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Abstract — The method of multi-source image fusion based on wavelet decomposition and directional filter bank is proposed in this 
paper. After an image is decomposed by discrete wavelet transform, low frequency and high frequency components could be 
obtained. Using the directional filter bank, high frequency components are divided into different directions. Then detail image 
information of different directions could be extracted better, and the fusion effect is enhanced. The experimental results were 
compared with other methods based only on: i) wavelet decomposition, ii) root mean square of cross entropy, and iii) peak signal to 
noise ratio. The comparisons showed the entropy of information of the proposed method to be superior.  
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I. INTRODUCTION 

The aim of image fusion is to combine different images 
from different sensors and get a more correct, clear and 
complete knowing about the target than a single sensor [1-4]. 
In image fusion, high frequency of the image contains detail 
information. Fusion of high frequency component is the 
focus of current research. 

As a method of multiscale geometric analysis, Wavelet 
analysis, after decades of development, has been widely used 
in image fusion, and has a very good effect. 

Based on the wavelet analysis, high frequency 
components will be decomposed into n sub-bands of 
different direction using directional filter bank. Thus, high 
frequency points are decomposed in greater detail, detail 
information are extracted more, better fusion effect is 
obtained. 

II. IMAGE FUSION METHOD BASED ON WAVELET 

DECOMPOSITION 

Wavelet transform is a method of time-frequency 
analysis, and through it the energy and intensity of signal in 
time and frequency could be depicted.  

The image could be decomposed into a series of sub-
band one, which are of different resolution, frequency 
characteristics and direction characteristics. These two 
factors, the corresponding relations between wavelet 
coefficients and the original image content in two aspects of 
spatial and frequency domain, local variation characteristics 
of the original image gray, provide favorable conditions 
for multi-sensor image fusion. The high frequency and low 
frequency component of the original image are obtained by 
wavelet decomposition. The high frequency component 
contains the detail information of the image, and the low 
frequency component contains the spectral information of 
image. In image fusion, details contain a lot of information 
which all people want to obtain and retain. Although 
the spectral information contained in the low-frequency 

components are still important, but the average treatment can 
often simply retains most of the spectral information, so the 
processing of high frequency components is concerned by 
many researcher. According to certain rules fusing wavelet 
coefficient of each source image, get the wavelet 
representation of fusion image. Then the fusion image is 
obtained by wavelet reconstruction. 

It can be implemented in wavelet fusion model that 
reasonable selection of wavelet basis and the number of 
wavelet transform according to the different characteristics 
of the input image. And then details information of both 
sides could be introduced   in fusion operation according to 
actual needs. More pertinence and practicability could be 
show in wavelet fusion model and the fusion effect is better. 

The Figure 1 is decomposed by two-dimensional wavelet 
transformation, get the low frequency components 1

lA  of the 

image, high frequency horizontal component 1
l
hD , the 

vertical high-frequency component 1
l
vD ,the diagonal high 

frequency component 1
l
dD , where l  is the number of 

decomposition. Image 2 is decomposed though two-
dimensional wavelet decomposition and get 4 components 

2
lA ， 2

l
hD ， 2

l
vD and 2

l
dD . Low-frequency component 

reflects the main energy of the image signal, and the high-
frequency component is reflected image of high frequency 
information. 

Use two layer wavelet decomposition [5, 6] as an 
example, flow chart of image fusion method is shown in 
Figure 1. 
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Figure 1. Image fusion flow chart based on wavelet transformation 
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Wavelet transformation image fusion is the two picture 
the decomposed components according to certain fusion 
rules and fusion based on wavelet reconstruction, and then 
get the image after image fusion. The decomposed 
components of the two picture is fused according to certain 
fusion rules in image fusion, and then get the image based on 
wavelet transformation. 

III. DIRECTIONAL FILTER BANK 

 
Figure 2. Eight frequency subbands with different direction 

In 1992, Bamberger and Smith proposed that under 
conditions of maximum spline can be completely 
reconstructed two-dimensional directional filter banks. And 
the image could be decomposed in L layer binary tree 
structure1. The frequency domain of the image is divided 
into 2l  different direction sub-band [7],as is shown in Figure 
2. 

 Figure 2 is a frequency division of eight directions of 
Lena image. The image is divided into eight directions using 
directional filter bank  from the graph. It is shown from hairs 
in Figure 3 that the image is divided into different 
parts according to the direction. So, the feature with same 
direction is centralized. The direction features such as edge 
and texture, etc., are often be of concern. Directional filter 
will be applied to the fusion process, and can fully 
extract  edge, contour, direction information of the images to 

be fused. So the fusion image are more consistent 
with human visual characteristics. 

