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MOTIVATION BEHIND VERICOCOS

O Where are faults introduced?

m Most errors are introduced during requirements and design phases

U Source of Requirements errors:

m Bad requirements quality

. 80% errors found between
— Am blg uous g;fff:’_l)/ integration testing and operations
. (1]
300-1000x

b
—_ I ncom plete Requirements 70% errors introduced in e Acceptance
Engineering requirements and design | o Testing
— Incoherent Y o
. System
System Design 70% 10% Testing
3.59% 20%

— Inconsistent

S 1x 20x%
Software
Architecture Integration
—_ Erroneous Design Testing
_ 20%
R - h Software .Z 6 %% Unlt
Detailed
. eq ul rements ¢ anges ] Testing Percentage of faults introduced
Percentage of fauits found

- Estimated cost factor for fault removal
m Design errors
Development
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MOTIVATION BE IND VERICOCOS

0 Good requirements management key factor for spacecraft
development

0 The most problematic sources of errors can be avoided or
partially solved by improving the quality of the input
specifications

U Requirements formats:
m  Textual requirements
m Pseudo-code
m  Sequence diagrams

m State machines

Behavioural modelling provides a more complete specification of
requirements

i 7
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VERICOCOS GOALS

1. Confirm the applicability and subsequently open the door to
the generalized use of state machines to the specification,
design, verification and implementation of on-board
software

2. Apply tools on a space-representative case study, and
extend the tools if necessary to fit existing processes

3. Further develop and test behavioural and data modelling
tools to support the implementation of electronic data
sheets

4. Provide training material with the result of the study to
disseminate the acquired knowledge and know-how on the
topic of behavioural modelling
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CONSORTIUM

O ESA TO: Maxime Perrotin

0 Consortium:
m GMV Aerospace and Defence, S.A.U. (Prime Contractor)
m GMV Skysoft S.A. Portugal
m Thales Alenia Space — France
m SCISYS UK Ltd
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TECHNICAL SHARING

GMV-ESP

Project management
Technical coordination and responsible for:

o The design of the tool architecture

0 The implementation and analysis of the case study
o Dissemination activities
o}

Project global assessment and synthesis of the results

€=

TASF

Analysis of behavioural modelling on ESA operational projects
Analysis of modelling languages and tools for behavioural modelling
Preliminary specification of the case study

Global assessment as System Integrator

GMV-POR

VERICOCOS tool chain:
0 Tool development and integration
o Verification

o0 Generation of documentation and guidelines to use the tool in the case study

SCISYS

SOIS EDS tool chain:
0 Analysis of the ESA internal SOIS EDS study
0 Specification and extension of the ESA SOIS EDS tool chain

0 Validation of the EDS concept on a real test case
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STUDY ACTIVITIES

1. Specification of Space User Needs for behavioural modelling
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SPACE USER NEEDS (1/2)

O Evaluation of state machines for developing embedded SW:

m  Improves the requirements quality (correctness, completeness,
coherency)

m Benefits are not the same at each development phase

System modelling

syst m arc h itecture Validation of
operational

ission ases rios
perationa =3 F \
i : - |'] - concepts.
*‘. { T Vatidation of
1 the FDIR
) Avionics modelling —:> strategy
Cl unctional scenarios -

Validation of
the Avionics
design

Application medes/
Equipment states

e
" Validationof
{ the Software I
design

validation

Mude Servites Contiul [ Equipment behaviour ] Communication
T nent behaviour algorithms [ > protocols
— - I — s
. ?

4 . @ .
2 T 1]
- - - . HE 1 - .-
- I am -
x ¢ - - - - =
- L -] - &

o —

e Code Code
o _gmerion generation
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SPACE USER NEEDS (2/2)

O Specification of user needs for behavioural modelling

m  Modelling levels:

— System modelling level

— Avionics modelling level

— Software modelling level

— Hardware/Equipment modelling level

m Technology agnostic

m Examples:

1D

[MLR.2]

[VOR.3]

[CGR.1]
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User Need

The VERICOCOS toolchain shall allow to model the system mission System
phases.

