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Abstract: Land cover change detection has become an important element in current era of research for 
managing natural resources and observe environmental changes. Remote sensing furnish a magnificent 
source of data from which land cover changes can be examined. Land cover change detection in images 
obtained from remote sensing is used to recognize the magnitude, direction and rate of land cover 
changes. Remote sensing change detection has played a vital role in many applications such as land 
cover monitoring, disaster monitoring and urban sprawl. Image fusion include integration of two or 
more images in such a way as to preserve the most prudent characteristics of each. Stationary wavelet 
transformation is a technique used for fusion of hyperspectral and multispectral image to obtain an 
output image of high spatial and spectral resolution. Hopfield neural network for solving the image 
change detection problem between two images, combining the change detection task to obtain higher 
detection accuracy and stronger adaptability. 
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Introduction: Land cover change is an important issue concerned with regards to change in the global 
environment [1]. The quick extension and growth of urban centres, rapid population growth, scarcity of 
land, the need for more production, changing technologies are amid the key drivers of land use and land 
cover change detection [2]. Land use land cover changes respond to socio economic, political, cultural, 
demographic and environmental conditions and forces which are largely identified by high human 
populations. 
 
The quick evolution of world-wide urbanization, and its associated complication and the information 
planners will need spatial distribution of diverse urban land uses, housing characteristics, population 
growth patterns and a concentration of resources at the expense of the surrounding countryside, cannot 
be examined without a systematic link between new technologies and appropriate observations [3]. 
Because of its quality especially wide area exposure, abundant data, multispectral resolution, remote 
sensing technology has been commonly used to observe and investigate land use dynamics and urban 
expansion. Remote sensing and GIS are very imperative kits to obtain accurate and favorable 
information regarding the spatial distribution of land use and land cover over large areas. 
 
Satellite data are at present agreeable to meet the mapping and observing which the key for the 
information for municipal is planning. In specific, the spatial resolution of remote sensing satellites 
advances, there is an increased significance on applications for urban analysis [4]. High-spatial 
resolution data assistance in the investigation of less ‘planned’ urban cores of older cities and the 
developing ‘edge cities’ of progressing nations. Satellite remote sensing for Earth observation at present 
with Landsat satellite. The most recent earth observation satellites furnished with very high-spatial-
resolution data are LANDSAT 8 and Cartosat-2 Series. 
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One of the most significant applications of image processing is in image fusion. Image fusion is a 
technique which is used for combining relevant information from two or more images into a single 
image [6]. Multispectral (MS) images have been used to accomplish both binary CD (i.e., the detection 
of presence/absence of change) and multiple CD (i.e., the identification of the different classes of 
change). Hyperspectral sensor can be used to discriminate among changes that differ in a small portion 
of the image [7].  The stationary wavelet transform is an adjunct of the standard discrete wavelet 
transform. SWT is the method used to maintain the high frequency elements of the digital image. The 
SWT is an inherent redundant scheme, as each set of coefficients contains the same number of samples 
as the input [8]. Stationary wavelet, also known as non-sampling wavelet transform, has the 
characteristics of redundancy, translational invariance, and capability of producing more approximate 
estimation of. As an effective mathematical tool for edge detection, its advantages include the local 
time-frequency characteristics and multi-resolution analysis capability of wavelet transform [9]. The 
purpose of Hopfield neural networks is to store one or more patterns and to recall the full pattern based 
on partial input. All nodes in a Hopfield network are both inputs and outputs and they are fully 
interconnected [10]. 
 
Literature Survey Analysis: 
Image Fusion Technique Used In LCCD: Image Fusion is a procedure where adding or merging of two 
images to obtain useful information.  In general data fusion, can be split up into three levels these levels 
are pixel level fusion, feature level fusion and decision level fusion. These different fusion levels have 
different algorithms and have different application [11]. The fusion is a method is used for remote 
sensing and mapping application the fusion of multispectral and hyperspectral images is very important. 
For this reason different types of sensor technology is used. In the field of satellite image classification 
the quality of the image classifier is affected by the fused image quality. 

 

 
Figure 1: Basic Image Fusion Block Diagram 

 
Above fig 1 represents the basic image fusion rule. Image fusion is a process of extracting the 
information from two images into a single image. As shown in the above block diagram two different 
images are taken as input image at the second stage apply the wavelet transformation to the image after 
that process wavelet coefficient are generated. The third step is to apply the fusion rule to the image and 
at last the fused image is generated. 
 
