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Abstract

In the past, microwave is used in many of the commercial. Unless the short
range communication system that can be transmitted in high data rate, on the other
application that attractively for microwave technology is medical application.
Particularly breast cancer application, due to breast cancer is the one of main causes
of women death and breast cancer is the most of cancer that found in women over 40
years old frequently. The common methods that used for detection the breast cancer
are mammography, ultrasound, and magnetic resonance imaging (MRI). However,
this technology suffer from some drawback such as the painful breast compression,
and ionizing radiation, in addition this method are highly expensive and very
complex. Later, breast cancer detection by using microwave has been researched in
Ultra-wideband (UWB) frequency range. Which is the low cost method, in addition it
avoids exposure to ionizing and breast compression too. In this research is used
frequency in UWB range for breast cancer detection by analyzing form body power
absorption by transmitted microwave into the breast and observed SAR. The SAR
intensity in the tumor tissue is higher than normal tissue due to the tumor tissue has
dielectric higher than normal tissue. This research is analyzed the system in frequency
range 4-8 GHz. The important equipments that using for set up configuration and
simulated are required measurement engineering equipments, personal computer for
simulation the results, breast model that have dielectric same the real breast, and 4-8
GHz antenna. In experimental, antenna and phantom are created to proving the
experiment. Results are presented in Sy; which it can be indicated power at that point.
In the all of experiment results can be concluded the signal will induced into the

tumor position, which it is according to theory and simulation.
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VxE=—— (2.13)

= 7 A s =
AUNIINADIVDILNNHYLIN 7D ﬂ{,]‘lJ’ENLLE)NLL‘IJi (Ampere’s  law) G]NL‘]JL!ﬁ'iJﬂﬁ
o v ¢ 1 1 1 <3 [ ]
mmanwumzmnawmmmgfmﬁmmmmaﬂ (Magnetic field strength) NUANNHUULUUYD
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V-B=0 (2.16)
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2.4.2 9AINMIYPANAUNAINUNNIZ (Specific absorption rate : SAR)
A o A (2 o A o A [ dy A
SAR #309A351M39ANAUNAINUTUNZ ADOATINTRANAUNG I Ineiiiolbe
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] 3 o { [ 4 ] < o J 1 {
uiian lfhonmsiausezdnlasuaduuiman Iihn ld lunaagsennud waasla
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Aunae SAR Tuudazday SAR (W/kg)
ﬁﬁiNm&J (whole-body) 0.4
AsBZIaza1 ) (head & trunk) 10
suULaEYT (limbs) 20
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M13197 2.2 Agegaves SAR dmsug lasuaauuiman Trldhald
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Aunas SAR Tundazain Wikg

WMo (whole-body) 0.08
ATBLAz 192 (head & trunk) 2
UUULAZU1 (limbs) 4

A o I 1 A 1 ~
- Taeim SAR nanualuaunaslusiaiar 6 urila o
H ' F H
- ANNAYUDI SAR ’c?mi1m’Jinmfflﬁmﬂmimwamﬁmmmmmwmﬁgﬂ
A Y J gl.; 1
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mmﬁ E-field (V/m) H-field (A/m)
9 kHz — 65 kHz 610 24.4
65 kHz — 1 MHz 610 1.6/f
1 MHz — 10 MHz 610/f 1.6/f
10 MHz — 400 MHz 61 0.16
400 MHz — 2 GHz 3" 0.008f"
2 GHz - 300 GHz 137 0.36

M3199 2.4 agegavesauuimian dhdmsudduaauuiman Tulihialu

mm'ﬁ E-field (V/m) H-field (A/m)
9 kHz — 65 kHz 87 5
65 kHz -1 MHz 87 0.73/f
1 MHz — 10 MHz 81/f” 0.73/f
10 MHz — 400 MHz 28 0.073
400 MHz — 2 GHz 1.375¢" 0.0037£"
2 GHz - 300 GHz 61 0.16
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SAR:i(dﬂj:i dl (2.24)
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& [ v J 1 Y @ dgl} d' 1 o ~
Faanuduiusszreaun lihduiiewe lusamenyudamwannisi 2.25

2
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P.s = SAR, xmass (2.26)
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glw)- )" (w)= m_© 45 0 (2.27)
(@)-ie'(@) 1+ (jory)™” 1+ jor, e :

Y
=<

{ [ { Aaad A A a H [ ad a
Taef &'(w) Aoainsiladianasniinaiuniuanud (o) Aoa1ladianasn
A a dg! A A 1 ad a 1 A 1 ~ ad a
loss factor MAATUAIWAIND &, ADATIADIANATNUDIDINIAIN &, AoAIAIN ladianasn
~ Ao A 1 ~ adg A A = 1 = adg A A ~ A
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(Takumi Sugitani, 2014)
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miN‘ﬁ 2.5 ﬂ?WTiTNL@]ﬂiWTQUlV\I%T"U@Q “lﬂluu l,!,azuzml,ﬁ)mu

Parameter Fat Tumor
&g 11.7 72.14
& 6.95 59.43
g, 3.5 2.23
7, (ns) 0.15 0.3
74 (ns) 18 0.2
Yij 0 0.18
o, (s/m) 0.11 0.71
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180 naun1si (2.30)
Return Loss = ~10log|S,,|" = ~20log(|I) (2.30)
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Ultra Wideband Breast Cancer Detection by Using
SAR for Indication the Tumor Location

Wittawat Wasusathien. Samran Santalunai. Thanaset Thosdeekoraphat. Chanchai Thongsopa

Abstract—This paper presents breast cancer detection by
cbserving  the specific absorption rate (SAR) imtensity for
identification tumor location, the tumor i identified in coordinates
(x.7.z) system. We examined the frequency between 4-8 GHz to look
for the most appropriate frequency. Results are simulated m
frequency 4-8 GHz. the model overview include normal breast with
50 mm radian. 5 mm diameter of mmor. and vltra wideband (U'WB)
bowtie antenna The models are created and siomlated in CST
Microwave Stodio. For this simulation. we changed antenma to 5
location around the breast. the tumor can be detected when an
antenna is close to the tumor location. which the coordinate of
maximmm SAR is approximated the tumor location. For reliable. we
experiment by random tumor location to 3 position in the same size
of tumor and simmlation the result agam by varving the antenna
position in 5 position again. and it also detectable the mmer position
from the antenna that nearby fumer position by maximum vale of
SAR. which it can be detected the mmer with precision in all
frequency between 4-8 GHz.