The VERICOCOS toolchain shall allow to associate a state machine to the Software
software components (implementation) having a behaviour designed
with state machine.

The VERICOCOS toolchain shall allow to generate code from state Software
machines and procedure models associated to software components in
the software detailed design model.
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STUDY ACTIVITIES

2. Survey of modelling Languages and Tools
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SURVEY LANGUAGES AND TOOLS (172)

O Goal:

m Find languages and tools suitable for most of the space user needs
0 Survey of languages and tools that can cover those needs

m Languages:
— Focused on SDL
— Background concepts of other languages: UML, AADL, SysML, etc.

— Rated with respect to the modelling needs:

- Compliance with respect to System/SW/HW modelling needs, aligned on a
standard, non-proprietary language, graphical notation, etc.

m Tools:

— Existing modelling tools are described such as TASTE, OpenGEODE,
AAML Editor and Capella Editor

— Rated according to the tool needs:

- Maturity level, maintainability and long-term support, user manual quality,
scalability, separation of concerns, etc.
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SURVEY LANGUAGES AND TOOLS (272)

[ Selection:

— ) ERICOCOS
{System and Avionics modelling: Toolchain

— Languages: AAML and SDL

— Tools: AAML Editor, MSC Editor and OpenGEODE

m  Software modelling: w — n

— Languages: SCM and SDL

AAML Editor —

— Tools: OSRA Editor and
K OpenGEODE

m Hardware modelling:

SOIS EDS
Ref Tool

— EDS with TASTE integration
for code generation

OSRA Editor —

sDL scM  Matlab /
Simulink
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STUDY ACTIVITIES

3. Implementation of a Tool Development Framework
o VERICOCOS Toolchain
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VERICOCOS TOOLCHAIN

O Modelling levels:

m  System & Avionics

m Software

 Based on:

Mission Phases/Op. Modes Mission Phases/Op. Modes
= Model-Based Development || — - |

u M Od el I i N g Vi eWS System Architecture Log. Components Behaviour

i

|

L
y i [/ N\

/
\/
\ Avionics Architecture & Equipment States
B = =
. e, =
3 == . = @ TestGround @ PreLaunch @ Launch
L4 &= w Esenorim o)
‘ . el
1 y— T —) .
Equipment Modes i i
— N
= ==

VERICOCOS Final

Presentation ‘2016-12—07 Page 18 | © GMV




@l‘.\k

European Space Agency Supported Project | ¢\
VERICOCOS K esa

SYSTEM AND AVIONICS MODELLING

O The AAML Toolset (Avionics Architecture Modelling

Language) aims at advancing the avionics engineering practices
towards a model-based approach

0 Coarse- and fine-grained specification of the avionics architecture
and non-functional properties

T ST T m——— T —— g
Fle Edt Disgran bavigete Sesgrch Project ASML Anshees Bun Window Help

LI S e LT R o 0 Domain Specific Language

O Eclipse-based toolset
(Sirius)

Sedect & model and the output folder for analyss results aam,

unctor
uncTion
i | Modet: [lAAME_modeixSentinesd aami Browse . |
R
ke _*. ki Cutput folder
Ly e e—

Use default location

e Bus selection aa '
G Selact the busies) to analyze m
» +Lo Ao
LR Compao . -
% = & Error Log |12 Problems C‘-:r.ns.;v:] Bus |mtw. ||Il|ll:.-|uh|5d. |
: Loge :1 0o + Lagical Companent TCSobjectl PIF MLL838 MILSTD_ 15538 P
& Lodgical Compe =
- Semantlc  ITopey 2 Hext > 0 sMU_POHU R5485 carse v
b A et * Logicsl Component TESobiodnlssaiy OLCI_PDHU RE483 Firse -
» #Dat L Sdoric Funciion lasonic Function CaloumeTCSObjeciveg = SLITR_PDHU R5453 Coarsg
5 . " B . - -
b & S T M -\-’L._ i B Selact AN | Mﬂ:l-\ll o I e |
¥ ] . i
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T |
e )
' B | | ool | pusn
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OPENGEODE TOOL

