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Astrium: part of EADS, a global leader
in aerospace and defence

Airbus
Airbus Military

Eurocopter Astrium Cassidian
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Astrium Space Transportation

. ® Spacecraft
= Complex System
» Hard Real-Time
= High level of criticality
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Table 4: Top Five Actions Taken to Improve Mechatronic Design

D 0 Respo
Improve communication and collaboration across disciplines 7%
Increase ability to predict system behavior prior to testing 46%

Source: Aberdeen Group, January 2008
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Why is System Engineering complicated?

Thermal control :

© ASTRIUM
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The V development cycle

System

<:—:> qualification

System
integration

Subsystem
validation

Subsystem
integration
testing

Unitary
testing
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Late detection of errors

Non optimized
Error
detection

Delay for
the error
detection

Subsystem
integratior
testing

Unitar
test?
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The verification process

System

<::_::> qualification

System
integration

Subsystem
validation

Misunder-

standings ‘Subsystem

can appear integration
i testing

during the

development
and during the
verification

Unitary
testing
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Model Based System Engineering (MBSE)
main objectives

"|mproving the communication between the teams
= System: Guidance, Navigation, Control, thermal...
= Software: specification, design, coding, verification & validation...
» And also customers and external reviewers

=Developing the system
= Performing a trade-off of design
= Automatic code / parameters generation

! =|mproving the verification (ECSS definition)
(i.e. validation according to DO178 definition)

= Syntax and semantics checking

= Simulation and formal proof
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Verification with model MBSE

Subsystem
qualification

Early
detection

of errors
Early
detection Subsystem
{ of errors integration
testing
Automatic

code generation

MBSE = Model Based System Engineering
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Unitary
testing
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Some example of modelling languages

popp

L"w [ L I,
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et i
[SesFum | [ emor | [ Feow  |[ saEr |
| PCOUS_SWITCH_OFF_SADEN) _|
| SWITCH OFF SA0E0
IS\\"L‘H_DFFU‘E
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SysML scope at Astrium Space Transportation
Mission and |
Vehicle
Management | |
a
] n
a q v
ini
»
—'—..._________
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Why SysML at Astrium Space Transportation?
= Avoiding information duplication on complex programs

® I[mproving coherency and communication among the

various experts by using the same language
= Electrical system, GNC(*), Software

= Formalizing and unifying the best practices already used
“without specific tools”
» Data flow, State-charts ...

= Extracting system and software documentation from a
single model

* GNC = Guidance, Navigation, Control
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SysML at a glance

= Use case Diagrams

UC10_MANAGE_THE_MI
SSION_AND_THE_VEHI
CLE_MANAGEMENT

UC05_SUPPL
Y_TMTC_DAT
A

SGS Boundary Box

UC69_MANAG
E_CMS

UC70_MANAG
E_TCC
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UC67_MANAG
E_PWS

UC72_PROVIDE_RE
FERENCE_FRAME_
SERVICES
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- SysML at a glance

= Use case Diagrams

Requirement»

* Requirement Diagrams =

ID =00010

wings

The SGSfunction shall manage the solar

//refin e»

«Requirement»

WING_DEPLOYMENT

ID=00020

Ths SGSfunctionshall deployed the
four solar wings on order received from
the M\VM
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N

«Nﬂ e»
«Requirement»

WING_ROTATION
ID =00030

Ths SGSfunctionshall
orientate the solar wings in

order to optimize the solar
power
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- SysML at a glance

. = Use case Diagrams
= Requirement Diagrams

. = Internal Block Diagram

—— 5406 2.7¥]
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- SysML at a glance

. = Use case Diagrams
= Requirement Diagrams
= Internal Block Diagram

= Sequence Diagram

SGS_FUM Criln FCDU3

PCDU3_SWITCH_OFF_SADE1()

J
!

SWITCH_OFF_SADE(Q

|
\
: I
: -
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SysML at a glance

. = Use case Diagrams
= Requirement Diagrams
= Internal Block Diagram
= Sequence Diagram

= State Machine Diagram

SGS_C_STOWED_N

SGS_MC_DEPLOYMENT

SGS_CMD_RPT to pMVM_

SGS_C_DEPLOYMENT_N

SGS_MC_FIXED

SGS_QMD_RPT topMVM_

SGS_C_FIXED_N

SGS_MC_ROTATING

‘ SGS_AP_SWI TCH_SADE_ON(SADEL) topAP

SGS_C_ROTATING_N

SGS_CC_FAIL3

‘ SGS_AP_CHANGE_OF_SADE (SADE1) t0pAP

‘ SGS_AP_CHANGE_OF_SADE(SADE?) to pAP

SGS_CC_FAIL4

;
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L SGS_MC ROTATING
SGS_C_ROTATING_3

