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Abstract: The information of seismic damage of buildings in SAR images of different time phase,
especially in SAR images after earthquake, is easily disturbed by other factors, which affects the
accuracy of information discrimination. In order to identify and evaluate the distribution
information of the seismic damage accurately and make full use of the abundant texture features in
the SAR image. The conventional method of change detection based on texture features usually
takes the pixel as the calculating unit. In this paper, a method of texture feature change detection of
SAR images based on watershed segmentation algorithm is proposed. Based on the optimization of
texture feature parameters, the feature parameters are segmented by the watershed segmentation
algorithm, and the feature object image is obtained. This method introduces the idea of object
oriented, and carries out the calculation of the difference map at the object level, Finally, the
classification threshold value of different types of seismic damage types is selected, and the
recognition of building damage is achieved. Taking the ALOS data before and after the earthquake
in Yushu as an example to verify the effectiveness of the method, the overall accuracy of the
building extraction is 88.9%, Compared with pixel-based methods, it is proved that the proposed
method is effective.

Keywords: seismic damage building; watershed segmentation; SAR; texture feature; change
detection

1. Introduction

Synthetic aperture radar (SAR) can penetrate cloud haze and have all day long and all-weather
ability to obtain the information of ground, Since 1950s, it has been widely used in the field of
surface subsidence monitoring, topographic mapping, resource exploration, environmental remote
sensing and military, etc. In recent years, with the rapid development of the technology of SAR, the
SAR image building change detection [1] has become a research hotspot [2-5], especially after the
earthquake, SAR technology can overcome the effects of bad weather and obtain images after the
earthquake quickly, so as to extract the earthquake damage to buildings as soon as possible.

Most of the existing SAR image seismic damage detection methods use gray level
information[6-10], Due to the existence of obvious speckle noise in SAR images[11], change detection
results usually have high false alarm rate and false negative rate, at which point we can reduce the
effect of speckle noise using image processing method[12]. With the improvement of the resolution
of SAR image, the texture feature is used as a kind of image information which can reduce the
influence of speckle noise [13-15]. However, at present, the research of change detection based on
texture is usually based on a single texture or a few texture features which are suitable for the test
area [14-15]. There are two kinds of description results which describe the difference by using a
certain description of the texture feature: WWe can distinguish the change of surface features, When
calculating the Euclidean distance of the texture feature vector, this component is larger; @We
cannot distinguish the change of surface features, When calculating the Euclidean distance of the
texture feature vector, this component is close to 0. The conventional method of change detection
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based on texture feature is usually expressed in the form of the difference map. The method is based
on the pixel calculation and cannot represent the whole change of the object image, while the main
goal of image segmentation is to divide the image into an integral part of the real world objects or
regions. The idea of object oriented is introduced, which makes the change detection more
meaningful. In this paper, we calculate the omnidirectional texture value of 8 kinds of texture
features based on gray level co-occurrence matrix (GLCM). Then, the texture feature is segmented
by the watershed segmentation method. The difference of texture features of SAR image is
calculated on the object-based level; finally, the information of seismic damage is extracted. The
method technical flow chart is shown in figure 1.
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Figure 1. Technical flow chart
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2. Materials and Methods

Before the feature analysis, the image needs to be processed by filtering in order to reduce the
influence of speckle noise of SAR image. There are many filtering algorithms, such as Lee filter, Frost
filter, Frost filter, enhanced Kuan filter and Gamma filter, In this paper, the enhance the Lee filter
with the window size of 3x3 is used. The method proposed in this paper is divided into three main
processes: (1) Texture feature analysis and statistics ;(2) Watershed segmentation for texture
feature;(3) Split object difference analysis.

2.1 Texture Feature Analysis and Statistics

SAR image texture mainly reflects the spatial distribution and roughness of the surface, which
represents the characteristics of the object surface, and it is an important symbol of the
discrimination of surface features. As the texture of SAR image is very rich, the texture analysis of
SAR image is more and more used in various fields. Due to the lack of spatial information of SAR
image, the rich texture information is the best feature of SAR image information recognition.

