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Integrating System Modelirig with PLM Platform to
Enable Enterprise MBSE Capabilities...

.. Yo Develop the Right System Right, on Time W

Dr. Gan Wang, BAE Systems, Inc.
Dr. Saulius Pavalkis, No Magic, Inc. (3DS)
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B Outline

- BAE Systems MBSE Initiative
« An MBSE/MBE Integrated Data Environment (IDE)
« A Use Case: Visual Factory Development

« Selected Capabilities Demonstration:
* RFLP Traceability: System Model (SysML) to eBOM (PLM) and Source Code

« Automated Model Based Testing

« Conclusion & Future Work

1®: No Magic
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MBSE Initiative at BAE Systems Intelligence &
Security — Strategy to Drive Business Growth

MBSE Strategy
ADAMS — Advanced Integrated Data Environment for Agile
Manufacturing, Integration and Sustainment Excellence . Digital enterprise for engineering services

»  Paperless environment

«  Digital thread with integrated and interconnected models
to provide a “single, authoritative source of truth”

»  Backbone for systems engineering & integration, system
modernization

*  Owning the technical baseline and managing changes

»  FEarlier system understanding, improve product quality,
reduce cost and time-to-market, and improve productivity
and competitiveness

Targeted Capabilities:

Integrated Data Traceability.

*  Reqt - Functional - Logical - Physical (eBOM) >
Manufacturing (mBOM) - Procurement (supply chain)

Integrated 7oolsuite:

S
>

| T |
= ; Manutacturing Operatonal
. Veriicaion 4 Capabilty
Flow of Requirements to Systems/Cls to Parts . DOORS - Magic Draw - SolidWork 3D - ENOVIA >
‘ MES/VF - CostPoint

»  System Modeling

+  Technical baseline & change management

Multi-function Collaboratior:

*  PM-Eng - Ops — Proc

Mf NO Magic (Credit: Dassault Systemes) *  External/customer collaborations BAE SYSTEMS

INSPIRED WORK
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MBSE "To-Be” State: Collaborative Product Development Based
on Shared Reference Architecture and Model Libraries

Product Line Reference Architectures Mission, Budget, Schedule

Model Libraries
i Model Types
= Structurg/Interfaces = \
= Behavior(functions) D
—~ = Resources/Environment A/
V
. Model Lib
Weapon Systems : Das:bolar;:ry
| Ground Vehicles =  ValueslLibrary
|__Integration & Sustainmen = Reusable Designs
| SIGINT Systems == ]
Benefits:

Faster Design Cycles
Stable baselines
More cost effective

Discipline Hubs
= PM, SE, SW, Elec, Mech, Test,

/édd knowl;edge continuity Quality, Ope, Lo, Castamen
st r ’ I
L:ggog:;ﬁc;cus » Integrated Process and Tools

Cross-business Sharing of Vision, Process, Model Library, and Best Practices

1®: No Magic
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B Terminology Referenced

SysML — General-purpose graphical modeling language for specifying, analyzing, designing, and verifying complex
systems that may include hardware, software, information, personnel, procedures, and facilties, one of the most popular
in the world

«  Developed by OMG and INCOSE
*  Adopted by OMG in May 2006 — OMG standard
« ISO/IEC 19514:2017, OMG XML Metadata Interchange (XMI®)/ISO 10303-233

RFLP —The acronym for Requirements, Functional, Logical and Physical architecture views — adopted since the 80s a
known description of the core elements of Systems Engineering

»  Supported by MIL-STD 499B, “Miitary Standard — Systems Engineering” (first version 1974, draft revision
1994)

« Thenreplaced by IEEE/1220 (first version: 1994, revised in 1999 and 2005), “Standard for Application and
Management of the Systems Engineering Process”

Dassault RFLP —a combination of framework, language, and method

Platform — Dassault Systemes 3DExperiance (3DS)

MagicDraw® / Cameo Systems Modeler® — UML/ SysML models authoring and management tools.
MagicGrid® — SysML based model based systems engineering method and framework

Model execution — Cameo Simulation Toolkit provides the first in the industry extendable model execution framework
based on OMG fUML and W3C SCXML standards

