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INTRODUCTION

 
 Image fusion is often required to acquire a more 
reliable image from different source images of a 
same object. This process is most commonly used in 
studying the satellite images. Essentially to get the 
fine details of the earth’s surface and to study the 
topography of different land masses, high spatial 
resolution image is required. Most of 
resolution satellite images, such as IKONOS, 
QuickBird, Worldview-2, and Geoeye
spatial resolution multispectral images and high 
spatial resolution panchromatic images. 
equipments cannot capture both spectral and spatial 
information efficiently. The sensor limitations in 
capturing the both have led to a necessity of fusion of 
two type of satellite images. The panchromatic image 
is enriched with spatial information and low in 
spectral information, whereas the multispectral 
image is rich in spectral information and low in 
spatial information. The panchromatic images 
capture all the radiometric photons in a very broad 
wavelength band. Panchromatic images usually 
contain ROYG spectrum. Since all the photons in a 
panchromatic image are grouped in one bandwidth, 
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 A B S T R A C T  
 Image fusion is a method for obtaining a highly informative image by merging the 

relative information of an object obtained from two or more image sources of the same 
scene. The satellite cameras give single band panchromatic (PAN) image with high 
spatial information and multispectral (MS) image with more spectral information. The 
problem arise today is either PAN or MS image only captured from a camera of the 
satellites. In many remote sensing applications, there is a need for enhancement of MS 
image with more spatial resolution for further analysis. In this proposed work, the 
intensity adjusted MS image is obtained by finding optimum weights for subbands of 
the image using feed forward neural networks. The first order and the second order high 
frequency components are obtained between the histogram matched panchromatic 
image and intensity adjusted MS image. The high frequency components are 
smoothened by taking statistical similarity index between the pixels of the intensity 
adjusted MS image and low resolution multispectral image. These first order and the 
second order high frequency components are injected to the MS image to obtain the 
final fused image. The obtained results give better spatial resolution and reduced 
spectral distortion.  
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INTRODUCTION  

Image fusion is often required to acquire a more 
reliable image from different source images of a 
same object. This process is most commonly used in 
studying the satellite images. Essentially to get the 
fine details of the earth’s surface and to study the 
topography of different land masses, high spatial 
resolution image is required. Most of the high spatial 
resolution satellite images, such as IKONOS, 

2, and Geoeye-1 provide low 
spatial resolution multispectral images and high 
spatial resolution panchromatic images. Existing 

cannot capture both spectral and spatial 
The sensor limitations in 

capturing the both have led to a necessity of fusion of 
The panchromatic image 

is enriched with spatial information and low in 
spectral information, whereas the multispectral 

ge is rich in spectral information and low in 
spatial information. The panchromatic images 
capture all the radiometric photons in a very broad 
wavelength band. Panchromatic images usually 
contain ROYG spectrum. Since all the photons in a 

are grouped in one bandwidth, 

panchromatic images are presented as gr
images. In a gray scale image, the pixel digital levels 
are proportional to the intensity of the reflected solar 
radiation by the source objects on the detector. A 
multispectral image has discrete bands in the visual 
and infrared regions across the electromagnetic
spectrum. The panchromatic and multispectral 
images can be captured either from the sensors of the 
same satellite or from the se
satellites. The high quality synthesis of spectral 
information on the images captured by remote 
sensing satellite is required for studying the fine 
details of the physical features of the earth 
and J. L. Van Genderen, 1998)
 In component substitution (CS) based 
intensity hue saturation (IHS) method is most widely 
used in practical application. This method is suitable 
when only three bands are available.
method red, green and blue bands of the 
multispectral image are first transformed to I
Then the intensity component (I) is replaced by the 
PAN image. The PAN image together with the 
original hue and saturation of the MS image 
inverse transformed into RGB color space to obtain 
the fused image. This method preserves the same 
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panchromatic images are presented as gray scale 
scale image, the pixel digital levels 

are proportional to the intensity of the reflected solar 
radiation by the source objects on the detector. A 

image has discrete bands in the visual 
and infrared regions across the electromagnetic 

The panchromatic and multispectral 
images can be captured either from the sensors of the 
same satellite or from the sensors of different 

quality synthesis of spectral 
information on the images captured by remote 
sensing satellite is required for studying the fine 

physical features of the earth (Pohl, C. 
). 

