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The Active Data Era

Hyper-connected
73.1 Zettabytes

of data will be generated from
connected loT devices by 2025."

Hyper-speed

Hyper-distributed
75% of data

will be created and processed
outside a traditional centralized
data center or cloud by 2025.2

1.8B 5G L.&

worldwide connections, with top

speeds up to 20 gigabits-per second,
will be achieved by 20253 100x

consumption
by 2030.4

1. IDC, loT Growth Demands Rethink of Long-Term Storage Strategies, 2020
2. Gartner Predicts the Future of Cloud and Edge Infrastructure, 2021

3. GSMA, The Mobile Economy 2021, 2021

4. |IOWN Global Forum 2020

Courtesy — Dell Technologies
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Capacity by 20304 by 2030.
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Innovating with Digital Twins™
to Optimize Car Performance

AL \eC O3

McLaren?

>300 13,000

SEeNSors

pieces of information

Split-second

« Reduce F1 car build times from 48 months to less than 12 decisions

* Developed the P1 Hypercar in half the time and half the

cost of industry standards (60 to 24 months; ~$1B to The faster we get data, the faster we can design and
<$500M) engineer components. As a result, we can deliver changes
trackside, optimize the cars and ensure we get the best
* Leverage data from the track for analysis to make racing results.
in-race decisions on car setup and race strategy Edward Green

Principal Digital Architect, McLaren Racing
D<A LTechnologies




April 2022

L 10T ANALYTICS

Your Global 10T Market Research Partner

Emerging loT Technologies Radar 2022

2-way BMI
(Brain Machine Interface)

Far on the horizon . /
Quantum Comp. o)
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.Wireless, batt(ﬁree Sensors\ab

Automated ML

Years out
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Data Ecosystems “

Deep Learning

Serverless/Faa$S
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ML-optimized Gateways /’
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Unsuperv. ML .Neurosvnaptxc Ch\ps

(;loud-native Application Design Edge Data Centers
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Cloud-natiue Data Warehouses . Chiplets \ a -‘p
loT AR Technology . Biodegradable
\ Sensors
Mlcra E)ata Centers | \
! . Cloud connected Sensors
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i © | 2022 Emerging

7 7\7 eSIM .
\‘ moo Technologies

- \ Radar for loT
Projects

Source: Emerging-loT-Technologies-Radar-2022-vf-min.png (4729x2488) (iot-analytics.com)

@ Cloud Computing @ CPUs
@ loT Platforms @ MCUs
@ Containers @ GPUs

@ Supervised ML @ Security Chips

@ loT-based Streaming Analytics @ Edge Gateway

® edge Al ® rra

® Real-time Databases @ ASICs

. loT Marketplace Intelligent Sensors

. Edge Data and App Platforms

Disclaimer: The 2022 Emerging Technologies Radar for loT projects represents the
analyst view of the loT Analytics’ research team under the disclaimer that, depending on
the context, the classification and perception of the project may be different in reality.
loT software refers to middleware, analytics, storage, platforms, and applications. The
only relevant positioning of each topic is its distance to the center. The positioning on the
axes plays no role.

Source: loT Analytics Research—April 2022. We welcome republishing of images but ask
for source citation with a link to the original post and company website.



Digital Twin Adoption is Accelerating

« Aerospace

« Transportation
« Automotive

« Construction
 FinTech

* Energy

« Manufacturing
» Healthcare

« Pharmaceuticals
« Security




Foundation:
Digital Twin
Definition

A digital twin is a virtual
representation of real-world
entities and processes,
synchronized at a specified

frequency and fidelity.

digital twin.
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ﬁl Physical Environment

Physical Processes Physical Twin

Physical operating
State

) { Virtual
Informatlonl \ Environment

Synchronization
At Twinning Rate

Digital Twin

Synchronization

3. Intelligence
At Twinning Rate

N
Data R T
Virtual Processes ="
Digital State

Information

5. Management

6. Trustworthiness




Model and Simulate

The Tesla Model Y Digital Twins for benchmarking and cost reduction strategies. - Bing video 8




Every Tesla has a Digital Twin

Instant Identity — Situational Awareness

The digital twin is composed of three components i.e. physical entities in the real
world, their virtual models and the connected data/view that tie the two worlds.

