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Digital Twin Definition

“a set of virtual information constructs that mimics the structure, context,
and behavior of a natural, engineered, or social system (or system-of-systems),
is dynamically updated with data from its physical twin, has a predictive
capability, and informs decisions that realize value. The bidirectional
interaction between the virtual and the physical is central to the digital
twin”. (NAP 2024)

'VERIFICATION, VALIDATION, UNCERTAINTY QUANTIFICATION / ETHICS / SECURITY

FROM PHYSICAL TO VIRTUAL

Sensor fusion, data assimilation,
inverse problems

Physical Virtual
counterpart representation

Sensors and observing Modeling and simulation;
systems, data acquisition, artificial intelligence;
and data integration first-principles, mechanistic,
and empirical models;
and visualization

FROM VIRTUAL TO PHYSICAL

Automated control and decision-making

'VERIFICATION, VALIDATION, UNCERTAINTY QUANTIFICATION / ETHICS / SECURITY
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Digital Twins Explained (data view)
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Carleton University Campus
Digital Shadow
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Spatial Digital Twin

* Includes a specific spatial context and provide a dimensional and location-
based representation of assets, infrastructure and systems

« Various levels of accuracy, detail and aggregation

e It is multiscalar from buildings to clusters of buildings or other
infrastructure, networks, cities, countries and the globe

« Often used for planning, lifecycle management and monitoring

L Data Collection

Physical twin Digital twin
l Objects Q“!, Representative models

<’ Processes 5 Data management
O Systems 7>« Data analytics

L Information & Decisions 4—/

@®®@ 26/06/2026 I Trust AI Symposium in Ascoli Piceno 7
BY NC ND




Cooling Singapore — Digital Urban

Singapore-ETH Centre

Input: What-if
scenario parameters

Processing / Simulation:

Federation of Models

Climate Twin

Output:
Climatic Data
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Our Case Study Examines

A spatial digital twin for the architecture, engineering, construction and
owner operated (AEC00) sector in Ottawa, Canada that is based at Carleton

University

Assumption:

® a digital twin is one artifact under the authority of one organization.

26/06/2026
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What we thought we were studying

Physical twin

Spaces | Equipment |
Systems | Sensors |
Actuators | Applications

Real-time
information
interchange

Digital twin
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Condition monitoring

Real-time diagnostics

Predictive operations

..........................

Maintenance

Facilities Management

SMART
FM
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Joins 2 RESEARCH PROJECTS

Canada)

e Identify specific AI technologies that can

on records and archives;

development of responsible AI;

1.CUB4 Digital Twin Case Study - Archives 4.0: Artificial

Intelligence for Trust in Records and Archives, (UBC, PI Luciana
Duranti & Co-director Muhammad Abdul-Mageed, SSHRC Partnership Grant,

address critical records and archives challenges;
e Determine benefits/risks of using AI technologies

e Ensure archival concepts and principles inform the

e Validate outcomes through case studies and demonstrations Digital Twi

Studio (CIMS), Carleton University, Canada

2.0bject of Study - Imagining Canada’s Digital Twin Project, New
Frontiers in Research Grant, Carleton University Immersive Media

26/06/2026
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Imagining Canada'’s Digital Twin

Digital Twin

ICDT proposes a national, inclusive, and multidisciplinary research consortium for the creation of a

technical, cultural, and ethical framework for buiIding[Canada's digital twin.

We see this initiative as a

necessary next step in placing Canada at the vanguard of the digital economy. The scope for this initial

phase of research will focus on a digital twin of the built environment concentrating on Canada’s

Architecture, Engineering, Construction, and Owner Operator (AECOO) industry.
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CIMS National (spatial) Digital Twin Platform

