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ABSTRACT

Over last decades, a wide range of pan-sharpening methods have been proposed to synthesize images
in a way that contain both high spatial and spectral characteristics of the multispectral and
panchromatic images in high resolution satellite imagery. Amongst all improved methodologies, two
different scenarios of Wavelet based and IHS based strategies brought up to be more appealing. Until
now, lots of modifications and integrations are also proposed for these methods and variety of new
techniques are presented. In this paper, the potential of different IHS-based and wavelet-based pan-
sharpening techniques is studied and evaluated. For the purpose, high resolution images of worldview-
2 satellite imagery are used and pan-sharpened images are generated based on 9 wavelet based and 6
IHS based methods. Achieved results clearly show the superiority of GIHS method as an optimum
solution to keep both spectral and spatial characteristics if input images in fused image.

Keywords: Satellite imagery, Image Fusion, Spatial and Spectral quality, comparative study, HIS,
Wavelet

1 Introduction

The application of satellite images is still growing due to the rapid development in sensor technologies.
Technological limitations in producing images with both high spectral and spatial resolutions, led to the
pan-sharpening (i.e. image fusion) process which produces synthesized multispectral image with both
high spectral and spatial resolution. Considering the importance of pan-sharpening process, till now
variety of pan-sharpening methods have been proposed and applied to various high resolution satellite
imagery (Yuhendra et al., 2012; Asha & Philip, 2012; Amolins et al., 2007, Zhang and Huang, 2015; Liu
etal., 2017).

One of the common ideas in pan-sharpen image generation, is to extract the spatial details from the
Pan image and to add them somehow to the MS bands, those suffer from lack of spatial information.
Multi resolution analysis is known to be the most common tool for this purpose. Variety of image fusion
procedures have been proposed using the multi resolution analysis based on the discrete wavelet
transform (DWT). Wavelet transformation is employed to decompose images into different resolution
levels for multi resolution analysis which can be utilized for fusing images at different resolution levels
(zhang & Hong, 2005, Amolins et al., 2007).

On the other hand, there are also other widely used techniques which are mainly named as component
substitution methods (Dou et al., 2007). The main procedure of these methods is to apply a predefined

transformation to multispectral bands and then to substitute one of the obtained components by Pan
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image. Component substitution methods usually yield to images with high spatial qualities while the
wavelet methods usually perform well spectrally ( Kim et al., 2011). Based on these differences, many
researches try to combine these two procedures ( Kim et al., 2011; Gonzalez-Audicana et al., 2005;
Zhang & Hong, 2005 ). The most proposed schemes combine the advantages of wavelets and Intensity-
Hue-Saturation (IHS) or wavelets and Principal Component Analysis (PCA) based fusion methods. The
idea to merge the procedures of wavelets with HIS or PCA is to improve the results spectrally by
injecting the high frequency detail information of Pan to the component I/PC1 instead of replacing Pan
with | or PC1 component of the spectral image (I is the intensity of multispectral image and PC1 is the
first principal component of Pan image).

In this paper, a short review on wavelet and IHS based fusion methods is presented and using
worldview-2 satellite imagery, their capabilities in generating pan-sharpen images with high spatial and
spectral resolutions, are investigated. Moreover, both spatial and spectral quality metrics are
developed to compare fusion results.

2 Review on Pan-sharpening Techniques and Evaluation Metrics

Despite the diversity in current pan-sharpening methods, most of them can generally be classified into
Component Substitution (CS) and Multi-Resolution Analysis (MRA) methods (Zhang and Huang, 2015).
The Component Substitution based techniques commonly used in literatures are: Intensity Hue
Saturation, Principal Component Analysis (PCA), Arithmetic Combinations and Brovey Method. These
techniques are simple and are reported to provide better spatial quality in final fused image (Kolekar
and Shelkikar, 2016). Amongst these methods, colour transform based fusion methods (such as HIS)
have become popular mainly because of their simplicity, fast computational process and also ability to
preserve spatial characteristic of the Pan image (Tu et al., 2004; Choi, 2006). On the other hand, MRA
techniques involve transformation of source images into different scales before applying fusion rules.
The commonly used MRA techniques are pyramid, wavelet, Contourlet and Curvelet transforms
(Kolekar and Shelkikar, 2016). A popular multi resolution transform is the Discrete Wavelet Transform
(DWT) hich is used for pixel-level image fusion algorithms (Kolekar and Shelkikar, 2016).

