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ABSTRACT

Over the last two decades, adoption of model-bssdthiques for the development of ECU software has
resulted in major gains in productivity across @laomotive industry. However, the fact remairet the
majority of the ECU software today is still handiien using the “C” programming language. Furtlilee,
need to shorten the development time, reduce aostincrease the quality of the ECU software hagdr
companies to adopt virtual (PC-based) simulatichrigues rather than rely on expensive in-vehiokk a
dynamometer set-ups. This has lead to a situatire the two development philosophies (modelshamal-
written code) need to be properly integrated ireotd fully capitalize on the advantages of PC-Hase
techniques. For the complete ECU system to belatet typically, automatically generated C-codaarfr
other tools must be integrated as well. Sinceeturools do not support the integration of handtem or
automatically generated C-code very well, virtu@HPased simulations (e.g. software-in-the-loop)vamy
time consuming activities and are, therefore, moatly introduced in the industry. INTECRIO (frdaTAS)
and INCODIO (from SYSTECYS) offer a powerful, comuial platform for PC-based simulation of embedded
software, eliminating the need for proprietary siols.

INTRODUCTION

Software development for automotive ECUs followgmcal development process that can be describeuu
the traditional V-cycle (Figure 1). The stepshistdevelopment process have already been weltidedcand
documented [1].

Hardware-in-the-loop (HiL) is a well establishedthwlology for testing of automotive software under
simulated conditions. However, it requires thewafe to run on an electronic control unit (ECUWdahe
vehicle components (e.g. sensors and loads) tdher available physically or simulated accuratelyis a
powerful method to test software repeatedly, autaaldy and without risk over a wide range of ogarg
conditions of a vehicle. However, the availabilifythe physical hardware (e.g. ECU or loads) dwedaverall
cost of the HiL system are, at times, impedimentté widespread deployment of such systems.

Over the last few years, the Software-in-the-Lo®ih. methodology has emerged as an alternate agiptoa
embedded software testing. Rapid advances in pladeling techniques and automatic code generation
combined with the availability of abundant compgtpower in modern desktop PCs has made SiL paatigul
attractive today. A SiL system requires no phydieadware and can reduce the time and costs of new
software development considerably. However, tigebleinefit of SiL is in the PC simulation of handitten
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code that automotive companies have created aridy@epin vehicles over decades. This softwarebess
refined and tested in millions of vehicles andaassult, its re-use is very attractive for quadibd reliability
purposes. New ECU functions, however, are moenafteated using model-based design (MBD) techsique
coupled with automatic code generation. Even sistmew embedded software applications are compafsed
80-90% pre-existing (or legacy) code with minor nficdtions. Therefore, a SiL environment must bpable
of integrating legacy code with models or autonaltycgenerated code. On the other hand, it shalslol be
capable of interfacing with plant models, muchheh domain specific, from various sources and senspl

"\ Software- Hardware-in-
\ in-the- the-loop

\ Loop b
\ :

ECU

Figure 1: ECU software development process (V-Qycle

MBD tools (such as ASCET [9], Simulink [10]) typlbaoffer a built-in mechanism to interface withternal
C-Code which is convenient but usually suffers frame or more of the following deficiencies, maibicause
the C-code is treated simply as a "black-box" séhtools.

* The C-code has to be wrapped by interface codeddfates the input and output variables as well as
internal parameters of the code that can be aatessang run-time. This interface is usually fixaadd
only provides limited access to the variables iagtte code.

» Missing references have to be resolved manuallphéyiser. This is a huge disadvantage since a SiL
system is usually built-up incrementally.

» Calibration of curves and maps in the C-code issnpported.

» C-code functions cannot be scheduled to executeristdct time or event based triggers from a art0S.
This is necessary for the SiL system in order tueately represent the run-time conditions on abl &€
closely as possible.

» Information (signal data types, conversion formwts) contained in available artifacts (e.g. ASAPY
description files) cannot be used.

» Automatically constructing a system by connectiigmals (variables) from a large number of C-cotsfi
together is not easy. As a result, engineers speahsproportionate amount of time constructingla S
system rather than in verification and validatiaskss.

In order to overcome these challenges, many corapdmave invested in creating their own custom
environments for SiL systems. These environmesiiglly require a large number of scripts and Golsd
created and maintained, making them cumbersomsei@und complex to upgrade to meet changing
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requirements. In this paper, we present a comualesclution developed together by ETAS and SYSTHGS
offers an innovative SiL platform for the virtuadwklopment, testing and calibration of ECU softwabhée
overcoming the limitations of the traditional appcbes prevalent today.

