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• Main challenge:
vehicles operate in open context. [1]

• to prove their trustworthiness to
potential users as well as regulation
authorities it is necessary to show they
operate safely in all (relevant)
environments and under all
circumstances

• established approaches (e.g., distance
based testing) are no longer feasible
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Scenario-based Verification & Validation of Driving Functions

• Main goals: (R. Galbas, VVMmid-term presentation, 2022. https://www.vvm-projekt.de/midterm-docs)

(i) Systematic control of the test space.

(ii) Consistent interfaces for systems and components.

(iii) Significant shift from real-world testing to simulation.

test scenario 1 ✔

test scenario 2 ✔

Dev

Ops

. . .

operation scenario 1 ✔

operation scenario 2 ✘

Environment Assumptions
(aka. ODD)

Requirements
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Scenario-based Verification & Validation of Driving Functions

• Main goals: (R. Galbas, VVMmid-term presentation, 2022. https://www.vvm-projekt.de/midterm-docs)

(i) Systematic control of the test space.

(ii) Consistent interfaces for systems and components.

(iii) Significant shift from real-world testing to simulation.

test scenario 1 ✔

test scenario 2 ✔

Dev

Ops

. . .

operation scenario 1 ✔

operation scenario 2 ✘

Environment Assumptions
(aka. ODD)

Requirements

This talk:

• How do we formally specify scenarios for testing?

• How do we formally specify requirements and ODDs?
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Overview

• How do we formally specify scenarios for testing?

• How do we formally specify requirements and ODDs?

test scenario 1 ✔

test scenario 2 ✔

Dev

Ops

. . .

operation scenario 1 ✔

operation scenario 2 ✘

Environment Assumptions
(aka. ODD)

Requirements
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Excursion: Traffic Sequence Charts — Syntax

B/4 Q#bi�+H2n#`�FBM;

[MiXK4 2tBbib
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TSC source: J. Hakemann, Automated Monitoring of Traffic Sequence Chart Specifications for Simulated Driving Scenarios, MSc, 2022.
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Excursion: Traffic Sequence Charts — Syntax
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TSC source: J. Hakemann, Automated Monitoring of Traffic Sequence Chart Specifications for Simulated Driving Scenarios, MSc, 2022.
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Excursion: Traffic Sequence Charts — Semantics
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source: J. Hakemann, Automated Monitoring . . . , MSc, 2022.
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Excursion: Traffic Sequence Charts — Stop in Front of Obstacle

! = 0

" = 0

#
2

≤ # ≤ #
1

! > 0 ! < 0
" = 0
! = 0

#2 ≤ # ≤ #1

! = 0

" = 0

# ≥ #
2

! = 0

" = 0

−10

0

10

a
[m

/s
²
]

Id: 0, Type: Car

0 2 4 6 8 10

0

5

10

15

v
[m

/s
]

0

20

40

60

80

d
[m

]



7 Bernd Westphal , Institute of Systems Engineering for Future Mobility , 2023-01-16

DLR

Excursion: Traffic Sequence Charts — Stop in Front of Obstacle
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“does this evolution
satisfy the TSC?”

↑ ↓ “pls. synthesize an evolution
that satisfies the TSC”

−10

0

10

a
[m

/s
²
]

Id: 0, Type: Car

0 2 4 6 8 10

0

5

10

15

v
[m

/s
]

0

20

40

60

80

d
[m

]



8 Bernd Westphal , Institute of Systems Engineering for Future Mobility , 2023-01-16

DLR

Overview

• How do we formally specify scenarios for testing?

• How do we formally specify requirements and ODDs?
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test scenario 2 ✔

Dev

Ops

. . .

operation scenario 1 ✔

operation scenario 2 ✘

Environment Assumptions
(aka. ODD)

Requirements
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Notions of Scenario Descriptions
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J. Becker, T. Koopmann, et al.: Simulation of Abstract Scenarios, 2022
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Automatic Generation of Concrete from Abstract Scenarios

→

• not mentioned so far: synthesis needs so-called world model — a formal model of car physics
(“cars do not teleport”)

• concrete scenario shown here is very concrete: “these two cars drive these particular trajectories”

• useful for:

• validation of formalisation

• analysis of criticality phenomena

• study of certain driving function aspects

• getting useful test cases is work in progress
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D. Grundt, A. Köhne, et al.: Towards Automated Monitoring, FMAS, 2022
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Outlook: Dynamic ODD Aspects

• ODD (Operational Design Domain)∼ the environment conditions that a system was designed for,
under which the system can be/is expected to provide its intended functionality.
And what it will be certified/approved for.

• In driving functions for example:

• Lighting conditions, rain vs. dryness, etc.

• To me also: „healthiness“ of sub-systems.

https://unece.org/sites/default/files/2021-03/R157e.pdf
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under which the system can be/is expected to provide its intended functionality.
And what it will be certified/approved for.

• In driving functions for example:

• Lighting conditions, rain vs. dryness, etc.

• To me also: „healthiness“ of sub-systems.

• ODDmay also refer to dynamic behaviour of other traffic participants, e.g., ALKS (Automated Lane Keeping
System) in UN ECE 157 has the following illustration:
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Related Work

• ASAM OpenScenario 2.0:
https://www.asam.net/project-detail/asam-openscenario-v20-1/

• ASAM OpenODD (under construction):
https://www.asam.net/standards/detail/openodd/

• Vendor-specific solutions. . .

• etc.

https://www.asam.net/project-detail/asam-openscenario-v20-1/
https://www.asam.net/standards/detail/openodd/
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Thank You!

• How do we formally specify scenarios for testing?

• How do we formally specify requirements and ODDs?

test scenario 1 ✔

test scenario 2 ✔

Dev

Ops

. . .

operation scenario 1 ✔

operation scenario 2 ✘

Environment Assumptions
(aka. ODD)

Requirements
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