- -

https://blog.contus.com/digital-twin-solution/ 3 : 9




Advanced Digital Twins: Physics Simulation and Virtual Sensors

Digital Twin of Inverter

Health Vehicle

o bower Physical Sensor: indicator Status
gz p) Temperature, stress [ ]
inverter : © ( [aXnl

(mechanical) 32 )
fa ® +
) =
- Al: —
[=
E — Health
& estimation P .
. derived data = rognostics
Operating Data: Temperature, stress . < management

Current, Voltage Virtual Sensor:

|n F|e|d Mathematical model o oo Dot
External Data: on measurable Data

U se Vehicle Temperature

Phase Model AL

Al:
development [ Fault detection @ Health
& recognition estimation

Design Phase 3D Physics Model

Lab Te 5
of HP inverter ab Tests Behavioural Data

Field Data aiotplaybook.org 10

Source: Digital Twin 101 - digitalplaybook.org (aiotplaybook.org)




Production Optimization in Harsh Environments with - -

Low Latency, High Fidelity Use Cases




Digital Twin for Quality Control

®

Ability to detect product

quality issues
o Understanding the
process variables
o Understanding hardware
and software interaction
with process performance

INDUSTRIAL
APPLICATIONS OF

MACHINE LEARNING

High speed thermography analysis. Process Max fault detection: 3s



THE ACTIVE DIGITALTWIN FOR INDUSTRY 4.0

COLLECT COMPUTE VISUALIZE PLAN ANALYZE SIMULATE MODEL RESPOND PREDICT

”Only w:th a d:g:tal twm in place, can government agencies
effectively analyze what can be done with the data and improve
citizen living, create economic opportunity and revitalize a closer

< community,” Thomas Pramotedham CEO of Esn Smgapore
i b
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DAQ Bridge Model Estimation

+ Data is extracted from accelerometers and/or inclinometers located at the
bridge beam

* Once impulses are detected a
* The objective is to record impulses created by normal traffic over the bridge proprietary online model estimation

algorithm is applied

Accelerometers

zaxis

= Natural frequency and damping factor
values are estimated as the best

af Y |

Accel Ch 1

y e
| |“‘ ™ '-"*“ &
wow s m

1B ws e ws 7 ws
Time (hours]

dynamic description of the bridge

" * This dynamic description is the first odes | Damping Period

e " 7 : factors[%] Comp.[s]

= step of the bridge digital twin s 2 {:5 °rT': .

o b ¥ . \ 4 -0.4£27.31 1.50 0.2297

T micci) -1.1£49.41 2.39 0.1270

-2.2483.71 268 0.075
Bridge Digital Twin oo
Bridge Health Monitoring Bridge Health Analysis

* Bridge Digital Twin is created using clustering techniques

singleimpuls

e response chocolog St (Aces! 12 ads)
pairolpoles 3 Biling 98 4955

«\- I

lHvlv!‘;l"m*.w.\mmwmw

* This digital twin should include the bridge normal behavior during specific time
span, i.e., week, month, year.

Impulse Extraction Data Clustering

Parameter Estimation

* idealized example

has changed its response over time

o By its value
o By its trend

Impulse Extraction

Data Clustering

* Once digital twin is built, it can be compared to new data to see if the bridge

* The comparison is done online producing a unique KPI that could be analyzed:

mzu
e

* PoC done in three bridges
olocated in the U.S.A.
* Detection of outliers
oThat could be correlated to
abnormal traffic
* Trend analysis
oThat could provide bridge
degradation information
oHigh sensibility: it can correlate
weather effect on the structure




XMPRO

Nov 2019 vs May 2020

~184hrs of preventable borer downtime S N i N
“identified worth ~44k product tonnes !’ =W RE

KN T
‘/02

lv“:&' éd ;E" —

o

-cg-, '.w”“ .

fC E?@. “ ". A"i\“ﬂm\ FY"‘

< \

(RN
/ \;a_u



S4m PdM - Underground Long Conveyor

Q)
Challenge

Reduce long conveyor
(underground) downtime by
30%

Conveyors

Solution

XMPro monitor 52 (80+km)
conveyors and predict fluid
coupling and lagging failures

CUSTOMER STORY - Mining

Pumps

~184hrs of preventable borer
downtime identified worth

Fans

Y/

Benefits

~44k product tonnes

Management

Measures of Success

Time to value - 30 days to deploy initial release

* Integration with OSlsoft Historian and Oracle EAM

+  Complex Engineering models

+ predictive analytics executed at 2 sec intervals

*  30% reduction in conveyor downtime due to fluid
coupling failures add $+4m in revenue

