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Transition from Document-Based to
Model-Based Systems Engineering

www.incose.org/symp2016
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26 INCOSE

Edinburgh, UK

MBSE = Unified model of the
system versus series of
disconnected documents (DBSE)

System docs and views can be
generated from this unified model

DBSE > MBSE & 2D > 3D CAD

Models in SE # MBSE



DBSE > MBSE > MBSE++ =~
+ OMG SysML — www.omgsysml.org 255"
— Widely adopted as a standard for modeling,

analyzing, and developing system architecture

* However

— Most of the detailed engineering carried out in
domain-specific tools and repositories, such as
in PLM, ALM, Req. Mgt., Databases, Simulation
env., Project Mgt., CAD, CAE, and more

www.incose.org/symp2016 6




| What is MBSE++ q\
e 2012-07-12, 1000 US ET wcose

Edmburgh UK

Connections based on Reference,

Data Map, Function Wrap, Model - Gonnect architecture model
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Total System Model (TSM) 7~

TSM evolves as each of the version- managed \: ""
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Syndeia = Software Platform for MBS(ET§
i el %
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| Edlrfburgh UK
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1. Heterogeneous and Decentralized Daﬁax

Jd | ™ 0

« Wide range of tools used for developing a system L Yy

6 INCOSE

» Total System Model (TSM) contains models spread across Edinburgh, UK
multiple version-controlled enterprise repositories and tools, such as:

System architecture (SysML - MagicDraw, Rhapsody, Enterprise
Architect, Integrity Modeler)

Project management (MS Project, JIRA)

PLM (Teamcenter, Windchill, Aras)

Requirements Management (DOORS, JAMA, Teamcenter, Integrity)
ALM (GitHub, Bitbucket, JIRA)

Simulation (Mathematica, MATLAB, Simulink, Modelica,
FEA/CFD — ANSYS, ABAQUS)

Databases (MySQL, Oracle, SQL Server, MongoDB, Neo4j)

www.incose.org/symp2016 11



1. Heterogeneous and Decentralized Ddta S

« Wide range of: oG crmilitos
— Modeling languages (SysML, Modelica, Slmscape
XML, EXPRESS,...)
— Data formats (XML, JSON,...)
— APls
— Standards (ISO STEP, JDBC, FMI, OSLC,...)

— Communication modes (Web services — REST,
SOAP, File exchange,...)

www.incose.org/symp2016 12



1. Heterogeneous and Decentralized QQK
(Screenshots from Syndeia -1/2 )

=% Repository Managerw = Connection Manager | g4 Connection Browser xﬁ Connection Summary }’/1": Comparison Result ‘\ Settings

Syndeia Dashboard (3.0.0) - Forestia_Test

Access
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Databases,
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Project Mgt,
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1. Heterogeneous and Decentralized QQK
(Screenshots from Synde/a -2/2) ‘s

26 INCOSE

=% Repository Manager ] 'S, Connection Manager " &% Connection Browser | | Connection Summary ] U Comparisc 4 » B Edinburgh, UK

July 18 - 21, 2016

Q. Type here to filter connections

Source (SysML Element) v ‘ Name v ‘ W Type v ‘ Target VIeW I I IOdeIS In
v . . .
[E-F7 Unmanned Aerial Vehicle t t
B L Go to... native reposltories
E]E Aircraft Platform “
%7 |[Unmanned Aerial Vehicies:... [BLOCK_TC_PART_MODE... [000465/E; 1-/ ik from the TSM
=] E Analysis Manager Compare SysML & Target
e [Unmanned Aerial Vehicle::... BLOCK_TC_PART_MODE... 000452/ggn view Tools Actions  Helb ( Manas St manss )b 084« Lot Logout SIEMENS
& apu
.32 [Unmanned Aerial Vehicle::... BLOCK_TC_PART_MODE... 000566, cemcenter )l e
& Autopilot " 000405/ 1. Arceat Prattorm O [ Avaave evioms | viewsr | Dot
T RS “(200485/€. View =
g [Unmanned Aerial Vehide::... BLOCK_TC_PART_MODE... 000467, 32:: - %, 000465/E;1-Aircraft Platform  Owner : Manas Bal (manas)
[]"E Battery 2 Y :' , Last Modified Date : 23-Apr-2014 1521 Release Status
3% [Unmanned Aerial Vehide::... BLOCK_TC_PART_MODE... 000567, ¥ 000478 Body Tvoe : NemRevision
[—]E BlackBox +  7000479-Engin Iroperties
L33 [Unmanned Aerial Vehicle::... BLOCK_TC_PART_MODE... 0025676 5 ~700080-Fuut§
[—]E BOd ! +  F000431-Powe
O L : # ¥ 000482-Rotoe
(T [Unmanned Aerial Vehicle::... BLOCK_TC_PART_MODE... 000478 + "D 000483 Tad A
E]E Communications Controller ¥ " %1000484.Brech
# 25002676- Baack
Ioaded) between artifacts {[Unmanned Aerial Vehide::Communications Interface]} and {[000453/A; 1-Comm
- £l mddad $a
Ready 11