In component substitution (CS) based techniques 
intensity hue saturation (IHS) method is most widely 
used in practical application. This method is suitable 
when only three bands are available. In IHS fusion 
method red, green and blue bands of the 
multispectral image are first transformed to IHS. 
Then the intensity component (I) is replaced by the 
PAN image. The PAN image together with the 

of the MS image are 
into RGB color space to obtain 

the fused image. This method preserves the same 
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spatial resolution as PAN image but distorts the 
spectral characteristic (Carper, W., 1990; Tu, T.M., 
2001). PCA based fusion method (Jim, V., 1996; 
Shah, V.P., 2008) convert a number of correlated 
variables into a new set of large number of 
uncorrelated bands called principal components. The 
first principal component has high variance as 
possible. Therefore, the first principal component is 
replaced by the PAN image and finally the inverse 
transformation is applied to obtain the new fused 
bands. PCA performance is better than IHS, but it 
still suffers from spectral distortion. Taking the 
spectral characteristic of MS bands located in the 
PAN region, generalised IHS (GIHS) method 
(Laporterie-Déjean, F., 2005) is adapted. In this 
method the spectral response of the near infrared 
band is added to the intensity component. MS bands 
are calculated by weighting each band with a set of 
prefixed value coefficients. The spectral distortion is 
reduced when compare to IHS methods. For fast and 
efficient computing of the digital images having high 
pixel values and to reduce the spectral distortion, fast 
IHS fusion method is introduced. This method is 
used to fuse MS images with more than three bands. 
In order to do fast computing and to reduce spectral 
distortion, a Fast IHS with spectral adjustment 
(FIHS-SA) based approach (Tu, T.M., 2004; 
Gonzáles Audícana, M., 2006) was used. Here 
spectral adjustment parameter is calculated for PAN 
image and intensity component of MS image in order 
to reduce the spectral distortion of fused images. Fast 
IHS (FIHS) with spectral adjusted parameter is used 
as trade-off parameter (TP) method (Choi, M., 2006) 
because it tends to minimize the spectral distortion. 
The trade-off parameter decides the level of pixel 
injection so as to appropriately control the trade-off 
between the spatial and spectral resolution of the 
fused image. 
 Another CS based technique is the Gram 
Schmitt (GS) based CS method (Jaewan Choi, 2001). 
In this approach standard linear regression algorithm 
is used to calculate the weights for the components of 
GIHS transform. The computed coefficients are 
satisfactorily matched with the spectral response of 
MS and PAN image. Here GS is first applied to 
synthesize low resolution PAN image and it is used 
as the first band in the GS transform. This low spatial 
PAN image is substituted for the intensity band of 
MS image band. Then inverse GS transform is 
performed on the new modified group of GS bands 
and an enhanced spatial resolution MS image is 
obtained. But spectral distortions may occur because 
the mean of the MS bands do not always have the 
same photometric response as that of PAN image.  
 Wavelet based fusion schemes (Krista Amolins, 
2007) are based on the high pass filter method. The 
detail information are extracted from the PAN image 
and injected into the MS image using suitable 
decision making analysis model. Distortion of the 
spectral information is minimized. However images 

