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Marelli - Ride Dynamics hq

MARELLI

* Marelli — Ride Dynamics — Mechatronic team
» Design and development of semi-active suspensions system
» Responsible for the whole system

* Mechatronic’s team is based in Turin
« ECU Application Software development

» Shock Absorber damping force control strategies and diagnosis
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Smart Damping Control System hﬂ

« SDC system consists of MARELL

»4 shock absorbers with one proportional EV each

»5 accelerometers
»ECU for closed loop damping control

Frontleft body accelerometer ,*

Front right body accelerometer 0

Front right hubaccelerometer

&
g

PSIS Sensors Set

I ‘ | CAN network
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Key Takeaways >4

MARELLI

»“State of the art”: AUTOSAR and A-SPICE development process
»Short time to market
»Focus on bidirectional traceability

»One single development environment for all SW related processes
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Software development: goals and challenges >4

MARELLI

 State of-the-art for embedded automotive application software

 Model-Based Design and automatic code generation
« AUTOSAR Software architecture
» Development process compliant to A-SPICE reference model

e Such a development process and SW architecture are required by main OEMs

 Constraint: Short time to market
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_ 10 Core Partners
What is AUTOSAR? AUTESAR @ DAIMLERCHRYSLER ) BOSCH
_ . VOLMADEN 2D L= (onfinenfal® ﬁi
AUTOSAR - AUTomotive Open Systems ARchitecture PA PEUGEOT CITRORN | B B
SIEMENS VDO , MANDD
TOYOTA &Z=» O ,
aiftecom
Middleware and system-level standard, jointly developed by 51 Premium Members O=—  preh wiomves
automobile manufacturers, electronics and software suppliers — sonoa &%, < EE oo v dSPACE freescale
d tool vendors Omama A DENSO ELEKTROBIT e IA_’_ =
an ' \ mw @ |(VLEAR —— ETAS 7]
More than 100 members ¢ B . m— softi; PE— *
===== TrAutomotive . NEC
. Visteon m m . F - «Systen
i : : " T Ny ot ,'I ‘ :S.‘,EEESAS
Motto: “cooperate on standards, compete on implementations N Ve
: . - G | Generi Standard Tool Semi-
Reality: current struggle between OEM and Tier1 suppliers e o - -
OEM Tier 1 Software conductors
Target: facilitate portability, composability, integration of SW
components over the lifetime of the vehicle
MAGNE'r MATLAB EXPO 2019
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' Software

Different
Kinds of

Interfaces | §

AUTOSAR ECU SW architecture

ECU-Hardware
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Automotive SPICE process reference model >4

MARELLI

Focus on

€—— Software

development

Acquisition Process System Engineering Process Group (SYS) Management Process
Group (ACQ) Group (MAN)
ACQ.3 SYS.1 MAN.3
Contract Agreement Requirements Elicitation Project Management
ACQ.4 SYS.2 SYS.5 MAN.5
Supplier Monitoring System Al:;?;xslir:mnts System Qualification Test Risk Management

SYS.3 SYS.4
ACQ.11 : 2 MAN.6
Technical Requirements SystemdAécilg\:ectural Systlzl:\elgr::%g;:tz:(and Measurement
ACQ.12
Legal and Administrative
R ranieies Software Engineering Process Group (SWE)
ACQ.13 SWE.1 SWE.6
Project Requirements Softwarz::l(;;nsremems Software Qualification Test
SWE.2 SWE.5
ACQ.14 : )
Request for Proposals Softwan(:):srkcal:teclural Soft\mr:g I:;l&;fr\a;:e(;r: and
SWE.3 Reuse Process Group
ACQ.15 X . SWE.4
Supplier Qualification S‘;’;:B’;?gg:ﬁ?ggf“ Software Unit Verification {REV)
REU.2
Reuse Program
Supply Process Group Supporting Process Group (SUP) e el
(SPL)
SPL.1 SUP.1 SUP.2 SUP.4 SUP.7 Process Improvement
Supplier Tendering Quality Assurance Verification Joint Review Documentation Process Group (PIM)
SPL.2 SUP.8 SUP.9 SUP.10 PIM.3
Configuration Problem Resolution Change Request %
Product Release Management Management Management Process Improvement
| Primary Life Cycle Processes | Organizational Life Cycle Processes l | Supporting Life Cycle Processes
MATLAB EXPO 2019
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Subset of recommended A-SPICE base practices >4

