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Research on underwater target location based on side-scan
sonar carried by unmanned surface vehicle

Zuo Zhen ,Huang Honghe ,Sun Bei, Wu Peng
(College of Intelligence Science and Technology, National University of Defense Technology, Changsha 410073, China)

Abstract : High-precision positioning of underwater targets is an important prerequisite for unmanned surface vehicle (USV) to carry out
tasks, such as seabed mapping, channel cleaning, and wreck salvage. However, the existing baseline positioning methods cannot
accurately locate the targets in unknown waters. In practical tasks, USV needs to be equipped with side-scan sonar and supplemented by
other means to determine the accurate position of underwater targets. In this article, aiming at the underwater target localization problem
of the unmanned boat, we first model the underwater target localization process of side-scan sonar. Then, the influence of attitude error
on underwater target positioning is analyzed, and the attitude error is eliminated by using an attitude correction matrix. Finally, the
discrete Kalman filter algorithm is used to optimally estimate the multi-point measurement data and get the accurate position of the
underwater target. The results of simulation experiments and USV integration tests show that the proposed method can effectively reduce
the systematic errors in the measurement process and the average positioning accuracy reaches 0. 334 m

Keywords : underwater target location; discrete kalman filter; side-scan sonar; unmanned surface vehicle
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Fig. 1 Schematic diagram of side-scan sonar positioning

underwater target
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(a) Influence of pitch angle on scanning range of side-scan sonar
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(b) Influence of roll angle on scanning range of side-scan sonar
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Fig. 2 Influence of attitude change on scanning range of

side-scan sonar
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Fig.3 Change of coordinate when coordinate system deflects
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Fig. 4 Flow chart of discrete Kalman filter algorithm
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Fig.5 Initialization setting of simulation experiment
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Table 1 Magnitude of error sequence
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Fig. 6 Results of simulation experiment
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Fig.7 Results of simulation data processing by different methods
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Fig. 8 Error convergence course on east coordinate
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Fig.9 Error convergence course on north coordinate

4 FTABEERER

REGUEASCHE I A B B T BT
F R AR KT B bR 8 OL R G, I AU A oK 817
TR SIE
4.1 LWFEEER

KT BAREN R G T E TN N3G R
FE L6 3 354,

1) TAMEF-5

56 K BARERINAT 55, 4 it A% 25 = B i,
ARSI T — 3/ NEDSUATE A , A5 W&l 10 i
o BN FE R MR FERE RS,
P A% A EBHT B RS RS0 6 W, Horb g
HHEXTAMEE 48 V20 A 24 VIOA FI12 V5 A3 FoR
] A L2 11, LA R AN [R] P A 2 (G A e iR R 5

1 USVCSV ¥l AR 52 BR , FH 4 WSOIE 380 4% JRR A5 1] 4% 1) K
s HEE R S8 A KOY-20T A9 7K T HE3E 28 20 B, 3 2o
U 224319 5 32 S BN JG NS A s 3 5 it 28k 1 IR 2 T
SRAETC SRR B A BE A5 B 5 B 5 X 5 8kt R4k
FIBAEEAT AT AL B 3 5 i & TSR AAE S B4
| VR EHSRER

AL
A
y
Ah | BTG
A
. T
winzs 20N rprg PO npmn
T
R

K10 JEAREF- 254
Fig. 10 The composition of USV platform

B NME T3 i 4 B4 b T i L (o B
FHJE A S P R A 11 B, T A s
FRPEFUTT LabVIEW 235 , 7T I 3000 A A3 AL
JA A AT LI IE SRR MR A 5 T 1) 5
SR MEAT LR GPS £ B DA R 75 b

