IR S

DEO5

H Digital strategies for a ;
/|« smarter, more connected world /

itfrn

—
<

RN <
N2

D )

‘Digital Engineering | |\ \\BRepmed &/ T8
-as the foundation for building |
-Digital Twins and Smart Infrastructure - 4

2
.. S8
17

Simon Vaux

CEO
simon.vaux@deosdigital.com
www.deosdigital.com



mailto:simon.vaux@deosdigital.com
http://www.deosdigital.com/

Agenda

* What is Digital Engineering (DE)?

* Introducing the Common Data Model (CDM)
» Using DE to build the digital asset lifecycle
 Building digital twins and smart infrastructure
* Next steps
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About DEOS Digital

* DEOS Digital commenced in 2021

* We provide digital strategies for a smarter,
more connected world

* Former Director Digital Engineering at TINSW

* Led the TfNSW Digital Engineering Framework
Program for past 7 years

* For more details www.deosdigital.com
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Digital
Pioneer

Proven Track
record

‘We have proven track record
of delivery

Client
know-how

We understand our
clients’ needs

—g_—-

Thought

Well
Connected

We are well connected
with industry

C?.l

Business
Accelerator

We know how to accelerate
your strategy

Professional
Engineer

We are from the industry



http://www.deosdigital.com/

Some recent projects..

ACT

/+ JJ Government

Chief Minister, Treasury and
Economic Development

ACT

Government

Maijor Projects Canberra

RiSSB

RAIL INDUSTRY SAEETY AND STANDARDS BOARD

e
STANDARDS
Australia

ACT Treasury
BIM Implementation Plan
Detailed Review

Major Projects Canberra
Canberra Light Rail Stage 2
DE Framework

Canterbury Bankstown
DE Strategy

Waka Kotahi (NZTA)
Let’s Get Wellington Moving
DE Framework

RISSB
AS 7739:2022
DE Standard for Rail Infrastructure

Standards Australia
Digital Engineering Sector-wide
Transformation Program

e b
°R|A Environment,

Land, Water
and Planning

Y

A
Transgrid N

State
Government

*4%4. WESTERN SYDNEY
'«Ll“li PLANNING
NSW PARTNERSHIP

Main Roads WA
DE Strategy

Victoria DELWP
Digital Twin Victoria
DE & Utilities Strategies

SAP
Digitising Public
Infrastructure Program

Auckland Transport
Auckland Light Rail
DE Strategy

Transgrid
Humelink Project
DE Strategy

NSW Gov and Western Sydney
Smart Infrastructure Policy Acceleration
(SIPA) Project




Service planning

Network planning

Project planning
Business-case assessment
Asset design

Project assurance
Asset handover
Asset management
Network operations
Customer service
Asset renewal

IS a data management business

\Cy&




Evolution of data management..

%) &

Document Information Metadata
Management Management Management

[ Project Records ] Project Files ] Business Databases
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SQL

Database

Relational

Fixed data storage in
tables using rigid formats
and pre-defined relationships

Master data management
Enterprise/business data e.g.

ERP, CRM, finance, accounting

Online transactions
Business intelligence
Analytics

p—t
-
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Flexible data storage/
grouping in columns
instead of rows

*  Financial services

*  Retail

e Social analytics

*  Messaging

e Real-time analytics

* |oT data management
* Time-series data

Not-only SQL (or NoSQL)

Databases

Wide Column Key-Value

key value

] >
[ valve
| g value 2

Flexible data storage as
objects with unique keys,
using a dictionary data structure

Caching
Queuing
Filtering
Statistics

Flexible data storage
as JSON documents
which can be interlinked

*  Customer service

* Inventory management
* loT sensors

* Real-time analytics

*  Apps development

e Personalisation

* Gaming
e Streaming media
e Advertising

Graph

Flexible data storage
as linked objects in
complex graphs

Al

Social media
Recommendation engines
Fraud protection



The Global

DAm A Data Management Community

International)/  (since 1980)

DATA FOUNDATIONAL LIFECYCLE MANAGEMENT

GOVERNANCE ACTIVITIES 7 .

Policy Data Protection Architecture Big Data Storage Data Science
Stewardship & . : ) )
Governance Privacy Modelling Data Warehousing Data Valuation
Culture Change Security Design Master Data Management ~Data Monetization

Data Storage &

Strategy Risk Management Predictive Analysis

Operations
DAMA DAMA
. Principles & Ethics Metadata Management Reference Data Master Data Usage
Data Management  Dictionary of Management
BOdV of KnOWIedge Data Management Data Valuation Data Quality Management Data Integrg@lon & Business Intelligence
d L. i Interoperability 9
(24 Edition - 2017) (2"d Edition - 2011)
Data Maturity Document & Content
Assessment Management

https://www.dama.org

Data Classification



https://www.dama.org/

What is Digital Engineering?

