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WHAT ARE THE MOST
FREQUENTLY ASKED
QUESTIONS
ABOUT MBSE?



Model-Based Systems Engineering

Questions’ Evolution

15 years of observations on most common questions

asked related to MBSE:
= What is MBSE?

= Why use MBSE?

= How to do MBSE?

" How to scale, integrate, and reuse in MBSE?

Others have been asking:

““How to automate the MBSE adoption without explicitly coding
the . MBSE solution?

* Howwould system models design products on their own?
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Life's too short for the wrong job

jobsintown de

Instead of focusing solely on
delivering intelligent products,

Why not support designing and
developing them with an
telligent framework?
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WHY NOT MATCHING EXISTING
MBSE CHALLENGES
WITH
SUCCESSFUL Al APPLICATIONS
IN OTHER DOMAINS?
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WHAT CAPABILITIES WOULD AN
AlAMBSE SOLUTION REQUIRE?

Source: https://singularityhub.com
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before deployment.”
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of achieving effective
application of Al.”
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steps.” model content.”
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From “Text-to-Model” To "PDF-to-Model”
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Source: Abdoun & Chami: Automatic Text Classification of PDF Documents using NLP Techniques. INCOSE IS 2022, https://doi.org/10.1002/iis2.12997
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Presentations’ Scope: Part of the CyberTech R&D Project
Automatlc Norm Compliance in MedTech
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Use case: Automatic Norm Compliance
Problem Description
Time—consuming and costly work related to

the digitization of norm documents into the
norm model

e
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Fade)

Lack of traceability between norm

documents data and norm models elements Norm Model ,
&=
Manual version and configuration i = SN
I, AN
management for updates of norm documents Norm e = =
. . ) . Svstern Model II Compliance
Time-eensumingmnorm compliance reporting Y Report

HOW CAN WE ASSIST AND AUTOMATE THE

PROCEDURES FOR NORM COMPLIANCE?
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Use case: Automatic Norm Compliance

Need for Change and Goals

1.

Automate the digitization of norm

documents into norm models

Maintain traceability between norm
documents and the created norm models

N\anage versions of the norm document and
their impact on changes

e
‘\

N
o

N
7

5@

Fade)

Automate the mapping of norm model .Norm

elements to system model elements

Automate norm compliance reporting

HOW CAN WE DEVELOP A CUSTOMIZABLE SOLUTION

BASED ON ANY NORM DOCUMENT?

2-6 July 2024
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Use case: Automatic Norm Compliance
Need for Change and Goals

a Extract & Transfer 9 Update & Link b Identify & Trace » Verify Compliance >

1.

Extract & Transfer:

= Automate the transformation of a standard document into a \
standard model.

P

""h

N
¢

N\

o)

2

= Maintain traceability between the standard document and the
standard model.

= Adapt the solution and integrate user feedback.

Ei

— I
SysML Model

Update & Link:

= N\anage multiple versions of the standard documents.

* Analyse the impacts of a change on the model.

ldentify & Trace:

= Identify which elements of the'standard model correspond to an
element of the system model:

= Automate the creation of trace links'between.the standard and
system model elements.

Verify Compliance:

. Verify if the system model element corresponds tothe
corresponding standard model elements.

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS
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Use case: Automatic Norm Compliance
Current Status — Tool Architecture

1. Customizable Solution: re-label, re-train, E—
re-test
2. Flexible Solution: easy to integrate with % [
SysML tools (currently Cameo Systems — PR Etemal Lt Server
Modeler)
| -
3. Easy to set up: Plugin + Browser i — w s .
4. Hybrid Solution: with or without LLM =% B AMEO | AN ]
(SimPIe and realiStlc COSt tralnlng) ‘-Q/y Browser System Adminstrator
o __— =1 E
AIM?;iner I'—@
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Use case: Automatic Norm Compliance

Current Status — A Simplified User Story

1. Customizable Solution: re-label, re-train,
re-test

2. lterative Al Training: Re-train the Al
algorithms until the desired metric is
achieved

3. Human-in-the-Loop Al:

= |s crucial to incorporate human expertise into
the Al development process

® can reduce errors and iImprove the accuracy of
machine |earning models

“ allows human Users to moenitor-and correct Al
models

= ensures that Al systems adhere'to ethical and
moral standards

2-6 July 2024

L.

