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Overview

 Introduction and Motivation
 DoD SE Policy

* Digital Engineering within DoD

» Military Systems Integration Labs
* Industry-Impacts

* Conclusions-and Future Work
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Introduction and Motivation

How is this utilizied within the DoD and

Digital Engineering where is it headed?

How have these policies changed Digital
Engineering within the Army commands?

What are the policy enactments

Policy Impacts throughout the engineering process?

Questions this
research aims to

What are the current processes

Current DoD Processes and the impacts acquisition has?

answer

How is the DoD implementing Digital Twins
throughout the acquisition process?

Digital Twins

What are the impacts of these
changes on Industry as a whole?
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Acronyms
DAU GLOSSARY OF DEFENSE ACQUISITION
« DAU — Defense Acquisition YMS AND TERNS
University o
 DoD - Department of Defense
« OSD - Office of the Under N s
Secretary of Defense for .
Research and Engineering
« SlLs — Systems Integration Labs .
« MOSA — Modular Open System A
Approach icD
« RA - Reference Architecture cor
« DEWS - Directed Energy Weapon
Sy St ems Source: DAU Glossary, 2024
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Digital Engineering Definitions

 Digital Engineering Strategy

“An integrated digital approach that uses authoritative sources of systems' data and models as a
continuum across disciplines to support lifecycle activities from concept through disposal.”

+—DPoD-5000.97

“Digital engineeringis.a means of using and integrating digital models and the underlying data to
support the~development,test and evaluation, and sustainment of a system. The June 2018 DoD
Digital Engineering Strategy.deseribes how the application of digital engineering can modernize
how the DoD designs, develops;-delivers, operates, and sustains systems”
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DoD Policy Background

« 2018: Digital Engineering Strategy

« 2019: DoD Digital Modernization

Strategy

« 2022: DoD Engineering of Defense =
Systems Guidebook

« ~2023: Digital-Engineering Policy for =

DoD DIGITAL

Practice (5000.97)
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5000.97 Focus

What's changed?

DIGITAL ENGINEERING

Originating Component: ~ Office of the Under Secretary of Defense for Research and Engineering

Effective: December 21, 2023
. Releasability: Cleared for public release. Available on the Directives Division Website
at hitps://www.esd.whs.mil/DD)

Incorporates and Cancels: Department of Defense Directive 5000.59, “DoD Modeling and
Simulation (M&S) Management,” August 8, 2007, as amended

Approved by: Heidi Shyu, Under Secretary of Defense for Research and Engineering

X a d d O O 8 D a Purpose: In accordance with the authority in DoD Directive 5137.02, this issuance establishes policy,
E I l e I I t I I e 2 I E S t I t e | assigns bilities, and provides dures for impl and using digital engineering in the

« Qutlines DE Capabilities Requirements,
Elements, and Implementation
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Acquisition Lifecycle

De"el'!%'f,me“t / \ = Milestone Decision
Materiel CDD Release
Development  Validation  Decision ERE ke FOC ¢ = Decision Poaint
ecision W
s §P Materiel Technology Engineering & LRIP Production & Operations & Support
o S 488 Solution Maturation & Manufacturing Deployment
o AN 2 2 E 2 |Analysis | Risk Reduction Development
S FEERL | s
3 Iy <85«
g |° 993
i T &
Sustainment Dispos:
TN
D>
o

ASR - Alternative Systems Review PCA - Physical Configuration Audit O Mandatory technical reviews

CDR - Critical Design Review PDR - Preliminary Design Review

FCA - Functional Configuration Audit PRR - Production Readiness Review |

FOC - Full Operational Capability SFR - System Functional Review < .7 Best practice technical reviews and

FRP - Full-Rate Production SRR - System Requirements Review audits

I0C - Initial Operational Capability SVR - System Verification Review (’ . . .

