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Positional Estimation of Sound Source and Far-Field
Prediction of Sound Field using the Near-Field Sound

Pressure

Won Ho Kim

Department of Interdisciplinary Program of Acoustics and Vibration Engineering,

Graduate School, Pukyong National University

Abstract

This paper describes the prediction of sound field in far-field and the
positional estimation of sound source using near—field sound pressure.

For the prediction of far-field sound pressure, Boundary Collocation Method
is investigated. Boundary Collocation Method is one of the far-field prediction
methods, which is analyzed based on Helmholtz integral equation and Green
function. It is required on the complex sound pressure measurement around
sound source in near-field. Its accuracy depends on the number of measuring
points. The minimum measurement point which depends on the type of sound
source and its directivity, are investigated and prediction results are also
presented.

The number of measurement points in the near field which relates to the
accuracy of the predicted field and the amount of data processing, should be
optimized. Existing papers say that measurement points is proportional to AL
and depends on geometry and directivity of the source. But they do not give
us any definite criterion for the required number of measurement points. As a
result of this paper, it has been found that the number of measurement points
is optimized as 0.544L which is about one half of the existing results.

And the results of positional estimation of sound source are as follows. The



basic theory is used in this paper, which is based on the near-field holography
and the measurement of cross-power spectrum on a hologram plane. For them,
this paper describes the theory to get sound fields in a source region from the
spatial transform of sound field and the measured cross-power spectrum of
sound pressure over a hologram surface close to a sound source. To solve the
sound pressures from cross—power spectrums over a hologram surface, Taylor
series for nonlinear equations is expanded, and it is calculated using
Newton-Raphon method. In case that the radiated sound pressure level is not
constant in time, it is required simultaneous measurements at all field points
over a hologram surface, but if its sound source is stationary, this limitation
can be overcome using a cross-power spectrum. And by introduction of
reference sensor, the number of measurements can be reduced greatly.

And in this paper, it is proposed a new wave number filter to remove errors
that is occurred on the backward propagation, and it is performed the numerical
simulation of a circular piston sound source with infinite baffle. The source
function on circular piston is established and presented the sound ficld on the
source region from spatial transform of sound field in the hologram plane near
sound source.

Also, This paper describes the experimental study for the positional
estimation method of underwater sound source using spatial transformation of
near—field sound pressure. The result confirms that it can be used in the
identification of underwater noise sources. The sound sources in the
experimental work consists of 2 spherical projectors and the near—field sound
pressure 18 measured in the hologram plane. From the cross-power spectra of
the measured data, the complex sound pressures on the hologram plane is
derived and its spatial transformation gives sound fields in a source region.
The obtained sound fields in a source region showed that the position of each

sound source and their relative source strength are exactly estimated using a



wave number filter which is proposed in this paper.

And the distance between sound source and hologram plane is important for
positional estimation and hologram plane must be within 1 wave length from
sound source. In conclusion, this technique can be applied for estimation of
each noise source position and its relative strength contribution for the

underwater multiple sound sources.
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Pressure amplitude on the axis of the piston
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Figure 5. Sound pressure level of a circular piston sound source with respect

to distance (f = 10 kHz, @ = 1 m and ¢ = 1500 m/s) (solid line;
result of Eq. (2), dot line; result of Eq. (7).
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Table 1. Sound sources and value of parameters used in measurement.
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Figure 8. Schematic diagram for the measurement of near-field sound pressure.
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Figure 9. Acoustic water tank.

Figure 10. Acoustic test facility system.
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Figure 11. Line-in~cone type sound source(!TC 5003).
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Figure 14. Comparison of the estimated acoustic field in case of the line array
sound source(solid line; farfield estimation from nearfield measurement,
red dot line; measurement in farfield, dash dot line; farfield

calcuration).
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Figure 17. Comparison of the measuring result on acoustic field in case of the
line-in-cone type sound source in water(solid line; far-field, dot line;

near-field).
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¥ 2 ®lgs N=30l kL = 12.6 ¢ duid 299 b, 54.