Keywords—Specific absorption rate (SAR). ultra wideband
(UWB). coordinates and cancer detection.

I INTRODUCTION

REAST cancer 1s the most of cancer that can be occurred

1n women. and 1t 1s the killer of the women over 40 vears
old. The American statistics m 2013 are exhibited an
estimated of women over 40 years old are In Situ 64.640
cases. mvasive 232,340 cases. and death 39.620 peoples. Form
the statistics. 1t shown that breast cancer 1s the main problem
i women [1].

In currently. breast cancer detection technology that used
to diagnosing the breast have been widelv. melude X-rav
(Mammography). Ultrasound, MRI (Magnetic Resonance
Imaging). and other. However. these technologies have some
issue form limitations. Such as. compression of the breast
and 1omzing radiation form X-ray which vsing very high
energy electromagnetic radiation and frequency more than
10" Hz. that made the electron is unbound form the atom.
and mutated to malignant [2]. ultrasound 15 the basic
technique for diagnosing breast tumor. but this technology 1s
very low potential to vsed for detection, because of an
ultrasound 15 vsed echo of sound wave and the reflection of
sound wave will be processed to breast image and wave
reflect accuracy 15 depended on bodv dimension, that made
an ultrasound have high false rate. MRI 1s a kand of high

Wittawat Wasusathien, Samran Santahmai, Thanaset Thosdeekoraphat,
and Chanchai Thongsopa are with the School of Telecommmmication
Engmeening, Suranaree University of Technology. Nakhonratchasima 30000,
Thaland; (e-mal:  wittawat_wasusathien@hotmailcom,  jas_tee@
hotmail com_ asutac.th, chan/@sutac.th, respectively).

performance technology by using magnetic field to align the
protons of the hydrogen atom to be resonance. and used
radio frequency signal to triggered to produce high
resolution tmages, but disadvantage of MRI 15 along with the
high costs assoctated with MR mmaging and very complex.

Recently. 1 a medical application the microwave
frequency has been applied for breast tumor detection.
Microwave breast cancer detection 15 an altemative of low
costs technique and nomnvasive for detected the tumor. It
can be avoidable an 1onizing radiation and compression of
the breast. and have high accuracy to detected breast tumor.
The bastc technique for detecting breast tumor 15 based on
sigmificant of dielectric property that contrast berween
normal tissues and malignant tissues at the microwave
frequency. As a high dielectric property of malignant
tissues. therefore. electnic field and absorption loss wall
more than normal tissues, so we can be identified breast
tumor location [3]-[5].

In this paper 15 presented UWB breast cancer detection by
using electric field A system overview on this research is
based on electric field mtensity of tissues and can identify
the breast tmor location. Breast tumor will be detected due
to dielectric property that large difference berween normal
breast tissues and malignant tissues. For an overview of tlis
system. the UWB patch antenna 1s used for transmitter [6].
breast phantom model 1s considered in fatty tissue only, skin,
glandular and other tissues are 1gnored to reduce the system
complication. The results are created and simulated by using
CST Microwave Studio. The work 15 proposed breast cancer
detection by considenng SAR mtensity. System model 15
portioned to two sections. that 1s breast model and antenna
model, breast model 15 created in normal breast and breast
embedded tumor cell with dielectric property that
realistically. and the antenna 1s used for UWB patch antenna
that have charactenistic of S11 below -10 dB at 3.6 - 8.4
GHz. This work 15 stmulated by using CST nucrowave
studio. 4-8 GHz of Frequency s used to simulation the breast
cancer detection at random location of tumor, by changing
the antenna for five locations and observed maximum value
of SAR for identified tumor location.

II. MODELS

A Breast and Tumer

In the development and study of breast phantom model. it 15
mmportant to have a basic understanding of the anatomy. The
female breast has three major breast structures: adipose tissue.
Glandular tissue. and connective tissue. and dielectric property
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1n each fissue are studied too.

The breast model in this paper 15 1gnored other structures
except an adipose tissue, that make it simple to analyzed the
result. The breast model is created as a hemispherical shape.
with radians of 50 mm. and tumor model 15 created as a
spherical shape. with diameters of 5 mm. Dielectnic property is
modeled by using Debve dispersion [9]{11]. and can be
obtaned normal breast (fatty) and tumor dielectric property
that shown 1 Table I at 6 GHz.

DIELECTRIC PROPERTY AND CONI;FUJ?'_B‘HI\:E‘I'I'IY OF BREAST 4ND TUMOR MODEL
2476 GHz[10]
Fat Tumor
s, 93 ]
o (Sm) 04 34
B.UTB Antenna

The propose UWB antenna that used for tlus paper 15 a
bowtie patch antenna [6]-[8]. The antenna consists of half bow
shape with two sides with symmetrical shape. and ground
plane at the bottom of patch. A PCB type FR-4 15 used for
antenna design, substrate thickness 0.8 mm with dielectric
constant 4.5 and loss tangent 0.02. and copper thickness 0.035
mm. The geometry of bowtie patch antenna 1s illustrated in
Fig. 1 and dimension of this antenna is shown 1 Table IT with
6 =45 and 6, = 144", The operational bandwidih of UWB

antenna should be retum loss below -10 dB in range of 3.1 -
10.6 GHz. In this antenna. the simulation result of retum loss
of antenna 15 illustrated in Fig. 2 with 3.6-8.4 GHz at 511
below -10 dB. An antenna 15 used discrete port and excitation
signal by using Gaussian pulse 10 GHz bandwidth with
amplitude 1 V.

