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Overall E/E Complexity Increasing over Years now... QAUT | vee

» Active Management of System Complexity is necessary

>

vV v vV

Karlsruher Institut far Technologie

Economical cost targets

Technical targets: weight, fuel consumption, ...

Installation space is restricted, deeper integration

Upcoming technologies have to be considered and integrated

Kapitel 3.5



Challenges in E/E Development AT | vector>
The Complexity/Capability Gap

Adaptive headlights
Active steering
Curve warning

Number, complexity and interaction of functions

Increasing authority over control of the vehicle

Increasing requirements on certification

Capacity: Number and rate of change of functions .
% « we Control
S

Discipline: Inappropriate processes and tools -
imunication

Talent: Lack of experience and topic experts

mergency call
Gearbox control
Traction control

Anti lock brakes Anti lock brakes
Electronic fuel injection Electronic fuel injection
Cruise control Cruise control

Cruise control

1975 1985 1995 2005 2015
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Challenges in E/E Development AT | vector>
The Complexity/Capability Gap T

Product line engineering to maximize reuse

Consideration of the relationships between various views on the system architecture
functional, HW, SW, Network, Topology, ...

Quality.

Early validation of system concepts based on automated evaluation

Exchange of concepts with suppliers in early design phases

1975 1985 1995 2005 2015
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Roles

. * Product manager
R Project Manager
Test Dat
System anagement

Architect
Test engineer
: Product & Release
Function Management
; - Test Data
. Designer Management

Requirements :
Engineer

Test engineer

AUTOSAR Test Data m
Function developer Toolsuite Management
' . . Test engineer

Communication engineer

. Electric
HW designer Designer
HW designer

PREEvision Collaboration Platform
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Challenges in E/E Development ﬂ(IT | VECTOR >
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Supported E/E Engineering Use Cases and Roles

Architecture Function Driven Design
System Design System Design

Architect

System Architect Test Engineering and m
Test Management

* Requirements Engineering and
Test engineer

Regquirements Management

Requirements

Engineer AUTOSAR Change and Release
ﬂ System and Software Mangement
iﬁit Design
Function developer ?ﬂggzgati%nfesign Design of Safety
Communication engineer ¢ and Legacy) Relevant Systems

E/E Backbone,
Collaboration Platform,
File Management

Product Line
Engineering
Product manager

Project Manager
9 Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5

HW designer Hardware Component
Development

. Wiring Harness
Wiring Harness Design

designer



Challenges in E/E Development AT | vector>
Current Situation — Document Based Development Process

Function & Network Design Process Electric Design Process

I_EI‘{ uﬂ]u

Harness

Topology
Fusing

PowerSupply

Thousands(!) of

Inconsistent Documents

Components
Functions
Networks

Process Oriented E/E System Data Management

< E/E Systems Level Optimization
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Challenges in E/E Development AT | vector>
E/E Backbone — Central Team Server

Function & Network Design Process Electric Design Process

Thousands(!) of

Inconsistent Documents

Topology

Local Optimization Loop(s) s Local Optimization Loop(s)

T

E/E Systems Level Optimization

Process Oriented E/E System Data Management
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W Integrated E/E Development with PREEvision ﬂ("’ | vECTOR >
Data-Oriented E/E Development Process

IPIREE VISION® one Data Model | One GUI | Full Traceability

Collaboration Platform
Components

Fusing Harness
Requirements Networks PowerSupply

Functions Topology
Platform

Signals Mappings
Model 2 SR

Variants Routings
Electric

Logic

Many Users Multi-Sites One Data Source @ One Process
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& Integrated E/E Development with PREEvision

Architecture Layers

Engineering Aid

13 Elektrik/Elektronik-System Modellierung und Bewertung

PREEvision Layers

Requirements

Logical Function
Architecture

Software/Service
Architecture

Hardware Architecture

ﬂ(IT | VECTOR D>
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Interfaces

—
r 4
— P
4 r

«—> AN
(4
FIBEX DBC
— i =P

N ELOG
4

S KBL
r

<— [JOTIE]
r

Software-Engineering | WS17 | Kapitel 3.5



PREEvision Layers

Process & Team Support

Customer Features

Use Cases

o L@

Requirements

Tests

Evaluation &
Analysis
of Test Results

Execution &
Documentation
of Tests

Design &
Implementation
of Tests

Planning
of Tests

Specification
of Tests

Logical
Function

Logical Domain 8

I
1
Logical Domain A |

" Activity Chain

{Activity Chain

H-H Logical i
Function ™ "l““”‘“"‘"l

Building Block

Package

Implementation

@
Software Library
Service Interface K
= e | ] 5| Actuator
e || [ g oo
e e 5
System Software Archi Gomposition

N

Architectu

c } N
re Topology

etwork

=]

Signal Router

LT S .

Electric Circuit

<
»[E=l

—

GTa)

3 = =
[ - i e 0

1
Signal 2 | Tx (F2) [Rx (F2)

SCaN
Lin

R
g8

Network
Management.

Manual ¢/ Verdict

Test v

Sequence i ®

Te Verd‘ict
st .

b e %

Changes, Defects & Releases

s s e >0 o >

Solved
Tickets Tickets Project A
T | R | R I — |
Planning Gate 1 ‘ Planning Gate 2
(I 1]
=i 2 Resiticis
[ o Aot [ Work Packoge ]l@ Prslects

Planning Gate 3 Release Gate (Milestane)

Transport

Wiring Harness

Wiring Harness Router

Functional Safety

Hazard Analysis

Technical
Safety Concept

Functional
Safety Concept

Item Definition

Risk Assessment

C Legical Fir
B8 Technical Safety Requirements
4 Safety Mechanisms

w=* Hazard & Operability

PREEvision Modeling
Study Editor

. Capabilities |71 Activity Chains

J& Sofety Goal with ASIL

Hozard Analysis & Risk
Assessment Editor

System Disgrams

B Functionol Sofety Requirements . Hardware Software Interface

Qualitative Quantitative Verification &
Safety Analysis Safety Analysis Validation Safety Case
Qualitative Favlt Tree : - 3

@D Analysis (FTA) !; BUEny ke ETA ;:f: E"L!r::;:::".l“& N\
== Hardware Architecture Safety

== Failure Mode & ©  Matrics, FMEDA Rsuse

rupo SETTEESS ANalysie (FMES) @ Failure Rate Class @ Trend Charts port

Method




W Integrated E/E Development with PREEvision AT | vector>
Model-Based Systems Engineering

» Domain specific language and data
model.

Require-
ments

» Single source model across all
development levels and disciplines

=2
=
g8 » Collaboration Platform
S :?) » Support for reuse and product line
engineering.
=9
< 8 » Automated report generation and
S £ consistency checks.
=20
O =
z< » Metrics for Benchmarking and
-~ = Automated algorithms for scheduling,
f\g‘é ”i , g signal routing, etc.
= o J ':::‘.'II : o
= 3 s b LT 3 » Import and export (e.g. AUTOSAR,

s e 5 KBL, FIBEX...)
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Improvements in Handling of Complex Systems
Managing Complexity

Variants / Reuse

E/E Domain Modeling

__\X‘(IT | VECTOR D>

Many People

~g-

Productline Support

Extended Vehicle-Variant-
Management (brands,
construction types)

» Definition of If\
ProductLine structure

» Reuse of ReuseUnits
» Adaption of ReuseUnits

» Integration of ReuseUnits

S 2

Seamless E/E Data Model

» Integrated Requirements and Test
Management ¥y

» E/E & SW/Impl.
E/E-Modeling
Data-/Filemanagement

Metadata of Impl. Artifacts

vV v. v Vv

Traceability

Multiuser Environment
» Team Collaboration
» E/E Data Backbone

» Process Integration

Feasibility & Efficiency
» Cost, Optimizations
» Synthesis

» Evaluation / Benchmarking

16 Elektrik/Elektronik-System Modellierung und Bewertung
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PREEvision Collaboration Platform (1)
Requirements Management

PREEvision Layers

ﬂ(IT | VECTOR D>
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Customer Feotures

Elektrik/Elektronik-System Modellierung und Bewertung

Software-Engineering | WS17 | Kapitel 3.5



18

Requirements
Structuring and Editing

Model Tree

VECTOR D>

KIT
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Requirements Table

[El preEvision v3.0.0

File Edit Search Administration Wifdow Help

B

= Model View 53

B Material Requirements Table

|EEB software Requirements Table 53

i EEArchitecture
7B, Productiine
(B ProductGoal ot Go
g Froduct Features /- (Cu er Feature
[ 1 Feature List
= i 2 Feature Sav i
Requirements / ~;-Weguire
- [l 1Hardware Requirements
B8 2 Legal Requirements |
@ 3 Material Requirements
@ 4 Software Requirements / c
= EFg Software Requirements Table

=B 4.1.1 Stop /
4, 1. 1. 1 Conditions for turning engine off
B 4. 1.1.2 Sequence for turning engine off

.1 Sequence for startin
Gl 4.1.2. 1. 1 Apply dutch
Befl 4.1.2.1.2 Select gear

4.1.2,1.3 Release dutch

- L9412, 1.9 Give gas [ - (Requirement)

LEVEL jin] MName Description
i CF-Bf 411 Stop This is a description of the software requirements for
automatically turning off an idle motor,
Bl 4.1.1.1 Conditions for turning engirfe off  [The engine shall only be turned off under the following
conditions:
n 1. vehicle has been idle for more than 5 seconds
2. The last automatic turn off of the engine through stop
A 4 and go is at least 2 minutes ago.
Bl +112 Sequence for turning engine off The following sequene shall be followed for turning off
43 the engine:
o Go This is @ description of the software requirements for
automatically starting an idle motor.
- B 4121 Sequence for starting This is a description of the events required for
automatically starting an idle motor.
74 Bl 31211 Apply clutch Apply the clutch before selecting gear.
8-4 el 4.1.2.1.2 Select gear Select the first gear.
-4 Release dutch Release the dutch
s Give gas Motify the motor management unit to accept acceleration
commands.

» Requirements can be grouped into requirements

structured hierarchically.

packages and

» Tables provide an efficient overview and editing capability.

Elektrik/Elektronik-System Modellierung und Bewertung

Software-Engineering | WS17 | Kapitel 3.5



Requirements ﬂ("’ | vECTOR >
Attributes and tables

=] = Enumeration =5

LEVEL D MName Status RegMappedTo

.| EREELn Stop And Go Req uirements Attrib ute = ‘\ | & BowerTrainModule

T B8 211 Stop 0ON O Te SOT] q S 4 PowerTrainModule
automatlcally turning Df'F an |d|e motor In work
EE “4.1.1.1 Conditions for turning engine off The engine shall only be turned off under the following gzliﬂs;ed £ PowerTrainModule
conditions: -
2.3 1. ¥ehicle has been idle for more than 5 seconds Reviewed
2. The last automatic turn off of the engine through stop
and go is at least 2 minutes ago.
gﬂ 4.1.1.2 Sequence for turning engine off The following seguene shall be followed for turning off 1 Reviewed
4-3 the engine:
- C-8E 512 . = requirements for L In work .
= TS Boolean Requirements e ViOdel Querie
7-4 EE 4.1,.2.1.1 Att rl b u te ] In work 0 PowerTrainModule
8-4 EE 4.1.2.1.2 q 1 In work I PowerTrainModule
9-4 EE 4,1,2.1.3 Release cutch Release the clutch ] In work 0 PowerTrainModule
10-4 EE 4.1.2.1.4 Give gas Motify the motor management unit to accept acceleration 1 Obsolete £ PowerTrainModule
commands.

