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Digital Twin Maturity and BIM

HS2

BIM is a key part of the Digital Twin journey

@ Stage 3: Enrich
with real time

Stage 2: Connect to ? data

regular BIM Data
BIM Stage 2, 4D/5D
Simulation

Stage 1: ‘

3D Model

Stage 4: Two-way
integration and v\
interaction
Remote operations

[

£7]

Stage 5:
Autonomous
operations and
maintenance
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A digitaltwin is a virtual representation of a
physical thing or process. Digital twins can
virtually model, visualise, and predict to help
optimise the products we create and how we
make, deliver and service them.

What is a Digital Twin?




Rolls-Royce: An Aviation Digital Twin
WHAT?

A precise virtual copy of a Rolls-Royce aeroplane engine

HOW?

On-board sensors monitor product environment and operating conditions
Satellite connectivity relays data back to digital twin in real-time

Virtual asset operation in as the physical engine would ‘on-wing’

WHY?

Enhance rellablllty via informed preventative maintenance

Improve design by studying engine behaviour in extreme conditions

Optimise operations through real-time engine adjustment
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Develop a Virtual Railway during
Design and Construction, with a view to
hand over a Digital Twin of the built
asset to Asset Mlanagement

It is our ambition to be running the railway virtually at least two years before we do physically.




Development of the Asset Management System and Digital Tools for the Asset Lifecycle

I I “This is how we build Staged Staged ORR Review : ;
52 a world-class railway” S Period Operational Railway

Construction Progressive Asset Intensive
Partners , ,J Hand-back Operating

“This is how we run
a world-class railway”

HS2

Automated & Data-Driven

Design &

Construction Model Decision-Making
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Customer ® Asset Management Strategy
Vision O @ 0

Asset Management System Future . . . q .
@ customer Organisation | Asset Lifecycle Planning Risk &

Needs .
Infrastructure & People Review
Management

Target Informed
Operating == Future
' @ Model . tion - Risk & Organisation i Risk & g Customer
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rarmers® 3 S cE I EE ‘ Asset Info Model Technology Architecture
System Checkpoint
(12.7 (B) Development

BIM . . . Agreement)

—_— Information Technology Design & Construction HS2 Asset Management Operations Maintenance
What B the full “What functionality do “We provide our Construction "We can demonstrate “We have a whole-life “ can make service ) “| can predict
information model | need to provide, and Partners with clear templates the railway is ready view of the asset base changes quickly, maintenance needs
e to run when?” v and timescales for providing I and are making g confident that the in real-time and can
the railway? ‘ ‘ e Fmationto meet our need for service! optimised investment Z infrastructure can act efficiently &
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IM Target Opnerating Model (Level 1)

Commercial & Market Organisational Direction External Stakeholders

Customer Experience
Management

Assurance
& Review

Programme Management
19

Project Development & Delivery

Operational Investment
Planning Planning
Finance &
Supply Chain Management Commercial
Management

Risk
Management

Organisation Engineering
& People Management

Resources & Materials Management

Monitoring & Control Analytics &

Systems Simulation Work Delivery
Management 6 22

Performance
ERERE EN

. Legal
Security T Management

21 17

Information & Technology Management
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IM Target Operating Model (L2)
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D | ey Definiton ) Bl ) Implemertaton )

Target Operating Model & Asset & Asset & Loading of Data
Asset uaJ Information Information Segsor X f_ystem into End-State
Management Level 1 Level 2 Level 2 - g Requirements Handover onnections Technology
System
Connected
Commercial = %
Management o 3 S Data & Technology Market Technology o
System (Capability = g' Technology Test & Vendor Implementation $ys’f[|_3m
Lzl - S BRGEEYEE Selection & Roll Out esting
Corporate w
Management
System %
(7] Detailed Procedures & User Manuals &
Operations Digital & Efl_,g Business Work Training P{;ffed;ir:g&
Management Information 2 Processes Instructions Materials
System Strategy o
HSQE w
Management g iU EEIEICIE) Recruitment I\?'Igwgge;ﬁ?;ﬁt
System e Responsibilities Requirements Broosens
Etc.
Management Systems Target Operating Model Roadmaps Processes &
* An Asset Management « The capabilities, interfaces, « Roadmap to deliver Requirements
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HS2 taking steps to “be digital” HS2

Asset Management| Innovative Approach

HS2 will be a world class 21st century railway service that embraces digital technologies. Creating a digitally enabled railway will help make HS2 one of
the most reliable railways in the world.

