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ToC
⚫Background: W3C Smart Cities Workshop

⚫What is already done by whom in which area?

⚫What is still missing for expected Web-based Smart 
Cities?

⚫How to continue the discussion to resolve the gaps?

⚫New discussion group at W3C!
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Background:

W3C Smart Cities Workshop
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Difficulties with Smart Cities

• "Smart Cities" consists of (too) many stakeholders (vendors, users, 
governments, …) and technologies (Web, IoT, Software, Hardware, …).

• So strong need:

• To identify and document use cases and requirements that W3C 
specifications need to meet to support Smart City services and users,

• To obtain feedback from all the stakeholders on the usage of Web 
technologies for Smart Cities,

• To gather experts’ input on important features for Smart Cities based 
on Web technology, and

• To provide a forum for technical and business discussions related to 
Smart Cities.
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Smart Cities Discussion at W3C
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W3C Smart Cities Workshop in 2021

• Identify stakeholders of Smart Cities standardization to drive 
the development of Web standards aligned with the real needs 
of Smart Cities

• Clarify reasonable applications for Smart Cities technologies 
we agree to build

• See how to improve the draft Charter for the potential Smart 
Cities Interest Group for further discussions
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⇒ Workshop report:

https://www.w3.org/2021/06/smartcities-workshop/report.html

⇒ Draft Charter for a W3C Interest Group:

https://w3c.github.io/wot/charters/smart-cities/smart-cities-ig-charter.html

https://www.w3.org/2021/06/smartcities-workshop/report.html
https://w3c.github.io/wot/charters/smart-cities/smart-cities-ig-charter.html


Workshop Discussions – Use Cases

⚫Heng QIAN: The Uniqueness of Smart City ICT

⚫Peter Lee: Smarter Suffolk (UK) case study

⚫Josh Lieberman: Socializing Urban Digital Twins

⚫Daihei Shiohama: Publishing WoT use case for Japan Smart Cities

7

https://www.w3.org/2021/06/smartcities-workshop/talks.html#qian
https://www.w3.org/2021/06/smartcities-workshop/talks.html#lee
https://www.w3.org/2021/06/smartcities-workshop/talks.html#lieberman
https://www.w3.org/2021/06/smartcities-workshop/talks.html#shiohama


Workshop Discussions – Existing Standards

⚫Jerome Blum: ECLASS as a standardized Taxonomy, 

Terminology and Semantic for Smart Cities

⚫Clarissa Loureiro: Smart City Maturity Model for 

Developing Countries Scenarios
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https://www.w3.org/2021/06/smartcities-workshop/talks.html#blum
https://www.w3.org/2021/06/smartcities-workshop/talks.html#blum
https://www.w3.org/2021/06/smartcities-workshop/talks.html#loureiro
https://www.w3.org/2021/06/smartcities-workshop/talks.html#loureiro


Workshop Discussions – Web-based Approach

⚫Sebastian Kaebisch: Standardized Service Orchestration in Smart 

City

⚫Michael McCool: The Web of Things in the Smart City

⚫Andrea Cimmino: Shifting from smart cities to smart communities 

using Web technologies

⚫Jacqueline Lu: Transparency Interfaces for Everyday Places

⚫Dave McComb: Lessons Learned from Enterprise Ontologies to 

Smart Cities
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https://www.w3.org/2021/06/smartcities-workshop/talks.html#kaebisch
https://www.w3.org/2021/06/smartcities-workshop/talks.html#kaebisch
https://www.w3.org/2021/06/smartcities-workshop/talks.html#mccool
https://www.w3.org/2021/06/smartcities-workshop/talks.html#cimmino
https://www.w3.org/2021/06/smartcities-workshop/talks.html#cimmino
https://www.w3.org/2021/06/smartcities-workshop/talks.html#lu
https://www.w3.org/2021/06/smartcities-workshop/talks.html#mccomb
https://www.w3.org/2021/06/smartcities-workshop/talks.html#mccomb


Workshop Discussions – Cross-cutting Issues

⚫ Sisay Chala, Otilia Werner-Kytölä: Privacy-Aware Information Base 

in the Context of Smart Cities

⚫ Deborah Dahl: Intelligent User Interfaces to Smart Cities

⚫ Baoping CHENG: Multimedia communication technology reshapes 

smart home life

⚫ Kaz Ashimura: Data Governance for Smart Cities
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https://www.w3.org/2021/06/smartcities-workshop/talks.html#chala
https://www.w3.org/2021/06/smartcities-workshop/talks.html#chala
https://www.w3.org/2021/06/smartcities-workshop/talks.html#dahl
https://www.w3.org/2021/06/smartcities-workshop/talks.html#cheng
https://www.w3.org/2021/06/smartcities-workshop/talks.html#cheng
https://www.w3.org/2021/06/smartcities-workshop/talks.html#ashimura


