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WITTAWAT WASUSATHIEN : BREAST CANCER DETECTION BY
USING ELECTROMAGNETIC WAVE IN ULTRA WIDEBAND RANGE.
THESIS ADVISOR : ASST. PROF. CHANCHAI THONGSOPA, Ph.D.,

106 PP.

BREAST CANCER DETECTION/ELECTROMAGNETIC WAVE

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
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
result, 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 S21 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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3.3.2 wamsfﬁmawmszuum’mmﬁmﬁmnﬁaammu
A ' A Y <
M3InaaesnAemMsmssnNuantInzanlums lsauluszouasiauzsa

) A g a ¢ ! . . d4a 2 v
wuuaaumelulasnm Taemsnsziana Specific absorption rate NnaYU lug1uy Tag

A oA

v 4 4 dda Yy o £ B
1NAABIAIIAINA 3.33 - 8 GHz iemanudnimsgadundinuluiioteanga Taoisuy
o Y A A 3 9 Y [} J a a ) YA o &
Hrassnmduuntivzs uduuvnaduiugudnais 5 Taawas la 1 3nduminanaiaes

[ o { o ' [N
vy uazgdunumssanseziaugln 3.1 Taeneaeeimalilndnudiuuritamniu

a a 1 4 a J %
08¢ 1 NﬁﬁmﬁiEUWﬂﬁ’JL!‘]J’Lﬂﬂﬂ]@ﬂlé]ﬁﬂﬂlﬁﬂﬂg3&?1518'”94?111!5383"11@\1 near field %QNaﬂ1§

v
=1

100418039310 3.12-3.17

QU

CST 14t

10,5
714
35

' 0132
-3.77
-7.41

-11
147
-18.3

-2z
-25.6

;
Zutplane name; Cross Section & F
Zutplane normal: 1,0,0
Cutplane position: 0

2D Maximum [W/kg]: 12,81 dB
Frequency: 3.3

5109 3.12 A1 SAR VoUMUUNTLG AMUBYUIR 5 Tadwnsnaud 3.3 GHz

U
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SAR (f=4) [1] {1g) (peak)

Cutplane name;
Cutplane narmal:
Cutplane position:

2D Maxirmurn [W/ka]:

Frequency:

Cross Section A
1,0,0

o

15.4de

F)

a4

15.4
118
8.17
453
0.595
-2.74
-B.35
-10
13T
-17.3
-20.9
-24.6

L —

< Y

=~ ' Y A
517 3.13 A1 SAR VOUATUUNNULE UM UNVUA

QU

5 JaaAINAND 4 GHz

SAR (f=5) [1]{1g) (peak)

Cutplane name:
Cutplane normal:
Cutplane position:

Craoss Section A
1,0,0
0

2D Maximum [W/kg]: 15.11 dB

Frequency:

s

Y
(]2

156
1z
8,33
4,69
1,06
-2,58
6,22
-9.85
-13.5
-17.1
-20.8
24.4

e —

< Y

d' ' Y z:'d
3U% 3.14 A1 SARYDIUMUNATUITIMUNUUIA

U

5 NaaasNAND 5 GHz
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CST

i

n

SAR (I=6)[1] (1g) (peak)
Cutplane name: Cross Secion &
Cutplane narmal: 1,0,0
Cutplane position: 1]
2D Maximum [W/kg]: 14,83 dB
Frequency: ]

15
11.4
7B
4.13
0492
-3¢
-6, 78
-10.4
S
-17.7
-21.3

-25

—

=~ ' Y A ] Y a a A A
sUn 3.15 7171 SAR Y9UAMUNNVUSLTUATUNVUIN 5 WAANATNANND 6 GHz

QU

CST

5

5]

SAR (F=7)[1] (10) (peak)
Zutplane name; Cross Section A
Cutplane normal: 1, 0,0
Cutplane position: 0
2D Maximurn [\Wkg]: 15.54 dB
Frequency: i

y
.

