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Abstract

Simplification and encryption are performed on the point cloud data concerning high-relief (20 cm tillage) and low-relief ( raking

bare slope) terrain on a different scale of observation. We select three indicators (surface curvature, slope aspect and surface roughness) to

evaluate the effect of simplification and encryption on micro-topography data analysis. The results show that simplification and encryption have

a significant impact on the curvature of high-relief terrain, but have no significant impact on low-relief terrain. The slope aspect change is not

significant after 5, 10 mm data simplification and encryption; 1 mm simplification has a regular impact on surface roughness; 5 mm encryption

and simplification have a complex impact on high-relief terrain; 10 mm encryption has a complex impact on high-relief terrain roughness change

but a regular impact on bare slope change.
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1 Introduction

The point cloud data acquired by terrestrial laser scanner are
huge, which has long been a difficulty affecting post-processing
of data, and many scholars have made a lot of researches to

U'=7In most cases, for a DEM project, it

solve this problem
does not require all the information expressed from DEM sur-
face, and it simply measures the data points of the correspond-
ing surface to achieve certain terrain surface accuracy and relia-
bility'"*'. The three-dimensional laser scanner is used in various
fields, and at the same time, the high data point density and da-
ta redundancy of laser scanner also appear in people’s eyes™’.
Zhang Liyan, Liu Chun et al. "' have made a lot of studies on
three-dimensional laser scanning technology, but these studies
mainly focus on the application of reverse engineering, and the
three-dimensional laser scanning technology gets more points,
but in the flat terrain area, only a small number of points are re-
quired to clearly express the surface form, and in complex ter-
rain area, it needs more points to describe the surface. Terrain
surface curvature describes the curved surface shape and con-
cavity and convexity change of local terrain in various cross-sec-
tional directions, reflecting the local terrain structure and

]

form'®’. The curvature value of any point on the curved surface

has different geological meaning and geometric definition'”.
Many kinds of curvature have been proposed for practical appli-
cation. For one point, there is minimum, maximum or mean
curvature ; for the motion of matter and sediment on terrain sur-
face, there is profile curvature, tangent curvature or contour
curvature. Surface roughness is an important indicator to reflect
the physical properties of surface micro-topography®’, and a

concrete manifestation of surface microrelief. It can directly re-
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flect changes in surface elevation, and the most commonly used
ways of observation for surface roughness include probe method,
chain method, three-dimensional imaging method and other
methods'”’. After simplification and encryption, it causes great
changes in data organization and ordering in the sampling
points, and also leads to changes in the observed slope, thus in-
directly affecting the area of curved surface. In China’s loess ar-
ea, micro-topography is further defined as the terrain feature of
surface relative elevation in the range of 5 — 25 c¢m within a

small area™"’.

In general, it is very difficult to observe such
terrain by using a scanner, and there are obvious differences in
the distribution of the acquired observation data, so the simplifi-
cation and encryption of observation results can make the point
cloud data arrangement more reasonable, and have important in-

fluence on micro-topography observation.

2 Materials and methods
2.1 Experimental design The experiment is completed in
State Key Laboratory of Loess Plateau Soil Erosion and Dryland
Farming. The test soil is the loess soil in Yangling and the soil

bulk density is controlled to 1. 15—1. 16 g/cm’.
groove specification is2 m x 1 m X 0.6 m (length x width X

The erosion

height) , and the slope is 15°. Two kinds of terrain (deep plo-
wing ; bare slope raking) are used. Rainfall lasts 1 h, and rain in-
tensity is 90 mm/h.

2.2 Point cloud data acquisition Before and after the rain-
fall, the three-dimensional laser scanner is used to obtain the point
cloud data about surface micro-topography. In order to avoid the
impact of topographic relief on micro-topography, three observa-
tion stations are used to scan the slope, and obtain point cloud da-
ta. The sampling interval is 1, 5, 10 mm.

