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Abstract— We introduce a novel method for oriented place
recognition with 3D LiDAR scans. A Convolutional Neural
Network is trained to extract compact descriptors from single
3D LiDAR scans. These can be used both to retrieve near-by
place candidates from a map, and to estimate the yaw discrepancy needed for bootstrapping local registration methods.
We employ a triplet loss function for training and use a hardnegative mining strategy to further increase the performance
of our descriptor extractor. In an evaluation on the NCLT and
KITTI datasets, we demonstrate that our method outperforms
related state-of-the-art approaches based on both data-driven
and handcrafted data representation in challenging long-term
outdoor conditions.

I. I NTRODUCTION
Global localization constitutes a pivotal component for
many autonomous mobile robotics applications. It is a requirement for bootstrapping local localization algorithms
and for re-localizing robots after temporarily leaving the
mapped area. Global localization can furthermore be used
for mitigating pose estimation drift through loop-closure
detection and for merging mapping data collected during
different sessions. Prior-free localization is especially challenging for autonomous vehicles in urban environments, as
GNSS-based localization systems fail to provide reliable and
precise localization near buildings due to multi-path effects,
or in tunnels or parking garages due to a lack of satellite
signal reception. Due to their rich and descriptive information
content, camera images have been of great interest for place
recognition, with mature and efficient data representations
and feature descriptors evolving in recent years. However,
visual place recognition algorithms struggle to cope with
strong appearance changes that commonly occur during longterm applications in outdoor environments, and fail under
certain ill-lighted conditions [1]. In contrast to that, active
sensing modalities, such as LiDAR sensors, are mainly unaffected by appearance change [2]. Efficient and descriptive
data representations for place recognition using LiDAR point
clouds remain, however, an open research question [3]–[5].
In contrast to our work, typical place recognition methods do
not always explicitly deal with the full problem of estimating
a 3 DoF transformation [6] [7] [8].
This paper addresses the aforementioned issue by presenting a data-driven descriptor for sparse 3D LiDAR point
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Fig. 1: We aim at accurately localizing our vehicle in a map build from
previously collected LiDAR point clouds. A query point cloud scan is fed
through the OREOS pipeline, yielding a compact descriptor that allows to
retrieve near-by place candidates from the map, and estimate the yaw angle
discrepancy. With this information, a local registration method, such as ICP,
can be bootstrapped and used for subsequent high accuracy localization
along the traversal.

clouds which allows for long-term 3 DoF metric global localization in outdoor environments. Specifically, our method
allows us to estimate the relative orientation between scans.
Our novel data-driven metric global localization descriptor
is fast to compute and robust with respect to long-term
appearance changes of the environment, and shows similar
place recognition performance compared to other state-ofthe-art LiDAR place recognition approaches. Additionally
our architecture provides orientation descriptors capable of
predicting a yaw angle estimation between two point clouds
realizations of the same place. Our contributions can be
summarized as follows:
•

•

•

We present OREOS: an efficient data-driven architecture
for extracting a point cloud descriptor that can be used
both for place recognition purposes and for regressing
the relative orientation between point clouds.
In an evaluation using two public dataset collections, we
demonstrate the capability of our approach to reliably
localize in challenging outdoor environments across
seasonal and weather changes over the course of more
than a year. We show that our approach works even
under strong point cloud misalignment, allowing the
arbitrary positioning of a robot.
A computational performance analysis showing that our
proposed algorithm exhibits real-time capabilities and
performs similarly to other state-of-the-art approaches
in place recognition performance while providing ro-