 
Figure 3. Division of eight directions of  Lena image 

But in Figure 3, sub image of No.2, 3, 5, 8 pieces 
of bright is very low, almost all black.It also shows that 
the directional filter banks are not suitable for processing the 
low frequency part. 

IV. THE PROPOSED METHOD 

Directional filter banks are not suitable for 
processing image with low frequency. Wavelet analysis, as a 
kind of multiscale analysis method, could be used to divide 
the image into high frequency and low frequency part. So 
you can use the directional filter bank to deal with the high 
frequency part of wavelet decomposition. 

For an image, after two-dimensional wavelet 
decomposition, obtain high frequency sub-bands in three 
directions l

hD ， l
vD , l

dD . For the three high frequency sub 
band, after decomposition of three layer directional filter 
bank, each sub-band is divided into eight part, then there are  
total of twenty-for subbands. So it can fully extract the 
direction information of the image, better protect the image 
detail information in the time of fusion, improve the fusion 
effect. 

 Decomposition of wavelet and directional filters are 
completely reconstructed, so the combined is completely 
reconstructed and the method in this paper is feasible[8,9]. 

Figure 4. Flow chart of the proposed method 

The flow chart of the method is shown in Figure 4. 
The steps of proposed method are as follows. 
1) The images to be fused is decomposed with two-

dimensional wavelet. The bi97 wavelet base function and 
three layer wavelet decomposition is used in the proposed 
method. 

2) Each high-frequency components is divided into three 
groups in the frequency domain through directional filter 

bank. Eight division is obtained from each high frequency 
component, characterized as eight sub-band in the different 
direction of lo

AnD  and lo
BnD ,where, 1,2,3l  are layers of 

wavelet decomposition, o stands for three direction here, 
1,2,3l  are layers of wavelet decomposition, o stands for 

three direction here, 1,2,3l  are layers of wavelet 
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decomposition, o stands for three direction h , v , d of 
wavelet decomposition, 1,2,...,8n  represent eight division 
of directional filter bank. 

3) Fusing the division of two images obtaind by former 
step  

Local characteristics of the image often cannot represent 
by one pixel, and it is characterized by a plurality of pixels in 
a local area. Generally, there is tend to have a strong 
correlation between the pixels in the image of a local area. 
Through a variety of methods to transfer images from spatial 
to the frequency domain, this correlation still exists. 
Therefore, the simple fusion based on spatial single pixel or 
single factor on frequency domain has its one-sidedness. In 
order to obtain a better visual characteristics, rich details, 
outstanding fusion, fusion operation is possible using the 
fusion rules based on regional characteristics.  

The basic idea is to first transform participate fusion 
image to the frequency domain[10-11]. When fusing 
decomposition  image , not only  consider participating in 
various frequency domain coefficients corresponding to an 
image fusion, but also consider the local neighborhood of 
these coefficients, where the size of the local neighborhood 
may be 3 3 , 5 5 , 7 7  or the like. 

lo
AnD  and lo

BnD  are two sub-bands of being fused image 
after wavelet decomposition and frequency domain division 
of directional filter banks, lo

nD is sub-band after fusion. Take 

the neighborhood of size  W W  in frequency domain 

 ,x y  as the center point. Calculate the variance of the 

region, referred to as var1， var 2 .Definiting 

 2 2var 2 var1 var 2 / var1 var 2cor             (1) 

If  var , 0.5 1cor factor factor   ，then 

     1 1 2, , ,lo lo lo
n An BnD x y D x y D x y          (2) 

where 1 2 1 21, 0, 0       ; Otherwise 

   
 

var1 var 2,
,

var1 var 2,

lo
Anlo

n lo
Bn

D x y
D x y

D x y

   
     (3) 

4) The average low frequency sub-band direct 
integration. The details of the image contains in the high-
frequency sub-bands, so the process of it is not more 
important. There are many treatment of low-frequency, such 
as the average selective binding method, the selection 

method based on the edge, the method based on regional 
gradient, and so on. 

5) For each frequency domain into the fusion after the 
reconstruction using directional filter to obtain wavelet high 
frequency sub-band is obtained after the reconstruction for 
fusing image’s each frequency domain division using 
directional filter. 

6) The reconstructed image is obtained by fusing wavelet 
low frequency sub-band in step 4 and wavelet high 
frequency sub-bands in step 5. 

V. EXPERIMENTAL RESULTS AND ANALYSIS  

Evaluation criteria of fused image quality contain 
subjective observations and objective evaluation function. 
Subjective observation concern the protection of image edge 
texture direction information. The objective evaluation 
function consists of  RMS cross entropy, the peak signal to 
noise ratio, and information entropy. 