+ Extends modeling to validate system behavior by executing, animating, and debugging in the context of system
architecture and design

«  Conformed to standards: Activity execution (OMG™ fUML standard), State machine execution (W3C SCXML
standard), SysML parametric execution (OMG SysML standard), Multiple action languages support (JSR223
standard), Pluggable engines and evaluators

1®: No Magic
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B MBSE/MBE Integrated Data Environment (IDE) Deployment

TechRep / Mt. Laurel,

NJ

8 la*

8

wa

BAE Systems Datacenter /
Nashua, NH

8 <>
e o

< >

/]

DHS-NSD / Dulles North, VA

8 ot

AN\

N\N\Z4

SSP / Rockville, MD

\

g
. a
< >

A\

g?ﬁ@

\

< >

}®: No Magic
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Requirements Data

System Model Data

PLM Dat. ——

DOORS 0

MagicDraw/Cameo

Cameo DataHub ﬂo
3DX Host / Web App Q

[//

[/

g

f“%a
<5

e
<5

Multi-site, collaborative
teams

Collaborative development

Central database &
CM/admin

Services hosted in
corporate cloud /
datacenter

« Servers & databases

»  3DExperience
Sandbox

BAE SYSTEMS
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B An MBSE Use Case: Visual Factory Development

Visual Factory: a lean, scaled
version of Production
Execution System (MES)

« Office: desktops

«  Factory floor. data kios,
large screen displays

 Digital shop floor

Real-time, collaborative
production execution

management
* Planning, scheduling &
configuration

- Real-time data entry,
data collection, &
production status

* Multi-team, shop-floor
management

¥®:-No Magic

© 2018 BAE Systems and NoMagic

[ Visual Factory TV Display
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Production Teams:

1.

2
3.
4

Overhead Work
Vehicle Integration
Quality Control
Quality Assurance

© N oW

Bullpen Area

Heat Shrink Wrapping
Transportation Coordination
APO QA Area
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B Visual Factory System & Application

* Hardware:
- Server
« Thin & thick clients
- TVdisplays
*  Network
« Application Software:
« A web application

 Factory layout
*  Production scheduling

* Vehicle/system
configuration

«  Work initiation, work-in-
progress tracking

«  Production floor status

 Call-boarding and issue
resolution (material,
transport, quality, etc.)

+ User, team management
- Data collection and analysis T —-cT

ew Materials Callboard

1®: No Magic
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Visual Factory System Architecture Developed in the MBSE IDE to
Establish End-to-End (RFLP-T) Architecture Traceability

4 0 hYS x AYA \/gj‘)\

= %

Sync
Requirements < » Requirements <— ,
A Define
] BOM & Parts
Allocate
—>  Structure
Define
TA//ocate » SW Code <«
Allocate
—>  Activities Verify
verity ‘ Very » SW Testing —
Test Cases Define
A
» System Testing —
Verify

U )

Integrated System Modeling & PLM/ALM Environment Ensures RFLP-T Traceability in Design

1®: No Magic
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System & Subsystem Requirements — Sync’ed Between DOORS
and MagicDraw

