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ABSTRACT

$1), Doppler Effect(=Z# #&3}), Signal Reconstruction(A13. A+
7v9 9 WH A7), Source Localization(22Q AX79%)

Acoustic analysis of a moving sound source required that the measured sound signals be
de—Dopplerized and restored as of the original emission signals. The purpose of this research is
development of beamforming technique can be applied to the rotor noise source identification. For

the de—Dopplerization and reconstruction of emitted sound wave, Forward Propagation Method is

applied to the time domain beamforming technique. And validation test were performed using
rotating sound source constructed by bended pipe and horn driver. In the validation test using
sinusoidal sound wave, sufficient performance of signal processing can be seen, and the effect of

measuring duration for accuracy was compared. In the prop—rotor measurements, the acoustic

source locations were successfully verified in varying positions for different frequencies and

collective pitch angle, in hover condition.

1.4 B

Fohel w2t Al

o d7old T8 AIJ_?J Moz AL
Y 7Y Ae dEd Fobd 8%
M F& "5‘3}% ol ojAls BES

6’
0 = =4
?ﬁ-‘ﬂ Foqol Fumn go  HE & FAEY

W ol wet A8 AN o)g) Aoig g IHT 28 G IS o5 ageld

280 A7ro] QEAQ ATIHMOT ALLHT 9 A7) e s AN st 228

i}, slo|Z2E ojgolZ olgd WA sge 3 LAl HF AT wAYHE daz A 9o

HAss 2292 B 28907 1EY AL &

—— — 2o fde] et nels 2Resh o2 AW

e BRI A0 Mue axgdow s, og W 94

Tel : ((42) 821-6683, Fax : (042) 85925 g ] A e FAE S Azl oig

© o A3Y, Tt g $FIEF A Fako 52 md] g s maAse
o HEIFANF) A4-e B Folok ATk,

- -u b S B 3} AVINE VT AT, 250

4 5o Brag AT Hoboly £9ixold A4

§ o] =R 06 A ALAE eUisloy S L ow, Sutsma T dFEY FHEA A

o8 FHHAS

o
Hi
P
ojo
A
oln
Ok
Jo
o
rr

/A 16 W A 65, 20063/565



13
i~

gol A 8.HF &

2 A7

o] & .dl S ST A .

=9 Fishs 2E Bdol=yd Sud 9% 7}
Natg stel =2y &% AAVEE £de
th? olag dArolA elolElg He Fue o
Aelli e BAE
e =53 B3E AR 259 g4y AF
< HAE] ddt] o dAreixgs gdl Ay
ool di# daA2 Z1¥E Hesst Ade
F8719) g A5 Hske e ‘?}%X}
22 AFee] AF AYE FPsigon ol
ZE2E 23] g3 229 BXE sMIgh] 2*%
sttt A dEe Fddste i" THTEET
o FFAANN FHgon ZF2H 499 AS

AW Y 2 diste] R E}.

2. HEYIIYoML =

X, =X, +Fot o))
y ST TN
7 L RE
/ z M
i
z | w )
\ '_,
> D) e
fm
o X

Fig.1 A microphone is measuring a .rotating

sound source

F2 AHgsn Qo B a7

BL)\]A]z}., °ﬂ w3k &3}9) o]EAZ = ;’g}
miA vlolIZE XA o EZRE AN £

e, ol EBAZ, 439 BAS e
2ol HE 5 Ak oW o= S&olo,
itr _te = : = = D(te) (2)
c . € ’
ol F3tol £49 o] FoiH g W o]%

WA Al
AR BAE 7 FA AZH dste] Ax &
F ot ol3d. &4 -‘?.Ei—l‘%‘ g A Mn oy
‘ﬂ(forward propagation method)&l ¥2u o]¢]
st el XY s )

AR AE

e < sed

2.2 Signal Reconstruction

FA AT AT WEL olF Al AR ukgk)
webx A% A3 (forward propagation method)
3 9 A (backward propagation method) 2

