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Abstract— The task of combing images from different 

sensors is known as multisensor image fusion. This paper 

presents the area based image fusion of the optical images. 

The co-registration is first conducted before image fusion. 

The segmentation of active and inactive area is performed. 

The integration of the image is based on novel area based 

image fusion scheme. Finally these images are fused into MS 

image by cross pan refining technique. 
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I. INTRODUCTION 

The process of combining two or more images into a single 

image is known as multi sensor image fusion. The main 

objective of the multi sensor image fusion is to combine the 

balancing information of same scene images into single 

image. It is done to obtain more accurate data when compare 

to the individual image. That is performed by impression and 

uncertainty in the spatial properties and maintains the 

completeness of spectral information. The resultant image is 

useful for further processing task. 

In past few years, different scheme of multi sensor 

image fusions were developed. On relative assessment of 

various techniques the effectiveness of fusion is hybrid pan 

refining images are described in [1]. It implies that the 

Laplacian of a Gaussian (LoG), which is based on the mean 

and median filter to optimise and control the clarity. For 

integrating PAN and SAR images into MS image using 

multisensor image fusion algorithm based on intensity 

modulation was proposed by Garzelli [2]. It says that the 

extraction of SAR texture by ratioing the despectracled SAR 

image to its low pass approximation with “ à trous “ wavelet 

decomposition. For integrating the PAN and SAR images 

into MS images by MBT and wavelet decomposition [3]. 

In this paper, the two optical images are integrated 

by the combination of wavelet transformation and the rule of 

selective fusion of optical information. 

II. FUSION PROCESS 

The fusion process consists of four steps. The first step in 

fusion process is image registration which is held by optimal 

transformation. The next step is the process of extraction of 

inactive areas from optical images by using quadtree data 

structure. Then the process of integrating PAN and 

OPTICAL image is to produce PS images. Finally, the cross 

refining method is used to combine PS and MS image. 

A. Co-Registration Process: 

For multisensor image fusion, the co-registration is used to 

align the images geometrically. Generally, the captured radar 

images give way to backscattering response because of the 

high dielectric properties of construction materials this 

backscattering will leads to have the noise characteristic in 

optical image. This noise is known as speckles, which cause 

echoes that not only degrade the information but also 

interfere with the exact location of the object. This affects the 

accuracy of the image registration and quality of the output. 

To reduce of the noise Lee Filter is used [4]. Mutual 

information is calculated after the reduction of speckles. It is 

used to estimate the initial dissimilarity in conversion of x, y 

direction sandwiched between the images [5] is given by the 

relation; 

MI(X, Y) =H(X) + H(Y) - H(X, Y)       (1) 

where H(X) and H(Y) are the marginal entropies of 

images X and Y, respectively, and H(X,Y) is the joint entropy 

of X and Y. In order to reduce computation, pyramid images 

were used by Gaussian pyramid method [6]. To extract the 

matching point from the images Canny edge operator is used 

by cost function as follows; 

Cost_function=∝ ∗ 𝑑 +  𝛽 ∗ |𝜃𝑂𝑃𝑇𝐼𝐶 − 𝜃𝑂𝑃𝑇𝐼𝐶   (2) 

Where d is the spatial distance between 2 images, 

θ_OPTIC is the gradient orientation of optical edge pixels 

from Canny edge detection, ∝and  β are the weight coefficient 

of distance and orientation, respectively. 

III. EXTRACTION OF INACTIVE AREAS 

An algorithm used to extract the inactive areas from the very 

high resolution optical image is, gray level co-occurence 

matrix and it is partitioned into texture segment on the basis 

of quadtree data structure. Number of occurence is indicates 

by the pair of gray levels i and j with d distance apart from 

directionθ. After this construction entropy is calculated by; 

Ent=-∑ ∑ 𝑃𝑖𝑗𝑙𝑜𝑔2(𝑃𝑖𝑗)𝐾
𝑗

𝐾
𝑖                                  (3) 

Where P_ijthe elements of the co-occurence matrix, 

K be is the number of gray level used to reduce the size of the 

matrix. After this process, splitting and merging process is 

occurred. Splitting and merging is accomplished by degree of 

homogeneity criterion as follows; 

H(𝑆𝑖) = 
𝑑(𝑆𝑖)

𝜎(𝐼)
                                                      (4) 

d(𝑆𝑖) =
1

|𝑠𝑖|
∑ (𝐼(𝑎, 𝑏) −  𝜇(𝑆𝑖))(𝑎,𝑏)𝜖𝑆𝑖

2
             (5) 

𝜇(𝑆𝑖) = 
1

𝑆𝑖
∑ 𝐼(𝑎, 𝑏)(𝑎,𝑏)                                          (6) 

Where S_i is the subset of pixels for each region, 

H(S_i) says homogeneity measures of region S_i, I(a,b) is the 

intensity of pixels(a,b), σ(I) denotes variance of the whole 

images, and μ(S_i) & d(S_i) represent the average intensity 

and variance of region S_i, respectively. 

