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ABSTRACT

Skin cancer is one of the most commonly diffused cancer in the world and its incidence rates have constantly

increased in recent years. At the current state of the art, there is a lack of objective, quick and non-invasive

methods for diagnosing this condition; this, combined with hospital crowding, may lead to late diagnosis. Starting

from these considerations, this paper addresses the implementation of a microwave reflectometry based-system

that can be used as a non-invasive method for the in-vivo diagnosis and early detection of biological abnormalities,

such as skin cancer. This system relies on the dielectric contrasts existing between normal and anomalous skin

tissues at microwave frequencies. In particular, a truncated open-ended coaxial probe was designed, manufactured

and tested to sense (in combination with a miniaturized Vector Network Analyzer) the variations of skin dielectric

properties on a group of volunteer patients. The specific data processing demonstrated the suitability of the system

for discriminating malignant and benign lesions from healthy skin, ensuring simultaneously effectiveness, low cost,

compactness, comfortability and high sensitivity.

Introduction

The Skin Cancer Foundation estimates that in the U.S., more than 9.500 people are diagnosed with skin cancer every

day and more than two people die of the disease every hour, according to data collected in the year 2022 [1]. Skin

cancer, in fact, is the most common type of cancer and a large number of tumour types can affect the skin, which is

the human body’s largest organ [2]. The most common skin cancers, apart from melanoma, are basal cell carcinoma

(BCC) [3; 4; 5], squamous cell carcinoma (SCC) [6; 7] and epithelioma. An early diagnosis is the key to guarantee

the possibility of full recovery and to prevent the tumour from penetrating further into the underlying tissues causing

metastasis. These skin cancers only rarely cause symptoms in the early stages and it becomes difficult to be detected

quickly; as a result, prevention becomes crucial. However, currently there is a lack of objective non-invasive

methods for the characterization of skin lesions and the related diagnosis, that can ensure simultaneously an in-vivo

modality, large use possibility and low-cost instrumentation. As a matter of fact, when some suspicious cases occur,

typically, the dermatologist performs a visual examination of the skin through epiluminescence [8]. Nevertheless,

this technique strongly depends on the Clinician’s subjective experience and may suffer from low clinical accuracy.

Furthermore, a definite diagnosis of cancer can be made only after a biopsy [9; 10], which is an invasive procedure

involving the removal of a portion of tissue and, consequently, the analysis with a microscope. Because of the

high error probability deriving from the dermatologist exams, biopsies are requested very frequently, even for

portions of skin that are actually healthy, causing discomfort and concern to the patients. On such basis, it goes

without saying that, in the perspective of the so-called Health 4.0 Era [11; 12], the development of advanced digital

technologies, new systems and wearable devices play a crucial role in improving healthcare through periodical

screening, diagnosis and treatment of cancers. To these purposes, a non-invasive, portable, low-cost, microwave

reflectometry-based system was developed for analysing in-vivo suspicious skin lesions. The proposed methodology

is based on the detection of the dielectric contrast between healthy and anomalous skin tissues at microwaves. As

detailed in the following, a truncated open-ended coaxial probe was designed, manufactured and tested to sense (in

combination with a miniaturized Vector Network Analyzer) the variations of skin dielectric properties on a group of



volunteer patients. The proposed sensing system has the twofold purpose of i) detecting early-stage cancer; and of ii)

monitoring the healing phase and the evolution in time of cutaneous areas which were subjected to surgeries after

cancers. With regard to the early-stage detection, the proposed system allows to improve the diagnostic accuracy

supporting the clinical personnel in making a more objective diagnosis together with the possibility of optimizing the

requests of costly and invasive biopsies. As for the monitoring of the post-surgery phase, the proposed system would

allow the possibility of a periodic control of the tissue status associated to its corresponding dielectric response,

which can be regarded as an effective precautionary measure for avoiding recurrences.

This paper is organized as follows. First, Section 1 addresses the motivations of the work and provides an

overview of state-of-the-art solutions for monitoring and diagnosis of skin cancers. Section 2 describes the basic

theoretical background behind the proposed system. Section 3 presents the design, the optimization and the

characterization of the non-invasive coaxial probe. Section 4 describes the experimental measurement setup, the

procedure for extrapolating the dielectric properties of skin tissues from the reflectometric measurements and the

investigative campaign on people and voluntary patients. Section 4 reports the experimental results together with the

statistical analysis performed on the data. Finally, conclusions and future work are outlined in Section 5.

