eferZor  vector

DEVELOPMENT W
_OMPONENT DESIGN (i)
EFFICIENCY: HARDﬁREh;

EVISION

E-DESIGN; PRODUCT

BASED APPROACH xl L

] : SQCSDHDQTHM

Z I'IlmE GLMEERING ‘,\

3.5. Elektrik-/
Elektronik-Konzeptbewertung

Dr.-Ing. Clemens Reichmann

Clemens.Reichmann@vector.com,
Tel. 0721 / 91430-200

Institut fur Technik der Informationsverarbeitung
Fakultat fur Elektrotechnik & Informationstechnik
Universitat Karlsruhe (KIT)

- IR

Karleruher Institut fir Technologle
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Overall E/E Complexity Increasing over Years now...
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Overall E/E Complexity Increasing over Years now...
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Overall E/E Complexity Increasing over Years now...

» Active Manaacement of Svstem Comnblexitv is necessarv

Mehr-als25% (zukunftig bis zu 40%)
der Produktionskosten eines
Personenkraftwagens flr
Elektrik/Elektronik
e AT TS y
90 % aller Innovationen
[ baS|eren auf Elektronlk

' Software Antellschnell
wachsend‘
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Challenges in E/E Development

The Complexity/Capability Gap

Adaptive he
Active

» Number, complexity and interaction of functions

Curve

» Increasing authority over control of the vehicle

~sistance

» Increasing requirements on certification

Collisic on
» Capacity: Number and rate of change of functions Hybrid n
Road t

» Discipline: Inappropriate processes and tools Electrg S
Car-2- Jnication
Softwa
Airbc

Electror. aity o
body conti_

» Talent: Lack of experience and topic experts

Airh

nic stability control Active
gy control

° Adagid control
eﬁ,\" Adaptive gearbox control .

) . cruise control
0 Adaptive cruise control

C

mergency call
Emergency call

Gearbox control
Gearbox ca

WY
Capab\\ ock brakes

Gearhg Traction control

ontrol Anti lock brakes

Anti lockh . L Electronic fuel injection
Electronic fuel injection

Cruise control

Electans - '
njection Cruise control

Cruise control

>
1975 1985 1995 2005 2015
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Challenges in E/E Development

Closing the Complexity/Capability Gap

A
o 5 . o . Adaptive he
Product line engineering to maximise reuse, -
Consideration of the relationships between ;‘”e
various views on the system architecture " A
(functional, HW, SW, Network, Topologie...) omated parking
Collision mitigation
Hybrid powertrain
Road trains
Electronic B ol
Telediagp
Car PMmunication
e~ ndates
bag
i sty sen Ee v control Active
¥y control
Adar X control
Adar ontrol
call Eme
Geal
J Early validation of system concepts based on
S automated evaluation
Electzogd ol '°:”e Exchange of concepts with suppliers in early
ruise contro deSign phaseS
1975 1985 1995 2005 2015
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PREEVision

Roles

System

Product manager
ﬂ Project Manager
Architect

PREEVision
Architect

DR/

Product & Release

DN -
Test Data
Management

Management

. Designer
Requirements
Engineer
Function developer AUTOSAR
Communication engineer

HW designer

Test Data
Management
Electric
Designer

PREEvision Collaboration Platform

Test Data
Management

Test engineer

Test engineer

Test engineer
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Challenges in E/E Development

Current Situation — Document Based Development Process

Function & Network Design Process Electric Design Process

v 1000s of Inconsistent v

L Documents (

-Components -Harness

-Functions -Topology

-Networks -Fusing

-Signals -PowerSupply

E/E Systems Level Optimization

Process Oriented E/E System Data Management
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E/E Backbone — Central Team Server

Function & Network Design Process

Electric Design Process
1000s of

I Inconsistent I
L -

Documents

Topology
PowerSuppIy

Local Optimization Loop(s)

Components

=Hife

E/E System Level Optimization

Local Optimization Loop(s)

Process Oriented E/E System Data Management
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Integrated E/E Development with PREEvision
Data Oriented E/E Development Process

PIREE VISION® one data model, one GUI, full traceability

Components
Harness
Requirements Networks PowerSupply

Functions Topology
Platform .
Signals Mappings
Model
Variants Routings
Electric

Logic

Collaboration Platform
(Many users, multi sites, one data source, one process)
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Integrated E/E Development with PREEvision

Architecture Layers

Engineering Aid \ Interfaces
/ 4 \\
== — G
Model Queries - -
u @ rea |
Consistency k’m”""““?z"é =
= 18 =
S B r 4
Metrics =] T — I
Implementation 4
= -
Report generation ; 4 r
L
Archie Topalogy EU p C{_““'El EML:« ELOG
s | N Py sk -
Synthesis =] ] 4
= E S ' T
Routing =1
| PEEEN Catia
r
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PREEvVision Layers — Requirement to Function

=ﬂ PowerMirror @ List of Features &3 =0
Re q u i re m e n tS | Name Description | FL25ensBlock | FL2FuncBlock | FL2ActBlock
1-1 Comfort Electronics
7.7 &El.l épowerMirror Driver gThe mirror can be contrelled (@ SwitchMatrix & PowerlirrorCtrl
- | from the driver place
Fe atu re L I St 3-2 %1.2 PowerMirror Passenger itchMatrix 3 {irroriCtrl @ erhifrorPass
4-2 %1.3 PowerMirror Memory I Ao irrorCtrl \
- 1
PR - / \ \
- 4 \
- \ 1
-~ - ‘
Pae ’ ! 1
. P - / \ 1
— PowerMirrorCtrl = / \ _
)'* / 1 )
SwitchMatrix > / Povb;:rMilrorPass
z y:PM_y -» >—y:PM,y x+:pm,pass,x+/b Assembly Net >—x+:pm‘pass‘x+
X:PM_x ' }X:PM_X y+:pm_pass_)y ' >fy+:p s_ku
_selection I “>—sel:PM_selection y-pm_pass y- IV —y=
- x—:pm,{ass,x— HIl T x-p e x
F u n Ctl O n Type: PowelMirr...
(I S
Type: SwitchMatrix |
Network I e
x=pm_drivx- I e —x-pm_driv_x-
y+:pm_driv.y+ (I Tr—y+pm driv
PowerManagemenP y-pm_driv.y- I Zr—jy-pm_driv_y
Keyln:Keyln |- “—{defl2Keyln x+pm_divx+ [P Assembly Net T —lx+:pm_driv_x+
: Type: PowerMirr...
Type: PowerMan... Type: PowerMirrorCtrl
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PREEvision Layers — Function Net to Components

_ PowerMirrorCtrl @ _
SwitchMatrix @ PowerMirrorPass 2
y:Puy Il >y PM Ly x+pm_pass x+ I Assembly Net “>—|c+:pm_pass_x+
xPMx P —ePM_x y+:pm_pass.y+ I “—ly+:pm_pass_y+
selPM_selection |-l “>—{sel:PM_selection y-:pm_pass_y- g 3 >*y—:pm_pass_y—
Hilb “—x-pm_pass_x-

Function Q Q R Ty Povertin.

Type: SwitchMatrix N ~

N etWO r k N N N I \ \\ ~ PowerMirrorDriver'é)
~ N 1 \ Ne-pmidrivoe HEl > —l-ipm_driv_x-
N " \ yrp drivy+ [ Te—ly+pm_driv_y+
PowerManagemenF S ~ I \ y-pmNriv.y- [ Zr—jy-pm_driv_y-
nikeyln - h %defl?KeyIn \ x+:pm_dn'v_\+ Assembly Net e xrpm_driv_x+
S ) \ \ Type: PowerMirr]
Type: Pesgefvlan we\ POWE[MIHOIFM
=< \ 1
N Router 1
ARY r I
! RN . O ute  MAP
v Signals
I
\ 1
Pass Door \
KA_Pass Door Ctrl _0 \
Component
|
! N
Network ' ~ »
- - - DoorlIN:LN
N
BatMng = canercanc Gateway &) Body Ctrl pomeSupply
i . ' i i Ground
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PREEvision Layers — Components & Circuits

Component

Network

Circuits

Driver Door Ctrl =

KA_Pass Doaor Ctrl _0

o
Or
BatMng o canerhs

DoorlIN: IN=—

PowerSupply

Driver Door Ctrl =

;

-Ig
= DoorlN_1:

KI30
Grnd

Ground

SwtichMatrix

Synthesis

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

Slide:

vector’



PREEvision Layers — Components & Wiring Harness

Circuits

Wiring

Harness

Pass Door .

Pass Door Ctrl

=)

=

Driver Door Cirl

— DM_K+_CY]_] e

CANB_H = )= — DX _CV]_ ] e
BL )' =—pm_y-_cv] 1 =—
—pm_y+ ol ]l =——
Body Ctd e SwijthMatrix d
deifl2 - 1) - - Driver Door Ctrl
= ) | -
s
P~ D
o ™~
o
e X1
£ &
L 1
V'V LL L o
34 L
' 2 T T
hl C (] [
g 23 23
1% 38 88
E |
o
| X
&3 o
Body Ctrl o | SwtichMatrix -(;
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PREEvision Layers — Harness + Components to Topology

Inine1

def12 - - = Driver Door Ctrl

deM6- 1

1932

—-:I_
R
NE—

e def1 - -
e deff - /- -
e

Wiring

def14 - /- FLRY-B_0,75

def18 - -/~ -
QETLU - - -

Harness

Hmm— def18 - gn/gn/- .[FLRY-B_0,75

|

S def19 - ofef im

e

Body Ctrl =]

Topology
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Integrated E/E Development with PREEvision

Model Based Systems Engineering

2

§ e W |

T = e o '_.,,f;mj - M' ': _ o

£ i e @ _,m ’ = » Domain specific language and data

= ’,/ )/ \ model.

04 _-- , 1

@_/’ A ! » Single source model across all
> ¢ “&’.7 ) — development levels and disciplines.
S cion [ fePimamion penahy (B
% o ) il » Support for reuse and product line
%% N engineering.
o o =
- < X » Automated report generation and
\\\ consistency checks.