2.3 Data selection and preprocessing During the test, deep-

plowing terrain and bare slope are selected, and 1, 5, 10 mm
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observation scales are used to describe terrain change on the
surface. In the test process, in order to avoid the effect of ero-
sion plot edge blocking on the observed results, we select the
area of 1.7 m x 0.8 m in the plot as the main source of data,
and carry out simplification and encryption on the original scan-
ning data. The raw point cloud data are imported into ScanMas-
ter, and the outliers in the whole scanning data are removed.
The simplification and encryption modules of the supporting
scanner software are used for processing. The data of 1 mm
scanning accuracy are simplified into 5, 10 mm, respectively;
the data of 5 mm scanning accuracy are encrypted into 1 mm
and simplified into 10 mm; the data of 10 mm scanning accura-
cy are encrypted into 1, 5 mm, respectively. The processed da-
ta and raw data are exported in the file format of . txt, to facili-
tate the processing of third-party software. The simplification
and encryption methods are to reduce the data redundancy or
improve the sampling accuracy of data points by changing data
storage way, organization form and spacing of sampling points.
The theoretical basis of simplification and encryption is the first
law of geography, that is, the correlation between things is relat-
ed to the adjacent distance, and the longer the distance, the
higher the correlation. The change in the number of sampling
points after simplification and encryption of various types of data
can be shown in Table 1. As can be seen from Table 1, in the
process of 1 mm data simplification, the data amount of sam-
pling points is significantly reduced, when it is simplified to
5 mm scale, the number of sampling points decreases by
84.16% , and when it is simplified to 10 mm scale, the number
decreases by 96.04% . When the 5 mm scale is encrypted into
1 mm, the number of sampling points increases by 10, and the

Table 1 The sampling point change after simplification treatment

increase in the amount is not obvious; when it is simplified into
10 mm, the number of sampling points decreases by 13. 1% ,
and the change is obvious compared with encryption; after en-
cryption of 10 mm data, the number of sampling points does not
change, but the organization form of sampling points is
changed. Various groups of exported data are imported into Arc-
GIS for processing, to generate the corresponding DEM data,
and the eigenvalues of slope, slope aspect and curvature are ex-
tracted. Using the raster data, the plane area of corresponding
slope is calculated, and the average slope between the raster da-
ta is used to project the plane area onto curved surface to calcu-
late the curved surface area:

S, =NxI’ (1)

S, =S,/cos(P/180) cos( P/180) (2)
where S, is plane area; S, is curved surface area; N is the corre-
sponding slope raster number; L is the corresponding raster side
length; P is the slope, 1°classification criterion is used to reduce
the effect of slope classification on terrain changes.

Based on the calculation results of formula (1) — (2), we
calculate the roughness of the slope, and in the entire testing
process, we use surface roughness to measure the roughness
change of surface. The specific formula is as follows .

C,.=8,/8, (3)
where C, is surface roughness, the ratio of curved surface area to
plane area, and when C, =1, the roughness is lowest.

The data of curvature, curved surface area and slope aspect
extracted from ArcGIS are entered in Excel for preliminary statisti-
cal analysis to get the preliminary statistical data, and then these
data are imported into Origin for the corresponding analysis to get

the data for analysis.

Sampling interval 1 mm 5 mm 10 mm

1—5 mm

1—10 mm 51 mm 5—10 mm 10—5 mm 10—1 mm

6735709 266365 63554

Number of sampling points

1066803

267068 266355 231706 63554 63554

3 Results and analysis

3.1 Effect of simplification and encryption on surface curva-
ture change The full curvature is used to describe the structural
form of surface, and by the reclassification, the curvature is divid-
ed into <0 and >0. We make statistical analysis on the number
of various types of raster and compare the micro-topography surface
curvature change in two kinds of terrain after simplification and en-
cryption. The surface curvature change after | mm data simplifica-
tion is shown in Fig. 1. When the bare slope curvature is simpli-
fied into 5 mm, there is a significant change, however, when it is
simplified into 10 mm, the change is slightly less than 5 mm. It
can be found that with the increase of simplification scale, the bare
slope curvature change gradually gets gentle; there are two com-
pletely distinct variations in deep tillage curvature when it is sim-
plified into 5 mm and 10 mm, indicating that simplification has a
more significant impact on deep plowing terrain. The curvature
change after 5 mm data simplification and encryption is shown in
Fig. 2. The bare slope curvature change is very small and almost

negligible when it is simplified into 10 mm, but the curvature
change is more obvious when it is encrypted into 1 mm, so the cur-
vature change after 5 mm data simplification and encryption is sub-
tle, but encryption has a relatively large impact on curvature. The
deep tillage curvature change when it is simplified into 10 mm is
very close to the deep tillage curvature change when it is encrypted
into 5 mm, and simplification has a great impact on curvature, so
on this scale, simplification and encryption have quite different im-
pact on the curvature of two kinds of terrain. The curvature change
after 10 mm data encryption is shown in Fig. 3. When it is en-
crypted into 5 mm and 10 mm, the bare slope curvature change is
not obvious. The deep tillage curvature change is not obvious when
it is encrypted into 5 mm, but there is a great change when it is
encrypted into 1 mm, indicating that encryption has a significant
impact on high-relief terrain curvature change. In summary, it can
be concluded that simplification and encryption treatment has a
more obvious impact on high-relief terrain curvature, but it has no
significant impact on low-relief terrain curvature.
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Fig. 1 The curvature change after 1 mm data simplification
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Fig. 2 The curvature change after 5 mm data simplification and
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Fig. 3 The curvature change after 10 mm data encryption

