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Why MBSE Data Standards?

» Data integration, preservation and reuse
 OEM — Supplier Design Development
» Collaboration opportunities

 MBE digital thread (traceability, exchange,
Integration, and synchronization)

* Foundation for standard process and
procedures
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Lots of MBSE data standards: but need forums/industry/consortia
to create/validate standards, and recommend enhancements.

MBSE is based on collaborating ; -
with models. Mission Impossible? i MOCIOr St . y

\ HP-41C card reader
i : e e

- v ; d W X
“ : “ .. this MBSE model will

=2 self destruct in 5 seconds!”
Your participation is needed!

(implementer Forums, industry groups, standard bodies)
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Four categories of Standards?

« Data and Interoperability Standards: includes
modeling, exchange or language standards

* Process standards: specifications for methods,
outcomes, compliance, lifecycle

 Procedural standards: for data measurement, testing
and qualification

« Part/Product (Design) Standards: dimensional,
material, operation, performance, protocols/specifications
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Static Maturing/Implementing Planning Evolving
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http://www.asd-ssg.org/radar-chart

Standards Bodies and Consortia

g
fmij s =A%, MBSE Standards Development

 PDES, MBSE WG (STEP, MoSSEC, INCOSE MoU)

« LOTAR, MBSE WG (data preservation and reuse)

» Modelica Association (MBD, language, FMI, SSP)
 NAFEMS (consortium, Systems Modeling & Simulation)

« SISO (consortium, modeling and simulation interoperability)
« AFNeT (consortium, digital transformation/stds)

S ¥ ol |NTERFACE°
UNIFIED
MODELING ®
LANGUAGE-.

AP T S AFEMS * prostep ivip (consortium, industry best practices)
PDES, Inc. OI‘:SIS-I « AVSI (Academia, virtual integration, PBR/PMM)
=k S s 00 * Others: W3C, OMG, OASIS, OAIS, INCOSE, Open Group

Industry and Governance

< AVSI
o ISO, NASA, ASD, AlA, A&D PLM Action Group, GPDIS

THF’Opg”GROUP
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MBSE Capabillities: Data Types

System

Design
‘ Requirements |

Requirements Analysis
Analysis [ and Functional
Requirements Controls MBD I\geasl'udre unc _|ona -
~ sonsisiency || Lgical
Functional ontrol Y= If-Sum-Else Z y Architecture
. Loop < D>
Analysis and CAP:I Pl R
Allocations Fortran [ =
Design LDDp Functions

4
System Architecture, Connectivity,

Synthesis and System Behavior, Performance, Controls,
Code Generation, Acausal - Lumped Data 1/0, Requirements Allocations,
System Structure

Parameter models

Verification and

Validation Loop | ntegration

MIL-STD-499 MODELS
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MBSE Data Standard Categories

Q . “AADL | MARTE.

Modeling

Cvodeica 3 .02

Data Package

MIL-STD-31000

Standard Body Legend

CREDIT: Bill Chown, Mentor Graphics; MBSE Roundtable, 2015 GPDIS




Systems Behavior Model

The quantitative assessment of functional systems that
represent the environment, System/Structural Plant
architectures, and/or regulated Control Loop activities. They are
defined as lumped parameter models representing physics
based behaviors and control logic. They are constructed using
complex mathematical equations, specifications or executable

code, containing differential, algebraic and discrete equations.
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Model Based Design

MBD Standards Development

« PDES : Product Data Exchange Specification
AP209 (FEM), AP243 (MOSSEC) st

« LOTAR : LONng Term Archiving and Retrieval
NAS9300-520, MoSSECC template

* Modelica Association : language, libraries, FMI, SSP, DCP

PDES, Inc.
Connecting the Digital Enterprise

/777

Model Ica « NAFEMS : National Association of Finite Element Methods
#  Association vocabulary, Engr Simulation Quality Standard
- ‘ﬁ;ﬁﬁ{ﬁ NAFEMS « SISO : Simulation Interoperability Standards Organization
thO])gﬂGRou HLA for M&S, DIS (Dist SIM), DSEEP

* NASA : National Aeronautics and Space Administration

S I Stia , NASA-STD-7009A, NASA-HDBK-7009A
m l EAUONCCK-[{?PNAL

mmmi INTERFACE « The Open Group : SOSA, Sensor Open Systems Architecture
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https://www.pdesinc.org/
http://www.lotar-international.org/
https://www.modelica.org/association
https://www.nafems.org/about/technical-working-groups/systems_modeling/
https://www.sisostds.org/
http://www.nasa.gov/
https://www6.opengroup.org/sib.html

PDES, Inc.

PDES, Inc.

Connecting the Digital Enterprise

Model Based
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http://www.mel.nist.gov/sc5/soap/soapgrf030407.pdf
http://www.mel.nist.gov/sc5/soap/soapgrf030407.pdf
https://pdesinc.org/

LOTAR Parts Structure

LOTAR International is supported by the AIA and PDES
Inc. in the US, ASD-STAN and ProSTEP 1VIP in Europe

Technology

/ Data Domain Specific Parts \ ( rorammsman)
C Storage & Retrieval 7-10 years )

C y & Product Data > 70years

Life-cycle Times

LOTAR is Enabled by Standards

« Data preservation, Reuse, Accident Investigations,
Maintenance, Regulations, Obsolescence, Safety

« Assume Application versions 3yr; storage/access
10yrs; translate to stable formats for 50yr product

cycles.
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Collaboration Strategies

1. Share data/models without expectation of receiving model

revisions

2. Share data/models using a drop-box technology with the

expectation to ma

ke changes and iterate the sharing

process. Must manage multiple versions.

