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Transformation of Vehicle Development

Hardware-centric development process # Software-centric development process (DevOps)

[ Test Bed ) ms Road

!i Simulation = o

HiL
Dedicated tests for dedica Any test on any environment

Defined testing dates ( Continuous, automatic test
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Verification
(aka "Functional Testing” or
“"Requirements-based testing”)

Verification is the process of checking that
the specifications are met
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Real practical test case example

@“t Pre-condition Perform pre-condition steps e.qg. initializing measurement tools,...

@%@ @ Check/Clear DTCs
4

Check DTCs Generate vehicle scan report with dedicated tools
ﬁ?) Understand Test Case Read and understand the test case procedure
g Start Measurement Start measurement Drawbacks:
& . . . Typical 2 persons are
~ Request <vehicle speed> Tester must inject the corresponding fault requested to perform such
kind of tests in vehicle
5%  Inject Fault Inject fault (HW/CAN signal manipulation, calibration change,...) A high qualified tester is
required
A Request <Kev Cvcles Command driver to operate vehicle: e.g. provoke healing, No feedback during testing
7 - vy vehicle restart, .. (i.e. did T perform the test
correct?)
B Stop Measurement Stop measurement Always a painful post
processing is mandatory
@ Check DTCs and Generate vehicle scan report
& Perform Analysis Perform required analyses for test checklist.
p‘ Request Driver Comments Request driver comments on test case.

Check if test was done correcT
Setup test report
Prepare for next test

Post-condition
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Functional safety (safety functions)

|___Testtype Bdl Drivingspeedid Short description - Additionalinfo_ Bl Descripton KM Remaks M

_PRNDL =P, key ON to RUN A simple CAN corruption test case where the specified
_Start Data Collection signal's value is modified to the desired value.

LByl k(?y ol t.° A PN 2L A 22 The faultis inserted in the CAN network in a way that
creep speed_ Action: Inject fault on CAN message

and note reactions_ record data for 10 sec after only one ECU gets the corrupted value.
action

_ Decel to 0 mphin ~6 sec

_ PRNDL = P_ key OFF

_key ON to START

_ Did the vehicle restart?

_PRNDL=D_ Drive vehicle and note gear shifting

_ Decel to 0 mph

__PRNDL =P_End Data Collection

CAN Corruption C1  Low speed (creep) TRANSM1 (0x104) Trans_ Limphome_ Faults Fault value: 1 —Clear codes, key OFF

~ 1800 tests
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Functional Testing Workflow

Requirements 2 Test Case - f A Execution
g -

Test Planning &
Commissioning

Reguiements Managzment T¢  Translation into TCs
Customer Pain*

Req. Deflnltlon Test Execution Tools & Tes* Environments

Reqg. Management
Test Execution

TC Implementation

Reporting

LeLL

Result Harmonization

Documentation
& Reporting

Data Analysis Tool

OEM:
60% of whole process *Result of several activities over 18 months
0n|y for test case implementation (customer interviews, quantitative surves (internal), company wide workshops)
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Seamless Testing over Test Environments

Test Management
*not complete

T Jira
A

XRAY

Test Control/
Test Sequencing/
Intelligent Testing

Application/ Operating
System/ Test
Automation

*not complete

Environments
*not complete

L

4A

Simulation

DevOps Integration
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Seamless Testing
Over Testing Types

Optimize Efficiency

Calibration & Extend Range

Optimization Increase Power
Optimize Hardware

Trade-offs, Optimize,

Improvement, Tuning Example: E-Motor & Inverter
combined Efficiency vs. NVH

vs. De-Rating

Validation Efficiency [%]

Targets Reached?
Validation is the process of Still Improvable?

checking whether the Satisfying?
specification captures the .
Example: Cooling system and

I
il cqstomers calibration sufficient; E-Drive :
reqUIrem en tS To rq ue & PoWer 0 1000 2000 3000 4000 5000 6000 7000 800D 9000

Rotational Speed [rpm]

