent to experts from IEC SyC Smart Cities through the IEC collabor

platf
emai

Tabl
their

At th

brm and to experts of ISO/TC 268/SC 1/WG 4, ISO/IEC JTC 1/WG 11 and ITU-T SG ?
I. 14 responses to the survey were collected and validated for the analysis.

e 1 and Figure 1 show core concepts in\definitions of smart city from different SDOs
relationships and common characteristics.

e high level, characteristics on smart city involves responding to stakeholder concerns

domain-specific concerns. People’s’issues and concerns were represented by over 80

100
Ther
focu
inclu
custq

In ag
divid
digit
syste

o agreement from different* stakeholders of different SDOs in stakeholders’ conc
cfore, placing a citizen<centric focus on smart city development is recommended or 1
5 on present generation and future generations for its citizens. Stakeholder concerns
de supplying side services to citizens from government and business agencies, espe
mers.

dition, domain concerns refer to diverse city system feature issues of city which c3
d into (digital, environmental, economic, cultural and social aspects. Specifically
| aspeet can involve information technology, digital transformation, electrotech
ms,\data and information. The environmental aspect includes two elements such a

hs of

C’ in

d in

y04:2022, 5.4.1, which provides a way to identify object and its characteristics that helps

and
brent
even
The
ation
0 by

and

and
o to
Brns.
hight
also
Cially

n be

the
nical
5 the

built

envitonment and natural environment, and social aspect refers to international stang

ards

and coordinated and reflexive system.

Means and approaches for smart city could be intermediate level to connect high level and low
level. Smart city can select from a wide range of policy, leadership and technical use methods
which refer to collaborative leadership, disciplines and city system, recognized metrics at
society level and ICT, electrotechnical systems, use of data and information from modern
technologies.
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Smart object, smart status and visions and goals can be identified from definitions of smart
cities. In smart object, integration of physical, digital and social systems is possibly the most
important feature of smart city which could provide better understanding and benefits for
decision makers, development of sustainability and community. Moreover, effective integration
is also essential for smart status. Effective integration enables digitally coordinated systems as
self-organizing system that accelerate improvement of services, increase pace of learning and
reflexing and innovation. Finally, in terms of visions and goals of smart city, what smart city is
intending to achieve is defined by improvements of targeted goals. Hence, smart city is not only
intended to achieve competitiveness, stability, liveability and resilience, and repeatability and
scalability, but also to enhance fundamental improvements on efficiency, concerns addressing
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quality of life and better city services.
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T

able 1 — Core concepts and the characteristics of smart city from different SDOIs

Characteristics

ISO

Concepts

IEC

ITU-T

Characteristics in terms of

stak
city

bholder’s concern about smart

citizen (D1, D3)

citizen (D4, D5)

present and futy
generation (D2)

Characteristics in terms of domain’s

cong

lern about smart city

built environment
(D1)

natural
environment (D3)

city (D4, D5,D8)

internatjonal
standards-and
digital
transformation
(D&)

electrotechnical
systems and
information
technology (D6)

economic, socig
environmental 4
well as cultural
aspect (D2)

S

Chafacteristics in terms of smart

integratiop.of

city (D4, D5, D6)

city (D2)

obje¢t of smart city physicalj\digital
and human
systems (D1)
city (D3)
Characteristics in terms of smart effective improvements innovative (D2)

staty

s of smart city

integration (D1)

increasing the
pace (D3)

accelerated (D4)

self-organizing
system (D5)

digital
transformation as
digitally
coordinated
systems with its
own pace (D5)

improvements for
services (D6)
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Characteristics

ISO

Concepts

IEC

ITU-T

Characteristics in terms of visions

and goals of smart city

(improvement of targeted goals)

a sustainable,
prosperous and
inclusive future
(D1)

fundamentally
improving (D3)

provides social,
economic and
environmental

improvements in
quality of life,
services,
sustainability and
resilience (D4)

repeatability and
scalability of digital
solutions (D5)

systematically

» improve quality of
life, efficiency of
urban operation and
services, and
competitiveness
(D2)

SUStamantiny
outcomes and
responds to
challenges such
as climate
change, rapid
population growth,
and political and
economic
instability, to
deliver better
services and
quality of life (D3)

dddressing
concerns (D5)

city services (D6)

Chaffacteristics in terms of

effective

by theseffective

e information and

apprpaches to and means of smart integration of integration of many communication
city physical, digital and\various types technologies (I¢Ts)

and human of\physical, digital and other meanp

systems (D1) and social systems (D2)

) and the

engage society transformative use

applies of data and

coIIabora_tlve technology (D4)

leadership

methodsyworks internationally

across.disciplines recognized metrics

and city systems, (D5)

anddses data )

infokmation and electrotechnical

modern syfstems and

; information

technologies (D3) technology (D6)

NOTE D refers to definition. D1,\D2, D3, etc. refer to codes of definitions of ontology in Annex B.
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IEC
Figure 1 — An integrated concept system on smart city

System of systems view on smart city’system in IEC SRD 63235:2021

ure 2 shows a system of systems viewifor smart cities and smart city systems accordipg to

A system of systems view (see - Figure 2) considers the smart city as a complex sygtem

ade up of many vertical domains such as transport, health, education, employment and so
on. Each of these vertical domains is interconnected by three cross-cutting overarching and
hiorizontal systems that include views aspects of a city centric social system, digital system
and physical system: of a city and system approach, which work together as a
cpmplementary whole in response to the concerns and representing the interests of different
sfakeholders (ISO/IEC 30182:2017, 2.14). Each of these, in turn, can be subdivided to
describe in greater detail other horizontal, cross-cutting domains.

aking this) system of systems view enables the total capability of a city-wide view {o be
understood from both a technical domain and a societal perspective to be enhanced {o an
extent-that none of the constituent systems can accomplish on its own. Each constijuent
siystem is a useful system by itself with its own management, goals and resources, but when
coordinated within the smart city systems (SCSs) contributes to providing a unique broader
capability as a member of the SCSs.

The social system provides a  multi-dimensional governance framework
(ISO/IEC TR 38502:2017, 3.1) for coordinating arrangements of strategies, policies,
decision-making structures and accountabilities to manage multiple stakeholders' concerns
in social space and convergence.

A digital system provides a multi-domain architectural framework
(ISO/IEC/IEEE 24748-1:2018, 3.7) for cooperating activities of conventions, principles and
practices for individual domain architecture and to enable, operate and support digital
transformation.

A physical system provides a multi-layer application framework (ISO/IEC/IEEE 24765:2017,
3.177) to connect, identify and sustainably manage artefacts in each subsystem, and enable
interfaces between systems in physical spaces to support all necessary interactions.
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e An integration of the social, digital and physical systems with technical domains supports
the convergence of multi-dimensional, multi-domain and multi-layer concerns and interests,
can aid the mapping and coordination of digital systems development, design and
operations, to support smart city of multiple stakeholders as well as enhancing the adaptive
capacity of a city as an ecosystem to deliver a sustainable, prosperous and inclusive future
for its citizens.

. . Vertical domain
Horizontal domain

g ) 7 ) ) N

)
\ Social
N systems

Digital
systems

Physical
systems

Systemof systems view

IEC

SOURCE: IEC SRD 63235:2021, Figure 1.

Figure 2 - Concept views of smart city systems

4.4 | Methodology framework for smart city system concept in IEC SRD 63235:2021

Figufe 3 shows a methodology framework for smart cities and smart city systems accordipg to
IEC BRD 63235:2021,

o A methodology framework refers to a way, or structure, that supports a number of different
ethods @nd languages to be used together effectively when developing a complex rulti-
domain-level system.

he_methodology framework for a smart city system concept system refers to a systgm of

g an : > . - life-
cycle and use case analysis approaches to be used together as a complementary whole in
developing a smart city system.
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Common
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concepts

Life cycle views

P JC JC

Y
Key Domain  Specific Concepts

Use case
components  knowledge Use case views concepts

IEC
SOURCE: IEC SRD 63235:2021, Figure 2.

Figure 3 — A methodology framework for building smart city system concept

4.5 | Descriptive framework of city in ISO 37105:2019

ISO B7105:2019 presents a descriptive framework forcities and communities. The descriptive
framgwork categorizes the components of city into ‘three major elemental systems that is
physjcal structures (structure), living entities (society)and the flow of interactions between fhem
(intefactions). These elemental systems are further described by layers that capture all the
activjties of importance to a city. The descriptive framework can be the basis of formal ontojogy,
or k:rowledge model, which can be useful<for helping to plan and implement city operption
solufions.

5 [Existing ontology definitions from different SDOs

5.1 | Existing ontology de€finitions from different sources

15 definitions existing in.different SDOs were collected and analysed at the Ontology for §mart
Cities and Smart City )Systems & Standards Workshop held by IEC SyC Smart Citieg, on
30 September 2020.) Furthermore, eight additional definitions from different authoritative
sourges are added from this ontology workshop. In total, there are 23 definitions of ont¢logy
collerted as samples for analysis (see Annex B).

5.2 | Methodology for identification of concepts and concept relations

1070

etnodoTo TUIT idﬂlltilibdtiull Ul CUTILE tb ;b ;II bUIIIUIIIIit WI“I | E>AVJ IU42022 dlluI tiIU
M tl U 1 Uy £ £ £ P £ y
process for identification of concepts and its relations is shown in Figure 4.

asic
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Figure 4 — Basic process for identification of concepts and their relations
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First, concepts are described to distinguish them from others and relationships are also
described between them based on past domain-specific knowledge. In order to describe the
concept and distinguish it from other related concepts, the definition can be used to represent
the concept. After that, in order to identify the concept relation, the concept system is structured

by a

set of concepts which are related to domain and knowledge.

In addition, 1SO 704:2022, 5.5.3 presents three types of concept relation: generic relation,
partitive relation and associative relation (see Table 2).

Table 2 — Three types of concept relation

No Type of concept relation Definition
concept relation between a generic concept and a specific coneept
where the intension of the specific concept includes the intension of the
generic concept plus at least one additional delimiting, Characteristic.
) ) Note 1 to entry: Outside the terminology community| *type of relation
1 generic relation and ‘is a relation’ are also used instead of “generic_relation”.
Note 2 to entry: In a generic relation, the subordinate concept is a
specific concept and the superordinate coficept is a generic concept.
[SOURCE: ISO 1087:2019, 3.2.13]
concept relation between a comprehensive concept and a partitive
2 partitive relation concept.
[SOURCE: ISO 1087:2019,/3.2+14]
concept relation that exists/when a thematic connection can be
3 associative relation established between_cofcepts by virtue of experience
Note 1 to entry: Associative relations are non-hierarchical.
5.3 | Concept and concept relations about ontology
Ontology concept refers to three key.components: Terminology, Subclass of, and Logic (T|SL).
1) Tlerminology refers to entitiestwith attributes and relations with optional domain and range

S|
2)

3)

o

Ther
in T4

pecifications.
ubclass of refers toaddition of taxonomic relations.

pgic refers to addition of definitions using a formal language; this level involves descri
gic that has restriction.

ble 3 as mapping with TSL viewpoint.

ption

efore, sixdypes of concept relation in existing definitions of ontology are identified, shown
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Table 3 — Types of ontology concept relation

Type of ontology

Source

No. concept relation TSL analysis Description of concept relation (see Annex B)
conceptualization of a
o domain/rigorous conceptual schema
Conceptualization of T inol representing the subject
[ erminology
1 gg;ncaelntllrjlglorous domain/model that represents a D1_D6_D11_D16
schem?a/model Subclass domain and is used to reason about
the objects in that domain and the
relations between them
A loyican af anapializad a lexicon of specialized terminology
2 : ' Terminology along with some specification of the | D13_D1/_DZ%&
terminology . ! ;
meaning of terms in the lexicon
Organization or logic structure of
. Terminology concepts for which a rational
3 tggé%altztgiigﬁ:f argument can be made/logical D2_D5+D21
P Subclass of structure of the terms used to
describe a domain of knowledge
explicit and consensual
specification of
concept/specification of concrete/or
Formal, explicit and . abstract things, and the
consensual Terminology relationships among them, informal, | D3_D4_D10_D1p
specification of Subclass of explicit specification of'a shared D15_D18_D22
conceptualization conceptualization/format
specification of a
conceptualization/an explicit
specification. 6f a conceptualization
formal representation of
phenomena/formal statement of an
Formal representation ‘ understandl_ng of the world/formal D7 D8 D9 D12
5 of a set of concepts and | Logic representation of a set of concepts - - =
; . (e . D19
relationships within a domain and the
relationships between those
concepts
Rule and knowledge Terminology! a set of knowledge terms D20_D23
6 with semantic constructed by rules with semantic
connections Subclass:of connections into particular topic
Therefore, according to thé.ontology concepts and concept relations, ontology can be defined
as tHe specification of a-terminology — which specifies the classes, properties and data types
of the domain — and-‘axioms, which define and constrain the interpretation of the terminglogy
(in first order logic.or-description logic) and can be used to infer new information (see Figuie 5).
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. a Terminology, that specifies the classes, properties and data types of the domain, and
. Axioms, that define and constrain the interpretation of the terminology (in FOL, DL), and can be

used to infer new information

The following diagram provides a simplified description of the differences of various modelling
methods, on a continuum from informal to formal models.

Ontology
= Concept Description  First Order __
E \/ocahulans Tavanomy Modeal Tarminalaay Loqdic Laogic ©
- 7 7 oY ) g £
o - :5
E List of A Vocabulary with A Taxonomy with A Concept Model A Termi_n_ology with e
« | Entities the addition of a the addition of: with the addition of: the a_dq!tlon of
« | Attributes "subClassOf" relation « distinction « essential and . def!n_ltlons_of
Epch may have a that can be used to between attributes descriptive ent_ltles using a
description, in a link entities into and relations characteristics logical Ianguage_
ngtural language. taxonomies « attribute value « hierarchical and such as Description
Npte that attributes typing associative or First Order Logic
afte NOT directly - restrictions on relations ¢ property
apsociated with relations « intensional and hierarchies and
etities. extensional entities chains e
SOURCE: Mark Fox, 2022, 03, 23 IEC SyC Smart Cities/WG1 and ISO/IEC\JFC 1/WG 11/AHG 16 Meeting.
Figure 5 — A continuum thinking about ontology standards development
Furthermore, there is a survey conducted to investigate common understandings about ontglogy
concepts for smart cities and smart city systemscinyinternational standardization and also tg find

out the significance of continuum thinking for gntology standards development (see Annei C).

