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ISO 26262 highly recommends back-to-back testing for ASILs C and D. It notes the
importance of testing in a representative target hardware environment, and stresses the
need to be aware of differences between the test and hardware environments:

Differences between the test environment and the target environment can arise in the
source code or object code, for example, due to different bit widths of data words and
address words of the processors.

Nutzung von Simulink fur Projekte nach ISO 26262
Tom Erkkinen, MathWorks

ISO 26262-6:2018, Clause 10.4.7
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Lt was difficult to find the section in the generated code that caused the controller to reset
and to map this error to a compiler bug.”

LAfter we proved the correctness of the MATLAB model by manually adding debug
variables in generated code we handed over to BFU.*

,BFU contributed most to solving this issue by stepping
through the assembler code.”

,From my point of view this issue could have been solved much
faster. Using a PiL-Target the developer is enabled to run all tests.”

-

Feedback provided by Software Developer, BFU Developer and MBD Developer
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AURIX Introduction
PiL Hardware
PiL Project

PiL Variants

Jenkins CI

Questions & Answers
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Customers
BMW

Tesla

Volkswagen

Aurix Types
TC397x
TC377x
TC367x (planned)
TC337x (planned)

Q1 2020
Q1 2020
Q4 2020
Q4 2020 e

https://www.infineon.com/cms/en/product/microcontroller/32-bit-tricore-microcontroller/32-bit-tricore-aurix-tc3xx/

Vehicle Dynamics
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2"d generation AURIX TC3xx starter kits available
Needed to develop Continental Download Tool for Aurix

Successor of the starter kits for further development is the
Continental Evaluation Board with PCU

Vehicle Dynamics 4. Mai 2021
AMS VED RD P C © Continental AG



Start of PiL-Project Q4 2019 Start of PiL-Enhancement Project Q4 2020

Windriver Licenses RAM Execution

HighTec Toolchain DAS, MCD API

WindRiver introduction AUTOSAR (ongoing)

Automate Flashing Programming and Test sessions
Programming and Test sessions Review

Review

Vehicle Dynamics 4. Mai 2021
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Simple run-time code execution

TriCore Aurix TC377A - Top Level PIL PIL Profiing ON)  [PIL Profiing OFF )

Flash for Run-Time Qniyl!

AurixBlinky377.slx

LED 0 and 7 are akady used for PIL-UART status information

BE DS e EEA ©

Verify referenced model code using PIL -
Aurix_sincos.slx
Sincos_SILPIL.slx I e
Verify top model code using PIL
Aurix377_PIL.slx i
4. Mai 2021
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Automated Verification using PiL

MODELING FORMAT SIL/PIL

@ it Stop Time

System Under Test | Top model

& 2

Simulation Mode | Mormal - |

Automated Settings  Monitor Fast Restart Step Run Step Stop Compare
|| Verification = | SIL/PIL Mode | Processor-in-the-Loop (PIL} = || = Signals + Back = | Venfication Jorwarc Runs -
MODE PREPARE RUN AUTOMAND VERIFICATIO RESULTS
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PiL — Aurix377_PIL (2)

4\ Simulation Data Inspector - untitled* - [m] x
Q ~ | Baseline:  [Run 22: Aurb377_PIL (Simulationv]| Global Abs Tolerance: 0| fotobal Time Toleran,
Compare
Inspect Compare Compare to: | Run 23: Aurix377_PIL (SIL/PIL) Global Rel Tolerance: o
2 Within tolerance \ o - - o
@ o 0 Cut of tolerance ‘ | | & b ‘ -
1(1) (Run 22: Aurix377_PIL (Simulation]) M Outt:1(1) (Run 23: Aurk377_PIL (SILPIL)) W Tolerance
Filter Comparisons A I O I
. + Compare Run 23: Aurix377_PIL (SL... @2
» Compare Signals Hga o f .
[ oo o oaos o |
outi:12) [0 0.00% 0 (/]
) (L]
t .
» Time Tolerance . )
Q Hudduuuudiduuudududouuuododdduyuuuuiuiuogioouoyuuuy
Properties v
. @ R B N o510 15 2o 25 20 a5 40 45 50 &5 80 &8s 7o 75 80 &5 G0 ®s 1.
> Detailed Plots A et E——
Description am
Line — —
- Qverride Global T... no no
» Signal Values T T
Relative Tolerance  0.00% 0.00%
Time Tolerance 0 0
. Units
o
» Tolerance, Difference e e
! Sample Time 01 01
Run Compare R__ | Compare R._
28
Align By Path Path
Model Aurix377_PIL | Aurix377_PIL
Block Name Ooutt outt
2
Block Path AUMX377_P__ | AUMix377_P. N
. i i R R R R R R R R R R R R R GRS TR

