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ABSTRACT:

The point cloud segmentation of gullies with high accuracy lays the groundwork for the gully parameter extraction and developing
models. A point cloud segmentation method of gullies based on characteristic difference from airborne LIDAR is proposed. Firstly,
point cloud characteristics of gullies are discussed, and then differences in surface features are obtained based on different scales
after preprocessing of the point cloud. Initial gullies are segmented from point clouds combined with a curvature threshold. Finally,
real gully point clouds are obtained based on the clustering analysis. The experimental results demonstrate that gullies can be
detected accurately with airborne LIDAR point clouds, and this method provides a new idea for quantitative evaluation of gullies.

1. INTRODUCTION

As a common type of soil erosion, gullies have an important
position in soil erosion, and can lead to big volume of soil
erosion (Pimentel, 1995) and (Wu, 2005). With the
development of earth observation technologies and point cloud
data-processing ability, airborne light detection and ranging
(LIDAR) technology provides new technical ways to obtain
earth spatial information with high space-time resolution
(Meng, 2010). However, the huge number of point clouds,
feature differences, and the complexity of natural terrains
severely restrict the development of the data post-processing
technology of airborne LIDAR. It is difficult to find the
apparent surface characteristics of gullies as they are embedded
in the earth’s surface, unlike buildings, trees, roads, and bridges,
coastlines (Zhu, 2014), which have obvious surface features. At
the same time, the variation range, the gully-forming process,
and the irregularity of appearance add to the difficulty of gully
detection (Filin, 2014).

When LIDAR technology first appeared, Betts constructed a
digital elevation model (DEM) of LIDAR data to extract local
morphological information of valleys, the parameters of river
bank erosion were determined, and a water loss and soil erosion
model was established (Betts, 1999). Perroy combines airborne
laser radar with ground laser radar to assess gully erosion, and
airborne technology is more suitable for a wide range of gully
monitoring, because of the limitations of scanning erosion
grooves and sides by ground laser radar (Perroy, 2010). Evans
proposes the extraction of the gully from a high-precision DEM
to determine the gully depth based on the edge of the gully, and
the whole geomorphological map of the gully is obtained
(Evans, 2010). Mason obtains high gradient values for the edge
detection operator in view of the point cloud; the method is
suitable for a smooth surface area, but there are some
limitations in complicated terrain (Mason, 2006). Rutzinger
proposes an object driven approach for detection of points of
interest based on the maximum curvature segmentation
algorithm; this approach is suitable for deep and wide contour
features, but the effect is not good for gully regions with
textural complexity (M RA, 2014).

The above gully detection methods, which have a few
limitations in  the  extraction of gullies  with
micro-morphological characteristics, are mostly based on

DEMs. Thus, this paper puts forward a method to extract gully
information based on differences in surface characteristics at
different scales. Considering gullies located in mountainous
areas with complex surface characteristics, this paper segments
the gully point cloud based on the normal vector and the
changes of curvature, which improves the existing edge
segmentation algorithm based on the point cloud.

2. ANALYSIS OF CHARACTERISTICS OF POINT
CLOUD

The basic morphology of a gully is the profile and slope, and
the section is generally a U or V shape, which can reflect the
three-dimensional (3D) form of gully through both sides of the
ditch along the route and the U groove on both sides (or the
bottom line of a V-shaped groove) (Zhang, 2015). Under
hydraulic and gravitational action, a gully often has random
characteristics because of the trench wall fighting force and
deep valley (Baruch, 2011).

In short, the point cloud characteristics of gullies mainly
comprise the following aspects. Firstly, in terms of the shape of
an erosion gully, the ditch along the point cloud shows irregular,
asymmetrical characteristics and an uneven distribution of
trench wall point cloud density, the extraction of the gully
becomes more difficult, and the difference in point cloud height
between the boundary and the bottom of the trench is obvious.
Secondly, due to the points of difference from other features
such as buildings, trees, roads, bridges which have obvious
surfaces features, it is obviously difficult to form the surface
characteristics of the gully as they are embedded in the earth’s
surface, and erosion usually occurs in mountainous areas with
sloping terrain and very irregular terrain characteristics.
Moreover, the difficulty of detection is increased by the
dynamic changes of the gully.

3. CHARACTERISTIC DIFFERENCE SEGMENTATION
METHOD

The characteristic difference segmentation method means that
the gully point cloud is obtained by choosing different radii,
obtaining different surface characteristic parameters, and
setting a certain segmentation threshold based on the gully in
the changes of earth's surface (Douillard, 2010). The surface
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geometry information refers to the amount of data that can
reflect the surface local features and mainly includes the
surface normal vector, Gaussian curvature, mean curvature,
surface changes, and so on, which reflect the trend of the
surface normal vector, while the Gaussian curvature, mean
curvature, and surface change reflect the degree of curvature of
the surface (Lam, 2012).