fused by wavelet have less spatial information than 
those fused by the IHS based method. Also, wavelet 
based fusion methods are not efficient enough to 
quickly merge massive volumes of data from new 
satellite images because of its high computational 
complexity. However spatial distortions occur in 
MRA based methods and the spatial sharpness 
obtained usually is lower when compared to CS 
based methods.  
 For the intensity adjusted image with equal 
weight does not reflect the actual spectral response of 
the MS image, because it is obtained as the average 
of MS bands. So this causes the injection of a 
radiance offset in fused MS band and hence colour 
distortion occurs. To reduce spectral distortion 
modified intensity image (Bruno Aiazzi, 2007) is 
calculated in such a way that the spectral response of 
the sensor is taken into account. This is done by 
weighting each band according to the MS spectral 
response output. This is accomplished by applying 
the linear regression between PAN and MS image. 
This linear regression method is adopted to improve 
spectral quality, without diminishing spatial quality.  
 To avoid spectral distortion problems, arithmetic 
framework based combinations are developed and 
give more efficient outputs. Various mathematical 
approaches, such as the steepest descent method is 
used to minimize the energy function between the 
fused and PAN images, the Bayesian data model, the 
pixel neighbourhood regularization by spectral 
consistency and the restoration-based framework 
models  are implemented to remove the limitations of 
the existing fusion method (Alparone, L., 2007). 
Sometimes, the arithmetic combinations demand the 
improvement of spatial and spectral quality because 
of the noise data in the fused image arising from the 
lack of optimal spatial injection as a whole. 
 CS based fusion method is sufficient to meet 
many application. The zero mean high frequency 
spatial details of the PAN image is injected to the 
MS image without performing any transformation 
has been done to avoid spectral distortion. 
 Eventhough most of the adaptive CS based 
image fusion algorithms (Li, Z. and H. Leung, 2009; 
Choi, J., 2012) express good results, in some aspects, 
small margins still have to be improved to preserve 
the both spatial information of PAN and spectral 
information of MS image. In this proposed 
component substitution based pansharpening method, 
high frequency details of PAN image is injected into 
the MS image. The adaptive weight for all the 
subbands of the MS image is computed, so as to 
match with the spectral response of source image is 
found using Levenberg-Marquardt (LM) training 
algorithm. So the intensity adjusted modified MS 
image is obtained by summing all the weighted 
subbands of the MS image. In this proposed method, 
first order difference between histogram matched 
PAN image and the intensity adjusted modified MS 
image is used for primary high frequency 
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component. Similarly the second order difference 
between histogram matched PAN image and the 
intensity adjusted modified MS image is used as the 
second order high frequency components. These first 
order and second order high frequency components 
merged with input multispectral image for image 
fusion. The finding of suitable parameter for the 
primary and the secondary components decide the 
level of pixel injection in order to obtain the better 
fused image. The CS technique involves less 
computational cost, and improves the spatial 
resolution. 
 
A.Levenberg-Marquardt training algorithm: 
 Feed forward neural network model is used to 
calculate the weights between subband of the MS 
image. Levenberg-Marquardt (LM) training (Hao 
Yu, 2010) algorithm is used to update the weight 
parameters at the interconnection level of the neurons 
during the training process of the network. 
Performance functions are used in supervised 
learning method in order to update the network 
weights and biases. In supervised learning, a network 
is provided with the desired output for each input. 
Training algorithms that use Levenberg-Marquardt 
are begun by calculating the changes in the weights 
of the final layer before proceeding to compute the 
weights for the previous layer. They continue in this 
backward fashion until reaching the input layer.  
 LM training algorithm is a back propagation 
algorithm that approximates Newton’s method by 
updating network weights and biases in the following 
update rule given in equation (1). 
w��� = w� − ��	
�	 + μI���	�	             (1) 
 where I is identity matrix, μ is scalar constant, J 
is the Jacobian matrix that contains first derivatives 
of the network errors with respect to the weights and 
biases. 
 The computation process for Jacobian matrix 
can be organized according to the traditional back 
propagation computation in first order algorithms. 
But there are also differences between them. First of 
all, for every pattern, in the error backpropagation 
algorithm, only one backpropagation process is 
needed, while in the Levenberg–Marquardt algorithm 
the backpropagation  process has to be repeated for 
every output separately in order to obtain consecutive 
rows of the Jacobian matrix as  in equation (2). 
where 
d is the desired output vector. 
o is the actual output vector. 
p is the index of patterns, from 1 to P. 
P is the number of patterns. 
m is the index of outputs, from 1 to M. 
M is the number of outputs. 
e is a vector of network errors. 
 The Jacobian matrix can be computed through a 
standard backpropagation technique that is much less 
complex than computing the Hessian matrix. When 
the scalar µ is zero, this is just Newton's method, 

