-
.

A
i

terate

te-
t

ima
resil

ien
connected

cl

W

Uk o
TS & S
by G
wa F 2

C =

= = ®= -
- -
— Qg =D
Nt = 5 0
=L L G5 & B :



HFT Stuttgart iCity projects
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EMOA4iCity
Emission-reduced mobility as part
of iCity

UDiGit4iCity

Urban digital twins for the iCity

Streetmoves4iCity SenSim4iCity DiaOpt4iCity
Streetmoves for the intelligent city =~ Sensors and simulation for energy  DIAgnostics and OPTimisation of
efficiency and the environment building structures and heating
networks

Ziele und) |lx
Fragen.

------

"4 :

=

Sensoren4iCity

CampusLabord4iCity
Network of autonomous sensors for Data security measures for iCity data Campus as a transdisciplinary
recording environmental data flows experiment

climate-literate
resilient
connected



Gartner Smart Cities Hype-Cycle 2024
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EXPECTATIONS

> CitiVerse

Time To Plateau Will Be Reached: ( O <2ys. ) (@ 2-5 yrs. ) (0 5-10 yrs.> (A >10 yrs.>

Smart City Regional Governance
Smart and Sustainable Building
Circular Supply Chain

Intelligent Connected Infrastructure
Artificizl General Intelligence

Urban Mining

Smard City as a Service

Smart City

Edge Al
Greenfield Smart City Framewprk

Energy-Water Nexus

Smart City Operations Center

Developmen:

Edge Computing
Intelligent Street Pole
Urban Data Exchange

5G
Common Data

Environment for BIM
Digital Twins of
Government

Water Managemen:
Analytics

Digital Ethics

Smart City Framewor

Urban Sustainability and GOP28
Civic and Community

-~

g

Last-Mile

Microgrids

ared Mobility

Delivery Sclutions

As of July 2024

Innovation ()
Trigger

Transportation
Strategy
Peak of Inflated (O Trough of ®
Expectations Disillusionment
TIME

Slope of &
Enlightenment

Plateau of (O

Productivity




The goal: closing the gap between real and virtual worlds INSTITUTS FOR oo EE™
HFT STUTTGART

Manual typing
Things

Digital Twins
Metaverse of

Embedded
Systems
Internet of Things

Speech to text

«Q
Q
©

Based on: Elgar Fleisch, Friedemann Mattern, Stephan
Billinger (2003) Betriebswirtschaftliche Applikationen des
Ubiquitous Computing: Beispiele, Bausteine und
Nutzenpotentiale
https://www.alexandria.unisg.ch/server/api/core/bitstre
ams/172b8eaf-679a-4886-98a2-e0bde3c0b2c2/content

|

0

Human intervention needed : No human intervention
I needed

Human reactivation




CitiVerse: Opportunities and Challenges (1)
Findings from literature and interviews
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EDIC* Framework Interoperability Visual Urban Planning

Literature

Interviews

Agreement

Differences

- Multinational projects/EDIC
bundle investments

- Participation generally
positive, but depends on
funding & coordination

High
- Interviews emphasize the
following conditions: long-

term staff, federal
coordination

- Open standards
- Shared architecture
- Knowledge transfer

- Strong focus on development of
standards & interoperable solutions
- Breaking down data silos; closer
collaboration between departments

High
- Interviews add: access to sensitive

data only for authorized users -
shared use of base data

*CitiVerse European Digital Infrastructure Consortium (EDIC)

- Better decision-making through
visualization & simulation

- 3D simulation improves decision-
making & participation

High

- No specific differences

Ahmet Pala @ HFT Stuttgart: Master Thesis on "Potential analysis of the 'Initiative Networked Local Digital Twins towards the CitiVerse' for

German cities"

11. November 2025



CitiVerse: Opportunities and Challenges (2) N T Eh R g i,
Findings from literature and interviews HFT STUTTGART

Immersive City Offerings (XR) Efficiency & Cost Benefits Digital Sovereignty

- XR/VR in education/culture/
Literature participation, but broad
implementation still pending

