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Motivation \‘> carmegq

software & systems

Motivation

m Developing software-based vehicle functions of increasing complexity
m Cost and quality requirements necessitate efficient development methods

®m Model-based development methods (since the 90s) using
MATLAB/Simulink/Stateflow and code generation

Goal

m Seamless model-based function and software development

® Avoiding ruptures: evolutionary development of models from concept phase to
final code generation

—-——\—d
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\‘>carmeq

Use of Models in the Development Process Y carme

Model-based Plant and Test model

System-/ Concept Analysis
Concept Model EUHC’[.IOHS-
equirements

o —— Model-based
: :: ‘_> ‘:. = Lyl [l
5 e Specification
Behaviour Function Design
Model

Model-based
Software Development

Implemen
tation

Implementation
Model
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Relation between Model and Requirements — \’>ca rmeq
Ideal Case of Function-Oriented Development

Anforderungen Modell

Funktionsbereich umgesetzt durch>>

(z.B. Licht und Beleuchtung) \\»
1. Funktionsfamilie (z.B. Blinken) \\\
1.1 Basisfunktion (z.B. Richtungsblk) T

Eingaben/Ausgaben/Anforderungen

A

>
Basis-Modul1

1.2 Basisfunktion (z.B. Warnblinken)
Eingaben/Ausgaben/Anforderungen 4 ——— |

—>
Basis-M

2. Funktionsfamilie
(z.B. FahrBremsStandlicht)

1.1 Basisfunktion
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Properties of Functional Model vs. \’>ca rmeq
Implementation Model

Functional Model:

- Focus on functional system requirements

- Not all aspects modeled (signal preprocessing, diagnosis,...)
- Structuring according to requirements structure

- Hardware independent

- Data nOt Scaled FahrBremsStandlicht
7 LichtUndBeleuchtung

Implementation Model:

- Functional and non-functional SW-Requirements
- Usage of resources (time, storage)

- Complete functionality incl. of error handling,
signal pre-processing etc. modelled

- Interface to basic software
- Typing and scaling of Data —
- largely hardware-independent

- Criteria: Maintainability, Extensibility, Testability, ehiOndBeleuchiung
,oeparation of Concerns”

————\—J
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Transition from a Functional Model to an \’>ca rmeq
Implementation Model

Problematic Changes:

- Change of model architecture for satisfaction of non-
functional requirements

- Structural changes to satisfy resource requirements

- Functional extensions, concerning the inner Model
structure such as z.B. error treatment, initialisation. FahrBremsStandiiht
e TichiUndBeleuchtung

Evolutionary (unproblematic) Changes:

- Functional extensions such as z.B. signal pre-processing,
plausibility checking etc.

- Interface to basic software of the ECU
- Scaling of Data 7
- Local optimisations to lower resource consumption

FahrBremsStandlicht

ichtUndBeleuchtung

————\—d
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Example: Extensions for Error Handling and \’>ca rme
Diagnosis

Functional Model

[ JF
- Focus on core algorithm o H

- Conscious decision not to
model diagnosis and error
handling

h 4

head_lo_temp . OR _..

HH_Status

Temperaturregler

————\—J
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Example: Extensions for Error Handling and
Diagnosis

Implementation Model

- Significant adaptations

MBT 2011

to the core algorithm

Extension: Sensor

Watchdog fero- I

\‘>carmeq

software & systems

AND R
HT_enable 0x1
NOT
(-] -
HC_Out
mains_90 x ~I_FI
+ g = .
Mains M_TM
zero_cl
P B e Extension:
tc_out >
I _in
A 4 - Shutdown
pi_controller
[
TH1
Bitwise
: > > OR
i ORr stat_bit1 HH_Status
& hts_
TH2

OR




Lessons Learned @ carme q

software & systems

Early validation of model architecture wrt. non-functional requirements

- Early review of functional models by software experts

- Guidelines for model structuration, e.g. using domain specific pattterns (e.g. for
error handling)

Systematic relation between functional model and implementation model

- Functional model not necessarily structured according to requirements
structure, use of tool-supported requirements linking, adapted requirements
structuring

Many further aspects

- Separation of functionalities according to available computation slots
- Exclusion of modeling constructs (Switch blocks etc.)