using the approximate Hessian matrix. When µ is 
large, this becomes gradient descent with a small step 
size. Newton's method is faster and more accurate 
and near to an error minimum. So the aim is to shift 
toward Newton's method as quickly as possible. 
Thus, µ is decreased after each successful step and is 
increased only when a tentative step would increase 
the performance function. In this way, the 
performance function is always reduced at each 
iteration of the algorithm. 
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     e&,' = d&,' − o&,'           (4) 
 The Levenberg algorithm is given the following 
step. 
Step (i): With the initial weights (randomly 
generated), error �	 is evaluated by equation (4). 
Step (ii): Weights are updated as directed by the rule 
in equation (1). 
Step (iii): For the new weights the total error �	 is 
evaluated following equation (4). 
Step (iv): If the current total error has increased as a 
result of update, then reset the weights to their 
previous values and increase combination coefficient  
* by a factor of 10 or by some such significant factor. 
Then go to step (ii) to update weights. 
Step (v): If the current total error has decreased as a 
result of the update, then the current weights are kept 
as the new values and * is decreased by  the factor of 
10 or by the same factor used in step (iv). 
Step (vi): Go to step (ii) with the new weights until 
the current total error is smaller than the desired 
value.  
 It is noted that while the LM method is in no 
way optimal but is just a heuristic, it works 
extremely well in practice. The only flaw is its need 
for matrix inversion as part of the update. Even 
though the inverse is usually implemented using 
clever pseudo inverse methods such as singular value 
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decomposition, the cost of the update becomes 
prohibitive after the model size increases to a few 
thousand parameters. 
 
II.Proposed Adaptive Hybrid Pansharpening 
Algorithm: 
 In this proposed work, component substitution 
(CS) based rule is used to obtain good spatial quality 
and less spectral distorted fused images. Also, CS 
based method is easy to implement when compared 
to other MRA based methods. This component 
substitution method involves the linear combination 
of spatial and spectral information.  
 In order to match the MS image with the PAN 
image, CS method makes use of weight adjusted 
intensity components to obtain a new vector space 
for the MS image and it is used to fuse PAN image 
with any of the transformed components. The 
original MS image is expressed as the sum of the 
weighted coefficients of the spectral components so 
as to obtain an intensity adjusted component , +,-..   
I/01 = w1R + w2G + w3B + w4NIR + b            (5) 
 The constant parameter b is an offset image 
added to the MS image because additive component 
that arises due to the spectral response of the image 
acquisition has to be taken into account. w1 , w2, w3 
are the adjusted weights for the red, green, blue band 
respectively. In the IHS, GIHS, GS1, PCA methods 
the weights are fixed. w1=w2=w3=1/3 (or) 1/4 or 
eigenvalues etc. Ideally MS bands should be disjoint 
and it should lie within the bandwidth of PAN image. 
But in practical image acquisition process the bands 
overlap. Spectral distortion occurs in the fused image 
due to mismatch of spectral bands. The adjusted 
intensity obtained by taking constant weights does 
not give the true spectral response of MS and PAN 
image and it is simply the mean of MS bands. To 
overcome this problem a modified weighted adjusted 
intensity image is synthesized in such way that the 
radiometric output of the image acquisition sensor is 
considered by calculating the contribution of 
different bands in the image. To arrive this, a 
modified weighted adjusted intensity having 
minimum mean square error between PAN and MS 
image is essential. This is obtained by calculating the 
weights w1, w2, w3 of equation (5) by LM back 
propagation algorithm. So to obtain the high spatial 
multispectral image with the same spatial resolution 
as that of PAN image, pansharpened image of the nth 
band can be represented as a linear combination of 
multispectral band of the nth band and the high 
frequency details of the PAN image. In order to 
transfer high frequency details from the high 
resolution PAN image into the MS image high pass 
filter is required to separate high frequency details 
from the PAN image. The first order and second 
order difference between PAN image and modified 
intensity image is used as high frequency details of 
the PAN image. The block diagram of proposed 
method is shown in figure.1.   

