Integrating MBSE with
Digital Mission Engineering

Aerospace and Defense




Digital Mission Engineering (DME) Accelerates Capability Delivery

Virtual systems

Opportunity to identify
system performance
issues with DME

 — Physical systems

Time required
to resolve issues

Opportunity to identify

system performance
issues without DME

Continuing mission-focused performance
assessment throughout the lifecycle using
a common mission model reduces rework
and improves stakeholder communication

Project/Program Phase

Accomplishing mission-focused

performance assessment early in the

lifecycle reduces delivery time and cost

Digital Mission Engineering (DME)

//

Y \NnsYs




Connect SysML to Digital Mission Engineering

SysML Authoring Tools

(e.g., Cameo)
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¥ Requirements
Architectural Models

Moxie Mission Simulation Tools
Simulate the impact SysML-defined behaviors have on F STK TETK

mission performance

T \nsys

Perform trade studies on system behaviors J\ MATLAB
l g Excel
ModelCenter MBSE Human-in-the-loop simulations
Run trade studies on the impact SysML-defined physical Custom simulations
Other tools

characteristics have on mission performance

Analytical Models

Y \NnsYs



Simulate Behaviors with Moxie

System Engineer view of a
state machine in a SysML
authoring tool
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Behind the scenes view of Moxie simulating the
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Tracking Target
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signalDetected transition

Moxie specifies the
simulation tool code that
will assess the
signalDetected condition,

of the simulation tool(s).

Moxie informs the SysML
if the signalDetected

Simulation tools such as STK
assess if the signalDetected
condition is satisfied using

precise event-based timing
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Run Trade Studies with ModelCenter MBSE
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Analysis Type:  Analysis Server -
Server Address: aserv://localhost Connect ‘

Current Path:

‘ Server Browser [

‘ 4 ®3) aserv://localhost [ -
—) Map Analysis Variables

Systems Model Structure | Requirements List Analysis Variables

Name Type “ Name Type
@ specific thrust Real - calc_SpecificThrust

B atmospheric Conditic — nozzle_Vel Real
= BPR Real
. — fan_Exit_Vel Real
MBSE Value Properties | « = e
Real — gamma Real
thrust Real = R Real
@ mass flow rate Real - Ta Real
< fan bypass ratio Real = fuelRatio Real
= fan specific_Thrust Real

= burner

m

compressor

= LPCompressor
@ thrust specific fuel co Real
3 Turbine
(J Compressor
3 Burner
4 (J Atmospheric Condition

® ambient temperature Real

Analytical Model Parameters

necific heat ratio Real

+) Requirements Details

Analysis Name:  calc_SpecificThrust

OK Cancel
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Example Use Case: Communications Satellite Design

ﬂ/loxie facilitates simulation of the SysML-defined behavioral \
characteristics of the satellite system relative to the Design
Reference Mission requirements modeled in STK and other

SysML Authoring Tools
(e.g., Cameo)

Behavior tools.

For example, are the satellite’s data caching behaviors adequate
to handle communication degrade scenarios that evolve during

.
. Moxie the course of a particular mission scenario?
Parametrics Behavioral simulation P

Requirements

Structure )

4 pillars of SysML

ModelCenter MBSE
Trade studies

ﬂ/lodeICenter facilitates trade studies on the SysML-defined X
physical characteristics of the satellite system relative to Design
Reference Mission requirements modeled in STK and other tools.

For example, is the gain pattern provided by a particular antenna
design adequate to satisfy communication relay requirements in
Qartlcular mission scenarios?

Design Reference Mission (DRM)
modeled in tools such as STK
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Integrate Ansys MIBSE Tools with Other Data, Tools, and Workflows

* Multiple integration approaches exist to support any digital engineering environment

The Minerva SPDM tool provides a single
ASoT for mission engineering data,
optimizes simulation workflows, and
connects to the broader digital engineering

s , ecosystem

SDM
) 50 o EE)
4 @

VENDOR NEUTRAL

ModelCenter’s black box approach enables
integration of disparate tools into common
workflows (e.g., costing, meshes, PLM/PDM)

MBSE Models Ansys ~ Minerva
ArchltsctureModal it =
e | s
(Mechanical, CFD, HFSS...) s

eQube®-MI Digital Backbone

coron W o

Digital Thread (DT) Visualization & Navigability Services

System Model DT Data DT DT DT
Repository Model <«— pashboard * Repository > DTQuery «—  panagement

L4
TETK automates import of data from external sources,

allowing your STK-based MBSE/DME analysis to be
enhanced with data generated by your broader Test &
Evaluation environment (e.g., SIL, HIL, range data)
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Additional Information
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MBT&E Architecture

Fusion environment for SUT V&V

SysML authoring Mission & physics T&E tools T&E data

SysML trade . .
tools simulation tools

study, Test planning, data HIL, SIL, r
C o / , SIL, range,
Architectural —> Optlr.nlzaltl.;)-n, and —» Analytical <4»  ingestion, data ®— instrumentation,
simulation management, etc
models execution tools s analysis

Common mission model allowing synchronous
analysis of virtual (SysML) and physical systems

Simulation Process and Data Management (SPDM)