External Stakeholders

Mark Thurston using Augmented Reality at Old Oak Common HSZ2’s end state vision for digital asset information

“As we are delivering the largest capital project in Europe, we have a responsibility to “We will be a digitally enabled organisation with information at the core of our
lead transformation in our industry and ensure that we use the very best approaches.”  business, enabling quick, robust, and correct decision making.”

Emma Head Ben Rule
Technical Services Delivery Director, HS2 Infrastructure Management Director, HS2



Asset Management Target Operating Model

TOM Level 1 Data Model as-built
Process steps /entities
TOM Level 2 inform data model

IM Conceptual Procedures

Info. Model

Business Scenarios
Procedures

developed to
support business
implementation

TOM Level 3 Processe

Org Design

Swim Lanes inform
organisation design Systems/integration requirements

developed with processes



Asset Information Capability Updates | Al Systems

To develop requirements for the End State Infrastructure Management, and to support the development of the Digital Twin HS2 have created high-

level use cases aligned to the Target Operating Model and HS2’s Strategic Goals.

Intelligence
Optimal

Solutions g

Customer Advisory

The provision of digital customer
services and experience to
ensure the customer is informed
and to support their journey
planning

Digital
Representation

i Intelligence
Simulate
Passenger
Flow

Operational Response

The ability to operate the railway
to meet customer demand and
the timetable, and the ability for
an agile response in partnership
with other departments to
operational demands and
challenges

e

Service Impact
Indicator

Predict/ Prevent
Service Disruption
The ability to predict impending

asset or service failure and
respond effectively.



Asset Information Capability Updates | Al Systems

To develop requirements for the End State Infrastructure Management, and to support the development of the Digital Twin HS2 have created high-

level use cases aligned to the Target Operating Model and HS2’s Strategic Goals.

Operational { Work & Safety
Control Instruction

|. —
= Digital Representation \ gl
[ ——— ]

SiteHazard Staff Competence
& Access & Qualifications

Customer & Worker
Safety

The provision of technology and
monitoring to ensure staff
working on the operational
railway have inherent safety
assured.

Intelligence

Operational
Scenarios

Ho s . -

Services

Projected Delay a&

Roster

Operations Planning &
Simulation

The ability to optimise the
planning of operations,
customer service and retail using
simulation, historical
network/facility performance.

HS2 &,

Onboarding

Digital Staff
Enablement

The provision of virtual and
augmented reality and
visualisation of the railway
assets and assets systems to
support onboarding of staff and
the sharing of knowledge.



HS2 Digital Twin Vision

Christian Bétheuil | Head of Digital Engineering




Introduction HS2

Asset Information Overview | Digital Twin

CONNECT

e A digital twin is a realistic digital version of a physical
- Maintenance / Inspection Feedback asset or networ k

= Operational Control
+ External Digital Twins

& B/ 30 Geometry « The HS2 Digital Twin will be able to mimic, simulate, and
& predict how HS2’s assets and network will perform in real
7\ life

5 « The Digital Twin will provide a cross-business data
g 1 B integrity and integration capability
2 )
e o INTELLIGENCE
- o)1
2 m “ « This high quality integrated data will provide the basis for

ot:‘, PHYSICAL THING DIGITAL TWIN Analytvicsv . g q . y g p } )

2, escriptlve the Digital Twin and its powerful analytic, presentation,
‘&- * Prescriptive . : i i
R e Models and visualisation capability
* Value Models

* Rules & Algorithums
* Machine Learning

%CTUATE
ACT

A representation of how the Digital Twin leads and informs the delivery and operation of the physical twin.
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Introduction HS2

How does a Digital Twin work?

DESIGN MEASURE
Improve informed Data K
7 design options feedback Service &

— ; or . Maintenance
optimisa /on\ Operations
REQUIREMENTS
Ve
ASSURANCE
PHYSICAL TWIN
. Learn Informed
intervention
p DESIGN Options \
Simulate
OPTIONS / DELIVER

MANAGEMENT

Page 19



Introduction HS2

What are the capabilities of the HS2 Digital Twin?

