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ABSTRACT : Lee (2008) proposed the pansharpening method to reconstruct at the higher resolution the multispectral
images which agree with the spectral values observed from the sensor of the lower resolution values. It outperformed
over several current techniques for the statistical analysis with quantitative measures, and generated the imagery of good
quality for visual interpretation. However, if a small object stretches over two adjacent pixels with different spectral
characteristics at the lower resolution, the pixels of the object at the higher resolution may have different multispectral
values according to their location even though they have a same intensity in the panchromatic image of higher resolution.
To correct this problem, this study employed an iterative technique similar to the image restoration scheme of Point-
Jacobian iterative MAP estimation. The effect of pansharpening on image segmentation/classification was assessed for
various techniques. The method was applied to the IKONOS image acquired over the area around Anyang City of Korea.
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1. INTRODUCTION

Lee (2008) proposed the pansharpening method to
reconstruct at the higher resolution the multispectral
images which agree with the spectral values observed
from the sensor of the lower resolution values. It
outperformed over several current techniques for the
statistical analysis with quantitative measures, and
generated the imagery of good quality for visual
interpretation. However, if a small object stretches over
two adjacent pixels with different spectral characteristics
at the lower resolution, the pixels of the object at the
higher resolution may have different multispectral values
according to their location even though they have a same
intensity in the panchromatic image of higher resolution.
To correct this problem, this study employed an iterative
technique similar to the image restoration scheme of
Point-Jacobian iterative MAP estimation. The effect of
pansharpening on image segmentation/classification was
assessed for various techniques. The method was applied
to the IKONOS image acquired over the area around
Anyang City of Kore.

2. PANSHARPENING

The optimization problem of pansharpening in Lee
(2008) is extended to a multidimensional form:
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K: number of pixels of the lower resolution
corresponding to a pixel of the higher
resolution
zE" . observed intensity vector of the ith pixel in the

lower resolution
z,; : observed intensity vector of the () th pixel

in the higher resolution

Mi; © mMean intensity vector of the i(j) th pixel in
the higher resolution

Z,,y: covariance matrix of the i(j) th pixel in the
higher resolution

LB : lower bound of the spectral value

UB: upper bounds of the spectral value.

The i(j) th pixel means the jth pixel of the higher
resolution belonging to the ith pixel in the lower
resolution. The image model is usually assumed to be
additive Gaussian. Under this assumptions, given {£;}

and {Z, ;,} as the mean intensity vectors and covariance

matrices of pixels in the higher resolution, this
optimization problem obtains the maximum likelihood
estimates of the higher resolution pixels belonging to the
ith pixel at the lower resolution:
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Lee (2008) proposed a quadratic programming (Gill et
al, 1991) approach to solve the optimization problem.
However, the quadratic programming approach may be
inefficient for the reconstruction of large imagery. In the
optimization problem, the second constraint of LB and
UB is a loose constraint. If this constraint is ignored and
the covariance is constant, the optimization problem can
be restated using a Lagrangian coefficient vector since the
objective function is convex and the constraint is linear:
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The optimal solution is obtained by solving a linear
equation system of the first derivatives with respect to
{zi(j} and A :
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From this equation system, the maximum liketihood

estimates of {z, ;) } is computed:
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The true intensity, {4} » is not known in most

application. Since the spectral characteristic of single
band in the higher resolution sensor is to cover a broad
range of wavelength spectrum in the lower resolution
sensor, it is supposed that the true intensity of the higher
resolution image is a function of the observed intensity of
higher resolution sensor:

Higjy = T (i)

where X, ;) is the observed intensity of the i( ) th pixel

from the higher resolution sensor. In this study, the
function can be estimated by regression analysis using a
polynomial model of the pth order:
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where M represents one of multispectral bands {Blue,
Green, Red, Nearinfra}. Thus, a pansharpening scheme,
so called, FitPAN is established:

Bi( i) Hp(Fp)+ o
éi( ) Hr(B;)+ é;G
1%1‘( 7 Ho (B p)+ ‘sz'R
N iy | | A (By) + 5"

K
M =3 (Bt - M,
Jj=l

where Py is the i(j) th pixel’s value of panchromatic

image of higher resolution and M, the ith pixel’s value
of M band multispectral image of lower resolution.

