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A Story of Scenarios
From Data and Knowledge to Scenarios for Testing
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From Data and Knowledge to Scenarios for Testing
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6-Layer Model as Basis for Structured Traffic Environments XXZKE‘EE‘I‘SL""
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Context of the Advanced Scenario Engine in VVM
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Advanced Scenario Engine — From OMEGA to Scenarios
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Advanced Scenario Engine — Workflow with Scenario Types
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Components of a Processed Scenario
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Components of a Processed Scenario

» Enveloping Scenarios
» Enveloping structure of drives based on ego-vehicle within Layer 1
boundaries

» GDEA — Attributes
» Logical representation of infrastructure attributes (L1-L3)
» Event-based representation of dynamic behavior and relations in scenario

» Semantic Decomposition — Attributes
» Classification of scenarios by forming Base Scenarios as building blocks

» Focus Scenarios
» Specific constellations of decomposed Base Scenarios to add further
relevant details
» E.g., assigning roles to vehicle according to PEGASUS challenger approach
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Advanced Scenario Engine XXZZ’SEE‘?ZL""
Components of a Processed Scenario
» Enveloping Scenarios

» Enveloping structure of drives based on ego-vehicle within Layer 1
boundaries

» GDEA — Attributes Lane overlap event L1-L3 representation
» Logical representation of infrastructure attributes (L1-L3)
» Event-based representation of dynamic behavior and relations in scenario

» Semantic Decomposition — Attributes
» Classification of scenarios by forming Base Scenarios as building blocks

» Focus Scenarios
» Specific constellations of decomposed Base Scenarios to add further
relevant details
» E.g., assigning roles to vehicle according to PEGASUS challenger approach
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Advanced Scenario Engine
Components of a Processed Scenario

» Enveloping Scenarios
» Enveloping structure of drives based on ego-vehicle within Layer 1
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» Logical representation of infrastructure attributes (L1-L3)
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Advanced Scenario Engine XX&'SEE&‘ZL""
Components of a Processed Scenario

» Enveloping Scenarios
» Enveloping structure of drives based on ego-vehicle within Layer 1
boundaries
Scenario representation analog to
» GDEA — Attributes PEGASUS Challenger Approach
» Logical representation of infrastructure attributes (L1-L3)
» Event-based representation of dynamic behavior and relations in scenario

Challenging
object

» Semantic Decomposition — Attributes
» Classification of scenarios by forming Base Scenarios as building blocks

Dynamic
occlusion

» Focus Scenarios
» Specific constellations of decomposed Base Scenarios to add further
relevant details
» E.g., assigning roles to vehicle according to PEGASUS challenger approach
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Derivation of Base-Scenarios
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Diverging lead Lead vehicle Variations of
vehicle entering / exiting lane changes

Intersection
Maneuver

Driving state

Type of

interaction
e.g. following
Interaction with

object in path
(or no interaction)

Conflicting paths
with object

State-
Base Scenarios
on intersections

State-
Base Scenarios
longitudinal

Transition- Transition-
Base Scenarios Base Scenarios
on intersections longitudinal

Following Left turn with . h Another
another State- oncoming atzr_]le change Transitions- vehicle
vehicle Base Scenarios object while turning Base Scenarios cutting in

urban urban

Derived from Konig et al. 2020, Evidence-Based Derivation of Basic Scenarios for Controlled-Access Highways, Workshop slides
https://www.fka.de/en/competences/automated-driving/highlights/594-evidence-based-derivation-of-basic-scenarios-for-controlled-access-highways.html
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Scenario Rollout into the Test: Example ﬂﬁ'ﬂ:ﬁi&‘lﬁ’"
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Enveloping Scenario

Adaptive Replay-to-Sim Focus Scenario
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Basic Maneuvers Scenarios
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From Functional Scenarios to Logical Scenarios
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Knowledge

Functional
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Logical
Scenarios

Problem:

» To prepare scenario execution, the parameter space needs to be described

» Assumptions about the domain lead to many (parametric) constraints that
must be met in a scenario

