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Recap

GDAL documentation » Vector drivers » XODR -- OpenDRIVE Road Description Format ©) Edit on GitHub

Q@ Previous Next ©

XODR -- OpenDRIVE Road Description Format

Added in version 3.10.

Driver short name

XODR

1 Build dependencies

libOpenDRIVE >= 0.6.0, GEOS

This driver provides read access to road network elements of ASAM OpenDRIVE datasets.

ASAM OpenDRIVE (Z'is an open industry format for lane-detailed description of road networks, commonly used in applications of the automotive and transportation systems domains. It bundles polynomial,
continuous road geometry modelling with all necessary topological links and semantic information from traffic-regulating infrastructure (signs and traffic lights).

Driver capabilities

This driver supports georeferencing

© Supports Georeferencing
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Overview

e  Autonomous driving requires accurate, end-to-end simulation environments for development and validation.
e  Geospatial data plays a crucial role in localization, navigation, and scene understanding.

e The geospatial community has already produced highly accurate datasets, but they are often underutilized in the
automotive domain.

e XODR is a geospatial data format widely used in simulation; essentially acting as a virtual sensor for autonomous
vehicles.

e  We have made XODR GIS-accessible by integrating it into the Geospatial Data Abstraction Library (GDAL).

e In this talk, we’ll demonstrate a use case showing how autonomous driving and the geospatial community can
collaborate effectively.
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Motivation

e  Realistic simulation environments are essential for training autonomous vehicles to handle complex real-world
conditions (e.g., weather, traffic, obstacles).

e  Current simulators mostly use synthetic environments due to challenges in data complexity and storage.
e 3D reconstruction from real-world maps can bridge this gap by offering more detailed and realistic scenes.

e High-definition (HD) maps with lane-level detail and geospatial data enable accurate, scalable 3D environment
generation.

e  We propose a lightweight method for reconstructing 3D city/road models using OpenDRIVE and GDAL to

improve simulation realism and reduce annotation costs for the computer vision applications.
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XODR — OpenDRIVE Road Description Format

e  An open industry standard maintained by ASAM, used to represent road networks in a hierarchical, XML-based
structure.

e  Captures detailed geometric and semantic features (lanes, road signs, traffic lights, objects, and more) referenced
along a central road reference line.

Reference 4
Line S
<«

Features ‘

ASAM OpenDRIVE®


https://www.asam.net/standards/detail/opendrive/
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XODR — OpenDRIVE Road Description Format

e  Supports both real-world and synthetic data generation, though typically created using proprietary mapping tools.

e Enables lightweight but precise modeling of complex road geometry via parametric cubic polynomials.

<geometry
y=6 T s="0.000000000000e+00"
x="6.804539427645e+05"
y="5.422483642942¢+06"
hdg="5.287405485081e+00"
v &u@/ length="6.565893957370e+01">
y=4 + k/ <paramPoly3
N aU="0.000000000000e+00"
" arctan(bV/bU) bU="1.000000000000e+00"
’ cU="-4.666602734948e-09"
dU="-2.629787927644¢-08"
aV="0.000000000000e+00"
bV="1.665334536938¢-16"
cV="-1.987729787588e-04"
dV="-1.317158625579¢-09"
pRange="arcLength">

X </paramPoly3> ASAM OpenDR|VE®
</geometry> 8
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XODR — OpenDRIVE Road Description Format

e  Supports both real-world and synthetic data generation, though typically created using proprietary mapping tools.

e Enables lightweight but precise modeling of complex road geometry via parametric cubic polynomials.

