Digital Mobility Twin (DMT):
good decisions, better mobility and smaller footprint

Levende Abelsgate, Fagdagen, 1. sept.

Knowledge for a better world

Frank Lindseth, NTNU, Al-lab and MoST-Digital Technologies
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Helhetlig tenking..

Fremkommelighet

Mer mobilitet

Mindre biler, mer micro

Trafikksikkerhet
Baerekraft

Klima og natur

Jkonomi
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Agenda

Background

Digital Mobility Twin (collaboration and simulation
platform, value/phases, zoom)

« Base / Static (automate): infrastructure, road++

* Dynamic (real-time): traffic, counting (pedestrians,
cyclists, public transportation, trucks, private cars)

Data & Al: have (mobile), need, quality, value/insight

Today: understand, manage, optimise, automate and
control

Future needs and “What if’ scenarios, effect of

interventions, optimise, best decisions before building.

Stakeholder and citizen engagement, test options in
XR (walking, cycling, driving++)

Autonomous driving (training and validation)

Sustainability (KPls as part of the DT) and climate
adaptation / extreme weather (e.g. extreme rain,
floods, landslides)
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Background
Green2050, MoST, DTs
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Green2050
Centre for Green Shift in the Built Environment

doto O—0 =

Digital Resilience Mobility Resource Education
Infrastructure Efficiency

Green2050 - Centre for Green Shift in the Built Environment Green2050: Mobility
MeST



https://www.ntnu.edu/green2050
https://www.ntnu.edu/green2050/mobility

The lab will be a national force for research and
development of future-oriented, sustainable

urban mobility solutions IV og IE

«Beerekraftig
mobilitet som et

The lab will be a joint arena for
developing new and better work
processes, methods, systems and

solutions for urban mobility (modellering og

planlegging)»

The lab will develop knowledge related to digital
technologies, actors' needs for mobility and new
transport modeling methods

Hvordan understgtter Mobilitets Laben Miljgpakkens ma
Integrert transport og digital tvilling med sanntids data funksjon

Sammenkobling av fysisk rom transport behov med en sanntids Digital tvilling

Plattform for analyse av lokal vurdering av sosial bzerekraftig mobiltetsigsning

Medyvirkningsprosesser knyttet til byutvikling og valg av mobilitets |@sninger

Modellering av baerekraftig gods transport

Modellering av ikke motorisert/ mikro mobilitets I@sninger i innovasjons omradet

P3-3: Simulering i sanntids —ulik transport I@sningers innvirkning pa omradet

Fysikks roms pavirkning p2 valg av baerekraftig mobilitets lasninger

Modellering av beerekraftig motorisert passasjer transport lgsning

P3-2: Stor data fra trafikkmenster i omradet kombinert med Al og besluiningsstotte

P3-1: Dynamisk oppdatert Digital tvilling (data krav mm)

Integrert system — Teknologier og

/personers behov
og Krav til god

M < ST (Mobility lab)

IE og IV

«Digitale

mobilitet»
N

«Aktorer

Behov

mobilitet»

AD, SU, IV

Redusert
personbiltrafikk
(nullvekstmalet)

Feedback

Omréde 3

Omrade 2

Omréde 1

Autonomi
- helseatt Virtuell
Mikromobiliet byutvikling

Kunstig
intelligens

Rullebdnd

~

Snarvei
Undergang
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C Digital Twins (DTs)
— —— — —

a digital copy/model/rep. of a physical asset
(the PT) qo'[\‘n"ected through sensors and actions

Ny siete

|
» Shan WL

Alle sektorer: digital transformasjon,
digitalisering og Al, tilpasse seg en
stadig mer data-drevet fremtid osv.

Den digitale veien: like viktig som den
fysiske fremover.. (SVV: ITS tek.dagen)

Digital Vei Tvilling (NVDB++ -> HD-
map -> DT (data og modeller)) og
Digital Mobilitets Tvilling (vei + det
oppa, og land, sjg, og luft med
knutepunkter). Single source of truth
+ intelligens.