THE ELEMENTS OF A SIL SYSTEM

Code and Models

As already discussed, a SiL system is made up phnod an ECU software module (c-code) interactimigh a
corresponding relevant plant model on the desktp Por example, if an engineer wants to develaptast
an engine idle control software module, he or 3be l@eeds a relevant plant model which, in thigcasuld be
a simple look-up table (engine speed based ontliniantd load) as shown in Figure 2.

o

7

i e - e ! Throttle
Idle i 2
Setpoint I

Idle: Control Software Engine Model

Engine Speed

Figure 2: A simple idle control SiL system

A simple SiL system, such as the one above, carsée to quickly test new code in a single modulepm
modifications in existing code or to calibrate tugle to meet design criteria. This is traditiop&thown as
module functional testing, or unit testing.

One can easily extrapolate the simple picture ¢tugde multiple software modules and the correspandi
relevant plant models. New code modules (featuesjypically added incrementally to satisfy thieractions
needed by previous modules, until a full vehiclendo (e.g. powertrain, chassis, body etc.) is eckat
Similarly, additional plant model components mayabdded on an as-needed basis. This results istansy
level SiL simulation (Figure 3), which takes sonfiler to set up, but is extremely useful to condadull
inquiry into the behavior of the ECU code. In artlefacilitate the connections between the ECUvemfe
signals and the plant model, a software module knasvthe "virtual signal bus" is introduced. Timedule
can absorb all the signal translations necessaheimbsence of hardware. Usually, cross-domgimats (e.qg.
engine speed signal needed for a transmissionati@mjrare provided either by a simulation of theswork
traffic on the communication bus (e.g. Controllee@& Network or CAN), or directly via the simulatiohthose
components.
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Figure 3: A system-level SiL setup

The SiL Integration Environment

In addition to the model elements, one key elerfara successful SiL set up is the integration emrnent
(Figure 4). The integration environment provides hecessary glue to manage the SiL system -cecgninect
the models and code together, enable time or das®d scheduling of the code under a virtual OS@nd
provide a run-time control, calibration and meamert interface to the user. Since ECU softwarepmrants
typically run at different task rates, the integratenvironment must support buffered data comnaiitno in
order to maintain consistency. Finally, the intggm environment allows the creation of logicdtware
architectures similar to those implemented on @anah&CU (e.g. using functions and modules).

Integration En

Figure 4: The SiL Integration Environment
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In some cases, it may not be possible to integh&t@lant models and ECU code into a single systéhis is
usually the case when the plant models are buitieir own proprietary platform and it is not pdssito
convert the models to match the needs of the Sdgmation environment. In such cases, the integrat
environment has to support the co-simulation madere the ECU code (discrete sub-system) and tr pl
model (continuous sub-system) are executed in tivair simulation environments yet interconnectedivea
integration environment (Figure 5). Co-simulatisrusually realized by taking advantage of therfatees of
the plant modeling environment (e.g. COM-API orpptetary). The integration environment acts asaster
controller, issuing commands to the plant modelrenvnent to advance one simulation step at a time,
reporting the results back to the ECU software comepts which are themselves executed at theirentdsk
rates in the virtual OS.

Integration Environr

ICo—simulatioﬁ

Plant Model

Figure 5: A Co-simulation framework for SiL

It is also important that the integration enviromieave a published API that advanced users majouse
automate the SiL testing. An open and flexiblegnation environment is, therefore, critical to se¢up,
operation and management of the SiL system.

INCODIO — PREPARING C-CODE FOR SIL

The first tool offered in this paper is INCODIOgated by SYSTECS [2]. The goal of INCODIO is to
accelerate the migration of production C-code RCaenvironment where it can be combined with othedel-
based algorithms, plant models and automaticalheged code to create a variety of SiL systentis to
development needs.
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It should be noted that, in some cases, the ofi§i@& software is not very well separated into filnectional
(i.e. pure control algorithm based and hardwarepetident) part and the non-functional (i.e. hardwar
dependent) part. The non-functional parts of tifexsre may consist of special code necessarygomom
utilization of target resources, such as:

* Microcontroller operations (e.g. special bit-wiggeaations)

* Math libraries (e.g. interpolation routines ancefixpoint arithmetic functions in assembly language)
* ECU architecture (e.g. special memory layouts &ibcation variables)

» Compiler directives (e.g. “pragma” instructiond, @nd #elif pre-processor commands)

* Real-time operating system (RTOS) scheduling.

