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Measurement of Ultrasonic Field Propagation Characteristics in
Biological Tissues Using a Two—dimensional Array Hydrophone
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Because the biological tissue with inhomogeneous acoustic properties does not keep a particular shape,
the measurement of propagation characteristics of ultrasonic fields by the conventional scanning method
with a miniature hydrophone is difficult. In this study, a two—dimensional array hydrophone was fabricated
using the PVDF (Polyvinylidene fluoride) piezo—electric film, and a ultrasonic field measurement system
with it was established, For the acoustic field produced by a circular plan transducer with center frequency
of 2.25 Mt and 13nm in diameter, it was possible to make a fairly accurate field measurement using the
hydrophone system, The attenuation coefficients at 2,25 Mt for biological tissues were 0,7~1,3 dB/cm
(average; 1.0 dB/cm) in bovine liver, 1.0~ 1,8 dB/cm (average; 1,6 dB/cm) in pig liver, 0,9~2,9 dB/em
(average; 2.1 dB/em) in bovine muscles, 1,7~ 3.3 dB/em (average; 2.5 dB/cm) in pig muscles,
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Fig. 1. Coordinate system of the ultrasonic field analysis.
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Table 1. Acoustic parameters of water and biological tissues { 23°C .

Waters 1509 996 150 x 106
Bovine Liverx 1588 1050 1.67x 106
Bovine Musclex* 1590 1080 1.72x 106
Pig Liverss 1553 1064 1.65x 106
Pig Muscie* 1593 1070 1.70x 106

* From reference [13]

++  Velocity from reference [13) and density from reference [14]

*xx From reference (5)

A2l guke] ZAE 25.0%1075/#% Np - 6%/m’ (A
714, f & PR FAADR(19], 2.258 ) HL
°f 0.1 dB/cm& At} wigbd A 27} 9LE ) ¢ o
4% 330 Aol FE A8 BYH Y AN &
oo whE &4 Aol ZHajo) g3t A=
=4 Uk 2 EREAS 313} 4 (9)o) Q3te] AXtst
Y 2% 999 F3he FHTukaeo) d3y 2 99}
Zol vepdty,

AAARE B3t AN EE ST 23] olzi
B 19 99| £o) o} £418 B A A&l
ARERE AR A Yol ] 2 BEE Y 100 Zo] &4
E|dch o|2RE AR A=) QlolM Fald 2,95y
9] 3=, A9 §ix19) 7oA 242t 0,7~1.8 dB/cm
(3 1,0 dB/cm), 1.0~ 1,8 dB/em (B; 1.6 dB/cm),
8= 247+ 0,9~ 2,9 dB/em (B4 2.1dB/em), 1.7~
3.3dB/em (F; 2.5 dB/em)] WA 32744 B2E
7He 227t 3=,

A 220 gt A= AR D 24 2 A w2} 23
M2 ARFEE Zol7t Qled], Goss B{7)0] E38H A2 o)

un
e Bovine
Pi
g
Y .
=3 P * 0‘. ‘et .
R -* 00on B ¢ v o e
b rd » L] s ® - [+ Y
@ o LI . .
& M 4 o o, %00
1y Poo e o %o ° °
Q o o 0% o o°
(¥} ° ° o0 0%00° o
e Qo
2 24
=
3
§
-1
<
3 v T \
23 2 [} 2 b

Normalized Distznoa

(a) 2t
(a) livers

33 10, YHZHo AL Z2AH S &

29 of7jM 2] A AR Rkl 2.1~2,3 Meol
A E7E 20 ZhojlMe] A E 1.0+0.1 dB/em, 24k
oA 53€ =A< T 1.5 dB/emo| 2, 2.1 Mz ol
A E7E 40 T A= 2.2~ 3.5 dB/emE LIERL} Q]
o], 500|149 74|77l A Rk ok g} 33 102
B 55 ae§t A8 ¢ Zzke] HaA)y) Bax|el
A & 4 Utk

VLZE

2 dFqA= WA, 23 W8 PVOF 9538718
Aste], 2o 3t 2gu 33 FHA LS &)
3, 23 #FAA9) 23 AEE et 1 A,
ARt 3HE70l 3 Hlwd FYF 229
Z70] 7}ede Aot IRE AR SFEA F
o2 U3 g AR 2 Q) 49 fhx)9) 7t |
oRE AL R 220 2 vl 4L 4819
I ET, 2.25 M 9] 25T T3 A0t Hjz)2) ZHojM =

e Bovine

- o Pig
B Ly .
: L]

o
§ I.. . .0. . . ° .
a . . - ° °
E 24 %y d «? cp® O o

o o
° * % ¢ 0 % 0 3o 080 "
© 0 0 o% @ s © o, .
c o o @ o e« @
e - oo o
=
2 I3
g
g
-1
<
-

J
22

&
&

Normalized Disfance

b 2%
{b} musctes

Fig. 10. Distribution of attenuation coefficients in biological tissues.



