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Abstract —the present paper discusses the strategic evolutio
of avionics test systems at EUROCOPTER as requestday
virtualization turn. Until now considered as a necssary evil in
the global avionics product lifecycle, test systenare taking the
path to be promoted as key productivity enablers. ddustry
competitiveness pushes avionics actors to revisit na
strengthen their Verification & Validation capabilities. To
support it, EUROCOPTER has launched dimensioning
projects that are introduced in this article. EASI (Eurocopter
Avionic System Ide) which will be the new Test Sysin at
EUROCOPTER is presented as a case study. The berigfof
open source technology compared to old fashion praptary
test systems are discussed. On top of that virtuaktion turn is
illustrated through the SDMU (System Digital Mock W) tool
developed among others to simulate interfaces betee system
components in order to fix equipment specificationsis early as
possible to reduce the lead time of integration té&son rigs and
flight tests. Perspectives are then given in termef Test and
Simulation system near convergence.

Keywords - Model Based Testing; Open source; Avionic System
Rig; Virtualization; EASI; Avionic Simulation.

l. INTRODUCTION

For the past 20 years, the major question wherdibgil
test systems was to ensure the real time performanee to
technology limitation, the solutions
proprietary operating system embedded in specifidEV
(VERSA Module Europa) [2] hardware. The
methodology was an important parameter but comstdalby

the technology. The real time expertise was thee cor
in avioni

competency for test systems departments
companies. Nowadays, the evolution of hardwarenallas
to imagine new real time solutions based on stahdad

low cost components. The performance of the hamlwa
time

becomes less important. At the same
industry competitiveness becomes the major paramebe
systems are more and more complex but the costialag
are drastically reduced. The consequence is tlcasiiog on
validation and test at hardware level is no longeough
because it occurs too late in the project life. They to
improve the process is to perform validation athestep of
the V cycle. That means using: Model Driven Arctiitee
for requirement capture and architecture
Simulation to validate system specification and aifed
specification; Tests on rigs to qualify equipment &ystem

were

test

definjtion
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integration. This approach has a major impact ost te
systems domain: the validation cycle is distribuaémhg the
whole V cycle; heterogeneous tools cooperate tofitied
result; new populations are concerned by test atidation.
Whereas test systems were until now considered as a
necessary evil, they are now entering into the @hafs
potential productivity enablers. The scope of tbpaitment
Test Systems is becoming larger, services leveteagent
must remain at the highest level while expertissoueces
cannot increase significantly. Only critical compats may
remain EUROCOPTER internal, the others shall benope
source components or delegated to third partiesdbid
expertise becomes more integration oriented. Thésv n
model is illustrated in the present paper througtuaent
status of test system at EUROCOPTER, a study anpiet
benefits of virtualization approach at system dedtiire
level, the EASI (EUROCOPTER Avionic System Ide)eas
study. A current status about long term test systpractice
at EUROCOPTER is performed, then virtualizatiomtim
terms requirements and benefits is introduced. eastl in
chapter 4 we present the EASI case study with cpkar
focus on open source technology interest for tgstem
change. Moreover, the case study introduces the \$Didl
for avionics interfaces simulation.

II.  CURRENT STATUS

EUROCOPTER test systems activity began in middle
80's. Three tools, Mona Lisa, Anais and Artist héezn
developed successively. The necessity to build va toel
was justified by a major modification of the hardea
environment or the addition of a major functionalitn
anyway, the architecture principles stay uncharayed we

(can speak globally of EUROCOPTER Test System Twols

the present article.
' The first intention was to take into account threain
aspects:
1) Test and qualification of avionic systems: Software
Test Bench and Integration Rigs;
2) Specification and debug of embedded software
through simulation capabilities;
3) Development framework for training facilities.