- (Need for) concrete examples of - Promotion of European values &
savings companies, technology openness

- Visualization & immersion

: - Large cities save through better
increase acceptance among the

- Open source approach as a

Interviews obulation due to bractical planning and targeted resource use S ————
. p. . P - Small cities benefit indirectly
participation
Agreement High Medium High
Differences - Interviews mention - Interviews differentiate benefits - Interviews specify open source
implemented applications by city size and level of maturity in the local government context
6 Ahmet Pala @ HFT Stuttgart: Master Thesis on "Potential analysis of the 'Initiative Networked Local Digital Twins towards the CitiVerse' for 11. November 2025

German cities"



Choosing the right approach, when there are INSTITUTEFOR | _ o™
>600 loT initiatives and frameworks? HFT STUTTGART

IoT SDOs and Alliances Landscape

(Vertical and Horizontal Domains)
Source: ETSI TR 103 375 (2016)

" /Buildi Manufacturing/ Vehicular( Farming/ SmartM2 M; IQT Standar.ds I.an_clsca pe and
ome/Building Industry Automation Transportation Healthcare Energy Cities Wearables Agrifood future evolutions, https://aioti.eu/wp-
: content/uploads/2017/03/tr_103375v01
> g~ sercos o 50 & =3 a
(g:\n.e c‘?.fumum\ Y m\ G- 'Onso cole \ (g3 IEC ) @Erﬁ-_,‘ (E \ OW'\ @ i 0101p-Standards-landscape-and-future-
L B8 upnp - = Pl 8 E}%R s y 5, | | GENELEC - ¢IEEE . evolutions.pdf
: : | ¢ S fcen 2 P
wmc [SITC =) mm.,® CENELEC SIEEE @ g @m @ 22 @.2'.’:. m
£ . s Gl | |avew _ IHE - PIEEE ceneLee b I Guid dard ded
0 = deClss’ ginl | . .- o I xood uidance on standards neede
- s | (CI | | aoicow 2= || e
'l e “SIEEE @ IO-Link (A} | | Open Automotive Allance wrieam | | == fian e ¥ IEEE
o g | Sugpg oo A | | %5 o,.:'.'lff.'_* X1 o= || Oiamees e o
i g , Samem—e besmce s CENELEC
C AIOTI O ) Q:AIOYI e \g"rf;m:;';;«'—,\“ﬂg y, ::,:E:: "; oo (’;"\H “ AlOTI ‘ua‘l-on Discussion key-note: Uckelmann, D.
' & £, & Y, &_ﬂgy '& o ‘g Y (2024) Why providing a
;- — doatoq  WIRELE comprehensive loT education is
L’;g&gi' . T e WS(‘ @ - OAsIs| ~ [O’I ‘{d ‘ impossible — but we should
: @ x @ o (=] . ¢|EEE x@ 1 -8 nevertheless strive to do so. Key-Note,
"i"" ' form ” S 2‘/ ( @ Alliance ()/”” a International Conference on Smart
LoRa > g — _-_a_C__I‘_._ss_ :loaw O BO ......... v Te Ne-loT Technologies & Education (STE2024).
\_ - rfsrum ©Bluetooth - - @m . 6.-8.3.2024, Helsinki, Finnland.
Horizontal/Telecommunication

Source: AIOTI WG3 (IoT Standardisation) — Release 2.6

Remember: the original idea of the IoT was to have ONE! Internet of Things.