1 Review of the State Of The Art and Motivation of the Present Work

As briefly discussed in the Section , in the literature, most works relate to different methodologies for skin cancer

detection ranging from optical, photodynamic, sonography, thermal imaging, and electromagnetic. More in detail,

confocal Raman spectroscopy performs the analysis of the light that is scattered by the tissue; this, however,

requires very costly instrumentation [13]. Similarly, methods such as near-IR [14] or Terahertz spectroscopy [15]

involve expensive equipment. Other technologies are based on thermography which analyze the temperature of

the skin or lesion surface from the intensity of emitted infrared radiation [16]. Also this method needs expensive

instrumentation and, in addition, it is widely affected by external noise. Bio-electrical impedance or Optical

Coherence Tomography (OCT) may be affected by low measurement accuracy and they are both significantly

influenced by physiological or environmental variations. Considering the aforementioned limitations, the proposed

system exploits microwave reflectometry, combining the requirements of (i) low cost, (ii) compactness, (iii) quick

response time, (iv) comfortability (no biopsy) and (v) high sensitivity. More specifically, this technique is particularly

sensitive to the different dielectric properties between normal skin and lesions. As a matter of fact, cancer tissue

differs in composition with respect to healthy tissue from which the cancer originated. Some of the factors that

contribute to these variations include increased vasculation and blood content [17], differences in protein and mineral

content [18] as well as differences in the water content or water distribution and structure, e.g., whether the water

is free or bound. This means that it is extremely important to perform in-vivo diagnostics, in order to preserve

the physical and chemical composition of suspect tissues. In fact, it is important to underline that, when excised,

the tissues under test present some differences in characteristics with respect to the original in-vivo status, due

to different conditions such as the temperature, the loss of tissue water content after excision and the absence of

blood circulation. In this regard, an additional applicative limitation of most of the state-of-the-art techniques

related to the necessity of analysing of portions of tissues excised through biopsies [19; 20; 21], thus altering the

intrinsic properties of the tissues. As a consequence, the final results on the discrimination of skin cancers are

ambiguous and some substantial discrepancies are also observed among the data presented in different publications.

These limitations motivate the development of systems capable of discriminating, directly in vivo, the significant

dielectric variations of skin tissues associable to suspicious or malignant tumour cases at their very early stage,

by comparing their dielectric response with reference healthy areas. Another limitation of the methods based

on dielectric detection existing at the current state of the art relies to the analysis usually conducted at a single

frequency [22]. As well known, the complex dielectric permittivity of biological tissues depends strongly on the

frequency and, as a consequence, a single-frequency analysis can give a very limited information. Moreover, as

further consideration, operating in a lower frequency range implies significant advantages in terms of reduced costs

and portability of equipment. Another aspect motivating the present work relates to the possibility of diagnosing

tumours at their earliest stage. In fact, if not diagnosed suddenly, skin cancers can grow into nearby areas and they
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can invade and slowly destroy the surrounding tissues, as illustrated in Figure 1, provoking serious consequences

that ultimately can lead to death.

Figure 1. Growth of a skin cancer. © Howcast

In addition, knowing the dielectric signature of a body’s portion can be critically important for several aspects

beyond cancer diagnostics. It is worth noting that even when the treatment of a carcinoma was successfully

terminated, there is a residual possibility of a recurrence [23]. In perspective of prevention measures, there is a need

to monitor the dielectric variations of the skin area at risk in order to detect abnormalities in time. Viable tools for

large scale prevention monitoring could be useful also for several people such as workers frequently exposed to the

sun [24] as well as other with risk factors including: genetic predisposition [25; 26; 27], age [28], light skin, hair,

and eye pigmentation [29], geographic position [30; 31; 32], fragile immune system [33] exposure to other radiation

or to certain chemicals, chronic inflammatory skin conditions and complications of burns, scarring, or infections

[34; 35]. On the basis of all the aforementioned aspects, the present work aims at proposing an alternative system

which can detect suspicious or anomalous lesions directly in vivo and, at the same time, in perspective of prevention,

it can be applied for large-scale monitoring activity of skin dielectric characteristics thus alerting when suspect

variations occur. For the sake of assessing the proposed method, in this paper, investigations were conducted on

some voluntary patients presenting different kind of skin lesions which were preliminarily diagnosed by the standard

so-called ABCDE visual analysis [36; 37].