With

1)

2)

3)

4)

ontology continuum thinking:

Tlhere are 24 definitions of ontology in existing standards from different viewpoinfs, a

harmonized concept system to connect and coordinate different concept relations| and
cpncerns is needed.
he ontology continuum. ¢thinking from informal to formal combining with hyman

understandable and machine readable, executable and interpretable contents is needdd for
ontology building.

he survey results-show the priorities of the demands for ontology standards development

the following(order: terminology-ontology; use case of ontology, roadmap of ontojogy,
ontology taxonomy and interoperability; ontology continuum framework and ontglogy
registration.

he survey results indicate that given the great number of ontology standards alreafly in
existence, there is a need of gap analysis process in future ontology standards development
forsmart cities and smart city systems, in order to avoid overlaps and to build collaborption

oworks yeneric_and specific _ontolc in—exis ce and build interoperability
relationships with existing ontology standards. In addition, whether the existing ontology
standards can be adaptable to cross-domain city-wide use or not remains to be established.

A MW A N gene =lalal a¥=Ya onliolog al- en ~lala o a
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6 Existing ontology standards deliverables and activities in different SDOs

6.1 General

Currently, several SDOs have standardization activities on ontology and have published
deliverables and under development deliverables about ontology. For example, ISO has seven
committees and working groups that are involved in ontology standardization,
including ISO/TC 46/SC 4, ISO/TC 211, ISO/IEC JTC 1/WG 11, ISO/IEC JTC 1/SC 29,
ISO/IEC JTC 1/SC 32, ISO/IEC JTC 1/SC 38. IEC has one committee involving in ontology
standardization, which is IEC TC 3/SC 3D. ITU-T has one committee involved in ontology
standardization, which is ITU-T Study group 20. IEEE has two committees involved in ontology
stan@fardization acfivities including IEEE Robofics and Aufomation Sociely, I[EEE Conpspmer
Technology Society. W3C and OGC also participated in the standardization recommendption
and ¢valuation on ontology.

6.2 | Ontology-related standardization activities in ISO
6.2.1 ISO/TC 46/SC 4

ISO/TC 46/SC 4 develops ontology standards in the area of libraries, documentation| and
infornation centres, publishing, archives, records management,.“museum documentdtion,
indexing and abstracting services, and information science. [able 4 lists ISO/TC 46/B5C 4
ontology deliverables and their status.

Table 4 — ISO/TC 46/SC 4 ontology-deliverables

No. Committee Reference Title Statyis

ISO/TC 46/SC 4 Information and documentation —

1 || Technical ISO 21127:2014 A reference ontology for the PublisHed
. . interchange of cultural heritage
interoperability . ;
information

6.2.2 ISO/TC 184/SC 4

ISO/[FC 184/SC 4 develops, ontology standards in the area of content, meaning, strudture,
reprgsentation and quality management of the information required to define an engindered
prodlct and its characteristics at any required level of detail at any part of its life cycle [from
conception through“disposal, together with the interfaces required to deliver and collecf the
information needed to support any business or technical process or service related to| that
engineered product during its life cycle.

Tablg 5 lists ISO/TC 184/SC 4 ontology deliverables and their status.

Table 5 — ISO/TC 184/SC 4 ontology deliverables

No. Committee Reference Title Status

Industrial automation systems and

integration — Parts library — Part 32:
Implementation resources: OntoML:
Product ontology markup language

1 ISO 13584-32:2010 Published

ISO/TC 184/SC 4

. Industrial automation systems and
Industrial data integration — Parts library — Part 42:
2 1ISO 13584-42:2010 Description methodology: Published
Methodology for structuring parts
families
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6.2.3 ISO/TC 211

ISO/TC 211 develops ontology standards in the area digital geographic information.
Table 6 lists ISO/TC 211 ontology deliverables and their status.

Table 6 — ISO/TC 211 ontology deliverables

No. Committee Reference Title Status
Geographic information — Ontology —
1 _ Part 2: Rules for developing d
1oL IFIOURE. U ontologies in the Web Ontology FURIRY
Language (OWL)
2 ISO/TS 19150-1:2012 | S€0graphic information — Ontology - 1%ppishd g
Part 1: Framework
ISO/TC 211
) Geographic information — Ontology, %
3 _Geograp_hlc ] 1ISO 19150-2:2015/ Part 2: Rules for developing Published
information/Geomatics Amd.1:2019 ontologies in the Web Ontologdy
Language (OWL) — Amendment 1
4. Geographic informations- 'Ontology — .
4 ISO 19150-4:2019 Part 4: Service ontology Publishg¢d
5 ISO 19150-6:2023 Geographic information — Ontology — | p b icpd g
Part 6: Service‘entology register

6.2.4 ISO/IEC JTC 1/WG 11

ISO/|EC JTC 1/WG 11 develops ontology standards and the ontology-based standards in the
area|of information technology for smart cities.

Table 7 lists ISO/IEC JTC 1/WG 11 ontolegy deliverables and their status.

Table 7 — ISO/IEC JTC 1/WG 11 ontology deliverables

No. Committee Reference Title Statug
1 ISONEC 21972:2020 Information technology — Upper level | o |\ g
ontology for smart city indicators
Information technology — City data
2 ISO/IEC 5087-1:2023 model — Part 1: Foundation level Published
concepts
ISO/IEC Information technology — City data Under
3 JTC1/WG11 ISO/IEC 5087-2 model — Part 2: City level concepts developmént
(DIS)
Smarhcity
Information technology — City data Under
4 ISO/IEC 5087-3 model — Part 3: Service level concepts | developmént
=Tramsportatiom ptamming AW
Smart city concept model — Guidance
5 ISO/IEC 30182:2017 for establishing a model for data Published
interoperability

ISO/IEC JTC 1/WG 11 is a professional and important SDO which concentrates on smart city
standardization. It not only presents a great number of standards related to smart city, but also
provides effective and efficient methodologies of smart city standardization with ontology
building for a number of liaisons who are involved in smart city standardization. For instance,
the ISO/IEC 5087 series provides a city data model with three level ontologies for smart city
data process, management and usage.

The works of ontology building and application of ISO/IEC JTC 1/WG 11 are in two areas in
terms of ISO/IEC 21972 and the ISO/IEC 5087 series.


https://www.iso.org/committee/54904.html
https://www.iso.org/committee/54904.html
https://iecnorm.com/api/?name=9de5b4a606053c70e83de9f439038645

IEC SRD 63476-1:2024 © |IEC 2024 - 23 -

In ISO/IEC 21972:2020, there are several general indicators presented by OWL languages. It
is also constructed as a framework to demonstrate how the certain indicators are categorized
(see Figure 6).

—> rdfs: subClassof .
— > an object property fime:
Om: Quantity DateTime
Interval
Population for time interval
ratio_unit [< 150,37120 7 Year
- - Indicator
deno"""lator
for city
Cardinality l Cardinality

‘ SC'Qi'g
cardinality_of ’\ cardinality_of

X%
Population Population
| located_in | l
defined_by defined_by
O\ Y
o l:ﬁﬁng owl:Thing

IEC

SOURCE: ISOAEC 21972:2020.

Figure 6 — Framework to demonstrate certain indicators of ontology work

The ISO/IEC 5087 series consists of three levels of ontologies: foundation ontologies, city-level
ontologies and service-level ontologies. Figure 7 identifies the three levels of the series of the
standards.


https://iecnorm.com/api/?name=9de5b4a606053c70e83de9f439038645

SOURCE: ISO/IEC 5087-1.

- 24 — IEC SRD 63476-1:2024 © |IEC 2024

Service-level ontologies Service Domain Concepts
City-level ontologies City Concepts

[T

Foundation Common
Concepts

Foundation ontologies

IEC

Figure 7 — Framework of the ISO/IEC 5087 series formed by three levels of ontologjes

1)

2)

3)

Thergfore, the ISO/IEC 5087 seriescconsists of the three levels (see Figure 8):

oundational ontologies deal with foundational and common concepts.>Foundational and
cpbmmon level refers to units of measure, resource, activity, recuring event, agent,
agreement, location, time, change, mereology, organisationstructure, provenance.
oundation level spans very general concepts, upon which other levels are based.

Jity-level ontologies deal with city concepts at the top-~ Based on city data njodel
perspective, city-level refers to a number of elements such as’sensors, indicator, land|use,
hjousehold, city service, law, building, contract, person,“organisation, city resident,|city,
infrastructure and transportation infrastructure. City letel spans concepts that are geperal
to cities and spans all services. City level can be read and updated by multiple servicgs.

Jervice-level ontologies deal with service domain concepts. Service level is regarddd as
top-level ontologies which could be a part ofistandards dealing with different services.
Jervice level refers to transportation network; parking, trip, public transport and velhicle.
Jervice level spans concepts commonly.asSociated with a particular service but still sHared

ith other services. Service level can be‘read by multiple services, but updated only by one
service.

PO/IEC 5087-1: Information* technology — City data model — Part 1: Foundation |level

BO/IEC 5087-2: Information technology — City data model — Part 2: City level concepfs (in

I$O/IEC 5087:3~Information technology — City data model — Part 3: Service level congepts
Transportation planning (working draft stage)

epts
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IEC

5087-3 5087-4
Parking Transportation Transit Disease Government Logistics
System
. L . . Medical Medical Public Health Vaccination
Travel Cost Trip Cost Trip Vehicle Activity Resource Event
P . . Indicator
Building Bylaw City Contact Contract Household ISO/IEC 21972
5087-2
. sor" . Transportion
Infrastructure Land Use Person Organization Resident ‘S:;:sgsl; Service Inﬁ-astl:'ucture
Activity . City Units . General
5087-1 TOVE Activity Agreement Agent ISO/IEC 21972 Change Properties
Location Organization Provenance Recurring Time
OGC GecSPAROL Mereology WSSCt(l;ucture PROV-O Event Resource ‘W3C OWL-Time

IEC
city
can

Figure 8 — Example concepts for the three levels of ontologies
according to the ISO/IEC 5087 series

There is demand for collaboration and harmonization of ‘terminology-ontology from diff
SDOg.
6.2.5 ISO/IEC 30182:2017, Smart city concept'model (SCCM) for data interoperabi

As

relatjonships is given in ISO/IEC 30182:2017, which aligns ontologies to discover where
from|different sectors are about the same“thing or are related in a useful way. Ontology r

to fo

SyC Smart Cities WG 1 and ISO/IEC JTC 1/WG 11 shared same vocabulary in terms of
, |service and organization. However, there are different definitions for these terms, which
cause problems in communication and connectivity of<data, information and knowlgdge.

brent

lity

mart city concept model (SCCM) that defipes an overarching framework of concepty and

data
fers

rmal representation of phenomena*of a universe with an underlying vocabulary inclyding

definitions and axioms that make the intended meaning explicit and describe phenomeng and

thei

rlinterrelationships (ISO /IEC30182:2017, 2.11).

Figufe 9 illustrates the four‘levels of insight identified as present in a city. Four key typ
insight have been assumed’to be required when sharing data in a city.

trategic insight = an overarching approach that examines outcomes related to stra
bjectives, decisions and plans.

> O (D

nalytical-itisight — the exploration of the data ecosystem to determine patterns, correla

QO

assessment of proposed changes to systems or services, or the evidencing of challe
andwpportunities for the city.

ps of

tegic

tions

d predictions. This allows the development or innovation of systems or services, imppact

nhges

Operational insight — which examines characteristics of things such as build

ings,

communities and organizations, using data to evidence and improve their value for the city.

Critical insight — the real-time monitoring of incidents and current cases, involvin
relevant organizations from across sectors, who work together to achieve the de
outcome or response.

g all
sired
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Strategic

Analytical

Operational

Observation State

Communiﬁ]gQ
Q/O

&

SOURCE: ISO/IEC 30182:2017

Figure 9 — Smart city levels of insight

6.2.6 ISO/IEC JTC 1/SC 29

ISO/|EC JTC 1/SC 29 develops:antology standards in the following areas:

o ¢ffficient coding of digital representations of images, audio and moving pictures;
e cpnventional (natdral, computer-generated and immersive) images, moving pictures
audio;

invisible light'and other sensory (such as medical and satellite) images;

°
(2]

fatic and_dynamic graphic objects;

D

. incient coding of other digital information, including:
multimedia, environment and user related metadata;

— sensor and actuator information related to audio/visual information;
— other digital data in agreement with the relevant committee, such as genomics;

o digital information support, including:

IEC

and

— synchronization, presentation, storage and transport of single or combinations of media;

— media security and privacy management;
— quality of experience evaluation and system performance metrics.

