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Spectral Imaging and Reconstruction Based on Spatial Compressive
Sampling and Spectral Karhunen-Loeve Transform

Tang Yidong, Huang Shucai, Huang Da
College of Air and Missile Defense, Air Force Engineering University, Xi'an, Shaanxi 710051, China

Abstract  Spectral images contain abundant space information and spectral information, which can provide
important information support for space-based early warning detection. However, the huge amounts of data also
brings great challenge for hardware. The traditional treatment of first sampling and then compressing based on
Nyquist sampling not only can’t solve the problem of mass-data fundamentally, but also causes wasting of sources.
To solve this problem, we propose a spectral imaging and reconstruction method based on spatial compressive
sampling and spectral Karhunen-Loeve (KL) transform by using the sparsity of single-band images and the spectral
redundant of spatial encoded data. A two-dimensional composite regular reconstruction model based on ¢,-norm and
total variation is constructed for single band images, and an inference algorithm named two-dimensional compound
regularized projection gradient (2D-CRPG) is then proposed for the model by combining the projection gradient
method with the soft-threshold operator. The results show that the spectral imaging and reconstruction method
based on spatial compressive sampling and KL transform can effectively reduce the cost of data sampling, and thus
can benefit the spectral imaging of space-based early warning detection. The 2D-CRPG reconstruction algorithm can
effectively preserve structural information of spectral images, thus the original spectral image can be reconstructed
at a limited sampling rate.
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Fig. 8 False color images of reconstructed spectral images for different algorithms with R,,=40% (bands 250, 222, 10).
(a) Original image; (b) BCS, aapsxg =28.86 dB; (¢) CSC, aapsxg =27.08 dB; (d) 2D-OMP, aspsxg =26.41 dB;
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Fig. 9 False color images of reconstructed spectral images for different algorithms with R, =90% (bands 250, 222, 10).
(a) Original image; (b) BCS, aapsxg =34.54 dB; (¢) CSC, aapsxg =32.95 dB; (d) 2D-OMP, aspssg =35.41 dB;
(e) KI‘O‘OMP, aApSNR=23. 10 dB, (f) ZD‘CRPG, aApg\]R=42. 81 dB
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