o - . . .
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[l code

I} - ] X
Code Execution Profiling Report for

mkc_bbw_state_module_PilL_Harness/mkc_bbw_state_module Code Execution Profili ng,
Insamartaton prooas 344ss vohe Lo PL sk harmas o eide he code ganarte o cutsomponent. Sae e Exatin Pralingor mova formaton. measure runtime in Ticks (3 3N S)

1. Summary
Total time 888439 4] Figure 1 [ - o
Unit of time Ticks File Edit View Insert Tools Desktop Window Help
Command report(executionProfile, 'Units', Ticks'); -
Timer frequency (ticks per second) unavailable ﬂ B H Q |E | D E' [% E
Profiling data created 21-5ep-2020 10:31:13 Distribution for mkc_bbw_state_module [0.002 0]
0.4 T T T T T T
2. Profiled Sections of Code
0.35
Section i Average i i Self Average Self Time calls
Execution Time in Time in ticks Time in ticks in ticks
ticks 0.3
mke_bbw_state_module_initialize 33 33 33 33 §
[+] mkc_bbw_state_module_Init 142 142 31 31 %—0'25
[-] mke_bbw,_state_module [0.0020] 399 207 243 147 4B @ % R
GetD_TmcTrSig 58 54 58 54 4 Al _“NJ
MkcBbwStateMachine 28 28 28 28 l_é! 0.15
MkcBbwStateMachine 34 34 34 34 4 5 Ll g
MkcBbwStateMachine 28 28 28 28 4 Al 0.1
MkcBbwStateMachine 28 28 28 28 4 A Ll
MkcBbwStateMachine 52 35 52 35 4 A al 0.05
MkeBbwStateMachine 28 28 28 28 4 Al
MkcBbwStateMachine 28 28 28 28 \ 4 A E‘ M 0 150 200 250 300 350 400
Help Execution Time
Vehicle Dynamics 4. Mai 2021
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PiL — Example use cases - Execution profiling (2)

4 Simulation Data Inspector - untitied"

Q

Inspect

Fiter Sigals

» Display execution times
for complete simulations ©

Fl

5
> Display execution times =
and signal data in one plot

~ £ oot getresscutionProsie)
1:mke_Dow_state_module_intisize
2:mic_oow_stata_module_int
338D MKcBDWCUEntState
4mke_bbw_stale_module [0.002 0]
5GatD_TmeTrvsig
5:564D_MkcBbwCurentSiate
7:8e1D_MkxBbwCumeniSiaie
&5e4D_MkeBbwCurmeniState.
9:581D_MkcBowCumaniSiate

10:591D_MicBOwCUTENState
11:S61D_MKCBOWCUMenSiate
12 561D_MkcBowCunentState

14:GeiD_TmcFrsSigUnLim
15:S61D_kcBbwCumentSiate
16:S61D_MkcBEmCunentSate
17:GeiD_SysPrsSqCatF Fast
18:GeiD_TmcFrsSigUnLim
19:561D_MikcBwCunmentSiate
20.581D_MicBiwCumentSiate
21590 MecBowCumsniStats
229D McBRwCITSIStats
218D _MkcBtwCLSIats
2456tD_MicBEmCumentSiate
25 SatD_MkcBomCumantSiata
26:S8iD_MkcBbmCumentSiats
27561D_MicBimCumentSiste

