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Our goal :
Devise a new way to find the bugs
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Scenario : User-friendly

Test Harness : Realistic
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Scenario : User-friendly
* Modular

* High level

* Intuitive
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Test Harness : Realistic
 Comprehensive

* Physical

e Configurable

Check : Scalable

* High level

 Transferable

* Plug-and-play Toolchain : Flexible
* Robust « Standardized

« Self-Explanatory « Evolutive

e Traceable
 Automated



Test Harness : Realistic

 Comprehensive
* Physical
e Configurable



Test Harness : Realistic _ SiL level 3

: RunTime Environment
« Comprehensive SYNUPSYS
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Scenario : User-friendly
* Modular

* High level

* Intuitive
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Scenario : User-friendly g B
» Modular R B -
* High level
* Intuitive

1 %% START HEADER TESTDATABASE SCENARIOELEMENT
2 %% CAN NOT BE MODIFIED
3 % NAME: SET_ROAD_PROFILE
4 %% CAN BE MODIFIED
5 % TESTHARNESS: H2CU_A2 H2CU_B IFM_basis
6 % DESCRIPTION:
7 % Set the road profile with the following arguments:
Header for - % SET_ROAD_PROFILE(ENUM_roadProfile, initialAltitude). initialAltitude is the initial
% altitude (optional argument). ENUM_roadProfile can be one of the following
TeSt_Case ,< % Example: SET_ROAD_PROFILE("DownTownLosAngeles")
% Example: SET ROAD PROFILE("DownTownLosAngeles", 100)
Database % ARGUMENTS:
3 % Enum ENUM_roadProfile DownTownMunich DownTownMunich ['SeelLevel', 'DownTownMunich', 'DownTownLosAngeles', 'DownTownMexicoCity', 'PassBrennerDownTop', 'PassBre

% Value al initAltitude m m 520 520 -1000© 8000 500 True

% CATEGORY: conditions.environment . W'P or
% EYCIUDES: Jelrine Ali-n-i
% IPMULTIUSABLE: False
% OfNER: QXZ46D7 (for web-based Tegqt-Case generator)
% SJATUS: ACTIVE
ND HEADER TESTDATABASE
function testSpecObj = SET_ROAD_PROFILE(testSpecObj, ENUM_rcadProfile, al_initAltitude_ m)




Scenario : User-friendly
* Modular

- |
* High level PR | "% START HEADER TESTDATABASE SCENARIOELEMENT [

.-, = %% CAN NOT BE MODIFIED
° |ntUItlve % NAME: SET INITIAL H2_ DENSITY
: %% CAN BE MODIFIED
% TESTHARNESS: H2CU_A2 H2CU_B
% DESCRIPTION:
F{eeeacjeer f()r % SET_INITIAL_H2 DENSITY(30) sets the initial density in the H2 Tank to 30 g/l1.
% Sets initial PlantModel value as well as VECU-NvM.

Test-Case -< % ARGUMENTS - - Define Argument prOpertieS

% Value rho init g/1 31.2 31.2 ©.88 57 5 False

Database % CATEGORY: conditione.inltlal (fOf web-based Test-Case generator)
% EXCLUDES: SET_INITIAL_H2_ LEVEL SET_INITIAL_H2_ PRESSURE SET_INITIAL_H2 MASS

% ISMULTIUSABLE: False

% OWNER: g3355@5

% STATUS: ACTIVE

% USEBEFORE: SET_PLANT_PARAMETER SET_NVM_VALUE

%% END HEADER TESTDATABASE

function testObj = SET_INITIAL_H2 DENSITY(testObj,rhoInit__gpl)

WA

% Check ScenarioElement order
Common.checkUseBeforeInTestSpecElements(testObj, {'SET_PLANT_PARAMETER' '"SET_NVM_VALUE'})

% end Check
E:/Ia(tjlab< , L - Set Non-VoIatlle I\/Iemory

% set plant Model init
,GEWWG i kPa = 168*Physics.computeH2Pressure rthn1t

9 Set Plant parameter
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Scenario : User-friendly
* Modular
* High level
* Intuitive
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Scenario : User-friendly
* Modular
* High level
* Intuitive