Table 8 lists ISO/IEC JTC 1/SC 29 ontology deliverables and their status.
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Table 8 — ISO/IEC JTC 1/SC 29 ontology deliverables

No. Committee Reference Title Status
1 ISO/IEC 21000-8: Reference software for Media Value Published
2008/Amd.2:2011 Chain Ontology (MVCO)
. Contract Expression Language (CEL)
ISO/IEC 21000-8: . .
2 2008/Amd.3:2015 and Media Contract Ontology (MCO) Published
Reference Software
a. Media Value Chain Ontology
3 Iﬁgg%g JTC IZS()(SQ/E\%§14028188 extensions on time-segments and Published
T multi-track audio
Coding or audlo, . . .
: ) . . Information technology — Multimedia
4 | | picture. multimedia | ISO/IEC 21000-19: | framework (MPEG-21) — Part 19: Media | Published
and hypermedia 2010 Value Chain Ontol
information alue Lhain Untology
4. Information technology — Multimedia
5 ISONEC 21000-2T: | framework (MPEG-21) — Part 21: Media_{ Published
contract ontology
. Information technology — JPSearchy—
6 IZSO??EC 24800-2: Part 2: Registration, identificatign and Published
management of schema and ontology
6.2.7 ISO/IEC JTC 1/SC 32
ISO/|[EC JTC 1/SC 32 develops ontology standards in the anea of data management withir] and
among local and distributed information systems environments. SC 32 provides enapling

tech

o reference models and frameworks for the eoordination of existing and emerging standIrds;

o definition of data domains, data types, and data structures, and their associated sema

ologies to promote harmonization of data management facilities across sector-spg¢cific
areap. Specifically, SC 32 standards include:

tics;

e languages, services, and protocols/for persistent storage, concurrent access, concurrent

Tabl

update, and interchange of data;

ethods, languages, services, and protocols to structure, organize, and register metgdata
and other information resdurces associated with sharing and interoperability, inclyding

electronic commerce.

p 9 lists ISO/IEC JT.C*1/SC 32 ontology deliverables and their status.
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Table 9 — ISO/IEC JTC 1/SC 32 ontology deliverables

IEC SRD 63476-1:2024 © |IEC 2024

No.

Committee

Reference

Title

Status

ISO/IEC TR 20943-6:2013

Information technology —
Procedures for achieving metadata
registry content consistency — Part
6: Framework for generating
ontologies

Published

ISO/IEC 15944-4:2015

Information technology — Business
Operational View — Part 4:
Business transaction scenarios —
Accounting and economic ontology

Published

ISO/IEC
JTC 1/SC 32

Data
management
and exchange

ISO/IEC 19763-3:2020

Information technology —
Metamodel framework for
interoperability (MF1) — Part 3:
Metamodel for ontology
registration

Published

ISO/IEC 21838-1:2021

Information technology — Top-level
ontologies (TLO) — Part 1:
Requirements

Published

ISO/IEC 21838-2:2021

Information technology — Toep?level
ontologies (TLO) — Part.2{ Basic
Formal Ontology (BFO)

Published

ISO/IEC 21838-3

Information technology — Top-level
ontologies (TLO)N=Part 3:
Descriptive ontelogy for linguistic
and cognijtive*engineering
(DOLCE)

Under
development
(DIS)

ISO/IEC 21838-4

Information technology — Top-level
ontologies (TLO) — Part 4: TUpper

Under
development
(DIS)

6.2.8

ISO/
distr

°
—h

.
(o]

in

SC 3
distr

Tabl

ISO/IEC JTC 1/SC 38

EC JTC 1/SC 38 develops ontology standards in the areas of cloud computing| and

buted platforms including:

perational issues, ahd

teractions among.cloud computing systems and with other distributed systems.

oundational concepts andytechnologies,

8 serves as-the focus, proponent, and systems integration entity on cloud compyting,
buted platforms, and the application of these technologies.

b 10\lists ISO/IEC JTC 1/SC 38 ontology deliverables and their status.

Table 10 — ISO/IEC JTC 1/SC 38 ontology deliverables

Cloud computing and
distributed platforms

Service Oriented Architecture
ontology

No. Committee Reference Title Status
ISO/IEC Information technology — Reference
JTC 1/SC 38 Architecture for Service Oriented

1 ISO/IEC 18384-3:2016 Architecture (SOA RA) — Part 3: Published
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6.2.9

ISO/IEC JTC 1/SC 41
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ISO/IEC JTC 1/SC 41 develops ontology standards in the areas of interoperability for loT

syste

ms including:

e requirements of the core ontologies for interoperability;

e best practices and guidance on how to use ontologies and to develop domain-specific
applications, including the need to allow for extensibility and connection to external
ontologies;

e cross-domain specification and formalization of ontologies to provide harmonized utilization

existina ontoloaies:
~J ~ L

°
-

[

o =

elevant 10T ontologies along with comparative study of the characteristics and approa
terms of modularity, extensibility, reusability, scalability, interoperability Awith u
htologies, and so on;

Lhes

pper

e Ujse cases and service scenarios that exhibit necessities and requirements,ofiinteroperdbility.

SC 4|1 serves as the focus and proponent for JTC 1’s standardization programme on the Int

of Th

ings and Digital Twin, including their related technologies.

Tablg 11 lists ISO/IEC JTC 1/SC 41 ontology deliverables and theit_status.

Table 11 — ISO/IEC JTC 1/SC 41 ontology deliverables

brnet

No. Committee Reference Title Status
ISO/IEC Intérnet of Things (loT) —
JTC 1/SC 41 Interoperability for loT systems — )
1 i ISO/IEC 21823-3:2021 Part 3: Semantic interoperability Publishgd
Internet of Things
and Digital Twin
6.2.10 ISO/IEC JTC 1/SC 42

ISO/

°
=

[ ]
QX X X QO x O

° el

EC JTC 1/SC 42 develops ontology standards in the areas of artificial intelligence incly

py technplogies of knowledge engineering and computational
howledgerepresentation, knowledge modelling, knowledge acquisition, knowledge std
howledgée fusion, knowledge computing, knowledge visualization, knowledge mainten
[:d Knowledge exchange;

thing tpr‘hnnlngipq and r‘ligifql infrastructure of knnwlndgp pnginppring

important elements of knowledge engineering and the relationship between knowl
ngineering and artificial intelligence system;

methods, incly

ding:

edge

howledge engineering stakeholders and concerns, including safety and security, reliability,
vailability, construction quality, responsibility and bias reduction;

ding
rage,
ance

SC 42 serves as the focus and proponent for JTC 1’s standardization programme on artificial

intell

igence.

Table 12 lists ISO/IEC JTC 1/SC 42 ontology deliverables and their status.
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Table 12 — ISO/IEC JTC 1/SC 42 ontology deliverables

No. Committee Reference Title Status
WG5 Computational
1 22&?:;&?”:'“ Ontologies, Knovyledge Engineering, Published
characteristics of Al and Representation (OKER) Report
systems
ISO/IEC JTC 1/SC 42
Alt;f;u;a: ;IItU::;sUII\JU
Information technology — Artificial Under
2 ISO/IEC 5392 intelligence — Reference architecture developnient
of knowledge engineering (DIS)
6.3 | Ontology-related standardization activities in IEC
6.3.1 IEC SyC Smart Energy
IEC ByC Smart Energy is developing a guide and plan to dévelop a smart energy ontology and
othef domain-based ontologies within smart energy through-interoperability (see Table 13).[This
referg to:
e inventory and assessment of existing ontologies for the purpose of smart erergy
applications;
e reuse of existing ontologies in the smart:énergy domain;
e egepaluation of developed smart energy-ontologies;
e cfoss domain interoperability suppert and mapping to other ontologies;
e guide and development plan.for~smart energy ontology development and usage includgd;
o definition of smart energy-'‘entology life-cycle process;
e guidance for smart energy ontology use cases;
o definition of a governance process;
Dompin-based ontologies have been developed for interoperability in a specific domain byt the
interpction of alhequivalent objects in different ontologies has not been defined. IEC SRD 63417
help$ users and ontology developers to conclude the complete relationship in different donpains

and

jifferent*ontologies for the purpose of smart energy applications.

Table 13 — IEC SyC Smart Energy ontology deliverables |

No. Committee Reference Title Status
. Under
1 IEC SyC Smart Energy IEC SRD 63417 | Suide and plan to develop smart development
energy ontologies (CD)
NOTE IEC SRD 63417 is based on IEC MSB White Paper: “Semantic interoperability: challenges in the digital
transformation age” (ISBN 978-2-8322-7321-0).
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6.3.2

IEC TC 3/SC 3D

- 31 -

IEC TC 3/SC 3D develops ontology-based standards in the area of representation of technical
information along the life cycle of a product including service, device, system or plant, covering
rules, principles and methods associated with the machine sensible representation of the
technical information (see Table 14). This refers to:

e definition, structuring and identification of classes and properties;

o structural design of product data dictionaries and ontologies;

e consistent methodology for the purpose of structuring technical information and its

evr‘hangn;
e spupport for the design of classes and properties in all domains and industries and'|their
publication in IEC Common Data Dictionary (IEC CDD);
o aintenance and quality control of the IEC Common Data Dictionary (IEC CDD);
e spupporting semantic interoperability.
Table 14 — IEC TC 3/SC 3D ontology deliverables
No Committee Reference Title Status
IEC 61360-1: Standard data element types with associated
1 ' classification scheme —(Part 1: Definitions — Publishgd
2017 e
Principles and methads
IEC 61360-2: Standard data element types with associated
2 2012 ’ classification seheme for electric components Publishgd
— Part 2: EXRRESS dictionary schema
Maintenanee of IEC CDD through the Databasle
3 :5553061360-4 corresponding database standarg
VT IEC £DD
Standard data element types with associated
4 IEC 61360-6; classification scheme for electric components Publishdd
2016 — Part 6: IEC Common Data Dictionary (IEC
IEC TC 3/SC 3D — CDD) quality guidelines
Classes, Properties
and ldentification of IEC 629656-1: Standardized product ontology register and
5 Products — Common 2074 ’ transfer by spreadsheets — Part 1: Logical Publishgd
Data Dictionary structure for data parcels
(CDD) Standardized product ontology register and
6 IEC TS 62656- | transfer by spreadsheets — Part 2: Application Publishdd
2:2013 guide for use with the IEC common data
dictionary (CDD)
a. Standardized product ontology register and
7 IEC 62656-3: transfer by spreadsheets — Part 3: Interface Publishgd
2015 -
for Common Information Model
E. Standardized product ontology register and
8 IEC 62656-5: transfer by spreadsheets — Part 5: Interface Publishgd
2017 . o
for activity description
a. Standardized product ontology register and
9 IEC 62656-8: transfer by data parcels — Part 8: Web service Published
2020 h
interface for data parcels
6.3.3 IEC SyC Smart Cities
6.3.3.1 SCRAM

According to IEC SRD 63188, the Smart Cities Reference Architecture Methodology (SCRAM)
is an adaptation of the summary of the IEC System Resource Group (SRG) work on systems
approach for the smart cities system domain.


https://webstore.iec.ch/searchform&ComNumber=3D
https://webstore.iec.ch/searchform&ComNumber=3D
https://webstore.iec.ch/searchform&ComNumber=3D
https://webstore.iec.ch/searchform&ComNumber=3D
https://webstore.iec.ch/searchform&ComNumber=3D
https://webstore.iec.ch/searchform&ComNumber=3D
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The SCRAM is a set of SCRAM viewpoints, SCRAM model-types and SCRAM artefacts-types.
Each SCRAM viewpoint comprises one or more SCRAM model-types. It is likely that any
SCRAM model-type will be in one or more SCRAM viewpoints. Any SCRAM model-type is a
relationship between various SCRAM model-types and SCRAM artefact-types. Table 15 lists
IEC SyC Smart Cities SCRAM deliverables and their status.

Table 15 — IEC SyC Smart Cities SCRAM deliverables

No Committee Reference Title Status
1 IEC SyC Smart IEC SRD Smart Cities Reference Architecture Published
Cities 63188:2022 Methodology

6.3.3.2 IEC SyC Smart Cities and SCRAM
1) Ycope

Tlhe SCRAM has a viewpoint JUSTIFICATION. The JUSTIFICATION viewpoint compfises
xt and keywords, nomenclatures or dependency matrixes and problem space description
nomenclatures are part of the nomenclatures.

—

ne of the problem space description nomenclatures of the JUSTIFICATION viewpol|nt is
cpnsidered as the scope of IEC SyC Smart Cities: to foster the development of standards in
the field of electrotechnology to help with the integration, interoperability and effectiveness
f city systems.

o

2) Strategic goals

he strategic goals nomenclatures of the JUSTIFJCATION viewpoint present IEC SyC §mart
ities’ strategic goals to some extent:

Q-

- commonly agreed multidisciplinary concept’'system to enable all the stakeholders tg use
the same “language”;

NOTE 1 Such a concept system is developed in separate documents of IEC SyC Smart Cities.
- map of existing standards to the"SCRA to quickly navigate to find standards pert|nent
for city systems;

NOTE 2 Such mapping is developed in separate documents of IEC SyC Smart Cities.
- map of potential standards to the SCRA to list standards to be developed fo1 city
systems.

NOTE 3 Such mapping is developed in separate documents of IEC SyC Smart Cities.
3) Qntology

trategic.\goals of the JUSTIFICATION viewpoint of the SCRAM, to generate smart ¢ities
ntologies is a goal of IEC SyC Smart Cities and IEC SyC Smart Cities WG 1 aims to
generate smart cities ontologies.

g
An ontology~is a formally presented commonly agreed concept system. According t¢ the
S
0

Interms of the relationships between the SCRAM and IEC SyC smart Cities, the SCRAM
provides a generic methodology for the development of SCRA and provides an upper-level
template for the development of smart cities ontologies.

To be specific:

For the JUSTIFICATION viewpoint of SCRAM, its

e problem space description dimension helps identify the scope of IEC smart cities, which is
the upper-level scope of the smart cities ontology scope;

o strategic goals include the development of smart cities ontologies;

o stakeholders are consistent with the stakeholders for smart cities ontologies.
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For the standards viewpoint of SCRAM, it specifies existing and future standards applicable for
the system-solution. This viewpoint comprises existing and potential standards nomenclature.
The two main clauses of this Part 1 of the smart city system ontology describe existing
standards on ontology (Clause 6) and gaps in ontology standards (Clause 7) for smart cities
and smart city systems. Therefore, the standards viewpoint gives a methodology basis for the
gap analysis.