Always On, Situational Awareness

» 52 long conveyors in series

*  Monitored and analyzed every 2 seconds

* Real-time dashboards with notifications

»  Drill-down for decision-support and automation

Expert Knowledge Capture

+  XMPro Recommendations capture
expert knowledge on maintenance best practices

* Replaced ad-hoc Bl style Excel (.xIs) analysis with
continuous analysis and notifications for reliability
engineers to prescribe appropriate actions

*+ Recommended actions incorporated into
predictive/prescriptive maintenance processes

16
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AMPRO

Mining Value Chain Health

Daily Production Target

55

Target 60

Daily Value Chain Health

Clearing &
Raking

53

Stripping

52

Ripping

51

Load

49

Monthly Production Target

1650

Terget 1 500

Haul Inventory
Mine

48 47
498

Crude Ore
Dump

47

49.7

Beneficiation
or Crushing

47

49.6

Train
Load

47

Quarterly Production Target

4 832

Target 5 400

Rail
Cycle

K tonnes

Trail Stacking
Unload

495

O Search everything

Everything

RATOR

0 @ m R D‘W{armr ‘?‘i

Annual Production Target

19328 "

A
—
Target 21 60D
B Actua Targel
Inventory Reclaiming Ship Load Ship
Port Loading Planning Scheduling
5 2
50 51 47 47 45 € E
S s
B =
a £
49.4 49.4 49.2

Grade in
Al203

Top

5 Most Frequent Bottlenecks

Daily Target vs Actual K Tonnes Shipped

Exe

cutive Recommendations

Grade out of spec - crude ore dump

Stripping

Trail Unload

Crushing

Haul

Avg % Off Target

- 22%

-18%

-13%

-11%

-9%

Alerts

25

21

Check ripping geolccation data to mine plan

O 512021 09:50 AM

[7] Crusher 1 & 5 maintenance schedule conflict

Change maintenance schedule to remove conflict

High frequency of pit exit alarms detected
Review mobile fleet schedule

021 12:40 PM
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Functional visibility

"haracteristics

» Functional E2ZE ecosystem visibility

-

]

E2E Visibility &
control tower

Integrated end-to-end visibility with
cross-functional real-time
dashboards

ed parameter setting and

End to end
digital twin

Design flexible, cost effective,
and resilient supply chain
ecosystems

Prescriptive recommendations
based on Al

Scenario capabilities spanning

Digitally
enabled &
autorjomous

» Self healing master data and

planning parameters

» Digital twin orchestration of

supply chain with continuous
planning

» Enterprise level digital twin

and synchronous collaboration

» Clear reporting and analytics

» Balance cost optimization, risk
mitigation, and growth

Linear supply chain

» Early warning system with clearly

defined alerts

Respond to global shocks and
shifting customer demands

the entire supply chain
Integrated optimization tools to

optimize key supply chain
parameters in real-time

Networked ecosystem

Source: Can a supply chain digital twin

make you twice as agile? | EY - US




Digital Twin
for

Efficiencies
in Business
Operations

Customer

. Information
Experience

Systems

Digital Twin
of

Numamimakiam
viydilicatvii

The internet
of things

Data and (loT)

Analytics

Ecosystems

19
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Digital Twin Growth by Type

2021 . 2031

44%, Organization

39% Composite

23% Discrete loT
60% 30% 0% 0 30 60
CAGR (2021-2030) Revenue (in Billion USD)

The market for digital twin software and services is expected to reach global revenue of
$183 billion by 2031, up from $9 billion in 2021.

Source: Gartner Dec 2021, Digital Twin Revenue Opportunity Projection (adapted) Digital Twin Strategy To Execution Pyramid | XMPro Webinar



Our Family

OMG

mm Object
Management
Group.

digital twin.

CONSORTIUM

AREN

Standard
O Vi Sengeres
[ ]

Organization.

An OMG Managed Community I
Health

Consortasm for information & Softmare Qualey =

[

|| R

CO

Responsible.
Computing()
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digital twin.