[ Front

|:|Back b
Substrate |
.
L. |
J 1AL |
) ¥y = E 3 |
z Microstrip line

| | Substrate Hh
X ™Ground plane

Fiz. 1 UWB bowtie patch antenna geometry [6]

S-Parameter Magnitude in dB

[3
Frequency / GHz

Figz. 2 S11 characteristics of UWB bowtie patch antenna with return
loss below -10 dB between 3.6 - 8.4 GHz

TABLEQ
UWE BowTE PATCH ANTENNA PARAMETER DIMENSION
Parameter Dimension (mm)
W 363
W, 2
W 3
Wi 25
s 15
Ws 35
W 135
1 103
l 30
L 105
I 363
L 2
L 15
6.85

C Specific Absorption Rate (SAR)

SAR 15 a measure of the rate at which energy 15 absorbed by
the luman body when exposed to electromagnetic field [12].
[13]. For related to electromagnetic energy. it can be
caleulated from electnic field 1 tissue as (1)

olzf

P

S4R = (1)

where E 15 the mms electric field (Vim). o 15 tissue
conductivity (S/m) and o is tissue mass density (Kg/m®)

In this paper. we used SAR for identification the tumor
location and calculated SAR by using CST microwave studio,
and used average values of SAR in 1 g tissue. The set up of
system model for SAR detection 15 illustrated n Fig. 3. and
SAR i flus system simulation 15 depended on direction
radiation pattemn of antenna. Radiation patterns of this antenna
are 1llustrated i Fig. 4 in both E-plane and H-plane. Antenna
patterns have an effect on SAR mtensity and precision to
detected, depend on direction of radiation patterns of antenna,
which an antenna that have wide beam-width can be detected
the tumor well in a wide range and if an antenna have
direction of radiation patterns correspond to the tumor
position, it will be detected the tumor in accuracy location.

T
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Cs5T

-

Fiz. 3 Breast model with patch antenna (breast tip is at the origin)

. E=plane

1
4 GHz
0

Fig. 4 The simulated of E-plane and H-plane radiation patterns for
bowtie antenna at 4-8 GHz. red line is E-plane, pink line is H-plane
and blue line is shown the radiation patterns

In Fig 4 is shown simulation of radiation pattern for bowtie
patch antenna that used in this paper. If consideration m E-
field. 1t will be observed that radiation pattern m each
frequency between 4-8 GHz there will be pattern shape
similarly. At4 GHz have the widest radiation patterns for each
frequency that use mn the work. therefore at 4 GHz will most

appropriate to use for detecting. At 5 GHz and 7 GHz are quite
well and have straight direction of radiation patterns, which
that can be detected the tumor well too. At 6 GHz have an
obtainable radiation patterns. but it have direction slope to the
right side, therefore. 1f we used 6 GHz for detection the tumor,
SAR 1intensity will be strong 1 the night side more than left
side. but we can be rotated the antenna for suitable. At 8 GHz
have the narrowest beam-width for each frequency that use in
the work. and have direction slope to lefi side. therefore at 8
GHz 15 dull to use for detecting.

III.  SIMULATION AND RESULT

In the first. we compared the sumulation data between value
of SAR in the breast without tumor and value of SAR in breast
with tumor to look for the frequency that suitable for our
system. The model set up 1s shown 1n Fig. 3. tumeor diameter 3
mum is inserted 1n breast model at (0.0.10) location and central
of patch antenna is placed at the origin, away from the breast
tip 5 mm. Tables III and IV are shown the total SAR.
maxinmm SAR and coordinate of maximum SAR i each
frequency, this results are sinwlated m 1 g tissue mass
average. Total SAR and coordinate are 1llustrated with nearby
m each frequency. At 6 GHz. the maximum SAR in normal
breast and breast with tumor are litile to difference. at 5. 7. and
8 GHz have maximum SAR slightly more 6 GHz. Anvway.
the frequency that discussed above can be detected tumor in
location nearby the tumor that mserted in the breast, but from
the maximum SAR 1n 4 GHz 15 the most distinction between
maxinmm SAR i normal breast and breast with tumor
between 040163 and 0.997267 respectrvely. which that may
be make opportunity to detect tumor 1s more accurate.

TABLE
SAR AVERAGE I¥ | & TIssuE AND Masmvan SAR COORDINATEIN A

BREAST WITHOUT TUMOR
Frequency Total SAR. Maz SAR. Max SAR. Coordinate
(GHz) Wkg) Wkg) (xy.2), (m)
4 0.01660 0.40163 133,7.03.6.11
5 0.01767 0.42693 133,7.036.11
6 0.03986 0.88968 0387.036.11
T 001102 0.17234 367947611
3 001167 0.15151 814359611
TABLEIV

SAR AVERAGE IV | 6 TIsSUE AND Masmaing SAR COORDINATEIN A
BREAST WITH 5 MM. OF TUMOR

Frequency Total SAR. Max SAR. Max SAR. Coordinate
(GHz) Wkg) Wkg) (x.y.2), (mm)
4 0.0242433 0997267 0.373.1.78.9.625
5 0.0189309 0779072 0.373.1.26.9.625
] 0.0228495 0941362 0.373.1.78.9.625
1 0.0174804 0446673 1.06,1.775.9.625
8 0.0195102 0354248 1.06,1.258.9.625

378
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TABLEV
Maomvun SAR D COORDINATE IV A BREAST WITH 3 MM OF TUMOR FOR 5 LOCATION OF ANTEMNA, TUMOR AT (20,20 20)
Antenna location Max SAR Coordinate
(xy.2), (mm) (xy.2), (mm)
4GHz 5GHz 6 GHz 7GHz 8 GHz