Some viewpoints of SCRAM have typical model-types related to terminologies, which are:

e Value viewpoint —> Problem space terminology
° ig pi{"fllrp \/ipwpnin’r —=> Solution space ’mrminnlngy
e Hlatform engineering viewpoint —> Platform terminology
e PHlatform component engineering viewpoint —> Platform component terminology
e Jolution engineering viewpoint —> Solution terminology
The BCRAM identifies these five main aspects where terminologies are important and for gmart
citieg ontology building, we can refer to these five aspects.
The BCRAM describes the coverage and aspects of smart cities ontologies, and the smart ¢ities
ontologies could be used with SCRAM to generate general smart cities views, models| and
artefpcts or specific views, models, and artefacts for any specific’smart cities.
6.4 | Ontology-related standardization activities in ;TU-T
6.4.1 ITU-T Study Group 20
ITU-T Study Group 20 (SG20) develops ontology-related standards in the area of the Intgrnet
of Things (loT) and its applications, and smafiscities and communities (SC&C). This includes
onelNI2M base ontology (see Table 16).
Table 16 — ITU-T Study Group 20 ontology deliverables
No Committee Reference Title Status
ITU-T Study Group 20 oneM2M base ontology
Internet of things (loT Rec. ITU-T i
! and smart citieg a(nd ) Y.4500.12(03/2018) Publishqd
communities (SC&C)
ITU-T Study Group 20 Framework to support Web of
5 Internet of things (IoT) Rec. ITU-T Objects ontology based semantic Draft
i ili - ra
and smartities and Y. 4484 (08/2022) csi::si(l:r;t:roperablllty of e-health
commubhities (SC&C)
6.5 ~Ontology-related standardization activities in I[EEE
6.5.1 IEEE Robotics and Automation Society

IEEE Robotics and Automation Society develops ontology standards to foster the development
and facilitate the exchange of scientific and technological knowledge in Robotics and

Auto

mation (see Table 17).


http://www.itu.int/ITU-T/about/groups/Pages/sg20.aspx
http://www.itu.int/ITU-T/about/groups/Pages/sg20.aspx
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Table 17 — IEEE Robotics and Automation Society ontology deliverables
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No

Committee

Reference

Title

Status

IEEE Robotics and
Automation Society

IEEE 1872-2015

Standard for Ontologies for Robotics
and Automation

Published

IEEE P1872.1:2017

Robot Task Representation.

Published

IEEE 1872.2:2021

IEEE Approved Draft Standard for
Autonomous Robotics (AuR)
Ontology.

Published

IEEE P1872.3

Standard for Ontology Reasoning on
Multiple Robots

Under

development

6.5.2

IEEH
exch
(see

Table 18).

IEEE Consumer Technology Society

Consumer Technology Society develops ontology standards for theiglobal techn
ange of engineering and scientific information on advancements in consumer technolg

Table 18 — IEEE Consumer Technology Society ontology deliverables

ical

gies

Committee

Reference

Title

Statys

IEEE Consumer
Technology Society

IEEE P2896:2020

Standard for*Open Data: Open Data
Ontology

Publishgd

In ad
onto

engineering applied to Internet of Things.

6.6

W3(
deve
expe
Althd
unisq
platf
CSSs
tech
abo
earn

dition to the above domain-specific ontology.'standardization activities, IEEE has
ogies standardization activities, such as web methodologies, best practices and ontgl

Ontology-related standardization activities in W3C OGC

develops ontology-related standards in the area of Open Web Platform for applic
lopment that has the unprecedented potential to enable developers to build rich inter
riences, powered by vast \data stores, that are available on any device (see Table| 19).
ugh the boundaries of‘the platform continue to evolve, industry leaders speak neafly in
n about how HTML$S will be the cornerstone for this platform. But the full strength df the
brm relies on many-more technologies that W3C and its partners are creating, inclyding
SVG, WOFF, the"Semantic Web stack, XML, and a variety of APIs. W3C develops these
ical specifications and guidelines through a process designed to maximize consensus

bther

ogy

ation

tive

t the contént of a technical report, to ensure high technical and editorial quality, apd to

endorsement by W3C and the broader community.



https://cesoc.ieee.org/
https://cesoc.ieee.org/
https://cesoc.ieee.org/
https://cesoc.ieee.org/
https://cesoc.ieee.org/
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Table 19 — W3C OGC ontology deliverables

No Group/Sub Reference Title Status
group
1 VSSo: Vehicle Signal Specification Working draft
Ontology
2 VSSo Core: Vehicle Signal Specification Working draft
Core Ontology
W3C Workshop on smart cities 2021
Useful reference:
https://'www.w3.org/2021/06/smartcities-
workshop/report.html
Ontology related topic
3 “Many of the possible technical Working' draft
components are already done by W3C,
e.g. RDF, OWL, SHACL, ODRL and WoT.
On the other hand, actual vocabulary
definition is done outside W3C,
e.g. SAREF ontology by ETSI. So work
should be done with those related SBOs to
see how to integrate necessary
components for Web-based Smart.Cities.”
4 Thing Description (TD) Ontelegy Working draft
Spatial Data on Extensions to the OWL-Time Ontology —
5 the Web Interest OGC 20-023 entity relations Interest Group Note
Group
Spatial Data on Extensions to_ the’OWL-Time Ontology —
6 the Web Interest OGC 20-022 temporal aggregates Interest Group Note
Group
Spatial Data on Time Ontelogy in OWL .
7 || the Web Interest | OGC 16-071r3 Candidate
Recommendatign
Group
Spatial Data on Extensions to the Semantic Sensor
8 the Web Interest Network Ontology Working draft
Group
Spatial Data on Semantic Sensor Network Ontology
9 the Web Interest OGC (16079 Recommendatign
Group
10 Semantic Web vCard Ont(_)log_y — for describing People Interest Group Note
Interest Group and Organizations
Government The Organization Ontology
11 Linked Data Recommendatign
Working-Group
12 Provgnance PROV-O: The PROV Ontology Recommendatidn
Warking Group
13 QWL Working OWL 2 Web Ontology Language Document Recommendatidn
Group Overview (Second Edition)
OWL Working OWL 2 Web Ontology Language Direct .
14 Group Semantics (Second Edition) Recommendation
15 OWL Working OWL 2 Web_ Qntology Language Primer Recommendation
Group (Second Edition)
. OWL 2 Web Ontology Language Structural
16 8WL Working Specification and Functional-Style Syntax Recommendation
roup o
(Second Edition)
17 OWL Working OWL 2 Web_ Qntology Language Profiles Recommendation
Group (Second Edition)
OWL Working OWL 2 Web Ontology Language .
18 Group Conformance (Second Edition) Recommendation



https://cesoc.ieee.org/
https://www.w3.org/TR/2022/WD-vsso-20220303/
https://www.w3.org/TR/2022/WD-vsso-20220303/
https://www.w3.org/TR/2022/WD-vsso-core-20220303/
https://www.w3.org/TR/2022/WD-vsso-core-20220303/
https://www.w3.org/2001/sw/wiki/RDF
https://www.w3.org/OWL/
https://www.w3.org/TR/shacl/
https://www.w3.org/TR/odrl-model/
https://www.w3.org/WoT/
https://saref.etsi.org/
https://www.w3.org/TR/2020/NOTE-vocab-owl-time-rel-20200707/
https://www.w3.org/TR/2020/NOTE-vocab-owl-time-rel-20200707/
https://www.w3.org/TR/2020/NOTE-vocab-owl-time-agg-20200707/
https://www.w3.org/TR/2020/NOTE-vocab-owl-time-agg-20200707/
https://www.w3.org/TR/2020/CR-owl-time-20200326/
https://www.w3.org/TR/2020/WD-vocab-ssn-ext-20200116/
https://www.w3.org/TR/2020/WD-vocab-ssn-ext-20200116/
https://www.w3.org/TR/2017/REC-vocab-ssn-20171019/
https://www.w3.org/TR/2014/NOTE-vcard-rdf-20140522/
https://www.w3.org/TR/2014/NOTE-vcard-rdf-20140522/
https://www.w3.org/TR/2014/REC-vocab-org-20140116/
https://www.w3.org/TR/2013/REC-prov-o-20130430/
https://www.w3.org/TR/2012/REC-owl2-overview-20121211/
https://www.w3.org/TR/2012/REC-owl2-overview-20121211/
https://www.w3.org/TR/2012/REC-owl2-direct-semantics-20121211/
https://www.w3.org/TR/2012/REC-owl2-direct-semantics-20121211/
https://www.w3.org/TR/2012/REC-owl2-primer-20121211/
https://www.w3.org/TR/2012/REC-owl2-primer-20121211/
https://www.w3.org/TR/2012/REC-owl2-syntax-20121211/
https://www.w3.org/TR/2012/REC-owl2-syntax-20121211/
https://www.w3.org/TR/2012/REC-owl2-syntax-20121211/
https://www.w3.org/TR/2012/REC-owl2-profiles-20121211/
https://www.w3.org/TR/2012/REC-owl2-profiles-20121211/
https://www.w3.org/TR/2012/REC-owl2-conformance-20121211/
https://www.w3.org/TR/2012/REC-owl2-conformance-20121211/
https://iecnorm.com/api/?name=9de5b4a606053c70e83de9f439038645

— 36 —

IEC SRD 63476-1:2024 © |IEC 2024

No Group/Sub Reference Title Status
group
. OWL 2 Web Ontology Language Data
19 8}’;’5 Working Range Extension: Linear Equations Recommendation
P (Second Edition)
OWL Working OWL 2 Web Ontology Language Quick .
20 Group Reference Guide (Second Edition) Recommendation
OWL Working OWL 2 Web Ontology Language .
21 Group Manchester Syntax (Second Edition) Recommendation
OWL Working OWL 2 Web Ontology Language RDF- .
22 Group Based Semantics (Second Edition) Recommendation
OWL Working OWL 2 Web Ontology Language XML ;
23 Group Serialization (Second Edition) Recommendgatign
OWL Working OWL 2 Web Ontology Language Mapping .
24 Group to RDF Graphs (Second Edition) RecorymEndatidn
OWL Working OWL 2 Web Ontology Language New .
25 Group Features and Rationale (Second Edition) Recommendatign
Media Ontology for Media Resources 1.0
26 Annotations Recommendatign
Working Group
Semantic Web in Ontology of Rhetorical Blocks fORB)
Health Care and
27 Life Sciences Interest Group Note
Interest Group
(HCLS)
Media Use Cases and Requirements for Ontology
28 Annotations and API for Media Resource 1.0 Working Draft
Working Group
Semantic Web in Semantic Web Applications in
Health Care and Neuromedicine (SWAN) Ontology
29 Life Sciences Interest Group Note
Interest Group
(HCLS)
Web Ontology OWL Web Ontology Language Semantics
Working Group and Abstract Syntax
30 part of W3C Recommendatign
Semantic Web
Activity
Web Ontology OWL Web Ontology Language Reference
Working Group
31 part of W3C Recommendatign
Semantic Web
Activity
Web Ontelogy OWL Web Ontology Language Test Cases
Working-Group
32 pant-of W3C Recommendatign
Semantic Web
Activity
Web Ontology OWL Web Ontology Language Use Cases
Working Group and Requirements
33 part of W3C Recommendation
Semantic Web
Activity
Web Ontology OWL Web Ontology Language Overview
Working Group
34 part of W3C Recommendation
Semantic Web
Activity
Web Ontology OWL Web Ontology Language Guide
Working Group
35 part of W3C Recommendation

Semantic Web
Activity



https://www.w3.org/TR/2012/NOTE-owl2-dr-linear-20121211/
https://www.w3.org/TR/2012/NOTE-owl2-dr-linear-20121211/
https://www.w3.org/TR/2012/NOTE-owl2-dr-linear-20121211/
https://www.w3.org/TR/2012/REC-owl2-quick-reference-20121211/
https://www.w3.org/TR/2012/REC-owl2-quick-reference-20121211/
https://www.w3.org/TR/2012/NOTE-owl2-manchester-syntax-20121211/
https://www.w3.org/TR/2012/NOTE-owl2-manchester-syntax-20121211/
https://www.w3.org/TR/2012/REC-owl2-rdf-based-semantics-20121211/
https://www.w3.org/TR/2012/REC-owl2-rdf-based-semantics-20121211/
https://www.w3.org/TR/2012/REC-owl2-xml-serialization-20121211/
https://www.w3.org/TR/2012/REC-owl2-xml-serialization-20121211/
https://www.w3.org/TR/2012/REC-owl2-mapping-to-rdf-20121211/
https://www.w3.org/TR/2012/REC-owl2-mapping-to-rdf-20121211/
https://www.w3.org/TR/2012/REC-owl2-new-features-20121211/
https://www.w3.org/TR/2012/REC-owl2-new-features-20121211/
https://www.w3.org/TR/2012/REC-mediaont-10-20120209/
https://www.w3.org/TR/2011/NOTE-hcls-orb-20111020/
http://www.w3.org/2008/WebVideo/Annotations/
http://www.w3.org/2008/WebVideo/Annotations/
http://www.w3.org/2008/WebVideo/Annotations/
https://www.w3.org/TR/2010/WD-media-annot-reqs-20100121/
https://www.w3.org/TR/2010/WD-media-annot-reqs-20100121/
https://www.w3.org/TR/2009/NOTE-hcls-swan-20091020/
https://www.w3.org/TR/2009/NOTE-hcls-swan-20091020/
https://www.w3.org/TR/2004/REC-owl-semantics-20040210/
https://www.w3.org/TR/2004/REC-owl-semantics-20040210/
https://www.w3.org/TR/2004/REC-owl-ref-20040210/
https://www.w3.org/TR/2004/REC-owl-test-20040210/
https://www.w3.org/TR/2004/REC-webont-req-20040210/
https://www.w3.org/TR/2004/REC-webont-req-20040210/
https://www.w3.org/TR/2004/REC-owl-features-20040210/
https://www.w3.org/TR/2004/REC-owl-guide-20040210/
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No Group/Sub Reference Title Status
group
Web Ontology OWL Web Ontology Language Parsing
Working Group OWL in RDF/XML
36 part of W3C Recommendation
Semantic Web
Activity
Web Ontology OWL Web Ontology Language XML
Working Group Presentation Syntax
37 part of W3C Recommendation
Semantic Web
Activity
W3C Workshop W3C Workshop on Smart Cities Report
38 on smart cities Published
2021
6.7 | Ontology-related standardization activities in ETSI SmartM2M
ETS| SmartM2M develops ontology-related standards in the area of ETSP-SmartM2M SAREF
City [see Table 20). The document is a technical specification of SAREF4CITY, an extension
of SAREF for the Smart Cities domain. This extension has been-created by investigpting

reso

irces from potential stakeholders of the ontology, such cas. standardization bo

dies,

assogiations, loT platforms and European projects and initiatives.”ln addition, the use cases
werel also taken into account, namely:
e Use case 1: eHealth and Smart Parking;
e Use case 2: Air Quality Monitoring and Mobility;
e Use case 3: Street Lighting, Air Quality Monitoring and Mobility.
Table 20 — ETSI SmartM2M ontology deliverables
No Group/Sub Reference Title Status
group
ETSI TS 103
1 ETSI 410-4 V1.1.2 ETSI SmartM2M SAREF City Published
(2020-05)
6.8 | Ontology related standardization activities elsewhere
There are many standardization activities elsewhere. Table 21 gives some examples.

