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Abstract

Temporal amount of land movement is one of the important input parameter in a study of
landslide detection and prediction. Automatic approach in monitoring this movement is
needed to replace conventional ground surveying technique which is time consuming. An
elastic image registration and change-unchanged conditional statements procedure
appropriate for historical analysis of the land movement in landslide area is presented
herein. Four deformation operators were used during the registration process. The similarity
between two images was measured by a similarity function which takes into consideration the
value of mutual information, geometric deformation and maximum overlapping area between
the two images. Landslide areas were detected using the amount of pixel movement during a
registration process. Two stages of four change-unchanged conditional statements had been
developed to monitor landslides of future years. These conditional statements made used of
the sequence of detected change images as the input parameter. It was shown that the size of
pixel movement can be used to detect changes in landslide areas. The more sequences of
changed images were used, the more information about the history of the area can be
gathered.

Keywords: Landslide monitoring; Image registration; Change detection; Conditional
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1. Introduction

Landslide is a type of mass movement that causes damage in many areas. Erosions,
heavy rains, earthquakes and volcanic eruptions are geological and geographical factors
can cause landslides to occur at the same area as in the past. Under the assumption that
future landslides will occur under conditions similar to those in the past [1], the area
where a landslide occurs is categorised as belonging to the prone-to-landslide
environment. Areas in such environments have high potential of new landslide
occurrence. Therefore, an effective way to prevent future damage is to identify and
analyse the history of the landslide areas. When such an area is identified, its activity
may be monitored and specific analysis can be done, so that precautions can be taken.
Remote sensing technology has been successfully applied to the detection and mapping
of landslides [1, 2]. The use of Geographic Information Systems (GIS) [1] and neural
network [3] in the field of landslide study is becoming of great significance. It is done
by analyzing information such as temporal amount of the land movement at the
landslide location before the event. Automatic approach on inspecting feature changes

37



International Journal of Multimedia and Ubiquitous Engineering
Vol. 6, No. 3, July, 2011

is needed to replace the conventional ground surveying technique which is time
consuming [4].

Image registration is the process of spatially matching two images taken at different times
or from different viewpoints or different sensors so that matched pixels in the two images
correspond to the same physical region of the scene being imaged [5]. Image registration
consists of four basic components: feature extraction, image transformation, image
resampling and the use of a measure of similarity. There are two types of approach for
registering landslide images: those with and those without sub-pixel accuracy. In registering
landslide images without sub-pixel accuracy, two images are overlapped and a set of Ground
Control Points (GCPs) in both images is extracted. This set of GCPs features have sharp
contrast with their surrounding area and must be well distributed throughout the images.
Sheng et al. [6] used the stable lake centroids between the two images as the tie points for
image registration. It is because the centroids of lakes are generally stable even if their
shorelines are not. In order to correlate two homogenous GCPs, Honda and Nagai [7] and
Casson et al. [8] used the correlation coefficient to calculate image similarity. However, it
requires images taken from the same sensor. Mutual information has been found to be
especially robust for multisensor image registration [9, 10]. In such studies, the set of points
matched is used to generate a transformation function between the two images, such as affine
transformation and polynomial transformation. Transformation estimation algorithms for non-
rigid transformation vary in their handling of local deformations. Zagorchev and Goshtasby
[11] conducted a comparative study of four of the commonly used transformation functions
for non-rigid transformation, namely, thin plate spline (TPS), multiquadric (MQ), piecewise
linear (PL), and weighted mean (WM) transformations. Their study showed that PL function
performs better than those of TPS and MQ when tie points are sparsely distributed but
however, WM performs best in case large number of tie points and the tie points has
positional errors. As the geometric position of pixels changes, the grey values at the vacated
grid positions need to be calculated. In addition, Temesgen et al. [12], Hervas et al. [13] and
Chen et al. [14] used the nearest neighbour interpolation while Vassilopoulou et al. [15] used
bilinear interpolation for the resampling process.

