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e Context of the mission

 MBSE approach overview
— Motivations and Principles
— Structure of functional needs
— Definition of functional interfaces and functions
— Refinement of functions down to components
— Functional simulation of operational scenarios

e Lessons learned from applying MBSE approach
— Lessons learned on following approach step by step
— Drawbacks of MBSE over document centric approach
— From MBSE learning to adoption challenges

e Conclusion
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COMAC and MBSE...

* Mission was initiated by the Commercial Aircraft Corporation of China

 Goal :learn and apply an MBSE approach on an avionics subsystem
— With one constraint: comply with the SAE ARP4754A

SAEAerospace  AEROSPACE SAE ARPa754
A SAE itamarons G RECOMMENDED |~ sl
PRACTICE s 201012

Revised 2010-12

REV. A

Superseding ARP4754
(R) Guidelines for Development of Civil Aircraft and Systems

e COMAC hired MBSE experts including ColleSys and Samares Engineering
— ColleSys defined the initial state of the art on MBSE and mission scope

— ColleSys captured the current engineering practices and defined the Use Case
— Samares Engineering provided training, coaching and support on MBSE approach
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comac COMAC Beijing Aeronautical Science&Technology Research Institute

COMAC OVERVIEW

The Commercial Aircraft Corporation of China, Ltd (COMACQC)

/
\, o Foundedin 2008 in Shanghai

COMAC . Registered capital of RMB 23 Billion.
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State-owned Assets Supervision and
Administration Commission

SASALC of the State Council

.’ *  Aviation Industry Corporation of China

China Aluminum Corporation

CHINALCO

o Shanghai Guosheng (Group) Co., Ltd
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Sinochem Group

Baosteel Group
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Main Products

+ ARJ21-700 Regional Jet Program ¢ C919 Program ¢ CR929 Program

+ Range: 1200-2000 nm + Range: 2200 - 3000 nm + Range: 8000 - 10000 nm

+ Max Takeoff Weight: 40500kg + Max Takeoff Weight: 72500kg + Max Takeoff Weight: 240000kg
« Seat Capacity: 78 — 90 + Seat Capacity: 156 — 174 + Seat Capacity: 280 — 320

+ Orders: 473 from 22 customers ¢ Orders: 815 from 28 customers

o First Deliver to Chengdu Airline: + Maiden Flight: 5th May. 2017

29th Nov. 2015
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Aeronautical Science and Technology Research Institute(BASTRI)

Establishment time: 26t Feb, 2010

Vision: World-class research institution for civil aviation
Mission:

® Strategic planning research
® Future product planning
® Key technology research

® Technology integration verification

® Foresight technology exploration
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Samares Engineering in a few words...(1)

* Activities
— Methods and tools for engineering

— Research and technologies with publications: ERTSS, CSDM, ASTC, CIA,
— Initial and continuous training

* Expertise domains

— Systems Engineering for critical and complex systems including requirement engmeermg
and architecture definition %

— Model-Based Systems Engineering (method, process and tooling) —customization /
deployment / coaching / support

. . , , i == Capella
— Simulation and co-simulation nn>

— Product Line Engineering (PLE) with models 2 '
I‘B:I pure::variants J@
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Samares Engineering in a few words...(2)
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Our vision of MBSE...(1)

04 v,
w =/

i 2 |
= ] e | 6
|_ :_:_./ - ——] _-l:
2 @ 8
O (m)] o
o n )
[l

" G p
O ) £
2 £ 2
ﬁ =) O o
z > =
: o) E
tr

< o 8
< e
3 - - 17
2 >
Q N
x

<=

ecture with models

[ it
1. Formalize needs, requirements and arch

for SW and HW)
bility through models

2. Derive requirements from models (

3. Ensure consistency and end to end tracea
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Our vision of MBSE...(2)

Reliability
analysis

Control command

... ..algorithms
Mulu physucal analysis "# E
and simulation i
2 an : Software
System model(s) need to be completed to address development  OIVT 8 (eI VTN [F-{} 1 Wolol 0] d]4 [V]14Y;
physical world, 3D positioning, detailed design and and co-simulation
perform specific analyses and verifications b Hardware production
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Motivation for transitioning to MBSE

 MBSE can be used for many purposes...