Different targets have different texture features in SAR images, the statistical analysis method
is an effective method for SAR image texture analysis. The statistical analysis method is mainly to
analyze the texture of the texture features in the small area under the condition that the texture
primitives are not known or have not yet been detected, which is mainly to describe the random and
spatial statistical characteristics of the texture primitives or local patterns, in order to show the
consistency of the region and the difference between regions. Statistical method plays a leading role
in texture analysis, which has good adaptability to the details and randomness of texture, especially
suitable for the complexity of the distribution of the ground objects in nature. Texture feature
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extraction based on gray level co-occurrence matrix is a classical statistical analysis method, which
has been applied to the texture extraction of high resolution remote sensing image and multi spectral
remote sensing image [17]

In this paper, the co-occurrence probability texture feature is used to extract texture features
,The co-occurrence probability texture feature is a statistical method based on texture description,
which uses co-occurrence matrix GLCM grey-level to describe the texture feature[18]. The
co-occurrence probability texture feature is proposed by the Haralick using gray level co-occurrence
matrix [19]. The gray level co-occurrence matrix emphasizes the spatial dependence of the gray
level, which is characterized by the spatial relation of the pixels in a texture pattern[20]. Gray level
co-occurrence matrix is a matrix function of pixel distance and angle, it reflects the image in the
direction, distance, change the amplitude and speed of the integrated information through the
calculation of the image of a certain distance and the direction of the correlation between the two
points. The texture characteristic parameters of seismic damage buildings mainly include Mean
(ME), variance (VA), contrast (CON), entropy (ENT), homogeneity (HOM), dissimilarity (DI),
correlation (COR), angular second moment (ASM).

N=J .
ME=) " ixP, 0

ME  reflects the local change of image.

NV p - 2
VA_Z’FOsz,,_,(z ME) .

Vd s expressed in the form of gray level co-occurrence matrix, which is a measure of the pixel
value and the mean deviation.

N-1 N-1 N-I
CON =3 n*% 2P,
=0 i=0 j=0
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CON  reflects the extent of image clarity and texture of the grooves.
N-1N-1
ENT=Y Y P logp,, (4)
i=0 j=0

ENT represents the degree or complexity of the texture in the image, which is a measure of the

amount of information in the image, and it is a measure of randomness.
N-1N-1
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HOM  can reflect the homogeneity of image texture, how much the local change of image
texture is measured.
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DI and contrast are linear correlation, the greater the local contrast, the greater the difference.
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COR measures the similarity degree of spatial GLCM elements in row or column direction.

2

N-1
ASM =3 ixP, (8)

ASM is the square sum of the element value of the gray level co-occurrence matrix, which

reflects the uniformity of the distribution of the image and the thickness of the texture.

In the above formula, i,j=0,1,2,3.....N-1, N is the image gray series, # represents mean, o

P
represents variance, / represents the pixel starting from the image gray level i, statistics the

occurrence probability of gray level of J pixels with the distance to J .

2.1.1 Determination of texture parameters

The texture features are described by gray level co-occurrence matrix. The gray level
co-occurrence matrix is related to the chosen direction, step size, window size and image
quantization level, so the parameters of the gray level co-occurrence matrix should be selected
according to the specific image texture feature. According to the experience, taking the average
value of 4 degrees, 0°, 45°, 90° and 135° as the GLCM of the local image center pixel position. The
change of image quantization level has little effect on the GLCM of the image. In this study, the
image quantization level is 64. The smaller step size can reflect the texture characteristics. In this
paper, the step length is 1.

The biggest impact on the value of the feature value is the size of the window. Ground
investigation of the earthquake damage to buildings is divided into 5 categories, remote sensing
seismic damage investigation is divided into basic intact, moderate damage; destroy three categories
by combining ground survey results. This paper will analyze the parameters of the three kinds of
samples in different window size, so as to select the optimal window size of the sample characteristic
parameters based on these three categories. Taking the standard deviation and entropy as an
example, the standard deviation and entropy of different window sizes are calculated, and the
change trend of different feature values with window size is studied using 3x3 to 51x51 window size
at intervals of 4, as shown in figure 2. When the window size is 11x11, the characteristic value of the
damaged buildings at different levels reaches the maximum, and the standard deviation is better,
For entropy change, basic intact and moderate damage discrimination is not very good, but severely
damaged distinguish is better, which is conducive to extract the information of the buildings
severely damaged, So in this study, the gray level co-occurrence matrix is calculated by the window
size selection of 11x11.
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Figure 2. The curve of the texture feature parameters with the change of the window size

2.1.2 Texture Feature Selection

According to the image characteristics, the characteristics of the obvious, clear building samples
were chosen to carry out statistical characteristics. Among them, the basic intact of the category is 25,
the destruction of the category is 39. Statistical parameters are as follows: ME,VA,
CON,ENT,HOM,DL COR,ASM(Table 1).