MARELLI

« Specify software requirements

Focus on
Structure software requirements traceability

Establish bidirectional traceability between
» software and system requirements
software requirements and software architectural element
software requirements and software units
software detailed design and the unit test specification
elements of the software architectural design and test cases
 software qualification test specification and software qualification test results

* Develop a detailed design for each software component

* Define interfaces of software elements
» Define interfaces of software units.

MAGNET MATLAB EXPO 2019
ARELL



Whole SW development tool set based on >4
MATLAB & Simulink R2018a

MARELLI

Software Engineering Process Group (SWE) S

SWE.1 SWE.6

Software Requirements el
Analysis Software Qualification Test

SWE.2 SWE.5 il
Software Architectural Software Integration and \
Design Integration Test
MATLAB&SIMULINK®
SWE'3 SWE.4 ) MathWorks

Software Detailed Design

and Unit Construction Software Unit Verification

Simulink Requirements: requirements specification

MAGNET MATLAB EXPO 2019
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Whole SW development tool set based on >4
MATLAB & Simulink R2018a

MARELLI

Software Engineering Process Group (SWE) S

SWE.1 SWE.6

Software Requirements Software Qualification Test

Analysis
SWE.2 SWE.5
Software Architectural Software Integration and )
Design Integration Test
MATLAB&SIMULINK®
SWE'3 SWE.4 ) MathWorks

Software Detailed Design
and Unit Construction

Software Unit Verification

Simulink — Stateflow: SW units design and simulation

Simulink Check and Design Verifier : coding guidelines check- Simulink model analysis

Embedded Coder - Support package for Autosar: SW Components’ AUTOSAR interfaces design and C-
code autogeneration

MAGNET MATLAB EXPO 2019
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Whole SW development tool set based on

MATLAB & Simulink R2018a

Software Engineering Process Group (SWE)

SWE.1

Software Requirements
Analysis

SWE.2

Software Architectural
Design

SWE.6

Software Qualification Test

SWE.5

Software Integration and
Integration Test

P 4

MARELLI

v

MATLAB&SIMULINK®

SWE.3
Software Detailed Design
and Unit Construction

SWE.4

Software Unit Verification

* Simulink Test: Unit testing — MIL testing

e Simulink Coverage: for testing coverage metrics

M
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AREL
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Subset of recommended A-SPICE base practices hq

MARELLI
« Specify software requirements
 Establish bidirectional traceability between
 software and system requirements
 software requirements and software architectural element
 software requirements and software units
 software detailed design and the unit test specification

» elements of the software architectural design and test cases
 software qualification test specification and software qualification test results

» Develop a detailed design for each software component
» Define interfaces of software elements
» Define interfaces of software units.
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Requirements’ structure: three levels

>

MARELLI

System requirements \

" Application software
requirements

Level 0: System

Lt Level 1: ECU

Level 2
~—
SWC

SWC3

MATLAB EXPO 2019



SW requirements specification hq

MARELLI
» Simulink Requirements is used for requirements specification and linking

» Several “Requirement sets” used for grouping requirements

» One requirement set for every SW Component

|H Requirements Editor

Edit Display Analysis Report Help

-- Lk ] &) @]

IS

e

ID Summary

(

#1 CAN Inputs - Longitudinal acceleration calculation
5] 1.1 #215 CAN Inputs - Longitudinal acceleration recovery value
] 2 #4  CAN Inputs - Lateral acceleration caloulation
bS] 3 #9  CAN Inputs - Acceleration pedal position calculation
w28 P .
MAGNET MATLAB EXPO 2019
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Requirements set: example

W 00 N O b W N -

ST
-0

12
13

_PEPEEEEEEEE D

LY

ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:
ECU SW - CAN Message:

Prohibited frame identier
Remote frame

Reserved fields filling
message parameter T
event message parameter N
livecounter computation
livecounter monitoring condition
livecounter management
checksum computation
checksum location
checksum management