DOORS MagicDraw

e =

Fie Edt View imet Link Anolss Table Took Discussions User Dstabub ChangeMansgement Help - =
EeB% [ ze= | g3 PfKzh | edagae . i ) ==,
View [Strderd v ] [heree V] 2. o T
= V20 Symemfeas o V20 5manren H @ & i e
=11 Gorers o et 1) 2 " 1Req for v2.0 (deployed ) - CEoT
Systom s scpot oa 0 - " W
e, ol | 1.1 General (all absent in 1.x): a s - =
Teetre sccve dutbo | 15 ESystem shall support User Login: Users log in with  username + pin/possword. . 3o e
Syrom sl spot Yo 17 |system shal e see o “—w B S —
System sl Recurs oo proper roke, = S L.
System shel Abow Usert 19 [Feature access shal be granted by configurable role permissions. “ = B sm e
System shel ot URL 21 [ System shall support Mo User Login: Sesic default user meant for KIOSK containng read- 1t e I e
Sy sl Gve Accod ooy disply. =
A 2 sy Requre pr/pas ‘admin 3 s ==
System shal have & foct 25 | System shall Allow User to switch user and force fogout another without having to dick a &
Srdn e i ~Sign Out* frs, i 2 Ny
Syihen ul appot ey : =[5 1.1 Gereral {d abeentin L) = —
z::"";' 27 m'mwmsmn.smnpmmmmmumnmmmn o {al g e e
fromscngn 29 Isystem shall Give changng pin, or feids. < n i thellads g n B ==
e 31 Esystm shal have Basc ertor checkng such o5 o equird fllds are popuoted, etc. < Ll L[ 1.2.02 Backend shalluse v mango trvers B ieroctwith Mg, » R, - =
System shsd show e | 33 Isystem shall have a factory floor view » B-° 121 Mongo datchase ey
=12 Backend 35 Isystem shall display hstorical metrics T
Web service she gl 37 ISystem shall support user administration ¥
Backend sl use java 1 39 ISystem shall have a vehicle prograss view o
& ‘“‘"‘r'm 5 41 [System shall support the modification of the factory layout ]
121 ""'m 43 iSystem shall provide callboards. ”
Fewenadoiesi| 45 System shall allow users to create and modify vehicle configurations. »
Dutbace ] 47 ISystem shall allow users to create and modify tosks il
Dabae shek v 48| 1.2 Backend: v
- >
B il Ve It Lk Aosbpin Tble Tokh mcmsems U Deebls Chemge Mogmmart Filp
CECE Tom  FFAFEES | ey
E e — | LT q 3

Cameo
DataHub

lo="$123
Tert =

Tomeat”
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Bl System Modeling: Structure, Use Cases, Activities in SysML

Functions, Workflows:

System, HW & SW Components:

uc [Package] 2 Use Cases [ VF Use Casesu

ul

i Contert & Shucure )]

aa e
aysten corians
|_Operational
Update Vehicle Status
th
-
User
E
\ Callboard

(VA v Vetice Wove Ve I
e e o
gt 3o PP A TS secion
i
[ itocam.
| vobte mme
| e

i

i
3
i
T

=
k> nandua Vence oo~
| e !
- — o
) . o
530 Packane] 133 Apoicaion Sofware Suchure[ VF Apgicaton SN Sruciore ]
‘
aubsystems gy Weersen Pyl
|VF Appiication Software e == s
) - + -
e G
=" ) &)
§
,,,,,,,,, L
=23
R

4 froracton] Hove Vel Dove Veric

wab Servce, user iarace
abiocks ablocts.
User intertace
( = =) =)

Wb Service
= e
a8 aer- 08 A (Framework-Rescus)
URaauen AR Roqvot 4 —
e |
server Somware Server Sotware Floor View  Faciory Flaoe Vew
FRTT 1 s vancs vence ocessng)
bdd [Package] 1.2.3 Server Software [ Server Software Structure lj
ol TSR |
«subsystem» | T, T T T TTTTiTTTT
Server Software 31189 Venic actory Poor)
refeences 'L
web Service:WebService| | | b # Dicler biblond Vi rocondba Ve > = 2
— R
operating|System :H
mongo Database. apacheTomcat] (G W & Uoosedeckon md sucormsbiisave esasgedeseres
«block» wblock» wblocks
System Mongo Database Apache Tomcat
constraints parts
{RedHat} project DB : Project DB
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l Architecture (RFL) Traceability in SysML
Activity - Structure

Legend [ A-2.3 Mongo database
/" satisfy.
7 Satisfy (Impliec)

B-C] Mongo Database
$[= Mongo Database
&-[7 Project Intemal Databae
E.0] Colectons

Requirement
-> Structure

= configs
& Factory

© 2018

..¥& Click on Vehide Image(context Factory Floor View)
.. €3 Click on Vehide Reg(context Factory Floor View)
-..¥& Enter transport request Comment{context Factory Floor View)
[-£2 FF: Find Vehide

L&) FF: Find Vehide
¥ Locate Bay in the Section(context Factory Floor View)
-3 Locate vehide in the section(context Factory Floor View)
- Process 'Cancel' button(context Factory Floor View)
¥ Process 'Clear Request’ button(context Factory Floor View)
..&& Process 'Confirm' button(context Factory Floor View)
¥ Select Section(context Factory Floor View)
-2 Update Factory Floor View