The image registration technique has been applied to detect changes in the land used
areas. Since the change detection study requires precise image registration, therefore, the
input images are first precisely registered before performing the image registration technique
for change detection. Yamaguchi et al. [16] developed two different algorithms to detect a
landslide movement as geometric misregistration between two image data of different
acquisition dates: the “imageodetic” method and the parabolic function method. In the former
method, bilinear interpolation is used to generate a sub-pixel image by interpolating the
values of the original pixels while maximising the correlation coefficient until the sub-pixel
accuracy becomes 1/128 of the image resolution. In the latter method, a parabolic function
was employed to model the correlation coefficient around its peak and from it to locate the
position of the peak with sub-pixel accuracy. Kosugi et al. [17] mapped a high resolution
image to another one observed at a different time of the same area to detect feature changes in
the images. The set of shifting vectors is found by referring to the set of moving pixels during
a registration process.

In this paper, an image registration method which is inhomogeneous to account for the
local deformations of the terrain, and allows the registration of images with sub-pixels
accuracy will be used. A conditional approach is then used to analyze the historical condition
of the land movement. Section 2 presents methodology of the algorithm. Section 3 presents
results and discussion, and finally, the conclusions will be presented in section 4.
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2. Methodology
2.1. Elastic Image Registration

The image registration method which is elastic and inhomogeneous to account for the
local deformations of the terrain is based on the image registration technique to detect
landslide deformation put forth by Khairunniza-Bejo and Petrou [18]. Therefore, in order to
apply an elastic image registration method, two sequence of images i.e. imagepesore and
imagearer Captured by the same sensor both geocoded and coregistered are assumed to be
available. Starting from imageperore, 8 Sequence of deformed images denoted by imagesesoret,
imagenefore2, IMagehefores, ---» IMaPEretoren IS Created. Each image in the sequence is more similar
to imageaner than the previous one. Each image is created from the previous by applying to it
one of the four deformation operators as shown in Figure 1 chosen at random and applied at a
random position. As the image is deformed, the grey values at integer locations are calculated
using the nearest neighbour interpolation rule. If the imposed deformation improves the cost
function value, the change it creates is accepted. If it does not, it is rejected and another
operator is invoked. The process stops when the deformed image is sufficiently similar with
imagearer- Figure 2 shows flowchart of the image registration method. Detail description of
the algorithm can be found in [18].
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Figure 1: Effects of the four deformation operators used in a regular 45 x 45
grid: (a) exponential growth, (b) exponential shrinkage, (c) exponential
translation and (d) exponential parabolic flow front operator.
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Figure 2: Flowchart of the Elastic Image Registration Method.
2.2. Locating Landslides Using the Size of Pixel Movements

Image to image registration tries to fit one image to the other. The similarity between
pixels located at the same location in the two images is low if both of them carry different
value of information. These locations are also defined as locations where changes had
happened. Therefore, these locations will suffer a lot of distortion during a registration
process. Distortions will cause a high value of pixel movement in the image. In this study, the
size of pixel movements will be used as guide in locating landslides. The movements in every
pixel location are scaled to have a range of [0, 255] by using the minimum and maximum
value of the pixels among them. The grey values used for displaying have the same meaning
in all images:

move, —Mmove, .
grey = ( . — ]x 255 (8)
move,,,, —Move, .

where move, is the movement in every pixel of the images, move;, is the minimum

movement in the images and move,_, is the maximum movement in the images. A binary

change image, detect, is then produced by applying an image thresholding method to the
scaled movement image.
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2.3. Change Conditional Statements

Figure 3 shows four different conditions of the land cover changes. The exist term is used
to represent the existing land cover, whilst the lost term to represent the lost of land cover.

a) Condition 1

Condition 1 is when there exist land cover at location (x,y) in image,, but the land cover
at the same location shows a loss in image,.; and exist again in image,.,. Here, although the
land cover changes happen between image, and image,.;, and also between image,.; and
image..,, however it seems like there were no changes happening between image, and
imagen. since the land cover at the same location is exist in both images.