2.1 Wavelet-Based Pan-Sharpening Techniques

Numerous fusion methods are developed based on the discrete wavelet transform (DWT) those are
usually different in the algorithm of image decomposition or in the way of detail information injection,
i.e. substitution, addition or weighted models (Amolins et al.,, 2007). The Undecimated Discrete
Wavelet, known as “a’ trous” (meaning “with holes”), yields to shift-invariant discrete wavelet
decomposition which is required in the application of image fusion Kim et. al., 2011; Mitchell 2010;
Amolins et. al., 2007).

The process of pan-sharpening based on wavelets, consists of three main stages. Firstly, the input
images should be transformed to the wavelet domain. After transformation, detail coefficients (related
to high frequency information of the image in different scales) and an approximation image (related to
low frequency information of the image at the last scale) will be obtained. Then in the second step, the
detail and approximation coefficients of the decomposed images are combined to synthesize the fused
decomposition coefficients. The third step is to reconstruct the final fused image using the inverse
wavelet transformation (Mitchell, 2010; Amolins et al., 2007, Kolekar and Shelkikar, 2016). In each step,
some important decisions such as the scheme of wavelet decomposition and the method to combine
the coefficients should be made before the fusion process.
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2.1.1 Decomposition Stage

There are several different methods to apply the wavelet transformation or in the other word to
decompose an image into wavelet coefficients. The Mallat’s algorithm uses an orthonormal basis with
decimated approach, but the transformation is not shift-invariant, which can be a problem in data
fusion. Instead, “a” trous” scheme which is an undecimated discrete wavelet transformation, yields to
shift-invariant discrete wavelet decomposition (Amolins et al., 2007; Gonzalez-Audicana et al., 2005;
Rockinger, 1996). In this paper the undecimated wavelet which is a non-orthogonal, redundant
transformation is applied.

2.1.2 Methods to Combine Different Coefficients

The important stage in the wavelet-based fusion process is how to combine the coefficients of the
decomposed Pan and MS images or how to inject the detail information to MS bands. The most
common methods are substitution, addition or weighted models (Amolins et al., 2007).

e Substitution. In substitution schemes, after applying wavelet transformation, the detail
coefficients (or wavelet planes) of one image are substituted by the detail coefficients of the
other image coefficients (Amolins et al., 2007; Kim, et. al., 2011).

e Addition. When applying undecimated wavelet transformation, the input images have the
same size as the wavelet planes. So one of the input images can be directly added to the
wavelet planes obtained after applying undecimated wavelet transformation to the second
image (Amolins et al., 2007).

e Weighted Models. In IHS method, a weighted model is used to combine either the
approximation or the detail coefficients obtained after applying wavelet transformation to
both input images (Gonzalez-Audicana et al., 2004).

2.1.3 Different Pan-sharpening Schemes

Most well-known wavelet-based pan-sharpening methods with the ‘a’ trous’ decomposition scheme
can be summarized as follows:

e Substitutive Wavelet (SW), (Amolins et al., 2007; Kim et al., 2011).

e Additive Wavelet (AW) (Amolins et al., 2007).

e Substitute Wavelet Intensity (SWI) (Gonzalez-Audicana et al., 2004).

e Additive Wavelet Intensity (AWI) (Nunez et al., 1999).

e Additive Wavelet Luminance Proportional (AWLP) ( Otazu et al., 2005; Kim et al., 2011).
e Weighted Wavelet Intensity (WWI) (Zhang & Hong, 2005).

e Substitute Wavelet Principal Component (SWPC) (Gonzalez-Audicana et al., 2004).

e Additive Wavelet Principal Component (AWPC) (Gonzélez-Audicana et al., 2005).

In Table 1 at jth level, Wpan]. is the wavelet plane of the Pan. | in Table 1 refers to Intensity component

obtained after the IHS transformation while PC1 refers to first principal component obtained after
principal component transformation. Also LL refers to the approximation image obtained at the last
level of wavelet decomposition, P refers to Pan and | refers to Intensity image and wl and w2 are
calculated according to equation 1.