Table 21 — Ontology deliverables elsewhere

No Group/Sub group Reference Title Status
loT Semantic Interoperability: Research
Challenges, Best Practices,
1 Recommendations and Next Steps. M. Published
IERC Cluster
Interopel:ability Serrano, P. Barnaghi, F. Carrez, P. Cousin,
Best Practices O. Vermesan, P. Friess
and _ Semantic web methodologies, best
Recommendations practices and ontology engineering applied
2 (IERC AC4) to Internet of Things. Amelie Gyrard, Martin Published
Serrano, Ghislain Atemezing. IEEE World
Forum on Internet of Things (WF-loT 2015).
3 White paper AIOTI Ontology Landscape Published
Alliance for . Semantic loT Solutions — A Developer .
4 Internet of Things White paper Perspective Published
Innovation (AIOTI) T d tic int bility standard
5 White paper owards semantic interoperability standards | 5 ..o

based on ontologies



https://www.w3.org/TR/2004/NOTE-owl-parsing-20040121/
https://www.w3.org/TR/2004/NOTE-owl-parsing-20040121/
https://www.w3.org/TR/2003/NOTE-owl-xmlsyntax-20030611/
https://www.w3.org/TR/2003/NOTE-owl-xmlsyntax-20030611/
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Types of ontology standardization issues and concerns

There is a growing recognition that ontological principles and concepts need not be restricted
to the traditional domains of knowledge inquiry, and can be fruitfully applied and developed
further in various fields within the broader information systems area, especially in the field of
standardization work, including the establishment of smart city concept model for data
interoperability and portability and the improvement of semantic interoperability.

There are 12 aspects of ontology issues and concerns synthesized from the Virtual Seminar
Workshop of ontology held from 22 to 23 September 2022.

1)

2)

3)

4)

5)

6)

7)

-‘IUUIULJC bUIIIdIItib VVUIU bUIIIp“dIIt dlﬁfdbib Uf btdlluldlulb ;ll dall autunlait:u' wdy (UTV‘”_ tU WL),
content of the standards as semantic web object; consolidate exposure of 1ISO/TG 211
hssets to the web, these include: content (objects, codelists, ...), reqglirempnts,
ecommendations, permissions, ontologies, XML encodings; semantic web lalignment,
bntology alignment, knowledge representation alignment. The collaboration,concern$ are
owards geographic domain knowledge web access.

nformation modelling and information ontology, knowledge continutty, UML conceptual
models, UML knowledge models and ontologies, domain ontology ‘register, registry] and
service ontology register, registry with geographic features. The.collaboration congerns
nclude framework, rules, methodologies, accessible, interprétable, reusable ontologies,
Ise case, case studies, global solutions.

dentify common elements through common ontologies;” use Metamodel for Ontglogy
Registration and Standardization and interoperable access. The collaboration congerns
nclude: step by step approach to standards <ollaboration, develop an integrated
conceptual framework to clarify the relationship.among various domain-specific standards
bnd position them to provide a well-harmonized information standard infrastructurg for
cross-domain interoperability, cooperation on use cases and building shared informption
models, meta-model and ontology repository-

Design and deployment of shareable and reusable ontologies, different ontglogy
epresentation languages and logics,tinsufficient axiomatizations of ontologies, inabiljty to
compare ontologies. The collaboration concerns include: convergence and relationships of
multiple and different ontologies, ontologies support shareability and reusability, Hetter
oundation for evaluating consistency and conformance with standards, criteria for top-level
br general level, generic class ontologies.

Dntology-based data madelling methodology and its applications in industries, semjantic
nteroperability, common data dictionary, also called domain ontology and the contributions
o0 machine-interoperable standards, digital transformation, digital representation ofl and
nteroperabilityTissues in Industry 4.0. The collaboration concerns include SMART
standard, different stakeholders can share interoperable data, data format, propefties,
nformatiommodels.

Designiis.fragmented across time and disciplines and based on tools from different verjdors
hnd contractors; lack of integration of domain knowledge, information modelling knowledge
and’ [T knowledge; interoperabilities of organizational, technological, semantically domain
nnwlndgp; infngrnfinn of domain knnwlndgn, semantic mnr{nlling knnwlnrlgn, and IT
knowledge, different ontologies and data elements, common data dictionary, ontology
driven realization, implementation and application. The collaboration concerns include data
driven asset life-cycle management, both human and machine easier understandable
ontologies, RDF.

Development of standard vocabularies; development of a functional ontology for robotics
and automation for different contractors; checking or validation of relationship using
functions as a basis for relationship checking; using AuR ontology for conceptual design of
robotic applications. The collaboration concerns include: ontological concepts, domain-
specific and scenario-specific use case or case studies, shared solutions and connected
service.
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8) Develop a common language to communicate smart cities across cities, nations, global
regions, based on a multi-disciplinary approach which is served by existing technology-
based ontologies; identification of correlations between all objects in the Smart City
Ontology, based on AI/ML and similar processes to those used in web semantics; from
basic interoperability (data models) to semantic interoperability (smart cities ontology,
digital twin for smart cites). The collaboration concerns include: Build global observatory
for urban intelligence, Al + data commons for data distribution + interoperable data sharing,
digital public good standard for digital transformation.

9) Semantic interoperability, standardized vocabulary and ontologies that should be defined
to achieve Web-based Digital Twin for smart cities in an interoperable manner. The
collaboration concerns include W3C as central hub for collaborative discussions and open

standards resource sharing, standardized vocabulary and format, e.g. WoT + DID + YC,

RDF, OWL, RIF, DCAT, SOSA, SSN, etc.

10) Pntologies to the representation and utilization of urban knowledge in a machine-readable
orm using Semantic Web Ontology language OWL, representing descriptions of indichtors
Ising a semantically precise representation, enables automated comparison/analydis of
ndicators, city data standard enables the sharing of data between city \decisions/seryices
and with external stakeholders, as core component of digital twins, @echnical locatior] and
server for storing ontology standards, data platform to share{and converge on |data
batterns, shared consensus of community city data model, migimum set of core congepts
bnd the properties of existing object and data. The collaboration concerns include: Gjobal
Collaboratory consensus on components of common city \data model, sharing city [data
models.

11) Pemands for machine-readable and machine-executable standards, lack of dedicated fools
there are many software tools for software), lackiof methodology expertise (there [s no
group to manage this complexity), lack of unified and integrated model for smart|city,
Hifferent viewpoints about smart city, reference architecture brings different viewppints
ogether for harmonization. Its collaboration<cencerns include: system of systems apprpach
bnd reference architecture to complexity.and changeability of city needs.

12) {Gaps in terminology-based ontologies and gaps in cross-domain ontology framework for
Cities; gaps in building both humanrand machine readable, executable, interpretabld and
huditable ontologies. The collaboration concerns include: building road map and framework
or coordination of existing ehfologies for city-wide use and collaboration on human-
machine under readable, exécutable, interpretable and auditable ontologies and use [case
pf ontologies in smart cities-and smart city systems.

6.10( Processes and activities of ontology building

Tablg 22 shows common processes and activities (PA refers to process and activitieg) in
ontology building,smapped with existing ontology standards.

Table 22 — Common processes and activities in ontology building

orocess and | 1SO/EC ISO isorrs | SOUEC | isonec | 1sonec Isp
Code_| 18384-3: 19150-4: 19150-1: 21972:20 19763-3: 19150-2:
~——activite 5"
S 2016 2019 2012 <09as-o 20 2020 2015
2013
Choice and
PA1 abstraction level v v
Ontology
PA2 | language y
representation
PA3 | Ontology registry y J y
Define constraint
PA4 (annotation) v
Define data
PA5 | types (data y
property)
PA6 | Define class \ N v v v y
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Process and | 'SONEC ISO isorrs | 'SOUEC | isonec | 1sonec ISO
Code activities 18384-3: 19150-4: 19150-1: 20943-6: 21972:20 | 19763-3: | 19150-2:
2016 2019 2012 2013 : 20 2020 2015
Define
PA7 namespace v v
PA8 | Define property v v v
Define
PA9 relationship v v v v
Ontology
PA10 mapping v v y
PA1h Aggrega}t?on and N
composition
Architectural
PATR abstraction v v
Capture the
PA1B abstraction v v
Construct class
PA1f# | relationship S N
matrix
L | Increasing with
PA1p other elements v v
. | Define ontology
PA1p using OWL J y y \/
Translation of
ISO harmonized
PATY model for UML or v
OowWL
PA1B E‘xemplifying the
difference
Define
PA1P | multiplicity N
relationship
Ontology
PA2D identification
pA2k Retri_eva!l \
application
PA2p | Define notation
Reuse the
PA2B | metadata in v
registry
PA2MK Generate N
coneept
Specify the
PA2B conceptualization [
domain
6.11 Framework for generating and constructing ontologies

Among the standards found relevant to ontology construction are 1ISO/TS 19150-1:2012 and
ISO/IEC TR 20943-6:2013. ISO/TS 19150-1 proposes an ontology framework for geographic
information (see Figure 10); ISO/IEC TR 20943-6:2013 covers the framework for generating
ontologies based on ISO/IEC 11179-3 and provides the procedure and mapping model for
generating ontologies.
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ISO 19109 Application schema L ISO 19110 Feature catalog i

I

~

7. T ! \

| (from SO TC 211
]

I

1
(from ISO TC 211

I
I .
Harmonized models) : Harmonized models)

ISO 19103 Schema language I i
1 | I S |
1 [
1 A I
1 (from ISO TC 211 Harmonized models) :
e e e -1 1 r

1ISO 19115-all Metadata | ISO 19150-1 Ontology frameworki

The

desig
prov
Figu

0 x T
(from ISO TC 211 Harmonized models) 1 :_
. (from 1SO TC 211 Ontology)
I
: i
ISO 19150-3 Semantic operators I ISO 19150-2 Rules for ontologies in OWL I 1ISO 19150-4 Service ontoloéyl}
— e ppa—
I T ]
(from ISO TC 211 Ontology) 1 (from ISO TC 211 Ontology) 1
1 \ (from IS%‘ Ontology)
_______ |
I I ]
I 1 (b 1
1 I ]
1 1 1
ISO TC 211 Harmonized ontologies I 1ISO 19150-5 Domain ontology registry | ISO 19@ Service ontology registry ]
-—- V
| X L |
(from ISO TC 211 Ontology) (from 1ISO TC 211 Ontology) (from ISO TC 211 Ontology)
] 1
. . C)
W W O \V'
1ISO TC 211 Harmonized models L 1ISO 19135: ZggMedures for registration I
(from model) (from%) 19125--all Procedures for registration) IE

Figure 10 — Framework decomposit@n packages and dependencies

main type of standards about ontology*f(a%ework is top-down, which belongs to top-

n in the domain of standard develo;@ t. ISO/IEC 19763-3 specifies the metamode
des a facility to register adm|n|str and evolution information related to ontologies
e 11).
\O
Ll SCQW of MFI Omobg'y‘ regst)%n L T .y

\\AFI Ontology reglstratuon
O ~——— 1
Admi$ nd evolution I:> Ontology registry Administrative and evolution

level
that
(see

infor n of ontology A . information of ontology B
- — N
LERR LLLS LLLLR L LR LI - 'I!‘
s q_F 3P
Sronaeeos Standardized | I -
Ontology A for E:> ontology ontology Cj Ontology B for
| application system A | reposnory repository application system B

1 Scope of specifications of -
' standardized ontology repositories — - -

Legend
sertcaton M roricaon | |9
system A system B . specifies

7 LT information flow
IEC

SOURCE: ISO/IEC 19763-3:2020

Figure 11 — Scope of MFI ontology registration
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6.12 Stakeholders and concerns about ontology standards

Existing ontology standards are limited to targeted domains and specific areas, which lacks
cross-domain concerns about multiple stakeholders for smart cities and smart city systems.

6.13 Ontology standard scenarios mapping with IEC SRD 63235:2021

From the perspective of a social—-digital-physical system, in the existing standards on ontology,
types of scenario include:

1) society, stakeholder, etc. (in social perspective);

2) d
3) ¢

See

Table 23 for details.

lata, information, platform, digital system, etc. (in digital perspective);
yber information, etc. (in digital and physical perspectives).

Table 23 - Existing ontology standards mapping with IEC SRD-63235:2021

Pers

pective

Standard

Scenario

Type

Detail

Description of standard

Soci

syste

ISO/IEC 18384-3:

2016

society

Ontology: for
service oriented
architecture

Thig’part of ISO/IEC 18384 defines a
formal ontology for service-oriented
architecture (SOA), an architectural st
that supports service orientation.

e

IEC 62656-5:
2017

Stockholder

(Enterprise
or
organization,
etc.)