2. Capturing & Maintaining the High- Ievelffr\»
System Architecture An s
) Cha”enges 26 INCOSE

Edinburgh, UK

— High-level system definition to coordinate and orchestrate
disciplines — project management, mechanical/electrical
design, simulation, software, part suppliers, and other
vendors

— Domain-specific models / specifications should be derived
from system architecture, or vice versa, and connected

— System architecture needed for verifying system-level
requirements, assessing emerging system behavior, and
as the entry point for system engineers

www.incose.org/symp2016 15



2. Capturing & Maintaining the High- Ievelﬁx»
System Architecture G LI
« Use Cases (some examples) 26 'iNcost

Edinbur ]h. UK

— Compose system architecture (SysML) from libraries of
parts (PLM), software (ALM), data (DB), and keep all
connected

— Seed PLM BoM & simulation models from system
architecture (structure and function), and keep all
connected

— System mass requirement verification needs part/sub-
system mass information originating from 3D CAD

www.incose.org/symp2016 16



2. Capturing & Maintaining the High-level
System Architecture @1?\-%
(Screenshots from Syndeia 1/2) 26 «Ncost

; =% Repository Managgr ~ ‘=, Connection Manager f}“: Connection Browser ] @ Connection Summary ] K Comparison Result ] ‘\ Settings ] | |
& Local File System Reposi

T

P SysML Model ‘2, Connection Type Q TC91 =l Creo
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2 Aircraft Platform ) B Satelite (Precise BOM) Simulink
(7] blackbox : BlackBox © Function Wrap B} Tracelinks & MySQL Repositories
[ 7] body : Body =||| ©) DataMap E}- ' UAV (Imprecise BOM) | MySQL1

E- %, 000464-Unmanned Aerial Vehicle & Teamcenter Repositories

-[F] elec assembly : Electrical Assembly @ Model Transform

-[_F] engine : Engine
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-[_F] powetrain : Powertrain

~- 4, 000464/A; 1-Unmanned Aerial Vel & Tc101
B} % 000464/B; 1-Unmanned Aerial Veh by TC91

G DRCEUNEERENG * ' oo

=

[-% Unmanned Aerial Vehide->Fir{ » %2 WC101

-[_F] rotor : Rotor ;
B2 000464/C-View ( Imprecise ) {2 WC102

-[_F] tail assembly : Tail Assembly

Drag-n-Drop

System Architecture (SysML)

. ; B} % aircraft platform : 000465 .

E% ::ZIYS|S Manager __ 3%, gps : 000466/A; 1-GPS Switch repo
D]"g Autopilot D rag -N _d ro p to -- “; autopilot : 000467/A; 1-AUTODIC

B- Battery B databus : 000468/A; 1-Databus |

] ackaox connect and/or -7 fioht contrler : 000463/4; 14

£ Body B3 7 payload controller : 000470/A;1

[]--g Communications Controller S' ene rate m Od € ES ::i communications controller : 000

B+ Communications Interface - wimax module : 000472/A; 1-Wit

&= Cowling - ' ‘,ﬂ gprs module : 000473/A; 1-GPRS .