Digital Twins (DTs) = alle muliggjerende
teknologier:

Sensors / loT / 5G etc.
BigData/Datal.ake

Al/ML/DL

Vis / XR,

Simulation and Collaboration (flerfaglig)

KPIs, Cybersecurity, Privacy, Ethics++

Capability levels of Digital Twins (DTs):

Standalone (static)

Descriptive (dynamic, beskrive)
Diagnostic (forsta det som har skjedd)
Predictive (hva kommer skje)
Prescriptive (hva bgr man gjore)

Automated (automatisere)

Life-cycle: fra (for) vugge til (lenge
etter) grav. Faser: 1) Design and
Planlegging, 2) Bygging (simulering
og optimalisering), 3) Drift &
Vedlikehold (monitorering,
predikering, beslutningsstotte,
automatisering), 4) Riving, Gjenbruk
& Resirkulering.

Hierarchical: zoome inn/ut, oversikt
vs. detaljer. Vei: vei-segment, kryss,
tuneller og broer. (fra det & sta
virtuelt i et kryss a kunne observere
ulike alternativer til transport-
modeller for et storre omradet)



Mulige case:

« Hakon VlI-gate
 Nyhavna
 Bromstadruta
 Brundalsforbindelsen

PT-1 * Elgseter-gate
(closed area) ° Ny Campus NTNU
DI

*3 = (Digital Infrastructure)

Digital Twins (DTs)

DT-2

PT-2
(“living lab)”

(“living lab”)

Physical Twins (PTs)

Bird's Eye View Mapping Prespective View
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Design Operate
=
DTs: data, models, views and value “
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Stakeholder Engagement
« Planning & Visualization

Collaboration
g o Digital
™

Twins
For Road

Networks

Operations / Maintenance
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- , y Maintenance Planning :

—
- Portfolio Insights | ——
Verify Before Execution
- Performance Monitoring Aﬂ.ly‘i’
Remote Inspection T -

“TA

« Traffic & Pedestrian
Simulation

Construction

Digital Twins (Strategic research area, IE)
PERSEUS (Doctoral Programme, IE) e

Status Check

Digitale Tvillinger (EiT) 4D Modeling
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https://www.ntnu.edu/ie/dt#/view/about
https://www.ntnu.edu/perseus
https://www.ntnu.no/eit/tdt4860

Digital (Mobility) Twins

PhD 3-1: Baseline / Static DT (Collaboration platform,
research & industry together, integrating exciting data,
reality capture, rawdata-to-DT, viz/XR, what-if
scenarios, sustainability/KPls, etc.)

PhD 3-2: Updated / Dynamic DT (Static and mobile
sensors for harvesting data, communication/loT/5G,
receive, integrate and viz in existing DT, privacy and
data security)

PhD 3-3: BigData and Al (Al-based data-driven
decision-support and automation, knowledge from data,
predict ahead of time, DT for data-sharing (contribute
data and get info), integration of transport models)

PhD 3-4: Simulation and Autonomy (Simulation of
dynamic "what if" scenarios, autonomous driving in
winter using HD-maps/DT, fleet management, Al driver
validation)

PhD 3-5: XR & Viz (augmented reality, collaboration
and citizen feedback throughout the life cycle,
experience an intersection in XR (walking, cycling++)

N
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DMTs

« PhD _3-1: Baseline / Static L
research & industry together,
reality capture, rawdata-to-D1
scenarios, sustainability/KPIs

« PhD_3-2: Updated / Dynami §
sensors for harvesting data, ¢
receive, integrate and viz in ¢ Kimme Kansanen
data security)

 PhD_3-3: BigData and Al (A
decision-support and automa
predict ahead of time, DT for

Gabrriel Kiss Sachin Verma
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\ P Control / Autonomy

« PhD _3-4: Simulation and At
dynamic "what if" scenarios, ¢
winter using HD-maps/DT, fle
validation) - |

. PhD_3-5: XR & Viz (augmen- 'Frank Lindseth Florian Wintel
and citizen feedback throughc
experience an intersection in
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Build DMT: baseline / static

Infrastructure
Automate

Todlgfylk
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D1s: automatically generated

* Hight models

* Orthophoto
* Buildings (geometry)




DTs: Road network & Buildings

st

(¢) Building 3






DTs: HD-maps of roads




Elgeseter-ga with roads

Augment City++
(KPI overlay)




DTs: Road and Signs
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DTs: Roads, (Buildings), Car




