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Abstract. This paper investigates on the integration of Large Lan-
guage Models (LLMs) with the QC-OpenDRIVE framework in order to 
generate syntactically and semantically correct OpenDRIVE files. Open-
DRIVE files play an important role in the scenario-based validation of 
autonomous driving systems as they define the static part (e.g. road lay-
out) on which the function are validated. While LLMs excel at generating 
code or similar tasks which mostly needs to be syntactically correct, the 
validation of semantic, especially normative, correctness remains chal-
lenging. To ensure norm-adherent correctness of generated OpenDRIVE 
files this paper proposes an integration of a feedback-loop with LLMs 
and QC-OpenDRIVE. While LLM allow to easily generate different road 
layouts, they often show issues like missing or unconnected roads or 
improper continuity. To address this issue, we have implemented E.5.9.1 
to ensure geometric continuity between connected roads, which is a key 
contribution of this paper. 

State-of-the-art models are evaluated on three tasks to create Open-
DRIVE road networks and validate the results featuring the feedback-
loop. Results show that models leveraging Retrieval Augmented Gen-
eration (RAG) or internal reasoning and using the feedback loop can 
generate syntactically and semantically valid outputs after iterative cor-
rections. However, challenges remain to prompt complex scenarios and 
tasks, especially following geometric rules without explicit feedback. The 
results demonstrate the necessity of domain-specific normative validation 
frameworks to prepare the use of LLMs for safety-critical applications. 
They can be used to enable scalable generation of edge-case scenarios 
while ensuring compliance with industry standards. This work bridges 
the gap between automated scenario generation and rigorous validation 
of reliable autonomous driving systems. 

Keywords: Large Language Models · OpenDRIVE · 
QC-OpenDRIVE · Scenario Generation · Semantic Validation · 
Autonomous Driving 

c© The Author(s) 2026 
B. Steffen (Ed.): AISoLA 2025, LNCS 16220, pp. 103–116, 2026. 
https://doi.org/10.1007/978-3-032-07132-3_7

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-07132-3_7&domain=pdf
https://doi.org/10.1007/978-3-032-07132-3_7


104 J. Müller et al.

1 Motivation 

Beside designing and implementing autonomous driving systems, testing and 
guaranteeing the safety of such a system is a necessary and non-trivial task. 
Wachenfeld and Winner [ 26] state that a pilot for the German Autobahn would 
need 6,62 bn. driving kilometers to be twice as good as a human driver with 
50% certainty. This way of obtaining a safety prove for every new vehicle on the 
Autobahn is unrealistic and also economically not feasible. A promising approach 
is virtual testing, where simulations are used rather than real world tests. As the 
number of potential evaluations are uncountable, scenarios are used as a guiding 
structure. Such a scenario defines the relevant static and dynamic parts of the 
vehicle’s environment for example using the 6-Layer Model developed in the 
PEGASUS project [ 23]. Further, by focusing on dangerous scenarios a driving 
pilot can be tested more carefully in critical situations without risking property 
or lives [ 8, 13]. 

However, creating tailored edge-cases for testing can be time consuming. 
In the last years, Large Language Models (LLMs) are used for several text-
generation tasks. Used in vibe-coding, documentation and summarizing the abil-
ities are used more and more in everyday tasks to save time and generate loads 
of text in a very short amount of time. By learning stochastic connections in lan-
guage these models can generate many types of textual output. Using this ability 
to write test-scenarios could potentially save time and automatically create sys-
tematic test-cases tailored to the needs of the developers and safety engineers. 

Given the enormous amount of code available on the internet (for example 
github.com), this data can be used to train LLMs and to create benchmarks to 
evaluate these models. Current benchmarks mostly evaluate the models through 
syntactic correctness and functional accuracy. Though there are still challenges 
in evaluating the models ability to generate efficient, readable and maintainable 
code [ 16, 17, 31]. 