— Improve communication, better description of architectures, ease analysis...

* Main motivation in this mission was in fact to « accelerate requirements
maturity » = reach good-quality requirements at first iteration

SAEAerospace  AEROSPACE
An SAE International Group RECOMM EN DED

PRACTICE

SAF ARPA4754 REV. A
Issued 1996-11
Revised 2010-12

Superseding ARP4754

(R) G ines for D = it of Civil Ai

Correctness is the degree to which an individual requirement is unambiguous, verifiable, consistent
with other requirements and necessary for the requirement set.

Completeness is the degree to which a set of correct requirements, when met by a system, satisfy the
interests of customers, users, maintainers, certification authorities as well as aircraft, system and item
developers under all modes of operation and lifecycle phases for the defined operating environment
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Motivation for transitioning to MBSE

* Note: even when SAE ARP4754A is not applicable (others domains), this
motivation about “requirement quality” remains valid...

2 CHARACTERISTICS OF REQUIREMENT STATEMENTS ...

210 C1=NECESSARY ..o
22 C2-APPROPRIATE

23 C3-UNAMBIGUOUS . —_— . o N——
2. CACOMPLETE i isosisisssissssiiss i osisditoimscsss s s
BB OO SUNCHILIAIR. . scsisisisimisinsisssisisasenonisiosssisesinssiisonisisbisiss i
28! CBEFEASIBLE s o s i s
27 C7-VERIFIABLE ... i

29  CO=CONFORMING ..ot

3 CHARACTERISTICS OF SETS OF REQUIREMENTS .. ... ...

31 CI—COMPLETE ..o i
32  C11=CONSISTENT i
33  CAZ=FEASIBLE ..
34 GI3-COMPREHENSIBEE ... ioieimismsssssssiosisioponsionn
35 Cl14=ABLE TOBE VALIDATEDL. ..occocmsmscmpommissmipcaniopissmsisonssissmscsisons
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Why would MBSE help to mature requirements

* Because MBSE relies on using a standardized notation (language) with semi-formal
semantics and graphical support, that helps highlighting issues early in the cycle

e Let us focus on consistency, which is one of the hardest challenges
— Can you ensure that there is no conflict between 1,000 requirements?
— Can you afford to review the total combinatory of requirements?
— Think about numbers: 1,000 req mean 1,000,000 checks...... so you will check consistency partially.

 Can a modeling language help on consistency?
— YES | Diagrams provide local consistency of concepts (by construction)
— But a language/notation is not enough reach global consistency...

We need more than a language: an MBSE methodology, or at least an MBSE approach !
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Key principles of our recommended MBSE appro 16

1. Based on System Modeling Language (Standard and powerful notation)

2. Function-based definition (prescribed by ARP4754A)

3. Support of functional simulation to ease early validation

4. Support of bidirectional traceability (Certification & Change Management)

5. Consistent-by-construction (all elements are connected)

{tean Duprez, Airbus, 12/2014)}

Z
Risks with current Using model based 1 Structure functional :
methodology (direct ngwe 2 #  description through —— iup;?:?n;:_lh '
textual specification). e ! functional breakdown, * i
\ Functional
} breakdown shall be :

i ¥ Consistent

\ ¥ Complete
v+ Al right level of
Rg4 ! cetail

Ra5 i
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Quick overview of the pilot case (1)

e The OMS is a software intensive avionics system that monitors the health of
the aircraft during the flight.

