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The Aviation Industry is Quickly Evolving SIEMENS
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Stricter Regulations Increased Competition
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Systems Thinking SIEMENS
Typical Current Processes lngenuity for Life

Functional Definitions & Diagrams

Safety Assessment
Logical Architectures

Boundary Diagram Construction

Requirements Documents
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...Systems Engineering processes are in Physical Designs
place in many areas, but they are typically
not systematically integrated...

> 10 frontdoad system validation
Nor hardware and software,

Integration testing
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Interdependence of modelling artefacts
aerospace example

Currently: Capella, Cameo, ...
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Currently: Polarion, IBM

Safety

taep

Failure Condition

Effect

Flight Phase
Failure Rate

> Function Safety Req
Flight Phase class
[ / FHA
v I ’ /
™ Failure Mode
4 Function Failure Effect Detection Method
Flight Phase
S ~ -
' * ' .
v v v v
. Failure Mode ) )
A Part Failure Effect Detection Method

FMEA

Highly interrelated but often in siloed tools

Currently: Excel, Word, in-
house tools, ...
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What is Polarion SIEMENS

lug,eo\uify-foru{a
Application Lifecycle Management (ALM) tool with requirements, test cases, live documents, ...
Browser-based
On top of SVN repository
Uses the concept of workitems for its instances of data
Highly customizable
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~ role expandedto 2 | ~ levels Include Commits Filter Linked Items

ID Title ~  FunctionName FormalRe... TestResu
INES_Load_alleviation ~
of [ INES-3976 The output from the FCS shall be the left aileron actuator position, the right aileron actuator position, the left spoiler actuator pos
{C}INES-2588 When the spoilers are deflected, they shall be deflected in the same direction as the aileron
Jef Stegen {CINES-2564 The spoiler shall only move in upwards direction.
My Polarion
J - (:;.INES-2851 The pwm signal shall have a frequency of 50Hz and duty cycle between 5 and 10 percent.
B rdnue cnect
W DetoarbMond ’ iINES-?.BBG TEMPLATE: signal_to_servo_pwm_pos signal_to_servo_pwm_p
[# FMEA Sheet - {{}INES-2593 The maximum spoiler deflection shall be 30 degrees (0.523599 rad).
R Effect » [ T|INES-3773 TEMPLATE: spoiler_actuator spailer_actuator
«" Measure .
] - (:,-INES—2594 The maximum aileron deflection shall be 30 degrees (0.523599 rad).

IE Safety Requirements

3 o r S INES-2577 The aileron actuator input signal shall be derived from the FCS's calculated desired control surface angles. aileron_actuator
[ Failure Condition -
&8 FHA Sheet

High-Level Requirement [y Edit £~ @ 4 T O
@, Non-functional Software
Requirement
O Low-Level Requirement + . . . ) Created: 201 9-0.8-.28 14:34, Updated: 2
t INES-3976 - The output from the FCS shall be the left aileron actuator position, the right aileron actuator position, the left

Werification Suite

e
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spoiler actuator position and the right spoiler actuator position
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Polarion: from ALM to integrated data management

SIEMENS
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 Polarion has been customized to contain next to requirements also system modelling and safety

modelling artefacts:
e System:

» Physical components and physical links between them

» Safety:

« FMEA: Failure Mode, Failure Effect, Detection Method
 FHA : Function, Failure Condition, Effect, Measure
» Data that is often contained in siloed tools (such as word, excel, Cameo, ...) is created here and