O OpenGEODE is an SDL editor (Specification and Description
Language) part of ESA TASTE (The ASSERT Set of Tools for
Engineering)

U SDL is a mature ITU standard, formal behaviour specification of
complex systems through state machines

m Behavioural modelling
. wld VO
through rich state O = e [ st | == |
machines . B Opercron:
. - wkdv O ~
m Textual and graphical T weaw e | e o
I <. CAa tamne
notations & B B
OQ OpenGEODE implements |
] TR
a safe SDL subset for =
OBSW development - | i r———
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OPENGEODE FEATURES pm=

[ UniguePClnterface_... I UniquePClnte... | UniquePCinterface_respo
UniguePClnterface_response_get_currentValue @
-
Q DL Edit
I O r [ UniquePClinterface_respons
o division -32768.00
L-sum -32768.00
m State machine viewer B ————
[ UniguePCinterf... ] UnigquePCinterface_Se.. ‘ UniquePCinterface_ge...
UniquePClnterface_get_currentvalue (5]
d SDL Checker z
E}Uu ePClnterface_get_curr...
sy ] division -32768.00
r‘" 3 ‘----sum -32768.00

] Correctn eSS & Safety CheCkS Available test scr\;)ts. [ Plot - Meter ][ Custom )
[ Internal state | Simulation bay | Checker bay

Checker bay @
D A at O a d S I at O Autornatic simulation and model checking
n I m I n n I m u I n Input Condition Feed
1|newinterface_... | Manual =
. I j t - g I 2 |UniguePClnter...
n eC SI na S 3 |UnigquePClnter...
| ——— |

Run Load Edit [ Random | [ Exhaustive | Stop

m  Debugging capabilities Er—

m  Store simulated behaviour — s BT
as sequence diagram (MSC)

i ie Uriniad
StopWatchCommandinterface_Ci pr—

StopWatchCommandinterface_Command b ohcemmandierface_Col - - =

0 Code generation

m C and Spark Ada e
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O Formalization of mission phases and operational modes:

MISSION PHASES OPERATIONAL MODES
<<Mode>> <<Mode>>
TestGround PreLaunch
ToPreLaunchFromEGSE
Refinement
ToLaunchFromEGSE,
<<Phase>> <<Phase>>
GroundPhase LaunchPhase ST StrapsStatusReleased VW\
LaunchCommandFrom EGSE Launch Orbital

SeparationfromAVUM ReEntryAl

-—

=<Mode>>
Ra-Entry

,fif*‘?’:"j : - R E;ﬁﬁe» L Launch | NntReleased [ StrapsXatusReleased & [ FirstQrapsReleasedTimeout \
4 FEEET T T 1 1
PilatEjectior SrapsStatusReleased Launch_SecondReleasedReceived w

o |

| | set_timer(S0, FirsttrapsReleasedTimeout) | |
<<Phase>>

LandingPhase (—L—\
| Launch FArstReleasedreceived |
-

«« Text a/ea for declarations and comments g

timer First StrapskeleasedTimeout;
Lamch SecondReleasedReceived
Frapsatusheleased < ‘ FirstStrapsReleasedTimeout <

reset_timer{50, FirstStrapsRel easedTime out) H

e

Descent

XV mapping: Mission Phases - SpacecraftModes Mapping Table 22

SpaceCraft Modes
| Mode TestGround, Mode PreLaunch

[@ GroundPhase

[@ LaunchPhase Mode Launch

[e» OrbitalAndControlledReentry lode Orbital, Mode Re-Entry, Mode PreRelease
[@ DescentPhase lode Descent

