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Abstract:

This paper proposes a fusion method by combining generalized intensity-hue-saturation (GIHS) transformation and

maximum a posteriori (MAP) analysis in order to improve the fusion quality of multispectral (MS) and panchromatic (Pan) im-

ages from a new type of remote sensing platforms. The intensity component of the MS images is first obtained by GIHS trans-

formation. Then a new Pan image is acquired by combing the intensity component and Pan image using a steepest-descent opti-
mization algorithm based on the MAP framework. Thus, the fused images are obtained by the GIHS method. Experiments are
conducted using the IKONOS MS and Pan images, and Quickbird MS and Pan images. The proposed method is compared with
the GIHS fusion method, the wavelet transform (WT) fusion method, and the combined WT-GIHS fusion method. The
experimental results show that the proposed method can achieve better fusion result than exiting fusion methods.
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1 INTRODUCTION

For a new type of high-spatial-resolution satellites, such as
IKONOS satellite, it is desirable to choose an effective fusion
method for the MS and Pan images from the satellite platforms,
which can make the fused images not only hold the spatial de-
tailed information of the Pan image but also keep the spectral
information of the original MS images.

The common fusion methods for remotely sensed images
mainly include generic component substitution methods (Choi,
2006; Tu et al., 2004, Xu et al., 2009) and multi-resolution
analysis methods (Gonzalez-Audicana et al., 2004, 2008; Li et
al., 2009; Pohl & Van Genderen, 1998; Shah et al., 2008;
Tomas et al., 2008; Zhou et al., 1998).

Among the component substitution fusion methods, the
IHS-based fusion methods are popular. Although the spatial
enhancement of the IHS-fused MS images is high, the spectral
distortion of these methods is considerable. In order to over-
come the shortcoming of IHS-based fusion methods, Tu et al.
(2004) proposed a generalized IHS (GIHS) fusion method
based on linear IHS. In this study, the intensity component / is
the average digital number (DN) values of red (R) band, green
(G) band, blue (B) band and near Infrared (NIR) band. The
main feature of this method is that inverse IHS transform is not
needed, so the process of fusion includes only some addition
and substraction operations among the MS image, Pan image
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and / component. Thus, the method decreases the computa-
tional cost. The spectral distortion of the method is still large,
but some improvement.

In order to overcome the deficiency of the IHS fusion meth-
ods or the GIHS fusion methods, Choi (2006) improve the per-
formance of the GIHS-based methods using the trade-off pa-
rameter in the fusion. The spectral and spatial detail quality of the
method can be controlled by adjusting trade-off parameter. The
disadvantage of the method is not to give how to choose the op-
timal trade-off parameter (Tomas et al., 2008). Gonzalez- Audi-
cana et al. (2004) proposed a fast remotely sensed fusion method
using the GIHS transform based on spectral response function.
The drawback of the method is that when constructing spectral
response of sensor, the choice of parameter is estimated by priori
knowledge. Furthermore, the method is only applied to the fusion
of the IKONOS MS and Pan images.

The area of multiresolution fusion is quite mature, with
many researchers attempting to solve this problem for remote
sensing applications. The most common method is the
WT-based fusion methods (Pohl et al., 1998; Zhou et al., 1998;
Tomas et al., 2008). Since separable wavelets can capture only
three limited directional information, namely horizontal, verti-
cal and diagonal directions, WT is not optimal when used in
analyzing linear/curve singularities in image processing. In
order to overcome the defect, contourlet transform are intro-
duced into the fusion of the remotely sensed images, and the
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fusion performance is improved (Song et al., 2007). The disad-
vantage of the fusion method is its computation comp- lexity
because of its multidirection of the transform (Shah et al.,
2008).

Recently, fusion methods based on the IHS transformation
and WT have merged (Gonzalez-Audicana et al., 2004). The
principle is described as follows. Firstly, a new intensity com-
ponent is obtained by fusing the intensity component of the
original MS images and Pan images by using WT. Then the
inverse IHS transform is performed to obtain the fused images.
The fusion quality of the methods is improved by combing the
merits of wavelet transform and IHS transform. However, there
are some limitations of the methods, such as how to choose the
appropriate wavelet base, how to determine the decomposition
level and how to adopt the fusion rule.

In order to improve the quality of the fused images, this pa-
per proposes a fusion method based MAP on the basis of GIHS
for new type high resolution remote sensing images. It is con-
sidered that MAP estimation can embed with priori knowledge
and impose bounded constrains on the intensity component and
panchromatic image to restrict the scope of solution. Thus, the
final fused images can improve the quality of spatial detail and
spectral information.