‘ 4—{ SGS_CMD_RPT topMV.
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SysML at a glance

. = Use case Diagrams )
= Requirement Diagrams
= Internal Block Diagram
= Sequence Diagram

= State Machine Diagram

Very complex language

Can it be used by non
modelling experts?

v GNC

v" Propulsion

B J v Mission management
_ _ _ v Power
Precise guidelines v
are mandatory 4
* GNC = Guidance, Navigation, Control
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Functional/Behavioural/Structural view

Guidelines
examples

¢
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(= ] Arianes_SES

Architecture and contributors
(1 Components

Project administrator
=1 Packages

=3 «01,Projects Arians5_SES
=[] Packages
[ «01,Descriptions Description_AS_SES
£ «02,Requirements» Requirements_A5_SES
[ «03,5ystem designs SystemDesign_AS_SES
B «04,5ublevels Sublevel_AS_SES
=0 Packages
B9 <01, 5ubProject» UC01_MANAGE_GROUND
B «02,SubProjects UCOZ_MANAGE_EAP
B «03,5ubProjects UCO3_MANAGE_EPC
(= £ #04,5ubProjects UC04_MANAGE_ESC-A
=L Packages
B «01,Descriptione: Description_UC04
=] «02,Requirements» Requirements_IC04
= [ Package:

Ea «01
Cn-soc)

o E

Architecture
of the

vstem_Req_LUC04
0z pftware_Req_LC04

B«
1 «03,5ystem desigrs Sy:

H m Od e I 2 «04,5ubLevels SubLevel L0+
i = E' <05, SubProject» UC0S_PERFORM_FLIGHT _COMTROL
1 = [ Packages
H 2 +01,Descriptions Description_UC0S
i =B «02,Requirements» Requirements_UCOS
(= [Z1 Packag
B «n
B <

9 «03,5yster iy
F «04,5ublLevels Sublevel_UCOS
B «06,5ubPrajects UCO6_MANAGE_SEQUENCES
£ «07,5ubProjects UC07_COMMUNICATE _WITH_UCTM
7 19, SubProjects UC20_HARDWARE_INTERFACE
£ «20,paramDatas UC21_PARAMETRIC_DATA

£ PredsfinedTypes_arianeS_SES (REF)
£ sRequirements» upwards_requirements
B PredefinedTypes (REF)
£ PredefinedTypes_astrium (REF)

S —

_“-""""--_
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Sub Project administrators

Guidelines
examples

System engineer
Software engineer

GNC engineer
Software engineer
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Guidelines
examples

~Naming convention

= For instance
» Package names shall be in upper case
= Block names shall start with BL_
= Use Case names shall start with UCXX_ where XX is a number

n e
f _.“i\ The element does not fit the name convention: Block shall start with BL_ (1) AstriumCheck Complete
[@block : AS_FS in ArianeS_FS::ArianeS_FS_OVERVIEW: :SystemDesign_aS_FS
— /& The element does not fit the name convention: Internal Block Diagram shall skart with TEDX%_ (5} astriumCherk Complete

il kernal Block Diagram : IBD_UC20 in ArianeS_FS::UC20_HARDWARE _INTERFACE: HARDWARE ...
gi" kernal Block Diagram ; IBD_IUCOS_01 in ArianeS_FS::1UC0S_PERFORM_FLIGHT COMTROL::UCD, .,
H i = . eSS i

T ——

All the space you need
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. Guideli
~Requirements checks (1/2) eﬁ;,ﬁ;?jj

= Check if a requirement satisfy at least another one

= Check that every requirement appears at least once in a
requirement diagram

= Check the requirement location i.e. it is not possible to
put requirements at any place in the browser

Checks |
- @Erors (8)
- A requirement dependencies shall be stersotyped by decompose or satisfy (or both) (2)
‘” Dependency : DF04_200_%_Estimate acceleration in ArianeS_FS::UC0S_PERFORM_FLIGHT_CONTROL::UC0S_01_ESTIMATE_ACCELERATION; :Requirements_LIC0S_01::Software_Req_LUC0S_01.5T-555_2,%..,
[ Requirement : ST-555_2,,Initialisation for Estimate Acceleration in ArisneS_FS::LC0S_PERFORM_FLIGHT_CONTROL::1UCO5_DL_ESTIMATE_ACCELERATION: Requitements_UCOS_01::Software_Req_LC0S_01

