Safety models generation to support Functional Haza  rd Assessment

MBSAW 2012

Safety models generation to support
Functional Hazard Assessment

Presented by
Sébastien Maitrehenry / PhD student Airbus/Onera/ENSMA

a\ ONERA
ﬁ /’TH'E'FRENCH AEROSPACF




Safety models generation to support Functional Haza  rd Assessment

Plan

Context and objectives

Methodology

Model transformation

Experimentations

Conclusion

OJOJOROR0.

ONERA
/ \

rerations S.A.S. Al rights reserved. Confidential and proprietary document. THE FRENCH AEROSPACE LAB




Model-based A/C FHA

Context : Safety in aircraft design
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FHA : Functional Hasard Assessment

\§<tem verlflczy/n/ tMBSA } System Level
SSA : System Safety Assessment &"’
V&YV : Validation & Verification

MBSA : Model Based Safety Assessment ECIUlpment Level
MFHA : Model for FHA )
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Safety models generation to support Functional Haza  rd Assessment

AltaRica models to support the A/C FHA

Modeling of the functional failures propagation:

» Assessment of the contribution of a function to the flight (functional effectiveness)
* Modeling of the functional failures (total loss, partial loss, erroneous).
* Distinction of various functional data (needed, useful, etc.).

With the AltaRica language[éofoid&Rata2000le!: GUIdan'hm'“

' Node Motor_model

» Formal modeling, iangtiaee: Savrlonaarh graphlcalf state

Bordeaux m_status : {OK, Lost};

* Modeling of Nieraiga ks e nahaia i flow

» Nodes and hypernodds connegted by flows ,  In_data: {MOVE, STOP},
' out_status : {Moving, Stopped};

Wit I fools_(Falit Tree ;
geheratipsrgafohability calc Iatlon etc.) - event i
WA n:mman ! loss; i

Failure e @ t:loss !
! trans
i m_status = OK |- loss -> m_status := Lost;

5 - 'EI'E_‘[.]‘_D r di assert :
U L:itus_@ out_status = case{in_data = MOVE
_ I F— ! and m_status = OK : Moving, :

/ QVINg / Htopped) else Stopped}; :

Motor motleHrm—statts OKAOS) ]
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Functional Haza  rd Assessment

perational and funct

ALFA (Aircraft Level Functional Approach)

» Reference models to describe the fulfilment of
flight scenarios in terms of:
» human actions (operations )
» aircraft actions (functions ).

» Tool suported: CORE (Vitech Corporation)
with the formalism EFFBD (Enhanced
Functional Flow Bloc Diagram). [Seidner 2009]

Control afc waw &
steeting

Designers are not safety specialists & CORE is not adapted for safety analyses
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models generation to support Functional Haza  rd Assessment

Idge between design and safet

CORE AltaRica
model model

1. Manipulation of heterogeneous CORE ‘ Meta-modeling
models and heterogeneous AltaRica models

2. Need for an automatic generation of the

AltaRica models from the CORE models, M) Model transformation

with traceability.

3. Taking into account the specificities of each

domain, design and safety (complete ‘ With annotations

separation of these two domains)
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Is generation to support Functional Haza  rd Assessment

guirements for the model tran:

1. Independent of any modeling languages

- For the safety models

- For the design operational and functional models
2. Preservation of the existing design and safety p  rocesses
3. Open infrastructure

4. Tracing safety results

5. Handling annotations
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Safety models generation to support Functional Haza  rd Assessment

Our proposal

Operational and functional design : Aircraft level safety models
models (ALFA DSML) (MFHA DSML)
i  Generation
CORE AltaRica
model model

Safety results

Instance of Instance of

[ CORE ][ SysML ] [AltaRica/OCAs]
:__Metamodel Metamodel Metamodel

E TCORE—)ALFA TMFHA—)AItaRica

Concrete syntax

TacrasmrHA
[ ALFA ] —-- [ MFHA ]
(annotation)

Metamodel Metamodel

Instance of Instance of

(shared MM)

ALFA model (traceability) MFHA model

Abstract syntax
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Operational and functional design Aircraft level safety models
models (ALFA DSML) (MFHA DSML)

rd Assessment

Generation
i | AkaRica |

Safety models generation to support Functional Haza
model

ALFA and MFHA metamodels

CORE
model e —
Safety results Instance of

Instance of

CORE SysML AltaRica/OCAS
Metamodel Metamodel Metamodel
x\

Concrete syntax

(shared MM)

Abstract syntax

ALFA and MFHA models are hierarchical graphs
» Use of classical modeling techniques
 Definition of a generic model of graphs (with constraint rules)
» Specialization to ALFA and MFHA models by addition of DSML specific properties

final
o (inv) inputs
init
1 1 inv) outputs
A4 v 1. nodes (inv) P
T T *
node -~ (inv) in_graph raph edges 0..% e
sub_graph S grap (inv) in_graph - 8
* (inv) in_node 0.1 T T
0.* ops
*
MFHA op S fcts | MFHA ﬁraﬁh flows 0-5' MFHA_flow
+name +name
MFHA_fct (<

+name
+failure_modes
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Operational and functional design Aircraft level safety models
models (ALFA DSML) (MFHA DSML)

Safety models generation to support Functional Haza  rd Assessment

Generation
. AltaRica
model

AltaRica/OCAS
Metamodel
| T

Concrete syntax

Transformation

Abstract syntax §
(shared MM)__ |

=» Modeling language: EXPRESS
A data modeling language, with constraints declaration and procedural specifying.

