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Criticality Analysis in VVM XXZK’&‘E&?&""

METHODS

» criticality (of a traffic situation) is the combined risk of the involved actors when the
situation is continued

» main goal: gain knowledge on the open context w.r.t. the emergence of criticality and

its conditions A structuring of the operational domain

» identification of influencing factors associated with increased criticality

A criticality phenomena

» improve understanding of criticality phenomena by analysis of

underlying causal relations A derivation of target behavior
» abstraction leads to classification of scenarios

A contribution to scenario-based verification & validation

use case A u r lintensectionfi
» tools employed for criticality analysis:
» ontologies, criticality metrics, simulation
» acquisition & management of knowledge and data
» statistical analysis, machine learning, causal inference
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Criticality Analysis i the Basic Concept XXZZ’SSE‘?ZL""

METHODS
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Assumptions:

» set of criticality phenomena is limited and manageable A finiteness (of artefacts)
» relevant phenomena leave traces in growing data basis A completeness (of artefacts)
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Example: the Criticality Phenomenon &cclusiond XXZZ’SSE‘?ZL""

METHODS

» identify the criticality phenomen @cclusiond ( e .exgpert knowdedge)
» find adequate level of abstraction and interesting concretizations
» use ontological representation to organize knowledge

Absolute Relative

Cases Cases Projection Criticality Phenomenon Ontological Classification  Estimated Criticality
2978 22.9% 36746 Occlusion Perception Medium
600 4.6% 7401 Occluded Pedestrian Perception High
1076 8.3% 13280 Occluded Bicyclist Perception High
844 6.5% 10413 Occluded Intersecting Vehicle  Perception Medium
0 0% 0 Occluded Obstacle Perception Medium
- - - Occluded Lane Markings Perception High
313 2.4% 3865 Occluded Traffic Sign Perception Depends
- - - Occluded Traffic Light Perception High

» gather empirical evidence for the relevance of acclusiond — —

A
» searching the GIDAS database yields GIDAS_
. German In-Depth Accident Study
> — h b accidents associated with acclusion¢ - since 1999 -

» strong indication that Acclusionfiis a relevant phenomenon in non-automated traffic
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Estimation of Relevance for Criticality Phenomena

U analysis of GIDAS accident database,
t for relevant VVMethods subset "E
accidents Aasesfi urban areas involving
a passenger car
U Analysis of each case regarding the
presence of 116 criticality phenomena

identifiable in the database

U for each phenomenon, obtain absolute and
relative frequencies of occurence
U ranking phenomena according to frequency
allows estimation of relevance

U interesting cases appear as combinations of

criticality phenomena

15.03.2022 | VVMethods mid-term presentation | Stream 1

VERIFICATION
VALIDATION
METHODS

FALL [~|cp 40 [+|cp 41 [~|cp a4 [+|cp as [+|cP a6 [~|cP 47 [~|cp 48 [+|cP 50 [+
L6810 ] 1 1] 0 1] ] ] ]
34320 i) 1 1] 0 1] L] 1] L]
75142 1 1 1] 0 1] 1 ] ]
88195 i) 0 1] 0 1] 1 1] L]
25900 ] 0 1] 0 1] ] ] ]
45624 i) 1 1] 0 1] 1 1] L]
46218 1 1 1] 0 1] ] 1 ]
L7032 i) 1 1] 0 1] L] 1] L]
25736 ] 0 1] 0 1 ] ] ]
47414 i) 1 1] 0 1] L] 1 L]
10412 ] 0 1] 0 1] ] 1 ]
48849 i) 1 1] 0 1] 1 1] L]
76273 ] 0 1] 0 1] ] ] ]

'. R !
' \".‘tiiio.tititi!§=§=§=§=§=§:§o§$§=§i:§=§=§:§=Z' .
N E‘ TP RN R Intersecting
on-Lgo PR R 1 d
violating R R banhed
- RRRIRRR R Trajectories
Right of Way R RIS
R RIS 7 of TPs
R R
X RS K&
AR N
R 5
-n = 201 %
n = 3487




From Association to Causality:
Causal Effect Analysis of Criticality Phenomena

4

use causal graphs to model assumptions
about the underlying causal relations of
criticality phenomena

iIncorporate criticality metrics as to make the
Impact of phenomena measureable

acquire data that enable the computation of
the causal effect of the phenomenon on
measured criticality, using either

» real-world data or

» synthetic data (simulation)

iterative abstraction & refinement of causal
assumptions during plausibilisation of the
causal relation
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Figure: causal graph for evaluating the causal effect

of Acclusionf

thecriticality metric o 5 (Q"Q8