‘ E; Scenario 3

conditions-SET

Winter/Summer
Sea Level/Mountain
Cold/Warm-Start

Scenario 1
Ultra-Fast
Scenario Generation
through combinations !
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Scenario 4
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Check : Scalable

« High level
Transferable
Plug-and-play
Robust
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Check : Scalable

* High level

* Transferable

* Plug-and-play

* Robust

» Self-Explanatory
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Check : Scalable
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* Plug-and-play
* Robust

» Self-Explanatory

no fueling
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Toolchain : Flexible

e Standardized
 Evolutive
 Traceable
 Automated



Toolchain : Flexible
« Standardized
 Traceable
 Automated

* Evolutive

Pre- Post-

Processing Processing

. * Interoperability .
* Different Input e e * Different Output

Formats (excel, Formats (excel,
mdf, dcm, json) mdf, json)




{2l" header_preProcessDate
| £l header_gitInfo
| £l header_gitInfoSmvEcu

n L S
I I h - FI eX I b I e |E| header_gitInfoSmTh
O O C a.l n " {2ln header_project 'FCEV'

le[7| header_testHarness 'H2CU B’

o H d r < |17 header_simulinkConfig
¢ Stan d ard I Z e d ea e {15 header_fileName '20250926_1338_TestRunData_01002'

1] header_testCaseNumber

|E| header_ecuSwVersion

 Traceable e e

le|"|header_owner '‘QQH2CU0"

el7| header_calibrationBaseDST '31A430792BHGXAB’

« Automated ot stvtodoConts

| £l thConfig_signalsToBelogged
| "E] thConfig_modeSignals
e Voiutive lthConfig M
| £l thConfig_NvM
= thConfig_sensorMapping
= thConfig_actuatorMapping
[{}| thConfig_boardnetRoutinglist

|{}| thConfig_overwriteFirstDataPoint
{15 thConfig_remotePath A_ed\...

h E thConfig_enumNamesMapping 3
TeSt ar n eS S {1 thConfig_enumStateMapping 31x13 tab

- 4 thConfig_canPduMapping
P re - C O n f I g tH thConfig_ignorelistDtc
. | £l thConfig_DEM
Processing

= thConfig_inputSignalMapping
| £l thConfig_labelConfig

|-E] thConfig_errorSignals

= thConfig_demStimulation

= thConfig_demFimMapping
[ thConfig_sensorMalfunction
|E] thConfig_iniFiles

[-E] input_testSpecification

4 input_signals

I "E] input_NVM

{-El input_hash

| £l input_loadedScenarioElement

I | £l input_loadedCalibration

\/ HH input_initial AccessPointParameters

I n u t d ata _< [“E] input_plantParameters
p {{}}input_calibrationParametersinfo

(4 in put_calibrationParameters

4] in put_calibrationParameterNotFound
| £l input_scenarioElementParameters

| £l input_validationCriteriaParameters

| £l input_signalsToBelogged
| £l input_simulationTiming

(1] exec_processStep

& Q _testHarnessVersionlsHeadRevision
- 1 _type
¥ '} EX eC u t I O n d at a [ ' measurementRaster
D D D D |"E| exec_computationRun
|-E] exec_logging
A\l ‘ I !I D D D D

4 output_signals
| "E| output_NVM

O u t p u t d at a 4] output DEM

= output_Malfunction




Toolchain : Flexible
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Field Testing
& Calibration Already a success story !

First Time Right
v 2 No major Bug found In car tests
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Scenario : User-friendly

 Modular
* High level
e [ntuitive

Generate with:

Generate with:

* Model-Based-Testing » Deterministic

. Al
actions-SET

Refueling
Workshop

Combinations

conditions-SET
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Winter/Summer
Sea Level/Mountain
Cold/Warm-Start

E Scenario 1
E Scenario 2
E Scenario 3
ﬁ — **° Scenario 4

Generate with:
« Standard BMW
Development Process
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Ultra-Fast
Scenario Generation
through combinations !
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