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ABSTRACT: Breast cancer is a kind of cancer that develops from breast cells. It is one of the leading causes of cancer
related deaths in woman. Early detection of cancer increases the successful treatment and survival rates. The method of
using microwaves for detection of cancer is more accurate and less harmful. The Electromagnetic simulation of normal
breast and abnormal breast specifies the absorption loss of cancerous breast is higher than the normal breast and this is
used to detect the cancer. This paper presents a novel method for detecting the tumor by simulating the breast with an
electromagnetic signal of 5GHz and identifying the coordinates of maximum value of Specific Absorption Rate (SAR).
Results show that at 5 GHz these coordinates could detect a 4 mm tumor and the same was obtained on increasing the
size of the breast. As the size of the breast increases the absorbed power value increases.
KEYWORDS: Specific Absorption Rate (SAR), Microwave detection and breast cancer.
I.INTRODUCTION

In 2013, an estimated 232,340 new cases of invasive breast cancer were expected to be diagnosed in women in the U.S
along with 64,640 new cases of non-invasive (in situ) breast cancer. From these statistics it is clear that for women, the
mortality of breast cancer is higher than for any other cancer.
The current standard breast cancer screening methods includes X-ray mammography, Ultrasound and Magnetic
Resonance Imaging (MRI).X-ray mammography is the most common method. Although it has shown good breast
cancer detection capabilities, X-ray mammography has a number of well-known limitations, particularly when imaging
dense breast, the breast is required to undergo heavy compression. In addition it employs ionizing radiation and suffers
from high false-positive [2] and false –negative [1] rates.
The Ultrasound method struggle with distinction between malign and benign tumor.MRI scans are highly expensive
and additionally follow- up examinations and biopsies. Recent research has suggested that use of microwaves for
detection of breast cancer avoids exposure to ionizing radiation and does not require compression of the breast. This
technology depends on the detectable intrinsic contrast in dielectric properties of a tumor and its surrounding normal
breast tissue at microwave frequencies [3].
Since this contrast is present at the early stages of development of the tumor, it is highly suitable for diagnosis of breast
cancer at the starting stages. Microwave imaging aims to reconstruct an image of the breast by mainly using two
different approaches microwave tomography [4] and radar based imaging [5].
Specific absorption rate (SAR) is the rate at which energy is absorbed in a body tissue and has the unit W/Kg. In this
section we establish the utility of using the coordinates of the maximum value of SAR for detecting the location of
tumors inside the breast of different sizes. The electromagnetic absorption loss between a normal breast and tumor
infected breast is determined and compared [7]. The absorption values for different tumor locations at different
frequencies are also analyzed.
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II. MODELS
A. Breast Model
A mature human female’s breast consists of fat, connective tissue and thousands of lobules – tiny glands which are
connected with the nipple via the milk ducts. The milk of a breastfeeding mother goes through tiny ducts (tubes) and is
delivered through the nipple.
In order to test the validation of any imaging method, a model that represents the main tissues of the breast is needed.
Different models have been used by researchers to represent breast [5]-[12]. An isometric view of the threedimensional model that is utilized in this work is depicted in Figure 1. To emulate the realistic size of early tumors,
three values (3 mm, 4 mm, and 5 mm) are assumed for the tumor radius.
Here the phantom model is created using CST microwave studio which is a full-featured software package for
electromagnetic analysis and design in the high frequency range. The breast model designed to have heterogeneous
breast tissue in hemi-spherical shape of radius 50mm. It includes a skin layer, fat layer and a tumor. A 4mm tumor is
embedded into the breast model at four different frequencies.

Figure 1.heterogeneous Breast model with 4mm tumor
B. Antenna Model
The antenna consists of a rectangular patch, a substrate, feed line and a ground plane. The antenna is printed on a FR4
substrate with thickness of 0.1 mm and having dielectric constant of 4.3 with the ground on the other side. On the other
side, a 50 Ohms micro strip feed line is placed symmetrically with respect to the center line of the patch. The antenna is
excited with a Gaussian pulse. The dimensions of the antenna structure are shown in Table 1

Figure 2 .Microstrip patch antenna geometry
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Parameter
Value(mm)
L
14.1
LF
7.72
H
1.65
T
0.035
W
19.65
WF
5.106
Y
4.796
G
0.48
Table 1.Dimensions of antenna structure

Figure 3. Return Loss of Microstrip patch antenna
C. Specific Absorption Rate (SAR)
The absorption loss is derived from Specific Absorption Rate. The Specific Absorption Rate (SAR) is defined as the
time derivative of the incremental energy (dW) absorbed by an incremental mass (dm) contained in a volume element
(dV) of a given mass density (ρ) [9]. It is expressed as
=

=

As specified by IEEE C95.3 standard the typical local SAR value is averaged in 10 g tissue mass [11]. The total
absorbed power in these models is calculated using the following equation
P

SARWB
SAR1G
SAR10G

= SAR

× Tissue Mass

CONTROLLED
ENVIRONMENT (W/Kg)
0.4
8
20

UNCONTROLLED
ENVIRONMENT (W/Kg)
0.08
1.6
4

Table 2. SAR exposure limits in different environments:( wb = whole body averaging, 1g= averaging over 1 gram of
tissue, 10g= averaging over 10 grams of tissue)
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Table 2 shows the limits for the peak local SAR values that is averaged over the whole-body (WB), 1 g of tissue (1G),
or 10 g of tissue (10G) under different environments [10].