* CAN bus interactions and hardware I/O (e.g. analugdigital signals)

Nevertheless, the basic requirement imposed oBitheystem by most companies is to execute thede-co
from the production environment “as-is” on the PThis imposes some challenges on how the non-fumeiti
code can be handled when preparing the ECU codeifor There is no general solution to this chajket this
time, mainly because it depends highly upon thecstre of the code itself. In some cases it isiaple as
abstracting the hardware interfaces into a newwswoé module which is then simulated in sync with st of
the software on the PC. For CAN and hardware i¢g@ads, proper emulation of the relevant signalshenPC
is needed. Emulation of the RTOS on the PC isssug in order to maintain the execution ordertanahg

of the code. Most companies now follow a strict nmiad approach to embedded software developmentwhic
requires a clear separation of core functional camepts from the non-functional components. Such a
paradigm offers a huge advantage in terms of redutie barriers for SiL system setup.

INCODIO is designed to maximize the re-use of pasteng information about the code’s structure &nobut
available in a production ECU software build enmiment. The use of this information, such as tisstd
below, relieves the engineer from developing petary tools (e.g. scripts that parse the code ti@aeix
information) and accelerates the set up of a Sdtesy considerably.

* Source (.c) and Header (.h) files from both modeddal or c-based development tools

» Description files for the interfaces of each soflevenodule (e.g. definition of inputs and outputsaading
to the AUTOSAR[12], MSR or ASAM-MDX [11] standards)

» Description files for capturing the real-time beiwa\of the code (e.g. definition of processes aming
parameters according to the OSEK-VDX[13], MSR or/AREAR standards)

» Description files for scalar parameters, curves@mags.

» Description files used for measurement and caliimadf internal code values (e.g. ASAP2 files based
the ASAM-MCD standard)

The main window of INCODIO allows you to creatdlaary of software components. Each software
component is composed of multiple source and hdddsralong with the associated description f{legure
6). Once the files are added, INCODIO automatygadirses all the information to create a view efsbftware
component it will create. For example, the ASAR2 dntries are used to determine which softwagatifiers
are calibrations (i.e. characteristics) and whiehraeasurements. This information is automaticadiged to
the "Usage" field. In case certain identifiers mmssing from the ASAP?2 file, their usage can bersd
manually. The input and output direction of codeiables can also be specified in this view. Fdastor
conversion of software data types from fixed-pomphysical are also obtained from the ASAP2 fildnis is
necessary, since this software component will fater with plant models and other control system efethat
may use or provide the data in a physical format.
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Figure 6: Creating Software Components in INCODIO

INCODIO also detects functions in the C-code tlaat be scheduled directly from the virtual OS (Feg).
These functions typically do not have any inputangnts or return values. The user is then giverofion to
specify how these functions will be called (e.gaitimer, software, interrupt or initialization kds The period
and offset of timer tasks can be specified hengeds

SYSTECS - INCODIO V1.2.0
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Figure 7: Process identification in INCODIO

Once all the information has been added, INCODI@raatically generates the final software component
(Figure 8) and the associated description fileduoting:

* input and output interfaces for connecting to ofwtware modules and plant models,
» processes for scheduling C-code functions on aali®S (OIL file), and
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* measurement and calibration handles for interaatitiy the code on the PC (ASAP2 file)

Description files
(ASAM-MCD,
AUTOSAR,
OSEK-VDIX)

INCODIO

—| Software |, ASAP2, I
OIL

——{ Component

Figure 8: INCODIO high-level architecture

The source files remain untouched during this ecedn addition, INCODIO can verify the software
component by compiling the sources to check fotayerrors or missing/duplicate variable definisorA PC
compiler is included for this purpose. INCODIOatsfers the option to use your own compiler, egtére
parser via user-defined macros and specify inctliceetories for additional files. If needed, INC@Dcan
create global definitions for missing symbol referes.

INTECRIO — INTEGRATING AND SIMULATING C-CODE

The software component created by INCODIO is dexigo be read directly by the second tool, INTECRIO
created by ETAS [9]. INTECRIO can read severalo@eccomponents created by INCODIO, model-based
code from Simulink using Real Time Workshop (RTWEmbedded Coder and code from ASCET models
(Figure 9).
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Figure 9: INTECRIO as a SiL Integration Environment

INTECRIO also includes a virtual OSEK-based OS (ROPBEK from ETAS [9]) that runs under Windows,
allowing full ECU-like scheduling (with preemptiotask delays etc.) for each software componerdivikual
C-code functions may also be scheduled using theegs handles created by INCODIO. The OS in
INTECRIO also allows users to create their own ¢deiven tasks as well as manage the order of éxecaf
various processes within a task. In this way, IKRHO acts as the integration environment for Sistems, as
discussed earlier. Figure 10 shows an INTECRIOs$#dtem for the engine idle controller examplehvait
software system created from components importad fNCODIO and Simulink, and a simple vehicle model
(plant) created in Simulink.