% = » Metrics for Benchmarking

=
% é » Automated algorithms for scheduling,
%f, signal routing, etc.
z <

» Import and export of industry
exchange formats (e.g. AUTOSAR, KBL,

5 % FIBEX...)
= =
<0

(O] ®
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Improvements in Handling of Complex Systems

Strategic Focus Areas

Variants / Reuse, E/E Domain Modeling, Many People
A @ @
Productline Support Seamless E/E Data Model Multiuser Environment
Extended Vehicle-Variant- » Integrated Requirements |:> » Team Collaboration
Managem_ent (brands, and Test Management - » High Performance
construction types) » E/E & SW/Impl. Cache
» E/E-Modeling 555 » E/E Data Backbone

» Definition of Productline )
» Data- » With corporate

structure :
j /Filemanagement E> wide PDM

(preferred
» Metadata of Impl. Teamcenter)

» Reuse of ReuseUnits Artifacts
» Adaption of ReuseUnits » Traceability > Standalone
» Integration of ReuseUnit Feasibility & Efficiency

» Cost, Optimizations El':

» Synthesis

» Evaluation / Benchmarking
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Requiremants Customer Fastura | Feature-Functionalivy-Netwark

--L- ]::__

s
Components

Camjiment Nustwvark
Architacturs Topalagy

Geomeerical
Topalagy

Requirements Management
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Structuring and Editing Requirements

El PREEvisia

Model Tree

Requirements

File Edit Search Administration ‘findow Help -
: @Ot e vari | : L B 2 -
: : E, = Mo active variant [w| & @ : = | = . e
"% Model View 52 ﬂ ﬂ 9 | EQ =5 = <;==(> Tg? ¥ = O || material Requirements Table (@ Software Requirements Table 232
= [ EEArchitecture / ;- LEVEL D MName Description
=] A ProductLine 22 E}gﬂ 411 Stop This is & description of the software requirements for
BN ProductGoal { - automatically turning off an idle motor,
= i Product Iéeatul'e_ §ﬂ 4111 Conditions for turning engine off ;T:d?;ng;:? shall only be turned off under the following
[Ip L Feature Lis oz 1, Vehicle has been idle for mare than 5 seconds
[ 2 Feature Se 2, The last automatic turn off of the engine through stop
=) Requirements / - and go is at least 2 minutes ago.
B! Farduare qull‘eme.nts fminequrementiacagel o I g:ﬂ 4.1.1.2 Sequence for turning engfpe off The following sequene shall be followed for turning off
Vel 2 Legal Requlfements f 43 the engine:
(3@ 3 Mater ial Raguirements | -; v
=G4 Software Requirements | -;- 5 E}'--gﬂ 4.1.2 Go This is & description of the software requirements for
E Software Requirements Table | -;- automatically starting an idle motor,
= §:E 4,15top And Go [ - 53 =] §ﬂ 4121 Sequence for starting This is & description of the events required for
& §:E 41.15tap f - automatically starting an idle motor.
. e 72 | 412,11 Apply dutch Apply the clutch before selecti .
Eﬂ 4.1, 1.1 Conditions for turning engine off [ -;- — E FEERE SEDIZ:;E;; S:IZ; mz;‘:s: ge:r 1 Seectng cear
4.1,1.2 Sequence for turning engine off / -;- i .
5 E:E% 260 /- 5 g Eng ’ 94 | i i ke B 412,13 Release cutch Release the dutch
= §:E 41,21 Sequence for starting / -i- om0 b Q:E 4.1.2.1.4 Give gas Elooni:;ya:jesrnotor management unit to accept acceleration

i 4.1.2.1. 14pply dutch
fif] 4.1.2.1.25elect gear [ ;-

fis] 4.1.2.1.3Release dlutch / -
%424.1,2.1,4Give gas ( -;- (Requirement) |

» Requirements can be grouped into requirements packages and
structured hierarchically.

» Tables provide an efficient overview and editing capability.
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Requirements Attributes and tables

Enumeration
Requirements Attribute
|

=] s
LEVEL 1D MName Description Customer R... btatus RegMappedTo
11 E}% 4.1 Stop And Go This is a description of the stop and go software e = £ PowerTrainModule
requirements
o -84 411 Stop . ts for = : 4 PowerTrainModule
Boolean Requirements In werk
% 4.1.1.1 Conditions for 1 T Released £ PowerTrainModule
Att r | b U te I Reviewed
3-3 _ . .
and gois atleast 2 mlnutes ago.
% 41.1.2 Sequence for turning engine off The following seguene shall be followed for turning off ] Reviews G i
4-3 the engine: -
Model Queries
— 8841z Go This is & description of the software requirements for In work oy S T RS
automatically starting an idle motor.
5-3 E}% 4.1.2.1 Sequence for starting This is a description of the events required for ] In waork £ PowerTrainModule
automatically starting an idle motor.
7-4 ﬁ 4,1,2.1.1 Apply dutch Apply the clutch before selecting gear, ] In work £ PowerTrainModule
-4 E 4.1.2.1.2 Select gear Select the first gear. ] In work £ PowerTrainModule
9-4 E 4.1.2.1.3 Release dutch Release the dutch In work £ PowerTrainModule
10-4 E 4,1.2.1.4 Give gas Motify the motor management unit to accept acceleration ] Chsolete £ 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.
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Open Office Integration — Editable Fields

= B4 3.1 Robustness [ ~-
e 3.1 15hock [ -
G 3. 1.2 vibrations / --
£ 3.2 Watertightness | - - (Requirement) :
= B 3.3 Weight [ ~-
G 3.3. 1 Maximum Weight / -
G 3.3.2 CenterOfivass | -
(I3 4 weitere Anforderungen / -
(O FeatureFunctionalityNetwork f -;-
3@ Logicalarchitecture | -;-
Em SystemSWA [ --
B HWArchitecture f -
Em Geometry / ;-

[i] 111}

E--E--E--E

(]
(2]

1= Project View |[IE

Ell pPREEvision V3.0.0
File Edit Search Administraton Window Help -
;B g E B, f :|Moactivevarant [w|: @ ~ ¢ & H|E - F- 0 o T B3| EE|wM
= Model View 53 = O ||ER Material Requirements Table 52 =0
Ade ¢ EEEEZS T s D Name Description
— — — = I ER Robustness This is a description of the robustness
= [ EEArchitecture / -;- il requirements.
= 7§, Productline /-~ =
= L@PI'DdUCtGDd [#ld  |Heading 1 (] |arial = s iz és4= A-w-8 -
LE Product Features | -;- =
= Requirements | -;- a1 gﬂ & bl Watertightness The ECU shall be watertight up to & am eguivalent o
1 DOCRS -Modul 3¢ | -3 - Zsubmergence depth of o
-cl ) 3 51 | b 33 Weight Hello
[IR) 2 DOCRS-Madul yyy [ -+ 4 9
EN e E DOCRS-Madul zzz [ ;- 3.3.1 Maximum Weight |The maximun weight of the ECU shal not excess 500g.
Eg Material Requirements Table / - CenterOfiass Center of mss should be at center of the vehicle (top view),
) and 40 cm fjom bottom,

B8 HW-Device Picb:gram}

EE Outline | 22 Set Content View &3

=g

X &R FSAIRT

]

Maode Modelelement

3| I |

F

General
Requirements £

heral

2.2 Watertightness [ -;- (Requiremnt) _
[se]| |arial [1]16.1[1]|B‘1LJ|_ = | IS i eF 45 W@

Latency Time |: #¢ |Heading 1
Feature Links | 2

Files

Hazard Analysic
Requirements i
Mappings

Sets
Conditions
Variant

Timing Path
Attributes
Diagrams
Documentation:
Yersion Object
CObject Informa

[fluw] [2]

Parent

Description:

Requirements:DOORS-Modul zz2

The ECY shall be watertight up to a an equivalent of 3 submergence
deptlh of 5m.

3.2

Watertightness::Requirement

181Maf226M |
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Slide: 22/14

vector’



Open Office Integration — Hyperlinks

El PREEvision V3.0.0

Je

File Edit Search Administration

Window Help -

I E BB o Neactveveriant [v] | @ - | L[ XX -1 -

2= “Model view 53

=08

Algl 9 ¢ |E

&[]~

Ll R e e R R 2R e e e R S R N R

(<]

El B, H
I:I Antenna (Installation location
[ ] BadyRear (In
[ ] cmsL (Insta
|:| ConvBattery (Ins
[] cu1 (Installation
[ cuz ns
L] cus {installation
[] EngCirl (InsMNgiion
1 Engine (Installstic
[] Frontlight. (1
|:| FrontlightR {1
L] Horn (In
[ vTsensor
L1 ITAG (Installation locatic
I:l MainBattery (Installation location
I:l MainSwitch (Installation
L[] PowerBrake (In
I:I PowerPlug (Ins
L1 Prefuse Box (Installatic
[ ] rearLightl (Installatic
|:| RearlLightR (Installation
I:l SteeringMotor (Installation
11l
|

(o]

elements to create hyperlinks

5= Qutline | 22 Set Content view 52

&8 HW-Device Pictogramw = d

[«]

X & FSx”
| [v]
Mode Modelelemant F

| 2]

(P2 (AP0 | B EEfeE|um 4
E Material Requirements Table &3 *RequirementsSummary.odt 1 =0
LEVEL D Mame Description
11 E}gﬂ 3.1 Robustness This is a description of the robustness
reguirements.
2-2 | P e B 211 Shock The ECU shall be robust against shocks equivalent to. ..
2 | -&E 312 Vibrations The ECU shall be able to withstand vibrations equivalent
to...
a1 % 3.2 Watertightness The ECU shall be watertight up to a an equivalent o
a submergence depth of 5m.
5-1 -84 3.3 Weight Hello
-2 | i b g:E 331 Maximurn Weight |The maximum weight of the ECU shal not excess 500g.
------ ﬁ 3.3.2 CenterOfiviass Center of mass should be at center of the vehice (top view)
7-2 and 40 cm from bottom. The ECU shall be located in the
EngCirl location,

Drag and drop model

|
apping ".-'ie':q @ Information 1 B_., E/E-Model On} “E Metric Depenw =
ek 0-8 %

<]
= Project View | [IE] Property vie &3

General

N

b
8
=

General
Requiremen
Latency Tim|
Feature Link
Files
Hazard Ana
Reguiremen|
Mappings
Sets
Conditions
Variant
Timing Path
Attributes
Diagrams

Documentai &
Wi ik

CAMNEY

.S
id 3.3.2 CenterOfMass [ -;-

Mame

equirement)

CenterOfMass
Parent DOORS-Modul zzz:Weight

Description :

Center of mass should be at center of M vehicle (top view) and 40 cm from
bottom. The ECU shall be located in the EngClrl location.

3.3.2

CenterCfiMass: :Requirement

: 133Mo}244M m:
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Linking Requirements

" “Model View 52 = O || property view &3 <}==f> =]
a— = = T2 = Feature Links
&= B ELE S |E| Generzl
= Requirements | -;- [A] Requirements Attributes &4 3.2 watertightness / -;- (Requirement)
. - . ' Latency Time
=l 1 Hardware Requirements | -;- ! )
e ? ) ) ) Feature Links Dutgoing:
@ Hardware Requirements Table [ -;- Files = (E=
Bed 1.1 Memory / - Hazard Analysis = |E|
E 1.2 Processor | .-:- ﬁealq:;li:_legrzents Mapping Type Link Target
1.3 Connector | -;- i
2 Legal Requirements [ -;- sets £ Trace &H Connector
Rl ) N L Conditions
= P Material Reguirements | -;- '=§ Variant
B Material Requirements Table | -;- Timing Path
&H 3, 1Robustness | -;- Attributes
=1 54 3.2 Watertightness [ -;- {(Requirement) | Lisgrams
= Documentations
= @g™ Links /

fisfl »1.3 Connector / ;-

= £ [Trace] /

. Requirements Link

» 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.
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Mapping Requirements

i *Model View 53 = O |[2Te NetwarkOverview &
- = |
RN 5 | |

Powsr Trainkd oduis

# bl mooade |

TRELEE Existing mapping
Eﬂl“[nnl Il S
- 2 Legal Requiremente [ -;-
- [ 3 Material Requiremgnts / -;-
=-ER 4 software Requirerpents |/ - -
B Software Requigements Table / ;-
4,1 5top And Go /
. 4 ==:'C!':.l'.E"—'u-"~:: e [ -- Drag and drOp
&34. 1.15top [ - {Reqmrement}l | — to create

wfhLice new mapping

[ FeatureFunctionalityMetwark [ -;-

R NERNERN

]

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

» Mappings can be created by dragging and dropping between
requirements in the model tree and graphical elements.