III. RESULTS
The heterogeneous breast is illuminated with an electromagnetic signal from the microstrip patch antenna and the total
SAR, 10-g averaged SAR and coordinates of maximum value of SAR are obtained for frequencies ranging from 4 to 7
GHz. Table 3 and 4 summarizes the values and coordinates of total SAR and maximum SAR obtained using equation
in a normal and abnormal breast respectively. It is observed that both the total and maximum SAR values are higher in
the tumor affected breast compared to the normal breast.

Frequency (GHz)

Total SAR (W/Kg)

Max SAR (W/Kg)

Absorbed power [W]

4

0.0554996

1.04735

0.0639315

5

0.442134

7.36359

0.319562

6

0.080667

0.810764

0.125805

7

0.22932

1.91673

0.242134

Frequency (GHz)

Total SAR (W/Kg)

Max SAR (W/Kg)

Absorbed power [W]

4

0.0738882

1.46247

0.0693572

5

0.465173

7.87322

0.319235

6

0.0974758

1.02547

0.130056

7

0.268872

2.4604

0.249442

Table 3.Values and coordinates of 10-g averaged local SAR in breast model without tumor
It is observed that the coordinates of maximum value of SAR point to the position of the tumor within the tumor
affected breast. This indicates that the maximum local SAR distributions occur in the tumor whereas in the normal
breast the coordinates of maximum value of SAR point to locations close to the breast surface indicating that the
maximum local SAR distributions occur in the breast layer close to the antenna. At 5 GHz the total and maximum SAR
value for a normal breast is 0.442134 W/Kg and 7.36359 W/Kg respectively. Whereas for a tumor affected breast it is
0.465173W/Kg and 7.87322 W/Kg respectively.
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Phantom radius
(mm)

Actual position of tumor at x, y, z (mm)

Detected position of tumor at x, y, z (mm)

27

0,0,13

0.182357, -0.187833, 14.1075

35

0,0,13

0.162611, -0.192775, 12.3575

43

0,0,12

0.182357, 0.1875, 12.3575

50

0,0,12

0.182357, -0.187833, 12.6075

Table 4.Values and coordinates of 10-g averaged local SAR in breast model with 4mm tumor

Phantom radius (mm)

Breast mass (Kg)

Absorption loss (W)

Maximum SAR (W/Kg)

27

0.0453352

0.29637

7.85089

35

0.098768

0.307565

7.89615

50

0.287953

0.318902

8.12974

Table 5. Absorbed power & SAR for different breast mass with 3mm tumor at 5GHz
Table 5 shows the absorbed power for different sizes of the abnormal breast ranging from 25 mm to 50 mm at 5GHz
frequency. The tumor is placed at the centre of the breast for all the varying sizes. It is observed that when the mass of
the breast increases the absorbed power also increases for different frequencies.

Table 6. Detection of a 3mm tumor located in a breast model at 5GHz
Table 6 summarizes the coordinates of the maximum value of SAR when the tumor is placed inside the breast at 4
different locations. Out of the four, 2 locations of the tumor were detected successfully. On changing the size of the
breast, it was observed that the coordinates of the maximum value of SAR was still able to detect the location of the
tumor. For example, the absorption loss value for a 50 mm breast at 5 GHz is 0.318902 W. At the same frequencies
however the absorbed power values for 35mm and 43mm breast are 0.307565 W and 0.312339 W.

Tumor size (mm)

Actual position of tumor at x, y, z (mm)

Detected position of tumor at x, y, z (mm)

3

0, 0, 13

0.182357, -0.187833, 12.6075

4

7,5,13

7.23845, 6.40899, 12.9101

5

0,0,15

-0.182357, 0.195556, 13.355

Table 7. Detection of a tumor of different sizes located in a 50mm radius breast model
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Table 7 summarizes the coordinates of the maximum value of SAR when a tumor of 3mm, 4mm and 5mm is placed
inside the 50mm radius breast at 3 different locations. On changing the size of the tumor, it was observed that the
coordinates of the maximum value of SAR was still able to detect the location of the tumor.

Frequency (GHz)

Actual position of tumor at x, y, z (mm)

Detected position of tumor at x, y, z (mm)

6

0,0,13

0.182357, 0.6, 12.87

7

11,3,18

13.9268, 1.94756, 15.4461

8

7,5,13

7.23845, 6.40899, 12.9101

Table 8. Detection of a 4mm tumor at different frequencies located in a 50mm radius breast model

Table8 summarizes the coordinates of the maximum value of SAR when a 4mm tumor is placed inside the 50mm
radius breast at 3 different frequencies. The locations of the tumor were detected successfully. On changing the
frequency, it was observed that the coordinates of the maximum value of SAR was still able to detect the location of the
tumor. Thus, by first establishing that an abnormality is present we can then try to identify the location of the tumor.
IV. CONCLUSION
The above simulated data clearly shows that the SAR and the absorption loss values are higher in a cancerous breast
and these values increase as the mass of the breast increases. The coordinates for maximum value of SAR can be used
as an indication for locating a tumor as it was able to detect the positions on changing the tumor location. The same
was found on increasing the breast diameter. All these indicate a possibility of using EM absorption loss for detecting
breast tumors. Future work is needed to develop realistic breast models and expand this method by determining an
acceptable range of absorption values for normal breast tissues.
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