[@ LandingPhase | Mode SearLanding
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Logical Component>
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/ \\
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Launcher / i\ i
\
/ \ esDevicaintarface
/ | \ ResDevicelnterta f
SeparationEvent_EvEm| SeparstionEvent_EvRe [ \
_—_— / \ FlapsDevicelnterfa " [FlspsDevicelntertace
/ ‘\ \ Flapsstatus | s
,/ \ | SW_Reset_2_EVEm|
/ \ \ SW_Reset_1_EvEm|
\ MSG GO _2 EvEm|
<<Lagical Compenents > / | Lo
/ MSG_GO_|_EvEm
’ ASW_MVM _Acquish / \ \ FlepComimanid_Evim i
/ )
/ \
[ Joresinaroce / V' Logical Component>>
/ 1\ L | ] a1 on 4T DRS
TR / From FM To CON  from_FM
S5 e mtemal / IR L
Acquisitortpdate EvEmp — / IR
hequsiterUpdats EvRe / |\
/ I <<l Gy T CoN
/ 4 Contomansgemandntaacoffl) ic_ CON
ﬂ‘ I\ \‘ 01 (erﬂmnﬂaﬁrm!ﬂmnmﬂ!
/
< <Logical Component: / \‘ \
o \
/ \ Y
/ {1
Datepacint \
MU Dataset OutbataFlanrorty nertacofll \ <<Logical Component>>
i ™ 1My Dataset,_inDataFionfort \ | DrsMansgementinterfa _“MM i mw“’%a;
\ T—- anagementintertace
B )
\
R
|
<<logical Components: R
GPRS \
GPRS Datasst
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cal Component>>
AS\V GNE Ay
\ \ (Cycle2Hainterface

NavigationManagementinterta
Datapolinterface.

From_FM_T_DRS i

<<Logical Component>
GNC_ WAV

T

<<Logical Companent>
ASW GNC GUI
—‘tv( ic2HzintRriace

[GuidanceNavigationManagementinterfac

.Dlpﬂmlrfa

© GMV

<<logical Component>>
GNC_GUI
(GuidanceNavigationManagementinterface

Dynamic behaviour of logical components (OpenGEODE)
— Functionality subset used in the mission

\ (s

. VERICOCOS \&?
UPDATES AT SYSTEM & AVIONICS LEVEL

eSa



European Space Agency Supported Project | ¢ k‘k"“‘h @S3a

VERICOCOS \&:‘
UPDATES AT SYSTEM & AVIONICS LEVEL

O Logical architecture

m Inter-component scenarios (MSC Editor):
— Operational scenarios (nominal mission sequences)

— FDIR scenarios (fault detection and recovery sequences)

Flaps
Flaps
FlapsStatus "-...| [sendsthe Flapstatus periodical . It is
- ttion in
rrrrrrrrrrrrrrrrrrrrrrrrr
W_Res
sssssssssss
sssssssssss
aaaaaaaaaaaaaaaaaaaaaaaa
lg—5¢ Tmer1 e
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
| g SW_Re
ActionCommanderinterface_FPCS_ProgramNextAction >
—=X Timer.
b=t—5¢ Timer,
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
—— > SW_Reset_2
ActionCommanderinterface_FPCS_PragramNextAction »>
=t Timer,
== Timer.
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa
ActionCommanderinterface FPCS_ProgramNextAction
=7 Timer
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signal IMU_Interface_getimulecture;

O Physical architecture:

signal IMU_Interface_initCommand;

by

signal IMU_Interface_testCommand;

. BehaViou r Of phySicaI deViceS signal IMU_Interface_calibCommand;
_ Com p lete d ynam ic as pe cts of = [Wu“.'n'liiﬁi?;u_ii'ﬁa“?iﬁa";iimn,I ) al R E S

IMU_Interface_initCommand, N f
HUEInt e e becECamimalin signal IMU_Interface_volCommand;

