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A study on the improvement of the detectable area of breast cancer diagnosis

using the microwave imaging technology
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Abstract: The microwave imaging has been proposed as a diagnostic technique for breast cancer imposing little burdens
on patients. Our previous numerical studies on microwave echo report the existence of undetectable areas of breast cancer
when the electromagnetic wave is radiated only from one direction. In this paper, we study the effect of microwave
radiation from multi-direction, and find it valuable for enlarging the detectable area of the cancer.
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Table 1  Electric characteristics

Tissue Relative permittivity | Conductivity [S/m]
Fat 9.0 0.4
Cancer 50.0 4.0
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Fig. 1 Simulation model
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Fig. 3 Reflected wave without cancer

42 HNALEFEET HE

VIial—vaVERE Fig 4 12T WThoTvT
FIZEBWT,0 = t = 200 ps (BT A KHEITILEREIC
BIORHETHD EEZLND. RO RN EIH
SN KF L, BDAICBT KPR THL B2,
Antenna 3 , Antenna 5 OFERIIFIFEAEERITIA OGN
Motz Zhix, TovrT T eNADHLERSRS BTk
W, LWEERmMPONAETOHMNE LW LICLDh
DEEZEZBND.

Antenna 4 ([Z2OWTIE, BSAICBIT B EICEBIT 2 BRI
FEDEALR/INE L, Fig. 3 [RTHBABFELRWEED
T 7EHEBLTHIFEAEERTIR N N7, Th
13, LEREMNPONBAE TOHRBENBENL TWATH, KA
B DRE N RICEIVBELENDEEELD
5. Antennad OLOBITIL, DANFELZWVL DL
HEENDEZIATHTDN, BHoT vy TFHEHND 2
LIk, BAEZZWT DI ENTE, MHITTREHH Z ik
BT LENTERZZLITRD.

Fig. 3 1V, (1) X2HAVWTHLERE ISR AE TOHE
MiAEH L, MR%Z Table2 ICE & 72, d IFLERED
NAETOEBOFHTHY, &1 (1) XKEANTHEEL
7Bt CHD. Table2 KV, {HAEENKEZ VDL Antenna
3 B L Antenna 5 @ 0.37 mm T DA, XA DEL 20 mm
LT B L 2% RIE VD TH L IEFITNSRETHS.
NEEZRET IR E 3 5 TPl EOBBEIR AT 50
ERSHD. T2 RINRNGEEEBEL, 5 BT EOB]
HEERTDZELICE T, DADMNBEHEENHEFE T
%

antennal == antenna2 «- antenna 3
antenna 4 ------- antenna b
15
A
1 O J B
0.5 jﬁ A
= J ‘.‘ P N
~ 0N 2 ! |
=Y W 7= '\ 7 =
1 7 s ¥
.05 I >
10 v
-1.5
-200 0 200 400 600 800 1000
t[ps]

Fig. 4 Reflected Wave (0 =30°, ¢ =0°)

Table 2 Calculated distance from breast surface to cancer
(0=30°, ¢=0°

d [mm] At [ps] d [mm] | Ad [mm]
antenna 1 18.31 372 18.60 0.29
antenna 2 | 12.41 252 12.60 0.19
antenna 3 | 29.53 598 29.90 0.37
antenna 4 | 41.22 - - -
antenna 5| 29.53 598 29.90 0.37
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3) Calculation of the Dielectric Properties of Body Tissues in
the frequency range 10 Hz - 100 GHz, Florence, Italy,
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