2 Theoretical Background

Microwave reflectometry (MR) is a powerful tool for several monitoring and diagnostic applications [38; 39; 40; 41;

42; 43; 44; 45]. Typically, in MR, an electromagnetic test signal is propagated through a sensing element. As a result

of the electromagnetic interaction, the incident signal is reflected back and it carries significant information which

can be directly associated to dielectric properties of the system under test. Because microwaves are non-ionizing

radiation, they are suitable for diagnostic in-vivo applications on biological tissues, such as in the case of early-stage

detection of skin cancer. As reported in the state of the art, the dielectric properties of cancer tissue differ from

healthy tissue, mostly because of the different water and protein content [46; 47; 48]. This difference can be detected

by microwave-based systems.

More specifically, the dielectric properties of biological tissues can be described in terms of frequency-dependent

complex dielectric permittivity ε
∗( f ), according to the following equation 1

ε
∗( f ) = ε

′
( f )− jε

′′
( f ) (1)

where ε
′
is the relative dielectric constant, ε

′′
is the relative dielectric loss factor and f is the frequency [49].

For brevity, hereon the term “relative” is assumed and omitted in the text. Biological tissues exhibit considerable

inhomogeneities, caused by several factors such as the nature, structure, and organization of the cellular components.

Therefore, at the state of the art, different dielectric models are available describing the frequency dependent complex

permittivity, such as the Cole-Cole model [50; 51].

The dielectric contrast between cancerous and healthy tissues provokes a different interaction with microwaves

thus allowing the correspondent characteristic detection. In fact, the dielectric characteristic is directly associated to
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the reflected signal, and it can be revealed in terms of the frequency-dependent reflection scattering parameter S11( f )
of the probe when this is in contact with the biological tissue. Generally, the S11( f ) measurements can be obtained

through a Vector Network Analyzer (VNA) connected to a probe which can be inserted in or in contact with the

system under test. For the sake of ensuring in-vivo and non-invasive measurements, a suitable probe configuration

is that of a truncated open ended coaxial probe which when in contact with the tissue sample under test can be

sensible to the dielectric variations. To this purpose, it can be exploited the so-called fringing effect associated to a

termination flange of the truncated coaxial probe [52]. In Figure 2 it is schematized the equivalent electrical circuit

of the probe termination associated to the capacitive fringing effect, where C f and C0 are the internal and external

fringing capacitances, respectively, ε
∗ is the complex permittivity of the material under test (MUT) in contact with

the probe and Z0 is the characteristic impedance of the coaxial probe.

Figure 2. Cross-section of an open-ended coaxial probe a), equivalent lumped-element electric circuit b)

From the theory [52] the equation that relates the ε
∗( f ) to the corresponding scattering parameter of the MUT,

S11,MUT ( f ) measured in correspondence of the calibration plane reported in Figure 2, is given by the following

equation:

ε
∗ =

1−S11,MUT ( f ))

jωZ0C0 [1+S11,MUT ( f )]
−

C f

C0

(2)

where ω is the angular frequency and j2 = −1 is the complex imaginary unit. Typically, this technique is

implemented in commercially available software and probes but, in view of the specific purposes of the present

application, there is the need to use customized probes together with a dedicated algorithm, as detailed in Section 4.

3 Probe Design and Simulations

Considering the requirements of non-invasiveness and surface skin contact, the aforementioned open-ended coaxial

probe configuration was chosen. Through the use of the CST Microwave Studio software, a preliminary simulation

analysis was performed to identify the most suitable probe geometry. To this purpose and to predict the electro-

magnetic interaction of the probe on the skin surface, the biological tissue has been modelled through a three-layer

structure composed by skin, fat and muscle. More specifically, the skin layer includes the stratum corneum, the

epidermis and the dermis. The dielectric parameters of biological tissues have been superimposed by the reference

values available in the “Gabriel&Gabriel” database [53]. For the sake of optimizing the probe configuration in

terms of dielectric sensitivity, some recurrent parametric simulations have been implemented in order to guarantee

good response in the frequency range of interest (which is in the order of few GHz) and to ensure a good spatial

resolution in the sensing volume in the subsurface skin region potentially affected by tumoral pathologies. As well

known, the penetration depth of a coaxial probe is proportional to its diameter; hence, as a general requirement,

the smaller the diameter, the higher will be the sensitivity related to the skin layer in which the tumour initially

originates. On the other hand, if the stratum corneum layer is relatively thick, it may happen that epidermis and

dermis layers are not sufficiently sensitive to the electromagnetic (EM) field. As a consequence, a good trade-off

between the geometric probe configuration and the depth penetration sensitivity must be obtained. Considering these

requirements, the parametric simulations allow to achieve an optimal probe configuration as detailed in Figure 3. In

4/15



particular, the outer diameter of the inner conductor is 1.25 mm, the inner diameter of the outer conductor is 4.2 mm

and the dielectric material between the two conductors is Teflon. The probe, having an external length of 11 mm, is

equipped with an external metallic flange (i.e., a ground plane), with a diameter of 17.2 mm, in order to enhance its

sensitivity in terms of the fringing field effect, described in Section 2.