Ontology: for
interface and
activity

This part of IEC 62656 specifies a me
for representing activities and relation
among the activities by a tabular ontol
representation, called ‘parcellized acti
model’, or PAM for short, which is a
specialized use of a generic tabular
ontology data model, known as the
parcellized ontology model (POM).

hod

gy
ity

syst

Digifal

EMm

ISO/IEC 21000-1:

2017

ISO 13584-32:
2010

data

Ontology: for
media contract

This part of ISO/IEC 21000 specifies &
ontology for representing contracts in
Multimedia Framework formed for the
transaction of MPEG-21 Digital ltems
services related to the MPEG-21
Framework. Media Contract Ontology
(MCO) aims to digitally express
agreements made in environments usi
ISO/IEC 21000. These agreements ar
contracts for transactions of content
packed as Digital Items, as well as for]
services provided around this content
means of a semantic presentation.

the

Ontology: for
markup
language and

nroduect
preadet
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Scenario
Perspective Standard Description of standard
Type Detail
IEC 62656-1: Ontology: for This part of IEC 62656 specifies the
2014 structure and logical structure for a set of spreadsheets,
model and data used as ‘data parcels’, to define, transfer
parcels and register product ontologies. Such
ontology descriptions in other literatures
or disciplines are sometimes called
‘reference dictionaries’. Thus the logical
data structure described in this standard
is named ‘Parcellized Ontology Model’ or
‘POM’ for short, and each vehicle of
transport of the model is called a ‘pargel’,
and may be used for definition, transfgr,
and registering of a reference dictionafry
as a collection of metadata, or for sim|lar
purposes for instances belonging to a
certain class of the referenCe dictionafgy.
Moreover, this ontolody,model allows for
modelling or modifyingtan ontology mqgdel
per se as a set ofjinstance data, thus |t
enables an ontelogy model to evolve qver
time.
ISO/IEC 24800-2: Ontology: for This part'ef)ISO/IEC 24800 provides 4
2011 metadata standardjzed set of technologies for
representation, metadata representation, querying an
querying and management of images. It specifies thie
management of | JPSearch’s Core Metadata Schema ag the
images cornerstone of metadata interoperability in
ISO/IEC 24800. It also specifies the
structure and rules to which any metadlata
annotation of images must conform in
order to be considered valid within a
JPSearch compliant system.
ISO/IEC 24800-2: Ontology: for This clause specifies the set of classep,
2011/Amd.1: JPEG image properties, and restrictions that constifute
2015 the JPSearch Metadata Ontology
(JPOnto). This ontology specification
provides the foundation to implement
applications in different domains that ¢an
represent, exchange, and integrate digital
image information generated in different
systems and under different contexts.
ISO/IEC TR Ontology: for This part of ISO/IEC TR 20943 descrilyes
20943-6:20313 methodology a method of generating ontologies forja
and metadata context using concepts in ISO/IEC 11179-
3. Most ontologies are basically
composed of classes (concepts),
properties, relations between classes,|and
instances (objects or individuals). Thig
part considers the generation of ontolggy
consisting of a subset of ontology
components required for defining
ontologies at the conceptual level whigh is
called 'FGO_Ontology’.
IEC TS 62656-2: Ontology: for
2013 technical
specification
and application
guide for IEC
CcbD
ISO/IEC 15944-4: Ontology: for This part of ISO/IEC 15944 provides a set
2015 accounting and of UML class diagrams and conceptual
economic explanations that circumscribe the Open-
edi Business Transaction Ontology
information (OeBTO). It explains the mechanics of a

business transaction state machine, the
procedural component of an OeBTO, and
the (internal) constraint component of
0eBTO, its repository for business rules.
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Scenario
Perspective Standard Description of standard
Type Detail
ISO/TS 19150-1: Ontology: for This part of ISO 19150 defines the
2012 geographic framework for semantic interoperability of
semantic geographic information. This framework
information defines a high-level model of the
components required to handle semantics
in the ISO geographic information
standards with the use of ontologies.
ISO 19150-2: Ontology: for
2015 geographic
Tnformation
ISO 19150-4: Ontology: for
2019 geographic
information
ISO/IEC 21972: Ontology: for
2020 smart city
indicators
ISO 21127:2014 Ontology: for
cultural heritage
information
ISO/IEC 21000-19: Ontology: for This part of ISO/IEC 21000 specifies
2010 media value MPEG*21 Media Value Chain Ontolog
chain (MVGO). The MVCO may be used to
capture knowledge about media value
chains and to represent, in a compute
readable way, concepts in the domain|and
the relationships between those concdpts.
ISO/IEC 21000-211 Ontologys for This part of ISO/IEC 21000 specifies gn
2017 media<contract ontology for representing contracts in
Multimedia Framework formed for the
transaction of MPEG-21 Digital Items pr
services related to the MPEG-21
Framework.
ISO/IEC 19763-3: Ontology: This part of ISO/IEC 19763 specifies the
2020 registration metamodel that provides a facility to
register administrative and evolution
information related to ontologies.
IEC 62656-3: Ontology: for This part of IEC 62656 specifies an
2015 interface and interface between IEC 62656 series afd
information meta-model for CIM originally defined fin
platform the IEC 61968 and IEC 61970 series qf
standards; this standard defines a formpa
mapping between the IEC 62656 and
meta-model for CIM in order to import|the
CIM ontology into the IEC CDD, and t
ensure the interoperability of ontologigs of
two standards, or even among a widef
spectrum of standards.
Rec. ITU-T digital Ontology: one
Y.4500.12 system M2M system
ISO/IEC Ontology: for
21000-8:2008/ software and
Amd.2:2011 media value
chain
digital and ISO/IEC Ontology: for
physical 21000-8:2008/ cyber software and
system Amd.3:2015 infrastructure | media contract
ISO/IEC Ontology: for
21000-8:2008/ software and
Amd.4:2018 media value
chain
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7 Gap analysis and recommendations for future work

7.1 Limitation of ontology definitions and concepts for smart city systems

The current ontology in the smart city domain has limitations that are more focused on
operational level ontology (see Figure 12). A terminological analysis of ontology concept shows
that there is a demand for harmonization of various definitions of ontology from system of
systems thinking for smart cities and smart city systems at the top-down level.

Mapping with
IEC SRD 63235:2021,
ISO/IEC 30182:2017 and
IEC SRD b3T66:2022
(methodology and reference
architecture for concept system

. Conceptualization/Conceptual building for smart city systems) Lexicon Gerferic
Cross-domain schema or conceptual model
specialized terminology with ’
( domain specifications
Human-understandable
ISO 37105:2019

descriptive framework
for city system

Organization or logical
structure

oncepts or terms describes

Model for data domain of knowledge

interoperability
in smart city

ISO/IEC 30182:2017 LC J Multi-layer perception

Machine readable,
excutable and interpretable

l |

Multi-disciplinary . - =
Method Rule and knowledge with Formal,explicit,ahd consensual E | tat Specific
e Sematic connections specification ormal representation
method | k concepts.or conceptualization J ( concepts and relations J
ISO/IEC 30145-2:2020 ISO/IEC 21972:2020 ISO/IEC 5087
smart city knowledge management Upper level smart city city data model
framework indicatiors IEC

Figure 12 — A harmonized ontology concept system for smart city systems

Therg is a demand for commonh understanding about smart city systems based on a harmonized
concept system of ontology from generic to specific. A multi-disciplinary, multi-domain| and
multirlayer coordination® for ontology concept system to smart city systems buildirlg is
recommended. Developing and maintaining a multidisciplinary, multi-domain and multi-jayer
coorflinated concept system of ‘ontology’ for smart city systems to enable cross-domain
stake¢holders to/use the same ‘language’ for smart city systems are recommended.

The gem@ands for cross-domain ontology for smart cities can be fulfilled by interaction betyveen

domaiga@nd method. From the domain perspective, ontology is relevant to conceptualizatipn or
conc%—m—mﬁﬂwm—m—mm—pm i y is

relevant to rule and knowledge with semantic connections. Therefore, ontology is an
organization or logical structure for describing domain of knowledge. In addition, specifically,
the demands for machine-readable, machine-executable, machine-interpretable and machine-
auditable ontology involves terminology-ontology building covering lexicons, formal, explicit and
consensual specification as well as formal representations.



https://iecnorm.com/api/?name=9de5b4a606053c70e83de9f439038645

- 46 — IEC SRD 63476-1:2024 © |IEC 2024

7.2 Lack of harmonization of ontology concepts for smart city systems

Figure 13 shows there are different concepts about ontology from human understandable to
machine readable, executable and interpretable from left to right from different SDOs. On the
left at the bottom of Figure 13, the blackened words show there are ontologies relevant
standards in smart city domain in terms of their relevance to concept models of smart cities. On
the right at the bottom of Figure 13, the blackened words show there are ontologies-based
standards in smart city domain in terms of their relevance to the representation of concept
models in machine-readable, executable and interpretable ways. This indicates that there is a
need of an ontology continuum thinking for bringing existing ontology definitions, concepts and
methodologies together for smart cities and smart city systems. Respecting many views on

ontoleen from variance dimancinne and raachina ocancanciic An o halicticn annernas to
ogy—HoeH—yaHots—aH e RSO RS—aRe— e 6 g—60 RS RS US—o0—a—oHSHe—app+Hoa

harmonization of terms and definitions relevant to ontology across IEC TCs, other SDO$ are
recommended.

Call for collaboration on better understanding different ontologies to connectivity,harmonization and integrationsef domain knowlegige
(Source: adapted from Mark Fox, 2022, 03, 23 IEC SyC Smart Cities/WG1 and ISO/IECAITC WG 11/AHG 16 meefing)
An Ontology is the specification of:
. a Terminology, that specifies the classes, properties and data types of the domain, and
. Axioms, that define and constrain the interpretation of the terminology (in FOL, DL), and can bé
used to infer new information

The following diagram provides a simplified description of the differences of various modelling
methods, on a continuum from informal to formal models.

Ontology
= Concept Description First Order _
£  Vocabulary Taxonomy Model Terminology Logic Logic g
S > 5
u— . y
[ List of A Vocabulary with A Taxonomy with A Concept Model A Terminology with L
Entities the addition of a the addition of: with thesaddition of: the add_lt!on of:
Attributes "subClassOf" relation « distinction « essential and . deﬁnltlons_of
Each may have a that can be used to between attributes descriptive ent_mes using a
description, in a link entities into and relations characteristics logical Ianguag_e_
natural language. taxonomies « attribute value * ‘hierarchical and sucr_\ as Descnptlo_n
Note that a_ttributes typin_g _ asso_clatlve or First Order Logic Machine-readablb
Human. are NOT directly + restrictions on relations * property
" : iy _ . y H . and executable ahd
understpndable associated with relations « intensional and hierarchies and interoretable
entities. extensional entities chains P
A lexicon of Logical N\ A Rule and knowledge ~Formal representation of
specialized strﬁcture of Concgph_:ahzaﬁon of zg:::rl{si):“m end with semantic < a set of concepts and
Definitiqns of terminology/ concepts or doman(¥igious specification of connections relationships
ontologfes from controlled terms conceptial P o D20 D7 D8 D9 D12 D19
i vocabulary D2 D5 D21 scherma/model conceptualization
CHEEHEROS D1aDI7 D4 D6 D11 D16 D3D4 D10 D14 D15
D18 D22
IEC SC3D and ISO/TC 184/SC4 and ISO/TC 211/W3C and Ontology wofk of
ISO/IEC JTC1/WG11 and JTC1/SC32 and ITU-U SG 20 and |IEEE and W3C different SD@s
Ontology ISO 37100:2016 ISO/IEC 30182:2017 ISO 37105:2019
relevar :$3$ 5%%2’\?02?2-;19) IEC SRD.63235:2021 and IEC SRD 63188:2022 \y3¢. \oT + DID + VG, RDF, OWL, RIF, DCAT, SOSA SSN efe. Ontology-
smar 4 IEC 60050-831:2023 ITU-T Y 4452, ISO/IEC 5087 based smar]
ITU-T Y.Suppl.69 ISO/IEC 30145-2:2020 city standards
ITU-T Y. 4111 ISO/IEC 21972:2020

IEC

SOURCE: Adapted'from Mark Fox, 2022, 03, 23 IEC SyC Smart Cities/WG1 and ISO/IEC JTC 1/WG 11/AHG 16
Meetipg; International Virtual Seminar Standards Collaboration on Ontologies for Smart Cities and Smaint City
Systems, 2223 September, 2022.

Ei 13 | i ol . itl tol I
7.3 Lack of integrated ontology framework for smart city systems

Figure 14 shows that there are four categories of ontology standards from different areas of
interests and concerns. There is lack of ontology framework for adaptability and applicability of
existing ontology standards for smart cities and smart city systems. Current existing ontology
standards applicable to smart cities and smart city systems are limited to the area of upper-
level smart city indicators and city data models.

1) General ontology

General ontology standard includes guidance and rules for development of ontology which
can be applied to a wide area of fields.
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2) Ontology framework

3)

4)

— 47 -

Ontology framework standards are limited to domain of geographic information and area of
metadata registry.

Specific domain ontology

A number of ontology standards are related to specific areas or domains that are for special
functions, services and usages. However, there is only one published ontology standard for
upper-level smart city indicators.

