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Goal

Develop and validate a sensor set

Scope

Focus on the requirements phase

Assumption

The function model is not in focus but the sensor set 

definition. A simplified function model or some existing 

implementation of the function is used.



Safety assessment

Define requirements for perception
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• In which situations the perception should detect which objects 

with what performance

• Iterative validation of perception requirements

Function design

Valid requirements for perception

SOTIF Functional Safety

• mainly functional

• some system-specific

e.g. scene-based 

development involving 

stakeholders

• use expert knowledge

• aided by simulation for the 

investigation of critical situations

Requirements for perception Iterative

validation



2D Simulation

• All performance indicators can be calculated in 2D

Simulation-based validation on system level
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General aspects:

• Consideration of simple functional behavior

• Evaluation of overall perception requirements:

– Area of detection

– Performance

3D Simulation

• Consideration of visibility in z-axis



Derivation of sensor set
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• Method to derive a sensor set from valid perception requirements

• Iterative validation of sensor set

Sensor types

Valid requirements for perception

Functional aspects Architecture

• Functional and system 

architecture

• Fields of view, positions, 

overlapping

• Performance 

per sensor

• Fusion concept

• To address different 

use cases and need 

for redundancy

• External sensors

Iterative

validation



2D Simulation

• All analyses without consideration of z-axis

• Large parameter variation

Validation of sensor set using simulation
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General aspects:

• Detailed sensor models

• Take external sensors into consideration

3D Simulation

• Consideration of vertical curves, obstacle shapes, layer 

resolution

• Evaluation of sensor fusion, classification

• Generation of synthetic camera sensor data



Concept validation using simulation (Concept in the loop)
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• High flexibility due to modelling of perception and environment

• Usage of various simulation tools

• The whole application area is covered by millions of variation combinations (powered by cloud computing)

Sensor modelling ideal & with 

tolerances/errors Function model

Specification Validation-

goal

Modelling

f(x)

Implementation Simulation

Analysis &

Evaluation

Results
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Scenario parameter variation
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• Common architecture for 2D and 3D simulation tools

• Automation and metrics evaluation

• Cloud-ready

Simulation ecosystem
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2D Simulation

• Modeling of traffic and infrastructure

• Modeling and visualization of sensors

• Monitoring of defined parameters

3D Simulation

• Modeling of static and dynamic content

• Complex 3D sensor models

• Vehicle model

CARLA Simulator

Copyright © Computer Vision Center (CVC)

at the Universitat Autonoma de Barcelona (UAB)

IAV SceneSuite



Concrete use case: Evaluation of combined internal and external sensor 
set using simulation
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The 2D simulation serves well in the majority of situations:

• Projection of sensor fields to z=0.5 m, neglect of sensor layer resolution 

gradients, obstacles always considered as worst case (infinite height, 

truck/bus instead of passenger car), terrain without height profile

• These conservative assumptions to prevent mistakes leads to more 

expensive specifications

The 3D simulation produces more precise results but the analysis of the 

generated 3D data is far more complex.

Examination of free spaces in stationary situations and also under 

consideration of functional behavior



Outlook

IAV 10/2019 Antoine Frot10

→ Please visit us at our booth A6 | 109

In product development process, these methods are used iteratively for 

improvement of all elements.

The improved models are suitable for multiple projects.

Vehicle tests bring a major contribution too:

• Validation and improvement of sensor models based on real data

• New corner cases (driving situations, critical sensor constellations, 

data flow timings…) which can be integrated as new elements in the 

design phase

The same simulation methods can be used for rapid prototyping and 

during the test process:

• 2D simulation rather for module testing, with large parameter 

variations

• 3D simulation using more complex sensor models
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