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Abstract − This paper supplements the existing 
knowledge on the breast skin’s effect on microwaves for 
tumor detection in the frequency range 4GHz - 7GHz. A 
realistic breast model is developed using data of an MRI 
scan of a physical breast. The breast fibro glandular 
content along with the tumor’s size and location are 
considered. Numerical results indicate that the skin and 
tumor signatures could be on the same order of 
magnitude. This confirms the need to include the skin 
layer in breast models to minimize the potential of false 
alarms in tumor detection. 
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I. INTRODUCTION 
 

Breast skin causes inevitable clutter when utilizing 
electromagnetic waves for cancer detection. In spite of its 
thickness being only a few millimeters, the skin can 
obscure the tumor signature. Studies published by 
radiologists showed that the skin thickness changes as a 
result of breast abnormalities, complicating the issue 
further [1]. For microwave imaging, incorporating the 
skin layer can represent a challenge when implementing 
computational techniques. These challenges include 
modeling the complex breast shape along with the varying 
skin thickness and the corresponding CPU time 
requirements for simulation.  

Existing works addressing the skin simplify the 
problem in a number of ways. These simplifications 
include treating the breast as a two-dimensional model [2-
7], simplifying the interior and exterior geometries [2-7] 
and utilizing ideal sources [2-8]. Two-dimensional 
models treat the breast as continuous flat layers or 
symmetric shapes which allow the closed form solutions 
for layered mediums to be utilized, while other 
simplifications include circular or cylindrical geometries 
in two or three dimensions [2-6]. In addition plane wave 
or dipole sources are typically utilized [2-7]. At this time, 
no single paper has detailed the skin’s effect for realistic 
configurations of the breast shape, interior structure and 

practical antenna sources. This purpose of this work is to 
supplement the existing literature on breast skin effect in 
the microwave region using a realistic breast shape, 
interior structure and sources.  

El-Shenawee et al. showed that the shape 
reconstruction of breast tumors in three dimensions using 
gradient methods required up to 26 CPU hours on a 64-bit 
machine, even though the skin layer was ignored [9]. In 
another previous study the breast was modeled as a 
coated sphere to incorporate the skin layer using the Mie 
Solution [7]. In that work, the error due to ignoring the 
skin layer was shown to be 3% when receiving in the 
backscatter direction, versus 30% when receiving in the 
forward direction. However, that work was preliminary 
and did not investigate the fibro glandular content, tumor 
size and location, realistic breast shape or practical 
sensors. 

 Human breast skin varies in thickness in each of the 
four regions of superior, inferior, medial and lateral 
shown in Fig. 1. The skin tends to be the thickest in the 
inferior region and thinnest in the lateral region [1]. 
Utilizing the experimentally acquired data reported in [1] 
and the fibro glandular interior structure obtained from a 
patient’s MRI scan in [10] allows a realistic breast model 
to be generated. Broadband planar antennas are used for 
excitation to calculate the signature of the skin and the 
breast tumor as will be discussed in the following 
sections.  
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Fig. 1. The four regions of the breast. 
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II. METHODOLOGY 
 
A. Development of Breast Model 

As known, the human breast is a complex biological 
system containing fatty tissue, ducts, lobules and other 
fibro glandular tissue. All of these tissues are contained in 
a nonsymmetrical exterior shape of diverse proportions 
and a skin layer of varying thickness. To prove the 
concept of microwave imaging and detection of breast 
tumors, in the past few years, a variety of simplifications 
for the breast shape and interior structure were utilized in 
the literature [2-9, 11]. 