3.2 Effect of simplification and encryption on micro-topog-
raphy slope aspect change In ArcGIS, we extract different ob-
servation scales and the slope aspect data after simplification and
encryption. With 15 ° as one split point, the slope aspect is re-
classified. The proportion of raster number in slope aspect to total
raster number is used to study the effect of simplification and en-
cryption on slope aspect. As shown in Fig. 4 — 6, the bare slope
aspect change is large at 120° —200° before and after 1 mm simpli-
fication and encryption, while the deep tillage terrain slope aspect
change is subtle at various slope levels. After 5 mm data simplifi-
cation and encryption, both bare slope and deep tillage have slight
influence on the observation results of slope aspect in each section.
After 10 mm simplification, the slope aspect change of bare slope
and deep tillage is small and almost negligible, and there are only
subtle differences in the high slope section. The unobvious slope
aspect change after 5 mm and 10 mm data simplification and en-
cryption, is mainly due to the effect of observation scale on the

surface conditions.
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Fig. 4 Slope aspect change after 1 mm data simplification
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Fig. 5 Slope aspect change after 5 mm data simplification and en-

cryption
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Fig. 6 Slope aspect change after 10 mm data encryption

3.3 Effect of simplification and encryption on surface rough-
ness The effect of simplification and encryption on roughness
change of the corresponding sloping surfaces is shown in Table 2.
After 1 mm data simplification, the surface roughness increases
with the increasing simplification scale. Under simplification and

encryption of 5 mm bare slope data, roughness increases, and the
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two treatments have basically the same effect on roughness. For the
5 mm deep tillage, simplification increases roughness while en-
cryption reduces roughness, indicating that encryption has a signif-
icant impact on the roughness of two kinds of terrain. In the en-
cryption process of 10 mm bare slope data, the roughness first de-
creases and then increases with the reduction of encryption scale;

in the encryption process of deep tillage slope, the roughness

Table 2 Slope roughness change after simplification and encryption

change shows a decreasing trend, and the roughness decline rate
tends to increase with the decrease of the scale. Obviously, 1 mm
scale simplification has a regular impact on surface roughness; 5
mm encryption and simplification cause complex changes in com-
plex terrain roughness; 10 mm encryption and simplification cause
complex changes in deep tillage roughness, and the bare slope
change is regular.

I 1 mm 1 mm 1-5 mm 1 -5 mm 1 -10 mm 1 -10 mm 5 mm 5 mm 5 -10 mm
on bare slope deep tillage bare slope deep tillage bare slope deep tillage bare slope deep tillage  bare slope
Curved surface area 1.8495 1.9653 1.9116 1.9907 1.9495 2.0048 1.7935 1.8922 1.7941
Plane area 1. 6200 1.6200 1.6200 1.6200 1. 6200 1. 6200 1. 6200 1. 6200 1. 6200
Roughness 1.1417 1.2131 1.1800 1.2288 1.2034 1.2375 1.1071 1.1680 1.1075
It 5-10 mm 5-1 mm 5-1 mm 10 mm 10 mm 10 -1 mm 10 -1 mm 10-5mm 10-5 mm
on deep tillage bare slope deep tillage bare slope deep tillage bare slope deep tillage bare slope  deep tillage
Curved surface area 1.8954 1.7942 1.8917 1.8995 1.9672 1.9017 1.9639 1.8976 1. 9660
Plane area 1. 6200 1.6200 1.6200 1.6200 1.6200 1.6200 1.6200 1.6200 1. 6200
Roughness 1. 1700 1.1075 1.1677 1.1725 1.2143 1.1739 1.2123 1.1714 1.2136

4 Conclusions

In this paper, we select three indicators (surface curvature, slope
aspect and surface roughness) to evaluate the effect of simplifica-
tion and encryption on micro-topography data analysis. The results
show that simplification and encryption have a significant impact
on the curvature of high-relief terrain, but have no significant im-
pact on low-relief terrain; the slope aspect change is not significant
after 5, 10 mm data simplification and encryption; 1 mm simplifi-
cation has a regular impact on surface roughness, 5 mm encryption
and simplification have a complex impact on high-relief terrain,
and 10 mm encryption has a complex impact on high-relief terrain
roughness change but a regular impact on bare slope change.
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