Digital Twin Consortium Steering Committee

Ansys /\ AUTODESK. D<&LLTechnologies
Johnson ﬂ)) (

Controls

Microsoft NQRUAROPN

22



Improving Interoperability

We are ensuring digital twin models
interoperate throughout your product
lifecycle

We are influencing the requirements
for digital twin standards

We are developing best practices for
security, privacy and trustworthiness

We are creating a library of reference
implementations for digital twins

We are providing frameworks to
better work across the digital
twin technology stack

Consortium Focus

Accelerating the Market

+ Our members are benefiting from a neutral
ecosystem to drive industry collaboration

+ We are helping our members to
combine their resources, therefore
reducing their risks

- We are learning from shared use cases

- We are reducing the skills gap and
involving employees from various
departments in the proper
consortium group

- We are influencing the solution
roadmaps for digital twin vendors

- We provide access to the world’s
leading experts throughout
your digital twin journey

digital twin.

CONSORTIUM

Demonstrating the Value

We are fostering the development of
a collaborative environment for
open-source code

We are enabling our members to
learn from experts

We developing use cases and applying
them to your industry

We are accelerating your project
investment

We are working to help you
maximize quantifiable outcomes

We are helping to influence the
direction of the market and get

your project online faster
23



_digital twin.
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Standards and best practices

« DTC is not a standards body, however we are part of the
OMG umbrella

+ We work to align with standards bodies to evolve existing
standards

* These collaborations provide recommendations for
interoperability and standards requirements

* Joint DTC-IIC Interoperability Working Group
« Open-Source, Standards Requirements, and Platform Stack
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Academia &
Research

Develop digital twin
program

Accelerator program
POC, Pilot Programs
Educational collateral

Healthcare &
Life Sciences

Predictive and
Preventative

Healthcare
management

Medical devices
Patient journey
Pharmaceuticals

Aerospace & Defense

Assets -Land, Sea, Air
Dev Sec Ops

EOL Extension

Logistics / Management

Supply Chain and Value
Chain

Manufacturing

Manufacturing
equipment

Industrial Automation

Additive
Manufacturing

Product development
Supply chain

Working Groups

Architecture, *
Engineering,
Construction &
Operations (AECO)

Smart buildings to Cities
Greenfield to Brownfield
Lifecycle - BIM to Twin
Operations / Maintenance

7’1\*7 Mobility & Transport

Transport - Autonomous
Vehicles / Systems

Operation/ Management
Vehicles, People

Infrastructure, Corridors

Airports, seaports,
Rail/Trucking

Supply chain Operations

Agriculture, Food &
Beverage

Agriculture (field to fork)

Aquaculture (ocean to
plate)

Supply chains,
Value chains

Harvest to Process -
Delivery

Natural Resources
Oil & gas
Mining
Alternative Energy
Renewables
Waste Management
Environmental Impact

* Initial Working Groups at DTC Launch

digital twin.

FinTech
Transactions
Governance
Compliance
Risk Tolerance
Risk Management
Access control

*

Capabilities and
Technology

Terminology /Taxonomy
Technology (Horizontal)

Security &
Trustworthiness

Frameworks,
Full Stack Platform
Ref architecture



Cross-Collaboration

Member Directed

Innovative.
Collaborative
Demonstrative

AECO

(Built
Environment)

Working Group

FinTech

Working Group

Aerospace and
Defense

Working Group

Natural
Resources

Working
Group

Capabilities
&
Technology

Working
Group

Mobility

Transportation

Working
Group

Manufacturing

Working
Group

Healthcare and
Life Science

Working Group

Smart
Agriculture,

Food
&
Beverage
Working Group



Capabilities & Technology Working Group

Capabilities Characteristics

Digital Twin Maturity Security
& & Environmental, Societal, Governance
Assessment Trustworthy

Composable o R
Fran’:ework Reliability Sustainability

Digital Twin System
Reference Architecture Safety Circular Economy
&
Open Source

Resiliency Reusable
Technology Spotlight
Interoperability Scalable
Technology Showcase
Privacy Repeatable

Value Innovation
Platform

28



Terminology, Taxonomy, Technology

Security & Trustworthiness Terminology

Trust Vectors Demonstrator

Trust Vectors Whitepaper

Criteria for inclusion of terms

Description Objective: Descrtio Objeite
I Atechnical whitepaper describing the 1.Promote the Trust Vectors concept to
Live demantration of commercialy avalable Lshow that the idea s practcal and ROl principles of Trust Vectors In some detall business and use case level stakeholders {ig digital twin Does the definition/entry...
echnologies that can be used to implemen positive for business stakeholders B e st acort ‘ " aaS&T Rost i et o twi : . : -
e o ol s gt g o ST v i il ) T vlo nthe formof soicatio hat o bl n s conn dcanany?
assessment and dynamic risk management 2.5park imagination of the vertical WGs ’ 2.Grow acceptance of the language of Trust « Solve a terminology problem for the author of a digital twin use case?
for Digital Twin systems. As well as explaining the abstract concept of Vectors and Zero Trust in the general R + “Ineed a term that means.
3.demonstrate in a strong forum (exp - Q4 Trust Vectors there will be more concrete ‘community, to aid communication and reduce
Underpinned by principles of dynamic member meeting)

contents including:

fear of adoption
connectivity and zero trust security, the

demonstration proves that the ideas

= “Ineed to clarify which possible meaning of __ that I intend.”
technical write-up of the demonstrator