DT: Live pos data from car




DIs: Animation




DTs: VR (XR)
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- Modular approach
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End-to-End apoch

Imltatlon Learnlng

DRIVE AV* DRIVE IX

Perception Mapping Planning Visualization Al CoPilot Al Assistant

DRIVEWORKS

Radys, Ly
IML/GPS, CAN

DRIVE OS
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LIDAR-Images
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DeepPrivacy?2



https://www.youtube.com/watch?v=fKmthmTmbjE
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NeRFs:
Future?
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https://www.youtube.com/watch?v=6lGMCAzBzOQ

. Early attempt
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“Block-NeRF:
Own in simulated environment
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“Block-NeRF”:
Own in real environment




“Block-NeRF”:
Own in real environment
(view-point on data capture border)
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In simulated environments?




Build DMT: updated / dynamic

Using infrastructure (Walking, Cycling, Public, Private, Trucks)
Automate
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Counting: Camera (vs. LIDAR)

* & Pedestrian = What the
: “ CAMERA sees

¥

What the
RADAR sees

L

| ‘(_ Pedestrian > What the

y B N 3 LIDAR sees

Bird's Eye View Mapping Prespective View




ounting: LiDAR
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Counting: Mobility data (tracking mobiles)

Reiser til Trondelag fra andre fylker. Bussrute/vegtrasé-planlegging.

Hvor skal folk som reiser fra ...?
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> Of course, many

other things can
Ferjeplanlegging.

_ _ be measured:
Hvor mange krysninger av Trondheimsfjorden hver dag. Eventplanlegglng? Hvor var folk 17. mai? - Weather
- og hvor skal de til og fra.
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Use DMT: Some examples..

Collaboration (Dynamic DT: how it is today): within MoST
(area 1/2/3) and externally (show, understand, discuss and
get feedback)

Simulate “what if scenarios” (to find the optimal solution
digitally before doing something physically with an area)

Decision support and automation (generate predictive
models from the available data streams and automate
processes, e.g. traffic management)

Carbon-footprint (build into the system, all phases, inc.
material for construction, operation and maintenance)

TeleDrive / Remote Control / Flatestyring (busses,
robo-taxi, car-sharing etc., monitor and take over if
needed, HD-map important)

Autonomous driving / operations (learn and agent/Al to
operate in a simulated environment almost identical to the
real, mange sma vs. fa store - ta vare pa i stedet for a
bygge nytt, ulike transport modi - knutepunkter)

Physical Twin (PT)
PT-1
PT-2

-
-
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"\ Control / Autonomy
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Actions/Info
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Data sources




Use DMT: Data -> Value

Decision support (human in the loop)
Automation

Miljopakken L] Trondelag fylkeskommune s TRONDHEIM
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Use DMT: People

Citizens, Stakeholders Engagement and Empowerment
(Walking, Cycling, Driving)
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Driving
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Use DMT: Al-agents

Autonomous Driving (RoboTaxis, LastMile)
Human vs. Al drivers
People (walking, cycling) vs. Al drivers
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g fylkeskommunel s TRONDHEIM
m E ¥ Troondelagen fylhkentjielte &) KOMMUNE @ N TN U



TeleDrive / Remote Control / Fleet management



https://www.youtube.com/watch?v=cehT9yf8Ljs



https://www.youtube.com/watch?v=vgot-CK1xRk

Agent: Train In Sim, Test Iin Real

W

time: 0.000C

on_rcad_prob: 1.00, red_light_praob: 0.00, step_sign_prob: C.C0
speed: 0.00, target_speed: 0.00

throttle: 0.00, steer: 0.00, brake: 0.00




Use DMT:

Resilience / Climate Adaptation
(klimatilpasning)
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Resilience / Climate Adaptation

e Extreme weather:
 E.g. Extreme rain:
e floods?

e |andslides?
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THIS 15 YOUR MACHINE LEARNING SYSTEM?

YUP! YOU FOUR THE DATA INTO THIS BIG
PILE OF LINEAR ALGEBRA, THEN COLLECT

THE ANSLJERS ON THE OTHER SIDE.
WHAT IF THE. ANSWERS ARE. WRONG? ) )
JUST STIR THE PILE UNTIL v
THEY START LOOKING RIGHT,

'. ' I |
Thank you for the attention
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