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Abstract: Groundwater overdraft in Xi’an City is the main cause of the subsidence since 1959. In
recent years, ground fissure has been one of the most serious geologica hazards in Xi’an, China. This
paper aims to research the application of high-precison 3D terrestrial laser scanning techniques (TLS)
in land subsidence and ground fissure monitoring. The paper use TLS scanning to monitor a typical
ground fissure in the southern suburb of Xi’an. Large-scale subsidence is obtained by processing and
comprehensive anaysis these fissure data, on the other hand, the paper investigate the characteristics of
gpatio-temporal evolution between the land subsidence and ground fissure. Finally, compared with
Globa Positioning System (GPS) measurement in the same period, TLS scanning result in tested area
is reliable. The research shows that there is obvious spatio-temporal correlation between land
subsidence and ground fissure distribution.

Introduction

In recent years , ground fissure has become one of the most serious geologica hazard in the city of

Xi'an, China. There are severa techniques to monitor land subsidence. These include total station,
vertical extensometerg 1], leveling, GPS surveys[2], and spaceborne radar interferometry[3,4,5].
Leveling is a traditional subsidence monitoring technique, which is characterized by high accuracy,
reliability, ssmple operation and equipments cheap[6]. GPS technique has advantages in high accuracy
and simultaneous 3D positioning[7]. Differential Interferometric Synthetic Aperture Radar (D-InSAR)
is an extensiona application of interometry SAR (INSAR) technology, mainly used for DEM revision
and refining, crust deformation monitoring, land subsidence monitoring and landslide monitoring[8,9].

This research has monitored land subsidence and ground fissures above area via high precision
ground 3D terrestrial laser scanning (TLS) technique. The data was collected from a land subsidence
and ground fissure areas. Comparison TLS and leveling data at the same period, we get deformation
information and the fissure distribution.

M ethodology

The land subsidence and ground fissure monitoring need a long-term time and repeated observations.
In order to achieve monitoring, firstly, we set some ground control points, which were monitored by
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GPS when the laser carry out scanning and every monitored data transform to the coordinate system
according to the ground control point. After the prepocessing, all the subsequent point clouds are
registered into the coordinate system of the first scan. Then, we use the commercia software, such as
Terrasolid software to filter no-ground targets information. Procedure is generally used combination of
automation and manual interactive. Finally the point cloud data is carried out interpolation to generate
DSM. As Ground fissures border steep and curvature features be concerned, keep features interpolation
was used,
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d(x,Yy) i.e thedistance from interpolation point to known points.

Two or more period observed data comparison with differentia DSM. The deformation of a land
object consists in the change of the shape of its surface, due to sliding and subsidence of land objects
along discontinuities. Thus the deformation analysis of a subsidence and fissure area surface surveyed
at two or more epochs must comprehend two main stages. The first one is the change detection, which
is focused to find an object that has subsidence and movement between two observation epochs. Thisis
represented by the deformation anaysis aimed to locate the areas that were affected by shape
deformations. The first step before proceeding with both items is to compute a new matrix ADSM
resulting from the difference of the two DSMs concerning the same region:

DDSM =DSM' - DSV ' (3)

The area-based methods for deformation analysis which have been quoted in Section (4) make use
of interpolations of the original point clouds.

In addition to DSM data comparison in many periods monitoring, this paper also adopted the
method to compare the part of choosing feature points.

Validation experiments

Data Acquisition

Through measurement we select an area including a ground fissure in four periods, the view data
was carried out difference operation to generate DSM, Land subsidence rate was gained based on DSM
comparison in this area, Figure 1 gives the part of test result about the region. Figure 2 shows the DSM
model of this area. The result show that the subsidence is 2~10cm/ain the area..
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Fig.1 Differential DSM of the test area Fig.2 The picture of
during Oct. 2009 to Oct. 2010 3D rendering

Besides analysis ground subsidence by using the DSM comparison, furthermore, the partia features
check-point was respectively chosen in two areas and carried out elevation difference to

getDZ =Z"' - Z', and then analysis ground subsidence based on equation (4)

RMS = % (4)

RMSis Root Mean Square. Test results are shown in table 1.
Table 1. Results of subsidence monitoring based on control points (cm)

L _ Numbers of Control Maximum  Minimum
Monitoring period . . ) RMS
points subsidence  subsidence
Oct.2010-Oct.2009 21 121 15 8.1
Oct.2010-Apr.2010 20 10.2 12 55
Oct.2010-Jun.2010 16 53 0.7 35

According to the measurement data collected from ground control points, average subsidence rate is
6~8cm/a, the result nearly is in the same magnitude with DSM comparison results, this show that land
subsidence monitoring method is accurate in this area
Theresults of ground fissure monitoring

Most of ground fissure is caused by land subsidence in this test area. Through analysis of the 3D
laser scanning data, we obtain the state surrounding ground fissure. Similarly to land subsidence
analysis, we studied the ground fissure distribution and trend, test results shown in table 2.

Table 2. Results of subsidence monitoring based on control points(cm)
Number of

Monitoring period  Check points position RM RM RM
gp points p check points Sox Sox Sy
North direction 10 0.9 15 6.7
Oct.2010- Oct.2009 —
South direction 10 0.7 1.3 98
North direction 12 05 1.1 47
Oct.2010- Apr.2010 ——
South direction 12 0.3 0.8 73
North direction 9 04 0.9 2.8

Oct.2010-Jun.2010

South direction 9 0.2 05 48
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Comparison of results of land subsidence
For the purpose to test ability that TLS monitoring land subsidence and ground fissure , and better

research land subsidence and ground fissures change feature in the Xi’ an southern suburb, some control
points was selected, which have the same position with leveling measurement stations, The subsidence
rate, shift rate was compared with leveling measurement in chosen stations, the compared results is
listed in table 3.

AH in thetable 3 is calculated according to the formula (5).

DH =H oqing- Hrs - %)

Table 3. Comparison of subsidence results (cm)
Point  AH(Oct.2009-Apr.2010)  AH(Oct.2009-Oct.2010)

Al -0.11 0.13
A2 0.15 0.10
A3 0.19 0.17
A4 021 -0.24

It can be seen in the table that the mutual deviation between TLS scanning and leveling survey is
less than 0.3cm, and has good consistency in the whole monitored stations. TL S technology fully can
be used in land subsidence and ground fissure monitoring in the city.

Conclusions

From this paper test data, it can be seen that the land subsidence and ground fissure of stretch have
the same direction in Xi’an, in addition where there is large amount of land subsidence, the ground
fissure development and activities are very fierce. There is direct relationship between land subsidence
and ground fissures spatio-tempora distribution and its direction.

Further problems might arise when computing the difference (ADSM) between DSMs come from
surfaces captured in the different periods, e.g. due to registration errors or to lack of data. Future work
will study how to generate better DSM in the local area of ground fissure. Further improvements are
required on the integration of results come from adjacent regions.
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