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- Autoverkehr nimmt trotz steigender Energiekosten zu
- Hohe Fahrzeugdichte

- Sehr heterogene Verkehrsverhaltnisse (LKW, PKW, Motorroller, Fahrrad,
Ful3ganger)

- Hohe Unfallgefahr

- Ausweg: Elektronische Systeme zur Unfallvermeidung

- Hoher Ausristungsgrad winschenswert - kostengunstig, ftr alle erschwinglich
- Elektronische Systeme missen extrem zuverlassig funktionieren

- Industrie fit machen zur Losung der Probleme und Verbesserung ihrer
Wettbewerbsfahigkeit

- Projekt leistet dazu Beitrag mit folgenden Zielen:
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Projektziele

Optimierung des Entwurfsprozesses:

- Uberprifung von Entwirfen komplexer Systeme auf das
Vorhandensein spezifizierter Eigenschaften bereits in friihen
Entwicklungsstadien

- Systeme zuverlassig gestalten
—> Verklrzung der Entwicklungszeiten
- Senkung der Entwicklungskosten

- Senkung der Produktkosten
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Projektziele

- Schnelle Simulation (drei Gré3enordnungen besser)

- Komplexe Szenarien simulieren

- Gemeinsame Simulation Software — Digitale und analoge Hardware —
Sensoren — Mechanik zur Systemvalidierung

- Mehr Szenarien testbar gegeniber Prototyperprobung (hohere
Funktionssicherheit) = vollstandige Beobachtbarkeit, alle Parameter
variierbar, Worst-Case-Untersuchungen madglich

—> Berucksichtigung von Bauteiltoleranzen (trotz Schwankungen sichere
Komponenten)

- Verbesserung der Zusammenarbeit OEM-Tier1-Tier2 (durchgangige
Qualitat) mit IP-Schutz
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Automotive Value Chain
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Einordnung in das Forschungsprogramm IKT 2020

Anwendungsgebiet / Branchen: Automobil, Mobilitat

Basistechnologie: Elektronik und Mikrosysteme (Chipentwurf - EDA)

- Effektiver Systementwurf von sicherheitskritischen Systemen

—> Verifikation von Elektroniksystemen der Zukunft
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Einordnung in die IKT 2020

L eitinnovation:
Initiative Automobilelektronik:

- Erschwingliche elektronische Systeme flr Alle durch kosteneffektive
Entwurfsmethoden

- Funktionssichere Systeme flr die Automobilelektronik
Qualitatsziele:

—> Sicherheit: sichere Fortbewegung auch fur schwache
Verkehrsteilnehmer

- Wirtschaftlichkeit: intelligentes energiesparende Systeme im Auto
- Entwurf innovativer Systeme flur die Zukunft

- ganzheitlicher Systemansatz tiber die gesamte
Wertschopfungskette
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Einordnung in die edaMatrix
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Projektstruktur

Modelle

Modellanfor-
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Projektergebnisse

Fast Simulation and Abstract Modeling

11
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Apbstract Modeling

Testing Complex Systems
Hardware Design Models

' )| e Digital: RTL/gate level description it (en) {
_ _ y = (a*c)+ d
* Analogue: transistor level net lists 1
N/ - Structural information

| >

+ Simulation speed

e Simulation much to slow for system level
verification

ouble t=sc_time_stamp() .to_seci
if (en.event()) {
to=t;

}
double rel_t=t-t0;
if (en) {
o=factorl * (a-el)*exp(-rel_t/
} else {
o=factorl * (a-e2)*(1-exp(-rel

* Not available in early design phases

Structural representation Abstract behavioral
representation

12
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Abstract Modeling of Communication

Bus protocols may be quite complicated (and time consuming to simulate in a
cycle accurate fashion on the bit level)

Basically they implement one type of operation: transport some data from sender
to recipient(s)

Master Master Master Master

read(address,value);
write(address,value);

Slave Slave

RTL Transaction level

Implement transactions by simple function calls:

Transaction Level Modeling (TLM)

13
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Was ist TLM?

