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Abstract 

With the advent of remote sensing, the requirement of high resolution images that can provide high quality 

spectral and spatial information has increased. Due to cost and circuitry issues, the satellite sensors are 

capable of providing either multispectral (MS) images with high spectral and low spatial resolution or 

Panchromatic (pan) images with high spatial and low spectral resolution. Pansharpening of MS images is 

used to increase spatial resolution of MS image, using high spatial resolution pan image by fusion of MS and 

pan images. Several pansharpening techniques have been discussed in the literature to obtain pansharpened 

images with high spatial as well as spectral resolution. Among them, Intensity-Hue-Saturation (IHS), 

Principal Component Analysis (PCA) and Wavelet Transform based pansharpening are most commonly used 

techniques, as IHS and PCA provide high spatial resolution and Wavelet Transform provides high spectral 

resolution. In this paper, a novel pansharpening technique has been proposed which aims at integrating the 

advantages of IHS and Wavelet based pansharpening for providing a pansharpened image with high spatial 

resolution, while preserving the spectral resolution of MS image. The proposed technique is an IHS and 

Wavelet based multiscale image decomposition fusion technique that uses visual saliency detection for 

extraction of details and edge information from MS and pan images. The proposed techniques has been 

implemented on several image datasets containing low and very low resolution MS images and the results 

have been analyzed and compared with the existing techniques. The simulation results and analysis shows 

that the proposed pansharpening technique outperforms existing techniques by providing superior 

pansharpened MS images. 

 

Introduction 

Image fusion is a technique of combining the information of two or more input images into a single image. It 

is used to get an enhanced perception of a scene using a single image, rather than multiple images. The need 

of image fusion arises when the images do not contain the sufficient information independently, due to some 

distortions or degradations. The image may be optically or statistically degraded due to certain reasons like, 

(a) the image sensor used to capture the images might be a low resolution sensor, (b) the sensor might not be 

capable of capturing color images, (c) the sensor or the object to be sensed might be in motion, (d) the sensor 

might be able to capture only one kind of information (e) the image might have undergone contrast decrease 

or sharpness reduction, (f) the images might consist of some halo artifacts, blocking artifacts, artificial edges, 

ringing effects and so on [1]. This raises the need of image fusion for different image modalities like 

multisensor images, multimodal images, multispectral images, multifocus images and multitemporal images. 

The image fusion is applicable to a number of fields where the decision making is based upon analysis of 

images of a scene like in medicine, remote sensing, satellite imaging, military and civilian surveillance, object 

detection and recognition, land use, navigation guidance and so on [2] .  

This paper deals with remote sensing applications of image fusion. Due to limitations in available circuitry, 

the remote sensing sensors are not capable of capturing images which concurrently have high spatial as well 

as spectral resolution. It either captures images with high spectral resolution and low spatial resolution, which 

are called multispectral (MS) images or images with high spatial resolution and low spectral resolution, which 
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are called panchromatic (pan) images. Therefore, the MS images are fused with pan images so as to increase 

the spatial resolution of MS images. The process of enhancing the spatial resolution of MS images using pan 

images is called pansharpening of MS images. The objective of pansharpening of MS image is to increase the 

spatial resolution of MS image while preserving its spectral information. Thus the resultant pansharpened 

image should have high spatial as well as spectral resolution comparable to that of pan image and MS image 

respectively [3].  

The pansharpening techniques can be broadly classified into two categories, Component Substitution (CS) 

techniques and Multi-resolution Analysis (MRA) techniques [4]. CS methods are based on separation of 

spatial and spectral details of MS image and then replacing the spatial details of MS image by pan image. CS 

methods include Intensity Hue Saturation (IHS) based techniques, Principal Component Analysis (PCA), 

Gram Schmidt method, Band Dependent Spatial Detail method and Brovey method [5][6] . MRA methods are 

based on multiresolution decomposition of MS and pan images using Wavelet Transform, Laplacian Pyramid, 

Curvelet Transform etc and then fusing the corresponding levels using different fusion rules like mean, choose 

max, choose min, etc. The fused levels are then reconstructed using inverse transforms to get the fused image. 

The MRA methods include Additive Wavelet Transform Method, Generalized Laplacian Pyramid (GLP), 

Additive Wavelet Luminance Proportion (AWLP) Method, Curvelet transform based method and High Pass 

Filtering method [7] [8]. There are also some methods like Variational method P+XS and the methods based 

on statistical estimation which doesn’t associate with any of the above categories [9] [10]. Different 

techniques can be used for pansharpening of MS images depending on the requirements and application of 

pansharpened images. 

