Backward vs Forward Looking

DECISION SUPPORT

Digital Twin Evolution

NOW

Operational Twin with

PAST

ones

Operational Twin —
Stage #2

Provides the most recent status of

the physical observed object. Data

model is flexible, manually loaded
and based on pa. jour

Status Twin — Stage #1

Provides the most recent status of
the physical observed object. Data
are limited, manually loaded and
based on past behaviour

INSPECTION

Operational Twin with

Events — Stage #3
Add ML capabilities to identify past
events trends so to predict future

Simulations — Stage #4
Process and or systems simulation
(what-if scenarios). Analytics might

Autonomy

Twin with Business
Models — Stage #5

OUTCOME FOCUS

Autonomous Twin —

NEXT HORIZON

FAST REASONING



Digital Twin Concept

ACTUATING
SENSORING

ONSITE

COMPUTING INTELLIGENT COCKPIT

PHYSICAL SPACE, the ,,Smart Object” VIRTUAL SPACE, the ,,Digital Twin”
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Applications of Digital Twin Technology in Automotive Industry

INTELLIGENT DRIVER AUTONOMOUS HEALTH MONITORING BATTERY C CONVERTERS AND

ASSISTANCE NAVIGATION * Entire Vehicle MANAGEMENT } INVERTERS

* Vehicle Interaction * Motion Planning Health Monitoring SYSTEMS * Non-Invasive
Analysis * Propulsion Drive * Vehicle Breaking * Smart Charge Diagnosis

* Vehicle Safety Control System Health Control * Life-Accelerated
Insights * Automated Motion Management * SoC, SoH, and RUL Testing

* Decision Making Stabilization * Electric Motor * Vehicle to Grid * Present
using Deep * Predictive Motion Health Monitoring Automation Degradation
Learning Modelling * Vehicle Tires Health Estimation

Management * Remote
Troubleshooting

CONSUMER
DIGITAL DESIGN AND CENTERED
MANUFACTURING DEVELOPMENT

* Flexible-cell
Manufacturing
Realization

* Product Efficiency
Optimization

* Virtual Passenger
Comfort Testing

» Safety Contingency
Empirical
Development

* Rapid and * Virtual Test Drive
Sustainable Design Experience for )
Assessment Potential Consumer g



Digital Twin in Vehicular Social Edge Network Concept
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Informs

. Contributes to
Project
Informationa

Sustainable
Criteria

Sustainable Digital Twin (SDT) Framework

Asset Information Cloud Storage and
Model Database

Sensors

(GV)

Data Collected

Updates
Sustainable Rating

Promotes mo
sustainable
behaviour

re |
é User
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>

Actuating

Asset



Wearable Data Processing Lifecycle

Data
Collection

Data Pre-
Storage Processing

Data Data
Processing Transfer

Computing
Paradigms




Sustainability

Predictive mobility and autonomous motion control

QUICK-WINS

Autonomous EV

Propulsion Drive
Energetic Macroscopic
Representation Using FPGAS

Automated Electric

PI control

Discrete Event Simulation, Machine-
to-Machine Logic

EXPERIMENTAL

Focus: Single Vehicle vs Fleet/Ecosystem

TARGET

Mobility Behaviour

M r

tion Predictive

Statistical Modelling from
correlation to historical datasets

INTERMEDIATE



Digital Twin in Vehicular Social Edge Network LSTM Approach
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Location

Charging

History

v

Intention
Detection

Chained Recommendation Sample Concept

SoC and State
of the EV

Surrounding
Environment

User’s Profile

v

Warning Levels
Classification

HIGHT

Distance

Charging Rate

Parameter Matching

ji

MEDIUM

Preference /
Convenience

Time

Price

il

LOW

Traffic Load

Weather Conditions

1

Level 1

Level 2

—> Output

Level 3



Domain Event

Actor

Command

Aggregate

External System

Hot Spot

Policy

Read Model

An event that occurs in the business process. Written in past tense.

A person who executes a command through a view.

A command executed by a user through a view on an aggregate that results in the creation of a domain event

Cluster of domain objects that can be treated as a single unit.

A third-party service provider such as a payment gateway or shipping company.

Hotspots are used to visualise and capture hot conflicts. Conflicts caused by, and not exclusive to, inconsistencies (in
language), frictions, questions, dissent, objections, issues or procrastinating going deep to explore for later.