Do you know this landscape for CitiVerse standards?
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Painting the landscape of standards for Citiverse

Public
Intell Self Ro- Safety & J
Virtual . ‘ Transp Driving ) botics £ ] & Remote
Culture . ‘ Syst A Vehicle ‘
& ¥ Sustain .
Tourismal -ability '

Edu- Assist-

cation / ance
Cloud & Interactivity
Simulation

' Extended Economic Online
- i ive- 5 T i
Edge Cyber immersive reality ransactions
o 2 security ness
and Connectivity Computing
Prediction

Crypto in
(VR, AR, MR) currency g
&
Networks

shopp-

Privacy, Computer !magg,
; Vision & Graphle,
: Ethics & v 4 S Multimed
Blockchain Trust ' BUASELION Processing
&
DLT
Haptics & Accessibility
Wearables &
Inclusion

Gami-
fication Chatbots

Local Digital Twin Local Digital Twin

Local Digital Twin
Local Digital Twin Local Digital Twin Local Digital Twin
Internet of Things
Geo- Sensors Cameras l Environ- Digital Energy I Demo- Govern- 2iias Citizen . . Accessi- Sy .
3 & & A Infra- i gency Historical % and Economic
spatial : mental Roads & J Consump ictire graphic & ment Seivices Feedback Data bility P rtaon Bata
Data |Actuators Photos Data Transport J§ tion Data Data Social Datal Records Data Data Data Datag

Kung, A., Myers, J., Lahrin, T., & StandICT .eu. (2023). Report of TWG CitiVerse: Standardisation
Landscape for CitiVerse. Zenodo. https://doi.org/10.5281/zenodo.10262579



https://doi.org/10.5281/zenodo.10262579

Abstracted CitiVerse layers (as is) N T Eh R g i,
HFT STUTTGART

* Next-gen urban digitalization

combining Smart Cities & Application Areas
Metaye € Metaverse & CitiVerse Core Functions
* Multi-layered framework
integrating loT, Digital Twins, XR, Local Digital Twins | Local Digital Twins | Local Digital Twins
Al

* Focus on immersive,
interoperable, and participatory
environments

( | —\|

Data and Sensor Layer

 What’s missing?

Traboulsi, S.; Uckelmann, D. (2025) CitiVerse: From Semiotic Theory to S|mp||f|ed |ayered model based on StandICT (2023)

Interoperable, Human-Centered Smart Cities. 31st International Conference on

Engineering, Technology and Innovation (ICE), Valencia. 16.-18.6.2025. Standa rdisation Landsca pe for Citiverse




Benchmark: Stamper’s Semiotic Ladder (1973)
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Stamper’s Semiotic Ladder serves as 3
benchmark for IT frameworks

SOCIAL WORLD beliefs, expectations, commitments,

Human information contracts, law, culture, ...

functions

PRAGMATICS intentions, communications,

conversations, negotiations, ...

SEMANTICS meanings propositions,

validity, truth, signification, denotations, ...

The IT

platform

SYNTACTICS formal structure, language, logic,

data, records, deduction, software, files, ...

EMPIRICS pattern, variety, noise, entropy,

channel capacity, redundancy, efficiency, codes, ...

PHYSICAL WORLD signals, traces, physical distinctions,

hardware, component density, speed, economics, ...

10




Contribution to Track 7 paper on Global Digital

CitiVerse Framework

Human

Trust, Inclusion, Collaboration, Accessibility, Human Interactions, Inthe 100p  gocial

Ethics, Evaluations, Community, Social Engagement

input

APP"Cation ____U____ "‘I
Pragmatic:
————————————— taverse Compone TTTT T T T T
_______ | \
i i 1
mu & Economic Transaction I
- Cloud & Edge i . 1
Connectivity & Cybersecurity Blockchain & DLT ificati I
e Computing Gamification | :
Computer Vision Image, Graphic, ! I
& Visualization Multimed Processing : 1
S
I
I
|
/

Digital Twin

(Syntactics, Semantics)

A Empirics A ]

— e I —— — e
Get : Citizen o L
spatial Traffic Cultural Emergency Demographic Energy Environmental Feed- Economic 1

3 Data Data e Heritage Services Data Consumption Data back Insights )

Traboulsi, S.; Uckelmann, D. (2025) CitiVerse:
From Semiotic Theory to Interoperable, Human-
Centered Smart Cities. 31st International
Conference on Engineering, Technology and
Innovation (ICE), Valencia. 16.-18.6.2025.
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Global Digital Citiverse Framework

