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Introduction
Breast Cancer is a major cause of mortality, with 1 in 4 women being
diagnosed with breast cancer [1][2]. Metastatic disease can result in death
if not detected and treated early. Breast cancer screening essential for
early detection, but access is limited for women in remote locations and
low-income countries.
Microwave imaging systems address this disparity, offering a compact,
cost-effective approach using safer non-ionizing radiation. The cancer
morphology and differences in the dielectric properties provide sufficient
contrast to identify malignant lesions [3][4].
Conversely, the relatively long wavelengths and multiple scattering in tissue
results in a low inherent resolution.

Problem Statement
The composition of a breast varies significantly between women [4], but
malignant lesions have a larger radar cross-section due to higher
conductivity and greater spiculation.
To optimize the design of a portable microwave breast cancer detection
system Fig 1(a), this study focuses on detecting the changes in the
electromagnetic fields associated with Aluminium (Al) rods serving as
point-like scatterers that represent malignant lesions.

Fig. 1: (a) Low-cost portable microwave breast cancer detection system 
[G. Fontaine, S. Pistorius, unpublished, 2022] (b) Schematic illustration 
of the simulated system showing the transmitting horn antenna, a 
hemispherical array of receivers, the dimensions of the sensing chamber 
studied in this work and two point-like reflectors placed at (-3, 0)(3, 0) cm

Method and Materials
A model of an experimental portable microwave breast cancer detection
system was designed in CST Microwave Studio [5].
This system Fig. 1(b)., used a rotating horn antenna (transmitter) and a
hemispheric array of sensors surrounding the breast.
The EM fields detected by these sensors were compared to the results
from a normal breast to detect the scattering differences due to a malignant
lesion.
The end of the antenna was 11 cm from the centre of the sensing chamber
(0,\0), which was 9 cm from the sensor array, thereby accommodating
breast sizes up to a G cup Fig. 1(b).
The Al rods were positioned using a cartesian coordinate system where the
X-axis was perpendicular to the beam direction. Fig. 1(b), illustrates the
position of two rods placed at (-3cm, 0 cm) and (3 cm, 0 cm) respectfully.
The simulation and analysis of the two point-like scatterers follow the
methodology presented in [6], where the ratio R of the electric field with a
single rod-like scatterer to that of the open field could be described by an
analytical equation of the form

Where u, v, and w, are a function of the rod and sensor positions, C1 and
C2 are fitting constants, c is the speed of light, and f is the frequency. Good
agreement of -1 ±10% was obtained for rod positions within ±6 cm along
the X-axis and Y-axis, Fig. 2.
The ratios of the magnitude of the E-fields with and without two Al rods
were compared to the magnitude of the E-fields with and without one Al rod
placed at similar positions.
The detected 2-8 GHz E-fields were averaged, and the ratio of their
magnitudes to the open-space magnitude was plotted for different positions
of two Al rods. Similarly, the averaged E-field magnitude ratio was
calculated for the single Al rod conditions positioned at similar points inside
the chamber.

𝑹𝑹 =  1 + �
𝐶𝐶1𝑣𝑣2

2𝑢𝑢4𝑤𝑤2�
2

+ �
𝐶𝐶1𝑣𝑣2

𝑢𝑢4𝑤𝑤2�𝑐𝑐𝑐𝑐𝑐𝑐 �
2𝜋𝜋𝜋𝜋
𝑐𝑐

(𝑣𝑣 − 𝑤𝑤) + 𝐶𝐶2� 

.
Fig. 2: The simulated and 
analytical ratios of E-field 
intensities (averaged over all 
frequencies) when the Al rod 
was present, to that of the 
open space condition, as a 
function of the receiver 
(sensor) and rod position on 
the X-axis. [6]

Results and Discussion
For wavelengths longer than the X-axis spacing of the Al rods, the
magnitude of the electric field at the central sensor was low relative to the
open field signals Fig 3.(a).
As the spacing increases, the ratio of the electric field R increases, and for
low-frequency signals where the wavelengths approach the rod spacing,
the value of R at the central sensor is above 1.
The peak values of R, which are due to constructive interference, were
located at similar sensors in the two-rod simulation as they were for the
single rod analysis, indicating that multiple scattering is not significant.
Fig. 3., illustrates that the two-rod response can be obtained from the
product of a function of the single-rod responses.

Fig. 3.: Comparison of the relative E-field 
magnitudes (ratio with rods to without rod) 
for two Al rods and one Al rod for different 
rod positions on the X-axis, 
(a) (-1.5, 0)(+1.5, 0) cm, 
(b) (-3, 0)(+3, 0) cm, 
(c) (-6, 0)(+6, 0) cm.

For rods situated on the Y-axis (Fig 4.), the magnitude of the E-fields 
behaved like a single rod placed closer to the transmitting antenna.
The magnitude of the E-field at the 0-degree sensor position is reduced in 
both cases due to the combined effects of both rods.

Fig. 4.: Comparison of the relative E-field magnitudes (ratio with rods to
without rod) for two Al rods and one Al rod at different rod positions on
the Y-axis, (a) (0, 0)(0, 3) cm, and (b) (0, 3)(0, -3) cm.

Conclusion
The E-field ratios for two-rod conditions follow well-defined variations that
agree with the single-rod E-field patterns.
Responses for multiple point-like scatterers could be obtained from the
superposition of many single rod responses.
This analysis may assist us in determining the optimal location of the
sensors to maximize system sensitivity and specificity.
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