%_'—z T+ Q@

A A A Bal AzhEAre) A7 AF
s 7 —f—ﬂi FA AZE AN NEZ YFA e
WHloltt. olF g3 At 7+ 2 AAH
of g &3t MIARE Adlsl=d), olgd 1

42 Fig. 29 (a) 9} Zol 5339 nlo]g 2o
A AR ARF ez 539 SYgdolHE &%
ot HEY7IE st 2599 2EE A4Y
Ve AW 259 50 wE 39 &

@ ' @ Sampled Data
t @ Reconstructed Data

AN

®

A \E RPN
©

g e Vte

Fig. 2 The forward propagation method of signals
from a moving sound source: (a) measured
acoustic signal in ¢, (equally spaced), (b)
reconstructed signal in ¢ (non—equally
spaced), (c) reconstructed signal in te
(equally spaced)

566/et=L 5SS =2 8/A 16 B # 6 3, 20064



olo]| 22 E ojFol & 0] 8% I Wdhs A5 ISl BE AT

T2 FHshs R 15 B¢, 54 A9 vt
7% & A3k wlo]ARE Aold] AE AN
& & Aok ol E AAlolgt S48 ol g3, &
ANZYE FANZEY polg AR U ol B
AR 2HE oA AtE Ajatole] g A
A s HER, 54 Azl 2A4d 3¢
AN g Fig 2 ls 2ol 39 dolHg Wiy
°f «13}01 T8d F ok AR oJFA Wie s
AAE dlolEE $4 AR daiME =8 &
T 40}01 FY ARHA] HA %3t wE
FFT 5 34 Aol 482 5 o shA¢ Fig.

2(c) & Zol WA A7Ho) atdE 97 A4
L o]FA FEz WA AREE VIECR Fto F
Aol AHgE ¢ gich =g ol T Azl of
& FANTY AZ Aol FHF HEE AL}

of, Azgl2] ztolel wkul#st=
g 238 F30

b ApEE FA AIZPEY AZARE
71Foz MANTE -’F’L N2 ATA ste 3
oltt. F4l AIZMEE AR HS "Vth o] 9%
AZkel| mfola

Aoz Az, ol

EE 228 &3 /‘IZJ HElE olF A7
o gate} A £ vk Adtd FA APEEE
dRstA] o 1HoE 7414540% olof dstoit
kA2, Aoz ATEE FRE A o

A °“‘W$} 2ol Ui & &-8%th

2 v sdshe &adel distel 485
d HB}WL 7HQ1 EArgel it °] A% &
49 25L& olF AR g FALF AHZ 7}
A=y o= HFSHIF e Al 2¥dME &
2o O|ZTAZE olgdA L Yw|d. ol

298%59 7ML BHEH 2o AULFE §
= 4299 Hgo= et o] AT ol 3
Aste 299 A9 YME AL A 254 F
g AT} ﬂia};ﬂ g @

ol 3t AFA WA HLL FME &9 &

T2 9% HudellA o]Foix= RoE JHYshe
ol We g 3|, A& uet o|FsH= M A%
|

gtel S AAT BAT + Qe ol A
59 ATA WEE FAe WY 19 B4R
% gk

2.3 FI4 T NTHAIMS UENIIY

Azrgdelqel 1EY 7IWe opdEa g4l
dale] AARAY FANTY TS ARF AlM
Faste Relth. #A deoln AsAY Fol %%
Hd o] B FzF P gl 7EE T
o} o] AFME AE ZelA9 *‘iﬂﬂa
F3lo] o]2 T4 silth Y ¢ ATE °lF
Azt AR Bgste] A7 o MRS AdelA
9 s NE BAAE FYsy, BE vpo)aR
£ 239 A5E o] M S HHS T
stz olel W& Far FHE T 54 T
Folxe WP s dot oY AE
ATAE Bl AA Fdo] Ak AAld Hs
Ae A Y4z 1Ao] olFolA #7 A7t
2%, 2 WUE JERA Hu, 2590 EA)
A k= Aol dsixEe A4 zoldl 3t 34

of weh ge WRAE veln o)z ¥ AAl 2
249 948 #4320
Fop Gelelde] WYY TS 2 sloARE
FANFZRE TN BAYBRS BY, GRRH
ARetA B thee QuE WY 71EE 3
Aoz EH@W Zolth o] A% Wid, A= 5%
Hes AR BEe T ABnEA ol