In the INTECRIO workspace, the ECU software arctitee can be emulated in logical hierarchies (FedLi).
This feature allows engineers to create a repgsttbmodel and code components that they may Idlgica
combine to create systems as needed in their ps0jés an example, the lowest level software fiomst can
be imported as "Modules" - e.g. INCODIO softwarenponents or code from ASCET and Simulink models.
Modules may be combined to form "Functions"” - whiepresent specific features of the overall cordystem,
such as idle, EGR, ABS or spark control. Functiamd Modules combine to form "Software Systemshictv
represent the entire set of features for a spedfinain (e.g. engine or chassis). A SiL systethas created
by assigning the Software System to run on the &@viare. This assignment automatically invokes the
appropriate compiler tool chain and libraries f@ &xecution.
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Figure 10: A SiL system set up in INTECRIO
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Since a SiL system runs on the PC, there are ding@or memory constraints. INTECRIO offers optim
utilization of the available horsepower of the RQpbboviding a mechanism to control the timescaléhef
simulation during run time (Figure 12). With timsechanism, users can either scale the simulatpwedsup or
slow down) according to their needs, or simple atlapun it as fast as the PC will allow.

‘ 0S Trigger
[ ECU Code
[ 1 Plant Model

Scaled Simulation Time

- /1@ /‘E[

T —— I
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l
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| T T T T ) >
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Figure 12: Scaled and Adaptive Simulation TimeNATECRIO

If the plant model cannot be integrated within INORHO, a co-simulation may be set up (as in FigyreThis

is useful for variable step-size simulations anddmmain specific models in that execute in praprig
environments. The ECU C-code and model generateel iscstill assembled via INCODIO into the INTECRIO
environment.

Once the SiL system is compiled by INTECRIO, awaft image (executable) for Windows and a
corresponding ASAP2 file are created. Using thEEERIO Experiment Environment (Figure 13), engiseer
can easily execute the SiL system on the PC, cggaphical user interfaces (monitoring and coniriolgets,
oscilloscopes, displays etc.) and log data fronr tleets. The experiment environment containggeléibrary
of pre-defined widgets for a multitude of applicais, and users may create their own .NET compatible
widgets. One of the major advantages offered Isyuber interface is an open COM API that allowgiegers
to create platform independent scripts that allogvautomatic execution of tests and collectionawé 5] for
verification and validation purposes.
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Figure 13: INTECRIO Experiment Environment

After a SiL system is validated on the PC, INTECRHEM compile the same code to execute in real-biman
ETAS rapid prototyping target such as the ES10@DEE®910 [9]. The advantage of this extensionas tife
C-code can now interface with a range of real-tsig@als (e.g. analog, digital, PWM, CAN bus) in a
dynamometer or a vehicle (Figure 14). Since thA&Tapid prototyping targets use the same RTA-OSEK
operating system as the PC target, there is nogehiarthe configuration of the software system.

INCODIO |

e —
ETK
ﬁjm .

I/0 modules

“ 4

Figure 14: Rapid Prototyping with C-code using INORHO and INCODIO
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SIL APPLICATIONS

C-code validation on the PC

In a number of projects, minimal changes to exisioftware are needed for creating a new variatit@ECU
(e.g. for a smaller vehicle, reduced feature séborelaxed regulatory requirements). In suclesas is
customary to make the necessary changes or wuigathl code using a commercial off-the-shelf Geo
editor (commonly known in the industry as an Ingggd Development Environment, or IDE, for C-code).
There is no new model generated code to integiatéhis case, a SiL system (composed only of Gecod
modules) is very useful to quickly validate thedtianality of the code changes on the PC before ECU
hardware is available.

