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Abstract: The radiometric, spectral, spatial and temporal resolutions of remote sensing data 

have a major effect on the success rate of the applications that deploy remote sensing 

applications. In the traditional works, the issues related to remote sensing images are usually 

signified for particular kinds of sensors (that is, active or passive). While deploying passive 

sensors in remote sensing(e.g., optical images), differentiated image is generally calculated 

and a suitable measure of change is provided. On the other hand, in rainy or cloudy regions, 

the exploitation of optical images tends to be limited. From this viewpoint, Synthetic 

Aperture Radar (SAR) imaging can be regarded as the most excellent substitute for remote 

sensing applications. In this regard, two multitemporal SAR images have been taken for this 

fusion process. Usually, the major need of image fusion is to extract the information from 

multiple images and convert them into one image with all information in individual images. 

To perform this image fusion multiple wavelet coefficients have been applied in Discrete 

Wavelet Transform (DWT) such as Daubchies wavelet coefficients (daubchies2) have been 

used. After performing this fusion, fused image is segmented as changed regions and 

unchanged regions based on Fuzzy C Means clustering (FCM). the segmented image is 

compared with the ground truth image the outcome is measured in terms measuring 

parameters such as accuracy, precision, sensitivity and FDR. 
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1.Introduction 

i) Remote sensing:  

Nowadays, individuals are very much interested in monitoring and observing their neighbour 

surroundings. “The collection of techniques involved in monitoring objects on the Earth‟s 

surface without any physical contact is called remote sensing” [1-4]. The remote sensing 

methods were developed speedily and it has attained huge attention for observing the earth 
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surface. The application on remote sensing [5-7] is rapidly growing in recent days owing to 

the accessibility of a vast range of techniques to achieve the information regarding the earth‟s 

surface. In remote sensing,[8][9] the data regarding the earth‟s surface is gathered through the 

backscattered or reflected signals. 

 

 SAR systems are broadly deployed in remote sensing appliances. It is also deployed 

in awareness applications at the early stage; however, its use is later extended to other 

appliances such as archaeology, oceanography, geophysics, etc. The SAR is an airborne 

framework that travels all along the flight path and generates high image resolution. As 

mentioned earlier, SAR provides excellent resolution over other radars, owing to the antenna 

movement with respect to the objects. Particularly, SAR includes the ability to generate the 

images at all conditions of weather. The first SAR image was captured in 1953 by means of 

c-46 airborne that could be exploited for observing the west Florida zone. The NASA center 

has constructed the 1
st
 SAR aircraft satellite in 1978. Later, Russia, Europe, and Canada have 

modelled their specific customary SAR satellite frameworks in 1987, 1991 and 1995 

respectively.  

 

ii) Synthetic Aperture Radar 

SAR is an airborne radar [10-12], which produce high imagery resolution by creating 

a flight path that resembles a huge antenna aperture by electronic means. Information from 

every cycle captivates the transmitting and receiving pulses individually and it stores them 

electrically. From the successive pulses, the signal processing unit exploits the phase and 

magnitude of the obtained signals [13] [14]. Following a certain interval, this stored data is 

merged that forms a high-resolution image of the landscape, which is being flown by means 

of the Doppler Effect.  

 The SAR system is also a coherent radar system that is exploited to produce images 

with high resolutions [15] [16]. The image is generated due to the uninterrupted waveforms, 

which are transmitted and received via an antenna that moves through the flight path. The 

phase and magnitude are used for processing the signal. In addition, numerous pulses are 

transmitted as the spacecraft with the radar [17] [18] moves along a particular path. The 

image size is based on the transmitted pulse width and distance among the target and 

transmitted pulse. 

 SARs usually functions at varying wavelengths that range from 1cm to numerous 

meters in the microwave region of EM spectrum. This system is a dynamic system since it 
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releases the EM radiation and evaluates the electric field generated by the backscattering of 

the ground [19] [20]. The attained measurements are further converted to a high-resolution 

image accessible throughout both night and day.  