Table 1. Statistical results of SAR samples

Intact Destroyed
Samples

Range ME VA Range ME VA
ME 0.57-1.97 1.11 0.46 2.1-6.5 3.46 1.13
VA 0.41-0.76 0.58 0.31 3.4-18.5 7.32 4.09
HOM 0.65-0.83 0.75 0.055 0.35-0.67 0.58 0.07
CON 1.35-5.98 3.07 1.29 6.60-370 14.39 8.07
DI 0.43-1.10 0.67 0.22 1.20-3.20 1.82 0.54
ENT 0.59-1.10 0.81 0.15 0.82-1.80 1.09 0.22
ASM 0.5-0.68 0.58 0.055 0.13-0.66 0.51 0.13
COR -9.5--1.55 -5.15 2.80 -9.52--2.69  -6.33 1.99

Statistical analysis of the range of the characteristic value as shown in figure 3, In the SAR
image of the test area, ME, HOM and CON have strong ability to characterize the different damage
degree of buildings.
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Figure 3. Statistical distribution of SAR image characteristic parameters of different types of buildings

2.2 Watershed segmentation algorithm

Watershed segmentation method is derived from the understanding of topography, this
method uses a topological map to describe an image. We know that the lake and the sea correspond
to the regional minima in the topography, Terrain can be completely divided into several areas,
which will lead to a specific lake or sea, the lake or the sea is called a water basin. When the
watershed algorithm is applied to image segmentation, the height of the topographic map
corresponds to the gray value of the pixel, the larger gray value corresponds to the peak in the
topographic map, and the smaller gray value corresponds to the valley in the topographic map.
Water always flows downwards, it will be gathered in a valley low-lying areas. The valley called for
water basin, water will eventually gathered in different water basin, watershed is that water basin
between the ridges. When the water flows from the watershed to the water basin, the probability of
flowing to every basin is the same. This idea is used to image segmentation in order to find the
image of the water basin and the watershed, both of which are divided into the region is the goal we
want to split. The schematic diagram of the watershed and the water basin is shown in figure 4.

Watershed Line

Partial Minimum Water Basin Dam

Figure 4. Schematic diagram of watershed algorithm
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In image segmentation, the result of the output of the watershed segmentation algorithm is
the water basin image of the input image, and the watershed is the boundary between the water
basins. Watershed segmentation based on distance transform, watershed segmentation based on
gradient and marker based watershed segmentation are the main three kinds of classical watershed
segmentation algorithms [21]. Image gradient change is often used as the basis for the segmentation
of the watershed algorithm, therefore, in order to get the water basin image, the gradient amplitude
is usually used to process the image, That is, the input of the watershed algorithm is the gradient
image, and the gradient of the image is usually expressed as the difference between the pixel gray
level[22,23].

et =l {01~ £ (5, f L) L) =D,

In the formula, ) represents the original image, and the & ad e} represents the
gradient operation.

Firstly, the gradient image is extracted from the original image using watershed segmentation
based on gradient, then the gradient image is smoothed, and finally the gradient image is divided
into a watershed.

Assuming M M »++M« is the coordinate set for all local minima of the gradient image
g(x.y ), The coordinate set of the pixel points associated with any local minimum value M, i

defined as M f), T(1) is a collection of coordinate (s,2) , where the TI'(n) expression is as follows:

T(n)={(s,0)| g(s,1) <n} (10)

C.(M ) represents the coordinates of the pixels that have been flooded in the valley of the

minimum value of M :

C.M)=CM I)NT ) 11

C[n]

is the union of valley flooded part in step 7

C[n]:nC”(Mi) (12)
The flooding process of the watershed algorithm is described that the water level increases from
the local minimum point to the maximum value of the gradient image with the whole number of

units. & (xr,y)=n can be seen as a horizontal plane, T() s the set of coordinates of all points in
the horizontal plane.

The watershed algorithm is low complexity, simple and easy to implement, the algorithm needs
less time, and has a good response to the weak edge. Extracted object contour edge line is closed, the
algorithm can accurately locate the target object. In addition, the results obtained after the watershed
segmentation is a closed water basin, which is more convenient for the analysis of the characteristics
of the image object.