RTL

&

Pin and
ycle accurat

J

RTL

simulates every event

100 — 10,000 times faster

Functional
Model

{TLM function
L call

»
>

|

write(address,data)

Functional
Model
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TLM interfaces

Ensuring interoperability: Use of standardized interfaces = Sockets

Initiator Target

( ) _socket £ N socket [ )
T t Initiat
Master =3 (0 cockel F—— Slave
) sOQ0 et (
ijitnmat — Abstract Bus — g?a},'}i:
% Target Initiator \SOCket

Master socket socket Slave

— ~ 7 -

Technically: C++ base classes offering virtual functions prototypes

Bus masters:

Bus slaves:

Initiator sockets may be bound to target sockets (similar to signal to port binding)

Bus is modeled by a SystemC module offering initiator sockets and target sockets

OSCI Standard for SystemC TLM communication: TLM2.0 (June 2008)

15
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TLM for Behavioral AMS Models

Analogue Behavioral Modeling

Avoid time consuming numerical computations as far as possible
Compute result values by using pre-solved (partial) solutions

Keep time step as large as possible

Read
Best case: invoke modules computations methods only when request
- Input value changes T ?
- Output value are requested
Example: . N
| hd | | | | g
nNTS~—_ __—+5)T

1
| 1
| 1
| 1
| 1
1 ! T~
| 1 ~< -~
1 — 1 S~ e
! — i |U - -
| 1
| 1
| 1

Re-computation required only at
these points in time

16
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Auxiliary Computation Steps

Example:

- Reading value of an analog sinusoidal signal from AMS slave module

- Simulation time step =T/4 Read
request

Additional

simulation step
Additional simulation step is created by notifying an auxiliary event being added to event
list of simulation kernel

17
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Projektergebnisse

Statistical Overall System Level Simulation

18



Edaworkshop Hannover, 04.05./05.05.2010

K. Einwich, Fraunhofer lIS/EAS

Window Lifter —=Substantial Subset of Door ECU

Door Module

Voltage Regulator
TLE F27x-2
TLE &2xx/86xx

8-hit
Micracontroller

X
LIN Transceiver 866

TLE 7259-2GEfU

Door Modules

2x
MovalithiCT™

Powner Half Bridge
BTM m60B

Multi Half Bridges
TLE 6208-3
[Front Doors anly)

Multi Half Bridges
TLE 6208-3
(Frant Doors anly)

BTS 417556GA
BTS 43005GA

E@ Power Windoww

Up & Down
Mirror Position
Left & Right
E\) Mirrar Flap
TrilithiC
BTM 77506 E@ Door Lock
PROFET™

@ Puddle Lamp
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MCU different modeling approaches

SC_expo

Scheduler

+ Power mode
application

Sp port

esets & Int

Relay control
application

Hardware
Abstraction
Layer

g ACTIVE:

019  ebable and configqure AMS parts

020 MOV ADDRESS LIN,#007H

021 ... and the rest

022 fuk!!**!*!*l‘!!‘!*l‘!*!**k#!*!"!*!**’#!‘**!?fﬁ!‘t!fﬁ!t!!‘ﬁ*!!!
023 BACK:

024 ; monitor Hall sensor, switch off 1f limiters reached
025 ACALL READ HALL

028 ,':’c*#####»E#R##ﬁ#ﬂ###ﬁﬁt##ﬁﬁt#.‘(’#'#t#########t####t####*#.‘
027  monitor LIN transceiver

08  switch on there are swilch commands

023 ; switch off if Measurement interface sigmals it

030 ACALL TEST LIN

031 '-é*iééiéiﬁéiéiﬁé*é#ﬁéiéﬁééié#Aéié#éés‘é#ééi—éééd-é*#ééiél
032 JMP BACK

232 | /Asw_on:

233 | if(sv_up_ewd & (limit_flag !'= Ox0Z) & !lssl on flag & !last_meas result)
23 | /fsw ss1

23 |1

236 lssl_on_flag = 1;

237 LDDRESS LSS1 = 0x03;

238 //sw hss

239 LDDRESS _HSSw = 0x07;

240 /faw hall supply

2 LDDRESS HSS = 0x01;

2421

243 | if (sv_down_cwd & (limit_flag !'= O0x03) & !'1ssZ_on flag & !last meas_result)
244 | /Ssw 1ssz

245 | {

246 lss2_on_flag = 1;

247 LDDRESS LS52 = 0x03;

248 //sw hss

249 LDDRESS_HSSw = 0x07;

250 Jfaw hall supply

251 LDDRESS _HSS = 0x01;

821

TLM

TLM

To the
AMS
subsyst

To the
AMS
subsyst
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Communication / Architectural Modeling

Interrupt

21
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Tons of Simulations with MC-Varied Parameters

Here’s one way to illustrate the results including the parameter and results correlations ...