In this paper, a novel multiscale pansharpening technique based on CS and MRA methods has been proposed 

which uses visual saliency detection. The CS technique used is IHS based pansharpening as it provides very 

high spatial resolution of pansharpened image. But it also offers some spectral distortion. Thus, the Wavelet 

based fusion technique has been used which is a MRA pansharpening technique that provides excellent 

spectral resolution. The saliency detection has been used to extract the significant details and edge information 

from MS and pan images. In this paper, the existing image fusion techniques have been discussed in detail in 

section II and the proposed pansharpening technique has been given in section III. Section IV consists of 

simulation results and analysis of proposed technique, and its comparison with existing techniques. A 

conclusion has been drawn in section V. 

 

Previous work 

IHS pansharpening technique 

The computer systems generally use RGB (Red-Green-Blue) color space to display the color information. IHS 

(Intensity-Hue-Saturation) is another efficient color space used to represent the color images, which separates 

the spectral and spatial information. In IHS color space, the Intensity component is gives the spatial details of 

an image and the Hue and Saturation components give the spectral information.  

 

Fig. 1. Intensity-Hue-Saturation based image pansharpening Technique 
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In pansharpening of MS images, the color information is present in MS image, that is further present in Hue 

and Saturation component of MS image, and the spatial information is mostly present in pan image and the 

MS image contains relatively very little spatial information.  

 So, the final pansharpened image should consist of color information of Hue and Saturation 

component of MS image and the spatial information should be comparable to that of pan image. Thus, in IHS 

based pansharpening method, the principal of Component Substitution is applied [6]. The MS image is first 

converted to IHS color space. The histogram of Intensity component of MS image is matched with that of pan 

image and the Intensity component of MS image is replaced by pan image, keeping the Hue and Saturation 

components as it is, and the resultant image is then converted back to RGB image using inverse 

transformations [11]. The IHS based pansharpening algorithm has been shown in Figure 1. The IHS based 

pansharpening techniques like GIHS, FIHS, adaptive IHS, FSRF, and Variational IHS have also been used in 

the field of remote sensing [6], [10]–[15].  

 

Wavelet Transform based pansharpening technique 

Wavelet Transform is a multiresolution transform applied on images to decompose images into low and high 

frequency components. The low frequency components are called approximation coefficients and contain the 

background and color information of an image and the high frequency components are called details 

components and contain small scale variations and spatial information [16]. Different Wavelet Transforms 

like Haar Wavelets, Daubechies Wavelets, Coiflets Wavelets, Coifmann Wavelets and Dual Tree Complex 

Wavelets can be applied at different levels. Level-1 decomposition using Wavelet Transform decomposes an 

image into four levels, say, LL1, LH1, HL1, and HH1, where LL1 corresponds to approximation coefficient 

and LH1, HL1, and HH1 correspond to detail coefficients. If the level of decomposition is increased the level 

LL1 is further decomposed into LL2, LH2, HL2, and HH2 and so on. The concept of multilevel 

decomposition using level-2 Wavelet Transform has been shown in Figure 2. The mathematical expression for 

wavelet transform is given by equation () [17]. 

 

𝐹(𝑥, 𝑦) = ∫ 𝑓(𝑥) 𝛹(𝑎,𝑏)
∗ (𝑥)𝑑𝑥

+∞

−∞

 

 

 

Fig. 2. Level-2 Wavelet decomposition 

 

In Wavelet Transform based image fusion, the images are first decomposed low and high frequency levels 

using Wavelet Transform. The different levels are then fused individually using some fusion rules like choose 

min, choose max, mean, choose image1, choose image2 etc. The fused levels are then combined to reconstruct 

a final fused image using inverse Wavelet Transform [18] [19]. The Wavelet Transform based pansharpening 

algorithm has been shown in Figure 3. The commonly used Wavelet based fusion techniques are AW, AWPC, 
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AWI, AWL, WiSpeR and Wavelet based Bayesian fusion, Wavelet based Variational method[15], [16], [18]–

[23]. 

 

Fig. 3. Wavelet Transform based image pansharpening Technique 

 

Saliency detection based pansharpening technique 

Saliency detection of an image is the process of identifying the significant information that seems to be 

prominent and more useful that the neighbors. It generally consists of fine details and edge information that is 

interpretable by human eye [24]. In the method of saliency detection based image fusion, the saliency maps 

are created for both the input images, which represent the significant information in images[25]. The saliency 

map is then used for effective fusion of images. The existing saliency detection based image fusion method 

has been shown in Figure 4 and the algorithm has been explained below. 