DIGITAL TWIN COMPONENT: DIGITAL TWIN COMPONENT: DIGITAL TWIN COMPONENT:
PHYSICAL CANADA THE FEEDBACK LOOP DIGITAL CANADA
/ THE PHYSICAL ~ THE NON-PHVSICAL\“,
I NETWORKS & 1 Federal:
PROCESSES ; DEMOGRAPHICS ]
¢ 1 OPEN STATISTICS StatsCan
b 1 DATA Provincial:
: [ PEOPLE [HISTORV AND CULTURE : [ CLIMATE DATA Open Ontario > CcDT OT-FO!
! ; g AR o Mumipal: oKt OPEN-SOURCE oo
: poLICY ] LR “o\’g‘a@ DIGITAL TWIN
§ THE BUILT & 0‘00‘5 PLATFORM To steward
: ENVIRONMENT: ) Y\p.\‘eeo T fiolpitiony
|| BUILDINGS, ROADS, SUPPLY CHAINS ; DIGITAL TRA.",'].SFORMA;'SN oK DATAINTEGRATION LAYER = Promote
: HORIZONTAL &% OOC‘;’;:’H’;%,‘:;' a:? ;:,;’; ;f’ o W VISUALIZATION INTERFACE i?\ﬁeova?izi
: INFRASTRUCTURE L ECONOMIC & TRADE | v L AANTIES and long-term
‘ NETWORKS : public benefit,
i ] RRORRIEVARN STATISTICS BIM/ Gl and
; et | ORGANIZATIONAL/ EEeInED
1 THE NATURAL J i COMMUNITY/ DOCUMENTS POINT CLOUD the open-
4 ENVIRONMENT: INDIGENOUS ] S SURVEYS SENSOR DATA 0 g 5‘1”’09 4
: ] levelopmen
§ VEGEL"FT",?‘{“T‘;OD' = TERRITORIES 1 For Example: MULTIMEDIA  PHOTOGRAMMETRY zsi‘ commF:mi(y
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: TOPOGRAPHY : CLIMATE & : % z\e«:@ 2\0\4
] ] ENVIRONMENTAL ; o ?q.QP@{‘\GP
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Y b SYSTEMS y O% A Y\g\
ANALYSIS, INSIGHT,
DECISION-MAKING & POLICY INFLUENCE
Carleton
Immersive
A NATIONAL DIGITAL TWIN OF CANADA Hedia
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CS04 - Research Questions

1.If digital twins intermediate and automate
actions and decisions that affect people and
property, how ought records about those actions,
decisions and processes be managed and archived?

2.Can AI/ML enable that preservation?

3.And how would one archive AI/ML processes?
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We also wanted to know

The epistemic concerns of those involved?
« Architecture, engineering, construction, owner and operated (AECO00)
« Finance, builders, plant management etc.

Are Digital Twins public spaces? Public Goods?

What good governance practices from other fields can be considered?
Open Data? Open Science? Etc.

What data and technological politics are embedded in the system?
 Business models / governance models

« Institutions

« Public access & ability to use and contribute to?

« Governance

« Ownership

26/06/2026 I Trust AI Symposium in Ascoli Piceno
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4 Interrelated Theoretical Frameworks & Concepts

. Critical Data Studies (Kitchin & Lauriault, 2018)
. Digital diplomatics (InterPARES 1 & 2 Projects)

WO N =

. Social and Technological Data Assemblage (Lauriault 2022)

. Combination of technological Walkthrough (Light, Burgess
& Duguay 2018) w/ Digital Record Forensics (Duranti 26009)

26/06/2026 I Trust AI Symposium in Ascoli Piceno
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Hybrid Methodological Approach

« 13 semi-structured interviews guided by a survey instrument
designed to collect data and information from a digital
diplomatics and social and technical assemblage point of view.

« 4 technological walkthroughs/Records Forensics
« Carleton Immersive Media Studio
« Carleton University Facilities, Plant & Control Rooms

« Carleton Engineering Design Centre Building Labs
« Ottawa City Archives

« Mapped social and technological assemblages & sought records
« Validation of comparative analytical tool w/Archivists

26/06/2026 I Trust AI Symposium in Ascoli Piceno
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Carleton Aelta .. [ | =
| m m .e rS I V e ;D‘:“:G;u:c:m:anj ——— T Home > Planning, and > Developing.a property > Geomatic Services > Geospatial Analytics, Technology and €
Media

Studio

Geospatial Analytics, Technology and Solutions (GATS)

S . . . e

Advanged Occupancy
Sensing

a

Carleton University Fonds - Dominion-Chalmers United Church
Corporate Archives H
Clipboard

&

Holdings G

~ Fonds Dorr

Export
2. Dublin Core 1.1 XML
2. EAD 2002 XML

Finding aid
B Downlosd

Related people and

((Ottawa

Home > Arts, heritage and events > City of Ottawa Archives

City of Ottawa Archives

Building Pe submitted using the Pr Building Permit App Application Forms (& are
e city.

refully complete the application form and schedules. It is important that

veru- (@
Engineering Design Centre . Ottawa

Home > Planning, development and construction > Building and renovating > Building

