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Abstract: 

The paper focuses on image fusion between multi-

spectral images and panchromatic images using a 

wavelet analysis method with good signal processing 

and image processing traits. A new weighting technique 

is developed based on wavelet transformation for the 

fusion of a high spatial resolution image and a low-

resolution, multi-spectral image. The method improves 

a standard wavelet merger for merging the lower 

frequency components of a multi-spectral image and its 

high spatial resolution image by means of local 

deviation rules with weighting average. And then the 

merged image is reconstructed by an inverse wavelet 

transform using the fused approximation and details 

from the high spatial resolution image. Also, a multi-

spectral images fusion algorithm is proposed based on 

wavelet transform characteristic of human vision 

system. Firstly, perform a wavelet multi-scale 

transformation of each source image. Then a new fusion 

regular is presented based on human vision system 

corresponding high (low) frequency components are 

divided into several blocks, and contrast error of every 

block is calculated, an adaptive threshold selection is 

proposed to decide which should be used to construct 

the new high (low) frequency components. Finally, the 

fused image isObtained by taking inverse wavelet 

transform. The experimental results show that the new 

method presented. 

I. INTRODUCTION 

The term fusion means in general an approach 

to extraction of information acquired in 

several domains. The goal of image fusion 

(IF) is to integrate complementary 

multisensor, multitemporal and/or multiview 

information into one new image containing 

information, the quality of which cannot be 

achieved otherwise.  

Image fusion has been used in many 

application areas. In remote sensing and in 

astronomy, multisensory fusion is used to 

achieve high spatial and spectral resolutions 

by combining images from two sensors, one of 

which has high spatial resolution and the other 

one high spectral resolution. Numerous fusion 

applications have appeared in medical imaging 

like simultaneous evaluation of CT, MRI, 

and/or PET images. Plenty of applications 

which use multisensor fusion of visible and 

infrared images have appeared in military, 

security, and surveillance areas. In the case of 

multiview fusion, a set of images of the same 
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scene taken by the same sensor but from 

different viewpoints is fused to obtain an 

image with higher resolution than the sensor 

normally provides or to recover the 3D 

representation of the scene. The multitemporal 

approach recognizes two different aims. 

Images of the same scene are acquired at 

different times either to find and evaluate 

changes in the scene or to obtain a less 

degraded image of the scene. 

II. PROPOSED SYSTEM 

This system decsribes image fusion 

method based on wavelet transforms. The 

system consists of four stages to fuse the 

image. The first stage is the preprocessing 

stage i.e. registered input images are used. The 

second stage is decomposition of images using 

discrete wavelet transform. The third stage, 

apply the fusion rule i.e. maximum selection 

rule with absolute value calculation to the 

coefficients of decomposed image. In the final 

stage reconstruct the fused image using 

inverse discrete wavelet transform.  

III. IMPLEMENTATION 

The two-dimensional DWT is becoming one 

of the standard tools for image fusion in image 

and signal processing field. The DWT process 

is carried out by successive lowpass and 

highpass filtering of the digital image or 

images. This process is called the Mallat 

algorithm or Mallat-tree decomposition. The 

main significance of Mallat algorithm is which 

connects the continuous-time multi-resolution 

to discrete-time filters. The idea behind image 

fusion using wavelets is to fuse the wavelet 

decompositions of the two original images by 

applying fusion methods to approximations 

coefficients and details coefficients. By 

observing the performance of all the image 

fusion techniques, the DWT gives efficient 

results. The image is decomposed into four 

quadrants with different interpretations. 

LL: The upper left quadrant consists of all 

coefficients, which were filtered by the 

analysis low pass filter H along the rows and 

then filtered along the corresponding columns 

with the analysis low pass filter G again. This 

subblock is denoted by LL and represents the 

approximated version of the original at half 

the resolution. 

HL/LH: The lower left and the upper right 

blocks were filtered along the rows and 

columns with H and G, alternatively. The LH 

block contains vertical edges, mostly. In 

contrast, the HL block shows horizontal edges 

very clearly. 