Definition Term

Source

Document

The use of specific
knowledge, skills, tools, and
techniques, to deliver
outcomes that meet project
requirements and generate
value.

Q -

Project Management

Project

~ Management
x& - Institute.

Project Management Institute
Project Management

Body of Knowledge (PMBOK)
(7th Ed, 2021)

|
™

WV

Asset Management

The lifecycle management of
physical assets to achieve the
stated outputs of the
enterprise.

N

N

Data Management

A series of coordinated
activities that deliver, control,
protect, and enhance the
value of data and
information assets over their

Asset Management Council
Asset Management

Body of Knowledge (AMBoK)
(2nd Ed, 2014)

lifecycles.
@p{rjﬁma;;
DAMA

Data Management

Body of Knowledge (DMBoK)

(2nd Ed, 2017)

Digital Engineering

A collaborative way of working,
using semantic data
management, to enable more
productive methods of

project delivery and

asset management.

l Australian "
¥ STANDARD

AS 7739.1:2022

Digital Engineering for Rail —
Part 1: Concepts and Principles
(Draft for Public Consultation)




Evolution of the
Construction Sector

Cities
©

@Gigital
—4 Engineering




Thinking beyond the meme..

DIGITAL

= 0

Digital twin is a
complex black box,
with unknown components,
inputs and outputs




In reality: Data Modelling is the foundation for building Digital Twins

Invoice

Customer

Digital twin is a structured
ecosystem of data entities, . :
attributes, relationships and otal Subcontractor
values - designed intentionally ‘ |7 +] Subcor
to ensure standardised

semantic interoperability




Data modelling process

Conceptual Data Model

TIME PRODUCT

SALES '),z i

STORE

TIME

Date

v

Physical Data Model

INTEGER

DIM_PRODUCT
PRODUCT_ID

Logical Data Model >
PRODUCT DIN_TIME
Product ID BATE T
i, 1 N
\} C
i .
SALES (R £
Product ID (FK)
Store ID (FK) < STORE
Date (FK). Store ID

VARCHAR(30)
INTEGER
VARCHAR(38)
INTEGER
INTEGER
VARCHAR(38)

FACT_SALES 5& %

PRODUCT_ID INTEGER

STORE_ID INTEGER

DATE_ID INTEGER
S0LD INTEGER
MOUNT | FLOAT

INTEGER

VARCHAR(50)
INTEGER
VARCHAR (58
FLOAT

DATE

DIM_STORE

STORE_ID INTEGER
VARCHAR(58)
INTEGER

VARCHAR(58)
DATE

Source: Data Model Relationships 101:

Simplified Guide for Beginners (HEVO, May 2022)




Common Data Model
(AS 7739)

Represents the contract
and it’s scope of work
for any lifecycle stage

C. Asset
Identifier

A. Commercial
Information
B. Work
Identifier

Scope
of work

e —_

D. Information
Deliverable




1. Contract 2. Contract 3. Project 4. Lifecycle 5. Engagement 6.
Common Data Model emeton Tvpe el stage Type Variations?
i IT client )| I Plan, Design
Name GC21, Client C b ,
! level lifecycle Construct only, D&C,
AS 77 3 9 Senatoies NECHete — Alliance, Operation,
Payments etc Maintenance etc

1. Work
Package

Client WP
Breakdown

Global Standards

2. Work Zone

L

A. Commercial
Information

B. Work

Iden

tifier

RD-Milestone

7. Payment

Schedules?

C. Asset
Identifier

- Asset Status (Temp/ Permanent)

- Asset Scope (Add/ Modify/ Remove)

- Stakeholder (Asset Owner/ Operator/ Maintainer)
- Instance

1. Physical
Location

2. Physical
Asset

Client
Asset
Breakdown

Client
Location
Breakdown

RD-Physical Location RD-Physical Asset

Uniclass Uniclass

- Complex - Element/ Function
- Entity - System
- Space/ Location - Product

Scope
of work

'»,___4—/

Sample list of
deliverable types:

D. Information
Deliverable

8. Service
Levels
- Activities - QEqu;rf‘ments
- Metrics / KPIs - Regulations
- Standards
- Safety

a 3 - Ministerial Conditions
- Operational Service

- Maintained Condition
- Environmental
(Dust, noise, resilience etc)

- Contract Conditions
- Procedures

- Methodologies

- Previous Deliverables

- Author & Creation Date
- Project/Asset Information
- Review/ Approvals

- Status/Suitability

- Access/Security?