Even in subjective and creative tasks like story-telling or legal writing the use 
of LLMs gains popularity. But given its subjective and inherent complexity, its 
validation do need expert supervision. Compared to code generation evaluating 
expert models on different domains need interdisciplinary experts in machine 
learning and for example legal expertise to ensure correctness [ 18, 21]. 

Similar to generating working code in a programming language, a scenario 
can be generated in a given specification-language, like OpenDRIVE [ 4] by the  
Association for Standardisation of Automation and Measuring Systems (ASAM). 
Checking for the correct syntax can be easily achieved through the XML-specifi-
cation, but checking for their semantic correctness is not done yet. To evaluate 
the content of the output the problem occurs that experts do need to check the 
correctness and plausibility, like in legal writing. Especially for never learned 
prompts, it is known that LLMs generalize poorly and can hallucinate or have 
difficulties with the semantic content and logical reasoning [ 15, 28, 31]. There-
fore, it is important, that the output of LLMs is evaluated, such that, in our 
application, can be used to generate test scenarios.



Integrating LLMs with QC-OpenDRIVE 105

One part of the semantic correctness is normative correctness, i.e., correctly 
adhere  to a given  set of norms, rules, or regulation. OpenDRIVE files need  
to follow a given set of rules defined by the standard. For example Schwab et 
al. [ 24] checked for gaps between the lanes at road crossings after recognising 
them in parametric road space models. The connection of geometric shapes (e.g. 
the roads), but also others geometric, topological or semantic rules are defined 
by OpenDRIVE rules. Until recently they were not checked at all. To guaran-
tee the normative quality ASAM published the QC-Framework to check Open-
DRIVE and OpenSCENARIO XML-data. QC-OpenDRIVE [ 6] uses this framework  
and implements some rules to ensure their correctness. 

Generated OpenDRIVE-Scenarios by LLMs can be evaluated with the 
quality-checker. Key contributions of this paper are: 

1. Integrating LLMs into a feedback-loop by evaluating generated outputs using 
QC-OpenDRIVE (Sect. 3), 

2. Implementation of the rule E.5.9.1 (road.geometry.contact_point) for 
QC-Open-DRIVE (Sect. 4), 

3. Evaluating correctness and content of generated outputs (Sect. 5). 

2 Related Work 

Evaluating code via benchmarks, like OpenAI’s HumanEval [ 10] or Google 
Research’s Mostly Basic Python Problems (MBPP) [ 7], is common practice. 
Some LLM-agents are also capable of using compilation errors of generated code 
to refine their output (e.g. GitHub Copilot agent mode [ 20]). But more sub-
jective tasks, like evaluating the semantic correctness of different tasks, require 
experts to evaluate the model outputs [ 16– 18, 21]. 

The generation of concrete scenarios using LLMs is subject to prior works 
[ 9, 22, 32]. But none of these methods use a unified output syntax (e.g. Open-
SCENARIO) to generate the data. This renders a standardized evaluation for 
LLM-generated scenarios much more complex or even impossible. Xiao et al. [ 29] 
describe scenarios in multiple logical steps, which could be used to evaluate the 
output by the logical definitions. 

ASAM [ 3] develops standards for the development of autonomous driving sys-
tems. Members of the association are international car manufacturer, suppliers 
and research institutions. Use-cases like the development, testing and evaluation 
of driving systems are standardized by ASAM e.V. Therefor different data-formats,
-models, protocols and interfaces are defined, establishing an easier interchange of 
data and tools [ 3, 4]. 

ASAM OpenDRIVE [ 4] defines syntax and rules to describe road networks 
using Extended Markup Language (XML). OpenDRIVE is mainly concerned with 
describing the geometry of roads, lanes and objects like lane markings or signals. 
Such definitions can be based on real road-data or be synthetically generated. 