HH: The lower right quadrant was derived 

analogously to the upper left quadrant but with 

the use of the analysis high pass filter ˜g which 

belongs to the given wavelet. We can interpret 



 
 
 

46  R. V. Pawar,  A. S. Jadhav 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 2 Issue 1 

January 2015       

this block as the area, where we find edges of 

the original image in diagonal direction. 

Levels of decomposition 

Fig.3(a)1D-DWT(rows):(b)1D-DWT(columns)                  

         (c) 2nd level                       (d) 3rd level 

 

3.1. Image Fusion: 

The wavelet transform contains the 

low-high bands, the high-low bands and the 

high-high bands of the image at different 

scales, plus the low-low band of the image at 

coarsest level. Except for the low-low band 

which has all positive transform values, all 

other bands contain transform values in these 

bands correspond to sharper brightness values 

and thus to the salient features in the image 

such as edges, lines, and region boundaries. 

There a good integration rule is to select the 

larger (absolute value) of the two wavelet 

coefficients at each point. Subsequently, a 

composite image constructed by performing 

an inverse wavelet transform based on the 

combined transform coefficients.  

Since the wavelet transform provides 

both spatial and frequency domain 

localization, the effect of maximum fusion 

rule can be illustrated in the following two 

aspects. If the same object appears more 

distinctly (in other words with better contrast) 

in image 1 than in image 2, after fusion the 

object in image 1 will be preserved. In a 

different scenario, suppose the outer boundary 

of the object appears more distinctly in image 

A while the inner boundary of the object 

appears more distinctly in image 2. As a 

result, the object in image 1 looks visually 

larger than the corresponding object in image 

2. In this case the wavelet transform 

coefficients of the object in images 1 and 2 

will be dominant at the different resolution 

levels. Based on maximum selection rule, both 

the outer structure from image 1 and the inner 

structure from image 2 will be preserved in the 

fused image.  

3.2 STEPS FOR FUSION 

 
The steps involved in fusion of images 

through wavelet transform are given below.  

1) Get the images to be fused 

2) Apply the wavelet transform on both the 

images through chosen wavelet at the desired 

level 

3) Get the approximation and detail 

coefficients for both the images 

4) Merge the coefficients by desired fusion 

rule 
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5) Apply Inverse discrete wavelet transform 

on the merged coefficients and get the fused 

Image. 

 

 3.3 SYSTEM DESIGN AND 

IMPLEMENTATION 

 

Fig.4 Image Fusion using discrete wavelet transform 

3.3.1 DWT based image fusion 

 
The requirement for the successful image 

fusion is that images have to be correctly 

aligned on a pixel-by-pixel basis. In this 

project, the images to be combined are 

assumed to be already perfectly registered. 

The Figure shows the top level block diagram 

of image fusion using wavelet transform. The 

two input images image1and image 2 that are 

captured from visible and infrared camera 

respectively are taken as inputs. The wavelet 

transform decomposes the image into low-

low, low-high, high-low, high-high frequency 

bands. The wavelet coefficients are generated 

by applying the wavelet transform on input 

images. Wavelet coefficients of the input 

images are fused by using maximum and 

integration rules (absolute values). The 

resultant fused image is obtained by applying 

the inverse wavelet transform. 

3.3.2 Detailed block diagram of DWT and 

IDWT based image fusion 

 

DWT- IDWT plays a vital role in image 

fusion technique. In this project, theregistered 

images have been considered for fusion 

process, since it is necessary that the images 

have to be correctly aligned on a pixel-by-

pixel basis to achieve successful image fusion. 

DWT has been modelled at the transmitter and 

IDWT has been modelled at the receiver. The 

wavelet transforms of the images has been 

computed. The registered images have been 

passed as input signals through two different 

one-dimensional digital filters H0 and G0 

respectively. H0and G0 digital filters perform 

high pass and low pass filtering operations 

respectively for both the input images. The 

output of each filters are followed by sub-

sampling by a factor of 2. This step is referred 

as the Row compression and resultant is called 

as L-low frequency component and H-high 

frequency component. The down sampled 

outputs have been further passed to two one 

dimensional digital filters in order to achieve 

Column compression. The HH-High High, 
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HL-High Low, LH-Low High and LL-Low 

Low are the output frequency components 

obtained after two level compressions of both 

the input images. The Figure shows the block 

diagram of DWT based image fusion process 

which consists of two input images, DWT 

block, fusion block and IDWT block. The HH, 

HL, LH and LL frequency components of one 

input image is fused with the HH, HL, LH and 

LL components of second image respectively. 

