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Motivation ‘#7
DLR

* For development, certification and operation of MASS it has to be ensured
that they are sufficiently safe

* In particular a reliable and traceable safety argument is needed, showing
that they adhere to rules and requirements
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Scenario-based Verification

» Approach for safety argumentation from the automotive domain

» Based on testing vehicles in carefully selected operating scenarios

* |[mportant steps include

» Selection of relevant test scenarios and derivation of corresponding requirements
» Generation of concrete test scenarios and test conduction
» Evaluation of test runs for satisfaction or violation of requirements

» All of these necessitate formal specification of traffic scenarios
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Contribution
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Transfer important steps of scenario-based verification to the maritime domain:
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Scenario-based Testing — Simplified Example
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Traffic Scenario Formalisation ‘#7
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» Formal visual language for abstract traffic scenarios
= Machine and Human readable

» Focus on graphical specification of spatio-temporal properties
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Derivation of Abstract Test Cases ‘#7
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Derivation of Abstract Test Cases
DLR

Identification of hazardous behaviour on vehicle level

Keyword-based brainstorming approach — Top-down analysis
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Derivation of Abstract Test Cases

« Environmental fault tree analysis
* Analysis of minimal branch sets of the environmental fault trees
» Assignment of discrete time steps
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Derivation of Abstract Test Cases 4#7
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Specification of Abstract Test Cases and Safety Requirements
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Generation of Concrete Test Scenarios ‘#7
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ldea: Encode mTSCs as linear equations and solve
them

» Exploit mathematical semantics of mTSCs
= Simplify vessel dynamics

* Encode vessel trajectories as Bezier splines

= Discretize directions

» Use satisfiability modulo theories solving to
enumerate solutions




Generation of Concrete Test Scenarios ‘#7
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Solution for our Example
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Test Evaluation ‘#7
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Given a test run we need to evaluate pass or fail
»Determine whether it adheres to corresponding requirements
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Test Evaluation #7
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We employ TSC monitoring:
» Formalize requirement as a TSC

» Construct an online monitor
» During test drive, decide whether it satisfies or violates the TSC
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Test Evaluation
DLR

Requirement (following COLREG) formalized as a TSC:
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Conclusion #7
DLR

We transfer important steps of scenario-based verification
to the maritime domain:

»Formal specification of abstract traffic scenarios

»Selection of relevant test scenarios and derivation of corresponding
requirements

» Generation of concrete test scenarios

» Evaluation of test runs for satisfaction or violation of requirements
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