15.9
12,2
8.59
4,96
1.32
-2.32
-5.95
-9.59
-13.2
-16.9
-20.5
-24.1

w—

3107 3.16 A1 SAR VUM UBNTULIS AMUBYUIA 5 TaawnINAua 7 GHz

QU
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C ST 16.1
12.5
“, 8.83
. o 519
! 1.56
-2.08
-5.71
-9.35
-13
-16.6
-20.3
-23.9
,
Cutplane name: Cross Seckion & .:\
Cutplane normal: 1,00
Cutplane position: 0 @-—=a
2D Maximum [W/kg]: 1568 dB
Frequency: 8

A J 9 A < Y a a A A
sUN 3.17 7171 SAR Y9UMUNNUULTUATUNVUIN 5 WAAINATNAINND 8 GHz

QU

' v

131l 3.2 - 3.17 Wuwavesnssiananl SAR 4281151051 CST microwave

Y F4
= ' Y A

< (2 { o a o {
studio 1Y unmdadudelae ldaseimagdilni Iavauneunihiinnedanuduund

] '
=

< 9 Aa A [} = < FA= = = ] A
ULTAMUNVUIA 5 Nﬁaluﬁiﬂﬂﬂ@jﬁﬁﬁﬂa"lﬁ Gﬁ\iﬁlglﬁuvlﬂﬁ"mﬂ'ﬂllﬂ 4 GHz ymstvugIuInay
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aq ladianasnunnNnuddnd dauNanud 3.3 GHz imsmtenihmdsau i
S VY 1 ) VA A £ = @ \ 2o qw A A
w3 ldudazilosn1NA1ua 4 GHz Fawansas ey ludiuii ¥ns1unaud 4 GHz
= ~ o A = 3 A
wiinamamilenihwewnau lUivz5@nga
A A A A o A ~ 3 aa Y R o a Jd
iensuanudaimsmitenhvesnau liiug§ dngaudataimsingsd
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CST

5

]

Cutplane name: Zross Section &
Cutplane normal: 1, 0,0
Cutplane position: 0

2D Mairnum [Wikg]: 13,65 dB
Frequency: 4

13.9
10.3
6.67
3.03
-0.805
-4.24
-7.88
-11.5
-15.2
-18.8
-22.4
-26.1

et

=~ ' 9 A 4 < A a A A
sUn 3.18 A1 SAR Y9IUATUNNUUFAANSLIIVUIA 1 HANATNAIND 4 GHz

QU

CST

5

]

SAR (F=4) [1] {1g) (peak)
Cutplane name: Cross Section A
Cutplane normal: 1,0,0
Cutplane position: 0
2D Maimurn [Wikg]: 13.9d8
Frequency: 4

'

14.3
10.7
02
3.38
-0.255
-3.89
-7.53
-11.2
-14.3
-15.4
-2z.1
-25.7

et

=~ ' Y A 4 < a a A A
sUn 3.19 A1 SAR Y9IUATUNUNUUFAANSLIIVUIAN 3 WANATNAIND 4 GHz

QU
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SAR (I=4)[1] (1g) (peak)
Cutplane name: Cross Secion &
Cutplane narmal: 1,0,0
Cutplane position: 1]

20 Maximum [W/kg]: 15.4 dB
Frequency: 4

15.4
1.3
8.17
4.53
0.895
-2.74
-6,38
-10
=137
-17.3
-20.9
-24.6

—

N ' 9 A 4 < a a A A
sUn 3.20 171 SAR Y9IUATUNNUUFAANSLIIVUIAN 5 WANATNAIND 4 GHz

QU

CST

5

5]

SAR (f=4)[1] (10) (peak)
Zutplane name; Cross Section A
Cutplane normal: 1, 0,0
Cutplane position: 0
2D Maximurn [\Wikg]: 15.53 dB
Frequency: 4

15.9
12,2
8.61
4,97
1.34
-2.3
-5.94
-9.57
-13.2
-16.8
-20.5
-24.1

w—

a U Y A o <3 Aa A ~ =
511 3.21 1 SAR VouMUuNNIFaaNITvUIa 7 Uaaasna1un 4 GHz

QU
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C ST 16.1
12.5
“’ 8.86
. o 52z
’ 1.58
-2.05
-5.69
-9.33
-13
-16.6
-20.2
-23.9
s
Cutplane name: Cross Section & F
Cutplane normal: 1,00 -
Cutplane position: 0 @-—=a
2D Maximum [W/kg]: 16,08 dB
Frequency: 4

