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Paper-Bas

ed Design

Not Easily:-

Changeable
Discoverable
Repeatable
Storage(able)
Transferable
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Training & Operational Analysis

3

1 Propeller

2 Upper rudder segment
3 Aft anchor light

4 Rudder and hydroplane actuating rods

5 Starboard hydroplane

6 Horizontal stabiliser

7 Circulating water inlet, condenser cooling
8 Lower rudder segment
9R bl d

Y P! motor
10 Rudder and hydroplane hydraulic actuators
11 Aft ballast tanks

12 Hull aft pressure dome

13 Portable ensign staff

14 Technical office

15 Propeller drive shaft thrust block and
flexible coupling

16 Emergency propulsion motor

17 Combining gearbox

18 Main turbines

19 Turbo generators

20 Lubricating oil tank

21 Pressure hull frames
22 Condenser

23 Feed tank

24 HP air compressor

25 Chilled water plants
26 Workshop

27 Capstan

28 Hinged cleats

29 Engine room hatch
30 Aft escape hatch

31 Towed buoy

32 Watertight bulkhead, typical
33 Manoeuvring room

34 Switchboard room

35 Hydrogen storage bottles
36 Air treatment unit

37 AC/DC motor generator
38 Diesel generators

39 Reactor compartment

40 Main steam valve

41 Diesel engine exhaust duct
42 Towed buoy winch

43 Exhaust muffler

44 Main access hatch

45 Commanding Officer’s cabin
46 Cooling tank

47 Diesel oil tank

48 Air purification plant

49 Junior ratings’ mess

50 Air system main supply fan

51 Mast well

52 Mast hydraulic actuators

53 Aft sonar

54 Diesel exhaust

55 Snort induction mast, fresh air

56 Communications antennae masts

57 Radar mast

58 Attack periscope

59 Search periscope

60 Surface navigation position
61 Forward sonar

62 Diesel fuel-oil expansion tank
63 Conning tower access

64 Control room

65 Galley

66 Garbage ejector compartment
67 Data distribution racks

81 Torpedo tubes
82 Torpedo tube bow caps
83 Retractable forward hydroplane
84 Hydroplane hydraulic actuator
85 Hull forward pressure dome
"1 86 CO2 absorption unit
87 Weapon embarkation hatch
88 Forward capstan
89 Hinged cleats
90 Removable casing plates
91 Retractable fairlead
92 Number 2 main ballast tank
93 Forward sonar housing
94 Anchor stowage and cable locker
95 Anchor windlass
96 Number 1 main ballast tank

68 Battery compartment
69 Torpedo handling gear
70 Weapons stowage compartment

71 Senior ratings’ mess 76 Sonar housing

72 Junior ratings' bathroom 77 Forward escape hatch
73 Senior ratings’ bunks 78 Coxswain’s stores

74 Sonar equipment room 79 Dry provisions store

75 Hull sonar glands 80 Junior ratings’ bunks
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Temporal
Context —

The UK
“SeBA Wheel”

Simulation Based Acquisition: The Ground Truth, 2002
Lt Cdr Monty Long RN, Mr Steve Gale Dstl
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ITEC 2018

ITEC Advanced Engineering Conference
Stuttgart, Germany - 16 May 2018

Simulation Based
Acquisition

Has its Time Come?

“Digital Thread” &
“Digital Twin”

AVIATION WEEK
NETWORK

Andy Fawkes

AVIATIONWEEK Ster 1= the next evolution

& SPACE TECHNOLOGY

USAF Selects Lead Programs For ‘Digital
Twin’ Initiative

Aviation Week & Space Technology
Graham Warwick

Digital system models are seen as key to regaining understanding of complex systems

Threading the Needle

Over the years, the U.S. Air Force has come to rely more and more on industry for its
technical understanding of the systems it acquires. To reverse that process and bring
costs and risks more under its control, the service is experimenting with creating and
carrying digital system models through the entire life cycle of a program.

Credit: Boeing
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VIRTUAL EVENT

R&D & TRAINING: AN IMMERSIVE EXPERIENCE

OCTOBER, 28 - 15.00 CET

VRAI Wins Royal Air Force Data & Simulation
Project

Human
Digital Twin

Data driven VR simulation company VRAI has won a Defence and Security Accelerato
contract focused on improving the RAF’s ability to measure and predict pilot performance using a

combination of VR & data analytics technology.

The company based in Gateshead’s Proto Centre, and RAFX based in the local airbase RAF
Leeming, was awarded the £348k funding to work with the Royal Air Force (RAF) to help codify
and assess ‘airmanship’ in pilots. VRAI creates data driven VR simulation training for high hazard
environments, with clients including leading organisations such as the IAG in Heathrow Airport,

the United Nations in Somalia, and other European militaries.

