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ABSTRACT 

A planar array of four resistively loaded Bow-Tie antennas has been designed to accurately detect and locate 
early-stage breast tumors. The array, printed on top of a dissipative substrate to improve its robustness and to decrease 
the mutual coupling between the elements, can freely rotate around the breast. Each single element of the array is 
excited in turn and the backscattered time signal is recorded in all of them. After transforming these signals into the 
frequency domain, they are shifted in time for every point inside the breast. They are then added coherently, to obtain a 
intensity function which is maximum at the points where backscattered signal comes from.  

INTRODUCTION 

Breast cancer is one of the most common type of cancer and a major cause of death among women. More than 
180,000 women  are diagnosed with breast cancer each year in Europe. However, nearly 70 % of them can be cured if 
the tumor is detected in time.  

X-ray mammography is currently the most effective method of diagnosis, but this technique presents important 
limitations (exposure to ionizing radiation, significant false positive-negative rate, etc.). An recent interesting alternative 
is the use of microwaves [1-4]. The high contrast between the dielectric properties of breast tumor tissue and normal 
breast tissue allows their image reconstruction from the backscattered signals when they are illuminated with a transient 
microwave pulse. 

In this work we illustrate the use of a four-element planar array of resistively loaded Bow-Tie antennas which are 
placed in four different locations around the breast to accurately detect and locate the position of a tumor arbitrarily 
placed inside the breast (Fig. 1).  
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Figure 1. Planar array configuration rotating around the breast 

This configuration has been considered instead of a single planar array above the breast, because the mobility of 
the array permits it to come close to every possible position of the tumor inside the breast. 
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An in-house simulation tool based on the Finite Difference Time Domain method with Perfectly Matched Layer 
absorbing boundaries (FDTD-PML) has been used to analyze the whole problem [5][6].  

PROBLEM DESCRIPTION 

The array used in this work consists of four Bow-Tie antennas printed on top of a 4 mm thick dissipative 
substrate with  εr =1, σ =10 S/m (Fig. 2).  
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Figure 2. Planar Array geometry 

In order to eliminate unwanted reflections from the ends of the antennas and, therefore, enhance their broadband 
characteristics, each element (Fig. 3) has been loaded with a linear resistive profile whose conductivity is given by 
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Figure 3. Bow-Tie antenna. 

Each antenna is individually fed at its center by means of a coaxial line with a differentiated Gaussian pulse with 
a frequency range between 1.5 GHz and 10.5 GHz (full-width half-maximum). 

The computational model of the breast consists of an 80 mm diameter semisphere, on top of a half-space, 
covered by a 2 mm-thick layer of skin. The tumor is a 4 mm diameter sphere, arbitrarily located inside the breast. The 
plane of the array, which can freely rotate around the breast, is maintained 6 mm separated from the skin. Both the 
breast and the antenna array are in free space. 

A Debye model in the frequency domain is assumed for the breast tissue and the tumor 
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The electrical parameters for the normal breast and the half space are [3] εrs=10, εr∞=7, σs=0.15 S/m and τ=6.4 
ps, and for the tumor εrs=40, εr∞=4, σs=0.7 S/m and τ=6.4 ps. The skin is modeled as a lossy dielectric with 
εrs=εr∞=36, σs=4 S/m.  

DETECTION ALGORITHM 

In order to obtain a microwave image of the breast, each antenna is fed individually and the voltage drop across 
its feed created by the backscattered response is recorded at all the antennas, for the four scan positions shown in Fig. 1, 
obtaining a total of N=64 signals. These signals are subsequently calibrated by subtracting the signal recorded when the 
tumor is not present [3].  

The low coupling between the antennas (less than –50 dB in the whole frequency range) which is further reduced 
when the dissipative substrate is employed (up to -70 dB for some frequencies), ensures that the signal recorded in an 
element when a different one is excited mainly comes from the scattering structure and not from the excited element. 



 

 

To locate the tumor position, the N recorded callibrated signals ( )tiΨ  are transformed into the frequency domain 

( )ωψ i , and each harmonic component ( ) [ ]expi j tψ ω ω  is delayed at each point inside the breast rr , by a time 
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where 
, ( , )i rett r ωr  is the time needed for a signal i to make the round-trip from point rr  inside the breast to the recording 

antenna at each frequency, which depends on the frequency because of  the breast dielectric dispersivity, and where 
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Then, for every point inside the breast, we build a time function of the form 
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where 1−F stands for the inverse Fourier transformation. These functions ( ),shift
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Ψ = Ψ∑r r   if the point rr is actually the point where the tumor is located. An intensity 

function ( )I rr  can be assigned to each point as 
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where T is the time width of the incident signal.  The intensity (5) is maximum at the tumor region and allows us to map 
both the breast and the tumor. 

RESULTS 

Two different positions of the tumor have been used to test our detection system. In the first case, the tumor was 
located in a symmetrical position 36 mm under the skin (at (x, y, z) = (70, 40, 70) mm). In the second case, the tumor 
was located in a non-symmetrical position at (x, y, z) = (60, 42, 88) mm. Figures 4 and 5 show 3D colormaps of  the 
above defined intensity function (5), where the position of the tumor can be precisely observed. For the first case, the 
maximum of the intensity function is obtained at (70, 42, 70) mm and for the second case it is obtained at (62, 42, 82) 
mm, which closely matches the real positions, taking into account that the tumor radius is 2 mm. 

CONCLUSIONS 

A planar array of four resistively loaded Bow-Tie antennas has been used to accurately detect and locate 
malignant breast tumors at microwave frequencies. Since the mutual coupling of the antennas is very low, we have been 
able to excite every element in turn and record the backscattered signal in all of them. By recording the response in four 
different positions rotated around the breast, it is possible to accurately locate the position of the tumor, by summing up 
coherently all the responses, and taking into account the different phase speeds of each frequency of the incident field 
inside the breast. 
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Figure 4. 3D Breast image (three different sections). Tumor position (x, y, z) = (70, 40, 70) mm. 

 
Figure 5. 3D Breast image. Tumor position (x, y, z) = (60, 42, 88) mm. 