The structure of this paper is organized as follows. The prin-
ciple of GIHS fusion method is briefly described in Section 2.1.
The MAP based fusion method is introduced in Section 2.2.
Then, the implementation steps of the proposed method are
given in Section 2.3. The experiments on IKONOS imagery and
Quickbird imagery are conducted in comparison with existing
fusion methods in Section 3. A conclusion is drawn at the end.

2 THE PROPOSED METHOD

2.1 GIHS fusion method

For the fusion of IKONOS Pan and MS images, considering
that the spectral range of the Pan image cover NIR, R, G and B
bands of the MS images, Tu et al.(2004) introduced the NIR
band into the computation of intensity of MS image, and
adopted GIHS fusion method to overcome the spectral distor-
tion.

Suppose, Xe {NIR, R, G, B} and the fused image can be
computed as

Fy = MWl (P [) 1)

where P represents the DN values of the original Pan image and
rep My resents the DN values of X band of the original MS

images, M;‘(p sample s the up-sampling images of X band of
the original MS images (with a factor of 4), I, represents the
intensity component of the up-sampled MS images and is de-
fined by

I l z M;l(psample (2)

4 Xe&{NIR,R,G,B}
From Eq.(1), it can be seen that the NIR band of the MS im-
ages is included into the definition of the I, component for the
GIHS fusion method, although this reduces the spectral distor-

tion to some extent, the spectral distortion problem still exists,
and the fusion performance needs to be further improved.

In order to solve the above problem, this paper presents a
fusion method using MAP statistical method to obtain a new
high-resolution image i,,,, which replaces the Pan image P in
Eq.(1), and Eq.(1) can be also rewritten as

FX _ M;J(psample +(- _ Ig) (3)

lHCW

where the high resolution image i,,,, is obtained by combining
the intensity component of MS images and Pan image under the
MAP framework. Thus the fused images can improve the spa-
tial resolution while reserving the spectral information of the
original MS images.

2.2 MAP estimation method

The proposed method first gives the MAP framework of
high-resolution image i,,, the intensity component of the
original low-resolution MS images and Pan image based on the
observation model. Then the estimation of i, is obtained by
gradient descent optimization algorithm. Here we mainly con-
centrate on the fusion of IKONOS MS and Pan images and the
fusion of Quickbird MS and Pan images. Without generality,
losing the proposed method is described by the fusion of
IKONOS MS and Pan images.

2.2.1 Observation model

Suppose the ideal high resolution MS images be z with four
bands: NIR, R, G and B bands. The DN values of the NIR, R, G
and B bands are defined by znr, 2z, 26, 25 respectively. Suppose
the noise of each band is independent identically distributed
(i.i.d ) Gaussian random noise, with zero mean and variance

By (Xe{NIR, R, G, B})). We have

— 1 X
P a1
eXP{‘%ﬁXZ(”X @"X)} C)

where n, represents the noise of X band, for Xe {NIR, R, G, B}
Then the degradation model of X band of the ideal MS im-
age z can be expressed as
My =Wzy+ny ®)
where W represents PSF (point spread function) of remotely
sensed imaging system, which is composed of the operation of
blurring and undersampling, that is W=DH, where D represents
the undersampling operation with a factor of 4 along the rows
and columns of the image and H is approximately represent as

H :%14 (Mohamed & Mohammad, 2008), where 1, is a 4

by 4 matrix of ones.
From Eq.(5), we have
1 1
— Y My=-W Y zx+
4 Xe{NIR,R,G.B} Xe{NIR.R,G.B}

z ny (6)

Xe{NIR,R,G.B}

-

which can also be rewritten as
I, =Winew + 1 7
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1 .1
where I, =— Z My |, nev— Z Ix
4 Xe&{NIR,R,G,B} 4 Xe{NIR,R,G,B}
1 . . . .
n=— Z ny and n is a Gaussian random noise with
4 Xe{NIR,R,G,B}

zero mean and variance ' (which is relevant to ﬂﬁ}R , ﬂgl ,

G Bs)

In addition, the Pan image P is formed as a linear combina-
tion of the ideal high-resolution MS images plus additive noise

P-= Z Axzx +v ®)
Xe&{NIR,R,G,B}

where v is the Gaussian random noise with 0 of mean value and
7! of variance, and yy (Xe{NIR, R, G, B}) are known quanti-
ties weighting the contribution of each high resolution band we
want to estimate to the high-resolution panchromatic image.