- g
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Y
Motivation and Goals ® carme q

software & systems

Background

Growing complexity of ECU functions

Rear blind
Central locking

Braking lights
Windshield wiper

Properties of classical function testing

®  Requirements-based test cases
m  Sequential process: function after function
®  Focus on positive testing

m  Pattern: systematic stimulation — waiting period -
measurement

’—‘—J
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vat ®
Motivation and Goals carmegq

software & systems

Motivation

Sporadic misfunctions not detected by a classical
functions test , e.g.
® Brake light goes off, due to rear blind being activated

®  Brake lights blink asynchronously during wiping and thus
acts as a lane changing signal ...

These misfunctions often result from unintended
dependencies between functions

®m  Competing access to limited ressources, e.g.
= Computation time
m  Common SW Services

®m |nteraction of various individual functions

Lack of predictability which situations and which
inputs lead to sporadic misfunctions

————‘—J
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Motivation and Goals ® carme q

software & systems

Goals

Improvement of Robustness of ECUs based on
a new test approach

m Detection of sporadic failures
m Stimulation of ECU with ,unusual® input data

Robustness:

~Property to work - in unusual situations - in a
defined manner and to produce meaningful
reactions “ (Liggesmeyer)

Extension to classical function test

———\—J
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Motivation and Goals @ carmegq

software & systems

Technical Challenges

Input complexity

" ignition n2% signal combinations
® light control

= directional blinking

= warning blinking

= access control

= wiper

Evaluation of test runs

= continuous data

® measurement imprecisions
- value deviation
- time delays

® missing expected values

MBT 2011 15



New test approach \‘> carmegq

Stochastic rule-based robustness test (SRT)

m Stochastic test data generation m Rule-based evaluation
®  No individual requirements-based test§ m  General system properties
cases = Continuous checking of criteria
m  Parallel, stochastic activation of input
signals 5

= Multiple test scenarios, similar to
long-term vehicle tests, but better
control and analysis means

fix 267 UL
N N
R LR

T

UL .
UL ident(c,d)
invers(a,b)

[

- all signal combinations allowed - check of selected criteria I

MBT 2011 16




Stochastic rule-based robustness test 0 carmeq

software & systems

Test data generation

Space of all possible test inputs

Control data for:

— rear blind control
— central locking

— brake light control
— wiper

including timing and interaction

Choose typical use cases for each application

— rear blind control: move up/down

— central locking: unlock/lock

— brake light control: normal/emergency braking
— wiper: fast/medium/slow

Parallel, stochastic activation of the different functions

~ MBT 2011 — - I



Stochastic rule-based robustness test
Test data generation: example light switch

Light switch positions define ,States*

Lichtdrehschalter Aus
Aus 1
Parklicht 0
Abblendlicht 0
Fernlicht 0
Lichtdrehschalter Aus
Aus 0,2
Ip=02] w=01  Parklicht 0,6
Abblendlicht 0,1

, Fernlicht 0,1

p=0.1]

MBT 2011

Parklicht
0

1

0

Parklicht

0,2

0,3

0,4

0,1

Abblendlicht

0

0

1

Abblendlicht

0,1

0,3

0,5

0,1

\‘>carmeq

software & systems

Fernlicht

0

0

0

Fernlicht

0,2
0,3
0,4

0,1

18



Stochastic rule-based robustness test Q carmegq

software & systems

Parallel test execution and evaluation

=Single automata for each function

(o L) ' ' _ ' ' =Parallel test data generation
Err p=0,

’ mPseudo random numbers

O : ‘ ‘ =>reproducable

- AN

\ sy

'{1 L

Test run evaluation

m  Specification of assertions (using simple rules)
m All assertions are constantly checked during test runs

m Deviations/problems are detected and stored I

MBT 2011 19



Stochastic rule-based robustness test @ carmeq

software & systems

Rule-based evaluation

Individual functions are usually well-tested, but not the cooperation of functions
Problems are often deviations to general intuitive behavior

= Left and right braking light are not synchronous???
= Backlight blinks very shortly if the gear switch is used???
= The right back light is blinking too long, if the rear blind is moving???

Problem:
Due to different communication channels of signals, there can be delays

Example: signals, which are cyclically send over the network are eventually received
later due to bus load.

Left braking light

Right braking light

MBT 2011 20



4
Stochastic rule-based robustness test 0 carmeq

software & systems

Example of evaluation rule

Rule to be checked
Left and right braking lights are simultaneously activated, delays
of max. 50 msec are tolerated.