Figure 3. Scheme of the simulated system: Bottom view of the probe and geometric dimensions in mm a),

Perspective view of the probe b), Probe in contact with the three-layer modelled biological tissue c).

After this preliminary design phase, additional simulations were performed in order to evaluate the response for

different thickness of the skin layer so as to cover the variability range of different parts of the body. In this regard, it

is known that, typically the skin varies from 0.5 mm thick (generally only on the eyelids) to 4 mm [54]. As can be

seen in Figure 4, which shows the S11( f ) response in function of the skin thickness, the overall behaviour is not

substantially influenced by this parameter. As a consequence, the designed probe configuration can be applied in

different parts of the body.
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Figure 4. Simulated scattering parameter in function of the skin thickness. Magnitude response a), Phase response

b)

Figure 5 shows the simulation results of the electric field penetration for three different skin thickness, in order

to evaluate the deep penetration of the EM field in terms of sensing capability.
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Figure 5. Simulation results of E-field at different skin thickness: 3 mm a), 2mm b), 1 mm c). Ez-field strength as

a function of tissue thickness d)

As can be seen from Figure 5 b), for the all different simulated skin thickness, a distinct peak of the electric field

is observed in the skin region. At the interface between the skin and fat layer, as expected, due to their corresponding

different dielectric values, a significant field variation occurs, according to the following equation:

E1ε1 = E2ε2 (3)

where ε1 and ε2 represent the dielectric permittivity of skin and fat while E1 and E2 the normal component

values of the electric field in skin and fat respectively. The graph shows that after about 3 mm the effect of the field

can be considered negligible; therefore the detection depth of the probe is about 3 mm, according to the application

purpose.

4 Materials and Methods

As explained in the previous sections, the detection procedure involves the initial measurements of the |S11( f )|. In

view of the practical application, which involves low-cost and compact equipment suitable for portable (or wearable)

approach, a miniaturized Vector Network Analyzer (m-VNA) developed by HCXQS (commercially available with

the name of nanoVNA) has been chosen. The m-VNA is a compact (dimensions 15 cm x 10 cm x 6 cm), low-cost

(about 100 euros) VNA with an operating frequency range 50 kHz-3 GHz. For the sake of assessing the metrological

performance a comparative analysis between the m-VNA and a reference benchtop accurate instrument (i.e. VNA

R&S ZLV6) was preliminary conducted; as a result, the measurement deviation in terms of root mean square error

(RMSE) is 0.0135.

After the preliminary validation activity, a specific investigation campaign was conducted involving voluntary

people. The experiments were carried out on volunteer subjects who signed an informed consent, containing the

consent to use and share the anonymized data for scientific publication, and regarding the harmlessness of the

system and the acknowledgement that the system does not lead to any permanent or temporary alteration whatsoever.
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The study was conducted according to the guidelines of the Declaration of Helsinki [55]. The Ethic Committee

“Comitato Etico ASL/LE” of the Local Health Authority of Lecce (Italy) has in charge the documentation describing

the specific protocol activity. The test cases considered in the investigative campaign can be grouped into three major

categories: (i) moles that can be regarded as pigmented skin healthy lesions slightly differing from the adjacent

normal skin, (ii) malignant and (iii) benign tumours. A group of 11 informed volunteers participated in the research

campaign which was conducted with the clinical supervision of the medical personnel who performed the tests

and, for each case, diagnosed possible pathologies (i.e. both malignant and benign tumours) through the standard

so-called ABCDE visual analysis and epiluminescence. Table 1 summarizes the details of all the analysed cases,

also indicating the related body parts and the corresponding dermatological diagnosis. As reported in Table 1, 4

subjects were affected by malignant lesions (two basal cell carcinoma BCC and two epitheliomas), 2 presented

benign lesions (keratosis) and, finally, 5 had normal moles.

