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• Highly automated vehicle

• Handle all situations

• In the operational design domain

• Problem: We need to approve a car for all
situations, 
including those that are rare or very rare

• Might not be foreseeable
(black swan theory, unknown unknowns)

• Compare: testing vaccine for side effects

• Through test driving, we will seldom
observe these events

Why? Problem definition
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• 50 Of The Most Unexpected Things You’ll 
Ever See on the Road - News 
(thedesigninspiration.com)

Did you think of this?



Challenge of validation.
Statistics Mileage and Accidents 

200 250 million0

fatal accident: 
226 million km

material damage: 
0.3 million km

slightly personal damage: 
2.2 million km

severe personal damage: 
11 million km

Accident Statistics Germany (Destatis 2016):
726 billion km total mileage
13,341 km annual mileage per driver
2,277,182 material damages
329,240 slightly injured
67,426 severely injured
3,206 fatalities

50 100 150

average annual mileage : 0.013 million km;
average mileage lifetime: 0.7 million km
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• Example: definition from software engineering

• Edge case: single-parameter triggers problem

• Corner case: multi-parameter

• Combination triggers problem

• Many other definitions

• Break-out 1

What is it?
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https://en.wikipedia.org/wiki/Corner_case

Edge case

Corner case



Other edge case definition
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Obstructed pedestrian crossing
+ cyclist overtaking

Obstructed pedestrian crossing

Pedestrian crossing a crosswalk

Edge case
scenarios

Typical traffic
scenarios

Critical traffic
scenarios

Complexity/risk of scenario

low probability, but high 
efforts to identify and 
confirm performance!

Matthias Esser, 2019
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Many approaches, such as:

• Extrapolate from parameter distributions

• Synthesize from various triggering events

• Roundabout with small radius AND Low sun
AND Cyclist on motorway AND Slippery road

• Search algorithm for most critical
combinations for a function under test

• Reporting by public

• And more..

• Break-out 2

How to collect edge cases?
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Use edge cases to:

• Define where your function under test needs 
improvement

• Define where your function under test might have 
a residual risk

• Decide whether the function is ready to be 
released

• Use them in simulation 

• Use them on test track

• Break-out 3

What are the uses for edge cases? 
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• Context

• Functional safety (ISO 26262): integrity of host vehicle 
components

• SOTIF (ISO/PAS 21448:2019): absence of unreasonable risk 
due to hazards resulting from functional insufficiencies of 
the intended functionality

• Current scenario databases: mostly interactions of road
users

• Focus today: behaviour of vehicle in rare scenarios

• Many sources: road users, road environment, human 
factors, light and weather, misuse

• Focus on automated driving (more than ADAS)

Scoping
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https://en.wikipedia.org/wiki/Magic_Roundabout_(Swindon) 
From Phil Koopman https://users.ece.cmu.edu/~koopman/lectures/Koopman19_SSS_slides.pdf  
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• What makes an edge case?

• How to distinguish edge, corner and critical cases?

• Is an edge case always specific for a function under test?

• How do we find edge cases?

• What is the role of edge cases in state-of-the-art safety
validation?

• Are some edge cases so rare we can ignore them?

• Risk management: 

• How to estimate the risk?

• What level of risk is acceptable?

Today’s questions
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The road to success..