 

Fig. 4. Saliency Detection based image pansharpening Technique 
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1. The original images are decomposed into two layers, called base layer and detail layer. Base layer consists 

of large scale variations and the detail layer consists of small scale information.  

2. The visual saliency of all the input images is detected individually by creating saliency maps that 

represent the salient information of respective images. 

3. The images to be fused generally consist of complementary information or a particular image might 

consist of more significant information at a particular pixel location than the other. Therefore, it has to be 

determined that which image will provide information at a particular point in fused image so as to fuse the 

information of all the images effectively. This is done by creating respective weight maps of images by 

using saliency maps. Higher weight is assigned to a pixel having more significant information and lower 

weight will be assigned to the corresponding pixel at same pixel location in another image and vice versa. 

4. The fusion of detail layer is carried out by multiplying the detail layer with respective weight maps and 

then adding the products to provide a detail layer which consists of information of all the detail layers. 

5. Base layer is fused using mean rule. 

6. The fused base layer and fused detail layer are combined to reconstruct the final fused image. 

 

PROPOSED PANSHARPENING TECHNIQUE 

Pansharpening of MS image is required in remote sensing because of the limitations in capabilities of the 

satellite sensors. The images captured by satellite sensors have either high spatial resolution or spectral 

resolution, but for effective interpretation, the images must have high spatial as well as spectral resolution. MS 

images have high spectral resolution and their spatial resolution is increased by method of pansharpening, thus 

providing a high spatial as well as spectral resolution pansharpened MS image. Many CS and MRA based 

pansharpening techniques have been discussed in literature, providing good pansharpened images, but each 

one has its own limitation. The CS family methods like IHS based pansharpening provides high spatial 

resolution but offer some spectral distortion whereas the MRA family methods like Wavelet based 

pansharpening method preserves the spectral information of MS image but does not provide high spatial 

resolution.  

In this paper a novel multiscale pansharpening approach based on both IHS based and Wavelet based 

pansharpening algorithms and using the visual saliency detection has been presented. The integration of IHS 

based and Wavelet based techniques is being done to get good spatial resolution, while preserving the spectral 

resolution of MS image as IHS based pansharpening will provide high spatial resolution and the Wavelet 

based pansharpening will provide high spectral resolution [6], [19]. The saliency detection is being used as it 

helps to identify and extract the visually significant information of an image [25].   

 

Fig. 4. Multiscale decomposition based image fusion Technique 
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The proposed pansharpening algorithm is a multiscale decomposition fusion algorithm. Multiscale 

decomposition image fusion consists of three broad steps: image analysis, image fusion and image synthesis 

[26]. Initially, the image components to be fused are decomposed into multiple levels. The different levels are 

classified into base layers or approximation coefficients and detail layers or detail coefficients. The base layer 

coefficients consist of background information and other large scale variations and the detail layer coefficients 

consist of edge information and other small scale variations. This is called image analysis. The corresponding 

layers of input images are fused individually using different fusion methods. Then the fused layers are 

combined to reconstruct a final fused image. This is called image synthesis. The multiscale decomposition 

image fusion has been demonstrated in Figure 5. 

The proposed IHS and Wavelet based multiscale decomposition pansharpening algorithm using saliency 

detection has been implemented using two scale image decomposition. The detailed algorithm has been shown 

in Figure 6. The MS image is first converted from RGB to IHS color space and then the Intensity component 

of MS image is fused with pan image using multiscale decomposition image fusion and the Hue and 

Saturation components of MS image are kept unchanged. The fusion of corresponding layers of Intensity 

component of MS image and the pan image is carried out using saliency detection and Wavelet Transform 

based image fusion technique. The fused component is then combined with the Hue and Saturation component 

of MS image and the final pansharpened MS image is obtained using IHS to RGB conversion process.   

 

Fig. 6. Proposed Pansharpening Technique 

The proposed pansharpening algorithm has been implemented using the following steps. 

1. RGB to IHS conversion of MS image 

The MS image is converted from RGB to IHS color space and the pan image, being a grayscale image is kept 

as it is. The transformation of image from RGB to IHS color space is carried using a set of formulae which are 

represented by equations (1-4). 

