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Abstract Compared with the conventional RGB image and panchromatic image, hyperspectral
image can provide more details and features with the additional spectral dimension. Nowadays,
hyperspectral image has been applied into various computer vision tasks, such as classification,
medical diagnosis, face recognition, objects tracking, and so on. In order to obtain hyperspectral
image, traditional imaging systems capture the 3D information with scanning techniques. Such
scanning based imaging systems can only record the spectral information of one or a few scene
points at the same time, which inevitably suffers from the tradeoff between spectral resolution
and time effciency. Thanks to the flourish of computational photography, snapshot spectral
imagers have been developed to overcome the drawback of conventional imaging systems in recent
years. Imaging systems in this category have the ability to capture the full hyperspectral image
with one single exposure. Leveraging the compressive sensing (CS) theory, coded aperture snap-
shot spectral imaging (CASSI) stands out as a promising solution among those systems. With
elaborate optical design, CASSI encodes the 3D hyperspectral image into the 2D compressive
measurement and then reconstruct the underlying image with the CS theory. Incorporating a
CASSI system and a color detector, the dual-camera compressive hyperspectral imager can pro-
mote the reconstruction accuracy of CASSI efficiently and thus owns broad application prospects.

How to reconstruct hyperspectral image from the compressive measurement with high quality is
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an urgent problem to be solved for the system. The existing methods exploit a single prior infor-
mation of hyperspectral image to develop reconstruction algorithms, which fail to make full use of
the measurement of dual-camera design, and the reconstruction quality is not ideal enough. Based
on the strong correlation between hyperspectral image and its corresponding color image in spatial
structure and spectral response, we propose a color adaptive dictionary based reconstruction
method to improve the reconstruction quality. First, in the case of introducing non-negative con-
straints to dictionary elements and sparse representation coefficients, three over-complete diction-
aries are learned from the color measurement. Considering the fact that a single band of hyper-
spectral image owns very high texture and structure similarity with its corresponding color
measurement, we utilize the color measurement to learn over-complete dictionaries for sparse
reconstruction. Second. based on the spectral response of the color camera, a suitable dictionary
with high spectral correlation is selected for each band. Specifically, we choose the dictionary of
the channel with the largest response amplitude of the RGB camera in the current spectral band as
its sparse basis, so as to ensure the high sparsity of the sparse representation and improve the
reconstruction quality. Then, by integrating the sparse representation with the system imaging
principle, we develop an optimization framework for hyperspectral image reconstruction, which is
finally solved via the alternative direction multiplier method. At last, we conduct a thorough
experiment on both the hyperspectral and the remote sensing data sets to validate the performance
of our method. Simulation results suggest that the proposed method can greatly improve the
reconstruction fidelity of the dual-camera compressive hyperspectral imager, which verifies the
practical application potential of our method.

Keywords dual-camera compressive hyperspectral imaging; hyperspectral image; sparse recon-

struction; color adaptive dictionary
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egyptian 39.52 38.62 37.95 41. 14 116. 60 116.03 139. 56 103. 25
peppers 37.05 33. 60 35. 92 38.91 134.91 172. 49 149. 95 119. 55
strawberries 35.15 33.82 34. 90 37.97 149. 83 168. 10 158. 83 115.99
sushi 34. 42 32. 90 34. 44 36. 10 135. 02 148. 83 134. 87 120. 02
tomatoes 30. 44 28.73 31. 45 32.81 214. 27 246.18 193. 31 174. 06
feathers 34. 65 32.57 34. 81 36. 38 108. 10 124.02 107.71 96. 27
Ty 33.03 31,31 32. 94 34.98 154. 91 168. 54 155. 88 131.53
F2 ICVLEEEMNEREREI L
PSNR/dB ERGAS

Image TV AMP JTDWTV CADBR TV AMP JTDWTV CADBR
Jcam 1640 37.98 36. 29 36. 21 39.74 37.83 39. 83 12. 64 34. 44
BGU-1113 30.17 28. 62 30. 56 32.37 118. 34 104. 97 89. 26 102. 10
Labtest-1502 34.09 32.74 33.54 36.19 79. 65 80. 62 77.87 69. 07
bgu-1659 33. 04 31. 33 31.50 35.28 108. 49 110. 40 116. 89 91.71
bgu-1711 40. 74 38.08 37.16 42.29 54.41 60.91 73.41 49. 96
bgu-1712 35. 86 35.57 34. 88 38. 30 62. 44 53.45 65.72 51.62
eve-1602 33.70 32. 68 31. 09 37.08 96. 22 84. 09 116. 83 72.97
gavyam-0930 31.59 31. 31 30.78 33.21 98. 74 89. 21 96. 79 88.72
gavyam-0933 34. 01 34. 28 33. 29 36.21 75.27 .17 77. 24 63.92
1st-0950 34. 90 34.68 34.19 35.93 59. 87 48. 42 67. 85 53.56
S 1 34.61 33.56 33.32 36. 66 79.13 74. 31 82. 45 67. 81
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Background

Due to the capability of capturing spectral information,
hyperspectral image has been applied into various fields, such
as classification, face recognition, medical diagnosis and so
on. To obtain the hyperspectral image, the traditional spectral
imagers usually use the scanning techniques, which inevitably
suffer from the low time efficiency. In recent years, snapshot
spectral imagers have been developed, which can capture the
3-D hyperspectral image with a single shot.

As the latest design among snapshot spectral imagers,
the color camera based dual camera compressive hyperspec-
tral imaging (CDCCHI) is integrated by the coded aperture
snapshot spectral imager (CASSI) and a RGB camera. Com-
pared with CASSI. CDCCHI can significantly improve the
reconstruction quality. In order to reconstruct hyperspectral
image from the compressive measurement of CDCCHI, various
methods have been proposed. However, current methods fail

to fully utilize the dual measurement of CDCCHI and lead to

poor reconstruction results.

In this paper, we propose a novel reconstruction method
based on color adaptive dictionary for CDCCHI. Due to the
high correlation between the RGB measurement and the origi-
nal hyperspectral image, we first learn three non-negative
dictionaries from the RGB measurement. Then, we select the
dictionary with the highest correlation for each band of hy-
perspectral image based on the spectral response of the RGB
camera. Finally, the underlying hyperspectral image is
reconstructed via sparse representation. Extensive experi-
ments implemented with both hyperspectral image datasets
and remote sensing datasets demonstrate that our method
outperforms state-of-the-art methods.

This work was supported in part by the National Natural
Science Foundation of China under Grant No. 61425013, and
in part by Beijing Municipal Science and Technology Project
under Grant No. Z181100003018003.





