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Research on adaptive correction method of signal distortion of
combined sound source pipeline
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(1. Wuhan University of Technology, Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan 430070, Hubei, China;
2. Hubei Collaborative Innovation Center for Automotive Components Technology, Wuhan 430070, Hubei, China)

Abstract: In the airborne sound transmission path analysis experiment, an external sound source is used to simulate car
intake and exhaust noise. However, the existing low-frequency sound source cannot emit the 30 Hz low-frequency noise
such as intake and exhaust, and the volume of the low-frequency sound source is too large, so that a transition pipe is
needed to transmit the emitted noise signal to the exhaust tail pipe. In order to solve the problem of acoustic impedance
changes caused by introducing transition pipe into the sound source system, an adaptive pre-filtering noise correction
method is proposed. This method uses the minimum mean square error adaptive algorithm to fit the inverse transfer
function of the system to obtain the best filter coefficients. The finite impulse response filter is constructed to correct the
signal distortion of the combined sound source system. The simulation results show that, compared with the Wiener
filter, this method realizes a signal amplitude fluctuation of +5 dB in the range of 30~1 000 Hz, and the signal output of
the nozzle is stable. The filter is built and tested based on NI Compact RIO. The tested result of noise spectrum curve is in
good agreement with the simulated one, which proves the effectiveness of the method.

Key words: combined sound source; transition pipeline; adaptive pre-filtering; transmission loss; inverse transfer
function
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Fig.1 Simulated test device of intake and exhaust noise

AT [ Py 0] 1 20 5 75 Y8 2 4t 1A MR 75 A 3o 45
RAMEIEIFTCVEA SCERIT T . Ho S5"R I S A5 AN iy
oA AR B 19759, R TAJEK 30~1 000 Hz
BB 73 EAT T HFIE, A8 HARIIR BUSEBL 7R
WA, (AT E AR E ATER A T T AME AR E
4, Hd BB s s g g e
FRHT, ARSI B AL IS X 5 PR IR R S
NG ST AME, 7E 400 Hz DL 89 SR G
WSBL TAE SRR E . SRR AR AT
S B T SR AS 2R PR ROV I 2 AL AR St ) A 3 By
K, K5 RGO AL 3 R B A A R AT BB 1L B
H, BRAE 60 Hz LA LR SEHL 7 BUFIIAME,  (EA

% 50 Hz LA FAEFERC RS . TR T 4EghiE
BT 7 A R S AL 3 R RO AT THB IR, 4
THEANFBIARAE 100 Hz LA R8T 5 2
o I8k ST B /N385 R 2 (Least Mean
Square, LMS) H & R VLA 37 75 2 R 4T 1
P, SEIL T AT SR B S IERCR, (AR
X4 78 SRS R o

A U A T P 51k R R BT AR A N
WE RS S T, ASCIZH LMS HIE N TR
J7ik, SHESEIE 5 E T H G I B RGEAT
AMEFME IR, CABEHL RS (S SR, FEN
B N EVER G S, DAIIAS A S g s A
NSHEAGT . ZITFA R T 5N E X
MRS S T, ABIE T S5 57 30 Hz RIS
SR SR, TR TR A B 11

1 A ESUR B IE ALY

FEREL 1 s Bt HE e AR R B, S
PREL G AR I IR AR G AR ERAR IO AEAE, AT
G 3 BT AR OE S S MR (G S
FEZE ST

W C AN 75 (5 -5 A S bR TS 5 2051
x(n)=[x(n) x(n—1) -+ x(n—L+1)] €))
s(n)=:z-;:x(n)h(nk) )

A x(n) ZrKER L RRABSEE S RE;
h(n) G PR RGN s(r) N LS
TRE. WA IE R wn) 58 HBIEE

5N
L-1

y(n)=st(n)w(n-k) (3)
2 p(n)=x(n), 13
w(n)=h"'(n) 4)

TESERRANEFR ARG, L6 R B
e/ AL RS, Tovkat H BRI, R 7
K B 22 B IE 5 VR SRR AL 34 B BN 7 2215 5
AR
1.1 SRS EE L

T IR 3 I o 4 R X 4 A
PR RGHHATIEIE, W 2 Fis, Hed x(n) BE %
ANABFES, HNHEES, s() BB IERTE
M E S, WRNSEES, wn) NIEKRSERE
T g - R (Wiener Hopf) /7 F2 ] SR fift H 5%



84 -

HER 2 240, H 5 NG S T & sk
1A BN B 7 YR R Gl s R AME IR

Q) I, fEAEHEFEIME RS, BIEE
PHETHE RN y(n) « WSS x(n) SEIE G A5 TF
1B y(n) Z AR 2 e(n) A

e(n)=x(n)~y(n) (5)

K H /N8 T R 22 T TR R RAG 1R 22 e(n) 1)
w/ME, A FEET 0 115 3] Wiener Hopf /7 2
s AR

W)= ©)

X r, AZERESHAMKRE, rn, NBHEFE
SRS S AR R

x(n)

R (e

[st) | wln |—rn—

B2 AegiiEpie FA & A IR R 4R R
Fig.2 Principle diagram of the combined sound source system
with Wiener filter correction
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Fig.5 Finite element simulation model of the structure
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Fig.6 Simulation results of sound pressure spectrum at the nozzle
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