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Vibro-acoustography based on large-angle dual-frequency focused transducer
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Abstract: To enhance the spatial resolution of vibro-acoustography, an improved vibro-acoustography system is constructed
using a large-angle dual-frequency focused transducer. Based on this system, mimicking phantoms are used as the
experimental objects to explore the spatial resolution of vibro-acoustography, and test the vibro-acoustography results of
mimicking phantoms with different acoustic characteristics. Additionally, the effects of the position of hydrophone and
difference frequency on the vibro-acoustography results are studied, and the effects of transducer component distribution on
vibro-acoustography results are analyzed with a simulation model established with k-Wave. The research results indicate that
the vibro-acoustography system with a large-angle dual-frequency focused transducer has higher spatial resolution, contrast
and specificity in imaging mimicking phantoms with different acoustic characteristics. The choice of difference frequency is
critical for the imaging quality, but the position of the hydrophone and transducer component distribution have trivial effects
on vibro-acoustography results. The study is expected to provide new ideas for the development of vibro-acoustography
technology, and to promote its further practical application.

Keywords: large-angle dual-frequency focused transducer; ultrasound stimulated acoustic emission; vibro-acoustography;
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Figure 1 Diagrams of a large—angle dual-frequency focused transducer
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Figure 2 Schematic diagram of experimental system

1.3.1 EESREHS F9 AR ITEI RS &
FF 16l — 6 15 5 & 4= 2% (DG4202, RIGOL, Jiangsu,
China ) 1) 9 1380 38 [W) 25 i 4 S A80 232 53008 L f 1Y)
ES%A R %, IF & W & ) R i K &% (NTWPA-
000001013500, RFLIGHT, Nanjing, China 1\ % A300,
Electronics & Innovation, USA ) 43 #| JE4T Bl B H
283 K WA 515 i 45 R 7 A RO R FE L BB A L
AR & AR 1, S, TS R 7R R, AR AR A X
AR A FI 250008 75 VR T 2120, (i AL AR IX 2 41
2 A8 AR G 1 R R R A O 1) R LR B 1) A &
SRR A SR

1.3.2 BEEERS XT3 XN A B S &
SHE T R EA B K N8 et i s 2 R /)N
ER 7K Wr #% (RHS(A)-20, Hangzhou Applied Acoustics
Research Institute, Hangzhou, China) #F 77 32 0%, T4F
IS : 10 Hz~100 kHz, A% R 855 : (-197+1) dB;
JEAE K AR BE L B2 W 75 B4R, el 20 J Bl A B 2
(2R o BLARRES 42 i 40 808 By, S AP 1T 1
JEOL R X 3% (Region of Interest, ROI) [1Y3% i $94
1.3.3 KI5 SAIEER S KW as R4 B a9 A0 &
BHE S 2813 100 Hz~99.9 kHz A7 3 & I 25 RO 2%
(SR640, Stanford Research Systems, USA) J& i = i
B R 5 R (M2p.59xx-x4, Spectrum Instrumentation

GmbH, German) KA AL 2T HEMAAE, H T a2
R R E

1.3.4 HEAALEEFIER S TR IS
15 UL WA 5 7 A BIUHOE i 2 4 o) R AR 2
HARAI S 2 5 5 Ja Ab 2R . i FH Matlab 2 75 > 42 1l
5T R A AR A M R AR BN A5 5 AL fih & 15
55 o HH P B {8 B 5503k (Fast Fourier Transforma-
tion, FFT ) 2R 4 21| 1) 75 & S5 5 e 4 pl UM 35, £
IOk [ AR IR PN 9 22 050 1 75 R S A 5 R SRS
W AR XTI P (A A L 551 VA B501A 3 3k
TR A0 I B 7, SRR E A

1.4 R

TEJ5 22 1Y VA S5 et 120 B9 B R 1% Bl

DA 1% Bilig-0.3% £71 858 2% Bl -0.3% 1 854 Al
A HLAE 500 pm H Lk IR DAk . iR HIVE T 42
FSCHR[23-24 ], STE LI AT 24 hifil & 58 WU VKA
R RAE . DRI S50 1 R .

®1 FEMBMATHEZSH

Table 1 Acoustic parameters of mimicking phantoms of different

materials
IR
R P /g-emd  FHd/m-s! L
(dB/cm/MHz)
1% 3R 5 4 1.012 1484.593 0.030
1% BiifI5-0.3% 1 24 1.008 1486.514 0.252
2% BHAR-0.3% 1 A 1.082 1483.252 0.206
2 RWHERRITIR
2.1 VA &S HEREMIR
2.1.1 KkAImB ARk EHMIRK BeEdsm

PERE S MARSCR A & B R A R A
Re RS MERE I M s, th A G i 45 R vl LA 2]
e B A 23 AT R o BERR AR B AR Al K
I S 000 X e i s AT PR 4

V40 RE 2 0 T B W PR L2 0 K Y
IKFR R, H =D AL B AR K T 2 A AR T T
AT R R 7R S S0 06 K] 3 T
TRo RAEAHEEIE L x vy 2 Bl S A R A & 4 B
I X-y x-z -z SRV A S AR A R A 5 TR o

H 4 0] LUE Y BB 28 A5 FETE x Ly Bl 1) 13
AR5 FR A A 5 S5 IR, (HE R (5 AR e 7F £
T HEA T A4 e RE AR AE 2 3y 1) LR R O, A z % 1
PRSI x y SRR . I S AT LLE 1 ek
REMERRRLF £ x oy M m AR ST 275 0.82 mm



5 9

- 557 -

h Ml A }‘—Eéﬁii&%m’

EIRAR
i 1

IO | o2 |
|

B3 Fipfsn ks

Figure 3 Acoustic field scanning experimental setup
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Figure 4 Axis acoustic field scanning results
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Figure 5 Surface acoustic field scanning results
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Figure 6 Degassed water and agar mimicking phantom image
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Figure 7 Image of mimicking phantom with 500 pm diameter copper wire inside
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