* Expected functions
— Monitor continuously aircraft avionics during flight
— Analyze faults and diagnosis of the root cause
— Perform fault correlation and alert crew
— Inform maintenance crew of needed repairs
— Perform on-ground testing on aircraft avionics

e Connected systems (called “Member Systems”)

— Flight Control, FMS, DOORS, APU, IMA, Oxygen System, Propulsion, Landing Gear, Fuel &
Hydraulics, Water & Waste, Lighting,...
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Quick overview of the pilot case

ibd [Block] OMS O ional Context[ OMS O i ‘Contellﬂ

825 5

: Cockpit Printer

rdiu1 : RDIU

WiFi

WiFi

is : Information System

Ethernet OMS

A429_rdiu EE' cds : Cockpit Display System

pmd : Portable Maintenance Device

D’“’""’ —L ] bmi

[Tl

“Member Systems”
* DOORS

* APU

* Flight Control

* FMS

eyes

iPilot [}

: Maintenance Technician

: Communication Management

j : A429 Member System
AB64_rdiu2 ABB4 Mty ) ‘ ) IMA
P provider L * Oxygen System
airline : Airine e ° Propulsion
BNE) - Landing Gear
dma : Data mma : Media Card port .
App Management App E * Fuel & HYdraU“CS
Ethernet port : er System [1..

. Sl | ) ¢ Vater & waste

e * Lighting

1 irtrmet .
oem Service :_O'EM Service
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Structure of functional needs (1) 19

e Use Cases (UC) structure input requirements

— A UC ensures completeness of a functionality and will be used as container to
organize validation scenarios =2 useful for both definition and validation activities

— Actors provide functional boundaries (functional scope of the System of Interest)

ééW% Note: as UC are independent of each other, a
== UC is a good unit for collaborative work
= e —

Technician

View Onboard Maintenance

View or reset members system fault history
th

Maintenance configurator

5:_3£nqug-wndh¢

ope - I_C:::t: and analyze aircmft condions g
Traceability to input mmgmm B b ¢
. T Vimw siroraft parnmetnac dats s = 7
(textual) requirements Vi et e et P

e et cosgrsnons et Z & < -
| <700 View Qrboand Madntenance Documentanon 3
1420 View of reset members system foult history
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Structure of functional needs (2)

e UC s a scenarii umbrella and provides guidance

— Same scope and same start for all scenarii => can detect inconsistencies

e Scenarii capture all nominal and non-nominal behaviors (completeness)
with focus on interactions, that will lead to external interfaces...

— Easy to validate by users
— Straight forward translated into validation scenario skeletons
— Can be completed at any time

B Execute ground test

B/ Relations

EE4 Sunny day S1 with data - Select target member system and testl «Reviewed Operational Scenari
B-E4 Sunny day S2 with data - Non-interactive, execute target test with inhibit condition reply, manual
=4 Sunny day S3 - Non-interactive, uninhibited initiated test with automatic results determination «R
-4 Sunny day S4 - Non-interactive, execute target test with inhibit condition reply, automatic result
E-Ed Sunny day SS5- Interactive, uninhibited initiated test with automatic results determination «Review:
B4 Sunny day S6 - Interactive, uninhibited initiated test that later becomes inhibited(classifier behavi
-4 Sunny day S7 - Abort execution of ground test «Reviewed Operational Scenario»

X

«System of Interest»
1 OMS

Maintenance
Technici

T i :
| 1: Start Test Reguest _ | I
2: Initiated test run-test mmmﬂ

3: In-Test Message

- ; 5: Complete test

|
: 6: Test ¢t ete messa:

I
: 8: test complete message

) @ SAMARES
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Definition of functional interfaces and top-leveltu

act [Activity] process start test request [ process start test request l}
£ B1.0 Exracted Functional Flows - H‘“"“""é‘g‘“"ﬂ :MemberSysem |
B[ Execute ground test T ! _ ] tost
B[ Maintenance Technician Signals to OMS gp—— | message mﬂm
. Relations 1 St Test Gooueef_ ) 7Y Intisted test run-test comming initiated
%E&] abort request «Functional Interface M tost _ We use a patte rn tO
[ clear inhibit conditions message «Fur| s mm . .
|- clear inhibit conditions request «Func| S:KETen Masags. |dent|f to p_level
—CJ continue test request <Functional Inig o Inhibit I Inhibit >
4; test progress informption sanskion, Ea0dtion. .
————— = J —— P functions and system
! 5
| 5: Complete test e A 8
T N @8 process clear inhibit conditions message «Top Li fU nction al Interfa ces
£ Member System Signals to Ol g | 6: Test complete message | | @B process clear inhibit conditions request «Top Le 2
g:l‘_'l %45 Signals to Maintenance Te i ‘ @B process continue test request «Top Level Functic fro m inten d ed
. i T‘M’“"—"ﬁm‘mﬂﬂm @B process initiated test display command «Top Le' i
_g :;Zr:ef,"::::?m"':ﬂrgfﬁ':nﬂg; b ! :‘ @B process initiated test inhibited test response «T¢ scenaril (U SageS)
3| early test termination message <Fung | & test complete message N @B process initiated test restart request «Top Level