There is the predefined value to split the images. It 

is done by threshold value ε. The minimum size of region set 

is 32 X 32 and the value set is 0.6. 
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Fig. 1: active image. 

 
Fig. 2: inactive image. 

A. The “À Trous” Wavelet Transformation 

It is the effective tool for time frequency or phase-space 

analysis. It is used for decomposition of images since it 

preserve the fine details and spectral information of the 

original images. Mallet algorithm is not shift-invariant due to 

aliasing in fused images. To overcome this, “à Trous” 

wavelet transformation is used. Since it is shift-invariant 

discrete wavelet decomposition for images. This is similar to 

the Laplacian pyramid. Thus the approximation and the detail 

images have the same size as original image. The detail 

images are the difference between the approximation image 

and the immediate higher scale image. 

 

𝑎𝑗 = 𝑎𝑗−1 ∗ 𝑘𝑗           (7) 

𝑑𝑗 = 𝑎𝑗−1 − 𝑎𝑗            (8) 

Where a_j and d_j are the approximation and detail 

images of AWT at each scale, respectively. The inverse 

transform to obtain the original image is very simple. The 

detail images at each scale are simply added one by one to the 

approximation image at the lowest level: 

𝑎0 = 𝑎𝑁 + 𝑑0 + 𝑑1 + ⋯ + 𝑑𝑁             (9) 

 

IV.  INTEGRATION OF PAN AND OPTICAL IMAGES 

The integration of PAN and the optical images is performed 

by AWT. The selective fusion in inactive areas is used as an 

alternative of completely integrating optical features into 

PAN images. Every wavelet estimate is joint by the feature 

selection law. Finally integration is performed by inverse 

AWT technique. The entire procedure for this process is as 

follows: 

 

1) Histogram matching is applied equation (10), to match 

the histogram of the OPTICAL with the PAN image. 

 
Fig. 3: histrogram for the PAN and OPTICAL image. 

2) Using AWT decomposition, decompose the OPTICAL 

and PAN into wavelet. 

3) To integrate PAN and OPTICAL texture, latest 

approximation image is generated by (11) and (12). 

4) Stripe boundary error exists in the new approximation 

image be able to decrease by applying the mean filter all 

along the boundary. 

5) At last, an inverse AWT is performed to achieve a fused 

picture 

In order to match mean and standard deviation, 

Histogram matching is performed. It is done on the 

OPTICAL image. 

𝑆𝐻 =
𝜎𝑃𝐴𝑁

𝜎𝑂𝑃𝑇𝐼𝐶𝐴𝐿
𝑋(𝑂𝑃𝑇𝐼𝐶𝐴𝐿(𝑝) − 𝜇𝑂𝑃𝑇𝐼𝐶𝐴𝐿) + 𝜇𝑃𝐴𝑁   (10) 

 

Where S_H is OPTICAL image with matched 

histrogram; 〖OPTICAL〗_((p) )  is the OPTICAL image; 

μ_OPTICAL  and μ_(PAN )are the mean value of the 

OPTICAL and PAN images, respectively; σ_OPTICAL and  

σ_PAN are the standard deviations of the OPTICAL and 

PAN images, respectively. 

The new approximation image is noted as〖 a〗_N (PO), 

which is defined as: 

 

𝑎𝑁(𝑃𝑂) =

{
𝑎𝑁(𝑃)                       𝑖𝑓 𝑀(𝑝) = 𝑡𝑟𝑢𝑒

𝑎𝑁(𝑃)𝑋 𝑤1 + 𝑎𝑁(𝑂)𝑋 𝑤2   𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
                           (11) 

 

Where  a_N (P)   and a_N (O)  are the rough 

calculation images of PAN and OPTICAL images, 

respectively, M(p)  represents a mask image inside which 

every pixels contain a value of 0  or 1 and w_1 and w_2 are 

the equivalent weight coefficients; 

𝑤1 =  
𝑠2

2

(𝑠1
2+𝑠2

2)
, 𝑤2 =

𝑠1
2

(𝑠1
2+𝑠2

2)
                  (12) 

 

Where 𝑠1 and 𝑠2  are the standard deviation of 

𝑎𝑁(𝑃) and 𝑎𝑁(𝑂). 

