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Introduction 
 

Microwave imaging has grown in recent years as a promising technique for breast cancer detection. Its 

physical principle exploits the different characteristics of normal and tumoral breast tissues  when exposed to an 

incident electromagnetic field at microwave frequencies (300 MHz-30GHz), as discussed by Hagness et al [1] . Up 

to now, many researchers have carried on numerical analysis and experimental investigations (see [2] for a detailed 

outlook on what has been done in this sense until 2004). In this communication we deal with the radar-based method 

for cancer detection. 

 

In this work we present the comparison between two different algorithms, tested on experimental data. The 

breast phantom  is constructed with different materials,  with characteristics similar to the tumor or  simulating 

normal adipose  breast tissue, foreseeing as a preliminary step to clinical test campaigns . The results obtained by 

these experimental simulations are shown, focusing on the choice and the characteristics of the antenna, and on post 

processing techniques used to detect the tumor, seen as evolutions of the one proposed in [3].  

 

Outline of the experimental system 
 

The experimental system was made of a breast/tumor simulant phantom and a transmitting/receiving 

antenna, connected to a network analyzer. The antenna was moved in 8 positions around the breast phantom and in 

each position the S11 was measured over the frequency range 0.1 – 9 GHz.  

To reduce the reflection that the signal undergoes while entering the structure (breast phantom), both the antenna 

and the mammary structure phantom were immersed in a coupling medium; antenna’s behavior was observed in 

different possible low-cost materials (in particular water, glycerin and alcohol – and their mixtures – were 

considered), among which alcohol appears to be the best both in terms of the antenna’s bandwidth and detection 

capability.   

The antenna is of the Vivaldi type and is shown in Figure 1(a). It’s bandwidth (S11< -10 dB) goes from 2.5 

to 9 GHz, when working in alcohol, as shown in Figure 1(b). 

 

    

Figure 1. Antenna employed in measurements and its S11.                                                                       

 

The breast simulant material was made up of a mixture of water and corn flour (50:50), as suggested in [4]. 

The measured dielectric properties of the mixture are consistent with the ones characterizing a low fat content 

normal breast tissue, as shown in [5].  To simulate the tumor, a small plastic container full of water was used. In this 

way, the contrast between the normal and the tumoral tissue simulant  materials was between 1.6 and 2.5, as shown 

in Figure 2.  



For these experiments, we didn’t consider the presence of a skin layer, which will be inserted in a 

successive step. Furthermore, the antenna is in direct contact with the surface of the breast phantom. 

 

 

Figure 2. Permittivity and conductivity of the breast and tumor simulant materials. 

 

The compared algorithms 
 

In this pages we compare two different algorithms, testing their efficiency in detecting a 1.2cm (diameter) 

tumor.   

 

Algorithm A.  

The excitation signal is a Gaussian derivative, with a bandwidth going from 0.1 to 8 GHz, and the main spectral 

component around 3GHz.  This algorithm is substantially corresponds to the one proposed in [3].  

The contribution of the excitation signal, obtained with only the antenna present and without the phantom, is first 

subtracted to the collected signals. The remaining signals are then averaged and the result is subtracted to each of 

them. to remove further unwanted reflections. The synthetic focusing, described in [3], is then applied to obtain a 

map which highlights the (possible) presence of scattering elements (tumor) inside the phantom. 

 

Algorithm B 

The excitation signal is a chirp signal, with frequencies varying from 0.4 to 1.1 GHz (this range of frequency is the 

one for which the algorithm shows the best efficiency). The contribution of the excitation is subtracted, as described 

above. The remaining signals are then cross-correlated with the excitation signal. The signals resulting from this 

operation are then averaged and the result of the averaging is subtracted to each of them. The synthetic focusing is 

then applied. 

 

Results 
 

In this section we show the comparison between the results (i.e. maps of the phantoms under analysis) 

obtained with the two algorithms described above. In the following figures, yellow stars represent the positions in 

which the antenna is moved, the black line represent the external contour of the phantom (diameter = 9 cm) and the 

red circle marks the real geometry and position of  the tumor simulant object. 

From  Figure 3 and Figure 4, it is evident that the two proposed algorithms are efficient in detecting a1.2 

cm tumor. In both case the detected dimensions are bigger than the effective ones, while the position of the 

scattering element is pretty correct. The first algorithm seems to reduce, in a non-significant way, the presence of 

artifacts. The narrower frequency band employed in the second proposed algorithm doesn’t seem to affect the 

detection capacity, but further analysis are necessary to assess of the reduction of the band limits, as expected, the 

resolution of the system. 

 

 



 

 

 

    

Figure 3.Output of the two algorithms is case of a tumor of 1.2 cm diameter. 

 

 

        

Figure 4. Output of the two algorithms is case of a tumor of 1.2 cm diameter. 

 

In case of measurements performed on a phantom without a tumor, Algorithm A doesn’t bring to false positives, 

while with Algorithm B the output of the system is clearly incorrect, as shown in Figure 5. 

 

 

 

          

Figure 5. Output of the two algorithms in case of a phantom without tumor. 
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