AINonline BIZAV.  AIRTRANSPORT  DEFENSE ROTORCRAFT  SUBSCRIBE
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Metaverse!

“The metaverse enables us to embed computing into the real world and to
embed the real world into computing ...” ”'ﬁ?\@

Satya Nadella, CEO Microsoft, Microsoft Ignite Nov 2021

F=  Simulation Interoperability
w Standards Organization

A Military Metaverse?
The Military's Metaverse

SIM-2021-Presentation-22 (SIMbrief)

k “Persistent secure networked
interoperable live, virtual and
constructive simulations, synchronized
with multi-domain operational
systems and enterprise-wide digital
twins of equipments, platforms, Enia 'l LENEY LTNET
infrastructure and personnel and the e

2021 SIMposium 21-22 September 2021

wider human and natural world.” SIMNET's 19805 Vision \VA
Jack Thorpe PhD Z
2021 SIMposium SIS® -
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Digital Twin Challenges
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Challenges

Commercial,
Cultural and
Technological

Challenges I'a

Twin Markel - Iow lo Overcome

Them?

« Commercial (eg. multi-stakeholder ecosystems)
 Cultural (eg. complex cross-silo collaboration)

 Technical

« Accurate Capturing of Physical Properties Digital
twin technology should be able to model both simple
objects and complex systems by accurately capturing
their physical properties.

* Project Collaboration Digital twin technology should
be able to collaborate and connect with other digital
twins in a variety of contexts.

- Automatic Updates in Real-Time It should be
self-informed of its functionality in real-time and
change or alter when required.

 Conflict Detection and Resolving It should be able to
detect and react to changes in a real-time
environment.

* Interaction with Digital and Physical Entities It can
communicate with other virtual objects or digital twins
in an immersive manner.
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Challenges

Available online at

ScienceDirect Procedlq

s Computer Science
Science 114 2017) 47-56

Complex Adaptive Systems Conference with Theme: Engincering Cyber Physical Systems, CAS
October 30 — November 1, 2017, Chicago, Illinois, USA

Is Digital Thread/Digital Twin Affordable? A Systemic Assessment
of the Cost of DoD’s Latest Manhattan Project

Timothy D. West* " and Mark Blackburn®

Abstract

This paper analyzes challenges the US. Air Force w 15 n, amodel-
centric approach to weapon system development, to include developing the needed computational capability, software tools, and
workft leverage that capability. A Cost Constructive Model (COCOMO) If based analysis s performed to roughly estimate
the me requiredto develop robust Digital 1 Tovin models for the Next Generation Air Dominance
(NGAD) aifcraft. The authors determine that such a thoror ented model development effort will require a national
commitment on par with the Manhattan Project, which yiel b.

€ 2017 The Authors. Published by EL
Peer-review under responsibility of the scientific committee of the Complex Adaptive Systems Conference with Theme:
Cyber Physical Systems.

aft; COCOMO; Digital System Model; Digy 24; Dig del.Ceatric; Software Develops

USAF Next Generation (62) Air Dominance (NGAD) aircraft

1. Introduction

As the cost and complexity of modem U.S. weapon systems continue to climb, a revolutionary approach is
needed to develop the weapons of tomorrow in a faster and more affordable manner. Many believes that advances in
computational power could enabled such a transformation from “fly-fix-fly” to a more model-centric approach to
the development and performance verification of aerospace systems. The U_S. Air Force is proposing to incorporate
model-based engineering concepts known as Digital Thread and Digital Twin info its weapon development
processes to create and mainfain a definitive, authoritative model of the system from cradle to grave that its leaders
can use to inform multi-billion-dollar acquisition decisions. Building upon the conclusion of multiple studies (e.g
[1], [2]) that reveal a strong correlation befween defect repair cost and the point in the lifecycle when the

« USAF Arnold Engineering Development Complex research
estimated the cost to develop and sustain a robust digital
thread/digital twin models would be in excess of $1 trillion.

* These very high costs were attributed to the required
computational power required, software costs, and the
training of the workforce.
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UNDERSTAND THE PAST, PREDICT THE FUTURE

Fed by real-world observations, these digital twins let us understand
what has happened on Earth — and what will happen in the decades ahead.

PAST PRESENT FUTURE
Reuvisit the past and Assess and monitor Predict future changes and
understand change our current situation test how we might intervene
|
C h a l l e n g e S Observations | Simulations Observations | Simulations Simulations —_

— T
e SSWUSY

PERSPECTIVE

hitps:/do org/101038/543588-021-00023-0

The digital revolution of Earth-system science

Peter Bauer "%, Peter D. Dueben’, Torsten Hoefler?, Tiago Quintino %, Thomas C. Schulthess* and

“Destination Earth”

espite
the|

* A joint project between the number of European
scientific organisations to develop a highly
accurate digital twin of Earth.