Building permit approval process

26/06/2026 I Trust AI Symposium in Ascoli Piceno 18




3 %,

);é
@/\
PostgreSQL Q/
solacee ﬁ %
N

aws
2010

O VIVE Q

© oculus

Speckle
M se » Day,. X
. nro ¢ Y,
b De
4 slack Lidar s
- Laser BIM
Point cloud
. (\86 .ifc .dwg
(0(\6» Photogrammetry
& unity
@ ASM Geospatial  Static
UNBEAL .rvt Real-time

&esri &

What we observed at CIMS — Architecture View

7]

{4

0 D)
R REVIT Y ProtoPie

RNINOSEIOS Iy pynaMo sTUDIO

3 30s MAX
A®)blender
ArcGIS

FA\ Adobe ~2 AUTODESK

®pevoereim

Sor.
ly
or,

s

26/06/2026

I Trust AI Symposium in Ascoli Piceno

19




B %,
® %
% (owe g B @
solacee aws g /%'0/\ °°CU|u¢s R REVIT W ProtoPie
Rhinoceros
2 Tom| DYNAMO STUDIO
M Sspeckle I N D
o ta 3 sosuax
a work Pe. .
it slack Lidar s | @@esri @ viender
Laser B ArcGIS
Point cloud JA\ Adobe /2 AUTODESK
;\5\25 ife dwg
6\(; Photogrammetry @BHNDERB'M
& unity Sory,
an ASM  Geospatial ~ Static "are,p 2
\4:‘) ™t Real-time o, m;
UNREAL : - s

Asset Information

26/06/2026

I Trust AI Symposium in Ascoli Piceno

20




What we Experienced w/Owner operators
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Mutually Distinct Systems & Juridical Contexts
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What we thought we were studying

Physical twin

Spaces | Equipment |
Systems | Sensors |
Actuators | Applications

Real-time
information
interchange

Digital twin
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Condition monitoring

Real-time diagnostics

Predictive operations

..........................

Maintenance

Facilities Management

SMART
FM
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What we saw
Architecture/City - spatial

Physical & Digital &wa
Assets Replicas of Assets
— s e
n

Spaces | Equipment |
Systems | Sensors |
Actuators | Applications
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We also saw
Owner Operated - FM

Physical twn FM = Facilities Management
Assets
Condition monitoring
—-—
Real-time
information Real-time diagnostics SMART
interchange FM
Predictive operations
n
Spaces | Equipment | Maintenance

Systems | Sensors |
Actuators | Applications
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What is the record? Data, Logs,

Contracts, invoices,
receipts, etc.

Physical tws#-
Assets

Spaces | Equipment |
Systems | Sensors |
Actuators | Applications

Indicators Reports

Generated by the Archives

Sensors +
Decisions/Actions
seen in Seals &
Approval Signatures

Digital twsa-
Replicas of Assets

ot Vst Condition monitoring
Real-time '
information Wy Real-time diagnostics SMART
interchange o FM

=4a

. \_‘ Ne \_\ \-‘

Predictive operations

..........................

Architectural & engineering renderings
of assets - original data not the copies
of the assets rendered into a map etc.

26/06/2026 I Trust AI Symposium in Ascoli Piceno

26




CIMS National Digital Twin of Canada
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Bidirectional?

VERIFICATION, VALIDATION, UNCERTAINTY QUANTIFICATION / ETHICS / SECURITY

FROM PHYSICALTO VIRTUAL

Sensor fusion, data assimilation,
inverse problems

Physical
counterpart

Sensors and observing
systems, data acquisition,
and data integration

FROMVIRTUALTO PHYSICAL

Automated control and decision-making

Virtual
representation

Modeling and simulation;
artificial intelligence;
first-principles, mechanistic,
and empirical models;
and visualization

VERIFICATION, VALIDATION, UNCERTAINTY QUANTIFICATION / ETHICS / SECURITY

26/06/2026

I Trust AI Symposium in Ascoli Piceno

28




Geospatial Data Infrastructure

Richard Groot and
John McLaughlin

GEOSPATIAL DATA
INFRASTRUCTURE

CONCEPTS, CASES
AND GOOD PRACTICE

Complex network of:

e institutional

« organizational

« technological

* human and economic resources

which interact with one another to underpin the design,
implementation and maintenance of mechanisms that
facilitate the:

 sharing

 access to and

« responsible use of data

for a specific application domain or enterprise
Infrastructures are viewed as a legitimate function for
government support, because they provide a common,
consistent infrastructure upon which a variety of
government, private sector, economic, academic and
community activities can take place.
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Social & Technological Data Assemblage