<geometry
y=6 T s="0.000000000000e+00"
x="6.804539427645e+05"
y="5.422483642942¢+06"
hdg="5.287405485081e+00"
v &u@/ length="6.565893957370e+01">
y=4 + k/ <paramPoly3
N aU="0.000000000000e+00"
" arctan(bV/bU) bU="1.000000000000e+00"
’ cU="-4.666602734948e-09"
dU="-2.629787927644¢-08"
aV="0.000000000000e+00"
bV="1.665334536938¢-16"
cV="-1.987729787588e-04"
dV="-1.317158625579¢-09"
pRange="arcLength">

X </paramPoly3> ASAM OpenDR|VE®
</geometry> ?
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Approach

e Building city/road models from OpenDRIVE layers:
o Lane, RoadMark, and RoadObject, each modeled as TINs (Triangulated Irregular
Networks).
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xodr GDAL
OpenDRIVE xodr driver

Reference Point
Cloud

Synthetic Point Cloud

Evaluation
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xodr GDAL
OpenDRIVE xodr driver

Reference Point
Cloud

Synthetic Point Cloud

How can we effectively build accurate 3D shapes
from vector data?

Evaluation

12
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® Used OpenDRIVE (XODR) data parsed through libOpenDRIVE and GDAL XODR driver.
®  Generated 3D TIN-based mesh surfaces (Lane, RoadMark, RoadObject) as the geometric base.

®  Exported surfaces into synthetic point clouds using sampling techniques for simulation use.
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Experiments

Normal Sampling

Uniform Sampling 14
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Experiments

Sampling Gaussian Random Uniform
Gaussian 0.0 0.0518 /0.066 | 0.0518/0.066
Random 0.0518/0.066 0.0 0.0524 7 0.042
Uniform 0.0518/70.066 | 0.0524/0.042 0.0

Cloud-to-cloud mean distances and standard deviations between
raw point clouds in meters
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Experiments

Sampling Type | Number of Points | RMSE | Fitness
Normal 5,143,308 1.09767 | 0.99923
Random 5,123,088 1.05360 | 0.99921
Uniform 5,123,424 1.05346 | 0.99922

Different sampling methods’ performance for ICP
registration with responsible parameters in Table 1; the reference
point cloud contains 54,350,752 points.
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Experiments

Reference point cloud

Transferred labels’ result for reference
point cloud by
using ICP on a uniformly sampled
synthetic point cloud.
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Experiments

Reference point cloud Transferred labels
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Experiments

Orthophoto
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Experiments

XODR representation where road marks (red) are Labeled point cloud 3D model generated from
bordering the parking space (blue) XODR. The light green area represents driving areas, blue point:
are parking spaces, and red points are road marks that cover the
parking space.

i DLR




July 2025 Integration of HD Maps and Point Clouds: An Efficient 3D
Reconstruction Framework for Autonomous Driving Applications

Experiments
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Labeled point cloud 3D model generated from Labeled point cloud 3D model generated from
XODR with corrected mapping. The light green area representXODR. The light green area represents driving areas, blue point:
driving areas, and the blue points are parking spaces. are parking spaces, and red points are road marks that cover the

parking space.
i DLR
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Conclusion

e Simulation environment is essential for autonomous driving, especially under adverse conditions (e.g., weather, sensor failure).

e  We demonstrated that HD maps in OpenDRIVE format, processed via the GDAL XODR driver, offer a practical path toward
lightweight digital twins.

e  Our method enables 3D shape reconstruction from vector data using multiple sampling strategies and ICP registrastion with
real-world point clouds.

e  Results show the effectiveness of the approach, but also highlight gaps in data modeling standards across HD map providers.
e  The flexibility of attribute definitions requires custom adjustments per application and context.

e  Future work may explore alternative data sources like CityGML and ground-level point aggregation for more complex urban

reconstruction tasks.
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Project Github Road Space Point Cloud OpenDRIVE road
Repository: of Schwarzer Berg in network dataset of
https://github.com/gulse Brunswick Schwarzer Berg in
nbardk/HDMap2Point https://zenodo.org/recor Brunswick
Cloud.git ds/15527622 https://zenodo.org/recor

ds/15395840



https://github.com/gulsenbardk/HDMap2PointCloud.git
https://github.com/gulsenbardk/HDMap2PointCloud.git
https://github.com/gulsenbardk/HDMap2PointCloud.git
https://zenodo.org/records/15527622
https://zenodo.org/records/15527622
https://zenodo.org/records/15395840
https://zenodo.org/records/15395840
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