Verification
. . . (o] -
(aka “"Functional Testing” or - Fixed Steps
"Requirements-based” - Fixed Values I S

teS ting) © Ye.s / N O CAMEO-60872  CAMEO_4R4 Rosegger, Max AVL/AT  28/07/2022 1226 28/07/2022 12:28
o Fa I I e d / Pa s s e d CAMEO-60871  CAMEO_4Rd Rosegger, Max AVL/AT  28/07/2022 1212 28/07/2022 12:14 [ ]
Verifiation s the process of Lo oo ==
Ch eCking tha t the SpeCiﬁca tions y EXa m p I e : S OTI F’ I S O 2 6 2 6 2 CAMEO-60868  CAMEO_4R4 Rosegger, Max AVL/AT  28/07/2022 10:50  28/07/2022 12:13
are met CAMEO-60867  CAMEO_4R4 Rosegger, Max AVL/AT  28/07/2022 1046 28/07/2022 12:13
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Advanced Testing
NEW Intelligent Testing Types

ﬁ DoE List ﬂ Screening Active DoE Cycle Testing
\ / \ / ,
[ 2 L - ] Stabllizing points without Axis point with measurement Cyle ® © B 6@
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. [ >|< I . L, central points I_é Completed
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Model after 3 measurements — channel < L m Eis“femeql
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HC
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\ AEB_SYSREQ_150, AEB_SYSREQ_153 = 1
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Functional safety (safety functions)

|___Testtype Bdl Drivingspeedid Short description - Additionalinfo_ Bl Descripton KM Remaks M

_PRNDL =P, key ON to RUN A simple CAN corruption test case where the specified
_Start Data Collection signal's value is modified to the desired value.

LByl k(?y ol t.° A PN 2L A 22 The faultis inserted in the CAN network in a way that
creep speed_ Action: Inject fault on CAN message

and note reactions_ record data for 10 sec after only one ECU gets the corrupted value.
action

_ Decel to 0 mphin ~6 sec

_ PRNDL = P_ key OFF

_key ON to START

_ Did the vehicle restart?

_PRNDL=D_ Drive vehicle and note gear shifting

_ Decel to 0 mph

__PRNDL =P_End Data Collection

CAN Corruption C1  Low speed (creep) TRANSM1 (0x104) Trans_ Limphome_ Faults Fault value: 1 —Clear codes, key OFF

~ 1800 tests
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Functional Testing Workflow

Requirements 2 Test Case - f A Execution
g -

Test Planning &
Commissioning

Reguiements Managzment T¢  Translation into TCs
Customer Pain*

Req. Deflnltlon Test Execution Tools & Tes* Environments

Reqg. Management
Test Execution

TC Implementation

Reporting

LeLL

Result Harmonization

Documentation
& Reporting

Data Analysis Tool

OEM:
60% of whole process *Result of several activities over 18 months
0n|y for test case implementation (customer interviews, quantitative surves (internal), company wide workshops)
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Example: Test Creation from Prose Functional Test Requirements
Exported from CODEBEAMER

£ search Ebner, Thomas AVL/AT =

File  Home Insert—P= Easmauilan i

D.Cemments 3 Share -

Do - ODEBEAMER exported .XLS: Prose Text Test Definitions £ .5

< Format Painter
Clipboard ) Forit ] Alignment Namber Styies els Editing Analysis | sensitviy
615 fe
A A B c D E F
1 ID - Prio - Header |- State |- Type |- Validation
2 100 Normal Torque Interface n/a Folder
3 | 200 Normal Testcases n/a Folder N - . .
4 201 Normal Motor demand torque write OK Functional Motor Demand Torque write signal t t h d t f d S t p
fest wi iaentirie eps,
5 Demand motor torque in Nm L} =
3 Parameters and Validations
7 Send demand motor torque with 10ms
8 300 Normal Electric Mode n/a Folder Whole Maneuver
&) 301 Normal Testcases n/a Folder .. .
@ Low SOC limit vehicle speed ID_310(10) .
10 310 Normal Low SOC limit vehicle speed OK Functional Low SOC limit vehicle speed
SATISFIED IF VIOLATED IF (one of 0) + % SKIPIF (oneof0) + %
11 478 Normal Driver demand motoring torque equivalent to function motoring torque oK Functional Reduced motoring torque set Satisfied when last step is completed.
12 Reduced motoring torque = demand motoring torque Drag criteria here... Drag crite
13 676 Normal Calc axle demand torque with system limits OK Functional Calc axle demand torque with system limits
Postprocessing: MONITOR (0) + X
. . _ _ Postprocessing: EVALUATE (0) + X
Maneuver selection % Results SimulationRange Channels Maneuver execution Drag criteria

Jrag criteria here...