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

" “Model View 52

New ’
*| i F .
= Requirements | 5 ) Reuse L IR Requirement Package
-------- @ 1Hardware Requirements / -;- Refactoring | hl Requirement

¥l 2 Legal Requirements | -;- g )
= q".nv UE 3 Material Requirements | -;- <7 Undo rename "Connector™>"Connector” Ctrl+Z o= Timing Path
... EE Material Requirements Table / -;- & Refresh element
. Eﬂ 31 Rabushnlass [ % Search
... 37 Waterti f -
& EH - :'Ifla_tEI t";! tness / ¥ Delete induding all reuses
o Eﬂ 3.3 Weight / -;-
- - a . 3 Dereference Reuse
B | 4 Software Reguirements | - - I I
= v% 5 Supplier A's Requirements [ -;- ¥ Delete Delete
= ﬁ% 4 Software Reguirements [ -;- o .
%... {F software Requirements Table [ -;- -
.84 4.1 5top And Go / - Reused requirements
= v% & Supplier B's Reguirements | -;- -
*...8m 1 Hardware Requirements / -;- Create Mapping r
= *"v% 3 Material Requirements [ -;- Copy Mappings »

.. B Material Requirements Table / -
.. 8 3,1 Robustness [ --

#% 3.2 Watertightness [ -;-

.84 3,3 Weight [ +-

» 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.
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Requirements and Variant Management

= *Model View £3 = [ E, 5|8 T T O/ variants 2
%... §f 1Hardware Requirements J -i- [»]
= 'L& 2 Legal Requirements | -;-
B defa/ -
ﬁ 2.4 Emissions | -;- =
- ] 2.5 Lighting / - _‘

G 2.5.1 LowBeamColar | -
§£ 2.5.2 RearLightdrea [ --
4 2.5 sound Emissions | -;-
= 4?, L& 3 Material Requirements [ -;-
‘:’@ Material Reguirements Table [ - -
*ﬁ 3.1 Robustness [ -
... Bl 3,2 Watertightness [ -;-

... Bl 3,3 weight [ ~- o
. L& 4 Software Requirements | -- [v]
EE Cutline |22 Set Content View 53 %8 HW-Device Pictogram o v <.===’=> 9“ 9" nia) ~ =08
|US.-‘-\_.~5\utomaﬁc f -1 (Architecture variant) [V]

Maode Modelelement Parent Contained in H d
I@I §;H LowBeamColor: :Requirement §;H Lighting: :Reguirement MA Va’ rl an t M 0 e I
I@I &H RearLightArea: :Reguire . ’ MA
[in] B cityTrafficsoundLimit::R Req uireme nts al | Ocate d NA
I@I Eﬂ High'WaySoundLimit::Re MA
l@' }H Sequence for starting: 1 Automatic
I@I Eﬂ Select gear::Requiremes: to C u r re n t Va r I an t Automatic
lﬁl Eﬂ Give gas::Reguirement e Sequence for starting::Reguirement Automatic

» 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.
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Report Generation

,'EE *Model View &3 =0 “MyReport.odt &3
ﬂ ﬂ L o ‘E ==Y = <;==;>|E|v Eile Edit Wiew Insert Format Table Tools Help Expo rt in PDF
= [ 3 Material Requirements / - [A] E - H = |§| B ™ : Q e
B Material Requirements Table / -;- . — — -
=B 3.1 Robustness / ;- (@7 |Textbody [ |arial [w] |12 and Word formats A-w-8 -
= f:;"‘-_-‘/.s

@ £ [Trace] [ IR R IR S SO I I SIS I AT SR IPE- SIS RISt SIS RN RSt IR C R - R

E:E? 1.15hack [ -;- o W [T TV u e

g:ﬂ 3.1.2 vibrations J -;-

= §:E 3.2 Watertightness [ -;-
= f?.'"-_-*fs

&" [iracel The engine shall only be turned off under tfe following conditions: 1. Vehicle has been idle for more th

= E;&qi'ﬂhﬁamm gt seconds 2. The last automatic turmn off of thf engine through stop and go is at least 2 minutes ago. ..

g:ﬂ 3.3.2 CenterQfivass | --
=@ Software Requirements | -;-
@ Software Requirements Table | -;-
= B 4. 1 Stop And Go /-
4 *PowerTrainModule / ;-
=B 4.1.15top [ -
£ »PowerTrainModule [ -;-
542 4.1, 1,1 Conditions for turning engine off | ;- (Reg
§:E 4,1,1.2 Sequence for turning engine off / -;-
=B 41260 /-
£ =PowerTrainModule / -
§£ 4.1.2.1 Sequence for starting / -;-
@ FeatureFunctionalityMetwork / -;-
f.. B | nnicalbrchiterhire { .- t E ‘[V]

:a Software Requirements /4.1.1.1 Conditions for tuming engine off

14 -

15

Mapped to the following ECUs:

cle

Navigate model
by 59|90ting Y010 g[E55 M uence for turning engine off
N the report rning off the engine: ...

17 -

R

[ =

Mapped to the following ECUs:

» 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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Requiremants Customer Fastura | Feature-Functionalivy-Netwark

--L- ]::__

s
Components

Camjiment Nustwvark
Architacturs Topalagy

Geomeerical
Topalagy

Logische Architektur
SW Architektur
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Communication Layer in PREEvision

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

» The communication between logical functions in the Logical
Architecture iIs specified by ports and connections (in a similar

way as AUTOSAR)

&1 [ Logical Architecture / -

=- ._..l Lugclal Function Package i f1

Lngn:al .&ssembly Cunnecmrs

C |
Pl:srl

B {-jdelj} ———>—

f2 O
Pl:srl

B
=B f2 fo- Pz2:srl HIp— {-/del)-} ——— = P2:srl
Tipe: 1 Tipe: 2
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Funktionsmodellierung - SW Architektur

Sen;or _ B — Actuator
function function

Funktionstyp, Schnittstelle, Datenbeschreibung
LenkwinkelSensor LenkwinkelAuswertung SEMETIET s
] comLenkwinkel < p > Type - sigLeuchtkegelX[0]-() [Lenkung Type
L i Lenkwinkel LeuchikegeDl 'A
sigLenkwinkel[9] Winkel (Bit) - LeuchikegelSoX
1=
Lenchikegel¥ comLeuchtkegelY-Achse <l L/
sigLeuchtkegelY[0] <) e
—
Hierarchische SW Architektur, Signale
Lenkwinkel:comLenkwinkel
Lenkwinkel:comLenkwinkel
LenkwinkelSensor Lenkwinkelauswertung
- > = = |
LeuchikegelX:comLeuchtkegelX-Achse LeuchitkegelSollX:comLeuchtkegelX-Achse
: . , >
Typ: LenkwinkelSensor | Typ: LenkwinkelAusw... | euchkegelY:comLeuchtkegelY-Achse LeuchtkegelSollY-comLeuchikegelY-Achse
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Function Oriented System Development

f: Function

m: Module

f1

m1l

Supplier 1/Team 1
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Function / Function Network Layer (1)

Function Layer / Function Network Layer (FN)

% Model View 3 =8
» Defines the Software Architecture | %8 i
Fi Functicns Model (FN)::Root compesition -
» Function Blocks as Software Component S
s Eﬁ ChassiszCoemposition
’ Logical Sensors & Logical ACtua’torS ’ ﬁi;r'gI:cnur'rrJ:fEulEr‘:éIchr::Irc:r:i(é::;5rljmfj:izl:r?-cliagrarn =

. &% Assembly Connectors
» COmpOSitional Hlerarchy - i CIimatic.Control::Com.plositinn
4 fiﬁ PowerMirror:Composition
. B2 PowerMirror:Functicon-diagram
» All Elements have corresponding types B sl Comecor
- & DriverMirror:Actuator block
- 3 DriverMirrorDefogger:Actuator block

’ G raph ICa.I BUSSGS y MOdeI RefaCtorl ngS - 3 PassengerMirror:Actuator black
. - 3 PassengerMirrorDefogger:Actuator block
Fu nctlon Types - 3 PassengerMirrorDefogger:Actuator black
- @ PowerMirror: Compaosition type
- @ MirrorContrel::Function block -

» Specify the structure of FN Components
Modelview Hierachy / Block Level
» Ports with different communication styles
» Send/Receive, Client/Server, Slave/Controller
» Ports are assigned to Interfaces
» Interface specify the the communication protocol

» Interface contain data elements
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Function / Function Network Layer (2)

Hierachical

Composition

Hierachical

o
@
o8
]
a
@
a
(%)
el
@
@

Port

Ports

L(/cacSpeed/

def6:calcSpeed BRI CaE

defl6:xacc - {-/xacc/+¥ —>—defl7:xacc

defl8:yacc -l {-/yacc/= —>—def19:yacc

def55:EngineState — {-/emergency,ignition,normal,o¥36:EngineState def20:zacc I {-/zacc/+ —>—def21:zacc
def61:DecelerationDeman ——({-/DecDemand/--————|def62:DecelerationDemand def22:xrot -l {-/xrot/ —>—def23:xrot
def58:AccelerationDemandi-HIP—— {-/AccDemand/=F——>—{def59.... def24:yrot -l {-/yrot/=F —>—def25:yrot
def26:zrot -l {-/zrot/= —>—\def27:zrot

Sender Type: DampingControl

Port

Receiver

Graphical

ElectronicBrake

Port Bus

def64:espBrakeRL {-/espBrakeRL/5— > def72:espBrakeRL
def62:espBrakeFR Hl———————{-/espBrakeFR/-}—>—|def70:espBrakeFR
def60:espBrakeFL | ——————— {-/espBrakeFL/-—>|def68:espBrakeFL
def66:espBrakeRR HI————————{-/espBrakeRR/-+—>—{def74:espBrakeRR

Type: ElectronicBrake

Assembly

Type: ESP

Connector

bus

{-/EmergencyBreakingExec,NormalBreakingDemand/-}
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Function / Function Network Layer (3)

Function

Block

xaccxace |- {-fxacc/-} -
zrot:zrot [ {-/zrot/-¥ >
. . {-/NormalBre akingD emandf-+—_— 5 {-/zacc/-} e H |e raCh |Ca|
H Ierac h I Cal {-/EmergencyBreakingExec/ | ASS I g n ed [fyrot/ =
{-/DecDemand/—————— > . {-/xrot/ > PO rt
{-/AccDemand/+ ] Fu n Ctl on {-fyacc/-} T
{—/emergency,ignition,norrnal,DverlDad,shutdovm,starlf=)—>—
Block Type {-/espBrakeRR/-}— ] def6fespBrakeRR
— brakeFL:espBrakeFL -l {-/espBrakeFL/-} def6espBrakeFL
brakeFR:espBrakerR (l—————/{-/espBrakeFR/-——"J def62 espBrakeFR
PO rt W|th brakeRR:espBrakeRL H{f/‘espBrakeRLj—']— def6tespBrakeRL
o Type: ESPMaster
assigned
I nte rface {-/vectom vectory,vectorz/-}F—
pmFL @ SpeedVectorCalc [ ]
pmFLrpmFL {-/rpmFL/ 4 ~>—rpmFLpmFL Fu nCt| on
Type: rpmFL
Block
pmFR ?
pmFR:rpmFR - {-/rpmFRA} “—pmFRpmMEFR
SpeedVector:SpeedVector HIP————
calcSpeed:calcSpeed [HIp—— {-,'calcSpeed,H7><l def6:calcSpeed
Sensor Port Actuator
{/TpmRRE} ~>—rpmRRrpmRR
Block No Interface Block
ign
ass g ed SpeedDisplay S
RL
L @ speed:? speed:?
pmRLpmRL-I {-/mpmRLA} “>—rpmRLrpmRL
Type: pmRL
£ s
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Function / Function Network Layer (4)

Client Server

Interface

Y Demo [ | Slave Controller Intf @ Slave Controller
‘ ClientServer Intf @ E’ defl: -
1