=>»Top down hierarchical transformation - ’’’’ pa——

Graph, level N, is transformed (all contained nodes

and links).

. ] Subgraph 2 "', “\'.
All subgraphs, level N-1, are transformed with the

same procedure (recursive transformation). / f / / f /

=» Each ALFA node transformed into a MFHA node

= New nodes added (ex: model activation)
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Aircraft level safety models

Operational and functional design
(MFHA DSML)

models (ALFA DSML)

Generation
— | AltaRica |

rd Assessment
CORE
| model | S model

Safetyresults L e of

Safety models generation to support Functional Haza

Traceabillity in the model transformation

Instanee of

CORE SysML AltaRica/OCAS
Metamodel Metamodel Metamodel

Concrete syntax

Tuarias arstica

1
——— MFHA
Metamodel
in

istamce of

Abstract syntax §
(shared MM}

Why? -> perform model management, evolution and validation (in particular for safety requirements).

What? —> traceability of all elements (node, links) transformation.

How? - with a separate model of traceability

Source Model ‘ Traces_Model \ Target Model
Contains

Contains Contains
elements traces elements
\F 0.* ¥ 0.* N/ 0.*
Source Element <222 Trace farget Target Element
0.* 0.*

Exemple of trace:

ALFA function <29 | Fct_to _Fct |—2r€¢ts  MFHA_fct
_ e =T
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Operational and functional design Aircraft level safety models

Safety models generation to support Functional Haza  rd Assessment models (ALFA DSML) (MFHA DSML)

CORE
model P

ALFA models annotation sy ==

eneration
. AltaRica
model

Concrete syntax

Taieasmrua

(annotation)

Abstract syntax |
(shared MM}

Why? —> enriching the operational and functional models with safety information

What? - safety domain knowledge: functional failure modes, functional effectiveness, etc.

Annotation metamodel ; Annotation instance

How? - with a separate model of annotation (no modification on the design models)
Contai * I
ontains . I
Model %S5 Element I
elements I
1 0.* : / . | \
I Annotation : Failure_mode_Loss
Reference Annotated :
" Annotated elements :
model Contains 0% elements : Set of functions [Function_1,
‘ Annotations Model _ >/ Annotation I Function_5, ...]
= annotations 1 -
Properties : Property :
0..* : - Value type: Failure_mode_type =
: {total_loss, partial_loss, erroneous}
Property I - Value: [total_loss, partial_loss] /
I
- Value_type :
- Value :
I
I
I
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Aircraft level safety models

. . Operational and functional design
Safety models generation to support Functional Haza  rd Assessment models (ALFA DSML) (MFHA DSML)
Generation

x CORE S AltaRica

E model — model
& tonce oy S3TENY results py—

MFHA models to AltaRica models sl (22

o
» -
MF'HA
Metamodel

Abstract syntax §
(shared MM)

Knowledge of
structure of the :
[ MEHA Metamodel | f [ AltaRica/ocas
J maodels
Metamodel
N
Read each Put each /]\
VIEHA model subgraph, > TMFH A->AltaRica element in AltaRica
nodes and the AltaRica model
links of the A model
model For each node, select the
correspondfnchomponent in
the liprary

AltaRica Library for
A/C FHA models
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Safety models generation to support Functional Haza  rd Assessment

Prototyping and experimentations

TALFA>MFHA
[ ALFA model } | > |  MFHA model ]
/ T B
;] TMFHAS AltaRica
é_z \ op_z 4 / OR_1 3
t ————

data_joyif:{High,Low,None,L HNeg}.out; A 4

AltaRica model }

#High,Low,None,LNeg,HNeg}:local; /

ut = act_in;
=data_u_1;
_out=casef{act_out : val_U, else None};
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models generation to support Functional Haza  rd Assessment

pen guestions and improvemen

=» Improve the global modeling process
» Who should define annotated data?
» Failure Modes are defined by the safety specialists
* Functional Effectiveness (performance) should be defined by the designers

»Are the annotation sufficient to analyse all functi onal dependencies?

=>» Formalize the design and safety domain knowledge

» Use of Ontologies?

=>» Scalability

» Composition/Decomposition in graphical views?
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n to support Functional Haza  rd Assessment

sion

1. Reduce the gap between the design and the safety

2. Formalised models for safety analyses

3. By a generic approach

4. Preserving existing modeling activities

5. Including traceability

6. Handling domain annotation
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Safety models generation to support Functional Haza  rd Assessment
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