P=E'GE ©)

$2EQ 4= AT WY 14 710t
e, o] EReHE 228N 4B Hae A
5 ATAEE HET Alz_rogwu WEAY

Agsiglons ool die e g 4o

ll

ro
JH
F>
mjo
rA
aln
Ok!
Jo
__|!
Hn
ifa]
~
2
—t
(07}
o)
2
()]
Jot
[\~}
o
(]
(@)}
ri
\
[o3)
D
-3



ol & HoABHEL AT

Mo AES AdA AlRE ddMg W AEE FosgA7IEE ol4d A4 vuIgd oy
8 molaRE ofdo] 4 ZRIHE Adst A ZxoA MR T JAVY 2$ 3
Aok AL 2= diF AFE 5t AGAE o]  Hate el diF FHEo] B Wil n
&t 7HS Aodel g RGPS AR 49 AP SdxA) date olF wmsiin ool
PR N8 For 99 PHE ol8se] A, WA F49 AXE 54 FHA 0.65m ¢
vlastitt. #d AEL Sdd EFeFFEH B F o7 AL Fug 2kHz9 AMIHE Qe
# 4% FYLPEEY TPUeM Fusion o 1 AN AHE v Rolth Fig. 39 Az
slo] 32 E ofglold AL A7) 16me 2 F93 Fos dd Wi 5§ AN 23E Ay
g ofelo] FAE ALsigict ol 239 A BE HE o2 49X th AArdTelA 1
g of#olel B¢ Doughertyel 93ted Agtsigle  ahe] WA A S4AY AXNE F4S F
o AE FHY vpola2Eo diste] Azjatolel e AFHUY HAVE T W AEY P B
e F54e Al RAARSES F4 AL F 52U 292 v 98¢ 2 S 9ok &
F Qe Ao g3 Aok® 31709 1747 Hel & ojdlo] Y A% g Jvlste WER Y A
& ©S] nlo]AZE MG M360) & AHEE ofgo]e)  ZFYE 2kHzS Fubaol diste] & uet &
£Y A3 32Ch BA AEFo] 7ksd ABHAE FYe FA
A3 (NI PXI-4472) ¢} LabVIEW 78 ol¢, 74
sRom 74 Ase] d@ FAY Zzad oy 4. WY TS Mg
LabVIEWE ol4, F@sqick.

A Aol NN FRE 449 Hdsts ARH) on WY
AZ37) Ystod ¥4 ﬁ:S%"ﬂ et 273@?%—2— Mg AzE Gelxe] Ngg 7dE s

1 llI!illllg]ii!i 1(3_ l}lll;_l!llgl‘!!{luil|F llll;llll;linl Y
Frequency Domam F'rucess 4 [.:Frequency Domam Prncess w14 Frequency Domam Process i . f
= 2k Hz Tonal (UDDB) - -‘- - 2k Hz Tonal (-02 0 El) & 4 r 2k Hz Tonal (—02 0, 15) B
6s e . . w X
E o o]
- b
0.5 5 1S SO F RS JUU SV N N0 0 P -
- e 4L |
i o 3L ]
B ;"li'i'g Pk e -ll Pl l % ;t;}";‘{‘;la' B e ,;“l!|l1_
1 X!lf.ll!r N L-‘ |llIl| _I\II‘!é.l"il‘im L e 4 ™Y vT ;IIIE I‘IFT_
{.Time Domein Process * i ] [ Tire Domain Pracess .0 .. . 1 [ Time Oomain Process. | ]
2k Hz Tonal, (0,0,0.0) o9 pizk Hz Tanal; (-0.2,0:0) - | 2k Hz Yonal{-0:2,0. 15) 5
05 . i s : : » R

y {m)

05

nl.‘l i .X.