Eisemann und Maucher [ 12, 13] generate OpenDRIVE-Maps from LiDAR 
pointclouds. Segments of these points are combined and translated to Open-
DRIVE. Becker et al. [ 8] define a logical description of a road-map, which is

https://publications.pages.asam.net/standards/ASAM_OpenDRIVE/ASAM_OpenDRIVE_Specification/latest/specification/16_annexes/map_rules.html#asam-net-xodr-1-7-0-road-geometry-contact-point
https://github.com/asam-ev/qc-opendrive
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translated to OpenDRIVE. Both approaches do not use natural language pro-
cessing. 

Regarding the validation of OpenDRIVE, Schwab et al. [ 24] implemented 
simple rules, which mainly check for gaps between lanes. This uncovered gaps 
at road crossings in their OpenDRIVE data. 

3 Integration of LLMs with QC-OpenDRIVE 

The OpenDRIVE file format is based on Extensible Markup Language (XML). 
ASAM provides an XML schema that defines the structure of a valid Open-
DRIVE file. The main OpenDRIVE document provides in-depth explanations 
about every aspect of the file format. It also defines a set of rules, that an 
OpenDRIVE file has to conform to. These rules do not cover syntactical correct-
ness but aim to result in logical correctness of the described road network. E.g. 
rule E.5.9.5 (road.geometry.paramPoly3.length_match) requires that the actual 
curve length [of a road], as determined by numerical integration over the param-
eter range, should match [the parameter] @length [ 4]. Recently, ASAM published 
quality checkers for different standards, including OpenDRIVE. This framework 
called QC-OpenDRIVE [ 6] checks the syntax using the OpenDRIVE XML schema 
as well as a subset of the rules defined in the OpenDRIVE standard. 

First experiments indicate that LLMs like GPT-4 can generate an Open-
DRIVE file from simple prompts, when using the ChatGPT interface. But even 
the generation of very simple road networks composed of one or two roads often 
results in incorrect output. These errors can mostly be attributed to a viola-
tion of the OpenDRIVE XML schema, but also violations against rules of the 
OpenDRIVE standard do occur. It follows, that QC-OpenDRIVE should be able 
to detect such mistakes of an LLM. In such an event, the error report from 
QC-OpenDRIVE should help to find the faulty part of the generated OpenDRIVE 
and correct the mistake. 

The idea of this feedback-loop is visualized in Fig. 1. Starting from a prompt 
to an LLM in natural language, an initial OpenDRIVE map will be generated 
and checked via QC-OpenDRIVE. In case of a detected error, the error report 
is given to the LLM to correct the mistake. This procedure can iteratively be 
repeated until all violations to the XML schema and the implemented rule set of 
QC-OpenDRIVE are eliminated. If not all mistakes can be corrected, the loop might 
either be terminated after a fixed number of iterations or when it is detected, 
that the same errors appear repeatedly. Using this approach, OpenDRIVE files 
can be generated automatically from natural language, while being syntactically 
correct and adhering to the implemented rules. 

3.1 OpenDRIVE Generation Tasks for the Models 

To identify the current abilities of different technologies and architectures in 
generating OpenDRIVE files, we tested three distinct models. They are given 
the same prompts of three tasks to generate simple road networks using a simple

https://publications.pages.asam.net/standards/ASAM_OpenDRIVE/ASAM_OpenDRIVE_Specification/latest/specification/16_annexes/map_rules.html#asam-net-xodr-1-7-0-road-geometry-parampoly3-length-match
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Fig. 1. Idea of a feedback-loop to correct invalid OpenDRIVE files generated by a 
LLM. The idea proposes to check its correctness by a given set of OpenDRIVE rules. 
With the error, the LLM hopefully can generate a correct output. 

Chain-of-Thought (Cot) [ 27]. The validity of each output after one prompt is 
evaluated with the external tool QC-OpenDRIVE (see Fig. 1). The models are 
presented in Table 1 and represent state-of-the-art models leveraging Retrieval 
Augmented Generation (RAG) [ 19] or reasoning [ 11]. 

Table 1. List of used models for evaluation with their parameters and properties. 
Llama uses RAG, Qwen using reasoning and the mistral model uses none. 

