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Non-synchronous array measurement in high-interference environment

Liu Pu
(School of Mechanical and Power Engineering, Zhengzhou University,Zhengzhou 450001, China)

Ruan Zikang Zhang Jingbo Zhang Erliang

Abstract: The estimation of the relative acoustic transfer function is a prerequisite for implementing multi-reference
non-synchronous measurements with a microphone array. In industrial test scenarios, strong background noise poses a
significant challenge, resulting in substantial errors in multi-reference non-synchronous measurements. To address
such issue, an identification approach for the relative acoustic transfer function matrix based on total least squares is
established. The cross-spectral matrix obtained by scanning the microphone array is completed, and acoustic
holography imaging is achieved using the partial field derived from the decomposition of the spectral correlation matrix.
The results indicate that the proposed method can effectively mitigate the influence of background noise on the
completion of the spectral correlation matrix of microphone measurements under low signal-to-noise ratio scenarios.

When the signal-to-noise ratio is below 10 dB, the error can be reduced by more than 2%, thereby enhancing the non-

synchronous imaging accuracy of the microphone array.
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Fig. 2 Relative error of the relative acoustic transfer function
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Fig. 3 Relative error of the completion of cross-spectral matrix

(Pa)
0.3 16
14
02
12
0.1
10
g
5 0 8
6
-0.1
4
-0.2 By
-03 0
-0.2 0 02
x/m
(a) TLS&EH
(a) TLSAcoustic hologram of TLS
(Pa)
. 14
12
10
8
6
) 4
: 2
. 0
-0.2 0 0.2
Xx/m
b HAERE

(b) TLSAcoustic hologram of #,

P4 BSR4 R

Fig. 4 Acoustic hologram of two sound sources
Bl AE IR L AR Ak . YAEME LR T 20 dB B, MR F AL,

+ 102 -

TLS f1 H, JriEAR 21 AR 22 5 AR —FE . (B2 Rl 15
. (signal-to-noise ratio, SNR) A F&AK , 3 F TLS i) H. 3% 45
bR E R T H, ik,

50
Hl
40 —&—TLS
2 30f
#
%
= 20
10}
L 1 R R &
0 10 20 30 40 50
fE W LL/SNR
Pl 5 HL A PR A iR 25 B AR TR Lb i AR Ak
Fig.5 Completion error of the cross-spectral matrix as a

function of the SNR

3.2 FIeh

Ryt — 25 B R AR SR 4R T IR B A s L T R AR [ A
ARSI IR E . 0K 6 TR AE R SNIRIE T, X EE
FCZE T AR A AT R4 BT o RS T A2 30 1R 7 hy 5 S IR s
M ORI, FEEIEERDIAHERELAE 6 N 5HE
L. FERNES) L B 7 v KB L B 16 AN 27 s KU AR
M5~ = =0. 10 m, FEICE A 0. 05 m. AL EES & 2
FELLFLFEN Lt PCA 32 gl ¥ il &5 72 il 4] i F AL 3K 3l 3 il
R 5 AT A B L 2K N 0. 05 mL S A 22 1k,

Bl 6 sSciefmsE

Fig. 6 Experimental setup

FEEFC R ShH G o3 B HEAT 5 SRS M T AR S TR
SRS RN AT TR R B 7 s, AT, # Ab
RBE T A1 S 5 R, 78 R 43 I T L P9 1R R B 24 2R
15 dB 4.

LT H, M TLS BRI TH2% /A8 T 75 22 A0 X 15 3% o



A FRTHRFARTHEINERT M EAT %8l

P 7 v AT S B R A B E L B SE T H ik AR
e 7 R R AR AR X 2 h T OH L AT RE IR NME S H A
TR R P S O T A 3 R AR L O AR R . L Ab

s S I T BLTE T NI T —
%ﬁg 05 2000
%
=) 1500
£ 1000
2005 500 1000 1500 2000 2500 500
FR/Hz
-0.5
B 7k ) 3 36 4 05 0
Fig. 7 Power spectral density of sound pressure measurement ¥/m h
(a) HAERHE
» . . (a) TLSAcoustic hol fH,
WO W 8 4k T — B, ATt TR AN REE T Do e 2500
WA TP AE MR AR, BT |, T 45 B 59 26 27 A8 X% 5 000
BRESCIR 6 11 B S A A1 7 ZE BRI A T 22
1500
1000
500
0

X/m
(b) TLSA B
(b) TLSAcoustic hologram of TLS

B 10 EIE—T RN 150 Hz A7 4 5K
Fig. 10 Acoustic hologram at the frequency 150 Hz for first

operating condition

40 500 1000 1500 2000 2500 3000
$RZ /Hz 1000
Bl 8 75 2E AH KL 38 PR A T
Fig. 8 Estimated relative acoustic transfer function 800
600
T HEA S K HERE R BN A Ay . BRI, A
43 SR T AN 5 7 2 CRE T — ) 22 3 30 7 28 (1 B 400
O T, & X AE B —, 4r B FE S R A 150 Hz 200
700 Hz &M A TLS J7 ik #4736 R 26 0 & 75 4 8 %, 0
B 9 A1 10(h) AT LAE W EEFE 4 A9 T/E M s th HE M 5 ik
FIPLME R E R, ST HERMEE S, B 10 A1 Ao e T TLSA(a)HI‘élEi .
BRI T8 F 5T H, f1 TLS #0544 SRR, B (e s eanstiaetogmnn ot -
05 > 60 1000
30 800
40
600
£
=0 30 400
20 200
10 0
*05_ 0 x/m
o e 0 (b) LS4 B