* Is the term too domain-specific?
+ Aworked realworld example 3.Show to stakeholders outside the DTC that GLOSSARY OF DIGITAL TWINS « E.g. “bridge abutment”, “rotator cuff”, “supply chain, “financial asset”
discussed in the S&T group are practically Get Involved: « An explanation of how system Trust the DTC has a strong model of trust and ; p .
achievable and can be built inta the software Vectors can be composed from system security for Digital Twins that is practical and ;. L = Is the term too implementation-specific?
. e * If you would like to find out more about the " iy for D1y B o p
stacks and operating models of all Digital Twin Trust Vectors Demanstrator, then please reach components real-world-ready. — In this implementation, we use a ‘sensor sync event queue’”
use case verticals outto the Chairs — Jon Geafer et Involved:

+ I you would like to find out more about the

* Unnecessary terms dilute the value of the glossary.
« Increase authoring effort
+ Increase maintenance costs
* Reduce “value density” in the final product

Business Maturity Joint DTC-IIC Interop Platform Stack, Open Source &
Standards Requirements

SoS Constituent Relationships

Anto Budiarco, CEO Padi, Inc. Jan/19/2022

c b fonshi Platform Stacks Deliverables

Relationships Systems are faceted.

For ey types of

information to be exchanged between them in diferent use cases, different circumstances, and
entially constantly changing dynamic systems

n D e,
Business/ Digital Twin  [NDELTY Passport, Plot Lioanse, . When the polla ston him on the Feeway,he Use Case Mapping Dochl{ment Reference
v har Ucense. fat & Fing Sohool, he willshon hs Pt License. These ae all“standard”and accepted —————— Architecture
Maturity Level 1 » vetted by the TAC onto the reference seription: Document nmereyme
= = In s ArchtETE capabilty perodicfab and
flexible, and composable way to communicate metadata about the entities. The proposed seybjiciiesiniiisn referencing the IIC work including
e © Key Objectives) lestones: Inkegration Sevice lvectaces things like the RAMI architecture’
of replacement. N latform. Welk-equipped to  market for technolog Jlace. Business s equipped * Review the EcolCafe project
s¢ofTechnology forschrroprsll Lt R Rt vhartrn it i g c o cP)is model in . " L Key Objectives/Milestones:
e technoogy, o boptiml pe . [ei— an SoS. Each CP prescribes a set of Properties thata Client and a Server system each need to R ol ol e | : * Wiy the ey clements o b ncorporated,
provide whs of d by a Broker. The ¥ SRR Ik ! el P —
e Hroker « Setof use cases mapped oo the
oy g o L st pevbooporchin | o
[rp— vk veoned, | sdvoniont Deliverable Lead(s):
Ol Tresd etentpodus S e pelas Lo e s s e " . A Deliverable Lead(s):
docs S— SR " David Mckee.
Target Completion Date: -
Sudget Alocation izet Corpletion Date:
- arker eptember fotiat
Interoperability (System of eaa oy
Systems) - - L ot mauios I () W= Next Steps/Timeline: Next Steps/Timeline:
Nounderstandingof  Limited dighal skls & Mainly relant on extemal oG skl & A Sabernt s Bt mete: i, Wt s communcatcn, pe/T i H:s /'lsldra
Diitlsils & capabites el et i Tt s Ayl et o o8 e ety Use Cases = — _ :
= | S . amber e
oot
O e e open source projects
et ota

‘Operation Diagram of Connection Profile Mechanism




digital twin.

Capabilities Periodic Table

Composable Framework:
An innovative framework for
delivering digital twin projects based
ON use case capabilities

Provides a foundation for an emerging marketplace
Enables development teams to collaborate, design,
and build

Architecture and technology agnostic

Accelerates digital twin adoption
requirements definition framework.