Our ambition was to address not only the right pathe
verification and validation cycle, equipment test asystem
integration test, but also to be able to addresdetft part at
the specification level. We will try to understawtly some
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limitations have made it a relative success and ivisynow 1) Structural constraints
the good period to reach our objectives taking athge of As in other companies, we have to produce quicker,
recent technical gaps. cheaper and keeping product quality at the saned. levour

A Test tools architecture mo_del,_ all the f_unctlons are made internally thaatgds
i o ] ) maintaining an important development team and ieduc
The architecture built in the middle of the 80'sstsl costs. The use of external software like: Oracms and

operational today. It is organized around: VxWorks generates license cost.
e Areal time platform
* A workstation dedicated to piloting; 2) Real timedebug

_ EUROCOPTER test system offers real time debugging
For the last twenty years, full VME architecturesnthe  capabilities for user codes. This capability is detory
best solution to manage avionics systems hard tte@  when you want to use the tool for embedded system
testing. VMEBuUSs is particularly efficient to allollO event  development through simulation. In both real time
management: multi processing synchronization, ac¢es environments, pSOS and VxWorks, there were somesss
different hardware resources (CPUs and I/O boamls)  which prevented us to put the functionality in seev First,
transparent way. Multi real time environment for pSOS and Tornado
environment for VxWorks induce high license cost.
EUROCOPTER has integrated VMEBuUs as a standargecondly the real time debugging capabilities weoe
backbone for embedded helicopter systems integraést completely mature in case of multiple CPUs configion.
bench activities. The current architecture used afs an example, propagation of a breakpoint onhal@PUs
EUROCOPTER for System Integration Rig is introdubgd was not possible with Multi-pSOS and generates
Figure 1: unpredictable and unacceptable jitters with Toraado
VxWorks.
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3) Customized BSP (Board Support Package)

We have been obliged to customize the CPU BSPs in
order to guaranty some real time functionaliti&s:li

¢ Use of the SYSFAIL to synchronize board on a

physical signal;

» Message passing between CPUs;

Each time we decide to use a new type of CPU, it
generates high recurrent costs to propagate these
modifications.
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4) Customized 10 boards APl  (Application
Programming Interface)
Figure 1.EUROCOPTER Integration Test Bench current As some functionality’s of the IO boards were neable
architecture through the supplier standard API, we have developg
own customized API. In the same way as for the B8Bsh
Three categories of real time CPUs using VxWorkstime we integrate a new board we have recurrer$ cos
operating system are embedded in the crate. Gliett are
dedicated to computing tasks which consist int,ficeding 5) Test bench user profile
and decoding data coming or sent to the avionidpeagnts; Since 20 years, the testers profile has changedt Te
secondly, in simulation models. IO CPUs are margtfire  teams were composed of technical profiles awaravimiic
interface between the Test environment and theifgpec buses protocols. Nowadays, the profile is more reeigist
board connected on the avionic buses (ARINC 429,-MI software engineer with good knowledge about avidmises
STD-1553, etc.). Recorder CPUs are recording datatke  but some lack at the protocol level. In case diifaiduring a
dedicated protocols format with no discrepancyoitiiced test they have difficulties to diagnose if the ordd cause of
by the tool. A common memory area allows synchmuahiz the problem is located: in the tool, in the progedor due to
and controlled real time exchange between CPUs. the equipment under test. The philosophy of EUROTER
B Limitations tools fits the needs of people familiar to aviobics protocol
: but this philosophy is limited with less maturertear his
The use of EUROCOPTER tools for test, qualificationmay induce blocking point and increase delay.
and training was globally successful. Neverthelaesshave

encountered some limitation against the competitgs of 6) Ergonomics
the product and the use of specific functionaljtespecially During the past 20 years, the industry of personal
during the last years. computing has increased. Everybody is now workingao

personal computer for office automation and has ate or
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more personal computers at home. Ergonomic evoluiio
these platforms is continuous and very fast. InppEs
minds, it should be normal to have the same ewasuét
work with the tools supposed to help them to imprdweir
productivity. Even if the tools are operational aiie to fit
the needs, there is a rejection if the tool dodspnavide a
familiar environment with all ergonomics facilities

Ill.  VIRTUALIZATION

A. Competitiveness constraint

As other companies, EUROCOPTER is strongly
challenged by competitors in terms of Time to Mérke
quality, product costs. It requires finding newdeages to
improve our competitiveness factors. Jumping
virtualization process will allow validation loop @ach step
of the V Cycle thus shortening time frame deliverie
improving product quality and reducing final costs.
Virtualization is an emerging project at EUROCOPTER
which we are making progress in the preliminarylysis
stage: no choice is already made in terms of toné&thods,
architecture.

