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Motivation

Automated driving in complex urban 

intersections

No approval of highway pilot functions on 

highways

vs.

International standards and regulations for automated driving safety assessment

[1]

[2] [3] [4] [5] [6]
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Scenario-based testing approach

Research Gap
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Highway domain:
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Research Gap

Combinatorics:

• n-wise combination of each parameter

= 102 = 100 test-cases

Large number of test-cases

Parameter dependencies are not considered

Approaches for test-case generation

1

vxrel = [0; -10; -100] km/h? 

dx = 

[0;15;150] m? 

Data-driven approach for test-case

generation incorporating Safety 

Relevance and Realistic Parameter 

Combinations
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1x Sick 

LMS511

Dataset for methodology development

Raw dataset

• Highway data recorded with testing vehicle

„TIAMO“ 

• 18.500 km on German highways with no

automation

• Naturalistic driving behaviour

TIAMO: Test Vehicle for Intelligent Automation and Monitoring Systems

Front Radar 

(MRR)

Mono-Camera

Scenario database

• Detection of 834 „slower“ cut-in 

from right scenarios
4x Ibeo Lux 

2010
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Modelling of the Cut-In Scenario 

Longitudinal velocity vx

(initial value)

Relative velocity vxrel

(initial value)

VuT

Obj

Lateral velocity vy

(mean value)

Longitudinal acceleration ax

(mean value)

Longitudinal 

distance dx

(initial value)

t

V
u
T

v
x

Begin of 

scenario

End of 

scenario

t

o
b
j
v
y

Begin of 

scenario

End of 

scenario



9

Global 

parameter

extraction

Scenario-

based

parameter

extraction

Global vs. Scenario-based Parameter Distributions

• Parameter values occured in reality

• More realistic test-cases

• Increased coverage of parameter space

• More critical test-cases

Global 5th percentile

= -1.22 m/s²

Scenario-based 5th percentile

= -0.32 m/s²
vs.

• Distribution of all mean decelerations from cut-in objects (scenario-based)

• Distribution of all mean decelerations from all braking maneuvers (global)
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Global 

parameter

extraction

Scenario-

based

parameter

extraction

• Parameter values occured in reality

• More realistic test-cases

• Increased coverage of parameter space

• More critical test-cases

Global vs. Scenario-based Parameters

• Scenario-based parameter distributions must be used

when a dependency to other parameters is found

• Globally extracted distributions are allowed for

independent parameters

Research hypothesis:
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Demand for Consideration of Parameter Dependencies

0 ≤ dx < 15 m

5th percentile of vxrel(0 ≤ dx < 15 m)
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Methodology for Calculating Linear Parameter Dependencies

C
u
m

u
la

ti
v
e

ra
ti
o

[%
]

y

y (xclass m)

C
u
m

. 
R

a
ti
o
 [
%

]

y

y (xclass 1)

Critical Percentile
…

fr
e
q
u

e
n
c
y

[-
] 

x…
Class mClass 1

y
9
5
th

-p
e
rc

x
Class m

…
Class 1

y
9

5
th

-p
e

rc

x
Class m

…

Class 1

r =
σi=1
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Correlation calculation after Pearson: 
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Results from Prototypical Application on Highway Dataset

vxperc

vyperc

axperc

dxperc

vxrelperc

vxclass vyclass axclass dxclass vxrelclass

Correlation coefficients of the 

critical percentiles calculated 

for each class of a parameter

Relevant after verification

Correlation coefficients of all 

parameter samples
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Implications for Test-Case Generation

Iteration through all parameters to ensure

parameter coverage
1

vxperc

vyperc

axperc

dxperc

vxrelperc

vxclass vyclass axclass dxclass vxrelclass

The parameter with the highest correlation is set first2

3-dimensional parameter dependencies must 

be considered
3

Parameters showing a dependency must be set accordingly5

For independent parameters: Globally extracted distributions

can be used
4

No. 1 2 3 4 5

vx [km/h] 85 95 105 115 125

No. 1 2 3 4 5 6

vy [m/s] 0.25 0.75 1.25 1.75 2.25 2.75

No. 1 2 3 4 5 6 7 8 9 10

dx [m] 7.5 22.5 35.7 52.5 67.5 82.5 97.5 112.5 127.5 142.5

No. 1 2 3 4 5 6 7 8 9 10

dx [m] 7.5 22.5 35.7 52.5 67.5 82.5 97.5 112.5 127.5 142.5

vxrel

[km/h]
-9.5 -18.8 -23.9 -27.6 -32.8 -34.2 -35.7 -32.6 -40.9 -46.0
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Conclusion and Outlook

• Test-case generation: Parametrization of quantitative test-cases

• Methodology for calculating linear dependencies between parameters

• Implications for test-case generation can be derived

• Extendable towards other operational domains or towards including further

influences (e.g. road geometry, perception)

• Application on large radar dataset to generate representative test-cases

• Only linear dependency is regarded  Extension to include higher-

polynominal dependencies

• Strong impact of classes division  Demand for a validation framework for

test-cases
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