‘ def1 () o deft deft |- Interface

|I, defl: -

b Decrement (-)
Function

xacc Send Receive

Block Type

— xacc[1]:-(SignedWord) T Interface

— x[1]-(SignedWord)

P
DampingMaher =3 y[1J-(SignedWord) i i
— yacc[1]:-(SignedWord) — z[1]:-(SignedWord) DampingCalculation [

“—{Xacc dampacc ~D’/J> ﬂ\}

@/ @

yacc

dampacc

&)

e —yacc damprof

~»— damprot

“»—{zacc

<
1
<
-~ yrot damp_rot @
> zrot
— x[1]-(SignedWord)

— y[11:-(SignedWord)

— zacc[1]:-(SignedWord)

=—{xrot

xrot

— xrot[1]:-(SignedWord)

@ |©

yrot
— yrot[1]:-(SignedWord) PO I‘t — z1]-(SignedWord) I nte rface
zrot Protoytype ASSlgnment

— zrot[1]:-(SignedWord)
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Requiremants Customer Fastura | Feature-Functionalivy-Netwark

--L- ]::__

s
Components

Camjiment Nustwvark
Architacturs Topalagy

Geomeerical
Topalagy

Vernetzungs-Architektur
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Kommunikationsarchitektur Audi A8

Antriebs-CAN 500 kBaud

RS
, 2 e KOmMfort-CAN 100 kBaud
-y & e Lin-Bus 20 kBaud
| i T s MOST-BUS 21 MBaud
ombi-
500 kBaud
1
- Gateway e _—
[ izl Display
Motor ; -
o : MM
Elektronik Radio R
| |
Getriebe E-CAN TSG TSG | M i | Standard Eaiieprochar
Elektronik|™ | 500 kBaud Fahrer Beifahrer Fahrer Beifahrer e Sound'systern
: CD-Single
i LWR sEl TSG Energie 9
ESP5.7 AR hinten links| inten rechts (FzHre) Manager
(FZH i )
o EPB Klima
Geblése,
Airbag- Lenkwinkel ESH
Systeg‘i Sensor @ FBS/EZS 7 Iggeemen |
Lenksaulen 5 (Ante_nnerD
Modul | | gigungs : Dach-
S modul
Ll im | : SAD
hinten
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Network Overview
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Typisches Vernetzungskonzept PKW

E/E-Architekturen im Kfz werden
meistens in die folgenden Domé&nen
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
unterstltzt den Entwurfsprozess stark
verteilter Elektroniksysteme und
erlaubt eine Optimierung z.B. nach
Kosten, Gewicht, Bauraumbedarf etc.
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Typischer Aufbau eines Lichtsystems im PKW
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AUTOSAR (ECU and Software)

Application

Software
Componen

AUTOSAR
Interface

Actuator
Software
t Component

AUTOSAR
Interface

Sensor
Software
Component

AUTOSAR
Interface

g

AUTOSAR

Software

Application
Software
Component

AUTOSAR
Interface

AUTOSAR Runtime Environment (RTE)

U

The software component
template describes these

Standardized Sfaﬁgrgfgd Standardized AUTOSAR AUTOSAR
Interface R Interface Interface Interface
Services Communication ——
Abstraction
|
Standardized Standardized Standardized
. E Interface Interface Interface
==
: oD a : | | l Complex
Oéﬁesrgéﬁg ﬁ E I Device
y o g' Drivers
=B

Standardized
Interface

Microcontroller
Abstraction

ECU-Hardware

Of these software components
only the AUTOSAR Interface side

can be fully described in the
software component template

components completely
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Communication Layer in PREEvision

& pREEvision ¥3.1.0 beta
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-8 IPDUs / -3
# other PDUs / -;-
= Schedules / -;-
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o
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General

Signals
IFDL

FOU-Frame &ssignment

~General

[f] CAN-MSG100 / -;- (Frame)

Name®: [canmsainn

Frame Transmissions
Sending/Receiving EEs
Transmission Parameter
Fequirements Mapping
Sets

Conditions

Yariant

Timing Path

Atfributes

Diagrams
Documentations
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Parent | Frames:CAMN Frame Types

Description:
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Communication Layer in PREEvision

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 Cormponents / - ;-

----- = Corrponents /-3
B %= Bussystems
e CANL -
e CAND J -
B9 ECUL - O n
- b ECU2 GW /- 5- N : ] ’
#- 6 ECU3 / -;- ECLM 9 ECLI2 Gy £ ECLIZ £y
L LESERE W L

CAME
AN
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Communication Layer in PREEvision

Signal Routing

» Based on these information the integrated PREEvision Signal
Router calculates for the sender-receiver communication

» System signals ~lalx]

Choose Routing algorithm and weighting function

Please select the routing algorithm and the weighting function you want to use for the routing.

» Syste m S i g n al ou can also configure, if available, the parameters for the selected items.
= Routing algorithm
mappings

Algorithm to use:
IDijkstra algorithirm d

> S I g n al ro Utl n g S fo r al I The Dijkstra algorithm calculates the cheapest route for every source - target pair.

The costs for & solution is the sum of all relevant edge costs which are calculated

Signals, WhiCh need to by the weighting function.

If there are several solutions with the same costs, the first solution will be used,

be Co m m U n i Cated i n ~Weighting Function
th e n etWO r k Weighting function to use:

Standard weighting function for signal routing j

This weighting function considers the costs for usage of existing gateways, creation of new gateways
and usage of bus systerns,

Costs for using an existing gateway I 10.0
Costs for a new gateway |20.D
Costs for using a bus system | 10.0

< Back I Mt = I Firist Cancel

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector’




Communication Layer in PREEvision

System Signal Specification

The specification of System Signals can be done by the Property
Editor...

o= Dutline f% Set Cont (B‘_\S Hi-Diei FEE *Mode| 3 =0 (% Components (C Logcial Function Package &2 - E']
- [ =5 = = I = I
. :l | Al dl 9 ¢ | EEHCLH S T K@ Informa ﬁ& Project (.L__I Property &3 . & Mappingw 2 E,-'E-Mucq "I Metric DW & Error LDW =]
...,_jgardwavrej-f- ﬂ <5==.‘c>=_n*<3:|l:[>||"f'.:|@v@|}:9v
= L Seometry /7 ~Signal Attributes
& [ Mappings / ;- GEeneral -
= B Communication / -;- Signal Atributes — .1 SystemSignall / -;- (Signal)
Ed:' Frames /-;- Signal Group Signal nat available: I
E...t]j CaM Frame Types / -j- Signal Transmissions
H H ;. CAMN-MSG100 ,|"l -- Frames Bit Lengﬁ’l 8 I a2 bit
: - FF] CAN-MSG200 / - - Signal-IPDU-Assignment Default valus I—
---tlj FlexRay Frame Types / -;- E\Drts. 0 ECL . I—_l
-3 LIN Frame Types / -;- Sgaji:;gECU ALY Lnknown -
- £ Gateways / ;- Transmission Parametar o reguesiag) .
-8 POUS / - Change Requests I5 response error; u
- Schedules [ -;- Data Type Cateqory ! I
Eld:r SystemSignals /- ;- Reguirements Mapping
BT GATEWAY / ;- Mappings Matwark Management Wake Up allowed: [
ok systemsignall / -;- (Signal) Sets
-15h SystemSignalz / -;- CI:II"I.dltIEIﬂS
b b0l BignalGroupl [/ -;- 'v'grl;lnt
i ) Timing Path s
Lo b0l BignalGroup2 /- ;- Attribotes
- el Wariants l|'r - _ﬁl Diagrams
1 | 4 Documentations ;I
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Communication Layer in PREEvision

System Signal Mapping

... as well as for the System Signal Mapping

o= Outling (j% Set Cant F"E Hi-Dieyi F‘E *Model 3 . T O (% Components (C Logcial Function Package &3 = Eﬂ
_LI |Al 8 9 ¢ | 2 B e N @ Informa ﬁz_—'ﬁ Project (.L__I Property £2 4 Mappingw 2 E;’E—Mulﬂ “ Metric DW & Errar LDW = 0|
...,_.Hardwaref—;— ;' <}=={$f<33':3’||'?c|@' l%|:‘=:‘>v
- [ Geomety f -;-
; ) ~Source/Target
= [ Mappings / -;- General
----- B Requirement Mappings / - ;- Source/Target «5 defl (COM:System Signal Mapping)
----- R L4 to 5W Mappings /- i : , ,
1B L o H MaEEings ;:_;_ EZEEEHE;EE;;?EE Mapped information units |del {Data element) ;l
..... [ Service Function Mappings / - ;- Sets Mapped Transmittable Elements |5ystem5igna|1 / -i- (Signal) ;l
= @l FT-Sig Mappings / -)- Conditions
‘” MR 1 iari:antp "
: iming Pa
o atributes
Diagrams
— Documentations
=i Signal Mapping Yersion Chject
Chiject Information
----- I8 s\ to HW Mappings £ -;-
----- & basic Software Mappings / - ;-
----- (& HW to Top Mappings / -)-
= B3 Communication /- ;-
E|1:|:r Frames [/ -;-
E|1:|:r CaM Frame Types / -;- =
< | ;I_I | | B

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector’




Communication Layer in PREEvision

PDU Specification

PDUs are specified interactively based on System Signals

5= Qutline f;% Set Cont (“TE Hity-Dievi F‘E *Model 53 =0 (ﬂ Components (C Logcial Function Package &3 = E']
I_L“ Ald 2 ¢ |'EEE, S @ Informa ﬁ:’ﬁ Project (II-_—I Property £3 HMappingW (= EfE-MDlﬂ “E Metric DW@_‘lEerr LDW = O
...,__.Hardwaref—;— ;I Q:b = 5 C'.)lﬁ':l@" @l}:av
- GEDm_Ew f5 —Signal-IPDU-Assignrment
- [ Mappings /-3~ General
|_—‘_||m Comrmunication / -;- Signal Atributes rou IPDUL / -;- (Signal-IPDU}

Eldj Frames / -;- Lsage Signal-IPDU-Assignment:
El- 8 CaM Frame Tvpes / -;- Signal-IPDU- i
! m CAN-MSG100 £ - - F'DU-Frame Assignment + - G:“; | ﬁ} &
- caN-MSG200 / - FlexRay TP Channels Index | | Start Position | | assigned signal
o FlexRay Frame Types / -- TP Channats _ iiT m o ) SystemSignall £ --
- 8 LIN Frame Types / -;- ggiwrementa Mapping
- 8 Gateways / - - Conditions
[']d:' FDUs /- Wariant
E|t|:r IPDUs / -3- Timing Path
= IPDUL f -5- (Signal-IPOUY Attributes
: ¢ lmEdefi | | Diagrams
[ Fou [POLIZ £ -;- Documentations
w8 ather POUs / - Version Ohject
i 8 Schedules /- Ohject Information
=t SystemSignals / -;-
il L GATEWNAY / ;- _|LI ‘ D
1 | 3

PDU: Protocol-Data-Unit
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Communication Layer in PREEvision

Frame Specification

Frames are specified interactively based on PDUs and are

available for

» CAN

» LIN
» FlexRay

=

- Hardware /-;-

-[5 Geometry / -;-

- [ Mappings [ -;-

-3 Cormmunication /- ;-

-8 Frames /-;-

E|1:l:r CaM Frame Types / -;-

ASG100 / -;- (Frame)
- m-f can-msczon / -;-
---tl:r FlexRay Frame Types / -;-
- # LIN Frame Types /- ;-
- B Gateways /-;-
(- B3 PDUs / -3-
- B Schedules £ -;-
B- & SystemSignals / -;-
ol GATEWAY /-1
! S SystemSignall / -i-

-2 SignalGroupl / -;-
e b2l SignalGroup /- ;-
= [vel Variants f - ;-

[

s

5= Outline (jﬁ St Cort (“TE Hiyy-Dievi (‘E *Model B2 T O (% Components (C Logcial Function Package 2 = EIW
I_—|;| Ald e ¢ |EBE o %E - @ Infarma (b_—'} Project ﬂn__l Praperty 22 HMappingw[S_, EfE—Mucq’EEMetric DW@Eerr LDW = O

EtoD |k OG-8 %Y

General

POU-Frame Assignment
Signals

PO

Frame Transmissions
Sending/Receiving EEs
Transmission Parameter
Requirements Mapping
Sets

Conditions

Yariant

Tirning Path

Attributes

Diagrams
Docurmentations
Yersion Chiject

Object Infor mation

—Eeneral
Mame®:
Parent

Description :

Frame ID:

Frame Type

[l CAN-MSG100/ -;- (Frame)

| Can-MEG100

I Frames:CaM Frame Types

[
[
| 100
: IAppIicatiDn ﬂ
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Communication Layer in PREEvision

Frame Synthesis

The Frame Synthesis generates a schedule for FlexRay or frame
transmissions for CAN and LIN using predefined frames

=28 Product Ling 1/ -;-
&1 0@ Product Goals /- ;-

Signal router IT] I__l LDQIEEH ."fl.rEhItEEUJI’E l|Ill -
Frame Synthesis . [~ [ Logcial Function Package / -;-
Settings of the Frame Synthesis which will be executed after applying the routing results, """ s | Syatem Software Architecture .'"I -
i _5M .

