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Abstract. Current point cloud data management systems
and formats are heavily specialized and targeted solely to-
wards visualization purposes and fail to address the di-
verse needs of progressive point cloud workflows like for
example semantic segmentation using machine learning.
We therefore propose a distributed data infrastructure for
dynamic point cloud data management that can support
interactive real-time visualization at scale while simulta-
neously serving as a platform for analytical tasks. By in-
troducing random data distribution, we show that simple
query fragmentation and efficient and effective parallelism
at scale are possible. At the same time, arbitrary queries
in space and time can be efficiently run over the infras-
tructure including query semantics which returns only a
random sample of the query results or preferred points
based on an importance dimension calculated, for exam-
ple, from a local point density information as commonly
done in point cloud visualization. To cope with the un-
known amount of user-specific attributes and to support
even multiple ways of deciding the importance of a given
point (ground point removal, coverage of space, random
subset) the system is designed to support all of them trans-
parently as multidimensional range queries backed by spa-
tial indices.
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1 Introduction

Point clouds play a vital role in the broader field of geospa-
tial information science. They represent a flexible repre-
sentation of geospatial data at scale with few semantics
constraints. Point clouds occur naturally in laser scanning,
where the distance between a sensor and an object is esti-
mated from the time of flight of a laser ray. Furthermore,
they appear in photogrammetry contexts, representing the
results of simultaneous localization and mapping (SLAM)

and photogrammetric 3D reconstruction (Wehr and Lohr,
1999; Shan and Toth, 2018; Gamba, 2020).

In recent years, sensors capable of generating point cloud
data have become ubiquitous, featured most prominently
in mobile phones, cars and drones. This widespread dis-
semination of sensors deployed on different platforms re-
sults in an increasing amount of point cloud data to man-
age and process. New use cases arise with these platforms,
and the ever-increasing spatio-temporal resolution of such
data displays novel requirements and challenges existing
solutions to store, process and visualize such data.

Point clouds can contain from a few thousand points for
example indoor scenes from ScanNet up to trillions of
points like for example the airborne laser scans of the
Netherlands (Dai et al., 2017). Furthermore, point clouds
can be sampled from complex geometric data, including
triangle meshes and polytopes, and - in contrast to simple
feature geometry - can even represent faithfully the inte-
rior of polytopes, such as in 3D scans of the human body
with CT.

Point clouds are increasing in volume, due to the recent
advancements in sensor availability, resolution, and sam-
pling rate implying an ever-increasing velocity at which
points are generated. In addition, the missing semantic in-
formation makes point clouds flexible and useful in obser-
vation and data integration but at the cost of a huge va-
riety towards data interpretation. These characteristics re-
veal that point cloud data can be viewed as big data and as
such shares common associated challenges (Lee and Kang,
2015).

Surprisingly, point cloud support in current geographic in-
formation systems remains surprisingly limited, and scal-
ability is a major difficulty for existing solutions. We want
to propose a reliable, scalable and simple architecture to
overcome this limitation as we see a demand for a point
cloud data management system that can ingest, fuse, up-
date, analyze and visualize data in real-time.
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