Table 1. Characteristics and typologies of the 11 considered test-cases of the voluntary subjects participating in the

campaign

Subject number Diagnosis

#1 Mole

#2 Mole

#3 Mole

#4 Mole

#5 Mole

#6 Malignant tumour (BCC)

#7 Malignant tumour (BCC)

#8 Malignant tumour (epithelioma)

#9 Malignant tumour (epithelioma)

#10 Benign tumour (keratosis)

#11 Benign tumour (keratosis)

For each test-case under examination, the adopted in-vivo protocol consisted of a double test; firstly, the suspected

area affected by lesion was investigated and, subsequently, the normal skin area in the near proximity of the lesions

was also analysed for the sake of comparison. Experiments were carried out by connecting the designed probe to the

m-VNA and the raw data was acquired on a PC. Figure 6 shows the used setup highlighting the contact between the

skin surface and the probe that, in the current prototypal version of the system, was just pressed manually on the

skin tissue to ensure a very stable contact. It should be mentioned that, although the measured response already

showed good repeatability, it is envisaged that the probe will be inserted in a wearable flexible structure equipped

with a miniaturized strength sensor thus enabling a stable contact between skin and probe.

Figure 6. Experimental setup highlighting the contact between the skin surface and the probe
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In order to extrapolate the frequency-dependent dielectric permittivity from the S11( f ) measurements, according

to the theoretical background described in Section 2, a specific algorithm was implemented in LabVIEW, as reported

in [56]. More in detail, the extrapolation procedure can be applied for customized coaxial probe, avoiding the

complete characterization of the probe capacitance, reported in equation 2. The procedure, which is described in

detail in [56], also implements a specific calibration procedure suitable for the specific probe flange configuration.

Three preliminary calibration measurements have to be performed on well-referenced dielectric samples (i.e. air,

acetone and isopropyl alcohol) thus allowing compensating for systematic errors and parasitic effect introduced by

the setup.

Experimental Results

As aforementioned, the experimental measurements were carried out on the 11 volunteer patients, as categorised:

moles, malignant tumours and benign tumours. The measurements results are reported in Figure 7 which shows, for

each test-case the comparison between the magnitude of the scattering parameter as acquired from lesions (moles or

tumours) and the corresponding normal skin, respectively.

As a first observation, it can be noticed that, over the whole considered frequency range, the tumour cases exhibit

different values with respect to the moles. The response of moles is systematically lower than that corresponding

healthy skin portion, while as for the tumour cases an opposite trend is observed. This preliminary result suggests that

the system is capable to discriminate accurately between moles, normal skin and tumours. Additionally, considering

the tumours cases, the difference between the responses of benign tumours and healthy skin is more significant. A

similar trend was also observed for the phase response of S11( f ), not reported for the sake of brevity. As described

in Section 4, from the measured S11( f ) data, it is possible to extrapolate the complex permittivity spectrum thus

characterizing the specific dielectric signature of the sample. Figure 8 shows the obtained results which refer to the

250 MHz-3 GHz frequency range.

As can be easily seen in Figure 8, the four tissues categories exhibit different dielectric characteristics. Regarding

the skin lesions, it is possible to identify three groups of curves: benign tissues (keratosis) which show the lowest

permittivity values, malignant tissues (basal cell carcinoma and epithelioma) which shows the intermediate values

and moles which present the highest values of permittivity. The described trend is the same for both the real and the

imaginary part of the complex permittivity. The observed trend indicates that the complex permittivity progressively

decreases as the tissue degenerates from normal to tumoral condition.

To further analyse the data and also in view of the future extension of the investigation campaign, a statistical

analysis was performed for facilitating the possible discrimination of different cases and the related classification.

Figure 9 shows the mean values (solid lines) and the standard deviation (bars) of the complex permittivity calculated

from all the measurements of each of the four tissue groups (moles, healthy skin, malignant tissues and benign

tissues).

As a general trend it is observed that the higher the complex permittivity, the higher the probability that the

tissue is not a tumour. Conversely, for dielectric permittivity values lower than those corresponding to the adjacent

normal skin, it is necessary a further assessment for discriminating between malignant and benign tumours. In

addition, to identify similarities among the considered tissues of the 11 volunteers, the Principal Component Analysis

(PCA) was carried out on the extrapolated dielectric parameters of the examined tissues. The goal is to extract

significant information from the data and to present a final classification [57]. This analysis in fact, is typically

used for dimensionality reduction by projecting each data point onto only the first few principal components to

obtain lower-dimensional data, losing only little information. The PCA is also useful in order to identify clusters of

elements: the higher is the distance between clusters, the more distinguishable is the data included in the clusters.