B. Brief state of theart

Even if still far from moving to “source model” coept
rather than “source code”, the emergence of Modaled
Architecture (MDA) [3] supported by the Object
Management Group (OMG) has become a reality. 12066
Workshop on Model Driven Architecture [12], the Gagie
Mallon Software Engineering Institute stated tHdDA has
been endorsed by various entities of the U.S. Deyeat of
Defense (DoD)”. Moreover, in [13], a Defense Sc&nc
Board report on the Joint Integrated Fire Suppgst&ns
(JIFSS), a large distributed system, it was stétatl JIFSS
“should employ the Model-Driven Architecture (MDA)
development approach for designing the JIFSS aatiite
and in implementing its component systems. The MBA
approach ensures adherence to standards across
components and has been shown to substantiallyceedu
costs in the development of large-scale systenmsstems”.
In the same way, Lockheed Martin [6] in the franfid-€l6
Modular Mission Computer Application  Software
development, proved the real interest of model afriv
development techniques for industrial purposesectosthe
ones of EUROCOPTER. On top of that, Forrester Claingu
conducted a major study in 2008 on 132 companiesitab
Model-Driven development methodologies [8], and
concluded that putting the model as the centralaattof
development life cycle has major benefits. Lastrmitleast,
TOPCASED project [7] recently provided some impotta
results consecutively to a proof of concept perfminn 4
different functional areas which argue in favor Mbdel
Driven development.

C. EUROCOPTER users requirements

EUROCOPTER needs a total development approach

meaning that architects, designers and engineensicsive

to
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involved from start to finish of a project. The sfir
requirements which are pushed by EUROCOPTER system
architects are:

Being able to automatically parse each requirement
in order to diagnose its correctness according to
potential errors formally described in [14]

System requirements coverage analysis based on
modeling approach: being capable to provide
automatic validation about the requirements
consistency and completeness.

Being able to re-use use cases at corresponding
steps of the V-cycle (see Figure 2)

It requires to be supported by tooling enabling
Virtualization.  This is the mandatory path to sotp
avionics design office. We, therefore, plan to ¢l global
framework (cf. Figure 2) in which interact the twdling
components:

Modeling, Test System Functionality,
Digital Mock-up (SDMU) [11],

Standard Interfaces to real avionics & IT hardware,
Modular inclusion of Tools: interface databases,
Test Automation, any COTS (Commercial Off-
The-Shelf),

Available on every engineer’s desktop.

Systemn Requvr@ Use cases

Requirements — — * dodel g = ‘5’
System level models ’ x 2
Modelling

System

Flight Test

Functional validatior
on prototype

become the Flight Test

requirements

System integration

System Use cases i =
Specification D Models or real
equipments are Used

N swen |
Main avionics functions Model &;{atsm?mgetw £, according o test plan
and Interfaces y TN requiremens and
definition @j herdwiare availability
YRR %\J
e SO S
Equipment J A lﬁ}
i ————__ Imgementation

Specification ™ Model [

Equipment.

Equipment level - <
integration

models are refinements
of the system leyel

ol The test plan has

alreacly been tried on
the model
The real equipment is
tested against the
model

Catalogue of models

Code is elther
automatically
generated (preferable)
or manually written

Figure 2. EUROCOPTER avionic design office framekvor

D. Virtualization benefits

The main benefits expected by EUROCOPTER in the
jump to Virtualization perspective are:

* Reach “avionic product first time right delivery”
Shorten Time to Market
The capability to capitalize from one project to
another through models library
Extend the test completeness : capability to test
failures in the whole flight domain in simulation
mode;
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IV. THE EASI CASE STUDY

In the near future, we must be able to federate based on publish/subscribe
heterogeneous  people working in  heterogeneous
environment with heterogeneous tools. The succas®rf l
will be our availability to provide the good todlsr each
kind of job and a framework allowing EUROCOPTERMSa  ododing crams } User code

Data distribution service

| Decoded data

N

to work together, avoiding redundancy and improving Chomd |(model, simulations, test scripts
quality by optimizing the work at each level. Hoautd we
face all these new subjects without increasing asueably

the size of our test tool team? Raw data Realtime Xenomai
This can be achieved relying on 3 basic pillarsFajfure ‘ ‘ scheduler API Skins
3): Collaborative Approach, Open Source and SDMU: Hardware abstraction layer ﬁ ﬁ

