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Digital Twins (DTs)

Digital instantiation of a
physical system with
synchronized, bidirectional
data sharing

Modeling and Simulation
Integration and Test
Maintenance
Optimization
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Abstract: This paper provides an overvid
thread technology in industrial operatio
advantage of improving the efficency o
important element of the Industry 4.0 d
that are generated and collected by a di
storage. The paper aims to report on tf
digital twin and digital thread for better
the production process and performance
digital twin/thread framework incorpora|
in which these two companents rely on the
flow and exchange to drive innovation.
that include organizational architecture |
software requirements. It is envisaged
optimization of operational processes and
in an Industry Shipyard 4.0
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1. Introduction

Navy Optimizing Shipyards
With Digital Twin Technology

BY YASMIN TADJDEH

The Navy's public shipyards

— which repair the service's
submarines and aircraft casriers — are
aging and facing obsolescence issues
To revitalize the yards and improve
infrastructure, the Navy is in the midst
of a multi-billion-dollar optimization
overhaul that will employ digital twin
technology to map out areas most in
need of changes

The Shipyard Infrastructure Optimi-
zation Program, or SIOP, is a 20-year,
$21-billion effort to modemize the four
public yards in Nosfolk, Virginia; Pearl
Harbor, Hawaii; Portsmouth, Virgi
and Puget Sound, Washi
“We've got dry docks that are over

100 years old,” said Steve Lagana, pro-
gram manager for the SIOP office. "We
have buildings that are over 100 years
old.

Rep. Rob Wittman, R-
member of the House /
subcommittee on sespower and projec-
tion forces, said the yards are in dire
need of an upgrade

“When you travel to our public ship-
yards, it is sobering tw see the age of the
dry docks ... the limited capability of
the dry docks, and also the age of the
shops that are there,” he said during the
Surface Navy Association’s annual con-
ference in January, which was held vir-
tually due to the COVID-19 pandemic

“This creates substantial efficiency

s, ranking

rmed Services

issues, he note
“If you go to a place like Norfolk
Naval Shipyard, and you're working on

ture is intrinsically linked to perfor-
mance and in 2017 began laying the
groundwark for the SIOP pro
which officially began in the summer of
2018, Lagana sad.

*This really is an ... industrial manu-
facturing optimization program with a
focus on productivity in the shipyards
and how that affects the overall national
defense,” he said "How do we get
submarines in and out of shipyards as
efficiently as possible, o the fleet com-
manders have the assets they

need to do their mission?”

Critical to the effortis a
modeling-and-simulation tech-
nology known as digital twins
which digitally replicates an
object, place or building, ssid
Stephanie Douglas executive
director for logistics, mainte-
nance and industrial opera-
tions at Naval Sea Systems
Command

“The modeling and simula-
tion is really key as it allows
us the opportunity to figure
out how to optimize flow, not
only within the shops, but
around the yards to provide
the most efficient and pro-
ductive layout for operations
within the shipyard,” she said
“We're already seeing some
really exciting things come
out of the modeling-and-
simulation piece of it in terms
of opportunities”

The service reached out 1o

fication of that, we will start into that
effort,” he sai

Norfolk is also moving alang well, he
added

Lagana noted that all the yards will
have their digital twins up and running
this year.

The service is already gleaning a
deal of information from Pearl Harbor's
digital twin, he said

“We're definitely getting some better
insight into some potential twesks in
infrastructure,” he said. “With any analy-
sis, you kind of want to find that sweet

spot, that knee in the curve to where
can 1 get the most efficiencies with the
best return on investment.”

In some cases, the Navy is finding that

The Les Amgeles-class fast-attack submarine USS.
Ofympia arrives at Puget Sound Naval Shipyard.

* Naval Shipyards

e |ntrusion Detection Control
Systems

e Antisubmarine Warfare
Sensors

* Cybersecurity Initiatives
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Global Defense Instantiations of DTs

* Italy — Researching
underwater drone digital
twins

* China — Filed patent for
shipyard digital twin
architecture

* Russia — Promoting digita
twin use within the Russian
military-industrial complex

ﬂ sensors 'MD\PL
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Underwater Droew Architecare for

Abstract: The ability to cbserve the world has seen significant developments in the last few}
alonggide the techniques and methodologies to derive accurate digital replicas of obser]
ronments. Underwater ecosystems present greater challenges and remain langely unexpl
Marine Digitl T Lessons the need for reliable and up-to-date information motivated the birth of the Interreg Italy
Lesened o SUSH DiOP Prget, SUSHI DROP Project (SUstainable iSHeries with DROnes data Processing). The aim of t
i 3025, 22,300 A is to map ecosystems for sustainable fishing and to achieve this goal a prototype of an U
kg 10,39 Underwater Vehicle (UUV), named Blucy, has been designed and developed. Blucy was
during project missians for surveying the benthic zone in decp waters of the Adriatic Sea

Academic Edisce: Salvatare Gaglioos

ORI invasive techniques compared to the use of trawl nets. This article describes the strategies

the instruments applied and the challenges to be overcome to obtain an accurately geord
Recwived: 15 Docwmber 2021 underwater survey with the goal of creating a marine digital twin.

Acowpted: 16 Jaesaary 20
Publidud: 19 Jamary 212 Keywards: UUV; ROV; AUV; surveying; monitoring; marine; digital twin
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Data Fusion Techniques

N\
‘ Data Association
\

‘ State Estimation

/
‘ Decision Fusion
/
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Gaps within Developed DTs

Digital twins in many defense systems lack data fusion frameworks

- Unable to support the integration of data and analytics towards an
automated solution

> No room for processing of asynchronous information

o Patchwork limits functionality, resulting in DTs that have low
survivability and maintainability rates
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DT Gaps to Requirements

Noted Gaps: — Requirements:

1. Data Framework 1. Data Framework

2. Data Management 2. Data Management

3. System Data Integration 3. System Data Integration
4. Convergence 4. Convergence

5. Optimized Analytics 5. Optimized Analytics
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Data Lifecycle

Data
Collection

\\

Data
Integration

N,

Data
Cleaning

Can use data fusion process in conjunction with data lifecycle to
form the basis of requirements analysis
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Requirements Analysis

Requirements analysis can be broken
down at four design phases of the data
fusion process:

1. Operational Architecture Design
2. System Architecture Design

3. Component Function Design

4. Detailed Design and Development

:

ser Need
Scenarios| [C

Design 1

onstraintsJ

N K

Design Phases

1. Operational Architecture Desi

Requirements

Analysis

Nt

Functional
Partitioning

>

Point
Design

r

n:

Performance
Evaluation

Y

2. System Architecture Design: Fusion Tree

Requirements

Analysis

=

Functional
Partitioning

>

Point
Design

>

Performance

Evaluation

Y

3. Component Function Design: Fusion Node

Requirements IN Functional > Point }F'erformance
Analysis Partitioning Design Evaluation
|
* 4. Detailed Design/Develop: P lication
Requirements N Functional > Paoint }Performance
Analysis Partitioning Design Evaluation
Operational
Test & Eval
—
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Path Forward

1. Use open-source DT resources to perform system level product
decomposition at operational architecture design level

2. Determine requirements for data fusion network system architecture
design

3. Create a requirements design of data fusion nodes at the component
function level, with data flow specifications among digital twin system
components

4. Extend requirement analysis for detailed design elements of digital

twins
5. Review existing data fusion networks within DTs to Illustrate the

functionality of the performed requirements analysis
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Questions?

Laura Hugill

PhDc — The George Washington University

Principal Systems Engineer, Raytheon Solipsys

Email: laurahugill@gwu.edu