1.0623,7.023,6011
0375,36.25,16.75

0375, -24.136,929

20.28.19.625, 20.623

1.063,7.025,6.011
0.375,36.25,16.75
0.375,-24.156,9.29
20.28,19.63,20.63

0.373,7.025,6.011
38,35.08,13.63
4373, -24.16,9.29
20.28,18.5,19.623

-181,9434.6.011
4.8036,32.75, 146
-2.81,-21.78,8.197
2084, 1835,19.623

8.139,463125,6.011
18.54,20.875, 19623
-3.771.-21.781,8.197
23.075,5.775,8.1973

-27.25,7.025,10.383 -28.36,7.025, 1148 -27.25,7.03,10.38 -23.92,5.775,9.29 -22.806.3.594,8.197
TABLE VI
Maxovinv SAR aND COORDINATE IN A BREAST WITH 3 MM. OF TUMOR FOR: 5 LOCATION OF ANTENNA. TUMOR AT (-10.-23.15)
Antenna location Max SAR Coordinate
(xy.z), (mm) (xy.z). (mm)
4GHz 5 GHz 6 GHz TGHz 8 GHz
0.0.-3 1.0625,7.025,6.0113 1.0625, 5.78. 6.011 7.025,6.05 -2.573,9.471, 6.0 -2.5729,9.4708_ 6.05
020255 0.375,36.25,16.75 0.375,35.08. 1563 73,35.08,15.93 4.806,32.75,13.73 5.9167,30.417,12.65
0.2025-5 -825,-2451 14375 815,-2451, 1438 ,-25.13,1538 8.25,-2451,1438 $.35,-25.131, 14375
182505 20.28,19.623, 20.623 28.361,5.78,11.55 5.775,10.43 26.139,8275.9.35 23.917,5.775, 8.2506
-18.25.0-5 -27.25,7.025, 10.383 -29.47,7025,1155 5,7.03,1045 -21.81,5.775,825 -22.81,3.594, 82506
TABLEVI
Maxpun SAR AND COORDINATE 1M A BREAST WiTH 3 3. oF TuMoR FoR 5 LocATion oF ANTENKA TuMoR AT (-30.10.20)
Antenna location Max SAR Coordinate
(xyz). (mm) (xy.2). (mm)
4GHz 5GHz 6 GHz 71GHz 8GHz

0,05 1.0625,7.025, 6.01 1.063,3.773, 6,011 0.375.7.025,6.011 -2813,9.175.6.01 8.139. 470116, 6.011
02025-5 0375,36.25,16.75 0.38,35.08, 15.625 0.38,35.08,15.63 4.806,32.75,13.66 5.917.30417, 12 569
0202355 0.375,-24.1562.9.29 0375,-24.16,9.29 0.375,-24.16.9.29 -2.81,-21.78,8.197 18125, -21.78,8.197
182505 20.28,19.625, 20.623 28.36,5.775,11.47 27.25.5.775,10.38 26.14. 8.588.10.38 23.9167.5.775,8.197
-18.250.-5 -20.38,9.73, 19625 -2825,9.175, 19.63 -20.38, 9.18.19.63 -29.38,9.18.19.63 -30.28,9.175, 19.625

However, frequency between 4-8 GHz will used m
exanunation the accuracy of tumor detection. to prove that in
each frequency. how 15 the maximum SAR coordinate
breast with tumor for 5 mm diameter. In the next simulation,
we will simulate by changing the tmor to 3 difference
locations 1n the same size at (20.20.20), (-10.-25.15), and (-
30.10.20) respectrvely. and simulated 1 5 locations antenna
(0.0-5). (0.20.25-5). (0.-2025-3). (18.25.0-5). and (-
18.25.0.-3) respectively.

Table V 15 demonstrated simulation result of breast that
mnserted the tumor 5 mm. at (20.20.20) location. on changing
the location of antenna to 5 points, and adjusting frequency
between 4-8 GHz. In thus table 1s demonstrated. at the antenna
location (18.25.0.-5). the coordinates of maximum SAR 1s the
most approached to the tumor location. which frequency 4-7
GHz can be detect maximum SAR at the coordmate close to
tumor at (20,20,20), but at 8 GHz is detected maximum SAR
at (23.075.5.775.8.1973). which 1t not to close the tumor
location. and other antenna 1n another points are failed to
detect tumor.

In Table VI 15 demonstrated maximum SAR coordinate at
tumor locations (-10.-25.15). and can detect the tumor for the
antenna location at (0-20.25-3). From this table can be
observed. mammum SAR. coerdmates at antenna location (0.-
20.25.-5) are close at approximately (-8.25.-24.51.14.38)
frequency 4. 5. 7. 8 GHz, and at 6 GHz can be obtained
maximum SAR at (-9.38.-25.13.15.38). wluch 6GHz 15 the
most accurate for tumor location (-10.-25.15). And other

antenna locations are failed to detection.

And in Table VIL the maximum SAR coordinates for
antenna locatton at (-18.25.0.-3) are the most accurate with
great at all frequency. but at 4 GHz 15 the most greatly
accurate to detect at (-19.38.9.73.19.625). However, frequency
from 3-8 GHz was precision enough for instead the frequency
at 4 GHz. In the other hand. the other locations of antenna are
failed to detection. Although the antenna at (18.25.0-5) 1s
liable to detect. but 1t also considered difference from the
mwmer location.

In this smulation results are clearly shows that the tumor
can be detected by using SAR. but we nmst be varying the
location of antenna around the breast m detection. Due to the
small size of patch antenna that made the pattern 1s not spread
cover breast model and understand to results in each frequency
from 4-8 GHz.