3. Results

3.1 Study area

In this paper, we choose the town of Jiegu after Yushu earthquake as the research area(figure 5).
The Yushu earthquake occurred on April 14, 2010, magnitude is 7.1. The earthquake epicenter is
located near the town of Jiegu, Yushu County, Tibetan Autonomous Prefecture, Qinghai province.
Epicentral intensity is 9 degrees, the earthquake affected area of about 30 thousand square meters,
which caused more than 2000 deaths and huge economic losses [24,25].
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Figure 5. Scope and location of study area
In order to verify the feasibility and accuracy of the method proposed in this paper, we will take
the ALOS data to compare the experimental results, Data acquisition time is 2010.01.15 and
2010.04.17, the image resolution is 16m, the image is shown in figure 6.

(@) (b)
Figure 6. Multi temporal SAR images of Yushu earthquake zone ((a) SAR image before the earthquake, (b) SAR

image after the earthquake)

3.1 Texture feature change detection based on watershed segmentation(WSCCD)

The method of WSCCD is divided into two steps, The first step is to deal with the texture
feature for watershed segmentation, and the segmentation object is combined; The second step is to
seek the difference image between the texture feature object after segmentation so as to identify the
information of seismic damage building. Principal component analysis is performed on the ME,
HOM, CON texture feature parameters. The target layer of watershed segmentation is the first
principal component.

In this paper, the calculation process of the watershed is an iterative process. The algorithm is
mainly divided into two steps, one is the sorting process, and one is the submerged process. Firstly,
the gray level of each pixel is sorted from low to high, and then in the process of flooding from low
to high, each local minimum value is judged by using the advanced first out structure in the
influence field of the H order height. Watershed algorithm has a good response to the weak edge,
image noise; the object of the gray level changes will produce over segmentation phenomenon. In
order to eliminate the over segmentation of the watershed algorithm, two methods are usually
adopted. The first is to remove the irrelevant edge information by using the prior knowledge. The
second is to modify the gradient function to make the water collecting basin only respond to the
target detected. In this paper, we use the method of modifying the gradient function to deal with the

threshold of the gradient image in order to eliminate the over segmentation caused by the small

change of the gray level. That is g(x, y) = max(grad(f(x,y)),g0) , & ¢ represents the thresholds.
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The watershed segmentation is easy to produce over segmentation, which produces a number of
small regions, in order to reduce the number of segmented regions, the results of image processing
should be combined after segmentation. After setting the appropriate merge parameters (this paper
is set to 65), the collection of small areas can represent a small group of buildings, and the merged

image is shown in figure 7.

30N

Figure 7. Split merge image
Texture feature image before and after earthquake is merged with the same parameters to ensure
that the size of the object after the split is the same. On this basis, subtraction operation is
implemented. The basic principle of image difference change detection is

In(x, y)=|L(x, y)-Ii(x, p)| (13)

Assuming that I1 and Iz represent two images of the same region as phaseT: and T:. In the
formula, Ip(x, y) is the pixel value of the difference image. If the object does not change, the
corresponding pixel value in the difference image is close to 0. If the pixel value Ip in the difference
image is greater than the threshold value Ip, it is believed that the pixel has changed. Difference
method is the most widely used change detection method at present. But in the process of
application, the reasonable threshold selection is the key to determine the accuracy of the detection,
In this paper, we select the buildings with different degree of damage in optical image, and count the
pixel value of the difference map of the sample points, so as to determine the reasonable threshold
value. Sample point distribution is shown in figure 8.
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Figure 8. Sample distribution of buildings with different damage types
The difference of texture features of 94 samples is used to obtain the threshold value of the
difference image (figure 9). Differential image is classed based on threshold, the distribution of
building damage is shown in figure 10.
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Figure 9. Threshold distribution range of earthquake damage to buildings
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Figure. 10. Results of earthquake damage to buildings based on watershed segmentation
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Figure. 11. The results of visual interpretation of optical image
The results of the analysis of the building and the visual interpretation of the optical image
(figure 11) are compared, the extraction area of three buildings with different damage degree is
calculated and compared with the visual results, and the extraction accuracy is evaluated.

