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Abstract. In this paper, a new method for Panchromatic and Multispectral 
satellite image fusion is proposed. The major challenge of a fusion algorithm is 
to improve the spatial and spectral qualities of the fused image. But the spatial 
and spectral qualities are inversely proportional; we cannot improve either 
quality above particular range without losing visual quality, and most of the 
current methods do not take into consideration about visual quality. The 
proposed method tries to improve the spatial and visual quality with reduced 
spectral distortion using a Bi-Level Intensity Hue Saturation transform. Proposed 
method is rigorously tested over QuickBird and IKONOS satellite images and 
the experimental results shows that our method produces high visual quality 
fused images with a good spatial and spectral quality levels compared with 
existing methods.  
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1 Introduction 

Satellite images are widely used in remote sensing applications. Earth observing 
satellites like QuickBird and IKONOS provide two types of images; Multispectral (MS) 
and Panchromatic (PAN) images. MS images have high spectral resolution and PAN 
images have very good spatial resolution. It is desirable to have the best possible spatial 
resolution in order to find fine features on the Earth’s surface for most remote sensing 
applications. Moreover, a high spectral resolution is also required to discriminate among 
different ground covers. Most of these remote sensing applications need human 
intervention for feature detection and classification of land area, so that visual quality of 
the fused image is also an important factor. However, for certain applications, there is a 
need to improve the spatial resolution of the MS images. Improving the spatial quality 
of the MS image is usually called pansharpening. The main issue in the pansharpening 
is the inverse proportionality between spectral and spatial quality. When we try to 
improve one quality the other quality become reduced. A good fusion algorithm must 
attain a good spectral and spatial quality level, that is, good spatial quality with less 
spectral distortion. Mapping and surveillance application demand not only high spatial 
and spectral quality images but also the good visual quality for images. Most of the 
methods are not concerned about the visual quality of the fused image. 
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Within the well known spatial domain fusion methods IHS[1], Brovey[2] and 
PCA[2]  methods achieve fine spatial quality but generate spectral distortions. 
Another family of methods using wavelets produces much less spatial quality images 
than those fused by the Brovey, IHS, and PCA methods. Some of the new 
transformations such as courvelet, contourlet[3][4] and NSCT[5][6] are proposed to 
overcome this weakness. The contourlet has many advantages over curvelet. A. G. 
Mahyari et al[5]., proposed a new method for identifying a best threshold for fusing 
MS and PAN images. But algorithm failed to provide good spatial quality. Then 
researchers try to combine spatial and transform domain fusion methods. Hybrid 
methods like NSCT and IHS[6], Bilateral filter and IHS[7] are try to combine good 
qualities of both techniques, and able to achieve good spectral quality but the 
sharpness of the fused image is lost, also the time complexity is also very high.  

Many new less complex methods are introduced to reduce the spectral distortion 
happened during the image fusion using IHS transform. Within that Adaptive-IHS[8] 
and Improved-IHS[9] provide good spectral quality but the image is visually 
distorted. The new IHS fusion by Choi[10] able to preserve the spectral and spatial 
qualities up to a good level, but lose of sharpness reduces the visual quality. In this 
paper out objective is to achieve a good visual quality by fusing PAN spatial details 
along with color details of MS.  

2 Bi-level IHS Fusion Algorithm 

A good fusion algorithm should improve two inversely proportional qualities, ie., 
spatial and spectral, which is not possible simultaneously. So we are trying to achieve 
a good spatial and spectral quality levels along with good visual quality using a Bi-
Level IHS algorithm. The Bi-Level IHS method has two levels of IHS based fusion 
algorithms, within that the first level algorithm brings spatial information to the fused 
image using fast IHS and new adaptive averaging; and the second level algorithm fuse 
spectral details to the MS image.  

The first level of proposed fusion method uses a histogram equalized PAN image 
for the fast IHS transform, and that can be implemented as follows, 

 PAN PAN  σI
σPAN      (1) 

where, σI standard deviation of intensity component and σPAN is the standard 
deviation of PAN image. RIHS′GIHS′BIHS′

 R PAN IG PAN IB PAN I     (2) 

I R G B NIR /4    (3) 

The next step in first level operation is to apply the adaptive averaging function. 
The adaptively added MS components and PAN details helps to improve the spatial 
quality and reduces the spectral distortion. The averaging function is: 
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RIHS′′GIHS′′BIHS′′
 RIHS′ PAN R  α / α  2GIHS′ PAN G  α / α  2BIHS′ PAN B  α / α  2    (4) 

α corr R, PAN         (5) 
α corr G, PAN     (6) 
α corr B, PAN     (7) 

The Second Level IHS transform add color details to the fused images.  Color 
information is an important factor while we considering the visual quality of the 
image. Also to improve the spectral quality the original Hue and Saturation 
components of the MS image is fused with the intensity component of the previously 
fused bands RIHS′′ , GIHS′′ , BIHS′′ . The fused bands transformed HIS[11] domain, I′′H′′S′′ HSI RIHS′′ , GIHS′′ , BIHS′′       (8) 

 Use Hue and Saturation of the original MS images and the intensity component of 
the fused image are used to find the final fused MS images. RGB inverse_HSI I′′, H, S       (9) 

3 Experimental Analysis 

To evaluate our method we selected QuickBird and IKONOS satellite images which 
have 4m resolution for MS bands and 1m resolution for PAN image. For testing the 
quantization level reduced from 11 bits to 8 bits. Since there are no reference images are 
available, we use the original MS images as reference images and scale down the fused 
MS images and PAN image to the size of reference image for the quantitative analysis. 