IV. CONCLUSION

This paper demonstrated breast tumor can be detected by
considering the different of the power that absorbed in normal
tissue and malignant tissue. Because of distmction of dielectric
property m normal tissue and mahgnant tissue difference
highly. In simwlation result. the 4-8 GHz frequency 1s used for
this system. In the first examumation, 4 GHz 1s the frequency
that has lighest distnction of SAR between nommal and
malignant tissue, which 1t may be the most accurate frequency
for detection tumor, but for examination, frequency from 4-8
GHz can be detected greatly. except at tumor (20, 20. 20). at

in
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frequency 8 GHz 1s failed to detection. In this stmulation. the
tumor is inserted in the breast model at random location, and
changing an antenna position mto five locations around the
breast. For the simulation. the results are shown that the tumor
i the breast can be detected when antenna is close to the
tumor location. as shown in above table. So from the results 1
this paper can be concluded. detection of breast cancer will be
examined 1n several posttion around the breast for accuracy.

ACENOWLEDGMENT

This work was supported by Suranaree University of
Technology (SUT) and by the Office of the Higher Education
under NRU project of Thailand.

REFERENCES

(1] Amenican Cancer Society, “Breast Cancer Fact & Figures 2013-2014 2013

[21 M Klemm [ J. Craddock, J. A. Leendertz. A Preece, and B
Rada:-hased breast cancer detection using a hemvispherical antsnma m‘,'—

results.” IEEE Transactions on Antermas and Propagation, vol.
57.n0.6 pp. 1692-1232, 2010.

[3] P.M. Meaney, M. W. Fanning, T. Raynolds, C. J. Fox. Q. Fang. C. A
Kogel. 5. P. Popalack. and K. D. Paulsen . “Imitial clinical experience
with microwave breast imaging in women with normal manmo graphy,”
Academic Radiol, vol. 14, pp. 207-218, 2007.

[4] A. Christ. A. Klingenbock, T. Samaras, C. Goiceann, and N. Kuster,
“The dependence of electromagnetic far-field absorption on body tissue
composition In the frequency range from 300 MHz to 6 GHz™ IEEE
Transaction on Microwave Theory and Technigues, vol. 34 no. 5, pp.
2188-2193, 2006.

[5] E.C. Fear, P. M. Meaney, and M. A. Stuchly, “Microwaves for breast
cancer detection?,” IEEE Potentials, vol. 22, pp. 12-18, 2003,

[6] P.Thosdee, “Design of an antenna and RF front end transmitter circuit
for ultra wideband wireless commmmication systems,” Suranares
university of technology, 2008.

[71 S. Thanormmsuay, P. Thosdee, and C. Thongsopa. “Amav of quasi-
thomboid antenna for ultra wideband applications.” ECTI-CON 2008,
pp. 293-296, 2008.

[8] N.S. Hassaine, L. Merad, S. M. Meriah, and F. T. Bendimerad, “UWB
bowtie slot antenna for breast cancer detection” World Acadeny of
Science, Engme\enng and Iechno!ag; vol. 6. pp. 1218-1221, 2012,

[9] A. Santorelli, “Breast screening with custom-shaped pulsed microwaves
(ch. 4).” MeGill University, 2012

[10] S. A. Winkler, E. Porter. A. Santorelli, M. Coates, and M. Popovic,
“Becent progreass i ultra-wideband microwave breast cancer
detection.” Ulira-wideband (ICUTWB), pp. 182-186, 2012.

[11] S. M. Razavizadeh, “A new lnk set-up for breast tumor detection,”
Power Amplifiers for Wireless and Radio Applicadions (PATWR), pp. 109-
111,2013.

[12] S.1 Al-Mously, and M. M. Abousetta, “A study of the hand-hold impact
on the EM interaction of a cellular handset and a human™ World
Academy of Science, Engineering and Technology, Vel 2, pp. 157-161.
2008.

[13] D. X Yin, M Li and J. L Li, “Non-invasive breast cancer
thermotherapy studies using conformal microstrip antennas,” Antenna,
Propagation & EM Theory (ISAPE), pp. 159-162, 2012.

Wittawat Wasusathien received the B.Eng. degree m
telecommmmnication engineering from Suranaree University of
Technology in 2012. At present. He is studying master degree
m telecommunication engineerng at Suranaree University of
Technology. Thailand. Research inferests mclude wireless
commumication, BF circuit design and microwave application.

= (i)

Samran Santalunai received the BEng and MEng. degrees
in telecomnumication engineering Suranaree University
of Technology in 2007 and 2009, respectively. At present, He
Stmdying doctoral’s degree in telecommumication engneering
at Suranaree University of Technology, Thaland. Research
interests include wireless power transfer. mdnetion heating,
dielectric heating and RF circuit desizn

Thanaset Thesdeekoraphat received the B.Enz. and
H M.Eng. ees In Telecommmmication en; g
= Suranaree Um\'ersm of Technology in 2006 and 2008,
g respectively. PhD. in Tel ation ineering
(2013), Suranaree University of Technology. Thailand. At
present Lecturer. School of Telecommunication Engineering,
Suranaree University of Technology, Thailand. Research inferests include
hyperthermia mductive heating, magnetic shielding system RF and
microwave circuit design, microwave heating, antenna, active antenma and
UWB transmitter-receiver design and analysis of impulse signal for UWB
commumication system. In addition, as a reviewer of the International
Joumal of Antennas and Propagation.

Chanchai Thongsopa Electronics

Engineermg. King Mongkut's Institite of Technology

’ Lidkrabzug (KM]TL) Thailand, MEng. (Electrical and

C Engineermg), Kasetsart University,

Thailind and DEng(Electrical Engineering), King

Monghut's Institute of Technology Ladkrabang (EMITL)., Thailand in

1092, 1996 and 2002, respectively. Experiences & Expert are RF circuit

design. active antenna, Microwave heating applicaton in 19921997

Researcher at Aeronautical Radio of Thailand Company Design Systems

Aur Traffic confrol: Design transmitters VHE-UHF (AM) 25W (on 24 Hour)

and Design Transmitters HF (AM) 1KW (on 24 Hour). Furthermore,

Researcher at National Electromics and Computer Technology Center

(NECTEC) and consultant of SDH project at Telephone Organization of
Thailand (TOT) design EF circuit in 1997-2000.