𝐼 = (𝑅 + 𝐺 + 𝐵) 3⁄                            (1) 

𝐻 = {
𝜃,                     𝑓𝑜𝑟 𝐵 < 𝐺
2𝜋 − 𝜃,         𝑓𝑜𝑟 𝐵 > 𝐺

}                                (2) 

where,  𝜃 = cos−1 0.5∗((𝑅−𝐺)+(𝑅−𝐵))

√(𝑅−𝐺)2+(𝑅−𝐵)∗(𝐺−𝐵)
                   (3) 
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𝑆 = 1 −
3(min (𝑅,𝐺,𝐵))

(𝑅+𝐺+𝐵)
                  (4) 

2. Two scale image decomposition  

The pan image and the Intensity component of MS image are used to get the spatial information and the 

spectral information will remain preserved in Hue and Saturation components of MS image. The Intensity 

component of MS image I1(x,y) and the pan image I2(x,y) are decomposed at two-scale decomposition using 

mean filtering approach. The images I1(x,y) and I2(x,y) are decomposed into two layers, called base layer and 

detail layer. Base layer consists of large scale variations or background information and the detail layer 

consists of small scale information or fine details. The base layer is obtained by mean filtering the original 

image as the mean filter will remove the small scale variations from input image by performing the 

smoothening operation and will provide the image with large scale variations only. The detail layer is obtained 

by subtracting the base layer from the original image. The base layers B1(x,y)  and B2(x,y) of  I1(x,y)  and  

I2(x,y)  will be given by equations (5) and (6). 

𝐵1(𝑥, 𝑦) = 𝐼1(𝑥, 𝑦) ∗ Ω(𝑥, 𝑦)     (5) 

𝐵2(𝑥, 𝑦) = 𝐼2(𝑥, 𝑦) ∗ Ω(𝑥, 𝑦)     (6) 

where Ω(x,y) is the mean filter of window size λΩ. The detail layers, D1(x,y) and D2(x,y)  of I1(x,y) and I2(x,y) 

will be given by (7) and (8). 

𝐷1(𝑥, 𝑦) = 𝐼1(𝑥, 𝑦) − 𝐵1(𝑥, 𝑦)     (7) 

𝐷2(𝑥, 𝑦) = 𝐼2(𝑥, 𝑦) − 𝐵2(𝑥, 𝑦)     (8) 

The Hue and Saturation components of MS image are kept unchanged. 

3. Saliency detection 

Saliency detection refers to extraction of significant information of an image like objects, lines, persons, or 

edges. The saliency maps of I component of MS image and the pan image are constructed by using mean and 

median filters. The mean filter preserves the background information and blurs the details or edges in an 

image by performing smoothening operation where as the median filter preserves important background as 

well as edge information, while removing the noise and artifacts. So, the difference between the mean and 

median filtered images will give the edge and other important visually salient information. If Ω(x,y) and ζ(x,y) 

are mean and median filters of window sizes λΩ and λζ , respectively, then the output of mean and median 

filters will be given by 9-12. 

𝐼1
Ω(𝑥, 𝑦) = 𝐼1(𝑥, 𝑦) ∗ Ω(𝑥, 𝑦)      (9) 

𝐼2
Ω(𝑥, 𝑦) = 𝐼2(𝑥, 𝑦) ∗ Ω(𝑥, 𝑦)     (10) 

𝐼1
ζ(𝑥, 𝑦) = 𝐼1(𝑥, 𝑦) ∗ ζ(𝑥, 𝑦)     (11) 

𝐼2
ζ(𝑥, 𝑦) = 𝐼2(𝑥, 𝑦) ∗ ζ(𝑥, 𝑦)     (12) 

where IΩ
1(x,y) and IΩ

2(x,y) are outputs of mean filters and  Iζ
1(x,y) and Iζ

2(x,y) are outputs of median filters for   

I1(x,y) and I2(x,y) respectively. The saliency maps are given by (13) and (14). 

𝑆1(𝑥, 𝑦) = | 𝐼1
Ω(𝑥, 𝑦) − 𝐼1

ζ(𝑥, 𝑦) |    (13) 

𝑆2(𝑥, 𝑦) = | 𝐼2
Ω(𝑥, 𝑦) − 𝐼2

ζ(𝑥, 𝑦) |    (14) 

where S1(x,y) and S2(x,y) are saliency maps of  I1(x,y)  and  I2(x,y) respectively and | | represents the absolute 

value.  

