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Design and implementation of a single-platform underwater
positioning system

Hu Wuqing Jia Yunfei Yang Yuquan Xiao Kaiwen
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: To solve the problems of low efficiency and long time-consuming in the recovery of unexploded ordnance
underwater by LBL positioning system, and the problem of insufficient positioning accuracy by USBL system, an
efficient single beacon underwater positioning system is designed. This system consists of two parts: one part is an
ultrasonic beacon, which is launched into the water simultaneously with the experimental underwater shell; the other
part is an ultrasonic receiving module, which is mounted on the UUV to detect the ultrasonic signals from the beacon.
By capturing the ultrasonic signals emitted by the beacon multiple times along its pre-determined navigation path, and
recording the corresponding time stamp data, the system can calculate the precise three-dimensional coordinates of the
unexploded projectile using VLLBL positioning technology. After a series of experimental tests, it has been proven that
this single-beacon underwater positioning system can locate unexploded experimental projectiles within a range of 50
meters in lake environments, with a positioning accuracy that can reach the decimeter level. The successful
development of this technology not only improves the detection efficiency and safety of underwater unexploded ordnance
but also provides a new high-precision positioning method for other marine engineering operations, underwater
archaeology, and seabed resource exploration.
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Fig. 1 Block diagram of the ultrasonic beacon part of the system
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Fig. 2 Physical image of the ultrasonic beacon
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Fig. 3 Block diagram of the ultrasonic receiving section
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Fig.4 Actual image of the ultrasonic receiving box
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Fig.5 Circuit diagram of the power module of the beacon part
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Fig. 6 Power amplification module circuit diagram
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Fig. 9 Ultrasonic receiver flow diagram
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Ultrasonic excitation signal
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Table 2 Ultrasonic beacon working hours test
MR/ C FrEE TAEM K /h
0 10.5
20 13.3
40 12.6
60 11.2
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Table 3 Raw data of ultrasonic underwater ranging test

5 L R P il 2 5 R 8 (min: s  ms:ns)
1 1 0:7:648:58
2 1 0:17:648:180
3 1 0:27:648:300
4 1 0:37:648:420
5 1 0:47:648:538
6 2 0:57:652:635
7 3 1:7:656:724
8 4 1:17:660:815
R4 BFEREATUEMNLITEBE
Table 4 Calculation data of ultrasonic underwater ranging test
A b # B2 /ns BEE/om MXHRZE/Y
1~2 3977 502. 136 0.43
2~3 3 969 501. 126 0.23
3~4 3971 501. 378 0.28
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Fig. 21 Ultrasonic underwater positioning test environment
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Fig. 22 Schematic diagram of underwater positioning test
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Table 5 Raw data of ultrasonic underwater positioning test

W5 MEAKR/m B AR &R A (min:s: ms:ns)
1 (0,0,0) 0:17:646:565
2 (0,0,0) 0:27:645:314
3 (0,5,0) 0:47:643:292
4 (20,5.,0) 1:47.624.:806
5 (20,0,0) 2:17:619:439

x6 BAEEAKTEMLMNKITEHE
Table 6 Calculation data of ultrasonic underwater

positioning test

A EARE WA/ BER2/ HSCEEEZE/ MM
i ns cm cm w2/ %
1~2 480 60. 61 59.7 1.52
2~3 —10 980 —1 386.30 —1 414.2 1.97
3~4 —1614 —203.78 —207.1 1. 80




PRE F . EFEARTRELAAEITEEA

5514 W

RT EMZEHBIEILE

Table 7 Comparison of positioning experiment data
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