Q

‘ Interface board ‘ ‘ Linux Xenomai RT service%

Figure 4.U-TEST RTC architecture

On figure 4, all the non blank parts of U-Test are
concerned by the real time plug-in approach. Thisva U-
Test integrators to connect, under their own, $jsci
hardware to the system. Concretely it is one keyufe that
has driven EUROCOPTER's choice for Test System ghan
This is the guaranty 1) to be able to keep all existing

Mock-Ip

Approach
R |
Dpen
Source
Sysiem Digital

Figure 3. EASI framework pillars hardware without any modification of the wiring dfe
) bench, 2) to keep the availability to adapt underawn the
A. Collaborative approach tools to future EUROCOPTER specific needs. For EADS

TEST&SERVICES it is the opportunity to inherit

After a detailed overview of the market [9], we idled = EUROCOPTER specific developments and to integratent
to build a collaborative solution with EADS to its offer. At EADS level it is a chance to sh&st systems
TEST&SERVICES. EASI project aims to build an EADS development between different Business Units. Tibarg 5
collaborative development platform focusing on aido presents the organization proposed between EUROERPT
systems integration tests. The original and amisti EADS TEST&SERVICES, EADS other Business Units and
strategy of EADS TEST&SERVICES is to propose aOpen Source world in the frame of EASI Project.
modular plug-in solution at MMI (Man Machine Intack),
communication and also at real time level. Thisegelon
three mains components: ¥KDS Tagt & Samess

e U-TEST RTC (Universal Test Real Time Implementation of UTest reieases
Component), an open real time component
distributesthird party modules in a unique and ,
integrated real time test system; T i EASI Player

U-Test™ Version X.2

) o : & SOMURISE
e A plug-in based MMI allows association of U-Test™ Version X3 B <— & VAPS Driver
]

ﬁLE\IHOO Driver

development from various parties and fits it tol rea -

time system modularity;

ion (EADS BUs, Open Source Projects)

¢ An open framework manages a network base( 0T empenenisinegrtion  Free e

communication between all the parts of the test; ) o faos - ] gos’ 9
et [Buslinass Wnils TOPCASED FORGE

Figure 5. EASI project organization

The innovative collaborative model imagined for the
EASI project proposes to share the developmentseaest
EUROCOPTER and EADS TEST&SERVICES under a
common versioning (SVN). The provider/customer silzed
model is then slightly changed. In order to face th
Virtualization step and its test systems renewal,
EUROCOPTER needed to be partnered by a test systsm
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specialist which role was to become a pure “sesvicethe capability to work in a collaborative modelweén two
backbone” as keeping the ability to contribute inte EADS Business Units and that the plug-in approach
developments in terms of close helicopter testesyst proposed by EADS  TEST&SERVICES  allows
specificities. EUROCOPTER will then keep test syste EUROCOPTER to implement real-time connection to its
expertise knowledge to design specific developmértiese  specific hardware without degrading performances.
developments will be performed through plugins agsed as
temporary versions. The specific plugins shall pass On another hand, the goal of the operational mockup
development quality gate to be accepted by EADShase may be seen as the first industrializatiep. $ts goal
TEST&SERVICES and to be integrated to major version was not to demonstrate the technical ability of pneject,
delivered twice a year. After having being integcatto  but to show that based on the Open Source strateigy
major versions, the EUROCOPTER plugins will then bepossible to build a complex test integration platfcat the
maintained (fixes) by EADS TEST&SERVICES. state of the art in term of ergonomics and whichwil
accepted by our customers.