» Requirements can be extended with user-defined attributes that can be
directly edited in the requirements tables.

» Attributes can be typed, e.g. Boolean, Enumeration, Integers with valid
value ranges,..., and are handled accordingly in tables.

» Requirements tables can display the results of model queries.
(E.g. ECUs to which the requirements are mapped.)

Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5
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Open Office Integration
Editable Fields

KIT

Karlsruher Institut far Technologie

VECTOR D>

‘Bl PREEVision v3.0.0

M=)

File Edit Search Administration Window Help

il 3 CenterOfMass |

- g 4 Weitere Anforderungen /-

[Cm FeatureFunctionalityMetwork /

|:| @ Logicalarchitecture
& B SystemSWA § ;- (S
= [ HWArchitecture
- [Em Geometry [ -

General
Reguirements £
Latency Time
Feature Links

Name s | watertighiness

= =] : | Mo active variant vI 2| | - AT o E E3| EE|um a2
%= Model view 52 '\ = [ ||E8 material Requirements Table 52 = m
.;ij 2 e |[E O e E R T |eee L Mame Description
W E1-af 3.1 Robustness This is a description of the robustness
[ EEArchitecture § - oot 11 requirements.
= 78 Productline Line 7 B 31.1 Shock The ECU shall be robust against shocks squivalent to. ..
=] A ProductGoal i B 312 vibrations The ECU shall be able to stand vibrations eguivalent
= [fify Product FEah_lrEs K, 0
= [l Requirements = S Watertightness T he ECU shall be watertight up to a an equivalent
H 1 DOORSNndul 300
[ 2 DOCRS-Modul yyy =t Welnht HEwn,
B 3 DOORSModul 222 / - (R r 6-2 Maximum Weight |The maximugh weight of the ECU shal not excess 500g.
& [ Material Requirements Table / ;- 7.2 CenterOfMass Cest__?ﬂr of rrf|' == Tjhc;lt_lld be at center of the vehide (top wview)
= fisf] 3.1 Robustness / - e A o pm R e
H E=1lshnck'.—',
G ations / [ I | [
- iRl 00 (= project view [T Prormamiee e - e e =
= e 3.3 Weight § - ¥
- Bl 3.3.1 Maximum Weight / 2

Files
Hazard Analysic
Requirements I

Parent

Description:

Set Content View 33

“‘E HW-Device Pictogram |

v<== o L

- M| ™Mappings 2
_|.___ [L] M| sets depth of Sm.
~ || Cenditions
=
=] Variant
Timing Path

oo -
ol Attributes

(=] I |

The ECU shall be watertight up to & an eq

Watertightness::iRequirement

/ 3]

161M of 236M

Heading 1 w anal w

< A-%-2- 4

Elektrik/Elektronik-System Modellierung und Bewertung
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Open Office Integration
Hyperlinks

KIT

VECTOR D>
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'ELl PREEvision V3.0.0

3=

File Edit Search Administration Window

=]

Help

B0 o et ver []

)'T—E Model View SE-_\__‘

A5 ¢ =B e su~

&[] €MSL {Ins
&[] ConvBattery (I

- -
{2 L] EngCt (nstalar tior)ll
e
=[] FrontLightl {

L1 FrontLightR

L[] Horn {Inst=

[ 1 1vTsensor
--[] ITAG (Ins
L] MainBattery (I
L] MainSwitch (T
[ PowerBrake
[ 1 PowerPlug (Ir
[ Prefuse Box
[ ] RearLightL (1
L1 RearLightr (1
-] SteeringMotor

R ]

3
@
3l

5

Cheel S s e o 23| eE|um 42
] @ Material Requirements Table S@‘"'\__m *RequirementsSummary.odt | = 0]
LEVEL pin] MName Description
1-1 - 3.1 Robustness This is a description of the robustness
requirements.
2-2 -§£ 3.1.1 Shock The ECU shall be robust against shocks equivalent to...
3.0 -E 3.1.2 vibrations The ECU shall be able to withstand vibrations equivalent
to...
o I E -] Watertightness The ECU shall be watertight up to a an eguivalent o
a submergence depth of 5.
5-1 -5 3.3 Weight Hello
B-2 w§£ F31 Maximum YWeight |[The maximum weight of the ECU shal not excess 500g.
3.53:2 CenterOfMass Center of mass should be at center of the vehide (top view)|
F2 and 40 cm from bottom. The ECU shall be located in the
EngCtrl location.

(2]

Drag and drop model =

Information | [Z £/=-Madel on | T8 Metric Depen | T

elements to create

=

=
| et = =

4| 0+

= &@- &3

hyperlinks

Equirement)

Mame

NG

| CenterCfivlass

B= outline (12 set Content view £3 .58 HW Device Pictogram |

= 7

Parent

NG

[ DoORSModul zzz:weight

e ;)

o | &

o TR

]

Mode Modelelement

[(_l ] |

=

Description :
Mappings
Sets

Conditions

|bottom, The ECU shall be located in

Timing Path
Attributes

|Center of mass should be at center m‘ﬁu&( p view) and 40 cm from
e EngCirl

ion,

!

Diagrams
Documentaif
e

[2]

Sl [

CenterOfiMass::Requirement

133Mof 2494 |

Elektrik/Elektronik-System Modellierung und Bewertung
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22

Requirements AT | vector>
Linking

?TE Model View =3 = O |[m= Property Wiew &3 <}==f> e A=
= —= e = Feature Link
?E: ==N = <}==~=> |E| ceneral eature Links
= Requirements § -;- [A] Requirements Attributes 4 3.2 watertightness / -;- {Requirement)
= [@f 1 Hardware Reguirements { -;- :;ateb']c\" kai_ Outgaing:
) eature Lin :
B Hardware Requirements Table / -;- Files — (==
§:E 1.1 Memary [ -;- Hazard Analysis = |_' 'l
: H d-2 ErgcE sl L st 4 Requirements Mapping Type Link Target
Sl 1.3 Connector [ -;- (R4 Mappings
B el o £ Trace Connector
I 2 T s REOrE R E T 57 S one = +
=-Em 3 Material Requirements | -;- N Variant
EE Material Requirements Table § -;- Timing Path
§:E 3.1 Robustness § -;- Attributes
=1~ 542 3.2 Watertightness / -;- (Requirement) | Dizgrams
= . Documentations
= @g™ Links / w
SR By r FT IEF TS LA - -
— - H k
7 0ll ~1.3 Connector /-4 Requirements Lin

» Requirements can be linked to other requirements to maintain traceability.
» Linked requirements are shown in the model tree and property view.

» User can directly navigate to linked requirements by pressing the space bar.

Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5



Requirements _\g(“' | vECTOR >
Mapping

?E Model View 57 =8 BE MetworkOverview 23
— - T —
A=) ma <}==5|E|V PowsTranModse | =
# [ mtoz ted s "
st [
MirrrlIN [
= Pzzirn ||

= Tu
= B 4.1 Stop And Go /-
l::l =PowerTrainModule § -:-

Drag and drop

R to create n
Bl 41260/ - m
[ FeatureFunctionalityMetwork [ -;- new m ap p | n g 2

» Requirements can be directly mapped to architecture artefacts
E.g. Logical functions, SW Functions, ECUs, Hardware modules,...

» Mappings can be created via drag and drop between requirements in the
model tree and graphical elements.

» The results of the mappings can be displayed in the diagrams and model
tree.

Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5
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Requirements ﬂ("’ | vECTOR >
Reuse of Requirements

5= *Model view 32

= Requirements [ -;- :e " rL .
- [ 1 Hardware Requirements / -- E:SE h > I Requirement Package
@™ 2 Legal Requirements § ~- Refactoring Bl requirement

= i", @3 3 Material Requirements / -;-
ﬂ‘@ Material Requirements Table [ --
. G 3.1 Robustness /- -
.. Gl 3.2 Watertightness f - 7 search

g )
< Undo rename "Connector™-="Connector” Ctrl+Z += Timing Path
@§3 Refresh element

LI E:E 2.3 Weight § -;- % Delete induding all reuses
L @3 4 software Requirements / - ¥ Dereference Reuse
=l 5 Supplier A's Requirements § -;- * Delete Delete
= %&,% 4 software Reguirements | -;- X
ﬂ’@ Software Reguirements Table f -;- - culx
oG8 4.1 Stom A @0 . Reused requirements [as
= v% & Supplier B's Requirements [ -- 2
‘a‘ﬁg 1 Hardware Requirements | -;- Create Mapping >

= 4?.,% 3 Material Requirements /- -
... BEY Material Requirements Table / - - Copy Mappings s
*Eﬂ 2. 1 Robustness | -;-
.. B4 3,2 Watertightness / --
‘ﬂ’gﬂ 3.3 Weight J -;-

» Requirements, Requirements Packages and Timings can be reused in a

number of contexts.
Changes in the description are copied across all reuses.

Reuse can be used to efficiently manage different groupings of the same
requirements, e.g. for different suppliers.

Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5



Requirements
Variant Management

2= *Model View I3

Ade | EOEE#&[F~ =0

ﬂ(IT | VECTOR D>

Karlsruher Institut far Technologie

Variants 23

#I.& 1 Hardware Requirements / -;-
=] vL% 2 Legal Requirements f -

=% |j§ 3 Material Req
#... B Material Requirements Table

#... ) 4 Software Requrements | -;-

(&

!

|

NA
Supplierz

o Automatic %)

5= Dutline |12 Set Content View 52 . “SE HW-Device Pltmgramw

[usa_automatc / - (architecture variant)
Mode Modelelement
I@ }E LowBeamCalar::Requirement
'@ §:E RearLighta
|@ i g
[ir ] B High
-] B seq
[} B sel
L] B4 Give gas: Req

Parent
;:H Lighting: :Requirement

Variant Model

» Requirements can be allocated to sets and alternatives defined in the

variant model.

» Requirements not allocated to the current selected variant are
indicated in the model tree (&)

» Can be used to manage variant-specific requirements.

25
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Report Generation AT | vector>

Karlsruher Institut far Technologie

3 =Model View I3 =8 “MyReport.odt 53
Al #fl 9w ¢ | B B, ot %lE\v Ele Edit Yew Insert Fgrmat Tgble Teols Help -
= (g 3 Material Requirements / - ement Package =l & - H = |E| e ——— - o EXport In PDF
B Material ole 2 =
R @ |Textbody [w] [Arial d W d f
= = — Gl ord formats
TTT
B EE,’E' = Software Requirements /4.1.1.1 Conditions for tuming engine off
N The engine shall only be turned off under the fdowing conditions: 1. Vehicle has been idle for more th
=-bd = seconds 2. The last automatic turn off of the enfiine through stop and go is at least 2 minutes ago. ...

Mapped to the following ECUs:

Navigate model

. . . ce for turning engine off
: by selecting entries |l

: in the report

w
:LD

=
ilesgpesegn

1
a5
£

H
J

» Reports can be generated based on user defined templates.

» High level of flexibility in the report format including the use of tables,
diagrams and complex model queries.