4. Construction of weight maps 

It has to be determined that which image is to be used to extract information at a particular pixel location in 

fused image so as to effectively fuse the significant information of original input images into a single image. 

This is done by creating respective weight maps W1(x,y) and W2(x,y) of images I1(x,y) and I2(x,y)  on basis of 
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saliency maps [25]. Weight maps are constructed using saliency maps S1(x,y) and S2(x,y) as given by (15) and 

(16). 

𝑊1(𝑥, 𝑦) =  
𝑆1(𝑥,𝑦) 

𝑆1(𝑥,𝑦)+𝑆2(𝑥,𝑦)
    (15) 

𝑊2(𝑥, 𝑦) =  
𝑆2(𝑥,𝑦) 

𝑆1(𝑥,𝑦)+𝑆2(𝑥,𝑦)
    (16) 

It is clear from the formulae that the value of weights will lie between 0 and 1 and the sum of corresponding 

weights of D1(x,y) and D2(x,y)  at same pixel location will be equal to 1. This means if a higher weight is 

assigned to a pixel having more significant information, then lower weight will be assigned to the 

corresponding pixel at same pixel location in another image and vice versa. Since the pan image consists of 

comparatively larger amount of spatial details, the weights assigned to pan image will be higher than that of 

Intensity component of MS image. 

5. Assignment of weights 

The weight maps of images are multiplied with their respective detail layers. The weights are applied to detail 

layer because the detail layer consists of most of the visible information like edges, lines, human beings, 

buildings, etc and the base layer consists of only background information. Thus, to efficiently obtain the 

spatial information from I1(x,y) and I2(x,y), the detail layers are considered. The weighted detail layers  

WD1(x,y)  and WD2(x,y) for I1(x,y) and I2(x,y) are obtained using the equations 17-18. 

𝑊𝐷1(𝑥, 𝑦) = 𝐷1(𝑥, 𝑦) ∗ 𝑊1(𝑥, 𝑦)  (17) 

𝑊𝐷2(𝑥, 𝑦) = 𝐷2(𝑥, 𝑦) ∗ 𝑊2(𝑥, 𝑦)  (18) 

6. Detail layer fusion 

The weighted detail layers are fused using Wavelet based image fusion technique. WD1(x,y)  and WD2(x,y) 

are decomposed into approximation and details coefficients using Discrete Wavelet Transform (DWT). In this 

paper, Daubechies Wavelet has been used at level-2. The corresponding approximation coefficients are fused 

using max rule and the details coefficients are fused using the mean rule. The fused coefficients are combined 

and fused weighted detail layer is obtained by reconstruction using Inverse Discrete Wavelet Transform 

(IDWT). The fused layer thus obtained, FD(x,y), is final fused detail layer of  I1(x,y) and I2(x,y). 

7. Base layer fusion 

The base layers B1(x,y)  and B2(x,y) are fused using Wavelet based image fusion in the similar way. B1(x,y)  

and B2(x,y) are decomposed into approximation and details coefficients using Daubechies Wavelet at level-2. 

The corresponding approximation coefficients are fused using max rule and the details coefficients are fused 

using the mean rule.  The fused coefficients are combined and fused base layer is obtained by reconstruction 

using IDWT. The fused layer thus obtained, FB(x,y), is final fused base layer of  I1(x,y) and I2(x,y). 

8. Two scale image reconstruction 

The fused base layer FB(x,y) and the fused detail layer FD(x,y) are combined using two scale image 

reconstruction as shown in equation (19). 

𝐹(𝑥, 𝑦) = 𝐹𝐵(𝑥, 𝑦) + 𝐹𝐷(𝑥, 𝑦)    (19) 

where F(x,y) is fused image component. 

 The image component F(x,y) contains all the spatial information of MS image and pan image as it consists 

details as well as background information of I1(x,y) and I2(x,y). 

9. Component substitution 

The fused component F(x,y) is now replaced with the Intensity component of MS image and the Hue and 

Saturation components are kept as it is, because there no color information in pan image and the Hue and 

Saturation components of MS image represent entire color information. 

10. IHS to RGB conversion 

The pansharpened image in IHS plane is converted back to RGB plane using inverse transformations and the 

final fused image is obtained, that is a pansharpened MS image. 
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RESULTS AND DISCUSSIONS 

EXPERIMENTAL SETUP  

Image Datasets 

The proposed pansharpening algorithm has been implemented using several datasets consisting of MS and pan 

images. The datasets used consist of low as well as very low spatial resolution MS images. The results have 

been shown using two datasets. Dataset 1 consists of low resolution MS image and high resolution pan image 

taken from AVIRIS dataset [27] whereas dataset 2 consists of very low resolution MS image and a high 

resolution pan image taken from HYDICE image dataset [28]. The experiments have been executed using 

MATLAB version R2013a on a Windows personal computer having Intel(R) 2.16 GHz CPU and 4 GB RAM. 