Ontology:
operational

domain

Basis for

Assumptions for
scenario
generation

Challenges:
» Assumptions must be explicitly documented and
consistent throughout the development process

Operational
design domain

» Each scenario has to be built based on these assumptions
Physical and
logical .
constraints Ap p roac h:
» Formalization of assumptions for scenario generation based on an
Regulatory
recorr_]men- OntOIOgy
dations » Automated detailing of functional scenarios
» Specification of scenario parameters
» ldentification of parameter constraints

Conversion of concrete scenarios into the data formats for simulation

In the first step: focus on traffic infrastructure



Derivation of Concrete Scenarios ( YL o
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@Selection of relevant concrete scenarios that represent the entire parameter space

Step 1: List possible combinations of considered
parameters within a logical scenario

« Combinatorial approach in order not to forget any
relevant scenario

for testing

Example: 10 parameter ranges with 10 base points per
parameter - 10 Billion concrete scenarios to execute

List of concrete scenarios

List possible Selection
parameter process
combinations
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Derivation of Concrete Scenarios ( YL o

METHODS

@Selection of relevant concrete scenarios that represent the entire parameter space

Step 2: Selection method based on physics, ODD,
traffic rules, ADS, etc.

Limitations through physics, ODD, traffic rules,

o ADS, etc.

v ed May be based on an ontology

Automatic evaluation of parameter combinations

for testing

\
A
/'\'N

List of concrete scenarios

Selection method Selection
based on physics, process
ODD, traffic rules,

ADS, etc.
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Derivation of Concrete Scenarios ( YL o

METHODS

@Selection of relevant concrete scenarios that represent the entire parameter space

Step 3: Clustering based various KPIs

KPIs enabling (simple) risk assessment

Risk-based clustering of parameter combinations
Cluster size and characteristics enable better
understanding of parameter/functional space
High-risk cluster with narrow sampling strategy, low-
risk with wider sampling

for testing

List of concrete scenarios

Selection method Selection

based on physics, Clustering based

ODD, traffic rules, on KPlIs process
ADS, etc.
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Derivation of Concrete Scenarios ( YL o
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@Selection of relevant concrete scenarios that represent the entire parameter space

Step 4. Sampling strategy considers representativity

« Sampling based on previous clustering to
optimize selection efficiency

« E.g.: Narrow sampling for high-risk clusters,
wider sampling for low-risk clusters

for testing

List of concrete scenarios

Selection method : i
: : Sampling strategy Selection
based on physics, Clustering based considers orocess

ODD, traffic rules, on KPIs
ADS, etc.
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Derivation of Concrete Scenarios ( YL o
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@Selection of relevant concrete scenarios that represent the entire parameter space

Step 5: Iterative execution to determinate
representative scenarios

» Requires concrete scenarios already
performed within the logical scenario

* lterative/recursive process

» Dynamic selection of representative
scenarios

for testing

List of concrete scenarios

Selection method _ Sampling strategy Iterative execution Selection
based on physics, Clustering based : to determinate
) considers : process
ODD, traffic rules, on KPIs A representative
representativity :
ADS, etc. scenarios

List possible
parameter
combinations
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Transforming Scenarios to Test Cases

Test Requirements
SUT Test Goal

Metrics
& Criteria

Test Requirements 1

Test Requirements 2
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Test Case

Test Goal

Scenario

Metrics
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Test Case 1
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Scenarios are one of the main factors in the overall V&V-strategy
» The V&V-strategy can use evidences from test cases for argumentation
» Scenarios are one approach to link testing activities to an argumentation strategy

Our approach

A common overall process from data & knowledge to relevant scenarios for testing
Structure scenarios based on PEGASUS abstraction layers (functional, logical, concrete)
|dentify, detail, concretize scenarios with different approaches

Transform scenarios into test cases

v v Vv v

Outlook

» Concretization & extension of our approaches

» Harmonize the different approaches presented, including the connection to the overall V&V-process is
necessary and to be continued
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