(b) TLSAcoustic hologram of TLS

B9 1BE—FEF TLS BMHZH A 700 Hz 4175 4 B K B 11 B TR 150 Hz A& 4 A
Fig. 9 Acoustic hologram based on TLS obtained at the frequency

700 Hz for first operating condition

Fig. 11 Acoustic hologram at the frequency 150 Hz for second

operating condition

+ 103 -



5548 % L I A S
. of sound quadratic properties from non-synchronous
4 it measurements with insufficient or without references:
ST ] T 55 A R Y R R B SE o T Proof of concept[J]. Journal of Sound and Vibration,
IR AR 14 8 0 BORR R 6 T A T 55 B N
FUG RO Ry ik, 25 RE ., T H, wfegeipl ) o r PR AIE AT A M A A
" ‘ B ) 2 e 07 % (1] 75 % % 4], 2024, 49 (5).

AU TR AR L, 2 i A L BE 15 M L AR T 10 dB A, 3¢ 1108-1121.

FROs A T B R 2 A A% e e B [ R D 4 Y 2 5 RUHL B LIR H, LOUJJ, YU L. Synchronization method for

B YRR R 25 7R RS AN N BE B IR/ 2% DA b, LR E asynchronous measurement data based on Wiener

{E W8 LY g REAR , e 7 i ag A S A fm il i predictor [ J ]. Journal of Acoustics, 2024, 49 (5):

5% ik R, .

C10T 35, ol S 2B 0 52 % A1 75 57 0

[1] SHITY, BOLTONJ S, THOR W. Acoustic far field Wi, M7 S 4R B E ], 2018,38(2):108-112,197.
prediction based on near-field measurements by using WANG Y. Characterization of outdoor acoustic
severl different holography algorithms[J]. The Journal ambient noise of existing residences along urban
of the Acoustical Society of America. 2022.151(3): transportation routes[ J ]. Noise and Vibration Control,
2171-2171. 2018,38(2) :108-112,197.

[2] SHAOMX., LUY, XU X C, et al. High-efficiency [11] ALLEMAG R J. PATWARDHAN R S, KOLLURI
prediction method for helicopter global/ground noise M M, et al. Frequency response function estiation
based on near-field acoustic holography[J]. Chinese techniques and the corresonding coherence functions:
Journal of Aeronautics, 2024,37(7):271-284. A review and update [ J]. Mechanical Systems and

(3]  BRAE. XM, BB 5T R RRS S M 42R Signal Processing,2022,162:108100.

WM g [0 ]. AR SR 6, 2017,36(8) : [12] JFAHE. 20 I 5 .2 5 T4 3 o 50 TH 10 38
55-58. 4 0 O U (). (78 (X % 2% L 2015, 36
CHEN Y F, LIU CH, LYU Y H. Study on acoustic (12).2874-2880.

hologram measurement and analysis method based on ZHOU D W, LI SH M, JIANG X X, et al
novel sensor array[J]. Transducer and Microsystem Identification of noise sources in near-field acoustic
Technologies, 2017,36(8) :55-58. holography based on transfer function estimation[ ] ].

[4] CALLANAN J. IQBAL R, ADLAKHA R. et al Chinese Journal of Scientific Instrument, 2015,
Large perture experimental characterization of the 36(12):2874-2880.
acoustic field generated by ahovering unanned aerial [13] ZBESR X FE R, 2550k, 28, SR /N — T 48l & fa) ik
vehicle[ J]. The Journal of the Acoustical Society of T AR ST ). MR, 2014, 39(9) :29-33.
America, 2021,150(3): 2046. GONG X Q. LIU G X, LI ZH L, et al. A

(5] X475k E B &£, %. 232 5 KBFE 5 B0 Rl & 75 IR comparative study of methods for solving overall least

SEAL TR )], I i 5 AR S, 2024, 38(T) . squares fitting problems[J]. Surveying and Mapping
97-108. Science, 2014,39(9):29-33.
LIU Y, ZHANG CH Y, ZHAO J Y, et al. Research [14] NAPOLITANO K L. Using singular value decomposition
on sound source localization method of multi- to estimate frequency response functions [ CJ. Topics
microphone array data fusion[J]. Journal of Electronic Modal Analysis & Testing, Volume 10, 34th IMAC,
Measurement and Instrumentation, 2024, 38 (7): a Conference and Exposition on Structural Dynamics,
97-108. 2016 :27-44.

(61 k7 .&M.REE,F A2 BT R [15] WITTEBOL W, WANG H Q, HORNIKX M, et al.
St S S BT, AR 2024, 43(6):837-842, A hybrid room acoustic modeling approach combining
ZHANG N, CHA Y, WU H J, et al. Design and image source, acoustic diffusion equation, and time-
implementation of an automated near-field acoustic domain discontinuous Galerkin methods[J]. Applied
holographic scanning measurement system [ ] ]. Acoustics, 2024, 223:110068.

Technical Acoustics, 2024,43(6) :837-842, fEE BN

[7] WALL AT, GEEK L, LEETE K M, et al. Partial- XIBE, iAo Ak, RS T M ohiE S 2 B e IER
field decomposition analysis of full-scale supersonic jet &7,
noise using optimized-location virtual references[]]. E-mail : mailto:3029323248(@qq. com
The Journal of the Acoustical Society of America, K-ZGRGIEE . B2 MEAE S, EEWRE T H N
2018, 144(3): 1356-1367. PRSI 5 Ah BEAN ZR S HE RO 5 N

[8] ANTONIJ, LIANG Y, LECLERE Q. Reconstruction E-mail: erliang. zhang@ zzu. edu. cn

104 -