Ll =wl x LLP + w2 x LL!

(1)
wl = corr(LLP,LL) , wl+w2=1
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2.2 [HS-Based Pan-Sharpening Techniques

The IHS method has a standard procedure while its major limitation is in keeping spectral content of
the MS bands, which is famous as color/spectral distortion. Also it has limitation of using only three
bands at once. It has been proved that the main reason for spectral distortion is the difference between
the spectral response of the Pan image and intensity component of MS image (Tu et al., 2001). Different
solutions have been proposed to overcome spectral distortion in color transform based methods by
minimizing the Pan and Intensity difference and also to modify the method in order to be capable of
using an arbitrary number of spectral bands (Tu et al., 2007; Choi, 2006, Aiazzi and Baronti, 2007, Xu et
al., 2008).

These techniques can be divided into three main groups. First group, taking into account the spectral
response plot of the sensor, have extended traditional three dimensional IHS to use all the bands whose
spectral range falls within the range of the Pan image (Tu et al., 2004). To improve IHS extension, some
coefficients have been proposed for each MS bands just based on try and error (Tu et al., 2004; Choi,
2006). Second group researches have tried to determine the quota of each MS band using the area
under the spectral response functions (Gonzalez-Audicana et al., 2006) and the third group have
applied the mathematical methods to approximate Pan by means of the available MS bands (Aiazzi et
al., 2007; Xu et al., 2008; Rahmani et al., 2010).

In IHS based fusion methods, after applying IHS transformation on the image, intensity (1), hue (H) and
saturation (S) will be obtained with the | component to appear like Pan image (Zhang & Hong, 2005).
Using IHS characteristic, pan-sharpened MS bands can be achieved through the following steps (Tu et
al., 2001; Zhang & Hong, 2005):

a) Apply IHS transformation to RGB set of resampled MS image.

b) Perform histogram matching between Pan and I.

c) Replace | component by modified Pan image.

d) Apply inverse IHS transformation to data

e) The simplified and more efficient form of the above stages which avoids numerous
multiplications is as follows (Tu et al., 2004):

Where § = Pan — I and F; and MS; refer to the ith band of the fused and multispectral images
respectively. Tu et al. (2001) proved that the reason of the color distortion is the change of §
component during fusion process. He also demonstrated that the difference between | and Pan leads
to the change of 6. To IHS problem, the literature shows some suggestions in which the main effort is
to modify | to be more similar to Pan image. IHS methods mostly applied for fusion are summarized as
follow Equations are presented in Table 2):

e Generalized IHS (GIHS) (Tu et al., 2004, 2007): considering the relative spectral response of the IKONOS and
the fact that the spectral range of the Pan covers also Near Infra-Red (NIR) band besides R, G and B bands
have extended the traditional three-order transformation to four-order one.

e  Generalized IHS with Tradeoff Parameter (GIHS-TP), Choi, (2006) has proposed the minimization problem for
the IHS method and introduced I, .

e  GIHS with Best Tradeoff Parameter (GIHS-BTP), Tu et al., (2007) has modified Choi method using a simple
energy-normalization procedure. Tu et al. demonstrated that their approach results to better preservation
of spatial information than that of Choi’s method.
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e  GIHS with Adaptive Weights (GIHS-AW), Aiazzi and Baronti (2007) have proposed to perform a linear
regression between Pan and MS bands. In the proposed scheme, a synthetic intensity, having a minimum
mean square error (MSE) with respect to the reduced Pan (i.e. at the spatial scale of the original MS image),
is computed. The intensity | have been assumed as a linear combination of MS bands (equation 6) with
unknown coefficients (w;) and a bias (b) which are computed using a linear regression algorithm (Aiazzi et
al., 2007).

e Improved GIHS with Adaptive Weights (IGIHS-AW), the method can extend traditional three-order
transformations to an arbitrary order and all the MS bands could be fused at the same time (Xu et al., 2008).

2.3 Spectral Quality Assessment Metrics

Spectral image fusion quality assessment metrics are classified based on the level of spectral
information, considered in quality assessment process (Alparone et al., 2006; Thomas and Wald, 2006).
Traditionally, these metrics are classified as mono-modal and multi-modal techniques (Xydeas and
Petrovic, 2000). A mono-modal metric considers a single image layer while a multi-modal metric
considers several image channels.

