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Abstract On the basis of the imaging model of an interferometric imaging spectrometer, a novel model with a priori
constraints is proposed to recover spatial and spectral information simultaneously. The nonnegative low rank property and
total variation (TV) regularization are adopted to constrain the strong spectral correlation and spatial piecewise smoothness
of recovered hyperspectral image, respectively. Meanwhile, the sparse noise and Gaussian noise in interferometric data are
modeled by the L, norm and Frobenius norm, respectively. The effectiveness of the proposed method is verified through
comparative experiments on simulated and real interferometric data. Compared with traditional recovery methods for
interferometric data, the proposed method not only recovers the spectral information of the object accurately but also
effectively eliminates the degradation effect of mixed noise in the interferogram. As a result, the data quality of the
recovered hyperspectral image is improved.
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Fig. 2

Washington D.C. hyperspectral image (HSI) and its simulated interferogram. (a) Original HSI; (b) simulated spatial-

interferogram image; (c) spectral curve and (d) simulated interferogram curve at the center pixel
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Table 1 Quantitative evaluation of different recovery methods
Method DCT DCT+LRTV NLRSTV
. . MPSNR /dB 16.976 26.317 30. 604
Case 1: Gaussian noise
MSSIM 0.179 0.591 0.791
(Ry\=20dB) .
MSAD /(°) 26.513 11.830 11.534
. . MPSNR /dB 19. 051 31.912 35. 740
Case 2: Gaussian noise
MSSIM 0.307 0.847 0.901
(R=25dB) .
MSAD /(°) 21.090 7.625 7.319
. . MPSNR /dB 23.981 39.194 39. 600
Case 3: Gaussian noise
MSSIM 0.515 0.954 0. 958
(Rw=30dB) .
MSAD /(%) 15. 294 5.079 4.921
. . MPSNR /dB 28. 245 42.696 42.995
Case 4: Gaussian noise
MSSIM 0.699 0.981 0.983
(Rw=35dB) .
MSAD /(%) 10. 311 3.887 3.823
Case 5: Gaussian noise MPSNR /dB 18.567 19.923 30. 134
(Rew=20dB)+ MSSIM 0.173 0.318 0. 809
impulse noise (1%) MSAD /(°) 28.106 13.561 10. 407
Case 6: Gaussian noise MPSNR /dB 17.932 19. 780 39.333
(Rw=30dB)+ MSSIM 0.165 0.378 0. 958
impulse noise (1%) MSAD /(°) 18.917 7.755 4. 694
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Fig. 3 PSNR and SSIM values of each band using different recovery methods in Case 6. (a) PSNR; (b) SSIM
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Fig. 5 Visual comparison of recovered HSI by different methods. (a) Original HSI; (b)-(d) recovered HSI by DCT, DCT+LRTV,
and NLRSTV in Case 1; (e)-(g) recovered HSI by DCT, DCT+LRTV, and NLRSTV in Case 6
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Fig. 6

Influence of interferogram noise on recovered spectrum by different methods. (a) Original HST; (b) recovered HSI by DCT;

(c) recovered HSI by DCT+LRTV; (d) recovered HSI by NLRSTV
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Fig. 7 Comparison of recovery results of IIM Orbit 0234 data using different recovery methods. False-color-composite images of
recovery results with (a) DCT, (b) DCT+LRTV, and (c) NLRSTV methods; identification results of bad points of (d) DCT,
(e) DCT+LRTV, and (f) NLRSTV methods
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Fig. 8 Estimated signal-to-noise ratio of recovered HSI by

different methods
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Fig. 9 Sensitivity analysis results of parameters of NLRSTV model. (a) MPSNR; (b) MSSIM; (¢c) MSAD
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