- (5 logsout
MicBbuCunertstate

Auchive

Propariies

&

Camgare

» Run 145: mkc_bbw_stats_module_PIL_Harmess (SILFIL) [Curent]

- - Run 146

v Bout

= *
M
: (CHE-HE- NI Q- k| S [c]
1 1mke_Biw state_mocule inisize = 2miec_bow_state module int m 4mk_bbw_state_moduie [0.002 )
I .
: l ﬁ
5 4 i m
- [ -
)
™
\i\
Yy is e D = 0 i o e %o an o @ o - o 55
/ 5 GoiD_TmcTreSi m 13 GetD_TmcPraSigUniim m 14 GeiD_TmePrsSigunlim m 17 GotD_SysPrsSigCaibFinFast m 18 Geth_TmcPrsSigUnLim
w
=
®
«
—
P
“
73 e 5 o i 70 75 o o £l B [ 75 0 T [ 4]

(ontinental 3
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Use Test Manager to setup, |
Equivalence Tests for ...

MiL-SiL
MiL-PiL
SiL-PiL

... using the same
model, harnesses and
simulation inputs

anage - O
TESTS
n% Cut = = "
rod:t 5 bbb fii A & ¢ @
New Open Save = Lopy Delete TestSpec | Run Runwith Stop Parallel  Report Visualize Highlight Testing Preferences Help
- - - Paste - Report *  Stepper = n Mo Dashboard -
FILE EDIT RUN RESULTS EMVIROMMENT | RESOURCES

Qg0 Results and Artifacts |Z] MIiL-PiL-Test Harness  x

|Filte’tests by name or tags, e.g. tags: test

[y start Page  x

+ Enabled

MiL-PiL-Test Harness

simulinLPiLTestTests » MiL-Pil-Tests » MilL-Pil-Test Harness

~ = simulinkPilTestTests
~ [3 MiL-Pil-Tests
[E] MiL-PiL-Test
[2] MiL-PiL-Test Hamess
=[5 MiL-SiL-Tests
|—5| MiL-SiL-Test Hamess

Equivalence Test

[

» TAGS

» DESCRIPTION

[E] MiL-SiL-Test » REQUIREMENTS
~ [3 SilL-FiL-Tests + SIMULATION 1
[2] siL-PiL-Test

.

PROPERTY

[2] siL-PiL-Test Hamess - SYSTEM UNDER TEST*

VALUE Model: | mkc_bbw_state_module

m%nRaC

.

Vehicle Dynamics 4. Mai 2021
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Explore Equivalence
Criteria Result

MiL vs.PiL

Tolerance and
Difference

L}
"

+ Results: 2000 Sep21 1:11:44
+ 5] MIL-PIL Test Hamess
= [l Equivalence Criteria Resull
® MicBbwCureniSate
MicBbwStatehlassage
MikcBlwSysPressureStanup im
» [ Veriy Statemants 1
» [ Verify Statements 2
= Sim Output 1 (mke_bbw_state_module - nommal)
MicBbwCurrantState
MicBowStaleMessage
MicBbwSysPressureStartupLim

- [l Sien Oulput 2 {mkc_bow_stale_module - processar-in-the-aop (pil)

MicBbwCurrentState
MicBbuSiateMessage
MikcBbuSysPressureStartuplim
mikc_bbw_state_maduls._iniialize
mikc_bbw_state_moduls_ink
mic_bbw_state_moduls [0.002 0]

Nams
Status °
Absaule Toesance 0
Relative Toeran ooms
Leading Tolerance 0
Lagong Tolerance 0
Biock Patn oow_stat
Port 1
e Mathod zo0n
Sync Matmod unioa
Wax Dt [
Baseine: Unis