 In this proposed work, histogram matching 
between the given PAN image and the four band of 
MS image is found (;<). Then the difference 
between histogram matched PAN image and the 
modified weighted adjusted intensity image is found 
as the primary high frequency information. It is 
denoted as  
μ> = ;< − +,-.              (6) 
 The second order high frequency difference ?@ 
(laplacian function) over primary high frequency 
information is expressed by the equation (7)  
 ?@ = ABCD;< − +,-.   E           (7) 

μ> and ?@ are the high frequency component and 
they are added to the input MS image. So the regions 
of rapid intensities changes are obtained visibly. 
Therefore the edges of the images are obtained 
clearly.   
 To apply the pansharpening algorithm efficiently 
primary fusion parameter F and smoothening factor G 
has to be found. F and G are calculated statically to 
reduce the spectral distortion in the resultant 
pansharpened image. At first to calculate F the 
primary fusion parameter, correlation coefficients for 
all the four multispectral bands and the correlation 
coefficients of the intensity adjusted multispectral 
image is divided by the product of standard deviation 
for all three bands of multispectral image and the 
standard deviation for the intensity adjusted 
multispectral image. It is calculated locally around 
each pixel element by an 11×11 moving window. So 
in the output image the similarity information factors 
are multiplied and dissimilarity if injected by adding 
high frequency information are  reduced by a factor 
as calculated using equation (8). 

δ = IJJ("LM,N,-.)
  σOPM σQRST                (8) 

δ = I UUOP
σOPVWRXSσOP     

YY(Z[\, +B]^) =
�

"_
∑ ∑ D"La(b,.)�"LcaE DdRST (b,.)�dRST cE�ef��gf�

I(∑ ∑ D"La(b,.)�"LcaE�)(∑ ∑  DdRST (b,.)�dRST cE�)�ef��gf��ef��gf�
 

               (9) 
 Where YY(Z[\, +B]^) is the local correlation 
coefficient between the spatial information of 
multispectral input image and modified intensity 
adjusted image respectively.   h"L\ and hN,-. are the 
standard deviation of the multispectral input  image 
and modified intensity adjusted image. The 
smoothening factor  G is founded by 

G = min l  m�na
mopqe

, mopqe
  m�nar                                               (10) 

 The aim to introduce the λ factor  G  is to reduce 
the disorderliness while adding high frequency 
components to the MS image. 
 The high frequency details are injected into the 
low spatial resolution MS image as explained in 
equation (11) is  
s = Z[\ + Fμ> +  GF ∝@                                     (11)    
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 Where μ> and ∝@ are first order and second 
order difference respectively between panchromatic 
and intensity component of the multispectral image. 
 F is the primary fusion parameter.  G λis the 
smoothening factor as explained above. To remove 

the numerical artifacts in the image a 3*3 median 
filter is applied over the pixel elements of the fused 
image. 
 

 

 
 
Fig. 1: Block diagram of proposed method. 
 
