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ABSTRACT

The main objective of this study is to estimate locations and strength of sound sources
distributed on the surface of an enclosure. Acoustic holography method has been used to
identify the sources in an interior sound field. However. it can not completely distinguish
between the direct sound field from sources and the reflections from surfaces. The method
just reconstructs the entire sound field based on the sound pressure at the finite number
of measurement points. In this study, a method which estimates only the active sources
by using measurements of field pressure and surface admittance is proposed. An in-situ
technique to estimate the general boundary condition is also proposed by using acoustic
holography, assuming the surfaces are locally reacting.
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Fig. 1 Definitions of geometric conditions and
acoustic variables. The vectors denote
the surface pressure normal velocity
on the surface, and field pressure
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Fig. 2 Inner surface is supposed to construct
volume to measure the surface admi-
ttance. Holographic reconstructions of
surface velocities and pressures are
employed in the volume
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source in it
olg] Ft V A Ezady uyol AP
webA, 2o AL (4) & (5)E ol &3t
o ¥ ZAAANAY A} E2E Y5 Zol ®
AT 4 Qith &, A AW S¢ s AAYE
Spell N'7i9 ==& 7ok, N7lEd &
& FUe X AHAMY 4 {p},d FBS st
o AAAMY U {plsrsin B FEAvalsrsn
d&o] Hede ¢ & Atk 2HEBER, 4 (9=
e IR uhgde HHe omuelxg FH o
tedes ¢ ¢ Utk

5. Mav| 2ol A ¥ M AR

51 olxi# Al2Y 53

438 /2 2SS 3EEX /A 8 ¥ Al 3 5, 1998

08

n

05 koo : : : : _____ : : : I
: : —O0— Simulation

04

03 - ; B
02 -

0.1 [rqreirrerriorenetonee

0.0 --\oet A

-0 _"";“Wi'liiil's');'""';‘"
02 R S N U NN SN SN SN SR S N |

0 2 4 68 8 10 12 14 16 18 20 22 24
Node Number

(a)

Real part of admittance pca

08

n

0.5 _ ______ H R : :
—de= Simulation H
| ---~ True

o3l B Teeen- reeee T .

04t

02 f----
04 feee
00

O etz Wiy gt wai e

02 i H i i i i i i i i P
N 0 2 4 [} 8 10 12 14 16 18 20 22 24

Imag. part of admittance pca

Node Number

(b)

Fig. 4 Estimated wall admittance at 400 Hz
(simulation) : (a) Real part
(b) Imaginary part

E Ao Agd wWEE HAF37 98 Fig
39 2o ol Azt AL e A E
Syt oY AZE & Zol 0.86 m. F 0.4
mold, Zt oM ojErmEAE BT Hd42 7}
A& AqH(Fig. 3). &g 2o A4d8E& 3l &5
de 9WH 204 25 I 44E FEevdn vt
B Fig. 6). AAAN Y ==& AN 24
AE FHatdd =219 A=zt S99 Wbt
AFsle A2 AA8AHe A 38 Fose
o @ o, o] A%E 797 Hz7t Hul F3<7t doh

AtZEyel 24 =% (modal summation)
W e ol gstd AL AAsHn. B A7l
A gFnza e A$e gde oz=uaart b
@A Z AFEA, BE Alelo AEHE 1o
4L ALdEAg. # dFAs F 1800(60%
300709 BREE o] &3t 3¢S AMdSA

52 4o oj=0|eiA0] £
99 ol=mda 239 AN 2o AP 9
S Fig. 3% 2ol A4Y ol @3 4E A%
A7m e A 2R 23 APE YU
Aol AAE TEE mE AANNE wsel &



2 99 ojsu|u s Ar4e s Au 2gae) 3T FY B

& 4071 olH, i%:ﬂﬁ %mwn F 0.05 m¥
oA 6471 AAE FYsdd. welbd SPAAH
Mee =29 Mer oF 16w 2o