N ! Y A J < a a A A
sUn 3.22 171 SAR Y2IUATUNNUUFAANSLIIVUIN 9 ANATNAIND 4 GHz

QU

A < A < Y A a Y
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W oy = o v A o 3w VA 2 9 ]
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Cutplane name: Cross Section &
Cutplane narmal: 1,0,0
Cutplane position: 1]

2D Maximum [Wkg]: 12,87 dB
Frequency: 33

14.2
10.6
6,95
332
-0.315
-3.95
-R59
-11.2
-14.9
-18.5
il
-25.8

—

~ 1 Y A 4 <3 A a A A
sUn 3.23 A1 SAR U IUATUNNNHEAANSLIIVUIA 3 HAALNATNAINND 3.3 GHz

U

CST

5

7

SAR (f=5)[1] (10) (peak)
Zutplane name; Cross Section A
Cutplane normali 1, 0,0
Cutplane position: 0
2D Maximurn [\Wikg]: 14.51 dB
Frequency: 5

15.3
11.6
&
4,36
0727
-2.91
-f.55
-10.2
-13.8
=175
-2l.1
el

w—

~ U Y A o <3 Aa A ~ =
511 3.24 A1 SAR VUM UNNNFAaNLITIVUIA 3 UauaINAIND 5 GHz

QU
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CST

i

n

SAR (I=6) [1] (1g) (peak)
Cutplane name: Cross Section &
Cutplane narmal: 1,0,0
Cutplane position: 1]
2D Maximum [Wkg]: 14,82 dB
Frequency: ]

15
11.4
T3
4.09

0.455
<318
-6,82
-10.5
-14.1
i
-21.4

-25

—

N 1 Y A 4 < a a A A
sUn 3.25 A1 SAR Y9IUATUNNUUFAANSLIIVUIA 3 WANATNAIND 6 GHz

QU

CST

5

7

SAR (F=7)[1] (10) (peak)
Zutplane name; Cross Section A
Cutplane normal: 1, 0,0
Cutplane position: 0
2D Maximurn [\Wikg]: 15.65 dB
Frequency: 7

15.7
12,1
8.42
478
1.14
-2.49
613
-9.77
-13.4
oA
-20.7
-24.3

w—

5107 3.26 A1 SAR VoUMUNNTIFASUIS 1A 3 NaANAITNAIND 7 GHz

QU
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C ST 16.2
12.5
“’ R
. o 528
’ 163
-z.01
-5.64
-9.28
-1z.9
O -16.6
-20.2
-23.8
s
Cutplane name: Cross Section & F
Cutplane normal: 1,00
Cutplane position: 0 @-—=a
2D Maximum [W/kg]: 15,68 dB
Frequency: 8

N ! £ A J < a a A A
sUn 3.27 11 SAR Y9IUATUNNUUFAANSLIIVUIA 3 WANATNAIND 8 GHz

QU

A = 1 A a Y A < Y
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CST

o

]

Cutplane name: Cross Section &
Cutplane normal: 1,0,0
Cutplane position: 0

2D Maximum [W/kg]: 14.99 dB
Frequency: i

15
11.4
776
4.12

0483
=315
-6.79
-10.4
-14.1
=177
-21.3

-25

HE——

511 3.28 A1 SAR Ve uuhTiraaug 5 wuia 7 Tadmwasiaud 3.3 GHz

CST

o

5]

SAR (f=5) [1] {1g) {peak)
Cutplane name: Cross Section A
Cutplane normal: 1,0,0
Cutplane position: 0
2D Mazximum [W/kg]: 15 42 dB
Frequency:

15.5
1.9
8.2z
4.58
0.945
-Z.69
-6.32
-9.96
-13.6
T2
-20.9
-24.5

HE——

5111 3.29 A1 SAR v uuATiaduy5 e 7 Tadwasianud 5 GHz
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CST

o

]

SAR (f=6) [1] {1g) (peak)
Cutplang name: Cross Section &
Cutplane normal: 1,0,0
Cutplane position: 0
2D Mazximum [W/kg]: 14 7 dB
Frequency:

15
11.4
774

4.1
0466
=317
-6.81
-10.4
-14.1
=177
-21.4
-25

HE——

5111 3.30 A1 SAR v uuATiaauy5 e 7 Tadmwasiaud 6 GHz

CST

o

5]

