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Continental Products used by VDL
NVIOL

BUS & COACH

Next generation of Off-The-Shelf HW products

public transportation busses : : :
generic Vehicle Control Unit

Fully electrified powertrain
y P Body Controller

» gVCU implements high-level
driveline controller functions

Multiplexer Nodes

Instrument Cluster
Toolchain Model Based Development System
Based on MATLAB Simulink
» MBDS IDE and modeling framework
Compliant to 1SO-26262 "

FN0
CI/CT support i
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-
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System Overview

Door Module Instrument eHorizon Multimedia

< Cabin CAN (D)
< Chassis CAN (FD) > j\g\/

Pedal
(AFFP)

EAPU CLCS ... | Radar N — Steering Wheel
- b
Switches
Featu res LIN Retarder / Cruise

Stalk Switch

Central Driveline Controller
Torque Control, Brake Control, Cruise Control, ...

High performance uC for complex control algorithms

HW and basic SW is ASIL-B ready

Application SW is programmed by the customer using MBDS

Clutch/ Transmissionul Retarder
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Composition & Deployment

Specific Extension(s): Modular Base Resource Type

(]
-
-
-
\

Generic Extension: MBDS Core, Library and Help

J The MathWorks™
Base Environment: MATLAB and Simulink

Modeling: Simulink and Stateflow
Code generation: Embedded Coder b

ase :
MBDS graphical user interface used as IDE d des'gn
Quality assurance measures, ACG, build & download Pl’oven since
Block library for design and integration Many years
Target HW and customer specific extension, e.g. BSW, compiler, ...

v 100 % mode]

v

i
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Tool Evaluation

Hardware & Basic Software are ASIL-B ready

MBDS: Evaluation of a software tool by analysis (ISO-26262, Part 8, Chapter 11.4.5)

Classification Qualification
Determination of Determination of Determination of ASIL
tool-impact on the degree of tool- tool-confidence-
development item error-detection

level l

Method for

G ) TD 3 -b Qualification
Detection ' ' at TCL3

2 measure l

Method for
SW tool e -
includi:; its I TI2 [ TD2 —%# Qualification
at TCL2

use-cases
used during TD 1 t
the .
development No
Tl 1
of a safety- Ql:g IIfLII?ra;éon
related item q
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MBDS Test Automation
3-Pillars of the Test Approach

» Configuration, execution & evaluation: Test Suite view in the MBDS IDE

> Implementation of test stimuli & expected values: Signal Definition Table

» Test frame: MBDS Model Template

MBDS

S po | s | e | L1 ESESUItE View

. el ’iSUB_Au:E\ErahunPEdal
Signal Definition Table SBmt o / oo, sl
" @,s:&:-; .nE m?fml(s.u [z i Gz Depsy Digen S 5 Help

MBDS
Model Template

DEE BB .

%

T 8 Procesorinthe Loap ) B-Asst "9 el Aleqop -

[= B SDT_Examplexism [Schreibgeschiitzt] - Sven Semmelrodt o X 523 Test Resource
£ b Signal Defirition Table MOD_MyModuler. | V
. =4E]) SUB_AccelerationPedal.xlsm
@4 TC1 - Normalization
&aTC - 1dle
L4 TC3 - Kickdown
] Model Dats

&) {F2] stimuii
= (& Stimuii
i Common Test
BTC1 - Normalization
B|TC2 -Idle
AATC3 - Kickdown
Outputs
-0 Test suite
Bl ¥ [£] TC1: TC1 - Normalization
(=15 Test Case Resource

i Signal Definition Table
6] SUB_AccelerationPedal.xdsm

Datei  Start  Einfiigen  Seitenlayout  Formeln  Daten  Uberprifen  Ansicht  Add-ly | Freigeben

MBDS Module - MyModule1

=e ? ]

OB @ BB e

St

10

100 0
0 10
0 0
0 10 10
1000 100 O
1000 1000 10
1000 00
1000 0 10
1000 10 0

0 Initialization REQ-0001 This test case is covering the standard functionality.
1 Turn off Reset operation is out of scope.

0| L. TC1 - Normalization

0 1 parameter

1 B =0 Test Outputs

true 1 Turnon REQ-0023 i suE,Acneleraﬁonpedaljc1,MiL.mat

N
cCorwMOO~0 0O

comeEwo o000

0
0
0
0

cooco -~

true 1 +#] SUB_AccelerationPedal_TC1_SL.mat
1 false -] SUB_AccelerationPedal_TC1 Ref.mat
false = 2] TC2: TC2 - Idle
1 E}(3) Test Case Resource T
4 & Signal Definition Table st Mosfie by: CEDT15 st Mon Nov 26 035659 206

1000 100 10 - 1 Parameter
1000 100 10 0 1 Shut down - () Test Outputs

| mfo | changeHistory | ExcudedReq. | Defauts | TestCasel | TestCase2 | @ : [{] ] E W [2] TC3: TC3 - Kickdown B
Bereit i) mM -—— 5+ 100% [=+/C%) Test Case Resource >

