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Motivation for Systems Engineering in Combination with 

Digital Data Processing 

Stakeholder Requirements:
• Legal

• Consumer Protection

• Internal

Component

System

Sub System

Requirements

Requirements

Requirements
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Motivation for Systems Engineering in Combination with 

Digital Data Processing

› Regulatory-compliant data retention and proof of compliance required for several decades.

Stakeholder Requirements:
• Legal

• Consumer Protection

• Internal

Component

System

Sub System

….

Software Control Units

Steering Wheel

…

1 n

• ¾ Spokes
• Round/Flattened
• ……

Variants:

Cockpit

2
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Requirements

Requirements

Requirements

Requirements
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Stakeholder Requirements:
• Legal

• Consumer Protection

• Internal
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Stakeholder 

Anforderungen:
• Gesetzlich

• Verbraucherschutz

• Intern

Komponent

System

Sub-System

Anforderunge

n

Anforderunge

n

Anforderunge

n

Anforderungen

Anforderungen

Anforderungen

Stakeholder 

Anforderungen:
• Gesetzlich

• Verbraucherschutz

• Intern

System Network: Enabling Machine Processing of Data

Project-Independent 

Master Data Catalog

› System network of various tools that communicate with each other to provide transparency from testable 

requirements to final approval.

2. Product Setup 5. Product Status Monitor

4. Analysis and Evaluation

3. Storage of Test and 

Simulation Data

Project

1. Collection of Master Data
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Method: Continuous Requirements (Traceability in the System Network)

› Method:

• Capture of requirements along with the verification specification, so that they can be digitally processed (broken down into 

individual characteristics).

• During verification, test results can be automatically assigned to the requirements and evaluated.

Requirement: 
Seatbelt buckle release force after test < 60N.

Features

Type Name Value

Stakeholder Regulation Protocol 
Version

ECE-R_94_02(Final-2016-
06)

Test Criteria Barrier ODB

Test Criteria Impact Angle 0°

Test Criteria Vehicle Speed 56 km/h  -0/+1 km/h

Component Component Seatbelt Buckle

Target 
Value

Seatbelt buckle release 
force 

<60 N
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Method: Continuous Requirements (Traceability in the System Network)

› What do we gain from this:

• Real machine-driven digital data processing → Thousands of requirements can be checked and verified in seconds without errors.

• Digital/continuous verification status overview from requirements through test data to approval.

› Method:

• Capture of requirements along with the verification specification, so that they can be digitally processed (broken 

down into individual characteristics).

• During verification, test results can be automatically assigned to the requirements and evaluated.
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Test

Features

Type Name Value

Test Criteria Barrier ODB

Test Criteria Impact Angle 0°

Test Criteria Vehicle Speed 56,3 km/h

Result Seatbelt buckle release 
force 

24 N

Requirement: 
Seatbelt buckle release force after test < 60N.

Features

Type Name Value

Stakeholder Regulation Protocol 
Version

ECE-R_94_02(Final-2016-
06)

Test Criteria Barrier ODB

Test Criteria Impact Angle 0°

Test Criteria Vehicle Speed 56 km/h  -0/+1 km/h

Component Component Seatbelt Buckle

Target 
Value

Seatbelt buckle release 
force 

<60 N
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User 
A common language 
for all tools in the V-

model 

› Based on the master data glossary, the necessary expert tools are connected. This enables communication between 

the tools without the need for mapping.

› Standardization and harmonization of information addresses and content.

Method: Prerequisite for Collaboration of Distributed IT Systems

Master Data

Master Data Glossary

Digitally supported editorial process

Test attributes  

Load cases  
Requirements  

Curves  
Components  ... 

Systems Engineering in Vehicle Safety at AUDI AG: From Digital Paperwork to Digital Transparency | November 19, 2024

Tools
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Master Data Glossary: From Information Management to Knowledge 

Management

› Possible Questions:

› Which measurement curves are required to verify a regulation?

› Are all requirements of a regulation verified?

› ...

Measurement Curve:

F_ Seatbelt_Buckle_Release _1

Test Attribute: 

Seatbelt buckle release force 

Information
Regulation Protocol Version: ECE-R_94_02(Final-

2016-06)

Calculation Rule:

Fmax1 = max 

(F_Seatbelt_Buckle_Release_1)

Information

Master Data Type: Master DatumScheme:

Load Case: 

Frontal_56km/h_ODB_0°_40%

Knowledge Generation 

Based on References
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Product Setup: SCALE.sdm

Normalized Data from 
Master Data System

Configuration of project requirements based on project-independent master data in combination with the product equipment
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60.0

0
60.0

0

Region

Product features

Vehicle Project Configuration 

in SCALE.sdm
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Gurt-
schloss-
öffnungs-

kraft

Test and Simulation in One Cockpit: SCALE.sdm

Backend Systems @AUDI

Data from all back-end systems 

are standardized and presented 

together in SCALE.sdm.

Attributs

Images

Videos

3D Models

…

Results are automatically 

evaluated/colored according to 

the project configuration.
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Simulation

Test
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Gurt-
schloss-
öffnungs-
kraft

Test and Simulation in One Cockpit: SCALE.sdm

Reports 

Data Analysis

Comparison of Test and Simulation

Project Monitoring
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Test Evaluation
Write back to databases
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Gurt-
schloss-
öffnungs-
kraft

Report Project Status: SCALE.sdm

Project Monitoring

Verification of requirements using 

test or simulation data
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YES

YES

YES

YES

NO

NEIN
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Project Monitoring and Reporting: SCALE.sdm

With Reference to simulation / test

Different views of the data 

(e.g., functional coordinator of vehicle safety)

Region

Regulation

Test Case

Requirement

Values for each 

individual 

requirement
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Region

Test 42

Test 42

Test 42

Test 42

Test 42

Test 42

Test 42

Test 42

Test 42

Test 42YES

YES

YES

YES

YES

NO

60.0
0
60.0
0

NEIN

Level-by-level 
evaluation and up-
aggregation 
(hierarchical data)
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Project Monitoring and Reporting: SCALE.sdm
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Different views of the data

(e.g., component owners)

Test 42

Test 42

60.0
0
60.0

0

Component

Regulation

Test Case

Requirement
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Project Monitoring and Reporting: SCALE.sdm

Timeline
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Test 42

Test 42

60.0
0
60.00
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Test 42

60.0
0
60.00

24 N

Project Monitoring and Reporting: SCALE.sdm

Timeline
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Test 41

Test 41

16.1 N
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Summary

›Successfully implemented digital transparency

›Across the entire V-model

›Beyond Tool boundaries

›Real machine-driving digital data processing

›Thousands of requierements checked and verified in seconds, without 

errors

›By referencing data entities, „Information“ becomes „Knowledge“ 
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Outlook
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Messkurve

Testattribut

Richtlinie Protokoll Version

Berechnungsvorschrift

Lastfal

l

Use „Knowledge“ for further use cases:

›Enable cost savings through optimization of the testing plan

›Automated resource planning (people, equipment, components, etc.) based 

on product definition



Thank You!
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