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Abstract: 
IHS method for image fusion is one of the conventional methods with a simple theory. Implementation of this 
method is simple and effective from computational point of view. But this method causes the spectral content of 
the fused image to get disturbed in comparison with the spectral criteria of the main multispectral image. In this 
article a statistical image fusion method is combined with the conventional IHS method to improve its spectral 
quality and overcome its deficiency. Some spectral indices were used for evaluation of this combined method and 
compared with the conventional IHS and the used statistical fusion methods. This combined method improves the 
spectral quality of the fused image and eliminates the existing shortcomings of the spectral disturbing in fused 
image produced by IHS method.  
 
Keywords: Image fusion, IHS, Statistical method, Spectral quality.  
 

1. Introduction 

Remote sensing satellites take images at 
different spatial, spectral and temporal 
resolutions from earth surface in different parts 
of the electromagnetic spectrum. The aim of 
satellite image fusion is to unite their spatial, 
spectral and temporal information, and also to 
increase their reliability in order to increase 
interpretability. In the act of fusing 
multispectral satellite images (XS), having high 
spectral and low spatial resolutions, with a 
panchromatic image (PAN), having high spatial 
resolution, the final production must be the 
same as the image took simultaneously by a 
sensor with the same spectral resolution of XS 
image and spatial resolution of PAN image 
[1,2]. Image geo-referencing or image to image 
registration, and resampling of XS image into 
the spatial pixel dimensions of PAN image, is 
one of the primary and main parts of the image 
fusion process [3]. If the images used in the 
fusion process have not been taken 
simultaneously, it will be necessary to apply a 
series of radiometric corrections such as the 
histogram matching of PAN image histogram 
with the histogram of the Intensity element of 
XS image. Image fusion may be done in three 

levels of pixel, object and decision making [3]. 
This article is on the pixel level image fusion. 

1.1 The Studied Region and Data 

Three data sets were used in this article; 
QuickBird (PAN and XS), Worldview-02 (PAN 
and XS), and EO1-ALI (PAN band) with 
Landsat TM(Fig.s 1-6). Because of the 
limitation of custom IHS method in accepting 
only three bands of XS image [3], just three 
bands from multispectral images were selected 
and used in fusion process. TABLE I is 
showing the criteria of all data sets that are 
used in this article. Dimensions of the studied 
PAN and XS images (after resampling XS image 
to corresponding PAN image pixel size) are 
1024×1024 pixels. 

1.2 IHS Image Fusion Method 

This method is a spectral substituting 
method in pixel level which is done by 
transforming of XS image from the RGB color 
space to IHS color space and substituting its 
spatial element, Intensity, with PAN image and 
then doing the reverse IHS transform and 
coming back to the RGB color space [3-6]. 
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1.3 IHS Color Space 

In image processing, IHS colored space is 
used as a means for separating spatial element, 
Intensity, from spectral elements, Hue and 
Saturation, of a three banded image. There are 
different methods to accomplish this separation 
[3-10]. In this research transforming from RGB 
color space to IHS and vice versa is done 
through Equations (1) and (2) [9]. From among 
different methods of computing Intensity 
element in IHS transformation, using Equation 
(1) will end in better results [10], which is also 
used in this research. The fused images using 
IHS method have been shown in Fig.s 7-9. 
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table i: Criteria of Data Sets Used in this Article 

Sensor QuikBird (PAN & XS) Worldview-02 (PAN & XS) EO1-ALI (PAN) and Landsat TM5 
(XS) 

 PA
N 

R = 
B4 

G = 
B3 B = B2 PA

N R = B7 G = B5 B = 
B3 

PAN 
(ALI) 

R = 
B4 

G = 
B3 

B = 
B2 

Wavelength 
(µm) 

0.50–
0.90 

0.76-
0.90 

0.63-
0.69 

0.52-
0.60 

0.45-
0.80 

0.770-
0.895 

0.630-
0.690 

0.51-
0.58 

0.48-
0.69 

0.76-
0.90 

0.63-
0.69 

0.52-
0.60 

Pixel Size 
(m) 0.6 2.4 0.5 2 10 30 

Date of 
Acquisition 2009-05-22 2010-06-14 2010-

05-30 2010-09-11 

Bits Per 
Pixel 8 8 8 

Coordinate 
System UTM Z39N (WGS84) UTM Z39N (WGS84) UTM Z38N (WGS84) 

Location Marvdasht near Shiraz city of 
Iran 

Tehran City, Capital of Iran Urmia City of Iran 

 
 