Pattern SYNCHRON

SYNCHRON(Bremslicht_Links, Bremslicht_Rechts, 50ms)

Rule to be checked
Blinker may blink for at most 500 +/- 50 msec .

Pattern HOLDS AT _MOST

HOLDS AT _MOST(Blinker_Vorne_Links, 500ms, 50ms)

MBT 2011 21



. A
Implementation @ carme q

software & systems

Test environment

l':r".
it

» Loy,

Intelligent, random generated

test data — Assertion checking
— Parallel Markov Automata

03 Zusicherung Formulierung
p=0,
Blinker synchron SYNCH(Blinker_Vo_Li, Blinker_Hi_Li, 50ms
Aus An p=0,3 Y ( T T Y
p=0,6
Blinker leuchten maximal 500 ms HOLDS_AT_MOST(Blinker_Vo_Li,500)
p=0,1 Fernlicht an bei Ziindung IMPLIES(KI15==1 && FernlichSchalter, FernLicht, 50)

Quittierungsblinken CAUSALLY_IMPLIES((K15==0 && TurAuf), Blinker_Vo_Li, 40))

MBT 2011
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Implementation ® carme q

software & systems

Technical Realisation of Test Environment

Test data generation

— 5 .
Automatic Model =< N
MATLAB . — = e | 4l MATLAB
18 SIMULINK‘ Generation SlMULINK‘

e Vector Integration < Vector
CANoe CANoe

AddOn
MATLAB® Inferface

ident(c,d)
invers(a,b) AN LN
4 AN 1N

X

Test evaluation

synchron

45
Standlicht links
iI.Z_ (Schlusslicht L oder Standlicht VR) m
46
= o

Nebelliche L und R synchron (BC)
:

K115 aus

47
Nebellicht L aus, wenn
& ] oder LS miche in Stellung NL
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What is AUTOSAR @ armeq

softw y

*“AUTOSAR (AUTomotive Open System ARchitecture) is an open
and standardized automotive software architecture, jointly
developed by automobile manufacturers, suppliers and tool
developers.”

www.autosar.org

’——\—J
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Scope

\‘>carmeq

software & systems

SW-Development ECU-SW-Architecture Application-
Methodolog Interfaces

Body and Comfort
Powertrain
Chassis Control

Occupants and Pedestrians Safety

Multimedia, Telematics and
Human-Machine-Interfaces...

= Function-based” software = Common base architecture for "
development Control-, Sensor, Actuator- .
= Several abstraction layers, ECUs .
e.g. ,Virtual Functional Bus* = Layeres SW-Architectur:
= Use of modern SW- HNC — BSW — RTE — Application =
engineering-methods (Meta- = Aims to support all relevant "
Modelling, UML, XML ...) automotive uCs and ECU-
interfaces
3 = Basic Software consists of
ymz;w..m\ about ca. 50 Modules
) y /, Application Layer
/ ppl 1y
A
&5 & /

Build AUTOSAR ECU software

MBT 2011
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Use of AUTOSAR at VW Q carmeq

Releases for MQB: AUTOSAR 3.1 Rev. 002 + Extensions

Bootloader/Flasher

software & systems

Application Layer

AUTOSAR Runtime Environment (RTE)

a EJ|E3
LIN /0 Hardware
oo |
FlexRay
TP

Watchdog Memory Abstraction LIN

Interface Interface Interface
CAN FlexRay
TRCV TRCV

ECU State
Manager
Manager

Tracer

Development Error

Communication

AUTOSAR 0OS

BSW Scheduler

int. Flash
Driver

3
=
£
a

| 1cuDriver

int. EEPROM

Watchdog
Driver
RAM Test

Microcontroller

ECUs already using AUTOSAR:

MBT 2011

,2Kombiinstrument* vby JCI (MQB)
,Lademanager” (VW360/7)

27



Phases of the AUTOSAR-Methodology Q® aimeg

software & systems

Funktion Level.

Function Design .

o , , sSwc-
m Definition of functional architecture on an abstract level Description

m Base Concept: ,Virtual Functional Bus® (VFB)
= Software-Components (SWCs)

= Communication
(Ports + Data Elements)

Function Realisation

® |[mplementation of function using generated header-files based
on VFB-model

MBT 2011 28



(1) Integration of model-based software development \‘> carmegq
with AUTOSAR

= Current Situation: proprietary interfaces to ECU
= AUTOSAR offers standardised interfaces and base services
such as
= ECU management, Software FUBREY
= Network management,
m  Storage management,

Kommunikation mit

®  Diagnostic management Basissoftware

swcC

= Not all base services can be directly mapped to Simulink

®m  Development methodology of Simulink is dataflow-oriented i
rather than service-oriented, i.e. procedural communication
(Client/Server) is difficult to realise.