- &g Basic Software [/ -;-

™ Delete all Frame Transmissions before routing (deletion of the camplete communication has W Hardware .-"I -
- B8 Geometry / ;-

I Execute Frame Synthesis after applying the routing result, ) ¥ "lll !

= Create new. Frame Transmission if necessary [ Mappings £

=8k Cormmunication /- ;- (Communication’)

Signal Packages of usable Frames

- 8 Frames /-
: ---ti:r CaM Frame Types [ -;-
---1:|j FlexFay Frame Types / -;-
. @8 LIN Frame Types / -;-
---1:|:r Gateways / -;-
---1:|:r FOUs f-;-
---l:l:r Schedules f-;-
- 8 SystemSignals / -j-
[+ [wel Yariants f -;-
<Back | [+~ 4@ Product Goals Catalog / - -
&-Ed Library f-;-
EI--- Adrministration [/ -;-
J Prototypes / -;-

Change Signal Package list

()

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector’




Communication Layer in PREEvision

Schedule Specification - Frame Transmissions

5= outline |1 Set Cont 8 Hw-Devi 5 *Model 53

=8

(ﬁ Components fn: Logcial Function Package &3

zﬁl

il

i Informa ﬁ& Project ﬂ..__l Froperty 532 . 4= Mapping} = E,J'E—Mnuﬂ I Metric DW & ] Errar ch =0

FZ oD | R O-a8 %Y

[[lAd9e ¢ | EOEHE=E[F"
|_'- Hardware / -;- ;l
EEII Georetry f-;-
L‘ Mappings / -~ zeneral
&= B Communication /- PDU-Frame Assignment
L:_|dj Frames f -;- Signals
- 83 CAN Frame Types /-;- IPDU
. E-FcAN-MSG100 / -;- (Frame) | Frame Transmissions
m CAN-MSG200 / - - Sending/Receiving EEs
___tb FlexRay Frame Types / - ;- Trans_missinn F'arameter
B LIN Frame Types / -;- ggiuwements Mapping
- Gateways / -- Conditions
- 8 PDUs /-5 Yariant
- B Schedules / -;- Timing Path
=t SystemSignals / - ;- Atiributes
i GATEWAY / ;- Diagrams
I3 SystemSignall [ - ;- Dacumentations
%y SystemSignalz /- warsion Object
@ SignalGroup / -;- — ||| ©bject Information
Jeh SignalGroup2 f -;-
- [ue] Mariants f -;-

—Frame Transmissions

(] CAN-MSG100 / -;- (Frame)

Length in byte: I i

byte

Debounce Time: | 100

Frame Transmissions:

&

Uz

Index | | Frame Instan.., | | Frame Trans.., | | Descript

i1 &

Generated routing results of the frame transmissions

TCAMN-MSGLO0 = PowerirainC.., E‘E‘
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Aufbau eines Steuergerates (Komponenteneditor)

Aufbau einer ECU
» CPU, FPGA, RAM, etc.

» Gatewaystruktur

Kommunikation zwischen
Busanbindung und CPU

Gateway
j gwCPU1 ¥
gwsW1 (a1 gwGW1 4l
gWSRAM1 [
gWROMH [
gwEEPROM1 £

[E] [E]

-
o —
gwSRAM2 C
gwROM2 )
gWEEPROM?2 =
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HW-Modulmodellierung: Aus Zulieferer Sicht

HW Modul zur Verwendung
HW Modul als Bibliothek

Attribute eines HW Moduls: [= =
» Stuckliste
> Bautellbezeichner % HA-Module-Instanz (Yervwencdung) {:E
» Teilenummer 1 HW-Modul: Signalaufbereitung
> Gehause \ l'fL-'\J'MdeB Instanz (Yerwendung)
\ 1 '. ] % } HA-Rodule-Instanz (Yersendung) i:',:E
Flache A ~J—|—_——= ] =] k&
g v S i ' HW-Modul: Algorithmus.01
| 2 Anzahl \\ HW-MndlI Mutu-rTrelheI _
> Einzelkosten (aUS DB) \\ HW-hodule-Instanz (v ernenduncg) {} HA-Rodule-Instanz [Yersendung) i:}
Import \ | | |
> B||d (—I\W-Mndul: Motor Treiber H\f‘:Mndul:Slgnalaufherelmng
» Kommulierte Attribute \ s
» Kosten \\ K Verwendung
» Flache (aus Bauform, ) %Qﬁiggu:ﬂiﬁ;g /
Overhead Antell, Offset) + @ DECBUssyshem: Yerwaltung
. = @ Huw'-Modul-Typen: vernwaltun
> GeW|Cht Hi-Madul: .ﬂ.lgnrithmus-}ll::CPU Tvp
Flnden von HW_MOdulen Hb'-Modul: P-"!u:utu:ur Treil)eri:CF'Ll Typ

Hu'-fModul: Signalaufbereitung:: CPU Tvp

(#300-500) -
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Requiremants Customer Fastura | Feature-Functionalivy-Netwark

--L- ]::__

s
Components

Camjiment Nustwvark
Architacturs Topalagy

Geomeerical
Topalagy

Leitstungsversorgungs-Architektur
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Stromversorgung

Schnelle Erstellung der
Stomverteilungsmodellierung durch 2

Ansichten:

» Bedarfsansicht (Klemmenbedarf)

» Verteilungsansicht

def3 '

defd

(= [ indirekbe Yersorgung
28 Kopfraumheizung LYE_def4_0
oo ventilator, LYE_Wentilator_0
£ Batterie 12v.def16
1 D wechsler,defl
© 1 CO-single, defz
Lop Klimasteuergerat, LYE_Klimasteuen
[ Sikzsteusrgerst YL, def4

FETTI .

= = e 1 .

':Elattery = def?
: -
Distrikutor 1k
R I
Generatar i)
= _ f ‘ tets
' “ ' ™
& Bedarfsansicht &7 = 0O ~& Verteleransicht &3 = O
X &5~ & X 57
= KL30 2y =-1E def1
oon Sikzheizung, LVE_defs_0 3 spiegelsteusrung.LVE_Spiegelsteusry
R Sitzpositionsaktor LYE_Sitzposition = KL30
= KL30 = £ Gateway.def19
t2 Gateway.def19 = -DE def3
A, KL30g £ EBatterie 12V.def16

=0 Klimasteuergerst, LYE_Klimasteuerger
<L deF19.LVE_def19 0
'DE Yerkeiler-01
=3 nicht zugeordnet

= KL1S

bution

I BodyContraller.def17

= KL30

i1 DYD Single.def18

E Power Distributor ‘I}E
7]

>

= i iy

i ! 7X‘t‘wawT ’

def2

dett

E Gatewway &=

E Transmiszion =

Ps2 ContrroHer

ESP Controller =

HU

':91 aaaaa a Column (4
Control Module

E BodyController =]
Pss

E Comfart Controller £

L

velor:



Sicherungs-Relais-Box

« Spezifikation von Sicherungen und Relais

Hamkbiinzstr .

FAZT

STG_Konsole £

KW02

Bl

MLeiztungzerteiler Hauptverteiler

A A

Iyvizchenverteiler ‘D;

Mame: def2 > Mame: defl]
“ersorger: =0 ok ‘rsorgtes Hemert:
Flemmenbezeichnung: - 4 Klemmenbezeichnung:

loms. 06— T Wy
Klemmenbezeichnung: o 4 Klemmenbezeichnung:

A

4 Klemmenbezeichnung:

. =7 S e e et Generatar oED E Zentralerverteilar ‘D;

Hame: et 30— e = T ErEre . )
Klemmenbezeichnung: o 4 4 Klemmienbezeichnung:
4
S D—E—C AL MHame: dafld
Mame: defl2 7] ‘Jersorgtes Hement:
- 4 Klemmenbezeichnung:
Mame: defl1 S5 Mame: deflf

rsorger: rsorgtes Bement:
Klemmenbezeichnung: 4 Klemmenbezeichnung:

MHame: deflz
rsonger: |
Klemmenbe zeichnung:

Hirweeis zum Kurzschluss

Diese Modellierung zeigt wie man
erschiedene Yarianten in einem
Leistungsverkeier modelieren kann.
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Internal Schematic Diagram

Internal

FuseRelay Connection

F1 F1
Name: def4 3 ) ame; VBat
L. 10 10 S gluppﬁ'edB glement: BodyController/BodyControl
Clamp description: BATT F1 Clamp description: —
< ame; q
10 \';Prﬁ led element: GatewayGateway
F1 p description: —
D < Name; def
10 Internal = Eﬂ)rﬁ |e§ e?ement: Brake ControllerBrake Contre
F1 p description: -—
SO% Component 504 Name: def5 . )
Name: def7 N P Eﬂfrﬁhe element: ChassisControllerChassisCon
= p description: —
[— ) 's\lam?': Lﬂ’Fuse[éeElay’ﬁ Controllert ngine Controll
K1H 10 Cllla[)"[:plede;!c(:]l;ggn: 7[!9"]8 ontrallercngine Controller
Name: def9 S £ Name: def8
Sl?ll)“péiiel:e——— = X Sl?;)np(iiedeelement -—
Clamp description: —- Clamp description: -—
Name: def44 K4 K3
Name: def10 e Name: def®
Supplier: -— Supplied eleme, & -—
Clamp description: —- o=t Clamp description. -
a Name; def10
Name: def45 O Sl?;l)np?iedeelement -—
Clamp description: -—
l Name: def11
Supplied element: ---
Clamp description: -—
Generztor L FuseRely Tk
. sem vase [ -
Name: def43 =
Battery £2 2 ,: ot @k [ =

Internal Schematic Diagram is auto-layouted '

Quick Conceptualization of e.g. Fuse-Relay SyStem-ji o —

i

i [kes TP

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector

"%



Requiremants Customer Fastura | Feature-Functionalivy-Netwark

Components

Camjiment Nustwvark
Architacturs Topalagy

Stromlaufplan -
Leitungssatz | |
(Elektrik)
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Stromlaufplan