B. Op?” Source 1) U-TEST RTC Real-timeplug-in
An important challenge for EADS TEST&SERVICES  The goal of this paragraph is to describe how i een
and EUROCOPTER is the capability to develop a nest t possible to reach EUROCOPTER wish to implement tny o

system from scratch with strong constraints in tefroudget  self the connection of EASI to our VME interfacesatds.
and delay. We have made the choice of using Opercso

components; the potential advantages are well known To avoid costly modifications, the main requiremenht
+ Ease and accelerate the development phases;  EUROCOPTER is to keep as much as possible the laaedw
e License free interface of the rigs unchanged and particularglring. It
e Supported by large communities; is why we impose that EASI must be able to drivedisstem

through the 10 boards in VME crates which are uaét
One challenging aspect of using Open Source isit@ h ARTIST, which is the actual test system. The pnobie that
in minds that our Test systems must have a long tée. ~ U-TEST RTC component is based on a PC platform and
These are costly systems that must support aviysitem consequently it is using the PCI bus for board eation.
development during all the product life which exdedens

of years. It is important to choose well known astdble The first and mandatory step was to find a way to
Open Source components: connect the VME crate and the PCI Express. Of eothris
« U-Test real time tasking is based on orocos (Opefink must provided all the services we are using 10
Robot Control Software) components; boards management:
« U-Test MMI is based on Eclipse. Consequently, it * DMA;
inherits of all the C C++, fortran and ADA Eclipse * Interrupt management;

development and debugging platform capabilies. * Mail boxes

This is a great advantage for developing simulation

models; We had the opportunity to be a privileged partner o
« U-Test data distribution service is based on thdOxOS technology for the development of the PEV 1[Il

popular EPICS framework. That opens to U-TestPCle bridge. The very impressiye results of thé \mth a
all the data control and visualization tools which Prototype of the PEV1100 convinced us to seleeisitthe

shares this framework. basis of the connection of EASI to the VME world.

Another challenging aspect is to rely on commusitie

whose constraints and goals may be completely disaged Computing Unit PCle external
of ours. We have no assurance that these compondhts cable
evaluate in a way which fits our needs. Perhapstieans

that we must become actors in Open source projects.
VME crate
C. Advantage of openness by examples ’_I:
<E> IO board H |

Since the end of our initial study, the project has
completed two important steps

The goal of the prototype phase was to validaterthin Figure 6.PEV1100 Overview
principles of this new collaborative approach, dastating

e A prototype phase;
« An operational mockup phase;

2011, © Copyright by authors, Published under agreement with IARIA - www.iaria.org



International Journal on Advances in Systems and Measurements, vol 4 no 3 & 4, year 2011, http://www.iariajournals.org/systems_and_measurements/

152

At this step, the hardware platform is completedjired
and the remaining task is to implement the accéssASI
test system to the IO boards embedded in VME crates
through the PEV1100 Bridge using the plug-in apphoa

Data distribution service
based on publish/subscribe

|| Decoded data

allowed by U-TEST RTC. L | || BCD codec
The plug-in approach of the U-TEST RTC component is : s |
based on codec and protocol. Data is decoded /dedco ~] ARINC
using a chain made up of a list of user definabtalultes. board
These modules can be either used to extract tHegehfrom e datn
a message (e.g., identifying the real data assatitd an
ARINC 429[21] label based on the label given — ¢hase ‘ Hardware abstraction layer ‘ PEV 1100
called protocols) or to convert data (called coYlesceh as ﬁ protocol
endianness conversion, scaling, BCD decodingRetitocol ‘ interface board ‘
and codec chains are executed sequentially in oraler
transform raw data to system level data. The resfuthis Figure 7.VME chain of codecs and protocols
process is published in the Global Data Space rgakin
available to other system parts (which can inteneah with At the end of the operational mockup phase, thetirea

via a LAN). In addition, it is possible to publisitermediate  plug-in strategy, as shown on Figure 7, is fullyndastrated.
calculation between codecs to Global Data Spathatdhe  Of course some problems are remaining, for exarmseare
user can analyze the result of each step insiddabeding /  |looking for a way to ensure a complete synchroitmat
encoding chain. This modular approach eases dapiiah  between the PCl express world and the VME world
between projects by sharing real time data proegssdde. especially in term of event dating. There are knsolutions
For a given test and for each system variabled#eading like IRIG [24] link, but it is a costly solution dnnot
chains are defined in an XML Interface databaseth®t available with all our park of 10 boards. In anyyw#hese
beginning of the test or on demand, the chains arRinds of problems are not linked to the plug-in and
instantiated according to the database definititath codec collaborative approach.

