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ABSTRACT

A pan-sharpen technique artificially produces a high-resolution image by image fusion techniques using high-resolution
panchromatic and low-resolution multispectral images. Thus, the appearance of the color image can improve. In this
paper, the effectiveness of three pan-sharpening methods based on the HSI transform approach is investigated. Three
models are the hexcone, double hexcones, and Haydn’s approach. Furthermore, the effect of smoothing the low- resolu-
tion multispectral image is also investigated. The smoothing techniques are the Gaussian filter and the bilateral filter.
The experimental results show that Haydn’s model is superior to others. The effectiveness of smoothing the low- reso-

lution multispectral image is also shown.
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1. Introduction

Recently, there are many Earth observation satellites,
which usually provide both high-resolution panchromatic
and low-resolution multispectral images. In remote sens-
ing, it is important to acquire high-resolution images. A
pan-sharpen technique artificially produces a high-reso-
lution image by fusing a high-resolution panchromatic
image and a low-resolution multispectral image [1]. Fig-
ure 1 illustrates the outline of generating a pansharpened
image. By this pansharpening technique, the appearance
of the color image can improve. The pansharpening me-
thod is not limited to only a remote sensing image. If
there are both high-resolution panchromatic and low-
resolution multispectral images, the pansharpening ap-
proach is an adaptive technique for every image. There-
fore, the fundamental study of a pansharpening technique
is believed to contribute to the development of the image
processing techniques. J. Zhang reviews current tech-
niques of multi-source remote sensing data fusion [2]. In
[2], a considerable amount of effort has been devoted to
summarize the data fusion techniques of remote sensing
data. Moreover, the evaluation of pansharpening fusion
methods is reported [3]. However, there is little study of
a pan-sharpening method of HSI transformation models
[4,5]. Therefore, in this paper, the effectiveness of three
pan-sharpening methods based on the HSI transformation
approach is investigated. Three models are the hexcone,
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double hexcones, and Haydn’s methods [6]. From the
experimental results, the HSI transformation approach
based on the Haydn's model works well. Furthermore,
the effectiveness of smoothing the low-resolution mul-
tispectral image before the HSI transformation is also
investigated. The smoothing methods are the use of the
Gaussian [4] and bilateral filters [7]. From the experi-
mental results, the pansharpened image is shown to be
improved by using the smoothing techniques of Gaussian
and bilateral filters.

2. Pansharpened Images

A color is known to be expressed by various color fea-
ture models [4,6]. In this paper, we used the HSI family
of color model for making pansharpened images. The
HSI model is a color appearance system. It consists of hue,
saturation, and lightness (or intensity). The model based
on intensity, hue, and saturation is considered to be better
suited for human interaction. As the advantage of the use
of the HSI model, each of hue, saturation, and intensity is
considered to be independent. In the studies of the pan-
sharpening method, the HSI transformation approach is
usually used. Figure 2 shows a flow of pan-sharpening
by the HSI transformation. We describe the pansharpened
images based on the HSI transformation approach as
follows: Suppose that there exist both the low-resolution
RGB color image and the high-resolution panchromatic
image. Firstly, each RGB element of the low-resolution

JSEA



164

color image transforms into the HSI element, hue, saturation,

and intensity. Secondly, the gray value at the high-resolu-
tion panchromatic image is replaced by the intensity
obtained from the HSI transformation at the low-resolution
color image. Finally, the pseudo high-resolution RGB
color image is generated by inverse transformation of the
HSI transformation. In this paper, we examine the
pansharpened images generated by three representative
HSI transformations. Three models are the hexcone,
double hexcones, and Haydn’s models [6]. Note that the
intensities (1) of the hexcone, double hexcones, and
Haydn’s models are defined by the brightness as | =
max{R,G,B}, | = (max{R,G,B}+min{R,G,B})/2, and | =R
+ G + B, respectively. The details of the HSI trans-
formation and inverse transformation are shown in the
image processing handbook [6].

Furthermore, in order to improve the pansharpened
images, we consider applying the smoothing of the low-
resolution multispectral image. The smoothing methods
are the use of the Gaussian and bilateral filters. The
smoothing technique is expected to use not only one at-
tention pixel but also the color information of its neigh-
bouring pixels. The Gaussian filter is defined as follows:
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where g(i,j) and f(i,j) denote the intensity of after and
before transformation at (i,j) coordinates, respectively.
The parameter o° is the spatial variance. The effect of
smoothing is determined by a value of 6. The image gets
more blurred as the value of ¢ is getting larger. On the
other hand, if the value of ¢ is small, the image is con-
sidered to get sharpen.