For IKONOS imagery, its spectral response curve can be
depicted in Fig. 1, from IKONOS Relative Spectral Response
of GeoEye Corporation (2008). From Fig. 1, it can be seen that
each band of IKONOS MS images approximately covers the
1/4 width of the spectral range of the IKONOS Pan image.
Therefore yy can be expressed as

NR =Ag=Ag =g =1/4 9
Thus Eq.(8) can be written as
P=iwv+Vv (10)

2.2.2 MAP estimation
The MAP estimation is to find a high resolution estimation

iew » Which can be computed by
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Fig. 1 IKONOS relative spectral response curve

fpew = arg.max[Pr,-new,“P (fnew | I,,P)J (11)

’new

With the Bayes rule, Eq.(11) can be represented as

(II>P ‘ inew )Pr(inew)
Pr(1,,P)

s Pry pj;
Iy = argmax

2

new

(12)

Because the denominator of Eq.(12) is not a function of #,

5oty 1) raxfvod, e 5t olit 7]

so Eq.(12) can be also expressed as:

(I}, P |ipey ) Prlipey ) =

Inew = argmax Pry pii .

Lhew

arg max PrI/ li ) | igew) PrI’\inew (P ipey ) Pr(ipey) (13)

lnew

Assume the above probability density function Pr(i,.,) is a si-

.. , 1 .2
multaneous auto-regression, i.e., Pr(ie,)o0exp {_EO‘HC’newH R

where C denotes the Gaussian kernel and « is the inverse of the
inverse of the variance of the Gaussian distribution. According
to Eq.(7) and Eq.(10), the MAP estimate of i,.,, can be given as

= (14)

)

The first term in Eq.(14) constrains the reconstructed image

Ipew =argmin L (i )

Loew

arg min (%ﬂHIl — Winew

’new

2 1 o2 1 A
5 +5]/HP—lnew H +EaHClnew

to be fidelity to intensity component of the original
low-resolution MS images. The second term in Eq.(14) con-
strains the reconstructed image to be fidelity to the Pan image.
The third term in Eq.(14) constrains the smoothness of the re-
constructed image. By the appropriate choice of the parameters

a, B, 7, the reconstructed image i can not only keep the

new
spectral information of the original MS images, but also have
the spatial detail information of the Pan image.
2.2.3  Gradient descent optimization algorithm

Taking into account the complexity of the optimization al-
gorithm, we adopt simple gradient descent optimization algo-
rithm to solve the high-resolution image i,.,. The gradient of
the cost function in Eq.(14) with respect to iy, is given as

OL(i
g(inew) = 8(l' new)
new

= W (Wirew — 1))+ (inew = P) + &C " Cinew  (15)

where the matrix W' denotes the transpose of W, and CT de-
notes the transpose of C.

The update of high-resolution estimate fnew is given as

Sk+1 _ Sk k_ (=
Lhew =lnew — € g(’new)',' —ik (16)

where & represents the step size at the k-th iteration. The choice
of the parameter must be selected to be small enough to prevent
divergence, and large enough to provide convergence at given
iteration. The optimization iteration step is given by the mini-
mization of
Sk+1 *k k_ (=
L(’ne;/):l‘(lnew —& g(’new)‘inewzf:’ew) (17)
Differentiate Eq.(17) with respect to &" and set the result

equal to zero, then have the step size as

pYle0d @]y oy]+rY] ofik) og(it)]

where operator © represents the element-by-element

(18)

product of two matrix and & and y are defined as:
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E=Wg(ifen) v=Celife).

2.3 Steps of the proposed method

The implementation of the proposed method is described as
follows:

Step 1 Compute the intensity component /; of the original
low resolution MS images based on GIHS.

Step 2 Begin at /=0 with the initial estimate f,?ew being

the intensity component of the bicubic interpolation of low
resolution MS images and give the threshold ¢ for terminating
the iteration process.

Step 3 Compute the gradient g (iyey, )|

Eq.(15).
Step 4 Compute f:e:l according to Eq.(16) and Eq.(18).

_j+ according to
= W

tnew ne

ikHl —ifew / ik . <gand the set number is

Step5 If

reached, stop and go to step 7.

Step 6 Let i=k+1, go to step 3.
Step 7 Obtain the fused images by Eq.(3).