and protocol plug-in contributes to enlarge a Cnaterface

Class library. An Xml description of the plug-inials to 2) Open source strategy the Eclipse and CSS (Control
make a dynamic link between U-TEST RTC and thelipr 9ystem Sudio) example

where the entry point of the plug-in implementinige t Another main strategy of the EASI project is to &aim
methods of the Interface Class are provided. on Open source. Here are two typical example of Bpen

. N source could help to build complex environment.
An important point is that the way to access eddh |

resource is described in the Xml Interface databasemay 1,0 Eclipse RCP framework

consist . of - multiple . protocols_ e_md cod_ecs chained The modular approach proposed by U-TEST RTC on the
sequentla_lly. So, what is the appllcatlor;to theipalar case RTOS (Real Time Operating System) side had to ketrael
of accessing IO boards in a VME crate? with the same level of customizability on the MMtes.

. . Thus, EADS TEST&SERVICES used Eclipse RCP as the
First EUROCOPTER has implemented the elementary,qe framework for its client side application.

protocols and codec plug-in: Eclipse RCP is a platform for building and deplayiich
* A protocol to open a PCl expresses access to thgjent applications, supporting the famous Eclipiava
VME area through the PEV1100 bridge; Integrated  Development  environment. It  provides
* For each type of 10 board embedded in the VMEfundamental workbench functionalities such as mtevahd
crate, a protocol to manage the board; stackable window components (editors and viewshuse

tool bars, push buttons, tables, trees, and mucak mibh an
It has not been necessary to implement codecs $ecauOS native look and feel for applications and fezgur

codecs to encode/decode engineering values inSRI&IA Moreover, Eclipse RCP offers commercial off thelShe

429 labels (BCD, BIN) or MIL-STD-1553[22] messagere modules needed in our EASI project test system:

already provided by U-TEST RTC; « Development environment for user code, eclipse
CDT [16].

Secondly, we have described_ in the Xml Interfface « Decoding chains Database modeling (EMF) [17]
database that thg poard embedded in the VME armaissbe « Test and projects configuration management
accessed by chaining: _ (Subversive) [18] [19]

e« The PEV100 protocol plug-in;
*  The dedicated 10 board protocol plug-in Each of these modules can be “overloaded” in otder
e The codecs plug-in; customize it to match our needs. For instance, EADS

TEST&SERVICES added auto-completion capabilities to
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the user Code Development Module (CDT), based on

avionic signal declaration in the Interface Confajion
Database. That means that when the end user veaatsess
an avionic signal in a simulation code, he may asto-
completion based on the definition of the aviorsagnals
done by the architect designers.

The Control System Studio

D. SODMU

SDMU [11] is an internal project dedicated to siatign
of avionic systems. One of the main difficultiesaxionic
system development is to produce a complete ansistent
interface definition. The main goal of SDMU will ke
simulate interfaces between system componentsh@sns

EASI is an avionic test system, it must be able toon Figure 8) in order to fix equipment specificasaas early

interface and control complex avionic configuratidh is
then mandatory to provide an ergonomic interfaciatieract
with the system. Based on Open source approaclthtiiee

for EASI has been to do an investigation on exgtin

products. Of course the criteria have been to dimaxisting
tool fulfilling the requirement in term of ergonaeribut also
in term of integration with EASI. We have just saarthe
previous paragraph that EASI is based on the EcIREP

framework, it has also been mentioned that the datﬁ"’"m"‘

distribution service used in EASI is the popularl&P.
Comparing all the solutions based on Eclipse an€C&Pwe

have chosen the CSS (Control System Studio) [20] to

because it is worldwide used in scientific commyrihis
ensures its perenniality at mid and long term¢aponents
cover a large scope of EASI needs and will drasfica
improve graphical control capability compared ta aatual
tools.

The main effort to integrate the CSS to the EASjqmt
has been to merge the EASI avionic configuratioraluzse
and the CSS signal description. But, the task leas leally
eased by the fact that the two projects are basbeosame
EPICS frameworks. Finally, with a reasonable effoae can
take advantage of a very powerful tool usable &s For the
future, we plan to developed some new graphicatrobn
more avionic oriented. Of course these new compsneiti
be shared with the CSS community as CSS plug-ins.