T IMU_Interface_calibCammand, R
t e eVI Ce IMU_Interface_alignCommand, signal IMU_Interface_holdCommand;
IMU_Interface_prCommand,
IMU_Interface_velCommand, signal PoweredUnit_powerOn;
IMU_Interface_haldCommand,

PoweredUnit_powerOn, i i i
PoweredUnit_pawerOF signal PoweredUnit_powerOfFf;

m Definition configuration

signal IMU_Dataset(Double3Vector);

— Definition of device states

— Can be mapped to operational modes

[@e TestGround | [@ PreLaunch [ Launch | [@ Orbital | [ Re-Entry | [@ PreRelease| [@ Descent | [@ Sea-Landing

= [ Sensor IMU_Device

4 IMU_INIT

4 IMU_HOLD

4 IMU_ALIGN

4 IMU_OFF X

4 IMU_voL X X X X

4 IMU_CALIB

4 IMU_PR

4 IMU_TEST X
= ¢ Actuator Flaps

4 ON X X X X X X

4+ OFF X

<% FAILED X X % X
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SOFTWARE MODELLING

U The ESA OSRA Editor (On-board Software Reference
Architecture) assists the software architect and suppliers to
design, develop, integrate, and generate the final executable

0 Methodological approach for developing Space Applications (See
OSRA Specification and Rational for further details)

S ————— =1 O Domain Specific Language

Feaen%c - - WG . Quick Access iz " Modeling
% Model Explorer = = B & GNC - Package Diagram 2 o (Space Com ponent MOdEI)
=@ - w3k " W | ™  Palette
|type filter text ] Fi R e, -2- .
" Scorems st == (2= e d Eclipse-based toolset
mmmmm

» m Project Dependencies . s - -
- PGNC.sem E o % = Comme nt S I rl l lS
« &= Model GNC ata Set Specifications| Event Types Interfaces Custom

e & a &

- GNC - Package Diagral

b £ Package Data Types <<Package>>

» riPackage Data SetSpe”™ | Components
- F ag ipa=>
¢ 3 Package Event Types Hpes implamentations
v £ Package Exception Typ CD[TI p’Dn 'E'nt |ﬂ'_‘,|"Er
b 3 Package Interfaces =
- 3 Package Components [-| al 0
r — ; N | = o
m jes 11 £ Proble 2 Console d  ER -
% Outlinen ¥ L:I_" i - froperics PRI e
eo Model GNC
) [, X Rulers & Grid Property Value
[ |
D 4 B Appearance
T Semantic Identifier #1D1976 e ————
b oS Name 2 GNC Avionics Monitoring and Cromain neutral ' Futre sendces |
System Hardware System Hardware ID1304 sErvices Control services Bl WS i !
i
Model GNC
Execution platform layer
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O Specification of the behaviour of component implementations

Ele Edit Diagram Navigate Search Project OSRA Bun Window Help

m SDL language e i e - =P
.| & v com ponent Im plementation Dia gram £ =l

= OpenGEODE tool = @ =& -

- e 1 ¢ Palette b

Az -
(= Component <

% Component
Implementa...
= % Component
Implementa
set
‘[&Davice )

eeeeeee

O All communication
entities defined in

OSRA for the e
component, are 4
available in the SDL & e«
diagram
0 Datatypes translated 4
into ASN.1 notation
0 Code generation from « | . |
- Properties Problems & Conscle 8 €] Error Log B EE | = = = g
SDL state machines AP s
0 Document generation @
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CODE GENERATION |

0 Code generation from the OSRA menu

m Transformation Engines”
skeletons of the OBSW

. generates the source code

m  “Generate Executables” produces the OBSW binary(ies)

{=esa

‘Eun Window Help
About

Create Model Structure

Configuration files >

Analysis Engines
Transformation Engines
Generate Executable(s)
Remove Binaries

0 The programming language is specified in the Components

Src EP
.. Code Src
Skel. Code
r

Implementation:

