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Complex Communication (e.g. Audi A8)
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Complex Communication (e.g. Audi A8
p _? (e.g ) o,
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4 application domains for ECUs:

Head-Unit MMI-Display
o
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adia Bedienerteil

Jower train: mainly closed loop control functions
_hassis control: mainly closed loop control functions

30dy electronics: mainly reactive, event driven functions
nfotainment: mainly reactive, event driven functions

software intensive >>100k LOC



Electrics/Electronics in a car
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Hierarchical Organization of Desigh Processes
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Strategic
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requirements Specification and Design Manufacturing Service
System System Development of Prototype Calibration Release to _ Functional _
Specification L Simulation L S HV\_/f./S\{\_/ Development'> VVIe'QKi!e > Manufacturing'> Manufacturing#> Test P> service
pecification alidation
l
HW HW Prototype Design Release to . Functional
’l Design > Simulation Assembly > Verification > Manufacturing'> Manufacturing®> Test
f void main()
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(.
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{}
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> Control A?Igorithms.’ Autocode SW > Static and
and Onboard Prototyping Coding Dynamic Test
Diagnostics
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Hierarchical Organization of Design Processes @/

Car program
requirements
Emission laws
Strategic
requirements

Specification and Design

multiple
Interleaving design processes

Manufacturing Service

Concurrent Engineering
distributed between OEM and supplier

requires
strictly controlled design methodology
supporting computer aided design tools
model based design



Model Based Design - graphical descriptions preferred
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Typical Design Flow \Qj
Idea @ \ System-Analysis
executable Specs
— System Design

model based
Customer Requirements
Technical Requirements
eal Time Requirements
System Architecture
imulation, Verification

HW/SW-Requirements Analysis

Preliminary HW/SW-Design
HW-Architecture, SW-Architecture

Interface Description

PROCESS (schlupf, stat
BEGIN ¢ a D

CASE state IS
WHEN freilauf =>
IF schlupf > 0 T
next_state <=

bremsepice Rapid Prototyping

Hardware!Platform
' i Code G '
—Haps Detailed HW/SW-Design ; |
—— o SW-Design, Data Dictionary Real Time Operating System
& g HW-Drawings
\ HW-Analysis Report
HW/SW-Implementation .

Integration |
\-Modules, Data Dictionary, SW-Comp

HW-Component, HW-Module
HW-Realization Documents

System Integration
2) Calibration, Application
FZI Transition to Utilization

Copyright © 2006 FZI Karlsruhe kmg



MiL, SiL, RP, HIL, Test

Model
Validation

<>
Test-
pattern

Implementation
Validation

FZI

Simulation

Simulated | | Simulated Modeling
ECU Environment
Rapid Hardware- >
Prototyping in-the-Loop
data
Real | ‘ Real —/Test

Environment

ECU Real Applicat.

MiL Model-in-the-Loop
SiL Software-in-the-loop
RP Rapid Prototyping
HiL Hardware-in-the-Loop
Test
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Modeling

A

5]
FZI

Modeling for complete system including system environment
(ECU, car, driver, road, weather conditions)

Domain specific models for Subsystems and Components
(closed loop control, reactive systems, software intensive systems)

Different abstraction levels, Parameter variation and boundaries
(functional and non-functional data for early design space exploration)

Use of characterized libraries (reuse, variant design)
Model verification through extensive testing

Model characterization

Model documentation

Macro modeling
Meta modeling
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Challenges for Modeling

Domain Specific Modeling Languages
Model Synthesis

Model Validation

Model Transformation

Executable Models

Automatic Generation of Product Artefacts

Meta-Modeling

Tools on Meta-Model-Level
Integration of Domain Specific Tools
on Meta-Level

Generic Modeling-Platforms

5]
FZI\

Copyright © 2006 FZI Karlsruhe kmg



Modeling for heterogeneous electronic embedded systems @

Signal flow oriented
Modeling with block diagrams

Architecture and Software

Modeling with UML

BatchController

outputBuffer T 1

Buffer 1 Processor x| SocketListitem

inputBuffer

MATLAB/Simulink (The MathWorks)

Real-time Studio (ARTISAN) MATRIXx (National Instruments)
ASCET (ETAS)

Rhapsody in C++ (i-Logix)
Rose (Rational Software, IBM)

Together (Borland) .
Poseidon (Gentleware) Event d_“ven

MagicDraw (NoMagic) Modeling with state charts

Ameos (AOHIX) [myCondition] evRepeat

TAU2 (TelelogiC) ‘ Idle ]_'[ Sending H Waiting_For_Repeat]

evBusy

evAck /Action1()

