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High-precision algorithm for restoration of spectral imaging based
on joint solution of double sparse domains
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Abstract: Compressed sensing-based spectral imaging systems need to decode the sampled data by a proper algorithm
to obtain the final spectral imaging data. Traditional decoding algorithms based on single sparse domain transformation
will lead to loss of spectral details. Addressing this problem, a solution is proposed by using transformation of two
sparse domains. A signal was decomposed into a low frequency part and a high frequency part, sparse restoration was
performed according to the characteristics of different frequencies, and then decoding was performed to obtain high-pre-
cision restored signals. In data verification, the OMP algorithm was firstly used to restore the spectral information pro-
file in the frequency domain, then the IRLS algorithm was applied to compensate the spectral details in the spatial do-
main. The impact of different sparse transformations on parameter settings was analyzed, and the JDSD of different al-
gorithm combinations was tested. Test and simulation results on 500 kinds of spectral data show that the joint solution of
double sparse domains can greatly improve the fidelity of spectral restoration. With a sampling rate of 20%, the SAM
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and GSAM indexes are increased from 0. 625 and 0. 515 by traditional methods to 0. 817 and 0. 659, respectively. In
the case of 80%sampling rate, the SAM and GSAM indexes are increased from 0. 863 and 0. 808 of traditional methods
to 0.940 and 0. 897, respectively. JDSD algorithm can maintain high-precision details such as spectral absorption

peaks, which is of great significance.
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Table 2 Comparison of JDSD algorithm recovery results of different combinations
B Py DCT DWT(db4) DWT(sysm4) DWT(coif4) Average

SAM GSAM SAM GSAM SAM GSAM SAM GSAM SAM GSAM
20% 0. 654 0.479 0. 663 0.482 0.677 0.579 0. 664 0. 445 0. 665 0. 496
OoMP 40% 0.723 0.574 0.733 0.597 0.734 0.677 0.733 0.554 0.738 0. 600
80% 0.918 0.792 0.926 0.823 0.921 0. 893 0. 883 0.807 0.912 0. 829
20% 0. 662 0. 481 0. 670 0.583 0. 680 0.493 0. 631 0. 443 0.614 0. 500
IRLS 40% 0.716 0.592 0.726 0. 697 0.734 0. 607 0. 700 0.561 0.719 0.614
80% 0. 898 0.772 0.902 0. 879 0.920 0. 882 0. 858 0.747 0. 895 0. 820
20% 0. 596 0.556 0.586 0.577 0. 622 0.572 0.583 0. 544 0.597 0.562
TwiIST 40% 0. 668 0. 647 0.679 0. 628 0.718 0.672 0.651 0.633 0.679 0. 645
80% 0. 843 0. 830 0. 881 0. 866 0.903 0. 850 0.832 0. 827 0. 865 0. 843
20% 0. 624 0. 504 0. 636 0. 544 0. 624 0. 482 0.615 0. 482 0. 625 0.503
GPSR 40% 0.697 0. 547 0.717 0.583 0. 699 0. 547 0. 686 0.533 0.700 0.553
80% 0.770 0. 692 0.798 0.752 0.791 0.632 0. 764 0. 684 0.781 0. 690
20% 0. 851 0.561 0. 887 0. 865 0. 891 0. 661 0. 889 0. 875 0. 880 0.741
(Ol\fllfj’illjf:LS) 40% 0. 895 0.712 0.932 0.919 0.942 0. 880 0. 941 0. 900 0.928 0. 853
80% 0.962 0.871 0.942 0.932 0.952 0. 892 0.963 0.921 0. 955 0. 904
. 20% 0. 856 0. 663 0. 863 0. 667 0.756 0. 663 0.756 0.593 0. 808 0. 647
(()]V[JI]’);E)WZIST) 40% 0.932 0.752 0.941 0. 764 0. 832 0.732 0.872 0.792 0. 894 0. 760
80% 0.972 0. 891 0. 980 0.923 0. 882 0. 879 0.942 0. 894 0. 944 0. 897
20% 0. 831 0.561 0. 827 0. 661 0.731 0.541 0.661 0.591 0.762 0.589
(OMJ[]’)JrSEE’SR) 40% 0. 865 0. 700 0.853 0.779 0. 865 0. 765 0. 765 0.724 0. 837 0. 742
80% 0.942 0. 847 0.936 0.907 0.902 0. 837 0.902 0.877 0.921 0. 891
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Fig. 8 Laboratory verification equipment and verification results (a) CASSI system, (b) recovered true color image by 80% sam-

pling, (¢) PHI imaging results, (d)~(g) Recovered results by two algorithms under 20%,40%,80% and 100%sampling
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