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Gradient field based method for segmenting 3D point cloud
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This study proposes a novel approach for ground segmentation of 3D point cloud. We combine two
techniques: gradient threshold segmentation, and mean height evaluation. Acquired 3D point cloud is represented
as a graph data structures by exploiting the structure of 2D reference image. The ground parts nearing the position
of the sensor are segmented based on gradient threshold technique. For sparse regions, we separate the ground and
nonground by using a technique called mean height evaluation. The main contribution of this study is a new
ground segmentation algorithm which works well with 3D point clouds from various environments. The
processing time is acceptable and it allows the algorithm running in real time.

1. Introduction

In an autonomous robot system, a Lidar scanner outputs a
3D point cloud. From this data, robots need to segment
ground and nonground regions. The ground segmentation is a
pre-processing step of almost other higher processes. The
objective of our study is to extract information from 3D point
clouds and then group points with similar attributes into the
ground or nonground part. At the present time, there are
some done methods related to our work. Paper [2] proposes a
method relied on local convexity. In [3, 4], the authors
presented some methods based on an elevation map. Our
novel ground segmentation algorithm relies on a combination
of two techniques: gradient threshold segmentation [1], and
mean height evaluation. We use region growing technique to
segment the ground at regions near sensor’s position. To deal
with sparse regions, we apply the mean height evaluation
technique which analyzes the mean of the height of ground
neighbors.

2. Ground Segmentation Method

We consider 4 neighbors of each point. In the counter-
clockwise system, a point’s left and right neighbors
correspond to the next and previous measurement obtained
by the same laser diode. The upper and lower edges are
assigned to the measurements of the upper and lower laser
beam with the most similar yaw angle, respectively.

We use the gradient quantity as the basic feature in our
algorithm. The gradient field calculation process requires two
assumptions. First, the ground is observed around the sensor.
Second, there is at least one part of closest line of data (data
from lowest laser diode) placing in the ground region. From
each point P;, we visit its neighbor sum up all the distances.

For segmentation, we employ region growing technique.
The algorithm starts from a set of seeds. The seed Sj is the
longest sequence of points of the nearest line whose gradient
values is smaller than constant value maxGradient. This
constant value depends on the terrain properties. Sy is another
sequence of points in the nearest line. If the height difference
between two nearest points which belong to two sequences
Sy and Sy, is smaller than maxHeight, Sy is pushed in the seed
group. All points in the seeds are ground ones. The ground
part is grown from these seed points by considering other
scan lines. A point is labeled as ground if its gradient value is
below maxGradient and at least one of its direct neighbors
already identified as ground point.

The region growing technique works well in the area
nearing the sensor’s position. However, it is difficult to
segment the ground in the sparse area because there is no
connection between segmented regions. To solve this
problem, we use another technique called mean height
evaluation. This technique works as a sliding window which
analyzes the height of every 3D points in a predefined region,
and compares them with the mean height of every segmented
ground points in it. We define a region as a cube with
appropriate sizes. If P is not labeled as ground point, we
compare the height of p and the mean height of all
segmented ground point placing inside the cube. If the
difference is smaller than maxHeight, we mark p as ground
point. However, this technique is computational expensive
with big size and unordered data. We overcome this problem
by using the graph representation which exploits the order of
the scan lines. To avoid a bias segmentation, this technique is
employed in only sparse areas.
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3. Experiments and analysis

For our experiment, we employ a Velodyne HDL-32
scanner mounted on the top of our robot. It returns a point
cloud with approximately 700,000 points per second. We
analyze the true positive rate of our algorithm with manual
ground truth data. The result of the first stage of our
algorithm is 76% when we apply naive gradient field
technique to segment the ground points. Fig. 1 shows the
final result of our algorithm. The result is about 82 %. The
time consuming is about 30 millisecond per frame.

Fig. 1. Ground segmentation result.

4. Conclusion

In this paper, we proposed a novel approach for ground
segmentation relied on gradient field. The experiments show
that our method achieves good results in both quality and
processing time. In future work, we will enhance the
algorithm for decreasing processing time and improving

quality.
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