Mono modals: Correlation Coefficients (CC) between the original and the fused images; Universal
Quality Index (UQl) which measures the salient information contained in reference image which has
been transformed into the fused image (Thomas and Wald, 2006);

Multi Modals: Spectral Angle Mapper (SAM) that obtains the angles formed (&) between the reference
spectrum and the fused image spectrum (Leung et al., 2001); The ERGAS index or Relative Adimensional
Global Error in the fusion (Wald, 2000; Riahi et al., 2009); and Spectral Correlation Mapper (SCM) (Van
der meer, 2006).

The quality assessment metrics are presented in Table 3 where x and y stand for fused and reference

images, X and Y are the local sample means of x and y, ox and oy are the local sample standard
deviations of x and y, and oxy is the sample cross correlation of x and y after removing their means. S
is the number of spectral bands of images or the dimension of the spectral space, A= (A1, A2, A3,..., AS)
and B=(B1, B2, B3,..., BS) are two spectral vectors with same wavelength from the reference and fused
images respectively. Mi is the mean value for the original images, Bi represents bands of images and
GSDPan and GSDMS stand for the ground sampling resolution of initial panchromatic and multi spectral
images, respectively

2.4 Spatial Quality Assessment Metrics

In addition to preserving the spectral information of the input MS image, a fused image should contain
the spatial information of the Pan image, as well, especially in high resolution satellite imagery which
are usually used for urban area mapping (Javan et al., 2013). The spatial metrics usually are used for
pan-sharpening quality evaluation are presented as CC, UQI, spatial ERGAS (ERGASs) proposed by Lillo-
Saavedra et al. (2005) and spatial CC (sCC) proposed by Zhoue et al. (1998).

3 Experiments and Results

To evaluate and compare the capabilities of discussed image fusion methods, all are applied for Pan-
sharpening of WV2 satellite imagery. The evaluation strategy is presented in Figure 1. As it’s depicted,
in the first step, initial Pan and MS images are down sampled and Low resolution Pan (L Pan) and multi
spectral (L MS) images are generated. Using this new images, Pansharpen image (Fused L image) is
generated based on Wald strategy (). Then quality assessment is applied comparing the generated
fused image with initial multi spectral image (H MS) spectrally and with initial Pan image (H Pan)
spatially.
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3.1 Data Set

The WV2 data set which is from an urban area of Melbourne city (Figure 2). WV2 has 8 spectral bands
of 500x500 pixels and a Pan band of 2000x2000 pixels with 2 m and 0.5 m resolutions, respectively.
The MS bands are up-sampled and the pairs of images were geometrically registered to each other. A
part of images (500x500 pixels) is extracted to compare the visual effects of different fused images.

3.2 Wavelet Based Image Fusion Results

In IHS experiment, the undecimated transformation scheme was used to decompose the input images
in all the methods and the level of decomposition was set to 2 for all the resultant images. To compare
the visual effect of the different fused images, a part of the resultant images (500x500 pixels) is
extracted and shown in Figure 3. From Figure 3, it can be seen that the spatial resolutions of all the
resultant images are improved through the fusion process in comparison with the original MS.
Considering the resultant images of additive schemes, it seems that they suffer from some distortions
along the lines in the images exactly similar to those that can be seen along the edges of the original
MS. The reason is that in additive schemes, the low resolution image (MS itself or Intensity component
or PC1) is directly added to the detail coefficients of the Pan without being decomposed.

3.3 [IHS based Image Fusion Results

Considering the spectral response function of the WV2 sensors (depicted in Figure 4) IHS-based
methods for WV2 can profit from the additional yellow and red edge bands whose spectral range fall
within the range of the Pan (Figure4). So, in the modified scenario for WV2, the five bands of blue,
green, yellow, red and red edge were used in the process to improve the spectral quality of the fused
image. In IHS experiment all the mentioned methods reviewed in chapter 2, were applied to WV2 data.
To compare the effects of the fusion process visually, a part of resultant images (500500 pixels) is
extracted and shown in Figure 5. From results, although visual comparison of images is not convenient,
but it is clearly observed that all methods improved the spatial quality of MS image. But some of the
methods like GIHSAW and IHS resulted in better spatial quality while IHS presented spectral distortion.