T 4 | 113 | » 4 " | »




2. Capturing & Maintaining the High- Ievel&

System Architecture

(Screenshots from Syndeia — 2/2) 26
.. Connections - Tabular view Connections — Graphical view

L4
Lot ] /'u,,
INCOSE

Track all model-based connections between system architecture (SysML) and domain-
specific models in PLM, ALM, Databases, Requirements Mgt. and other repositories



3. Spectrum of Model-Based Connections/

L TS
' v/

 Model-based  2¢ = iNcost
connections are building

Blocks blocks of interoperability
Requirement structure SysML model PLM part structure

(Teamcenter / DOORS) (MagicDraw) (Teamcenter / Windchill) o Types of connections
Oa- ..., e Sssatistyog L — Inter-model connections are
. _.“:f__g : E: Ei‘ between elements in different

o models / tools e.g. SysML
~ block — PLM part
Total System Model .~ Intra-model connections are
Inter-model niva-mode (TSM) between elements in same

connections

model / tool, e.g. SysML block
— SysML requirement

www.incose.org/symp2016 19



3. Spectrum of Model-Based Connections@
{\. y ’,p',

- What is the purpose of model-based connections? 2¢ = incose
Reference Connections Jote s

<€ > .
Track/compare/sync versions of connected elements

Data Map Connections
+ Track/compare/sync element attributes

Function Wrap Connections
+ Track/execute connection elements

Model Transform Connections
+ Track/compare/sync element structure (multi-level)

www.incose.org/symp2016 20



3. Spectrum of Model-Based Connections
(Screenshots from Syndeia — 1/4) ({.\./
Reference connection between SysML and 26 Y st
CAD to track/view 3D geometry Eddnbugh, UK

’gww"amw[};c«mm[\m] 4p@
@ SysML Model 2 Connection Type %5 windchil 9 Repository ]
() TalRotor A (%) Reference
(T TalRotorDriveShaft

(7 ThermalCamera
(T Transmission
(T) UAY_Software_Abstraction_Layer
4 (7)) UnmannedAerialvehicle
(5 autol
(f) comm_cont

_F) databus

gy fight_cont

‘Tg Qprsl

CE) ops

() pitfrm1

(& pyld_cont

(g ssr1

(Rsw Tos Therml: Thermacamers (A1)
(53 therm1 {58 therm2: WideAngleIR_Detector (A.1)
(5 therm2 {08 vis1: VisualCamera (A.1)

g vist {53 wifil: WIFi_WiMax_Module (A.1)

1 _T»_«, wifil _) Folders
WWW.iIn £ Video_Camers_I_F 43 Baselnes 21



3. Spectrum of Model-Based Connections
(Screenshots from Syndeia — 2/4) ({r}
[

/
Data Map Connectlon to get/compare mass props 26 «INCosE

Edmburgh UK

“
) Reposftory Manager 2, Connection Mansger 4§, Connection Browser | . Connection Summary | ' Comparison Result | \, Settings '
—
P Sy Model % Connection Type ™ Creo v il
3 Automobie Systen - Reference W, 1 formula_sae_racecar.asm. 115 . E
&5 1 roRMULA_SAE RACECAR @ 1_formula_sse_racecar.aem. 136 =
S S Furction Weap c o
8 bd 20.69%0_30 1T, 1_formun_sae_racecs .aem. 117
&5 20_89%0_10 pm ' Dats Map (SR -+
© fad $30 13RS5 1 ASM_2 @ Model Traneform 8- 1 MANIFOLD
0 Sl $ 30132051 _ASM_2 MR " v B U 1 susension
) el 3913051 PART1_1 Drag-n-drop to §- () OIreRENTIAL
D fad $3010MS 1 PART LI MIR B ) 1RR_CORMIR
b &l 63813ms 1 PART2 2 generate & connect ©-0) | CONTIR_SUPPORT
-l $30130S 1 PART2 2 MIR " B)L)  PRONT_PAIRING COMPLETE
B 1 ComeR