   
Fig 1: QuickBird XS image (B432) Fig 2: WorldView-02 XS image (B753) Fig 3: Landsat TM5 XS image (B432) 
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Fig 4: QuickBird PAN image Fig 5: WorldView-2 PAN image Fig 6: EO1-ALI PAN image 

 

2. A REVIEW ON IHS FUSION METHOD 

In the first IHS based image fusion 
procedure, proposed by Haydn et al in 1982 
[11], the Intensity component of XS image was 
directly replaced with the PAN image. It is 
known that although this method provides 
fused images with enhanced spatial quality, 
their spectral information differs significantly 
from that of the original multispectral ones. 
Image fusion with IHS method has some 
disadvantages and commonly distorts the 
spectral quality of the fused image in 
comparison with the main multispectral image, 
especially in Green and Near Infra-Red (NIR) 
bands [4,5,12]. Besides, this fusion method 
when applied on images with different 
resolutions, lead to different results [13]. 
Different approaches have been proposed 
during the last decades to minimize the spectral 
distortion inherent to IHS fusion method. To 
decrease the spectral distortion, some methods 
such as histogram matching of PAN image with 
Intensity element of XS image are used [14]. 
Also stretching of Hue and Saturation elements 
before reverse transformation is suggested [14]. 
On the other hand the quality of the fused 
image in IHS method relates also to the sensor 
bandwidth of PAN image. In these methods, the 
best result is obtained when sensor band width 
of PAN image covers the whole sensor 
bandwidth of XS image like PAN sensor of 
Ikonos, QuickBird and WorldView-2 images [4, 
15,16]. To overcome these problems some 
authors [10,17] proposed to combine IHS 
method with multiresolution wavelet fusion 
method and inject, into the Intensity image, the 
spatial information of the PAN image, missing 

into the multispectral one, in a multiresolution 
wavelet frame. The wavelet coefficients of the 
PAN image, which pick up the spatial 
information of this one, are extracted using 
wavelet algorithm. This method is capable of 
enhancing the spatial quality of the 
multispectral image while preserving its 
spectral information. The wavelet method does 
not modify the total radiance of the XS image 
since the mean value of each of the wavelet 
coefficients is zero [10]. Taking into account 
the computational cost of the wavelet fusion 
method, as well as the methods proposed by 
Chibani and Houacine [18], Choi [19] proposed 
proposed an alternative IHS based simplified 
procedure. In this case, the new Intensity image 
is obtained as a combination of the Intensity 
and PAN images and the tradeoff between the 
spatial and spectral resolution of the images to 
be fused can be controlled using a tradeoff 
parameter (t) [19]. 

Another shortcoming of IHS method is its 
limitation in using just three bands of XS image 
in the fusion process, accordingly the suitable 
bands must be chosen from among different 
bands of XS image [20]. For example, in 
Landsat ETM+ (7 bands), WorldView-02 (8 
bands) and QuickBird (4 bands) images, just 
three bands of XS image must be selected for 
fusing with IHS method.  In order to extend the 
IHS based image fusion methods, from three to 
n-bands, Tu et al. [4,5] proposed a new 
Generalized IHS fusion method.  

3. STATISTICAL IMAGE FUSION METHOD 

The Statistical image fusion Method - 
represented by ST symbol as follows - which is 
combined in this research with the IHS method 
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to improve its spectral quality is based on the 
method presented by Gungor and Shan [21]. 
This approach constructs the fused images as a 
linear combination of the PAN and XS images 
through Equation (3) in which i and j are the 
row and column numbers of each pixel and k is 
the band number of the XS and fused image F, 
and N is the total number of the bands in the XS 
image. 

; 1, 2,...,

k
ij

k k k
ij ij ij ij

F

a PAN b XS k N

=

× + × =
 (3) 

Any pixel in the kth band of fused image is 
obtained by multiplying the corresponding 
pixels of PAN and XS images respectively by a 
and b, the weighting coefficients, and 
calculating the sum of the products. For any 
pixel, the coefficients a and b must be 
determined window by window i.e. for 
calculating these coefficients in Equation (3), 
first two windows having w×w dimensions is 
defined around any corresponding pixel in PAN 
image and in the kth band of XS image [21].  

Padding process will be needed for the 
border regions of the input images. There are 
various padding approaches in the literature 
and in this study the zero padding approach 
which extends the images with zeros was used. 
On the basis of Digital Number (DN) values of 
pixels included in these windows and the 
statistical relations obtained from the two 
below criteria, the coefficients a and b are 
calculated [21]: 

The first criteria: The mean of every fused 
image band should be equal the average of its 
corresponding XS image band. 

k k kijij ij ij

k k
ij PAN ijF XS XS

a bµ µ µ µ= × + × =  (4) 

Where k
ijF

µ  is the mean of fused image in 

the kth band, is the mean of PAN image, and 

ijPANµ  is the mean of XS image in the kth band. 