» Generation of variant-specific reports possible (e.g. to create supplier
specific specifications in PDF).
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PREEvision Collaboration Platform (11)
Logische Architektur

PREEvision Layers

ﬂ(IT | VECTOR D>

Karlsruher Institut far Technologie

Customer Feotures Use Coses

>

G
5 0

Electric Circuit

27 Elektrik/Elektronik-System Modellierung und Bewertung
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Logical Architecture Layer
Logical Architecture

» The network communication specification for distributed systems is
typically driven by the Logical Architecture and its mapping to the

Hardware Architecture

» The Logical Architecture specification is supported by graphical

block diagrams

__\X‘(IT | VECTOR D>

» The communication between logical functions in the Logical

Architecture is specified by ports and connections (in a similar way

as AUTOSAR)

El._.l Logical Architecture / -;-

f2
Pl:srl

PZisrl
Type: £2

=-- 1M Logcial Function Package / -;- " pl:E » f-fdetj} ~
----- £ | ogrial Function Package (Logical Architecty
Logical Assembly Connectors
m B -5 Pzisrl [ {-jdelj} —
=B - T 11
28 Elektrik/Elektronik-System Modellierung und Bewertung
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Logical Architecture Layer

Beispiel LA Modell

|leaving lane

Lane Posiio

Lane Position:LanePosition

iy
{-iLanePositio...

Indicators [ -;- (Sense)

dicator Position:Indicatorstatu;

5

Logischer
Block

{REep Vehicl n Lane /%, (Logical Function) [

AlarmiLKAAlarm
LanePasition:LanePosition

HEl >
{-iindicatorStat...

Wehicle Speed [ - (Sense)

Current Speed:Speed

-——

{-NehicleSpee...

Angular Speed of Steering §-;- (..
SWP:SteeringWheelStatus

>

{-fSteeringWhe. ..

lt E Warn driver when leaving lane

Indicators:IndicatorStatus
LEAWarning:LKAWarning

VehicleSpeed:Speed

AngularSpeedOfSteering:Steeringw...

{-IAlarmCoel-)

i
{-MarningCod...

Trace zur

Anforderung

_\g(IT | VECTOR D>
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Sound AIErm 1 - - (ACston) )
Z>— Alarm:LKAAlarm

Digplayt Warning [ - - (Actustion) i)

DisplayText LKAWarning

|"' ﬁ Assure driver warning

m Continuous warning

m Disable warning signals

m Inhibit counter steering

Elektrik/Elektronik-System Modellierung und Bewertung

Software-Engineering

Legend: ASIL Colours

ASIL undefined

ASILC

| ASILD

>
w
[
m

Conflict of mapped and
assigned ASIL

| WS17 | Kapitel 3.5



30

PREEvision Collaboration Platform (11)
SW ArChItektur PREEvision Layers

ﬂ(IT | VECTOR D>
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Customer Feotures

Use Coses

System Softwore Architecture [~

EIF—E o
- (] =

- H— ettt | / T S ey
T r— e, [ B
| = e
N o
|

Electric Circuit

'S
i
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AUTOSAR (ECU and Software)

Scope in the ECU SW Architecture

Software Software
| | AUTOSAR AUTOSAR
Interface Interface

ﬂ(IT | VECTOR D>

, .
] S Standardized
iiieitace AUTOSAR
I Interface
: Services
I Standardized
_ é’ Interface
| 2
Operating | & E
| System 8a
\ °8
\ — e — - . S S S S . -
|
|
1

The software component
template describes these
components completely

Elektrik/Elektronik-System Modellierung und Bewertung

Karlsruher Institut far Technologie
n
Software 4 DoAR Software
- - - = o B T —
AUTOSAR AUTOSAR
Interface Interface 1
_1
- . - -
_ ~
2 = \
Standardized AUTOSAR AUTOSAR
Interface Interface Interface |
' I
Communication |
Standardized Standardized |
Interface Interface I
Complex
Device |
Drivers
Standardized I
— o — I m— — e o o — /
— L] - - - - LI L
icrocontroller |
Abstraction )

Of these software components
only the AUTOSAR Interface side
can be fully described in the
software component template

SW
Abstraction
Layer

Basic
Software
Layer

HW
Abstraction
Layer

Software-Engineering | WS17 | Kapitel 3.5



_\g(IT | VECTOR D>

Function Oriented System Development

f Function

m Module
ECU Electronic Control Unit

m2 m4 m6
y4
7~
ml m3 m5
| \\| | I A ‘/ A //A/ -
\\ l I // / A/ ,/ -
~S—+— RAE L Yy
Supplier 1/Team 1 }‘ I —= ——— Supplier 2/Team 2
- ECU1 / «“ECU 2 /
& ECU3 BUS
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SW Architektur

Sensor
function
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Karlsruher Institut far Technologie

Logical . Logical e Actuator
function function function

SW ~

LenkwinkelSensor

Funktionstyp, Schnittstelle, Datenbeschreibung

LenkwinkelAuswertung

comLeuchtkegelX-Achse

(————===--T3 comLenkwikel P I T/
» Lenkwinkel Lenkwinkel LeuchtkegelX

sigLenkwinkel[9]: Winke I(Bit)

igl e X[0]:() Lenkung Type
< »
LeuchtkegelSollX
Letchk v comLeuchtkegelY-Achse < L.‘ N
—  4leuchtkegelSo

sigLeuchtkegelY[0]: ()

33

Hierarchische SW Architektur, Signale

Lenkwinkel:comLenkwinkel

Lenkwinkel:comLenkwinkel

Lenkwinkel Sensor Lenkwinkelauswertung
.A : 4 ‘A
LeuchtkegelX:comLeuchtkegelX-Achse LeuchtkegelSollX:comL euchtkegelX-Achse
. . 4
Typ: LenkwinkelSensor Typ: LenkwinkelAUSW... }) e chkegelY:comLeuchtkegelY-Achse LeuchtkegelSollY:comL euchtkegel Y-Achse

Elektrik/Elektronik-System Modellierung und Bewertung
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Function / Function Network Layer (2) AT | vector>
Ports and Connectors

) . iti Hierachical
Hierachical Composition

Ports

Q
©
e
0
N
o
L
a
%)
°
@
I3

Port

—

L {-/calcSpeed/-

defé:calcSpeed DampingControl

defléxacc |- {-/xacc/= —>—|defl7:xacc
defl8:yacc [ {-/yacc/=F —>—defl9:yacc
defS5:EngineState §-lF— {-/emergency.ignition,normal,o¥26:EngineState def20:zacc -l {-/zacc/=¥ —>— def21:zacc
def61:DecelerationDemandi-l——{-/DecDemand/~+————>— def62:DecelerationDemand def22:xrot |-l {-/xrot/=F —>— def23:xrot
def58:AccelerationDemandi-l—— {-/AccDemand/<————{def59:... def24:yrot -l {-/yrot/=¥ —>—def25:yrot
def26:zrot -l {-/zrot/=¥ —>— def27:zrot

Type: DampingControl P

Receiver
Port

ElectronicBrake

def64:espBrakeRL {-fespirakeRl/-+—|def72:espBrakeRL
def62:espBrakeFR |- l—————{-/espBrakeFR/-y——>—|def70:espBrakeFR
def60:espBrakeFL |- l—————— {-/espBrakeFL/s——>—|def68:espBrakeFL
def66:espBrakeRR [—————— (- fespBrakeRR/-}— >—|def74:espBrakeRR

Type: ElectronicBrake J

Assembly

Type: ESP J

Connector

bus

{-/EmergencyBreakingExec,NormalBreakingDemand/-}
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Function / Function Network Layer (3) AT | vector>
Ports and Blocks

Hierachical Ports
[out]

Hierachical Ports

ESPMaster [—] i !
1
|

i
xaccxace | ———————(-/xacc/-——+— = def16ace

F e “ zrot:zrot |-l {-/zrot/-¥ E —— deiz 6:zrot
def64:NormaIBreakingDen:an > : {-/NormalBreakingDemand/+———>—|NormalBreaking:NormalBrea... zacc:zacc %(*/Zacc/f)i} 1l:-i){::1a< 3
def66:EmergencyBreakingExiec .—:L {-/EmergencyBreakingExec/=F——>—|EmergencyBreakingExec:Em... yrot:yrot |-l {-/yrot/=¥ > def24:yrot
def62:DecelerationDemjincli-lF—- {-/DecDemand/<F————————— > Deceleration:Deceleratio... xrot:xrot |- {-/xrot/=} 1lt!l22:xrot_
def59:AccelerationDemgndff B ————(-/AccDemand/+ | Acceleration:Acceler... yaccyace |- {-/yacc/-y 1I¢-?1-8_:)73_cc

i
def66:espBrakeRR

'

def56:EngineState i b —+ {-/emergency,ignition,normal,overload,shutdown, start7=—>— State:EngineState
i 1

1 1 brakeRL:espBrakeRR |-l————————(-/espBrakeRR/-}—

1
1
1
T

! 1
LA ’ SpeedVectror:Sp... brakeFL:espBrakeFL H(’/espBrakeFL/f}—-:—i - def50:espBrakeFL
brakeFR:espBrakeFR |-l———————{-/espBrakeFR/-}—1— 1l¢-}52:espBrakeFR
E i
FU n Ct' on nmmmnre=el brakeRR:espBrakeRL |- l—————— {-/espBrakeRL/+—} defo4:espBrakeRL
1

BIOCkS Type: ESPMaster

{-/vectorx,vectory,vectorz/-

E rpmFL @ - .‘ipt‘.t‘.rkb:lor(iak‘ =
Sensor i rpmFLirpmFL[-I———————————{-/rpmFL/4—— rpmFLrpmEL === Port
Blocks | (el [interface
1 i LS rmeR:rprr%iI {-/rPmFR/=} —>—|rPmFR:rpmFR - aSS|g ned]
‘\\ : Speed\/ector:SpeedVec‘ro( -
S H . . calcSpeed:calcSpekd - {-/calcspeed/= > defé:calcspeed
-‘~-___":’ ype: rpm -
IE LR rmeR:rpm%‘ {-/rpmRR/=F =>—|rpmRR:rpmRR . ACtu ato r
i [no interface Block
E Type: rpomRR aSS|gned]
i rpmRL @ . i
- Function e i
i rpmRLirpmRL| rpmRLirpmRL .
:\ Type: romRL BIOCl_( Type
- [aSSIgned] pedVectorg
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Function / Function Network Layer (4)

Interfaces

Client Server
Interface

ClientServer Intf

defl (-)

©),
|

Xacc

<7 (O—defl defl

Demo =

_\g(IT | VECTOR D>
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Slave Controller Intf @
defl: -

Slave Controller

Function
Block Type

— xacc[1]:-(SignedWord)

yacc

— yacc[1]:-(SignedWord) -
ﬂ\\}
zacc ~ |
— zacc[1]:-(SignedWord) =
< >
xrot ~
— xrot[1]:-(SignedWord) 4/}

yrot

@ 19 9 9 |9

— yrot[1]:-(SignedWord)

zrot

®

—> zrot[1]:-(SignedWord)

Elektrik/Elektronik-System Modellierung und Bewertung

DampingMaster [

xacc dampacc D//D
yacc damprof]

zacc

xrot

yrot

zrot

Port
Protoytype

Interface

|I| defl: -

[» Decrement (-)

Send Receive

damp_acc

Interface

— x[1]:-(SignedWord)
— y[l]:-(SignedWord)
— z[1]:-(SignhedWord)