* Researchers have estimated it will require a

supercomputer with 20,000 graphics processors
consuming 20MW of power.
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Challenges

Terminology

Digital Twin

Wikipedia

“a virtual representation that serves as the real-time digital
counterpart of a physical object or process”.

Arup

“the combination of a computational model and a real-world
system, designed to monitor, control and optimise its
functionality. Through data and feedback, both simulated and
real, a digital twin can develop capacities for autonomy and to
learn from and reason about its environment.”

Wright, Louise & Davidson, Stuart. (2020) - characterised by:

a model of the object,

an evolving set of data relating to the object,

a means of dynamically updating or adjusting the model in
accordance with the data, and

being associated with an entity that actually exists (a digital
twin without a physical twin is a model)

What is a Digital Twin before the real counterpart is
built?
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Challenges

Terminology
Lewis Carroll’s am /) il ’
SHI | "S8 “When I use a word,” Humpty
Th rough the I e\ Qi -2\ Dumpty said, in rather a scornful tone,
7NN YA “ it means just what I choose it to mean

Looking Glass

. —neither more nor less.”

. “The question is,” said Alice,
N “whether you can make words mean
.\ so many different things.”

N “The question 1s,” said Humpty

%% Dumpty, “which is to be master—

"O  that's all.”
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Digital Twin Fidelity
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“the degree to which a copy of
something shows the true
character of the original”

Do we always need to have the
highest fidelity digital twin models
and data?

Fidelity
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The Ages of a

Digital Twin?
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1=3) D|g|ta| Twin Maturity element Defining principle Outline usage

(Logarithmic scale of

Maturity Spectrum complexity &
connectedness)
I=T e ATKINS 0 Reality Capture As built survey
1 2D map/system Design/asset
or 3D model optimisation and

coordination

2 Connect model to Design/asset
persistent (static) data management
3 Enrich with real-time  Operational
data (e.g. loT, efficiency
— Dlglta| twins Sensors)
for .the built 4 Two-way data Remote and
environment integration and immersive
fortrodction o thespperinii interaction operations 0
) Autonomous Complete %
17 Oct 2019 operations and self-governance —
maintenance with E

total oversight and



UK CADMID Acquisition Cycle
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Example Mapping Digital Twin Maturity Against Life Cycle

m

Legacy
System 2 3 2
New System 1 2 3 4 3 2
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Through-Life
Data

Management

OPERATIONS

INTEGRATED
DEFENCE
MODELLING &
SIMULATION
SERVICES
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UK MoD’s Digital Strategy (2021)

Digital Strategy for Defence

Delivering the Digital Backbone and
unleashing the power of Defence’s data

 Defence will value Data as a
strateqgic asset

* Data is catalogued, accessible,
useable

THINKE



Tools are
Already
Out There

Microsoft metaverse technology stack

Microsoft Mesh & HoloLens

Enable anyone across the planet to collaborate in mixed reality environments.

Microsoft Power Platform
Empower anyone within your organization to interact with and act on the data flowing through your
environment. Build applications, dashboards, and intelligent chatbots that modernize workflows.

Azure Al & Autonomous Systems
Azure Al delivers breakthrough insights into all your data. Microsoft Project Bonsai provides a low-code approach
to machine teaching and creating intelligent autonomous systems that learn and improve over time.

Azure Synapse Analytics
A comprehensive set of data services that work together to provide predictive analytics, the ability to analyze
data across systems, and the ability to track the historical state of your environment.

Azure Maps
The location of things. Indoor private maps enable you to apply location and routing services to people and
things in your private environment while keeping data locked down to your enterprise.

Azure Digital Twins
Simplify the creation of detailed, comprehensive digital models. Support for the Digital Twin Definition Language
enables modeling of complex relationships between things and systems in your environment.

Azure loT
Connect physical assets and run cloud intelligence directly on premises. Sense and monitor anything in your
physical environment seamlessly and securely.

The physical world

THINKE



Tools are Already Out There

Omniverse Nucleus

Portal into Omniverse

Collaborators using
their favorite 3d application

) @&

Al Path-Tracing usD Materials Physics

Core Technology



Language can be confusing so it is
important not to lose sight of the
vision

*Digital Twins do not always need the
In highest Fidelity to be useful — an
Summary imperfect model through life is better

than a perfect model in the moment

Data should be treated as a strategic
asset across Defence and through the
life of projects
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IT2EC 2022
London
28 April 2022

Questions?

Andy Fawkes
andy.fawkes@thinke.co.uk
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