In essence, a policy is a reaction that says “whenever X happens, we do Y”. Eventually ending up with in the flow between
a Domain Event and a Command/action.

his represents data that may be critical for a user or system to make a decision. | have not seen this one used often, but it
can be helpful when there needs to be an emphasis on what data the user sees
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» Embedded Software Firmware
» Over-the-air (OTA) updates

» Automatic Device Configuration
» Container

Sensmg
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O& W Actuation
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End Device

> Light Digital Twin / Analytics

> Light Real Time Services

» Light Real Time Visualization

» Product2Product Communication

» Collaboration

» QoS Controlling

» Data caching and short term
storage service

» Container

o
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Nano Edge

®@

Edge

» Digital Twin / Advanced Analytics

» Advanced Real Time Services

» Advanced Real Time Visualization

» Collaboration and Control

» Data caching and mid-term
storage service

» PaaS

» Task Management

» QoS Provisioning

Cloud Continuum

Fog

» High Performance Computing

» Al Model Development &
Distribution

» Batch & Long Run processing

» Large and Scalable data storage

» Extended Native Cloud
Architecture Platform

» Enterprise Architecture

@ca @
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Cloud

* Computational Power
* ,Infinitive” Data Storage
* Integration Services



Unfinished Product

This is the physical part of the Unfinished Product. It
mainly provides actuating and sensing/telemetry
functionalities. Based on firmware embedded technology.

Unfinished Product Managing

This is the meta part of the Unfinished Product, the smart
product. It address the where, what, how, when real time
question on the Unfinished Product key metrics. Based on
firmware embedded technology or container [advanced].

Unfinished Product Consuming

Experience

Provides the Customer Social Graph and the Customer
Relationships Trends & Insight . It spans across all the
Cloud Continuum scaling capabilities, speed and depth
optimizing the underneath available resources.

Unfinished Product Digital Twin -
Low Fidelity

Lightweight DT of the Unfinished Product implemented at
the edge (ideally nano). Powered by Al/ML able to provide
what-if limited scenarios with an agreed minimal accuracy.

Container based; the model is trained elsewhere.

Social Relationship & Local Smart

Area

It is defined by the social interactions the owner of the
Unfinished Product established as well as the dependencies
between Unfinished Product themselves. Powered by
AI/ML able to provide what-if scenarios with good
accuracy. Container based; the model is trained locally or
elsewhere.

Unfinished Product Ecosystem Peer
Unfinished Product

Another Unfinished Product of the ecosystem, act
independently and collaborate in a topology based on mesh
and peers. The Unfinished Products exchange value The
collaboration is happening at least at edge level.

Unfinished Product Ecosystem

Composite Unfinished Product
Another Unfinished Product of the ecosystem, The
Unfinished Products creates value together thanks to a
dynamic topologies and common objectives. The
collaboration is happening at least at edge level.

SEONCRG

Workshop Digital Twin

Meta space symbiosis engine by performing simulations of
the workshop operations. Powered by advanced Al/ML
model. Real-time is not the primary requirement.

Design & Research Digital Twin

Meta space symbiosis engine by performing simulations of
the experiments, trends and predicted outcomes. Powered
by advanced AI/ML model. Real-time is not the primary
requirement but some specific scenarios.

Workshop

This is the physical and meta space where manufacturing
operations and product quality activities are formulated

and performed. Use AL/ML models and HPC computing
processes. Requires large resources and scale. Develops
the intelligence models deployed to the ecosystem DTs.

Governance

It does engage the federated computational governance.
Distribute the intelligence models and policies to the
ecosystem DTs. Requires a Central Cloud like scale of
resources. Real-time is not the primary requirement.

Smart Post Sales / Circular Economy

Management

It handles the challenges of circular economy and the
marketspace that can be built around the Unfinished
Product.. Use AL/ML models and HPC computing
processes. Requires large resources and scale. Develops
circular models deployed to the ecosystem DTs.

Design & Research Lab

This is the physical and meta space where innovation
hypotheses are formulated, and experiments are
performed . Use AL/ML models and HPC computing
processes. Requires large resources and scale. Develops
the intelligence models deployed for experiments DTs.

Unfinished Product Digital Twin —
High Fidelity

Advanced DT of the Unfinished Product implemented at
the edge and/or fog. Powered by Al/ML and potentially
cognitive services, able to provide what-if advanced
scenarios with an agreed minimal accuracy. Container

based; the model could be trained locally (edge, fog,
Cloud).



Actuation Commands

SYMBIOTIC RELATIONSHIPS

Scripting & Notifications Rule Based Decisions Cognitive Decisions Human In The Loop

Assets Quality Inspection

Mainly machine to machine interactions focused on operations and
connected products firmware embedded capabilities.

End Device

Real, Time
Sovereignty
Localization

Multi-Platform
Mainly machine to machine interactions leveraging the Social loT
enabled by the engaged digital platforms.

) Infrastructural Sensors
Sensing ! : ! ! ! ! .
ainly machine to machine collaborations based on intelligent models / decision tree
interactions via DTs. Humans are notified and engaged in case of crisis situations.

1

o

o) _

& Human Collaboration

a» Partnership between a human and digital platform. Computational resources are substantial but not infinitive.

Intensive Analysis / Historical
Trend Analysis

Actuation
System of Systems

Complex partnership between a human and various digital platforms. Computational resources might be intensive with high degree of

int +1
Iegratiornris

Nano Edge Edge Fog

Cloud Continuum

Cloud

* Computational Power
* ,Infinitive” Data Storage
* Integration Services