DampingCalculation =

dampacc

damprot

damp_rot @

— x[1]:-(SignedWord)
— y[1]:-(SignedWord)
— z[1]:-(SignedWord)

Interface

Assignment
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& PREEVvision Layers
Requirement to Function

KIT

Karlsruher Institut far Technologie

VECTOR D>

o |=ﬂ PowerMirror (@ List of Features &3 =g |
Requ I rel I lel lts | Mame Description | FL2SensBlock | FL2FuncBlock | FL2ActBlock
1-1 Comfort Electronics "
B : - I =
2.2 {Powerhirror Driver ‘The mirror can be controlled @ SwitchMatrix | 3 PowerMir
3 i from the driver place - ===
- 3-2 PowerMirror Passenger : 3 PowerMirrorPass : ‘.‘
a l Ire IS 4-2 PowerMirror Memory st o ‘{‘“"‘"“' \
1 |
\ 5
A ]
A %
N L
" \
- \‘.._ - |
MAP =~
- ]
- L1
e % |
—e==="["PowerMirrorCtri - | - '
m— I | [
SwitchMatrix .' r PowerMirrorPass, = ]
)
y:Puy |- yPM_y xt:pm_pass_xs |- Assembly Net Z>—Ix+:pm_pass_x+ '
xPM_x |- >—x:PM_x y+:pm_pass_y+ [P ~>—y+:pm_pass_y+ !
1
sel:PM_selection |-l —>—sel:PM_selection y-:pm_pass_y- [P —>—y-ipm_pass_y- i
- x-:pm_pass_x- |- —>—{x-:pm_pass_x- 3
Function fpetoven "
i
Type: SwitchMatrix !
i) ’
PowerMirrorDriver F 4
N etWO r k x-pm_driv_x- |-l >—{x-:pm_driv_x- .----
y+pm_driv.y+ I >—y+:pm_driv_y+
PowerManagement y-pm_driv_y- -l =>—y-tpm_driv_y-
KeyIn:Keyln —>—defl2:Keyln x+:pm_driv_x+ [ A nbly Net Z>—|x+:pm_driv_x+
R Type: PowerMiirr...
Type: PowerMan... Type: PowerMirrorCtrl

Elektrik/Elektronik-System Modellierung und Bewertung
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PREEvision Collaboration Platform (111) AT | vector>
Vernetzungs-Architektur

PREEvision Layers

Customer Feotures

Topalogy
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& Communication Layer in PREEvision AT | vector>
Hardware Architecture

» The Hardware Architecture specification is also supported by
graphical block diagrams.

» The mapping of logical functions can be displayed directly in the
graphics, shown over the ECU block

= A Components / -;-

...... #Te Corrponents / -;-

El- % Bussystems

eecann/ =
P leeeCANZ f--
- £ BCUL f -3- ' |
- B BCUZ G/ -j- - " o . - :
B £ BCU3 f -3- E ] £ 5
- = - -
CAN2

CAMT
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Kommunikationsarchitektur

Audi A8
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Antriebs-CAN 500 kBaud
Komfort-CAN 100 kBaud

i B
Kombi-CAN
500 kBaud
Gatewa 1
| y [hosstm || 0|
Maotor
Elektronik [ | l Radio l Ba?!ﬂieﬂlte Id
Getriebe E-CAN TSG TSG C@ i i Standard
Elektronik|™ 500 kBaud | Fahrer Beifahrer Fahrer Beifahrer
: LWR TSG 156 Energie B-Single
ESP5.7 hinten links phan (FZH re) Manager
FZH li
oy EPB Kiima
Airbag- Lenwinkel o
systam | Sensor | FBS/
Lenks3ulen ||
Modul
| LM
I_' hinten
MFL

aktueller A8 (aus Sonderheft atz)
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Kommunikationsarchitektur
Audi A8 — Network Overview
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_Ti

-

25
3 Eurr
i w, w
w,

e
I
g

Lldb

E |
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Typisches Vernetzungskonzept PKW

Domanen

Y = I
S — el
_ mm — ge! =
, JE— . S, . T
& & I I 1 o
Metea S5 | (Seleorecesbecedte | e — —_— , -
___m - & =
e ——— . C:L—s*m**’
m @ m ' - -
- ek . w
4 a I
] . pet e i i

etz 59

Elektrik/Elektronik-System Modellierung und Bewertung
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E/E-Architekturen im KFZ werden meistens
in die folgenden Doméanen unterteilt:

— Antriebsstrang

—  Komfort (Innenraum)

— Chassis

— Telematik oder Infotainment

Das E/E-System eines Fahrzeugs ist stark
verteilt. Die Kommunikation der Systeme
erfolgt Uber standardisierte Bussysteme
(CAN, LIN, MOST, FlexRay).

Der modellbasierte Architekturentwurf
unterstutzt den Entwurfsprozess stark
verteilter Elektroniksysteme und erlaubt
eine Optimierung z.B. nach Kosten,
Gewicht, Bauraumbedarf etc.

Software-Engineering | WS17 | Kapitel 3.5



43

Typisches Vernetzungskonzept PKW
Aufbau eines Lichtsystems

. T

i
e

5
i

J

T,
[l

Yﬂe

ua

5]
o

i
I

5

LLLLL
T
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& PREEvision Layers

ﬂ(IT | VECTOR D>
Function Net to Components
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i
PowerMirrorCtrl =
SwitchMatrix @ PowerMirrorPass
y:PM_y |- —>—y:PM_y X+:pm_pass_x+ A nbly Net
xPM_x |- >—x:PM_x y+:pm_pass_y+
. sel:PM_selection |-l =
Function

sel:PM_selection

Hl>
Hl>
y-:pm_pass_y- [P
-
- .

X-1pm_pass_x-
Type: SwitchMatrix

X+:pMm_pass_x+

~
>—y+:pm_pass_y+
~>—y-ipm_pass_y-
>

X-:pM_pass _x-

Type: PowerMirr... |

" - PowerMirrorDriver 3
s-pm_driv_x- |-l i i Tmetse-prn_driv_x-
e yepm_driv_y+ I i 1 Ty p_driv_y+
PowerManagemnerlF y-pm_driv_y- I i i y-:pm_driv_y-
Keyinkeyln H ——ldefl2:KeyIn x+pm_drivx+ H Assembly Net 1 = —{x+pm_driv_x+
. - Type: PowerMirr...
Type: PowerMan... Type: PawerMirrorCt;i_,."\ E’ ype: irr ’
‘-" T ~ - : L
# i '\
F 1 L1 (]
S : \ H
] 1 [
i 1 3 t
j L . Router
S i \ \
P | .,
--d ‘l \‘
‘ - L)
Pass Door Ctrl h

P — . Signals
- \ Driver Door Ctrl o \
C 0 m p O n e n t cvzjaw DKA.Pass Door €trl _0 J .

" - <
Network

L ]
L)
| ]
1

L

1

[ ]

\

[ ]

1

BatMng 5 =] CANPT.CANC

Gateway

-
A
T
i
[
[
i
1
1
H J
i
1
'
1
1
'
- H DoorLIN:LIN
Body Ctrl ‘ =

PowerSupply

Ground
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& Communication Layer in PREEvision AT | vector>
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= PREFvision ¥3.1.0 beta =]
File Edit Search Administration Window Help -

NN R |NR RO P S A e R Bl B v mm @ k2
| ¢ -|Ile8 & 2F Hlioxio =) & o of | %ol 2[5 0G| M HEF B = L &

J Mo active variant

5= Cutline (é Set Content Vie (""‘E Hit-Device Pict FE *Model View 2 = O ||gfa Corparents &2 . = Logeial Function Package 1 =0
Al d e |'EDLE SR Bla
—
= 8 E/E Model / -;- (Reposiory Root) ) =
=] E, Product Line 1/ -;- (Frocduct Line) 1 ] il
@@ Product Goals / -;- (Frocuct Goal) = = Jp— = o e
[ Logical Architecture /-3~ (Logical Function Architecire)
- - - [ Logcial Function Package [/ -;- (Logical Function Package) _zg % § . %
C O l I I l I l u n I Catl O n A System Software Architecture / -;- (Systermn Sottware Architechl I:I I:I
£} ﬂ' Basic Software / -;- (Basic Software Root)
Laye r to S p e C ify (- I Hardweare /-3~ (Hardware Architecire) )
G- B Geometry f -;- (Geomety) e L
) ) CAMNZ
S DA Mapoigs Lo (opaies) - o ! ]
S T I ~ ~ &= BB Communication / -;- (Communication) \
~
» Signals -~ i |
~. |
\I | _'LI
» PDUs | | | B
| # FlexRay Frame Types /-3 (Signal Package) | wﬂﬂ; Property 2 4 Mapp\ng] @ Inﬁ:urma] (2 E/E-Mod] E Mefric D W @] Error LD] =]
> Fram eS I w- H LIN Frame Ty;:!ES /£ =i~ (Signal Package) I e | " ‘ B | o
I - 8 Gateways / -;- (Signal Package) I e
I -8 POUs / -;- (Signal Package) | =] =
> SC h ed u IeS | : g IPDUs / ;- (Signal Package) | PDU-Frame Assignment — [f] CAN-MSG100 / ;- (Frame)
other POUs / -;- (Signal Package) Signals =
it 3 -]
| =] EE Schedules / -;- (Sional Package) | IPOU ame ICAN MSG100
| == PowertrainCAML / -;- (Schedule) | Frame Transmissions Parent IFrames:CAN Frame Types
| == PowertrainCaMNz / - (Schedule) | Sending.fRn.ecewing EEs Description : =l
| B systemsignals / -i- (Signal Package) | Transmission Parameter
I £ GATEWAY { -5 (Saleway I :\zqmuwements Mapping
) ) -
| ¥ SysternSignall / -;- (Signal) | N carditions
| 198 systernSignalz /- (Signal) | Varlant LI
| 1 SignalGroupl / -5- (Signal groug) | Timing Path
" Atributes I Frame ID: | 100
B (el Wariants / -- (Variant Fackaoe) Diagrams X
R DotUmentations Frame Type: | application |
‘ I I Warsinh Ohiect LI

|| emmoffzam T |
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& Communication Layer in PREEvision
Frame Layout Design
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1 Figenschaftiansicha

B /- Model Ondine Chack |5 Projekt- und Scopesnsicht | ) Informaticn B8 CANF:

i EEEEE- B am - *

o Detall b
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& Communication Layer in PREEvision
System Signal Specification
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The specification of System Signals can be done by the Property Editor...

| 5= Outline (j% Set Cont (“TS Hy-Dieyi F‘E *Model B =0
SRS e

& Cormpaonents = Lagcial Function Package &

=51

|__;||aﬂﬂ“?f|‘§

o). I8 Hardhware / -;-

[

@ Informa ﬁz_—'} Project ﬁu_-l Property 22 . 4 Mapping} =} E{E—Mocﬂ B Metric DW O Error LDW =0