0 -l 01381 PARTY 2

A EOOAE AN

Creo
Race Car

Example model from PTC Creo 3.0

www.incose.org/ | 22




3. Spectrum of Model-Based Connections
(Screenshots from Syndeia — 3/4) sy
Model Transform connection to seed sub-system zsgd..,?bu,g:,tiose

bounding boxes from property-based requirements

Seed system
Platf . . ™~
— constraints (bounding
boxes, keepout-
latform_CG payload_volume
P «block» «block» Zon eS’ ses ) fro m t he 7C N
«NX_Part_'Feature» «NX_Pan_F?ature» . ’ . - = M
= e architecture <

x : Real = 1000.0 x : Real=0.0 xc
— > e

www.incose.org/symp2016 23



3. Spectrum of Model-Based Connections?\

(Screenshots from Syndeia — 4/4) tr. w2

A\

Edinburgh, UK

201¢€

INCOSE

Compare and bi-directional sync across connection€

=% Repository Manager I a Connection Manager I%ﬁ Connection Browser ] ﬁg Connection Summary }}f Comparison Result ‘\ Settings ]

Q.- Type here to filter connections [ Clear ] [ Export to Excel

ConnID + | Source v

Ega €3f03...

Target v Comment v |

000464/C; 2-Unmanned Aerial Vehicle 000464/C;2-Unmanned Aerial Vehide  The block Unmanned Aerial Vehic... »
wimax module : 000472/A; 1-WiMa... wimax module : 000472/A; 1-WiMax M... Part property wimax module and...
visual camera : 000475/A;1-Visual ... visual camera : 000475/A; 1-Visual Ca... Part property visual camera and ...

Part property trackers has no co...

Latest Target v

Unmanned Aerial Vehide
wimax module : WiMax Module
visual camera : Visual Camera
trackers : Sensor

thermal camera : Thermal Camera
software : Software System

thermal camera : 000476/A; 1-Ther...

software : 000487/B; 1-Software S...

payload controller : Payload Controller payload controller : 000470/A;1-P...

modem : Spread Spectrum Radio M...
ir detector : Wide Angle IR Detector

aps : GPS
gprs module : GPRS UMTS Module
flight controller : Flight Controller

modem : 000474/A; 1-Spread Spec...

ir detector : 000477/A; 1-Wide Ang...

aps : 000466/A; 1-GPS
aprs module : 000473/A; 1-GPRS U...
flight controller : 000469/A; 1-Fligh...

thermal camera : 000476/A; 1-Therma...
software : 000487/B; 1-Software Syst...
payload controller : 000470/A; 1-Payl...

modem : 000474/A; 1-Spread Spectru...
ir detector : 000477/A; 1-Wide Angle I...

gps : 000466/A; 1-GPS

gprs module : 000473/A; 1-GPRS UMT...
flight controller : 000469/A; 1-Flight C...

Part property thermal camera an...
Part property software and part...
Part property payload controller ...
Part property modem and part o...
Part property ir detector and pa...
Part property gps and part occu...
Part property gprs module and p...
Part property flight controller an...

m

.4

[11:56:22] INFO Comparing SysML part property and Teamcenter part occurrence (BOM line with ref des) thermal camera.

Ready

11:56:55AM ~ 549Mof 735M | i




4. Unified Framework for Model-Based i/~

Connections 8 LY,
26 ' INEOSE

* A unified model-based engineering
framework is needed to traverse both:
— Inter-model connections (across model

boundaries)

— Intra-model connections (within model
boundaries)

www.incose.org/symp2016 25



4. Unified Framework for Model-Based N
Connections

» Use Cases (example)

If | change this requirement, what
is the downstream impact, e.g. to
CAD models in PLM

26

Edinburgh, UK

What requirements does this part correspond

to, and what is the upstream impact of
changes or failures of this part?

SysML SysML ’
Requirements Blocks
Requirement\structure SysML model PLM part Jstructure
(Teamcenter ¥ DOORS) (MagicDraw) / Teamcenterf/ Windchill)
OV~ <<satisfy>>
® \ 7/

Inter-model

www.incose.org/symp2016 connections

Intra-model
connections

Total System Model
(TSM)

'l .' /
!\ '. /

INCOSE



5. From Traceability to Impact 7\

g oo
« Traceability is a starting point but not sufficient ~**
 How do we create and manage millions of model-
based connections for a real system?

— Model transformations > Generate connections

 How do we propagate changes in one model to
another model - quantitatively beyond suspect links?