SAR (f=7) [1] {1g) (peak)
Cutplane name: Cross Section A
Cutplane normal: 1,0,0
Cutplane position: 0
2D Mazximum [W/kg]: 15 69 db
Frequency:

15.7
12.1
843
4.79
1.16
-Z.48
-6.12
-9.75
-13.4
-17
-20.7
-24.3

HE——

1% 3.31 A1 SAR v uuATiaduy5wna 7 Tadwasianud 7 GHz
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csT

1z.1
8.48
4.84

' 1.21
243
-6.07
9.7
-13.3

-17
206
242

SAR (f=8)[1]1{1g) (peak) = = g
Cutplane name: Cross Section & rs
Cutplane normal: 1,0,0
Cutplane position: 0
2D Maximum [W/kg]: 15.5 dB
Frequency: a8

5109 3.32 A1 SAR VouMUUNTIFAdUIS 1A 8 NaANATNAIND 8 GHz

QU

A 3 [ A a 9 A 3 Y
13N 3.28 - 3.32 HunnuanInavedIn1 SAR Nna AU NNNZIT AU
~ Ig I a a A A g’; [ A A <3

Nnguiuvua 7 Tedwasnanuda1eg Asua 3.3 — 8 GHz an3uiAud 4 GHz 921Hu

A A a A o 9 Y Yl A A o 3 a4
31ﬂau1uﬂj1uﬂﬁ1\jq ﬁlzNﬂTigﬂL‘HuEJ’J‘L!WIHUlﬂﬁlmmuuUlﬂﬂ"uumﬂmﬂuﬂ‘]JalJ‘anJmN‘Vlmﬂ
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AAUTAIUT N IINANVD 4 GHz LAz @INdUna 18011991 9u Uy uaeInuNnaIIu
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9dufonuduveIn1 SAR  inaduusnalatsveuduunievinauieglndny
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Me01MA FdunilowauaelinnuiuveshasuignaIudusgua nilesnniuaiui
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CST

.

E]

SAR (f=4) [1] {1g) (peak)
Cutplane name: Cross Section &
Cutplane normal: 0,01
Cutplane position: 20
2D Maximum [W/kg]: 154 dB
Frequency: 4

15.4
118
8.17
4.53
0895
-2.74
-6.38
-0
-13.7
-17.3
-20.9
-24.6

e

31U 3.33 A1 SAR Tuszuny Z - 20 tilouzd udumediidumii 0, 0, 20)

CST

o

5]

SAR (f=4) [1] {1g) (peak)
Cutplane name: Cross Section &
Cutplane normal: 0,01
Cutplane position: 20
2D Maximum [W/kg]: IU 15 dB
Frequency:

14.1
10.5
6.83
319
-0.445
-4.08
-T7Z
-11.4
-15
-18.6
-22.3
-25.9

———

317 3.34 A1 SAR Tuszuny Z = 20 ileuzd udumediidumiia (16, 0, 20)
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CST

o

5]

SAR (f=4) [1] {1g) (peak)
Cutplane name: Cross Section &
Cutplane normal: 0,01
Cutplane position: 20
2D Mazximum [W/kg]: IU 55 dB
Frequency:

14,1
10.4
6.78
3.15
-0.49
-4.13
-7.7h
-11.4
-15
-18.7
-22.3
-25.9

517 3.35 A1 SAR sz Z - 20 dlouzd udunegidumis (-16, -16, 20)

CST

o

5]

SAR (f=4) [1] {1g) (peak)
Cutplane name: Cross Section &
Cutplane normal: 0,01
Cutplane position: 20
2D Mazximum [W/kg]: 9 601 dB
Frequency:

13.9
10,3
667
3.04
-0.599
-424
-7.87
-11.5
-15.1
-18.8
-22.4
-26.1

e

51i 3.36 A1 SAR luszuny Z - 20 ilouzd udmediidumi (16, 20, 20)
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CST

.