DA ystems ana oMag

Legend vFloorE-ﬂ-,--
Zrsaty £33
- -% 55
Requirement 33

Y eib e el [ SW-1.58 Vehicle .. ssing &
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& oty e e

.. ¥ Click Request Transport' button(context Factory Floor View)

Requirement
4 - Structure
- Activity
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= Configuration M ... View
[® SW-1.58.62 Vali ... ction &

Legend B3 1.3.3 Application Software Structur
A Allocate EEI Documentat | B[] User Interface Views.
.7 Allocate (Implied)

E-[&] UI [1.3.2 Functions]
B[ callboard views
T4 Add/Update cally
L. Clear callboard p
B-[] Factory Floor View
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e
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L% VP: Find Vehide
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‘act Jacviy] Mave Vencie | Wave Venkis

l Model-Based Testing for Early Verification

A =

- T
Mnu Vi Wbtk Procesng Vi

Factary Flaar Vawr

Irege=aFacy Faer]

il

=)

«  Goal wul

« Automatic architecture and design model
verification

* Process:

« Step 1: Specify operational scenarios and
system functions

« Step 2: Specify or record tests cases

auhizht i e
scciin

[ remken
ehkle Reg
&

L

Sevng the
changes wil mous

~ e anice nine
e

| out isboved : Bosiewn

bdd [Package] TC: Move Vehicle [ TC Move Vehicle JJ
.
° Ste p 3 . Exe Cu te te St I n g <blocks act [Actiiy] TC Hove Vehicle Actvey [ [ TC Wove Vehicle Actiiy 1]
TC Move Vehicle
constrants
- cT : meetsExpectations ,
.
- Step 4: Setup automated regression
. page : Page = Factory Floor e ————— "]
- - action : Action = Save ( print( "Selected page: " + page ) )‘
continuous testin
expectedResult : Boolean = true |
verdict : VerdictKind R
isloved : Boolean [ < Move Vehicle
] action : expectedResult : isMoved : verdict : «blocks
= s © page : Page © “acton |0 gaolean O goviean | verdictand initialValues : TC Move Vehicle isMaved
1 =1 tcmove vehide at 2018.08.01 14.32 ehicle Processing Save true true pass action = Save m
2 B tc move vehicle at 2018.08.01 14.34 Log In Icancel [] false [] false pass gzcheg:;:‘;‘:lxe (" isMoved=m )
3 =1 tcmove vehice at 2018,08.01 14,35 Factory Floor Cancel [ false [ false pass ) |
4 =] tc move vehicle at 2018.08.01 14.35 Factory Floor Save true true pass
= «SimulationConfigs & |
5 tcmove vehicle at 2018.08.06 13.04 Log In Cancel [ false [] false pass Move Vehicle Config |
3 =1 tcmove vehide at 2018.09.27 18.07 Factory Creation Cancel [ false [ false pass SmuistionCanigs —_— o -
= isioved == expe es else]
7 =1 tc move vehide at 2018,09.27 18.09 ‘ehicle Processing Save pass adm!"fnoslpaﬂgl ;glse f iy % _ e
animationSpeed =
8 =1 tcmove vehice at 2018,10.11 12.45 Factory Floor Save pass STl | |
9 =] tcmove vehicle at 2018.10.11 12.46 Factory Floor Cancel [ false ||:| false pass autostartActiveObjects = false — T e
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B Conducting Model-Based Testing (Video)

14
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I Connecting System Model (MagicDraw) to Physical Product
Definition (3DS) — Extending the RFLP Traceability

« Goal

- Establish RFLP traceability across platforms and perform change impact in a multi-
domain, integrated ecosystem

» Process:
« Step 1: Publish SysML model to 3DS using MagicDraw-3DS Connector
*  Publishing maintains all SysML connections in 3DS

« Step 2: Create additional connections between relevant system model elements
and eBOM elements in 3DS using 3DS System Synthesis