The entropy of image is defined as  
1

0

log
L

i i
i

H p p




                                     (4) 

Where, L  is the number of  gray level of  image, ip  

indicate the ratio of the number of gray value i  pixels iD  to  

total number of pixels D ,namely i ip D D 。 
Information entropy is an important indicator of the 

richness of the image information, the greater the entropy of 
fusion image shows more informative in fused image. 

Cross-entropy of the fused image is defined as 
1

0

log
L

i i i
i

E p p q




                            (5) 

RMS cross entropy is defined as 

 2 2
1 2

2F E E                             (6) 

Where 1E , 2E are cross entropy  of  source image and 
fused image. 

RMSE between fused image F and source image R is 
defined as  

    2

1 1

, ,
M S

i j
rmse

R Fi j i j

E
M S

 

  





               (7) 

PSNR of the fused image is defined as 

 210log 255 255psnr rmseZ E                   (8) 
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(a) Focus on the left                                                  (b) Focus on the right 

Figure 5.  The image focused on different points 

 

                                
        (a)Method of  wavelet decomposition                  (b) Wavelet decomposition and directional filter band method 

Figure 6.  The comparison of proposed method and wavelet fusion method 

Peak signal to noise ratio of the image reflects the 
increased information of fused image to the original image. 

In the simulation, the image includes focusing at different 
points, medical imaging, and different bands SAR image. 
The image before fusion have been matched. 

A. Experiment of Fusion Image Focused on Different 
Points. 

Figure 5 is  two images to be fused, and Figure 6 (a) (b) 
are fusion results obtained by wavelet decomposition method 
and integration wavelet decomposition and directional filters. 
From the view of fusion results, both the two methods are 
very good in fusion picture details, especially the striped line 
portion on the right side of the image. Wavelet analysis is 
more sensitive to point singularity, and relatively insensitive 
to line singularity. It is vertically striped, and if becomes 
diagonal stripes, wavelet analysis of performance would not 
be so good. You have to use other multi-resolution analysis 
tools that are sensitive to line singularity, such as contour-let, 
brush-let and so on. Table 1 shows the evaluation parameters 
results of  the two methods. 

TABLE I   THE EVALUATION PARAMETERS OF THE FUSION EFFECT (THE 
FIRST SET OF IMAGES) 

Method 
RMS cross 

entropy 
PSNR Entropy 

Wavelet decomposition 0.0284 31.8749 7.0937 
Combination of wavelet 

decomposition and directional 
filter band 

0.0282 31.8871 7.0978 

 

B. Experiment of Medical Images Fusion.  

Figure 7 is two images to be fused, and Figure 8 (a), (b) 
are fusion results obtained by wavelet decomposition method 
and integration wavelet decomposition and directional filters. 
In order to better compare the fusion effect of two methods, 
enlarge partial results, Figure 9 are the partial enlarged views 
of two methods. As can be seen from Figure 9, the edge of 
proposed method is more regular, smoother, and there are 
burrs in the edge portion of original method. Table 2 shows 
the evaluation parameters results of the two methods. As can 
be seen from the table, the indicators of the proposed method 
is better than wavelet-based image fusion method. 
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 (a)image of CT                                                                 (b) image of NMR 

Figure 7.    Fusion of  medical  images 

 

                     
                        (a)Results of wavelet decomposition               (b) Results of combination wavelet decomposition and directional filter bands 

Figure 8.    Comparision of proposed method and wavelet decomposition  

                         
            (a) method of wavelet decomposition                 (b) method of combination wavelet decomposition and directional filter bands 

Figure 9.    Comparision of two method’s partial enlarged view 

TABLE II  THE EVALUATION PARAMETERS OF THE FUSION EFFECT (THE 
SECOND SET OF IMAGES) 

Method 
RMS cross 

entropy 
PSNR Entropy 

Wavelet decomposition 2.4595 21.2586 5.4636 
Combination of wavelet 

decomposition and directional 
filter band 

1.8272 21.3315 5.5561 

 
Medical image is an important application of image 

fusion10. Due to the special nature of medical images, its 
fusion needs to develop a different inteasures according to 
the doctor's needs. It is not enough to use a method alone, 

and need  combine a variety of methods to achieve the 
desired effect. 

C. Experiment of Different Band SAR Images Fusion 

Figure 10 is  two images to be fused, and Figure 11 (a), 
(b) are fusion results obtained by wavelet decomposition 
method and integration wavelet decomposition and 
directional filters. Figure 12 are the partial enlarged views of 
two methods. In the fusion of SAR images11, the two 
methods are all good. The protection of this method, 
especially that of the river bank, is more excellent. But it 
should be noted that the method of this paper has caused a 
point distortion in the river course, and as can  be seen in 



YANLIANG ZHANG et al: MULTI-SOURCE IMAGE FUSION BASED ON WAVELET DECOMPOSITION . . .  