Using INCODIO, first a single software componeniniggrated and simulated with INTECRIO. Then,
additional components are added until a completd E¢stem is created in a step-by-step manner. nDuhis
process, the simulated software components willtiiley contain references to other C-code fifesictions
and variables, which are not yet included in thetesy. INCODIO uses a special reference resolving
technology to search for the missing informatiothi@ available ECU software repository (typicallpaisands
of files for a typical ECU project) and create ttecessary definitions to close such referencexe @re
complete system is defined in INCODIO and integtatsing a virtual OS in INTECRIO, the code can be
simulated, its features evaluated and calibratioesiked to meet the necessary performance requitesmé a
plant model is not available, stimuli or test datay be used to run the functional tests on the.c&iece the
SiL system in running on the PC, access to the &&dbfile system allows file I/O for reading/wrgidata and
debug messages.

Virtual Validation of C-code with Models

As mentioned earlier, a majority of new projects eomposed of a few new ECU functions that aretedeia
model-based environments - such as ASCET, Sim@iakéflow and others. In the early phases of
development, these models can be independentlijagetsing desktop simulation in their native eoniment.
However, legacy C-code and generated code front tibés is often needed to create a fully functide@U
system on the PC. Together with appropriate ptamdels, a "system simulation" of the complete vehian
then be realized. The benefits of establishindngusystem have already been presented earlier.

Using INTECRIO, the model-based components from B$@nd Simulink may be combined with C-code
components from INCODIO to form the ECU part of f#ystem. After scheduling the software components
the virtual OS, INTECRIO compiles the completewaitsystem and creates a PC compatible executialnlg a
with a signal description file (ASAP2 format) thatntains all the measurement and calibration elérarthe
code and models. The INTECRIO Experiment Enviromincan be used to control the execution of this
system, conduct virtual tests (e.g. automated ssgre tests, plausibility tests etc.), change caflibns and
collect data.

In some applications, the functional behavior & BHCU software running on a PC must be comparétkto
behavior observed in an original production ECUhisTcan be accomplished by first recording theviaié
input and output signal data of a software compb(mrthe entire system) during a field test arehth
automatically creating the stimuli signals for 8i& system using INCODIO. INTECRIO executes the Si
system using these stimuli signals and recordsuiyguts on the PC. Once the outputs of the Sitesysnatch
the outputs observed in the vehicle, the ECU sottwea the PC is considered functionally equivaleAtplant
model (or a set of plant models) may now be adddbd SiL system. Fidelity of the plant model ésigy
checked using the previous measurement data as Wah allows the SiL system operator to fine ttime

Page 13 of 17



plant model until there is a close match with theasurements in the vehicle. Once this is achighedSiL
system closely resembles the real vehicle, angidy for further feature development or closed-ltmsing.

One major advantage of this system is that, oneated, the INTECRIO PC executable can be deploged o
multiple PCs in order to allow test engineers &i te validate different parts of the software titety are
responsible for. These users do not need accéiss smurce code files, models or even the softliceases
for the modeling tools themselves. The INTECRIQ&xment Environment is all they need to "run” the
executable to simulate the system on their PCs Workflow enables a new business model for desktop
software development - where only a few system eg@&e necessary to create various system sironlati
packages, while a multitude of test engineers oadwact verification and validation tests on thersRwvithout
having to deal with the complexity of the SiL setup

Virtual calibration on the PC

One of the major tasks prior to release of ECU atdbd software is the proper calibration of all fiimres to
meet performance and drivability requirements. /bertain calibrations will always be evaluatedtbe a
vehicle (e.g. transmission shift quality, drivatyiletc.), a large number of calibrations can besttgped in the
virtual environment, saving a lot of time and effiater. Due to reductions in available test viedsicmost
manufacturers are now in favor of conducting a lmilthe calibration work in the lab or in the dexgkt
environment. The SiL system offers an ideal sébuphis purpose. Once the C-code is assembled by
INCODIO and integrated for simulation by INTECRIS2andard calibration tools like ETAS INCA [9] cae b
used on the desktop for calibration as well as nmeasent and recording of code variables. Forghipose,
INTECRIO generates a full ASAP2 file containing thie C-code parameters identified in INCODIO for
measurement and calibration on the PC. This esitesithe need for proprietary solutions that arenatly
needed in custom SiL environments for this purpdsith INCA, a complete ECU calibration set cansbared
in a data file (ETAS DCM format) and uploaded te 8iL system to initialize the software correctfyhanges
in calibration during a simulation can be storea imew calibration data file and uploaded next tilhee
simulation is started. Automatic calibration meth@an also be used via the INCA COM-API.