(o
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ntology
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Ontology-relevant standards

Top-level ontologies-requirements

ISO/IEC 21838-1:2021

ISO 19150-2:2015
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ISO 19150-2:2015/AMD.1:2019
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Specific
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ontology

Ontology-
related
standards

Media value chain ontology
ISO/IEC 21000-19:2010
ISO/IEC 21000-21:2017

Organization ontology

ISO/IEC 21000-8:2008/Amd 2:2011
ISO/IEC 21000-8:2008/Amd 4:2018

Media contract ontology
ISO/IEC 21000-8:2008/Amd 3:2015

Geographic information

ontology service
1SO 19150-4:2019

Service Oriented Architecty
ontology
ISO/IEC 18384-3:2016

Product ontology register
|IEC 62656-8:2020
|IEC 62656-1:2014
IEC TS 62656-2:2013

Ontology markup langage

Ontology/for.the
interchange of.cultural
heritage information

Upper level ontology for sm
city indicators

hrt

|IEC 62656-3:2015
|IEC 62656-5:2017

1SO 13584-32-2010 72014 ISO/IEC 21972:2020
Open data ontology Ontology for office Metamodel for ontology
IEEE P2896:2020 equipment registration

Ontologies for robotics
and automation
|IEEE 1872-2015
|IEEE P1872.1:2017
|EEE 1872.2:2021

OWL-Time ontolégy’
OGC 16-0713
OGC 20-022
0GC20:023

ISO/IEC TR 22981:2020

ISO/IEC 19763-3:2020

M2M base ontology
ITU-T Y.4500.12

Ontology-Enhanced Thesau|

(OET) for biomimetics
ISO/TR 23845:2020

Business transaction
scenarios — Accounting and
economic ontology

OWL.2 Web Ontology
I'anguage

Vehicle signal ’

vCard ontology

specification ontology I

PROV ontology

ISO/IEC 15944-4:2015

Ontology for media
resources

OWL Web Ontology
Language series

Sensor network

ontology
OGC 16-079

Semantic web applications
neuromedicine ontology

s the
Fltheir

Methodolagy for'structuring

parts families
1SQ13584-42:2010

Reference model
ISO 19101-1:2014
1SO 19154:2014

Life cycle data
1SO 15926-10:2019
1SO 15926-13:2018

ISO/TS 15926-8:2011
ISO/TS 15926-12:2018
1SO 15926-13:2018

ISO/IEC 30182:2017

1SO 18629-1:2004
1SO 18629-11:2005
1SO 18629-12:2005
ISO 18629-13:2006
ISO 18629-41:2006
ISO 18629-42:2006

Process specification langage

Smart Cities Referer]
Architecture

Methodology
IEC SRD 63188:2023

Descriptive framew:

Metadata registries
ISO/IEC 11179-7:2019

Diagnostics
1SO 18435-3:2015

of city system
‘ 1SO 37105:2019

JPSearch
ISO/IEC 24800-2:2011

Formal semantic models
1SO 20534:2018

Mechanical systems
ISO 13584-511:2006

City data model
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ISO/IEC 30182:2017
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Figure 14 shows there are general ontology and the ontology framework in the geographic
information domain and there many ontologies or ontology-relevant standards in specific
domains related to specific tasks and to specific scenario applications. However, whether they
are applicable to the smart city domain needs to be further studied and validated.

There is only one ontology named standard in the smart city domain and it is specific to smart
city

indicators.
ISO 37105:2019,

However,

there are ontology-relevant standards
IEC SRD 63188:2022)

(ISO/IEC 30182:2017,

and ontology-based standards (ISO/IEC 5087,
ISO/IEC 30145-2:2020) in the smart city domain.

Studies and workshop results agreed that there is need of standards collaboration among
different SDOs on sharable and reusable ontologies across domains for city-wide use.
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Recommendations for future work

Potential new work items

Findings from survey conducted during the workshop held from 22 to 23 September 2022 show
that there are four potential work item projects for future collaborations across different SDOs.

e Systems Reference Deliverable (SRD) Smart city system ontology — Part 1: Gap analysis;

e Systems Reference Deliverable (SRD) Smart city system ontology — Part 2: Common
terminology-ontology for smart cities;

. ystems Reference Deliverable (SRD) Smart city system ontology — Part 3: Collabaration
flamework on ontologies for smart cities;

e Jystems Reference Deliverable (SRD) Smart city system ontology — Part 4: Usg casgs of
cfoss-domain ontologies in smart cities.

7.4.2 Recommendations from the international virtual seminar on ontology

(NOTE The International Virtual Seminar on Standards Collaboration on Ontologies for 8mart Cities and Smaft City

Systems was jointly hosted by IEC Academy, IEC SyC Smart Cities and ISO/IEC JTEC_1-0on 22 and 23 Septé¢mber

2022.| Web seminar presentations and recordings of September 22-23) /2022 are availablle at

https:[/www.iec.ch/academy/webinars)

1) Awareness in communities of importance of ontologies for génnectivity, harmonizatior] and

in

tegration of domain knowledge.

ollaboration on ontologies for smart cities:

The best way is to demonstrate benefits of ontologies to support connecitjvity,
harmonization and integration; possible approachvis to identify benchmark problemg and
practical issues that can be contributed by-design of ontology to support common
characteristics, interoperability and consistericy of data sets, data spaces, data space
centres for sharing and reuse of data.

Awareness of existing ontologies standards aligned with ontology terminology acfoss-
domain is necessary. A concern_ that focusing on existing standards rather [than
developing new things should;ibe considered in the future work of ontglogy
standardization.

Ontology should be human‘understandable. It should be aware that there is la¢gk of
ontology tools for project\data sharing in daily practice. Besides, ontologies need {o be
practical for engineering-and project practice.

Awareness of upper ontology, domain ontology and cross-domain ontology availablg and
needs of differentiuse cases and different approaches to interface.

Broader education and better understanding of what is ontology, how to design and use
it.

Neé&d awareness of what ontologies are used, developed by different SDOs, where|they
are;/ what can be used together; be more proactive to collaborate, have a cultufe of
collaboration, build some standards ontologies which can work together but not ong size

fits for all.

Need collaboration on gap analysis and overlap analysis, real active participation of
different SDOs to look together from top-down to tap overlaps and gaps.

Need to create special interest groups, build collaboration including informal and formal
communication, share use cases, share articles and undertake workshop on what to
share and to harmonize.

Joint international seminar or workshop is a good way to recognize importance of
collaboration, and to identify which SDOs are interested in developing data sharing,
sharing ontologies and data models. Need to start from small with specific targets,
e.g. smart city service, specific domains which need to be harmonized, identify which
SDOs are involved in data models and ontologies and which standards need to be
harmonized, then to start targeted specific tasks and share the semantics and data
models between these different domains.
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3)

Smart city is too complex, which needs to address many challenges not only as a whole
architecture, but also for different domains, such as logistics, transportation, human
resource management, social affairs, and many solutions are needed even for one single
department within the big environment of smart cities. The suggestion is to develop a
one size fit or maybe a yellow page or similar, where it is possible to find some fine
classified ontologies that are publicly accessible and reusable. And this classification of
the existing ontologies must be aligned with the functions of city for connectivity of
different domains, and raise awareness of existing ontologies in the domains and upper
ontologies which can be reused by people from different domains. FAIR approaches to
standardize ontologies to make them findable, accessible, interoperable, reusable,
realize their true values in the development of cities. Defining their applications and the

ngagement in cities to develop smart city ontologies:

illlpiUIIlUllld‘LiUll IIIUbiIdIIibIIIb ib illlpUl‘LdII‘L.

How can ontologies be made findable, accessible, interoperable and reusable2Different
SDOs are working on the same thing but they are not collaborating with or aware of pach
other. Where can consensus be achieved and how can issues be addressed to conyerge
consensus?

To develop good, reliable, mutable, replicable ontologies or termipglogy, they neg¢d to
be aligned with architecture approach, components of ontologies @nd its validation

Deep and rich review ontologies need to work together and bealigned with each gther.
Different SDOs are developing different ontologies but are aet-aware of each other| and
they need urgent coordination to know each other. Needto set up special programpmes
for coordination group of IEC, ISO and IEC and joint working with JTC 1, W3C, IEEE,
etc. Need both top-down and bottom-up approaches*to*collaboration.

On issues of fairness approach within ISO, theré/s not an agreement that the ontglogy
should be published using OWL or just straight RDF; requirements need tp be
purchased. Issues of openness of standards for ontologies sharing and reuse shou|d be
stressed.

JTC 1/ WG 11 Seminar on Standards-Collaboration on Ontologies for Smart Citie§ and
Smart City Systems reported an ontelogy catalogue for 10T that references more|than
800 ontology-based IoT projects-including smart cities, which is a good foundation for
collaboration. The knowledge\of this entire ontology catalogue for smart citigs is
https://lov4iot.appspot.com/?p=lov4iot-city. See Gyrard (2018) in the Bibliography.

Education, promotion to raise awareness of the importance of smart city ontologieq and
the benefits to data‘sharing and connectivity, interoperability and harmonization of|data
models.

Need both tap-down and bottom-up approaches, understand complexity of city and heed
different stakeholders to participate and collaborate under same reference architegture,
need sysiem of systems approach and systematic way for integrated framewofk to
enable ontologies to work in a consistent and harmonized way, need harmonizption
methodology and framework for different SDOs to be able to work together.

ldentify standardized vocabulary, time and place definitions already used in citied and

flo ot 1 4+ £ H'H
tiatl arc rcicvdliit Tl CILIToS.

Conducting a survey of economic benefits of ontology and ontology standards would be
an effective approach. Highlighting the economic benefits of ontology standards can
attract cities and city administration to participate in the standardization process and to
adopt or implement standards.

Need to reduce the use of the term ‘ontology’ in real world practice; the nature of
conversation is data model and data sharing and data interoperability, data connectivity
and discoverability, which is easier for people to understand and communicate.

Need engagement at application level, city level, district level and device level.
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4) Adoption of ontologies to smart city:

Openness of different SDOs is important for engaging cities and to let everyone access
standard.

Adoption of ontology can help improve semantic interoperability of cities, merge multi-
disciplinary areas and domains together, deepen the integration of many and various
data models in a consistent way to reduce complexity. See Hardin (1998) in the
Bibliography. The top-down approach of a modelling language for: regulated actions -
> use case examples -> business process descriptions -> data flow -> data models.

Need to standardize data models of various parameters at devices irrespective of the
use cases to get comprehensive semantic interoperability.

5) M

7.4.3

d
O
e B
S
f

Sharing data models and building data models repository would help cities to>gdopt
smart city ontologies, e.g. https://smartdatamodels.org as the site for smart data,mogdels,
a repository based on agile standardization. And this is the Agile Standardizption
Manifesto (see Bibliography).

ajor challenges of ontology standards development and adoption of smart city ontologies:

‘What’ being whatever the aim is: as a city, that would be to manage data in a wayf that
helps improve sustainability; as an SDO it would be a step more‘abstract: to advise ¢ities
(and their suppliers) on how to do that: advise or standardize*an ontology for a cify, or
an approach to creating an ontology which a city should)use, or something ¢lse?
Standardize a collection of existing ontologies that ‘cap ‘actually be used’ — or advjse a
city (or region, or country) on how to achieve that?, Cusrently there are many diffgrent
ontologies and approaches that each works in its own area; there is no ‘best pragtice’
(ontology or method for creating ontologies) ready for standardization in this spacgq.

No server where sharable and reusable ontol¢gi€s can be deposited for implementgtion.
No agreement that the ontology should bepublished using OWL or just straight RQF.

Many standards need to be purchased, which is not good for adoption of existing
standardized ontologies.

Future collaboration

onvene joint annual (or semi¢annual) workshop where SDOs working on city relgvant
ntologies can share ideas and cooperate.

uild joint programme or 'special interest groups that are interested in developing [data

haring, sharing ontologies and data models among ISO, IEC, ITU, JTC1, IEEE, W3C. [Start

om small with specific targets, e.g. smart city service, specific domains which need {fo be

hich

the

able

tres,

Imap
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Annex A
(informative)

A survey of shared understandings on smart city

1) What definition of smart city do you prefer that reflects the concerns and interests of a wide
group of SDOs? [Multiple choice]

No Definition Account Result

1 effective integration of physical, digital and human systems in the built
environment to deliver a sustainable, prosperous and inclusive future for its 6 42,86 %
citizens.

2 a smart sustainable city is an innovative city that uses information and
communication technologies (ICTs) and other means to improve quality of life,
efficiency of urban operation and services, and competitiveness, while ensuring
that it meets the needs of present and future generations with respect to
economic, social, environmental as well as cultural aspect.

. . o . 3 21,43 %
NOTE 1 City competitiveness refers to policies, institutions, strategies and
processes that determine the city’s sustainable productivity.

NOTE 2 ‘Smart sustainable city’ is also called ‘smart city’ in some other SDOs.

[Rec. ITU-T Y.4900 (06/2016)]

3 city that increases the pace at which it provides social, economic and
environmental sustainability outcomes and responds to challenges suth as
climate change, rapid population growth, and political and economic instability by
fundamentally improving how it engages society, applies collaborative leadership
methods, works across disciplines and city systems, and us€s data information
and modern technologies to deliver better services and,quality of life to those in
the city (residents, businesses, visitors), now and for_fofeseeable future, without

unfair disadvantages of others or degradation of the natural environment. 4 28.57 %

NOTE 1 A smart city also faces the challenge of respecting planetary
boundaries and taking into account the limitations these boundaries impose.

NOTE 2 There are numerous definitions of smart city; however, the definition
that is used with TC 268 is the official.one agreed to by the ISO Technical
Management Board.

[1SO 37122:2019; ISO/IEC 30145+2:2020]

4 city where improvements in quality of life, services, sustainability and resilience
are accelerated by the effective integration of many and various types of
physical, digital and sociaksystems and the transformative use of data and
technology.

0,
NOTE 1 This is a general definition of a smart city. The IEC looks at these 3 21,48 %

aspects from the perspective of electrotechnology.

NOTE 2 The 'effective integration of physical, digital and social systems requires
the development and integration of digital twins of all these systems.
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No Definition Account Result
5 city which is systematically addressing concerns of citizens leveraging

international standards and digital transformation.

NOTE 1 Typical citizens’ concerns are, by their nature, subjective,

contradictory, partial and changing over the time. Such concerns form views

representing how citizens see and perceive the city. Usually, different

stakeholders (e.g. groups of citizen) may have different views on the same

fragment or aspect of a city.

NOTE 2 Any city (therefore any smart city) is a self-organising system; thus it is

able to transform itself.

NOTE 3 The complexity of smart cities requires building them via digital

transtormation as drgiaiy coordmated Systems.

NOTE 4 Each smart city is carrying out its digital transformation with its own

pace.

