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Shoal Group: Who We Are

We apply systems thinking to bring about positive change

 Deliver Digital Engineering (DE) based solutions for complex projects in challenging
environments for: Defence, Space (civil and military), Transport, Energy, & Infrastructure.

* Shoal has deep, resident Digital Engineering (DE) knowledge, particularly for complex
Systems-of-Systems and Mission Engineering analyses, with over 20 years of experience.
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SHOAL A Modular Digital Engineering Approach to Mission Engineering — Aug 2024




Shoal and Mission Engineering

Shoal has organically developed and sustained core Mission Engineering capabilities since 2007,

with experience across all major Domains, and their principal Projects and Programs.
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Context

Mission Engineering




Mission Engineering Overview

Operational
View

* Mission Engineering (ME) — — —
* Considers how mission objectives can be = Sia=Tp
delivered by one or more alternative

Systems-of-Systems (SoSs)
* Focused on Operational Outcomes

* Gets engineers and tacticians working more / -
closely together

* Considers the broad enterprise, while SEmmS e ==
enabling focus on specific missions !

* Analysis through
* Mission Threads
* Mission Engineering Threads (METSs)

— Miss\ion —
Thread

ME combines the tactical insights from US DoD Mission Engineering Guide — 2023
operational planning with the structure of SE
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Mission Engineering Application

* Types of problems
* Multiple types of systems =2 SoS
* SoS to deliver a Mission goal

* Applied from strategic to tactical
* Force level missions to shape
capability
* Design and analysis of missions
with:
e Current Capability

* Future Capability and
Innovation

* Far Future
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Mission Engineering Purpose and Use Cases

e Mission Engineering (ME) has
" e Besors "R many use cases
e Understanding the ME study
purpose is key

* Drives design of the ME study
and analysis
Enable Capability Portfolio Management,

e Inform Acquisition and PPBE Decisions o E n S u re S fo C u S e d a rc h ite Ct u re
"Vaturation S modelling and analysis

US DoD Mission Engineering Guide — 2023 ° Su p po rtS Iate F re-yse
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Key Mission Engineering Use Cases for Defence

Strategic
/ Guidance \

Operations Force Design

Investment
Decision Support

Force-in-
Being Realisation
and Assessment

Integration and
Interoperability
Assurance

Force
Generation and
Preparation

Integrate New \
System

Capability
C4ISR Planning,
/ Integration and

Assessment

Force

Integration
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US DoD Mission Engineering Process Evolution

Key Changes from v1.0 to v2.0:
* Updated guide (Oct 2023) informed by
experience of ME practitioners

Mission
Architectures

==

Alternative R Its & . .
h;alf'sé;;:l;?/:lf?}r; Charl:::st::‘i,:atlon S s RN ) \ Reconft?en:atlons * Increased focus on defmmg purpose
Model the mission . .- .
Mission & ME . baseline & alternatives l * Benefits & scalability emphasised

( Purpose ) ( Mission Context) asion | =~ . ' .
o M‘l’"::: - o M"‘ il “nalysis inforn decioionet beyond studies — inform acquisition, R&D,
qucstionil dacisinit metrcs anduRasae Design of ro i i i

— Analysis SoS integration, and evolve ConOps

* Design of analysis activities updated to
reflect lessons learned

e MT & MET emphasised in architecture
definition process

ME = Mission engineering
MT = Mission Thread
MET = Mission Engineering Thread

Models, Simulation
& Analysis

Evaluate solution trades &
quantify mission efficacy

US DoD Mission Engineering Guide — 2023 (Version 2.0)
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Digital Mission
Engineering Framework

Needs, approach and design



Digital ME Framework Needs

* Suitable for analysis at
different levels of

Generalisation
* Force Level , 7] - Genericarcitectures
* Capability Stream teaic T —

 Capability (Program/Project)
. Incorporatinfg and tracing
iffe

between different levels of -
Abstraction: | STEm /

* Strategic
* Operational
* System
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Digital ME Framework Needs

* Scope and flexibility to support
different Mission Engineering Use
Cases:

» Investment Decision Support

»Integration and Interoperability
Assurance

» CA4ISR Planning, Integration and
Assessment e Communicate to

»Integrate New System decision makers
» Force-in-Being Realisation

and Assessment e Reuse
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Digital ME Framework Needs

' Capability Design

* Support an enterprise view
throughout the capability
lifecycle

Capability Acquisition

Capability Integration and Test and Operational
Needs ntercperability Evaluation Concepts
m *  Effckrt and Efective Gate Roviews Based on
Archilectunes, Reauirements, Cost Models and
' Nalyss
o High Cangirty Contractor Bids inforrmed by

Mission Engineering

Portiolio-Foows Capubilly Propoasl

Gersarnment. Program-Fosus Projel Produst-Focus ProjectProduct-Fecis Predust-Focs

S e 3 rfoomation, Models and Data
-0 Acguire / o Transparent and Technically Sound Contract
Buld &nd Drogram managament

System Engineering

o Drves early risk assessmant nd mitgaton
o Enables progressive camonstration of salety

\m and] mguistory compiience
.

nformed Frogram Mansgamant
Supportability
Analysis
Performance
Repair & M
Overhaul

Confh o Cont
Wieeion Englraering: Comeapt Deedopment: Frpehore Dawndapmaonk Aunst Mansyemuenl: MW Build
k k4ol and Dok Direwphsl arhisches Lpram Andiwcars Mzl P Evaluat

st

Cupabilfy Menugar [SM)
By |62 R Fizecs 103

vHI 6
d .