At the end of the operational mockup phase of EA®I,
can say that the Open source strategy is a reaéssicThe
two previous examples show that if we build a ceher
architecture, for example in our case, choosingipgel
framework for GUI, EPICS framework for Data distrilon
service and then CSS based on the two previousfranks,
it reduces drastically the cost and delay for bagccomplex

as possible to reduce the lead time of integragsts on rigs
and flight tests.

Virtual World

P aanceey

Real World

mechanical

on-board systems parts & Predictive tool

MF

Figure 8.SDMU concept

1) Description of SDMU objectives
The simulation general objective is to increasddéion
& Verification activities earlier in the developmterycle on
a mock-up before performing classical rigs andhfligests
gualification.
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Specifically, SDMU will be used in a static mode to

refine the consistency of systems interface défimét and in
a dynamic mode to control the functional behavioir.
allows the simulation of complex (redundant) aesttures
using the real data flow (A429, A653, Analoguessdpetes)
for a realistic representation and an easier cogpliith real
equipment (hardware in the loop). Last, but not leweest;

IDE. Another advantage is that it IEADS in a natura SDMU is an automatic generation process based en th

standardization of the interface between the difier
components of the system. Therefore, it will bei&at
develop and integrate new functionalities in ot &ystem.
In a simplified way, providing an EPICS connectionour
text system extension seems sufficient
connectivity. The Open source strategy based orulpop
component is also, at mid and long term, a guaransyay at
the state of the art in term of functionality angi@omic
due to the large community which improve continuptise
quality of the products. In EUROCOPTER, and esplgdia
the Test system department, it is really a 180@durn

compared to the 20 passed years. We must go from a

complete proprietary model to an Open source ok ain
course if we hope to maximize the advantages wesgpact

of this new way of work, we must become actors and

contributors of the Open Source.

Avionic System definition.

2) GILDA

GILDA is a new tool developed by EUROCOPTER for

to ensureMA/ARINC 653 [23] avionics and takes also into auot

ARINC 429, analogs and discretes. GILDA is based cet
of XML files which are managed by configuration B&N.
The goal of GILDA is to collect information in ondo:
¢ Describe system and equipment communication
well as internal A653)

(as

¢ Define equipment and partitions outputs (extension

of ADBS - Avionics Data Base System which the

central database for all avionics signals - to data

structures exchanges)
Define equipment and partitions inputs
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GILDA description is then used to generate IRS|E
(Interface Requirement Specification) documentsr (fo | |g| ser# SPECIFICATION H“QCS:SEC PAPSS
CIGALHE equipment and for partitions), to feed ADBS % SeRDES
order to configure bench and flight test tools aodfeed g
v m

Step #2
3) SDMU simulation building process

The 5 steps of SDMU process presented on Figure 9 a : ‘\

explicated hereunder. z p Coniro ‘2
I Behaviour : 8

Step 1: = i ;

The first step required to build SDMU simulation wia s sm.e_dMe,,my s
be Interface analysis. Due to processes includedhén g e e
forecast SDMU tool set, all the interfaces wouldabelysed < z
to check the consistency of data exchanges, tisen a files J o Gols )\ vt Vuateaion ) g
would be produced for all the signals exchangedlitin the /
system and all the functions needed to manage #igsals. ; - anal

= Automatic

Step 2: . . . .

The second step would consist of using a spedificgss Figure 9.SDMU simulation building process
to translate all the interfaces described in thalgkese into L .
files that are usable by the SDMU simulation (lies, 4) SDMU features and application domains
headers). The main characteristic of SDMU is a powerful

simulation addressing low cost hardware platforamning
on standard PC or Laptop and compatible with Urinuk
environments.

It covers many application fields like Rapid prgminhg,
simulation including hardware in the loop capapilitaining
media framework. SDMU is based on RISE (Real time
nteractive Simulation Environment), which is the

UROCOPTER internal simulation tool. Later, SDMUdan
RISE will be integrated into the EASI framework.
An SDMU implementation in RISE tool is presented

Step 3:
Today, almost all of EUROCOPTER's sub-system

specifications are entirely defined using SCADE®Itdhe
forecast tool would integrate a C-code generatdratoslate
functional description sheets into C-code files.eSé
generated files would be then embedded in SDM
simulation to be managed as other simulation maatels

Step 4: :
The HMI partition used to display flight and veleidata hereunder on Figure 10.
to the crew is defined using SCADE® for the logipalrt R — ARINGA29

Control panels management visualisation

and VAPS® for the graphical part. These two tootdiuide a
C-code generator to obtain a graphical model conicating
with other models through ARINC 429 exchanges.