Migration to AUTOSAR

To enable a smooth transition to the AUTOSAR sofénaxchitecture, INCODIO supports the AUTOSAR
interface description format (stored as an XML)filéf hand-written C-code is modified to complythwvi
AUTOSAR, such an interface description file is resagy for each software component. INCODIO thesgs
the AUTOSAR XML file to create the complete AUTOSARftware component description for simulation by
INTECRIO (including the information for the inputé output ports and runnables). INTECRIO can irhpor
the software component directly from INCODIO. bidéion, INTECRIO can import AUTOSAR software
components created by MBD tools (e.g. ASCET) whiirtassociated description files.

Since migration to AUTOSAR is a step-by-step apphodNTECRIO is designed keeping this need in mind.
Therefore, AUTOSAR software components can be ma standard software components in INTECRIO.
The built-in AUTOSAR RTE generator then generakbesrtecessary glue code to manage the transfetaf da
across the interfaces. Thus, functional validatban AUTOSAR ECU system is possible on the PQuie
15). This is a huge advantage because it elinsrtheneed to wait for an AUTOSAR compliant ECU for
doing the software validation. Moreover, most ratgm issues in the application software can belved on
the PC.
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Figure 15: AUTOSAR validation using INTECRIO

CASE STUDY

Several OEMs and ECU suppliers are currently unidjzhe tool chain above to migrate their ECU depsaient
process to the PC. In this section, we descrive PSA Peugeot Citroén (PSA) is accelerating their
AUTOSAR software component validation process u$iMibECRIO, INCODIO and INCA.

CHALLENGE:

In a strategic ECU development project, PSA is tgreg advanced powertrain ECU functions in the
Simulink environment. These models are convereardode by their ECU suppliers, who treat the Jimku
models as a graphical specification. The ECU sapphlso create AUTOSAR 2.0 compliant interfacesall
software components. Once these components gmgeshback to PSA, the challenge is to validate the
functionality of these components against the nagbimulink specification. Further, PSA wantecté&dibrate
the AUTOSAR software components on the PC using$i@blished calibration tool INCA.

REQUIREMENTS:

Since there are several ECU suppliers creatingvaoétfor PSA, the first requirement was a modutat a
scalable SiL platform that did not require any ain the structure of the software componentydedd by
the ECU suppliers for validation purposes. Secogritiivas necessary to have a well defined calitwnat
process for AUTOSAR 2.0 compatible components. REA required rapid SiL construction and validatio
after receiving new software components from tE€itJ suppliers. Finally, the solution needed to be
compatible with ongoing changes in the AUTOSAR sjetion.

SOLUTION:

PSA has deployed the ETAS/SYSTECS solution for\&ilidation described in this paper. Figure 16 show
the schematic of the workflow. With INCODIO, th&JAOSAR software components delivered by the ECU
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suppliers are easily synthesized into INTECRIO nteslwith the help of the delivered interface dgsarn

files (xml format). The original Simulink modelacthe AUTOSAR software components are compileal ant
single PC executable by INTECRIO. INCA is thendusevalidate and calibrate the software on the ®Gth
the help of this tool chain, PSA engineers are @blategrate c-code and conduct validation tegigally in a
couple of hours as compared to a couple of daystttaok to integrate the code into Simulink S-¢tions.
Moreover, the SiL system now runs in near real-fisa&ing a tremendous amount of time in the vabdaand
calibration process. Since there is no changeined)to the code from the ECU suppliers, the dquali the
technical exchange with the suppliers has gonendglee first-pass software quality has shown big
improvements.

ECU Supplier A

Software Development

I ECU Supplier B

PSA :
Function Development IEN

Team

Software Development

Validation Team ECU Supplier C
C-code "\ Software Development
Simulink
o I g
nterface
*)
Interface

IE+I- INCODIO |
.—1 Debug & Modification
INTECRIO

Figure 16: PSA SiL Validation for AUTOSAR

CONCLUSION

Although PC-based development is gaining higheelkewof importance in the development of new ECU
software, traditional model-based tools are fouotta be sufficiently prepared to meet the chaleenghis is
particularly true when legacy C-code has to beuidet! in the PC-based environment. Many proprietary
solutions [4][6] have been created by companiesittress this challenge. While great at solvingqadar
problems, proprietary solutions are difficult tointain and support.

ETAS and SYSTECS have partnered to create an itirevand flexible framework for creating PC-based
simulations of C-code for testing and calibratiamgoses. This solution has already been deployed
successfully in large scale powertrain ECU prograsnmajor auto manufacturers. The open framewamkl$
itself to easy customization to each customer'siBp@&eeds and continues to be enhanced to medirtader
industry requirements, as demonstrated by the AUAR8se case.
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