— {nmated test dlsplav message -
[—[3 initiated test information «Functjgfia
— 3 test complete message with tg
O test complete message oF!

proces
/7 Rel

process start test request

L3 test progress information ctional 2] in-test message
43 OMS Signals to Member System : 1 ! 3] inhibit condition message
N 1: Slat Test Request| ' i <>
]

».2: Bitiated test run-t

SIGNALS

[ inhibit condition information
[ initiated test run-test command
[ test progress information

& SignalEvent in-test message

L Inhibit condition message

' B process target selection request «Top Level Fun

Scenario is focused on capture of top-level functions and interactions

We do not consider logics at this stage
Idea is to ensure it remains simple enough to be validated by end users
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Definition of functional interfaces and top-levelt

* Once identified, top-level functions are completed

— Definition of their inputs and outputs
— Functional flows between elements

e Data continuity principle:

— each function input either comes from parent function input or from another

functlon Output (‘act [Activity] process start test request [ process star test request initial]
: test
= S b SR
run-est
e e
memb
fatem d inhibit inhibit
— condition — — = condition
message information

Tool (plugins) can helps detecting holes and inconsistencies in data continuity
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(“act [Activity] Maintenance Technician be!

Init Behavior

¢

initiated
test retrieve
request

|
initiated
test
information

test
creation
request

created test
information
message

target
selection
request

|

~
|
test
progress
information.

sd [Interaction] Sunny day S1 with data - Select fargetmember system and test1 | Sunny day S1 with data - Select targetmember system and test1 |J

[ : Maintenance Technician ,{l

«comments

1: Initiated Test Retrieve Request

«System of Interests
: OMS
|
i
i
I
!

Maintenance Technician
requests list of initiated tests

OMS sends back that list. For
instance: T2, T3and T7

«comments
|Maintenance technician
|creates new test. For —
instance T14.

3: Initiated Test Information

4: Test Greation Request

6: Crealed Test Information Message

scomments
Create new test T
H
i
|

2: Retrieve Initiated Tests

5: Create new test

«comments —
|Maintenance Technician
selects i

test execution. For instance
MS6.

8: Set Test Target

«comments

Maintenace Technician requests
ion of test. For instance T14 | — |7

just created.

OMS has registred target selection
and uses i to run test to concemed
member system.

.

