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The major issue of concern in change detection process is the accuracy of the
algorithm to recover changed and unchanged pixels. The fusion rules
presented in the existing methods could not integrate the features accurately
which results in more number of false alarms and speckle noise in the output
image. This paper proposes an algorithm which fuses two multi-temporal
images through proposed set of fusion rules in stationary wavelet transform.
In the first step, the source images obtained from log ratio and mean ratio
operators are decomposed into three high frequency sub-bands and one low
frequency sub-band by stationary wavelet transform. Then, proposed fusion
rules for low and high frequency sub-bands are applied on the coefficient
maps to get the fused wavelet coefficients map. The fused image is recovered
by applying the inverse stationary wavelet transform (ISWT) on the fused
coefficient map. Finally, the changed and unchanged areas are classified
using Fuzzy ¢ means clustering. The performance of the algorithm is

calculated in terms of percentage correct classification (PCC), overall error
(OE) and Kappa coefficient (K.). The qualitative and quantitative results
prove that the proposed method offers least error, highest accuracy and
Kappa value as compare to its preexistences.
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1. INTRODUCTION

Change detection is a process in which the multi-temporal images are compared to detect the
number of pixels that have undergone change with time [1]. The most basic techniques used for change
detection are differencing and ratioing. In image differencing, the corresponding pixel in one image is
subtracted from the second image to generate a difference image. In image ratioing, the corresponding values
of pixels in multi-temporal images are divided to get the output image. Out of these techniques, ratioing
techniques are more popular because of their robustness to calibration errors [2]-[3]. However, every change
detection methods have its own advantages and drawbacks in terms of the false alarms generation and
accuracy of the change detection. So, it is difficult to obtain all the features from one change detector. To
overcome this difficulty, the output of different change detection methods can be combined together to obtain
a high quality output. Such technique of integrating the different images together is called as image fusion
[4]. The output of mean ratio and log ratio can be fused together through different fusion rules to produce an
output which contain features of both the operators. In the literature, many image fusion methods have been
presented like discrete wavelet transform (DWT) [5] and Stationary wavelet transform [6]-[7]. However,
SWT is the popular techniques for image fusion because it is shift invariant which does not allow the
alteration in coefficient map if there is any small mismatch between the pixels of source image [8].
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In Stationary wavelet transform based image fusion, the source images are decomposed into four
equal sized images. One image represents the low frequency sub-band containing the approximate portion of
the image while the three images representing the high frequency sub-band contain information horizontal,
vertical and diagonal components respectively. In the next step, the coefficients of low and high frequency
sub-band of the decomposed images are fused separately to obtain a fused coefficient map which has features
of both the images. The coefficients are fused based upon certain fusion rules different for low frequency
sub-band and high frequency sub-band. The fused image is generated by applying inverse stationary wavelet
transform on the fused coefficients map. Many wavelet transform based image fusion method has been
presented in the literature which find wavelet transform applicable into many areas like medical diagnosis,
image analysis and resolution enhancement [9]-[15]. Finally, Clustering technique is applied on the output of
image fusion which classifies the changed and unchanged areas into different clusters. The changed areas
belong to one cluster while the unchanged areas belong to the other. There are many clustering techniques in
the literature like Fuzzy C means clustering [16]-[17], k means clustering [18] and Nonsubsampled
contourlet transform (NSCT) based clustering [19].

This paper proposes new fusion rules for stationary wavelet transform. The coefficients of low
frequency sub-band has been fused by applying proposed average based rules while the coefficients of high
frequency sub-band are fused by proposed neighborhood mean differencing rule.

The organization of the paper includes four sections. The next section introduces the methodology
used for change detection. Third section introduces the datasets and parameters used in the experiment.
Results and discussion has been presented in the fourth section. Fifth section presents the conclusion.

2. PROPOSED ALGORITHM

Consider two co-registered images Iy = {I;1(i,/), 1 <i<R,1<j<C}and lno={l,,,(i,)), 1<
i <R,1<j<C}ofsize RxC, i.e., of a scene taken at two different times. The proposed approach involves
the three main steps as shown in figure 1. In the first step, Log ratio and Mean ratio operators are applied on
two multi-temporal images respectively to generate two source images. In the second steps, both the source
images are fused by stationary wavelet transform with proposed fusion rules. In the last step, the difference
image is classified into changed and unchanged areas by fuzzy ¢ means clustering algorithm to generate a
change map.

Image 1 Image 2
\ 4 >< \ 4
Log Ratio Mean Ratio
v \ 4
Image Fusion
\ 4
Clustering
\ 4
Change Map

Figure 1. Methodology of proposed change detection approach

In Log Ratio operator, natural logarithms of the ratio of pixels in the images are calculated as given
in equation 1.Applying Log operator on an image enhances the low frequency components while suppress the
high frequency features in the output image.