—osvano [usvia |
£ORE s 0w
% papmnl ;mwn CRERER YAW2 (RARAGES)
o o
e ﬁ\ﬁ S % ROLLI GREFRSH) PITCH 1 GRARHEH)
por— 2 e 1 8 1 |
- ERAE EEAR  REEE  REDER
v 4 o o g
R 1; TRTEH SR SERERE CPSIREEM
R 0
~ | ma 7 % % ,——mg& L
OoN oN OoN OoN L - 0] ki
1‘ ‘* :‘ Q EEF CRE R AGPS) YAW2 (RE#AGPS)
e i
oFF e EEREI mTRE GTRE  SRE
SR Py SAGH ° ° ° °
[0 o [0
WAER4 WABRS WABFS 7
™ e wm
[ —
e o

B oA
Fig. 11  Control software of USV

2) FESAE RN

miE 12 PR AT B EZE R E A 2250 T
BB L KRR NS A AR, FEr, 041 7 o T 4R
UH FR-55 7 il 22 (8] (8 AR X DA SR BE A B AR SCH i
AL GeoSide500 B4 [f i AU 43 74 my, H 322 e
Uit P B O RN R L 3 A A, HH iR
PR ARSI 500 kHz , e K TAERE B 150 m, W #E
AHEE R 0.1 m, e RE A% 1Y H 5 IT Ay 500, K- IF £
0. 40 FRIREEIEE & 05T iR R AL 24 VDC B,
g Mt e MR K 2 WA L, 250y PR RE N
Harxon GPS500 &= ERE 2R S A T 2 & 4 ( global
navigation satellite system, GNSS) K £&, H:3f %4 T b 3},



316 %A X
GPS .GLONASS FMmMAmE 4 Fh TR RS0, A n] x5
JEK %, FERT 55045 7 il R B 1 AR, A5 I BCHE
] A O — I Rk oh B A

P %
ERAE R AL
FRR A
wrncs e N
A |
\ BEEMRE
e -
SRR
WHERE | BAHE e
Yk bR A B
F AL A
R TR
HFR AR

B12 A s i R R o

Fig. 12 Main components of ship-borne sensor
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Fig. 14  Composition of ship-borne sensor
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Fig. 15 Composition of onshore platform
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Table 3 Test data record of point A

bveiiEsi] ZRE/(°) SR/ (°) HE/m A/m
HYE 28.143 773756 113.019 199917 2.3 0
B 1 28.143 773703 113.019 199899 2.3 0.559 7
G2 28.143773 698  113.019 199936 2.3 0.610 3
B3 28.143 773795 113.019199 839 2.3 0.8721
HE 4 28143773799 113.019 199933 2.3 0.4588
HIE S 28.143773 695 113.019199939 2.3 0.648 5
B 6 28.143 773 693  113.019199 943 2.3 0.681 5
BN 7  28.143 773688 113.019199 882 2.3  0.764 8
WM 8 28.143 773 718  113.019 199 898 2.3 0.424 9
MM 28.143 773672 113.019199949 2.3 0.8989
B 10 28.143 773 698  113.019 199 934 2.3 0.604 4
BRIk
28.143 773 747 113.019199 928 2.3 0.3102
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Table 4 Test data record of point B

B2 A 2/ (°) 4/ (°) WE/m  A/m
HSIE 28.143 772756 113.019 197917 2.2 0
WA 1 28.143772703  113.019 197887 2.2 0.609 0
M2 28.143 772744 113.019197 864 2.2 0.259 4
B3 28.143 772784 113.019 197940 2.2 0.362 4
MM 4 28.143 772723 113.019197957 2.2 0.5186
HIMES  28.143772735 113.019 197871 2.2 0.5057
B 6 28.143 772727 113.019197 953 2.2 0.462 3
B 7 28.143 772780 113.019 197961 2.2 0.5012
B8  28.143 772775 113.019 197874 2.2 0.470 1
HIE 9  28.143 772695 113.019197943 2.2 0.663 1
B 10 28.143 772794  113.019 197 936 2.2 0.4249
miCRRS 28.143 772725 113.019 197899 2.2 0.358 5
IEWAITHE
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