Rhapsody in C++ (i-Logix)
Statemate (i-Logix)
Stateflow (The MathWorks)
ASCFT (FTAS)

Heterogeneous modeling requires integration platform
e.g. ETAS Integrio, Vector DaVinci



ITIV/IFZI Tool integration platform (model transformation) \Qj
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Model Debugging
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Copyright © 2006 FZI Karlsruhe kmg



Meta-Modeling 4 Abstraction Layers (OMG standard)

bstract M3 layer MOF
M2 layer UML 1.4 UML 1.5 MATLAB Statechart
Simulink (D. Harel)
M1 layer UML Simulink Statechart
Model Model Model
MO layer Objects Data source
code
Real artefacts
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Model Transformation: M2M Engines Architecture

<<metamodel>>
Target-Metamodel

<<metamodel>>
Source-Metamodel

Instance of

Source Model Target-Model
Tool A Tool B

Rule-Model
UML

Transformator

FZI
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Transformation Rules UML -> Simulink

R121 AssociationClass ™
Realization Elements
LHS RHS le
Realization Elements Realization Elements
r :SL m X "
root : SLSystem owner-attiibute posMux : MDLElement, MDLString
eI/ SeMEIS e value = Utility:getPositionOfQutportMux(sender, ael, 620, 60, Wility::getAll Attributes Size(source))
system-systemElement K elementName =>Position
— | :SLBlock |—sender : SLSystem LB '_SEM elementiD
X syste m-syste mElement blockType = >Mux
participanthssociation srcBlockgcBlocKine blockblockeElement srcBlockLine srcBloc name =source.name
— syt Sy system syspmElement owner-aftribute
E?L—' AssomatlonEnd x_Qutport : SLBlock muxOut : MDLElement. SLLine owner-attribute
isNavigable = =false name =ael.name+"_Out” dstBlockdsBlockline | o= S
blockType = >Qutport -
con nectiorl-associaﬁon glsérzoe’r:t?\l;lne = source.name sPorts ; MDLElement, MDLString sShowName ; MDLElement, MDLString
- iati — - owner-attibute lementID ' value = "["+Utility:getAllAttributes Size(source)+", 1]" | value =>on
source ; AssociationClass X Line : MDLElement, SLLine et elementName =>Ports elementName = >ShowName
association{connection dstPort = Utility::countInports2(receiver) elementID elementID
srcPort = Wility::countOutports2(sender)
B ot elementID -
&w elementName =sender.name+"_to_"+receivername outPortPos ; MDLEIlement, MDLStrin
isNavigable = =true value = Utility::.get PositionOfOutport(sender, ael, 700, 60)
dstBloc KLije-d tBlock elementName = >Position
iati ticipant elementID
associationfparticipan SLBlock
block-blockiElement
— sysem-system Element
receiver ; SLSystem
system-system Eleme nt
~ Inport : SLBlock inPortPos ; MDLElement, MDL String
nameTai_an" bwnerattribute Value = Utility::g_etPos:rtionOfInport(receiver, ae2, 50, 60) posDemux : MDLElement, MDLString
blockType = >nport ~ elementName = >Position ownerattribute value = Wility::getPositionOfinpor tDemux(receiver, ae2, 160, 60, Utility::getAll Attr ibutes Size(sour ce))
elementiD elementName =>Position
elementID
scBlockgcBlocKine
system -system Ele ment
demux ; SLBlock
inDemux : MDLE ement, SLLine dstBlockL ine-dsBlock blockType = >Demux
srcPort =>1 name = source.name
dstPort =>1 b
elementName = source.name °W"e|'a“" “‘eowne,elm bute
elementD
rPorts : MDLElement, MDL String rShowName : MDLElement, MDLString
value = "[1, " +Uitility:getAllAttributes Size(source)+"]" value = >on
elementName =>Ports elementName = >ShowName
elementID elementlD
AssociationClass

{javaxjmi.substituteName=UmlAssociationClass}

+r121a_AssCls()
+r121_AssociationClass(p
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Tools Chains used at ITIV/FZI
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Tools used for ECU design

specification support (Doors, QFD/Capture)

reactive systems (SDL, Stateflow, Statemate)

closed loop control systems (ASCET-SD, Matlab/Simulink, MatrixX)
software systems (Real-time Studio, Rhapsody in C++,

Rose, Together, Poseidon, MagicDraw,
Ameos TAU?2)

performance analysis (SES/Workbench, Foresight)
tolerance analysis (Rodon)

rapid prototyping, HiL (dSPACE, ETAS, IPG, Quickturn)
application, test, diagnosis (ETAS, Hitex, Vector, RA)
C-Verifier (PolySpace)

ASIC Design (Cadence, Mentor, Synopsys)