BEng (1'Hons)

380




sz IRg398

v
A

Yo-uwana:  HFIeanIsd as. Myde nealan

Twdeuiha: 6 Huan 2509 (qussas)

vinetinsdszdidindszrru 37208 00098 92 5

sHaUszd1A1INIFUNIIA 1 00040671

dumuailogiiv: fFremans19158 avisnssudidnnseiing dnindaanssumans

G

umIneama luTaggsuis
v A 1da 1y v o ¢ .
wisnuiegiinanelandenlnsann Insas sazE-mail :

a adg a d o @ a 4 a @ = =
AMIAINIsNBLaNNIting d1indfInssumans unaneaema lulaggsuis
111 D.4%INOTEE 9. g51U15 01009 9. UATIIHTU 30000

o 4
TN3ANN: 0-4422-4397
Tn3e3: 0-4422-4392
E-mail: chan@sut.ac.th

454/168 U.FUFOU-FUFIT 0.5I1WOUNTI-IFING LYNAQDIDUY

=).
(=)
et®.

Ao iy NFUNULHIUAT 10220
TN3. 08-1837-8185, 0-2994-2095
dsgdamsne 2545 Fennssumaasaufuuma aunenssy Wi aoiuma Tulad
WIZIDUNAINUNMITAIANTZT
2539 Sennssusnaasuriiada aimngsyludh-reans
YMMINOSeInATMAAT
2535 ImnTsumaastiadia a1nIaanssudaanselind (Pesatioy
ouay 1) aoniuma TuTagwszaound1nunisaianizaia
Tuiszneuimawiesnnssy Iihuvus Wihaeans, nvla. ss14
ANNTRNYAWIZATY
1) mmammmqmmmﬁqq
2) 5EUVEE0 1N azd1e91MALLULeANY (Active antenna)

3) M3 liALSeuURIBAAUADEY (Microwave Hypethermia)



S TanysAgo

98

v a 4
2533:  lavinesAqa 1INNTUARMINMIT0INIA TugIuzyAnaRIaY

a 9

1
2534:  lavinesAqa 1INNeIiNeINd Tuguzynnaman

q

v Aa a o a @ 4
2540: 1IN IUNUT UH1INYIQUNHATAITAT

v oa 1A = 1T YA
2546: INNIQFAHUNIAAY Iiili&lu‘]ﬂﬁv]uﬂﬂﬁﬁ

1 A a a v = = a1
2551: Tﬁﬁ!,ﬂﬂiﬁﬂﬂ! fl]"lﬂiJﬁTTI/]fJ'lﬁmeﬂIUIaﬂ@;’iu']ﬂug]‘l!%uﬂﬂaﬂ!ﬂu

=)

da! a (% o Y o a QSI
. m'iwaamugﬂwa@mmmiﬂﬂﬁlmmﬂu ulglﬂﬂa%'lﬂGUEJSiGIﬁJGIfuTﬂfJGU‘]J'JuﬂTi

v
v =

4 ] <] o

ﬂﬁmmmaﬂuazmﬁﬁmﬂ wunaiue 0501000290
4 3’, TAa a A v A o

ﬂ'1EJEHﬂ?ﬁ!LWC‘IW!L%’J@QﬂﬂMﬁ@IﬁﬂL%@N@Qﬂi\iﬂa'l\‘] munaive 0701001929

A A 0o q ¥a v 0w o A A o
Lﬂﬁ@ﬂlﬁuﬂ’)i‘!ﬂﬁmﬂﬂ’l'ﬁ\lﬁﬂuﬁ1ﬁﬁﬂﬂﬂﬁ1ﬁﬂiiuﬂiﬁliﬂu [AUNATUD
0901003816

d' 19 Y d’ = d‘ d' )
Lﬂﬁ@\‘l“laﬂ?ﬂﬂ??ﬂ?ﬂﬂﬁﬂlﬁﬂﬂﬂﬁ]ﬂﬂq\‘l ynaue 0901003815

4 ¥ "o A { o
wseemvagniiga Tae lihatedunaden maiifve 1001000444

¢ o av
ﬂigﬁﬂﬂ1§m‘n]ﬂ1u!!ﬁ%ﬂﬁﬂ1u3‘ﬂﬂ

W.F. 2535-2540

N.A. 2540-2543

o 1 v Ay A o Aa a 1 o w = Y dy
fumuainIdeusENINgMstunrialszmalng $10a Tastinanuasae lii
- MIPBNUVUTLVVADANT MR UMTTUNUITATY

Aa o 1 v o a <
- MIVONUVVINGTU-T VHE, UHF (AM) 25 106 (3zuvitlanaoa 24 57 119)
1 Y v
- MIVONUVUTZUVINGAAUTY HF (AM) 1kW (szutillanaon 24 42 149)
o (] v Ao [ [] a oA a o 4
MUNUNINITY deananueliianisIsema Tulag Insauuiaw gud
aa g a 4 A 4 1 a
ma Ty TagoImnnIsUNALaADUNUADITLUMIBIA (NECTE)
< { s o &
- Wunfs aweanms Insannuvaszme neluTasans SDH
- HEIUNTODNIUUIITNNAIUANND G
omssurTInedemalulas d1in ¥ 1IenNTIUMaAS

AV1IIAINTTH INTANUIAL



99

a o '
‘1J‘YIﬂ'J13»1'3‘15"Ifn57]@1141]53!7]?!&!’51%911\11]53!71?!

D

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

M.Krairiksh, C.Thongsopa and A.Mearnchu, “A Steerable Active Applicator,” Proceedings of
the 1998 Asia-Pacific Microwave Conference, Yokohama, vol. 2, pp.861-864, Dec. 1998.
M.Krairiksh, C.Thongsopa and C.Phongcharoenpanich, “A Steerable Active Spherical Slot
Array Antenna,” Proceedings of the 1999 Progress in Electromagnetics Research Symposium,
Taipei, vol. 1, p.483, Mar. 1999.

