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The Changing Automotive Landscape

“In the next decade, the automotive industry will face a magnitude of change
that has not been seen in a century. This change will be driven primarily by four
mutually reinforcing trends, i.e., autonomous, connected, electric, and shared
(ACES) vehicles...” Source: Automotive software and electronics 2030, McKinsey & Company

= Software Standardization (e.g. Autosar)

Breakdown of SW development efforts into domains gggcl)-‘:go enables the separation from Hardware
Total +9% and Software. As result, Hardware is
0S and middleware +1% becoming a commodity i.e. Software is
. Body and energy +10% the most important added value to the
“ Powertrain and chassis +1% fina| product
6 Infotainment, connectivity, security, +90p . X
5 connected services = Su rgein CompIeXIty of Software
24 14 Functions (i.e. Energy Domain)
'E- A * |ncreasing Safety Criticality of Software
8 5 ADAS and AD +11% Functions
5 = Higher demand for faster and cost
effective Verification & Validation
2020 25 2030
Processes
SOURCE: McKinsey analysis
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Thermal Management System Overview:
Hybrid (PHEV), Electric (BEV) Vehicles

Source:
Klimatisierung und
hermomanagement
AMAutomotive
EngiNeering

Power
Electronics

Battery
Charger

Cooling Circuits S
9 NT

Condenser

@ ¥
Aux. Heater
-

Compressor HVAC

Heating and Cooling Vehicle System J

in Electric Vehicles

p—-
N\

Aux. Heater
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Project Goal and Objectives ™o

Shift In-Vehicle Tests to a Test Rig (reduction of the number of
vehicle prototypes)

= Raise Productivity in terms of Test Cases
= Customer Focus on Specifying and not on Implementing Tests

= Provide an efficient Software Validation Process based on
Customer Skill Set (good Knowledge on In-Vehicle Software
Validation)

= Improve Communication within the Test Team
= Drive cross functional cooperation within the Organization
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Test Rig: System HilL

POD-Interface (XCP-on-Ethernet): ,TME-ECU <-> VX1131“

|:| 4: Calibration Interface h

,»Automation-PC*

USB (VAS5163): Automation-PC <-> Diagnostic Connector HIL

Hybrid-CAN: , HIL -> Interface to Calibration Interface -> Automation-PC“

Wiring harness <-> Actuators / Sensors Test Bench

TM-ECU T
CAN: ,HIL, Customer-PC, Operator-PC <-> Ipetronik Simulation Modules*
=
[}
KBT &
Front M
I
£
s

Actual Plant

including all cooling circuit components,
heat exchangers, HVAC, pipe, compressor,
actuators / sensors

