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« Maximize Usability
> Efficiency, easiness and intuitiveness of use
« Maximize Automation
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» Reducing modeling effort

« Ensure overall Consistency
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into MBSE workflows Baseline the resulting dentify needed changes
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Allows: ENGINE START

« Automatic checking of
) Peing of PROCEDURE
requirements during simulations

» Test cases generation to
ensure design coverage objectives
« Formal Design verification

Automatic
Formal Proof

P, CmdStartValve_v3_Design - Simulink trial use - a X
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Allows: Integration into MBSE workflows

* Automatic checking of Maximizing digital continuity
requirements during simulations

» Test cases generation to
ensure design coverage targets
« Formal Design verification

Automatic
“ﬁ CmdStartValve_v3_Design - Simulink trial use - [m] X
DESIGN VERIFIER ooe Formal Proof
[ [ O - | g8 @ [ 4 ® b % Analvsi
rojec ew °T ibrary Signal T omaE € un e Data 7
’ - Nv & Print ~ BLrSWSe/r Tagble @ Fast Restart B?(kpv Rv Fosvivs'rd Inspector ha ySIS A u tom a ti C
PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESUL...
5 | <@ CmdStartvalve_v3_Design = -
E @® |[*a|CmdsStartValve_v3_Design » v ChQCklng Of
fla . .
- Simulations
=1 .
Engnie_Start_Selector
=} Engnie_Start_Selector —,—> & TeSts

- .
iggrer—reTrer

|

Master_Lever

!
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Start_Valve_cmd L plStak -‘

w S Digitalized
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Integration into MBSE workflows
Maximizing digital continuity
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Integration into

MBSE workflows

Maximizing digital continuity

‘ O
System Automatic
Architecture Formal Proof | achieved

Trade-off
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Analysis .
it ay Automatic
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a5 J: Implementation . .
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Integration into MBSE workflows
Maximizing digital continuity

Re-Engineered & — ,; .
Reuse of System p i System Automatic
Architecture Architecture FormaI.Proof achieved
models @ Analysis Automatic
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Implementation . .

Change é’onstraims | Simulations
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Integration into MBSE workflows
Maximizing digital continuity
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Implementation
Constraints
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Engine Control Panel
ManStartPB [
EngMasterSW [

RotarySelector >

amsemmacnnd | |ntegration into MBSE workflows
Maximizing digital continuity

> EngMasterSW SAVCmd >
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| , , i i
a _ asvommaconq | [ntegration into MBSE workflows
« Complete representation -
gathering all scenarios. | May” . Atomic, un-ambiguous &
 Structured functional view. = testable.
* Allow simulation and testing ¢ 7 - Formalizing constraints,
\_ of the expected behavior. ﬁ : expected performances,
A’a System unexpected behavior.
. ) Architecture | ° Formal consistency
Story telling: checking, achievability
1 ¢ Intuitive & Easy way to checking, and completeness
describe expected behavior. /A g t Perspec assessment.
re differen

« Automatic Tests checking.

S Digitalized
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« Simple description as
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1] SBFA Console - v50.5.752 (Technical Preview)

Scenarios

- O X
Architecture Requirements erms Description
v @] Start_1st_Engine_data.sldd \ ID: Stereotype: [FUNCTION v ‘
v Start_1st_Engine

v O Start1stEngine

» O EarlyInterruptedEngineManualStart
» @ EngineAutomaticStart

v @O EngineManualStart

» O FullfilEngineManualStartWhileInRotatio

Can be addressed from
the 3 perspectives

N

Ive Openning ‘

¥ O InitiateEngineRotationInManualStart

3 CommandsStartValveOpenning

J

Action

CQ EngineN2To22_

<@ OpenStartValve
CQ SenseENGMANSTARTSwitchToON
@ SetENGMANSTARTSwitchToON
» O PrepareEngineStart
» © TerminateEngineManStartProcedure
» O InterruptedEngineAutomaticStart

» O LatelnterruptedEngineManualStart

&

&

Enable: | MAN_START_sw==1](Master_Lever==18&Engine_Start_|
Trigger: ‘ ‘

(=)

Acson

Create your activity action here. When you're done, close this window.
All output signals must be datatyped as double.

Action

— Please note that this action will run when the activity is completed.
(M) Resulting
OpenClosed Open Start_Vahe_Cmd
‘ constant Enum: OpenCilosed
o Abort: | | [ Kl
() End: ’ ‘
- Add Remove
[ Highlight ] [ Refresh ] [ Action J [ ]




E SBFA Console - v50.5.752 (Technical Preview)

— 1 X

Description

l Scenarios Architecture Requirements Terms
—
v & Start_1st_Engine_data.sldd

v [E] Start_1st_Engine
v O Start1stEngine
» O EarlyInterruptedEngineManualStart
» © EngineAutomaticStart
v O EngineManualStart
» O FullfilEngineManualStartWhileInRotation

¥ O InitiateEngineRotationInManualStart

o CommandStartValveOpenning

ID: I:I Stered

Name: | Command Start Valve

Realized by: | Cmd Start Valve

.