Model Parameters Reasoning [ 11]RAG  [  19] 
Mistral Large Instruct [ 25] 123B ✗ ✗  
Meta Llama 3.1 [ 14] 70B ✗ ✓  
Qwen 3 [ 30] 235B ✓ ✗  

The chosen models are not fine-tuned to generate OpenDRIVE examples and 
are chosen to show the current abilities to correct its output with given feedback 
from QC-OpenDRIVE. As a baseline, the model Mistral Large [ 25] is chosen and 
used without any additional feature like reasoning or RAG. Meta’s Llama 3.1 
[ 14] features less parameters, but is using RAG to access the OpenDRIVE 1.7.0 
documentation [ 2] as a PDF-file. Lastly, the most powerful tested model Qwen 
3 [  30] is trained to reason before giving the answer to the prompts. This model 
is added, as it may have been trained on some rules and might use the reasoning 
to validate the steps to make less errors. Each model was integrated into the 
feedback-loop with QC-OpenDRIVE to augment the models with the intended 
error correction capabilities. 
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We designed a small benchmark of three tasks, each composed of multiple 
prompts (see Table 2). To assist the models CoT is used. Wei et al. [ 27] have  
shown, that giving multiple step-by-step prompts can assists the models ability 
to generate more accurate responses. The first prompt in each task tests the 
capabilities of the models to generate an OpenDRIVE file purely from natural 
language. The additional prompts per task are intended to test the editing capa-
bilities based on a already generated OpenDRIVE and an editing instruction. 
An editing instruction is only performed, if the previous prompt did not result 
in an error. Each task is generated in a new chat, so that the previous task is 
not in the context window. 

Table 2. Prompts used for the different tasks. The system-prompt is the same for 
every model and task. Each prompt has a specific identifier to see the task and prompt 
id. For example the first task contains the three different prompts P1.1, P1.2 and P1.3. 
They are used in the same chat and used iteratively. 

Task ID Prompt 
System-prompt - You are a helpful assistant to create OpenDRIVE xodr-files. Be sure to use 

the correct schema-format. The output has to strictly follow the defined 
xml-schema - be sure to include the correct required attributes! But leave 
unnecessary elements and attributes out. For example leave the predecessor 
out, when there is no predecessor road. 
Use this header for the version 1.7.0 of OpenDRIVE: 
“ ‘  
<?xml version="1.0" standalone="yes"?> 
<OpenDRIVE> 

<header revMajor="1" revMinor="7" name="" version="1.00" 
date="Wed Aug 14 11:25:56 2024" 
north="0.0000000000000000e+00" 
south="0.0000000000000000e+00" 
east="0.0000000000000000e+00" 
west="0.0000000000000000e+00"> 

</header> 
“ ‘  
Resume the instructed content with the provided header. 

Task 1 
P1.1 Create a straight 10m road with a 2.5m wide lane in each direction. 
P1.2 Change the road, so that is 50m long. 
P1.3 Add one lane. 

Task 2 
P2.1 Create two roads. Each should have one left lane and one right lane. 
P2.2 Rotate one road for 180 degrees. 
P2.3 Add a link to connect both roads. 

Task 3 
P3.1 Create two roads. Each should have two left lanes and one right lane. 
P3.2 Add a link to connect both roads. 

The chosen tasks include simple instructions to generate one or two roads, to 
modify and connect them. We currently refrain from more complex instructions, 
since experiments with different models have shown their inabilities in creating 
maps with three or more roads. We also noticed, that plenty of errors originate 
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from an incorrect header in the generated OpenDRIVE files, which keeps meta 
information like the version or the global position of the map. To eliminate this 
error and focus at the content of the tasks, the header is provided as part of the 
system prompt. 