TRANSFORMATION ENGINES
m Ada
. C Model —
m SDL

M
TASTE views

- Ada language skeletons
Data  Data
View View
ASN . AADL

- Skeletons automatically
filled in with the source code of the

associated state machines following this process
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DOCUMENT GENERATION-

O Proof-of-concept

0 AAML and OSRA generates HTML, with all diagrams and tables

d To be tailored to specific documentation needs

flepeneds rationbired « | & | ey periidia  naation. i LI
filemedadd_C_ORVEASeseeas GRUPOGH v O » = filemnediadd © DRFVEAISesie LIPOGE v =
Package Structure Diagram ot imomestaton AT G0 CUT Compoten B gl
L -
|_-:ﬁlul- --ﬂ--i----w-] I--u-l-n-lu-l-n—l |Tq.'- nins fw i s . L T
- mpm—a acar
& A | [ &
e
- - - =
[y
P
e
- o
« ot |
Torem TNT Tarhnge i T T -
fewn [l
Mission Phases DMagram -
"mat
s -
tq-._. ....»:| ———
R — _—
—
E .
e e g
P -~
Mo P [ -
NS Y SR Y
LP1_4 Pre Launch_imlsunc her
oot sie Trums
e e .
(===
LPZ_1 Laun<h
e rom Pl = remd s
o ke ot e ot on 3
=
LP2_I Controlled Ghiding ReEntry i
L -
o Tl Hiouson s S1ansed oo,
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INTERMEDIATE EXPERII\/IENTAL VE ICLE

Space vehicle to experiment on
atmospheric re-entry

Duration: around 100 min
Fully-automated sub-orbital flight
No pilot, passengers, nor TC

TM monitored from ground, and recorded in vehicle
Phases: Ascent, Orbital, Re-entry, Descent, Sea-landing

coooo O

S .l
.

~ Localization

v .=
e e ;

DESCENT &
RECOVERY PHASES
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INTEGRATION WITH REAL CODE
Stub

T —_— ~ // Stub \\

SL Svc Datapool

Datapm{lrlferface =y
W, ( <<Component Instance>>
/‘31 g SL Dev External
e ,:"’ "\-\\
e .
r [ i -
| <<Component Instances>

{ ‘ ASW GNC CON

C\Aﬁ:twatlnnlnterface Pl ASW GNC CON

|
-
<<Component Instances> l . i
~ FlapsDeviceintarface
=<Component Instances= L G T i [ FIEpSDE’VIEEIntEI’fE(E._% J
GNC Nay P .Aa:tivat\unlnterfate Pl ASW GNC NAV

Datapoolinterface Rl ASW GNC NAV,

I C) ResDeviceinterface
RcsDevicelnterface._%
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Contralmanagememlnterra(e.__ ControlManagementinterface e
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GENERATION OF EXECUTABLE

U Configuration of the TASTE Processor:

m IXV_Processor Board : PROCESSOR ocarina_processors_leon::leon.rtems_posix;

D TASTE used for- Ele Edit Navigate Search Project OSRA Run Window Help
) i i B [ SR =T : SR S = ‘{E‘Mnde[mg‘

