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h/m S)/m S,/m AS/m
50.25 66.12 65.98 0.14
153.91 202.05 201.28 0.77
246.36 323.55 322.42 1.13
352.86 465.62 461.29 4.33
456.35 605.38 596.75 8.63
548.51 729.04 717.03 12.01
651.38 868.19 851.45 16.74
747.64 998.13 976.99 21.14
850.73 1135.75 1 111.57 24.18
949.12 1271.22 1 240.37 30.85
1 051.18 1 408.68 1373.59 35.09
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Tab.2 Comparison of positioning results of USBL and INS+USBL before 200 seconds

t/s x;/m yi/m X,/m yy/m Ax/m Ay/m A/m
1 1 968 861.63 490 141.58 1 968 861.63 490 141.56 0.00 -0.02 0.02
10 1 968 874.76 490 144.84 1 968 874.72 490 144.93 -0.04 0.09 0.10
20 1 968 892.37 490 148.86 1 968 892.43 490 148.82 0.06 —-0.04 0.07
30 1 968 910.08 490 152.81 1968 910.14 490 152.72 0.06 -0.09 0.10
40 1 968 927.77 490 156.97 1 968 927.84 490 156.97 0.07 0.00 0.07
50 1968 941.77 490 160.10 1 968 941.68 490 160.16 -0.09 0.05 0.11
60 1 968 960.19 490 164.12 1 968 960.12 490 164.05 -0.07 -0.07 0.10
70 1 968 976.31 490 167.67 1 968 976.35 490 167.77 0.04 0.10 0.11
80 1 968 995.48 490 172.02 1 968 995.53 490 172.02 0.06 0.00 0.06
90 1969 011.82 490 175.71 1969 011.76 490 175.74 -0.06 0.04 0.07
100 1 969 030.58 490 180.06 1 969 030.39 490 180.52 -0.18 0.46 0.50
110 1969 049.11 490 184.52 1969 049.21 490 184.42 0.09 —-0.11 0.14
120 1 969 065.79 490 188.54 1 969 066.17 490 188.67 0.39 0.12 0.41
130 1 969 087.03 490 193.29 1 969 087.57 490 192.92 0.54 -0.37 0.65
140 1969 101.55 490 196.60 1969 101.40 490 196.11 -0.15 —-0.49 0.52
150 1969 118.33 490 200.50 1 969 119.66 490 200.71 1.33 0.21 1.34
160 1969 137.06 490 205.14 1969 136.45 490 205.14 -0.61 0.00 0.61
170 1 969 154.39 490 209.67 1 969 155.08 490 210.09 0.68 0.42 0.80
180 1969 172.36 490 214.13 1969 172.41 490 214.87 0.06 0.74 0.74
190 1969 192.13 490 219.62 1969 191.78 490 220.18 -0.35 0.57 0.67
200 1 969 209.50 490 223.81 1 969 209.85 490 224.96 0.35 1.15 1.20
1.6 ¢
14}
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Fig. 7 Distribution curve of deviation of positioning results of USBL and INS+USBL
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Fig. 8 Multi-beam 3D point cloud image generated by USBL positioning data and INS+ USBL combined positionning data
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Abstract: To solve the problem of abnormal positioning, discontinuity, and error accumulation in deep towing sys-
tems, this paper proposes a combined positioning method of inertial navigation system (INS) and ultra-short base-
line (USBL) positioning system, which realizes USBL high-precision positioning through the tracking method of
the navigation sound line. This paper takes into account the complementarity of the INS and USBL systems, com-
bined with Kalman filtering to construct a combined positioning model of INS+USBL. The model is applied to the
positioning experiment of the “Xiangyanghong 01” deep towing system in the South China Sea and compared with
the positioning results of USBL. The experiment shows the combined positioning method effectively solves the
problem of abnormal positioning and discontinuity of the deep towing system. The combined INS+USBL position-
ing method can achieve stable and reliable positioning of deep-sea towing systems and is of great significance for

deep-sea positioning.
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