ECU SW - CAN Stop Condition
ECU SW - CAN CDC Reception

[D 13.1

#185 ECU SW - CAN signal conversion

level 1: ECU SW

level 2: sw component

4 M caninputs_req_faws...

8.1 #194

0 270

L',‘J
B
l_,:‘]
=
> B
=
l,_j]
=

2
3
4
5
6
7
8 #62
9
1

CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -
CAN Inputs -

Longitudinal acceleration calculation
Lateral acceleration calculation
Acceleration pedal position calculation
Actual gear caiculation

Brake pedal status calculation
Combustion torque calculation

Drive style status calculation

Engine speed caiculation

Engine speed punctual recovery
Gradient acceleration pedal calculation
ABS intervention calculation

Mmh
ARELL
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Bidirectional traceability: Simulink Requirements view >4

~ Properties o
Index: 1 MARELLI

Custom ID:  #1

Summary: CANM Inputs - Longitudinal acceleration caloulation

Description | Raticnales
Calibri v14vBIg-§

L =] &

< Requirement

Longitudinal acceleration shall be calculated as: <

Ax out=Acceleration X *¥0.027 - 21.593 [m/s"2] . .
specification

m

e ! Additional information

Custom Attributes

CR: [

Plan: [ Faw1 -
Reference: [an matrix o ]
Status: [Appn]\i'ed i ]

Verification: | Unit Test

BIDIRECTIONAL LINKS

" g remereavy < » link to implementation Simulink model

< — > link to verification harness model

1=l 1SEL-.I SWW - CAN ESP 3: Acceleration X MQTLQB EXPO 2019

= #185 ECLU SW - CANM signal conversion

-



Subset of recommended A-SPICE base practices hq

» Specify software requirements MARELLI
 Structure software requirements

« Establish bidirectional traceability between

software and system requirements

software requirements and software architectural element

software requirements and software units

 software detailed design and the unit test specification

 elements of the software architectural design and test cases

 software qualification test specification and software qualification test results

Define interfaces of software elements

Define interfaces of software units.

MAGNET MATLAB EXPO 2019
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AUTOSAR INTERFACES design : BOTTOM-UP APPROACﬁ4

MARELLI
AUTOSAR Authorlng Tool

Import Merge
SWC Description SWC Description

= L AUTOSAR

Atom.ccmponem © Help
| ASWE_1

| B Export SWC Description/
Ve e

Runnablel
Interface

Generate SWC C code
= Senderfecsiverforts |.n. 5P_CheckTimeOut Timer_CheckTimeOut

ModeReceiverPorts
il ClientPorts

e tha )
= ServerPorts

DoorRight_Open
% Runnables

- Runnable2
== IRV E) -
w 5-R Interfaces
= M-S Interfaces

irvl) funetion)
DoorLeft_Open
# == C-5 Interf - Runnablel_subsystam
= Thnes, CheckThnen AUTOSAR design
T FoTeOM (Meta-model) &>
@ XML Options

\ 4
oo SIMULINK'

