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ARTICLE INFORMATION ABSTRACT
Original Research Paper Microwave-induced thermo-acoustic imaging (TAI) is an imaging technique with a great potential in
Received 03 March 2018 detecting breast cancer at early stages. This technique combines the advantages of both microwave and
Accepted 28 Apeil 2018 ultrasound imaging. In this technique, image construction is based on the acoustic waves which are
Available Online 31 May 2018 ) g : £ f A . N k
produced in the tissue due to irradiation of microwave pulses on it. Due to multi-physics nature of this
r—— phenomenon, the capability and feasibility of a numerical simulation method which can solve this
Thermo-acoustic imaging problem consistently, investigated with performing a two dimensional simulation of TAL In this
Thermo-acoustic tomography simulation, a biological tissue including a tumor is considered in a rectangular duct (waveguide) under

Breast tumor

irradiation of pulsed 2.45 GHz microwave source. The generated heat in the biological tissue due to
Early detection, Microwave

electromagnetic waves irradiation and the corresponding pressure gradient in the tissue due to the
temperature variations are evaluated. It is then studied for different power levels of microwave sources
for identifying required power level for producing thermo-acoustic signals. Simulation results show a
minuscule rise in temperature as a result of the absorption of pulsed microwave energy, for example,
0.004743°C temperature increment in the center of the tumor, due to excitation pulse of 1000 W, 200
ps. This small temperature variation in tumor, produce several kPa of pressure variations, 0.02759 kPa
pressure difference at the interface of tumor and breast tissue. This pressure variation will produce
acoustic signals, which can be detected with array of transducers and used for construction of image.
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2 Finite difference time-domain (FDTD)
* Specific Absorption Rate (SAR)

* Finite Integration Time-Domain (FITD)
. Pseudo-Spectral Time-Domain (PSTD)
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Fig. 1 Schematic view of the thermo-acoustic imaging phenomenon.
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Fig. 2 Flowchart of thermoacoustic imaging simulation process
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Fig. 3 Breast tissue and tumor inside of a waveguide
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Table 1 Dielectric properties of female’s breast tissue [ 16]
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Table 2 Acoustic and thermal parameter of tissues [16, 29-32]
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Table 4 Temperature difference at considered points for different
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Fig. 9 Electric field amplitude in time for 1000 W 200 ps excitation
pulse

5200 s e 4 6395 ol sl Oloj e (o 2SI Glace (5 9 S

1000 W &, &

Temperature (K)
Fig. 10 Temperature gradient distribution after 10 ms for pulse of 200

293.154
293.1535
293.153
293.1525
293.152
293.1515
293.151
293.1505
us with a power of 1000 W

200 Soae a3 53555 b (512 stighon 10 51 g Lod ol 5 0o 10 S
Slg 1000 o508 4y g aliy S

20.0045
20.004 A
20.0035 4
20.003 A
20.0025 4
20.002 A
20.0015 4
20.001 A
20.0005 A

20 A
19.9995

Temperature (°C)

1 T T
0 5 10
Time (ms)
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