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Abstract: The disadvantages of the traditional Inverse Synthetic Aperture Radar (ISAR) imaging method based
on Fourier transform include large data storage and long collection time. The Compressive Sensing (CS) theory
can use limited data to restore an image with the sparsity of the image, reducing the cost of data collection.
However for multidimensional data, the traditional compressive sensing methods need to convert three-
dimensional data into a one-dimensional vector, causing the storage and calculation burden. Therefore, this
study proposes a fast MultiDimensional Alternating Direction Method of Multipliers ((MD-ADMM)) sparse
reconstruction method for Multiple-Input Multiple-Output ISAR (MIMO-ISAR) imaging. The CS model based
on the tensor signal was established, and the model with the ADMM algorithm was optimized. The measured
matrix is decomposed into a tensor modal product, and matrix inversion is replaced by tensor element division,
significantly reducing memory consumption and computational burden. Fast ISAR imaging can be achieved by
a small amount of data sampling by the proposed method. Compared with other tensor compressed sensing
methods, this method has the advantages of stronger robustness, higher image quality, and computational

efficiency. The effectiveness of the proposed method can be invalidated by simulated and measured data.
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Tab. 1 Numerical results under random sparse sampling condition

Mo JEE ik SEES] PSNR TSI (A
RD 9.490 34.075 0.012
50.0% DR-2D-SLO0 3.138 57.714 35.053
MD-SLO 3.138 57.714 6.954
MD-ADMM 3.006 61.678 3.518
RD 10.505 28.430 0.010
33.3% DR-2D-SLO 3.200 52.702 29.091
MD-SLO0 3.200 52.702 12.546
MD-ADMM 2.959 53.888 6.088

RD 10.965 26.003 0.0131
95.0% DR-2D-SLO0 3.373 48.755 54.008
MD-SLO 3.373 48.755 28.509
MD-ADMM 3.023 49.386 11.996
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Fig. 10 The image of a sparsity of 50.0% by block sampling
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Tab. 2 Numerical results under block sparse sampling condition
i i P A7 SR PSNR TS 7]
RD 8.336 32.885 0.012
50.0% DR-2D-SL0 3.246 51.232 41.907
e MD-SLO 3.246 51.232 8.029
MD-ADMM 3.037 53.274 3.660
RD 8.553 27.495 0.0098
33.39% DR-2D-SL0 3.700 42.188 42.518
e MD-SLO0 3.700 42.188 17.954
MD-ADMM 3.233 42.336 5.758
RD 9.500 26.906 0.0092
25.0% DR-2D-SLO0 3.894 45.196 51.463
o MD-SLO0 3.894 45.196 25.702
MD-ADMM 3.337 47.201 11.536
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Tab. 3 Numerical results under different SNR conditions

{50 Lk Hik B4 PSNR VIS ]
RD 11.8042 18.320 0.0177

B DR-2D-SLO 7.3218 37.639 49.998
MD-SLO 7.3218 37.639 23.540

MD-ADMM 4.779 43.352 10.775

RD 11.535 23.452 0.013

0 dB DR-2D-SLO 5.4086 43.285 48.776
MD-SLO 5.4086 43.285 23.303

MD-ADMM 2.977 47.449 10.715

RD 11.116 27.145 0.0124

10 dB DR-2D-SLO 3.948 45.619 48.754
MD-SL0 3.948 45.619 23.484

MD-ADMM 3.066 47.561 10.521
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