In order to evaluate the performance and effectiveness of our proposed fusion method, 
we compared the new algorithm with five other existing fusion methods; IHS, modified 
IHS by Choi, NSCT+ IHS, Improved-IHS and Adaptive IHS. From the images in Fig. 1 
and Fig. 2 we can observe that the IHS produces the color distortions. The modified IHS, 
IKONOS IHS and improved IHS by Choi are fused the images with less spectral 
distortions but the spatial and visual qualities are very poor. The NSCT and IHS 
combined method produce low spatial and visual quality images but the spectral quality 
is good, also the computation time for the fusion process is very high as compared with 
all other methods. Proposed method produce good spatial and visual quality images with 
less spectral distortions than IHS. To provide quantitative comparison of different fusion 
algorithms, we use eight objective indicators shown in Table 1. 

Here SSIM[12] is used as a quantitative measure for the visual quality. The PAN 
image is considered as the perfect quality image. The RGB image is converted to 
grayscale and compared with the PAN image. When more structural details are preserved 
in the fused image; better the visual quality. Spectral distortion is calculated using three 
different measures; ERGAS[13], RASE[14] and SAM, while spatial quality is measured 
using Cross Correlation (CC) and Universal Image Quality Index (UIQI)[15]. Cross 
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correlation and UIQI are calculated for each band with PAN image. In order to analyze 
the performance of our method is achieve a good spectral and spatial quality levels along 
with visual quality, the sum of difference between the spatial quality improvement and 
spectral distortions, and SSIM is calculated, shown in Table 1, Eq. No 8. Since RASE is 
calculated as rate of distortion; CC and SSIM is calculated as the rate of spatial and 
visual quality improvement, higher values of the QDIFF will represent the good 
performance of the algorithm. Table 2, shows the quantitative analysis of the IKONOS 
and QuickBird images. 

Table 1. Quantitative metrics 

Eq. No Quantity Equation Parameters 

1 RASE  100 1   

M is the mean radiance of the N spectral bands, (Bi) 
of the original MS bands. ,   

2 ERGAS  100  1
 

h is the resolution of PAN,  l is the resolution of MS, 
 is the mean radiance of each spectral band 

3 SAM , ,
 

Where v v , v , … , vL is the original spectral 
pixel vector v v , v , … , vL is the distorted pixel 

vector 

5 CC 
,  ,∑ ∑ ,  ∑ ∑ ,  

where  and  are the mean,  and  are the 
variance of the images A and B of size M×N 6.5025,  58.5225 for 8 bit per pixel 

6 UIQI . 2 . 2
 

7 SSIM  2  2
 

8 QDIFF (CCavg – R) + SSIM 

R= RASE, if RASE is computed in percentage use 
R=RASE/100, 

CCavg = CC/3, average cross correlation of R,G and B bands 

 
Subjective analysis is carried out to compare the visual quality of the fused image, 

using 1000×1000 IKONOS images which are fused using the same six techniques 
used in quantitative analysis. Subjects are asked to rank the six images from 1 to 6 (1 
is considered as best) based on visual quality (sharpness, color, brightness, contrast, 
overall quality); people are selected from variety of domains such as students, image 
processing experts, industry etc. The result of subjective analysis is shown in Table 3. 
From the table we can understand that most of the people ranked the proposed method 
as best and IHS as the bad image. 

Table 2. Quantitative analysis of sample IKONOS and QuickBird images (1000×1000) 
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Fig. 1. QuickBird fused images (a) Panchromatic (b) Scaled up Multispectral RGB(c) Proposed 
(d) IHS (e) modified IHS by Choi (f) NSCT+ IHS (g) Improved-IHS (h) Adaptive IHS  

Table 3. Subjective analysis results of sample IKONOS image (1000×1000) 

 
 

 

Fig. 2. IKONOS fused images (a) Panchromatic (b) Scaled up Multispectral RGB(c) Proposed 
(d) IHS (e) modified IHS by Choi (f) NSCT+ IHS (g) Improved-IHS (h) Adaptive IHS 

4 Conclusion 

In this work, a Bi-Level IHS image fusion algorithm for satellite images is proposed. From 
the quantitative and qualitative analysis, proposed method demonstrates good visual and 
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spatial qualities with reduced spectral distortion. Our method balances the spatial and 
spectral quality while improving the visual quality of the fused satellite images. The 
method is computationally fast and it can be implemented on a parallel computing 
architecture.  
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