Common User
Interface to capture
the expected
ior (
behavior )

Description:

/

v A

©Q EngineN2T022_

<@ OpenStartValve

O SenseENGMANSTARTSwitchToON
@ SetENGMANSTARTSwitchToON

» @O TerminateEngineManStartProcedure
» O InterruptedEngineAutomaticStart
» O LatelnterruptedEngineManualStart

Tree view of scenarios
decoposition

Enable: | MAN_START_sw==1|(Master_Lever==18&Engine_Start_|

w Trigger: ‘

Acton

M) Resulting

i Create your activity action here. When you're done, close this window.
Contlnuous All output signals must be datatyped as double.

Please note that this action will run when the activity is completed.

OpenClosed Open

Start_Vaho_Cmd
Enum: OpenClosed

I
i
I
I
I
I
I
I
I
i
| » O PrepareEngineStart
I
I
I
I
I
I
i
I
I
i

I

Highlight ] ‘ Refresh ] ‘ Action

Add Remove
Action

SBFA
Generation

(*) Duprez, J, Royer, L, Faudou, R

‘Towards an Integrated Approach of Systems
Behavior Modeling and

Specification.’

INCOSE IS 2021



E{ﬁ SBFA Console - v50.5.752 (Technical Preview)

Scenarios Architecture

Requirements

X

Description

v 12 Start_1st_Engine_Arch

4 |:| Sense Engine Start Selector
» [] Sense ENG MAN Start sw

4 |:| Engine Rotation
» [[] Cmd PACK Valves

4 |:| Cmd Engine Ignition

» D Provide Fuel Flow
4 El Move Pack Valve
v D Cmd Start Valve

0 Command Start Valve Openning

() Command Start Valve Closing

» D Move Start Valve
» [C] Cmd Fuel Flow

4 D Sense Master Lever

Tree view of the System
architecture model,
down to functional

behavior

Stered

Name: l Command Start Valve

Realized by: ’ Cmd Start Valve

Description:

\

Common User
Interface to capture
the expected

behavior (")

\

J

/

y A

Enable: | MAN_START_sw==1](Master_Lever==18&Engine_Start_|

Trigger: ‘

Acson
Create your activity action here. When you're done, close this window.
All output signals must be datatyped as double.
Please note that this action will run when the activity is completed.

OpenCosed Open

constant

Start_Vaho_Cmd

Enum: OpenClosed

| (il

HighlightJ [ Refresh J [

Add Remove
Action Action




=-| SBFA Console - v50.5.752 (Technical Preview)

Requirements Terms

Scenarios | Architecture

Expected Behavior(s)

v 192 Start_1st_Engine_Arch
4 |:| Sense Engine Start Selector
» [7] Sense ENG MAN Start sw
4 |:| Engine Rotation
» [] Cmd PACK Valves
4 D Cmd Engine Ignition
» D Provide Fuel Flow
4 D Move Pack Valve
~ [7] Cmd Start Valve

After the default duration 1s, Start_Valve_Cmd shall be equal to OpenClosed.
After the default duration 1s, Start_Valve_Cmd shall be equal to OpenClosed.

g Associated

Required Constraint(s)

Requirements

D> Start_Valve_Cmd

» [[] Move Start Valve
» 7] Cmd Fuel Flow
» [] Sense Master Lever

Tree view of signals
associated with
requirements,
structured by producers

Requirements Table

[ Open the Requirements Table J

Highlight J [ Refresh ]

Add

Remove
Constraint

=E @

Constraint




SBFA Console - v50.5.752 (Technical Preview)

Expected Behavior(s)

Scenarios ‘ Architecture Requirements Terms

v 13 Start_1st_Engine_Arch
4 El Sense Engine Start Selector
» [7] Sense ENG MAN Start sw
4 |:| Engine Rotation
» [] Cmd PACK Valves
4 I:l Cmd Engine Ignition
» D Provide Fuel Flow
4 D Move Pack Valve

After the default duration 1s, Start_Valve_Cmd shall be equal to OpenClosed.
After the default duration 1s, Start_Valve_Cmd shall be equal to OpenClosed.

< — Associated

~ [7] Cmd Start Valve Required Constraint(s) Re quiremen ts
[> Start_Valve_Cmd
| » [[] Move Start Valve
» [7] cmd Fuel Flow
1 [T] Sense Master Lever
Requirements = Assumptions
Precondition . Postcondition
Index Summary Duration Start Valve Cmd
- = = e
1 (1) Command Start * MAN_START_sw==1||(Master_Lever==1&&Engine_Start_¢ 1 OpenClosed.Open
Valve Opennina |
2 (2) Command Start N2>=50||(MAN_START_sw==0&&Master_Lever==0) 1 OpenClosed.Closed
Valve Closina
3 Else prev(Start_Valve_Cmd)

Open the Requirements Table

- Add
Highlight ] ‘ Refresh ’ Constraint

[ Remove ] ‘ Wg Analyze ]

Constraint Table

©)




Eﬂ SBFA Console - v50.5.752 (Technical Preview)

Scenarios Architecture Requirements Terms

Motoring_Requested

Expression

Abstract terms

- Allow to manage abstraction

in the architecture model, in
scenarios and in requirements.