M .KTrairiksh, C.Thongsopa, D.Srimoon and A.Mearnchu, “Analysis of Steerable Active Slot
Array Applicator,” Proceedings of the 1999 Asia-Pacific Microwave Conference, Singapore,
vol. 2, pp.489-492, Dec. 1999.

M Krairiksh, C.Thongsopa, C.Phongcharoenpanich, E.Khoomwong andC.Leekpai, A
Steerable Spherical Slot Array Antenna,” Journal Science Asia, vol. 25, no.4, pp.231-236,
C.Thongsopa, M Krairiksh, N.Srirattana and A.Intarapanich, “A Single Patch Beam Steering
Antenna,” Proceedings of the 2000 Asia-Pacific Microwave Conference, Sydney, pp. 1510-
1513, Dec. 2000.

C.Thongsopa, M Krairiksh and A.Mearnchu, “ Analysis and Design of a Steerable Active
Array Applicator,” The First National Meeting on Biomedical Engineering, Bangkok Thailand,
Sep. 2001

C.Thongsopa, M.Krairiksh, A.Mearnchu and D.Srimoon, “Analysis and Design of Injection
Locking Steerable Active Array Applicator,” IEICE Trans. Communications, vol.E 85-B, no
10, pp. 2327-2337, Oct. 2002.

C.Thongsopa, C. Jumniensri, and J.Wongmethanukro, “Beam Steering Using Single

Patch Active Antenna,” Proceedings of the 26th Electrical Engineering Conference, Thailand,
pp-1796-1800, Nov. 2003.

C. Thongsopa, P. Jarataku, and P. Sukpong, “Wide Band U-Shaped cross section Antenna
with a strip on a U-Shaped ground plane,” IEEE Transactions on Magnetics,Beijing,China,
pp-458-461, Apr. 2005.

P. Sukpong, C. Thongsopa, and P. Jarataku, “Injection-Locked Active Antenna Using a Dual
Gate MESFET,” The 4th PSU-Engineering Conference (PEC4), Songkhla,Thailand, pp. 50-54,
December 8-9, 2005.

C. Thongsopa, A. Intarapanich, and C. Saetiaw,* Amplitude Modulation Using Injection
Locking Oscillator Under Strong Envelop Variation Injection,” Journal of Electromagnetic

Waves and Applications, Tokyo, Japan, August 2006.



100

12) C. Thongsopa, “Array of A U-Shaped Element on A U-Shaped Ground Plane Wideband
Antenna”, 2006 Asia-Pacific Conference on Communication, Bussan, Republic of Korea, 31
August-1 September 2006, 5D-145.

13) P. Jarataku, and C. Thongsopa, “2.45 GHz Bi- Directional Amplifier for Wireless LAN,” The
5th PSU-Engineering Conference (PECS5), Phuket, Thailand, pp.197-201,May 10-11. 2007.

14) C. Thongsopa, D.Srimoon,and P. Jarataku, “A U-Shaped Cross Sectional Antennaona U-
Shaped Ground Plane with an offset Parabolic Reflector for WLAN,” IEEE AP-S International
Symposium 2007, Honolulu, Hawaii. USA, pp 5159-5162, Jun 10-15, 2007.

15) C. Saetiaw, A. Intarapanich, and C.Thongsopa, “Effect of Spatial Correlation with
Directional Antenna on MIMO capacity,” 2007 International Symposium on Antenna and
Propacation, Niigata, Japan, pp 1334-1337, August 20-24, 2007.

16) A. Intarapanich, C.Thongsopa, and C. Saetiaw, “Effect of Antenna Patterns on Narrowband
MIMO capacity,” IEEE 2007 International Symposium on Microwave, Antenna, Propacation,
and EMC Technologies For Wireless Communications, Hangzhou,China, pp 160-163, August
14-16, 2007.

17) C. Thongsopa, and A. Intarapanich, “ Double injection Locking Active Antenna,” European
Conference on Antennas and Propagation, (Eucap 2007) Edinburgh, UK, pp aa-bb, November
11-16, 2007.

18) P. Thosdee, and C. Thongsopa, “Quasi-Rhomboid Antenna for Ultra Wideband Wireless
Communication System,” Proceedings of the 30th Electrical Engineering Conference,
Kanchanaburi, Thailand, pp. aa-bb, October 25-26. 2007.

19) C. Saetiaw, A. Intarapanich, and C.Thongsopa, “Relations between 3-Dimensions Antenna
Pattern and Narrowband MIMO Capacity,” Proceedings of the 2007 Asia-Pacific Microwave
Conference, Bangkok, Thailand, pp. aa-bb, December 11-14, 2007.

20) Maungrat, M., Thongsopa,C., and Jarataku, P.,“Measurement of UHF Radio Wave
Propagation in Parking,” The 7" PSU-Engineering  Conference (PEC7),
Songkhla, Thailand, pp. 97-100, May. 21-22, 2009.

21) Tangwachirapan, S., Thongsopa,C., “Numerical Simulation of Magnetic Fields Shield
for Breast Cancer Hyperthermia,” The 7" PSU-Engineering Conference (PEC7),

Songkhla, Thailand, pp. 102-105, May. 21-22, 2009.



101

22) Patummakasorn, C., and Thongsopa, C., “Analysis and Design of Applicator System for
Regional Induction Heating 2.45 GHz,” WSEAS Transactions on Communications, Issue
9, Volume 8, September 2009.

23) Thongsopa, C., and Thosdee, P., “Array of Quasi Rhomboid Shaped Element Bowtie
Antenna with Reflector for Ultra Wideband Applications,” in proc. The 2009
International Symposium on Antennes and Propagation (ISAP 2009), Thailand, October
20-23, 20009.

