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Abstract: The high-frequency bathymetric side-scan sonar is affected by Gaussian color noise. To address this issue, a direction of
arrival estimation method based on the fourth-order cumulant and amplitude-phase errors self-correction is proposed. First, the fourth-
order cumulant of sonar echo signal is calculated to obtain the covariance matrix. Secondly, the weighted average algorithm is used to
reduce the dimension, and obtain the construction matrix after dimension reduction. Thirdly, the amplitude and phase correction are
accomplished by recovering the Toeplitz properties of the construction matrix. The phase linear fitting algorithm is added to further
improve the correction effect. Finally, the Root-MUSIC algorithm is used to obtain the DOA estimation. Compared with the self-
correction Root-MUSIC algorithm, simulation results show that mean square error of the proposed algorithm angle estimation is improved
by about 0. 07°, which improves the problem that the estimation accuracy of the fourth-order cumulant algorithm decreases under the
condition of the amplitude-phase errors of the array elements. Compared with the self-correcting Root-MUSIC algorithm, the sea test data
analysis shows that the relative bathymetric accuracy of the algorithm in this article is improved by about 0.03% ~ 0.08% and the
bathymetric accuracy standard of 0. 75% is satisfied within the horizontal distance of 90 m. Both simulation and sea trail data prove that
the DOA estimation performance of the proposed algorithm is better than the traditional algorithm under the conditions of Gaussian color
noise and array elements amplitude-phase error.
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Fig. 1  Algorithm performance comparison with

Gaussian white noise
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Fig.2  Algorithm performance comparison with

Gaussian color noise
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Fig.3  Algorithm performance comparison using single frequency

signal under the condition of amplitude and phase error

4~ ESPRITH4:
—o—~MFOC-Root-MUSICH.¥2:
251 —%—C-Root-MUSICE 7%
< o AR SCHE
i
20t
=
Ny
Ry
b2
®
&
+
4
5 — 0 i3 20
{54 tk/dB

K4 BRAHER 22 2610 T R TR 5 A5 PR REXT L
Fig. 4  Algorithm performance comparison using chirp signal

under the condition of amplitude and phase error
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FHG 6 PR TTY AL 11 AN B U T, P AR 4
K (13) ((14) , AT R HOLRE 0 1 BRI R BE 1R 22 ¢, FI
FAOEIRZE 0, , X IR ARAS TE 587545 21 1 i B Mz 2 208
FHOLAA, AT LATTAR MR AR 1E S AR

MR A R BO L a6 1 FF s, 76 20 dB (SR
W M R B Ak TR 22 0. 012 ~0. 015, 5 KR
ZAEAL 0. 06, I T IA Ry 76 i 45 W LU T Rl B Rz R 4R
IRE TR B RS TR B 7 10 dB 5 e Lb R iR A ME R
BTt 224 0. 065 ~ 0. 087, 55 11 4% 4 0 41 JiE
#ME R B ORRE T s A TR B

AREAG THE B AR 12 22 X HL an & 2 firzw , 76 20 dB
5 W e T R 480 B oG i A A A TR 2208 1. 020 ~
1.32° B KR EA B 2. 40 A% T 5 80 14 T 10 9] 15
PIMIOIRZE 3. 14°F TRKIETE, H v U 7E S 5 et
SAF R AALAG THE PR T B PG TG B2 7E 10 dB
{5 LR 45 8 L RE o0 B9 A A7 7 YA T H iR 22 1. 68° ~
1.94° R ZEA P b FHAGTHE A ORRE T AR X B = Al 1
FEEE
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Table 1 Comparison of amplitude compensation coefficients under different signal-to-noise ratios

MEoT 1 2 3 4 5 6 7 8 9 10 11 T
MR 2E g, 1 1. 143 .072 0. 956 0.958 . 037 1.047 0.963 0.993 1. 174 1.423 0. 093
it 1720 dB 1 1. 144 . 075 0.962 0. 968 . 047 1. 059 0. 980 1.017 1.209 1. 467 0.015
M 2/20 dB 1 1. 140 . 069 0.962 0. 965 . 043 1. 054 0.979 1.016 1. 196 1. 461 0.012
ik 3/20 dB 1 1. 146 .079 0. 965 0.962 . 045 1. 059 0.979 1. 006 1. 193 1.483 0.014
ik 4/10 dB 1 1. 157 . 096 0.975 0. 981 .071 1. 103 1.036 1. 098 1. 396 1. 812 0. 087
i 5710 dB 1 1. 147 . 080 0.981 0. 988 . 057 1. 081 1. 029 1. 094 1.334 1. 694 0. 065
ik 6/10 dB 1 1. 146 . 095 1. 001 0. 996 .072 1. 105 1. 060 1. 111 1. 350 1.778 0. 086

x2 AREERIEZFETHEACGTERBAIREE
Table 2 Comparison of phase estimates and phase errors under different signal-to-noise ratios

Mot 1 2 3 4 5 7 8 9 10 11 T
HEAHAL() 0 61.6 1231 -175.3 -113.7 -52.2 9.4 70.9 132.5 -165.9 -104.4 -
LR 6, 0 3.88 5.14 -0.74  -3.70  -0.47 1.10 -1.89  -7.32  0.02 10.22 3. 14
it 1720 dB 2.4 63.5 124.6 -174.4 -113.3 -52.2 8.9 70.0 131.0 -167.9 -106.8 1.32
ik 2720 dB 2.2 63.5 124.7 -174.1 -112.9 =51.7 9.5 70.7 132.0 -166.8 -105.6 1.03
ik 3/20 dB 2.3 63.6 124. 8 -173.9 -112.6  -51.3 10.0 71.3 132.6 -166.1 -104.9 1.02
ik 4/10 dB 1.8 62.8 123.8 -175.2  -114.2 -53.2 7.8 68. 8 129.9 -169.1 -108.1 1.68
i 5710 dB 1.2 62.2 123.2 -175.8 -114.8 -53.8 7.2 68.2 129.2 -169.7 -108.7 1.94
Mix 6/10 dB 1.2 62.2 123.3 -175.7 -114.7 -53.6 7.4 68.5 129.5 -169.4 -108.4 1.78

KTFBRETE 1 2 3 4 5 6 7 8 9 10
(T O ﬁ) © 000 ON O]
BRI RETRETD

R

KI5 i i 1 7 8 A IR
Fig.5 Schematic diagram of high frequency bathymetric

side scan sonar

L A5 e A5 BB ping IR 4= 50040 | 24 40447 5 gk 22
I ETLAT , 2 ping MR B4 1T LA B Bk e b, 550 A i
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FHEYAR BB M () M T S5 R N K] 6 TR, He BB AR T L
)R o0k 22 2% S ) 1 (4 24 50 4 W, B 2R R B P [ I X oy
AR, Horpfdh 6 SIS LR BEVE IR, | SRR FE
VB R BB , HARZR R 35 W oG 5 TAERS & 55 2R H
LA S R IGPR £ =420 kHz, 77 56 BW =20 kHz,
P BISRAEFH 100 kHz,

Ko misiifRess sl oniit
Fig. 6 Design of high frequency transducer array
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