- Allow to capture consistency
relationships between

concepts through different
abstraction levels.

MAN_START sw==1||

States.IGN_START)

(Master_Lever==1&&Engine_Start_Selector_Position==EngineStartSelector

Available Signals and Terms

Name

Type

Engine_Running

double

Engine_Start_Selector_Position

Enum: EngineStartSel...

Fuel_Flow logical
Fuel_Flow_Cmd Enum: OpenClosed
Igniters_NRJ double
In_Flight double
MAN_START _sw double
Master_Lever double
N1 double
N2 double
PACK_Valves Enum: OpenClosed

PACK_Valves_Cmd

Enum: OpenClosed

Setting_Engine_Start_Selector_Position

Enum: EngineStartSel...

Setting_ MAN_START_sw

Enum: OnOff

Setting_Master_Lever

Enum: OnOff

Start_Valve

Enum: OpenClosed

Start_Valve_Cmd

Enum: OpenClosed

Highlight ] [ Refresh ]




_ 4\ MathWorks:
Conclusion AIRBUS

Feasibility
demonstrated

Allow formal demonstration
of some V&YV targets,
maximizing V&V automation,
with huge improvement of

requirements quality

Prototyped

M&T to Strong enabler
Mature for improving
requirements quality
& to support efficient to ensure V&V
automatic testing.
Ready /

Requirements

Digitalization

and Automatic
Testing

Use MBSE to re-engineering, structure
and improve requirements, with full
traceability to the architecture model




4\ MathWorks:

COnCI usion Maximize workflows US
management & automation,
Feasibility avoiding low added value
demonstrated tasks and avoiding risks of
inconsistencies

Game Changer to _
improve & automatize Digital Engineering Relying on the use of
Systems Engineering with full continuity to digital requirements.

Prototyped

Leading to large cost & DevOps and V&V
M&T to lead time reduction
Mature ’
Use Formal Proof
Systems to ensure V&V
Engineering
using DevOps
Ready J P /

Requirements

Digitalization

and Automatic
Testing

Use MBSE to re-engineering, structure
and improve requirements, with full
traceability to the architecture model
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Conclusion Allow ensuring full Digital
Continuity with Trade-off and

Optimization tasks (incl. Multi-
Disciplinary), allowing providing
more modular & resilient

MDAO solutions

Feasibility
demonstrated

Digital Engineering
with full continuity to
FIOUDR DevOps and V&V

M&T to
Mature ’
Use Formal Proof
Systems to ensure V&V
Engineering
using DevOps
Ready J P /

Requirements

RICNEIEC T N | Digital continuity

and Automatic to MDAO
Testing

Use MBSE to re-engineering, structure
and improve requirements, with full
traceability to the architecture model




4\ MathWorks:

CO“CIUSIO" Game Changer for Engineering AIRBUS
to ensure maximal reusability
Feasibility and long term large cost & lead
demonstrated time reduction
Full PLE

(Product Line

Engineering) Digital Engineering

with full continuity to

Prototyped t DevOps and V&V
M&T to
Mature G(_eneric . ’

requirements

&g t-of-Cvcl Use Formal Proof

uro-Lycle Systems to ensure V&V
Engineering Engineering
using DevOps

Ready J P /

Requirements

RICNEIEC T N | Digital continuity

and Automatic to MDAO
Testing

Use MBSE to re-engineering, structure
and improve requirements, with full
traceability to the architecture model




Conclusion = Need to extend the collaboration
to a larger community

* Approach and Tooling developed through a
collaboration between Airbus & MathWorks

* Feasibility & value demonstrated, but still at
prototype level

Goals:

» Address a larger scope of applications, through
additional perspectives

 Establish a shared and robust semantics

» Gain in maturity through extended feedbacks
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Tool available in MathWorks

File Exchange
https://fr.mathworks.com/matlabcentral/fileexch
ange/132298-scene-scenario-editor-toolbox

. SCENE Scenario Editor Toolbox
SCENE Version 50.5 (16.3 MB) by MathWorks System Composer Team
. Author, simulate, and visualize EFFBD operational scenarios

LD a1 Toolbox

Overview ‘ Functions Models Version History Reviews (0) Discussions (0)

The Scenario Editor Toolbox provides a solution for ing and ios and enhanced
functional flow block diagrams (EFFBD [1]). The provided set of Simulink blocks enables the user to define control
and object flows, add event triggers and conditions, set up data logging, and perform real-time visualization of

simulation results. This tool provides a unique capability for quick and accurate analysis of system and system-of-
systems performance.

[1] https:/iwww.omg.org/spec/SysML/1.5/PDF #page=281
Loading >> scene.startup
Documentation >> doc scene

Examples >> scene.Example.install

Cite As

MathWorks System Composer Team (2023). SCENE Scenario Editor Toolbox
(https://www.mathworks.com/matlabcentral/fileexchange/132298-scene-scenario-editor-toolbox), MATLAB
Central File Exchange. Retrieved July 14, 2023.
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