82 BIESHAIRIX| HI0A HISE (2001)

22y 0,7~13 dB/em (Hd: 10 dB/em), 1.0—18
dB/em (B 1.6 dB/em), THHE A4 0.9~2.9
dB/em (B; 2.1 dB/em), 1,7~3.3 dB/em (B 2.5
dBlem)?] g ZHE UAS BUH B2E SHY 5 9
floe, 1 BFAE BAAG RS & 5 Ak

g 2

o] =B 1998 TAhSUETA Y hadrio
dJste] A YEIRE. (KRF 1998-001-F00632)

¥i1gy

1, WL, Beaver, “Sonic Nearfields of a Pulsed Piston Radiator”,
J Acous. Soc. Am,, Vol, 56, pp. 1043—1048, 1974

2. BRE%E, "BEETS L Lommel BiR”, ERAE &
EF#RIRME, UDC 534 - 231-141, pp, 107-121, 1975,

3. E.G. Williams, “Numerical Evaluation of the Radiation from
Unbaffled, Finite Ulates using FFT", J, Acous, Soe, Am,,
Vol. 74, pp. 343-347, 1983,

4, J.A, Jensen and N,B, Svendsen, “Calculation of Pressure
Fields from Arbitrarily Shaped, Apodized, and Excited
Ultrasound Transducers”, IEEE Trans, on UFFC, Vol 39,
pp. 262-267, 1992

S, R.C. Wagg, J A, Campbell, J. Ridder and P.R, Mesdag,
“Cross—Sectional Measurements and Extrapolations of
Ultrasonic Fields”, JEEE Trans, on Son, and Ultrason,, Vol,
Su-32, pp, 26-35, 1985,

6. K. L. Ha, M, J. Kim and B, G, Hyun, “Estimation and
Measurement of Forward Propagated Ultrasonic Fields in
Layered Fluid Media”, J Acous, Soc, Kor,, Vol. 19(2E),
pp. 14-19, 2000

7. S.A. Goss, R L. Johnston and F, Dunn, “Comprehensive
Compilation of Empirical Ultrasonic Properties of Mammalian
Tissues”, J, Acous, Soc. Am., Vol, 64, pp, 423-457, 1978,

8. S.A. Goss, R.L, Johnston and F. Dunn, “Compilation of
Empirical Ultrasonic Properties of Mammalian Tissues, 0",
J Acous, Soe, Am,, Vol, 68, pp, 93-108, 1930,

9, A, Hurrell and F, Duck, “A Two-Dimensional Hydrophone
Array Using Piezo—Electric PVDF", IEEE Trans, on UFFC.
Vol, 47, pp. 1345-1353, 2000,

10. M.E, Schafer and P,A, Lewin, “Transducer Characterization
using the Angular Spectrum Method”, J Acous. Soc. Am,,
Vol, 85, pp. 2202-2214, 1989

11, P.T. Christopher and K J, Parker, “New Approaches to the
Linear Propagation of Acoustic Fields”, J Acous. Soc. Am,,
Vol, 80, pp, 507-521, 1991,

12, L.E, Kinsler, AR. Frey, AB. Coppens and J.V. Sanders,
Fundamentals of Acoustics, 4th Ed,, John Wiley & Sons,
Inc., New York, 2000,

13, WK, Law, L A, Frizzell and F, Dunn, “Determination of the
Nonlinerity Parameter B/A of Biological Media”, Ultrasound
in Med & Biol, Vol, 11, pp, 307-318, 1985,

14, E.L, Madsen, H.J. Sathoff and J A, Zagzebski, “Ultrasonic
Shear Wave Properties of Soft Tissues and Tissuelike
materigls”, J Acous, Soc Am,, Vol, 74, pp. 1346-1355,
1983,

Xt o

o3} 7} ¥ (Kang-Lyeol Ha)

19784 siAAiE) o{HBalTZ BY,

198248: SAMAICHS} CHER SLHE2INE FY.

19904 YR TR (FHIL)UE AN 2D 8 (FEEIAY,
19911~ 8ixfi: AR Bajstal MU, Xmax, P

* FUAROE X220 EUWAS MY HE ¥ B8, =20 & &Y ¥ Y

e 7] B = (Moo-Joon Kim)

19854 RApACE R2E2/80) £9 (0IEIAD,

19004 PAAMCIS (i)Y SRE2(3I0 FY (OIEIMAD,

19041 QB SQERHL)CHE CHBIN JaH T &3 (FHLAD,
19941~ Bl RAUStD Sl VYPK, AT, Biad

# REAROE UM TEAte] SEMAHNM R £330t EMATMS A - AT

&3 ¥ = (Byung-Gook Hyun)

1999 RALEIR F2fdtnt £Y (3D,

1999¢ ~ iz £ Ui RETIESZEz HAFY

» FEAROE S2Y HEHS7| A W £20 ST &Y P Y

e A 9 7 (Min—Gu Chae)

20014 2AR 2233 § (HAD,

20018~ 81 & U SATSBET} MARY

¥ FENR0E 230 SF A% N STAAHY EWO|A 2 S

® Xiu—Fen Gong
20014 B7e: B ANAS I AARERENENE REHRN #iE
% FRLS FEHTE porameters PE U BA &