24) Thongsopa, C., and Saetiaw, C., “The Effect of 3D Antenna Radiation Pattern on
Narrowband MIMO Capacity: Simulation and Measurement,” in proc. The 2009
International Symposium on Antennes and Propagation (ISAP 2009), Bangkok,
Thailand, October 20-23, 2009.

25) Patummakasorn, C., and Thongsopa, C., “Simulations and Experiment of Applicator
System for Regional Induction Heating 2.45 GHz,” WSEAS Conferences
AIC '09, ISCGAV '09, ISTASC '09, HTE '09, FMA '09, BEBI'09
Moscow, Russia, August 20-22, 2009.

26) Thongsopa, C., Intarapanich, A.and Maungrat, M., “Temporal Measurement of UHF
Radio Wave in Presence of Vehicles” in proc. 2009 International Symposium on
Electromagnetic Compatibility(EMC’09) Kyoto, Japan, July 20-24,20009.

27) Thongsopa, C., Intarapanich, A.and Tangwachirapan, S.,“Shielding system for breast
hyperthermia inductive heating”in proc. The XIV" International Symposium on
Electromagnetic Fields in Mechatronics Electrical and Electronic Engineering, (ISEF'09)
Arras, France, Sep 10-12, 2009.

28) Thongsopa, C., and Thosdee, P., “Development of Monocycle pulse Generator Circuit
for Ultra Wideband Applications,” in proc. 32" Electrical Engineering Conference
(EECON-32), Tawaravadee Resort Hotel, Prachinburi, Thailand, October 20-23, 20009.

29) Maungrat, M., and Thongsopa, C., “Measurement of ASK and FSK Wave Propagation
in Parking,” in proc. 32™ Electrical Engineering Conference (EECON-32), Tawaravadee

Resort Hotel, Prachinburi, Thailand, October 20-23, 2009.



102

30) Tangwachirapan, S., Thongsopa, C., “Study Magnetic Fields Shield for Lossy Mediums

Inductive Hyperthermia Heating,” in proc. 32" Electrical Engineering Conference
(EECON-32), Tawaravadee Resort Hotel, Prachinburi, Thailand, October 20-23, 2009.

(The Best Paper Award in Biomedical Engineering).

31) Santalunai, S., and Thongsopa, C., “High Power Amplifier Design for RF Induction

Heating” in proc. 32™ Electrical Engineering Conference (EECON-32), Tawaravadee

Resort Hotel, Prachinburi, Thailand, October 20-23, 2009.

32) Yaemsuan, P., and Thongsopa, C., “Design and Construction of Induction Heating

33)

34)

35)

36)

37)

38)

39)

Boiler Machine with Full-Bridge Inverter”in proc. 32" Electrical Engineering
Conference (EECON-32), Tawaravadee Resort Hotel, Prachinburi, Thailand, October 20-
23, 20009.

Saetiaw, C., Thongsopa, C., Intarapanich, A. and Chinanupakorn, M., "Effect of
Directional Antennas to Narrowband MIMO Capacity", 2010 International Workshop on
Information Communication Technology ( ICT 2010) , August 24 - 25, 2010 KMITL,
Bangkok, Thailand.

C. Thongsopa and P. Thosdee, “Development and Design of Mobile Jammer Systems,’

ECTI-CARD 2011, Bangkok, THAILAND (Best Paper award)

T. Phairat and T. Chanchai, “Design of an UWB Quasi Rhomboid Shaped Element
Bowtie Antenna for MIMO Applications,” WCE 2011, IAENG, South Kensington
campus, Imperial College London, UK.

Phairat Thosdee, Montree Chinanupakorn and Chanchai Thongsopa, “Design of
Magnetic Shielding System for Cancer Treatment with Hyperthermia Inductive Heating,”
ISAP 2011, Lotte Hotel Jeju, Korea

Montree Chinanupakorn, Phairat Thosdee and Chanchai Thongsopa, “Dual Band
Quasi-Rhomboid Antenna for Bio-medical Monitoring Applications,” ISAP 2011, Lotte
Hotel Jeju, Korea

Montree Chinanupakorn, Phairat Thosdee and Chanchai Thongsopa, “Design of Dual
band Quasi-Rhomboid Antenna for Human On-body Applications,” EE-CON 34 th,
Ambassador City Jomtien, Chonburi, Thailand

Thanaset Thosdeekoraphat and Chanchai Thongsopa, “Development of Magnetic

Shielding System for Breast Hyperthermia Inductive Heating,” IEEE Proceedings of



40)

41)

42)

43)

103

Asia-Pacific International Symposium on Electromagnetic Compatibility (APEMC
2012), Hard Rock Hotel, Resorts World™ Sentosa, Singapore, 21-24 May 2012.
Thanaset Thosdeekoraphat, Samran Santalunai, and Chanchai Thongsopa, “Improved the
Performance of Focusing Deep Hyperthermia Inductive Heating for Breast Cancer
Treatment by Using Ferro-fluid with Magnetic Shielding System,” Trans Tech
Publications, Applied Mechanics and Materials, Vols. 325-326, June 2013, pp. 353-358.
Thanaset Thosdeekoraphat and Chanchai Thongsopa, “The Optimization of Non-invasive
Focused Deep Hyperthermia Inductive Heating for Breast Cancer Treatment by Using
Nanoparticles and Magnetic Shielding System,” Australian Journal of Basic and Applied
Sciences, June 2013.

Samran Santalunai, Thanaset Thosdeekoraphatl, and Chanchai Thongsopa, “Thermal
Analysis of Inductive Coils Array against Cylindrical Material, Steel for Induction
Heating Applications,” Trans Tech Publications, Applied Mechanics and Materials, Vol.
330, June 2013, pp. 754-759.

Kongsak Ratniyomchail, Samran Santalunai, Thanaset Thosdeekoraphatl, and
Chanchai Thongsopa, “Optimization of Capacitor Copper Plate for Dielectric Heating
to Eliminate Insect,” Trans Tech Publications, Applied Mechanics and Materials, Vol.

343, July 2013, pp. 101-105.