Image Pre-Processing Technique Used In LCCD:  
Use of image pre-processing in land cover change detection: Image preprocessing is the most 
daring task in urban land cover change detection process to identify land cover change with full 
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conviction, correctly and exactly between continuous years, the atmosphere disturbance should be 
modeled so that it will not affect the surface reflectance of land cover change detection process [12]. 
 
Geometric correction: Geometric correction covers distinguishing the image coordinates similar with 
their true positions in ground coordinate and Re-sampling process is used to regulate the digital values 
to place in the new pixel locations of the corrected output image [12]. 
 
Radiometric correction: The multi-dates image data is a basic requirement for change detection. 
Associating with multi-date image datasets requires that images acquired by sensors at different times 
are equivalent in terms of radiometric characteristics. Therefore, if any two or more datasets are to be 
used for quantitative analysis based on radiometric information, as in the case of multi-date analysis for 
detecting surface changes, they ought to be altered to reimburse for radiometric divergence [13]. It is 
about improving data irregularities occurred systematically or unsystematically by using algorithms. 
Mainly, the objective of radiometric correction procedure is to transfigure satellite generated digital 
accounted to ground reflectance that is complete surface reflectance. 
 
Image enhancement: Image enhancement is a technique concerned with image data in order to more 
effectively display or record the data for succeeding visual interpretation. Generally, image enhancement 
accommodate many ways and methods applied for enlarging the visual distinguishing among structures 
in a scene. The aim is to form or create new imageries from an original image to increase the visual 
interpretation of image [14]. 
 
Pyramidal Fusion Of Hyperspectral And Multispectral Images: Pyramidal method fuses high 
spectral resolution features from the HSI with high spatial resolution features from an MSI of the same 
scene. A multispectral image is one that seizures image data at specific frequencies across the 
electromagnetic spectrum. The wavelengths may be separated by filters or by the use of instruments 
that are sensitive to particular wavelengths, including light from frequencies beyond the visible light 
range, such as infrared. Spectral imaging can allow derivation of added information the human eye fails 
to seizure with its receptors for red, green and blue. It was originally developed for space-based imaging 
[15]. Multispectral images are the main type of images acquired by remote sensing (RS) radiometers. A 
Hyperspectral image assembles and processes information from across the electromagnetic spectrum. 
The goal of hyperspectral imaging is to obtain the spectrum for each pixel in the image of a scene, with 
the purpose of finding objects, identifying materials, or detecting processes. 
  
Existing Method: 
Discrete Wavelet Transform: The discrete wavelet transform (DWT) is an application of the wavelet 
transform in which discrete set of the wavelet scales and translations following some defined rules. In 
other words, this transform decomposes the signal into mutually orthogonal set of wavelets. 
 
Drawbacks of Existing Method: 

· for fine analysis, it becomes computationally intensive 

· Maximization method sensitive to sensor noise and high spatial distortion 

· Difficult to measure the cluster quality. 
 
Proposed Method:  
Methodology:  

· STATIONARYWAVELET TRANSFORM 

· PYRAMIDAL FUSION  

· HOPFIELD NEURAL NETWORK  
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Flow Chart of Proposed Work 

 
Stationary Wavelet Transform : Stationary wavelet transform decomposes the image into different 
sub band images, it splits component into many frequency bands called sub bands. They are LL, LH, HL, 
and HH sub bands. A high-frequency sub band accommodate the edge information of input image and 
low-low sub band contains the clear information about the image [16]. Up sampling of coefficient will be 
performed for factor 2 after each row and column decomposition process to make lossless 
representation of edge details. The stationary wavelet transform is very much similar to discrete wavelet 
transform only difference is that the process of down sampling is suppressed that’s why stationary 
wavelet transform is translation invariant. It does so by suppressing the down-sampling step of the 
decimated algorithm. Instead up-sampling the filters by inserting zeroes between the filter coefficients 
[16]. 
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Figure 2: SWT Transform Block Diagram 

 
Figure 2 shows the block diagram of stationary wavelet transform based image fusion. The first step is to 
take the two satellite images as input images. Next step is to apply stationary wavelet transform to those 
images. After applying the stationary wavelet transform the wavelet coefficient is generated. Pyramidal 
fusion technique is applied to get the fused image. 
 