Step 5:
In order to emulate the assessed sub-systems, af setjat

models are to be developed to “feed” the simulatioti
representative data from the physical world. Aélgb models
would produce or receive data in engineering forma
(physical data) which will have to be translatet imterface g
value like frequencies or voltages (raw data). @dgrm this
translation, a set of sensor models or/and actuatmlels
will be developed. To encode or decode values from Figure 10. SDMU implementation in RISE
engineering data format to raw data format (or -vieesa)
these models would use functions and services gedvby
the forecast SDMU translator. They would be thusE. CENTRAL REPOSTORY FOR MODELS
automatically updated when a new simulation is ® b 1 reach the virtualization objectives, it will becessary
!ntegrated after delivery of a new version of tieatealised 5 have first a repository where the interfaceseuéry
interface data base or a software upgrade. equipment will be managed in configuration inclugliall
input and output signals and secondly a flexiblausation
platform allowing to integrate models together 8ty a
realistic simulation.

MFD model Models management Visualisation tool
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The models forecasted to be used for simulating theimulations. These standards will authorize autethat

system would be: process for building simulations by connecting niede
« Realistic simulation of the helicopter flight according to the avionic architecture and interfsioged in
« Realistic simulation of avionic equipments EASI repository. The automation based on specific

communication layers services allows retargetingorae
included in the system simulation (hydraulic software  without  modification constraints. The
svstem. electrical eneration svstem. flight communication between the S|mulated' avionic |n.u!§$a
Y ’ 9 Y 119 shall be transparent and must offer internal mainigo

dynamics, ...) . __capability with no added effort of the end user.
e Sensor or actuator models that translate engirgeerin

data from the physical world to system format
parameters, V. PERSPECTIVES

* On-board software models (Vehicle Management pag) Tester prototype phases are completed. Thel EAS
System, Automatic Flight Control System, etc). Tester operational mockup phase is on the way &tdev
completed in September 2010. On a Linux quad core
_ ) _platform, we have demonstrated:

The management of models is becoming a centrat.topi . The capability for EUROCOPTER to integrate real-

In this idea, it is planned to develop a new taledl EASI time plugin to manage its current hardware

Repository. This tool aims to centralize all objeased to including hardware located in external VME crates;
develop, test and simulate Avionic systems as degtion . The performance level to perform representative

Figure 11. b ; X ; S

avionic real-time simulation connected to avionic
equipments through multiple 10 including ARINC
429, Mil1553B, analog, discrete;

¢ Models of the physical behavior of components

At most of step of the design cycle

— pesliiciil iy ] « The advantage which should be expected of the
s e I Open source strategy.
i « The possibility for EUROCOPTER and EADS
S:;/g" TEST&SERVICES to share the development of a
complex avionic IDE.
sy We plan to deliver into production the first EAS#rizh
Detad in early 2011. SDMU is already operational on degkt
. benches and allows anticipating system interfasés tand
validation.

Unique/harmonized  Hwisw

implementation
platform/processesftools

The next tasks will consist in:
¢ Launching a model driven approach proof of

Figure 11. Central repository of models — EASI isfury concept at system requirement level;
_ ) _ . * Building progressively a convergence between
In a first step, EASI Repository shall contain Avio EASI and SDMU in order to set up hybrid
Interfaces (equipment, frame & data definitions)dan platforms mixing simulation and hardware

hardware logic definition (FPGA, BSP, relay, diodes . - : :

In a second step, EASI Repository should contaidetso \I?Vﬁm]ng EaUglglé%FI?Ec';s.ltor);Vﬁjllrﬂ?ngdégni?ir;?]re
(Equipment models or re-hosted code, Virtual Panels ) ’
Environment codes (Aerodynamic, atmospheric, sénsor
simulation panels and dashboards.

simulation models, flight test data.
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