What is already done

by whom

in which area?
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ECHONET
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W3C Web of Things (WoT) WG/IG 132023-11-27



W3C Web of Things (WoT) WG/IG 142023-11-27



IEC SC3D
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1. Machine-interoperable 
methodology 

2. Available for all ISO, IEC 
products and systems

3. Standardized product 
ontology DB
• https://cdd.iec.ch/

Dr. Lan YAMASHITA/ IEC SC3D Chair

IEC SC3D: Methodology and products ontology 

2022-09-14 W3C/WoT

https://cdd.iec.ch/


IPA DADC
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Copyright © 2021 Takenaka Corporation.  All Rights Reserved.

Use case : Smart Building（１）

WoT interface

EQ House :  Remote control by reinforcement learning
https://www.takenaka.co.jp/eq_house/

Digital Twin Application

1. Takenaka Corporation has developed a data platform 
for smart buildings using WoT.

2. Based on the lambda architecture which is a best 
practice for real-time data processing.

3. WoT is used to implement data models and APIs.
4. It is the foundation for many services such as energy 

management, AI control, personal control and digital 
twin.

https://www.takenaka.co.jp/eq_house/


Copyright © 2021 Takenaka Corporation.  All Rights Reserved.

Use case : Smart Building（２）

1. Must manage many devices and tons of 
associated measurement and control points.

2. It is impossible to write a TD for each device 
manually.

3. We must extend the original WoT API for 
batch property acquisition.

Building / Space Device Point

Space Graph / Data Model
TD from data platform / actual values



ISO/IEC JTC1
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2023-11-27 W3C Web of Things (WoT) WG/IG 21
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Pre-research and gap analysis

▪Standards needs and roadmap analysis for smart 

city standards from the ICT aspects

▪Data Use in Smart City

▪City digital twin and operating system

▪Unified Digital Infrastructure — ICT Reference 

Architecture

▪City Knowledge Trustworthiness Evaluation

▪ Terminology-Ontology in Smart City System

▪ ICT support  in Public Health Emergency



ITU-T SG20
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What is done by ITU-T so far

• SG20 – Lead group on IoT and Smart Cities & Communities
• Core IoT solutions

• FG-DPM (Data Processing and Management) 
• DPM framework, blockchain-based data sharing

• Web of Things
• Framework, architecture, WoT-based semantic mediation

• Data models (basic interoperability) 
• Semantics, things description, Web-based data model



What is still missing and to be done ?

• Smart cities ontology (semantic interoperability) 
• A common language and correlation 
• GOUI (Global Observatory for Urban Intelligence): ITU and IEEE Joint Collaboration

• Digital Twin for smart cities
• Model Digital Twin of City or town, based on the weighting their  priorities, as a 

unique Decision Support System 

• AI and data context 
• Artificial Intelligence of Things: CG-AIoT activities
• FG-AI4A (Digital Agriculture) 
• AI and Data Commons, Project Resilience

• UN - data and digital transformation strategies



OGC
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2023-11-27 W3C Web of Things (WoT) WG/IG 27



2023-11-27 W3C Web of Things (WoT) WG/IG 28



W3C
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Web as platform for data transfer
- Independent from devices or OSs
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Web standards applied to various industries



Problems of IoT silos
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WoT: IoT Inter-connection using the Web
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Unified vocabulary references by Thing Description
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Use cases

⚫ Vertical use cases
◆ TV industry
◆ Smart agriculture
◆ Smart buildings
◆ Smart cities
◆ Retail
◆ Traffic
◆ Smartgrid
◆ Education
◆ Medical care

⚫ Horizontal use cases
◆ Digital twins

◆ Multi-protocol integration

◆ Big data

◆ Lifecycle management

◆ Multimodal interfaces (improved UX)

◆ AI & Machine learning

◆ Edge computing

◆ IoT orchestration

◆ AR/VF

◆ Geolocation



What is still missing

for expected Web-based Smart Cities?
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Strong need for…

• Guidelines for real-world engineering
• Device discovery
• Inter-system binding
• ID authentication and management

• Data transfer and distribution
• Governance of data distribution - Security/Privacy
• Semantic interoperability - Standard vocabulary
• Catalog to start with the data search

• And more: e.g., Accessibility, Geolocation
37



How to continue the discussion

to resolve the gaps?
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“Digital Twins” as the Key Concept

