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Abstract. Fusion of Low Resolution Multi Spectral (LRM) image and High
Resolution Panchromatic (HRP) image is a very important topic in the field of
remote sensing. This paper represents an efficient method for image fusion us-
ing New Additive Wavelet transform (NAW) based on the a trous algorithm.
The fused image should preserve both geometric and the radiometric informa-
tion. The use of geometric features along with spectral information improves
the visualization quality of imagery. In this method intensity of the LRM image
is added to the difference of the wavelet planes of HRP and LRP. The experi-
mental results show that this method can well preserve spectral and spatial de-
tails of the source images. The proposed method provides competitive or even
superior results for the input images compared to other well-known methods by
providing 85.25% Quality with No Reference (QNR).

Keywords: correlation coefficient, discrepancy, MSSIM, radiometric distortion
index, sobel grades, SSIM.

1 Introduction

Recent advancements in the field of remote sensing explore the opportunity of using
images of different sensors for the same application. Pan sharpening is a kind of satel-
lite image fusion method which injects the high-frequency components taken from the
Pan image into resampled versions of the MS data to get a color image with pleasing
and sharp appearance. Remote sensing calls for advanced pan sharpening methods to
translate the spectral information of the coarse-scale MS data to the fine scale Pan
image with minimal introduction of spectral distortions. Various methods have been
proposed for pan-sharpening, which includes Intensity Hue Saturation (IHS) [1], the
Principal Component Analysis and Multiresolution Transforms. The existing wavelet-
based image fusion methods are mostly based on two computation algorithms: the
Mallat algorithm and the a trous algorithm [2]. The paper concentrates on the a trous-
algorithm.

Generally, the a trous-algorithm-based image fusion can be performed in two ways:
1) Substitute-Wavelet (SW) method and 2) Additive-Wavelet (AW) method [3]. The
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AW method maintains the high frequency of the HRP image and low frequency of the
LRM image and the SW method eliminates the low frequency of the LRM image.
However, if the same high frequency is injected into every LRM image, the AW me-
thod can produce redundant high frequency. As the HRP and LRM images generally
have different local radiometry, radiometric distortion can arise in fused images. Also,
the SW method can lose some of the information of the LRM image during substitu-
tion process [4].These problems can generate artifacts in fused image and it will suffer
from radiometric and geometric distortions. To cope up with the above problem, this
paper proposes a New Additive Wavelet algorithm based on a trous method. This pa-
per is organized as follows section 2 describes the proposed method; section 3 dis-
cusses about the experimental results and section 4 conclude this paper.

2 New Additive Wavelet Transform
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Fig. 1. New Additive Wavelet Transform
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Fig 1 shows the proposed a trous based fusion method to decompose the image into
wavelet planes .The New Additive Wavelet transform can be formulated by the fol-
lowing procedure.

1. Transform the RGB images into the IHS color space.
2. Perform histogram matching between the HRP image and the intensity.
3. Decompose the matched HRP image to n wavelet planes.

n
HRP = 3 wygp, + HRP" (1

For an image a sequence of approximated images are obtained by convoluting with
the filter that has B3 cubic spline profile. It is followed by the computation of the
wavelet planes by the difference between two consecutive approximations.

4. Decompose the LRP image to n wavelet planes.
n r
LRP = Elw LRP, + LRP )

The LRP image is spatially degraded by filtering with a Gaussian low-pass filter.

5. Intensity of LRM image is added with the difference of wavelet planes of HRP and
LRP images.

n

1 3)

n
=1 + 2w - 2w
new =1 HRP,  [=1 LRP,

6. Transforming the new intensity together with the hue and saturation components
back into RGB (inverse IHS transform).

The proposed method considers a bandpass injection of high frequency ex-
tracted from an HRP image instead of conventional high-pass injection. Subse-
quently, the difference between the high frequency of the HRP image scale and the
low frequency of the LRP image scale is injected. Thus, the low frequency of the
LRP image scale is discarded. This implies that the high frequency between the
LRM and HRP images is injected while maintaining the LRM image. Adding the
wavelet planes to the intensity component preserves the spectral quantity more
than that adding to the RGB of the LRM image individually. Since spectral values
are present only in Hue and Saturation component, adding these planes to the in-
tensity component does not affect the spectral values.

