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1. ABSTRACT

We present a fast and general panchromatic sharpening for fusing low-resolution multi-spectral images with a high-
resolution panchromatic observation. For IKONOS imagery, both multi-spectral and panchromatic data are provided with
spatial resolutions of 4 and 1 meter. In order to produce multi-spectral images with high spatial resolution same to
panchromatic image, several fusion methods have been developed [1]-[6]. However, classical methods such as IHS [1-2],
PCA [3] and Brovey transform often introduce severe color distortion due to injecting undesired low-pass component of
panchromatic image. Recent methods employing the discrete wavelet transform (DWT) or the undecimated DWT [4]
preserve good spectral information. However, it is not applicable to process a large volume of data due to memory
requirement and computational cost. The high-pass filtering, Laplacian pyramid [5], and high-pass modulation (HPM) [6]
methods provide good performance with minimized spectral distortion and low computational complexity. In this paper, we
present a fast alternative of HPM with incorporating the modulation transfer function (MTF). The experimental results
demonstrate that the proposed method produces high-quality fused image and outperforms existing fusion methods in terms
of objective quality measures such as UIQI[7], Q4[8], RASE, and ERGAS[9].

2. METHODOLOGY

In this paper, we assume that a panchromatic image can be represented as a sum of low and high frequency components:

P9 = PLQ +PI§,2 where P represents a panchromatic image with resolution index Q e {LR,HR} , PLQ represents a low

frequency component of the panchromatic image, and Pf} represents a high frequency component of the panchromatic
image. For example, a high-resolution panchromatic image can be decomposed into two frequency components:

PR :PLHR +PHHR. Analogously, low-resolution multi-spectral images can also be decomposed into two frequency
components: MSbL‘ﬁld(i) =MS LLﬁand(,-) +MS élfba,,d(i) where MSbL‘ﬁld(i) represents a low-resolution multi-spectral image with

band index band(i) € {R,G,B,NIR} for IKONOS images. For IKONOS images, the ratio of pixel resolution of high-
resolution and low-resolution images is 4:1. The high-pass modulation method [6] can be formulated to estimate high-

——HR
resolution MS images ( MS pana(i) ) as follows:

——HR ——HR —HR

MS band iy = P™® - MS [ panaciy | PL @)
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where a low frequency component of the estimated high-resolution multi-spectral image ( MS L pana(i) ) is an upsampled result

of the original low-resolution multi-spectral image (upsampling(MSbLlﬁd(i))) and a low frequency component of the

—HR
estimated high-resolution panchromatic image (P, ) is a result of cascade process of upsampling and downsampling to the
original high-resolution panchromatic image. It is noted that HPM assumes the high frequency component of the estimated

——HR

high-resolution MS images ( MS # pana(iy) is a scaled version of the high frequency component of panchromatic image
iR HR S HR . . ) ——HR —HR

(a-Py =a-(P"" —P;/7)) and the scaling factor is a local mean modulation (& = MS L pana(i) / PL ).
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However, (1) requires four upsampling operations to estimate high-resolution multi-spectral images, one for P, and four



——HR
for MS 1 pana(i) . Efforts have been made to make accurate estimation of the modulation transfer function (MTF) for IKONOS

sensors. Therefore, (1) can be re-formulated as follows:

——HR —LR
MS hana) (. ) = P (5, ) - (MS g (e 4,9 1)+ S i (D AP' (x4, 4)+ S P (. 9) @

band

where (x,y) specifies the spatial coordinates of high-resolution images, (x/4, y/4) specifies the spatial coordinates of low-

resolution images, & Zgﬁfm(.) defines a local delta of MS ,,L‘fld(i) utilizing MTF, and 6?5; defines a local delta of P“* utilizing

MTF. Using (2), we don’t need any upsampling operations, eliminating large memory requirement. The final multi-spectral
image is estimated by adjusting mean values:

—=HR

——HR
MS band iy = MS bana iy + ﬂMS/fﬁd(,) a ﬂ%;]:d(i)

.. . . —HR
where 4, .z  represents the mean of the original multi-spectral images and i represents the mean of of MS pana(i) -
band (i) band (i)

3. EXPERIMENTAL RESULTS

Experiments were conducted to evaluate the performance of the proposed method using the IKONOS images provided by
(c)GeoEye. We compared the proposed method with six existing methods: IHS [1], fastIHS [2], PCA [3], undecimated DWT
[4], GLP [5] and HPM [6]. Table I shows performance comparison. As can be seen in Table I, the proposed method provides
better performance than the other fusion methods.

Table 1. Performance comparison.

Methods | UIQI[7] | Q4[8] | RASE | ERGAS[9] | CORR | Elapsed time
THS[1] 0.581 0.635 | 10.25 1.921 0.631 2.844 s
fastIHS[2] 0.698 0.776 | 9.45 1.845 0.734 1.843 s
PCA[3] 0.665 0.727 | 9.10 1.810 0.706 2.641s
DWT[4] 0.671 0.683 8.61 1.761 0.704 31.703 s
GLP[5] 0.798 0810 | 557 1.416 0.819 2.157 s
HPMI6] 0.810 0.808 | 4.80 1315 0.830 3.25s
Proposed 0.840 0.835 | 3.83 1.174 0.853 0.5s
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