3 EXPERIMENTAI RESULTS

Two experiments are conducted to validate the effectiveness
of the proposed method. One uses IKONOS MS and Pan im-
ages, and the other uses Quickbird Pan and MS images. The
Quickbird images are available at the Global Land Cover Facil-
ity (GLCF) at the University of Maryland (2005).

Because of the limit of the experiment condition, there are
no ideal high resolution MS images as reference to evaluate
performance of the fusion methods. In order to asses the spec-
tral and spatial quality of the fused images, we work with spa-
tially degraded images. The original IKONOS (Quickbird)
satellite MS and Pan images are degraded to 16m (9.76m) and
4m (2.44m), respectively, and the original MS images are used

as reference images (As can be seen in Fig. 2(a) to (c) and Fig.

3(a) to (c)).

Fig. 2 Fusion results from the degraded bands 4, 2 and 1 images shown as a color composite (IKONOS data set). In order to compare and analyze,
the shown images are part of the original images and be magnified
(a) Original MS images; (b) Degraded MS images; (c¢) Degraded Pan image. (d) Fused MS images using the GIHS method. (¢) Fused MS images using the Choi
method. (f) Fused MS images using the atrWT method. (g) Fused MS images using the atrWT+GIHS method. (h) Fused MS images using the proposed method

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.
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In order to compare the performance of the fusion methods,
the following evaluation parameters are adopted:

(1) spectral correlation coefticient (CC)

CC is the correlation coefficient between the band of the
fused images and corresponding band of original MS image.
The more spectral information the fusion results keep, the more
the value of CC is close to 1, and the ideal value of CC is 1.

(2) relative global dimensional synthesis error

The lower the ERGAS value, the higher the spectral quality
of the fused images. The best value of ERGAS is 1.

(3) spatial correlation coefficient (sCC)

This paper adopts the Zhou et al.’s method (1998). The lar-
ger the value of sCC is, the more spatial detail information are
injected into MS images.

The compared fusion methods are Tu’s GIHS fusion method,
Choi’s trade-off fusion method (the value of trade-off is set to
7), the fusion method based on atrous wavelet transform
(atrWT), which is also called undecimated wavelet transforma-
tion and the fusion method based on atrous wavelet transform
combined with GIHS method (atrWT+GIHS). In the imple-

mentation of wavelet transformation, the biorthogonal tight
support spline wavelet are adopted (corrsponding the function
‘bior2.2’ in Matlab software), the decomposition level is set to
3. Because of the shift-invariance of the atrous wavelet trans-
form, thus the performance of the fusion results is better with
the wavelet fusion methods.

For the fusion of IKONOS imagery, the selected parameters
for the proposed method are as follows: o=0.01, f=1, »=0.3,
¢=107%, the maximum number of iterations K=16, and the

0 -0.25 0
Gaussian kernel C= | -0.25 1 -0.25].
0 -0.25 0

For the fusion of Quickbird imagery, the selected parameters
for the proposed method are as follows: ¢=0.01, =1, »=0.16,
q=10’6, the maximum number of iterations K=16, and the
Gaussian kernel C be the same as used in IKONOS imagery
experiment.

The fusion results of all methods are shown in Fig. 2 (d) to (h)
and Fig. 3 (d) to (h). From the visual point of view, the fusion

Fig. 3 Fusion results from the degraded bands 4, 3 and 2 images shown as a color composite (Quickbird data set). In order to compare and analyze,
the shown images are part of the original images and be magnified
(a) Original MS images. (b) Degraded MS images. (c) Degraded Pan image. (d) Fused MS images using the GIHS method. (¢) Fused MS images using the Choi’s
method. (f) Fused MS images using the atrWT method. (g) Fused MS images using the atrWT+GIHS method. (h) Fused MS images using the proposed method

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net
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results of all fusion methods are better than the degraded MS
imagery in spectral and spatial information (As can be seen
from Fig. 2(b) and Fig. 3(b)), this shows the proposed method
and other fusion methods improve the quality of the fused im-
ages. Although there are no perceptible differences between
spectral quality of the fused images when we compared our
proposed method with the atrWT method and the atrWT-+GIHS
method. But our proposed method has slightly better spectral
quality than the GISH fusion method and Choi’s method.

Compared with the degraded MS images (as can be seen
from Fig. 2(b) and Fig. 3(b)), the spatial detail information of the
fused images using each fusion method is improved greatly. This
shows that the spatial detail information is effectively injected
into MS images. Spatial detail information of Fig. 2 (d) to (h)
and Fig. 3 (d) to (h) is not obviously distinguished visually.

