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Sound Intensity Estimation with the Effect of
Leakage Error from the Contaminated Data

Se Jin Ahn , Weui Bong Jeong , Ho Kyoung Jeong

ABSTRACT

Acoustic intensity is usually estimated by the cross—spectrum of acoustic pressure at two
adjacent micrphones. The cross-spectrum calculated by digital Fourier transform technique will
unavoidally have leakage error since the period of signal will not be usually coincident with
record length. Therefore, the acoustic intensity estimated by the conventional FFT analyzer will
show distorted value. In this paper the expression of the Fourler transformed data of a harmonic
signal is formulated when there is leakage error. The method to elimate the effect of leakage
error from the contaminated data is also proposed. Some numerical examples show the validation

of the proposed method.
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Table 1. An example of the effect of leakage
error for pressure signal with frequency f=251Hz

Y 202 amor
Pressurel | 20.000(Pa) | 12.736(Pa) 36.32
Pressure2 | 19.000(Pa) | 12.119(Pa) 36.22
Intensity | 0.454 (Wm?) | 0.183 (Wm?) 59.69
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Table 2. Fig 19014 p=121 kg/m® , C=3430
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mils , f£7571 Hz 91 A&7} R 3, acoustic
center E8E ZZt 71=10 m, =10 m o5,
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Fig.1 An example of two simple source
sound intensity probe direction

Table 2 Pressure estimated in case of Fig 1.
( 4£2Hz , 42»=0.05m , two simple sources)

micphonel f(Hz) p(x107%pa) | phase( °)
251.00 1557 -166.8
exact value ™77 00 7.001 -136.3
conventional 250.00 0.998 -76.5
method 572.00 4.488 -46.4
proposed 251.00 1.557 -167.0
method 571.00 7.061 -136.3

micphone2 f(Hz) p(x10%pa) | phase( *)
251.00 1.482 -180.0
exact value 271 00 6762 21623
conventional 250.00 0.937 -90.1
method 572.00 4.313 107.7
proposed 251.00 1.481 -180.4
method 571.00 6.762 -162.2

£ 84 deo dxg By 7|29 FFT data:
FALLAZ A FEE Fo-IFANHAE
Zol7t E #e ZMAAE, B =FdA AQd o
Hoz FAM% SPSFEL A3 FY=E 7
AdE AE ¢ 5 A4,

Table 3.2 Table 29} 22 ZAUdA f=251
Hz , f7571 Hz 9 F359 FAHA dsiA o&
2ol o ARAE gF FHLA LA AL
o] g, E B =Rl AU Wy i Ao
S AT ES AHEstd 2% AdAE 2FHE A
ZEPeh FAHLLA LA} Ao P A«
AEE 2] g8 785 dn A7idA 4f
=2Hz , 4r=006b m & FAd.

Table 3 Intensity estimated in case of Fig 1.
( 4F£2Hz , 47=0.05m , two simple sources)

exact value corx:tr;lt;%nal proposed method
I I I
FHD) | Getgompmt)| FH | Caao-tigont) | FH2) | gt
251.00 0.278 252.00 0117 251.00 0.285
571.00 4.980 572.00 1.949 571.00 4.801

Fig.2 ¥ 4789 Simple Source? F3o| 43 &
F AdAE 4L el 4 s Sgezy
B acoustic center 7AX1¢] A7t &ZF ry, 7y, 73,
7y, ARAIE] ZRY ZFonHY 4 ¢, 6,03
849 Z+E | source strength Qi Q2 Q3 Qu B
FRy fy, h f L § AT A 44AlEe
F3& vehuddo.

Table 4. & Fig 2 o} di3] ¢34 Z& dylez
JHAE]E Hl@sHth olw Source 1 ZHH
Qi=0.0001 m*/s, £=15015 Hz , =10 m, 6, =0
° Source 2 ERE Q=00002 mdfs f~16035
Hz, ;=12 m, 6. =30 °, Source 3 1A Qs=0.0003
m3(s, f=17145 Hz, ;=11 m,
4 2HEH Q=0.0004 »¥s , fF18585 Hz, 1=1.05
m, 44=15° 2 Fo AL gt gA FHe
a A A9l A wHye AdAEE A1)

63 =10 °, source

g8 78 = Uz A7l M 4F£3Hz , 47=0.006
m 2 ¥4}
Qu Q Q3

Intensity
probe

Fig.2 An example of four simple source
sound intensity probe direction
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Table 4 Intensity estimated in case of Fig 2.
( 4F3Hz , 47=0.006m , four simple sources)

exact value corggght(l;(‘)inal proposed method
FHD | (o €D | K [ 6D | o s
15015 9.942 1500.0 4.069 1501.5 9.942
16035 | 27275 [16020| 11803 |16035| 27.564
17145 | 94948 (17160} 38395 |17145| 93979
18585 | 213506 |1860.0| 86447 |18585| 211.556
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