4

AT

it

L4y

[N

L2y

o
2]

x {m) ,

<

x {m}

e
&

-

x {m}

Fig. 3 Results of time domain beamforming (lower row) & frequency domain beamforming
(upper row). The frequency of interest was 2 kHz and source locations were changed

AL
258

N33 =28q/416 ¥ A 63, 20064



plo]2 2 of#flo)E o83 %

8ol thsted HEsted ek et HSd
9 78S AA Fig. 4o Uebd R} o] A
7% B gt FEHE FolZE FEHo
TEE 54 2 dE ¥ #—523 3t
4 B A9AGM 24E So= LAZ A4
o go]Z 2 w2t WoEH %?‘5}—& Rlacie )
AollH &% L2 =% HES st1, AC EH
st oz FEREZ 517‘*’\]?1 ol9 3iHsE
23 7 A=F TG Y -
e AAE Askd FEAE @ AR UR=E
HelM e &3 vk 97
g ¥l ol IHsts w4
01"4 14" vpolA2EY 53
49 ™ Aol

n[o

o3

o

l

¥ flo

Fdsged, 44 o
Aot} F87
9 37

d

l

L

0.6m

4

7

Rotating
Py Sound Source
[P B

i " :

] o] Function

[’c"‘z‘;me Generator
PXI4472 %rc

(a) The array measurement of the rotating sound
sources (left) and the experimental
schematic (right)

Y o Position of
Mmrophone
Fixed
: Plane %‘5\

X
AR
Ry
et
o ~
- ~
g

z o Rotating Sound Source

rd D=0.6m Using Bended Pipe
Rotating Plan

(b) Layout of rotating sound source and
arrangement of microphones

Fig. 4 Arrangement of test setup

Asts Ao TR Ste] @ AT
£ 1m E &35k

7} nfo]| 32 E2 FA HolH & 16,384 Hz2 A
Z37 slon 102400749 dolHE 9% 4/
A% &k AR dolHd dg BAeA, FFT
AL FHFe HXE EgA AIE JIELE
3tef 2038 23} B4 A e

Fig. 5% 712 PF4Y 71HN =52 &3 A
A AR oo wE WY RY Aol EAF A
olct. &4 Ao wWE =F AAE AAMA
259 W W2 AW el EAste A
+49 AXNE FHA Rt AFH Aol 1=
A Bxste AAH AMNHT A AT A A
IS && AL AFeM e 76"5<]°ﬂ A€ 270
9 42599 fAE AEsHA F4sn Ao LA
Fope] wet @ Fapgo dsjMe WFo] A
I Fo F7e) uet dAs] FopAw 49 A
+ Fogod gt A8 FUHe £ 5 Jed,
ol 1A F¥IMY WIYANE B F e
rlojARE of#lo] Fdel F Aol

Fig. 6& A& A7/l A wlo|He EgA
ge] Adf A Aolo] wE WY A#AE vEhd
Rojt}. Ifeld Mz oE E2A M A
9 Ade 7Y 259 diste] M2 o Uy
WE vdeldz Qlch oleid 54 Ade] Ags
AZEE dlolele] AW AdellA el fxAfolel] &gt
Aoz Holzdl, 1d9 FF 449 A$E A
Az dHolElE 512702 oF 1/438de st
AlZke) gk ARG Zlojnth 131d Bt 2 AzE
9 doleE E&3te AF AW Aol FPAH}
g A A9 Aol w2t A2 o PAAEs
el 2oz fddd, ogd 542 1% ¢
£9] of 1351de] #Eete AT @S AHEE Al
A AdEE & At 95 1839 32 g &
BERD 559 dole /iFE ARt 18d9 3
gk Azt HolEE 4, AAE ZFHE vehy
2 g, olF FiY FPse A5 A% 1
Ao sidats AE HolHE ArgEteiol &
A + Utk

