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• Tailor-made Test Environment Setup

• Level 3 ECU Virtualization 

• Scalable CI\CD Infrastructure Deployment

• In-House Embedded Software Development

• ECUs : − Fuel-Tank ICE and PHEV

− Fuel-Cell and Tank for FCEV
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➢ Split Dev-teams

➢ Reduce Hardware

➢ Reduce Manpower

➢ Reduce Dev-time

Quality drops !

Everyone is unhappy
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Our goal :

Devise a new way to find the bugs

• No Hardware

• Little ressources

?
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Test case

1

Scenario

Scenario

Check

Scenario

2

Checks
1. Split Scenario 

and Check(s)

2. Industrialize 

Scenario creation

Checks

This does

not scale ! This scales !

Test-

coverage

➢ High level

➢ Transferable

➢ Modular
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Test Harness : Realistic
• Comprehensive

• Physical

• Configurable

Application
Software

Basis Software

RunTime Environment

(foundation lib)

(BMW lib)

Simscape +   Simulink

SiL level 3

Virtual 
MCAL

Stack

ASW
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FUNCTION1(arguments)

FUNCTION2(arguments)

FUNCTION3(arguments)

...
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Database

→ Define Argument properties
(for web-based Test-Case generator)

→ Set Plant parameter



Scenario : User-friendly
• Modular

• High level

• Intuitive

Header for 

Test-Case 

Database

Matlab

Code
→ Set Non-Volatile-Memory

→ Set Plant parameter

→ Define Argument properties
(for web-based Test-Case generator)



Scenario : User-friendly
• Modular

• High level

• Intuitive

actions.driver
conditions.initial

modifications.malfunction

actions.driver

actions.mechanic

conditions.initial

conditions.environment

modifications.vehicle

modifications.malfunction

modifications.fuelingStation

config.simulation

vehicle

…



Scenario : User-friendly
• Modular

• High level

• Intuitive

actions-SET conditions-SET

modifications

vehicle-SET

Winter/Summer

Sea Level/Mountain

Cold/Warm-Start

7er/X5/Mini

“Integration-Level” (calib.)

Min/Nom/Max Components

Malfunctions

City / Highway

Refueling

Workshop

1 1 111 23 11

Scenario 1

Scenario 2

Scenario 4

Scenario 31 3 1

Ultra-Fast

Scenario Generation

through combinations !
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Check : Scalable
• High level

• Transferable

• Plug-and-play

• Robust

• Self-Explanatory

Application
Software

Basis Software

RunTime Environment

Result =          PASSED
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FAILED
CONDITION-NOT-FULFILLED

no fueling

user stops fueling before end 

valve malfunction injected
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Toolchain : Flexible
• Standardized

• Traceable

• Automated

• Evolutive

Run

• Interoperability
with Silver

Pre-
Processing
• Different Input 

Formats (excel, 
mdf, dcm, json)

Post-
Processing
• Different Output 

Formats (excel, 
mdf, json)

1 Test case

Check results



Toolchain : Flexible
• Standardized

• Traceable

• Automated

• Evolutive

Pre-
Processing

Post-
Processing

Run

Test-Specification Object

Header

Testharness

config

Input data

Output data

Execution data



.mdf / .mf4

Toolchain : Flexible
• Standardized

• Traceable

• Automated

• Evolutive

Pre-
Processing

Post-
Processing

Run

Test-Specification Object
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Unit Test

Release Validation Test

Field Testing
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SiL lev3

Already a success story !

First Time Right

No major Bug found in car tests

Economical

50% cut on Hardware cost

Stable Quality

“build-in” regression Testing



Thank you for

your attention

We look forward to 

seeing you at the 

AGSOTEC booth



BACKUP



Scenario : User-friendly
• Modular

• High level

• Intuitive

actions-SET conditions-SET

modifications

vehicle-SET

Winter/Summer

Sea Level/Mountain

Cold/Warm-Start

7er/X5/Mini

“I-Stuffen” Calibrations

Min/Nom/Max Components

Malfunctions

City / Highway

Refueling

Workshop

1

1

1

1

1 2

3

1

1 Scenario 1

Scenario 2

Scenario 4

Scenario 3

1 3 1

Ultra-Fast

Scenario Generation

through combinations !

Generate with:

• Model-Based-Testing

• AI 

Generate with:

• Deterministic 

Combinations

Generate with:

• Standard BMW 

Development Process



Scenario

Check

Testing-instance completeness

(TestHarness)

Test-

coverage

Scenario TestHarnessCheck

Explicit

Implicit

effort

Team A Team B Team C
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