Aimed at organizations who want to

Dm":;zs”t‘f;:"" & Svgé::f‘:hzi‘a E"‘?ﬁ’:’:ﬁff‘;“'"‘ Edge Al & Intelligence Prediction Basic Visualization Dashboards
design, develop, deploy and operate digital . o 5 . . 7
I Eng. Sys s
Data Ontology ng. System Comman lecontral Machine Learning Advance d Continuous

tWi ns ba Sed on use case ca pa bl | |ty Streamin g Management Integration S ML Visualization Intelligence

35

1 19 31
Data Digital Twin (DT) OT/loT System Artificial Intelligence Prescriptive

2 @ @
reau | remen tS (Ve rsus th e fe atU res Of Transformation Model Repository Integration Orchestration Al Recommen dations b R
quirem p 5 . ) . 5
. pata Olffnstance ! Alerts & Notifications Federated Learning Business Rules ity el BPM & Workflow
te C h no I Ogy SO | u t ion S) Contextualization Repository Visualization
.
. s 2 » » 37 @ )
Bateh Poscesning e o hoe Collab Platform Rerring . Distributed Ledger & Augmented Reality Gaming Engine
Integration Smart Contracts AR Visualization
G 2 28 3 a8 “ s
Data Storage & Data Analysis & Mathematical
X API'S Virtual Reality VR D Rend
Real-time Processing Aeimteies | APIServices et e Composition irtual Reality 3D Rendering
7 15 sa s s ) 51
Data PubSub Push it EGE s Device Management Event Logging Data Encryption Security Safety Gamification
Repository
s s sa 57 s e @
Data Aggregation Al Model Repository System Monitoring Data Governance Device Security Privacy Reliability Resilience
O Data services O Integration Q Intelligence O wx O Management Q) Trustworthiness

30



Dimensions

Frameworks

Business Maturity Model

60% S —
=
20% 40% -

% ===

Master
e T’;;m,. ”’Pjogresslve Mature

>90%

Strategy & Ambition

Strategic vision, digital ambition, strategic planning and alignment.

Leadership Style and skills to lead the organizational transformation.

Culture, Change & Openness, innovation, collaboration, change resistance and management and
Capability digital capabilities and skills.

Operating Model & Processes description, operating model agility and how decisions are made.
Process

Standardization

Digital Twin Models, external data sources, intelligent services and digital thread.
Technology

Periodic Table

Composable Capability Table

Excel Toolkit

User Guide

CONSORT

User Guide

digital twin

Digital Twin Capabilities Periodic Table

A Dightal Twén Consortium Technical Document

UM

Technology

Technology Spotlight

digital twin.

Technology

Bullings as Battaries Use Case —

The Digital Twin Consertium'’s Technology Spotlight
John Reynolds, gl FractalGrie

initiative provides members with the epportunity to
present their thought leadership and work going on
with Digital Twins to the rest of the Membership.

%2 Digital Reflect

Your presentation will be promoted and recorded so it
can be added to our Technology Spotlight Repository
that is available to all Members.

Presentations|

This initiative:

Frovides Members with the eppartunityto Submit your request here
presenttathe restof the £onsortium
, Creates a repositary of presentations avaliabie
ol Mambers
) Pramotesthe Membershig’s theught leadership
¥ in Digita Twininnavation

Reference Library — Use Cases and Case Studies

Technology Showcase - Initial Use Cases in Progress

Healthcare & Life cience Infrastructure
* Buildings as Batteries
i v SOAT Mras gt *  Health assurance Buildings
o emimieryin e Sleee 2
3 Baniorlivigf rsing Fecbtation ikl fe el

Natural Resources

+ WaterMansgament

* CorbonSequestration
* Windfarm Dperations

Manufacturing NIobAity Financial Technology
o [ : Intellgant Trarsport T ik
il ;f;?"::mwm 3 E":j[‘;‘:’r:::';lmm + OperationalResliency

+ Carbon Credit Futures:



CONSORTIUM

Opportunities for Collaboration

Working Group Deliverables include but are not limited to:

Industry Use Cases /
Round Tables Case Studies

White Papers Tech Briefs Webinars Frameworks




d Ig Ita I tWin . ABOUT US WORKING GROUPS INITIATIVES RESOURCES MEMBERS Q

CURRENT SHOWCASES

Welcome to the digital twin industry’'s definitive use
case reference library

> Buildings as Batteries

» Ecolcafé: Realizing Industry 4.0
Using Open-Source

> Upgrading Emergency
Communications Services

> Scope 3 Carbon Emissions
Reporting

> Manufacturing Quality Control Via
Remote Operator

The Technology Showcase is a living journal that chronicles the evolution of digital twins. Here, you



