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Figure 1 The comparison of classical signal acquisition method and compressive sensing method. (a) The classical method: compressing followed by
sampling; (b) Compressive sensing method: Simultaneously compressing and sampling
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Figure 2 Phase diagram of sparse signal recovery via L, regularization. The yellow part represents the theoretical L, regularization phase-transition
lines. The colors of every point indicate the frequency that the 100 repeated experiments succeed. The blue color announces that 100 experiments are all
successful while the red color represents that the experiments all fail. The horizontal axis is the sampling ratio (M/N) and the vertical axis is the sparsity

ratio (k/M)"”
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Figure 4 Flowchart of L, regularization based sparse radar imaging
algorithm via range-doppler approximated observation operator
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Figure 5 3D phase diagram and 2D slices of radar imaging performance
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Figure 6 Slices of SNR/Sparsity of 3D phase diagram at different under-sampling ratios

Bl 7 G EESNR T (R RAF: H -5 550 3 A AR i

Figure 7 Slices of Under-sampling ratios/Sparsity of 3D phase diagram at different SNR
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Figure 8 Slices of SNR/Under-sampling ratios of 3D phase diagram at different sparsity
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Figure 9 Results of sparse radar imaging at different SNR. (a) Original
image; (b) SNR decreased by 3 dB; (c) SNR decreased by 6 dB; (d) SNR
decreased by 9 dB
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Figure 10 3D phase diagram of reconstruction performance at different SNR. (a) Original image; (b) SNR decreased by 3 dB; (c) SNR decreased by 6

dB; (d) SNR decreased by 9 dB

BT, EEARPRERN T E2AARFEGEX, AN
ENAEZSEL, L5 S50 0 KN Ry myxmy AR AR 5 7 i
SR, OF R GEORAE P X=L+S. BIR, BT —W i
S P 2 ) AT % DY ) S g e B A ) Ah, B
B K B2 1) J A 2 T B ) B A R Rk R
rank() . EVABFIERID BT L E N S L
IEWETT 6 Z S R, TERCRAER T 406 2
—RESRAETR, IRV CL7) ARG B A TR T ok R e R
YA PEIR

rrL1|Sn{||L||* +2|8|} st y=A(+9), (18)

BC AN IE I A B, L, B A AR A
A T 7 25 A 2 1), 8 L A 0 0 5
[ SAHE T, DR (18) T LA AR — R 9 L, (E
. 055 2K AL T 1 i 9 L, (0<g< 1) B 914 W A

X IRE(18) W AT LASE LB L, 1E WAk [ B O A A 15 45
(3 T — B 1) 2 AR B AR, T R AR Y
T i, AR R AT LA M R B 1) B AR G, T
MIFEVE 24008, 5 A2 B A BT A &+ 12
MAHEABIRH, 20 3CHER[57~59].

R B R G A ) A BT AR R AT
TE— A5 T 45 SR A A T B B A L X R A A
B A A7 B SC R 5 ZU AR 8l RO G AL B =
YT IA UG L i R AR BT | AE 4 AT
SN AR & P H AR RS BS54 . T A X SE
FH AT LATA R 0 2 LA = B B b sk AR £ B 3 Ak iy
(FTEMER T —/r . M=k, KimEsr
5 B 405 JER R0 RS B K 24 AT 9 B

ARl T HI R A 1) B S MRS T, B R A R
Aab B R AT — fig b AR Sy ke R A (), R ] AR

1315



4 % B & 2018%ES5H £63% 141

B 11 i (—Rrskad) . FEEECRrkaE) S = Hrk N ER R

Figure 11 The illustration of a vector (first-order tensor), a matrix (second-order tensor) and a third-order tensor
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Sparse radar imaging based on L;,, regularization theory
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Sparse radar imaging seeks to provide high-performance radar imaging technique for observed scenes by using L/, regu-
larization method. This article surveys our systematic explorations and innovative practices for tackling such problem.
The key contributions include a new sparse radar imaging theory based on L, regularization theory, a new sparse radar
imaging model based on echo simulation operator, a new sparse radar imaging system evaluate approach based on 3D
phase diagram.

The synthetic aperture radar (SAR) imaging can be formulated as a L, regularization problem, which optimizes a
quadratic error term of radar imaging. The method can implement SAR imaging effectively at lower sampling rates than
Nyquist rate and produce higher quality images with reduced sidelobes. Echo simulation operator is constructed to gen-
erate SAR raw data by means of inverse of matched filter-based imaging procedure, instead of the exact observation ma-
trix. The echo simulation operator based model forms a new radar imaging method, which reduces the computational
complexity and memory occupation to the same order as matched filter imaging algorithm, and hence, makes L, regu-
larization reconstruction of large-scale considered scene become possible. 3D phase diagram is employed to analyze and
evaluate the performance of sparse radar imaging system. In 3D phase diagram, success rates of signal recovery can be
derived from the statistics of relative errors between the ground truth and the recovered signals. The success rates for
each combination of SNR, sparsity and sampling ratio are provided to form a three-dimensional phase diagram. The trend
of success rates is presented accurately by taking advantage of 3D phase transition boundary. We design the sparse radar
prototype and conduct a series of airborne experiments, which demonstrate the applicability and potentials of the sparse
radar imaging. 3D phase diagram is used to evaluate the relationship between reconstruction performance and signal-to-
noise ratio. The experimental results verity the effectiveness of the L, regularization method and the feasibility of 3D
phase diagram.

The sparse radar imaging based on L,,, regularization has promising application prospects. Firstly, it could be general-
ized to deal with 3D-SAR imaging, which achieves better flexibility for system design and super-resolution capability of
height dimension for reconstruction property. Then, we review some of the most popular techniques to exploit sparsity,
for recovering high-dimensional matrices and higher order tensors from compressive measurements, and further empha-
size the broad application prospects of higher order compressive sensing in 3D-SAR imaging.

compressed sensing, sparse radar imaging, L, regularization
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