In this work, the breast model is assumed to contain 
five homogeneous regions as shown in Fig. 2(a). The 
interior regions correspond to the fatty breast tissue and 
the fibro glandular tissue representing the ducts, lobules, 
fat, etc. Taking 70 cross-sections of each region of the 
MRI scan allows for the creation of a three-dimensional 
configuration. Due to the lack of available 3D MRI scan 
data, we assume circular symmetry for the cross-section 
of each region shown in Fig. 2(a). For example, the cross-
section a-a´ is shown in Fig. 2(b) and cross-section b-b´ is 
shown in Fig. 2(c). In this work, the skin layer is chosen 
to correspond to the values measured by Lee et al. [1]. 
Normal values of skin thickness are used in Figs. 2 to 6, 
while Fig. 7 shows results of minimum and maximum 
skin thickness. Normal skin thickness are 1.5mm for the 
superior region, 1.7mm for the inferior region, 1.5mm for 
the medial region and 1.3mm for the lateral region. The 
reported data ranges from 0.75 to 2.3mm for the superior 
region, from 0.7 to 2.7mm for the inferior region, from 
0.6 to 2.4mm for the medial region and from 0.5 to 
2.1mm for the lateral region. Outside the breast, a 
matching medium of oil with εr = 3 is assumed [12]. 

Recent measured electrical properties of breast 
tissues are reported in [13]. The new reported properties 
of the fibro glandular region are not significantly different 
from that of the malignant tumor (up to ~10% difference). 
However, a high contrast was reported to exist between 
the fatty and tumor tissues (~500%) [13]. 

The breast model used in this study incorporates the 
skin with varying thicknesses and with a permittivity of 
36 and conductivity of 4 S/m, as reported at 6 GHz in 
[14]. Frequency dependence is incorporated in the 
imaginary part of the dielectric constant as reported in 
[7]. It is important to emphasize that skin thickness, fibro 
glandular content and tissue properties vary between 
patients based on physical and hormonal parameters [15]. 

  
B. Excitation Source 

A three-element array of broadband planar antennas 
is designed in an effort to focus the beam on the tumor. 
The array operates between 4GHz and 7GHZ when 
immersed in oil. The array produces a beam focused 
directly above the central antennas as described in [11], 

[16]. The S11 of the antenna array shows that the 
maximum power is radiated at ~5GHz (not presented here 
but in [16]). The complex input impedance is around 
~54+j4Ω between 4GHz and 7GHz. The antenna array is 
excited with 100mW input power with the complete 
design description reported in [11, 16]. 
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Fig. 2. (a) Breast model developed from MRI scan from 
[4] with tumor and antenna array, (b) top view of cross-
section a-a´, and (c) top view of cross-section b-b´. 

 

 
Fig. 3. Skin and tumor signatures for the 100% fibro 
configuration case. Tumor is located at (6, 0, 0) in Fig. 
2(a). 

 
C. Simulations 

Integrating the breast model with the broadband array 
allows for the calculation of realistic skin and tumor 
signatures. The Ansoft HFSS package is used in this 
work. The signatures of the skin and tumor are referenced 
to the S11 parameter and are obtained by subtraction for 
the sake of analysis and comparison. For example, the 
skin signature was obtained upon subtracting the S11 of 
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the whole breast without a skin layer from the S11 with a 
skin layer (S11(Breast+Skin) – S11(Breast)). Similarly the tumor 
signature is calculated by subtracting the S11 of the whole 
breast without a tumor from the S11 of the breast and 
tumor (S11(Breast+Skin+Tumor) – S11(Breast+Skin)). The interior 
breast configuration is varied upon reducing the fibro 
glandular content while keeping the external breast shape, 
size, and electrical properties unchanged. The tumor size 
and location are also varied while keeping its electrical 
properties unchanged. The complex electrical parameters 
of breast tissues are obtained using the Cole-Cole curves 
in [13]. The fibro glandular tissue percentage shown in 
Fig. 2(a) will be referred to as the 100% fibro case, while 
a 75% fibro case would represent the same breast shape 
and size but with the fibro content decreased 25% by 
radial scaling.  