1)) = log =20k )

Im2(i))
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In case of Mean Ratio operator, the local mean of the pixel in one image is divided with the local
mean of the corresponding pixel in the second image as given in equation 2.

1,G,j) = 1 — min (EE) @)
where p, and p, in equation 2 represents the local mean value of the pixel in the neighborhood of first and
second image respectively.

The stationary wavelet transform of each of the source images is computed which gives the wavelet
coefficient of both the images. The fusion rules are then applied in order to fuse the corresponding
coefficients of the decomposed source images. Different fusion rules are applied on the low frequency and
high frequency coefficients. In the next step, inverse stationary level transform (ISWT) is applied on the
fused representation to get the fused image.

The first step involved in the process is the decomposition of I, and I, into four images of the equal
size. The image corresponding to low frequency sub-band represents the approximate portion of the image
while other images corresponding to high frequency sub-band represents the information about the lines and
edges in the image which include horizontal, vertical and diagonal components. In SWT, the information of
low and high pass channel is applied at every level and two sequences are produced at the next stage. The
length of the new sequences will be same as that of the first grouping. In SWT, the zeros are inserted between
filter coefficients so as to up-sample the filter.

As the low frequency sub-band and high frequency sub-bands represents different features so it is
necessary to fuse them through different fusion rules. Here two fusion rules have been proposed:

Fusion Rule for Low frequency sub-band

L+
If, = axmax(Il, 1) + (1 + o) x ( LL;r ) o
Fusion Rule for high frequency Sub-band
If = max(pt, p") — min(pl, p) "

Here a in equation 3 is a positive number. I™, I' and I represents the mean ratio, log ratio and fused
images respectively. I, represents the coefficients of low frequency sub-band while Ie(e= HL, LH and HH)
represents the coefficients of high frequency sub-band, . represents the local mean of the coefficients of the
neighborhood window in the high frequency sub-band. A window size of 3x3 has been considered in the
algorithm. As the low and high frequency components are obtained by combining the spatial and gray level
information of the neighbors, so, the fusion rules further reduces the effect of speckle noise. The proposed
rules for low frequency sub-band enhance the edge features of changed regions of the source image while in
high frequency sub-band, the fusion rule is selected in such a way to suppress the background information
and make the image smoother. So based upon the proposed fusion rules, the change detection output results
in maximum background suppression and enhanced features in the changed image.

3. DATASET AND PARAMETERS

The image dataset used for calculating the effectiveness of algorithms belongs to the city of Bern,
Switzerland captured by European Remote Sensing 2 satellite in the month of April and May 1999 as shown
in Figure 2(a) and 2(b). Between the two dates, the Bern city and airport was flooded by Aare River. The
ground truth has been shown in Figure 2(c). The image size of (329x329) has been used in this experiment.
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Figure 2. Multi-temporal images of Bern city (a) Image captured in April 1999 before flooding (b) Image
captured in May 1999 after flooding (c) Ground truth [5]

In this paper, the results obtained from proposed method have been compared with the results of log
ratio, mean ratio operators, Discrete Wavelet Transform (DWT) based image fusion[5], Neighborhood based
ratio approach[20] and Logarithmic ratio based Thresholding[21]. The comparison is done on the basis of
various parameters and change image map generated by the algorithms. The parameters used for calculation
of effectiveness include percentage correct classification (PCC) and Kappa Coefficient (K) [22].

(Tp+Tn)

PCC = (Tp+Tn+Fp+Fp) ®)
f A= ((Tp+Fn) x (Tp+Fp)+(Fp+Tn) x (Tn+Fn)) (6)
(Tp+Tn+Fp+Tn) 2
_ PCC-A
Ke=—=; ()

Tp represents the changed pixels which has been identified correctly as changed pixels. The value of
Tp is 1 if the value of corresponding pixels in output of proposed algorithm and ground truth are both
1.0therwise Tp will be zero. T, represents the unchanged pixels which have been correctly identified as
unchanged. The value of T, is 1 if the corresponding pixels value in output of proposed algorithm and ground
truth are both 0. Otherwise T, will be zero. Fp represents those pixels which are actually changed but
identified as unchanged pixels. The value of Fp is 1 if the pixels value in output of algorithm is 1 and the
value of corresponding pixel in ground truth is 0. Otherwise Fp will be zero. F, represents those unchanged
pixels which have been identified wrongly as changed. The value of F, is 1 if the pixels value in the output
of algorithm is 0 and the value of corresponding pixel in ground truth is 1. Otherwise F,, will be zero. Overall
Error (OE) is the sum of Fp and F,. PCC gives the percentage of pixels correctly identified by the change
detection algorithm. K, represents the agreement between the output of change detection algorithm with the
ground truth.