Runnable2_subsystem

j
Mﬁ%’éﬂ MATLAB EXPO 2019




Adding and mapping an AUTOSAR PORT

4

MARELLI

mgum Simulation  Analysis m Tools Help

{} gs @ % - g C/C++ Code » 63 Embedded Coder Quick Start
o Data Objects » | & Code Generation Adwisor
Conversion_Recowert2l | cac Code Generation Options.
@ | Extenal Mode Control Panel | v Configure Model in Code Perspective  CtrloShifteC
‘ W,RE Configure AUTOSAR Dictionary. \
« |
| B Buld Mode cutes SIMULINK
u | Generate S-Function Ay = -
- -
Wt Navwgate To C/C» » Code g
2 1 Ao:waum e — Code Generation Report ’ il
1 P el - N,
|Convetsion_Racuvert21 X | caninputs > | Conversion_Recovert20
@ [ i r ¥ b -
o AUTOSAR, Dictionary: caninputs é ' A
'?: mapping 4 [ autosaR
4 [ ] AtomicCompanents
4 D Canlnputs
||E ReceiverPorts
O [4] SenderPorts =
uint1® [#] senderReceiverPorts Name Interface
[T .
. (3) »| Acceleration_X [ ModeReceiverPorts ] PpSrAcceleration X PiSrAcceleration_X
Acceleration_X E| ModeSenderPorts E PpSrAcceleration_Y PisrAcceleration Y
» , L
- l l ClientPorts |l [[®] PpSrAccelerationPedalPosition  PiSrAccelerationPedalPasition
Code Mappings - AUTOSAR
Inports | Outports | Entry-Point Functi Data Transfers | Function Calle Lookup Tables G serebors 2 PRSrActualGear PiorhctualGear
- o - T - % WReceiverPorts E PpSrAmbientTemp PiSrAmbientTemp
NvSenderPorts
1 [ o P - O PpGrBrakePedalst PiSrBrakePedalst
ataAccessMode ort nderReceiverPorts
O»| Acceleration_ ImplicitReceive PpSracceleration_X DeAcceleration_X IEl ParameterRaceiverPorts E PpSrialcAccelerationPedalPosition  PisrCalcAccelerationPedalPosition

MAGNET MATLAB EXPO 2019
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Detailed design

Bidirectional linking to implemented requirement

int16

InSignal

M

AGNEr
ARELL

* >

Sngln

Raw2Phy26
Gain: 0.027

Offset: -21.593

uint8

Test

>

>

MARELLI

MATLAB EXPO 2019

- single
T OutSignlal 9
e 1 OutSignal
InvalidSignal
PtRecoverylLogic
TestResult



Data dictionary

Data Dictionary specifies: tuneable parameters, measurable variables, constants,

bus object ...

M

AGNEr
ARELI—

Model Explorer

4

MARELLI

=B | =

4 ¥4 simulink Root
E Base Workspace
4 @ caninputs_baseworkspace
H3 Design Data
@ Configurations
[ H composition
4 caninputs
Model Workspace
Reference (Active)
E Embedded Coder Dictionary
[# H CanDiagnosis
[# H Canlnputs

File  Edit WView Tools Add Help

PO &4 & & HEl~-E~-H~ £ fx|[O) « 38

Search: by Name « MName: ék Search

Model Hierarchy E == Contents of: ..ninputs_baseworkspace.sldd’ (only)  InCan_O_Axv X

Column View: [De‘l’aurt

* | Show Details  1of 203 objects) v

InCan_0_AxV

BIucETvpe

T ——

InitializeFunction EX an'] p I e: m eaS u rab I e Var i ab I e

MATLAB EXPO 2019

Simulink.Signal: InCan_0_Asxy

Data type: single

Dimensions: -1 E] Dimensions mode: |auto
auto

Initial value: Complexity:

Minirmuim: [1 E] Maximum:

Unit: m_s2 o Sample time:
Code gener

[]

-1

- =

m

Storage dlass: | ExportedGlobal

Alias:

Alignment: -1

Description:

(iclelongimdinal acceleraD




Model Advisor: Model check before code generation >4
Modeling standards: MAAB MARELLI

4 |[7] & MAAB/IMAAB Checks
@ Check for indexing in blocks

Model Advisor Report - caninputs.six

@ Check for prohibited blocks in discrete controllers Simulink version: 9.1

@ Check for prohibited sink blocks System: caninputs

o Check positioning and configuration of ports

M\ Check for matching port and signal names Run Summary

o Check whether block names appear below blocks Pass Fail Warning Not Run Total
& Check for mixing basic blocks and subsystems Q 55 0 0 & 14 =10 69

o Check for unconnected ports and signal lines
Q Check position of Trigger and Enable blocks

o Check usage of tunable parameters in blocks
[\ Check the display attributes of block names = MAAB/JMAAB Checks

o Check display for port blocks

@& Creck subsystem names

@ Check port block names

Q Check character usage in signal labels

o Check character usage in block names

Q Check Trigger and Enable block names
o Check orientation of Subsystem blocks
Q Check usage of Relational Operator blocks
& Check font formatting

Q Check transition orientations in flow charts

Automatic report

MAAB rules automatically checked

MAGNET MATLAB EXPO 2019
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Unit testing: Harness Model M