Fig. 42 400 HzolA F3€E W9 o=ndxE
etz ok oA x5S A == W3
& Jeha glen, y&& pcE FTEE oj=v)
& JUedY. Fig. 4(a)9 A%< Fig. 4(b)
o R RTrt AFHA F At AES B
= 9, 13, 2194 & AolE Hole AL
-.—-4 =2 3 73 Wdste &%
FA %317 “ﬂ-r-°l‘4
A3t wE ojz=vmld &3 ¥
l st 0~700 Hz ER‘EMW A7
g sl Fig. 52 ZF HolA 38

FAHoz HAG gtolth Z Hel
7\14 FRAAe e Fogddr & dXstn
AES ¢ F U AdHE & 2AE Kol
265 Hz¢ 500 HzH 22 2299 AN d4F
9 9)¥ A (input impedance)?} AAA Hol, 4£&

&$$Lﬂ
N wo rr%' £

o

g
PR
—r‘_‘_,r%'::"

-9~Hj
In lo
_E.nLZ
rﬁlnﬁ‘.

l>' o
““ A

06
c . .
g 05 p-vevvees Bemeeenenedieeeeias —o—Wall ,--o--Walt |-+
a N N 1 2
: : cortoee Wall |, == Wall

® Od4f--mon- T 3 Lot
‘:) . . . . . .
S U, : : : : : :
= 03 R S i ey 20099097, e S G
E : : : : : :
b= Voo
@ 0.2 pe- 000
-
o
LT ool
a
g 0.0 -

o4 i i i i i i

Q 100 200 300 400 500 600 700
Frequency (Hz)

(a)

08

n

0.5 feromeeens Berenen b o Wall -0 -Wall oo

: : <etees Wall, memomre Wall
(Y7 S T SR L LI SR

imag. part of admittance pca

’ 0 100 200 300 400 500 800 700

Frequency (Hz)

(b)

Fig. 5 [Estimated averaged admittance of each
wall(simulation): (a) Real part (b)
Imaginary part ( pca; =0.0, pca;=0.3,

pca; =0.1, pca;=0.2)

FRo] 4 AAnE dAHe
A, o] FHFME = o SF AAA
AUlAer & QA& XA E& ¢ F Uth
Re$E FVMAIE eate ddiAgd A E £¢
F ey, be zﬁ}-’?“ﬂ Hlg} GiiAd exe
75“"': EAY AL & + Aok

Foe. 2t

53 239 x99l £H

FAE 9de 429 AxE FHsle AL
2ol H4¥8& PR (Fig. 6). ATE 4254
BEr pcE U¥o ko (dE ZA fezH

Z2aYIE o83 T JASE vlmith

Fig. 72 400 Hzel 7% di3 &39 Z=E
FA @3’40114. :L'“é°ﬂ*1 e upel Zo] At
Wi g 259 2= F S FgH 2 A
n gle< %? F 3o ¥, E2adaE o8
3 & ZBANMY dASEE AA 2E59e]
AsA] e HHdME 4B8F IS ez 3l
o} @ntolye}, &&de] EAse HY 29 F¥
Az ¥de FF FAZACE A & A4S

- Volume

o1 Ay=0.1m Wwall 3: pcA,=0.1 Ax‘__’O.1075m 13 Source

s it S i o <>

g %s—-ﬂ-'-.--'i—f- -—I-i—-f;-g.i’inll—-*--a! g Likd

R Ax=0,05375m e + 4L ¥

el <K i urface node 5} < <>

<| S fe-¥0.05375m ‘o"i I - I

ST v ES I BRI i

=1 A Measurement point T = <>

z=p t g <>

"‘—"2'3-f’f""f'i‘*."l—"l"i"l“'."i' <|»

v B o a4 o8 <>
X2 3 Wall 1: pcA,=0.0 8

P >

0.86m

Fig. 6 Two-dimensional rectangle with source
on the wall 2

20 - - .

