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An ultrafast active cavitation imaging with high cavitation-to-noise ratio

based on cavitation bubble wavelet transform
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Abstract: In order to improve the quality of cavitation image, in this paper, an ultrafast active cavitation
imaging combined cavitation bubble wavelet (CBWT), beamform algorithm and sum-of-squared differences
(SSD) algorithm is proposed. Firstly, plane wave pulse is transmited and cavitation echo signal is received.
Secondly, based on RPNNP model, the cavitation bubble mother wavelet is constructed and continuous wavelet
transform is performed on cavitation echo signal. Thirdly, the obtained wavelet coefficients are beformed
by delay-and-sum algorithm (DAS), minimum-variance algorithm (MV) and coherence coefficient minimum
variance algorithm (MVCF). Furthermore, SSD algorithm is used to obtain the cavitation image. The results
show that compared with cavitation images without CBW'T, the cavitation-to-noise ratios of cavitation images
based on CBWT-DAS-SSD, CBWT-MV-SSD and CBWT-MVCF-SSD increased by 16.34 dB,15.07 dB and
17.71 dB, respectively. The method in this paper can improve the quality of cavitation image, and may provide
reference for dynamic real-time monitoring of cavitation bubbles.
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Fig. 1 Schematic diagram of the ultra-fast active

cavitation experiment system
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Fig. 2 CBWT combined beam synthesis and SSD digital subtraction research flowchart
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model and parameters used in simulation

calculation
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Pa KA E5E /kPa 2.33
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K QUNUEDIES A 1.4
W AR A 240/ (Pa-s) 0.001
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Fig. 3 Simulation results of cavitation microbubble RPNNP model
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Table 2 The CNRs of cavitation images
before and after CWBT

#iLk  CNR/dB Bk CNR/dB

DAS 7.52 CBWT-DAS 7.79

MV 6.48 CBWT-MV 6.84
MVCF  21.54 CBWT-MVCF  22.70

K552 CBWT X T 3% % R & il 5k 45 &
SSD ¥l 52 EHR B xT L, Bl 5(a) B 5(c) FTE] 5(e) &
CBWT Hi ¥ A it 47 17 SSD # ik, ¥ 5(b)-
K 5(d) FIFE 5(f) & CBWT Jig i 3R & gt 47 SSD %k
FIRFE o SSD kst FIEIR CFEFE L4 1 Bl 2 21
g, BUR PR AR B e, g — P m T
B E
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Fig. 4 Comparison of cavitation images with different beam synthesis algorithms before and after CBWT
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Fig. 5 The effect of CBWT on different beam synthesis algorithms combined with SSD subtraction images
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Table 3 The CNRs of cavitation images
before and after CBWT and SSD

Bk CNR/dB Bk CNR/dB
DAS-SSD 2351 CBWT-DAS-SSD  23.86
MV-SSD 19.99 CBWT-MV-SSD 21.55

MVCF-SSD  31.73 CBWT-MVCF-SSD  39.25
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K7 IR (0 PO 3 g S ARG O v, EET IR
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DA K SSD # =k i SHidont S AL 5 CNR B 52,
LG LB R, CBWT 45 &3 R & s A it i 2
1 & ) 5 2 CNRH, H CBWT-MVCF 2R
. HE—H 4G SSD B+ s, CBWT-MVCE-
SSD Ak G 5t , H CNR{H AT b DAS 2546 1%
15 31.73 dB, "SI B IE BN A A% .
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