®  No out-of-the-box solutions for all base services available

Basisdienst Basisdienst

=>» Possible Solution: Declarative specification of functions incl.
base SerViCGS for automatlc Code_generation ................................................................................

——-—\——4
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(2) Adapting Software Component Testing to \‘> carmegq
AUTOSAR S

Current Situation r
m Testtools chains adapted for every ECU and Funkiioese Ry

supplier

AUTOSAR > Komn:lrL?:itkg::)n mit >\
m  Separation of software parts and standardised BasEttity .

interfaces allow for common testing process ™ Kommunikation mit

and tool chain. Basissoftware
= Use of current tool chain for testing Cessn i
functional software = swe

m Testing of generated communication with i

Software Funktion

base services (more early)
m Testing of complete SWC
m Testing of SWC in the complete system

RTE
. Test des —
- Testing can be performed more early > Gesamtsystems >/

9 TOOI Chain can be reused Basisdienst Basisdienst

—-—-—\—J
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(3) Implications of SW-Development using AUTOSAR \’> carmeq

software & systems

Current Situation

®  Currently monolithical functions are exchanged

with suppliers

Cross-manufacturer
rfunctionality capsules

Function Design Tedon D] Kemtunion D] Tenon [l
m  QOptimisation of partitioning of software 7 &
components
= standardised AUTOSAR interfaces LCapsuIes for vehicle and brandJ
allows for moving SWCs between tasks ific funci i
and ECUs specific funcitonality
m  Better testability due to lower complexity
of individual components @ Market @) Customer
O Region (3@ vehicle Configuration
Variability Management OEurope 0 2 OM%MM
®  Partitioning of software components improves © Amarica
variability management : '@ Core Technical Feature Model .
= Finer-grain modeling of variants . ,/Oim\o
m |ess variants for individual components G tngre | | @ Wiper | | @ DoortLock

= Better management of variants und their °’<35 M
dependencies G Manwal mo [

Automatic | (@ One Motor G Two Motor

. '

MBT 2011 31
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Development Objects of an Electronic @ca rmeq
Platform

>100k requirements

objects

e .
S - target . H
g e furetio fatet
= > sor | e ns v
Mod vl I
rake_pedal

5| @

MBT 2011 33



Multi-Dimensional PL-Decomposition — <@
carmegq
Example rotiuate s syitens

Requirements
Design

Source Code
Test Cases

Documentation

Engine Control
Powertrain
Braking System
Wiper

Clima

Lighting
Infotainment

MBT 2011



Reuse 0ca.—meq

softw y

State of the Art:
R /4. = ol - /Z, =) &/7:—/4
o, o -~
Project - copy & modify new Project
Goal:

7
@ &% Granularity of
/ / @ /S Resuable Assets ?

=
Repository ‘i@_ﬁ—/é'

MBT 2011 35




Explicit Representation of Variability @ carme

software & systems

Representation of Dependencies between
Coding Values by variability modeling, e.g.
feature trees

Zentralverriegelung

O,

Tankdeckeltaster TankdeckelschloB
Y | ZV_bTKLStellMot_COV
“ /<>\
\
\ Var3_COV
\\ Federsteller - Stellmotor Var2 GOVl pr v mmrs
VarN_COV

ZV_bTKLStellMot_COV =0| |ZV_bTKLStellMot_COV =1 Var1_COV

Ny

Funktional Model -

MBT 2011 36

Wiy
Iy




Reuse of Models 0 carmeq

software & systems

State of the Art: S —
= Function-oriented ] > | EEE
development, i.e. functional [FiA] . P
requirements are structured = Spec Project A Spec Project A

E——

in hnical par |
teC ca pa tS Functional > A N
m Functions in the Description —>

specifications use the same _ _
Spec Project B Spec Project B
name and the same

decomposition —
® Running projects 4>‘ f \ —>
lead to project specific

differences (] Moduls Project A Module Project A
: [Fxt.C ]
m Differences must be v < D
H 1 odu
considered in retrospect Ly — U

Moduls Project B Module Project B

’——\—J

MBT 2011 37



Reuse Approach: Multi-Level Concept

Goal: compromise between ...