S0 |[RlO-8%

h=d

5 G fry -5 . ’
= BOmETy / ~Signal Attributes
£ [ Mappings /=i General -
&= Bl Communication / -;- Signal Athributes I ;3 SystemsSignall / -;- (Signal)
& Frames /- - Signal Group Signal not available: I
B #F AN Frame Types / -;- Signal Transmissions
i CaM-MSE100 / -)- Frames Bit Lengﬁﬂ : I =] hit
5 BB cam-msc200 4 -;- Signal-IPDU-Assignment Default valla: l—
---cb FlexRay Frame Types / -;- :g:n‘:i\rin EcU .
[ 8 LIM Frame Types / -;- Sendinggl’ECU P IUnkann 'l
-8 Gateways /- Transmizszion Parameter is requested: r
& POUs /- ;- Change Requests i§ reSpONSE error r
- B Schedules / -;- Data Type Category : I
Eld:r SysternSignals / -;- Requirements Mapping
i GATEWAY / -} Mappings Network Management Wake Up Allowed: [
JkSystemSignall / - ;- (Signal) Sets
Conditions
b Variant
; _ Timing Path b
L lgh GignalGroup?2 f -;- Attribgtes
(- (8] Yariants / -;- vl Diagrams
L | | 4 Documentations LI
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& Communication Layer in PREEvision AT | vector>
PDU Specification

PDUs are specified interactively based on System Signals

| 5= Cutline Iré Set Cont |/“<E Hitd-Dievi (‘E *Model &2 =0 (% Components (C Logcial Function Package 52 = EIW
- = = 5 [T.2 ' = :
I__—I |Al & @ ¢ |'E BB, S @ Infarma ﬁ& Project (Iu_-l Froperty £2 . & Mapping} (= E[E—Motﬂ “E Metric DW & Error LDW O
(- B Hardware / - ;- :I

Erc|Rl6o-8|%7

(3 Geometry /-~
: - [l Mappings / --

~Signal-IPOL-Assignment

i General
- Bl Communication / -;- Signal Attributes oy IPDUL / —;- (Signal-IPDU)
Eltb Frames / -j- Lizage Signal-IPDU-Assignment:
£ #F CaM Frame Types / -;- Signal-IFDUk A -
[ can-MsSG100 [ -;- PDU-Frame Assignment v o= '=%>| o &
: e[ can-mSG200 / -5 5::!?):;33' TPlchanneIs Index | | Start Position | | sssigned signal
- FlexRay Frams Types / -;- e uiri”r:;fts — ii m o T SystemSigrall £ -
& 83 LIN Frame Types / -;- Segs PRING
a8 Gateways / -)- Caonditions
Eltb FDUs / -;- ‘ariant
= POUs /- - Timing Path
{ E-roIPDUL /-3 (Signal-IPDLY atributes
: defl Diagrams
- PoU IPDUZ [ - ;- Documentations
- B3 other FDUs . Yersion Object
G- 88 Schedules /-3 Chject Information
B SystemSignals / -;-

Jl |

-7 GATEWAY / -5 _|LI 4 | i
»*

PDU: Protocol-Data-Unit
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& Communication Layer in PREEvision
Frame Specification

_\g(IT | VECTOR D>
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Frames are specified interactively based on PDUs and are available for

» CAN
» LIN
» FlexRay

49

[ 22 outline r§ Set Cont f‘:‘ﬁ HJ-Devyi (‘E *Model &2 T O (ﬁ Components (C Logeial Function Package 23 = Eq
- o= = = [T.2 7 ' - 1
I__—I_ Al &2 ¢ |'EEEHE# 3% @ Informa (E- Project (Iu__l Property 22 4 Mappingw 2 EfE-MDCq “E Metric DW 9] Error LDW g
- B Harchware / -;- = ErCo R O-8|%"
- [ Geometry /- ;-
) General
B [ Mappings £ General
E- Bl Communication [ - ;- PDU-Frame Assignment [ CAN-MSG100 / -;- (Frame)
-8 Frames f-:- Signals P
: Mame* : -
El\:b M Frame Types / -;- PO ICAN MSG100
F SG100 / -;- (Frame) Fratme Transmissions Parent IFrames:CAN Frame Types
0 can-msczoo / -;- ?endmng gce;ﬂng EEL Description: j
tH FlexRay Frame Types / -;- ransmission Farameter
& B LIN Frame Types / -;- EE?SU|rements Mapping
-8 Gateways / -;- Conditions
- H PDUs f -;- Wariant
&8 Schedules /-;- Timing Path
=8 SystemSignals / -3 attributes
Fofih GATEWEY / -;- Diagrams
:‘9 S\,rste mSignaIl fr - Docurmentations
20 SystemSignal2 £ -;- | ;EI"SiDtnI Ofgjetttl ~|
\Zh signalcroupl / -;- JEEt Intormation
------ I2h Signalaroup? / -;- Frame 1D: [ 100
[ (el Yariants /- ;- _I;I Frame Type: |gpp|icatign LI
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PREEvision Collaboration Platform (1V)
Bauteil/Steuergerat

PREEvision Layers
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Aufbau eines Steuergerates (Komponenteneditor)

Aufbau einer ECU

ﬂ(IT | VECTOR D>

Gateway
» CPU, FPGA, RAM, etc. -
» Gateway-Struktur © i
Kommunikation zwischen
Busanbindung und CPU =
=
=

ECU: Electronic Control Unit

& [

=
2

() i
=
=
=

Elektrik/Elektronik-System Modellierung und Bewertung

Software-Engineering | WS17 | Kapitel 3.5



52

HW-Modulmodellierung
Aus Zulieferer-Sicht

(a) zur Verwendung | (b) als Bibliothek

Attribute eines HW Moduls
» Stickliste

» Bauteilbezeichner

» Teilenummer

» Gehause

» Flache

» Anzahl

» Einzelkosten (aus DB) Import
» Bild

» Kumulierte Attribute
» Kosten

» Flache (aus Bauform,

Overhead Anteil, Offset)
» Gewicht

Elektrik/Elektronik-System Modellierung und Bewertung
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ESP

=]
Q HM-Module-Instanz (Yerwendunc) {:}
g HW-Modul: Signalaufbereitung
A [ p——
\ HA-Module-Instanz (vervwendung)
\ 1l f HW-Module-Instanz (Werwendung) £33
\ T
\ g == = ey O el
\ 1. 1. . HW-Modul: Algorithmus01
\‘ HW-Mg dul; Motor Treibed
\
\ H-Module-Instanz (vervwendunc) {:} H-Module-Instanz (verveencdunc) {:}
\
1
“ HW.-Modul: Motor Treiber HW-Modul: Signalaufbereitung
1 4
\ I
v T
\ 1
: , 9
- ————— Y 1
= I@ Verwaltung: Yerwaltung | 1
: + @ Busse: Werwaltung | l’
| @ DECEUssyskem: Werwaltung : 1
| E j@i Hww'-Modul-Typen: Verwaltung J !

HIF Hw-Modul: algorithmus-01::CPU Typ T
: Hy'-Modul; Maobor Treiber: s CPU Typ
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PREEvision Collaboration Platform (1V)
Leitstungsversorgungs-Architektur

PREEvision Layers
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Stromversorgung AT | vector>
Stromverteilungsmodellierung T

Schnelle Modellerzeugung durch zwei Ansichten:

» Bedarfsansicht (Klemmenbedarf) 2 =
unrs
» Verteilungsansicht | :
it
= = L Bati = LA | Gty =] !
@ Bedarfsansicht &2 ] & Verteileransicht &2 ] O 'w S = O I
* %X ®EG " #% ek 5

: fm—— Tranams =k

= KL [ =1 deft : 1 > — ™
COJ Sitzheizung LVE_defs_0 ----- ) Spiegelsteusrung, LVE_Spiegelsteusru .
o0 Sikzpositionsakkor, LYE _Sitzpasition B,‘. kL3I0 = 73 =

=y K130 - “oB Gateway.dsf19 — < = O
e b0 Gateway.def19 E—J'DE def3

..... & KL30g {3 Batterie 12¥.def16 \

B--J [ indirekke Yersorgung E|t:] Klimasteuergerat. LYE_Klimasteuergeri < P
-8 Kopfraumheizung LYE_def4_0 o -c§ def19.LWE_def19_0
-fCR Ventilator LYE_Ventilator 0 | || Vertailer-01 b
2 Bakterie 12v.def16 Bx nicht zugeordnet = L
----- 49 €D Wechsler.def1 = kLIS
----- 4 cD-Single.defz o) BodyController.deft7 =
----- 2 Klimasteuergerat. LYE_Klimasteusrn E||£| KL30 : L
----- £ Sitzsteuergerat WL.def4 (1 DY Single.def15
----- ) spiegelsteusrung LYE_Spiegelsteu -
""" t2 Spiegelsteuerung, LYE_Spiegelsteu 2 e
----- 1% def1.LvE_def1_0
----- TE def1.defz b
----- defL defz0 - =
----- def3.def1s

b
""" def3.LYE_def3_0
o B M
] I | [3] (<] w | [2]
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- |Jeistungsvertsiter modelieren kann,
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Sicherungs-Relais-Box
Spezifikation von Sicherungen und Relais
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STG_Honsols

KWz

MLeistungsVerteiler Hauptverteier

=]

Kombinstr.

KA

| Mame:defd

“wErsarger: 15}
 Mammenbezsichnung:
| MName:defd

g

e
Vemmnbezeichnung

 Mame: detio
o
 Kammenbeasichnong:

Hame:detts
Name: detf2 “ersongtes Bement:
TTTTTT Kemmenbezsichrung:
 Mame:defit

orger:
- Femmenbessichnung.

© . MName:defiz
orger:
- Wemmenbezeichnung:

T %}hnwas zum Kurzschluss
| [PiEse Madzlierung zeigt wis man

ferschiedene Yarianten in einem
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Internal Schematic Diagram
Internal Schematic Diagram is auto-layouted
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Quick Conceptualization of e.g. Fuse-Relay Systems

Name: def4
Clamp description: BATT

Name: def7

Name: def9
Supplier: ---
Clamp description: ---

Name: def44

Name: def10
Supplier: ---
Clamp description: ---

Name: def45

Name: def43

56

Ee%

Internal
FuseRela COn neCtion
y
Fyl_‘ |:’1_‘ e

22 20 Clamp description: --

de
escription: --
d

Internal
Component

scription: --
Name: def5

Name: LVA FuseRelay_4

Clamp description: ---

Name: def8
Supplied element: ---
Clamp description: ---

Name: def9
Supplied element: ---
Clamp description: ---

Name: def10
Supplied element: ---
Clamp description: ---

Name; def11

Supplied element: ---

Clamp description: ---

Elektrik/Elektronik-System Modellierung und Bewertung

. - VBat
gf[;?:%edB Qement: BodyController/BodyControl
g‘@rﬁﬁe element: GatewayGateway
gﬁ%?ﬁ%e Zé?ement: Bra_ke ControllerBrake Contrc
Eﬁjrﬁ“e element: ChassisControllerChassisCon

p description: ---

Supplied element: Engine ControllerEngine Controller

dot2

]
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PREEvision Collaboration Platform (V) AT | vector>
Stromlaufplan Leitungssatz (Elektrik)

PREEvision Layers

Customer Feotures Use Coses Requirements

o . e
o o P 13 b ¥

< . 2
I Electrie Clreuit =il G =
I - = sty :”--'e !
I Wiring Harness . 3_' = |-. % '."'"! _ o=
- e |

—— — — _— o e Em e e Ee .

Topalogy
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Stromlaufplan

Darstellung der elektrischen

ﬂ(IT | VECTOR D>

itut far Technologie

Verbindungen zwischen Komponenten *

» Keine Trennstellen

» Keine Splices

» Keine Stecker

Battarie

Siohu#ggen-ﬂdds 1k J
L

=]
IBaﬂary _(4' )71 y _‘: !'_G_ a
1

Zindungt?