3 Data Sets and Experimental Results

Experiments have been conducted to evaluate the performance of the proposed me-
thod using the WORLDVIEW-2 data of Madurai, Tamil Nadu, India. For all data sets,
the LRM image size is 128x128, and the HRP image size is 512x512 pixels. The
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experiment area constitutes trees, buildings, and roads. The NAW method is com-
pared with the existing methods.Fig.2 shows the HRP image of resolution 0.46m.
Fig.3 is 1.84m LRM image interpolated at 0.46m.Fig 4 shows AWLP fusion method.
The image obtained by NAW method is shown in Fig.5. This method produces high-
quality image, implying that this image contains the necessary geometric information
as well as rich radiometric information.

3.1  Quantitative Analysis

In Table 1, the reconstructed HR multispectral images are compared with the results
produced by the existing methods such as IHS, wavelet, FFT enhanced IHS, Additive
Wavelet (AW), Substitute Wavelet (SW). Table 1 demonstrates that the NAW the

Fig. 4. AWLP fused image Fig. 5. NAW fused image

NAW method provides a less-distorted fused image compared with existing methods
by finding Quality with No Reference (QNR) index [5]. In Table 2 shows the result of
the spectral quality of the fused image measured by metrics such as discrepancy and
Mean Structural-Similarity-Based Image Quality Assessment (MSSIM) [6].Spatial
quality of the fused image is measured by metrics such as correlation coefficient [7]



New Additive Wavelet Image Fusion Algorithm for Satellite Images 317

and sobel grade. NAW yields the smallest spectral difference i.e. discrepancy and
highest MSSIM i.e. more similar spectral values of LRM image. From Table 1-2 it’s
known that NAW gives superior performance for most of the quality metrics.

Table 1. Quality Indexes Of The Fused Images

Parameter Radiometric | Geometric
Methods distortion distortion QNR
IHS 0.0331 0.1183 0.8525
FFT En-
hanced THS 0.0141 0.1417 0.8467
Wavelet 0.0231 0.1341 0.8458
AWLP 0.0549 0.1220 0.8297
Sw 0.0326 0.1207 0.8506
NAW 0.0309 0.1203 0.8525
Ideal 0 0 1

Table 2. Spectral and spatial quality Indexes Of The Fused Images

Spectral Quality Spatial Quality
Parame-
Correlation
ter Discrepancy MSSIM . Sobel Grade
Coefficient
Methods R G R G R G R G B R G B
IHS 11.96 | 17.66 | 16.65 | 0.16 | 0.21 | 041 | 087 | 096 | 090 | 425 | 521 | 463
FFT-

Enhanced | 15.10 | 21.71 | 21.71 | 0.14 | 0.15 | 025 | 0.84 | 092 | 0.89 | 40.6 | 60.6 | 537
IHS

1543 | 0.17 | 0.20 | 034

Wavelet 13.43 | 17.43 089 | 096 | 091 | 40.1 | 408 | 379
AWLP 22.20 | 30.13 | 22.23 | 0.18 | 0.19 | 032 | 085 | 093 | 0.88 | 40.8 | 54.8 | 52.7
SW 16.65 | 16.65 | 16.65 | 0.17 | 0.22 | 040 | 0.88 | 092 | 092 | 420 | 530 | 50.5

NAW 11.83 | 15.70 | 14.04 | 0.18 | 0.25 | 042 | 0.89 | 097 | 092 | 486 | 60.6 | 557

4 Conclusion

In this paper, New Additive Wavelet fusion method is proposed for preserving both
radiometric information and geometric information. In this method bandpass injection
of frequency by finding the difference between LRP and HRP image is done. The
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proposed method can be considered as an improvement of the SW and AW methods
in the sense that the LRM image is not decomposed. The proposed method provides
comparatively better results than other existing methods in terms of spectral and spa-
tial quality metrics.
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