The permittivity and conductivity of the fibro 
glandular and fatty tissue are reported for a range of 
frequency from 1-20GHz in [13]. For example, at 5GHz 
these values are 46 and 4 S/m, respectively, for the fibro 
glandular tissue and 6 and 1 S/m, respectively, for the 
fatty tissue [13]. 
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Fig. 4. Skin and tumor signatures for 100%, 75%, 50% 
and 25% fibro configurations. Tumor is located at (6,0,0) 
as  in Fig. 2(a). 
 

III. NUMERICAL RESULTS AND DISCUSSION 
 

In the first case, the tumor is located at 4cm from the 
skin as shown in Fig. 2(a). The figure shows that the 
tumor partially overlaps the fibro glandular and the fatty 
tissue. The tumor is 10mm in diameter and is located in 
the direction of the main beam of the antenna array. 
Figure 3 shows the computed skin and tumor signatures 
vs. the frequency for 3-8GHz. The signature of the skin 
and tumor display an oscillatory behavior where the skin 
signature is smaller than that of the tumor. The difference 
between the skin and tumor signature is ~0.11dB at 
5GHz. These oscillations could be due to the fluctuations 
in the radiation pattern as a function of the frequency (not 
shown here but in [16]). In [16], the radiation pattern 

showed that the side lobes were significant at some 
frequencies while disappeared at others.  
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Fig. 5. Skin and tumor signatures for a tumor of diameter 
10mm, 5mm and 2.5mm located at (6, 0, 0) in Fig. 2(a). 
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Fig. 6. Skin and tumor signatures for three locations; 
Loc1: (6,0,0), Loc2: (6,3,0), Loc3: (6,0,3) in Fig. 2(a). 

 
In the second case, the fibro glandular content is 

reduced to 75%, 50%, and 25% as explained earlier. 
Accordingly, the tumor gradually changes from being 
partially overlapping the fibro glandular and fatty tissue 
(the 100% fibro case) to being totally immersed in the 
fatty tissue (the 25% fibro case). It is observed that the 
skin signature, obtained by subtraction, remains almost 
unvaried regardless of the fibro glandular content.  

Figure 4 shows the skin signature vs. that of the 
tumor for the 100%, 75%, 50%, and 25% fibro content 
cases. The results show that the skin signature is the 
smallest in this case. In addition, as the content of fibro 
glandular tissue decreases, the tumor signature increases 
up to 6.25 dB for the 25% fibro case. These are 
anticipated results since with less fibro glandular tissue 
and more fatty tissue, the contrast between the tumor and 
surroundings increases leading to larger signature as 
shown in Fig. 4. This can be explained because the tumor 
has a higher contrast with the surrounding fatty tissue 
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(~500%) [13]. The maximum difference between the skin 
and tumor signatures is observed as ~5.12dB at 5GHz for 
the 25% fibro case as shown in Fig. 4.  
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Fig. 7. Skin and tumor signatures for a 10mm tumor. 

 
The third case varies the tumor size while utilizing 

the original fibro glandular content of 100% in Fig. 1. 
The diameter of the tumor is varied as 10mm, 5mm and 
2.5mm as shown in Fig. 5. It is interesting to note that the 
skin signature, i.e. the clutter, could dominate the 
received signal. In other words, the skin signature is 
larger than that of the tumor of diameters 2.5 mm and 5 
mm, in this case. In addition, the signature of a 10 mm 
tumor differs by only ~0.1dB to that of the skin as shown 
in Fig. 5.  

The fourth case of Fig. 6 investigates the tumor 
location. As known, the ductal carcinoma in-situ is the 
most common breast cancer and can form at any location 
in the vast duct system. Thus, three possible tumor 
locations are tested in this figure at (6, 0, 0), (6, 3, 0) and 
(6, 0, 3). The second location, offset in the y-direction, is 
still in the direction of the main beam of the array while 
the third location, offset in the z-direction, is outside the 
direction of the main beam. The results of Fig. 6 show 
that when the tumor is located at Loc2 (6, 3, 0) and Loc3 
(6, 0, 3), the skin signature is larger than that of the 
tumor. The tumor signature at Loc1 is only 0.1dB larger 
than that of the skin while it is 0.14dB and 0.49dB 
smaller than the skin signature for Loc2 and Loc3, 
respectively. 