F?
—
—

» Vereinfachte Darstellung von Pins

Schematl

Komponenten konnen mit
»Ersatzschaltbild“ hinterlegt werden

'lk‘
19/' FusaRalayBax
[+
-
| )

-Klemme3(-

und

SchematicConnection

v Leichteres Verstandnis der

Body Controller Front ;:3_(

ECU

elektrischen Zusammenhange

v Automatisierte Generierung von
Werkstattmaterial
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Stromlaufplan AT | vector>
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Beispiel Stromlaufplan

i Unused Pins (Informa..
[Some pins are unused in
loriginal EVE.

SldingDoorController (")
2v3] Cap12:
Gnd:[ Capsw:

CapGnd|

N

Y

bl

D-{sWAux(17) SWDox(1;
CapOuti[1;
SWWUp:[2|
SWWDown:[2|

MWUp:(1f
MWDown:[1}

e

MDF[:

LPu:[1—€

PowerTrainMod... ()

533250

53.31:(44]
$3.30:41]
$3.29:(22)

S3_28:[49]) ~(—‘

|
|
|
|
|
|
|
|
|
|
|
|
|
|
[
[
|
|
[
| MDR{:
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
[
[
[
[
[
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Leitungssatz-Editor AT | vector>
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Darstellung aller Leitungssatzelemente

» Trennstellen

P omee et
- . ! ==
» Detaillierte Pins |- T?'m
i i_'-.;f; —
» Stecker-Partitionierung In S —

v" Dokumentation des
Leitungssatzes

ParkLOnOff
HiBeLONnOf
LoBelLOnOff

HiBeROnOf
Typisierte Pins (weiblich)

[ Typisierte Pins (mannlich)

WHInlineConnector|

rennstelle

ComponentConnector (o )
(Komponentenseitiger

Stecker)
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Leitungssatz

Beispiel Leitungssatzdiagramm
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— e

PowerTrainModule

)

-
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& PREEvision Layers
Components & Circuits

Pass Door Ctrl =]

—
- ~

ﬂ(IT | VECTOR D>
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Driver Door Ctrl

-——
{:\::2:4\» ‘:E] KA_Pass Door Ctrl _0
h~_r-d‘

Component

L
-, r

Network

BatMng

[t \ Pass Door Ctrl
'
| o pm_xo_ch_lT b
- pm_y+_cv2 1% D=
1
pmx-_ o2 1 )
1
pm_y-_ o2 1 T 1
B

Circuits
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PowerSupply
Ground-

;‘T\
]
g8

i
LB |
E |
AW |
ul'v'

B |

DoorLIN:LIN==¢

----------

'd
+ PM_x+_cvl_Le=—g—
1
ANB_H— D ":" prm_x-_cvl_1==—p=
> oy ot 13—

b o

+'pm_yo_cv1_1 —E‘-

Body Ctrl

<

=] SwtichMatrix

Bewertung
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Driver Door Ctrl =
—C — pm_x+_cvl_1

& PREEvision Layers
Components & Wiring Harness
ANB_H— )| —C — pm_x-_cv1_1-

—C —pm_y-_cvi1

Pass Door Ctrl
o s,
o—
—C —pm_y+_cvi 1

Aoz Ty ]
ey 1t —C
Tpmox_ov2.1 =+ —C +canB.L
_tpm_v-.cv2.1+ r I"---r—-'
o o dinkiesy ;
Circuits : .- hanind
/ i el 20
/ : / 189 g |
/" Synthesis | FASARS
e ! Y i rrye
"‘ Body Ctrl = E SwiichMatrix <

-
-
'
'
Inlinel I" """"" N
Idaf12 - -f-f= = H - Driver Door Ctrl

"!
/
Pass Door ... L) =
ot :
- PR A |
S§Sss & Dbihihasbit
9 ¢

=]

B 0,75

-~
2 J‘%
™ def14 - - FALRY-B_0,75
- def18 - ggn/- FLRY-

SwtichMatrix 2

Wiring

Harness
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PREEvision Collaboration Platform (VI)

Geometrie

PREEvision Layers

ﬂ(IT | VECTOR D>
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Electric Circuit JE r _E
=k oE ek

—
9
3
]
8

Topalogy ‘

Wiring Hornoss.
Semsor [0 weuz fEeR
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Geometrie AT | vector>

Karlsruher Institut far Technologie

Zentralleitungssatz eines PKWs

Ca. 2500 verlegte Leitungen mit Querschnitten zwischen 1gmm und 16gmm Kupfer
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Geometrie
Beispeil Leitungssatz mit Steuergeraten

o o

e

LY.
ol

el
L
i

et
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Geometrie
Beispiel Leit

ngssatz

Elektrik/Elektronik-System Modellierung und Bewertung
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Verknipfung NET = GEO durch Mappings AT | vector>
Mapping der Steuergerate auf Topologie-Ebene "™

Projektansicht | Property Yiew | €= Mapping View 52 }Lewtungssatzansmht|Pmpames|Lahe\(unﬁguratmn\naw‘Lng|H|stnry‘ XS ,g ¥ =8
_Quell | Typ | | zel L1 |
CaKopfraumheizung Altor [ s [ TastfeldSitsteverung Einbaudrt

CrKopfraumheizung Aktor Lo d Kopfraumheizung Einbaudrt

CoRickenlehnenakbor Aktor Lo d :I Rckenlehnenakkor EinbauOrt

o sitzheizung Aletar o :I Sitzheizung Einbaudrt

Cnsitzhéhenakkor Aktor Lo d l:l Sitzhéhenakkor EinbauOrt

o Sikzpositionsakkar Aktor L d l:l Sitzpositionsaktar Einbaudrt

£ Sitzsteuergerst KontrollEinheit Eed [ sitzstevergerat Einbaurt

Bauraum

Vernetzung (NET) / Topologie (TOP)
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Topologie des Fahrzeugs AT | vector>
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Topologie Sitzmodul
Leitungssatz

VECTOR D>

KIT
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Motorraum Innenraum e Antrieb
Scheinwerfer links Scheinwerfer recHs [ECU= i) I;:;ZD A E;;E:g;e\rl"ﬁsensnr ey I
ECUs:ntrishsumrichter 1 [EqTTs g nifisbsumrichter 2
Length: 22 ! =)
detl aefla detz ’
Le b 400
dets Lengih: 220 et / Length: 200 def5 Length: 200 i [—~fLength: 200 Z:L
det? defl
/ Length: 500
Body Computer defd
/ ECUS Bod Cumpuler
I = deto
I Lenyth - [ECUS:ECY Pawer Supply YBat 12V, GroundPaift!
£8 ECU Front / Length: 200
I EB ECU Heck dots
- EB Batterie
I ECUS Lictt ECU Heck
|SP: 0
/ der4 Length 102
Length: 20
I def1
1/ Length: 100 Lencth: 1
y Riickleuchte links o Nvsausersofl 2 Riickleuchte rdcht:
[ECU= Ruckleuchte links [ECLY: r EcuzR it
I =P i ] =P
VA
1
4 3 = - =
=* Project Yiew |[IE] e = Mappida View | &) Information I:BProperties 4 Search <)==;> Moo @B 8
‘Wiring harness /
General [ A]
ﬁlagnoss Wire Wire type | wir... Electric ... Connection | Con... Flug Ps P Pc Pri...
laming
Geometry F+ 131 LT 05 0.54 - -I- deft - ik defs = defo - hu
fissembling = £ Gateway L BA_ZGW_body - Fr =r FPA
Pins P L4 LT 0.5 054 Y CBM & BA_CBM_D - ak p1 =p F Pl e by
Wiring harness L
Weight 0 Gateway . BA_ZGW_body - Pz =pz Forz =
Cosks 11 LT 0.5 0.54 - -I- defi - 3]:' d. = d.. - = bk
EUSCDHT?CUUF , B9 Gateway L KA_Gateway D B w3 P =p kPR
orwentional connection

Power conmectars ¥+ 121 LT 05 0.54 - -I- defl - i d =4d - e by
Incoming Signals ] Gateway L KA_Gateway 0 W RES =]=' Pz = pz ]=' Pz
Masseanbindungen [v] [v]

i ibnminn Sinnale
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6 2D Topologie in PREEvision
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Dasbw Bearbeflen Suche  Melifhen  Admnidralion Fersber Hillw -

i B - Y

SRt | B2

= il Topokogemudel (T09):Topologe F
@ S Topokoge Paket

5, Tepckooe des Fabvzeugs:T

5 Usbetrsicht: Topologie Paket |

Ll 08T (POFT: | Mt

Al

[nel

0644 von 152M |ﬁ Loz Dnzeletung
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& PREEvision Layers

Harness + Components to Topology

Inlinel

Wiring

Harness

48

Topology

- defl4 - -/-/- ‘FLRY-B 0,75

Body Ctrl

a
®
N

- def18 - ggn- -ALRY-B 0,75
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defl2 - -/-/- - - Driver Door Ctrl

def16 - -/-/- - wmrl

]

P —
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@ PREEvision Customer Benefits

GUI concept
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PREEvision Collaboration Platform (VII) AT | vector>
Varianten

PREEvision Layers g
p— = = 2= -~ Ve ~

aN
I Customer Features Mhe Coses I Reguiromants :
cF T
I EI x - ([ usecose ) | E
— B 4 I =]
IL | ¥ /
-_—— e e e . ] 1
Losical o | Communication
e |
|
|
|
Sorvice-ar vmplqm.-.m::;..:
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[ | > s il
B e H=0
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.
SWC I
= | &= ey e |
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|
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Use Case: Variant Management
Solution Space in Product Lines

_\g(IT | VECTOR D>

PREEvision Layers

Explicit vs. Implicit Definition

Explicit — Variants as Representatives

» Concept Selection by Variant
» Set and System Content

On all Modeling Layers
And in between

Implicit
» Variant Structure [~ ser
(Hierarchy) LT
» Propagation Rules [~ ®pfioral ~ |
» Variant Conditions | ra |
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Beispiel __\X‘(IT | VECTOR D>
Architekturvarianten

Trailer Controlling I

Advanced Door Module

o 8
Position Trailer Module Bus_-@ '§ 2
= g
< T .
8 Door Architecture
=
Battery Position
w
Sngine ———0—>0 Equipment
a
y @] O O ] < <
> > T I > >
it 5 ::
o~ o 0 o g &
Battery Concepts 5§ Z (g (U; o
=
-Pile = B &
i
O —
= 5

Door

- Standard

Standard Dual Battery
. Mirror Position
High

76 Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5



77

Use Case: Variant Management

Super-Set Modeling

‘150% Modeling’ of Product Lines and Libraries

» Technical Concepts
Definition and Selection

» Equipment
Defining Configurations of Features

» Building
Representative Architecture Variants

» Set-based Structuring
» System Integration
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Bilden von Varianten
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* STG_Konsole =y . = ! .
5 = BA 8 l@ 2 BAnEonventionelleanbindung
..' D Schatter Fernlicht '-_ i = BA:KonventionelleAnbindung
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PREEvision Collaboration Platform (VIII)