= 1 global product line
® nindependent product lines

Defines references

Reference model

(non-mandatory or mandatory)

conform
or deviate

Tempomat

Standard i Adaptiv

Sparsam

Vehicle Project A

MBT 2011

@carmeq

software & systems

Modul tool box

Tempomat

Pt

Standard  Adaptiv see

Raévr
Tempomat

P

Standard Adaptiv

Rar£r

Vehicle Project B

Reduzierter
Bauraum

38



Tool Support Multi-Level Concept

CVM-Framework (Eclipse Plugin)

€ Java - Sample Fealure Wodal:Core Feature Diagram - Eclipse SDK

Ble £t Navove Sewch Projct Bun Dagram ServicesSemples Wrdow Heb

B0 U BHE &
18 Packag.. [1 " Merarchy = O @ Sample Product Model: Product Model Disgram 7
6 CaseSy achmrWocen
& Exancl UM =2 @ Crie Conral | Horane
engky. pdm § PacentjChid
& oncty.dm ' Lk
S st ratri o WY Ctmens
& s [(@costart | [Gadmne | [ Gmine | [ Gswmne | | Gresure
W Pctange
@ Ramrcd
@ sarcietn =)
. Ratinse ferson 1 Charge
5 5 Sanple Feaine e
% Samcle Prod e
‘Sancle Produ Decison Modsl
USA | Conoda Cruiss Cortrol, Wiper . < Peter Mayer, PQICZ
Usa| Consdn G Cortrol At - o conpettoes s ACE 0 st spscmert. Vot W, Moty
ot Cnden CrtralAdgtvn - Loxalogeliion mikas the recessary. CF ar. 23123746 Soarmes Bock, ST
Problens Jsvadoc Declarstion Console  Ermor Log | [ Properties 12 =0
= Outine 5 =0} Feature "Rain-Ctrld" [0..1] Concel aocty
= Basic properties = Deviation Permissions (Multi Level)
i nane:[RomCuild Clues deviion resiritions
EOr=n e [ 1, the speed of the wioer o
E=T = Name: Alkowe Move:
~ Maintenance Information Al Alows Refmemart:
o - Abctaton: [T
- Cardinalty! Alov Regroupang:

\’>carmeq

software & systems

MuLe (Doors-Extension)

"0/ Formal module */Multi-Level Synchronisation/Std-LH/LH' current 0.0 - DOORS

Ele Edt View Insert Link Analysis Table Tools User Help
| HSE s 2R Y|X |

Sts| B £ U s

[ [oubic ~lfareves ~]| L d|EEEE(:CETS B
D |public g[Type |Cm‘otmmce ..‘_l
3 ¥ Requirement  no_deviations

2 2 Functional Behavior ¥ Heading  no_deviations
3 2.1 Basic Behavior ¥ Heading allowed_extend I

37 Ll Requirement

38 Ifthe systemis actively controlling the car, pressing the of the gas i Requirement
pedal or the brake pedal shall always override the system and end its
active control.

39 Ifno target vehicle is detected, the system shall only be able to
actively control the car if the vehicle speed 1s higher than 40 km/h.

40 If atarget vehicle is detected, the system shall be able to actively
control the car in the vehicle speed is higher than Skmvh

42 If no target vehicle is detected and the system is actively controlling » Requirement
the car, it shall accelerate the car to the speed specified by the driver.

no_deviations
no_deviations

o Requirement  unallowed_change
Requirement

allowed_change

41 ¥ Re quirement  no_deviations

I . o

Multi-Level Feature Models:

* Show deviations

 autom. conformity checking

MBT 2011

Username; Weber [Exclusive edit mode A

Multi-Level Concept for specification objects:

« Show deviations

« autom. conformity checking
 bidirectional transfer of deviations
(top-down and bottom-up reuse)

39



Structuring of Feature Models ®oime q

ssssssssssssssss

Current State:

~
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Qcarmeq

Problems L, carme

Inappropriate for customers

» Complexity (>10.000 Features)
» Technical Perspective

Direct connection too rigorous

/ « Multitude of actors
« Diverging life cycle and validities

» Heterogenity (methods, tools,...)

Connection to artifact too coarse

* Some artifacts very large
* Above problems within an artifact !