III. Experimental Results And Discussion: 
A. Experimental Data Sets: 
 The effectiveness of the proposed method is 
demonstrated using MATLAB simulating tool. The 
proposed algorithm is verified with the images 
captured by the satellites IKONOS and QuickBird. 
 (1) The digital image of IKONOS satellite is 
received from Hubei province, China and the images 
are captured by IKONOS-2 in 2009. The MS images 
obtained from IKONOS-2 satellite has four MS 
bands spanning from the visible region to the near 
infrared (NIR) wavelengths: blue (450-530 nm), 
green (520-610 nm), red (640-720 nm), and NIR 
(770-880 nm), and a corresponding PAN band with a 
broader spectrum range (450-900 nm). All the data 
had been radiometrically calibrated from digital 
counts, ortho rectified, i.e., resampled to uniform 
ground resolutions of 4m and 1m for MS and PAN 
image  respectively.  
 (2) The cameras of QuickBird commercial earth 
observation satellite are high resolution, owned by 
Digital Globe. This satellite captured panchromatic 
images at 61 centimeter resolution and multispectral 
imagery at 2.44 to 1.63 meter resolution. At this 
resolution, detail such as buildings and other 
infrastructure are easily visible. It is composed of 
four MS bands spanning the visible and near-infrared 
(NIR) wavelengths: blue (450–520 nm), green (520–
600 nm), red (630–690 nm), and NIR (760–900 nm), 
and a corresponding PAN band with a broader range 
(760–850 nm).  
 
 

B. Fusion  results for IKONOS image: 
 Figure 2(a) and 2(b) show the low resolution MS 
image and the high resolution PAN image captured 
by the IKONOS satellite. These images are fused 
using the proposed adaptive hybrid pansharpening 
algorithm in order to validate the accuracy of the 
proposed fusion method. The fused output image of 
this proposed algorithm is shown in figure 2(f). The 
fused output image gives a clear picture of the object 
without hanging the background colour information. 
In order to know the effectiveness of the proposed 
method, PAN and the MS images of the IKONOS 
satellite are fused using some of the existing fusion 
techniques such as IHS, wavelet and hybrid 
pansharpening methods. The fused output image 
results of the existing methods are shown in 
figure.2(c) - (e). On subjective analysis of the fused 
image output result of the proposed method with the 
fused output results of the IHS transform, wavelet 
and the hybrid pansharpening method, the output 
images of the proposed method gives a clear visible 
colour information picture so good as other methods. 
It shows good spatial information. Also the output 
image of the proposed method has good colour 
information with clear background details and the 
edges of the objects are clearly visibly. 
 Then the quality of the obtained fused image 
using the proposed hybrid pansharpening image is 
found by calculating the amount of error or distortion 
induced and also the amount of spatial and spectral 
details transferred from the input images. This is 
done by on applying statistical indexes of mean 
square error, standard deviation and correlation 
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coefficient between the input MS, PAN images of the 
satellite images and the output fused image. In this 
paper RASE, ERGAS, QAvg, AG and CC 
measurement are computed between the input source 
images and the output fused image. Similar statistical 
measurement are done for the IHS transform, 
wavelet transform, hybrid pansharpened fused 
images. The above said stiatistical measurement 
results for the existing fusion methods with the 
adaptive hybrid pansharpened method using 
IKONOS satellite images are summarised in table 1. 
On analysing the results in table 1, RASE, ERGAS, 

values for the proposed method are reduced 
considerably than for other existing methods. Also 
QAvg and CC are 0.9547 and 0.9753 respectively. 
These values nearer to 1 indicate that almost all the 
spatial and spectral information of the input satellite 
PAN and MS image details are injected into the 
proposed fused image. The average gradient (AG) 
measure value 0.7347. It is higher than for the fused 
images obtained by the existing methods as shown in 
table.1. It shows more non redundant information are 
transferred to the fused image.   

 

   
(a)  (b)  (c)  

   
(d)  (e ) (f) 

 
Fig. 2: Fused results of IKONOS satellite images for the different methods. (a) MS image (b) PAN image. (c) 

IHS transform (d) Wavelet transform (e) Hybrid pansharpening (f) Proposed adaptive hybrid 
pansharpening. 

 
Table 1: Quantitative analysis of the proposed algorithm with the existing methods on IKONOS satellite images. 