ol#lo] AlteA 7}’% ES
ol Aejel hg FHde} vy
e S4% E°]‘:‘tﬂ ol g Wi

2 Qe 238 Fo A8E 5 gtk 29 3

rot

RA3AS 3

=8/A116 A A 6 2, 2006'3/569



A
T4

2
-

8.5

123

y{m)
(=]

LI AL N I ) I
Conventlonal
10,

LI ARE I S0 0

1
i
0.0,

LN I B I i I B B § ¥ I Y
[” Conventioria : 3
- 2k Hz Topal;

LI

T T

i
I
i

NS NN NS W ITN R

TR TR R

Tt I_g 1 ! LA ) ks
De-mle&sz,ﬁ s
Kk Hz Tonal, £0.0.0.

TY¥

TTTTY

llllillll‘

o De"‘mj&vﬂ

I
A

. x {m}

- o
(43

o °
£t

x{m)

x ()

Fig. 5 Comparisons of power distributions of the time domain beamforming wi'thout (upper) and with
the signal reconstructlon (lower) on the rotating sources (540 rpm) : 1kHz (left column), 2 kHz

and 5 kHz
1 77 llllk(l!lzllll Ill‘l'!;l‘il lll’ 1““\l|l. l!!|§|’||
Cik Hz Tonsl, Triggeréd @D [ 1K Hz Tonal 'Tnggered @80beg -] [k Hz Tona), Trgge : 3
S/ '31 25 ms’ '18384 S/s 125!
G5 o
. N R
E o " -
S - N
0.8 N - "
4 WS (R RN o
1 TV vy T T T ey Fryery LI A ] A LA ‘»1 T 17
1K Hzi Tondl, Triggered @130089: 1k HZ Tonal, Tggeréd @2
—-16384 “fs 31 25 ms - <+ 16384 S/S':31.:25) ms - e
o5 : B S : ‘
E o
> .
05
L
o ; o e :
4 TSI TLA A S0 VLU O W A S W A I Teaa s biien
- (é; = 3 -~ la 2 < g‘ - 8 E=] g -
% {m} x {m} x {m)

Fig.6 The 1kHz sound source power distribution under the conditions of varying trigger locations and
the processed data sizes: from upper left, clockwise (a) trigger location=3 o'clock, Ndata=512,
(b) 6 o'clock, Ndata=512, (c) 3 o'clock, Ndata=2048,
o'clock, Ndata=512, (f) 9 o'clock, Ndata=512

==8/4 16 A Al 6%, 200613

(@ 3 o'clock, Ndata=512, (e) 12



alo]A2 & ofyo]2 o] 8¢ sl 429 s sl Betk AT

2 S4d Abold ez B He aAE £ g o @ wEAo] Zaste] WE SXo] AHHS
7P B 2 vlolARES TPEEA Al ARl 2 & nk aAE Ados RGEA A
o WRAE Zashl Hud, SARETY B 4 s Aol Jore 24 zdd ua
= AT AelA 0, 30, 60, 052 WskehH A Ag AR HAL AN 24 AUne HHg
de st AN UsYPE viwste] Uabztel s W ARgstool & ot}

g% EQE g gtk

Fig. 791 QAM2t dsgtel] w2 &3 Ay 7z 4.2 ZEEH RHOAM HHY 7Y N8
jau—}q;ou,q o] WEL Qalzt Z7te] waEbd Folx o] ATelxe TEEE Fdoj it AP &=
= 292 B £ k. 2% Hdy gAdno) gy FFFFATLAM W FA AvfE 2y g
T B¢ Aiwg} S0l AgE Adae I B FHEoH, Y Fevle] ZFTE
AR g AUA FXw, QA Fote) o o 255 S vle]aRE ool MYe H§

