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Introduction

This work presents a framework to improve dataset completeness and
scenario coverage for AD systems through synthetic data.
Automatically generated requirements based on identified gaps in
metadata (e.g., OpenLABEL scenario tags) are passed to an
automated pipeline based on scenARIl.Lux [1]. The end-to-end
toolchain integrates multimodal sensor simulation with CARLA and
writes synthetic data including ground truth annotations into Rosbag
files. This enables efficient scenario generation, execution, and data
production to systematically fill gaps in the database.

Data Completeness and Coverage Analysis

Based on enriched ASAM OpenLABEL data, metrics for data
completeness and tag- and scenario-level coverage were
implemented. The completeness metric evaluates the proportion of
missing information, such as incomplete object attributes or absent
sensor data. Tag-based coverage measures how well predefined
scenario categories [2] are represented through specific tag
combinations across the dataset. A requirements-driven gap analysis
compares target frequencies of tag—scenario combinations with
observed frequencies; positive deviations are interpreted as coverage
gaps and forwarded to synthetic scenario generation.
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Figure 1: Finding missing data and describe as OpenLABEL tags (© image by jpbDATA)

Simulation and Sensor Data Generation

Simulation data is generated using the CARLA simulator [3]. Sensors
including camera, LiDAR, radar, GNSS, and IMU are defined in a
sensor.json file, specifying their transformations relative to the ego
vehicle and parameters such as field of view and range. Via the CARLA
ROS Bridge, sensor outputs are published as ROS 2 topics and
recorded as Rosbag files. Missing objects, such as e-scooters (e.g.,
OpenLABEL tag “VulnerableVehicle/PersonalTransporter”), are created
as static assets using Blender and Unreal Engine, enabling consistent
integration and use in CARLA scenarios (e.g., “static.prop.escooter”).
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Figure 3: Synthetic data generation with Carla (© DXC-Luxoft )

Scenario control is achieved through ASAM OpenSCENARIO XML [4]
generated by the Al-driven tool scenARIl.Lux, which converts
natural-language user input into executable OpenSCENARIO scripts.

Al-Driven Scenario Generation and Execution

scenARIl.Lux is built on the AutoGen framework and consists of five
agents: user_proxy_agent, retrieval_agent, generator_agent,
python_runner_agent, and summarize_agent. A RAG-based retrieval
agent leverages embeddings and a vector database to provide
contextual CARLA specifications such as map features, lane IDs,
object types, and road structures. If an uploaded OpenLABEL file
indicates missing scenario elements (e.g., construction escooter),
they are automatically added and integrated into the XOSC script. The
scenario is executed in CARLA, producing a ROS2 bag and a
front-camera preview video for quality assurance and downstream
tasks such as trigger testing or training object detection networks.
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Figure 4: Agentic scenario generation with scenARI.Lux (© DXC-Luxoft)
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Figure 2: Pipeline of agentic scenario and synthetic data generation based on requirements (© DXC-Luxoft ). The CARLA logo and assets used in this work are provided by the CARLA

Simulator project and are licensed under CC-BY 4.0.
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