|
10; Initiated Test Run-Test Command i

13: In-test message

~
~

~

Each scenario is translated
to emulate actor
interactions: each actor

interaction
into the senging or

reception

is translated

of a signal

act [Activity] Member System behavior for Sunny

——

11: Perform inhibit condition check

12: Perform target inhibit test

Init Behavior

«comment» k
Later member system provides
progress on same test: T14
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Pl wi - |
s Al 7 nctan - £ functional behaviour
= _"_ E]“ = Fork Test and tost! = =
L Al= ' o of the system.
Pl ELS-. Execute ground ! 1 ] o
S == Tk | Syt L]
@ﬁﬂ = w®l 1 I I TETEESES F = ' etk S ESen
it s
@® . a. \ = =
4 + | = 8. Here we see a
&. 2 J % -
2 o
3 B Final #2341
o 0 | ST o @ ® K . snapshot or
e X . ®. . | . . h
) L - °. simulation with a
@ information ® . ) & .
— - E2 1
ended
.|1D EED .(?) '90 @ @ Trigger @ inhibit ition message Animation speed:
13 Variables X - Console X
== % [e@ % -
R Value ' UU.UU.US, 955 TINFU. [EVETL] FITE dl Y=PIOCESS STdit (ST [EqUest dCtion=
1 00:00:05,559 INFO: [ te] Activity retrieve test t t...
Process sIaTt best requestpiSealsda 100:00:05,560 INFO: [execute] context = fUMLSemantics Actvities. diateActivities ActivityExecution@332b4709
© intestid 1 00:00:05,560 INFO: [event] Execute activity=retrieve test target
00:00:05,662 INFO: [execute] Activity retrieve test target completed.
00:00:05,663 INFO: **** Activity retrieve test target execution is terminated. ****
00:00:06,177 INFO: [event] Fire activity=process start test request acti initi. test «
00:00:06,594 INFO: [event] Fire activity=Member System behavior for Sunny day S1 with data - Select target member system and test1 action=in-test message
00:00:06,807 INFO: [event] Fire activity=process start test request action=test progress information []
)

(default) B ~
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Refinement of functions down to allocation on g

e Each function behavior is refined with calls to lower-level functions until:
— Either the function can be fully allocated to a product available on the market
— Oritis fully understood from its specification (and can be sub-contracted)

Description of scenarios (operations,

- . m—) Top-level Required functions
acquisition, maintenance, deployment...)

Top down ‘ Refinement / Flow down

J A. Identification of functions from needs and scenarios

B. lder?tlf/cat/on of functions from _ Technical functions
Domain knowledge
g Bottom up f Reuse / integration
pro ucts — .
@B process abort request Product functions
@B process clear inhibit conditions message = -
@B process clear inhibit conditions request C. Identification of functions from products data sheets

@B process continue test request
-~ @8 process initiated test display command
« @B process initiated test inhibited test response

Execute ground test
B Execute ground 1est 8, o process initiated fest restart request

- {4 create new test

~ @B process initiated test retrieve request @ - {3 retrieve inltated tests !
@B process start test request @ = T retrieve testtarget @ = 7% load target from database F u n Ct I O n a | b re a kd OW n
@8 process larget selection request @ - 73 set test target (calculated by tOOI)

= {3 determines initiated test pass/failure result

@ process test complete message @
v SAMARES
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Derivation of functional flows into component flo

Legend B-[7] B3.System Elements.
" Allocate
7 Allocate (mplied)

Some component flows can be deduced from functional architecture and
allocation on system elements- partially automated

B Data Loading And Configuration System

B8 otcs sw appicaton

[ central Maintenance System:
[ storage System:

8 0sta accuistion system:

=[] B2.Functions

E3[7] 1 - Required New Functions

&[] Interface Functions

£3 Decode Test ID Code(context Data acquisition System)

& |~ Areraft Condition Monitoring Systerm

B Encode Test ID(context Central Maintenance System) Sysiem Eland OUS| OIS
3 Get Fault Report From Member System Status(context Diata acquisition Syster|
3 Get Inhibit Conditions From Member System Status( context Data acquisition Sy|
3 Get Test Complete From Member System Status|context Data acquisition Syste £3 - Fight Craw W0 22: Fiht Crow VO
E+[7 Internal Functions b il
3 Add Initiated Test To Running Test List(context Central Maintenance System) - ACMS-CDS VO
£3 Assess Aircraft Health(context Aircraft Condition Monitoring System) 1T l
£ Assess Prognostics(context Aircraft Candition Monitoring System)
Detect Alrcraft State(context Aircraft Condition Monitaring Systs . J‘ :aea- T g L ~PuD - EU IO
3 ircraft State(context Aircraft Condition Monitaring System) < ACMF SW. 1 1 - ALa- ACHS VD : Central Mainienance System 3 w2
£3 Fails the data load(cantext Data Loading And Configuration System) P
B Generate Advisory(context Aircraft Condition Monitoring System) 1 CMS Proceasing Unit I [ 1 CHES SW Application
£3 Get Current Records Number(context Data Loading And Configuration System) P
B Get FLS From Load list{context Data Loading And Configuration System) yd [T} L
£33 Get next block(context Data Loading And Configuration System) P 52 | ACMS - Storage ¥O. auta
£3 Get next record(context Data Loading And Configuration System) P ¥ i
3 Get Next Word(context Data Loading And Configuration System) 2 data 831~Acq-CMl O B4 1 CU - MamoerSystam 1O
£3 Increment Try(context Data Loading And Configuration System) . lp2 - a0 - e
52 ~ACHS - Storage VO
ok report, Maintenancs Dvioe
~m~é¥w bk candlions, 54 : Maintenance Configurator VO o4 : Usintenance Coakguratar VO
tent somen o -1
=]
D1 : ~Aeq - ACHS PO £3: Aeq- CU KD
!
4; = 11f
= Data acquisition System
531 Stmrage - LD
p1 - Uainienance Tachnician VO
L o1 : Maintenance Technician ¥0 e
7} E F
tiid lbadabie software p2 : 40q - Memner System vO
£33 ~Storage - DLND
7
] > =
= Dat System |
032 - ~PHD - DL KO 532 PUD - DL HO
$OLES SV Application | | unit | F':\ =
B - DL - Wember System ¥ )
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1. Take your time to identify the “GOOD” use cases (rig