4 Checking Normative Semantics 

The rules from the ASAM standard OpenDRIVE are implemented in 
github.com/asam-ev/qc-opendrive/tree/main/qc_opendrive/checks. Since only 
a subset of all rules defined in the standard are currently implemented in 
QC-OpenDRIVE, an allegedly valid OpenDRIVE file might violate an unimple-
mented rule from the standard. And without an error report, such an invis-
ible error cannot be corrected in the feedback-loop between an LLM and 
QC-OpenDRIVE. In our experiments, we often encountered a violation of rule 
E.5.9.1 (road.geometry.contact_point) by the LLMs. Thus, we implemented 
this rule to extend the rule set of QC-OpenDRIVE. 

In QC-OpenDRIVE, the logic of a rule is implemented in the method 
check_rule of a new checker module. By registering this checker module in 
the main.py, the implemented method is automatically called when running 
QC-OpenDRIVE. For testing the implementation of a rule itself, it should also be 
tested using pytest. Test-xodr-files are stored in tests/data/ and added in the 
intended check-file in tests/. 

4.1 OpenDRIVE Terminology 

Before discussing rule E5.9.1 and its implementation in more detail, we need a 
rough understanding of the affected OpenDRIVE structures. 

The geometry of the course of a road is defined in a <planView>. The line it 
follows is called the road reference line (see blue arrows in Fgure 2), from which 
the lanes of the road extend to the sides. Two roads can be connected with 
the <link> element, where the connection is defined by either the predecessor, 
when the other road connects to the start-point, or the successor, when the road 
connects to the end-point of the road reference line. The attribute contactPoint 
states, which end of the road reference line of the other road is connected to 
either the predecessor or successor point [ 1, 4]. 

4.2 Rule E5.9.1: road.geometry.contact_point 

The rule E.5.9.1 (road.geometry.contact_point) is performing a geometry check 
on a road definition. It states: 

Rule 5.9.1 If two roads are connected without a junction, the road reference 
line of a new road shall always begin at the <contactPoint> element of its 
successor or predecessor road. The road reference lines may be directed in 
opposite directions. 

https://github.com/asam-ev/qc-opendrive/tree/main/qc_opendrive/checks
https://docs.pytest.org/en/stable/
https://github.com/asam-ev/qc-opendrive/tree/main/tests
https://github.com/asam-ev/qc-opendrive/tree/main/tests
https://publications.pages.asam.net/standards/ASAM_OpenDRIVE/ASAM_OpenDRIVE_Specification/latest/specification/16_annexes/map_rules.html#asam-net-xodr-1-7-0-road-geometry-contact-point
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Each road defines its predecessor- and successor-elements in the <link> ele-
ment of each connecting road. The point of contact is obligatory and given by 
the parameter contactPoint. The road reference line of both roads need to geo-
metrically touch the end or start of the other contact point. With this rule, it 
has to be defined in the element, using the contact point "end" or "start". The  
correct usage is illustrated in Fig. 2. 

Fig. 2. Valid and invalid connections of contact-points from two roads. From Open-
DRIVE [ 5]. 

In the upper left image the road with the ids “1” and “2” are connected. The 
successor link element of the road “1” is the road “2”, because the end of the road 
reference line, points at the start of the reference line of the road “2”. Because 
of this, the contact point of the successor of road “1” is the start of the road “2”. 
On the other side, the contact point of the predecessor from road “2” is the end 
of road “1”. When both road reference lines point to the opposite directions they 
are each other predecessors and have contact points at the start of each other. 
Lastly, when both road reference lines point to each other, they are successor 
elements with contact points at the end of each other. The bottom-right images 
illustrates the invalid case, when the contact points are not connected. 

To check this rule, the geometric coordinates of the contact points and the 
start/end of the road reference lines have to be compared. To account for float-
ing point errors, equality is assumed if the distance of coordinates is below a 
threshold value ε = 10−6. When the predecessor is checked, the start point of 
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the current road reference line is used and when the successor is checked, it needs 
to be the end point. Depending on the parameter contactPoint of the <link> of 
the successor or predecessor, the contact point needs to equal the start or end 
point of the road reference line of the other road. 

A pull-request with the implementation and tests is published for the official 
ASAM QC-OpenDRIVE github-repository. The implementation can be found 
at github.com/asam-ev/qc-open-drive/pull/126. 