maintained in central tool
FMEA Sheet

& Function Name/Part
@ Failure Mode

Bk Failure Effect

¢ Detection Method
(¥] FMEA Sheet

Object Failure Mode Flight Mode Failure Effect FHA Effect Detection Method
Phase Failure
Rate
I'}.JINES-QBSS -FCS & W INES-2686 - FCS & pilot interface 2 does not ¥ B INES-2656 - No significant ﬂINES-2405 -No v INES-2402 - Compare the sensor signal 1 to the
pilot interface 2 provide value to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there 1s no val
@ INES-2687 - FCS & pilot interface 2 does not @ Take B INES-2401 - Elevator run away, ﬂ\NES-Z-qDQ - Loss of & INES-2402 - Compare the sensor signal 1 to the
provide value to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val...
v INES-2403 - Propagate failure to cockpit
I"}JINES-QBSZ - Aircraft @ INES-2683 - Aircraft sensors 2 do not provide ¥ B INES-2656 - No significant ﬂINES-2405 -No v INES-2402 - Compare the sensor signal 1 to the
sensors 2 values to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val
@ INES-2684 - Aircraft sensors 2 do not provide @ Take B INES-2401 - Elevator run away, ﬂ\NES-Z-qDQ - Loss of «" INES-2402 - Compare the sensor signal 1 to the
values to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val...
v INES-2403 - Propagate failure to cockpit
I"}JINES-QBTQ -FCS & W INES-2680 - FCS & pilot interface 1 does not ¥ B INES-2656 - No significant ﬂINES-2405 -No v INES-2402 - Compare the sensor signal 1 to the
pilot interface 1 provide value to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val
@ INES-2681 - FCS & pilot interface 1 does not @ Take B INES-2401 - Elevator run away, ﬂ\NES-Z-qDQ - Loss of «" INES-2402 - Compare the sensor signal 1 to the
provide value to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val...
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Polarion: from ALM to integrated data management SIEMENS
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 Polarion setup is basically a meta model on data types and relationships between them

Requirements

‘ Sytem H Sty H Sottuare ‘
- -

Waorkitem EEaE S
title i L
FIMEAElement Requirement
Fhysical Component FailureMuode FailureEffect DetectioniMethod SafetyRequirement SystemRequirement
<> -

£ 3 X f ¥
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Underlying Meta model SIEMENS
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« Data in Polarion fits to certain setup which is similar as a meta model
« All workitem types in Polarion are basically classes in meta model

Waorkitem

title

[ ]

FIMEAElement Requirement
Physical Component FailureiMode FailureEfiect DetectionMethod SafetyRequirement SystemRequirement
T £

t J

Velocity \eMEA Shee

Mode ilure Effect FHA Effect Detection Method

Object Failure Mode Flight
Phase Failure
Rate
I?INES—ZGSS -FCS & @ INES-2686 - FCS & pilot interface 2 does not 7 h INES-2656 - No significant ﬁINES—2405 - No " INES-2402 - Compare the sensor signal 1 1o the
pilot interface 2 provide value to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val..
@ INES-2687 - FCS & pilot interface 2 does not @ Take B INES-2401 - Elevator run away, EINES—Z-’JDQ - Loss of & INES-2402 - Compare the sensor signal 1 to the
provide value to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val
" INES-2403 - Propagate failure to cockpit
lfﬁINES-ZGSZ -Aircraft @ INES-2683 - Aircraft sensors 2 do not provide 7 BX INES-2656 - No significant ﬁINES-2405 -No " INES-2402 - Compare the sensor signal 1 to the
sensors 2 values to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val..
» INES-2684 - Aircraft sensors 2 do not provide Take BX INES-2401 - Elevator run away, ﬁ INES-2409 - Loss of " INES-2402 - Compare the sensor signal 1 to the
values to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val...
o INES-2403 - Propagate failure to cockpit
. . I?INES-ZG?Q -FC5 & W INES-2680 - FCS & pilot interface 1 does not 7 B INES-2656 - No significant ﬁINES-ZﬂfUE - No " INES-2402 - Compare the sensor signal 1 to the
Unrestricted © Siemens 2019 pilot interface 1 provide value to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val..
Page 9 2019.MM.DD @ INES-2681 - FCS & pilot interface 1 does not @ Take BX INES-2401 - Elevator run away, fR INES-2409 - Loss of « INES-2402 - Compare the sensor signal 1 to the
provide value to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val__.



SUM instantiation from Meta Model

Instantiation
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FailEffect
DetechMethod

FailMode .
. : : %, p Failldode -— SafetyReq

SafetyReq -— F’hysmalComponent

PhysicalComponent
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FailEffect PhysicalComponent
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Single Underlying|——
Model
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D
title
FIMEAEl2ment Requirement
- Physical Componant FailureMode FailureEffect DetectionMethod SafetyRequirement SystemRequirement

