The Journal of the Acoustical Society of Korea Vol.43, No.4 (2024) pISSN : 1225—-4428

098154 A3 AUE pp. 400~405 (2024)
https://doi.org/10.7776/ASK.2024.43.4.400 eISSN : 2287-3775

ANAE A& ZAIF 7145 Fin]EHl o] A A5 §A]
Cavitation signal detection based on time—series signal statistics
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ABSTRACT: When cavitation noise occurs in ship propellers, the level of underwater radiated noise abruptly
increases, which can be a critical threat factor as it increases the probability of detection, particularly in the case
of naval vessels. Therefore, accurately and promptly assessing cavitation signals is crucial for improving the
survivability of submarines. Traditionally, techniques for determining cavitation occurrence have mainly relied
on assessing acoustic/vibration levels measured by sensors above a certain threshold, or using the Detection of
Envelop Modulation On Noise (DEMON) method. However, technologies related to this rely on a physical
understanding of cavitation phenomena and subjective criteria based on user experience, involving multiple
procedures, thus necessitating the development of techniques for early automatic recognition of cavitation signals.
In this paper, we propose an algorithm that automatically detects cavitation occurrence based on simple statistical
features reflecting cavitation characteristics extracted from acoustic signals measured by sensors attached to the
hull. The performance of the proposed technique is evaluated depending on the number of sensors and model test
conditions. It was confirmed that by sufficiently training the characteristics of cavitation reflected in signals
measured by a single sensor, the occurrence of cavitation signals can be determined.
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Table 1. Test condtions and visually observed cavitation.

Test Cond. | Cavitation number, o, Advance ratio, J, Water speed (m/s) Propeller r/min (1/s) Visually observed
1 3.0 .
No cavity
2 2.5
1.04 9 1722 (28.7) B
3 23 Intermittently
4 2.1 Developed
(a) Cond. 1 (b) Cond. 2 o0f ps
L) I 7 " Cond.2
% -"mu: 1 2 3 4 5 6 7 s 7; 10 “001s
g 1000 - : ’ e Cond. 3
= |
2 -1000 -
1000/ N T T I H T " Cond.4 )
I i gt |

Fig. 1. (Color available online) Incipient cavitation
measurement by the condition of model test.
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Fig. 2. (Color available online) Power spectral density
of measured acoustic signals according to the test
conditions.
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Fig. 3. (Color available online) Bandpass filtered
signal (30 klz ~ 70 kiz).
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Table 2. Segmented dataset.

Number of Number of
Test Cond. Sensor Non-peak
peak dataset dataset
1 0 100
2 0 100
3 0 100
1 4 0 100
5 0 100
6 0 100
7 0 100
1 8 100
2 10 100
3 7 100
2 4 9 100
5 8 100
6 14 100
7 10 100
1 84 100
2 91 100
3 84 100
3 4 87 100
5 91 100
6 108 100
7 95 100
1 382 100
2 391 100
3 380 100
4 4 403 100
5 399 100
6 415 100
7 390 100
1 /T
B=y7 f {w(t)Ydt . )
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Table 3. Task configuration and performance eva—
luation.

Task Training set Test set F1 score

Cond. 3 Conds. 1, 2, and 4

1 0.9024

All sensors All sensors

Cond. 4 Conds. 1,2, and 3

2 0.9015

All sensors All sensors

Cond. 3 Cond. 3

3 Single sensor The other sensors | 0.7500
(No. 1) No.2,3,4,5,6,7)
Cond. 4 Cond. 4

4 Single sensor The other sensors | 0.9001
(No. 1) No.2,3,4,5,6,7)
Cond. 3 Conds. 1, 2, and 4

5 Single sensor 0.8246
(No. 1) All sensors
Cond. 4 Conds. 1,2, and 3

6 Single sensor 0.8668
(No. 1) All sensors
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