DOI 10.5013/IJSSST.a.17.11.05 5.6 ISSN: 1473-804x online, 1473-8031 print 

Figure 12(b). This is due to the frequency aliasing 
phenomenon caused by the directional filter bands when it 

divids the frequency domain. From the evaluation of the 
parameters of the fusion results in Table 3, the method of this 
paper is still excellent, and the indicators are better than the 
wavelet 

                      
(a)                                                           (b) 

Figure 10.  Fusion of different band SAR images 

 

                        

 (a) method of wavelet decomposition                   (b) method of combination wavelet decomposition and directional filter bands 

Figure 11.    Comparision of proposed method and wavelet decomposition

 

                 
(a) method of wavelet decomposition                                          (b) method of combination wavelet decomposition and directional filter 

bands 
Figure 12.    Comparision of two method’s partial enlarged view 

TABLE Ⅲ  THE EVALUATION PARAMETERS OF THE FUSION EFFECT (THE THIRD SET OF IMAGES) 

Method RMS cross entropy PSNR Entropy 
Wavelet decomposition 3.2456 19.9751 7.2691 

Combination of wavelet decomposition and directional filter band 3.1967 20.0278 7.2833 
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                   (a) method of wavelet decomposition                 (b) method of combination wavelet decomposition and directional filter bands 

Figure 12.    Comparision of two method’s partial enlarged view 

D.  Experiment of Different Band SAR Images Fusion (2)  

Figure 13 is  two images to be fused, and Figure 14 (a), 
(b) are fusion results obtained by wavelet decomposition 
method and integration wavelet decomposition and 
directional filters. The two methods well fuse the features of 
the two images. In particular, the extraction of such sensitive 

targets as the road, housing are better performance. From the 
evaluation parameters of the fusion in Table 4, the method of 
this paper is more excellent. Fusion as preliminary steps for 
image processing, its excellent parameters could lay a good 
foundation for image segmentation, image classification, 
image understanding and other treatment. 

                 
(a)                                     (b) 

Figure 13.   Fusion of different band SAR images 

                 
 (a) method of wavelet decomposition        (b) method of combination wavelet decomposition and directional filter bands 

Figure 14.   Comparision of proposed method and wavelet decomposition 

E. Experiment of Different Band SAR Images Fusion (3) 

Figure 15 is  two images to be fused, and Figure 16 (a), 
(b) are fusion results obtained by wavelet decomposition 
method and integration wavelet decomposition and 
directional filters. It is can be seen from Fig. 16 this method 
is excellent in terms of edge protection than the wavelet 

decomposition method. From the view of the evaluation 
parameters in Table 5, the proposed method is better. 

It can be seen from the experiments, the proposed 
method is more superior at the edge protection than image 
fusion method based on wavelet. This is due to the 
mechanism of directional filter in frequency domain.The 
direction of a more detailed classification of the image, 
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extracting more directional information, edge information 
fusion results will be better 

 
 
 
 

TABLE ⅣTHE EVALUATION PARAMETERS OF THE FUSION EFFECT (THE 
FOURTH SET OF IMAGES) 

Method  RMS cross 
entropy 

PSNR Entropy 

Wavelet decomposition 2.5348 20.1123 6.4154 
Combination of wavelet 
decomposition and directional 
filter band 

2.4941 20.1409 6.4348 

 

                   
(a)                                     (b) 

Figure 15.    Fusion of different band SAR images 
 

                  
 (a) method of wavelet decomposition (b) method of combination wavelet decomposition and directional filter bands 

Figure 16.   Comparision of proposed method and wavelet decomposition 
 

TABLE Ⅴ. THE EVALUATION PARAMETERS OF THE FUSION EFFECT (THE FIFTH SET OF IMAGES) 
Method  RMS cross entropy PSNR Entropy 

Wavelet decomposition 1.5200 16.8821 6.8968 

Combination of wavelet decomposition and directional filter band 1.4465 16.9002 6.9522 

 
 

However, the experiment also revealed a drawback of 
this method. Directional filter can fully extract edge 
information of the image, at the same time also to partition 
the frequency domain too much. It result in frequency 
aliasing phenomenon, and distortion of the image. This need 
to sustained improve in the future research. 

VI. CONCLUSION 

The method of multi-source image fusion based on 
wavelet decomposition and directional filter bank is 
proposed in this paper. With frequency-domain division 
capability of directional filter bank, image high frequency 
component obtained by wavelet decomposition is divided, 

and more detailed image, especially the direction of 
information is got. Experimental results show that the 
proposed method improves the fusion effect. Of course, 
experiments have also exposed the shortcomings of this 
method in the frequency aliasing, which need to pay 
attention in the future work. 
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