Social and technological open data assemblage

Context
System/process i frames the system/task
performs a task H

Systems of Thought (open government, data as a discursive regime, &
new managerialism, evidence informed decision making)

Reception/Operation (user/usage) smart city, precision agriculture, in
a data brokerage firm, as part enterprise architectures. Forms of Knowledge (Open Data Charter, indexes, playbooks, roadmaps,

digital strategies, barometer)

Interface (government website, application, dashboards, maps) |

Practices (hackathons, inventories, citizen & resident engagement, open

Code/algorithms with purpose)

(software, open source, proprietary source, machine learning, artificial | : : i

intelligence, algorithm) | Finance (budgets, ROI, business models) |
Portal (Ckan, Tableau, Socrata, Fed.era'l Geographic Platform,, archives, Political Economies (proactive disclosure, business registries, spending,

repositories) procurement, open by default)
Data(base) (structured, unstructured, semi-structured, object oriented, Governmentalities & Legalities (standards, licences, copyright, PIPEDA, | i The Future
big data, re:?\l—tlme data, sa’gelllte data, formats, distributed & EU-GDPR, OCAP Principles, ITK National Inuit Strategy on Research ) H of Open Data
centralized, BIMs, traffic management systems etc. ) : ~ -~ o s OB o .
Organizations & Institutions (National, provincial/territorial, country Tdted by Pameta Robemon
Classification (ontologies, semantics, NAICS, metadata, Linked Data) and city governments, TBSC, OKF, OGP, consultancies, First Nation and Terena Scamss

Treaties, First Nation, Metis & Inuit communities)

L\._)"I/f ¥ L\ L

. X C°dT Platform . X included Subjectivities & communities (scientists, policy makers, smart cities,
(operating system)d(Prllmej, Oracle, IZIsn;;)IIBML,BSSIegsgs, Cisco include HH private sector, special interest - GODAN & IATI, users, information
open and closed source code, AMIS, ’ , etc.) management and IT, CEOs/CDOs, First Nation, Metis & Inuit peoples)

Lauriault, T. P. Looking

Marketplace (ingested by data brokers, re-used and combined with Back Toward A “Smarter”
private data, geodemographics, data analytics, grants, procurement)
Open Data Future,

Material Platform
Infrastructure, hardware, cloud, stacks, data centres, sensors, internet
of things (loT), broadband, networks.

Places (government offices, cities, conferences, geodata) |
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| Trust Al - RESEARCH QUESTIONS

1.If digital twins intermediate and automate actions and decisions
that affect people and property, how ought records about those
actions, decisions and processes be managed and archived?

® The parts and not the whole

® Code, AI/ML and the data

® Transactions/Actions - Juridical actors

® Platform - Enabling document? Bounded variability?

2 .Can AI/ML enable that preservation?
« Sure, but of records, maybe not the publication

3. And how would one archive AI/ML processes?
« Stay tuned?
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CSO4 Digital Twin CS Team

Tracey P. Lauriault, I Trust AI Lead, Associate Professor, Critical Media and Big Data, School of Journalism
and Communication, Carleton University

« Anna-Lena Theus, PhD Candidate at Carleton University (Project GAA)

®* Carleton Immersive Media Studio (CIMS)

* Stephen Fai, Professor cross appointment in the Department of Civil and Environmental Engineering, the
Institute for Comparative Studies in Literature, Art, and Culture, and the Azrieli School of Architecture
and Urbanism; Director of the Carleton Interactive Media Studio (CIMS)

®* Mario Santana Quintero, Professor in Architectural Conservation and Sustainability Engineering
®* Nicolas Arellano, PhD Candidate

®* Building Science Engineering and Sustainability Engineering
®* H. Burak Gunay, Assistant Professor in Building Science, Department of Civil and Environmental Engineering

®* Liam O0'Brien, Professor in Architectural Conservation and Sustainability Engineering, PI the SUSTAIN
Project (Sensor-based Unified Simulation Techniques for Advanced In-Building Networks) project at Carleton
University

®* Carleton University

®* Travis Kinnear, MLIS, Digital Archivist, Corporate Records & Archives, University Secretariat, Carleton
University

®* Chris Trainor, Archives & Special Collections, MacOdrum Library
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