Figure 7 summarizes the extreme cases which could 
be encountered in reality. The 100% fibro content case in 
Fig. 2(a) could represent a younger woman with a dense 
breast. However, the process of menopause increases the 
relative fat content of the breast, and to represent this, a 
case with the fibro glandular content of only 10% is 
considered. Figure 7 depicts the skin signature vs. that of 
the tumor for these two fibro glandular contents using a 
10mm diameter tumor. 

The results of Fig 7 show that the 10mm tumor has a 

signature larger than that of the skin regardless of the 
fibro glandular tissue content. The maximum difference 
between the two signatures is shown in Fig. 8 to be 
~5.4dB, i.e. ~6 times larger than the skin signature. 
However, the signature of a 2.5mm tumor is less than that 
of the skin, regardless of the fibro glandular content 
(result not shown). The difference is observed to be 
~0.73dB and 1.09dB for the 10% and 100% fibro 
contents, respectively. The signature of smaller tumors 
could be theoretically increased when higher frequencies 
are used, but in reality the penetration depth of the waves 
will decrease, as expected.  
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Fig. 8. Skin signatures for several thicknesses with the 
same breast interior contents. No tumor is included here. 

 
In all above results, it is observed that the skin 

signature does not significantly change with respect to the 
interior structure of the breast (mainly the fibro glandular 
tissue). It is noticed that regardless of the fibro glandular 
content, tumor location, or size the skin signature is 
almost unchanged. Therefore, in all above figures, only 
one skin signature was plotted. This could be explained 
by the lossy nature of the breast tissue such that the effect 
of the multiple scattering between the tumor, fibro 
glandular tissue and the skin layer is diminished.  

In all above results, the normal skin thickness 
reported in [1] was used. On the other hand, the results of 
Fig. 8 demonstrate the effect of the skin thickness. Figure 
8 contains the skin thickness with normal thickness, 
maximum thickness (>2mm), minimum thickness 
(<0.7mm), and a uniform thickness of 1.5mm. The 
minimum and maximum ranges are mentioned in Section 
II as reported in [1]. The results show that the thickest 
skin layer has the largest signature, with a maximum of 
around 1.54dB vs. 1.3dB for the minimum thickness case. 
The maximum difference in the skin signatures between 
the thickest and thinnest skin layer is observed to be only 
~0.24dB. The results of Fig. 7 indicate that a realistic skin 
signature could be approximately predicted by calculating 
the signature of a uniform skin layer of ~1-2mm 
thickness. 
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As known, it is almost impossible to predict the 
breast interior structure of a patient. However, the 
reconstruction of the exterior shape of the breast can be 
obtained as reported in [17]. Then a uniform skin layer 
could be engineered following the reconstructed breast 
shape in order to calculate its signature as shown in Fig. 
8. Upon subtracting the predicted skin signature from the 
measurements of the signals scattered from the breast, the 
skin clutter can be removed. This process can help 
speeding up the computational algorithms for imaging the 
tumor. This process is expected to introduce some noise 
into the data, but less than a few dBs. 

All above results were obtained using the HFSS 
package that required 20-24 CPU hours on a quad-core 
64bit AMD Opteron workstation.  

 
IV. CONCLUSIONS AND FUTURE WORK 

 
The results of this work show that the signature of the 

skin could be comparable or even larger than that of the 
tumor depending on the fibro glandular content of the 
breast and the size and location of the tumor. This work 
confirms the importance of accounting for the skin layer 
in breast cancer detection at the microwave frequency 
range.  

The current breast model can be improved by treating 
the fibro glandular region of the breast as discrete 
inclusions instead of a continuous region to incorporate 
the more heterogeneous nature of breast tissue. However, 
modeling individual duct systems and lobules along with 
the vascular system is computationally challenging due to 
their complex nature and minute feature sizes as reported 
in [18]. 
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