Contents

Abdelhameed Mohamed Foreword by Anish Sethi . 3
Mohamed Mohsen Foreword by Ernesto Faubel -4-
Jun Li Executive summary -12-
Zh |h an Lyu Chapter 1: Vision and Rationale of the Citiverse -14-
D ieter U C ke lma nn Chapter 2: Urban Challenges & Technology Impact Zones -25-
Chapter 3: Data Governance & Ethical Stewardship -31-
Chapter 4: Technical Backbone -40 -
Chapter 5: Landscape of Citiverse Standards -64-
Chapter 6: Infrastructure & Technology Readiness -79-
Chapter 7: Citizen Experience & Inclusion -87-
Chapter 8: Pilot Case Studies & Global Lessons -98-
Chapter 9: Sandbox Environments & Prototyping Ecosystems... -102 -
References -106 -
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Phase

Number Phase Name Fundamental Question

What physical assets, connectivity infrastructure, and data
City Assets and Connectivity  standards must be deployed across the city to enable real-
time sensing and seamless data integration?

What data management infrastructure, processing
capabilities, and analytical tools should be established to
transform raw data into actionable intelligence?

Data Aggregation and
Processing Hubs

What operational platforms, visualization tools, and
Citiverse in Operation governance mechanisms are required to monitor, manage,
and optimize city functions in real-time?

Technical recommendations for each phase are listed in the document (f.e. pointing to ISO, ITU and
other established standards)

13 11. November 2025



Example
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13 Integrate AI/ML platforms for
predictive analytics, anomaly
detection, and automated
decision support

When real-time data analysis, ISO/IEC 5339 Artificial
predictive modeling, and anomaly intelligence - Guidelines for
detection are required to optimize Alapplications

urban services and governance,

anticipate incidents, and enable

automated decision-making

Suggestion 13: Integrate Al/ML platforms for predictive analytics, anomaly detection, and automated

decision support

The integration of artificial intelligence (Al) and machine learning (ML) platforms into city operations and governance enables proactive and adaptive
decision-making. Predictive analytics can anticipate traffic congestion, equipment failures, or energy demand spikes before they occur. Anomaly detection
improves resilience by identifying irregular patterns such as water leakage, air quality deterioration, or cyber intrusions. Automated decision support then

allows city managers to take timely action, reducing human error and improving service delivery*.

One of the related standards is ISO/IEC 5339, which provides practical guidance for applying Al technologies across domains, focusing on governance,
transparency, and implementation best practices. It is particularly relevant for ensuring that Al/ML platforms used for anomaly detection and predictive
analytics in cities follow trustworthy and standardized approaches®®.

One of the related case studies is in Helsinki, Finland, where the city has applied Al-driven predictive analytics to optimize public transport operations. By
analyzing passenger flows, weather conditions, and traffic patterns, the system forecasts demand and adjusts bus and tram schedules dynamically. This
reduces congestion, improves service reliability, and enhances commuter satisfaction. The project highlights how Al/ML platforms, when responsibly

integrated, can transform city operations by enabling proactive interventions rather than reactive responses?®’.

14

11. November 2025



Suggestion: an iterative Citiverse development model INSTITUTE FOR ez
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Human in the Sensors
loop actuators, data
_ _ storage
Social sensing

Middleware
oy \F/)\?ysllc;:agl‘ (e.g. cleansing,
OCla or 5 :
filterin
Data 8)
CitiVerse
applications
Pragmatics Empirics
Digital .
Twins Syntactics
Semantics
Data

Traboulsi, S.; Uckelmann, D. (2025) CitiVerse: structure
From Semiotic Theory to Interoperable, Human-
Centered Smart Cities. 31st International Mash-ups erab'\\\\\]
Conference on Engineering, Technology and \ntefo‘)

Innovation (ICE), Valencia. 16.-18.6.2025.

Single Digital

s Twins Meaning
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Schellingstr. 24
70174 Stuttgart
Mail: dieter.uckelmann@hft-stuttgart.de
Web: www.uckelmann.com

LinkedIn: www.linkedin.com/in/dieter-uckelmann
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