Image Analysis 

The subjective as well as objective analysis of results has been done. The subjective analysis contains 

qualitative measure of images that is done by visual inspection. The objective analysis is done quantitatively 

with the help of several image quality metrics which demonstrate the quality of the fused image [29]. The 

image analysis is generally done using a reference image for comparison but in case of pansharpening of MS 

images, no reference image is available, so the MS image is taken as the reference image.  

Evaluation Parameters 

The following quality metrics have been used analyze and compare the quality of proposed pansharpening 

technique.  

1) Correlation coefficient: Correlation coefficient(CC) is used to measure the amount of linear dependence 

between reference image and fused image [5]. The value of spectral correlation coefficient represents the 

amount of correlation between MS and fused image and the value of spatial correlation coefficient represents 

the amount of correlation between Pan and fused image. Its value lies between [-1, 1]. For better quality of 

fused image, the value of correlation coefficient should be equal to 1. 

𝐶𝐶 =
∑ ∑ (𝑋(𝑖,𝑗)−�̅�)(𝑌(𝑖,𝑗)−�̅�)𝑁

𝑗=1
𝑀
𝑖=1

√∑ ∑ (𝑋(𝑖,𝑗)−�̅�)2×∑ ∑ (𝑌(𝑖,𝑗)−�̅�)2𝑁
𝑗=1

𝑀
𝑖=1

𝑁
𝑗=1

𝑀
𝑖=1

     (17) 

where X and Y are reference image and fused image respectively. 

2) Entropy: The measure of entropy (E) of an image gives the amount of information carried by an image 

[8]. Larger value of entropy represents better image quality. 

𝐸 = − ∑ ∑ 𝑝(𝑖, 𝑗)𝑙𝑜𝑔2𝑝(𝑖, 𝑗)𝑁
𝑗=1

𝑀
𝑖=1     (18) 

where p(i,j) is probability of occurrence of pixel Y(i,j) in output image. 

3) Universal Image Quality Index: Universal image quality index (UIQI) represents the quality of an 

image in terms of product of correlation, luminance and contrast [30]. Its value lies between [-1, 1]. For better 

quality of fused image, the value of UIQI should be equal to 1. 

𝑈𝐼𝑄𝐼 =
𝜎𝑥𝑦

𝜎𝑥𝜎𝑦
×

2�̅��̅�

(�̅�)2+(�̅�)2 ×
2𝜎𝑥𝜎𝑦

𝜎𝑥
2+𝜎𝑦

2   (19) 

4) Spectral Disperancy: Spectral Disperency (SPD) gives the measure of spectral qualiaty of fused image. 

Small value of SPD represent better spectral quality of an image [19]. 

𝑆𝑃𝐷 =
∑ ∑ |𝑌(𝑖, 𝑗) − 𝑋(𝑖, 𝑗)|𝑁

𝑗=1
𝑀
𝑖=1

𝑀𝑁
 

5) Spectral Angle Mapper: Spectral Angle Mapper (SAM) gives the measure of spectral angle between 

fused image and reference MS image. Its value is calculated in degrees and lower value represents better 

spectral quality [31]. 

𝑆𝐴𝑀(𝑋, 𝑌) = cos−1 (
〈𝑋, 𝑌〉

‖𝑋‖ ‖𝑌‖
) 
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Variation of Window size  

The proposed pansharpening technique has been tested by implementing it using different window sizes of 

mean and median filters. The value of window size of mean filter, λΩ has been changed from 35 to 120, at the 

intervals of 5. When λΩ is changed, different results are observed. The results for different values of λΩ for 

image Dataset 1 have been shown in Figure 7. 

 

(a) MS 

image 

 

 

(b) Pan 

image 

 

(c) λΩ=35 

 

(d) λΩ=65 

 

(e) λΩ=100  

 

(f) λΩ=120  

Fig. 7. Results of proposed technique using different Window sizes of Mean filter 

The visual analysis shows that the results become better as we increase the filter size. This is because when λΩ 

is increased, the base layer will contain fewer details and more background information and the details layer 

will contain more details. The technique used fusion of base layer effectively fuses the background 

information and that used for fusion of detail layer fuses edge information effectively. Thus, the overall 

quality of fusion is enhanced by increasing window size of mean filter. The variations in results are more 

noticeable up to filter size 100 as the results using λΩ=100 and λΩ =120 seems to be almost same. 