e Starting from aircraft-level functions allocation does not necessarily help
in finding right Use Cases...

e ... as those functions may have not the right UC properties (“complete”
and “user-oriented functionality”)

Function 1

Function 2
Function 3

Function 5

HMI function

Function 4

Use Cases are “user oriented” and contain exchanges with
actors (outside of the system by definition) — And they are
independent by definition

Functions are organized from
technical point of view and must
collaborate to provide services
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:Malntenance Technician . | ‘ ablocks gl

oo ® || commrirsgmein =] | " 5|
tAiine

| : Data Service Provider
|

! ] i X t '
! | ) 2: Pacamatic Das

:, ] 3 Paramevic Data

| _4 Pacamevic Dova nformaton ; \
H‘ T |

For capture of functional messages, intermediate route points are not
useful (redundant messages) =» need to abstract from existing routes
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3. Keep scenarii at functional level and simple

1. Avoid describing many cases into one Sequence Diagram
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* Hard to review and validate e
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2. Do not introduce non-functional requirements at this stage o |
* Introduces design solution and brings lot of useless debates 3 5
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4. Teamwork support is not an option for collabt

 UC are good means to isolate functional analysis into independent streams

* But after some time, technical functions are shared and require ability to work on
SAME model

— Centralized unique model is key
— Use of collaborative tool becomes mandatory

* Team completed the use of Cameo Systems Modeler with Teamwork Cloud solution
— Provides shared access (centralized database with locking)
— Provides version control (commit, update...)

— Supports configuration management (trunk, branches, revisions...)
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Main captured benefits in applying (this) MBSE

* helped structuring textual upstream requirements and raised a lot of questions about

clarity, completeness and consistency
— Some of those issues would have been missed by pure textual analysis (document-based approach)

e Agility in the management of changes
— Could add new scenarios at any time and deduce new functions or changes in some functions

e Ability to support early functional validation
— When functional data are connected, simulation is possible
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Main captured drawbacks in applying (this) MBS

* Learning curve was not trivial

— Team had to learn modelling language while understanding and following MBSE
methodology and learning the tool.

e Use of models for specification means additional efforts to manage
traceability
— Must manage traceability from upstream textual requirements to model elements

— And then manage traceability from those model elements to lower-level textual
requirements
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From MBSE learning to adoption - challenges

Significant efforts to align team
— Align skills on notation (language), methodology, and tool
— Practice on real cases to face modeling challenges

Invest on a collaborative modeling solution
— Team has to work on common model elements very soon

Ensure available coaching and support by experts

— Experts on avionics domain
— Experts on systems modeling notation and methodology

Model view layout may become an issue when scaling

— Some diagrams are hard to maintain- think about automation
— Use of matrix or other views to edit, review, check data
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Thanks for your attention !

MBSE can provide very strong benefits ! But this is a long route ... and
many do not know the direction...

We can have fast quick wins if we know the « pain points » and use
MBSE as a strategy to tackle those pain points
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