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Source Level and Tonal Signature Estimations of

Ship Radiated Noise in Interference Acoustic Field

Phil-Ho Lee

Department of Interdisciplinary Program of Acoustics and Vibration

Engineering, Graduate School, Pukyong National University

Abstract

The source level estimation and the tonal signature extraction for a
ship radiated noise are important subjects in the field of ship design,
machinery  condition monitoring, military sonar operation, and
acoustical information and ambient noise prediction. However, the
received ship radiated noise level fluctuates by the acoustical boundary
conditions in the ocean which gives an interference acoustic field. It
induces errors in the source level estimation and tonal signal
extraction from the measured data even in the same measurement
situations.  Therefore it is required that the measurement and
estimation method for source level and tonal signature extraction be
developed.

The ship radiated noise consists of broad band and tonal signal.



The first is generated in general by propeller or hydrodynamic noise
source and its source level estimation is a main concern in the
radiated noise measurement. However, the latter generated mainly by
machinery noise source has two aspects of concerns such as its source
level and tonal signature information. The tonal signature information
is more important and treated as a classifying parameters in field of
anti-submarine warfare. Since the tonal signature sources are caused
by onboard several machinery systems which are operated at the
same time, the various components of tonal signals appear in the
complicated, very diverse and complex forms. Generally, the tonal
signals are classified into two main components such as the speed
dependent and independent components.

The first part of this study describes a quantitative analysis and
reduction method for the source level estimation under the condition
of spatio-temporal acoustical interference environment. The results
include the arrangement criteria of the radiated noise measurement
array elements, and the dependency of the accuracy of estimated
source level on the number of elements in the deep water range. The
source level accuracy in the shallow water environment is also
derived based on the statistical model of the multiple reflection paths.
The results are verified using the water tank experiment and the sea
trial.

The second part of this study suggests the method that distinguishes

automatically whether the origin of the tonal components is a speed

- Xi -



dependent or a independent components. This technique is based on
automatic detection after strengthening of the tonal frequency line
using the neural network in interfered signal. Also, the tonal signals
are classified into speed dependence or not using two kinds of
methods. These are the pattern learning technique of the neural
network and Q-factor algorithm of the resonant circuit. In order to
verify that the proposed method is useful, it is applied to the
measured ship noise data. The result confirms that the origin of tonal
signals are well classified and identified by the suggested methods,
and the Q-factor method does more accurately classify the tonal
property. The results in this study could be applied to evaluation of
the noise source level and classifying of the mechanical origin for the

ship noise sources.
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Fig. 9. Water tank test setup to verify the hydrophone array criteria

and the source level estimation method.
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1% 17. Tonal A& 232 93 d=7 2 AA3 =9}

Fig. 17. Single layer neural network for enhancement of tonal component.

V(= 3 MOX0)+az (k) (19)

t==—p

A71M WX G) 7 dHE w oge) §@
Wi) : 7}5Al4=(weighting coefficient)
Z,~, : Feedback Hojx &9 gt

o : Feedback AG A4
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Table 2. Example of signal processing of ship radiated noise for tonal

enhancement
Coss | et | s | | (" | avemge | 2
Case 1 0~200 800 025 70 6 10
Case 2 0~200 800 0.25 80 6 10
Case 3 0~400 800 0.5 60 6 10
Case 4 0~800 800 1.0 50 6 10
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As A dey po) WY 8o ol 2elRch Case 25 1d 183
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o SHEZ O A 17 183 MOE ol= Uehix gx
o} 1y 202 BA verlap& 60% stx, AT E 05Hz2 A3
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A HES Tonal 48 21ZFL o) 4BF 45 Yz Qo)

AA Tonale] Z3tE 98 271 413 423 U&= Tonal 914
ol 4FS = F Aok dEzAe BN Huw, P, 2HE 5o
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Fig. 18. Results of tonal enhancement by neural network for Case 1.

Y= 05~10Hz, #H# 4-83], overlap 50~ 60% 9|7} Tonal 3] A

g AR 2ot
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23 19, Case 29 that Tonal 73} MNAZ 2 AR A

Fig. 19. Results of tonal enhancement by neural network for Case 2.
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Fig. 20. Results of tonal enhancement by neural network for Case 3.
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Fig. 22. CPA Spectrum and LOFAR gram of ship radiated noise.
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Az, =z(n+1)—z(n) (20)
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Az — Az, = [x(n)—x(n~l)]—[aj(n+1)~:1;(n)] (21)

= —z(n—1)+22(n)—z(n+1)

x(n-1)  x(n-1)  x(n) x(n+l) x(nt+2) -/

2% 23 ApEe] 93 Tonale] Zofx] ZZ by,

Fig. 23. Peak detection method of tonal by differential value.
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Fig. 24. Neural network configuration for peak detection of tonal
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Fig. 25. Examples of network output with positive or negative value.
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Fig. 26. Transfer function graph of network output.
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Fig. 27. Simulation signal to verify of tonal cognition, extraction and

classification with Gaussian noise ratio.
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# 3 AEHeI 208 A5 EF AL

Table 3. Tonal classification accuracy according to Gaussian noise
ratio and feedback value for simulation signal.
Ga.lusman Feedback coefficient Classﬁmatlon Mj:an
noise rate accuracy(%) (%)
0.0 100
0.2 100
0% 100
04 100
0.6 100
0.0 914
0.2 95.7
20% 96.0
04 971
0.6 100
0.0 84.3
0.2 97.0
40% 92.8
04 94.3
0.6 95.7
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Table 4. Experiments of ship radiated noise measurement.

. Hydrophone Ship speed| Bottom | Water
Experiments depth(m) (knot) | type | depth(m)
#1 30, 50 11
Clay 1000
#2 30, 50 17
Ship A
#3 30, 50 1 Find
68
#4 30, 50 17 sand
#5 70 6 Clay 1000
Ship B
#6 12 6 Mud 125
Ship C | #7 17, 30, 50 17 Find 58
Ship D | #8 |30, 50, 70, 100, 110 | 11 Clay 1200
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(d) Classified signal by neural network
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Fig 53. Classification result for real ship signal 1 applied by Q-factor

and neural network.
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Table 5. Classification rates for ship signal 1 by Q-factor and neural

network
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Fig 54. Classification result for real ship signal 2 applied by Q-factor

and neural network.
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Fig. 55. Classification result for real ship signal 3 applied

and neural network.
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Table 7. Classification rates for ship signal 1 by Q-factor
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Fig. 57. Noise components of speed dependent at a propulsion power
train.
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