Simulation Modules:
Front- & HVAC Air Modules

MPI-Bus , Operator-PC (Ipemotion) <-> Test Rig-PLC*

,Operator-PC“
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ivi i i . . Environment conditions,
_ Doy @ el i HiL Simulation Model S Srm Actual Plant
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—_————
T rivate Test Benc us ‘ T, P +(0), mv(t)
=
= .
& HVAC Qutput Airflows (T(t), ,Pt) . m(t)
E . EEU) : ’ ¢ me(t), Tarl) §
51 %0 Cooler ﬂ Cabine ey Tcobine(t)
Z Hvbrid CAN Simulation Cf’“lerd .
- vori T Environment §| Air Modul
Klima_Sensor_02 | BCM1_Aussen_Temp_ungef Sensors
P Klima Sensor 03 Fsa_Lufifeuchte_rel
Vehicle State
L Thermal Models Climate Control Kima TME 01 | KL Heizbedarf
- Panel, Tsolt Kima_TME 01 | KL_Kuehlbedarf ‘ ‘
B Do) e e Mt Threshold Cooling/Heating ircuit Connection Selegetio
BMS_06 BMS_Temperatur Values Demand Sysconf
r:: ‘ e | Toee(to) Tinnenr! 0) BMS_08 BMS_Temperierung_&nf ThmCab = ===
s - DCDC_03 DC_Temperatur 1
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\‘\' = EMi_HYE_05 | EM1_Temperatur_PWR 1 rcu't . I |
— 0 LED_Temperatur + Kiihlstuffe Coolmg Circuit CoC i ] Evaporator H
\ g Tema emz(to)) o dem il Heating Sources : Modul
1 - I
= 1 !
\ g\ Tecy, ez(to 1 TME ECU I I
o Teatl (Batterie, EKK, PTC) Currents »
= V eat(to) 1) B
-+~ . bat(dc)
@ Charging: T k1 gefore & h{’ Tococ(ty)
= = -
2 AC/DC Tim aefors B2t (to) ~ - =~ ———t
=
T i w0 v . - Energy Losses (t1)
g Power (KW) el Blra Vem.emz(to) L 4 Tami(ts)
->
i) Tk Before EM1,EM2(T0) Tem(ts) =
T xm Before 1g ) = J 2 5
unction . = k= O =
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Iddling: &l B Rk 953
Junction
» r Y
T «  eat (£1), Veat(ta)
Thermal Models u{ts)
T km After t1), Vem(ty)
T km after 1o (T c(ta)
Misc: Private Test Bench CAN Bus }
-
Driving Cycle Preconditions Te  Exccution [Action)
ID: Test-Caze BOHAIERD
¥ehicle Driting Cycle TC-Goal -3 Expected Result
. Té::n[:l[;;' Temperatur s e Measurement Preconditions Climate Control Panel Settings 5 in Valid M. Conditi
[ vehicle system (Bate info,EKK > Wmin _.)
T x| |+ - - - Temper: v Settings v Action -
8YS_DingnesefunktionenfUbe LOW [#C- Test Criteria bosed on Table XXX Column O Page 26
rwachun 003.2_Konditionisrung_Sonn 40T with Mzzzurement Sequence accerdin max or
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Workflow without Test Case Generator

Test cases are implemented manually, according to Test Specifications

Test specification, TestCase Manual Implemented
€. g.in DOORS m=fp description text =) implementation ==  TestCase in
in EXAM in EXAM EXAM
Problems:

* Data Maintenance necessary in Several Places
* Slow, error-prone manual Implementation
* High Variance in Implementation

13
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Automatic Generation of Test Cases

Test Specification

Precondition:
10. Ignition on

Action:
20. Stop Sending 'FRA::ESP_21'
30. Wait for DTC '40004' active 20s

Postcondition:
40. Ignition off

Expected Result:
30. Check DTC '40004' active

Operation Mapping

String from Testspec

,Ignition on*
.,Klemme 15 an*

,Stop Sending %1

- EXAM Operation

> @ Switch_igniticn_cn
> @ Switch_ignition_on
2> @ Stop_sending

,Wait for DTC %1 %2 %3“ > @ DTC_wait

—

12 TCG_Step (30)
* 30- Wait for DTC 40004' active 5T o (20007 “actve 205
205 - ' !

ETSI(__ )\

\ ¥
The Standards People

Sequence Diagram

Generated, executable
TestCase

B Calle TCG_

Signals for RealtimeCapturing {57 SetSignalsForResitimeCapturing ([1)

1
2) Signals for TCG_SetSignalsForCalibrationCapturing ( [FRAZESP_21] |
CalibrationCapturing

: -
4 TCG_PreconditionBefore ()

5 TCG Step (10)

6§ 10: Ignition on Switch_ignition_on ()

7 TCG_PreconditionAfter (]

8

-

9 TCG_ActionBefore ()
10 TCG Step (20)

" égfsmrJSEﬂﬂma'FRA??ESP, Stop_sending (‘M _RX_FRA_ESP 21')