ECU

Klemme15
Batterie & Sicherungen-Relas 1k J
- — [Bamen] < 3 *ﬁ—c—:«lrw——c,
Py '
4
| F? Zindung1?
4 ¢ %
1 | FuseRelayBox
InternalConnection
- ————
- 4 GroundSpot
Actuator 4
| HWDevice | \, Ground
N Klemme30 f
SchematicPin
_ SchematicConnection
] —
4
! \( ) Y, Y.
Body Controller Front CGW
“ y dy Ve AN-H * ) e
y -, CAN-L = ) =
b

Darstellung der elektrischen Verbindungen zwischen Komponenten

>

>
>
>

Keine Trennstellen
Keine Splices
Keine Stecker

Vereinfachte Darstellung von Pins

Komponenten kdnnen mit ,,Ersatzschaltbild“ hinterlegt werden
> Leichteres Verstandnis der elektrischen Zusammenhange
> Automatisierte Generierung von Werkstattmaterial
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Leitungssatz-Editor

Batterie [ |

Battery I

_ Sicherunge... 1E

Pins
ohne
Typ

ﬂ:ﬁj _ii

| ParkLonos L e £t CANL
| HiBeLOnOf
| LoBeLONnOF
1 HiBeRONOff
| FogLONnOR
| FogRONORF

| Typisierte Pins (mannlich)

ComponentConnector
{Komponentenseitiger
Stecker)

Darstellung aller Leitungssatzelemente
» Trennstellen
» Splices
» Detaillierte Pins
» Steckerpartitionierung
> Dokumentation des Leitungssatzes

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector”




Requiremants Customer Fastura | Feature-Functionalivy-Netwark

s
Components

Nustwvark
Topalogy

| Geomeerical
Topalagy

Geometrie

\SEEICallaborationiRlationiy
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Leitungssatz im 3D-Modell

Der Leitungssatz verbindet die Steuergerate und ist an die Fahrzeugstruktur angepasst.
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Zentralleitungssatz eines PKWs

Ca. 2500 verlegte Leitungen mit Querschnitten zwischen 1gmm und 16gmm Kupfer

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Realer Leitungssatz
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Verknupfung NET - GEO durch Mappings

Vernetzung (NET)

Mapping der Steuergerate
auf Topologie-Ebene

Topologie (TOP)

/ Bauraum

/

y 2

Projektansicht|Pr0perty Wigw [ﬁ Mapping View 2 lLeitungssatzansicht|Pr0perties|LahelConFiguration\-‘iew|Longistory| by }:D v =8
Quelle | Tvp | | Ziel | Tvp |

/ oK opfraumheizung Altor L d |:| Tastfeldsitzsteuerung Einbiaudrk
/ ok apfraumbeizung Akrar L d |:| Kopfraumnheizung EinbauCrt
R ckenlehnenakkor Akkar - D Rickenlshnenakkor EinbauCrt
/ o Sitzheizung Akkar L d |:| Sitzheizung Einbaucrt
/ oo sitzhihenakkor Altar L d |:| Sitzhihenakkar EinbauOrt
o Sitzpositionsakior Akkar L d |:| Sitzpositionsakkar EinbauCrt
/ (-] Sitzsteuergerat KontrollEinhbeit - |:| Sitzsteuergerit EinbauCrt
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Topologie Sitzmodul

Motorraum Innenraum EB Wischer Antrieb
Scheireerfer links Scheinwerfer rechis ok EB Regenlichtsensol
: ; ; - ; celsgieEhon 5 EB Limrichter2
ECUsz: Scheinwerfer linkgECUs: Scheinwerfer recht: <P det20 ienlichtSemsor] ; ) EB Umrichter?
[SP ECUs: Antricbsumrichter 1 ECU= Antliebsumrichter 2
Length: 22 y
z def17 ol 3 = SEY, SR
Length: 200 ength; 300 b
defan defl defld def2
g Length: 400
dets Length: 220 defl Length: 200 defs Length: 200 m-“'--.. Length: 200 defll
e17 detd \»a:\
Length: 500
Biody Computer A det3
ECLz:Bn C Lt
ECU Front SP:I.: " ompd:frs Length: 300
Length; 200 defl
- ECUs:ECL Powrer Supply Bat 12%, GroundPoigt1
BH ECU Front Length: 200 A
defa
EB ECU.HECK _ ED Batterie
ECU=:Licht ECU Heck
[SP: i
et Length: 102 =17
/ 5 Length: 20
def1
Length: 100 Length: 1
Rickleuchte links EB Miveausenso def Rilckleuchte rgoht:
ECU=z:Rickleuchte links ECLU=: Mivgausensor ECUsz Rickleuphtefrechts
SP SPi
== Project Yiew |[IE] & 4 Mapping Yiew | @ Information I:DF‘n:q:uarties 4y Search G.:p oo BB
Wiring harness
General ~
Elagmsm Wire YWire bype wir... Electric ... Conneckion | Can... Flug Ps P Pc
aming
Geometry =131 LT 0.5 0.54 - -I- defl - g defa = defs - -
Assembling = B Gateway . BA_ZGW body - == py =p I Pl
Pins > L4 LT 0.5 0,54 ) CEM S BA_CEM_D - Pt =pr1 Fr
Wiring harness
Weight - Gateway - BA_ZGW_body - = pz =r2 Frpz
Cosks L1 1 LT 0.5 0.54 - -I- defl - =k d... =, - i
E“SCD"'"E?CW;” " B9 Gateway 1 KA _Gateway 0 w73 2k p1 =Pt F PRI
anwentional cannection
. -I- - = = -
Power connechors |71 LT 0.5 0.5¢ def1 = d.. d... .
Incoming Signals o) Gateway L KA_Gateway_ 0 %23 2 p2 =pz I opz
[, [P I I — —




2D Topologie in PREEVision

B PREEvision V1.0.6

Datei Bearbeiten Suche Metriken - Administration Fenster Hilfe

: : 3 ¥ | & =gt =R S N
o vttt 4]
F‘EModel\ansicht £3 =0 .'E._, Topologie des Fahrzeugs 22

5|t ===

I+ L029::Einzelleitung [6]
I+ LO30::Einzelleitung
I+ LO31::Einzelleitung
I L0321 Einzelleitung
I+ L0333 Ein2
I+ LO34Einzellel
- L0035 Einzelleitung
% Diagramm; Leitungssatz de:
2 most Ring::Kommentar
def10::L5 Trennstele
B- defi::LS Trennstelle
B- def2::L5 Trennstele
@ def4::Stitzpunkt et
Topalogiemadell (TOP): : Topalagie F
ﬁ Sitz:: Topologie Paket
|i _Lleberswcht::TDpoIogiE Paket
ﬂ Topalogie des Fahrzeugs::
[=%2 Topologiesegments = et
o defl; Topologiesegmer [EC Us -Fombiivs Tament, MM O Epiay, Aead-UTE | a
— def10:: Topologiesegme: e
— defl1::Topologiesegme
— deflZ::Topologiesegme
— def13::Topologiesegme
o def14::Topologiesegme
o def15:: Topologiesegme
o defl6::Topologiesegme
o def17::Topologiesegme
o def 1 Topologieseame
o def 19 Topologieseame,
[

A2 Tammlnniar anmer

e
Ecusco neciser, SmEm spudnsem

il
[ECUs Gaeway, Tekma, bose Soncs@em, TV T1el, fnja
=

EC Us Naugator, Te BB

=)

[( ] 1l | [ >] - L
Gliederung YM Gruppeninhale 3 =0 ["]
W v <‘)===> = = [‘] [ i I [,]

Projektansicht | [ Eigenschaftsansicht &7 Mappingansicht | Information | Eigenschaften | Inkonsistenzen | Fehlerprotokall G:D Eagi= = @ - & Y =08

|Steuergerata::Modellgruppe lvl

Allgemein
Allgemein ~
f{lndus cdelelement Fins J+ LD29:Einzelleitung

'@' T Kopfraumheizung: :aktor Kosten

(] I Sikzsteuergerat WL::ECL Mapping Name: Loza

i . - Anfarderungsmapping

Lin ]} Sikzsk t R ECU g

|%| i T‘ Z:FE;;Z?ET s Yariantenbedingungen Vater: MOsT =

astfeldSitzsteuerung::Sensor
= Gruppe Eeschreibung:
Wariante
Attribute
Diagrarnme
Kommentare
Objekkinformationen
EPDM-1D:
3 L | ) Leltunastyp: | T (RO iflinastn [vl [ ]
&EM von 152M @ L0282 :Einzelleitung
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PREEViIsIiON

Customer Benefits: GUI concept

[l PREEvision V3.0.

File Edit Search Administration Window Help

e — =L S ILTITIIIT
& *Model View 52 = 5|, ElypsisOverview 52 =Be SystemSWA 52 ==
) Z * | 2 Palette [
| - | I Select
B HomControl / - SIELR r

_ Steering L Marquee
[ KeyVerifier / -:-

=—s CLSPassiveAntRR
+ DoorLatchDD / el

=e DoorLatchFP / - « [ ) ] b 4 [ —wm » B Timing Path Slot
+ DoorLatchSLDD /

KeyLocation KeyLocaton GearTe

8, Timing Path

B Homswitch | Temperaly | pocumentation <«
ornSwitc 2z
2 H 2
B Keylock/ - = [ Comment
&l Brake / - B :% Type: Steering @ Information
il Centrallocking / - XE #Todo
&8 Cockpit / -;- S SiidingDoor Erake —_L =~
- = Touched:DoorOpenCloseReq ParkBrak
5 Lights / = =l (= Blocks ®
&l Mirrors / - ] Brakelig] P> Sensor Block
i MotorControl / - | B BrakeSy
& Seat/ . Type: SiidingDoor Type: Brake @ Actuator Block
! - S ——
SlidingDoor / - = O Y [ Function Block
g eeemn L | et Braking| || Funct
cenng a8 ] - bus —| | ports ©
i Windows / Bl ] {-Indicator]| =
B HWarchitecture / -+~ -5 L 1> Sender Port
B HWComponentPackage / -;- o a > Receiver Port
- B 3 Type: Seat
g J
£ Components/ - & = Server Port
[i@ BedyChassisCemfort / -;- g"ig NetworkOverview £3 ] EEEEEEEEEENEENEEEEN . E——
- " = Body -
m kl“ghtr:"l‘g e 1 ~lg | HonkHorn HarkHom 'enitionianiton (g Ciignit,——— ¢ (= Connections 4
ED ManMachinelnterface / -;- (| > Keyl ocation-KeyLocation = Assembly
Em MultiMedia / - = St s Eit L Connector
[E3 PowerSupply / -: e [T = . T
B PowerTrain / - g Jype:body 00 ) o= Sender Receiver
owerTrain / -;- . P e
Em Safety : H i Bus
. E b st 2 & Variant Conditi...
[ Security / - a1 H r - /KeyLocationty —————————
B0 Locking / - & i 0 = E ey i &7 Variant Condition
58 CentrallockingSyster T 4 c ] Variant Condition
3 LegacyBodyModule =t 1 Assignment
%Lega(yﬁndy[umfnm R n ) Eﬁ 3 -] Directed Variant
Available Tables  —
— - . - | SRR MLEE L ) . &R =
%= Conventional Conne L 14 Create
+— CLSActiveAnt / -t CentralLogking TCDmpwm"
o= CLSPassiveAntDL [ EEEes WiotorContl
o CLSPassiveAntFP I\ Touched:DoorOpenCiass.. Lo Brake:BrakeSwitch Y Pull up
o CLSPassiveAntRL ---T]”““"" “*‘ H"‘;“”‘” & q"““"¢| Sper | Timing Path <