The bilateral filter [7] is considered to smooth the im-
age, while preserving the edge information of the image.
In smoothing an image, the bilateral filter takes into ac-
count of not only pixel difference but also intensity dif-
ference. The bilateral filter [7] is defined as Equation (2).
Here, the parameters o’ and o, are the spatial and
intensity variance. The larger the value o’ or o is,
the more an image gets smoothed. Otherwise, the image
gets sharpened. The role of o’ is the same as the o
in the Gaussian filter. The effect of smoothing is deter-
mined by values of o, and o,.
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Figure 1. Outline of generating a pansharpened image.
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Figure 2. Flow of pan-sharpening by the HSI transformation.
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3. Experiments

In the experiments, both the low-resolution color and the
high-resolution panchromatic images are generated from
an original image. Then, we use 3 types of a ratio. Fig-
ure 3 shows a ratio of the image resolution between the
multispectral and panchromatic images. It indicates that
one pixel of the multispectral image corresponds to two
by two pixels of the panchromatic image. This shows a
ratio 1:2. In the experiment, we change the ratio: 1:2, 1:3,
and 1:4. It is fundamentally important to investigate the
influences of the ratio on the pansharpened images. For
these images, we obtain the pansharpened images using
three types of HSI transformation techniques. The effect-
tiveness of pansharpened images is examined in terms of
the RMSE value. The RMSE value is one of the effective
measures of the image quality performance. The RMSE

value is defined by

1 i=0X-1j=0Y-1

RMSE:\/— 3 Y (R-r)+(G-g)" +(B-b)?)

3XY
3)

where the RGB elements of the original image are R, G,
and B. On the other hand, the RGB elements of the pan-
sharpened image denote r, g, and b. The smaller value of
the RMSE means that the pan-sharpening method works
better.

Table 1 is the RMSE values of three types of HSI
transformation approach for each of a ratio. From Table
1, the Haydn's model gives a smaller RMSE value at any
images and a ratio. The results also show that the double
hexcones type is usually superior to the hexcone one.
From the experimental result, we recommend to use the
Haydn’s model.

Multispectral
image

Panchromatic
image

Figure 3. A ratio of the image resolution between the multispectral and panchromatic images.

Table 1. RMSE values of three types of HSI transformation approach for each of a ratio.

Ratio 1:2 1:3 1:4
Method Hexcone I-?e ?(léz:?e Haydn Hexcone HDe()):(j:gl:e Haydn Hexcone HDe(:(l::t;Inee Haydn
Aerial 16.68 7.49 6.87 16.87 8.72 8.47 17.02 9.28 9.26
Lenna 42.37 16.80 8.75 42.52 17.36 10.09 42.66 17.27 10.08
Mandrill 30.61 15.72 10.53 30.95 16.42 11.92 31.13 16.86 12.76

Table 2. RMSE values of the Gaussian, bilateral, and without filters using the Haydn's model for each of a ratio.

Ratio 1:2 1:3 1:4
Filter Gaussian Bilateral Wl,thOUt Gaussian Bilateral Wl,thOUt Gaussian Bilateral W{thout
filter filter filter
Aerial 6.64 6.64 6.87 7.90 7.86 8.47 8.78 8.78 9.26
Lenna 8.70 8.69 8.75 9.31 9.30 10.09 9.80 9.80 10.08
Mandrill 10.27 10.27 10.53 11.30 11.29 11.92 12.12 12.11 12.76
Table 3. Optimal parameter value which gives the minimum RMSE value.
Ratio 1:2 1:3 1:4
Filter Gaussian Bilateral Gaussian Bilateral Gaussian Bilateral
T Ty, Oy T Ty, O T Ty, Oy
Aerial 0.6 0.6, 80 0.8 0.8, 200 1.2 1.2,200
Lenna 0.4 0.6, 100 0.8 0.8, 200 0.8 1.2,300
Mandrill 0.6 0.6, 200 0.8 0.8, 300 1.2 1.8, 200
Copyright © 2012 SciRes. JSEA
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From the results of Table 1, we focus on improving
the Haydn’s model. The effects of the parameter value o
of the Gaussian filter are investigated while changing the
values from 0.2 to 2.0. On the other hand, for the bilat-
eral filter, the value of o, varies from 0.2 to 2.0, and
that of the o, is from 10 to 400. The size of the Gaus-
sian and bilateral filter is 3 x 3. Table 2 is the RMSE
values of the Gaussian, bilateral, and without filters using
the Haydn’s model for each of a ratio. The results of the
Gaussian and bilateral filters show the minimum RMSE
values. Then, Table 3 shows the optimal parameter value
which gives the minimum RMSE value. From Table 2,
the results of the Gaussian and bilateral filters outper-
form that of without filter at any images and a ratio. Fur-
thermore, the RMSE value of the bilateral filter is equal
to or slightly superior to that of the Gaussian filter. By
using the Gaussian or bilateral filters, the pansharpened
image can improve. This shows the effectiveness of
smoothing the low-resolution multispectral image. From
Table 3, the optimal parameter values of ¢ for Gaussian
filter and o, for bilateral filter are comparatively very
small. This means that the low-resolution multispectral
image may be getting sharpen. And, its image quality is
considered to improve for making pansharpened images
by appropriately adjusting the parameter values.

4. Conclusion

In this paper, we have examined the effectiveness of
pansharpened images using three types of HSI transfor-
mation approach. Experimental results show that the
Haydn's model is a promising method in the limited
study. And the use of the Gaussian or bilateral filters for
the low-resolution multispectral image is shown to be

Copyright © 2012 SciRes.

effective. Therefore, the Haydn’s model with image
smoothing techniques such as Gaussian or bilateral filters
for the low-resolution multispectral image should be used.
In the future study, the effectiveness of other panshar-
pening methods [3] will be investigated.
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