The objective evaluation of spectral and spatial quality for
the fusion results of all fusion methods are as follows:

The comparison of the spectral quality is given in Table 1

and Table 2. From Table 1 and Table 2, we can see that the

value of CC and the mean of CC (C_C ) of the proposed method
are larger than the degraded image. This shows that the pro-

posed method improves the spectral quality of the fused images.
For the proposed method, the CC value of the NIR band is

slightly lower than that of the atrWT+IHS method. The cc
value for the proposed method is the maximum for all fusion
methods. Besides, the ERGAS value for the proposed method is
the minimum for all fusion methods. This shows that the pro-
posed method have better spectral quality than the existing
fusion methods.

From Table 3 and Table 4, we can see that the fused images
of each method have better spatial quality than the degraded
images. The proposed method have slightly better performance
than Choi’s method (trade-off parameters), and slightly inferior
performance when compared to GIHS method, atrWT methods
and atrWT+GIHS method.

Table 1 Spectral quality comparison of the fusion results using the IKONOS images

Project Degraded GIHS Choi atrWT atrWT+GIHS Proposed Ideal
NIR 0.8703 0.9554 0.9516 0.9598 0.9583 0.9601 1
R 0.8278 0.9466 0.9475 0.9449 0.9520 0.9557 1
ce 0.8681 0.9589 0.9641 0.9623 0.9659 0.9694 1
B 0.9361 0.9369 0.9562 0.9558 0.9614 0.9620 1
cC 0.8756 0.9495 0.9548 0.9557 0.9594 0.9618 0
ERGAS 2.0143 1.3619 1.3595 1.2167 1.1895 1.1607 0

Table 2 Spectral quality comparison of the fusion results using the Quickbird images

Project Degraded GIHS Choi atrWT atrWT+GIHS Proposed Ideal
NIR 0.8908 0.9369 0.9396 0.9571 0.9699 0.9652 1
cc R 0.8925 0.8773 0.9128 0.9357 0.9373 0.9497 1
0.8954 0.8958 0.9288 0.9455 0.9464 0.9587 1
B 0.9194 0.8836 0.9213 0.9348 0.9361 0.9506 1
cC 0.8995 0.8984 0.9256 0.9433 0.9474 0. 9560 0
ERGAS 1.8836 1.9807 1.7875 1.4456 1.3998 1.2776 0

Table 3 Spatial quality comparison of the fusion results using the IKONOS images
project Degraded GIHS Choi atrWT atrWT+IHS proposed Ideal

NIR 0.7318 0.9860 0.9740 0.9973 0.9873 0.9844 1

R 0.7323 0.9940 0.9844 0.9920 0.9935 0.9918 1

¢ 0.7329 0.9835 0.9694 0.9823 0.9834 0.9806 1

B 0.7308 0.9867 0.9742 0.9860 0.9868 0.9846 1

sCC 0.7319 0.9876 0.9755 0.9894 0.9877 0.9853 1

Table 4 Spatial quality comparison of the fusion results using the Quickbird images
project Degraded GIHS Choi atrWT atrWT+IHS proposed Ideal

NIR 0.2385 0.9765 0.9593 0.9932 0.9819 0.9693 1

e R 0.2104 0.9952 0.9892 0.9868 0.9892 0.9859 1

0.2113 0.9939 0.9853 0.9862 0.9885 0.9831 1

B 0.2017 0.9950 0.9896 0.9872 0.9897 0.9862 1

sCC 0.2155 0.9902 0.9808 0.9883 0.9873 0.9811 1
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Considering the proposed method has the best spectral qual-
ity compared with the other fusion methods (As can be seen in
Table 1 and Table 2), and that the key problem of the fusion of
the MS and Pan images is to improve spatial detail while keep
the spectral information of the original MS image, this shows
that the proposed method is effective.

4 CONCLUSION

This paper proposes a new fusion method by combining
GIHS and MAP framework based on spectral characteristics of
a new type of remote sensing platforms. The proposed method
has the main feature of improved spatial details while keeps the
spectral information of original MS images by imposing con-
strains on the intensity component and Pan image based on
MAP. For IKONOS imagery and Quickbird imagery experi-
ments, it shows that the proposed method is effective in holding
the spectral information of the original MS images. Each con-
straint parameters is chosen according by the trial and error
method for the MAP estimation using an iteration optimization
algorithm. Adaptive selection of those parameters would be an
important future work.
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