Urag critena here...

Root Directory: |D:\CAMEO42\DaTa\2D23D329 SMS FT Codebeamer Test Interpretation Heindl

Nr. of Testruns: 1= Continue Autom.

Import, Interpretation & Auto Test Creation

Steps +X t4 va

E 1 - Set BMS_LBE = -40

. q E 2 - BMS_MX_SOC = 95 v

E-[8] iCodeBeamerlmportTest? | E 3-BMS MN SOC = 1
=+E Torque Interface

Lo @ Motor demand torque write ID_201(4)
== Electric Mode 5 - DriveMode D

-@ Low SOC limit vehicle speed ID_310(10) I—

@ Driver demand motoring torque equivalent to function motoring torque ID_478(11)
@ Calc axle demand torque with system limits ID_676(13)

4 - Actuate Brake

6 - Release Brake DriverSOP_Bat_XW

|—> 7 - When DriverSOP_veh_vLimit_XW ==true: HVSys POWLim_XW =1
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Example: Test Creation from Prose Functional Test Requirements
Exported from CODEBEAMER

<« (€ Low SOC limit vehicle speed ID_310(10)

Create Library Modules and Replace senere

. . . — . Custom \J SO ST s e spesy 2 1w i) ~
unidentifiable Instructions |
@ Actuate Brake and Wait ‘
SATISFIED IF VIOLATED IF (one of 0) + % SKIPIF (one of 0)
Satisfied when last step is completed.
Postprocessing: MONITOR (0) &+
Pastprocessing: EVALUATE (0) ¥ %
Steps % t ¥ va Steps +X t1V ¥Ya
() 1- Actuate Brake . E' 1 - Set BMS_LBE = -40 v
(D 2-waitstep v E’ 2 - BMS_MX_SOC = 95 .
EL 3-Bms_mNsoc =1 .
7| 4 v
ii‘ 5 - Actuate Brake and Wait
=: General -
. . 6 - DriveMode D ~
Use Library Module Names directly 2 Avas
L L I‘:.I 7 . Pal Bralra Niri SOP Rat YA
in Future Requirements
= - - [ D E F G
1 |[ID - ‘Plio ~ Header - | State hd ‘Type 'I i - ‘Amion
A™_2: Brake to standstill~, Engage DriveMode C, Accelerate to 1.
14 |
15 | 1000 Normal Driveability Folder
16 | 1001 Normal Testcases Folder
17 | 1010 Normal Check Brake Light OK Functional Check Brakelight —I A 1: Actuate Brake and Wait
18 | A_2: Release Brake (BrkPed_ActLg=0)
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Functional Testing
CI/CD DevOps Toolchain Layer Overview

Examples

Software Lifecycle & DevOps Tools

T Jira # XRAY

Software Test Automation

Jenkins f Azure DevOps
‘lﬁ

Azure Pipelines

Automotive Unified Test Execution
2K AVL CAMEO 5™

Create a new Continuum

Automotive Automation & CoSim Systems /\
- IFEV

SYNOPSYS @ worpiee:

Automotive Test Environments

e ‘ : o :"'
L\ ?\ “& /‘Ajé! . Y\; > i ﬂ’ < * &’ /m '
=




Test Automation PLM/RLM

Test Execution

Functional Testing
CI/CD Toolchain Integration

v Test Details
Type:

‘ﬁ‘ JIFCI « Select Scenario Outline . Result Creation

« Select Variables

 Report Attachment oo
‘ XRAY « Schedule Multiple Tests ‘ “p
A Slw 8
. Jenkins « Select Agent (CAMEO PC) é% 5 0

 Value Transfer Bl 2|8
wy’ Azure DevOps - Call Sequence Setup & Execution i Z
Azure Pipelines % é §

.l]

ks AVL CAMEO 5™

Create a new Continuum

#n Machines

v \ 4

+ Test Sequence Generation
with Selected Tests & Parameters
+ Test Sequence Execution

o 4 |
\7 DevOps Integration
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Senior Group Product Manager | Advanced
Optimization & Testing
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