Decomposition of Wavelet Coefficient: The images are contemplated to be matrices with N rows and 
M columns. At every level of decomposition the horizontal data is filtered, then the approximation and 
details produced from this are filtered on columns [17]. At each level, four sub images are acquired, the 
exact, the vertical detail, the horizontal detail and the diagonal detail.  
 

Figure 3: Wavelet Decomposition 
 
The horizontal edges of the original image are available in the horizontal detail coefficients of the upper-
numerals. Right quadrant. The vertical Edges of the image are present in the vertical detail coefficients 
of the lower-left quadrant. To integrate this information into a single edge image, we simply apply zero 
to the exact coefficients of the generated transform. Compute the inverse of it and obtain the absolute 
value [17]. 
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Figure 4: Block Diagram of Wavelet Decomposition of Image 

 
From fig 4 the original image can be decomposed into a low-pass band and a high-pass band (Hj+1) 
through filters at level j +1. Through a low-pass filter and a high-pass filter, the low-pass band (Lj+1) is 
again decomposed into a 3 Low-pass band (LLj+1) and a high-pass band (LHj+1). The high-pass band 
(Hj+1) is decomposed into a low-pass band (HLj +1) and a high-pass band (HHj+1) through filters. Sub-
bands LH j+1 HLj+, and HHj+1 represent the characteristics of the image in the horizon, vertical, and 
diagonal views, respectively. The local details of an image, such as edges of objects, are preserved in 
high-pass bands. The basic energy of the image is preserved in LL j+1. Referring to the four sub-bands 
created at each level of the decomposition as LL j+1 (Low/Low), LH j+1 (Low/High), HL j+1(High/Low), 
and HH j+1 (High/High) [18]. 
 
Pyramidal Fusion Technique : Combining or fusing two source images into a single composite image. 
In order to do this, we must define a way to fuse two pyramids into a single pyramid. Pyramids are 
simply a convenient way to represent an image over a range of spatial resolutions. By combining the 
images at each level of the pyramid, the composite image, formed by pyramid reconstruction will have 
consistency over all resolution when fusing two pyramids, each of the levels of the pyramids is fused into 
a composite level, resulting in a composite pyramid. Once the composite pyramid is formed, the fused 
image of the source images is originated, engaging the pyramid reconstruction techniques associated 
with the technique used to generate the source pyramids [19].  
Each level of the composite pyramid is defined as  
 

         (1)                                                                    
                  
                    
            
And n is the number of levels in the pyramid FUSE is a function that converts the two images into the 
composite, using a fusion algorithm. The FUSE function was implemented two different ways; one way 
used a selection approach, while the other used a selection and averaging approach [20]. The selection 
approach selected the pixel of highest contrast and it went into the composite image. The selection and 
averaging approach, called hybrid averaging and selection. 
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Fuzzy c means clustering : The standard fuzzy c-means objective function for partitioning  into 
c clusters is given by 

         (2) 

 
Where  the feature vectors for each pixel are  are the prototypes of the clusters and the 
array  represents a partition matrix, namely  
  

 (3)                   
 
And 

 

 
 
The parameter p is a weighting exponent on each fuzzy membership and determines the amount of 
Fuzziness of the resulting classification. The FCM objective function is minimized when the high 
Membership values are assigned to pixels whose intensities are close to the centroid of their particular 
class, and low membership values are assigned when the pixel data is far from the centroid [21]. 
 
Code based segmentation: Image segmentation is built from color features with Fuzzy c-means 
clustering unsupervised algorithm. The entire work is divided into two stages. First improvement of 
color separation of satellite image using decorrelation stretching is fetched out and then the regions are 
grouped into a set of five classes using Fuzzy c-means clustering algorithm [22]. Using this two-step 
process, it is possible to reduce the computational cost avoiding feature calculation for every pixel in the 
image. While the color is not frequently used for image segmentation, it gives a high discriminative 
power of regions present in the image [23]. 
 
The vital role is to segment colours in an automated fashion using the L*a*b* color space and Fuzzy c-
means clustering. The entire process is sketched into following steps. 
Step 1: Read the Image 
Step 2: For colour separation of an image apply the Decorrelation stretching 
Step 3: Convert Image from RGB Color Space to L*a*b* Color Space 
Step 4: Classify the colours in 'a*b*' Space Using Fuzzy C- Means Clustering. Fuzzy c-means clustering 
treats each object as having a location in space. It finds partitions such that objects within each cluster 
are as close to each other as possible, and as far from objects in other clusters as possible 
Step 5: Label Every Pixel in the Image Using the Results from Fuzzy c-means. For every object in our 
Input, Fuzzy c-means returns an index corresponding to a cluster. 
 