b) Condition 2

Condition 2 is when there exist land cover at location (x,y) in image, but, the land cover
at the same location is a loss in image,.; and a loss again in image..,. Here, the land cover
changes happen between image, and image,.1, and no land cover changes between imagen.+;
and imagen:,. The no land cover changes between image,.; and imagen., means that the
changes in image,.; is carried through in image..,. It is also shown that there are changes
from image, to image,., showing exist to loss.

c) Condition 3

Condition 3 is when there exist land cover at location (x,y) in all subsequence images i.e.
image,, image,.; and image,.,. Here, there are no land cover changes between image, and
image.; and also between image,.; and image,.,. This sequence of land cover changes shows
that there are no changes land form between image, and image...

d) Condition 4

Condition 4 is when there exist land cover at location (x,y) in image, and image,.;, but
registering a loss in image..,. Here, no changes happen between image, and imagen.:.
However, the changes happen between image,.; and image,.,. This sequence of land cover
changes shows that there are changes from image, to image,., where from exist to loss
condition.

All of these land cover conditions were used as guidelines in developing the change-
unchanged conditional statements. The IF-THEN conditional logic approach has been used.
Sequence of change images produced by using size of pixel movements during a registration
process are used as the input parameter. The change area is represented by the white pixels
(1), which are defined as the loss of land cover. The unchanged area is represented by the
black pixels (0) which are defined as the existing land cover. Therefore, for a sequence of
change images, detect,, detect,.;, detect,.,,..., detecty, two stages of the IF-THEN conditional
statement were developed to monitor the landslide areas taken from image, to imagey. The
first stage monitor the changes between two neighbouring sequence of changed images and
defined as change, 1. The second stage monitor the changes between the first changed image
in the sequence and the last image in the sequence, and defined as change, n. The combination
of changey n+1, changen.y n+2, .., changen.s n Will produce change, n. The IF-THEN conditional
statement in all conditions is shown in Figure 4.
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Figure 3: 3-year sequence of land cover changes. (a) Condition 1: Exist - Loss
- Exist. (b) Condition 2: Exist 2 Loss = Loss. (c) Condition 3: Exist > Exist
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Figure 4: The IF-THEN Conditional Statements.
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3. Results and Discussion

Multitemporal satellite images of Tapah-Ringlet, Cameron Highlands, Malaysia
taken from Landsat 5 TM shown in Figure 5 were used in the experiments. These
images are already geocoded and co-registered by the Malaysian Remote Sensing
Agency. The elastic image registration were applied to detect changes of the image
between years 1996 and 1998; 1998 and 2002; 2002 and 2005; 1996 and 2002; 1998
and 2005; and 1996 and 2005. The change conditional statement to monitor changes in
three different cases i.e. from year 1996 to 2002, from year 1998 to 2005 and from year
1996 to 2005 was used. The 3 different combinations of changed areas are as follows:

Case 1:
changegs 0, = Changegs o5 + Changegs o2

Case 2:
changegg os = changegg g, + changeg, os

Case 3:
changeges os = changegs os + Changegs o2 + changeoy os

v ‘o
(c) (d)

Figure 5: Images of Tapah-Ringlet, Cameron Highlands. (a) Year 1996. (b) Year
1998. (c) Year 2002. (d) Year 2005.

In order to identify the change area, a threshold value of 100 has been chosen for the
scaled images. Pixels with the grey values greater than 100 were identified as the changed
areas and represented with the white pixels. Figure 6 shows binary images of the change areas
in the all cases. The results show that most of the changes are detected at the bottom left of
the images.
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(e] (fp.
Figure 6: Binary change images created using the size of movement during a
registration process. (a) detect96,98. (b) detect98,02. (c) detect02,05. (d)
detect96,02. (e) detect98,05. (f) detect96,05.