3. Use a secured common repository, or interactive

environment, whe
and executable.
version. Add addi

re data/models from all parties are shared

The shared models represent the latest

tional controls to support model

modifications, anc
studies.

2021, February 1st
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Modelica Standards:

Integrated Sim
FMI: Functional Mock-up Interface F o | ,
v’ Supplier - OEM Model Exchange ‘ — 1= [P v_(&“.,{m,
v’ Early requirements validation : ?‘ el - @8 lsubsystemA.1
8¢ : ahe
SSP: System Structure and Parameterization OEM S 2% [suosystemA2
‘Supplier 3 Supplier 2 ! )
| SystemB == EIES

Supplier = OEM Simulation Exchange

v
Traceability with Architecture definition

v

DCP: Distributed Co-simulation Protocol

v' High fidelity, real time co-simulation

&

FMI, SSP, DCP

-

m " Functional

I Mock-Up

e End users have identified
Improvement Areas

Interface

Juan Carlos Mendo,
Boeing Research & Technology - Europe
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Industry collaborative prototype. LOTAR-PDES Activity.

Goals are:

v' Define the process to archive and retrieve behavioral/
executable models (particularly the MBSE use case).

v Define the process to archive and retrieve simulations

v'ldentify changes to the FMI and SSP Standards for
Modelica.org

v' Align and bring together AP243 and the concept of the
Model Identity Card (MIC)

v Deliver a LOTAR prototype that can be reused for

Create Model
(e.g. Madelica tool)

O

L

System
Analyst

>—Generate FMU /

I~ Binaries (dll,so)
= resources
= sources

LOTAR\

Provisioning

T
R

Examines AlIP -

{retneves model)
P

()

Repository
FMUA
FMu2

Create Manifest

(e.g. MoSSEC, MIE}/
NAS9300-520

I~ documentation
= Extra (v3)
— modelDescription.

xml

other MBSE model types

Controller

Plant

Filter

FMI

ssP |

Sensor

Juan Carlos Mendo,
Boeing Research & Technology
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NAS9300-520 Process
Archiving a Simulation Model (FMU or SSP)

/ N

Create Model
/ (e.g. Modelica)

+

|

Create Manifest

O

L

System
Analyst

>Generate FMU

— resources
— sources
— documentation

(.g. MoSSEC, MIC)/

— Extra (v3)

S

— Binaries (dll,so)

Provisioning

7

LOTA R\

Y
S

Repository

t FMU1
FEMU2

— modelDescription.xml
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(retrieves model)

Consumer

AIP — Archive Information Package
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The path to integrating data

Concept Simulation Definition Manufacture
I

Support Disposal
Product Life Cycle

MODELICA | f_rm Ssp

Manufacture [ Deliver

AP35

N

product dealgn
ECRiEm 88 modifed ;
Modify Realized
Froduc

Design Product Support

Product Support
Product Operation
LAP238

Model metadata

Scope, Pedigree, Provenance
Who, What When Where, Why, How
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Sample MBSE Capabilities Roadmap

Vision 2030 and beyond...

Best Practices

Define a new Culture 2>
Shift to a comprehensive advanced

virtual engineering environment
(NAFEMS SMSWG)

Data Reuse

Ontologies .
. g Digital
Digital / :
Thread Modeling Twin
rea 4 Frameworks
Data Formal Metadata Stds coft OGO,
oftware
Standards — Modelin 222
Bz Work Data Traceability - g T
izati Instructions Synchronization ork Flows
Engage Organizations y, Network
STRATEGY: |dentify Behavior Deploy | | Data Linking Signaling Multi-Domain
Process Architecture Standard Tools| | Modeling Training Deployments
Internal Collaboration PLM Strategy Doy
Allocate Tools PDM
Management . : ; Data Analvtics Manage
Endorsement ROl MErLS S SEELY Enterprise v Obsolescence
Functional - Terminology- Change Deployment Supplier Collaboration (tools & data)
Grass Roots: Logical Taxonomy Management

Project Prototypes Architecture Promote Metri CD

Design Authoring and Integration Technologies  Standardize Deployment  Safety, Data Assurance
Process — Tool Infrastructure  Identify / support emerging standards Tool Vendor Requirements

from PDES-LOTAR MBSE Teams, January 2021
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AP233 + AP239 + AP243

= )

Core technical
L--=2 capabilities partially et et st [
reused or classified by ;&%séﬁicaﬁoﬁ‘

MoSSEC ) oo ‘»'.:-:f-".

\Prodietstructarey

--.--...»--...«“ ..................

Modeling and Simulation -
) all sta‘ns Pro ?rt
Information in a Y

Collaborative Systems
Engineering Context
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