4. RESULTS AND DISCUSSION
To find the effectiveness, the proposed algorithm has been applied on the image dataset of city of
Bern. The qualitative analysis has been done by generating the change map as shown in Figure 3. The
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quantitative analysis has been obtained by comparing the output with ground truth through various
parameters like false alarms, percentage correct classification, overall error and Kappa coefficient as given in
Table 1. The proposed method has yielded highest PCC equal to 99.68% while PCC for Discrete wavelet
transform based image fusion is 99.37%, PCC for neighborhood ratio based method is 99.66% and PCC for
Logarithmic mean based Thresholding is 97.32%. The log ratio operator improves the change detection result
by converting the multiplicative speckle noise into additive. So, the output of log ratio operator contains less
speckle noise. But, the log ratio operator results in large number of false alarms which means that it is not
capable of recovering the maximum unchanged pixels. On the other hand, mean ratio operator results in large
amount of speckle noise but it recovers the maximum number of unchanged pixels. The output of both the
operators has been fused together to recover maximum number of changed and unchanged pixels. By
introducing neighborhood mean for the wavelet coefficients, the change detection has resulted in detection of
more changed and unchanged pixels. Also, the neighborhood ratio combines the gray level and spatial
information in the neighboring pixels which results in further reduction of speckle noise.

As shown in figure 3(f), the change map generated by proposed method has least spots and
maximum resemblance with the ground truth as compare to the other methods used for comparison. The
change map generated by log ratio method has less speckle noise but it could not recover the changed and
unchanged pixels more effectively. On the other hand, mean ratio has resulted in large number of false
alarms which can also be seen in figure 3(b) where large number of white spots exists. Discrete wavelet
transform has been effective in recovering the maximum unchanged pixels but it has not been effective in
recovering the changed pixels. if the change map of proposed algorithm is compared with the other
techniques then it is found that the proposed algorithm has resulted in maximum resemblance with the
ground truth. The proposed algorithm has also yielded highest value of Kappa coefficient equal to 0.9958
while it is 0.9952 for Log Ratio, 0.7515 for Mean Ratio, 0.790 for Discrete Wavelet transform, 0.850 for
Neighborhood Ratio method and 0.6928 for Logarithmic mean Thresholding based change detection method.
This means that the output of proposed method has the most agreement with the ground truth which makes it
most accurate among the other methods mentioned in this paper.

Table 1. Results of Change Detection

Method
Criterion . . Discrete Wavelet Neighborhood Logarithmic Mean
Log Ratio Mean Ratio Transform Ratio Thresholding Proposed
Fo 37 17115 507 110 677 139
Fn 293 6 61 199 1077 150
OE 330 17121 568 309 1754 289
pCC 99.64 % 81.23 % 99.37 % 99.66 % 97.32% 99.68 %
Kappa 0.9952 0.7515 0.790 0.859 0.6928 0.9958

Figure 3 show the change map of Bern dataset as obtained by log ratio, mean ratio, DWT-FCM,
neighborhood ratio approach, logarithmic mean thresholding and proposed algorithm. It can be seen that the
change map obtained from the proposed method has recovered the maximum target pixels and reduce the
speckle noise.

Change Detection from Remotely Sensed Images Based on Stationary Wavelet Transform (Abhishek Sharma)



3400

a ISSN: 2088-8708

(d) ®

Figure 3. Change map generated by. (a) Log Ratio (b) Mean Ratio (c) DWT-FCM (d)Neighborhood Ratio

5.

approach (e) Logarithmic Mean Thresholding (f)Proposed Method

CONCLUSION
This paper presented an approach based on Stationary wavelet transform with new fusion rules. The

source images generated by log ratio and mean ratio operator are fused with new set of fusion rules proposed
in this paper. The fusion rules for low frequency sub-band enhance the edge features of the changed region.

The

fusion rule for high frequency sub-band combines the spatial and gray level information of the

neighboring pixel which results in reduction of speckle noise from the images. So, the fused image get
enhances and contain less amount of speckle noise. The quantitative analysis proves that the accuracy and
kappa value of the proposed algorithm is better than its preexistences. As far as qualitative comparison is
concerned, the proposed methods offer the least overall error and maximum resemblance with the ground

truth.

So, based upon the analysis of results it is concluded that the proposed algorithm is more accurate as

compare to the other similar methods.
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