«  To complete the RFLP traceability
- Step 3: Repeat publishing from MagicDraw to 3DS to sync the changes only
3DS Platform tracks the changes
- Established traceability is maintained
- Note: Capabilities shown are not yet published and for demonstration purpose Only

1®: No Magic
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SysML to RFLP Traceability with 3DS System Synthesis —

Enabling Change Impact Analysis (Video)

WagicDrsw 19.0 - VF2,0 Deplayed Requirerents 2018092457 MDZIP [E:data\dematBAEY]
Window  Help

¢ File Edit View Llayout Diagrams Options Tools Analyze Collaborate
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3DEXPERIEMCE
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[ DocBoak Library [DocBook Library mdzip]

{8 150-80000 «MadzlLibrarys [1S0-80000. mdzip]

[ MD Customization for Requirements [MD Custamization for Requiremer
B3 MD Custamization For SysML [MD_customization_for_SyshL.mdzip]
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F] 1.3 WF Application Software
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& To start exploring the model, double-click here
[ Wisusl Factory is & web-based software application. ..
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bdd (Mocisl] Visusl Factory w2.0[ Start

Visual Factory Version 2.0

sCOmments

Visual Factary is @ web-based software application for tracking status and lacations of vehicles in a factory. It provides real-time data capturing analytics, and status
reporting. Its functionaiities include management, monitoring and reporting

«COMmments
To start exploring the model, double-click here

= Notfication window |

N‘;: NoMaglc
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l 3DS System Synthesis: 3DS App for SysML/PLM Connectivity

Connectors
ws = k-
Office DOORS Simulink FMU Reqtify ReqlF
Software Development Kit (SDK) available for specific
connector
}®: No Magic
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Navigation & preview
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B Conclusion

« RFLP architecture traceability through model integration is becoming a reality
« System Models — BOM — Source Code — Testing

« 3DS System Synthesis — unique integration framework which delivers connection
between UML / SysML models and other data sources on 3DS platform

« Automated model-based testing using formally interpreted standard model — SysML is the
critical linchpin which verifies system architecture through model execution

» Speeds up testing process
- Enables test automation (with model execution & Monte Carlo Simulation)
- Improved test rigor — minimizes errors, reduces defects — that improves quality

1®: No Magic
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Key Business Benefits: Digital Transformation for Better Systems
and Empowered Engineering Teams

Cost Reduction / Take-out
* Reduced a’efect rates & cost of poor quality

Daplaying MESE o

AV -Lessons Learn

Specification
Defects
Reduced 68%

- Systematic design reuse and architecture trades ,+*° :

.’ 1

e Reduction of transactional costs
» Lean engineering, productivity & effect/veness:

Cycle Time Reduction

« Systematic design reuse

» Competitive engineering solutions
enabling Business Winning

* Rapid engineering change responses
 Early architecture decisions

Late Defect

Defect
Prevention

Defects

Discovery Results in
Significant Rework

Time —
Release
to Field

Release
to Test

Design &
Build

MBE: Left-Shifting Engineerin,
+  Earlier Design Decision Reduc
«  Earlier Defect Detection & Red

New Business Winning

» Competitive technical solutions &
discriminators

» Rapid engineering change responses
» Early architecture decisions, time to market
» Expertise and authority

Knowledge Transfer

» Expedited knowledge transfer enab/ed by systenat/c
knowledge management oo

» From "grey beard” to ‘
codification of corporate
knowledge

 Institutionalization of IP, trade secret & product
know-how

Employee Morale and Retention

» Engineering workforce empowered
by advanced engineering tools

» Changed work style from transactional to
transformational

 Inspired Millennial generation by state-of-the-art

N

technology and capabilities
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l Progress & Future Work

« Current progress:
« SysML model visualization & interaction (including diagrams) through 3DS Platform

web app interface

« Future work:
« Future development will allow publish SysML elements to native 3DS metamodel

(RFLP) elements

« Traceability to cross-platform data sources, including DOORS requirements, Simulink
model, BOM, Code; Collaborate, documentation, track change impact, etc.
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Thank You

Dr. Gan Wang, BAE Systems
Dr. Saulius Pavalkis, 3DS (No Magic, Inc.)

1®: No Magic

INSPIRED WORK

© 2018 BAE Systems and NoMagic



