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Marelli - Ride Dynamics hq

MARELLI

AMarelli i Ride Dynamics i Mechatronic team
U Design and development of semi-active suspensions system
U Responsible for the whole system

AMe c h at rteam is bades in Turin
AECU Application Software development

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

ASDC system consists of
U 4 shock absorbers with one proportional EV each

U 5 accelerometers

U ECU for closed loop damping control
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Key Takeaways >4

MARELLI

uUn St afthear t o: A dnNdA-SAACE development process
U Short time to market
U Focus on bidirectional traceability

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

MARELLI

A State of-the-art for embedded automotive application software

AModel-Based Design and automatic code generation
AAUTOSAR Software architecture
ADevelopment process compliant to A-SPICE reference model

ASuch a development process and SW architecture are required by main OEMs

A 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
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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

AGNE'r
ARELL



Subset of recommended A-SPICE base practices hq

MARELLI

A Specify software requirements

Focus on
A Structure software requirements traceability

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

A Develop a detailed design for each software component
A Define interfaces of software elements
A Define interfaces of software units.
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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 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 Reguirementsrequirements specification
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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

A Simulink¢ Stateflow: SWunits design andsimulation

A SimulinkCheckand DesignVerifier : codingguidelinescheck Simulinkmodel analysis

A EmbeddedCoder- Support package foAutosaty {2 [/ 2YLRyYySyidaQ !'!¢h{iw
codeautogeneration
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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

\

MATLAB&SIMULINK®

SWE.3
Software Detailed Design
and Unit Construction

SWE.4

Software Unit Verification

A SimulinkTest Unittesting ¢ MIL testing

A SimulinkCoverage for testing coveragemetrics

M
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Subset of recommended A-SPICE base practices hq

MARELLI

A Specify software requirements
A Structure software requirements

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

A Develop a detailed design for each software component
A Define interfaces of software elements
A Define interfaces of software units.
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Requirementso structurM

MARELLI

System requirements I

m

requirements

Level 0: System

- Level 1: ECU

Level 2
SWC

~—
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SW requirements specification hq

MARELLI
U Simulink Requirements is used for requirements specification and linking

U Sever al ARequirement setso used for group

U 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 .
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Requirements set: example
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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_,:‘]
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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

" & remeniat < U link to implementation Simulink model

< — U link to verification harness model

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

= #185 ECLU SW - CANM signal conversion
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Subset of recommended A-SPICE base practices hq

A Specify software requirements MARELLI
A Structure software requirements

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

A Define interfaces of software elements

A Define interfaces of software units.
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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

mgum Simulation  Analysis m Tools Help

us -l C/C++ Code »
e -5-=
: Data Objects »
Conversion_Recovert21 | cae
& External Mode Control Panel
{
Cartrputsiy
Q |
|
=
| (© ‘,‘"'i Acceteraton_X
| “""’m‘,{-g
1 P el IS VOO

Embedded Coder Quick Start

Code Generation Advisor

Code Generation Options.

Configure Model in Code Perspective
Configure AUTOSAR Dictionary.

Ctrl+Shift+C

Build Model CrrieB

Generate S-Function

Navwgate To C/C» » Code rgie
Code Generation Report ’

|Convetsion_Racovert21 b4 | caninputs ™ | Conversion_Recovert20

OBEE UEB|e

AUTOSAR, Dictionary: caninputs .

4

MARELLI

SIMULINK

) MathWorks

4 B nutosar
4 [ ] AtomicCompanents
4 D Canlnputs

mapping

||E ReceiverPorts

E| SenderPorts

|E| SenderReceiverPorts
P Acceleration_X

uintT®
«D
Acceleration_X
|

|E| ModeReceiverParts
E| ModeSenderPorts

ClientPorts

Code Mappings - AUTOSAR

|§| ServerPorts

Inports | Dutports I Entry-Point Functions

Data Transfers | Function Callers

Lookup Tables .
e |E| NvReceiverPorts

|§| MvSanderParts

DataAccessMode Port

@ Acceleration_ ImplicitReceive

PpSrAcceleration_X

NvSenderReceiverPorts
|E| ParameterReceiverPorts

Defcceleration_X

MAGNE'r
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Interface
PiSrAcceleration_X
PisrAcceleration Y

E PpSrAcceleration_X
D PpSrAcceleration_Y

E PpSrAccelerationPedalPosition PiSrAccelerationPedalPosition

E PpSrActualGear PiSrActualGear
E PpSrAmbientTemp PiSrAmbientTemp
E PpSrBrakePedalst PiSrBrakePedalSt

E PpSrialcAccelerationPedalPosition  PisrCalcAccelerationPedalPosition




Detailed design

Bidirectional linking to implemented requirement

int16

InSignal

M
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* >

Sngln

Raw2Phy26
Gain: 0.027

Offset: -21.593

uint8

Test

>

>

MARELLI
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T OutSignlal 9
e 1 OutSignal
InvalidSignal
PtRecoverylLogic
TestResult



Data dictionary >4

Data Dictionary specifies: tuneable parameters, measurable variables, constants, MARELLI
bus object &

>
)\ —

Example: measurable variable
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