22
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System Monte-Carlo Simulation for
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How to measure simulation performance:
- Evaluate factor F:

simulation time
simulated time

SystemC-AMS SystemC-AMS
Software on algorithm level, Cycle-accurate MCU model
I.e. directly bound-in

- FactorF~5—-100 - Factor F =~ 1.000 — 5.000

VHDL-AMS / VHDL
- Factor F11100.000 — 1.000.00

FastMOS (Ultrasim)
- Factor F 1 1.000.000.000 — 10.000.000.00 (start-up only)

Spice-alike (Spectre)
- No way!

24
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Gesamtsimulation und Hardware in the Loop

25
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Gesamtvernetzung BR 212.0 67x ECU's, 8x CAN Bus. 1x MOST

Innenraum - CAN

Fahrwerk - CAN

Antriebs - CAN

Fahrdynamik - CAN

(1) Kambiinstumsnt (K1)

Torstauargarat vom links (TSG VL)
Turstauergarat vom rechis (TSG YR)
Torsteusrgerst hintan links (TSG HL)
Torstauargarat hinten rechts (TSG HR)
Sizverstebung Fahrer (S5G-F)
Sizverstebung Belfahrer (SSG-8F)
Steuergerst Lenkradhelzung
SAMSRE vorn

SAM/SRE hinten

Pansiama Schigbedach
Dachbedienainheil (DBE)

Steusrgerit Anhdngererkiennung
Stauergarat Kayless Go (KIG)
Klimatisiarungsautomatik [KLA)
Elsktranisohes Zundschicss (EZ5)
Prgumatikpumps (FDS-VL, FOS-VR)
COMAND [nicht dargestell: Autio2D, Audosd)
Weight Sensing System (WSS) i&a
Steuergerat Rickfahrkamera (0
Fahrdynamischar Multikantursitz vorn links
Fahrdynamischar Multikantureitz vorn rechis
Standhaizung

Steusrgerat Sitzheizung Fond
Multifunktinnastauargarat (MSS)
Stausrgarit Koffarraumdeckel Stauaning

EEEEEGEEEE

H

EEIEEE]

O Sarianausstatiung
D Sonderausstattung

A variente

Stand Fetwuar 2000

(1) Kombiinstrurnent (K1)

SAMISRE vorn

Elektronizches Zindechioss (EZS)
Steuargertil Radarsenaor
Motorsteusrgenit ME (M271)
Motorsleuegendl ME (M272, M273)
Motorstauanganat COI (OMEST)
Motorsleuengedl O (OMB42)
Mentelrehrmodul (MRM)

Stewergerat Riickhakesystam
Revereibler Gurtsiraffar vom links

&8 Reversibler Gurisiraffer vom rechis
@8 Elekironic Stabiiity Program (ESP)
[ steusrgerit sairmaTIC

[38] steuergerst Nachisichtassistant

[28] Multifunktionsxamera

m Reifendruckkontrolle (RODK)] | G5 Seis)
[41] Steuergersit PARKTRONIC [ (53 Serie)

Frontbereich - CAN

(@) SAM/SRB worn
[#2] steveraerat Kenon Scheinweder links
@ Stewergerat Xenon Scheinwerdar rechis

Maotarsteusrgerat ME (M271)
Maotarstauargarat ME [M272, M271)
Motarstewargerit CDI (OMEST)
Motarstewergerat COI (DMB42)

Steunrgerat Kraftstoffpumpe (M272, M2T3)
Elektronisches Wahihebelmadul (EWWM)
(M2T1, OMEST)

Vigllintegrierie Geinebesteverung (WES)
(M2T2, MZT3, OMESZ|

Intzlligentzs Servomodul fir DIRECT SELECT
(MZTZ, MZT3, OMB4Z|

Elektronische Getrisbesteverung (ME71, OMBES1)

ntriebssensor - CAN

&
:
:
@
;
:

