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Abstract:

The use of electromagnetic waves for breast cancer detection has been a trending subject for several years. However, the
reduced accuracy due to the low frequency of operation is the bottleneck of such systems. Nevertheless, an increase of
the frequency results in a decrease of the penetration depth. In this work we investigate a focusing technique capable of
increasing the penetration depth of a system for breast imaging with its central frequency set at 30 GHz.

Résumé:

L’application des ondes électromagnétiques & la détection des cancers du sein fait I'objet de multiples travaux de recherche
depuis de nombreuses années. Les techniques proposées souffrent d’une relative faible résolution spatiale en raison des
bandes de fréquences de travail. Cependant, augmenter seulement la fréquence de fonctionnement ne permet pas de
contourner cette difficulté en raison de la diminution de la profondeur de pénétration des ondes électromagnétiques dans
les tissus. Nous proposons ici une nouvelle solution offrant la possibilité de controler la zone de focalisation (donc la
profondeur de pénétration des ondes), avec une application a la détection du cancer du sein a 30 GHz.

1 Introduction

The use of electromagnetic waves for breast cancer detection is an attractive solution due to their non-invasive
nature (compared to X-rays) and low cost (compared to magnetic resonance imaging (MRI)). Additionally,
it can be physician independent, thus advantageous compared to ultrasound mammography. However, at the
typical frequencies where electromagnetic systems are currently designed [1], the achievable resolution is not
always adequate to detect early stage malignant regions [2]. A possible improvement to this problem is to scale
up the frequency of operation [3]. However, this is accompanied by an increase of the losses and consequently a
decrease of the depth from which valuable information can be extracted. In this communication we propose a
methodology to focalize the electromagnetic field inside the tissue at 30 GHz (any frequency scaling is possible).
To address the problem in a robust way, the breast is approximated with a phi-independent planar stratification
as illustrated in Fig. 1. The simplified model consists of three layers: skin [4], fat [5] and fibroglandular tissue
[6, 7]. Besides a matching layer is chosen with a permittivity equal to the amplitude of the complex permittivity

(e-V1 + tan?6) of the skin at 30 GHz.

2 Proposed technique

2.1 Propagation inside the breast-like media

The planar stratification is illuminated by a uniformly tapered circular aperture. In addition, the aperture is
linearly polarized along x and is located at z = 0 on a xy—plane parallel to the stratification. For an aperture
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Figure 2: Normalized |E,| component in [dB] inside the stratification for different frequencies of operation for
a uniformly illuminated aperture of radius 6 c¢m at (a) 5 GHz and (b) 80 GHz. The blue lines represent the
interfaces of the stratification. The fields are normalized to their mazimum.

of diameter 6 cm, the field inside the stratification is plotted in Fig. 2 for two distinct frequencies, namely 5
GHz and 30 GHz. We immediately notice the vast difference of the field level inside the body between the two
frequencies. In fact, in the case of the lower frequency (5 GHz) the field level around the target distance is
about 5 dB lower with respect to the maximum, located very close to the aperture. On the other hand, at the
frequency of interest (30 GHz), the field is attenuated by more than 40 dB. Consequently, the possibility to
tailor the field at 30 GHz and improve the attenuation rate is of great importance.

2.2 Penetration depth enhancement

In order to counterbalance the added losses at the frequency of interest (30 GHz), a focalization of the field
is proposed. This can be achieved using different techniques [8, 9]. However in this communication a novel
convex optimization method is used, based on the CVX package for MATLAB [10, 11]. By using this method
the optimality of the solution is guaranteed [12].

The optimization scheme is able to maximize the field level at a requested distance along the z-axis. In our
case this distance has been set equal to zp = 5 cm [13]. The resulting (optimized) aperture distribution is
presented in Fig. 3. The field (originating from the aforementioned aperture distribution) behaviour inside the
body equivalent media is presented in Fig. 4a. We notice a considerable improvement of the field levels along
the z—axis compared to the uniformly illuminated aperture (Fig. 2b). This is further illustrated in Fig. 4b,
where the field along z—axis is plotted for the two cases. Specifically, a 14 dB increase at the target distance
is achieved compared to a uniformly illuminated aperture of the same size. The unavoidable low field values
(improved, however, with the proposed technique) are expected to be counterbalanced by the use of dedicated
(low noise figure) transceivers for the final system and exposure times of the order of tens of seconds. It should
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Figure 3: The aperture distribution (E, component) generated by the proposed optimization scheme (30 GHz).
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Figure 4: Normalized |E,| component in [dB] generated by the optimized aperture distribution at 80 GHz. The
improvement (compared to a uniform aperture) at the target distance (5em) is 14 dB.
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Figure 5: Normalized |E;| component in [dB] at the target plane (zo =5 c¢cm) for (a) the uniform and (b) the
optimized aperture distribution. The color scale is the same for the two graphs. The contour line interval is
3 dB.

also be noted that the intended technique is best applied for breasts with medium-to-high fat content. Under
this condition, the attenuation inside fibroglandular tissue, which is too challenging at such frequencies, can be
avoided. Additionally, the contrast between fat and malignant tissue is higher and thus favourable.

However, the increase of the field level along the z—axis, comes with a decrease of the illuminated area. This is
illustrated in Fig. 5, where the field at the target plane (zg = 5 cm) is plotted for the uniform and the optimized
aperture distribution. The area efficiently illuminated (-3dB from the respective maximum) is 4 cm and 0.6
cm in diameter for the uniform and optimized source, respectively. The impact of this focusing behaviour over
cancer detection is currently under investigation.

3 Conclusion

The capability to enhance the penetration depth is of paramount importance in high frequency breast cancer
scanners. The technique presented here proposes a novel source set-up, capable of increasing the field level along
the axis of propagation. This increase on the axial direction generates a focused field at the distance where
targets are expected, opening a new horizon towards high precision early breast cancer detection.
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