V.  MULTISENSOR IMAGE FUSION ALGORITHM 

In order to improve the PAN images spatial quality the cross 

pan refining algorithm was developed. By means of cross pan 

refining algorithm we combined the original MS, PAN and 

OPTICAL images. By the integration information for PAN 

and OPTICAL images, PAN image is substituted in the 

company of a PS image which is determined in the cross pan 

refining algorithm which is shown in equation (11). Let fused 

image of the n^th band be F_n^h with high spatial resolution 

and the multispectral image be 〖MS〗_n^l. The overall 

procedure is explained in (13). 
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𝐹𝑛
ℎ =  𝑀𝑆𝑛

𝑙 + 𝜆𝑛 . [𝜇𝑛. 𝐻𝑛 + 𝑣𝑛 . 𝐿𝑎𝑝(𝐻𝑛)]   ------- (13) 

 

After processing, the edge pixels were detached with 

the help of filters from the Laplacian of a Gaussian(LoG). 

The insertion of the supplementary high frequency 

information is required in the MS images. 

𝜆𝑛(𝑥,𝑦)=
𝑆𝑛

𝑊𝑙
∗ √

𝜎(𝑀𝑆
𝑛(𝑥,𝑦)

𝑙 )

𝜎(𝐼𝑛(𝑥,𝑦)
𝑙 𝑠𝑛(𝑥,𝑦)                     (14) 

From the preceded equation we can manage and 

optimize spatial transparency and spectral protection of every 

image. 

Where the initial fusion parameter of the n^th band 

is λ_n, H_n  is the primary high-frequency information, Lap 

(.) means the Laplacian image filtering, and μ_n and v_n  are 

the adjustment coefficients, respectively. When the 

integration data includes more characteristics of SAR images 

than of PAN images, or the input data includes non-urban 

areas more than urban areas, we inject more spatial 

information of the integration data. This means that the 

injection of additional high-frequency information is required 

in an multisensor image fusion scheme to ensure that various 

scattering properties of SAR images are included by 

increasing the values of the fusion parameter. 

Through (18), we can control and optimize spatial 

clarity and spectral preservation of each input image 

corresponding to the land cover type of input area. 

VI. EXPERIMENTAL RESULTS 

In this paper, the two images from different dataset are taken, 

in order to fuse them into single image so the further process 

can be held very easily which is shown in fig. 4 and fig. 5. 

Those images are combined into single image as MS image 

as shown in fig. 6. The similar spatial resolution of PAN 

image in fig. 7 and OPTICAL image in fig. 8 was obtained 

from the MS image which was re-sampled. This increases the 

qualitative and quantitative analyses by using cross pan 

refining method. The integration of both the images are based 

the magnitude ratio. The pan sharpened image of MS, PAN 

and OPTICAL was applied to estimate the quality of the 

fused images as shown in fig.9. On comparing the unique 

outcome with our integration result, the expected difference 

was indicated. This was because of the insertion of extra 

information from OPTICAL image.  Hence this multisensor 

fusion is able to protect most of the spectral information in 

fused image. Thus the outcome from the MBT-CW scheme 

does not reproduce the authority of speckles in OPTICAL 

images. As a result, we terminate that the proposed technique 

is being capable of refining the MS images. 

 
Fig. 4: image from dataset 1 

 
Fig. 5: image from dataset 2 

 
Fig. 6: MS image 

 
Fig. 7: PAN image 

 
Fig. 8: OPTICAL image 

 
Fig. 9: result of the cross pan refining technique 
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VII. CONCLUSION 

In this paper, a method of cross pan refining fusion was used 

to perform the fusion process. Initially, the images was 

segmented into active and inactive areas which is been 

performed by OPTICAL texture information. The inactive 

areas were fused by PAN images, and the active areas are 

fused by the combination of PAN and OPTICAL images.  

To observe the performance, our algorithm is 

evaluated by visual and quantitative technique. 

Our proposed technique is more flexible than the 

other technique, since it can offer information on selective 

fusion. 
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