OTRR - Operational Test Readiness Review TRR - Test Readiness Review . Testreviewsi(aco TAE Guidarca)

Notes:
- Derived from DoDI 5000.85, Major Capability Acquisition Model

Source: DoD Engineering of Defense Systems Guidebook, February 2022
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DoD Acquisition Impacts

* DoD, historically, uses traditional processes for
the development of complex systems

* These processes are often linear, involving long
cycle times

« The-final-products are often complicated to
update and-maintain

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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DE impacts on DoD systems

« DE strategies aim to transform DoD systems into more affordable,
flexible, and effective systems

« Completed through defining and maintaining system architecture
using DE Foster streamlined

* SySt_em Integration transitions from early
« Testing research and design through
» Verification and Validation delivery

- —Push-for.more_meodernization and readiness, especially in the digital
space

* |mplementation of DE to.allow competition through the use of several
vendors and solutions

Source: DoD 5000.97, December 2023
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Challenges within DE Implementation

Set architectures
within ecosystems

* Legacy systems take
time and resources to
initially implement

* Integration-of modular
SySte ms Wlth I e g ) Cy ¥ enmE O T B
systems

)
i
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Source: DoD Engineering of Defense Systems Guidebook, February 2022
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DoD DE Framework

Digital Twin Digital Model Examples:

A computerized representation (integrated set of 09020, Requirements model
models) thatserves as the real-time digital o ° - Structural model

counterpart of a physical object or process. Functional model
Architecture model

Business process model
Enterprise model

Human performance models
Product life cycle models

>
N
o

(o]

20

~
°ooo° \\

/ { Digital Engineering Ecosystem \\\

/7 \
y \
Digital Thread Examples: / Infrastructure N\ Digital Artifact Examples:
/ = Hardware = Tools \
= Requirements Analysis | « Software « Workforce \\ = Specifications
= Architecture Development | Nt \ « Technical drawirgs
= Design and Cost Trades , ‘ = Design documents
« Design Evaluations and | Approach | = Interface managzment documents
Optimizations | * Processes = Analytical results
= System, Subsystem, and Component ‘&l - Development, testing, manufacturing, etc.
Definition and Integration \ * Methods

Cost Estimations

- Model-based systems engineering (MBSE), f
Training Aids and Devices o

modeling languages, etc.

Development * Practices
= Developmental and Operational, - DevSecOps, etc.

Tests
« Product Suppert ty &

Data

Data management should adhere to DoD Data Strategy goals — make data visible, accessible, understandable, linked, trustworthy, interoperzble, and secure

Source: DoD 5000.97, December 2023
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iIncluding several
integrated elements

 Digital Twins are one of
the main integration
plans
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Systems Integration Labs (SILs)

“The Systems Integration Labs apply subject
matter expertise, hardware-in-the-loop, and state-
of-the-art modeling and simulation technologies for
research, development, and test and evaluation
applications supporting the development of
prototype systems to mature technology, reduce
risks and-lower-development and test costs”

Source: 2023 USASMDC Global Defender, 2023
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Why SILs?

* Allows integration and
checkout prior to
testing

» |deal for customers
wanting to check-out
components for
iIntegration

+ Allows-ehanges to.be
Implemented easier

The Directed Energy Systems Integration Lab is a 5,400-square-foot facility designed to
provide the Army with a consolidated capability to support a full end-to-end directed

energy system, from software simulation, to subcomponent system testing, subsystem
testing and full system verification and validation testing. The lab, dedicated Aug. 8, 2022,
is located on Redstone Arsenal, Alabama. (U.S. Army photo by Carrie David Campbell)

Source: 2023 USASMDC Global Defender, 2023
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DoD Definition

“A digital twin is a virtual representation of a
product, system, or process that uses the
best available models, sensor information,

data collected from the physical system, and

input data to mirror and predict system
activities and performance over the life of its
corresponding physical twin and mform
system-design changes over time.”

Source: DoD 5000.97, December 2023
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Creating a Digital Twin

5+. Implement live lab
components

Digital Twin
Creation 3. Model lab components

and connections

2. Import data sets

1. Create preliminary
architecture

Source: DoD 5000.97, December 2023
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Create Preliminary Architecture

Capability
Planning Phase
Dexriai. Nearly always
: — Reference Defined by a
Needs
& ﬂ\ Usua"y
E Specific Instance Instance Instance o s Dei’;‘;‘lgi”tizz
Program ‘ Architecture 1 Architecture 2 Architecture 3 Program
Needs /l\ A
Specific m
Pp - |nstance\ Instance /(nstance Instance Instance\ Typically
rogr_am Design 1B Design 2A Design 2B Design 2C Design 3B o Defined by the
*% y
v Requirements \ | 4 Implementer
= Instance Instance Instance Instance Instance Instance
rocurement Design 1A Design 1C Design 2D Design 2E Design 3A Design 3C

Execution Phase

*The Reference Architecture will evolve over time as experience from its use is folded back into it
**Selection of the Implemented Design will be based on factors such as price/performance trades, SWaP, etc.