Image fusion Methods RASE ERGAS QAvg AG CC 
IHS transform 

 
0.2160 42.6648 0.9462 0.3004 0.9539 

Wavelet transform 0.5756 69.7151 0.8701 0.2625 0.9553 
Hybrid pan sharpening 0.2982 50.0791 0.8809 0.5136 0.9269 

Proposed Adaptive hybrid pan 
sharpening 

0.1754 38.8256 0.9547 0.7347 0.9753 

 
C.Fusion resulst for QuickBird image: 
 The proposed algorithm is also verified by using 
the images down loaded from the database of 
QuickBird satellite. QuickBird satellite captures 
PAN images at 0.7-m resolution and MS images of 
R, G, B and near infrared at 2.8-m resolution. The 
landscape scene captured from the satellite in the MS 
bands and in the PAN image band shown in figure.3 
(a) and 3(b). These images of QuickBird satellite are 
used as input images in the proposed adaptive hybrid 
pansharpenng algorithm. The fused output result 
using the proposed algorithm is shown in figure 3(f). 
The adaptive hybrid pansharpening algorithm aims at 
improving spatial quality while maintaining spectral 
details like other CS based methods. Meanwhile 
component substitution based algorithms give 
pansharpened images of better spatial quality than 
MRA based pansharpened images. So, the proposed 
fusion algorithm is compared with CS based IHS 
transform, hybrid pansharpening method and MRA 

based wavelet transform fusion method. The fused 
image output of the proposed adaptive hybrid 
pansharpened method is shown in figure 3(f). The 
result shows better spatial sharpeness like other fused 
images as shown in figure.3(c)-(e) while preserving 
the spectral details visually similar to the input MS 
image. 
 Careful inspection of figure.2.(f) and figure.3(f) 
indicate that the proposed method not only provides 
high quality spatial details but also preserves spectral 
information well. 
 Next quantitative analysis is made to calculate 
the quality of pansharpened image of Quickbird 
satellite. Here the same statistical indexes which are 
used to estimate quality of the fused images for the 
IKONOS satellite input images are used. This 
proposed method aims at improving the visual 
sharpness while maintaining spectral information. 
These results are shown in table 2. The ERGAS of 
the proposed method is much reduced when 
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compared to other existing methods. The RASE is 
also found to be lesser in this method as shown in 
table 2. QAvg, AG and CC are higher than the existing 

fusion methods. Hence the spatial and spectral details 
are good.  
 

 

   
(a) (b) (c) 

   
(d) (e) (f) 

 
Fig. 3: Fused results of QuickBird satellite images for the different methods. (a) MS image (b) PAN image (c) 

IHS transform (d) Wavelet transform (e) Hybrid pansharpening (f) Proposed adaptive hybrid 
pansharpening. 

 
Table.2: Quantitative analysis of the proposed algorithm with the existing methods using QuickBird satellite images. 

Image fusion Methods RASE ERGAS QAvg AG CC 
      

IHS Transform 0.6356 44.2915 0.8830 0.1648 0.9285 
Wavelet Transform 0.1939 46.6621 0.9822 0.1662 0.9388 

Hybrid Pan sharpening 0.3964 48.4060 0.5630 0.3478 0.9464 
Proposed Adaptive hybrid Pan 

sharpening 
0.1933 26.4909 0.9834 0.4632 0.9667 

  
 Table.1 and table.2 show the quantitative results 
of the pansharpened images for the IKONOS and 
QuickBird satellite images respectively. The 
quantitative results are analysed using well-known 
global quality indexes such as Relative Average 
Spectral Error (RASE), Erreur Relative Globale 
Adimensionnelle de Synthese (ERGAS) and Average 
Quality Index (QAvg),) Average Gradient (AG) and 
Correction Coefficient (CC). The global quality 
indexes are calculated by finding the similarity and 
deviation between the fused image and the original 
MS image. These results clearly show the advantages 
of using adaptive hybrid pansharpening when 
compared to the existing methods. RASE measure 
gives radiometric distortion of the pansharpened 
image from the original MS data, while ERGAS 
offers a global depiction of the quality of radiometric 
distortion of the fused product. While analysing 
RASE and ERGAS metrics using the proposed 
method gives the best results. Average Quality Index 
is used as a global spectral quality index for 
multispectral images. The higher the QAvg value the 
high spectral and radio metric quality is preserved in 
the proposed fused image.  
 The correlation coefficient is the most popular 
similarity metric in measuring spatial fidelity. The 
correlation coefficient value closer to 1 indicates that 
two images are similar. So there is no need to mean 
shifting and no need to change of dynamic range 