Enterprise Assol Management

DHGITAL
THREAD

Digital Engineering Strategy 2024
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Scalable Approach

* Resources are limited
* Apply learnings from case studies ~ome= == | Z MissionEngineering

* Need a rapid and austere approach that ST EE T ET e
* Focuses work on the study purpose —

* Focuses on Missions and Mission Threads of
interest

 Enables use of common MBSE tools

* Based on a reusable library of modules - i
* Tailorable, low cost, easily assembled

* Employ a DE environment that supports:

* Curation and re-use of mission and mission ]
threacil libraries, as well as platform behaviour —=  Physics-based
models

* Rapid assembly and refinement of Mission
Engineering Threads for baseline and
alternative architecture configurations.
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Digital Engineering Environment for Success

* Use common tools and P Qi
frameworks across Defence i
and Industry E—

* Adopt and adapt learnings — ==
from US DoD and US DE
implementation

. Apply a consistent approach

 Defined metamodel and
nrocess

* Promote model library o]
curation and reuse

* Build a ME Capability ...
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Digital Mission Engineering Capability

Stakeholders
who deeply
understand
capabilities and
missions

Experts
in strategy,

operations, platforms

& technology

Information
existing concepts,
doctrine, standards,
models,
specifications, etc.

SHOAL

Inputs

i

J

_—_—_—_—_—_—_—_—_—_—_1

] People

e Skilling and training
) * Team roles and structure

) Processes

bl * Study and technical processes
J * Technical reviews

| Tools

w
-
=
s
=
)
c
Lo
%)
&
()

¢ |CT environment, software & interfaces
) * Information models, metamodels, scripts & libraries

Information

Enterprise \

interfaces

g_ =

* Generated by design
e Reference

N Il I IS S S S S S - - _—__J

Outputs

u
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Stakeholders

now informed

with study
outcomes

(‘what, how, who

& when’), rationale
(‘why’) and evidence

Information
concepts, study
reports
documentation,
presentations,
models

& other artefacts




ME Implementation Using Digital Engineering

&

1. Mission behavioural and structural . -
architecture
. . . . . o 9 2
2. Mission Engineering Analysis
®

3. Operations Analysis (OA)

Mission Thread

OA Modelling of

e.g. Air o
g Al Mission Thread
Interdiction
Modelling 9
in MBSE l Physics-based
0 models

Sub- a
System System
Module -

Mission Systems
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Shoal’s Digital ME infrastructure

» Adopts SysML and Unified
Architecture Framework (UAF) T —

» Utilises Cameo / Catia Magic e L =
for architecture definition, e S

reporting and base-level =ik
analysis L
* DE Implementation for UAF |
based on
* INCOSE and OMG publications

* Experience developing and .
employing WSAF — e
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Capability and Mission Definition

* Strategic viewpoints define:
 Capabilities
e Strategic Goals, Challenges
and Motivation
* Measures (Cols, MoEs)
* Missions
* Location
* Epoch
* Conditions
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Operational Mission Architecture

* Operational viewpoints =
define: =

* Operational Performers = = —

* Mission Threads, Tasks and === SR
Operational Activities ] ‘ ="

* Operational Needs and Ne— % o ———

Constraints ‘ = || el

e Operational interfacesand | - =1 e

information exchange " :

F =
1] I
Fl .

===
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Systems/Resources Mission Architecture

* Resources/Systems, Services
and Personnel viewpoints

define:

* Systems of Systems
e Configurations of interest

* As Is / To Be (multiple
alternatives)

* Mission Engineering Threads

* System, FIC, support
requirements and constraints

 System interfaces and
information exchange

SHOAL
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Artefact Generation from the

e Document-centric

information
consistently

cannot be
maintained

* Documents should be
automated reports of
modelled information

* Tailored out
different sta
decision ma

SHOAL
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Mission Engineering Analysis DE Environment

* Analysis toolsand =+ i [

methods fit-for-

purpose for the study -~
e Cameo/Catia Magic
* OpenModelica
* MathCAD
* AFSIM
* DAPSIM
e STK
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Digital Mission

Engineering Framework

Broader application

SHOAL |

28



Other Industrial Energy Transition Applications

* Transport decarbonisation
* Heavy road transport (EV & Hydrogen)
 Rail electrification
* Air ﬁH drogen and Sustainable Aviation
Fuels YSAF
* Agricultural & Forestry equipment

* Green energy generation and
distribution

e Solar, wind, nuclear
* Hydrogen

* Green chemicals: ammonia, methanol

* Decarbonising energy-intensive heavy
industry — e.g. smelting/refining
resources such as iron and aluminium
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Example: Energy Decarbonisation in Mining

* Transition to green energy is accelerating
* Increased regulation & compliance
* Increased focus on sustainability

* Mining industry is moving to electrification
* Diesel powered to electric powered vehicles

e How to accelerate effective selection of future
mining battery electric vehicles (MBEVs)?

=>» FastSEAT: Fast Selection of EVs for Accelerated Transition
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Example: Energy Decarbonisation SoS Analysis
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Summary

* Key considerations
* Focus on purpose

* Design for broad Mission
Engineering use cases

* Scalable, modular approach

e Use of common industry
tools and standards

* Consistent modelling and
reporting
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SHOAL

Questions and comments

MATTHEW WYLIE
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