Source: Overview of the DEWS MOSA RA Powerpoint, DAU Derived from SOSA 101

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS



USASMDC Release #4063, Distribution A: Approved for public release; distribution is unlimited

Import Data Sets

* Collecting data either from models and
simulation, or through physical asset data

* Implementation of machine learning to train

models
[ | (@&
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Model Lab Components

* Understand digital threads to create initial
framework

* Taking real life sensors or components and
mapping them into the virtual model

«-Complete using SysML and modeling software

+Modeling-includes the asset’'s materials,
performance-factors, and design geometry

Source: DoD Engineering of Defense Systems Guidebook, February 2022
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Implement Lab Components

* Pictures provided by USASMDC

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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Testing Design

* Validation to see how both the digital twin and
the physical asset are performing

» Sensitivity studies and impact analyses
— |s the model allowing modular application?

—-Canthe_digital twin implement changes quickly?
— Are efficiencies_changing comparatively?

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 24
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SILs and Industry

* In military industries,
digital twins of SlLs will
push standards and
architectures for industry
to use

 For other industries,
seeing-how digital twins
and-reference
architectures can be used
In their spaces

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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SIL Digital Twin Examples

« Sub-Component

* Component o=
e _System-of Systems l,?

+ Personnel/Resources 2,

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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INCOSE 2035

ADVANCES IN MATERIALS AND
MANUFACTURING

~.will bring new materials with novel
mechanical, chemical, optical, and/or electrical
characteristics into systems at all scales, with
increased performance and reliability.

ADVANCED MODELING AND SIMULATION

~.will play a key role in representing
complex system solutions, transforming
digital data into virtual and digitally-
augmented representations which can
be queried and modified by immersive
human-machine interactions.

AUTONOMY AND ARTIFICIAL
INTELLIGENCE (Al)

...will significantly advance via applications
in computing, software, smart sensors,
robotics, energy storage, and

human intensive interactions.

BIG DATA AND ANALYTICS

.will continue to evolve as a

key technology because the

number and complexity of data sources will
grow enormously. These technologies will drive
Society 5.0 and enable progress in socio-cyber-
physical systems.

BIO/LIFE SCIENCE AND
NANO TECHNOLOGIES

..that are embedded and greatly miniaturized
will transform many domains in medicine and
human-computer interaction.

Source: INCOSE 2035, 2021

2-6 July 2024

COMMUNICATIONS TECHNOLOGIES

...such as advanced photonics, radio frequency
coding techniques, and software-based radios
will foster fast, wireless, and universal internet
access for the global population.

EDGE COMPUTING

-.will fuel the internet of everything by
connecting computational and control resources
in almost every device with the cloud to improve
the user experience, enable faster, lower latency
processing of data, and reduce costs.

GEOSPATIAL TECHNOLOGIES

...will advance a multitude of areas

such as e-commerce, public health
management, smart agriculture,

national security, cyber-security,

land management, supply chain logistics,
social media, tourism, and disaster mitigation.

POWER GENERATION, STORAGE, AND
CONVERSION

..will enable more efficient, decentralized,
environmentally-friendly, and flexible energy
systems, integrating local, regional, and national
generation sources.

QUANTUM INFORMATION SCIENCE

..will harness the properties of nature at the
smallest scale for applications in large-scale
computing, secure communications, navigation,
and sensing.

Looking into the future,
there are several areas
that systems engineering
IS growing

As technologies change,
the modular approach In
our development will
allow for easy
implementation

www.incose.org/symp2024 #INCOSEIS 27
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Next Research Steps

* Preliminary plans for our
research and
iImplementation of a lab
wide digital twin

* Look into adding
Artificial Intelligence and
other DoD._focuses

* |nvestigating-social
Impacts and their
processes

e

Source: 2024 USASMDC Glo
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Summary

 Digital Engineering is a growing field, and the DoD is
pushing for implementation across the branches

 The DoD uses SlLs to ensure streamlined
development and integration of systems

* |n these environments, Digital Twins can optimize
processes and provide a modular approach to
integration

* Virtual labs_ensure a fully modular customer
experience
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Questions?
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