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Fig. 3. Schematic diagram of the biological tissue model: (a) 3D-view; (b) zz -section.
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Fig. 4. Schematic diagram of the experimental environment: (a) Ultrasonic scanning system; (b) rib mimic made of ABS plastic.
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(a) Hps =64 mm; (b) Hps = 74 mm; (¢) Hps =84 mm; (d) Hps = 94 mm

Fig. 5. Distribution of peak-to-peak pressure in the focal plane: (a) Hps =64 mm; (b) Hps =74mm; (¢) Hps =84 mm;

(d) Hps =94 mm.

21 OB A T S
Table 1.  Acoustic parameters of the medium used in numerical computation.
p/ (kg -m~3) ¢/ (m-s71) a/ (Np-MHz™#-m™1) u Jé]
K 1000 1500 0.025 2 3.5
B 910 1430 9 1.15 10.5
ks 1450 2350 90 1 0
JIFAE 1050 1596 4.5 1.13 6
50
—— Field Ref
40F —e- 2. =0 mm
- | oo . =5 mm
& 30 — = z.=10 mm
& 20f —— z.=15 mm
10
0 : . : . . ; Lo il 2 .
0 20 40 60 80 100 120 140 160 180 200
z/mm

Kl 6

HFS = 70 mm Hj‘%&}j&mg?ﬁ Z%Eﬁé)’#ﬁ

Fig. 6. Distribution of fundamental amplitude with Hps = 70 mm along the zaxis.
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R, iz, =0mm 5 2. = 5 mm B (1943 A A 20
AT, 2o = 10 mm 5 2, = 15 mm B 19 73 75 155 20 AH
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n BTVEITE 2 3l b 0 SR AR IR 55 6 AL R A,
2, , i gs 1A T3 2. Al 0, R 5 5k

# 2  Hps =70 mm B 2 5l LS IHS5L
Table 2. Acoustic field’s parameters along the

zaxis with Hgg = 70 mm .

xc/mm  Field Ref 0 5 10 15

A1/po 49.09 2743  27.75  29.07  29.73
Az/po 26.02 1021 1013 10.22  10.26
A3 /po 14.96 3.82 3.71 3.59 3.53

zZi/mm  179.60  180.99 180.90 179.42 179.37
zZy/mm  180.09  180.54 180.36 179.78 179.46
z3/mm  180.32  180.90 180.68 179.96 179.60

044302-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 4 (2025)

044302

HRRE 2 RAE LA A8 BRI, (ELEE DA T a4 s o
AR R LR N 3%, HE RS 25 2. 1Y
AN N AR S S S €| 2 Y AL
55, IEBRIEAY T R 0 2 otk TR ST

FTETH o = 0 A2 A 1 DR IR £ T8 1Y
g, PR N, A3 RC S 0 BB 2 i
y 4l E1—6 dB SEEEN WX, 6 a8 5 WY, —6aB ,
A% W35 3.

#£3  Hps =70 mm B o = 0 NEYFEIHSEL
Table 3.
plane with Hgg = 70 mm .

Acoustic field’s parameters in the o =0

xc/mm Field Ref 0 5 10 15

WX, 6 qg/mm 3.22 3.39 321 286 271
WX, 6 gg/mm 1.90 191 1.83 1.62 1.53
WX3, 6 gg/mm 1.46 1.40  1.36 123 1.18
WY _64g/mm 3.22 312 313 323 327
WY2, 6 gg/mm 1.90 1.80 1.80 1.84 1.86

WY; _¢ gp/mm 1.46 1.39 139 139 1.39

H % 3 AL, e R AE A [l R B B s T
RN oS Ay -6 dB S5, 7 BE AR b4
BB DR S B BR o B R, WX, 6 an
BRI R WY, 6 g NI I S B0 H
TG A Y Y B A% Tl 24 4 6r T B s B
WX, 6 a8 E/NT WY, a8 -

200

180 2.0
o

1.5
E 160 g
< 10 B
140 <
<&

0.5

120
0
—40 —-20 0 20 40
z/mm

200 2.5
180 ) o J 20 _
ol . T
£ 160 15
£ =
Y 140 o<
<

0.5

120
0
—40 —20 0 20 40
z/mm

Kl 7 Hgs = 70 mm BT RE RAE R 0 = 0 NI 15

Fig. 7. Distribution of heat deposition rate in the ¢ =0 plane with

(¢) zc =10mm; (d) zc =15 mm.
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Abstract

During the treatment of subcostal lesions with high intensity focused ultrasound (HIFU), the obstruction
by the ribs significantly affects the therapeutic effect, which can be assessed through numerical calculations. In
existing studies, ribs are typically regarded as perfect acoustic absorbers, and even though this assumption
could reveal the influence of the ribs on the acoustic field to some extent, it may still underestimate the energy
behind the rib cage. In order to address the shortcomings of current work, an innovative numerical calculation
method that avoids treating ribs as perfect sound absorbers is proposed in this work. Subsequently, experiments
are conducted using ABS plastic rib cage mimic to compare the effectiveness between the two methods,
demonstrating that the method proposed in this paper, which avoids the assumption of considering ribs as
perfect acoustic absorbers, could better reveal the influence caused by ribs, and further studies are carried out
on the influence of ribs in a multi-layered medium model. In response to the numerical oscillation issues
encountered in existing work when dealing with media with high acoustic attenuation coefficients, the operator
splitting method to enhance the stability of numerical calculations is adopted in this work. Furthermore, to
tackle the challenges posed by asymmetric acoustic fields in numerical computations, in this paper matrix
vectorization technique is introduced and stable solutions for the acoustic field under the backward implicit
difference scheme are obtained. Additionally, when considering nonlinear effects, an asymptotic maximum
number of harmonics is employed to reduce the computational load. These improvements in both the numerical
calculation model and the corresponding algorithm not only enhance the precision of numerical computations,
but also reveal the underestimation of energy behind the ribs due to the assumption of perfect acoustic

absorbers, which is significant for optimizing HIFU treatment strategies.
Keywords: high intensity focused ultrasound, operator separation method, asymmetry, matrix vectorization
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