Cutplane name:
Cutplane normal:
Cutplane position:

Frequency:

2D Mazximum [W/kg]:

SAR {f=4) [1] {1g) (peal T

Cross Section A
0,01

20

8,573 dB

4

14
10.3
6.69
3.06

-0.579
-4.22
-7.85
-11.%
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Ultra Wideband Breast Cancer Detection by Using
SAR for Indication the Tumor Location

Wittawat Wasusathien, Samran Santalunai. Thanaset Thosdeekoraphat, Chancha: Thongzopa

Absiract—Thiz paper presents breast cancer detection by
observing the specific absorption rate (SAR) intensity for
identification mmor location, the mmer 5 identified in coordinates
(x.3.2) system. We examined the freguency between 4-8 GHz to look
for the most appropriate frequency. Results are simulated in
frequency 4-8 GHz. the model overview mclude normal breast with
50 mm radian 3 mm diameter of tumer. and vltra wideband (UWE)
bowtie antenna. The models are created and simmiated in CST
Microwave Studio. For this simulation. we changed antenna to 3
location around the breast. the tumor can be detected when an
antenna is close to the tumor location. which the cocrdinate of
maximum SAR is approximated the mmor location. For reliable, we
experiment by random tumer location to 3 position i the same size
of tumor and simulation the result agan by varying the antenna
position i 3 position again, and it also detectable the fumor position
from the antenna that nearby tumer positien by maximum value of
SAR. which it can be detected the fumer with precisicn in all
frequency between 4-8 GHz

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

I. INTRODUCTION

REAST cancer 15 the most of cancer that can be ocenrred

m women. and 1t 15 the killer of the women over 40 years
old. The Amencan statistics i 2013 are exlubited. an
estimated of women over 40 vears old are In Situ 64.640
cases, mvastve 232,340 cases, and death 39.620 peoples. Form
the statistics. 1t shown that breast cancer 1s the main problem
1 women [1].

In currently, breast cancer detection technology that used
to diagnosing the breast have been widely. mclude X-ray
(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 mwtated to malignant [2], ultrasound is the basic
technique for diagnosing breast tumor, but this technology 1s
very low potennal to used for detection, because of an
ultrasound 1s vsed echo of sound wave and the reflection of
sound wave will be processed to breast image and wave
reflect accuracy is depended on body dimension. that made
an ultrasound have high false rate. MRI 15 a kind of high

Wittawat Wasusathien Samran Santahmmi Thanaset Thosdeekoraphat.
and Chanchai Thongsopa are with the School of Telecomnmmication
Engineering, Suranaree University of Technology, Nakhonratchasima 30000,
Thalland:  (e-mmil:  wittawat_wasusathienghotmailcom.  Jas_tee@
homail com, thanasatisut ac.th. chani@sut.ac 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 tnggered to produce hgh
resolution images. but disadvantage of MRI 15 along with the
high costs associated with MR mmaging and very complex.

Recently. in a medical application the microwave
frequency has been applied for breast tumor detection.
Microwave breast cancer detection is an alternative of low
costs technique and nomnvasive for detected the tumor. It
can be avoidable an 1omizing radiation and compression of
the breast. and have high accuracy to detected breast umor.
The basic technique for detecting breast tumor 15 based on
significant of dielectric property that contrast between
normal tissues and malignant tissues at the microwave
frequency. As a high dielectric property of malignant
tissues, therefore, electric field and absorption loss will
more than normal tissues. so we can be identified breast
tumor location [3]-[5].

In this paper 1s presented UWB breast cancer detection by
using electnie field. A system overview on this research 15
based on electric field intensity of tissues and can identify
the breast tumor location. Breast mumor will be detected due
1o cielectric property that large difference between normal
breast fissues and malignant tissues. For an overview of this
systeny. the UWB patch antenna is used for transmutter [6],
breast phantom model 1s considered m fatty tissue only. skan,
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 tensity. System model 15
portioned to two sections. that 15 breast model and antenna
model. breast model 1s created in normal breast and breast
embedded tumor cell with dielectric property that
realistically. and the antenna 15 used for UWB patch antenna
that have charactenistic of 511 below -10 dB at 3.6 - 84
GHz. This work s simulated by using CST microwave
studio. 4-8 GHz of Frequency 15 used to simulation the breast
cancer detection at random location of tmer, by changing
the antenna for five locations and observed maxinmm value
of SAR for dentified tumor location.

1. MODELS

A Breast and Tumor

In the development and study of breast phantom model. 1t 15
important to have a bastc understanding of the anatomy. The
female breast has three major breast structures: adipose tissue,
Glandular tissue. and connective tissue. and dielectnic property
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1n each tissue are studied too.