Healthcare & Life Science
*  Long-haul COVID Management
*  Bio-mimicry in Life Science
*  Senior Living / Nursing Facilitation

Manufacturing
*  Industrial Automation
* Al Realtime Quality Control
*  Supply Chain Composability

Infrastructure
*  Buildings as Batteries
*  Health assurance Buildings
*  Emergency Services

Mobility

* Intelligent Transport
*  Smart Corridors
*  Fleet Charging Stations

Natural Resources

*  Water Management
*  Carbon Sequestration
*  Windfarm Operations

Financial Technology

. Financial transactions
*  Operational Resiliency
e Carbon Credit Futures



HOME » INITIATIVES » TECHNOLOGY SHOWCASE » BUILDINGS AS

Buildings As Batteries

BATTERIES

OBJECTIVE

To develop and provide an energy
infrastructure to enable rural and
campus communities to achieve
energy security and meet renewable

energy goals.

VALUE

* Operational Resiliency
s Optimized Energy

e An innovative approach to digital twins that enables
decentralization of power grids at unprecedented
speed and scale.

DIGITAL TWIN ROLE

s Performs autonomous

monitoring and analysis . ) o o
o This use case provides optimization of the power, thermal, and related aspects for campuses and buildings. Through
* Enables efficient load

: decentralization, the distribution of energy can be performed at scale. This allows unparalleled energy redistribution
balancing and storage
« Provides prioritized real time speeds and enables the solution to scale up to cities and states.

optimization of energy

consumption DOWNLOAD THE TECHNICAL SUMMARY

The solution provides templates for enabling mass customization at scale, allowing for continuous improvement based
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Accelerator Program

Companies Involved

GeoPlasma Research Directors

David Johnson BSEE
Argos.VU Inc.

Founder/l er

Virtual Reality/XR Research

Bruce Leybourne MSc.

Stellar Transformer Technok
Founder/Owner
Business Development

Geoplasma Research Medical Device Development

Institute Simulation Design and Analysis
Researcher

Dirsctor
principal Investigator

Experiential Developer
3D Engine Design

DTC 2022
Long Beach, CA
| Q2Meeting

U.S. Naval Oceanographic Office
Stennis Space Centre
- Geophysics Department

Columbia University
Senior Executive Program
Florida Institute of Technology

International Gravity and Magnetic Specialist
« Offshore oil and Gas Surveys

GPU Pipeline concurrency
HLSL, c++, c#, 3D modelling and animation

Use Case Overview

GeoPlasma Research Institute

Transforming how we look at LIVE DATA

* Geophysical Monitoring as a Digital Twin in Virtual Reality

rs ization of LIVE Stream of Solar El
Geophysical Monitoring Stations

ic (E. M.) field affects from

» Understanding Affects of Lang E.M. and
Gravity Field Model

Digital Twins provides a pathway to Forecast Extreme Events

for in the

Objectives & Values

Objective

Astronomical

Antennse
[ ]

Integral step for interdisciplinary space weather & ics-based
Value

impact predictive

Bottom-up approach to develop planetary weather and related environmental impact predictive forecasting

Digital Twin Role
Support of

Solution Proposal

GeoPlasma Research Institute

Proposed Solution

2]

3]

4)

5

Geophysical monitoring: necessary step to understand the
cause-and-effect relationships between space weather and Earth
system e.m. precursors for forecasting algorithms.

Combining digital data stream analytics: Next integral
processing step before correlation with historical and other real
time data.

Synthesis with public domain data: Next synthesis step to allow
multi-parametric correlations with a host of local effects that may
be forecastable.

Apply innovative e.m. tectonic model: Key step applies Stellar
Transfermer theory allowing transformation of current Newtonian
based tectonic models to deploy an e.m. induction driver.

Develop forecasting algorithms: Long range goal advances the
range and accuracy of current forecasting schemes considerably.