1‘ H M H =—O—Proposed Method
E 15 boeentine U T - 4= -Holography(Surface Velocity)
T : : : ~ = =-True value
o

c
9 10 feonbediid g
£

g

S o5} ¥
= g

] : 4 :

Q HE

I A S S S S S et S S it A
3 Pwakoeey G Wine-ln o wangaian | wad@-1)
2 s i i i i i i i i i i i i

0 2 4 6 8 10 12 14 16 18 20 22 24
Node Number

Fig. 7 The source strengths scaled by oc are
calculated by a proposed method at 400
Hz (simulation). The surface velocities
which are calculated by holography
method are also drawn for the comparison

HRLSVSIHAR/A 8 B A 3 3, 1998:9/439



HIN-AF@

—1:—W|ll‘,-o--wull2
oot Wall == Wall

£} .
== ==Trus source strength of Wall2

Source strength (dB ref. 1e-8 m/s)

0 100 200 300 400 500 800 700
Frequency (Hz)

(a)

180

—o—Wai = o= -Wall,
170 booeennnns OUUUTRUE e Wally, = Wall,

== ==-True source strength of Wlll2

Surface velocity (dB ref. 16-8 m/s)

0 100 200 300 400 500 800 700
Frequency (Hz)

(b)

Fig. 8 Averaged (a) Source strengths of each
wall are calculated by using estimated
surface admittance(simulation).

(b) The surface velocities are drawn
for the comparison

Bojx e A& ¢ F Ut

Atd W Foge 54E AHEI] 5o
0~700 Hz tgelx T4 A7 2o 4dA<
85t Fig. 8(a)2 o HAXMY 234 7
xo] A HE@E Fogol w2t vehd Aol
ot adeld ¥d 29 239 A=V v ¥
B8] o 30 dBeld EA JEhEz HE 29 &
<9l &S 2 v & 39, ERaY9E
olg3] d& WH £%(Fig. 8(b))E Fig. 8(a)st
£ g8 28490 EA%A ¥e dAME 2 Ae
Uehdie], =8 WESFe Fo5 44 o8
stgol wat Wsg Bolm gtk F, FFF oe
g F3 AR &S$E & 5 ok

6.4 =

b 2w EFeol FA6l dolue AW &
oM, Hee] EASHE 259 AR £
A7 2de olgde FRste BUS AL

440 /822275388 x/4] 8 A A 3 &, 19984

th. =3, o] HFAA o HEY £F FAx
A9 4L g3k, 2y PHE o8P A=
s S3EEE AAST o] e AlEE A
43te 7129 Wy ETde 2. 9E AAY o=r)
B2g 2atd AddA Hy S3ske et
27 Wil AES A5ty ol A A
71 o] AE 2 H4¥e FYIA A7 2o
APA, 39 AE fstd 2= WIS AE
sto}, AA Qg FEA EAE + e 248
ZHA o2 AFsATh B 259 A= H oj=r
gxo] &3 dhgo] AMEE =i oF EeliT
o AU 25 2 ALEHE AT F UA

g s

(1) W. A. Veronesi and J. D. Maynard, 1989,
Digital Holographic Reconstruction of Sources
with Arbitrarily Shaped Surfaces, J. Acoust.
Soc. Am., Vol. 85, No. 2, pp. 588 ~598.

(2) K. Gardner and R. J. Bernard, 1988, A
Noise Source Identification Technique
Using an Inverse Helmholtz Integral Equation
Method, Trans. ASME. J. Vib. Acoust.
Stress Reliab. Des., Vol. 110, pp. 84~90.

(3) M. L. Munjal, 1987, Acoustics of Ducts
and Mufflers, John Wiley and Sons, New
York, pp. 212~227.

(4) P. M. Morse and H. Feshbach, 1953,
Methods of Theoretical Physics: Part I,
McGraw-Hill, New York, pp. 688 ~706.

(5) A. D. Pierce, 1981, Acoustics, McGraw-Hill,
New York, pp. 110 ~111, 288 ~291.

(6) P. M. Morse and K. U. Ingard. 1968,
Theoretical Acoustics, McGraw-Hill, New
York, pp. 319~325.

(7) R. D. Ciskowski and C. A. Brebbia, 1991,
Boundary Element Methods in Acoustics,
Elsevier Applied Science, London, pp.
13-76, 67 ~68.

(8) B. K. Kim and J. G. Th, 1996, On the
Reconstruction of the Vibro-acoustic Field
Over the Surface Enclosing an Interior
Space using the Boundary Element
Method, J. Acoust. Soc. Am., Vol. 100, No.
5. 3003 ~3016