 The actuality that SARs [21-22] can function at any weather conditions and at any 

time of the day is due to the fact that earth is almost translucent in microwave areas. The 

pulses that are transmitted with wavelengths above 1cm could infuse through the smallest 

available space. Therefore, the process of SAR [23] is feasible even in the existence of rain, 

cloud or fogs that is a restraining feature in Optical sensing. Thus, SAR is an effectual 

functioning system that could envelop all the earth surfaces irrespective of operating time [24 

-26].  

2.Image fusion  

1. ImageFusion: 

Imagefusionisthestrategyofmergingtherequiredinformationoftwoormoresourceima

gesintoalast intertwined image. Resultant image would be much effective and point by 

point when compared to any of 

theinputimages.Bythestrategyimagefusion,theincredibleinformationfromeachofthegiveni

mageismelded. Basically, four types of image fusion technique have been opted by 

many researchers those are given asfollows 

a) Multi-view ImageFusion: 

Thisframeofimagefusionincorporatecombinationoftwoormoresourceimagesthataretakesa

tthesametime which have that same methodology but distinctive source images are to be 

taken from different places or completely different foundation conditions. 

 

Fig.1. Representation of Multi-view Image Fusion 
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b) MultimodalFusion: 

Thistypeoffusionusestwoormoreimagesthatincludesdifferentmodalitiesandtheobject.

Mostlythiskindof fusion uses in Bio-Medical applications such as MRI, CTscan. 

 

Fig.2. Representation of Multimodal Fusion 

c) Multi-temporalFusion: 

This type of fusion uses two or more images that captures the same object at different 

timings. Mostly this kind of fusion uses in remote sensing applications such as SAR 

image processing. 

 

Fig.3. Representation of Multi-temporal Fusion 
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Multi-focus Fusion: this type of fusion will be performed by two or more source images 

where each source image is divided into areas such that every pixel is in focus at least in a 

2. Discrete Wavelet Transform 

        Typically, DWT [7-12] is any wavelet transform in numerical or functional evaluation 

where the wavelets are discretely evaluated. Among all the wavelet transforms, DWT is 

significant as it takes both frequencies as well as location data. Here in this research work, the 

images are processed by transmitting them using an AFB followed by a decimation function 

in DWT. The AFB contains an HPF and an LPF, which are normally utilized for image 

compression. The image is divided as 2 bands while it is transmitted through AFB. Moreover, 

the HPF is coupled with a differencing function, which extracts detailed information 

regarding the image data. On contrast to HPF, LPF is associated with an averaging function 

that attains the whole data about the image. In the meantime, the filtering function output is 

continuously decimated by 2, Eq. (1) expresses the mother wavelet, in which v signifies 

coefficient of shifting and u specifies coefficient of scaling. The whole other fundamental 

functions are taken as the mother wavelet‟s differentiation. 

Γu,v m =
1

 u
Γ  

m−v

u
                                  (1) 

Generally,  ψ m, n  is 2D scaling function and  ΓA m. n , ΓB m. n , andΓC m, n   are three 

2D wavelets are required in 2D DWT process. Moreover, all the components are products of 

1D scaling function   and its corresponding wavelet Γ. Despite the products that produce 

1D result like Γ m , ψ m  the resultant four products produce the independent scaling 

function as defined in Eq. (2), and Eq. (3). Eq. (4) and Eq. (5) states the independent, 

directional sensitive wavelets respectively. 

ψ m, n = ψ m  ψ n                                     (2) 

ΓB m, n = ψ m  Γ n                                     (3) 

ΓA m, n = Γ m  ψ n                          (4) 

ΓC m, n = Γ m  Γ n                                                (5) 

Typically, the abovementioned wavelets determine functional differences,gray level 

deviations, or image intensity in different directions. Moreover, ΓBdetermines the variations 

with horizontal edges or columns, ΓA is related to differences with vertical edges or rows, and 

ΓCsignifies the variations with diagonals. In addition to this, translated as well as scaled basis 

functions are stated in Eq. (6) and Eq. (7) respectively, while index „a‟ identifies Directional 
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wavelets and „b‟ specifies the scaling function. Here, Eq. (8) and Eq. (9) specifies the 

determination of DWT of image gi m. , n with size X × X. 

