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Current Autonomous Driving Test Methods

Physical testing on public roads Simulation Test

[1] [2]

• An engineer supervises the car

• Real-world experience

(!) traffic events are trivial

(!) limitation of time and physical space

• Reproducible, no physical harm

• Not limited to time and physical space

(!) How real are the test cases?

(!) How risky are the test cases?
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Initial ideas

Real Traffic Accident Reports Simulation test case

?

Real and risky test cases?

[3] [4]
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The major problem

Real Traffic Accident Reports Simulation Cases

（OpenSCEANARIO file）

?

• Store the structured information of a 

driving scenario

• Unstructured data

Natural Language Processing 
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Large Language Models

Basis

Text interpretation

Solve a complex task

Answer a question

Generation capability

→ Generate test cases?

[5]



• (!) LLM fails in generating OpenSCENARIO files

• (!) Hallucination
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LLM fails

Real Traffic Accident Reports

?
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Better performance?

• Ontology provide more semantic information

• Reference to understand domain concepts and knowledge

Hypothesis

Add a new ingredient: OntologyAdd a new ingredient:
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• concepts in a specific domain 

• structured framework

• consistent understanding

Ontology

Basis

[6]
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Ontology
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Conceptual Design

• (1) Design the ontology

• (2) Integration of ontology and LLM

OpenSCENARIO
Text
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How to create the ontology?
Fundamental Ontology Creation

Basic Driving Behaviors

• Driving straight

• Lane change

• Turn

• Turn back

• Stop

• Reversing

• Acceleration

• Deceleration

• Maintain speed

• Google Scholar

• Keywords: “driver ∨ driving”

“behavior ∨ event ∨ style ∨ maneuver ”

“classification ∨ detection ∨ recognition”

• Literature Research:

Academic papers

Guidance documents

Driving license test questions

Conduct 

Comprehensive

Literature Research

Define Key 

Concepts and 

Entities

Define the

Relationship

between Entities

OpenSCENARIO

Ontology

Text
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Ontological Graph

Translation ontology graph

Atomic Behavior
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Conceptual Design

• (1) Design the ontology

• (2) Integration of ontology and LLM
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Conceptual Design

Extracted Data

Police Report OpenSCENARIO

GPT

Ontology

GPT

Prompt 2

Contains

OpenSCENARIO

Concepts

Ontology

Prompt 1

Contains

Driving Behavior

Concepts

Text
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Implementation
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Implementation

Structured prompt

• The role and goal

• Context

• Text input to be

processed

• Instructions

• Example

The prompt template for

GPT-Agent

Prompt 1



Extracted Data

Police Report OpenSCENARIO

GPT

Ontology

GPT

Prompt 2

Contains

OpenSCENARIO
Concepts

Ontology

Prompt 1

Contains

Driving Behavior
Concepts

Text

4/12/2023University of Stuttgart, IAS 20

Implementation

Structured prompt

• The role and goal

• Context

• Text input to be

processed

• Instructions

• Example

The prompt template for

GPT-Agent

Prompt 2
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System Overview

Extracted Data

Police Report OpenSCENARIO

GPT

Ontology

GPT

Prompt 2

Contains

OpenSCENARIO

Concepts

Ontology

Prompt 1

Contains

Driving Behavior

Concepts

Text

How good is this method?

Ontology

OpenSCENARIO
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Verification 

4/12/2023

Comparison of Ontology Integration in Behavior Identification

• Concise, Structured

• Mapping to predefined ontology elements

Information extraction with ontology Information extraction without ontology

V1: 1999 Ford Ranger

Behavior: stop, driving straight, collision, stop

V2: 1992 Peterbilt Conventional 379 tractor

Behavior: driving straight, collision, stop

V1: 1999 Ford Ranger

Behavior: traveling southbound, attempting to

cross the intersection, impacted by V2, departed

towards southeast of the intersection, impacted

with a telephone guy wire.

V2: 1992 Peterbilt Conventional 379

Behavior: traveling eastbound in the second lane, 

observed V1 stationary, impacted the right side of

V1, departed the left side of the road, rested

northeast of the intersection.

Uncontrolled generation (non-deterministic)

Not compliant with OpenSCENARIO

→ Hallucination

→ Even though with more texts
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Verification

comparison

Required

information

elements

Information 

elements 

generated 

correct

generated

elements

Generation 

Rate

Information 

Element 

Correctness

without ontology 30(for each) 6.3 2.4 0.21 0.08

with ontology 30(for each) 16.8 13.8 0.56 0.46

10 traffic accident 

reports
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Summary and Outlook

4/12/2023

Summary:

• Combining ontology with LLMs enhance behavior identification from crash reports

• With ontology get a higer generation rate in OpenSCENARIO

Outlook:

• Validation Test the file in simulation environment.

• Include more data sources to satisfy the required information by OpenSCENARIO files.

• Whether the model really ”understand“ the scenario (the model of dynamics)? Or mimic

the pattern in text-data?
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Implementation

How system works?

Extracted Data

Police Report

OpenSCENARIO

Ontology

Extraction Prompt

GPT

Generation Prompt

GPT

OpenSCENARIO file

Text- based accident 

summary

Extracted Data
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Ontology

GPT

Prompt 2
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OpenSCENARIO

Concepts

Ontology
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Driving Behavior
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Text
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Conceptual Design

Ontology

OpenSCENARIO

Text

OpenSCENARIO

Ontology

OpenSCENARIO
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