The quantitative analysis of the results has been done using the three quality parameters, namely Spectral 

Correlation, Spatial Correlation and UIQI. The computation time has also been considered. The values of 

parameters and computational time for image Dataset 1 has been shown in Table I.  

Table I. Performance analysis of proposed technique using different Window sizes of Mean filter 

Window size of 

mean filter 
Spectral CC Spatial CC UIQI 

Computation 

time (in 

seconds) 

35 0.7696 0.9342 0.2597 2.6290 

65 0.8690 0.9176 0.5378 2.6555 

100 0.9490 0.8972 0.7436 2.7585 

120 0.9515 0.8894 0.7478 2.8330 

 

Table I shows that the value of Spectral CC and UIQI is increasing and the value of Spatial CC is slightly 

decreasing as we increase λΩ. The computation time also increases with increase in λΩ. It can also be observed 

that the increase in values of Spectral CC and UIQI with increase in window size has become sluggish for λΩ 

> 100. Thus, λΩ=100 is the optimum window size of mean filter which provides good trade-off between image 

quality and computation time. 
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When the window size of mean filter, λζ is varied from 3to 6 at an interval of 1, no noticeable change in 

results is observed. If λζ is increased beyond 6, it will blur the edges. So, the value of λζ=3 has been used. 

 

Other Methods of Comparison platform 

The results of the proposed pansharpening technique are analyzed and compared with results of existing 

pansharpening techniques. The existing techniques used for comparison are IHS based pansharpening, 

Wavelet based image fusion and Saliency detection based image fusion. The existing saliency detection based 

technique is a recently proposed technique, that outperforms many other pansharpening techniques like 

pyramid based fusion techniques (FSD and Grad), multiresolution transform based techniques (MSVD) and 

multiscale decomposition based techniques (CBF and ADF) [25]. Thus, the comparison of proposed technique 

with saliency detection based image fusion technique will provide adequate quality analysis. 

Simulation results and Analysis 

The proposed pansharpening algorithm has been implemented using the datasets consisting of MS and pan 

images. The window size of mean and median filters used is 100 and 3 respectively.  In this paper, the results 

have been shown using two datasets. The proposed technique has been compared with existing techniques and 

the qualitative and quantitative analysis of results has been shown. 

Qualitative analysis 

The results of pansharpening for two image datasets, Dataset 1 and Dataset 2 have been shown in Figures 9-10 

respectively. The simulation results of datasets 1 in Figure 8 shows that the IHS method shows fine details, 

thus increasing the spatial resolution but the color information has been altered, which lowers the spectral 

quality of image. The Wavelet based fusion results show good spectral quality, but a large amount of spatial 

distortion is present, as a very few details are visible. The results produced by saliency detection based method 

are visually not good as it produces a very low contrast pansharpened image. The proposed method consists of 

good details as well as color information, thus enhancing spatial as well as spectral resolution.  

 

(a) MS 

image 

 

 

(b) Pan 

image 

 

(c) IHS 

 

(d) Wavele

t 

 

(e) Salienc

y  

 

(f) Propose

d  

Fig. 8. Results of pansharpening of MS image for image dataset1. 

In figure 9, the MS image used has very low spatial resolution, but the results obtained by using proposed 

method show good quality image with visible detail information and the color information of MS image has 

also been preserved. The results using IHS method show color alteration while Wavelet method produces the 

results with very poor spatial information and the results of saliency based method are again not satisfactory 

for visual inspection. Thus it can be inferred that the proposed pansharpening algorithm produces results that 

are visually more informative than existing techniques, for low as well as very low spatial resolution MS 

images. 
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(a) MS image 

 

 

(b) Pan image 

 

(c) IHS 

 

(d) Wavelet  

 

 

(e) Saliency  

 

(f) Proposed  

Fig. 9. Results of pansharpening of MS image for image dataset 2. 

 

Quantitative analysis 

The results of proposed and existing pansharpening techniques are analyzed quantitatively to get clearer and 

accurate information about the quality of pansharpened images as the visual analysis doesn’t provide complete 

information about the image quality.  This is done with the help of several image quality metrics used in 

analysis of quality of image fusion.  

