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Abstract

Sensor network for landslide monitoring with laser ranging system is developed together with
landslide disaster relief with remote sensing satellite imagery data. Time diversity is utilized for
rainfall influence avoidance in the distance measurements between laser ranging equipment and
targets. Also automatic tie point extraction method is proposed. Experimental results show that
() the proposed time diversity of the laser ranging measurement does work for avoidance from
rainfall influence; (2) the proposed automatic control point extraction method does work for tie
point matching together with change detection for landslide disaster relief.
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1. INTRODUCTION

Landslide is one of severe disaster. In order to monitor landslides, several methods have been
proposed so far. One of the conventional land slide monitoring systems is to measure the
resistance of the wire which is set at potential landslide steeply slopes. Although it is simple and
cheap system, measurement accuracy is not so good in terms of the distance between two ends
of the wire which depends on resistance. Therefore, it cannot be used for making caution for
evacuation from the potential landslide area. Other wide variety of commercial off-the-shelf
electronic and/or mechanical geotechnical and hydrologic sensors exist [1],[2]. Meanwhile,
satellite remote sensing imagery data is used for disaster relief due to landslide. It cannot be used
for landslide warning system. There are so many previously proposed methods for detection of
landslide areas such as differentiation with edge enhancing filters [3], texture feature extraction
[4], vegetation index utilized land cover change detection method [5], 3D stereo pair of images
utilized change detection method [6], etc.

The landslide monitoring method proposed here is to utilize laser ranging system as a sensor
network. The distance between the laser ranging instrument and the target which is set at
potential landslide areas can be measured with the laser ranging system. If the measured
distance is not changed then it is understood any landslide is not happened. The initial movement
of typical landslide is around a few millimeters. Therefore, it is effective is the laser ranging
system can measure a few millimeters distance changes. Measured distance data can be
transmitted from the site of where the laser ranging system is equipped to Internet terminals in
the disaster mitigation center. After that, caution for evacuation can be provided from the center
through TV broadcast stations with data broadcasting. Conventional method for landslide
monitoring uses wire current or voltage difference between two ends of the wire. Such method is
not good enough for detection of initial movement of landslide. Movement accuracy of
conventional methods is around a couple of cm while that of the proposed method is a couple of
mm. Therefore, the proposed method is useful to detect initial movement of landslide even under
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a heavy rain condition. To avoid the influence scattering of laser light due to raindrops, time
diversity method is proposed.

On the other hand, landslide disaster relief can be done with satellite remote sensing data. In
order to detect landslide, changes between two satellite remote sensing imagery data which are
acquired on the different day have to be detected. Before that two satellite imagery data have to
be registered with tie point matching. In this paper, automatic tie point or control point extraction
method is also proposed. Thus geometric correction can be applied to two remote sensing
satellite imagery data. Tie points have to be extracted from two images. There are some
conventional automatic tie point extraction methods based on feature extraction [7],[8],[9]. The
conventional tie point uses line and circle features. The proposed method is simple and accurate
because it is just find "L" and "X" shaped line features extracted with Hough transformation is
used. The corners and cross points are easy to extract and accurate enough for tie point
matching.

The following section describes the proposed whole system for landslide monitoring followed by
landslide monitoring system with laser ranging system. After that landslide disaster relief method
with satellite remote sensing imagery data is proposed together with some experimental results.

2. PROPOSED SYSTEM

2.1 Proposed landslide Warning System With Laser Ranging System and Remote Sensing
Satellite

Figure.1 shows the proposed landslide warning system with laser ranging system and remote
sensing satellites. Potential landslide areas are observed by the laser ranging equipments and
remote sensing satellites. Laser ranging equipments are for detecting an initial movement of
landslide while remote sensing satellites are for landslide disaster relief. A few millimeters of the
initial movements of landslide can be detected with the laser ranging system. Figure.2 shows the
proposed landslide monitoring system with laser ranging system together with landslide warning
information transmission to the disaster mitigation center. Once initial movements is detected,
then caution or warning messages are broadcasted through the disaster mitigation center and the
TV broadcasting stations with data broadcasting system. Then the residence can be evacuated
from the landslide areas before landslide is occurred. Key issue here is distance measurement
accuracy of the laser ranging system. If the accuracy is better than a few millimeters, then it can
detect initial movement of landslide in particular in the heavy rain condition because landslide
used to be occurred in such severe weather condition. In order to overcome such influence due to
heavy rain, time diversity is employed. In the following section of experiment discusses the
accuracy in such severe condition.
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FIGURE 1: Proposed landslide warning system with laser ranging system and remote sensing
satellites
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FIGURE 2: Proposed landslide monitoring system with laser ranging system together with
landslide warning information transmission to the disaster mitigation center.

2.2 Proposed landslide Disaster Relief With Remote Sensing Satellite Imagery Data
Figure.3 shows examples of the remote sensing imagery data which are acquired on the different
days, (a) before and (b) after landslide occurrence. The potential landslide areas are known.
Therefore, when remote sensing satellite visits potential landslide areas, it can be acquire
imagery data. Once landslide occurs, then, remote sensing satellites acquire the imagery data
immediately after the landslide.

In order to detect change between two satellite imagery data which are acquired before and after
landslide occurrence, two images have to be matched. Before making image matching, tie points
in the images have to be extracted. Figure.4 shows the process flow of the automatic tie point
extractions. Firstly, potential landslide portion of images are extracted from two satellite images.
Then image intensity is inverted to enhance edge information. After that, contrast of the images is
enhanced followed by binarization. Then linear features are extracted with Hough transformation.
After that, longest line feature is selected. Then cross line with the detected longest line is
detected. Thus “L” or “X” character type of tie point is extracted.

By using extracted tie points, two satellite images are matched. Then difference between
matched two images which corresponds to changes between satellite images which are acquired
before and after landslide occurrence can be detected. Thus location and size of landslide can be
detected and estimated.

(b) Example of satellite image which is acquired before landslide occurrence.
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FIGURE 3: Examples of satellite imagery data which are acquired before and after landslide
occurrence.

FIGURE 4: Process flows of automatic tie point extractions.

3 EXPERIMENTS

3.1 Proposed landslide Monitoring System

Potential landslide areas are investigated and are on the web site'. From the site, for instance,
potential areas are retrieved with their severe degrees. Depending on the degree of severances,
three test sites in the Saga prefecture Japan are selected. Figure.5 (a), (b), and (c) shows test
sites, (1) Yamashiro town of the Imari city, (2) Ohchicho of the Karastu city, and (3) Fujicho of the
Saga city.

! http://disapotal.gsi.go.jp/
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