+ @ Every Requirement shall appear at least one time in a diag (1)
+ 9 Every Requirement specification shall not be empty (S}
=Y Warnings (8
+ /A requirement shall refine at least another requiremert (4)
+ /i This Requirsment is not allowed at this level (13
+ /& This requirement does not have a satisfy stereotype: there must be missing some requirements (1)
i Info (0)

T ——

All the space you need
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Guidelines

Requirements checks (2/2) examples
<<01,Description>>Description_XX
Use Cases/Actors & Use Cases diagrams except for 2" level functions
<<02,Requirements>> Requirements_XX
<<01,Sys_doc>> System_Req_XX
Requirements & requirements diagrams
<<01,Sw_doc>> Software_Req_XX
Requirements & requirements diagrams
<<03,System design>> SystemDesign_XX

<<01,Scenay Scenarios_XX
R ts & Sequence diagrams
<<02, Archi >>ArchitecturalDesign_XX

5 Internal block diagrams
<<03, Config data>> ConfigurableData_XX
Usage of configurable data (constants, mission data ...)
<<04,Sublevel>> SubLevel XX

© ASTRIUM
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- Guidelines
Empty description examples

= Some elements shall have their description filled with

some information.
= Constants
= Blocks
» Flow ports
= Parts
» Standard ports
= Some Use Cases

; -
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Differen

|G ideli
Standard ports (1) e;;rﬁrl)?:ss

t names = NOK

part_0

standardport_18

All the space you need
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1 part_1

|_pstandardpont_7

|
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Standard ports (2)

Guidelines
examples

part_2

standardpont_1

C

Q

No Connector from a standard
1 port & NOK

N
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Standard ports (3)

Connector between standard ports with a
required interface, without provided = NOK

Guidelines
examples

1 part_4

standardport_4 M;dpon 5
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Standard ports (4):

Guidelines

examples
Connector with provided and required interface
with intermediate interface=» Ok
1 part_4
1 part_2 1 part 3
1 part_2:p 1 part_3:p
std_port
std_part std_port std_port =
! [——1 1% o—0—— 1
{ Mylrter ylntetface
H Mylntetface  [Mylnterface Mylnienace
.'__‘___‘_'
e ————————
All the space you need e ASTRIUM
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Some modelling tools
SysML is a graphical language

=» Need of a graphical editor

= Rhapsody @
= System Architect
= Papyrus a

= Magicdraw |"‘i,
L~ \

P S——

— S L
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OMG

SYSTEMS
MODELING ™

LANGUAGE

© ASTRIUM

Some needed features

= Configuration management
= Multi-user

= Traceability

= Documentation generation

= Simulation

= Research

= Differences between models

— S L
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- Documentation gen

554 «04, 5ubProjects UCDY_MANAGE_ESC-A
=1 Packages
1 [ «01, Destriptions Description_LIC0+
=-(&] Hyperlinks
i £ UCD4_MBNAGE_ESCA_STAGE
i {21 Use Case Diagrams
(D Use Cases
(- «02,Requirementss Requirements_IC04
153 03 System designs Systembesign_HC04
=] Packages
[ «0L,5cenarioss Scenarias_UCo4
-5 «02,Archi designs ArchiterturalDesign_UC04
[ERS N
S BL_UICO4_MANAGE_ESCA
L connectors

S E=g
=] ﬁ Parts
* [ itsBL_UCO4_01_IGNITE_HM7E
-0 Standard Parts
: pyro_ianition
SeqUence_3Ccess
walves_pilot
[ «03,Config datas CorfigurableData_UCo4
=17 «04, Sublevels Sublevel_LCO4
=] Packages
£ <01, VehicleMgts UCD4_01_IGNITE_HMTE
£ «02,vehicleMges UCD4_N2_STOP_HM7E
£ 04, vehicleMgts UCD4_04_LH2_DEPRESSURISATION