The second criteria: The variance of every 
band in a fused image should be equal with the 
variance of PAN image. 

( )
( )

22 2
,

2 2 2

2k kijij ij ij

k ijij

k k k
ij PAN ij ijF PAN XS

k
ij PANXS

a a b

b

σ σ σ

σ σ

= + × × ×

+ =
(5) 

Where 2
k

ijF
σ , is the variance of fused image 

F in the kth band, 2

ijPAN
σ , is the variance of 

PAN image, 2
k
ijX S

σ , is the variance of XS image 

in the kth band and 
, ,, k

i j i jPAN XS
σ , is the 

covariance of the kth band of XS image with 
PAN image. The above formulation applies for 
any pixel (i,j) within the w×w window defined 
around it. The larger the window, the more 
spatial contribution will be gained from the 
PAN image. This means that larger window size 
will produce spatially sharper fused images. 
However, larger window size will also result in 
degradation in the color. Therefore, there is a 
trade-off between spatial resolution gain and 
spectral content loss resulting from the window 
size. Hence, an optimal window size should be 
selected during the fusion process [21]. In this 
article for the possibility in comparison the 
results with the results that Gungor and Shan 
[21] have presented on their research, the 
window size was selected as 31×31. 

Fig.s 10, 11, and 12 show the fused images 
with the ST fusion method with the 31×31 
window size around of each pixel. 

4. COMBINING IHS FUSION METHOD WITH ST 
STATISTICAL METHOD 

To improve the spectral quality of IHS 
fusion, we combined the IHS method with the 
ST method. In order to combine IHS method 
with ST method, XS image bands in Equation 
(3) are substituted with Intensity element, ‘I’, 
which is obtained from transforming RGB 
color space into IHS color space as in Equation 
(6). Accordingly, PAN image is fused just with 
Intensity element of XS image and produced 
the fused Intensity element of ‘I*’. By 
substituting this fused Intensity element ‘I*’ in 
the reverse IHS transform and creating a new 
I*HS group and then doing the reverse IHS 
transform and transferring it into the RGB color 
space, the fused image through this combined 
method is obtained. This method is shown by 
IHS-ST symbol as follows.  

*
ij ij ij ij ijI a P b I= × + ×  (6) 

Due to this combination, Equations (4) and 
(5) are rewritten in the form of Equations (7) 
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and (8), respectively. 

* ij ij ijij
ij P ij I II

a bµ µ µ µ= × + × =  (7) 

Where *
ijI

µ  is the average of fused Intensity 

element ‘I*’, 
ijP

µ  is PAN image average, and 

ijI
µ  is the average of Intensity element of XS 

image.
( ) ( )*

2 22 2 2 2
,2

ij ij ij ij ijij
ij P ij ij P I ij I PI

a a b bσ σ σ σ σ= + × × × + = (8) 

Where *
2

ijI
σ   is the variance of fused 

Intensity ‘I*’, 2

ijP
σ  is PAN image variance, 2

ijI
σ  

is the variance of Intensity of XS image and 

,ij ijP I
σ  is the covariance of Intensity element of  

XS and PAN images. To calculate k
ija  and 

k
ijb  coefficients, Equations (7) and (8) are used 

to obtain a second degree equation in terms of 
coefficient ijb  by substituting Equation (9). 
According to Equation (7), it can be written as: 

( ) ( )1 1 &ij ij

ij ij

I I
ij ij ij

P P

a b M b M
µ µ

µ µ
= × − = × − =  (9) 

 

   
Fig 7: QuickBird Fused image using IHS 

method 
Fig 8: WorldView-02 Fused image using 

IHS method 
Fig 9: EO1-ALI-PAN and Landsat TM5 

Fused image using IHS method 

   
Fig.  10: QuickBird fused image using ST 

method 
Fig.  11: WorldView-02  fused image using 

ST method 
Fig.  12: EO1-ALI-PAN and Landsat TM5 

fused image using ST method 

   
Fig. 13: QuickBird fused images using 

combined IHS-ST method 
Fig. 14: WorldView-02 fused images using 

combined IHS-ST method 

Fig. 15: EO1-ALI-PAN and Landsat TM5 
fused images using combined IHS-ST 

method 


