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Abstract Image fusion is the process of combining relevant information from two or more images into a single fused image. The fused image will be more informative than any of the input images. The aim of this project is to apply image fusion techniques to detect changes in multi temporal SAR images. In the proposed project, a fused image is generated by using complementary information from a mean ratio image and a log ratio image. Contourlet transform is used for decomposing the mean ratio image and log ratio image. A fusion rule is applied to restrain the background information and enhance the information of changed regions in the fused difference image;The fusion rule based on an average operator is chosen to fuse the contourlet coefficients. A fuzzy C-means clustering algorithm is proposed for classifying changed and unchanged regions in the fused difference image.
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1. Introduction The goal of image fusion (IF) is to integrate complementary multisensor, multitemporal and/or multi view information into one new image containing information the quality of which cannot be achieved otherwise. Image Fusion has a lot of applications. They have been widely used in many fields of remote sensing for object identification,classification, and change detection. It can can be performed at four different stages. They are • • • •



Signal level Pixel level, Feature level Decision level



In signal based fusion, signals from different sensors are combined to create a new signal with a better signal to noise ratio than the original signals.
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Pixel based fusion is performed on a pixel by pixel basis. For generating a fused image, the information associated with each pixel is determined from a set of pixels in source images to improve the performance of image processing tasks such as segmentation. In Feature based fusion requires an extraction of objects recognized in the various data sources. It extracts the salient features such as edges, pixel intensities, textures etc from the image. These similar features from input images are fused. Decision-level fusion consists of merging information at a higher level of abstraction. It combines the results from multiple algorithms to yield a final fused decision. In decision level fusion input images are processed individually for extracting information. The extracted information is then combined by applying appropriate decision rules to reinforce common interpretation. The recent achievements of image fusion are object identification, classification, change detection Image change detection is a process that analyses images of the same scene taken at different times in order to identify changes that may have occurred between the considered acquisition dates. It has a large number of applications in diverse disciplines such as land change detection, medical diagnosis, and video surveillance. Change detection in synthetic aperture radar (SAR) images exhibits difficulties due to the the presence of the speckle noise. But SAR sensors are independent of atmospheric and sunlight conditions, which make the change detection based on SAR images more effective.



2. Proposed Method In the proposed method, two co-registered intensity SAR images acquired over the same geographical area at two different times t1 and t2 respectively are taken. These two source images used for fusion are preprocessed by applying the mean-ratio operator and the log-ratio operator. The information of changed regions reflected by the mean ratio image is relatively in accordance with the real changed trends in multi temporal SAR images. The information of background is obtained from the log ratio image. The new difference image fused by mean ratio image and log ratio image. The difference image is fused by using contourlet transform. [2]The contourlet transform consists of two steps which is the sub band decomposition and the directional transform. A Laplacian pyramid is first used to capture point discontinuities, then followed by directional filter banks to link point discontinuity into lineal structure. By applying an average fusion rule the coefficients from the two decomposed image is fused. Then a fuzzy c means clustering is used to discriminate changed area from unchanged area.



Fig. 1 Flow Chart of the Proposed System
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2.1 Working of proposed Method The Proposed system consists of three Stages. They are 1.1 Preprocessing 1.2 Image Fusion 1.3 Image Segmentation



Figure 2: Block Diagram of the Proposed System The block diagram of the proposed system is shown above. Two co registered SAR images acquired at two different times are taken. A mean ratio operator and log ratio operator is used to generate a mean ratio image and a log ratio image. Contourlet transform is used to generate the fused image by decomposing the mean ratio image and log ratio image.



1.1. Preprocessing The two source images used for image fusion are obtained from the mean ratio operator and the log-ratio operator, respectively. The preprocessing consists of two operations



1.1.1 Mean Ratio Operator The mean ratio image(Xm) is generated by applying the following operation on the two multi temporal SAR images X1 and X2.That is Xm = (X1-X2)∧2 The Mean ratio image enhance the changed information of X1And X2 1.1.2 Log Ratio Operator: The log ratio image(Xl) is generated by applying the following operation on the two multi temporal SAR images X1 and X2. That is Xl = | log X2-log X1| The log ratio image retain the unchanged(background) information of X1 and X2. These two complementary information’s are used for generating the fused image. Remya B Nair,
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1.2. Image Fusion Apply [3]contourlet transform on mean ratio image and the log ratio image . [4]The contourlet transform consists of two steps which is the sub band decomposition and the directional transformation. A Laplacian pyramid is first used to capture point discontinuities, then followed by directional filter banks to link point discontinuity into lineal structure. The directional filter bank has a flexible number of directions and it only capture the high frequency of the input image because the low frequencies of the input image are removed before applying it.