after mean removal and variance normalization. 
Higher CC and lower RASE or ERGAS values imply 
that the fusion method used allows a high quality 
transformation of the MS content with increased 
spatial resolution. 
 The proposed method performs the best in term 
of measures CC, RMSE, ERGAS, AG and QAVg and 
it is verified from the results mentioned in tables.1 
and 2. However, on comparing the images visually, a 
better image is obtained by the proposed adaptive 
hybrid pansharpening algorithm. Therefore, on the 
whole, the proposed method provides the best fused 
results. On analyzing the results of proposed adaptive 
hybrid pansharpened output image with the other 
existing methods, it is of improved spatial quality 
and error is reduced. In this method edges are well 
preserved.  
 
IV. Conclusion: 
 In this work, an adaptive hybrid pansharpening 
algorithm is proposed to obtain fused images of high 
spatial and spectral details from the remote sensing 
satellite images. To further improve the fusion 
results, the subbands of the modified MS image can 
be accurately calculated by applying the LM back 
propagation methods of neural networks. So the 
output results can be improved. Improved methods in 
LM backpropagation algorithm can be used to get 
more quality images. In this proposed work, the high 
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frequency components are obtained directly from the 
PAN image and the intensity adjusted MS image 
than using robust transform method. So the 
processing time is reduced. Using evaluation indexes 
and subjective analysis, the proposed algorithm gives 
good results.  
 
APPENDIX: 
 The performance of proposed work is evaluated 
using the following measures. 
 
Relative Average Spectral Error (RASE): 
 To find the quality of fused image, relative 
average RMSE is used to find out the local variation 
of errors. K is the mean pixel value for the L spectral 
bands of fused image. 
 

RASE =      100 K⁄ I1 L⁄ ∑  RMSE!(B} )~}��           (12) 

 Root Mean Square error between each band of 
the original and fused image, in radiance, computed 
using the following expression. 
 RMSE!(B} ) = bias!(B}) + STD!(B})                 (13) 
 
Erreur Relative Globale Adimensionnelle de 
Synthese (ERGAS): 
 The ERGAS is used to calculate the spectral 
distortion in the fused image.  

����[ = 100 ; Z⁄ I1 �⁄ (∑ �"L��(�b)
�g��b�� )        (14) 

 where P and M are resolution values of  PAN 
and MS image respectively. Ki is the mean of pixel 
value of each L spectral band of MS image. Small 
value of ERGAS indicates smaller spectral distortion. 
 
Average Quality Index (QAVg ): 
 The average quality index based on universal 
quality index is given by  

� = ��.� �.�σ��
(σ���σ��)�(�)�������(�)����                                              (15) 

 where �̅ and �� are the mean of each original (x) 
and fused(y) image.  σ�! and σ�! are the variance of  
original (x) and fused image (y). σ�� is the 
covariance between x and y. 
 
Average Gradient (AG): 
 The average gradient reflects the contrasts of 
details contained in the image and the image 
intelligibility. It is defined as  

� = �
(_��)("��) ∑ ∑ ID∆��b,.! + ∆!�b,.! E ∕ 2_��.��"��b��  

            (16) 
 where ∆��b,.!  and ∆!�b,.!  are the first difference 
along both directions, respectively. Generally, a 
bigger value of gradient represents the image with 
higher definition. 
 
 
 

Correlation Coefficient (CC):  
 This measure is used to calculate the amount of 
spatial information transferred from the input image 
to fused image. It is given by 

         (17) 
 where s(�, ^) and G(�, ^) are the input and fused 
images respectively. *� and *� are the mean of the 
input image and fused image respectively. 
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