Connect Visualise Simulate

0\@O0QWoe

Integrate Analyse
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Introduction HS2

What has happened so far?

HSZ Visualisation @

‘ ‘ The ],:.....,.-.t B L e L B S e J-tafrom eB’ G’S,
CAD ) the Digital Twin. , ,

Unreviewed List (~120)

“Long” List (~100)

“Medium"” List (~20)

_— “Short” List (12)

[X]
My Recent Spaces

Vis Hub Developed e
(G HS2-000021GKY - High Speed Two Ltd (Programme)

Creation of a cloud- @ He2

based platform to G s

integrate and G o

visualise programmt @ 8

wide data f B R
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HS2 Digital Twin Vision HS2

What is our Vision?

It is our ambition to be running the HSZ2 railway and any

critical processes virtually at least two years before we do so
physically

- HSZ2 Digital Twin Vision

The HS2 Digital Twin will create a complete digital copy of the entire network that will allow us to:

Model & Simulate scenarios throughoutthe View our assets, network and related
project lifecycle informationin a virtual digital environment

9 Process large datasetsto uncover insightand
drive intelligent decision making
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HS2 Digital Twin Vision

HS2

Why do we need a Digital Twin?

SYSTEMS
CHANGE

LESSONS
LEARNT

INFORMATION
MANAGEMENT

BENEFITS
POTENTIAL
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HS2 Digital Twin Vision HS2

What are some of the objectives of the HS2 Digital Twin?

Unlock delivery and operational efficiencies through the
availability of trusted information and data

Enable options and scenarios to be
modelled, tested, and simulated in a
safe, virtual world

Effectively manage key delivery and
operational interfaces

Optimally manage key resources,
cost, and carbon

——
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HS2 Digital Twin Vision HS2

What are the benefits of developing a Digital Twin?

ENVIRONMENT TIME PERFORMANCE

COST SAFETY REPUTATION & REGULATION
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Available

G2 Self-healing

Infrastructure

Aware & Alert assets

<= Sensing

proactively managing

a high-guality service

W) Resilient

(*Y Wireless signals

f® Robotics

@ Predictive

é‘-‘! Preventative

Rolling Stock

@& Aware (2) Experience

) Secure

) Attractive

[¥] Predictive

Manufacturing

& Rolling 18 signals
stock

[&5] DfMA civil
assets

[ Delivery Supply Chain

Contractors & Utilities providing high-quality, green services we need

4 Design 5 Supply chain

Measurement
998 simulation &
Lo pfma

£* Roboti [¥] Test & commission
obotics

Logistics

-

Multi-modal #& Woalking & Buses
Concerns _ . ) )
{at stations) ofo Cyeling & Lightroil & Taxis

L

& Metro/Underground

Customer / Passenger

[}¢ Green miles

Predictable
performance

o% Mobility as a service (2) Experience

3 Cost&value 5 Connectivity Gy Aware &

informed

HS2

IGITAL TWIN

)§

Operational Response & Disaster Recovery

m Incident planning

Q. scenario an olysis

=2

ey

La Response manogement £5 Whole life decision support

@ Optimised strategy, finance &

Cyber security investment planning

Energy
=) Clean

(&?ﬂ] Reliable

o7 Green

Optimised

Autonomous maintenance and repair

ﬂ Automated service requests DQ loeT monitoring

|l Digital inspection and % Optimised
interpretation works delivery
Engineering advisory &
# reliability action
Safety

2. Passengers Su Maintenance crews

o]

& Operating staff  52% Members of public

Owners & Operators
Open, transparent relations with operators and staff

Train Operating Company Ou Uni
E (West Coast Partnership Ltd) == Unions
25 Shareholders @2 Multi-mode

= Digital staff enablement

Stakeholders
Keeping our peaple and stakeholders connected and safe

RSSE (Rail Safety and
Standards Board)

Local Government
(particufarly Mayors of
London, Birmingham,
Manchester, Leeds, and
Sheffield)

HS52 (High Speed 2)
DFfT (Department for Transport)
ORR (Office of Rail & Road)
TEL (Transport for London)
HMT (HM Treasury)
LEP {Local Enterprise Partnerships)

RAIB (Rail Accident
Investigation Branch)
l