5 Evaluation 

In the last section the models and prompts were presented. The details and tries 
are shown in Table 3. The table is ordered by the tasks. Mistrals model failed to 
generate the first prompt, so this model was not used for the further tasks. 

Two of the three tested models, namely Qwen 3 and Llama 3.1, could use 
QC-OpenDRIVE as a feedback-loop. The mistral model could not fix its schema 
errors and did not return the corrected XML-output, while both other models 
were able to create correct OpenDRIVE files. 

In the first task (P1.1, P1.2 and P1.3) the models were asked to create one 
road and modify it. Qwen 3 and Llama completed this task. Qwen 3 needed three 
attempts to fix the returned schema-errors. Llama 3.1 used RAG and finished 
the complete first task without errors. When investigating the output, it shows 
some minor differences to the intended task as it added more than one lane. 

The second task (P2.1, P2.2 and P2.3) was to create two roads, rotate one 
and to connect both roads. Llama was not able to complete the task. In the first 
prompt it had one schema error, which could be fixed with the error message in 
the first try. After the second prompt it returned only the changes to the road and 
needed to be asked to return the full OpenDRIVE file. It could not fix the schema 
errors for the third prompt. Qwen 3 completed this task, while only having 
one error, missing the implemented rule E.5.9.1 (road.geometry.contact_point). 
Models might miss this rule and the resulted XML would be incorrect. 

The last and third task was similar to the second one. Two roads have to be 
generated in one prompt. Both models needed three tries to generate a correct 
schema. As in the second task, Llama first printed only the changes, but after 
asking it to print the whole XML, the output was correct. Qwen 3 needed three 
tries for the second prompt. First the schema was invalid and in the second try 
the contact point of the link was invalid as in the second task. It could fix this 
error. 

Using the feedback-loop both models could complete the tasks in a few min-
utes. Writing small OpenDRIVE files by hand would, depending on the knowl-
edge, take similar or more time. But the strength of this models can be shown 
when different scenarios can be generated automatically. With the help of the 
feedback-loop, distinct scenarios can be described and then generated by the 
models. 

https://github.com/asam-ev/qc-opendrive
https://github.com/asam-ev/qc-opendrive/pull/126
https://publications.pages.asam.net/standards/ASAM_OpenDRIVE/ASAM_OpenDRIVE_Specification/latest/specification/16_annexes/map_rules.html#asam-net-xodr-1-7-0-road-geometry-contact-point
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Table 3. Validation results after each iteration (step) using different models for the 
generation of OpenDRIVE files in the predefined tasks. In each step a validation with 
QC-OpenDRIVE as well as a human inspection was performed and summarized here. 

ID Model Step QC-OpenDRIVE Validation Human Inspection 

P1.1 

Mistral 1-6 Schema Error: invalid lane id Alternates the same mistake for 
positive and negative lane-ids. Could 
not fix the error. 

Llama 1 No QC-OpenDRIVE Error. Output as expected for the prompt. 

Qwen 
1-2 Invalid schema -
3 No QC-OpenDRIVE Error. Output as expected for the prompt. 

P1.2 
Llama 1 No QC-OpenDRIVE Error. Two lanes with a width of 0cm on one 

side of the road reference line. 
Qwen 1 No QC-OpenDRIVE Error. Output as expected for the prompt. 

P1.3 
Llama 1 No QC-OpenDRIVE Error. Added three lanes. Two on the 

opposite driving direction. 
Qwen 1 No QC-OpenDRIVE Error. Output as expected for the prompt. 

P2.1 
Llama 

1 Schema Error. -
1 No QC-OpenDRIVE Error. Output as expected for the prompt. 

Qwen 1 No QC-OpenDRIVE Error. Output as expected for the prompt. 

P2.2 
Llama 

1 - Printed only the changed lines. Asked 
to print the whole XML again. 