Optional
enterprise
connectivity

Digital Backbone

PLM, ALM, ERP, etc
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MBT&E Tools

TETK offers the ability to

Flat files generated by |  iMport data from external

custom delegate code sources into the STK
. analysis environment so
g your full MBSE and T&E
SysML Authoring Tools Mission Simulation Tools ecosystems can be analyzed

(e.g., Cameo) synchronously

Behavior <~ Moxie o STK TETK Data Importer
Structure il T I\nsys 1 B TETK Flat files generated by

Perform trade studies on Data 'rl‘ge_St'O” and “« HIL, SIL, range,
system behaviors analysis, spec instrumentation, etc

Parametrics -« assessment, DRM )
i achievement analysis r
&\ MATLAB
Requirements del
<> .
—» ModelCenter MBSE E o TETK offers unique data
Custom simulations organlzatlon and
Other tools EE visualization capabilities,
Existing Interfaces Flat files generated by allowing system
g non-Ansys tools performance variations to
Program-Centric Custom ~7 be assessed quickly and
Interfaces (Optional) N intuitively
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Tune Tour Digital Twin with Physical System Data

@ —=

\ ModelCenter & ‘ Moxie

() STK

Common mission model
allowing detailed comparison of
virtual vs. physical performance

| (5) TETK

Data from SIL, HIL,
mstrumentatlon
range, etc

https://www.boeing.com/features/innovation-quarterly/may2017/feature-technical-model-based-engineering.page
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Steps to Integrate SysML Behaviors with STK via Moxie

SysML State Machine Diagram [ & AutonomousSARUAVSM 1/‘ 1 @DelegateFor("SARStructure: :AutonomousSARUAV")

@AutoDelegateImplement:

n
SSARUAV extends SpatialEntity {
1Property();

public interface Auton

void flyHoldingPatternAroundperson();

Model your System

void flyToBase();
}

with SysML _
Use your SysML modeling Autogenerate Moxie Code

tool (e.g., Cameo) to create ~ Use Moxie’s Java code generator to
structures and behaviors export interfaces and/or classes
that model the systemyou  representing the SysML blocks in
want to simulate your system. Each interface or class
includes stubs for properties and
operations, along with a mapping to
its corresponding SysML block.

Iterate to increase the

public TimeDuration planSearchPattern()

{

fidelity of your simulation

SysML State Machine Diagram [ & AutonomousSARUAVSM ]J
try {
double currentTime = m_toolBox.getTimeHelper ().moxieTimeToStkEpochSeconds(m_timeProvider.getCurrentTime());
MoxieTime = m_timeProvider.getCurrentTime();
boolean = false;

IAgAvtrProcedure interruptProcedure = m_uavProcedures.get(m_uavProcedures.getCount()-1);

interruptProcedure.getTimeOptions().setUseInterruptTime(true);
interruptProcedure.getTimeOptions().setInterruptTime(currentTime+1);

IAgAvtrProcedureAreaTargetSearch atSearch = (IAgAvtrProcedureAreaTargetSearch) m_uavProcedures.add(AgEAvtrS
IAgAvtrSiteSTKAreaTarget uavSite = (IAgAvtrSiteSTKAreaTarget) ((IAgAvtrProcedure) atSearch).getSite();

uavSite.setObjectName("AreaTarget/" + ((stkSARCommandControl)sARCommandControlProperty().getValue()).getAle
atSearch.getAltitudeOptions().setUseDefaultCruiseAltitude(false);

atSearch.getAltitudeOptions(). setAltitude(searchAltitudeProperty().getvalue());

atSearch. setMaxSeparation(searchPatterniidthProperty().getvalue());

Connect to STK
Populate the Java method stubs with
code to specify which
STK algorithms will execute on which .
STK objects during your SysML state Simulate and Analyze
machine transitions. Your Object Model Use your SysML modeling tool’s
code can connect to an existing STK interface to start, pause, and debug

scenario or generate a new scenario. Moxie’s execution of your state
machines in the STK mission

environment. Analyze and validate
your system'’s performance using
STK's capabilities synchronized with
state machine visuals and Moxie logs.
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https://help.agi.com/stkdevkit/index.htm

Key Value Points for Moxie

Mature and validate system behaviors
using your SysML architectures instead
of a physical system

Reduce cost and development time by
achieving system performance insights
earlier in the life cycle

Improve analysis speed and
accuracy, since Moxie coordinates
time across all objects in the
mission simulation using precise
simulation tool timing

Inject custom code into your SysML
state machine transitions

to customize analysis fidelity based
on your objectives

Avoid
. Test more
expensive completel
rework P y
AV
X/
Test more Usc.e y_our
efficiently existing
SysML tools

Execute your SysML behavioral models
in a physics-based mission
environment

Connect your authoritative source of
design truth (MBSE architectures) to
your system’s targeted operational
environment

Explore system performance in new
and emerging mission scenarios

Systems engineers can execute
implemented Moxie workflows using
SysML tools (e.g., Cameo) that they’re
already familiar with.

Your team can focus on system
modeling rather than creating physics
algorithms and numerical integration
schemes to represent the mission
environment
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