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Abstract: Remote sensing is defined as a technology for acquiring measurements and 

information about a given phenomenon without being in physical contact with it. Due to its 

capability to provide the information about the Earth surface through the use of passive and 

active sensors, mounted on the airborne or space-borne platforms, this technology received a 

constantly growing interest from public and private institutions in the last decades.Due to the 

large amount of data to process, the extraction of useful information from remotely sensed 

data requires the definition of automatic and possibly unsupervised analysis 

techniques.Sensors and satellites are acting a major role in remote sensing.In the last few 

decades, the change detection in SAR (Synthetic Aperture Radar) images has gained huge 

importance as they are being utilized in the field of optical ones. These optical images 

suffered from huge difficulties like the presence of the speckle noise. Whereas SAR images 

suffered with low spectral resolution and optical images are suffered with low spatial 

resolution. These two images are fused with DWT (Discrete Wavelet Transform) to increase 

the quality of two images. The advantage of DWT is it can represent the signal both in 

frequency domain and time domain. Consequently, various wavelet families have been 

applied for fusion process and the resulting images are compared with conventional 

Daubchies2 wavelets in terms of Mean Square Error (MSE) and Peak signal to Noise Ratio 

(PSNR). 
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1. Introduction 

It is well known fact that Earth surface can be observed with either optical sensors 

and SAR sensors. But both are having their own disadvantages as well as advantages. 

Meanwhile, SAR can capture the object irrespective of weather conditions whereas optical 

sensors can capture the image in day time only. Consequently, SAR images consisting of 
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high spatial resolution and low spectral resolution. Optical images are having high spectral 

resolution and low spatial resolution. Therefore, to make compromise between this spectral 

resolution and spatial resolution image fusion is needed to increase the quality of the images 

by extracting all the information from both the images. 

1.1 Framework of basic SAR system Model 

 In the SAR system, RADAR is installed on a moving stand that illuminates the 

objects and receives the backscattered EM waves in the form of resonance signals. On the 

other hand, the SAR performs transmission in a continuous manner with the suitable 

backscattered signals that merge the actual antenna length with aperture length. The outline 

of a SAR model is shown in Fig. 1 
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Fig.1: Outline of a SAR model 

 The satellite sensors sense the backscattered waveforms and transmit it to ground stations for 

further processes. Therefore, the resolution cell of SAR involves numerous backscattered 

waveforms owing to the signal received from distributed targets and also from the scene. The 

scatters that are received generate a scene, which is formed from the incoherent signals as 

shown by Fig. 2. 
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Figure 2: Model of Incoherent Backscattered Signal 

 In SAR images, the signal modelling is exploited for eliminating the speckle noise; 

still it is complex to resolve the issues related to the frequency range of satellite sensor. This 

process can be carried out by “time-honoured gesture” that is illumined by means of 

Maxwell‟s conditions. For processing these kinds of functions, impedance is considered that 

offers important data to be monitored from the earth surface. In addition, the destructive or 

constructive analysis is carried out depending on the amplitude that is received from the 

randomly varying received signals. Accordingly, the reflective field is appeared uniformly 

due to the “granular noise effect” from the satellite image system. The existence of granular 

noise causes their impacts on certain appliances like pre-processing, mapping and so on, in 

which the visual form of SAR image is much significant. “The unusual variation of earth 

observed signals might be considered as an unsettling influence and is usually signified as 

speckle noise”. Therefore, the speckle is signified as noise that is acquired from the 

incoherent imaging system. Actually, it has to be handled as “radiometric process” so that it 

displays the data content with no interruptions. 

2. Discrete Wavelet Transform 

        Typically, DWT [1-4] 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 
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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 specifiescoefficient of scaling. The whole other fundamental 

functions are taken as the mother wavelet‟s differentiation. [5-10] 

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 

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

the optimized filter coefficient. Eq. (9) and Eq. (10) 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) 

     

 nm
XX

nmxxb
XX

nmgi

CABa bb x x

a

xxb

xxb
x x

,
1

,,,
1

,

,,
,,

,,0

0

0

  











 

(11) 

Fig. 3 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  and consequently, 

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

components ll are attained. 

 

 

Fig. 3: Overall Architecture of DWT-based Image Fusion Model 
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 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 

 To perform the image fusion two images have been taken where one image is SAR image 

and second one is optical image. The input dataset is composed of an ENVISAT SAR image 

of urban area of Wuhan, Landsat-5 TM images (band 3, 4, 5) and a SPOT Pan image. All the 

data have been accurately co-registered to the SPOT Pan image.In this regard, to extract the 

urban information from these two images fusion is performed by using multiple wavelet 

families such as Daubechies2, Daubehies4, Haar wavelet and Symlets. The performance of 

this DWT is compared with Daubechies2 with other wavelet families and the performance of 

individual family measured by MSE and PSNR. Fig 4 illustrating the input images. 

 

 

   (a) Landsat-5 TM images (band 3, 4, 5)                    (b)  ENVISAT SAR image 

Fig. 4: Input data (a) Landsat-5 TM images (band 3, 4, 5 (b) ENVISAT SAR image 
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(a) DWT_db_2 

 

(b) DWT_db_4 

 

(c) DWT_Haar    

 

 (d)DWT_Symlet 

  

Fig 5. Fused images (a) DWT_db_2 (b) DWT_db_4 (c) DWT_Haar   (d) DWT_Symlet 

S.no parameter Db2 vs Db4 Db2 vs Symlet Db2 vs Haar 

1 MSE 5.7472 23.1816 28.6419 

2 PSNR 40.5702 34.5134 33.5948 

 

Table1: performance of Daubechies2 vs other wavelet families 

As shown in table 1 the Daubechies wavelet 2 is efficient when compare with other wavelet 

families especially when it considering as reference wavelet. The image fusion is 
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implemented by using multiple wavelet families and the corresponding results have been 

shown in table 1 in terms of MSE and PSNR. 

Conclusion: 

In this work image fusion is performed between two remote sensing images by using various 

wavelet families such as Daubechies2, Daubechies4, Haar and Symlet wavelet families. In 

this regard Db2 is taken as reference wavelet family and calculated corresponding MSE and 

PSNR between db2 and other fused images. Db4 is shown that 5.74 of MSE and 40.5702 of 

PSNR, Haar wavelet shown MSE of 2.1816 and 34.5134 of PSNR and Symlet shown MSE 

of 28.6419 and 33.5948 of PSNR. Finally, Daubechies given better PSNR and less MSE with 

respect to the remaining wavelet families. 
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