Figure 10 shows the final result as deriving from the simultaneous processing of both real and imaginary permittivity

data.

As expected, four main characteristics clusters can be observed, in which the four categorised typologies of

cases are included. Particularly, considering that moles and healthy skin correspond both to normal conditions,

their cumulative cluster area is positioned in the rightest portion the graph. On the other hand, lesions originating

8/15



500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0
|S

11
(f)

|

f [MHz]

 subject #1 - mole
 subject #1 - skin

500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0

|S
11

(f)
|

f [MHz]

 subject #2 - mole
 subject #2 - skin

500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0

|S
11

(f)
|

f [MHz]

 subject #3 - mole
 subject #3 - skin

500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0

|S
11

(f)
|

f [MHz]

 subject #4 - mole
 subject #4 - skin

500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0

|S
11

(f)
|

f [MHz]

 subject #5 - mole
 subject #5 - skin

500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0

|S
11

(f)
|

f [MHz]

 subject #6 - malignant tumour
 subject #6 - skin

500 1000 1500 2000 2500 3000
0.7

0.8

0.9

1.0

|S
11

(f)
|

f [MHz]

 subject #7 - malignant tumour
 subject #7 - skin

500 1000 1500 2000 2500 3000
0.75

0.80

0.85

0.90

0.95

1.00

|S
11

(f)
|

f [MHz]

 subject #8 - malignant tumour
 subject #8 - skin

500 1000 1500 2000 2500 3000
0.70

0.75

0.80

0.85

0.90

0.95

1.00

|S
11

(f)
|

f [MHz]

 subject #9 - malignant tumour
 subject #9 - skin

500 1000 1500 2000 2500 3000

0.75

0.80

0.85

0.90

0.95

1.00

|S
11

(f)
|

f [MHz]

 subject #10 - benign tumour
 subject #10 - skin

500 1000 1500 2000 2500 3000

0.70

0.75

0.80

0.85

0.90

0.95

1.00

|S
11

(f)
|

f [MHz]

 subject #11 - benign tumour
 subject #11 - skin

Figure 7. Magnitude of the S11( f ) measured with the experimental setup on the 11 subjects as categorised: moles,

malignant and benign tumours. For each test-case the comparison between lesion and normal skin is reported

by tumours both malignant and benign are displayed in the left part of the graph. Although a definitive and high

accurate cluster classification would require a bigger dataset, these results indicate that the method is a suitable for

discriminating among different cases thus anticipating that it is a good candidate for clinical support in the early

cancer diagnostics.
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Figure 8. Comparative results of the complex permittivity obtained for each considered test-case: Real part of the

dielectric permittivity for lesions a) and skin b). Imaginary part of the dielectric permittivity for lesions c) and skin

d).

5 Conclusions

In this paper, a novel microwave reflectometry -based system for in-vivo skin cancer diagnosis is proposed and

experimentally validated. This system potentially offers an attractive solution for non-invasive and in-vivo monitoring,

in order to assess early-stage cancer diagnoses and favour prevention for several people with risk factors. The

theoretical principle behind the proposed system exploits the significant different dielectric behaviour between

healthy and pathological tissues, such as skin cancer. In particular, through the use of a miniaturized VNA and a

specifically-designed open-ended coaxial probe, reflectometric measurements can be performed and then correlated

to the frequency-dependent complex permittivity via a tailored data processing. The resulting contrast in complex

permittivity between normal and tumoral tissues demonstrates the potential of the system for tissue classification

and diagnosis, ensuring simultaneously low cost, compactness, comfortability and high sensitivity. The results of

this paper can be used as a basis for taking further steps in skin cancer research. In this regard, future work will be

dedicated to validate and to further test the proposed system on a large-scale campaign. Furthermore, in view of the

practical application, the system will be improved through the integration of a Bluetooth interface and of a wearable

flexible structure in order to allow the use also for periodic remote control and clinical monitoring on suspicious or

surgically treated areas.
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Figure 9. Complex permittivity of the five groups of tissues. The lines represent the mean values and the bars the

standard deviation. Real part of complex permittivity (ε
′
) a) and Imaginary part of complex permittivity (ε

′′
) b)
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Figure 10. Final result of the PCA analysis conducted on the considered test-cases
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