S = Project View |[12] Property View 2 ¢ Mapping View| @ Information View| [1. E/E-Model Online Check | “ Metric Dependencyview EHco|E| O -a]p - -0
s DoorLockDD General
General -
#-* DoorLockfP /- Schedules B +s CLSPassiveAntDD { -- (Conventional Connection)
B2 Schematic Connectic
CLSActiveAntenna / Connected Connectors Name®': CLSPassiveAntDD
=1 st rbin 7 o ™ ||| Wiring Harness on Schematic Connections
Parent 5 -Lock
0 , | ' Represented by Schematic Connections = Ectiuty; Eocking
Description:
i = Wiring H P .
5% Qutline 57 2 Set Conte | ™8 HW-Device| = 01|| 1" NAMEE
Frames

Bus Transmission
Latency Time
Requirements Mapping

Mappings Availability Requirement in Case of Crash: | <not set> =
Sets Conventional Type <ot set> =

Conditions

302M of 466M i
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W

Requiremants Customer Fasoura | Feature-Fun :tonalivy-Netwark

s
Components

Component.
Architecture

- 1
-

Electric
Circuit

Harness

Geomeerical
Topalagy

Varianten

\SEEICallaborationiRlationiy

1+
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Use Case: Variant Management

Solution Space in Product Lines

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 |____*____|

» (Hierarchy) ——
» Propagation Rules [ @& ]
» Variant Conditions L]

Slide: 71



Beispiel: Architekturvarianten

1 Trailer Contrglling
( ]

Position Trailer Module

Hard wired

Door architecture

Module
pdvlanced Door Modul

With Djbe

Battery Position
——
Engine
Bay

Equipment

VHO

MOT NVA
UBIH NVA

Battery Concepts

Mo gvd SIS
ybiH gv0 SISSV

Door
— Standard

___Standard Dual Battery

High Mirror Position

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.

vector”




Use Case: Variant Management

Super-Set Modeling

‘150% Modeling’ of Product Lines and Libraries

» Technical Concepts: Definition and Selection

ExternalLights

» Equipment: Defining Configurations of Features

» Building Representative Architecture Variants

=~ BB 4+

» Set-based Structuring

» System Integration

= &

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Metrics

Requiremants

Camponent
Architacture

Gaanvatrical
Topology

Customer Feature

Acthaty
e

Feature-Functionaliny-Network
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Bewertungskriterien einer E/E-Architektur

Qualitat
» Wiederverwendbarkeit  Testbarkeit von Feature / Funktionen < Einsatz bewahrter Technologie (Anteil)
* Robustheit » Unabhangigkeit der Teilfunktionen * Wiederverwendung bestehender Komponent:
* EMV-Klassifikation » Kompatibilitat * Redundanz (SIL)
» Erweiterbarkeit » Abhangigkeit zu einzelnen Zulieferern
Kosten Mech. Eigenschaften E/E Dokumentation
» Gesamtsystem » Gewichte  Bordnetz » Entwicklungsstand
 Entwicklungskosten * Steuergerate * Netzmanagementereigniss  Funktionsbeschreibung
* Steuergerate  Aktoren * Nachlauf » SG- / Systemsteckbriefe
* Leitungssatz » Sensoren * Ruhestrom * Versionsverwaltung
» Einsparungen * Leitungssatz » Versorgung Komponenten < Dokumentationsunterlagen
Wiederverwendung » Gewichtsverteilung * Sicherung Komponenten * Prasentationen
» Materialkosten » Dimensionen * Informationsaustausch * Topologieschaltbild
* Leitungssatz * Leitungsléangen * Anzahl Bussysteme * Architekturbewertungen
» Komponenten » KomponentengroRen * Buslasten * Architekturvergleiche
* Zeitaufwand Montage * Beflllung Segmente * Anzahl konv. Verb. * Lastenheft
* # Teile  Diagnoseeigenschaften  Unterlagen fur Audits
* # Baugruppen * Beitrdge zu Fehlerspeicher-
* Min-, Max-, Ecktypen eintragen
* Feature * Gateways
» Systemkosten
« Garantie / Wartung Machbarkeit
- Life c-:yIZSEI!Fysikalische Baubarkeit, logisches Vernetzungskonzept » Gesetzliche Vorschriften
 Steuergerate * Stlckliste
» Baurdume, Verkabelung, Komponenten * Reifegrad der Funktionen

vector”



input WiringHarnessLength E
. 998,320
» Are used to perform calculations
on the data model for analysis and
optimization. Leoghed g
» Can be widely used to enrich tool ngaes 568 o920 Y ——
with customer individual IP A -
998,32(] length -
» Always run on the full model — the .- | o - @r
result is up to date. o 157958 | ot — e
T weight \ — J
» Output of metrics is streamed into £ """ —
Reports or into GUI as lights, Tf‘"“"'m"m WegiLed g
A - rowtablesC ount
scales or values. ' |
14719813 Weight_green 1B
10000

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Metrics

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

Data Acquisition Calculation Result
Handling

LegicalConnectorsOfComponent

logicalGonnector

t ™ ecuType o (=
FindBestResult
Fe——— ExtractRosul Language: Java oL O

2 reateMew! tractResult : .
targetinstallationLocation 168 input 168 e e H Input_| O

| ~| Language: Java Language: Java 1
Context Calculation User Result createdECU Calculation UserResut | S et o Fom result ] result

e a1

Installation Locations for new ECUs

]
[m|

PackageForNewECUs | Port: createdECU Port: table -resu
packageForECUs , ,

cr 1 = = Port: table
- Context - - - tabl N

7 Port: result -

packageForComponentMappings , r
ComponentMappingPackage = (= |
P ppingPackag -~ J '

el o |l |3 || el
u}

‘ m

‘ w

Read- / |
Write Access o

Read Access

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Metrics (1) — Graphical Data-Flow Oriented Language

% Components

I

As package or directly.
Packages will be unpacked
recursively.

deep or shallow 1K

upper bound RY 1K
1600

Components 71;'*'
kil
db

@ Variant sensitive

Costs do not need to be
considered by variant

management but components

1

3
upper bound YG 1 K
1500
30
BillOfMaterial >
_1 o, o
Language: Java da 1600.0 S
Calculation User Result 1500.0 \
-
) —>
& - 7500 N
> . >
L 5000
0 - lower bound GY 4K
D _ 750

[ ]

do! |
Or simply deactivate variant |
e e g s Rodee

lower bound YR 1K
500

s
lmlmi*@

OverallCosts

InternalCostsTabl
ntemalCostsTable g 5

Metrics are used to compute different evaluation criteria

Output of metrics is streamed into Reports or into GUI

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Use Case: Report Generator

Frames

ﬂ Vehicle Speed Chassis-CaAM::Frame Transmission
E Taorque_Request_Chassis-CAM:Frame Transmission
E Brake_Request_Chassis- CAN:Frame Transmission
ﬂ Torgue Request Engine- CAN::Fram e Transmission
E Situation_Chassis-CAMN::Frame Transmission

[| Brake_Request_Engine-CAN:Frame Transmission

ZE;L et ca:m:;:adeuh
_UJ source [aquirtcs... u“"““'": resul 2.5
51
25
(A -

Ele Edit Miew Jnset Fomat Table Jooks Help

‘P-E0e P Es %E . &-¢H- - @L-v WPEEIQ 0,

£ ) [Detack ol Fle MBr/uElzam sitaa A-9-2-
L R GRS SRF SERS RERY BRI RRY SRS RPRE RRT- T (| RO | RIS FIRNS  TRNST RS LA | o a
aartog g
| fawrigria o
fm Srmnals
G it L
[

The System contains RearLIghtsLED directly contains

LEDBackC Costs
Powern { e ) 2%
Gnd { GroundConnedtor ) 0.83
Brake | CanventionalConnecter ) 0.50
Reverse | ConventionalCennector ) 0.50

Overall Costs. 4.03

‘Selectedystams Feport by kuahl en Fri Nov 19 00:39:11 CET 2010

[im)) «

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector
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Consistency Checker

= Model View &2 = O |/gTs NetworkOverview &3 -0
| | EEEE A&E" B “|q
| I:lWArchltecture i * BodyModue - E
i HWComponentPackage / -;- T
fill Components / - : BodyCAN '
@ BodyChassisComfort / -;- (Component Pa__ é —
/i@ Lighting / -;- i | o " -
F@ ManMachinelnterface / -:-
jﬂ MultiMedia / -;- = Project View |[[5] Property View | & Infermation View 2§ EfE-Mudeﬁnline Check =0
3 PowerSupply [/ -- | }:D v | Bﬁ -
[ PowerTrain / -;- E . )
P Safety / -i- Description Problem Location Path -
8 Security / - @ Wire pin without connector, = MirrarPosVertical (Wire Pin) EEArchitecty
#h BodyModule / ;- @ Wire pin without connector, = Swhux (Wire Pin) EEArchitecty
% Owverview [ -:- @ Wire pin without connector, = MirrarsUnFold (Wire Pin) EEArchitecty
% MetworkOverview [ -;- —|1| (@ Header pin without connector. F MirrorHeatOnOff (Header Pin)  EEArchitecty
B Available Tables @ Wire pin without connector, = MirrorMoveHonzontal (Wire P...  EEArchitect.
2 Bussystems @ Wire pin without connector, = Gnd (Wire Pin) EEArchitecty
%= Conventional Connections () Header pin without connector. F Gnd (Header Pin) EEArchitect.
:é D':':"'mE'_“""_ _ & Connector without header pin, & latch (Header) EEArchitect.
'_"" E':hEr_""‘et':: ~onnections - i Component without installation location, I» DDPWPaddles/ -- (Compone... EEArchitecty
1 Ll | k & Connector without header pin. & latch (Header) EEArchitectL|:|

» Errors, Warnings, Information on Architecture or selected Parts
» Relevant Consistency Checks to be selected/extended

» Interactive ToDo List

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Requiremants Customer Festurs Feature-Functionaliny-Network

Acthaty
e

Camponent
Architacture

Gaanvatrical
Topology
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Safety Critical System: Lane Departure Warning

Source: www.volkswagen.de

» Warns the driver in the event of an unintentional lane departure

» Corrects the direction via the steering column and braking

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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ISO 26262

Current status

Road vehlcles — Functional satety —

» Increased awareness for functional safety
since the publication of ISO DIS 26262. Hiomrt s rton s

» Helped to improve understanding of the
necessary processes and methods.

» Nevertheless there is uncertainty in the
iImplementation of requirements that are not
described clearly enough in the standard.

1. Structure, content and presentation of the safety case

2. Type and scope of the necessary tests

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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The safety lifecycle according to 1SO 26262

\ Item Definition y

Definition of features and
their interactions, operating
modes, vehicle states, etc.

Hazard and Risk

\ Analysis )

Identification and
classification of hazardous
scenarios and derivation of
appropriate system safety
goals.

4 )
5
A =
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.

4 )
6
e =
Quantitative

= 9

System safety

\ 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.

\ concept )

Design of a system concept
for implementing the safety
goals, for example on the
basis of diagnostic or
redundancy measures.

Verification and

\component design,

3 1
1Y Ko A
r' ’/‘(/ [/"4 /

Syste‘m 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.

. Safety Case )

Design of technical system
and component concepts
including the derivation and
implementation of technical
safety requirements
accordingly.

