F13%6 Hx M IR AR (P ) Vol. 13No. x
202448 A Journal of Radars Aug. 2024

A SRR A M = HE = KR A&

wm & E & ¥ 3 A KR O
(FERMAFELTEES ALFR RF  300300)

' : HE2 LB RE R AR R G KPR R R EORR, R ER, (H=R BB,
2K T3 G A % 2 ST R SRR 5 AL A1 45 50 B0 AL R 5 PR I 2% S 2 B e vy, T e o PR 2 P BE R AR G F A
ZIRI7P JE o S LT, 2 SCER T AR A BTL I M B 4% & B SHE (CBI-SAS), fE4x UM 722 STHEZL T
ST VU HE WO RSO AUE AT RO, BRI R BB N RS e MR R R s, TR
e e T B AT B SR B A e DU S L BAS XM S FE o AE DU St b, R 7 S B B T ik
WERPORTT R, Ar e B AR AUE 51N R R R B et . AR, TS B IR R 5 225 Ty [ ]
PRI, DR SE IR R HEAT 20 2 DU B 5, AT DRAIEAS 21 0 R AU 58 42 J5 3 0 A1 BT P i
g 9 7 8 SRR 5 45 B0 0 AR B R 4ERR 73, SR 2R 73 DU i S B i KAk T i v SR S R UL 6 M = 2 P2 v
e, KBRS BUE R AT EHEWT . (7 SRS R R, AT SR PR & 1%, TR JTIERE i i
AR H—AL TR ZE /N ULECTT [ RS RESE 4 o EAh, T it MM B 41 R AR I 3 — 4 R 4 A0 — 4T 1 4
LS [ e B ), P S0 = R IRt AT = R, IRAIE T PR CBI-SASHVEAE CRUE AR 45 TR 1 R I

KT RGNS
KR KWRUR: DT FRERRE S G 402 DU BT AR 23 DU ST B ok
FESHES: TNI5T SERFRIRAG: A NEMHS: 2095-283X(2024)x-0001-17

DOI: 10.12000/JR24097

SIR#N: W@, £, P, & W EAERTI R LA PR =42 KRR [)]. TIE R (R E0), £ HAR.
doi: 10.12000/JR24097.

Reference format: YANG Lei, HUO Xin, SHEN Ruiyang, et al. Credible inference of near-field sparse array
synthesis for three-dimensional millimeter-wave imagery[J]. Journal of Radars, in press. doi: 10.12000/JR24097.

Credible Inference of Near-field Sparse Array Synthesis for
Three-dimensional Millimeter-wave Imagery

YANG Lei* HUO Xin SHEN Ruiyang SONG Hao HU Zhongwei*
(College of Electronic Information and Automation, Civil Aviation University of China, Tianjin 300300, China)

Abstract: Due to the short wavelength of millimeter-wave, active electrical scanning millimeter-wave imaging
system requires large imaging scenarios and high resolutions in practical applications. These requirements lead
to a large uniform array size and high complexity of the feed network that satisfies the Nyquist sampling
theorem. Accordingly, the system faces contradictions among imaging accuracy, imaging speed, and system

cost. To this end, a novel, Credible Bayesian Inference of near-field Sparse Array Synthesis (CBI-SAS)
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algorithm is proposed under the framework of sparse Bayesian learning. The algorithm optimizes the complex-
valued excitation weights based on Bayesian inference in a sparse manner. Therefore, it obtains the full
statistical posterior Probability Density Function (PDF) of these weights. This enables the algorithm to utilize
higher-order statistical information to obtain the optimal values, confidence intervals, and confidence levels of
the excitation weights. In Bayesian inference, to achieve a small number of array elements to synthesize the
desired beam orientation pattern, a heavy-tailed Laplace sparse prior is introduced to the excitation weights.
However, considering that the prior probability model is not conjugated with the reference pattern data
probability, the prior model is encoded in a hierarchical Bayesian manner so that the full posterior distribution
can be represented in closed-form solutions. To avoid the high-dimensional integral in the full posterior
distribution, a variational Bayesian expectation maximization method is employed to calculate the posterior
PDF of the excitation weights, enabling reliable Bayesian inference. Simulation results show that compared
with conventional sparse array synthesis algorithms, the proposed algorithm achieves lower element sparsity, a
smaller normalized mean square error, and higher accuracy for matching the desired directional pattern. In
addition, based on the measured raw data from near-field 1D electrical scanning and 2D plane electrical
scanning, an improved 3D time domain algorithm is applied for 3D image reconstruction. Results verify that

the proposed CBI-SAS algorithm can guarantee imaging results and reduce the complexity of the system.
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Fig. 1 Geometric model of millimeter-wave electric scanning

circumferential 3D imaging system
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Tab. 3 Quantitative analysis of profile of edge points of imaging results by different sparse array synthesis methods
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