3. PANSHARPENING CORRECTION

As mentioned in Section 1, it is very possible that the
pansharpening yields bad estimates for the pixels of a
small or narrow object which stretches over two or more
adjacent pixels in the lower resolution if they have much
different spectral characteristics each other. To correct
this problem, the image restoration method of Point-
Jacobian Iteration MAP (PJIMAP) estimation (Lee, 2007)
is proposed in this study.

Given an observed image Y, the Bayesian method is
to find the MAP estimate from the mode of the posterior
probability distribution of the original image X , or
equivalently, to maximize the log-likelihood function.
The log-likelihood function using the log-normal intensity
model and the MRF texture model is:
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where B ={f;} is the bonding strength matrix.

Since the log-likelihood function is convex, the MAP
estimate of X is obtained by taking the first derivative,
and then using the Point-Jacobian iteration (Varga, 1962),
the original intensity can be recovered iteratively: given

an initial estimate, X', at the  th iteration
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where C, is the pair-clique system of {/,,R} if R a
“neighborhood system” for the image index system, [, .
The bonding strength coefficients, ﬂij , Wwhich are
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associated with local interaction between neighbouring
pixels, are estimated for pansharpening correction using
the panchromatic image of higher resolution. For

By =9y,

. r

¢ =d62 Zo‘z,j(yi —yj)z

@,)C,

(yi_yj)z
G=| X0i-n)

(ik)eC,
0 otherwise

for(i, )e C,

where y; is the observed value of the ith pixel in the

panchromatic image of higher resolution. These equations
for a single band are easily extended for multiband
applications. The pansharpened image is then corrected
by PJIMAP.

4. EXPERIMENTS

The pansharpening method with correction was first
applied to IKONOS Im panchromatic image of
2400%2400 and 4m multispectral images of 600x600
acquired over the area around Anyang City of Korea. The
IKONO data of unsigned 11bit range from 0 to 2047.
Next, using the algorithms of Lee (2006a, 2006b), this
study performs the experiments to assess the effect of
pansharpening for image segmentation/classification.

A performance comparison was carried out among six
methods including the proposed scheme:

1) Simple Resampling (SRS)

2) Generalized IHS transformation (GIHS)

3) Gram-Schmit spectral sharpening method (GS) as
implemented in ENVI (Laben and Brower, 2000)

4) Additive Wavelet Luminance Proportional
(AWLP)

5) FitPAN

6) FitPAN with correction (FitPAN-C).

For performance evaluation, the experiments used three
measures for a single band and three for multiband data
(Garzelli and Nencini, 2007):

1) Root Mean Square Error (RMSE)
2) Correlation Coefficient (CC)
3) Q index (Q)

4) erreur relative globale adiménsionelle de synthese
(ERGAS)

5) Spectral Angular Mapper (SAM)

6) Q4 index (Q4).

Since the multispectral observation from the
corresponding sensor of the higher resolution is not
available, it was suggested that the fusion methods
are evaluated for the second and third conditions by
applying to the images degraded with the ratio of
the lower resolution to the higher resolution (Wald
et al. 1997). In this experiment, the panchromatic
and multispectral images are degraded to 4m and
16m, respectively. Table 1 shows the results of
evaluation measurement for the six pansharpening
techniques. As shown in the table, the FitPAN
approaches outperformed over the other techniques.
FitPAN-C corrected the problem mentioned in
Introduction, and the boundary between objects
appeared more clearly in the multispectral image of
higher resolution of FitPAN-C than one of FitPAN.

5. CONCLUSIONS

Experiments were carried out on [IKONOS data to
assess the distortion due to the fusion process by
comparing to several current pansharpening
techniques. Experimental results show that the
pansharpened images generated by FitPAN-C will
yield better results for image segmentation
/classification.
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Table 1. Results of Evaluation Measurement for Six Pansharpening Methods
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