1

All the space you ne

-] Inkernal Block Diagrams /
" et

eration

B.2.1 Architestural Dasign

BELT Block mane: EL_UR04_MANAGE_ESCA

etk

D000 pakkeh OE 5

RabL i _ T E a7

A R i e T

© ASTRIUM

26/03/2013 - 35 Model Based System Engineering - David LESENS

- Differences between models

- Eqsublevel_UCOS
~/FRUC0S_01_FSTIMATE_ACCELERATION

" |Graphical differences

] = [EqRequirements_UC0S_01
- — Eqsoftware_Req_UC0S_01
% 2] Left - Sequence Diagram: 5D1_Tgnitel I [
: BLﬁUCD{DL\GNITEJ—N?E | \IsBLﬁUCZDim7HLMANAGE7EV57LOOF
T | teactivate(EV2_BSET) | B —
f 1
1 ing of the chamber ‘ J ting of the chamber
| | =
4 —
I, ‘ activate(EVE_B64) [ T
I |
; ~_ \ ~
i activabe(EV2_BB4)
| il
1 | purging » LH2 | 4'L| fial purging »
] | D 14

i
Project ArianeS_SES Attribute Left Value [ Right ¥alue 1
- jed Arianes_SE5 isStub o o
- fEq Arianes_SES persistis
- /[ 5ublevel_n5_SES
i —IBEqUIC04_MANAGE_ESC-A description
i I Eq5ublevel UCo4 legalDisclaimer
—/fEqUCd_01_TGNITE_HM7E isReference o o
- Eq5vstemDesign_UICD4_01 license:
- Fqscenarios_Uc04_01 name SD1_lgriteHH76 SD1_lgriteHH76
persisthsGenerated o 0
prqactivate language
~IEqUCOS_PERFORM_FLIGHT_CONTROL properties Subject Format: Metaclass Anchor... Subject Format Metaclass Anchor .

Different items on the left: ... Different items on the right...

Bl Right - Sequence Diagram: SD1_EgniteHM7B in Ariane! =] 1]
i
tsBL_UCD4 01 —‘G""TE HM7B _[aighs - Sequence Diagrams SD1_lgniteHMTE in Arisne
=3} ]

the space vy

Toeeen

||

activate(EVE_B64)

\
I
\
\

activate(EV1_B64)

LHZ2

j
|
|
|

-
|
|

"
|

o o
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Use of open source tools

availability

Papyrus
Modeller

OMG
SYSTEMS
MODELING ™
LANGUAGE

= Maturity issue

All the space you need
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=» Polarsys Eclipse Industrial Working Group

= Open Source tools for the development of embedded
software and business model to support long term

© ASTRIUM
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~ SysML is adapted to system engineering
But the SysML semantics is not formal

{[Simulation with the Rhapsody tooljj

«Requirement ™ = =
i + 0 sRequirements || | «Requirements
requirement_| O § raguirernant 0 «Requueme:h1
1D = REQO001 requirement_
ID = REQOO02 1D = REQOOON DoCemE
If X > 2, the function B
shall go in STATE 2 IfY = 5, the function If % > 2, the function

If*f > 5, the function

hall go in STATE 3 shall go in STATE 2
| e ! shall go in STATE 3
[x=2] STATEl & ! Y >5 \
l L ] X>2) staEl @) ll

e
TeX=10 Y = 10

TBX=10; Y =10;

¥

¥
STATE ESTATEE STATEZ STATEZ

Two models graphically strictly equivalent
( But with different behaviours
All the space you need b ASTRIUM

~The principles of
Formal Model Driven Engineering

. |There are two ways of constructing a
software design. One way is to make it so
simple that there are obviously no

| |deficiencies. And the other way is to make
it so complicated that there are no
obvious deficiencies. I

Professor C. A. R. Hoare
The 1980 Turing award lecture

Use of Model Driven Engineering
| Use of Formal Methods
_ "

All the space you need
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- OMEGA SysML profile (1/2)
- Objectives

i = Definition of a formal semantics for SysML
= OMEGA profile

. = Validation of the SysML modelling
= Static semantics checker

; = Simulator

i = Formal proof

= |[mplementation
= Rhapsody tool
= Papyrus tool foreseen

X o
All the space you need O ASTRIUM
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- OMEGA SysML profile (2/2)
- A large subset of SysML

i ®mCovering discrete & timed system specifications

. =With additional static coherence rules

= E.g., complex typing system for composite blocks & connectors
= Formalized in OCL, enforced by tools

=\Vith a formal operational semantics
* No hidden choices
= Captures voluntary non-determinism
= Allow the designer to control the concurrency granularity

- =\With few extensions

= E.g. for formalizing actions, properties, constraints

- .
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Conclusion

- ® SysML in the space domain
= |s operationally used
» Improves the system to software engineering
= Decreases the costs and the delays

= But needs
= Clear objectives
= Precise guidelines and processes
= Trained teams
= Adapted tools

t = And will need to be in the future
= More and more formal
» With a long term availability
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