4 TCG_Step (30)

15] EXP RES® 30 Check DTC e T T e
40004’ active

14 © All rights reserved
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B DE Deutsch (Deutschland) (?)Hilfe
Datei Bearbeiten Anzeigen Erstellen Link Analyse Tabelle Tools Diskussionen Benutzer User Utilities Support Utilities Anderungsmanagement Hilfe
o & (3 a5 == - e e X & e @ g i §, | Anzeigen[47 TCG Sequence v| [Ale Evenen v| 937 <€ @ 7 42 % 4| [Langsames Blattem v
et Testspecicati( | DOORS IDY | Type of Object | Status Spectication | AU: Ruppert, Marianne (/EK-414 Test Case Descriti |s | Related Projects | Test Level | Test Pro |
B- wn = s
.. TC_004p9_VDA_Pulldown_ 169 Heading not yet specified 1 Pulldown tbd tbd tbd
17 Testcase not yet specified 'TC_004p9 Constant speed drive onE-  Precondition: MLBevo Level2b tbd
_VDA_Pulldown_Ausleg Mode followed by iddling Secondar
ung and back to constant speed  10: Execute Pre_DrivingCycle with the following input parameters 8 y
drive on E-Mode and VOKO

20: Set Environment Temperatur = 40
Action:

30: Set sun radiation to 100 W/m*

40: Set Status Operation Mode to 6 (Ignition ON)

50: Tum Climate control on

60: Climate control set to Auto Mode

70: Set HVAC Fan to 0 level

80: Set climate control panel to MAX temperature

90: Check if StateOfCharge of the Battery = 100%

100: Start Measurement

110: Start Drive Mode, accelerate and keep speed to 32 Km'h

120: Start timer with input p (1800 s, "evap ", 180 s)
130: Start Drive Mode and stay on iddle 0 Km'h

140: Start timer with input p (900 s, "evap "', 180 s)
150: Start Drive Mode, accelerate and keep speed to 60 Km'h

160: Start timer with input p (600 s, "evap r", 180 s)
Postcondition:

170: Stop measurement
180: Set back initial conditions

Expected Result:

User Conference on . MrcroNova _
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= 3

He® &% @avds

# EXAM Package Browser . - »v°=0

v [ig EXAMMODTMEHIL

> # _0_tooling

> # _1_library

> 84 TestCaseGenerator [Main->2v2(Read Only)]
~ B CreatedByMigration [Main->Latest]

@ _3_mapping

> B _4_commonlLib

> B _4_usrCommonlLib

> # _5_0_productiveTestbenchLib

> # _5_1_implementationTestbenchLib
> B _5_testbenchLib

> B _6_projectsLib

B _7_projects

> # _8 testbenchEvaluation
> # lostAndFound
v B sandbox

> B __EXAM_Anwender
> # _EXAM_Anwender_1
> @ __EXAM_EigenEntwicklung
> ¥ _EXAM_EigenEntwicklung_1
> B _AU
> # _SK
> 8 VW
v ) UCAAT2019
> H _usrMapping
# Pulldown

> ® SynchronizerTrash
> H templates

> i depreeated

> # EXAMples

Test Case
TC_004p9_VDA _Pulldown_Auslegung V)

*/ Thermomanagement Testspecification HIL -> UCAAT2019 2 7
- Sync Id State  Sync Operation Set Test Case State to DOORS Test Case State EXAM Test Case State

@*

not yet specified not yet specified ®F

0
0
1

E Please Confirm Synchronization

will be deleted
will be updated

will be created

The following operations will be performed with the TestCases in EXAM:

Cancel

= B DOORS Browser . Ho@o0
> [ 00_Archiv A
> £ 10_Links

» (320 Variants
> (11 30_Teststrategy
~ (1 80_nonMERAN

~ (3 Pulldown
v B Thermomanagement Testspecifical
10 -------- Generic--------

= 11 Testspecification (Mandatory
112 Links (Mandatory)

& 13 Review (Mandatory)

& 14 Coverage (Mandatory)

5 18 Attributes (Mandatory)
5119 Attributes (Optionally)

& 21 VW (Mandatory)
& 22 AU (Mandatory)
& 23 SK (Mandatory)
& 24 SE (Mandatory)
& 25 MIB (Mandatory)

5 31 Ex- Import (MS-Excel)
5 32 Export (test42)

5133 Sync (DOORS-EXAM)
= 34 EXAM_Sync_View_K-HiL

[ 35 EXAM_Sync_View_A-Hil

I Properties 2 (@, Difference Details| 4 Search| ] Log| & Local Change | il Favorites| [£( Problems| =g Progress |

