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3D localization of internal noise source based on Doppler effect
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ABSTRACT: This study deals with a method to localize a noise source occuring in a marine vehicle in a 3D
environment. Even when access to the noise source is limited for a marine vehicle, such as a ship or a submarine
in operation, the signal received on a hydrophone located elsewhere contains Doppler effected noise by moving
relatively. This study suggests noise localization algorithm in 3D based on Doppler effect by moving marine
vehicle. Using a known source mounted on the vehicle, the noise source was estimated by reducing the range of
Doppler center and closest point of approach via the least square method. The algorithm was verified through
various simulations and it was shown that the noise could be localized in 3D based on Doppler effect by employing
two fixed hydrophones located at the vehicle’s exterior points and a known reference signal generator located
somewhere on the vehicle.
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Fig. 1. Environment of localization estimation. Here,
FP is ‘Fore Perpendicular’ and AP is ‘After Perpendicular’.
The body coordinate means the coordinate located
on the center of marine vehicle and its x axis is
parallel to the direction from AP to FP. Hy1 and Hy2
represent the positions of hydrophones. SG is a
position of signal generator assumed as a known
source.

The Journal of the Acoustical Society of Korea V0l.35, No.4 (2016)



312 w82, A-9A, o]}

(a)

—

Source

Observer

(b)

Frequency (Hz)

Time (s)

Fig. 2. Doppler effect by moving source. (a) an
acoustic moving source with constant speed v and
single frequency f,, at a fixed observer, (b) time-

frequency plot of measured acoustic signal at a fixed
observer position.
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Fig. 3. The maximum difference of frequency based
on Doppler effect when the center frequency is from
10 Hz to 10,000 Hz.
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Fig. 4. An example of Doppler effect.
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Table 1. Spectrogram analysis.
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Table 2. Spectrogram analysis (Case 1).

@(true value (@ (estimated value
“Hy2”(Casel) ( ) : ¢ ) .
SG Noise SG Noise
CPA time 15 17.5 . .
Receiving time to hydrophone 15.0173 17.5119 15.0519 17.5794
(= Doppler center)
Spectrogram analysis Aty = 2.4946 At, =2.5274
Table 3. Spectrogram analysis (Case 2).
true value estimated value
“Hyzay(casez) ®( uc valu ) - ®( valu ) -
SG Noise SG Noise
CPA time 25 27 . .
Receiving time to hydrophone 25.0067 27.0119 25.1177 27.1213
(= Doppler center)
Spectrogram analysis Aty =2.0053 At, = 2.0036
(a) 3D
@ Signal Generator
O Noise (True value)
3¢ Moise (Estimated valug)
o
X Y
(b)
6.25}
s Y-Z Plane | *
J 615}

Fig. 8. Estimation results. (a) signal generator position, true noise position, estimated noise positions in 3D
coordinate; (b) yz plane result. The right figure shows the variation of estimated results for hydrophone choice.
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Table 4. Noise simulation result.
[true value: (20, 8, 6)]

Type Relation (v, N, N)
1 T, Ty (20.9542,8.1494,6.0309)
2 Ty, Ty (20.9542,7.9458,6.1099)
3 Ty, Ty (20.9542,8.0555,6.2185)
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Fig. 9. Ratio of error between true solution and
estimated result for different SNRs.
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