3.2 Difference change detection based on texture feature(TFDCD)

The HOM characteristic factor is directly used for the difference operation, and the
classification threshold is obtained by using the selected sample statistics, as an experimental
comparison, the information distribution of seismic damage is shown in figure 12.
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Figure 12. Distribution of the results of the earthquake damage

4. DISCUSSION

In this paper, the original image texture feature change detection method is as a result of
comparison. Due to the lack of field survey data, the results of visual interpretation of QuickBird
optical images are the basis of the results. The area extracted is as the evaluation criterion for
quantitative evaluation of information extraction results. The extraction accuracy of the two kinds of
methods is calculated respectively, and the comparison is shown in the Table 2.

Table 2 Comparison of three kinds of methods of building extraction accuracy with different damage degree,
the extraction accuracy including the extraction accuracy (EA), missed rate (MR), false detection rate (FDR) and

overall accuracy (OA).

Intact Moderately Destroyed
Method OA/%
EA/% MR/% FDR/% EA/% MR/% FDR/% EA/% MR/% FDR/%

WSCCD  88.9 11.1 8.6 89.1 10.9 9.5 84.3 15.7 10.4 89.3

TFDCD  75.6 24.4 15.7 78.3 21.7 18.2 73.9 26.1 14.4 72.7

The EA, MR and FDR of the two methods were compared, comparison is shown in figure 13.
Through (a), (b), (c), the EA of the three types of damaged buildings of WSCCD is higher than that of
the direct difference change detection, the EA is 88.9% and 75.6% respectively. By comparing the
image, the result of the direct difference change detection method is more broken. Difference
distribution between the pixel and the pixel is more dispersed and distributed around the threshold
of jump points is more; direct difference of pixel is easy to cause the miscarriage of justice and
miscarriage of justice.

In the method of TFDCD, the ratio of medium damage to buildings and damaged buildings is
large, while the rate of miscarriage of justice based on watershed segmentation is low. The three
types of FDR were 8.6%, 9.5%, 10.4%, respectively. The reason for causing the wrong check is that
segmentation is not uniform and the process is affected by the road.
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Figure 13. Comparison of the accuracy of different damage types of buildings
Remote sensing images of different data sources have different characteristics of earthquake
damage, so there are also differences in texture characteristics, the texture features used in this paper
are three characteristic parameters of ME, HOM, CON, and the first principal component of which is
chosen to participate in the analysis and calculation. The texture feature parameters of different
types of image and damage degree may not be the same, the extraction accuracy will be different.

5. Conclusions

This paper proposes a texture feature change detection method based on watershed
segmentation, This method uses the watershed segmentation algorithm to segment the texture
feature and get the texture feature after obtaining the optimal texture feature, Then, the
characteristic object image is subtracted to detect the difference, and the samples are selected to
calculate the classification threshold so as to get the distribution information of the earthquake
damage buildings. Taking the ALOS data of Yushu earthquake as an example, the proposed method
has higher accuracy compared with the direct difference change detection method of the texture
feature. The method made a breakthrough in the following points: (1) Taking the texture feature
object as the unit to participate in the change detection algorithm, the idea of object oriented is
introduced to change detection, which breaks the conventional change detection method mode with
pixel as the unit;(2) The watershed segmentation algorithm is applied to the texture feature based on
statistics, which makes the segmentation more meaningful. The traditional change detection
algorithm usually uses pixels as the calculating unit, the results often accompanied by a large
number of broken spots, in this paper, the breakthrough point 1 will have the same characteristics of
the pixel set to form the image object, and change detection takes the object as a unit, and avoids the
generation of pixel spot. The generation of HOM is based on gray level statistics, the watershed
segmentation method is used to describe the image of the image, and the gray value of the image
pixel corresponds to the height of the topographic map, so the idea of the segmentation method is
consistent with the statistical texture feature calculation method. The thought is also the
breakthrough point 2 of this paper, which makes the texture feature segmentation of the object more
in line with the actual object, and thus improves the recognition accuracy.

Taking the Yushu earthquake as an example, the effectiveness of the method is proved.
Experimental results show that the texture feature change detection method based on watershed
segmentation can effectively identify the seismic damage building information, and can improve the
recognition accuracy compared with the direct change detection method based on pixel. In accuracy
comparison process, due to the lack of detailed field survey data of Yushu earthquake, So the visual
interpretation result of block is used as a comparison basis, To a certain extent, which will affect the
accuracy of the calculation. In the future work, it will be possible to select the detailed results of the
investigation of the single building with the field as the validation data. At the same time, this paper
only selects one of the best texture features. In the future, how to integrate the texture features into
the segmentation operation is also the focus of the study.
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