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Experiments on the Noise Source Identification from a Moving Vehicle

45 - 434"
Suk-Ho Hong and Jong~Soo Choi

Key Words : Doppler Effect(SZ2&3}), Microphone Array(cle|Z2E olgjo]), Beamforming Method(*8A4HH), Forward
Propagation Method((&-AA)zt2),

ABSTRACT

Recently, several experimental techniques for identifying the noise sources distributed over a moving vehicle are being
developed and used in order to design a low noise vehicle. The beamforming method, which uses phase information
between several microphones to localize the source position, is proved to be one of the promising techniques applicable
even under complicated test environments. In this study a beamforming algorithm is developed and applied to measure the
dominant noise sources on a passenger car moving at constant speed. Unlike the acoustic signals from a stationary noise
source, the sound generated from a moving source is distorted due to the Doppler effects. The sound pressure are
measured with an spiral array system composed of 26 microphones and a pair of photo sensors are used to measure the
vehicle speed. The information about the speed and relative position of the vehicle are used to eliminate the Doppler
effects from the measured pressure signal by using a de-Dopplerization algorithm. The noise generated from a moving
vehicle can be grouped in many ways, however, tire noise and the noise generated from the engine are distinguishable at
the speeds being tested.

.M E W, & Ry PP %il'"'c‘] oA £3€

% AEE 7|IVe R FAHXA He $4E FAFe

ulo]AZE ol olF o83l 2S99 YA ¥ BEHEe EA SYd TAAHI A - FA ‘%‘EH% g T %oy, &
giotahs W oe WaAubH(Beamforming method)® € €99 ohdd S8y E=e ATt apAw B3¢
& 29 (Acoustic holography method)o] itk ] TA% F2IY 7739 Aoz F4 ddAY 77
olg]d WHELS o]8¢ 27| thEx, A E§ FuEe o Ao w2, 7|E vlo|T2EN ZHE vjo]ARE
282 Z47te] wdo] H4E & e SEBoplE Aot FY ALY FFo] TFE AL, BalFo] AdEHA AeE

9tk L&9oz Y drk o8 A& FFANY &% F
WA e goiny A% Azl fAR e b A e 9%E Az H8 23 §F% EEayy
3 FulFEoR Agde] FRo duglel ddt &8  (Nearfield acoustic holography)7t 0]-€5 3 9‘1\:]-‘”"2)

ol

7hsdte, FEHE HEA 2d 74 53 Hae drdie SRl AsA, 15AE, #3719

3 e 29 olate] Aglol S 9xB 782}6}71] 2 o AFA wAFE 227 BN o)E 71@3 ZEE!
2 % 9= o] Yok BT 20U BB 2T o 2899 9AE 2FaE A7/ AYHD Yo 142
A% 4 Y& vl Uk 23 9370l HEF AT A WPYPEL Fey
AF7} o2 AT AEate ASE 2HLY E2a

* %‘&qﬁz}‘m 8‘}:“’1%%%§rfﬂ+ ek 29 (Nearfield Acoustic Holography)Z ©o]&% A4 9
T O o, 05 25 A o e s
A, oJEeHE £4M0] U A 22 23 A 249 9
Wao] we} BAAE A B Fuse c}e EEL I

IE W Ed o€ =88 ade 3 o)A $49 &

-911 -



=ot BARe] Ao 4FL A o F FAlT &
S9E A e 259 AR d& =& A

g et £34 gdE g8 Y #EAxE g o
71 AS9e FRFE AA Fofrg & FYPRE
ZAE D, dolAE 289 44 ¢ ¥ Fu52 &
Agoh olgd ade g A, n4HE, MY
3719 ByolE 28 34 A BAEe, dA 24 &%
2 47| YA o Fake AAsory "eart Ae®

B A7 vfo]aRE ofyo]E o]&3 HFHA WY
& B3 4ol AFatY 42599 YAE wEEHHAt o
2 98 ALEE 529 a29 AA SuFRANGEE
9 Forward pROpagation Method, FROM)Z%& & &
FA A gFolE 249 BAE Ed dunzEe] HEd
B2 AZ891, 44 ol AeAE Yo ¥ ¢

A

¢ =3RS,

oZ

2 MEMu B MSHTY

W84 e S0l ol tieel AMZ FAE ofdlel
21 A 2 AMe Ask gA% AU A A2 493
£ 2 90 o)dd AAATRE 249 A 04
2 se BER & 5 e AL LU 7 ANeIH 2
gate e 434REs 99 G YUz EAT 4+
dn =Py £Re sedel 9A% A4 29 Ag
Aol ois) 7AZME B2 ALEY. AsARRSIARIY
T4 A AAs S99 Ass BAFIRY B
2 wygol des 22 B9 P2 AvEsh

P-E'GE o))

90 X% e 2 A9E A HL $40] fle R

B 3]
*]-]_‘,HZ‘! oz o _71},0_]_2. 7].7.“ ng),(m)
[} — T e ® s

Microphones
position matrix

Signal
reconstruction

Assumed
source frame

Signal array

4

! !! Reconstructed
signal array

Y
g 4
Power

{ETX G, xEYM

An assumed
source position

Fig. 1 Flow chart of beamforming
method using FROM algorithm
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Fig. 3 Beamforming results of motor car test
(A) Autospectrum of motor car (B) result of
motor car noise [speaker 15kHz] located at
(0.05m, 0.0m) using STASI (C) using FROM,
(D) motor car noise [motor noise 3.2kHz]
located at (-0.20m, -0.05m) using FROM.
Distance between array and source is 1.3m
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Fig. 5 Autospectrum of (A) stationary vehicle
noise and (B) moving vehicle noise
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Fig. 6 Beamforming results for a stationary vehicle in

idling condition (780rpm) (A)800Hz, (B) 1.5kHz
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Fig. 7 Beamforming results for a stationary vehicle noise
in 2000rpm (A)800Hz, (B) 1.5kHz
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Fig. 8 Beamforming results at 800Hz for a moving
vehicle (A) 50km/h, (B) 70km/h
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Fig. 9 Beamforming resuits at 1.5kHz for a moving
vehicle (A) 40km/h, (B) 50km/h, (C) 80km/h
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