2 No QC-OpenDRIVE Error. Output as expected for the prompt. 
Qwen 1 No QC-OpenDRIVE Error. Output as expected for the prompt. 

P2.3 
Llama 1-4 Schema Error Could not fix the error. 

Qwen 
1 Invalid rule road geometry contact 

point.
-

2 No QC-OpenDRIVE Error. Output as expected. 

P3.1 
Llama 

1-2 Schema Error -
3 No QC-OpenDRIVE Error. Output as expected for the prompt. 

Qwen 
1-2 Schema Error -
3 No QC-OpenDRIVE Error. Output as expected for the prompt. 

P3.2 

Llama 
1 - Printed only new roads. Manually 

asked again to print whole XML. 
2 No QC-OpenDRIVE Error. Output as expected by the prompt. 

Qwen 
1 Invalid schema. -
2 Invalid rule road geometry contact 

point.
-

3 No QC-OpenDRIVE Error. Output as expected for the prompt. 
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6 Conclusion 

Natural language processing with LLMs might dramatically change many tasks 
typically done by humans. This includes describing legal writing, text summary 
generation, or even source code generation. Depending on the task and data 
availability, specialized experts need to evaluate the model, especially when data 
is sparse or the topic is of subjective nature. In automated driving, scenarios are 
a common tool for describing allowed and forbidden interaction of the vehicle and 
its environment (including vulnerable road users). Obtaining relevant scenarios 
covering the operational design domain is a huge challenge especially if they 
need to be handcrafted. In this paper, we investigate the automatic generation 
of road networks for such driving scenarios analogously to the generation of 
source code. We generate road networks as OpenDRIVE with different LLMs. By 
using OpenDRIVE, which is a standardized language, models can be compared 
and automatically checked for issues since a set of rules exists. We propose to 
integrate the LLM-based road network generation with automatic rule-checking 
in a feedback-loop in order to fix errors introduced by the LLM. 

To demonstrate the feasibility of our feedback-loop, three LLMs are inte-
grated with the open-source ASAM Quality Checker QC-OpenDRIVE for Open-
DRIVE files, to iterative validate and correct the OpenDRIVE files generated 
by the LLMs. While most models have difficulties generating valid OpenDRIVE, 
by leveraging reasoning and RAG the tested models could generate syntactically 
valid road networks, especially when combined with QC-OpenDRIVE feedback. 
We show that syntactic schema errors as well as normative errors could be fixed 
using the feedback-loop. Unfortunately, not all rules of OpenDRIVE are yet 
implemented in QC-OpenDRIVE. Therefore, we extended QC-OpenDRIVE by imple-
menting the rule E.5.9.1 road.geometry.contact_point which checks for road 
continuity at their contact points with other roads. This rule solved a major 
issue, we identified during our experiments. While Llama 3.1 failed to produce 
correct contact point in the second task and Qwen 3 in the third, they were 
able correctly connect roads given the feedback. Because LLMs have problems 
with implicit domain knowledge (e.g. the contact point), this does not only show 
practical utility in identifying invalid road connections as a critical requirement 
and the necessity of having validation tools but also shows the automatic feed-
back and correction is possible, leaving the creative part to the LLM and the 
corrective part to a rule checker. 

The results show that human inspection is still needed, as there may be differ-
ences between the intended results and the generated output. In the future, the 
set of OpenDRIVE rules should be extended even further, as this will allow to 
correctly generate more complex OpenDRIVE files and allow automated tests 
with no human inspection. Moreover, this enables the training of specialized 
models and to ultimately create scenarios for testing autonomous driving sys-
tems in edge-cases. In the field of test-case design, such a automated LLM-based 
pipeline with a feedback-loop could enable hybrid approaches like using simula-
tion and reinforcement learning to test edge-cases with minimal manual effort 
in validating the correctness and to meet industry standards. 
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By integrating LLMs with validation frameworks like QC-OpenDRIVE, this  
study paves the way for scalable, standardized, and semantically sound scenario 
generation, essential for the safe deployment of autonomous driving systems. 
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