The breast model i thus paper 15 1gnored other structures
except an adipose tissue, that make it simple to analyzed the
result. The breast model 15 created as a henuspherical shape.
with radians of 30 mm. and tumor model 15 created as a
spherical shape, with diameters of 5 mm. Dielectric property 15
modeled by using Debve dispersion [9]{11]. and can be
obtaned normal breast (fatty) and tumor dielectric property
that shown in Table I at 6 GHz.

TABLEI
DErecTric PROPERTY AND CONDUCTIVITY OF BREAST AvD Tunvior MopzL
AT6GHz [10]
Fat Tumor
s 93 46
o (Sm) 04 34

5. UTB Antenna

The propose UWB antenna that used for tlis paper 15 a
bowtie patch antenna [6]-[8]. The antenna consssts of half bow
chape with two sides with symunetrical chape. and ground
plane at the bottom of paich. A PCB ryps FR~4 15 used for
antenna destgn. substrate thickness 0.8 mm wath dielectric
constant 4.5 and loss tangent 0.02. and copper thuckness 0.035
mm. The geometry of bowtie patch antenna 15 illustrated 1n
Fig. 1 and dimension of this antenna 1s shown in Table I with
6 =45 and 6, = 144" The operational bandwidth of UWB
antenna should be return loss below -10 dB in range of 3.1 -
10.6 GHz In tlus antenna. the simulation result of retum loss
of antenna 15 1llustrated m Fig. 2 with 3 6-84 GHz at S11
below -10 dB. An antenna 15 used discrete port and excitation
signal by using Gaussian pulse 10 GHz bandwidth with
amplitude 1 V.

[ Front
[IBack

Substrate

W
Vv

z Microstrip line

e L
X ™Ground plane

Fig. 1 UWB bowtie patch antenna geometry [6]

[{ [-£-34
" ] § 0

Fig. 2 511 characteristics of UWB bowtie patch antenna with return
loss below -10 dB between 3.6 — 8.4 GHz

-
Frequency / GHz

TABLEQ
UWB BowTe Patce ANt ParavETER DMENSION
Parameter Dimension {mm}

w 36.5
w, 2
W, 3
W; 135
We 15
Wy 335
Wi 133

1 103

I 30

I 105

L 365

L 2

I 13

L 685

C Specific Absorption Rate (SAR)

SAR 15 2 measure of the rare at which energy 15 absorbed by
the human body when exposed to electromagnetic field [12].
[13]. For related to electromagnetic emergy. it can be
calculated from electric field in tissue as (1)

i

P

547 (1

where E 15 the ms electric field (Vim), o 15 tissue
conductivity (S/'m) and p is tissue mass density (Kg/n®)

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 m 1 g tissue. The set up of
system model for SAR detection is illustrated m Fig. 3. and
SAR n this system simwlation 15 depended on direction
radiation pattemn of antenna. Radiaton patterns of this antenna
are illustrated m Fig. 4 i both E-plane and H-plane. Antenna
patterns have an effect on SAR mtensity and precision fo
detected, depend on direction of radiation patterns of antenna,
which an antenna that have wide beam-width can be detected
the tumor well m a wide range and of an antenna have
direction of radiation pattemns correspond to the tumor
position, it will be detected the tumor in accuracy location
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Fiz. 3 Breast model with patch antenna (breast tip is at the origin)

. E-plane
. Heplane
0

: 3Dghi=18vﬂ Pn.:ua}i//[ % e 30

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

InFig. 4 15 shown simulation of radiation pattern for bowtie
patch antenna that vsed in this paper. If consideration m E-
field. it will be observed that radiation pattern i each
frequency between 4-8 GHz there will be pattern shape in
sularly. At4 GHz have the widest radiation pattemns for each
frequency that use in 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 tumer well too. At 6 GHz have an
obrainable radiation pattems. but 1t have direction slope to the
right side, therefore. 1f we used 6 GHz for detection the tumor,
SAR tensity will be strong 1 the nght side more than left
sade. but we can be rotated the antenna for smtable. At § GHz
have the narrowest beam-width for each frequency that use i
the work. and have direction slope to left side. therefore at 8
GHz 15 dull to use for detecting.