MARELLI
Simulink Test _automatically generates ) s
the HARNESSMODEL ~ __o===—"7"7

-
—
—
—
—
—
-
—
—
—
-
—
—
—
—
—-—
—
—
—
—
-
—

Input test Qattern
. MATLAB&SIMULINK
"i ExpeCted Quputs [ :> | MathWorks

.:::W DICI SutsBye n swc ’s

foacae ‘ = EEEEE) Runnable | EEE—

T— ; #n Actual outputs

.ii'o'm n

o orcH st n SW UNIT under test

MAGNE'r MATLAB EXPO 2019
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= 1 __ -
— =
= 1 - ==
- —t tﬂ:
[ . m—;. ]
—tage L -y
[ 1 -
EE :
= ==
== e T XY
"":{'-::-:';_""“ e
= F —e ) |
=3 :
z e
. - =
_"=:I_.
== = s —- .
e
e
M
n-@-ﬁh.—.w
S
= ]
-
i |
_Erm-—'-—h—m
"'é_m. - |
21 | .
o — Open test hames
= g linked to the SW unit |
=) . | l

L

Creation

\“i--

I Create Test Harness

of harness model

Specil
being created. After creation, use the block badge to find and open hamesses.

Component under test: caninputs/CanInputs

Basic Properties | Advanced Properties | Description |

properties of the test hamess. The component under test is the system for which the harness is

MARELLI
[t

MName: caninputs_Harness2

Harnesses saved externally. More information

Harness path: wa\dbl\sdc-4_re_arch\sdc\composite\custom'caninputs | Browse ...

Sources and Sinks

lSignaI Builder '] Component under Test |=—_>

[¥] Create scalar inputs

Add separate assessment block

Open harness after creation

MAGNE'r
ARELL

Taipeia

oy —y———

MATLAB EXPO

| ok || cancel

9
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Harness Model: example >4

MARELLI

Uwq 0|
InCan_|_Acceleration_X . Hﬂm::ﬂ“”'t TI
Input test Assessment block:
patterns expected result evaluation
MAGNE'r MATLAB EXPO 2019
ARELY



M

Simulink Test - Test Manager

Link to requirement under test

Test Browser
Results and Ariifacts

Filter tests by name or tags, e.g.

~ =] ax_testiile

~ [T ax_test suite

[£] axtestcase 1

FROPERTY

WALLUE

() ax_test suite x [jfi StatPage x [S] axtestcise1 x

ax test case 1 +| Enabled

¥ festfile » 3¢ fest suite » 3 estcase 1

[4x]

Baseline Test

Select releases for simulation: | Current -
P TAGS

» DESCRIPTICON

~ REQUIREMENTS*

CAN Inputs - Longitudinal acceleration calculation (caninputs _req fawsdc#l) -

-

o Add v [ Delete
~5YSTEM UNDER TEST*

Model: | caninputs mgpaAC

» TEST HARNESS

AGNE'r
ARELL
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Unit Testing status: example

Index

4 vl caninputs_req_fawsdc

M

- |5 1

[P B T IS R S |
=
-

"]
Moo= D

EEEEEREECEDEEEEEEEEDDEBE

i) ) ) [ ) ) )
b ‘

AGNEY
AREL}

Summany

CAM Inputs - Longitudinal acceleration calculation

CAMN Inputs
CAN Inputs
CAN Inputs
CAMN Inputs
CAM Inputs
CAMN Inputs
CAM Irputs
CAM Inputs
CAMN Inputs
CAMN Inputs
CAM Tnputs
CAM Inputs
CAN Inputs
CAN Inputs
CAMN Inputs
CAM Inputs
CAMN Inputs
CAM Inputs
CAM Inputs
CAMN Inputs
CAM Inputs
CAMN Inputs
CAM Tnputs
CAN Tniputs
CAMN Inputs
CAN Inputs
CAN Inputs
CAM Inputs
CAM Inputs
CAMN Inputs
CAM Irputs