Metriken

ﬂ(IT | VECTOR D>

Karlsruher Institut far Technologie

}mﬁu Features Use Cases Requirements N
re3 = )
= oo & 1
I =2 s =9 b .@ /T =1 \
I — : S———a—3 |
; T3 |
: |
: |
: |
|
|
|
|
I Systam Softwars Architecture  [——— 7 :
i L yieme e |
, i |
i
or
| Hordwore Componant | Hardwacs Network |
I Architecturs Topalogy @
: |
: |
: |
l Witing Harmots I
I
\ /
\ |
S
LS~
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Bewertungskriterien einer E/E-Architektur AT | vector>

Karlsruher Institut far Technalogie

Qualitat
p— ———
Wiederverwendbarkeit Testbarkeit von Feature / Funktionen Einsatz bewahrter Technologie (Anteil)
Robustheit Unabhéangigkeit der Teilfunktionen Wiederverw. bestehender Komponenten
EMV-Klassifikation Neimpetiafiss _ Redundanz (SIL)
Erweiterbarkeit Abhangigkeit zu einzelnen Zulieferern
Kosten Mech. Eigenschaften E/E Dokumentation
Gesamtsystem Gewichte Bordnetz Entwicklungsstand
Entwicklungskosten Steuergerate Netzmanagement-Ereignisse Funktionsbeschreibung
Steuergerate Aktoren Nachlauf SG- / Systemsteckbriefe
Leitungssatz Sensoren Ruhestrom A
Einsparungen Leitungssatz Versorgung Komponenten Versmnsvervyaltung
Wiederverwendung Gewichtsverteilung Sicherung Komponenten Dokumentationsunterlagen
Materialkosten Dimensionen Informationsaustausch Prasentationen
Ir_(eltungssa:z Leitungslangen . Anzahl Bussysteme Topologie-Schaltbild
omponenten KomponentengréRen ;
Zeitaufwand Montage Befiillung Segmente Buslasten Arch!tekturbewer'Fungen
Teile, Baugruppen Anzahl konv. Verb. Architekturvergleiche
Min-, Max-, Eck-Typen Diagnoseeigenschaften Lastenheft
Feature Beitrage zu Fehlerspeicher- Unterlagen fur Audits
Systemkosten . e
Garantie / Wartung Eintragen
Life Cycle Gateways
Machbarkeit
Physikalische Baubarkeit, logisches Vernetzungskonzept Gesetzliche Vorschriften
Steuergeréate Stuckliste
Baurdaume, Verkabelung, Komponenten Reifegrad der Funktionen
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Metrics

» Are used to perform calculations
on the data model for analysis and
optimization.

» Can be widely used to enrich tool
with customer individual IP

» Always run on the full model — the
result is up to date.

» Output of metrics is streamed into
Reports or into GUI as lights,
scales or values.

(* WiringHarness
s 6
Language: Java AL
’W User Result
Port: length 0\
998,320
A - |
Port: costs )
&% 137.959
A - ]
Port: weight 0\
o 14,719.813
A -
(Port: routablesCount N
ﬂ-ﬂ 717
A -

Elektrik/Elektronik-System Modellierung und Bewertung

_\g(IT | VECTOR D>

input
998,320
998,320
length
costs 137.959
= weight
routablesCount
14,719.813

WiringHarnessLength

10000

-1 =
Length_red [
1000000
Length_green 12 B
500000
Costs_red 10 B
50
Costs_green 9 P
30
Weight_red 2 B
15000
Weight_green 1P

Software-Engineering | WS17 | Kapitel 3.5
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Karlsruher Institut far Technologie

» Are based on a graphical notation and can be expanded by Java-code

Data Acquisition Calculation szl Wermeling,
; LogicalConnectorsOfCompanent :J.‘E'.
| _\__] IagicalConnector

£ 1

Elns:.nllam:n Lecations for new ECUs Sy .E. — N eaType Hia
|[ET Bosyfromt o ) — 2
|03 ecunieas 8 ] tepetinstaltationocton i -1%a in ctResult B : | : il
jl Cantest i 1 == > Catculs G . . I
IPKkaqﬂmNMSCU‘i .,*’:| el reEaArTh 3
CEE dl; Cantext i3 i
icmﬂm‘”lpplngpichg! i Cantext At

—r
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Graphical Data-Flow Oriented Language

= \ upper bound RY 1 K
=IiCompenents deep or shallow 1K 1600
As package or directly. 3 .
Packages will be unpacked upper bound YG
recursively. 1500 4
3.0
BillOfMaterial 168 >
- AL
Components

o L Language: Java 16000 |
=17kl ) —
Calculation User Result 1500.0
2 : | -
i @? || 750.0 >
S 500.0 —
N\ lower bound GY
= ‘@;@ : || - 7 o Overallc
Costs do not need to be = a2 - I 50 verallCosts
considered by variant

management but components lower bound YR 1K

do! 1 500
Or simply deactivate variant ~|

@ Variant sensitive

+ £2
anagement—<nocact

InternalCostsTable
sum 1=

details

» Metrics are used to compute different evaluation criteria

» Output of metrics is streamed into Reports or into GUI
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Metrics

N(IT | VECTOR D>

Use Case: Report Generator T
Fram es 2% L input 348 Input
=
I[] vehicle_Speed_Chassis-CAM:Frame Transmission ‘ﬂ source [pouintcs... I resutt
[l Torque_Request_Chassis-CAN:Frame Transmission ‘il
[l Brake_Request_Chassis-CAMNzFrame Transmission .
[l Torque_Request_Engine-CAN::Fram e Transmission .
[l Situation_Chassis-CAN::Frame Transmission .
l:| EBrake_Request_Engine-CAN:Frame Transmission .
= Bl DSt Wew Jn Fgmar Tgbls ook fiee ®
‘B-ERe =] '6‘ Ao B0 @l HEad T 9
L) ot e HB/UuE=zam édéz A-¥-B-
[x] RN e RN ToEe; FERR R e e |

[ R
i

The System contains RearLightsLED directly contains

LEDBackS contains Costs
Powern  BlectricPowsDistriioningut | 220
Gnd ( GurdConoector ) 083
Brake |CenvertionalCannestor } 0.50
Reverse ( SonvertionalSenneclar | 0.50
Overall Gosts: 4.03

Ealesiedoysie e Rapan by kathl on Fn Hov 19 003911 CET 2010
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Consistency Checker AT | vector>
Karlsruher Institut far Technologie
"= Model View &1 = O |[2Ts NetworkOverview 5 =0
A9 ¢ | TEEEEAEE"T u T
£l HWArchitecture / -;- (Hardware Arch BodyModus & |:|
e | HWComponentPackage I o
fifl Components / -;- mponent Package z BodyCaAN ]
fre BodyChasswComfor‘t,’ (Component Pa__ é il
i@ Lighting / -;- mponent Package % [ m
e} ManMachmeInterfacer’
0 MultiMedia / ;- = Project View ﬁa;l Property View f@ Information View ﬂ& EfE—hhdeI[:eOnline Check 3 =8
mpowerSupplyi—;— C | L - | v
[l PowerTrain / ;- (Co = - -
B Safety / - (Componen Description Problem Location Path -
i@ Security / -;- (Compo @ Wire pin without connector, = MirrorPosVertical (Wire Pin) EEArchitecty
‘# BodyModule / -;- (C @ Wire pin without connector, = Swhux (Wire Pin) EEArchitect.
BE& (verview / ;- (Metwork: D @ Wire pin without connector, = MirrorsUnFold (Wire Pin) EEArchitecty
% MetworkOverview / -;- (Metwo —I/l @ Header pin without connector. F MirrorHeatOnOff (Header Pin) EEArchitecty
% Available Tables @ Wire pin without connector, = MirrorMoveHorizontal (Wire P...  EEArchitectt
== Bussystems @ Wire pin without connector, = Gnd (Wire Pin) EEArchitecty
%3 Conv Ent|c:na| Connections (D) Header pin without connector. F Gnd (Header Pin) EEArchitect
% Documents & Connector without header pin. & latch (Header) EEArchitecty
._'T":I' EChIETEtiI': IC':JnnECJEiEmE - & Component without installation location. I)" DDPWPaddles / ;- (Compone...  EEArchitectt
il 111 | + & Connector without header pin. I latch (Header) EEArchitectlJ:l

» Errors, Warnings,

» Relevant Consistency Checks to be selected/extended

» Interactive ToDo List

Elektrik/Elektronik-System Modellierung und Bewertung

Information on Architecture or selected Parts
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PREEvision Collaboration Platform (1X)

Safety

PREEvision Layers

KIT

Karlsruher Institut far Technologie

Process & Team Support

Customer Features

Requirements

Service-criented

Software Library

Eﬁ

System Soft

<
. —
SWCType [
[ Request | lo
-
T
Compeaition

03

Hardware Component.
Architecture

Hardware Network
s

Electric Circuit

Design & N Execution & Evaluation &
: Pl p
5";;';:‘:‘"’" Implementation AP Documentation Analysis
of Tests of Tests of Test Results

Changes, Defects & Releases

f .
.Ir«u:uhcm-: Iswmt
m| joct A

“’k@'.o B

Wiring Harness

86
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PREEvision Collaboration Platform (1X) ﬂ(“’ | VECTOR >
Safety s

Functional Safety

H Analysi . .

Item Definition uzard& ol Functional Technical
Risk Assessment Safety Concept Safety Concept

PREEvision Modeling ==w* Hazard & Operability [C Logical Architecture g7e Hardware/Software Architecture

iliti Study Edit .
ﬁ Capabilities e o =5 Activity Chains !‘ Technical Safety Requirements
Haozard Analysis & Risk
System Diagroms Assessment Es;:itor ! Safety Goal with ASIL f' Safety Mechanisms

= Hardware Software Interface

! Functional Safety Requirements

Qualitative Quantitative

Verification &

Safety Analysis Safety Analysis Validation Safety Case
. Qualitative Fault Tree I — B
| Guantitative FTA Test Engineering &
@D Analysis (FTA) Ev’ i T inearies ! s
_ === Hardware Architecture U
" Failure Mode & 4 Metrics, FMEDA E(;'Iusert
rwea Effects Analysis (FMEA) T E Trend Charts pe

Method

i
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Introduction Functional Safety AT | vector>
Motivation: Many Functions are Safety-Critical “

ESP /\ I Electronic Park Brake (O:.

Unintended, single-sided Unintended activation in
brake effect on straight motion
lane -

Collision Avoidance @2
e

Acceleration instead of Delayed deployment after
deceleration in traffic crash detection

Reality or science fiction — Is such a scenario realistic?

Elektrik/Elektronik-System Modellierung und Bewertung Software-Engineering | WS17 | Kapitel 3.5



89

Introduction Functional Safety
Challenges

» 10 Parts

» 43 Chapters

» 100 work products

> 180 Engineering methods

> 500 Pages
> 600 Requirements

1SO 26262:2011-2012
Road vehicles - Functional safety

(IT | VECTOR D>

Institut far Technologie

1. Vocabulary

2. Management of functional safety

2-5 Overall safety management

3. Concept phase
Rem definition

Initiation of the safety Wecycla

=

3-8 Functional safety

‘Safety management during the concepl phase 2.7 Safety management after the fem's release
the product development for producton

4. Product development at the system level and operation
e oo eved Lieeseeii Production
— intenance and repair), and
4-9 Safety
Irem
at the
an
o unit 8
on and
0 o sa‘ety

8. Supporting processes

ification and mana, 2 o sale

-7 Configuralion management

-5 Interfaces within distributed developmants
¥

Documertation

merts.