III. SIMULATION AND RESULT

In the first, we compared the simulation data between value
of SAR in the breast without tumor and value of SAR in breast
with tumer to look for the frequency that suitable for our
system. The model set up 1s shown in Fig. 3. tumor diameter 5
mm 15 inserted 1 breast model at (0.0.10) location and central
of patch antenna 1s placed at the onigin. away from the breast
tip 5 mm Tables [ and IV are shown the total SAR
maxinmm SAR and coordmate of maxinum SAR 1 each
frequency, this results are simulated m 1 g tissue mass
average. Total SAR and coordinate are illustrated with nearby
1 each frequency. At 6 GHz. the maxinum SAR in normal
breast and breast wuth tmor are little to difference. at 5. 7. and
8 GHz have maximum SAR slightly more 6 GHz. Anyway,
the frequency that discussed above can be detected tumor in
location nearby the tumor that inserted 1n the breast, but from
the maxmmum SAR in 4 GHz 1s the most distinction between
maxinmm SAR in normal breast and breast with tumor
between 0.40163 and 0.997267 respectively. which that may
be make opportumty to detect tumor 1s more accurate.

TABLEIN
SAR Averace tv 6 Trssue avp Masmro SAR COORDIMATE IN A
BREAST WITHOUT TUMOR.
Frequency Total SAR. Max SAR Max SAR. Coordinate

(GHz) Whkg) Wg) (x.y.2), (mm)

4 0.01660 040163 133703611

5 001767 042693 133.7.03.6.11

f 0.03986 0.88968 0.38,7.03,6.11

7 0.01102 017234 367947611

8 0.01167 0.15151 214339611
TABLEIV

SAR Averace Iv | ¢ TissuE avp Masmaod SAR CoORDDATEIN A
BREAST WITH 3 MM. OF TUMOR

Frequency Total SAR Max SAR Max SAR Coordinate
(GHz) Wkg) Wkg) (x.y.2), (mam)
4 00242433 0997267 0.373,1.78.9.625
3 0.0189309 0779072 0.373,1.26.9.625
] 00228403 0941562 0373,1.78.9.625
7 10174804 (0446675 1.06,1.775.9.625
3 00195102 0354248 1.06,1.258 9.625
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TABIEV
Maxavun SAR AND COORDINATE IN A BREAST WITH 5 M. OF TUMOR FOR 5 LOCATION OF ANTENNA. TUMOR AT (20.20.20)
Antenna location Max SAR Coordinate
(xy.z), (mm) (xy.2), (mm)
4GHz 5GHz 6 GHz 7GHz 2 GHz
00,3 1.0625,7.023. 6.011 1.063,7.023, 6.011 0373,7.025,6.011 -281.0434.6.011 8.139.4.63125, 6.011
020253 0.375,3625,16.73 0375,36.25.16.75 0.38,35.08.15.63 48056,32.75.14.6 18.34, 20873, 19.625
0.-2023-5 0373, -24.136,929 0375,-24.156.9.29 £0.375,-24.16,8.29 -2.81,-21.78,8.197 3771, 21781, 8.197
18.25.0.-5 2028, 19.625, 20.623 20.28.19.63,20.63 20.28,18.5,19.623 2084,185, 19623 23.075,5.775,8.1973
182505 -27.25,7.025,10.383 -2836,7025,1148 -27.25,7.03,1038 -23.92,5.775,9.29 -12.806.3.594.8.197
TABLEVI
Maxmving SAR AND COORDINATE I¥ A BREAST WITH 3 MM. OF TUMOR FOR 3 LocATION oF ANTENNA TuMOR AT (-10.-23.13)
Antenna location Max SAR Coordinate
(xy.2). (mm) (xy.z). (mm)
4GHz 3GHz 6 GHz 7GHz 2 GHz
00,3 1.0625,7.025,6.0113 1.0623, 5.78, 6.011 0.375,7.025, 6.03 -2.373,9.471.6.03 -2.5729,9.4708, 6.05
020255 0.375,3623,16.73 0.373.33.08,15.93 4806,3275,13.73 5.9167, 30417, 12.63
0.-2025.-5 -8.25,-2451,14375 825,-4. 9382513, 1538 825,-2451,1438 $15,-25.131, 14375
18.25,0.-5 20.28,19.623, 20.625 28.361,5.78,11.55 27.25,5.775, 1043 26.139,8275.935 230917, 5775, 82306
182505 27.25,7.025,10.383 2947, 7025,1155 -27.25,7.03, 1045 -2281,5.775,825 -22.81,3.594, 8.2506
TABLEVI
Maxaving SAR 2D CoORDDNATE v A BREAST WITH 5 MM. oF TuMoR FOR. § LocaTion oF AwTerada, Tumor AT(-30.10.20)
Antenna location Max SAR Coordinate
(xy.2), (mm) (£¥.z), (mm)
4GHz 6 GHz 7GHz 3GHz
0.0, 1.0625,7.025,6.01 D373, 70235, 6.011 -1813,8.175.6.01 B.139.4.70116,6.011
020255 4.38,35.08.13.63 4.806.32.75,13.66 3.017,30417, 12,569
0.-2023-5 2,02 24.16,9.29 £.375,-24.16,9.29 -281,-21.78,8.197 -2.8125,-21.74.8.197
182505 20.28,19.623, 20.625 5.775.1147 2725, 57751038 26.14, 8588, 10.38 239167,5.775.8.197
182505 -20.38,0.73, 19.625 -2825,0.175.19.63 -20.38,9.18.19.63 -20.38,9.18,19.63 -30.28,9.175, 19.625