] Code Skeletons ; B Model Explorer 82 [ Outline B & v 8 = E
- I%I [type filter text f fad
generation =
P =4 Project Dependencies
P = IXvsw
m Executable © e ouput Iy
. @ =XV _SW Design «wternal/* && cd $OLDPWD
generatlon = (=transformation
~ (= binary.c
P (= asw_gnc_con
P (= asw_gnc_gui
P (= asw_gnc_nav E
P (= auto-src
P (= auto-src_PLATFORM_LEON_RTEMS_POSIX
~ (= binaries L
|2 xv_processor_board_primary_partition_objixv_processor_board I
P (= Concurrencyview
P = GlueAndBuild
P = gnc_con
P E=gnec_drs
b = gne_fm !
b = gnc_gui
P = gnc_nav
b (= ixv_processor_board_primary_partition_objixv_processor_board_taste 3
b = sl_dev_external
b = sl_svc_datapool
P E=vt_asw_gnc_con_activationinterface_step_aswgnccon
P (= vt_asw_gne_gui_activationinterface_step_aswgncgui 1e/assert/USECASE/IXV_SW_Design/IXvSW/include Y\
P =vt_asw_gnc_nav_activationinterface_step_aswgncnav le/assert/USECASE/IXV_SW_Design/IXVSW/test_include \
P =vt_gnc_con_controlmanagementinterface_contrelmanagement_gnce 1:?2::2;Eﬁﬂgggi:gﬁixﬁgﬁg:ign/IXVSW/hb/thS‘vLGNC.a A
T L = i | gn/IXVSW/lib/libSIMath.a \
P =vt_gnc_con_controlmanagementinterface_gnc_con_manager_init_gnt| | 1e/assert/USECASE/IXV_SW_Design/IXvSw/lib/libASW_GNC.a \
P =vt_gnc_con_from_fm_to_con_senddata_gnccon L]
P =vt_gnc_drs_drsmanagementinterface_drs_manager_gnedrs = = ]Q
P =vt_gnc_drs_drsmanagementinterface_gnc_drs_mgr_init_gnedrs
P =vt_gne_drs_from_fm_to_drs_senddata_gnedrs B BE | o 0~ = B8
b =vt_gne fm_flightmanagementinterface_flightmanagement_gncfm
b =vt_gne_fm_flightmanagementinterface_gnc_fm_manager_init_gncfm
b =vt_gnc_gui_guidancemanagementinterface_gnc_gui_manager_gncgu
P =vt_gnc_gui_guidancemanagementinterface_gne_gui_mgr_init_gncgui e

(< [ D]
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RESULTS

0 Unambiguous and precise semantics due to formal languages %"

m Early error detection when creating SW from scratch

m Designer is forced to think about all cases, including error sequences
d Design maintained at model level, including dynamic behaviour %

m Mappings ensure consistency

m Document and code generation
Q Early verification and validation at design phase %

m Static correctness checks

=  Animate state machines

m Possibility to improve analysis engines with behavioural information
not explored in the case study

o Process in line with life cycle of space projects ¥

o Tools must evolve to be applicable to other space projects
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STUDY ACTIVITIES

3. Implementation of a Tool Development Framework

o SOIS EDS Toolchain

VERICOCOS Final q
Presentation 2016-12-07 | Page 35 | © GMV b | Y




European Space Agency Supported Project | (il
- VERICOCOS X €eSa

SOIS EDS TOOLCHAIN (1) presenter: B

Q USE of EDS as an input to behavioural modelling SCISYS

m Typical case: hardware exists, you want to monitor and
control it

— Other direction not currently addressed

m ESA’s TASTE used as behavioural modelling tool

m  Automatic generation of TASTE model from an EDS
— ASN.1/ACN data types
— SDL/PR behavioural model

— AADL system structure (for a testbench)

' )
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TRANSLATED EDS IN OPE_NGEODE

VERICOCOS Final
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FROM AN EDS

[ o x
NpalDsapSubnetworkps N | NpalDsapNpalDsai_IN
NpalDsapSubnetworkps IN 3)
Field Value
—— Bl NpalDsapSubnetworkps_IN - sendCommand
= sendCommand send
B send
Available test scripts: £ data
El- cantents teCalib
E-tcCalib
- calibra... coldPixelCalibration
s gomm... 0
| Plot || Meter
[ NpalDsapSubnetworkps OUT | NpalDsapNpalDsai_ OUT
NpalDsapNpalDsai_OUT ]
Field Value
B NpalDsapNpalDsai OUT sendCommand
El-sendCommand tcCalib
B- tcCalib