Table 2. The b,, characteristics of a line array source ; N =3, EL = 12.6.

m b m b
0 1.000 13 0.000
1 0.000 14 0.001
2 -0.760 15 0.000
3 0.000 16 0.000
4 3.347 17 0.000
5 0.000 18 0.000
6 2797 19 0.000
7 0.000 20 0.000
3 0.800 21 0.000
9 0.000 22 (¢.000
10 0.120 23 0.000
11 0.000 24 0.000
12 0.011
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Figure 24. Cumulative characteristics of &, with respect to the number of a

line array elements N( kL = 251).
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bm of line array with unit weight
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Figure 25. Cumulative characteristics of b, with respect to kL of a line array

sound source( N = 50),
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Table 3. SPL difference in acoustic axis with respect to a (kL = 12.6).

Optimum ]
SPL difference in
@ measurement
acoustic axis (dB)
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107! 5 3.466

10 2 7 0.387

1072 ] 0.021

1074 11 0.008
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Figure 28. Coefficient of proportion on &L as a function of AL (a = 10 °).
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Figure 29. Arbitrary sound source and hologram surface.
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Figure 30. Reference plane and hologram plane.
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Figure 32. Relationship between spatial domain and spatial frequency domain.
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Figure 35. Wavenumber space filter.
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Figure 36. Circular piston sound source and hologram plane.
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Figure 39. Sound field on the hologram plane(Magnitude of sound pressure).
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Figure 40. Sound field on a spatial frequency domain of hologram plane(single
sound source), (a) result in 3-dimension, (b) result in 2-dimension of

k, - k, plane.
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Figure 41. Sound field on a spatial domain of sound source plane without a

wavenumber space filter(single sound source).

o) bAoA 71%E vheh o), Fup AmAl WAz oxte] sy, B
7 BHE 489 59 wolde £4 BE @ne 29 429 2ol 4 (99904
sqtel 21g AAsl AAR A% YADT adn 93 ulEel FAHA
Fetel 2707t pastol Adstel 9L Weld ME el el arls)

aA Rade U8E ¢ F Yk

1Y

of

-71 -



Y-axis (m) 4 4

Y-axis (m)

(b)
Y 42 3§ BEE A8 U W T dgeAe] o3 RE(TY
&4, () 3249 A3, () X-Y Weel 2249 A,

Figure 42, Sound field on a spatial domain of sound source plane using a
wavenumber space filter(single sound source), (a) result in

3-dimension, (b} result in 2-dimension of X-Y plane.
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Figure 43. Sound field on a spatial frequency domain of hologram plane
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Figure 44. Sound field on a spatial domain of sound source plane without a

wavenumber space filter(4 sound sources).
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" Hologram plane

diagram of the measurement system for sound field in
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Figure 47. Sound sources and sensors installed in water.
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Figure 48. Line array sensor in hologram plane.
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Figure 49. Display for the measurement of complex pressure.
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Figure 50. Receiving voltage sensitivity of B&K8103 hydrophones.
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Figure 52. Sound field on the hologram plane{10 kHz), (a) result in

3-dimension, (b) result in 2-dimension of X-Y plane.
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Figure 53. Sound field on the spatial frequency domain of hologram plane( &y =

41.9), (a) result in 3-dimension, (b) result in 2-dimension of &, - &,

plane.
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Figure 54. Sound field on the source region without a wavenumber space

filter(10 kHz).
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Figure 55. Sound field on the source region using a wavenumber space filter
(10 kHz), (@) result in 3-dimension, (b) result in 2-~dimension of X-Y

plane.
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Figure 56. Sound field on the source region using a wavenumber space filter
(20 kHz), (&) result in 3-dimension, (b) result in 2-dimension of X-Y

plane.
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Figure 57. Sound field on the source region using a wavenumber space filter

(10 kHz, 15 % 7, Z, = 16 cm), (@) result in 3-dimension, (b) result

in Z-dimension of X-Y plane.
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