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Abstract—Dermal tissue characterization based on
dielectric properties can be utilized as a non-invasive method
for diagnosis of skin cancers. To enable such technology, there
is a need to develop techniques that can rapidly and accurately
collect the dielectric properties of the skin tissues. Therefore,
the current measurement techniques and tools has to be
optimized for skin cancer detection. To this end, this study
presents dielectric property measurements with open-ended
coaxial probes having small apertures customized for detection
of skin cancer. Relative permittivity and conductivity of rat
skin tissue is characterized with open-ended coaxial probes
with outer diameters of 0.9mm and 0.5mm between 0.5GHz6GHz and the measurement results are compared with the
traditional probes having diameter of 2.2mm. The results agree
well with the reported literature data.
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I. INTRODUCTION
Skin cancer, comprising 40% of cancer cases globally, is
one of the most common form of cancers in the world [1].
Basal cell carcinoma (BCC), squamous cell carcinoma
(SCC), melanoma are main types of skin cancer. BCC and
SCC are also called as non-melanoma skin cancer (NMSC)
[2]. The number of diagnosed melanoma cases annually has
increased by 53% since 2008 [3]. The diagnosis methods for
melanoma are dermoscopy, digital dermoscopy, and
pathological analysis of skin biopsy [2]. Dermoscope has
several drawbacks such as low accuracy and risk of false
positive detections that can stem from alteration of
melanoma over time and human observation error. Digital
dermoscope provides the map of moles in body by
photographing and recording dermoscopic images in order to
detect the point localization. Thus, it becomes possible to
follow-up of high-risk skin cancer patients [2]. Even though
pathological analysis of skin biopsy provides highly accurate
results, it is not suitable for patients with multiple moles
since biopsy process results in undesirable scars.
Recently, it was concluded that the tumors lead to
changes in the physiological composition of tissues via
changes in water, sodium and protein content of the tissue
and such changes can be detected with electromagnetic
technology operating at microwave region [3]. One such
technology is reported in [4], where the dielectric property
discrepancy at microwave frequencies between hepatic
malignancies and healthy liver tissues has been identified
with open-ended coaxial probes. Open-ended coaxial probes
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can also be employed to identify the skin cancer. However,
there is a need to characterize the dielectric properties of
different moles and customize the technique for skin cancer
diagnosis. The possibility of using microwave diagnostic
technologies for melanoma detection attracted the interest of
researchers and dielectric property measurements have been
reported in the literature. In [5], dielectric properties of
freshly excised normal and malignant human skin is
measured via slim-form open-ended coaxial probe in the
range of 0.5-50GHz. In another recent study [6], a formula
has been derived to calculate the dielectric properties of skin
cancer tissues and healthy tissues based on a function of
water content in the frequency range of 1GHz to 50GHz. In
order to estimate the dielectric properties of malignant and
healthy skin tissues, [7] has utilized the effective medium
theory in the range of 20-100GHz. Moreover, [7] introduced
mm-wave reflectometry as a potential non-invasive tool for
skin cancer diagnosis. The dielectric properties of porcine
skin tissue have been measured in the frequency range of
300MHz-3GHz because of the possibility that porcine skin
tissue may be used as a substitute for human skin in medical
research [8]. Knowledge of dielectric characteristics of skin
tissue is fundamental to develop new diagnostic methods.
In this paper, the dielectric properties of rat skin tissues
have been measured between 500MHz–6GHz frequency
range with slim-form open-ended coaxial probes having
three different aperture diameters in an attempt to customize
the open-ended coaxial probes for skin cancer
characterization. The rest of the paper is organized as
follows, measurement methods and sample details are given
in Section II, dielectric property measurement results are
given in Section III, and conclusion is drawn in Section IV.
II. MATERIALS AND METHODS
Measurement samples included skin sample from 3
months old, 180g Sprague-Dawley rat was obtained from
Center for Life Sciences and Technologies Department,
Bogazici University (BU), Istanbul, Turkey. The
experimental protocol was in accordance with the
regulations on animal experiments approved by the Animal
Experiments Local Ethics Committee of Bogazici
University.
The measurement set-up included Agilent N9923A
FieldFox Handheld RF Vector Network Analyzer 6GHz,
Agilent 85070E software, slim form open-ended coaxial
probes with outer diameters 2.2mm, 0.9mm, and 0.5mm all
manufactured by Mitos Medical Technologies.
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Fig. 1. Measurement set-up: (a) probe with the in vitro rat skin sample,
and (b) three probes with 0.5mm, 0.9mm and 2.2mm diameters from left to
right.

the relative dielectric constant (εr) and the conductivity (σ)
of the sample. In order to calculate the relative permittivity
and conductivity with the in-house algorithm, S-parameter
response of the probes is also collected. The results from inhouse software have been validated with Agilent 85070E
software by using slim form probe with diameter 2.2mm.
The relative permittivity and conductivity measurements
are shown in Fig. 2. The relative permittivity and
conductivity computed by in-house software and verified
with Agilent 85070E software via 2.2mm aperture probe are
shown in Fig. 2 (a). The relative permittivity and
conductivity calculated through in-house software from the
data collected by the probes with diameters 0.9mm and
0.5mm are shown in Fig. 2 (b). In this study, the relative
permittivity conductivity values agree well with the data
reported in the literature [9].
IV. CONCLUSION
Classification of anomalies based on dielectric properties
emerges as a new diagnostic and therapeutic method. In this
study, dielectric properties of rat skin tissues have been
measured via open-ended coaxial probes with outer
diameters 2.2mm, 0.9mm and 0.5mm in the frequency range
0.5GHz and 6GHz. Obtained results are in agreement with
the literature.
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Fig. 2. Dielectric property measurements: (a) comparison of Agilent’s and
in-house algorithm’s relative permittivity and conductivity of rat skin tissue
samples using 2.2mm probe, and (b) the relative permittivity and
conductivity of rat skin tissue samples using 0.9mm and 0.5mm probes with
in-house algorithm.

Also, a laptop computer to run the commercial software for
dielectric property verification.The measurement set up and
the probes are shown in Fig. 1 (a) and Fig. 1 (b),
respectively. The dielectric material sandwiched between
the inner and outer conductor of the probes is Teflon
(εr=2.1).
III. RESULTS
The calibration process has been performed with
measurement sequence of air, a conductive textile and
distilled water. The relative dielectric constant (εr) and
conductivity (σ) measurements were performed in the range
of 0.5GHz–6GHz with 55MHz intervals. The measurements
were taken within 1 hour following the excision. To obtain
reliable results for each position, five measurements were
performed and their medians were used for computation of
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