ψb,x,x m, n = 2
b

2ψ 2bm − x, 2b n − x                      (6) 

Γb,x,x
a  m, n = 2

b

2Γa 2bm − x, 2bn − x , a =  B, A, C                 (7) 

Γψ b0, x, x =
1

 XX
  gi m, n X−1

n=0
X−1
m=0 ψb0 ,x,x m, n (8) 

Γψ
a b, x, x =

1

 XX
  gi m, n X−1

n=0
X−1
m=0 Γb,x,x

a  m, n  (9) 

Eq. (10) shows the wavelet ΖD g i  combined to the input image in DWT, and Mcrefers to 

the optimized filter coefficient. Eq. (10) and Eq. (11) are utilized to analyse the inverse DWT 

and its execution can be referred using Eq. (11). 

ΖD g i =  Mcj ψ 2g i − D          (10) 
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Fig. 4. The overall architecture of the DWT-based image fusion model 
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Fig. 4 specifies the overall architecture of the DWT-based image fusion model having two 

source images along with the average selection and maximum selection processes. The 

overall procedures included in DWT-based image fusion model are explained in the 

following steps. 

 Attain the 2 source images i  and j for fusion procedure. 

 Perform wavelet decomposition to the input images i  and j  with multiple 

wavelet coefficients such as Daubchies wavelet coefficients, Symlets and Haar 

wavelets.consequently, the high frequency lh , hl  and  hh  as well as low-

frequency components ll are attained. 

 Compute the average selection procedure, in which the low-frequency images 

are given to the average selection. 

 Compute minimum or maximum selection model, in which a selection 

procedure is performed to each corresponding pixel of the input images  i  and

j . Furthermore, the pixel having low of high intensity is selected respectively. 

 Execute inverse DWT on fusedllf,lhf , hlfand hhf  coefficients for obtaining the 

fused intensity image. 

 Eventually, the novel intensity coordinate of the image is obtained. 

3. Results and Discussions 

Two multi temporal images have been taken for this fusion process .These two images are 

applied as input to DWT process and multiple wavelts have been used for image fusion. In 

this paper to endorse the performance of the proposed methodology over the conventional 

method (image fusion with Daubechies wavelets) satellite images with SAR, sensors have 

been taken into account. Ottawa data set is taken as data set to validate the proposed 

methodology. As illustrated in fig.5 two images are processed for fusion, fig 5. (a) represents 

the image before flood occurs and fig 5 (b) represents the image after the flood is occurred 

and red colour shows the affected areas. Here the need of fusion is for further processing of 

these images such as clustering and change detection applications.  
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Fig .5. Input data images (a) Before flood (b) After flood (c) Ground truth image 

The fusion process using DWT is implemented by using Daubechies wavelet coefficients 

from and the resulting fused images is shown in fig 6. (a). After fusion image is segmented 

by using fuzzy c- means clustering. The Segmented image is compared with the ground truth 

image and the performance of DWT_FCM is measured in terms of accuracy, sensitivity, 

precision and False Detection Rate (FDR). 

 

                                  (a)                                                                (b) 

                                     Fig .6. a) Fused image b) Segmented image 

Measure FCM_DWT 

accuracy 0.9856 

sensitivity 0.8919 

specificity 0.9857 

precision 0.0609 
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FPR 0.0143 

FNR 0.1081 

FDR 0.9391 

NPV 0.9857 

MCC 0.2309 

F1-score 0.1140 

 

Table 1: Performance analysis of the DWT_FCM 

4. Conclusion 

In this paper change detection in SAR images has been implemented through image 

fusion and FCM clustering. DWT has been employed for fusion of two SAR images to 

extract the spatial information and spectral information from the two remote sensing 

images. Clustering has been performed based on soft fuzzy FCM clustering technique. 

The segmented image is compared with the ground truth image to compare the 

performance of DWT_FCM. The implemented method is given good accuracy and small 

FDR. 
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