Underlying g e
Meta Model

S A

d J
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Polarion visualizations on top of SUM SIEMENS
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Object Failure Mode Flight Mode Failure Effect FHA Effect Detection Method
Phase Failure
Rate
INES-2685- FCS & @ INES-2686 - FOS & pilot interface 2 does not B INES-2656 - No significant. ~ #RINES-2405-No  + INES-2402 - Compare the sensor signal 110 the
piot interface 2 provide value to computer (Taxi) Toxi impact on the airplane impact redundant sensor signal 2. if there is no val
@ INES-2687 - FCS & pilot interface 2 does not @ Take B INES-2401 - Elevator run away, FRINES-2400 - Loss of v INES-2402 - Compare the sensor signal 1 to the
provide value to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. f there is no val
o e -  INES-2403 - Propagate failure to cockpit
¢ - G.INES-3978 The output from the FCS shal be the left aileron actuatar position, the fight aleron actuator position, the left spoiler actuator posjde ¥ BKINES 2656 - No significant ~ #RINES-2405-No  + INES-2402 - Compare the sensor signal 1 to the
Taxi impact on the airplane impact redundant sensor signal 2. if there is no val
INES-2588 ' i )
o Yihen the spoilers are deflectad, they shall be deflected in the same direction as the aileron e @Take BB INES-2401 - Elevator run away, #RINES-2409 - Loss of « INES-2402 - Gompare the sensor signal 1 to the
ONES 2564 The spoler shall oy move in upwards direcion off airplane could crash plane possible redundant sensor signal 2. i there is no val
 INES-2403 - Propagate failure to cockpit
- INES-2651 The pwm signal shall have a frequency of 50Hz and duty cycle between 5 and 10 percent. N
@ e s ey e ot & BEINES-2686 - No significant~ gRINES-2405-No  « INES-2402 - Compare the sensor signal 110 the
s SINES3085  TEMPLATE: signal to senvo pam pos Taxi impact on the airplane impact redundant sensor signal 2. if there is no val

- {OINES-2593 The maximum spoiler deflection shall be 30 degrees (0 523598 rad).

* [WINES-3773  TEMPLATE: spailer_actuator

Diagrams ~ {HINES 2594 The maximum aileron deflection shall be 30 degrees (0.523599 rad)

M a i n to * [BINES-2577 The aileron actuator input signal shall be denved from the FCS's calculated desired control surface angles.
p p g {C}INES-2575 The Ieft aileron and right aileran shall move in opposite directions.
d I a g ra m S {C}INES-2552 The function output value shall be a struct containing a floating point value for both desired aileron and spoder angles.

WK . .
FailEffect PhysicalComponeant
SafetyReq  — ny =

{VEIOCitY} SafetyReq «—— PhysicalComponent ;\‘

Single Underlying
Model

- Fhysical Component Failurehode FailureEffect DetectionMethod SafetyRequirement SystemRequirement
Underlying © -
Meta Model

L 5 t 5 1

Instantiation
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Sirius

+ Eclipse-based tool, made by Obeo, which allows
to create graphical modeling workbenches (eg.
Capella)

- Based on Eclipse Modelling Framework (EMF)
and Graphical Modelling Framework (GMF)

- Different Custom diagrams have been created for
Safety Assurance (FHA, FMEA, GSN), Physical
architecture and Functional breakdown

+ Polarion integration has been developed for
bidirectional interaction

Unrestricted © Siemens 2019
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IMES-1983 [ 0 W true  ==a
INES-1990 [INES-1363] 0 []false  ssa
INES-1991 [INES-1965] 0 [] falze
IMES-1992 [INES-2147] 0 [] false
INES-1884 [INES-1970] 0 ] true ssa
INES-1995 [ 0 W true  ==a
INES-1996 [INES-1968] 0 [ true  ssa

<+ Motor [1..4]

< Generator [0..1]
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Sirius-Capella relationship SIEMENS
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Sirius as graphical interface for Polarion SIEMENS
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__ D
4

=° POLARION

Video: System Model
Video: FMEA

) Sirius 2:(S|r|us

.
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videos/Polarion_Sirius_SystemModel.mp4
videos/Polarion_Sirius_FMEA.mp4

Sirius — Polarion interaction

FMEA Sheet

Velocity

Diagrams

SIEMENS
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Odesign

Diagrams

file

Java Extension

Unrestricted © Siemens 2019

Page 15 2019.MM.DD  POLARION

/
‘ . Single Underlying|
Single Underlying| ] Model
Model .
: Manual Recreation
— [ = L /
_ % L) | S ) Underlying
Underlying =—m
Meta Model Meta Model Je

ST Siri

us

Siemens Digital Industries Software




Connection between Polarion and Sirius SIEMENS
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-+ Sirius supports Java extension points that are triggered when
actions are performed on the Sirius diagrams

* Polarion Web-services (SOAP) are used to retrieve, create and N /
modify data on the Polarion repository POLARION

- Disadvantages: | o
_ ] o ] ) ] Get Data and instantiate in Sirius
* Maintainability, mapping between Polarion workitems and SUM (odesign automatically

Sirius elements are hardcoded, changes in meta model lead renders from SUM).
to modification in code

Solutions/Improvements: o o
- Data mapping in separate document +* S I r I u s
« Automatic mapping based on Class name, ....