& Signal Definition Table s
T arameter Ready 100% VariableStepDiscrete |

1
1
1
1

Mods! nfamation

{3 Test Outputs
&] TST_AccelerationPedal.himl
= [w [E] Model Coverage Analysis
L] MCR_AccelerationPedal.html
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Test Implementation,
Execution & Evaluation

Log stimuli,
expected values
& output signals

(*.xIsx)

Test Data

Test
Outputs
(*.mat)

Evaluate
outputs

|

@@

PREEN
-
PEEEN

Test Management

File Edit View Tools Help

| % a8

Project I Signals I Test Suite I Orline-Test I

! SUB_AccelerationPedal

=] % Configuration

- [ ¥ Model in the Loop (MiL)

W E_:T] Software in the Loop (5iL)
----- - ﬁ Processor in the Loop (PiL)
=) Test Resource

E@ Signal Definition Table

i?!lj SUB_AccelerationPedal. xlsm

TC1 - Normalization
TC2 - Idle

LBl TC3 - Kickdown
(8] Model Data

= 2] stimul

=& stimul

Common Test

TC1 - Normalization
TC2 - Idle
----- 9 TC3 - Kickdown
[]---2{ Cutputs
=08 Test Suite
B ¥ [£] TC1: TC1 - Normalization
El.j Test Case Resource
@ Signal Definition Table
=N SUB_AccelerationPedal. xdsm
: -4 TC1 - Normalization
ﬁ Parameter
=) Test Outputs
J SUE_AccelerationPedal_TC1_MiL.mat
J SUB_AccelerationPedal_TC1_SiL.mat
S dﬂ SUB_AccelerationPedal_TC1_Ref.mat
= W ] TC2: TC2 - 1dle
[=+{75) Test Case Resource
Signal Definition Table
Parameter
Test Outputs
= W [2] TC3: TC3 - Kickdown
= Test Case Resource
+ @ Signal Definition Table
Parameter
Test Quiputs
4] TST_AccelerationPedal.himl
=W @ Model Coverage Analysis
i L] MCR_AccelerationPedal.html
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Test Configuration

Test
Suite
(*.xml)

Manual inspection using
Simulation Data Inspector

[ One or multiple test levels
One or multiple test cases
—— <

With or without model
| coverage |
4 N

N (

Stimuli, expected values,
outputs and configuration
\__can be archived
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Test Implementation using Signal Definition Table
Test data editor for Stimuli & Expected Values: MS Excel v Sim '
Plicity

s Readablhty

Mamtamabnhty
Using defaults, a test case may contain signal subsets only ‘ v C°’"P'eteness

Our customers are MS Excel but no MATLAB experts

Each test case is specified by a separate sheet in the SDT

Simple test data specification using transition based time/value pairs —
H - s SDT_Examplexdsm [Schreibgeschitzt] - Excel Sven Semmelrodt [ - O
Evalu atlon parameters (Shlft & Datei Stat  Einfiigen  Seitenlayout  Formeln Daten  Uberprifen  Ansicht  Add-lns  Team  §) Was machten Sie tun?
Tolerance) per expected value S
A |B| C Samp|es G - H - 1 J K
Test case & test step description e Evaluation | & . W
3 = % g parameter 2 F s s
Requirements for traceability| (,npes | £2 % 88 /¢ g g § & £
H H ‘ 0o 0 0 10 10Shiﬂ:1 1T0|6fance:11 TOIEfance:1m itializati REQ-0001 | This test i ing the standard functionali
Implementation of SDT by Signal & o1l10 o 100 0 0 Tpumott | [resetopermtoniontarsse
: : s 0s 0 0 09 % 0 5 S
Builder blocks (Q&D debugging) 0 I HE : : : S re—
_ _ of 210 o ton0 1000 19 0 e e description
SDT can be automatically derived & %3 % ¢ « : —
from existing models A o im0 :
- Info Change History Excluded Req. Defaults Test Case 1l | Test Case 2 [C] 1 . . : mﬂb%
SDT sheets [
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Automated Test Evaluation & Test Report -

Test report is generated based on the test levels & test cases selected for a test session

Logged test outputs are compared to the expected values (considering Tolerance & Shift)

Test information overview with
test result summary

Test description & requirements

Signal test results & deviation

-

Web Browser - Test Report for SUB_AccelerationPedal —|oix|
Test Report for SUB_AccelerationPedal + BEog0)|
- \ 29 | & \ Location: [ fle:///D: Proj/MEDS wk/Model,MBDS_BasicTrairing_VCU/Subsystems SUB_AccelerationPedal/TST_AccelerationFedal,himl =]