- . . - 0 0 %

NOTE 5 The concept “digitally coordinated system” is critical for providing

various smart cities with ready-to-deploy (standard) solutions which can be used

(together with some local solutions) to create unique smart cities. Such digitally

coordinated systems are qualified as repeatable. This feature is necessary to

achieve the UN Sustainable Development Goal (SDG) 11 quickly and effectively

because there are many cities and any making each of them smart in a different

way would be very unsustainable.

NOTE 6 International standards are critical for repeatability and scalability’of

digital solutions for smart cities.

NOTE 7 The shortest form of the definition of smart city is ‘city built/as a digital

system’.

NOTE 8 Various improvements for citizens, business and<«@administration can be

quantified via internationally recognised metrics. Examplés\of such metrics are

the World Bank's B-READY project and EIU's Global Liveability Index.
6 city where electrotechnical systems and information‘\technology are employed to 1 714 %

improve city services. N
Valigated answers for this question 14

2) Do you agree with the following eharacteristics in terms of stakeholder’s concern gbout
smart city? [Multiple choice]
Characteristics Account Result
citizen 13 92,86 %
preant generation 9 64,29 %
futuvle generation 9 64,29 %
6 42,86 %
JP-1 all stakeholders in a city
Othgr
AU-8 business, government
AU-10 Cities exist to benefit citizens. They are the customer
Validatedamswersforthisquestiom——t4
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3) Do you agree with the following characteristics in terms of domain’s aspect about smart

city? [Multiple choice]

Characteristic Account Result
economic aspect 12 85,71 %
environmental aspect 12 85,71 %
social aspect 11 78,57 %
built environment 10 71,43 %
natural environment 10 71,43 %
cultyral-aspect 10 71,439
city 9 64,29 %
infomation technology 8 57,14 %
digitpl transformation 7 50 %
elecfrotechnical systems 5 35,71 %
intenational standards 4 28,57 %
2 14,29 %

Othgr AU-7 coordinated and reflexive systems
AU-10 data and technology

Valigated answers for this question | 14

4) Qo you agree with the following characteristics-'in) terms of smart object of smart [city?
[Multiple choice]
Characteristic Account Result
integration of physical, digital and human 19 85,71 %
systems
city 6 42,86 %
3 21,43 %
AU-7 decision makers
Othgr
AU-8 environmental/sustainable
AU-10 communities
Valigated answers for this question 14
5) Do you agreewith the following characteristics in terms of smart status about smart [city?

[Multiple chaice]

Characteristic Account Result
incrg¢ases the pace 3 21,43 %
imprpements accelerated 5 35,71 %
self-organizing system 5 35,71 %
g;gsitt:rlntsraxistl;oirtrgit\il\(l)nn paascgigitally coordinated 5 35,71 %
innovative 8 57,14 %
improvements for services 11 78,57 %
effective integration 12 85,71 %
Other 4 28,57 %
AU-7 Learning, Reflexive
AU-10 Z/Ieofisr:i?i\f/;hese are not essential or are not
Validated answers for this question 14
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6) Do you agree with the following characteristics in terms of visions and goals of smart city?
[Multiple choice]

Characteristic Account Result
a sustainable, prosperous and inclusive future 11 78,57 %
fundamentally improving 3 21,43 %
provides social, economic and environmental
sustainability outcomes and responds to challenges
such as climate change, rapid population growth, and | 9 64,29 %
political and economic instability, to deliver better
services and quality of life
imprpve quality of life, efficiency of urban operation o
) L 8 57,14 %
and pervices, and competitiveness
|mprove_ments in quality of life, services, sustainability 10 71,43 %
and fesilience
repeatability and scalability of digital solutions 4 28,57 %
systematically addressing concerns 5 35,71 %
city pervices 6 42,86 %
3 21,43)%
AU-7 L|ve.a.b|I|ty, Sustainability and
Resilience
Othgr Sustainability (economic,
environmental, social,
AU-10 technological) and Resilience
(economic, environmental, socipl,
technological) and Liveability
Valigated answers for this question 14
7) Do you agree with the following charactéristics in terms of approaches to and means of
smart city? [Multiple choice]

Characteristic Account Result
effe¢tive integration of physical, digitalfand human systems 8 57,14 %
enggdges society, applies collaborative leadership methods, works
acrops disciplines and city systems; and uses data information and 7 50 %
modern technologies
infomation and communjcation technologies (ICTs) and other means | 7 50 %
by the effective integration of many and various types of physical,
digitpl and social systems and the transformative use of data and 9 64,29 %
techpology
intefnationallyrecognized metrics 6 42,86 %
elecfrotechnical systems and information technology 3 21,43 %

Othgr 1 7.14 %
Validated answers for this question 14
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8) Besides the above understandings about smart city, do you have any recommendations
about smart city and its characteristics? [Note fulfilment]

Code Time Quotation

The definition of a smart city should describe its ideal state and should not include any
part of its methodology. In other words, only the part of what is acceptable. The method is
a How to, which can be followed by an approach. They can be different at ISO, IEC, JTC1,
or ITU, and there are many ways.

Whether it's digital or analogue, all we need is a ‘smart’ city.

Focusing on systems is focusing on methods. It is also a way to integrate various
2021/4/29 Systemsl

JP-1 1 16:28:58
The defnition of @ smart city describes only the i1deal state. 1 hat way, each standard dan
show different ways of doing it.
As a definition of a smart city, | propose to consider the following:
“Cities are places where people live, work and have fun. It is smart city that'can maintgin,
improve and change the environment so that people can carry out appropriate activitigs,
while grasping various problems that arise and predicting the future.”
2021/4/30 | Governance and leadership are also important.
AE- aa.
15:16:18
JP-4 2021/5/2 Question 1 is not complete. There should be other good definitions, for example the
10:42:31 definition from ISO TC 268.
IN-5 2021/5/2 A City should be Citizen centric, fundamentally looking, at the following end-goals: 1.
19:37:11 Quality of life, 2. Improvement in services, 3. Sustainable, 4. Environmentally friendly.
AU-¢ 2021/5/3 Interconnected technologies
7:53:30
A smart city will make smart decisions. Fhis,can only be done if decision-makers are well
2021/5/3 informed see: https://doi.org/10.1016/j.envsci.2015.12.004
AU- 8:45:23 Making more data available and having'integrated systems will only get us so far, we feed

to have the right rules and values in\place, and critically decision-makers need to be
willing to learn (from data) and adapt.

2021/5/4 the definition should be as short, simple, and clear as possible. Explanations of variouls

US- no. Smart City attributes and,.characteristics do not belong in the definition, but rather in the
4:09:57

text of the document.

if | tick a box above(am | agreeing that something is a concern or am | agreeing something
is important to a definition? My ticks mean | agree they are useful concepts, but | wouldn't
insist they are jh;a definition.

The literature is full of definitions for the smart city. There is a reason why...

A smarit.city definition usually consists of: LIST OF CITY GOALS enabled by advanceq in
DATAAND TECHNOLOGY.* The first issue is that the GOALS differ widely depending|on
who.you talk to. Everyone wants to include their favourites. My preferred high-level gopls
are: Sustainability, Resilience and Liveability.

1) A second issue is the scope. Where do regional towns fit? Some people prefer or want
to include COMMUNITIES.

AU-10 20_21/_5/4 2) Often definitions want to include the CITIZEN explicitly as a reminder that the purppse
10;05:58 of the city and the data and technology is to serve citizens/customers.

3) Some want to (wrongly in my opinion) be prescriptive about process or technology,
e.g. digital twins, digital transformation, IoT, increasing pace, standards, integration of
systems, metrics, self organizing, etc. These don't belong in a definition.

It may be ‘smarter have a generic’ definition. Then add an explanatory paragraph(s).
Something like this: ‘A smart city achieves its goals by leveraging advances in data and
technology to benefit citizens in cities and communities.’

The goals of a smart city include benefiting citizens by being sustainable, resilient and
liveable: sustainable (economically, environmentally, socially, technologically) and
resilient (economically, environmentally, socially, technologically) and liveable. [People
can add more specific or expand on these if they want...]
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Annex B
(informative)

Existing definitions of ontology from SDOs and authoritative sources

NOTE D refers to definition, and D1 refers to code of the first definition.

No Definition Source

D1 a conceptualization of a domain ISO/TS 21526:2019, 3.36

D2 organization of concepts for which a rational argument can be ISO/TR 13054:2012, 2.6
mace ISO/TR 12300:2014, 2.1.15
Note 1 to entry: Adapted from ISO/TS 17117.

D3 explicit and consensual specification of concepts of an ISO/TS 13399-50:2013, 3,19

application domain independent of any use of these concepts ISO/TS 13399-2:2024 3.16

ISO/TS 13399-4:2024, 3.16
ISO/TS 13399=5:2014, 3.19
ISO/TS13399-60:2014,3.20
ISO 18436-3:2015, 3.1

ISQ/T)S 13399-3:2021, 3.16

Note 1 to entry: In the ISO 13399 series, a dictionary is the
formal and computer-sensible representation of an ontology.

D4 specification of concrete or abstract things, and the ISO/IEC TR 20943-6:2013, 3.2.1
relationships among them, in a prescribed domain of )
knowledge ISO/IEC 19763-1:2023, 3.16]

Note 1 to entry: The specification should be computer ISO/IEC TR 19763-9:2015, 3.1.3
processable ISO 37105:2019, 3.2

ISO/IEC 19763-3:2020, 3.1.1.1
ISO/IEC TR 22981:2020, 3.2
ISO 21597-1:2020, 3.1.7

D5 logical structure of the terms used to describe a domain of ISO/IEC/IEEE 24765:2017,3.2691
knowledge, including both the definitions of the applicable )
terms and their relationships ISO 20534:2018, 3.36]

ISO 4454:2022, 3.11

D6 rigorous conceptual schema‘representing the subject domain ISO/TR 25100:2012, 2.1.5

D7 formal representation\ef phenomena of a universe of ISO/TS 19150-1:2012, 4.10
discourse with an“underlying vocabulary including definitions )

and axioms that'make the intended meaning explicit and ISO 19101-1:2014, 4.1.26

describe phenomena and their interrelationships ISO 19154:2014. 4.16

ISO 19150-2:2015, 4.1.29
ISO/IEC 30182:2017, 2.11
ISO 19150-4:2019, 3.1.19
ISO/EC 21972:2020, 3.6
D8 formal statement of an understanding of the world ISO/TS 15926-12:2018, 3.1.3

Note 1 to entry: An ontology can be represented in any ISO 15926-13:2018, 3.1.19
language. It need not be represented in a language

specifically designed for ontologies, such as OWL. An ISO 15926-10:2019, 3.6
ontology can have different representations.

Note 2 to entry: An ontology does not specify what data need
to be recorded about the world.

Note 3 to entry: The ontology defined by this document is
principally concerned with the world outside a computer
system.
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No

Definition

Source

D9

formal, structured, and explicit description of concepts in a
domain of discourse and the relations between them in the
fields of knowledge management and artificial intelligence

Note 1 to entry: An ontology together with a set of individual
instances of classes constitutes a knowledge base.

ISO/TR 23845:2020, 3.6
ISO/TR 23846:2022, 3.5

D10

formal, explicit specification of a shared conceptualization

Note 1 to entry: An ontology typically includes definitions of
concepts and specified relationships between them, set out in
a formal way so that a machine can use them for reasoning.

ISO 5127:2017, 3.1.2.03]
ISO/TR 23262:2021, 3.12

D11

| bat 4 | i i ot b 4
ot harrepreseitS—aaoma— et ISHSeaoTeasSo—anotT

the objects in that domain and the relations between them

Note 1 to entry: This part of ISO/IEC 18384 is high level and
not meant to be used for formal reasoning.

D12

formal representation of a set of concepts within a domain and
the relationships between those concepts

Note 1 to entry: Ontologies are usually used to reason about
the properties of that domain, and can be used to define the
domain.

Note 2 to entry: Ontologies are usually expressed in a logic-
based language, but this is not a requirement, neither is the
need for reasoning capability. In addition to relationships,
classes, properties, instances and axioms can be used.

ISO/TS 15926-8:2014.2.1.21

D13

a lexicon of specialised terminology along with some
specification of the meaning of terms in the lexicon

Note 1 to entry: Structured set of related terms given with.a
specification of the meaning of the terms in a formal.Janguage.
The specification of meaning explains why and how.the terms
are related and conditions how the set is partitioned’and
structured.

Note 2 to entry: The primary component of a‘process
specification language such as ISO 18629.is an ontology. The
primitive concept is the ontology according to ISO 18629 is
adequate for describing basic manufaéeturing, engineering, and
business processes.

Note 3 to entry: The focus of @an-ontology is not only on terms,
but also on their meaning~Ah.-arbitrary set of terms is included
in the ontology, but these.terms can only be shared if there is
an agreement about their meaning. It is the intended
semantics of the terms that is being shared, not simply the
terms.

Note 4 to entry*~Any term used without an explicit definition is
a possible saurce of ambiguity and confusion. The challenge
for an ontelegy is that a framework is needed for making
explicit the meaning of the terms within it. For the ISO 18629
ontelagy, it is necessary to provide a rigorous mathematical
chanacterisation of process information as well as a precise
expression of the basic logical properties of that information in
the ISO 18629 language.

ISO 18629-1:2004, 3.1.17

ISO 18629-11:2005, 3.1.17
ISO 18629-12:2005, 3.1.17
ISO 18629-13:2006, 3.1.16
ISO 18629-41:2006, 3.1.13
ISO 18629-42:2006, 3.1.11

D14

Formal specification of a conceptualization, i.e., defining
concepts as objects with their properties and relationships
versus other concepts.

Rec. ITU-T Y.4500.12 (03/2018)

D15

An explicit specification of a conceptualization.

Rec. ITU-T X.1570 (09/2011)

D16

Following a more technical perspective, ontology can be
defined as a specification of the kinds of entities that exist or
may exist in some domain or subject area. Formally, an
ontology is specified by a collection of names for concept and
relation types organized in a partial ordering by the
type/subtype relation.

Sowa, J. F. (1995); Javier Lacasta et
al. (2010)
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