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Abstract 
 

We demonstrate the imaging of flattened breast phantoms 

with recently proposed quantitative real-time 

reconstruction methods that work with microwave S-

parameter measurements, namely, quantitative microwave 

holography (QMH) and scattered-power mapping (SPM). 

The data is acquired in the frequency band from 3 GHz to 

8 GHz. The comparison with X-ray computed tomography 

(CT) images indicates that diagnostic information is clearly 

present in the images produced by the microwave modality. 

Despite their lower spatial resolution in comparison with 

CT, the microwave images correctly localize mock cancers 

of 1-cm3 size in both the real and the imaginary parts of the 

complex permittivity. 

 

1 Introduction 
 

The use of microwaves in medical diagnostics has been a 

major pursuit of the research community over the last half 

century [1]–[3]. The low equipment and maintenance costs 

are key advantages over both MRI and CT.  Furthermore 

the nonionizing nature of microwave radiation is important 

when comparing against X-ray modalities, especially in 

applications requiring frequent examinations, e.g., breast-

cancer screening. Although the modality’s spatial 

resolution is only on the order of a centimeter, it is deemed 

sufficient for mass screening. However, microwave 

imaging is yet to prove sufficient sensitivity and specificity 

in clinical trials.  

 

2 Real-time Quantitative Imaging 
 

Quantitative microwave holography (QMH) and scattered-

power mapping (SPM) are two recently proposed methods 

for quantitative image reconstruction in real time. Both 

exploit a measured system-specific point-spread function 

(PSF) to construct the forward model of scattering in terms 

of S-parameters. Importantly, this model proves accurate in 

near-field imaging, which is the case in tissue imaging.  

 

The PSF-based model is then inverted efficiently in Fourier 

(or k-space) with reconstruction times on the order of 

seconds. The inversion strategies of QMH and SPM are 

fundamentally different. From a mathematical standpoint, 

what distinguishes the two methods is that QMH performs 

data matching at each point in the data k-space whereas 

SPM does so by minimizing the 2l  norm of the data error 

in the entire data space. Details can be found in [3]-[6]. 

Table 1. Averaged permittivity of phantom materials from 

3 GHz to 8 GHz. 

Material ε ′  ε ′′  

Carbon-rubber sheet 10.91 2.84 

Matching medium 10.41 5.07 

Simulated tumour 55.27 16.63 

Simulated fibroglandular tissue  23.83 11.27 
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Figure 1. Photos of the compressed breast phantom: (a) 

Layer 2, (b) Layer 4, (c) complete phantom. Images 

adapted from [9]. 

 

3 Experimental Setup 
 

The data is acquired with a planar raster scanning system, 

where, at each spatial position, a vector network analyzer 

(VNA) sweeps the frequency range from 3 GHz to 8 GHz 

in 100 MHz increments. The VNA is equipped with an RF 

switch allowing for the use of 1 transmitting (Tx) antenna 

[7] and 9 receiving antennas in a fixed arrangement for 

transmission measurements. The central element of the 9-

element Rx bowtie array [8] is aligned with the boresight 

of the Tx TEM horn, which resides at the opposite side of 

the flattened breast phantom. The translation stage moves 

the phantom laterally between the antennas.  

 

The lateral scan along x and y covers a 141 mm by 141 mm 

area with 3 mm increments. Photos of the breast tissue 

phantom are shown in Fig. 1. Table I shows the permittivity 

values of the different phantom constituents. The phantom 

is constructed from five 11 mm carbon-rubber sheets 

designed to match the permittivity of averaged scattered 

fibroglandular breast tissue. The second and fourth layers 

have sections removed, allowing for additional “healthy” 

and “cancer tissue” simulants to be inserted. In Layer 2, the 

cavity is filled with a “matching” medium, the permittivity 



of which is close to that of the carbon-rubber sheets. Two 

tumor simulants of approximate size of 10 mm are also 

inserted so that they touch. Layer 4 contains not only 

“matching” medium but also fibroglandular tissue simulant 

along with two tumor simulants of the same size as in Layer 

2. These simulants, too, are placed next to each other. All 

five layers are stacked and wrapped in plastic wrap. 

 

4 Microwave and CT Images  
 

Fig. 2 shows microwave quantitative images produced by 

QMH. The images are 2-dimensional (2D), similarly to 

mammography. They can be understood as projections of 

the 3D permittivity distribution in the lateral plane. The 

fibroglandular and tumor tissues are quantitatively 

estimated and identified well in the real-permittivity image. 

The imaginary-permittivity image is particularly successful 

in identifying the tumor simulants, which have 

significantly higher conductivity than the rest of the tissue 

phantom. The individual tumor simulants are not well 

separated due to the resolution limit of the system 

estimated at approximately 10 mm [6]. 

 

Fig. 3 shows slices of the 3D CT image coinciding with 

Layers 2 and 4. All structures are identified, including the 

air pockets which were not removed well during the 

construction of the tissue phantom. This is expected as the 

spatial resolution of CT (0.5 mm to 0.6 mm) [11] is 

markedly superior to all other imaging modalities, MRI 

included. The CT contrast between “cancers” and 

surrounding media is relatively low but sufficient to 

identify the phantom constituents. 
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Figure 2. QMH reconstruction of the breast phantom. All 

layers of the phantom are superimposed into one image due 

to the 2D reconstruction. (a) Real part of the permittivity. 

(b) Imaginary part of the permittivity. 
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Figure 3. CT image slices of the breast phantom at: (a) 

Layer 2; (b) Layer 4. Adapted from [10]. 
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