Motarsteusrgerat ME (M272)
Motarstewsrgeral GOl (OME42)

Steuvergerat Stickoxide links (M272, OMB4Z)
Stevergerdt Stickoxide rechis (M272, OME42 )
Stevergerat AdBlue® (OME42)

Steuargarit Radarsensor

@§ Elestronic Stability Progeam (ESP)
&3 Sensarcluster

[E3] Steuercinheit DISTRONIC

Diagnose - CAN

SAMISRE varn
154) Steusrgestit Notrufsystem &5

Telematik - CAN

[18] COMAND (nicht dargesiali: Audin2D, Audics)
TW-Tuner
DWD-Playar
% Zantraldisplay
@ AudiofCOMAND Bediensinneil

[5d Fonddispiay inks
69 Fonddisplay rachts

I aller Steuergerate: 67

Peast00 3
cs._porisiutarVee-covin_oiprncha

COMAND (nicht dargestelit: Audio20. AudioS0)
TW-Turers

Soundverslaker

SDARMHD-Turer 5 oder Digital Radio (DAB)
Media Interface

Private-Bus

SIEOEEEEEROEEE

Torsteuergerat vorn links (TSG VL)
Tirsteuergerit vorn rechls {TSG VR)
Tursteuergerat hintan links (TSG HL)
Tirsteusrgerat hinten rechls TSG HR)
SAMISRE vorn

SAM/SRE hinfan
Klimalisierungsautomatik (KLA)
Elektronisches Zindschloss (E25)
Motorsteusrgerat GO (OMEST)
Matarateugrgerat GOl (OMELZ)
Mantalrchrmodul (MRM)

Elaktrische Lankungsverriegelung (Schaligetrisbs)
Steuergerat Fond Klimatisierung
Glihzeitandstufe {OME42, OMBS1)
Oberes-Bedien-Fald

Mercedes-Benz
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CAN Busarchitektur BR 221
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2’—_-". Datei Ansicht Start Modus Eonfiguration Fenster Hife

IDEHBE AL § [ ver] [Reserbus ] 2 &

Alternative Diagnose hardware
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TSG vorfe links simul.
Knoten2y £
CAN Diagnoseverbindung L simulierter CAN Bus CAN Case XL

simulierter a—

Knotenl1 |  ..... Knot

(z.B. EIS) noten n

R BEER

K.15 Virtuelles Gesamtsystem : CAN- Simulation der nicht

angeschlossenen Steuergerate
29
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CAN Bus Simulation, BODY CAN BR212

Vector CANoe - [Simulationsaufbau] DE‘@

%@!Qatei Ansicht  Start Modus  Konfiguration Fenster Hilfe =

iDEE@ #2de 5o 500 50| T

x|
=1 Netzwerke ~ |
=15 CAN Netzwerke 3
=i BoDY
|f_| B Knaoten
M EBO_DIAG_MNODE
. 4 4 1 J } Ve ¢ o BO_MNM_MODE
¢ - m BO_UTILITIES
\ W CEW
DMF (TSG VI) U der tecit - B Diagnose
) g . moDMAL
. W DM_FR
. M DMRL
. ..M DM_RR
. mEIS
™ Cm HM
ST L m HMSW
- o m HyAC
oM IC
L - m HTM
. - m I0_Control

IHTHM
w2l

HVWAT
vt A

&

SEAT [ SEAT P
w2 ren 18 |

ren; 33
& J# F & ge

T FTCM ROOF RWC ‘ SAM_F

J# g &

B0_KM_NODE BO_UTILITI BO_DIAG_N i
o 63 Frog 08 TP . RKG

. W MCMS_FL
/& /& V& ..M MCMS_FR

L .M MCMS_P
BO DY CAN . - B Monitoring
© W MPM
S oCM
i - EPTCM
© B ROCF
L m RYC

= Cm samF
s . om SAMR
. W SEATD
S " i .M SEATP
oo W TEW

ReplayBlock 1
BOOY PREE

Prog

ECU Cat} Cal]
Diagnoss Morniloring Ultraview
& o
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Fensterteher

~Fenslerposiion rechs——

_—.FBWnrpu'ahiﬂn links
i

;-!.Inkszechts

= - | Finaler Funktionstest
e | OEM (Daimler)