3.4 Spectral Quality Assessment

To evaluate the spectral quality of the fused images, the Pan and original MS images were degraded to
a resolution of 2 and 4 m respectively and were fused at a 4m resolution. The spectral quality was
evaluated by comparing the spectral information of fused image to that of the original MS image
applying spectral quality assessment metrics. Table 4 and 5 show the results of spectral metrics
calculated to evaluate the fused images.

To provide the capability of visual comparison of results, they are also depicted in Figure 6. To avoid
messy figure, results are presented for the mean value of R, G and B bands. Comparing the values in
Table 4 and Figure 6, it can be concluded that the method SWPC, while averaging all its bands, yields
to a fused image with superior spectral quality. However, it can be seen that there is no significant
difference between results of SWPC and SWI methods, which shows the success of these hybrid
methods in preservation of spectral information. It is also observed that substitution schemes usually
result to better preservation of spectral content of the original MS image in comparison with additive
schemes (see Figures 6.b and 6.c).

From Table 5, it can be concluded that all mentioned IHS based methods have better spectral quality
in comparison with traditional IHS method and the superior spectral quality was obtained by IGIHS-AW
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method. As IHS method is designed to minimize spectral distortion by keeping the spectral vector of
the fused image parallel to that of the original MS, the obtained value for SAM is near to zero.

3.5 Spatial Quality Assessment

Figure 7 presents the results of pan-sharpening methods based on spatial metrics while comparing
generated pan-sharpen and Pan images. The values of ERGASs, UQI and sCC calculated for three
spectral bands (R, G and B) are averaged and demonstrated in Figure 7.

From Tables 6 and 7 also Figure 7, all calculated metrics, address the WWI method as the superior
method in terms of spatial quality while the sCC metric has addressed the SW method. It shows that
the idea to keep the Pan approximation partially, instead of ignoring it all, can improve the spatial
quality of the fused image. Comparing the additive schemes with substitutive ones, it can be found that
the metrics sCC and UQI show better spatial qualities by the results of additive scheme, while the
metrics sCC and ERGASs, show the better functionality of the substitutive schemes in keeping the
spatial information. It seems that the metrics sCC and ERGASs are more sensitive to those distortion
effects of additive schemes along the lines that can be easily observed in the results.

4 Discussions

6 common IHS based fusion methods and 9 different wavelet based fusion methods are evaluated
based on spectral and spatial quality assessment metrics. Results clearly show the total spatial
dominance of IHS based methods and spectral superiority of Wavelet based Methods. Results also
revealed that in wavelet based method SWPC and WW!I show the best results for spectral and spatial
quality respectively. Moreover, among IHS based methods, IGIHS-AW and traditional IHS methods
present the best for spectral and spatial quality respectively.

On the other hand, to have better sense over the results which are discussed in previous section, we
applied an averaging strategy of evaluation and comparison. For the purpose, the values for each metric
are normalized based on their global minimum and maximum values in each table of 4, 5, 6 and 7. Then,
the normalized values are averaged for each method in both case of spectral and spatial assessment as
a grade. Results are presented in table 8 and 9. The best quality results are marked in both spectral and
spatial case. Moreover, as in lots of applications both spectral and spatial qualities are important, users
should apply methods fairly enjoy both spectral and spatial characteristics. So, the grades in each case
are again normalized with respect to their min/max values and averaged and the final score for each of
these wavelet based and IHS methods are computed.

As it is presented in tables 8 and 9, while considering spectral quality, GIHS and for spatial quality, IHS
presents the best results. Moreover if both spectral and spatial qualities are important, GIHS method
can perform better. Although it is not the best spectrally or spatially, it can somehow present both in
an acceptable level.