MBT 2011



Reuse Approach: Configuration Links @ aimeq

software & systems

-~

MBC

A-Klasse (¢_klasse E-Klasse

Classic Sport
Elegance

Interface

Wischer

Regen- Stufenioses | Artefact Line“

gesteuert Intervall

Fahrzeug

Wischen Klima
~—

Fahrzeug

Wischer Rg/m\'szﬁrmh:%i?
gesteuert

MBT 2011 42




Benefits

Car

Model

A-Class /| E-Class /2 N

C-Class us EMEA

Market

Comfort

a(r)nfortCC

BodyElectronicsSystem

Short Long Other:Int

CC
Adaptive

CruiseControl

from vehicle
speed sensor

T —

minDistance:Int

thresholdValue:Float

: ThrottleCalculator

]currSpeed

rsThr:Threshold [ —0
isTooNear to throttle

from Radar

MBT 2011

Auxs|dwon Jo uolonpay

Qcarmeq

software & systems

JulodmaiA JO JIYS [enpels
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Qcarmeq

software & systems

Connection of CVM to development artifacts

® |dentification von artifact-specific ‘
variability components Matlab
. . DOORS Simulink / C/CH++
= Transformation of CVM Entity-Types Stateflow
resp. —Parts

m  Type-Instance-Structure must
be considered

m  Construct Feature-Models +
Configuration Links for Artifact

m  Backtransformation into proprietary
artifact format incl. added
information

m Bidirectional Transformation without

) ) Generic
information loss

Artefact
Variability
Representation

————‘—d
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The Challenge ® aime q

software & systems

Product Related Challenges

- Functionality increase

- Complexity increase

- Increased Safety-criticality
- Quality concerns

Challenges Related to Development Process

- Supplier-OEM relationship
- Multiple sites & departments
- Product families

- Componentization

- Separation of application from infrastructure
- Safety Requirements, ISO 26262

————‘—J
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EAST-ADL Q carmeq

software & systems

A System Modeling Approach/Architectural Framework that

® |s atemplate for how engineering information is organized and represented
® Provides separation of concerns
= Embrace the de-facto

representation

of automotive Feature content
software — Abstract functional
AUTOSAR architecture

Functional architecture,
HW architecture, platform
abstractions

AUTOSAR Software
architecture

Embedded system in
produced vehicle (not in model)

MBT 2011 47



Vehicle Level ® carme q

software & systems

« A Vehicle is characterized by a set of Features

- Features are stakeholder requested functional or non-functional
characteristics of a vehicle

A Feature describes the "what",
but shall not fix the "how"

« A Feature is specified by

requirements and use cases [ \
« From a top-down architecture i | | L e
approach the features are the AL
H : : alysisLeve Analysis
Conflguratlon pOIntS to Create A:u::io:almlaalysisArchitecture % LgVE|
. . =
a vehicle variant _ - _
DesignLevel £ Design
Functional Design Architecture g Level
Hardware Design Architecture ix
ImplementationLevel Implementation
AUTOSAR System | Level
Operational

Level

————\—J

MBT 2011 48



Analysis Level ® carme q

software & systems

Analysis Level is the abstract Functional description of the EE sysiciii

m Realizes functionality based on the features and requirements

m Captures abstract functional
definition while avoiding
implementation details

m Defines the system boundary SysterModel
= Environment model and VeHichLe:d G
. TechnicalFeatureModel
stakeholders define context e

. . /1 |AnalysisLevel | Analysis
" BaSIS for Safety analySIS ll\ FunctionalAnalysisArchitecture ,\,' § i
& Designievel-—----------------------1 ¥ £ Design
Functional Design Architecture £ Level

Hardware Design Architecture i
ImplementationLevel Implementation
AUTOSAR Systern | Level
Operational

Level

—-——\—d
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Design Level ® carnm eq

software & systems

Design Level captures the concrete functional definition with a close
correspondance with the final implementation
m Captures functional definition of application software

m Captures functional abstraction of
hardware and middleware

m Captures abstract hardware SysternM odel
aI‘Ch |teCtu re VehicleLevel Vehicle
TechnicalF eaturehodel L
m Defines Function-to-hardware
” t n AnalysisLevel . Ansll_lgs.iesl.
allocatio FunctionalAnalysisArchitecture g '
A b-e;rgr-ﬂ:e-v-el- ----------------------- E Design
l'l Functional Design Architecture £ Level
\ Hardware Design Architecture i
I;n_p-le-n:lefn_ta_ti_oal-_;;e-l ------------------ Implementation
AUTOSAR System | Level
Operational

Level

—-——\—d
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Implementation Level ®caime q

software & systems

The Implementation Level represents the software-based
implementation of the system

« Software components represent application functionality
« AUTOSAR Basic software represents platform

« ECU specifications and topology
represent hardware

* Model is captured in AUTOSAR Systerhode!

