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Image Fusion Framework for Enhancing Spatial Resolution of Satellite Image
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This paper proposes a novel framework for image fusion of satellite imagery to enhance spatial resolution of the image via
structure-texture decomposition. The resolution of the satellite imagery depends on the sensors, for example, panchromatic
images have high spatial resolution but only a single gray band whereas multi-spectral images have low spatial resolution
but multiple bands. To enhance the spatial resolution of low-resolution images, such as multi-spectral or infrared images, the
proposed framework combines the structures from the low-resolution image and the textures from the high-resolution image.
To improve the spatial quality of structural edges, the structure image from the low-resolution image is guided filtered with
the structure image from the high-resolution image as the guidance image. The combination step is performed by pixel-wise
addition of the filtered structure image and the texture image. Quantitative and qualitative evaluation demonstrate the

proposed method preserves spectral and spatial fidelity of input images.
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(c) Infrared image

Figure 1. Panchromatic images have high spatial resolution
but a single gray band, and multi-spectral images and
infrared images have multiple color or thermal bands but
low spatial resolution.
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(a) Original image

(b) Structure image

(c) Texture image (amplified)

Figure 2. In structure-texture model, an image is defined

as an addition of structure and texture part.
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Figure 3. Overall process of the structure-texture decomposition based image fusion framework, where STD denotes the

structure-texture decomposition. Input images are co-registered and resized to the same size.
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Figure 4. The different tendency of original gradient (red)

and interval gradient (green) in structure/texture cases.
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(a) Input images

(b) Structure images

(c) Texture images (amplified)

Figure 5. Structure-texture decomposition results of multi-spectral image (first row) and panchromatic image (second row)
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(a) Structural (b) Structural (c) Sharpened
edges of LRI edges of HRI structural edges

Figure 6. Structural edges of the low-resolution image are
sharpened by guided filtering with the structure image of
structures of the high-resolution image.
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Table 1. Specifications of input images for the experiment
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Figure 7. Enhancement results. Close-ups are ordered in

Rl | : multi-spectral, panchromatic and enhanced image.
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Table 2. Quantitative evaluations of spectral fidelity.

RMSE SAM SSIM
Proposed 0.016311 0.443015 0.945394
IHS 0.058156 1.173754 0.699413
PCA 0.068293 1.737406 0.645862
GS 0.083208 2.571745 0.694513
GSA 0.037992 1.351162 0.813643
wavelet 0.017518 0.477239 0.943940
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Table 3. Quantitative evaluations of spatial fidelity.

RMSE SAM SSIM
Proposed 0.019061 0.244769 0.961711
IHS 0.008567 0.463047 0.987525
PCA 0.032934 0.606178 0.896495
GS 0.005778 0.778608 0.995644
GSA 0.032794 0.843018 0.855780
wavelet 0.038264 0.295743 0.830420
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