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Fig. 1. Geometrical configuration of the breast.

4 FTEZR 5T
4.1 11

JTCHR ST Az = Ay = 1 mm, BEANHHE X
JCHEECA 160 x 100, A7 F A5 (100, 40) H—4 K/
93 mm & JE &, 73 5k H FDTD J7 ¥ Al ADI-
FDTD J7iEx A5 1 #4707 55256, FDTD I [a] 242
L 3000, 15487 E 100, ADI-FDTD ) CFL {# Bt

144101-

4, 8,10, 12, HEHSH A 2 K 3 Fis.

PB4y 3K T FDTD J5 %A1 ADI-FDTD J5
S FE AT TR, HEI 2 ES W RUE H,
¥ H ADI-FDTD J5 M FDTD J5 ¥ 45t () 45 51
W 74, K ADI-FDTD J7 ¥ [7) Bf A % 15 1
g AL D5 AR A () e S B R R R KIS
B, NE e DLE 2o 33 o 1) B RO 2 T
FHXS A B H ey

3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 48 Acta Phys. Sin. Vol. 65, No. 14 (2016) 144101

g g
g g
< <
B >
40 60 80 100 120 140
z/mm
&
80 40
70
60
£ =
£ £
s 50 >
40
30 :
40 60 80 100 120 140 40 60 80 100 120 140
z/mm z/mm

2 (MTIEA) HXSABEER e 21 (a) HIE; (b) KA FDTD 4%; () KA ADI-FDTD 7%, CFL = 8;
(d) KH ADI-FDTD J5i%, CFL = 12

Fig. 2. (color online) Relative permittivity distribution for example 1: (a) True distribution; (b) recon-
struction by FDTD method; (c) reconstruction by ADI-FDTD method, CFL = 8; (d) Reconstruction by
ADI-FDTD method, CFL = 12.
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Fig. 3. (color online) Conductivity distributions for example 1: (a) True distribution; (b) reconstruction
by FDTD method; (c) reconstruction by ADI-FDTD method, CFL = 8; (d) reconstruction by ADI-FDTD
method, CFL = 12.
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Table 1. Imaging time compare for example 1.
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Table 2. Imaging time compare for example 2.

FDTD CFL=4 CFL=10 CFL=12
Time/h 0.70585  0.48609 0.19516
fitk 1 68.87% 27.64%

0.16288
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(a) HSH; (b) KA FDTD 45#%; (c) KA ADI-FDTD J5#%, CFL = 8; (d) :RH

Fig. 4. (color online) Relative permittivity distribution for example 1: (a) True distribution; (b) reconstruction by FDTD
method; (c) reconstruction by ADI-FDTD method, CFL = 8; (d) reconstruction by ADI-FDTD method, CFL = 12.
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Fig. 5. (color online) Conductivity distributions for example 1: (a) True distribution; (b) reconstruction
by FDTD method; (c) reconstruction by ADI-FDTD method, CFL = 8; (d) reconstruction by ADI-FDTD
method, CFL = 12.
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Fig. 6. (color online) Relative permittivity distribution for example 1: (a) True distribution; (b) recon-
struction by FDTD method; (¢) reconstruction by ADI-FDTD method, CFL = 8; (d) reconstruction by
ADI-FDTD method, CFL = 12.
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Fig. 7. (color online) Conductivity distributions for example 1: (a) True distribution; (b) reconstruction
by FDTD method; (c) reconstruction by ADI-FDTD method, CFL = 8; (d) reconstruction by ADI-FDTD

method, CFL = 12.
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Abstract

In microwave tomography (MWT), electric-parameter distributions of the breast can be reconstructed to detect
the early-breast-cancer, which has a specific physical explanation and medical diagnostic value. In time-domain, the
finite-difference time-domain (FDTD) method is usually applied to these problems. However, due to the constraint of
Courant-Friedrich-Levy (CFL) stability condition, the time step should be small enough to well match the small fine
cells, which begets an increasing computational cost, such as the central processing unit (CPU) time. For real-time
clinical, it is very important and essential to look for efficient methods to improve the computational efficiency. The
alternating-direction implicit finite-difference time-domain (ADI-FDTD) method, on the other hand, provides a larger
time step than that the CFL stability condition limitation could set. In order to shorten the time of imaging and improve
the detection efficiency, the ADI-FDTD method is first used for the early-breast-cancer detection in this paper. MWT
for breast cancer detection requires solving nonlinear inverse scattering problems. Most nonlinear inversion algorithms
require solving a number of forward scattering problems followed by an optimization procedure. Therefore, we turn
the inverse scattering problem into an optimization question according to the least squares criterion. The optimization
procedure aims at minimizing the error between measured scattered fields and estimated scattered fields by the forward
solver. Nonlinear reconstruction algorithm is used to solve an update for the scattering object properties used in our
breast model. This iteration process is repeated until the convergence between the measured and estimated data is
obtained. The specific process of the iteration method is divided into two steps: the forward step, which is to solve a
forward problem for a scattering object with estimated electrical properties, and the backward step, which is to solve
adjoint fields by introducing the Lagrange multiplier penalty function. Both the forward and backward calculations are
conducted by using the ADI-FDTD method. The algorithm is evaluated for a two-dimensional (2D) semicircle breast
model with tumors. We compare the imaging results obtained by the ADI-FDTD method for various time steps with
the results obtained by the conventional FDTD method and the real distribution. The results agree well, the simulation
results prove that the imaging time by using this ADI-FDTD method can be reduced to 23% that by the conventional
FDTD method. In addition, the simulation results suggest that the ADI-FDTD method can be more efficient if higher
resolution is required, thus further enhancing the clinical applicability of MWT.

Keywords: microwave tomography, alternating direction implicit finite-difference time-domain, breast

cancer
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