+ Use of standards such as OSLC

Set newly created items
and modifications

Unrestricted © Siemens 2019
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Maintainability issue

SIEMENS
Ihg,eo\uffy-f;or&\fa

Diagrams

Single Underlying|

‘ \/\\/\

Model

|

Underlying
Meta Model

Modify graphical
mapping
Odesign
Velocity Diagrams file
| |
Java Extension
/ | |
| T ‘/\ a AN " Modify instance
Single Underlying|— ™~ ) mapp| ng
Model
New Workitem: ” /
“logical component” | — | Manual Recreation
e N e /
" (S — J =
Meta Mods! Modify meta
model
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Distributed development SIEMENS
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All data is maintained in Polarion: central source of truth
Changes in Sirius are immediately pushed to Polarion

Problem:
Multiple people working concurrent on same data, how to maintain both?
Both versions are stored under SVN repo. Older commits can be
retrieved if needed (not ideal)

Solution:
Locking mechanism
Lock resources that are being modified
Supported by Obeo Designer team (not within current setup)
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Conclusions

» The proposed methodology shows the applicability of an
underlying meta model to an avionic system case study

* By moving from a document-centric to an integrated
model-based approach, different interrelated data

artefacts can be integrated

* A plugin has been developed to interface data from a
central Polarion repository with Sirius, a graphical

workbench development tool.
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Sensar system 1
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TIComputer 1
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IProcessor 1 T

D [ #E8us 1 . (E)EMA actuator system
CIRCs B piiotinterace | - A g
%_\ laieron
el Eompuier? [Tyerrr—r—
1705 B pilat intertaca 2 1 7 (e it
/ _~T
)Sensor system 2 g’l_)/
47 Aileron
w §P] Aircraft sensors 1
~ | Adircraft sensors 1 do not provide values to computer (Taxi)
~ 34 No significant impact on the airplane
+«#* Compare the sensor signal 1 to the redundant sensor signal 2. if there is no val...
| Aircraft sensors 1 do not provide values to computer (Take off)
w §P| Computer 1
. Computer 1 does not provide value for EMA actuator system (Take off}
~ .| Computer 1 does not provide value for EMA actuator system (Taxi)
“ % Nosignificant impact on the airplane
+#* Compare the sensor signal 1 to the redundant sensor signal 2. if there is no val...
w 4P| Computer 2
~ | Computer 2 does not provide value for EMA actuator system (Taxi)
~ 4 No significant impact on the airplane
+#* Compare the sensor signal 1 to the redundant sensor signal 2. if there is no val...
. Computer 2 does not provide value for EMA actuator system (Take off}
4F] EHA actuator system
FMEA Sheet
Failure Mode Flight ~ Mode Failure Effect FHA Effect Detection Method

hase  Failu
Rate
(INES-2685 - FCS & @ INES-2686 - FCS & pilot interface 2 does not ¥ B INES-2656 - No significant ~ #RINES-2405 - No + INES-2402 - Compare the sensor signal 1 to the
pilot interface 2 provide value to computer (Taxd) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val
@ INES-2687 - FCS & pilot interface 2does not @ Take BK INES-2401 - Elevator run away, fRINES-2409 - Loss of + INES-2402 - Compare the sensor signal 1 to the
provide value to computer (Take off) off airplane could crash plane possible redundant sensor signal 2. if there is no val

' INES-2403 - Propagate failure to cockpit

(INES-2682 - Aircraft @ INES-2683 - Aircraft sensors 2 do not provide  § B INES-2656 - No significant  #RINES-2405 - No + INES-2402 - Compare the sensor signal 1 to the
sensors 2 values to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val
® INES-2684 - Aircraft sensors 2 do not provide @ Take B4 INES-2401 - Elevator run away, a\NESrZADQ -Loss of & INES-2402 - Compare the sensor signal 1 to the
values to computer (Take of) off airplane could crash plane possible redundant sensor signal 2. if there is o val
/ INES-2403 - Propagate failure to cockpit
INES-2679 - FCS & @ INES-2680 - FCS & pilot interface 1 does not ¥ B INES-2656 - No significant  #RINES-2405 - No + INES-2402 - Compare the sensor signal 1 to the
pilot interface 1 provide value to computer (Taxi) Taxi impact on the airplane impact redundant sensor signal 2. if there is no val
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Thanks for your attention