Umgebungsvariable

Simulationsmodell
Tursteuergerat
vorne rechts

Simulationsmodell
Bedienfeld- .
Steuergerét Modell +Entwurf Tier 2

(Infineon, FHG)

1D | DATA
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SystemC AMS — CANoe Integration
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Verifikation
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ZMD's objective: serve customer with functional correct
prototypes with silicon from 1st tape out

This requires thorough verification, but:
The verification problem of analog and mixed-signal
systems is not solved as good as of digital systems
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Development of a Verification Platform

Tool for

Planning of verification
Execution of verifications
Evaluation and Summary of verification results

- Usable together with any verification tool (simulator as well as other tools)
- Usable for all designers: analog, digital and mixed-signal

- Focus on functional features
but

- Characterization of analog blocks shall be supported as well
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Tool Supported Verification Planning & Tracking

For verification planning all designers, analog, digital and mixed-signal need work closely
together

Analog designers work with the GUI
- Verification of performance parameters is carried out by analog designer

Digital designers / Verification engineers more or less rely on command line
- Test bench outputs are analysed with scripts
- Verfication Engineer may carry out mixed-signal verification of functional features

Verification status is either tracked manually (Excel-Sheets etc) or one domain is partly
automated

Commercial tools are
- Dedicated for rather large systems
- Optimized for one of the domains
-> tool developement for Verification Planning, Tracking, Results Analysis and automated
starting of verification runs
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VPlanner (FhG) GUI

vPlanner - Test and Verification Planning Tool @)
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VPlanner (FhG) Software Architecture

* Csv
* html
*

8 *.xml

P

right © 2008 Fraunhofer-Gesellschaft

Subversion MySQL/Derby Bugzilla
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vPlanner — Status & Outlook

1st working prototype, limited functionality

- GUI & database access

- Planning possible: Will be used soon in a study project

Further development

- Start of any verification task
- Inclusion of report functions

- Interface for scripting
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Characterization: zmdAnalyser
In-house tool for verification of performance parameters

Automated evaluation of parameters incl. Limits

Result summary for storage into design database

OK  Cancel Apply Help
Mesurements petails W MinfMax Value, Description
Add Delete Move
Ho Hame Desciption Min Maz Calculator Expression  Open Calculator

/main/a_silicon/data/regtest_khr/bias_master_ip_TB_~

1 fosd resoance freqyency 15.9e6  16.1ef  omax(mag(VF("/oac")) ) " Windows
Z |G maxium of the anpl: 1.9 10¢ el g hee®, ol scemstmy e ee ) =4 s_master_ip_TE_TRIMresults_d080602t090736_rooch_TR_F
3 iocg icurrent consumption -3 walue (g (IF (" /FL/MINUS" ) ) s (uag (VE (" foac' 1) 1) Py
3
4 Measurement I_10ua DELTA owverTemp I_10uda DELTA owverTemp inPROZE
5 Min @ Run 1. 30716438947=-07 @& 1631 1.3071648947e+00 @& 1631
& Mazz @ Run 3.9058181887=-07 & 23584 3.9058181887e+00 @ 2384
T Mezn 1.9608181912=-07 1.9608181912e+00
8 5td dewviation lsigma 4. 0208694676e-08 4. 0208694676e-01
9 5td dewviation lsigma % 2. 0506079991 e+01 2. 05060799591 e+01
10 out of Min Spec u} u}
11 out of Max Spec u] u]
12 Error u} u}
13 Indiwidual pass samples % 1. 0000000000e+02 1.0000000000e+02
14 Total pass samples % 0. 0000000000e+00
15 CPE 3. 3144068416e+03 1. 6255341512e+00
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Austausch von Ergebnissen zwischen RapidMPSoC und AutoSUN

AutoSUN

Erfahrungen zur
Beschreibungssprache
Nichtfunktionale Einflisse [

(z.B. Statistik)

L

Verifikation
Multi-Domain Systemeigenschaften
(z.B. Mechanik, Elektrisch)
Assertion-basiert (FhG),
Monte-Carlo Simulation (IFX)

Modellaustausch
Black Box TLM-Modelle
(IP-Schutz, Kapselung,

standardisierte Schnittelle)

<TLM-Schnitt»




