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Abstract— Autonomous driving applications must be provided with information about other road users and road side
infrastructure by object detection modules. These modules often
process point clouds sensed by light detection and ranging
(LiDAR) sensors. Within the captured point cloud a large
amount of points correspond to physical locations on the
ground. These points do not hold information about road
users, obstacles or road side infrastructure. Thus an important
preprocessing step is identifying ground points to allow the
object detection focusing on relevant measurements only.
Within this paper we propose a ground point classification
which relies on simple but effective geometric features. We
evaluate the accuracy of the proposed algorithm on simulated
data of different traffic scenarios. In addition, we evaluate the
effectiveness of this preprocessing step based on the achieved
speed up of an object detection algorithm on real world data.

I. I NTRODUCTION
Object detection modules are crucial for fully autonomous
driving applications, because they provide information about
other road users like their poses and driving directions as
well as information about road side infrastructure. For object
detection modules LiDAR sensors are a suitable sensor
choice [1]–[5]. Their accurate distance and long range measurements enable object detections up to 200m [6]. LiDAR
sensors typically measure the distance to objects using a time
of flight measurement principle and generate a point cloud
representation of the environment. In automotive applications
a high amount of these points correspond to physical locations on the ground. These ground points are usually of
no interest for object detection algorithms since they do not
hold information about other road users, obstacles or road
side infrastructure. Actually if ground points are present in
the point cloud we face two particular problems within the
object detection:
•
•

Higher computation time due to a larger input point
cloud
Potential error source for false positive objects (ghost
objects)

In order to tackle these problems we present a ground point
classification method, which is based on geometric features
of the point cloud. Ground point classification is an extensively discussed topic in literature, hence the contributions
of this work are explicitly stated:
•

We propose a weighted normal vector estimation based
on the inverse of each point neighbor distance. This
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metric takes the downwards tilted mounting position of
LiDAR sensors in automotive applications into account.
• We propose a simple but effective per point ground
candidate quality measurement. This is a good indicator
for a point belonging to a ground surface.
• We show experimental results not only in usual traffic
scenarios, but also on steep terrain as well as on
different height levels of ground planes.
This paper is organized as follows. First we discuss
related work on ground classification methods in Sec. II.
Next the geometric feature computation is described
in Sec. III-A and the ground point classification based
on these features in Sec. III-B. In Sec. IV we show
experimental results in different traffic scenarios and
show that the ground point removal speeds up the object
detection module. Finally our results are discussed in Sec. V.
II. R ELATED W ORK
There are a number of approaches where ground points
are filtered from the input point cloud through fitting a plane
model [7]–[9]. However ground points cannot always be
modeled as plane (e.g: Fig. 4). Even in scenarios where the
ground is relatively flat like on highways, a wrong plane
orientation could lead to errors in far distance measurements
but also to misclassifications in near range as it is shown in
our evaluations in Sec. IV.
Douillard et al. [10] presented a ground classification
algorithm which computes geometric features on a voxel
representation. Furthermore this representation is segmented
based on the computed features. The authors classify the
segment containing the most voxels as ground, following the
assumption that largest contiguous set of the observed points
within the point cloud belong to the ground. Other works
also compute geometric features to detect the ground points
within the input point cloud [5], [11], [12]. However, within
these approaches the authors explicitly exclude elevated
targets from the ground point classification. Following this
approach could lead to a failure to classify flat ground
surfaces after a lowered surface as visualized in Fig. 1.
The authors in [13] segment a point cloud through computing convex areas based on surface normals of local
point neighborhoods. A segment is classified as ground
segment after applying a histogram based classification. This
approach is prone to fail due to noisy input data, where it
is not able to find large enough convex segments to exploit
the advantage of the ground plane being one large convex
segment. We build upon their idea for computing surface
normals as geometric features of the local neighborhood.