Test Report for SUB AccelerationPedal

NI INFORMATICH
: Test result
summary

statistics are displayed Test case
status & results
Test results are tagged in HTML w [rocee RIS R [ [ o oo Lo ot ™ Spra
re port for Sl mple CT resu It TC1 i.glln;ahmml Passed Failed DPassed Failed TE‘;'C"‘E(I . SUB_AccelerationPedal ;gi];ﬂhmm
eXtraCtiOn jObS TC2||TC2 - Idle Passed Passed Passed Passed g::.cmed - SUB_AccelerationPedal | TC2 - Idle
TC3 ﬁim\n Passed DPassed Passed Passed g}c;);tmed - SUB_AccelerationPedal I‘f(iicém\'n
Fully automated via API
————— Test case
details Signal statistics
& test result
Output Signal || Min. Deviation [Avg. Deviation [Max. Deviation |Tolerance |Shift Deviation Instants [Result
ul6_PedalPosition|[0 0.17964 1 1 /- 0 Samples|[- [Passed
bo_ldle 0 |[0.07984 |1 |0 ||+~ 0 Samples 0.7 sec |Faled
bo_KickDow ‘0 ”O HO HO ”— - 0 Samples H- HPassed”
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Automated Test Evaluation & Test Report -

Test report is generated based on the test levels & test cases selected for a test session

Logged test outputs are compared to the expected values (considering Tolerance & Shift)

Test information overview with : (o) x a0 EI|_ELII__:
4= o | 5 | A | Location: | file:///D: /Proj/MEDS/wk/Model/MEDS_BasicTraining_VCU /Subsystems/SUB_AccelerationPedal /TST_AccelerationPedal/TC1_MiL_bo_Idle.png -
test result summary
) ) ) ‘ ‘ . . Signal: Ibo_ldle ‘ ‘ Output
Test description & requirements 1 signal | -
05 [ / 1
. . . 0
Signal test results & deviation 0 o5 1 s s a5 5 a5 4 a5 s
statistics are displayed e ——
- value
Test results are tagged in HTML op - £
report for simple CT result Y e reterene T
extraction jobs 1 —| 1
05F i
. oL
Fu”y aUtomated Vla API 0 O.‘S 1‘ 1!5 2I 2?5 1; 3,‘5 é‘i 4?5 5
. . . . ‘ ‘ Devia$ion and I‘I'olerancle (Shift: ‘+.f- 0 Sa:pples) Deviation &
Signal plots for fast visual inspection ;I tolerance
O ] 1 1 1 1 1 ! 1 1 |
0 0.5 1 1.5 2 25 3 3.5 4 4.5 5
Time [s]
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Automated Test Evaluation & Test Report
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Test report is generated based on the test levels & test cases selected for a test session

Logged test outputs are compared to the expected values (considering Tolerance & Shift)

Test information overview with : ©0 a%ﬂj
= o | 5 | @ | Location: | fie:///D: Proj/MEDS fwkMode| MBDS _BasicTraining_VCU/Sub UB_AccelerationPedal TST_A edal.html -
test result summary -
T T S
Test description & requirements
Output Signal [Min. Deviation [Avg. Deviation |Max. Deviation |Tol Hfluﬂ Deviaﬁon[nmmuw
Signal test results & deviation ——
statistics are displayed MiL results
Test results are tagged in HTML “
. Output Signal |Min. Deviati Avg. Deviati Max. D Tol Shift Deviation Instants |Result
report for simple CT result bo_ kDo o o g 0 [v-0smpie]- o
extraction jobs ot i 5 e T et
Fully automated via API Ii
SiL results
Signal plots for fast visual inspection || e e e s s
REQ-001 X Failed
) ) REQ-002 X Passed Requirements
Regirements to test results matrix o e —— vs. test results
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Why?

Continuous Integration & Testing

3

S %
Improvement of the SW quality by T g o
continuously integration of the SW Development &3‘9 operational | 2
(agile development process) )

2

<
Automated Activities N 2‘?

Static model analysis using automated model rule checks

Q‘$

Calculate model metrics (e.g. subsystem depth, cyclomatic complexity, ...)

Automatically execute test sessions and summarize test results

Determine model test coverage

Automatically generate code, model documentation & run the build process
Running above listed activities of a complex SW project is a time consuming activity

A fully automated ‘nightly’ build & test feature is required
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MBDS API

MBDS API

All major MBDS features are available via simple
API scripts

Applicable for single or all project items
All arguments are strongly checked on plausibility
MBDS Remote Tool

Call MBDS API functions to automate MBDS
features from batch jobs or OS command line.

MATLAB is started via COM-Interface with
MBDS in silent mode

COM
Interface

= ——
“28 o 8
| Ly

Project Item Handling

Code & Document Generation
Model Rule Checking
Execute Test Suite

Build & Download
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With the KIBES system platform Continental provides
Vehicle Control Hardware & Development Environment
ASIL B ready according 1SO-26262
Fully automated quality assurance measures
Integration into CI/CT activities is supported
VDL Activities

Currently quality assurance measures are applied on models implementing QM and
ASIL rated features

Continuous integration & testing will be applied using the MBDS APl and MBDS
Remote

Statement VDL: We are working together on making the VDL software architecture
future-proof with Continentals Model Based Development System
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for your attention!
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