Baseine: Samoie e 0002

H 8 fmen @ @
Viudice Hhgh @, trgon Freleences | el
. inModel -

RESULTS e

10

° »

= ressuruasacs
° [P —

°

°

= [

= fout

e

ey
' Uppes Tolerance ® MikcBbwCurmentSiate (emph

uTEANState (Run 142: MKkc_bow_State_mooul
& MkcBbwCur

8 MRCBUWCUTTSIStaTe (Run 143 MEC_bow_State_maaus (SILF

(Bselnc) W pe—
Siate (Bosolins] B MikcBbwCurrontStte (Sm Outpal) [==tmmce

™ Lower Toserance

Mucoeticrma

'8 Difierence of Baseiing flom Lowsr Toierance B Difierence of B
& Diterence

e from Ugper Tolerance B Pass

WDiflerancs @ MkCBDwCUTenIState (emly

T
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Generate Coverage

Information

Highlight coverage
in models

View annotated C-code

Summary
File Contents/Complexity

1. mkec_bbw state module c

2 .. .mlkc bbw state module Imit

...mkc_bbw _state module

d= sa

.mice_bbw state module initialize 1

| Tme? 0

VerificationSubsystam

4 *
< TmETrSig
TmcTrvSig

T

/* End of Switch:

Selector:

* Block requirements for '<53>/MkcBbwStateMachine':

S
CoDegStateTts

check if TTS is enabled

Decizion Condition MCDC

o 100% e 100%  ——

40 91% s 10020 oo 10070  ————

Vehicle Dynamics

3

ha ha ha o ba b ho ba Pa o Ra R R Mo ha P

L L

W W
v B W

W

L N N N O )
Bl
@ 0 m N

£
iy

Fa ke b
3
SRR T

/% Chart: '<53>/MkcBbwStateMachine"’ incorporates:

Constant: '<51:/Constants”

Inport: '<Root:/CoDegStated

Inport: '<Root SpcPressDecInhibit

Inport: '<Root alctriValy

Inport: 'sRoot>/SysPrsSigCalibFiltFast’

Inport: 'sRoot>/Sy
Inport: '<Rogt>/Ti

Brake By Wire State machine-

if (mkc_bbw_state module DW.is active_c3_mkc_bbw_state module == 8U) {
mke_bbw_state_module DW.is active c3_mkc_bbw_state_module = 1U;

system stort */

mke_bbw_state_module DW.is c3_mkc_bbw_state_module =

mkc_bbw_state module_ IM MkcBbwDisabled;

SetD_MkcBbwCurrentState(MkcBbwDisabled);

BrakeBywire deactivated by CoDeg */

} else if (mkc_bbw_state module_DW.is_c3_mkc_bbw_state_module == 1) {

brake by wire activated ¥/

if (Get_CoDegStateBbw() != ((uint32_T)Wap_disabled)) {

mkc_bbw_state_module_DW.is_c3_mkc_bbw_state_module
mkc_bbw_state_module_IN_MkcBbwEnabled;

mkc_bbw_state_module_DW.is_MkcBbwEnabled =
mkc_bbw_state_module_IN_MkcBbwIdle;

SetD_MkeBbwCurrentState(MkcBbwldle);

idle the system stays functionally in hydraulic fallback Leu

reset counter */

mkc_bbw_state_module_DW.timeout_counter = 8U;

1
T else {

4. Mai 2021
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PiL — Example use cases — Jenkins CI (1)

® Watch~ | 1 # Star

E VED-MambaBasedDevelopment / MkcBbwState

Code Issues 1 1 Pull requests 9 Projects 0 Wiki Insights Settings More «

Test PIL stage #86

uidn9579 wants to merge 5 commits into master from PiLTarget ﬁ.

it Conversation 70 o Commits 5 Fr Checks 0 [£) Files changed 27

H uidn9579 commented 11 days ago Member (@) -
|

Reviewers

Mo reviews
No description provided.