— Executable connections propagate changes

www.incose.org/symp2016 27



5. From Traceability to Impact 7

(Screenshot from Syndeia transformations) "‘u v

N~ /

System internal (N o [
structure (SysML) ' A
used for generating

and SynC,ing 1. GenerateS'ilnvwv;linkmodels ‘ 2. Generate SysML internal block
from SysML internal block structure or activity structure

exeCUta b | e t structure or activities. from Simulink model.

simulation models S cmemadr o S

(Simulink) and inter- = | L =

model connections - { — T 1 =

3. Comparison and bi-directional sync of

' SysML and Simulink model
www.incose.org/symp2016 ~ SysML and Simulink models



6. Many Users, Many Views &

] ~
- [I‘l,_“v |

2@ - INCOSE
« Stakeholders need to visualize and query thé~
Total System Model for different purposes
— What system functions are planned to satisfy a reqt.”?
— What system elements implement a given function?
— What test cases are planned to verify a requirement?
— What functions would be affected if a part fails?

— |Is there a traceability for reqt. R to mechanical part M

www.incose.org/symp2016 29



Viewing all inter-model connections

\ \ \
\ |\ ) N\
O\
) L) | ]
\ "‘1 N Y | r
4 \'.. \\ A Y
\\ ! )’ arifacts
\ \ . X .
T t . \ X ulin 3 arttacts
ea I Cen er Ay xeel (0 artitacts)
\ Ul ¥
.\\\ A\ 1Y ¥ SampleDocs (0 artifacts)
\ L\ Y /|
U\ /
' 4 X

WWW.INCose.org/sy

6. Many Users, Many Views

(Screenshots from Synde/a - 1/3)

:

/

s e o
\ GitHub ~ GitHub ==

display name = REQ-00G582VA 1-FueiCapacty
repositones

| k (8 arutacts)
¥ Simulink_Shared (0 art

repo = TC ICAX 2
type = Teamcenter requirement rrvﬁ:n

:
Ii

v E 0 arur.

¥ Creo_Models (0 artetacts)

.\._1 ¥ NX Models (0 artiftacts)
o —9
° '~ \7/\ t ° ’
—— T A \ \ N I -
7 1] o R ——— I W] GitHubd repo s
et S L P\ ¥ Github CAx1 ''''''' ets)
o/ N FIC °
™ S
/ / ™\ ®
N
| o v
o}
- | ‘ Teamcenter repositones
~__ @ ¥ TC ICAX 2 (12 antifacts)
.| @ ¥ TCICAX 1 (11 antitacts)
\\ @

Ty

g

26
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Edinburgh, UK
July 18 - 21, 2016
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6. Many Users, Many Views &
Explore inter- and intra-model connectlonq‘.!r

(Screenshots from Syndeia — 2/3) 26 iCose
LTI Hybrid Vehicle 160621 ) \ dlnbur'githIJK

isplay o —
Connection Direction

display name = Hybrid Powertrain Activities::Drive_Generator
Undirected (inter-model)

repo = Data (PROJECT-62adbach-3d99-4ad6-b772-6200116ce0c4) ~requirement irement
/. /. ‘/ Directed (intra-model)
- Incoming ) Outgoing @ Both

type = SysML model element
/ 4
%/. ./ g e Both

( Repository Types
.\ \ \\ . O File system repository
\
/ \\ \ GitHub repository
. \ \\. Teamcenter repository
' SysML model elements




6. Many Users, Many Views
Explore inter- and intra-model connectloan\

(Screenshots from Syndeia — 3/3) 26 - A
- GEm—— | cmeonorein iR

Undirected (inter-model)
Directed (intra-model)
® Both

Repository Types

File system repository

GitHub repository

Teamcenter repository

SysML model elements




Contents

 |ntroduction

* 6 principles of MBSE++
« Short video illustration
* Summary

« Q&A

www.incose.org/symp2016

33



MBSE++ lllustration using Syndm@

* YouTube Video zid..,,bu,g.,f.'l?“
https://youtu.be/SHsNrrWiFDE

www.incose.org/symp2016 34



Summary s

* Graphs are a fundamental abstraction for 26.,._.. cos:
MBSE++ (nodes = model elements, and
edges = inter-/intra-model relationships)

« Jotal System Model is a graph connecting all
engineering disciplines across the lifecycle, a
key enabler for MBSE++

* Presented 6 fundamental principles of MBSE++
* Syndeia = Software platform for MBSE++

www.incose.org/symp2016 35



Questions and Comments %
! .’/p/

INCOSE
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