HH components of both images have been 

added and then the resultant output has been 

divided by a factor 2.Similarly, the maximum 

and absolute values of HL,LL and LH 

components has been taken. This process is 

known as Image Fusion. This result has been 

future followed by the reconstruction process 

i.e., inverse wavelet transform. IDWT is the 

reverse process of DWT. In IDWT process, 

the HH, HL, LH and LL components have 

been first upsampled and then filtering 

operation has been carried out. The sub-bands 

has been added or summed to get the resultant 

reconstructed image a[n] approximation 

coefficients and d[n] detailed coefficients. The 

DWT based image fusion technique produced 

the more naturally fused image even when the 

images to be combined have been taken from 

different cameras.

 Fig. 5(a) Three-level wavelet decomposition tree

 

Fig. 5(b) Three-level wavelet reconstruction tree 

 

IV. RESULTS AND DISCUSSIONS 

4.1 Error detection 

 
i) Root Mean Square Error  

RMSE will measure the difference between 

the ideal image and the fused image. It is 

defined as 

 

RMSE value should be low for better fusion 

effect. 

 

ii) Percentage Fit Error (PFE)  

PFE is computed as the norm of the difference 

between the corresponding pixels of reference 
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and fused image to the norm of the reference 

image. This will be zero when both reference 

and fused images are exactly similar and it 

will be increased when the fused image is 

deviated from the reference image. 

iii) The Correlation Measure 

The fusing ability of the algorithm is measured 

quantitatively by means of, say, pixelgray-

level correlation between two images. The 

correlation between two images f(x, y) and 

g(x,y) is defined as 

 

And N is the total number of pixels in either of 

the images. The correlation value should be 

near to 1 for better fusion effect. 

D. Signal to Noise Ratio  

It is the reciprocal of the coefficient of 

variation i.e the ratio of mean to the standard 

deviation of a signal or measurement 

                       

        Where   μ is  mean  

                    σ is standard deviation 

v) Peak Signal to Noise Ratio 

 

The PSNR is use to calculate the similarity 

between two images. The PSNR between the 

reference image R and the fused image F is                               

 

                For better fused image PSNR value 

should high. 

vi) Mutual Information (MI) 

We know that in information theory Mutual 

Information is a basic concept for measuring 

the statistical dependence between two 

random variables and the amount of 

information that one variable contains about 

the others. Mutual Information measure here 

describes the similarity of the image intensity 

distributions of the corresponding image pair. 

Let A and B be two random variables with 

marginal probability distributions pA (a)  and  pB( 

b) and  joint probability distribution 

 p AB (a, b) . MI measures the degree of dependence 

of the two random variables A and B. It is defined by 

Kullback-Leibler measure 

4.2 Results 
The experiment values of RMSE,PFE, MAE, 

CORR,SNR, PSNR, AND MI for Symlets and 

Haar wavelets is computed and is shown in 

TABLE 1.&  TABLE 2 

 
Performance evaluation of proposed system 

and existing system is as shown in TABLE2 
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               Input images for image fusion 

 

Fig.9 Input images for Fusion 

Output of image fusion image fusion at level 1 

 

 

                 Image fusion at level 2 

 

 

CONCLUSION 

In this project i have presented a method for 

fusing images using wavelet transform under 

the consideration of integration and maximum 

rule. The performance evaluation parameter 

RMSE value is low, correlation measure is 

near to 1 and PSNR is high. The results of the 

proposed method have been compared with 

that of some widely used image fusion 

methods both qualitatively and quantitatively. 

Experimental results reveal that the proposed 

method produces better fused image than that 

by the latter. 
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