Guided filtering : Guided filter is obtained from a local linear model, the guided filter quantify the 
filtering output by considering the content of a guidance image, which can be the input image itself or 
another different image. The guided filter can be used as an edge-preserving smoothing operator, has 
superior behaviors near edges. It can convey the structures of the guidance image to the filtering output, 
authorizing new filtering applications like dehazing and guided feathering [24]. Additionally, the guided 
filter naturally has a fast and non-approximate linear time algorithm, nevertheless of the kernel size and 
the intensity range. Currently it is one of the fastest edge-preserving filters. Experiments show that the 
guided filter is both effective and efficient in a great variety of computer vision and computer graphics 
applications including edge-aware smoothing, detail enhancement, HDR compression, image 
matting/feathering, dehazing, joint upsampling, etc. 
 
General linear translation-variant filtering process, which involves a guidance image I, an input image p 
and an output image q. Both I and p are given beforehand according to the application, and they can be 
identical. The filtering output at a pixel i is expressed as a weighted average [24].  

                   (4)                                                                              
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Where i and j are pixel indexes. The filter kernel Wij is a function of the guidance image I and 
independent of p. This filter is linear with respect to p. 
 
Hopfield Neural Network: There exist various rules to train a Hopfield network all of which are based 
on the same process: the modification of the synaptic weights. Given an input to learn, the connectivity 
weight between nodes with the same state is increased whereas the weight between nodes with opposite 
states is decreased. A learning rule can have two functional properties: being local and being 
incremental. It is local if for each update it uses only the information [25] from both nodes whose 
connectivity weight is updated. It is incremental if it does not need any information about the other 
patterns previously learnt by the network. 
 
 
       
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: Architecture of HNN 
 
Training Algorithm:  Throughout the training of Hopfield network, weights will be updated. Knowing 
that we can have the binary input vectors as well as bipolar input vectors. Hence, in both the cases, 
weight updates can be done with the following relation. Binary input patterns 
Weight Matrix is given by 

                                        

                                                                       (5) 
 Bipolar input patterns 
Weight Matrix is given by 

                                                   (6) 

    
Energy of hopfield network: An energy function is defined as a function that is bonded and non-
increasing function of the state of the system. 

      (7)                                                                         

Where Ii is the weighted input sum of node i, si is the state of i   
The training patterns all correspond to a local minimum, called attractor on the graph of the energy, 
thus once the network reaches a training pattern it stops evolving. However some local minima may not 
correspond to a training pattern, these are called spurious minima and constitute an obvious limit to the 
Hopfield network [26]. 
 
Feature extraction:  The purpose of feature extraction is to represent the original data in an alternate 
way by measuring certain properties or features that distinguish one input pattern from another pattern.  
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The extracted feature should provide the characteristics of the input type to the classifier by considering 
the description of the relevant properties of the image into a feature space. Eight different textural 
features are used in this work for image analysis. But, these features are estimated in a different way for 
the classification and segmentation applications [27]. Since image classification is performed between 
images, the features are estimated from the whole image. 
 
Conclusion: This paper present’s the change detection approach for remote sensing satellite images 
based on an image fusion and Hopfield neural network algorithm. Detection of changed region involved 
the fusion approach for converting the two images taken at different time to improve details of changed 
region from unchanged region. Here, stationary wavelet transformation was effectively used to extract 
the edge and exact information from images to generate pyramidal level fusion with improved 
efficiency. In this type, an averaging rule and gradient detection were utilized. Here, the changes will be 
detected 
Using fuzzy c means clustering from the fused image with less time. The results shown that generated 
fused image has less error and segmented changed region with better signal to noise ratio, better 
sensitivity and accuracy. 
 
Results: 
 

  
Figure 6: Input Image 1 Figure 7: Input Image 2 

 
Figure 6 and 7 were taken at Gangnae-myeon, Cheongwon-gun, and Chungcheongbuk-do, Korea, on 22 
June 
 

 
Figure 8: Swt Is Applied And Wavelet Coefficeient Is Generated For Input 1 
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Figure 9: Swt Is Applied And Wavelet Coefficeient Is Generated For Input 2 

 

 
Figure 10: Fused Image 

 
 

 
Figure 11: Segmented Image 
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Figure 12: Filtered Image 

 

 
Figure 13: Scene Changed Image 
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