=¥ =0

at
Y

5 36 EXAM_Sync_View_Ref

Property

Value

51 37 Editor View (test42)

5 44 Sequence View AU
5 45 Sequence View AU Layout
5l 46 DOORS_EXAM_Sync
& 47 TCG Sequence
= Ralf_EXAM_View
> (21 Zusatzklimatisierung
> EY Parameter Thermomanagement Testspec

> B Thermomanagement Testspecification H
© NN Cimnnlemasifilatinn e

>
Undefined k=i
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Pull-Down: Test Case Description

B “Latest" Configuration used by Migration - EXAM - Note: Confidential Data
File Edit Navigate Search Window Help

| ‘ \?D @ Vv ‘LmkSearch

- X

P g F@adavd<
& Model Browser ] &B»Y=O = 8][E= Outline 2 =8
v ‘g EXAMMODTMEHIL An outline is not available.
> # _0_tooling
> # _1_library
> 84 TestCaseGenerator [Main->2v2(Read Only)]
~ B CreatedByMigration [Main->Latest]
@ _3_mapping = = = = - - - - . - -
. B 4 commonlib Cl Properties £, + Search| [ Log| & Local Change| Ll Favorites| [21 Problems| i History| 5 Progress| [£¢ Groovy Problems| Bl Console | ¢ ¥ =0
2 _4_usrCommonLib lGenerat | 1 Beschreibung ®
> # _5_0_productiveTestbenchLib ...
> # _5_1_implementationTestbenchLib Description | (% | | Tahoma
» By 5 testbenchlib Details Precondition: ~
> B _6_projectsLib Stereotypes | - ) L
® 7 projects ke | 10: Execute Pre_DrivingCycle with the following input parameters 8 and VOKO
ik . Rl R 120: Set Environment Temperatur = 40
f## _8_testbenchEvaluation Assigned Rights |
> # lostAndFound Effective Rights | Action:
~ & sandbox _
% __EXAM_Anwender 30: Set sun radiation to 100 W/m?2
> # _EXAM_Anwender_1 40: Set Status Operation Mode to 6 (Ignition ON)
> ® __EXAM_EigenEntwicklung 50: Turn Climate control on
> ¥ _EXAM_EigenEntwicklung_1 60: Climate control set to Auto Mode
> B AU 70: Set HVAC Fan to 0 level
s B SK 80: Set climate control panel to MAX temperature
@ _vw 90: Check if StateOfCharge of the Battery = 100 %
N 100: Start Measurement
ke E;iCAAThZAOIQ < 110: Start Drive Mode, accelerate and keep speed to 32 Km/h
v _ustiapping ) ) 120: Start timer with input parameters (1800 s, "evaporator", 180 s)
% PulldownOperationMapping.opm 130: Start Drive Mode and stay on iddle 0 Km/h
~ B Pulldown 140: Start timer with input parameters (900 s, "evaporator”, 180 s)
» 3 TC_004p9_VDA Pulldown_Auslegung 150: Start Drive Mode, accelerate and keep speed to 60 Km/h
# SynchronizerTrash 160: Start timer with input parameters (600 s, "evaporator", 180 s)
# templates |
. B deprecated Postcondition:
> B EXAMples
170: Stop measurement
180: Set back initial conditions
Expected Result:
N |
‘ Description | Beschreibung Historyi
) MicroNovA o
Software and Systems
15 © Al ights reserve Advanced Automated Testing y
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Pull-Down: Mapping

E “Latest" Configuration used by Migration - EXAM - Note: Confidential Data

File Edit Navigate Search Window Help

e [Lmk Search

| | o

ETSI
\

I\
4
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+* TestCase Generator Browser £2

