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Underwater sound speed is an important analysis parameter on an estimation of the underwater radiated noise (URN) emitted
from vessels, This paper aims to present an underwater sound speed measurement procedure using a cross—correlation of
time—domain acoustic signals and validate the procedure through an experiment in a reverberant water tank, For the purpose,
time—domain acoustic signals transmitted by a Gaussian pulse excitation from an acoustic projector have been measured at 20
hydrophone positions in the reverberant water tank, Then, the sound speed in water has been calculated by a linear regression
using 190 cross—correlation cases of distances and time lags between the received signals and the result has been compared
with those estimated by the existing empirical formulae, From the result, it is regarded that the presented experimental procedure
to measure an underwater sound speed is reliably applicable if the time resolution is sufficiently high in the measurement,
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Fig. 1 Procedure for underwater sound speed measurement
using the cross—correlation of acoustic signals
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Fig. 2 Experiment configuration

Fig. 3 Acoustic projector and hydrophone in the reverberant
water tank
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Table 1 Coordinates of hydrophone positions (x=0, z=0)

Hydrophone Hydrophone

position No. y(mm) position No. y(mm)
1 0 11 75
2 5 12 85
3 10 13 95
4 15 14 105
5 20 15 115
6 25 16 125
7 35 17 135
8 45 18 145
9 55 19 155
10 65 20 165

L]
o Excitation signal

- Received signal at hydrophone pasition No.5

(a) Hydrophone position No.5

Excitation signal

__ Received signal at hydrophone position No.10

(b) Hydrophone position No.10
Fig. 4 Examples for acoustic excitation and received signals
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Table 2 Ranges for time lags on the received signals and Table 3 Averages and standard deviations for underwater
underwater sound speed evaluation results sound speed evaluation results
Distance | Number Range of time |Underwater sound Distance(mm) Average(m/s) Standard deviation(m/s)
(mm) |of cases lags(us) speed(m/s)
5 1,388.7 132.3
5 5 3.25~4.24 1,179.2~1,5637.5
10 18 4.90~8.45 | 1.183.2~2.042.5 10 1,503.7 227.3
15 4 10.29~11.00 | 1,363.6~1,458.0 15 1,416.5 40.9
20 16 12.156~15.54 | 1,286.7~1,646.4 20 1,464.4 94.3
25 3 17.52~17.73 1,409.9~1,427.3 25 1,416.2 9.6
30 14 18.42~22.76 1,318.1~1,628.3 30 1,476.5 77.0
35 3 24.05~25.23 | 1,387.1~1,455.2 35 1.425.3 34.8
45 3 30.38~32.35 1,390.9~1,481.2 45 1.437.5 459
50 12 32.43~35.71 1,400.2~1,541.7
50 1,460.5 40.3
55 3 37.66~38.58 1,425.5~1,460.4
55 1,441 1 17.8
60 11 39.72~43.83 1,368.9~1,510.7
60 1,443.5 39.2
65 3 42 .61~45.42 1,431.0~1,525.4
70 10 46.10 ~ 51.60 | 1,356.6~1,518.6 65 1,463.6 53.5
75 3 50.96~51.66 | 1,451.7~1,471.6 70 1,439.3 48.0
80 9 54.31~59.22 | 1,350.8~1,473.1 5 1,459.2 10.8
85 3 58.16~58.80 1,445.6~1,461.6 80 1,439.6 39.0
90 8 60.23~63.97 1,406.9~1,494.2 85 1,451.4 8.8
95 3 65.33~66.02 | 1,439.0~1,454.2 90 1,442.7 252
100 7 68.33~71.10 1,406.5~1,463.5 95 1,444.8 8.2
105 3 72.13~73.35 1,431.5~1,455.7 100 1 446.0 18.6
110 6 74.64~77.21 1,424.6~1,473.8 105 1.444.8 123
115 3 78.01~79.78 | 1,441.5~1,474 1
110 1,449.6 19.6
120 5 80.99~84.39 1,421.9~1,481.6
115 1,457.2 16.4
125 3 85.50~87.21 1,433.3~1,462.1
120 1,445.8 22.2
130 4 89.46~91.89 | 1,414.7~1,453.1
135 3 93.22~94.73 | 1,425.1~1,448.1 125 1,447.1 14.4
140 3 96.57~98.17 | 1,426.1~1,449.8 130 1,440.0 7.2
145 3 100.45~101.53 | 1,428.1~1,443.5 135 1,440.3 13.2
150 2 104.48~104.61 | 1,433.9~1,435.6 140 1,435.8 12.4
155 2 107.33~108.07 | 1,434.3~1,444 1 145 1,434.2 8.2
160 1 112.19 1,426.1~1,426.1 150 1,434.7 1.2
165 1 114.62 1,439.5~1,439.5 155 1 4392 70
160 1,426.1 -
or2d], AV| 28 2t H2lE 5 35 ot Zue| Ms o
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