A

5]
FZI

Copyright © 2006 FZI Karlsruhe kmg



Distributed ECU’s in cars - design challenges

Still increasing complexity (more comfort and safety functions coming)

number of ECU’s must not increase, should decrease!
less, but more powerful HW platforms (8, 16, 32-bit uC)

eventually new, more flexible architectures
(e.g. dynamically reconfigurable?!)

requires redistribution (mapping) of software onto fewer hardware platforms

Today’s E/E architecture in a car is characterized by an assembly of
(too) many locally optimized subsystems

Only OEM can go for global optimum
new system level design exploration tools are required

5
FZ\
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Requirements for new system level tools

Model based design as a basis.

|s accepted in research and predevelopment, not yet standard
iIn ECU development

Design space exploration means
distribution of hardware and software under consideration of
sensor/actuator locations
computation performance as well as communication performance
Co-design not only for hardware and software but also
function, safety, security

Metrics and parameters used are domain specific
therefore, domain specific system level tools are required
Interfacing seamlessly with component specific tools (meet in the middle).

A lot of model transformations are required

)
FZ\
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Abstraction Layers
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Which features?

What is the concept
behind the features?
How do they interact?

Detailed Specification of
Functions architecture

Comp. Architecture
Network Infrastructure
Power Distribution

Topology
wiring harness
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Abstraction Layers

System

Features

System
| Feature I | Feature I

Funktionen

Bauteil Bautell Bauteil I
Komponenten .
Lange Bauteil
Querschnitt
B Bauteil Bauteil |
I . [ | [ | [ | [ | [ | I . [ | [ | I . [ | [ | [ |

Bau-
rau
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Bauraume ! . @
| Alls- Aus- !
hindung
'A

sy — b
Abmessung Koordinaten
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Typical domain specific views

Features
Functions
Components

Component locations and wiring

Design space exploration
needs domain specific metrics
and parameters
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EE-Architecture Concept Tool

(www.aguintos.com)

=y Excel

Word

et

=
L, |
i

h a-

Documentation
Analysis,
Metrics

Graphical Editors
Variants Management

- Mulit-User (DBMS) / Single-User (XML-File)

E3.cable
Microsoft EXCEL

Telelogic Doors

Simulink u.w.

Open APl & M2M

5]
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Tool-Framework for Development
using Eclipse-Basis
O Extendability
O Open API

Supports Model Exploration

Model Management
O Multi-User (Database)
O Single-User (File-based)

Variant Management

O Kernel based on
pure:systems Technology

Export / Import Filters
o DBC
O FIBEX
O KBL
O MATLAB/Simulink
O UML ARTISAN Studio

Report Generation
O BIRT Technology
O User Configurable Reports

Metric-Interface
O Python, alternative Java API
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Conclusion (1) A,

« What system level tools should provide
O Documentation (readable for men, specific for application domain)
O Data exchange between all designers across company boundaries

O Data exchange between computer aided tools supporting distributed
databases

O Intellectual Property, reusable in libraries

O Parameterized for variant design

O Supporting standards and guidelines (e.g. HIS, Autosar)
O

Testable (Fault models, automatic Model validation), quality assured
(automatic generation of test pattern and test bench) and documented
(what is modeled, but also what is not modeled)

O Seamless in design flow
(Analysis, Design, Verification, Integration, Validation, Test, Application,
Diagnosis)
O Reviews, Rule Checking, Simulation, Formal Verification, Model Checking
Synthesis, automatic, interactive optimizing (e.g. RP-Code, Production Code)

O allow access for automatic parameter-extraction

O
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Conclusion (2)

Design studies show:

« Model based methodologies and tools are well performing and promising
« Seamless design flow only partially given (e.g. digital hardware, software).
* Interfaces for Modeling, Simulation, Characterization mostly manual

 hard problem for design of embedded systems
O Cross sensitivity of Components (insufficient characterization)
O Safety, Security, Function-Codesign
O According modeling is really time and cost consuming
O Mixed-Mode, Multi-Level-Simulation required
O

Formal Verification und Validation not possible?!
* Non functional requirements
» Time-, frequency- und parameter-domain

O Module / System-Integration und —Test
O Cross-sensitivities, EMC, Certification



Conclusion (3)

Model based system design is possible and very promising,

tools like Matlab/Simulink/Stateflow are essential

however, there are many design and analysis steps still missing,
especially in early system design phases:

>

YV YV V V V V

design space exploration

heterogenous system level modeling and simulation

model checking, abstract interpretation

code generation for RP and for production

test program generation

connection to 3D mechanical design (mechatronic)
connection to life cycle product data management systems
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for your attention
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