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Abstract: To address the difficult problem of localizing autonomous underwater vehicle in underwater acoustic commu-
nication environments, a joint DOA-delay estimation approach based on atomic norm was proposed. Firstly, a channel
impulse response formula was established based on the characteristics of underwater acoustic multipath and Doppler ef-
fects, and the received signal was represented in a matrix form with normalized parameters. After that, a new set of at-
oms was established based on the geometric structure of the hydrophone array and the phase error caused by the Doppler
effects. Considering the sparsity of the underwater acoustic signal in the spatial domain, the corresponding atoms were
solved using atomic norm minimization. Finally, in order to solve the problem that the sub-matrix in the positive semi-
definite matrix caused by arbitrary linear arrays was a non-Toeplitz matrix structure and could not be decomposed by
Vandermonde, a Hermitian set about the geometric structure of the hydrophone was defined, and the prolate spheroidal
wave functions were used to solve the semi-definite programming problem to obtain a joint estimate of DOA and delay.
The experimental results show that the root mean square error (RMSE) of the proposed approach is as low as 0.2° when
the signal-to-noise ratio (SNR) is 20 dB, and there is still a 77.98% estimation success probability when the DOA inter-
val is as low as 3°. The error between the estimation delay and the actual delay can reach the microsecond level.
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Ak, HEAXKTHAE AN (AUV, autono-
mous underwater vehicle) 7EHEFE N H H R & R
BEZEMEH. &1, AUV IEAKPER—E
IREER R BRIl K A EEHTIESE, ok 2k
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FTE 5 72 E S Hb TH RO e R S A R

WU, HAREUTE 5 00— S SR 56 An iR AN B AR K i
KB RO K AREH FAK N Z22ESH
DOA {11

N TSI 2 A5 T I DOA A TE, SCHR[7]4%
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(DFT, discrete Fourier transform) K/)s, HN,> N, >
M, K, N5y B2 B R (H DOA ANFI ) H Fr L.
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N T BUEARSCITIE A Rk, #H 5 AP J7 %k
H1 2step-Doppler 77 V5 #EAT PERE LA . AP J7 %R H
ZHE BB, BB REAEANR ST
A F A, & T AR 517K W 38 B8 85T
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W, B A DOABCA T L, £
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5 M0 0% &, FF HAE SNR A 0~20 dB i,
DDAN HiffitHiR Z &k, iK% 0.2°, &I 7 DDAN
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