- calibrationType hotPixelCalibration
- commandedExp... 34

Run I [ Load ] | Edit Send TC

CHOICE

VERICOCOS Final

Presentation ‘ 2016-12-07 ‘ Page 38 | © GMV




WL

European Space Agency Supported Project Q

eSa

VERICOCOS

SOIS EDS TOOLCHAIN (2)

O Interoperability Test Data Set for EDS Reference Tooling
m Necessary step in CCSDS standardisation process

m All-Pairs generation of artificial test data from schema

m 20,000 lines of xml

0 Update Reference Tooling to fully handle this test data set

U Feed ITDS into TASTE translator
m TASTE was improved as a result of this activity

' )
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STUDY ACTIVITIES

4. Elaboration of Training Material

VERICOCOS Final q
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TRAINING MATERIAL

O Supports the dissemination of the project results and,
ultimately, foster the use of state machines and behavioural
modelling in on-board software specification, design,
development and validation

VERICOCOS esa

m VERICOCOS User Manual

VERICOCOS USER MANUAL

— Integrated User manual for Reference: Uy
System, Avionics & Software
levels e e o

Elena Alafia / GMV
Santiago Uruefia / GMV
Javier Herrero /GMV

— Step-by-Step descriptions

p,
ThalesAlgmg b‘ SCISYS

VERICOCOS Final
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TRAINING MATERIAL

m Presentations

Title Audience Duration Comments

Behavioural Modelling Overview Managers/Engineers 30 min. Technology independent

System & Avionics Modelling Engineers 2 hours Self-training (AAML/OpenGEODE)
Software Modelling Engineers 2 hours Self-training (OSRA/OpenGEODE)

European Space Agency Supparted Projec
VERICOCOS | &

VERICOCOS Training Material

BEHAVIOURAL SOFTWARE
MODELLING MODELLING

VERICOCOS Training Material

SYSTEM &
AVIONICS
i W scisys maesnea MODELLING ocn oy o wscisys Thestens  GTNV

)
T —— .1 SCISYS ThalesAlenia
All rights re: — iz Space

VERICOCOS Final
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TRAINING MATERIAL

u WebSite €)©  vericocos.gmv.com € || Search wB 9 3% & =

VERICOCOS

http://vericocos.gmv.com/ e

CONSORTIUM RESOURCES CONTACT

— Public information only

— Private documentation
shall be requested to
Maxime Perrotin

Czlendar

The objectives achieved are the following November 2016

12 13
13 20

— The website will be
updated with new
publications

N agenda

8 June, 2015 - VER
30 September, 2015

9 March, 2016 —
21 July, 2016
2:00 pm - 2
VERICOCOS Final Prasentation

Quick links

AAML Editor
OSRA Editar
scM

TASTE
OpenGEODE

VERICOCOS Final
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BENEFITS

Model Simulation
Model Checking

Information interchange

Abstraction

Avoid ambiguities

Document generation

Code generation
SVF

System tests

VERICOCOS Final q
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ASSESSMENT

O Achievements: %

m VERICOCOS outcomes matches the expectation of the
VERICOCQOS project

m The study demonstrates the benefits of behavioural
modelling

d Improvements: ()
m The adoption of this new approach requires money and time

m It does not only depend on the technical quality of the
toolchain but also on the project management decisions

L Recommendations:

m Dissemination, evolutions of VERICOCOS toolchain,
consolidation of EDS process, etc.

' )
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FUTURE LINES OF WORK

1 Dissemination of the VERICOCOS results
1 Evolutions of the VERICOCOS Tool Framework

m Potential evolutions have been identified:
— ID: Identifier of the open point/future work
— Item: Element (e.g. tool) involved in the open issue

— Description: Brief summary of the capability to be
implemented

— Priority: Low/Medium/High

— Work-plan (effort needed): short-term, mid-term or
long-term activity

U Example:
1D _[item  [Description Priority | Work-plan |
MSC Editor There is no check in charge of verifying if the operations are used between the High Mid-term
correct components.

: . 8
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