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Abstract— The estimation of the dielectric properties of
biological tissues at microwave frequencies are useful for various
applications including biomedical imaging and radio frequency
dosimetry. However, few existing techniques are suitable for ex
vivo tissue property estimation due to the inherent heterogeneity
and complex shape of tissues, and no existing methods are well-
suited for in vivo tissue property estimation due to the layered
nature of human tissue. This study presents a method of average
dielectric property estimation using an antenna calibration
technique, where permittivity and conductivity are estimated
between 3-8 GHz.

Index Terms—Dielectric measurement, calibration, microwave
imaging, ultra-wideband antennas

I. INTRODUCTION

HE estimation of dielectric properties — permittivity and
conductivity - at microwave frequencies has long been
investigated for applications in agriculture, material sciences,
and circuit technology. Methods such as resonant cavities,
transmission lines, and reflection-based techniques are
common in the literature [1]. However, for in vivo biomedical
applications, none of these techniques are convenient due to the
heterogeneous nature of biological tissues and the requirement
to conform with the shape of the human body. Free-space
techniques have been investigated using antennas, but are only
suited to measurements of planar, homogeneous materials. The
open-ended coaxial probe is commonly used for dielectric
property estimation of ex vivo biological tissues. However, due
to its shallow sensing depth, its application to in vivo
measurements is limited to surfaces such as the skin and tongue.
The estimation of bulk dielectric properties is of interest to
our group for applications in background property estimation
for biomedical imaging [2] and for tissue sensing in
applications such as bone health monitoring [3]. The properties
of tissues are primarily dominated by the contrast between fat
(low permittivity and conductivity) and water content (high
permittivity and conductivity). For instance, in microwave
breast imaging the dielectric properties provide insight into the
tissue composition, where adipose tissue has much lower
properties than fibroglandular and tumorous tissue.
Here we propose an antenna calibration technique with the
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objective of estimating bulk dielectric properties of biological
tissues. This technique and system allows for convenient
estimation of the permittivity and conductivity of tissues with
thickness ranging from approximately 20 — 60 mm, as validated
in simulation and measurement with tissue-mimicking samples
for frequencies between 3-8 GHz.

Il. METHODS

The ultra-wideband, dielectric-loaded antennas in [4] are
used to perform microwave measurements in contact with
tissues. The measurement configuration is shown in simulation
in Figure 1 a), and the signal flow graph used in the calibration
procedure is shown in Figure 1 b).
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Figure 1. Antenna transmission system: a) in simulation, b) signal flow graph
used during the calibration derivation

A calibration procedure is adapted from the Gate-Reflect-
Line (GRL) technique introduced in [5]. Since the antennas are
to be in direct contact with the tissues the calibration equations
are modified accordingly. The Reflect procedure is thus
performed with a planar conducting plate in contact with each
antenna, and the Thru procedure is performed with both
antennas in contact with one another. Two calibration matrices,
O and P, are derived through analysis of the signal flow graph
for the two calibration procedures. 0,, and P,, are derived
through time-domain gating of the transmitted signal, where
reflections due to the radiating antenna are isolated. The
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microwave response of the tissue is isolated once O and P are
known. A technique based on the Nicolson-Ross-Weir (NRW)
method [6] is then applied to estimate the permittivity and
conductivity. Full derivation of this technique is not shown
here.

Il. RESULTS

This technique was first validated using models ranging in
properties expected in biological tissue, where the mixtures
described in [7] were simulated and measured. Error boundaries
were found to be generally within 10%, which approaches the
accuracy of the open-ended coaxial probe. Measurements
performed on ex vivo porcine bone tissues are presented in [8].
Estimated properties of the heterogeneous tissue are found to
be reasonable, where the estimated properties lie between
literature values for the bone marrow and cortical (hard) bone,
the two major constituents of the tissue. Conductivity estimates
are not shown here but are found to be slightly overestimated
since the radial spreading of the microwave signal emulates loss
in the tissue, but still provide insight into the tissue properties.
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Figure 2. Left: the porcine femur excision. Right: performing the
measurement of the excision in a plastic bag using the antenna system
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Figure 3. Estimated permittivity of an ex vivo porcine femoral bone excision
(d = 30.20 mm) using the antenna transmission system, compared with results
from [9] which used an open-ended coaxial probe

IV. CONCLUSION

A method of dielectric property estimation has been
developed for biomedical applications. This technique will first
be applied in the system described in [2], where the estimation
of both permittivity and conductivity across multiple frequency
presents an improvement to the existing time-of-flight
estimation method. The 5x5 antenna array also allows for a low-
resolution dielectric property image to be generated. Future
work involves improved characterization of the radial spreading
of the radiated signal. This is a complex phenomenon which
depends on the properties of the tissue, the antenna separation
distance, and the operating frequency. This technique will then
be applied in other antenna designs with the objective of
developing a wearable system capable of monitoring tissue
dielectric properties.

V. IMPACT STATEMENT
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