Longitudinal acceleration punctual recovery

Lateral acceleration calculation

Acceleration pedal position calculation

Actual gear caloulation

Brake pedal status calculation

Combustion torgue caloulation

Drive style stabus calculation

Engine speed calculation

Gradient acceleration pedal calculation

ABS intervention calculation

ESP intervention caloulation

TCS intervention calculation

Master cylinder pressiure caloulation

Maximum torgue calculation

Operational mode calculation

Steerng wheels angle calculaton

Steering wheel angle sign calculation

Torque losses caloulation

Fronk left wheel speed caloulation
Front right wheal speed calculation

Rear left wheel speed caloulation

Rear right whesl speed calculation

Yaw rate calculation

Clutch pedal status caloulation

Driver torque calculation

WheeSpeed_FL and WheelSpeed_FR invalid

WheeSpead
WheeSpead
WheeSpeaed
WheeSpead

WheeSpeed
CAM Inputs - WheeSpeaed FR, WheselSpead_FL and WheealSpeed _RR imvalid
CAM Inputs - WheeSpeed_FR, WheelSpeed FL and WhealSpeaed _RL invalid
CAM Inputs - WheelSpesd RR. WheelSpead RL and WheelSpesd FL invalid

RL and WheelSpeed
FL and WheelSpeed
FL and wWheelSpeed
FR and WheslSpeed

FR. and WhealSpeed RR invalid

RR irmvalid
RR imvalid
RL Invakd
RL imvalid

MATLAB EXPO 201

o

MARELLI

Simulink Requirements:
overall view



Embedded Coder: code generation

Code Generation Report

<= & Find:

Contents

Summary

Subsystem Report

Code Interface Report

Traceability Report

Static Code Metrics
Report

Code Replacements
Report

Generated Code
-1 Model files
caninputs.c

caninputs.h

caninputs_private.h

caninputs _tvpes.h

[+]1 Shared files (1)

(-1 Interface files

icaninputs.a2l;

MAGNEr
ARELL

MARELLI
E Function Name Accumulated Self Stack Lines of Code Lines Complexity
Stack Size  Size (bytes)
(bytes)

[+] CanlnputsRunl0CaninputProc 70 70 370 1,009 38

+]1 CanlnputsRunl0CanDiagnosis 14 14 23 145 3]

Canlnputs_Runnable_Init 0 0 1] 4 1

/begin MEASUREMENT
A% Name 5 InCan O AxV

/% Long identifier
/* Data type
/¥ Conversion method

/¥ Resolution (Not used) */
A% Accuracy (Not used) 5
A% Lower Limit ¥/
| /% Upper Limit ¥/

ECU_ADDRESS

"Vehicle longiToddipal acceleration”

FLOAT32 TEEE

-3.4E+38

3.4E+38
@xeees /* @ECU Address@InCan_ O AxV@ */

[ =
MATLAB EXPO 2019




Embedded Coder:

Model Advisor L

Fined - Point, Tool

code generation hq

MARELLI

Model Transformmer LS
CiC+ Code k Havigate To C/C++ Code |
Black Pararmeters (Gain)

| Properties...

i S hee \ Single
Y "o
Sngin . SgnOut
Gain
Bidirectional link between SW
single element and C-code
Offset
Offset
if (Can_rtb _Compare dw > @) {
InCan 0 _Ax\ = 8.8F;
else {
<@9995&4F * (real32 T)InCan_I Acceleration X + -21.593F;
MAGNET MATLAB EXPO 2019
AREL




MIL testing M

Testing of the whole application layer: level 1 requirements MARELLI

w—4FTnctioCallimarfacs_Out]

Plant mode

N SW-Cs composition

Dashboard

MAGNET MATLAB EXPO 2019
AREIJ-



MIL testing >4

» Function callers blocks are used for simulating AUTOSAR S/R and C/S ports  yapery]
» Itis not needed to configure models for MIL
» Same models used for code generation are able to run even in MIL environment

uuuuuuuuu

InWireln

AUTOSAR’s interface =
simulation

MAGNE'r
AREL



DTC

MIL testing example: fault injection

AccelerometerDiagEnaP

FL Body accelerometer

Off [, On

FLE_DD_LOG663_SNS_DATA_NO_VALID
on o on
FLE_DD_L9663_OPEN_LOAD:Value

Off 4 an
FLB_DD_L3663_SH2BAT:Value

Off Om

FLE_DD_L9663_SHZGNDValue
on ® on
FLE_DD_LO663_DEVICE_NOT_READY:

