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Image enhancement in ultrasound passive cavitation imaging
using centroid and flatness of received channel data
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ABSTRACT: Passive cavitation imaging method is used to observe the ultrasonic waves generated when a group
of bubbles collapses. A problem with passive cavitation imaging is a low resolution and large side lobe levels.
Since ultrasound signals generated by passive cavitation take the form of a pulse, the amplitude distribution of
signals received across the receive channels varies depending on the direction of incidence. Both the centroid and
flatness were calculated to determine weights at imaging points in order to discriminate between the main and side
lobe signals from the signal amplitude distribution of the received channel data and to reduce the side lobe levels.
The centroid quantifies how the channel data are distributed across the receive channel, and the flatness measures
the variance of the channel data. We applied the centroid weight and the flatness to the passive cavitation image
constructed using the delay-and-sum focusing and minimum variance beamforming methods to improve the
image quality. Using computer simulation and experiment, we show that the application of weighting in
delay-and-sum and minimum variance beamforming reduces side lobe levels.
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Fig. 1. Architecture of delay—and-sum beamforming
system using array transducer.
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using MVB, (c) weighted two bubble collapse using
DAS, and (d) weighted two bubble collapse using MVB.

Zo|tt. Fig 15914 (@<} (b= 42 &l 35 9
oA 7152k 5T DASSEMVBO|H ()2} (d)= ZF
2t = Y F50] e A T Ee a1t
DAS®} MVBo|t}. 352 H83l= s =e 2
FAE AL AT v O] o] =7} SIS
e} FE0l 7He gk Gl F AEE AL QU
7Veak G A5 el Aol W =g AET)
glow @8] Hj 7 o] =5 VA7 = 7ol
L TE o6 YA TEY S AR
o|ER, dF 7] o5t Y AZE A &
] gk #] 2](thresholding) S Ho 24 |74 9] o] =5

AT 5 Sk

A}

Vi, 8 B

DAS W o & 44l J&S 3 45 TF AR
Uho FAE o} 2 5o ufj Kol 2R A5 F7] 9] 2
=9 75}y o]e)e BAIZF Tk =T 5 Al
59| AY glo]E o] BE EALS o] f5e] FA|1FA]
7} HE T2 A olsla o] ZHS o] 89t MRS
Aol 2 31Tk FAZA L O] o] 282 22
3= BA| o] Qx| ut Hew o Agtsto] o] 7}
7+ ol Hut 2 7HES A =& sHdc). A
8 23 3t ok = o) TEo] UEhLb= AL
o o] A|otat uhH o] 7} ke Tate] g & o]
1 E Ao A=A Z7hehe Blaknt

A a CECED 457

References

1. V. A. Salgaonkar, S. Datta, C. K. Holland, and T. D.
Mast, “Passive cavitation imaging with ultrasound
arrays,” J. Acoust. Soc. Am. 126, 3071-3083 (2009).

2. P. Boulos, F. Varray, A. Poizat, J. C. Bera, and C.
Cachard, “Passive cavitation imaging using an open
ultrasonic system and time reversal reconstruction,”
Proc. 22nd French Mechanics Congress (2015).

3. C. Coviello, R. J. Kozick, J. J. Choi, M. Gyongy, J.
Collin, C. Jensen, P. P. Smith, and C. C. Coussios,
“Passive acoustic mapping using optimal beamforming
for real-time monitoring of ultrasound therapy,” Proc.
Meetings on Acoustics, 1-7 (2013).

4. P. Boulos, F. Varray, A. Poizat, M. A. Kalkhoran, B.
Gilles, J. C. Bera, and C. Cachard, “Passive cavitation
imaging using different advanced beamforming me-
thods,” Proc. IEEE Ultrasonics Symposium (2016).

5. J. H. Song, S. Cochran, P. Prentice, G. McLeod, and
G. Corner, “Role of periodic shock waves in passive
acoustic mapping of cavitation,” Proc. IEEE Ultra-
sonics Symposium (2016).

6. M. Gyongy and C. C. Coussios, “Passive spatial map-
ping of inertial cavitation during HIFU exposure,”
IEEE Trans. Biomedical Engineering, 57, 48-56 (2010).

7. J. A. Jensen and N. B. Svendsen, “Calculation of
pressure fields from arbitrarily shaped, apodized, and
excited ultrasound transducers,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Contr., 39, 262-267 (1992).

8. D. A. Guenther and W. F. Walker, “Optimal apodi-
zation design for medical ultrasound using constrained
least squares. Part I: Theory,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Contr., 54, 332-342 (2007).

9. D. A. Guenther and W. F. Walker, “Optimal apodi-
zation design for medical ultrasound using constrained
least squares. Part II: Simulation results,” IEEE Trans.
Ultrason. Ferroelectr. Freq. Contr., 54, 343-358 (2007).

10. I. K. Holfort, F. Gran, and J. A. Jensen, “Broadband
minimum variance beamforming for ultrasound ima-
ging,” IEEE Trans. Ultrason. Ferroelectr. Freq. Contr.,
56, 314-325 (2009).

11. K. Kim, S. Park, J. Kim, S. B. Park, and M. H. Bae,
“A fast minimum variance beamforming method using
principal component analysis,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Contr., 61, 930-945 (2014).

The Journal of the Acoustical Society of Korea Vol.38, No.4 (2019)



458 A

| ®xt ore

» M =2 2 (Mok Kun Jeong)
1988 28 MECHS H7| skt sta
199044 2€: KAIST M7| & MXIZ2sty

MA
199551 28d: KAIST 7| U FMX}Zsta}
urA}

. 1995\ 32 ~ Sxl: CHEICHStw &7 |FX}

» # M &l (Sung Jae Kwon)

1984\ 28 A2 St MAIG &kt StAb

198614 28 KAIST 7| & MXtSstat
MA}

19904 83: KAIST X7| 2 TXIZstnt
HEAL

19905 8€ ~ 1997 82: LGHA} 24

oo
e

» | 91 = (Min Joo Choi)

198514 28 MSCTHStw 7| 7SSt StAL

19873 11 University of Surrey 2|25t
A4AL

19924 112: University of Bath O/ 28} A}

19973 ~ HARY: MIFCHEt W ofSHHE St
HolZSstu s wap

RS 38 M4z (2019)