Sun Magnetic Hoops

Coronal Mass Ejections
from the sun

and for improved forecasting of existing deployed solutions

Challenges

Project Overview:
Geophysical Monitoring Station — GeoPlasma Research Institute
Business Development - Stellar Transformer Technologies

Challenges to the Project:

« Create a new interdisciplinary space weather

forecasting technology

From multiple satellite solar/earth monitoring

systems using Geophysical Intelligence

Combines monitoring e.m. activity in the:

i.  ionosphere

ii. earth
iii. power grids

= Applies “Stellar Transformer” an innovative e.m.
tectonic model accounting for internal induction
effects from space weather interaction

*  Built on an innovative electro-dynamic model of the

solar system

Request

Sun Magnetic Hoops

Coronal Mass Ejections
from the'sun

2

Project Highlig Cr

Geophysical monitaring - integral step
Combine digital data stream analytics
Synthesize with public domain data
Apply innovative e.m. tectonic model
Develop forecasting algorithms

Stellar Transformer Electro-Magnetic Monitoring
Reguested Material Support

Hardware

Real time Synchronizers
Routers, Collectors, Conditioners,
Connectors and cables
Compute data analytics interface w/ VR
labs
On-premise — data capture on site

+ A/D converter for data synchronization

and conversion (physical to digital)

Virtualization and visualization equipment

.

.

Software

Cloud Service(s) for data transfer and
archive
Data collection, conditioning, collation,
correlation
Archive: Analytics in the cloud
ML/ Al, visualization,
Frequency of update
* Source to cloud

Data Conversion
* 12 Years Historical— Convert Analogue to Digital
+ Other database access for historical reference
and comparison



digital twin.
Open-source Collaboration Community

GitHub projects and contribution:

Accelerates the adoption of enabling
technology and techniques

Pull requests Issues Marketplace Explore

Digital Twin Consortium e Contributions may include:
() Overview F] Repositories 8 3 Projects @ Packages A People Open-source COde implementations’
Popular repositories - Collaborative documents for
ringDTDLONtologies Public Public R . . .
guidance and training,
oot ¥ Open-source models,
hate | ®CH O dmescist @ue Other assets that are of value to the
' digital twin community.
Initial entries include high-profile and high-

impact projects.
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Global Coverage with Regional Branch Organizers digital twin

Active:

Canada
Chile

UK

Spain
France
Netherlands
Italy
Germany
Korea
Australia/New Zealand

() Active

' In Progress



Academia and Research Working Group

Establish Digital Twin program(s) for Academia and Universities
* Initial focus: Intro level - University coursework
* Spans Introductory to advanced levels
* Future potential for developing an entire curriculum

Develop Digital Twin educational programs through global outreach
* Work with founders and members to identify existing areas of interest and related opportunities
* Partner with DTC Regional Branch Organizers and Liaison organizations
* Establish an Educational Accelerator program

Develop Digital Twin Research & Proof of Concept / Pilot Programs
* Utilize Educational Accelerator program contributions/contributors related resources for project joint development
* Publish promote results - thought leadership papers, blogs, webinars, articles, ...
* Future - establish a “Digital Twin Solution Architect” training and certification program
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Liaisons - global collaboration

-
O «lot
L] &
SHAPING THE FUTURE OF AEROSPACE
Usar Graup

American Institute of AloT User Group

Aeronautics & Astronautics
@ i
CABA
CSDILA

Centre for Spatial Data Infrastructures
and Land Administration

Continental Automated
Buildings Association

International Building Performance
& Data Initiative

National Institute of
BUILDING SCIENCES”

Manufacturing x Digital National Institute of Building

Sciences BIM Council

Coalition for Smarter

I i

Industry loT Consortium

ct Haystack

Project Haystack

AREAN. @B buidingSMART

Augmented Reality for buildingSMART International

Enterprise Alliance

& FIWARE GMG

The FIWARE Foundation Global Mining Guidelines

Group

IoTA

Industrial Digital Twin LINUX Foundation — LF
Association Edge/EdgeX Foundry

(3 riCS

Royal Institution of Chartered
Surveyors

dlggtgl twin.

ZCESMII

THE SWAKT STITUTE

The Smart Manufacturing
Institute

Global Transaction Center

CILFPUBLICHEALTH

LINUX Foundation — Public Health

SmartCitiesCouncil SWAN

Smart Cities Council

Smart Water Networks
Forum
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Connecting Companies, Communities, Cities and Countries
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Evolution




Digital Twin Evolution

Front Running Simulation
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Physical to Virtual Maturity
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The Authority in Digital Twin

digital twin.

5

External Events:

Use Case Reference Library,

Technology Showcases, VIPs Conferences,
G Seminars, ...
Open-Source Community Regional Branch Organizers /O/?
®
050
20 '("l‘"
Collaboration & Thought %

Leadership Liaison Partners
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Thank You!