YFork | 3

> Commit model change

Edit

» Create Pull Request

+576 -10 mEEE

> PiL-Test execution
- using Jenkins Cl

Still in progress? Convert to draft

SKIPPED Model
Advisor Test

SKIPPED Simulink

Init Short Test Simulink PIL Test

[fl roempertm and others added 4 commits 12 days ago Assignees

L3 - CHG: Modify to make AURIX PilL target work. clebb&s

Eed ' CHG: Modify to make AURIX PilL Target work. X 45d98e6 Start
B3 - CHG: Add missing files to the project. X daf747@ .
o bl Use PIL branch of lenkins 1library X e7f12d3

@ o © o J

Vehicle Dynamics

(ontinental»
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Simulink PIL Test - 3m 59s @ *

>

~

v

~

Same handling as |
MiL and SiL Tests |

~

~

~

Uses own Jenkins Node
with Evaluation Board |
attached

v

v

~

One node can handle multiple
Evaluation Boards

Print Message <1s
Verity if file exists in workspace <1s
Jenkins MBD library path not found, set it relative to workspace folder: <1s
Determine current directory <1s
Print Message <1s
Set path variable ... <1s
Run MATLAB <1s
Jenkins Home: D:\ci'Jenkins <1s
Print Message <1s
"D:/programs/MATLAB/R2020a/bin/matlab.exe” -nodesktop -nosplash -minimize -wait -log -r "runJenkinsTests('SimulinkPiLTestShort’)" 3m 59s

on Jenkins: compPath
D:\casdev\ci_ws\MkcBbwState\buildPipelineConfig.json used for configuration on Jenkins
Check for required license
Running simulinkPilTestTests > PilL-Tests
Setting up simulinkPilTestTests > PiL-Tests

Evaluating TestClassSetup: setupOnce
Done setting up simulinkPilTestTests > Pil-Tests in @.8089776 seconds

with different uC (TC377x, TC397x, ...) e e e

Evaluating Test: Mil-Pil-Test
Evaluating TestMethodTeardown: teardown
Done simulinkPilTestTests » Pil-Tests/MiL-PiL-T
Running simulinkPilTestTests > Pil-Tests/MiL-Pil-Test Harness
Evaluating TestMethodSetup: setup
Evaluating Test: MilL-PilL-Test Harness

Vehicle Dynamics 4. Mai 2021
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@ QFes -

; :
& ®
Updatg e Ran

Model ~ 9 Fast Restart -

i

Model (LM Compare Model Data Schedule Modal
Advisor = fH Emironment + Editor - Settings ~
¥
§

@
IRl
fo
&
]
[Hean-Beat
] "] comen
B
»

Mod! Data Edior
Ready

Code Mappings - €

i
bl -}
s
3
g
TriCore Aurix TC377
S
Tore mode LED coniral
o
S Chack UART fr i valuse
UART speed i At TargetCant
o
um

FiedstepDiscrets
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Using a PiL-Target you can
validate the target compiler and linker
get an idea about the performance of your algorithm by the use of profiling
generate coverage data for your algorithm while running on the target processor
find hardware dependent issues early and fast

If we had a PiL-Target back in 2018 when the
Magic Bug happened, we would have been able to
identify the bug long before the generated code was

running on the ECU. -

Vehicle Dynamics 4. Mai 2021
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Use MCD (JTAG) remotely to access = veocorsc X -

Host Compuler:lﬂz,zg 3534

hardware connected to other PCs. T

I TB39D3P6 TriCore-Family Core 1: CPU1 TriCore 1.6P  Info Select
| TB39D3P6 TriCore-Family Core 2: CPU2 TriCore 1. 6P Info Select

Use PiL-Target in “Work from Home” e
arrangements. s
Support AUTOSAR models
Use AURIX PiL Target and the new
C-Code Integration available with R2021a
within Software Factory and run
handwritten code on PiL-Target
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for your attention! ¥
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