0
4|0

&5
1
b

> L EXAMMODTMEHIL

> e

@
> @
@

<
®

<
®

<

°
°
> @
°

1% PulidownOp

Name

Column2

UmgebungstemperaturEinstellen

SonnenstrahlungEinstellen
StOpmeEinstellen
KBT_ON_OFF

> © ON_OFF
~ BB Expressions

4>
MessungStarten

v BB Expressions

<>
FzgStarten_FzgV_einstellen
° FzgV
Placeholder
DefaultValue
DefaultShortname
Unit
TX/RX

v BB Expressions

<4
<>
Fahrmanoever_TimerStarten
MessungStoppen
Ruecksetzen
KBT_Auto_or_OFF

MOT Ot eoa s

Turn Climate control %1

Start Measurement

%1

Start Drive Mode, accelerate and keep speed to %1 Km/h
Start Drive Mode and stay on iddle %1 Km/h

Column3

= Properties 52
Property

[5] Log| # Local Change| Ull Favorites| [£( Problems| & Progress| 4" Search |

Value

19 © All rights reserved
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Pull-Do

B “Latest" Configuration used by Migration - EXAM - Note: Confidential Data

File Edit Navigate Search Window Help

| | o

@ v ‘Lmk Search

whn: Test Case Generation

ETSI77__ O\
\ ¥

The Standards People

- X

Jgo] - 4 ~ FeQaxdavwd s
«{, Model Browser Sa®yoo = O|(8= Outline & =g
v ;g EXAMMODTMEHIL H |An outline is not available.
> # _0_tooling
> 8 _1_library ey >
> &4 TestCaseGenerator [Ma Open >
~ B CreatedByMigration [Mz Open In >
@ _3_mapping Show In >
> B 4 commontib Publish.. Ctrl+Shift+P
B 4 usrCommonlib Discard
> # _5_0_productiveTestb )E- Restore Deleted
> 8 5 1 implementation [ History View Ctrl+Shift+H
> B _5_testbenchLib =
> B _6_projectsLib = Refiesn B
m'{ - of Cut Ctrl+X
e _| & Copy Ctrl+C
& _8_testbenchEvaluatic <& Copy Link Ctrl+AltsC
> # lostAndFound @ Paste Ctrl+V
v B sandbox ® Delete Delete
> B _EXAM_Anwendel ) TestCase Generator > ¥, Generate Implementation...
> 8 _EXAM_Anwendel Seatch Tor Results <& Update Shortname Mapping
> ® _EXAM_EigenEntv
i’ Update >
> ¥ _EXAM_EigenEntv e — = = == —r % = 2~ =0
. 8 AU MultiEdit > ties 22 4’ Search| 5] Log| & Local Change o Favorites | [2( Problems | & History | =g Progress | (e Groovy Problems| & Console| o
> @ SK BEfactoy 2 | 1+ Beschreibung ®
Export > b ‘ ; —
:IJ\EWAATZOIQ I pon S jon | o [ || Tahoma v[10 v|B I U & | =
¥ < Apo | Precondition: ~
v % _usiMapping [€] Run Applicable Script e T
P& PulldownOpe [ (jassification Value Attribution... |110: Execute Pre_DrivingCycle with the following input parameters 8 and VOKO
~ B Pulldown 7 ReportUsage Ctrl+U |120: Set Environment Temperatur = 40
D g
> @3 TC_004p9_VDA PUNAOWH AUSIEGURG” AssIgned Rights
# SynchronizerTrash Effective Rights | Action:
& templates |
. B deprecated 30: Set sun radiation to 100 W/m?2
. & EXAMples 140: Set Status Operation Mode to 6 (Ignition ON)
50: Turn Climate control on
60: Climate control set to Auto Mode
70: Set HVAC Fan to 0 level
80: Set climate control panel to MAX temperature
90: Check if StateOfCharge of the Battery = 100 %
100: Start Measurement o
Description | Beschreibung History\
. MicroNova ——
Software and Systems
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User Conference on
Advanced Automated Testing