These binary images were then used as the input for the IF-THEN conditional statement
in landslides monitoring. For example, in order to monitor the changes from year 1996 to
2002, the IF-THEN conditional statement is applied to the binary image of detectysqg and
detectog op. If the pixel at location (x,y) in detectosos and detectqs o, iS detected as 1 (change),
then the conditional statement will defined pixel at location (x,y) in changeg, as O
(unchanged) (refer to Figure 4). Although the conditional statement identified that there are
no changes in this location between year 1996 and 2002, however it can give details on what
actually had happened based on the result of detectqs s and detectyg o, In Figure 3, we can see
that this condition happened because the existing land cover at location (x,y) in 1996 is lost in
1998. This change condition is detected as 1 in a binary image of detectgs g, In 2002, the land
cover exists at this location. However, there were changes happening in this location between
1998 and 2002. It is detected as 1 in a binary image of detectygo,. Although the change
happened in this location between 1996 and 1998, and between 1998 and 2002, however, the
conditional statement will identified this location as no changes between 1996 and 2002. This
is because the land cover at this location is exists in both years i.e. 1996 and 2002.

In order to monitor changes from year 1996 to 2005, the same process were applied to the
binary images of detectqs os  detectyg o, and detecty, o5, Changes from year 1998 to 2005 were
monitored by applying the same process to the binary image of detectygo, and detectoy gs.
Figure 7 shows the percentage of condition monitored in all cases. The unchanged condition
is represented by condition 1 and condition 3. Condition 1 refers to the condition of exist >
loss = exist. Condition 3 refers to the condition of exist - exist - exist. The identified
unchanged condition is defined by condition 2 and condition 4. Condition 2 refers to the
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condition of exist = loss = loss. Condition 4 refers to the condition of exist = exist = loss.
From this graph, it was shown that the study areas did not encounter significant changes
whence the changes detected in all cases is 3.18%, 1.6% and 0.88% for Case 1, Case 2 and
Case 3, respectively.
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Figure 7: Percentage of conditions identified using conditional statements
approach. (a) Monitored from 1996 to 2002. (b) Monitored from 1998 to 2005. (a)
Monitored from 1996 to 2005.

The consistency of the result is determined by comparing the changes in every case
detected by the conditional statement (between image, and imagey) with the changes detected
through elastic image registration. Table 1 shows the percentage of change and unchanged
pixels generated by both methods. Results from the table shows that both methods give a high
percentage of unchanged pixels more than 93%. The mismatch condition is summarized in
Table 2. Error 1 is defined as the condition where pixel at location (x,y) is detected as changes
in the image registration method but not by the conditional statement method. Error 2 is
defined as the condition where the pixel at location (x,y) is detected as unchanged in the
image registration method but not with the conditional statement method. The results show
that both methods give almost similar location of change and unchanged condition with the
percentage of mismatch locations being less than 4% for all conditions.

Table 1. Percentage of change and unchanged identified in the image registration
and conditional statement method.

Caseno Condition Image Conditional
registration (%) statement (%o)
1 changeos gz Unchanged = Unchanged =
03.76 06.82
Change=6.24 Change=3.18
2 changeps ;s Unchanged = Unchanged =
96.24 98.40
Change=3.76 Change=1.6
3 changeos s Unchanged = Unchanged =
05,24 99,12
Change=4.76 Change=10.88

Table 2. Percentage of error detected between the image registration and
conditional method due to mismatch conditions.

Caseno  Condition Error 1 (%) Error2 (%)
1 changeos 2 0 2.36

2 changess os 0 1.96

3 changezs os 0 3.8
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4. Conclusions

Elastic image registration can be used to detect landslide location and provide
information on the amount of land movement at the landslide area. The size of pixel
movements during a registration process can be used to detect the areas changed. Areas
changed are defined as the locations where a lot of pixel movements happened during a
registration process due substantial changes suffered in that location when compared to
the other locations. The conditional statements which were developed by considering
four change conditions and use subsequent of sequences of binary change images can
be used to monitor changes in the landslide areas. Detail information on the changes at
locations can be gathered if the more sequence of binary change image are used as the
input parameters. Therefore, it can provide information on the historical change
condition in the study area. Errors between changes detected by using conditional
statement approach and elastic image registration approach appeared only in conditions
where the pixel at location (x,y) was detected as unchanged in the image registration
method but not at the conditional statement method. The right selection of the threshold
value in producing a binary change image could solve this problem.
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