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

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Item definition

= [ Customer Features |-
B Customer Features Qverview / --
= [l 1 Driver Ass’
F;;} 1.1Llant

b 1.2 2da

Item Definition:

E|_ (@@ 1Driving Situation Catalogue | -;-
@ Driving Situation Catalogue Qverview | -;-

&% Country roads [ ;- > Featu re SpECiﬁcati OnS

ffl 1.3Eme

F LT g :?Dt:Fa IE‘ uﬁ 2 Operating Conditions [ -;-
B 1.5Part ) B Cperating Conditions Qverview [ -;- . -
,_E f In.fot?in.mf g Hz:z:, Crui.se Cnnt_ru:ul f = > P ro d u Ct_ I N e Varl an t m O d e I
".E 3 Extn?nm Li & Parked Engine0ff [ -1
8 :El;i::;,?: & Parking GearEngaged / -- F . I d f - I
= & Town | [ High Speed / - » Functional and non-tfunctiona
& Town ul Ide f -- :
& et roz Limp Home / ;- req uilreme ntS

o spec -
e s » Operating scenarios and
— operating modes

Typ: Indicator

Detect Lane Departure [

Vehicle Speed Sound Alarm =

Typ: Vehicle Speed Typ: Sound Alsrm

DetermineLanePosition [

Typ: DeterminelanePositi ..

Typ: Detect Lane Departure

Counteract Steering (%)

Typ. Counteract Steering

Pre-existing safety
requirements and concepts

S - » Logical and topological system
architecture including allocation
""""" U of functions

y - » Dependencies with other
systems

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Hazard and risk analysis

HazardDescriptions DrivingSituations OperatingMode Severity Exposure | Controllabilty ASIL SafetyGoals
The lane departure function activates | ggyley Roads Eide 52 E3 c3 ASILE  |The lane departure function shall only be
whilst not driving on the motorway. This| activated after the vehicle has been
leads to the suppression of intentional traveling at a speed > 100km/h and has
manoUvErs, .. to svoid Unexpected ot changed lane in the last 2 minutes,
obstructions in town traffic.
&% Town unexpected. . | B GearEngaged
The lane departure system suppresses | g Motorway ES\GearEngaged 53 E3 3 ASILC [The lane departure function shall be
an intentional and necessary avoidance deactivated by the application of sudden
manouver required to aveid hitting an steering actions of 3 steering angle > 15
unexpected obstade such as animals degrees within a time period of < 1 second.
Je2ping into the road shead.
The lane depature function applies too | gyMotorway BB GearEngaged 53 Ez 3 ASILC  [The asymmetric braking force applied to
much asymmetric braking force when counteract an unintended lane departure
intervening causing the vehicle to lose shall not exceed 0.1g.
contral.
The lane departure system applies & lcy Roads B cearEngaged 53 E2 C3 ASILE [The lane departure function shall not
steering resistance and asymmetric intervence while the ESP system is applying
braking while the ESP system is commands to the braking system,
intervening to maintain control of the
vehicle. Control of the vehide cannot
be maintained.
Vet roads
The lane departure suppresses an & Town unexpected. .. | @5 GearEngaged 53 E2 c3 ASILB |The lane departure function shall identify
intented and necessary steering action the driving lane with an accuracy adequate
resulting in a collision. to ASIL B.
&S Motorway unexpe... |The lane departure function shall be able to
differentiate between permanent and
non-permanent markings on the road {e.g.
to denote div
roadworks. ). If an accurate identification of]
the required driving lane is not possible, the
lane departure function shall be
SMotory
The lane departure does not apply & Motory Ejcruise Control 53 E3 c2 ASILE [The lane departure function shall ensure
sufficient counter steering to avoid an that sufficient counter steering force is
accident. applied to prevent the vehicle crossing into
the oncoming or overtaking stream of
EpMotorway roadwo... H\gh Speed
S Projektansicht | (2] Eigenschaftsansicht 5. 4= Mappingansicht | i@ Infarmation | (£ £/E-Madell Srlinecheck | B Generic Editor -8
GHco |k O-8[F
Geféhrdungsanalyse
Allgemein .
Gefahrdungsanalyse @ Lane Departure Hazard And Risk Analysis | -;- (Gefahrdungsanalyse)
Anforderungsmapping
sete Hazardbeschreibungan:
Bedingungen —
Variante S
Zeitpfad ’ =
Attribute I.ndex Hazardbeschreibungen
Diagramme 1 NonMotorwayActvation
Dokumentationen Suppression of emergency manouver
Versionsabjekt False activation of asymmetric braking
Objektinfarmationen

Suppresion of intentional steering actions

1

12

13

is Interference with ESP interventions
is

18 Insuffident counter-steering

Gegenstande der funktionalen Sicherheitsanalysen:

—

L. Gegenstande der funktionalen Sicherheitsanalysen ~
i1 B8 Lane Departure 3
iz B situstonanalyss

i3 8 priver warning

ia B actvation

is B counter steering

is B Forced cancellaton

Hazard and Risk Analysis:

>
>

Conform to ISO/DIS 26262-3

Bi-directional traceability to the
item definition and derived
safety goals

Automated calculation of ASIL

Automated consistency checks

» At least 1 safety goal for each
hazard, consistency of safety goal
ASILs,...

Full configuration management
support for distributed
development and verification of
analyses

Fully configurable report
generator

© 2013. Vector
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System safety concept

Bosyomioe | Brce  vmssmer S— 2
» Refinement of functional | :ﬁ e i
structure of item ‘1:] —== Safety Goals

(logical architecture) g

» Allocation of safety goals
to logical components
= Functional Safety Concept

ke lmpulseLlimiter [ Asymmetric Brakelmpulse (5

Typ: Asymmetric Brake impulse

» Refinement of safety r
goals according to e i
the functional structure = == e
= Functional Safety ]
Requirements "

Functional Safety Concept

Detect Lane Departure ] Activistion | 1

Typ: Detect Lane Departure

EJEJES

Detection accuragy
"'_E Diferentiation between road markings ‘

» Planned: Automated propagation of ASILs \ Safety

» Planned: Refinement support - Decomposition &
Coexistence

.....

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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System and component design

(] W ™ [omsreton | w3 | mvatvoe

- LA, — S e i

= el | Yok 5 the chooe il e vehic speed s highar than 15 imh
LA ——

B2 e door actuahor el ordy open oo e pamesrd by tha FEOM

Safety
Requirements

.....

(5]
im

‘E(,H =
& T

“ [rm &

¢ e HW Archltectu re -

Memery |

e o | | [

» Allocation of safety goals and safety functions to technical
components

» Refinement of safety requirements based on the technical system,
SW and HW architecture

© 2013. Vector Informatik GmbH. All rights
Slide:

reserved. Any distribution or copying is subject to prior written approval by Vector.
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Model-based FMEA

____ 2.Existing

— requirements
and tests used to
analyse failure
effects, prevention

and detection
measures.

1. Structure of FMEA
derived from EE Architecture

" Sakeky ot

toare

Pk 3 00 the door whle the veface speed i hagher than 15 leh ALE 5
m = 3

Eabetl Gt 32
Svagand P -
g

U

[ Eshamion] =

3. FMEA Measures followed up as
change requests and newly
created requirements and tests.

Failure Modes

The lane
departure function
is not activated
although selected
by the driver.
(255 .. )

from the lane
although he is
depending on
this action

Potential )
Effect(s) of | e
Failure v
Driver is not 5
warned that he
is straying

Class Potential O | Current Design | Current Design | D |RPN Actions
Cause(s)/ c Controls Controls e
Mechanisms of | ¢ Prevention Detection t
Failure
YS | The button to 2 |Nonedefinedas |Presenceof |6 (60 || Recommended | Responsibility/ | Actions Taken | S | O | D |RPN
activate lane yet activation signal in Actions Target Date elcle
departure has not off or on state is vlielt
transmitted the See measures: validated.
signal to the driver Shielded Wire For Ensure that the | Burton / None as yet
assistance ECU. Activation Button | See measures: command to 31.01.20M See measures:
Acknowledge activate or
activation in deactivate lane
display departure is
Validate activation continually
signal verified.
See tickets:

Bi-directional traceability is ensured between the Architecture, FMEA,

Requirements, Change Requests and Tests

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Automated qualitative and quantitative safety analyses

\
,x" ,\0(\9(?,/' e » Determine Safety Goals
e ¢ o .-~ . and ASIL Targets.
."6\)‘6\3,/ Hazard and Risk
9 Analysis )
[

P

System safety
concept

» Automatically

, 4 ) 4 determine the effect
" and safety requirements How cdf of faults within the
to components. safety goals e system or it its
» Enhancement of the be violated f'j}; : interfaces.
EZE architecture by faults in > > Automa}tically
el g e System and the system? Qualitative (rjnﬁaeirrnn;llnfuthseets that
modeling logic.* .component design, . Safety Analyses / can lead to a violation

of the safety goals.™

4 ) 4 )
» Determine reliability of Is the
system components. probab“ity of p > Automatically
» Define fault prevention ( violating a ' i/} i determine probability
and detection ‘ i ' C of faults leading to a
measures. / Safety goal - violation of a safety
o . System and acceptably Quantitative goal *
» Determine diagnostic .
coverage. .component design, low? . Safety Analyses )

*extensions of the safety lifecycle

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Test data management

Requirements based Testing

> Test cases are derived directly oeniton JXRP Planning
from the (safety) requirements
! 1 C-LC,
and linked appropriately. e %n TESTSULTE
» Information from the System f
architecture model can be used oo 1

to design the tests (e.g. e e N g—
iInput/output signals). A

1 REQA | s
TESTCASE | mump
| REQ B , TESTRUN

» Automatic report generation to

track coverage and maturity of — —
requirements. » Step 1: Map TESTSPEC with
Architecture, ldentify relevant
» The variant model can be used requirements
to create test plans for specific » Step 2: Generate TESTCASES for
product configurations. each requirement
» Step 3: Plan TESTSUITE for

execution

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Safety management

» 1SO 26262 conform planning and tracking of safety activities.

» 1SO 26262 conform approach to requirements, change,
configuration and test management is ensured.

» Bi-directional traceability of safety goals and safety
requirements throughout the entire development process.

» The impact of safety-relevant changes across all development
artifacts is automatically analysed to ensure all appropriate
actions are taken.

» I1SO 26262 conform safety cases as an integral part of project
configuration management:

» Safety case is developed and maintained in parallel with the
product development.

» Dependencies between development artifacts ensure
consistency of the safety case.

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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Safety case: Goal Structuring Notation (GSN)

Random failures

The impact of random
failures that can invalidate
violating Safety Goal SG1
have been adequately

managed.
Fault tolerance
concept
Argument over the
safe operation in the

presence of faults

Sub-goal \‘

Residual failure rate Redundancy concept

Detection of safety relevant failures

Detection

Identified
detectable
events

The risk of residual failures To enable the steering wheel lock, the
capable of viclating Safety steering wheel lock ECU shall be

Goal 8G1 js reduced to an powered AND

acceptable level power to the locking mechanism
separately supplied AND a command
to lock sent wia LIN

Random hardware failures capable
of violating violating Safety Goal
SG1 are detected via mechanisms
in the architecture.

Evidence

Technical
Safety
Concept

==REF==

Test
results

Taechnical
Safety
Requirments

System
FMEDA

Functional

safety

concept

=<REF>>

ccREF>=

<cREF>>

<<REF>>

Evidence in the safety case directly references versioned artefacts in the

underlying configuration management databank. The impact of changes to
these artefacts can be directly traced in the safety case.

© 2013. Vector Informatik GmbH. All rights reserved. Any distribution or copying is subject to prior written approval by Vector.
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PREEvision Layers Process & Team Support

Customer Features Use Cases Requirements Tests

o ==
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