. J

: Validate Extraction |
Results

. J

. Add implicit knowledge

into Norm Model

: Trace Requirements to

. J

System model Elements
Automatically

¥

: Validate tracing results

. L ] :
| : Generate Compliance | _
Report
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Automatically -+ Customized Al
) Model Deployment
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®
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se case: Automatic Norm Compliance

emonstrative Example

Extract & Transfer

act [Activity] CyberTech High Level User Journey (Regquirements) [ CyberTech High Level User Journey (Reguirements) ]J

«allocates
Systems_Architect

«allocates
Al Model Trainer
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Quality_Manager

[ ] F———_————-1

(" : Annotate Norm
‘ Documents for
training

L B

: Train Customized
Al Model

o l

: Extract Requirements
from Norm Documents
Automatically

¥

: Validate Extraction
Results

¥

: Add implicit knewledge
into Norm Model

¥

: Trace Requirements to
System model Elements
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¥

: Validate tracing results

N A

: Generate Compliance
|_ Report -

— o —
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)

(: Get Customized Al

L I

Model Performance
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Medel Deployment

: Get Compliance
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BS EN 61010-1:2010
61010-1 © |EC:2010 -39~

@ fest finger is likewise applied fo all openings in the ENCLOSURE, including holes an
ALS. In these cases, the ACCESSIBLE parts of the ENCLOSURE are considered to include
rt of the test finger which can be inserted into the hole or TERMINAL (see Figure 1

Requirement text

A inside of equipment

) Requirement title
D tip of test finger is considered to be ACCESSIBLE
E test finger

Figure 1 - Measurements throug ings in ENCLOSURES

6.2.3 _ Openings above parts that are HAZARDOUS LIVE

thich are HAZARDOUS LIVE. The test pin is suspended freely and allowed to penetrate up

‘metal test pin 700 mm Tong and 4 mm In dlameter Is Inseried into any openings above parts
o 100 mm.

Experiments

[+ [=] BS EN 61010-12010

T

- B REQ 17 R ISK assessment «Requirement» «Risk

@ BS EN 61010-12010 «RequirementTable»

Bl REQ Annex L informative Index of defined terms «Requirement» «Risk Mitigation»
REQ 1 Scope and object «Requirement» «Risk Mitigation»

Bl REQ 2 Normative references «Requirement» «Risk Mitigation»

REQ 3 Terms and definitions «Requirements «Risk Mitigation»

Bl REQ 4 Tests «Requirements «Risk Mitigation»

REQ 5 Marking and documentation «Requirement» «Risk Mitigation»

Bl REQ 6 Protection against electric shock «Requirement> «Risk Mitigation»

REQ 7 Protection against mechanical HAZARDS «Requirement» «Risk Mitigation»
Bl REQ) 8 Resistance to mechanical stresses «Requirement» «Risk Mitigation»

REQ 9 Protection against the spread of fire «<Requirement» «Risk Mitigation»

& REQ 10 Equipment temperature limits and resistance to heat «Requirement» «Risk Mitigation»
REQ 11 Protection against HAZARDS from fluids «Requirements «Risk Mitigation»

Bl REQ 12 Protection against radiation including laser sources and against sonic and ultrasonic pressure «Recjuirements
REQ 13 Protection against liberated gases and substances explosion and implosion «Requirement» «Risk Mitigation:
¥ REQ 13.1 Poisonous and injurious gases and substances «Requirement» «Risk Mitigation»

ARANTa TR Ricl Mitiogtion

Requirements
Titles

REQ 16 H AZARDS resulting from application <Requirement= «Risk Mitigation=

ation»