W e o

1 l|l|5l|ll I’»!il:ll‘! L D e A llil_;lli_ !§.‘A‘,‘,.,.!§'l“ II'IT
C 1% HZ Toral,'30 beg lncxdence [ 2k HZ Tonal, 30 Deg Inmdence 1 ['SK Hz Tonal,. 30 Deg Inmcence .
‘4098 SI‘S 125ms i *8198'8)'8 125ms R ey ~1S384 S/S 125 ms

xi;n

s

y {m}
[=3
%

Dbl

ENR A ]

LR | T

Lok
Y LT

LU S e ey TSN 0T WMAE S JU 0 SO0 LY WY PR

4 AT WL ST W U AT N W A T W T

1 LA ) { LA I | AT L D i Ty T T H L Ty 1 7T L E ¥ 1 T T T YT
Ak Hz Tonal 60 Deg lnmdence | 2k Hz Tonal,.60 Deg lncndence [ 5k Hz.Tonal, .60 Deg lncmlence
- 4096 S/s 125 ms, : - 8195 s/s 125 ms- - 18“84 S/s 125 ms R

o
e i

0.5

T: T T

y {m)
[~

K - |
‘.;.l|
7T T

T

e i ey ey LJJelix'En;sxlayn

4 [N I W T N

i lll}:‘lfl,lli "{'._ lllf;ffll'lIPI‘l'llr._' l!i( llllki!tl ll_
Cik Hz Tonal, a0 Deglncndence 1 2k Hz Tonal, 90] Deglnmdence 3 [Eskiz Tonad, SDDeg Incndence .
o 4098 SR/S 125 ms : - -8198 S,fs 125rns N -15384 S.r’s 125 ms o L
les 2 i . - - . .
R 3 i. N -
= *@‘@@ S N S " 1E
E 5 il @ @ it B 018} 3@; ) NI 1 &
- L B L 4 b
DL @ ] ‘ T
i 1T K
8 ! 1 .
E o S - : B . . . i . L : T P
-4 00 TN U1 00 LI U T S T I S S O 9 10008 O O W O O (| 113 TR O SO0 OO0 O S 0 Lo bededed
s = —- -t & o -
S S S UL - 5 &
x {m) x {m} x {rn}

Fig. 7 Power distributions of the rotating 1kHz sinusoidal sound source with varying incidence
angle,0=30" (Ist row), =60" (2nd row) and #=9¢" (3rd row)

o

FRASNESSE =RA/A 16 B A 63, 2006Q/571



2 SRk olF A3h] A2

ZE ol dFt 25 % F4E29S AFsd &
d 2254 24 Ay AdA S8y x
2E9] g

A4EE 2000rpm ©)¥, 4Z Xzt =
AL 0, 6, 1259 AE njwsigith
ZE2H Zd0 tst] SHo)M 28 AFH F
<= (blade passage frequency)?! 100 Hzel tis}
o] 10,20, 504) stEY AR Fago] T @
3tk a8oA 3719 ZE AA S 28
29 92 BZ 1= 9o} e Ene fis}
A HPH A 229 dX zolg FE

l' ulo mN'

Flg 8 The array measurement on a scale—down
prop—rotor was done in CNU semi—anechoic
" chamber

2 lllnl’ii||1:|i|lgllll l!ll:llll; !Ill,llllé(l|lsllll
> [ Pitch; 0. 755 =.0.  Pitck @0.75R°= 0 D ]
(2 BPF) - 2(50"'BPF)
1
14
; g
-4
[EPRTE R IR
2 I
2
1
x
= ]
-1
Al i AR ae R CerviiT bbb
l“‘:""i.‘!!,!..""' Tl[]él]’ig"l‘izllll ll|lvl|l{;ll|||!lli
- Pitch @0,758 "= 12 De: ~pitch @0, ?59”‘“12 Deg:
oy kHZ{w“*'  5'kHz (500 BPF:  sel
1 “{trom Hax
14
= 1]
-4
, Per=20uPa
2 i‘i;ie’nnxi
® N © - NG N © - N & N B - ~
%R %R xR