3.1 Normal vector and curvature estimation

The normal vector reflects the geometric characteristics of the
curved surface at some point, and the normal vectors of the
point cloud are mainly determined through the neighborhood.
The original point clouds do not have the normal vector (Tang,
2002). Therefore, the normal vectors are approximately equal
to the normal vectors estimation on the tangential plane which
is obtained by the neighborhood of the points, for each point in
the point cloud p; = (x;,¥;,2;)7, through k adjacent points to
the nearest, and each point p; of the covariance matrix can be
expressed as:
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k is the total number of points in the field of the point p;, p is
the field of all points of the centre of mass, 4; is the jth
characteristic value of the covariance matrix, and > is the
J

jth eigenvector of the covariance matrix. When the minimum
eigenvalue A, is zero, the corresponding eigenvector v;is the
normal vector of the point p;.

The problem of the sign of the normal vector cannot be solved
by the mathematical method, which means that the direction of
the normal vector is arbitrary. To solve this problem, we need
to adjust the consistency of the normal vector and select a view
point vpthat satisfies the equation:

ﬁl)'(vp_pi)>0 2
The point cloud surface curvature calculated by formula (3) is:
— AD
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3.2 Characteristics difference principle

Characteristic difference treatment provides a multi-scale and
highly efficient method for the processing of a large amount of
disordered 3D point cloud data. This method uses each point of
the set of P as the center, and choosing two different radii
rpand r, 1, >1,, we will get two different normal vectors
ny (p;, 1),y (p;, 12) and curvature values. The selection of
radius size depends on the point density. When point density is
higher, the radius is smaller, point density is lower, the radius is
larger. In general, the neighborhood point number determined
by the radius floating up and down between 20 is better. The
characteristic difference calculated by formula (4) and the
sketch map is shown in Figure 1.
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Figure 1. Characteristic difference
3.3 Gully extraction based on characteristic difference

The main work of gully extraction based on the
characteristic difference is on the estimation of characteristic

difference. In this paper, neighbouring points are determined
according to a fixed distance. The distance can be selected
according to the resolution of the point cloud (the size of the
point spacing) to allow flexibility. As a general rule, a number
of field points between 10 and 20 is relatively good. The
extraction of the gully based on the characteristic difference is
specified as follows:

1) Neighbourhood points are obtained by selecting radius ;.
The normal vector and the curvature values of the point
cloud are obtained by the principal component analysis
method, and the normal vector is adjusted consistently.

2) Neighbourhood points are obtained by selecting radius 7.
The normal vector and curvature values of the point cloud
are obtained by the principal component analysis method,
and the normal vector is adjusted consistently r; > 1.

3) The characteristic difference of each point value is
calculated depending on the normal vector and curvature.

4) Based on the point cloud characteristics of the gully, the
error threshold is set as (0.25), and difference values bigger
than the threshold are extracted.

5) Based on the spatial clustering method according to dual
distance (3 m), some of points having a characteristic
difference are eliminated to obtain the point cloud of the
gully.

Therefore, the flow chart of the gully segmentation algorithm

based on surface characteristic differences is shown in Figure 2.
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Figure 2. The flow chart of gully segmentation algorithm

4 EXPERIMENT AND ANALYSIS OF RESULTS

4.1 The data

In order to test the feasibility of the algorithm, it is
implemented in the environment of VC++. The experimental
data are taken from certain areas of Jiayuguan city, Gansu
province, and are obtained by the Gigel 780 system. The
original point clouds include 1959273 points; this number
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decreases to 1940357 points, called ground points, after noise
processing and filtering. The average density of the point cloud
is 8 points/m?, and the 3D diagram is shown in Fig. 3. From the
diagram, it can be seen that there are lots of noise points in the
original experimental data and the surface features mainly
include power lines, buildings, sparse vegetation, and so on.
Then the power lines, buildings, and sparse vegetation are
mostly removed after noise processing and filtering, and the
terrain features are kept perfectly.

(a) (b)
Figure 3. The 3D point cloud display of test data. (a) the raw
point clouds; (b) the point cloud after preprocessing

4.2 Experiment

The purpose of this paper is to obtain the point cloud of the
gully, so we select the point clouds that contain ravines from
the experimental data. As shown in Fig. 4, 276461 points are
selected and the average density of the point cloud is 6
points/m>. The 3D diagram is shown in Fig. 4(a) and the
imagery is shown in Fig. 4(b).