GitHub  Docs

) Default @ provie Fecdock O2 -
Experiment ID:0  Artifact Location: file///home/ubuntu/Training_for_PDF_Extraction/mlruns/(
> Description Edit
Chartview  Artifact view Q ©  Timecreated v State Active ¥ i O Refresh
T3 Sort: Created v = Columns v Expand rows n]
Metrics
® Run Name Created 5 Duration Average Score  Caption Figure Margin Normal Text Table Title ToC
® [ 3 @ 3 minutes ago 3.0min 094 098 086 099 095 091 094 1
® @ iteration © 1hourago 26min 0917 04 073 099 095 092 083 093 ®
(] @ Iteration © 1hour ago 5.6min 0.874 087 085 064 093 081 075 098 (11 total
® ration 1 © 4ahours ago 28min 0849 097 086 1 09 068 089 1
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se case: Automatic Norm Compliance

emonstrative Example
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Use case: Automatic Norm Compliance

' S del
Demonstrative Example ysML Models

Identify & Trace Verify Compliance Norm Model

act [Activity] CyberTech High Level User Journey (Regquirements) [ CyberTech High Level User Journey (Reguirements) ]J

«allocates «allocates wdllocates
Al Model Trainer Systems_Architect Quality_Manager

M) o _ ____ 1] I

I, B
:I;\nnntatetN?rm (: Get Customized Al |
nc:.ln‘l_erl s for ‘ Model Parformance
\ raining | Metrics
I S

System Model

[ mmen L L - : Identified and Traced
Al Model - | |
vl e

: Extract Requirements

Proposed
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( : Confirm
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‘ : Ad?ﬂg’:}r:yﬂ?;l:ldge ‘ I 1 i HRM:002 cutting by releasing kinetic energy by moving parts Compliant Not Checked Yet /.3 Moving parts
2 . HRM:006 cutting by touchable sharp edges Compliant Not Checked Yet rm_handbook_sharp workpiece
) ¥ 3 EJT1s.6 1.6.2.2 Determination of ACCESSIBLE parts - Examination Compliant Not Checked Yet 60601-1_6.2.1 Determination of ACCESSIBLE parts - General
: Trace Requirements to 4 G 1.6.2.2 Determination of ACCESSIBLE parts - Examination Compliant Not Checked Yet 8.2 E NCLOSURE rigidity tests
SFE?UT:;:tIiE:l;"EMS s Ers 1.6.2.2 Determination of ACCESSIBLE parts - Examination Compliant Not Checked Yet 6.2.2 Examination
6 BT 1.6.2.2 Determination of ACCESSIBLE parts - Examination Compliant Checked and Approved 6.2.2 Examination
) 7 75 60601-1 6.2.2 Determination of ACCESSIBLE parts - Examination Compliant Not Checked Yet 2.1 General
‘ : Validate tracing result 8 [ 75 60601-1 6.2.2 Determination of ACCESSIBLE parts - Examination Not Checked Yet 7.5.2 Handles and grips
\ 9 HET 1.6.2.2 Determination of ACCESSIBLE parts - Examination Compliant Checked and Approved 2 Impact test
4*—_ . R 10 ETs 1-1.6.2.2 Determination of ACCESSIBLE parts - Examination Non-Compliant Not Related 6.2.4 Openings for pre-set controls
| ; GEHEWF:Z:::NHHBE —_—— -)1 :Get g:;nnpr:ance 11 BT 1.6.2.2 Determination of ACCESSIBLE parts - Examination Neutral Not Checked Yet 3.2.1 Static test
: 12 >t 1-1.6.2.3 Determination of ACCESSIBLE parts - Openings above parts thal HAZA| Compliant Not Checked Yet 6.2 Determination of ACCESSIBLE parts
13 (TS Determination of ACCESSIBLE parts - Openings above parts HAZAI Neutral Not Related 2 Determination of ACCESSIBLE parts
é 14 B8 1.6.2.3 Determination of ACCESSIBLE parts - Openings above parj e HAZAI Neutral Not Checked Yet 7.3.2 Exceptions

User Feedback (Validation)
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Use case: Automatic Norm Compliance