5 Conclusion
The widespread use of pan-sharpening in generation of high spatial and spectral quality in high
resolution satellite imagery, has led to a wide range of image fusion techniques. In this paper the
potential of wavelet based and IHS based techniques as most common Pan-sharpening methods have
been inspected. 6 IHS based and 9 Wavelet based methods were developed and their capabilities in
generating fused images were studied based on Worldview-2 satellite imagery. Obtained results clearly
showed that if spectral resolution is considered, SWPC and GIHS are the most wisdom selection. On
the other hand, in case of spatial resolution the classic IHS and WWI methods are the best. Moreover,
as both spectral and spatial quality are important in lots of application, results showed that GIHS and

Copyright © Society for Science and Education United Kingdom



Farzaneh DadrasJavan, Farhad Samadzadegan, Fatemeh Fathollahi; Spectral and Spatial Quality Assessment
of IHS and Wavelet Based Pan-sharpening Techniques for High Resolution Satellite Imagery, Advances in Image
and Video Processing, Volume 6 No 2, April (2018); pp: 1-15

SW is one of the best which showed acceptable results in both cases and can be applied for lots of Pan-

sharpening applications.
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Table 1: Specification of wavelet-based methods

Metho Detail Approximation
d Coefficients Coefficients
3
SW Z Wpan]. LLMS
j=1
3
AW Z Wpan]. MS
j=1
3
SWI Z Wpan]. LLI
j=1
3
AWI Z Wpan]. |
j=1
3
SWPC Z Wean, LLPC1
j=1
3
AWPC Z Whan, PC1
j=1
3
MS;
AWLP T ——— Z Wpan |
3
3 2iz1 MS; =1
3
WWwiI Z Whan, w1l X LLPa + w2 x LL!
j=1

Table 2: Specification of IHS based methods

Method Equation
Generalized IHS (GIHS) (R+ G+ B+ NIR)/4
Pan — I
Ihew = Pan—
Generalized IHS with
Tradeoff Parameter F; = MS; + 8¢hoi

(GIHS-TP)

8choi = Inew — 1= T(Pan

)

GIHS with Best Tradeoff
Parameter (GIHS-BTP)

Pan
Fi =

(MS; + 8choi)

Inew

GIHS with Adaptive
Weights (GIHS-AW)

Improved GIHS with

n
i=1
n

Adaptive Weights [= Z w;. MS;
(IGIHS-AW) ot

Improved GIHS with MS.

Adaptive Weights F,=MS;, +—3&
(IGIHS-AW) I
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Table 3: Fusion quality assessment metrics

Correlation Coefficients corr = = Nl —
DDA B
1 1 1 1
o 2Xy 204,00
Universal Quality Index Q=—"2 - y_2- ZX yz
Ox 0y X" +Yy° oyx+oy
cos(a) = i1 4c By
Spectral Angle Mapper (SAM) -
\/Z?’zlAi.Aj. \/z{.v:lgi.gj
GSD S| RMSE(B, )’
ERGAS ERGAS =100 2> 2ran |13~ #
C;SDMS S i=1 )_(i

Y (x-x)y-7)
Cpy = ——
X X (-7

Table 4: Spectral quality metrics calculated for different Wavelet based fusion methods

Spectral Correlation Mapper

SW AW  SWI  AWI SWPC AWPC AWRGB AWLP WWI

R 097 096 0.97 0.97 0.974 0.970 0.94 0.97 0.96
cC G 097 09 0.97 0.96 0.974 0.970 0.94 0.96 0.96
B 097 096 0.97 0.96 0.974 0.970 0.95 0.96 0.96
R 068 068 072 0.71 0.697 0.694 0.60 0.71 0.68
ual G 072 071 072 0.71 0.727 0.720 0.59 0.70 0.71
B 063 063 062 0.62 0.655 0.651 0.60 0.60 0.63

ERGAS 5.04 9.07 6.15 4091 6.09 4.85 5.88 8.92 537
SAM 533 13.8 6.41 4.53 6.347 4.37 6.69 13.48 5.46
SCM 092 088 091 0.93 0.922 0.93 0.93 0.87 0.91

Table 5: Spectral quality metrics calculated for different IHS based fusion methods

GIHS- GIHS- GIHS- IGIHS-

IHS GIHS TP BTP AW AW

R 0.86 0.94 0.96 0.94 0.96 0.97

cC G 084 0.92 0.95 0.93 0.95 0.97
B 0.80 0.92 0.95 0.92 0.95 0.97

R 0.55 0.65 0.72 0.66 0.66 0.79

ual G 0.53 0.64 0.72 0.65 0.64 0.80
B 0.42 0.53 0.61 0.55 0.55 0.80
ERGAS 12.0 7.95 6.36 7.69 6.37 5.28
SAM 16.9 5.00 3.96 3.96 4.25 0.02
SCM 0.58 0.79 0.86 0.80 0.90 0.93
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Table 6: Spatial quality metrics calculated for different Wavelet based fusion methods.