VehicleLevel Vehicle
u SOftware Component template TechnicalFeatureModel L)
= ECU resource template T Z s
] Sys’[e m Tem p|a’[e FunctionalAnalysisArchitecture 2 o
DesignlLevel E Design
Functional Design Architecture £ Level

Hardware Design Architecture ir
J/ 'In;pie_n:-ejn_t;t:lo;li;\:e_l __________________ i | Implementation
AUTOSAR System | ". Level
"""""""""""""""""""" = Operational

Level

————\—J
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Environment Model ® carme q

software & systems

The Environment model captures the plant
that the EE system control and interact with

* |n-vehicle, near and far environment is covered

« Same Environment Model may
be used on all abstraction

|eve|S SystemM odel TN
- Different Environment models VerickLeva 5  venioe
. TechnicalF eaturehodel i I e
may be used depending on | :
k . . - : L Analysi
validation scenario plaliazil G4
FunctionalAnalysisArchitecture i ED !
z
DesignLevel £ Design
Functional Design Architecture £ Level
c
Hardware Design Architecture w
ImplementationLevel i Ii'nplementation
AUTOSAR System | i : Eeiel
/" Operational

Level

\
\
N
S.o —”
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Traceability between abstraction

levels

Realization relations

identify which abstract
element is realized by
a more concrete entity

7

Functions on analysis level realizes,.-”

features on vehicle level

Functions on design level realizes” .--]

-
-
-

functions on analysis level £

SW components or runnables on,”"
implementation level realizes ‘-~
functions on design level

MBT 2011
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SystemModel

\’>carmeq

software & systems

VehicleLevel
TechnicalFeatureModel

-7

AnalysisLevel

_;lFunctionaIAnaIysisArchitecture
4

DesignLevel
_- Functional Design Architecture
1 ,77 Hardware Design Architecture

ImplementationLevel
AUTOSAR System

EnvironmentModel

Vehicle
Level

Analysis
Level

Design
Level

Implementation
Level

Operational
Level
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Requirements — Basic Relations ® carme q

software & systems

Behavioral Models that specify
the requirement in more detail

?

refine

satisfy
———————— Requirement

[
|
| derive
|
|

v
New requirements derived
after a system decomposition
or system refinement
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Requirements — Example of Relations (1) ® caimeq

software & systems

Vehicle Level

Requirement
ABSFunctionnality

A

ABS shall reduce break
satisfy distance in all driving
condition

Use Case
Slippery Road

Analysis Level

Requirement
ABSActivation Requirement
satisfy ABS shall detect ABSControl
individual wheel

acceleration

ABS shall control break
force via wheel slippage
control

satisfy

: o
Design Level erive

\ 4
Requirement

ABSSlippage
DesignFunctionType

. ABS shall control
ABS Slippage controler

Slippage with PI
Controler

A

satisfy
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Requirements — Examples of ®oine
Relations (2)

Requirement
ABSActivation
ABS shall detect m" Vv.ca.se
individual wheel ABSActivationTest
leration . . .
acceleratio Simulate slippage behavior
at each wheel individually
abstractVVcase
abstractVVcase
VVCase
ABSActivationHILTest
Simulate slippage behavior at each wheel VVCase
individually on Chassis-HIL ABSActivationFieldTest
Simulate slippage behavior
VVProcedure Stimulus Intended Outcome Actual Outcome at each wheel individually on
1: Normal friction HIL- Skript1 no activation no activation test drive ground
2: Slippery road left HIL- Skript2 left wheel activations left wheel activations
3. Normal friction HIL- Skript1 no activation mo activation
4: Slippery road right HIL- Skript3 right wheel activations all wheel activations
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Wrap up Qcarmeq

software & systems

Model-Based Development at Carmeq

Stochastic Robustness Testing

AUTOSAR

The Challenge of Variability

TAT AT

The EAST-ADL Architecture Description Language

—_— — ——
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Qcarmeq

software & systems
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