During the discussions at:
• WoT standardization
• Smart Cities workshop
• Follow-up discussions at TPAC meetings

Proposal:
Let’s start with “Web-based Digital Twin”
as the initial target!
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Also, Need for Standardized Vocabulary

• Definition and References
• Ontology standards are provided by W3C:

• RDF and RDF Schemas
• Web Ontology Language (OWL)
• Rule Interchange Format (RIF)
• Data Catalog Vocabulary (DCAT)

• Proposal:
• Let’s have collative discussions at W3C as a hub to clarify 

what ’s done and what’s missing!
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http://www.w3.org/TR/rdf11-primer/
http://www.w3.org/TR/rdf-schema/
http://www.w3.org/TR/owl2-primer/
http://www.w3.org/TR/rif-overview/
https://www.w3.org/TR/vocab-dcat-3/


Smart Cities, Digital Twins, Ontologies and W3C
ー in an Ontology style ☺
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Smart Cities

Digital Twins

Ontologies

Various
SDOs, projects

Is referring to

Is generated by

DID
WoT
VC

Is an application of

Can be described
and
identified by

RDF, OWL, RIF, 
DCAT, SOSA, 

SSN, etc.

W3C

Consists of

Is standardized by

Is standardized by

Is collaborating
with



Note: Metaverse is an example of “Digital Twins”

• hypothetical iteration of the Internet
• as a single, universal, and immersive virtual worl
• that is facilitated by the use of
• virtual reality (VR) and augmented reality (AR) 

headsets

(Wikipedia)
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New Discussion Group at W3C

W3C Web-based Digital Twins

for Smart Cities IG
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To Establish a W3C Interest Group

• Discussion at W3C TPAC2023 Meeting in Sevilla (13 September 2023)

• Attendees including:

• SDOs: ECHONET, IEC SC3D, IEC SyC Smart Energy, IPA DADC

• W3C Members: Intel, Hitachi, NHK, KADOKAWA, Kodansha, Media Do, 
Siemens, Yahoo! Japan, Fundacion CTIC, Conexxus, GS1, Digitaal
Vlaanderen, INRIA, Gooloomee, Fraunhofer, Internet Research Intstitute

• Draft Charter (Planning Document):
• https://w3c.github.io/smartcities-workshop/draft-charter/index.html
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https://w3c.github.io/smartcities-workshop/draft-charter/index.html


Mission of the Group

⚫ to identify and document use cases and requirements that W3C 
specifications need to meet to support various services within Smart Cities,

⚫ to obtain feedback from all stakeholders on the usage of Web technologies 
for those services,

⚫ to gather expert input on important features for those services based on the 
Web technology, and

⚫ to provide a forum for technical and business discussions related to those 
services.

⇒ Key points:
• Involve actual stakeholders from not only SDOs but countries and local governments

• Multi-vendor mash-up for various industries, vendors and products

• Data governance to protect privacy and data trust
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Need to define “Web-based Digital Twins”

• Google’s comment: Define or remove "digital twins" #17

• Not objecting to create the IG itself

• W3C Web of Things WG’s definition as the basis:

(https://www.w3.org/TR/wot-architecture11/)

46

A digital twin is type of Virtual Thing that resides on a cloud or edge node. Digital 
Twins may be used to represent and provide a network interface for real-world 
devices which may not be continuously online (see also Shadows), may be able to 
run simulations of new applications and services before they get deployed to the 
real devices, may be able to maintain a history of past state or behaviour, and may 
be able to predict future state or behaviour. Digital Twins typically have more 
functionality than simple Shadows.

https://github.com/w3c/smartcities-workshop/issues/17
https://www.w3.org/TR/wot-architecture11/


A Possible Framework for Web-based Digital Twins

47

Managing devices and users using the DIDs:

• DID: Decentralized Identifiers

• IDs for identify devices and users

• Encrypted and distributed

• Blockchain is a possible system 
platform

• WoT: Web of Things

• Standard description for devices’ 
capability and behavior

• VC: Verifiable Credentials

• Standard description for users’ 
credentials

• Encrypted and self-sovereign



Web-based Digital Twins w/ State Machine
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Control virtual devices using State Machine

• Synchronize multiple devices and 
services based on the user’s need 
dynamically

• Integration of various devices and 
modalities

• E.g., speech interface and gesture 
interface within cars



Collaborative Discussions by related SDOs at W3C!
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W3C as the central hub

for the collaborative discussion

on the “Web-based Digital Twins”



May the Web standards be 
your companion helping you 
improve the world!

Thank you!
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