It can be seen from Fig. 4 that the gully feature is very irregular,
the thalweg and the bottom line both belong to an irregular
curve, and the height on the two sides of the ditch is not
consistent. When applying the characteristic difference method,

Coord. Z
-0. 030000

(b) r1=3m, r2=1.5m

the appropriate distance radius must be used to choose the
neighbourhood points of the experimental data. In order to
obtain the proper distance radius, this paper experiments with
radii of 1.5-4 m, considering that the point cloud average
density is 6 points/'m>. The error threshold used in the
experiment is set as 0.02 m. The initial segmentation result is
shown in Fig. 5 for the different radii.

(b)

Figure 4. The show of test data. (a) the 3D point cloud; (b) the

image

Figure 5 shows that there is an obvious difference in the initial
segmentation result when using three different radii. On the
whole, the general form of the gully can be identified, but the
point clouds are discrete, especially on the edge of Fig. 5(b),
and the point clouds that have gaps on both sides of the trench
wall in Fig. 5(c) are less discrete. From Fig. 5(a), it can be seen
that the segmentation result is superior to the two other results:
the edge of the gully point cloud is in regular, and the density is
homogeneous.
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Figure 5. The segmentation results of different radius
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In conclusion, the difference between two radii is not too big or

too small. If the difference between two radii is too small,

discretization of the point clouds is easy. If the difference
between two radii is too big, it is easy to miss some points.

According to the above test, from these data, 4 and 1.5 m are

selected as the fixed distances in the process of initial

segmentation. The experimental process is described below.

1) The efficiency of calculation is improved by the normalized
processing of point clouds on the ground.

2) The neighbourhood points are chosen using radii of 4 and
1.5 m to calculate the normal vector and curvature values to
get the characteristic difference value, and the error
threshold is set as 0.02 to obtain the segmentation results,
as shown in Fig. 5(a).

3) The clustering distance is set as 1 m to obtain the gully
point cloud, as shown in Fig. 6.

The 103191 points that belong to the gully point clouds are

obtained through the above experiment. Comparing Fig. 5(a)

and Fig. 6, the points that do not belong to the gully are

removed, and the rest of the point clouds not only keep the

morphological features but also have an obvious edge.
Coord. Z
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Figure 6. The result of segmentation

4.3 Parameter extraction of gully

(b)

Figure 7. Extraction of gully parameters. (a)the cross-section

profile of gully; (b) the bottom line of gully
In order to fully reflect the gully shape characteristic, the

cross-section analysis proceeds in the gully point clouds that
are obtained by segmentation as shown in Fig. 7. The spacing is
set to 10 m. Then the bottom line of the gully is measured, and
the length is found to be 335 m. The depth of the gully is
shown in Fig. 8, the different selected places have different
depths of 11.6m, 6.2m, and 4.3 m, respectively. The acquisition
of the quantitative data on the gully parameters provides a new
method for the quantitative evaluation and calculation of soil
erosion in gullies.

Figure 8. The deep analysis of gully
4.4 Analysis of results

By the visualization carried out in this paper, it can be seen that
extracted gully point clouds that are in line with the
morphological characteristics of the gully are similar to the
original point cloud form, as shown in Fig. 5. Other the
extracted gully point clouds overlie the original point cloud that
is in the gully position of the original point cloud as shown in
Fig. 9(a). Moreover, 3D point clouds of the gully are combined
with the DEM established by the original point cloud, and the
distribution of the boundary of the gully is consistent with the
elevation changes of the DEM, as shown in Fig. 9(b). Through
the above experiments, information can be extracted from the
gully point cloud relatively well and accurately.

(a) D)

Figure 9. The verification of results for point cloud
segmentation: (a) the overlay of raw point cloud and the point
cloud of segmentation. (b) the overlay of DEM and the point
cloud of segmentation

5. CONCLUSIONS

Because of the point cloud characteristic of the gully and the
particularity of the terrain features, this paper puts forward a
method of detecting airborne LIDAR gully point clouds based
on the characteristic differences to compensate for a single
scale using the characteristics of surface instability due to the
multi-scale space from surface feature differences, which
greatly improves the accuracy of extraction of the gully point
cloud from the scattered point cloud. Use of the extracted gully
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point cloud to express the true form is reasonable and provides
a basis for further evaluation of erosion. The radius and the
setting of the rational threshold are key when the characteristic
difference method is used to extract the gully point cloud. We
need many experiments to determine a reasonable value
because the numerical experiments utilized were an experience.
The correctness of the evaluation to extract the gully point
cloud can only be determined through comparison with images
and manual extraction results and is currently difficult to
analyze quantitatively. These problems need to be further
studied in the future.
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