However. frequency between 4-8 GHz will used m
examination the accuracy of tumor detection. to prove that
each frequency. how 15 the maximum SAR coordinate in
breast with tumor for 5 mm diameter. In the next sinwlation.
we will sunulate by changing the tumor to 3 difference
locations in the same size at (20.20.20), (-10.-25.15). and (-
30.10.20) respectively. and sumulated 10 5 locations antenna
(0.0.5). (0.2025.5), (0-2025.5). (18250-5). and (
18.25.0.-5) respectively

Table V 15 demonstrated simulation result of breast that
mgerted 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 tlus table 1s demonstrated. at the antenna
location (18.23.0.-5), the coordinates of maximum SAR 15 the
most approached to the tumor location. which frequency 4-7
GHz can be detect maxumum SAR. at the coordinate close to
fumor at (20.20.20). but at 8 GHz 15 detected maximum SAR
at (23.0755.775.8.1973). whuch 1t not to close the mmer
location. and other antenna i another points are failed to
detect tumor.

In Table VI 15 demonstrated maxinmum SAR coordinate at
tumor locations (-10.-25.15). and can detect the tumor for the
antenna location at (0.-20.25.-5). From this table can be
cbserved. maxmmum SAR coordmates at antenna location (0.-
20.25-5) are close at approxumately (-8.25-24.51,1438) m
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.-25.13). And other

antenna locations are failed to detection.

And m Table VIL the maximum SAR coordmates for
antenna location at (-18.25.0.-5) are the most accurate with
great at all frequency. but at 4 GHz is the most greatly
accurate to detect at (-19.38.9.73.19.625). However. frequency
from 3-8 GHz was preciston enough for instead the frequency
at 4 GHz In the other hand. the other locations of antenna are
fasled fo detection. Although. the antenna at (18.25.0.-5) 1s
liable to detect. but 1t also considered difference from the
wmor location.

In this simulation 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 15 not spread
cover breast model and understand to results 1n each frequency
from 4-8 GHz.

IV. CONCLUSION

This paper demonstrated breast tumor can be detected by
constdering the different of the power that absorbed in normal
tissue and malignant tissue. Because of distinction of dielectric
property tn normal tissue and malignant tssue difference
highly. In stmwlation result, the 4-8 GHz frequency 15 used for
this system. In the first examination, 4 GHz 15 the frequency
that has highest distinction of SAR between normal and
malignant tissue. which 1t may be the most accurate frequency
for detection tumor, but for exammation, frequency from 4-8
GHz can be detected greatly. except at tumeor (20. 20, 20). at

i
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frequency & GHz 15 failed to detection. In this stmulation. the
fumor 15 mserted 1 the breast model at random location. and
changing an anfenna posthon mto five locations around the
breast. For the simulation. the results are shown that the tumor
1n the breast can be detected when antenna 15 close fo the
tumor location. as shown 1n above table. So from the results 1n
this paper can be concluded, detection of breast cancer will be
examined in several posirion around the breast for accuracy.
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