\W;& SW AW  SWI AWI SWPC AWPC AWRGB AWLP WWI
Metho

R 0.993 0.935 0.933 0.868 0.868 0.885 0.922 0.89  0.902

c G 0.941 0.943 0.933 0.932 0.933 0.944 0.931 0.95 0.958

B 0.882 0.885 0.921 0.920 0.922 0.934 0.869 0.82 0.946

R 0.811 0.799 0.638 0.635 0.635 0.683 0.762 0.77 0.743

uQl G 0.807 0.804 0.767 0.762 0.765 0.803 0.761 0.84 0.852

B 0.693 0.685 0.751 0.750 0.757 0.797 0.641 0.67 0.834

R 0.993 0.969 0.974 0971 0.974 0.965 0.977 0.995 0.991

sCC G 0.994 0.970 0.981 0.978 0.981 0.971 0.978 0.981 0.997

B 0.989 0.966 0.978 0.976 0.978 0.970 0.973 0.972 0.994

ERGASs 11.4 1194 1155 119 1156 119 12.9 13 10.18

Table 7: Spatial quality metrics calculated for different IHS based fusion methods.

ethod GIHS-
IHS GIHS GIHS-BTP GIHS-AW  IGIHS-AW
Metric
R 097 094 0.92 0.94 0.85 0.85
CcC G 099 098 0.97 0.98 0.92 0.92
B 097 089 0.87 0.88 0.77 0.77
R 0.86 086 0.82 0.86 0.73 0.69
ual G 085 086 0.88 0.86 0.82 0.78
B 0.75 075 0.71 0.74 0.63 0.57
R 099 098 0.98 0.98 0.98 0.95
sCC G 099 099 0.98 0.99 0.98 0.96
B 099 099 0.99 0.99 0.96 0.91
ERGASs 4.6 7.5 8.4 7.7 12.0 11.9

Table 8: Summarized grades of Wavelet based methods

SW AW  SWI AWI SWPC  AWPC AWRGB AWLP WWI
Spectral Quality 0.61 0.63 0.66 0.56 0.73 0.64 0.21 0.63 0.49
Spatial Quality 0.68 0.44 047 0.41 0.43 0.44 0.47 0.55 0.71
Quality 0.83 0.45 0.53 0.33 0.53 0.46 0.10 0.63 0.76
Table 9: Summarized grades of IHS based methods
IHS GIHS GIHS-TP GIHS-BTP GIHS-AW IGIHS-AW
Spectral Quality  0.45 | 0.79 0.67 0.51 0.66 0.65
Spatial Quality 0.82 0.79 0.75 0.79 0.59 0.42
Quality 0.50 @ 0.96 0.73 0.55 0.52 0.29

URL: http://dx.doi.org/10.14738/aivp.62.4226



http://dx.doi.org/10.14738/aivp.62.4226

Advances in Image and Video Processing; Volume 6, No. 2, April 2018

H Pan Image H MS Image

Spectral Metrics

* Best Spectral
Method
Normalization *Best Spatial
and Averaging " Method
*Best Spectral
and Spatial
Method

Spatial Metrics

L MS Image Fused L Image

Spatial Assessment

Figure 11: Image Fusion quality assessment strategy

d
Figure 2: Image dataset. a) Original pan image with 0.5 m resolution. b) Selected part of original pan
image (500x500 pixels). c) RGB combination of the up-sampled MS image with 2 m resolution. d) Selected
part of the RGB combination of up-sampled MS (500x500 pixels).

Figure 3: Results of the applied wavelet-based pan-sharpening methods. a) SW b) AW c) SWI d) AWI
e) SWPC f) AWPC g) AWLP h)WWI
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Figure 5: Results of the IHS-based pan-sharpening methods. a) Traditional IHS b) GIHS c) GIHS-TP d) GIHS-
BTP e) GIHSAW f) IGIHS-AW
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Figure 6: Spectral quality metrics calculated for different methods. above) Wavelet based methods,
below) IHS based methods
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