Fig.9 The power distribution of scale—down prop—rotor. Pitch angles are O {(upper), 6 and 12
degrees. Interesting frequencies are the 10th (1 kHz), 20th (2 kHz) and 50th harmonics (5

kHz) of BPF

572/ A STES A =28/ 16 ¥ A6 F, 2006d



vlo] 32 & oj#olE o] &3 34

T
ol
S5
2
rﬂ

=0 =3y
3L

g 4 9 $7S 94 e, %3
Fol daE BEE B FE0R 4549 A4
g BNSI 98 B 5 Ak 39 0n Wl
A, a9 A SN2 Fokel ek 37
& 2 5 Qo0 Foed mek By £89 9%
o 217k wskshe ROz #4949 Yt

5.2 2

9ol 2 13 AAZ B8 0PN
Mg Agele] nlo|AZE ofelo] 2AWRE N
2 AT 238 FATYA A3, 2
olgal] TAY milo] ojg A
=3 7149 3RYS AFsgen
95 ofdlel e AUY ¢ 9
g 438 Wie Fao 2,
2433k

N
o
8

2
M ox xR
m ::1
ili i n‘ui‘]
o

o MR o min
2L
Olt
ot
Ir
m)
4
N
=2
iu)
ok

=
2

vk
1o, [‘_,
B o
glo
Jim
o?f.
J]N'
o, ©f
=2,

O & o= o KL ob
d
® o

[
ohl ol

;_%.3._“0] sl HH?M] | et el

[«0
o
,ﬂ

rir o o e
e

o M HogE pot N N ok ¥0 mfy A

Agel YN vok AFF 442 Bwew
Aoz wuEt. YAz %}oﬂ Be W3ty
HEE Foto] HEY ALY Hgo] wet o
of e A F UL BAAPCH ol
A e B FA5 5o 546l T olelel
Al HAsle] 287 5 & 2o% st
gezd dY FArld AgHE ZgEHe

Yot B428 48E Fstel LH ol AZE of

do] 24719 88 A5HE 2 & AT 3R

B4 £249 s 54 BE YRy 3

e 224

7HA| 8ol B AT

off

4 Bol tg 22 Fatod ool A o
A9 el Y mdel tE 285
e 2T e B FF A7
vlola2 Ee FAM wA YAtz Sl
432 Fatol o|F Austast Bk

3

A
=
=

off M
ok gy
B2 dlo

%7
o] AFE ALY APoE Fas= 2147
ZZEo] AT AMJ(ARE F17) 7Eph e o
o7 FYHon, oo ZA=HYL,
% 3 2 3

(1) Thomas J. Mueller,
Measure— ments, Springer, New York

(2) Sijtsma, P., Qerlemans, S. and Holthusen, H,
2001, “Location of Rotating Sources by Phased Array
Measurements,”  Proc. of the 7th AIAA/CEAS
Aeroacoustics Conf., Maastricht, The Netherlands.

(3) Kook, H. and Moebs, G. B., 1999, An
Efficient Procedure for Visualizing the Sound Field
Radiated by Vehicle During Standardized Passby
Test. Kookmin Univ. Seoul.

(4) Lee, J. H, Hong, S.-H. and Choi, J.-S,

2002, Aeroacoustics

2004, “Localization of Rotating Sound Sources
Using Beamforming Method,” Transactions of the
Korean Society for Noise and Vibration

Engineering, Vol. 14, No. 12, pp. 1338~1346.

(5) Robert P. 2004, Dougherty, “Advanced
Time—domain Beamforming Techniques,” 10th
ATIAA/CEAS Aero—acoustics Conference, Man—
chester, UK.

==/ 16 F A 635, 20064/573