Extract & Transfer Update & Link Identify & Trace Verify Compliance

Uc1 & UC2

Uuc3 & UC4

BS EN.81010:1:2010 &3~ (5] BS EN 61010-12010
61010:1 ©/1EC-2010 =30 - f5 BS EN 61010-12010 «RequirementTable
- B REQ mer Mitigati
The test finger is likewise applied to all openings in the ENCLOSURE, including holes and i . ; ‘Annex Linformative Index Of deflnedvterms )
TERMINALS. In these cases, the ACCESSIBLE parts of the ENCLOSURE are considered to include - REQ 1 Scope and object « t
art of the test finger which can be inserted into the hole or TERMINAL (see Figure 1). B~ B3 REQ 2 Normative references n
B+ B REQ 3 Terms and definitions R gat
A 8 R s t text B Bl REQ 4 Tests «Requirement
equiremen ex B B REQ 5 Marking and documentation «R
c B B4 REQ 6 Protection against electric shock «Require
A B B4 REQ 7 Protection against mechanical HAZARDS "
; \/ B+ B8 REQ 8 Resistance to mechanical stresses «f
d L B} B REQ 9 Protection against the spread of fire «Requiremer
B+ B3 REQ 10 Equipment temperature limits and reswtance to heat itiga
IEC 100710
B B REQ 11 Protection against HAZARDS from fluids «Requirement k Mitiga
Key B3+ B3 REQ 12 Protection against radiation including laser sources and agalnst sonic and ultrasonic pressure Re Risk Mit
&+ B REQ 1 Protectlon against liberated gases and substances explosion and implosion «f rement» «Ri
A inside of equipment 3
1 Poisonous and injurious gases and substances «Requirement» «Risk Mitig
B outside of equipment E}‘E 13.2 Explos:onandlmplosxon R ey ) Mitiqat
C  HAZARDOUS LIVE part B El REQ 13.2.1 Components «Re sment isk N
D tip of test finger is considered to be ACCESSIBLE - B4 REQ 13.2.2 Batteries and battery chargmg Requirer
E test finger - B REQ 13.2.3 Implosion of cathode ray tubes «Requ
Figure 1 — Measurements through openings in H & @ Hy;':)erllnks
e tpernie Requirements Titles
6.2.3  Openings above parts that are HAZARDOUS LIVE B+ B REQ 14 Components and su q
. & 1
metal test pin 100 mm long and 4 mm in diameter is inserted into any openings above parts e REQ 15 Protection by interlo
hich are HAZARDOUS LIVE. The test pin is suspended freely and allowed to penetrate up B REQ 16 H AZARDS resulting from appllcatlon gati
0 100 mm. B REQ 17 R ISK assessment «Requirer k
- * .
Identify Compliance X
(98 i@ i Add New == Add Existing.. £ Delete 5 Remove From Table : 0 O Hcolumns P [DExport B v i O v ia v iQ QY
Criteria
Element Type: A ANC Relation Scope (optional): = Main Model Filter: 'V~
“ I System Element O Compliance Status I O Approval Status l Norm Element
1 W HRM cutting by releasing kinetic energy by moving parts Compliant Not Checked Yet = Moving parts
2 - cutting by touchable sharp edges Compliant Not Checked Yet E3 rm_handbook_sharp workpiece
3 & Determination of ACCESSIBLE parts - Examination Compliant Not Checked Yet X 1-1 1 Determination of ACCESSIBLE parts - General
4 & 1-1 Determination of ACCESSIBLE parts - Examination Compliant Not Checked Yet B3 5.2 E NCLOSURE rigidity tests
S| = 1.1 Notarmination nf ACCFSSIRIF narte - Fvaminatinn Camnliant Nat Choackod Yot i) Fyaminatinn
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Use case: Automatic Norm Compliance

Takeaways

ANC Training Web-Interface

= Customizable Al solutions (e.g., BERT-based Classifier, oatsset cretin
MiniLM) offer lower operational costs and better '
perFormance.

ccccccccccc

Al Model Training

* Proprietary out-of-the-box solutions (e.g., OpenAl API|) are R

easier to integrate and provide higher generalization.
® There is a lack of open-source MBSE-SysML models that Cybertech ANC Plugin |l

Extract PDF Terms

could accelerate the adoption of Al for norm assurance. Extract PDF Requirements

Extract Annotations and Create Requirements

= Future work is needed to optimize human involvement and Identify Comliance

Update 3nd Link

achieve higher levels.of automation.