Off (. Omn
FLE_DD_LO9663_GENERIC_ERROR:\Vah

FR Body accelerometer

on ® on

FRE_DD_LO663_SNS_DATA_NO_VALIC
off [ On
FRE_DD_LO663_OPEN_LOAD:Value

Off [ Oon
FRE_DD_LO663_SH2BAT:Value

Off [ on

FRE_DD_LOG63_SHZGND:Value

y

Off | On
FRE_DD_LO663 DEWICE_MNOT_READY

y

Off f On
FRB_DD_L9663 GEMERIC_ERROR:Wal

y

R Body accelerometer

o [ On
RE_DD_L0663_SNS_DATA_NO_WALID?
o [ On
RE_DD_LOG663_OPEN_LOAD:Value

Off :f on
RB_DD_L9663_SHZBAT:Valus

Off Omn

RB_DD_L0663_SHZGND:Value
Off :f on
RE_DD_L9563_DEWICE_NOT_READY:\

o [ On
RE_DD_L0663_GEMNERIC_ERROR:Valu

RELLI

Config

]

GetDTC

)

FL Hub accelerometer

FR Hub accelerometer

off [ On
FLH_DD_L9663_SNS_DATA_NO_VALID

on > on
FLH_DD_L9663_OPEN_LOAD:Walus

Off [ Oon
FLH_DD_L9663_SH2BAT:-Value

Off On

FLH_DD_L9663_SH2GND-Valus
Off [ Oon
FLH_DD_L9663_DEVICE_NOT_READY

off [ On
FLH_DD_L9663_GENERIC_ERROR:Val

Off I, On
FRH_DD_L9663_SMNS_DATA_MO_WALID

Off I, On
FRH_DD_L9663_OPEN_LOAD:Value

Off [ On
FRH_DD_LO663_SH2BAT:Value

Off [ on
FRH_DD_LO663_SH2GND:Value
Off ( On
FRH_DD_L3663_DEVICE_NOT_READY

Off I, On
FRH_DD_L9663_GENERIC_ERROR:Val

GetAccSts

SetDTC

Accelerometers_ValidationDevalidationOccurency

= E | B B | E | [= |
©120112-ValidationOccurmancy C120111:ValidationOccurmency C120129:ValidationOcourrency C120012:VakdationOccurrancy C 120011 ValidationOccumency C120029:VakdationOccurrency

B | B | B B | E B |
C120712:DevalidatiormDecumancy C120111:DevalidationOcoumency’ C120129:Devalidation Ocourrency’ C120012:DevalidationOccurrancy C120071:DevalidationOccumancy’ C120029: DevalidationOcourrency

E | B B B B B |
C120312:ValdationODcourrency C 120311 ValidationOocumancy C120329:ValkdationOcourrency C120212:ValdationOcourrency C120271:ValidationOocurmancy C120229: ValidationOcourrency

E E E E E B |
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Achievements and Outlook >4

MARELLI

« ECU SW put in production in April 2019

« 18 months of development

* Technical, organizational and business results.

M

AGNE'r
ARELL

The standardization of development environment and the “bottom up” approach has increased
the cross-competence inside the SW team

No need of other tools for AUTOSAR architecture design as regards to application
SWCs

One single data base for requirements, software models, code and testing results
Cutting of time needed for documentation since it is automatically generated
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Achievements and Outlook >4

MARELLI

* Integrated toolchain based on Simulink environment for SW development
made traceability easier to achieve

» Use of the tool’'s standard features only, avoiding customization (scripts) made
the toolchain lean and easier to update

« Bottom — up approach made AUTOSAR SW components design quicker

MAGNET MATLAB EXPO 2019
ARELI'



Forward-looking plans >4

MARELLI

» Use of new and upcoming MathWorks tools as System Composer for

»System design in accordance with A-SPICE requirements

MAGNET MATLAB EXPO 2019
ARELI'
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