Pull-Down: Test Case

ETSI77__ O\

N\

The Standards People

v 4

B Latest” Configuration used by Migration - EXAM - Note: Confidential Data = X
File Edit Navigate Search Window Help
B @& S| ¢ 9| e v|Lnksearch | g0 b4 # v i 100% Fe@a@evds
& Model Browser % = % ¥ = 0| pulldownOperationMapping % *TC_004p9_VDA _Pulldown_Auslegung 2 . #f TC_004p9_VDA Pulldown_Auslegung TCG | = 8)(8 Outline 2 = 0|
> ## _5_1_implementationTestbenchLib A (11T 8, GCalleﬂ [@ 7CG_TestFrame| [@ Fahrmanoe 1 [
> B _5_testbenchlLib @ Entity  © i "
> B _6_projectsLib @ Lifeli 1| Signals for i i i & |
3 Lifeline 2 . TCG_SetSignalsForRealtimeCapturing ( [] )
> B _7_projects —_— RealtimeCapturing |
& ; & Control m‘ .
> 8 _8 testbenchEvaluation = 2] Signals for y TCG_SetSignalsForCalibrationCapturing ( [1) -
> £ lostAndFound alt CalibrationCapturing |
v 8% sandbox Batnet | 3 ] !
v M_Al il
% _EXAM_Anwender BElwhile 4 TCG_PreconditionBefore () |
> B EE65_Intern Bl for y |
+ B InteraktivesTesten - J1CG Step (10) |
> ¥ AndiGrimm - rea 6 '130: F'E'htr‘e " Pre_Fahrmanoever ('8’ 'VOKO') |
v inaSi return re_Fahrmanoever mil
% ;ftctmlas:e:aer Eluy Argumente 8 und VOKO |
> alculator
aus
~ % Pulldown Bl catch 1A TR I
~ & TC_004p9_VDA_Pulldown_Auslegung_Orig (=] finally
¥ TC_004p9_VDA _Pulldown_Auslegung_Orig —| 8] 20] Stelle UmgebungstemperaturEinstellen ('40', '=") |
&Call @ Umgebungstemperatur = |
~ @ TC_004p9_VDA_Pulldown_Auslegung_TCG 40lein
¥ TC_004p9_VDA_Pulldown_Auslegung_TCG Empty = |
TeO=PreToTitioTRfTeT
> & TC_004p9_VDA_Pulldown_Auslegung_TCG_Sync Step 4 = AT |
% PulldownOperationMapping.opm — Operat... 10 | |
» % TC_11_4_Laden_max_plus_VOKO Call 1 TCG_ActionBefore () |
> ¥ TestCaseGenerator Elref 2 RTNET |
> % MarkusWiedholz ol N 2P 7 7 ” |
> # __EXAM_Anwender_1 < ' o o . > | I
> B _EXAM.EigenEntwicklung N | Bl Log| #° Local Change | Ll Favorites| [£0 Problems| i History| = Progress| [22 Groovy Problems| & Console| i
> ¥ _EXAM_EigenEntwicklung_1 . u| =
s B _AU General | 1+ Begchreibyng ®
> &8 SK Description ¢ 2 | Tahomba v{10 viB I UA
§ '2_VCVA\\’AT20 0 Details Precondition: A
v u 1
. Stereotypes - i .
v = : Execute Pre_|DrivingCycle with the following input parameters 8 and VOKO
% PulldownOperationMapping.opm pRciations | 20: Set Environment Temperatur = 40|
~ 84 Pulldown Assigned Rights
+ &3 TC_004p9_VDA Pulldown_Auslegung Effective Rights | Action:
L] TC_004p9_VDA_Pulldown_Auslegung ‘ -
» % SynchronizerTrash 30: Set sun radiation t.o 100 W/m?2 -
> & templates :(3: 1S_ethE_altus" E)peraflo? Mode to 6 (Ignition ON) o
g fe;l\e?ieje%-ed v Description‘Beschreibung: History[
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Key Take Aways

Increasing SW Complexity drives the
adoption of new Test Methods such as
Keyword Driven Testing

Provides an excellent Common Ground for
cross functional Cooperation within the
Organization

The Usage of Test Case Generation sets the
first Milestone for a well defined and
structured Software Validation Process

Automatic Test Case Generation raises
Productivity and Quality Standards while
reducing Time to Market

ETSI7__\\
\ ¥

The Standards People
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The Standards People

Thank you for your attention!
Q&A Time!

Time for Questions and hopefully also
for some Answers...

Special Thanks to our Colleagues from Audi (EK-4, EE-I3) and dSPACE!!!
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