The results of two datasets have been analyzed using these parameters and the values of parameters have been 

shown. Table II shows the values of image quality metrics for Dataset 1. It is evident from the table that the 

value of spectral correlation coefficient is largest in proposed method and the spatial correlation coefficient is 

also satisfactory. This shows that the spatial resolution of MS image has increased considerably while 

preserving the spectral resolution. The values of Entropy and UIQI are also largest which represents high 

quality image and lowest value of SAM represents closeness of pansharpened image to reference image. IHS 

based pansharpening also gives good spatial correlation but the spectral correlation is low in this case which 

means that the spectral information is lost while pansharpening of MS images. The best value of SPD have 

been obtained using Wavelet based image fusion, which means it gives good spectral quality but the value of 

spatial correlation is very low which means it produces the fused image with very poor spatial quality. So, the 

objective of pansharpening is not met using Wavelet based image fusion. The saliency detection based image 

fusion technique results in high spatial correlation but the value of UIQI is very low. Thus, the image quality 

is inadequate for use in remote sensing applications. The variations in values of evaluation parameters for 

Dataset 1 have been shown using bar graphs in Figure 10. The analysis shows that the proposed 

pansharpening technique gives better results than the existing pansharpening techniques. 

Table II. Performance analysis of pansharpening techniques for image dataset1. 

 Spectral CC Spatial CC Entropy UIQI SPD SAM 

IHS based technique 0.8531 0.9153 7.8617 0.7192 0.2131 0.2754 

Wavelet based technique 0.9481 0.7180 7.8670 0.7396 0.0550 0.1616 

Saliency detection based technique  0.9236 0.9319 5.3531 0.2592 0.4257 0.1590 

Proposed technique 0.9490 0.8972 7.9974 0.7436 0.1886 0.1563 
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Fig. 10. Evaluation parameters for results of existing and proposed pansharpening techniques for image 

dataset1. 

 

Table III shows the values of image metrics for Dataset 2. The values of Spectral Correlation, UIQI and SAM 

are highest for proposed algorithm and the values of Entropy and spatial correlation are also high, which 

shows that the proposed algorithm produces a good quality image, with the spatial resolution increased by 

considerable amount and preserving the spectral resolution of MS image. The IHS method gives high spatial 

correlation but the value of spectral resolution is very low, which means that the spectral information has been 

lost. The Wavelet based method gives high spectral correlation and SPD which means the spectral information 

of MS image is preserved but the value of spatial correlation is very low. Saliency detection based fusion 

technique is providing the image with high spectral and spatial correlation, the value of UIQI is very low. 
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Thus, it can be inferred that the proposed pansharpening technique performs better than existing techniques 

even for very low spatial resolution MS image. 

Table III. performance analysis of pansharpening techniques for image dataset 2. 

 Spectral CC Spatial CC Entropy UIQI SPD SAM 

IHS based technique 0.6555 0.9237 7.1446 0.6022 0.1998 0.3567 

Wavelet based technique 0.9334 0.7253 7.6495 0.6725 0.0347 0.1610 

Saliency detection based technique  0.9408 0.8634 5..8391 0.1848 0.3376 0.1581 

Proposed technique 0.9410 0.8587 7.5786 0.7352 0.2657 0.1476 

 

CONCLUSION 

Different pansharpening techniques have been discussed along with their advantages and limitations and a 

new pansharpening technique has been proposed using IHS and Wavelet Transform based pansharpening 

techniques. The proposed pansharpening technique is an IHS based multiscale image decomposition 

pansharpening technique that uses the concept of visual saliency detection and Wavelet Transform based 

image fusion. The technique has been implemented using several image datasets containing both low and very 

low spectral resolution MS images and the results have been analyzed qualitatively and quantitatively. The 

results reveal that the proposed technique performs well in case of low as well as very low resolution MS 

images. This is because the multiscale decomposition fusion method performs fusion of large scale and small 

scale information individually, thus preserving both large scale and small scale information of MS and pan 

images. The IHS method provides high spatial resolution and Wavelet Transform provides high spectral 

resolution and the use of saliency detection helps in extracting the significant details and edge information 

from MS and pan images. Thus the proposed pansharpening technique provides high spatial resolution 

pansharpened images while preserving the spectral resolution of MS images. The results have also been 

compared with existing pansharpening techniques and the comparison shows that the proposed technique 

provides better results. The proposed technique can also be used to fuse images from other image modalities 

like medical images, visible and IR images etc. 
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