A BIG STEP TOWARDS ASSISTANCE AND A

STEP FORWARD TOWARDS AUTOMATION.
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Other Domain: Digitizing ECSS Standards Using Al and MBSE

European Cooperation for

Space Standardization

Space engineering
Fracture control

Requirement Text

Requirement Note

2-6 July 2024

3.2 Terms specific to the present standard |

Section Title

3.21

tombination of Tiquid or gaseous media and temperature that alters static or
fatigue crack-growth characteristics from normal behaviour associated with an
ambient temperature and laboratory air environment

aggressive environment|

3.2.2

[ife evaluated analvtically by crack-growth a

analytical life|

Glossary Definition

6
Identification and evaluation of PFCI

Requirement ID

6.1 Identification of PFCls |

ECSS-E-ST-32-01 0810011

A. Structural items for which implementation of fracture control
programme is performed shall be selected in conformance with Figure
6-1, classified as PFCI, and identified by structural screening for the
complete structure, including related GSE directly connected to the flight
structure.

’NOTE

This includes structural items whose tailure can
result in a catastrophic hazard.

ECSS-E-ST-32-01_0810319

For unmanned, single-mission, space vehicles and their payloads, and

EEE Containment [ %E Structure || é%:l Diagrams ||@ Lock View |

Containment

B B 7 Q

ECSS Standard Title

GSE the identification of PFCIs may be limited to the items listed in

& [=1 Space engineering Fracture control

Included Section Titles

3 Terms, definitions and abbreviated terms
|=__| 3.1 Terms from otherstandards

- aggressive environment
| {LE] analytical e Included Glossary Terms
“- 7] 3.4 Nomenclature

= 7 4 Principles

Bt T 5 Fracture control programme

2 £ 6 Identification and evaluation of PFCI
B[] 6.1 Identification of PFCls

- [Rl ECSS-E-ST-32-01 _0810011
- [Rl ECSS-E-ST-32-01 0810013
- [R] ECSS-E-5T-32-01_0810014
- [Rl ECSS-E-ST-32-01 0810016
- [Bl ECSS-E-ST-32-01 0810017
- [Rl ECSS-E-ST-32-01 0810018
=N FCSS-F-ST-32-01 0810306

LI Figure 6-1 Identification of PFCl.png .
E]%SS—E—ST—B}O‘I_OS‘IOB‘IQ Attached Flgures

Included Requirements

clause 11.2.2.1.

Source: https://ecss.nl/standard/ecss-e-st-32-01c-rev-2-fracture-control-30-july-2021/

www.incose.org/symp2024 #INCOSEIS

A Part of the extracted and transferred data into Cameo Systems Modeller.
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Other Domain: Digitizing TS| Standards Using Al and MBSE

% EUROREAN Making the railway system work better for society.

/ AGENCY
FOR RAILWAYS

THE AGENCY ¥ | ACTIVITIES ¥ | APPLICANTS¥  LIBRARY ™~  EVENTS & NEWS™¥  REGISTERS ¥

WHICH USE CASES ISTHE

ERA » Activities * Technical Specifications for Interoperability

DRIVER INVOLVED IN?

Technical Specifications for Interoperability

s

==
Documents S———

H =]
X Driver
4. AMOC content — international brake sheet and wagon list
The international brake sheet and wagon list defines a standard format and content for the document that
is to be provided to a locomotive driver before train departure. It can be used for international as well as
domestic freight trains. The language of the document can vary but the format and fields (numbers and
description) must remain the same. The specification can be found in the Appendix A.
§

Harmonised parameter for 1520 mm track gauge:

In case where an automatic sanding function is provided, it shall be possible for the driver to suspend
its use.

The allowed amount of sand per sanding device within 60 s shall be:
- 1.2 to 1.5 kg for the front wheelsets

- 0.7 to 1.2 kg for all other wheelsets for passenger and

freight locomotives respectively

This parameter shall be taken into account jointly with 3.1.4.2 (Sand Characteristics).

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS

Source: https://www.era.europa.eu/domains/technical-specifications-interoperability_en
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