1. Geometric
Information

2. Non-geometric
Information

Site Model Report Register
Capture (static d ) (dy ic record)
- Utility Location -2D CAD - Design - Schedule - Activities
- Topo Survey -GIS - Resilience - Asset - Agents
- LIDAR Point cloud - 3D Model - Cost Estimate - RFls and NCRs - Aids
- Photogrammetry - BIM Model - Business Case - Risk
- Site conditions - Analytical Model - Certificate - Safety
(Geotech/ contam etc) - Defects

- Systems Eng



Building the “Connected Digital Ecosystem”

L
- B s

Common Data Model Connected Digital Ecosystem Ecosystem of CDE 2.0
(cDm) (CDE 2.0)

D1




Infrastructure Asset Lifecycle

City :  Network = Project g
. . X . s . o Operate & Renew /
Planning « Planning :  Pipeline Acquire 3 I\/FI)aintain vl
(10-30yr plan) = (4-10yr plan) =  (<4yr plan) s
a a ,E A
®
E -~
7. Operate S
6. Test & "c;> 5
3.0 | 4. Design Commission § =
Stages 1. Demand / - bevelop 8. Maintain 10. Renew S
Need o

Gates e e @ e e 0 o
Initiation Business Plan Portfolio Plan Business-Case Ready to Ready to Ready for Periodic End-of-
Approved Approved Approved Build Integrate Service Assessment Life

Data (Real-time) + Machine Learning (Analytics) ,




Building the Digital Asset Lifecycle.. G@S

D1 1 TAL

Project/ Project/ Project/ Project/ Project/ Project/
Contract Contract Contract Contract ' Contract Contract

i B: Bk

Gate Gate Gate Gate

8 5 8

El W o«

Establishing the CDE 2.0

L CDE 2.0 CDE 2.0 CDE 2.0
Connected Digital
Ecosystem (CDE 2.0)
= e = (=] (=]
CDE 2.0 is enabled by the ) ) )
Common Data Model o= a = = =] a2 a
L £ L

(Cbwm)




Smart Infrastructure — Key Concepts

s
HILIN
w
L@[lg

| Physical Asset

o .
|

More informed,
data-driven
decisions

a : Remote
- | Sensors

Improved Operations
& Asset Maintenance




Infrastructure projects require highly complex roles & teams DCO5S

2000Q000®

Project Site Environmental Spatial Planning Systems Stakeholder Property Benefits Business Case
Management Capture Management Management Approvals Engineering Engagement Acquisition Modelling Management

(- -]

Contract Procurement Commercial Value Design Project Info Schedule Cost Risk Safety
Management Management Management Engineering Management Management Management Management Management Management
N/ O %
WV o
X O'X I>=>
Construction Quality Sustainability Variation & Change  Transition Commissioning Handover Defects Asset Asset

Management Management Management Management Readiness Management Management Management Management Maintenance



Business Case g
Management

Cost
Management
Value
Englneering @

Environmental
Management

Sustainability
Management

©)

Quality
Management

0 )
Contract (] .@. Project
Management b Management

Procurement
Management
Systems .ﬁ %g
ineeri Commercial

Engineering
Management  Design

Management
Site
Capture
Schedule
® Management

Construction
Management

Project Info
Management

Spatial

Management
Stakeholder
Engagement

Project roles & teams are typically siloed with:

Management

« low levels of data sharing and re-use
* low maturity digital collaboration

Safety
Management

Acquisition

Planning
Approvals
Management

Variation & (& a oj Transition
Change Management X Readiness

Handover

Benefits . Management
Modelling Defects

Property Commissioning Asset
P Management Maintenance

Management
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‘Connected Digital Ecosystem’ (CDE 2.0)

Enables data sharing, exchange and re-use,
through incremental business integration
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Data-driven
Decisions

Common
Data Model (CDM)

E (Data Warehouse)
H

Yo"
Business @ﬂ¢
Intelligence H
;, ................................................. . Sm art
: ‘ ‘ Infrastructure
E Human Automated H
H Decisions Appllcatlons Decisions .:
8, Open Data
Analysls &
Dlgltal Interpretation Portal(s) )
Twin :
NoSQL H
Database(s) Database(s) SRIG :
............. .,“ E
Cloud
Computing

’~ ------------------------- t’ ! @ "
ol

H

Data cleansing/ Cloud Connectivity Devices & loT :

Modelling/ Computing Edge Computing Remote :

Classification (Data Lake) Sensors :

CDE 2.0: A key enabler for:
» Digital Twins

* Business intelligence

* Smart Infrastructure

* Smart Cities

Physical
Infrastructure




Next Steps

AS 7739:2022 Digital Engineering for Fixed Rail Infrastructure
(to be published by RISSB Australia)

o Part 1: Concepts and Principles (release imminent)
o Part 2: Technical Requirements (inc. CDM and Data Dictionary) (to be released in 2023)

Digital Engineering — Shifting the Paradigm of the Construction Sector
(to be led by Standards Australia)

o Launch event held Mon 7t Nov.
o Thought leadership papers and new standard to be published in 2023

Promote uptake with infrastructure agencies throughout ANZ

Build data management capability (and attract data architects) across the infrastructure sector

DCOS5

DIGITAL

h—
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