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High Resolution Reconstruction of EO-1 Hyperion Hyperspectral Images
Using IKONOS Images

Lee, Sang-Hoon !

Kyungwon University

Abstract : This study presents an approach to synthesize hyperspectral images of lower resolution
at a higher resolution using the high resolution images acquired from a sensor of commercial
satellites. The proposed method was applied to the reconstruction of EO-1 Hyperion images using the
images acquired from IKONOS sensor. Based on the FitPAN-Mod pansharpening technique (Lee,
2008b), the hyperspectral images of 30m resolution were reconstructed at 1m resolution of IKONOS
panchromatic image. In this study, the synthesized hyperspectral images of 50 bands, whose
wavelengths range in the wavelength of panchromatic sensor, were generated from the three stages of
high resolution reconstruction using FitPAN-Mod. The experimental results show that the proposed
method effectively integrates the spatial detail of the panchromatic modality as well as the spectral
detail of the hyperspectral one into the synthesized image. It indicates the proposed method has a
potential as a technique to produce alternative images for the images that would have been observed
from a hyperspectral sensor at the high resolution of commercial satellite images.
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Fig. 1. Satellite images observed from Anyang, Gyeonggi-do
in spring of 2002: EO-1 Hyperion hyperspectral
observed and registered images of 30m spatial
resolution (top}, IKONOS 1m panchromatic and 4m
color images.
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High Resolution Reconstruction of EO-1 Hyperion Hyperspectral Images Using IKONOS Images

Table 1. Correlations of Hyperspectral Bands with IKONOS
Multispectral Bands

Correlations with IKONOS MS | Compatible
Wavelength | Hyperspectral TKONOS
(om) | Bad | NIR | Red | Green | Blue | ¢

43699, 9 0579 | 0.720 | 0.824 | 0.876
447.17, 10 | 0576 | 0.711 | 0.823 | 0.879
45734 | 11 0.591 | 0.722 | 0.835 | 0.892
467.52| 12 | 0606 | 0.736 | 0.845 | 0.900 | Blue
47769 | 13 | 0.605 | 0.734 | 0.845 | 0.899
487.87| 14 | 0.619 | 0.749 | 0.856 | 0.906
498.04| 15 | 0.628 | 0.762 | 0.865 | 0911

50822 16 | 0639 | 0773 | 0870 | 0909 | Bl &

51839 17 | 0.653 | 0.785 | 0.879 | 0912 | Green

52857 18 | 0.664 { 0.797 | 0.883 | 0.908
53874| 19 , 0.677 | 0811 | 0.887 | 0.905
54892| 20 | 0.690 | 0.821 | 0.887 | 0.895
559091 21 | 0702 | 0.832 | 0.888 | 0.886

—_ ' Green
569.27| 22 | 0.708 | 0.838 | 0.886 | 0.878
579451 23 0.716 | 0.844 | 0.884 | 0.870
2 12
589.62: 24 0.721 | 0.843 0.882 | 0.864
59980 25 0.728 | 0.850 | 0.878 | 0.855
609.97 | 26 | 0.733 | 0.853 | 0.875 | 0.850
620.15. 27 0.737 | 0.853 | 0.871 | 0.842
630.32| 28 0.741 | 0.855 | 0.867 | 0.836
64050 | 29 | 0.750 | 0.856 | 0.865 | 0.830
65067 | 30 | 0.751 | 0.856 | 0.860 | 0.824
660.85 | 31 0.756 | 0.855 | 0.856 | 0.816
Red

67102 32 0.758 | 0.856 | 0.853 | 0.813
681.20 337 017762 0.855 | 0.848 | 0.806

691.37| 34 | 0.767 | 0.855 | 0.841 | 0.794
70155 35 | 0789 | 0.848 | 0.820 | 0.762

71172 | 36 | 0.810 | 0.830 | 0.773 | 0.697
72190 | 37 | 0818 | 0.806 | 0.734 | 0.647
73207| 38 | 0816 | 0.774 | 0692 | 0.597
74225 39 | 0.817 | 0.766 | 0.679 | 0.582

75243 40 | 0824 | 0.774 | 0.686 | 0592
762.60| 41 | 0.838 | 0.747 | 0.664 | 0573
77278 | 42 | 0851 | 0.733 | 0657 | 0575
78295| 43 | 0.863 | 0741 | 0671 | 0598
793.13| 44 | 0867 | 0728 | 0663 | 0595
803.30| 45 | 0868 | 0.720 | 0.657 | 0592 | NIR
81348| 46 | 0.868 | 0.717 | 0.655 | 0.593
82365| 47 | 0.865 | 0.691 | 0.628 | 0.566
§33.83| 48 | 0.863 | 0.680 | 0.618 | 0.558
844.00| 49 | 0.863 | 0.678 | 0.616 | 0557 |
854.18| 50 | 0861 | 0.671 | 0609 | 0.549

«©~NIR —#r~Red ~¢~Green =B~Blue
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Hyperspectral Band

Fig. 2. Correlations of hyperspectral bands with IKONOS
multispectral bands of 80 x 80.
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Fig. 3. Residuals of estimated regression models of hyperspectral bands using IKONOS multispectral bands.

. : =P

Fig. 4. Results of 4m resolution reconstruction of 30m
resolution Hyperion hyperspectral image fused by
FitPAN-Mod: resultant Hyperion hyperspectral image of
4m resolution, resultant sub-images (white square area
in leftimage) from FitPAN and FitPAN-Mod (right top).

P

—©~NIR ~#~Red —0~Green —ErBlue —%—Pan
1000

0950

0500
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0800 +-
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Fig. 6. Results of pansharpening of IKONOS

0500 multispecral image (left) and Hyperion
8 10 12 14 16 38 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 SO 52 54 S6 hyperspectral |mage FItPAN-MOd

Fig. 5. Correlations of hyperspectral bands with IKONOS
multispectral and panchromatic bands of 600 x 600.
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Pointa point5

1000 trervavorew T v T

8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56

Hyperspectral Band

Fig. 7. Average DN values of pansharpened hyperspectral image for
5 points of 4 x 4 size marked in IKONOS panchromatic image.

Table 2. Desription of images in Fig. 8.

Figure {resolution size Spectral Band)  Note
1 30m 80x 80 | Hyperspectral
) | 4m | 600x600 | Mulispectral | Observed
3 | 1m [2400X2400 | Panchromatic
4 4m | 600x600 | Hyperspectral
s Im | 2400 x 2400 | Multispectral | Reconstructed
6 Im 2400 %2400 | Hyperspectal

Fig. 8. Observed images used for high resolution reconstruction
and reconstructed images resulted from FitPAN-Mod for
sub-area of white square in Fig. 4 (refer to Table 2).
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