Figure 3: Block Diagram of Contourlet Transform At first, the [5]Laplacian Pyramid is used to compute a multi scale decomposition. The down sampled low pass image and the difference image of the next level can be computed in the same way. A series of bandpass images can be obtained in this way. The Laplacian Pyramid decomposition can avoid the frequency scrambling that happens in the wavelet filter bank because it down sample the low pass channel only. The directional filter bank is firstly decompose the directional image and have good performance in image reconstruction. One can decompose each scale into any arbitrary power of twos number of directions by applying the shearing operator combined with the two-channel quincunx filter bank. Fuse the corresponding coefficients by applying a fusion rule[6]. Here average fusion rule is applied to fuse the corresponding low band and bandpass coefficients. The fused image is constructed from low pass coefficient and high pass coefficient obtained by applying the fusion rule. Inverse contourlet transform is used to reconstruct the fused image



1.3. Image Segmentation Here process the fused image to discriminate changed area from unchanged area. The FCM algorithm is very sensitive to noise since it does not consider any information about spatial context. To overcome this a modified fuzzy c means clustering is used to suppress the effect of noise. The characteristic of Fuzzy Local Information C Means (FLICM) clustering is the use of a fuzzy local similarity measure, which is aimed at guaranteeing noise insensitiveness and image detail preservation. In particular,a novel fuzzy factor is introduced into the object function of FLICM to enhance the clustering performance. This fuzzy factor can be defined mathematically as follows:



where the ith pixel is the center of the local window, the jth pixel represents the neighboring pixels falling into the window, dij is the spatial Euclidean distance between pixels i and j .vk represents the prototype of Remya B Nair,
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the center of cluster k, and ukj represents the fuzzy membership of the gray value with respect to the th cluster. FLICM becomes more robust to outliers. In addition, the characteristics of FLICM include noise immunity, preserving image details without setting any artificial parameter, and being applied directly on the original image. The objective function of the FLICM can be defined as



where vk represents the prototype value of the kth cluster and ukj represents the fuzzy membership of the th pixel with respect to cluster k, N is the number of the data items, and c is the number of clusters, || xj − vk ||2 is the Euclidean distance between object xi and the cluster center vk



3. Implementation of proposed method The proposed system is divided into 3 modules. They are 3.1 Pre Processing In this module a mean ratio operator and log ratio operator is used to generate a mean ratio image and a log ratio image. For this two co-registered SAR images acquired at two different times are taken. 3.2 Image Fusion This module generate the fused image by using contourlet transform. The mean ratio image and a log ratio image is given to a contourlet transform. The contourlet transform consists of two steps which is the sub band decomposition and the directional transform. A Laplacian pyramid is first used to capture point discontinuities, then followed by directional filter banks to link point discontinuity into lineal structure. Then fuse the coefficients obtained from the transform by applying a fusion rule. Then Inverse contourlet transform is applied to reconstruct the image. 3.3 Image Segmentation Image segmentation is used to partition an image into a set of disjoint regions with uniform and homogeneous attributes such as intensity, color, tone or texture etc. The image segmentation approaches can be divided into four categories: thresholding, clustering, edge detection and region extraction. Clustering is a process for classifying objects or patterns in such a way that samples of the same group are more similar to one another than samples belonging to different groups. This module uses a fuzzy C means clustering to analyze the fused image generated by the contourlet transform. It produce a binary image corresponding to the two classes change and unchanged.



3.1 Preprocessing _____________________________________________________________________________ Algorithm 1 Mean Ratio Operator ______________________________________________________________________________ INPUT: co registered SAR image X1,X2 OUTPUT: Mean Ratio Image Xm Step 1: Read co registered SAR Image X1 and X2 Step 2: Resize the images X1 and X2



Step 3: Generate mean ratio image Xm by Xm=(X1-X2)2 ___________________________________________________________________________ ______________________________________________________________________________ Algorithm 2 Log Ratio Operator ______________________________________________________________________________ INPUT: co registered SAR image x1 AND X2 OUTPUT: Log ratio Image Xl
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Step 1: Read co registered SAR Image X1 and X2 Step 2: Resize the images X1 and X2 Step 3: Generate log ratio image Xl by Xl=log(X1)-log(X2)



3.2 Image Fusion __________________________________________________________________________________ Algorithm 3 Image Fusion ______________________________________________________________________________________ INPUT: Xm,Xl OUTPUT:Fused Image Step 1 :Read the mean ratio image and log ratio image Xm and Xl respectively. Step 2: Apply contourlet transform algorithm for decomposition of both images Xm and Xl Step 3 : Generate the fused image coefficients by applying average fusion rule algorithm Step 4 : Reconstruct the fused image by applying inverse contourlet transform. ____________________________________________________________________________________ Algorithm 4 Fusion Algorithm ______________________________________________________________________________________ INPUT : bandpass directional images,lowpass images XmJ and XlJ OUTPUT : Fused image coefficients Step 1 : Find the average of two law pass coefficients XmJ and XlJ and store it into fused image coeficients. Step 2 :For each of the bandpass directional image coefficients perform the following Step 3: Pad the matrix with zeros Step 4 : Divide each bandpass matrix into 2X2 blocks and store it into a and b Step 5 : Find the mean of each block a and b and store it into fm and fl respectively Step 6 : if fm>fl,store the values of a into fused image coefficients otherwise store b.



3.3 Image Segmentation ______________________________________________________________________________________ Algorithm 4 Fusion Algorithm ______________________________________________________________________________________
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_____________________________________________________________________________________ 4. Results The input image(X1) [7] acquired during the year 2000 is shown below.



Figure 4.1: Input Image 1(Image of Dubai acquired during the year 2000) The input image(X2) [7]acquired during the year 2010 is shown below.



Figure 4.2: Input Image 2(Image of Dubai acquired during the year 2010) Remya B Nair,
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The mean ratio image from mean ratio operator is shown below



Figure 4.3 Mean Ratio Image The log ratio image from mean ratio operator is shown below



Figure 4.4 Log Ratio Image
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The fused image is shown below



Figure 4.5: Fused Image The segmented image is shown below. Here black areas represents unchanged areas and white portions represents changed areas



Figure 4.6 Clustered Image Remya B Nair,
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