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Study on an USBL Positioning Algorithm in a Shallow Water Tank in
Noisy Conditions
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ABSTRACT: It is well known fact that acoustic positioning systems are absolutely needed for various underwater operations. According to the
distances between their sensors they are classified into three parts: long baseline(LBL), short baseline(SBL), and ultra-short bascline(USBL).
Among themt the USBL system is widely used because of its simplicity, although it is the most inaccurate. Recently, in order to increase the
positioning accuracy, various USBL systems using broadband signal such as MFSK(Multiple Frequency Shift Keying) are produced. However,
their positioning accuracy is still limited by background noise and reflected waves. Therefore, there is difficulty in applying the USBL system
using MFSK signal in a shallow water with noisy conditions. In order to examine the effect of the noise and wave reflections this paper
analyze position errors for various conditions using numerical simulations. The simulation results say that the SNR must be greater than 20dB
and errors in the vertical direction are slightly increased by wave reflections by upper and lower boundaries.
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Fig. 1  UUV's USBL navigation systems
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Fig. 2 Configuration of the USBL system in the shallow water
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Table 1 Cartesian coordinates of the five track paths
for the acoustic positioning simulations

Track # x [m} y [m] z [m] :
1 20cos ¢ 20sin ¢ —n/2{ $<n/2
2 1~40 0 2
3 20 0 0~4
4 20 -20~20 2
5 20+15c0s ¢| 15sin ¢ 2+cos ¢ —al¢<n
z - ! Track2
T /
v / Track5
P 1.
e Track4
Track?
(@) xy-plane
i X
—i

4 Trackd  Track2
Trackt ’
| Tracks
v Track3
(b) xz-plane

Fig. 3 Visual diagrams of the five track paths for the acoustic
positioning simulations

MFSK Al&5 15kHze] 545049} 25kHze] A& Ze
3 ) Ful4 HRoz olfolA slon] 7 el Pole
SmsEA F 20mse] ol F=F HUT ibte EWH R
niejell A 22} b s, EW Wiuhe 4 EiA) 23
(pressure release condition).24] 9J4}o] 180° ¥hix o] g}
Ui vhgol M 2y ZZ(rigid condition)e24 914 W
2} glo] WHAtETIR PSR wAlEe #A H5E A
Nt Ae AEE Ikaen ol AT de A
3}-Sv(signal to noise ratio: SNR)E 0~20dB H3}AlA 71AA
Rk B T L '

RS2zt 247} 0dB, 20dBYY A2

32 FX|slii4 Hz}

Fig. 49] ¥ 8L (x,9,2)=(20,0,2)9] 9xolA MN5dh
£3r& vehdch WAt
o) Jgoz st Ayusl FHAE REM 44 EE
B3] 5lo] 4% Z7]|7}h Wslshe Aol #aEd)

Pressure Signal p(t) (Track?, SNR=0dB)
. 04 . .

04
0.2, 0.2
K3 K3
a, . &
= 0 = 0
a | Iy
0.2} -0.2:
-0.4 -0.4 B T T
0 50 100 150 200 0 50 100 150 200
Time {ms) Time [ms)
04— 04— e s oo
!
'__o‘zi 0.2
£ £
= 0 = 0
a a
-0.2i -0.2-
-0.4: -0.4

150 200 0 50 100 150 200
Time {ms]

[ 50 100
Time [ms)

Pressure Signal p/(t) (Track1, SNR=20dB)

0.2,
- 0.1
g g
= = 0 —
a a'
- 0.1

202 et 0.2 L -
0 50 100 150 200 © S0 100 150 200
Time (ms] Time (ms]
0.2 [+ . J S
0.1l 01
g k)
s ° = 0
< a
- -0.1

©
S

s
(

o
o%

50 100 150 200
Time (ms]

150 200

o

50 100
Time [ms]
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Sound Pressure Level (Track1, SNR=0dB)
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