Confidence in the usa of softwane tools

Qualification of softwan s
[] of hamdwars

i b A A A

Proven in use argument

[5-5 Reguiroments

IH Criteria for copxstence of elements

tion with respect (o ASIL taloring |

|

[8-7 Analysis of
3-8 Sataty anal

I 10. Guideline on IS0 26262 I

» » Complex standard - Risk of overheads and costs if applied ad hoc

Elektrik/Elektronik-System Modellierung und Bewertung

Source: [1SO026262, 10-Fig.1

Core Parts

Software-Engineering | WS17 | Kapitel 3.5



90

Introduction Functional Safety

Parts of ISO 26262

1. Vocabulary

2. Management of functional safety

3. Concept 4. Product development at the
phase \ system level

y 4
5. Product 6. Product
development at development at
the hardware the software
level level

M

8. Supporting processes

__\X‘(IT | VECTOR D>

Karlsruher Institut for Technalogie

7. Production
' and operation

9. ASIL-oriented and safety-oriented analyses

10. Guideline on ISO 26262

Elektrik/Elektronik-System Modellierung und Bewertung
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Overview Functional Safety in PREEvision

VECTOR D>

KIT

Karlsruher Institut far Technologie

Integrated Model Based System Engineering Platform

Safety Plan

[T e

[ [immmes Swme: mames
&l 3 [s[w o Wo 7 [Sfe Welwe o]t b w ]t
-

Safety Analysis Methods

e = = - ;n =
E"’.? =
Requirements System / Test
Management Function / HW / Management
SW Design

Elektrik/Elektronik-System Modellierung und Bewertung

Change
Management
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The safety lifecycle according to 1SO 26262 AT | vector>

4 1 N\ 2 N\ 3 N\ 4 | )
T
- 7 9 i
o Hazard and Risk System safety System and
_ Item Definition ) ( Analysis ) | concept ) \component design,
Definition of features Identification and Design of a system Design of technical
and their interactions, classification of concept for system and component
operating modes, hazardous events and implementing (in LA) concepts including the
vehicle states, etc. derivation of the safety goals (Req), derivation and
appropriate system for example on the implementation of
safety goals. basis of diagnostic or technical safety
redundancy measures. requirements

accordingly.

Refinement Refinement
Decomposition [SIRIGIGEIRCEIIWA Decomposition  ErYeTel{e= BTN =1
Requirements Requirements

Kontext Safety Goal
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The safety lifecycle according to 1SO 26262

\

Qualitative

\_ Safety Analyses )

Application of
deductive and
inductive safety
analysis techniques
(e.g. FTA, FMEA) to
validate the ability of
the design to meet the
system safety goals.

Elektrik/Elektronik-System Modellierung und Bewertung

4 6 )
& v\
Quantitative

\_ Safety Analyses )

Calculation of the
probability of the
system failing to meet
the safety goals and
confirmation that the
failure rate and
diagnostic coverage
targets are met.

Verification and

\. Validation /

Confirmation through
review, analysis and
test that all safety
requirements are
correctly implemented
in the delivered system
and that all
assumptions made in
the safety concept are
valid.

_\g(IT | VECTOR D>

( J'

 Safety Case )

Construction of a
structured, coherent,
complete and
convincing argument
that the system meets
all its safety goals and
appropriate
regulations.

Software-Engineering | WS17 | Kapitel 3.5
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Overview Functional Safety in PREEvision
Supported steps of the safety lifecycle

N(IT | VECTOR D>

Karlsruher Institut far Technologie

Hazard / '\ g8 Functional
Analysis & Risk =~ .

Management &%

Item

Definition g Concept

Safety — e

Technical
Safety
Concept

> PREEvision Modeling Capabilities > Hazard and Operability wee® > Logical Architecture
Study (HAZOP) Editor
> System Diagrams ﬂ > Activity Chains

> Hazard Analysis and Risk -
Assessment (HARA) Editor = Safety Goals (SG)
with ASIL

» Functional Safety
Requirements (FSR)

PREEvision

> Hardware/Software
Architecture

> Technical Safety
Requirements (TSR)

> Safety Mechanisms

> Hardware Software
Interface (HSI)

1
1
> Hazard Analysis and Risk B » Functional Safety
Assessment (HARA) Report Concept (FSC) Report

Qualitative Quantitative

' =8

ﬁ e

> Technical Safety
Concept (TSC) Report

So g P Swmy gy ) Veaens
Analysis Analysis <
> Qualitative FTA ‘ > Quantitative FTA H > Test Engineering
and Test Management
= FMEA, — = Hardware Architectural — 9
Integrated FMEA  Fmea Metrics, FMEDA ™ > Trend Charts

> Failure Rate Class
Method

g
&

PREEvision | | |
1 1 '
> Minimal Cut Set 3 > Hardware Safety > Test Report
Report Evaluation Report

EIEKLU IK/EIEKLIOINIK-OYSLEIT IviDugllierurlyg urnu sevweruwrily
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PREEvision Collaboration Platform (1X) AT | vector>
Test Daten Mangement

PREEvision Layers Process & Team Support

———————————\
Customer Features Use Cases Requirements l Teats

—-— e - = - P

-
Changes, Delects & Keleoses

|| s e - Ty S
Crm— e = | P i i I
e | | eI 1 ’.E I New tLife Cycle) I E In Work E I Solved
T i Tickets Tickets Tickets Project A
SrtamSof — | 129 l 18ed |
Pianning Gate 1 Plasniog Gote 2
[ ]3] o0
5 o =3I

T — L ———) L B

Planning Gate 3 Release Gate (Milestone)

Hardware Component. Hardware Network
Architecture. Topology
[Fevr ] o

[ fer ==+ [sonsar | [ecuz B
Electric Circuit

Functional Safety

Hazard Analysis
Functional Technical
Item Definition
e — Safety Concept Safety Concept
pobilicies

PR i Modeing — pameres osaniy

©
=
‘ Sofety Goal with ASIL

=1 mummum
Assessment Editor

Wiring Harness

Safaty Machanisms

Qualitative Quantitative Verification &
Safety Analysis Safety Analysis Validatien

Guathicti eout Tree

|5 auontitative FTA Tost Enginoaring &
Test Manogement
o Manee oA
=i Failure) atrics,
oo Effoces Anatysis (FMER) Follurs Rots Class ) wenachares o
R
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PREEvision Collaboration Platform (1X) AT | vector>
Test Daten Management T

Process & Team Support

Requirements Tests

Specification ?55'9" &
of Tests Implementation
of Tests

Execution & Evaluation &
Documentation Analysis
of Tests of Test Results

Planning
of Tests

-ogical Domain B
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PREEvision Collaboration Platform (1X) AT | vector>
Change Management o e

PREEvision Layers Process & Team Support

- Design & N Execution & Evaluation &
: Pl p
5";;';:‘:‘"’" Implementation AP Documentation Analysis
of Tests of Tests of Test Results

Customer Features. Use Cases Requirements

Function

B Changes, Dafects & Releaves
&
Service-oriented L Software Library Implementation
<

CI—— e == [ress]

]| | ] :" I3 [ Feay 1
System Soft o ! N [ Fweal)

=)
e o e ] e

:
®

Nuwd'a-mc;;mpunm ;hrmrumk

[0 : Vv

=) [k —{mil

Electric Circuit )g Iyﬁl

Hazard Analysis
Functional Technical
Item Definition
- Ll As“ssm'"t A e A—

ZHEE i Modeing — pesaras Omrasiy

[ Yommrd Anatyues miex
Assessment Ed

Wiring Harness Safety Goal with ASIL Safaty Mechanisms

Qualitative Quantitative Verification &
Safety Analysis Safety Analysis Validatien

o o [ ouentiative FTA Joct Enginenrios 8
= Hanbmors Arshitesturs
i Foilure Mode & atrics, FMI
e EFfocts Anolysis (FMEA) R [l con ) wenachares o
Method
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PREEvision Collaboration Platform (1X)

Change Management

ﬂ(IT | VECTOR D>

Karlsruher Institut far Technologie

Changes, Defects & Releases

e I MNew {Lif‘l CYCII)
Tickets

e 1)

Planning Gate 1

= In Work
Tickets

Work Package

L Ithred

Tickets

=

Project A

19

Work Package

Planning Gate 2

[
Ecuz [ / Resources \ O ecus }I ?
Work Package I <> Work Package I O Project B
Planning Gate 3 Release Gate (Milestone)
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Product Line 1 T Product Line 2 Y Product Line 3 ]

PREEvision Layers

Requirements

Logical Function
Architecture

Software/Service
Architecture

ommunication

.3
*

C

Hardware Architecture




PREEvision Layers

Process & Team Support

Requirements

Logical Function
Architecture

Software/Service
Architecture

Hardware Architecture

Communication

Tests

Changes, Defects
& Releases

Wiring Harness

Functional Safety




PREEvision Layers

Process & Team Support

Customer Features

Use Cases

o L@

Requirements

Tests

Evaluation &
Analysis
of Test Results

Execution &
Documentation
of Tests

Design &
Implementation
of Tests

Planning
of Tests

Specification
of Tests

Logical
Function

Logical Domain 8

I
1
Logical Domain A |

" Activity Chain

{Activity Chain

H-H Logical i
Function ™ "l““”‘“"‘"l

Building Block

Package

Implementation

@
Software Library
Service Interface K
= e | ] 5| Actuator
e || [ g oo
e e 5
System Software Archi Gomposition

N

Architectu

c } N
re Topology

etwork

=]

Signal Router

LT S .

Electric Circuit

<
»[E=l

—

GTa)

3 = =
[ - i e 0

1
Signal 2 | Tx (F2) [Rx (F2)

SCaN
Lin

R
g8

Network
Management.

Manual ¢/ Verdict

Test v

Sequence i ®

Te Verd‘ict
st .

b e %

Changes, Defects & Releases

s s e >0 o >

Solved
Tickets Tickets Project A
T | R | R I — |
Planning Gate 1 ‘ Planning Gate 2
(I 1]
=i 2 Resiticis
[ o Aot [ Work Packoge ]l@ Prslects

Planning Gate 3 Release Gate (Milestane)

Transport

Wiring Harness

Wiring Harness Router

Functional Safety

Hazard Analysis

Technical
Safety Concept

Functional
Safety Concept

Item Definition

Risk Assessment

C Legical Fir
B8 Technical Safety Requirements
4 Safety Mechanisms

w=* Hazard & Operability

PREEvision Modeling
Study Editor

. Capabilities |71 Activity Chains

J& Sofety Goal with ASIL

Hozard Analysis & Risk
Assessment Editor

System Disgrams

B Functionol Sofety Requirements . Hardware Software Interface

Qualitative Quantitative Verification &
Safety Analysis Safety Analysis Validation Safety Case
Qualitative Favlt Tree : - 3

@D Analysis (FTA) !; BUEny ke ETA ;:f: E"L!r::;:::".l“& N\
== Hardware Architecture Safety

== Failure Mode & ©  Matrics, FMEDA Rsuse

rupo SETTEESS ANalysie (FMES) @ Failure Rate Class @ Trend Charts port

Method




102

ﬂ(IT | VECTOR D>

Thank you for your attention.

For detailed information about Vector
and our products please have a look at:
WWWw.vector.com
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