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Abstract—In recent years, Ultra Wideband (UWB) technology ation in CT [4], and the long scan time in the case of MRI
has emerged as a promising alternative for use in a wide [5]. In response to these limitations, microwave imaging ha
range of applications. One of the potential applications olUWB been recognized as a promising non-ionizing and non-ingasi

is in healthcare and imaging, motivated by its non-ionizing It fi ina technol for th licati@msr
signals, low cost, low complexity, and its ability to penetate aftiernatve screening technology tor these applicat

through mediums. Moreover, the large bandwidth covered by ~ In general, there are three known types of skin cancer:
UWB signals permits the very high resolution required in Squameous Cell Carcinoma (SCC), Basel Cell Carcinoma
imaging experiments. In this paper, a recently introduced WB  (BCC), and melanoma. In the majority of cases (especially
microwave imaging technique based on the Huygens principle goc and SCC), the skin cancers are curable if they are
_(HP),_has been a_pplled to multilayered skin model with an di d at v st Eor thi the diglectri
inclusion representing a tumor. The methodology of HP permts lagnosed at an early stage. For this purpose, the digectr
the capture of contrast such that different material properties Properties of human tissues can be used as an effective and
within the region of interest can be discriminated in the find accurate indicator for diagnostic purposes. [6]. Microwav
image, and its simplicity removes the need to solve inverse jmaging makes use of the difference in dielectric propsrtie
problems when forward propagating the waves. Therefore the payyeen normal and malignant skin tissues for detection
procedure can identify and localize significant scatterergnside . - . . .
a multilayered volume. Validation of the technique through purposes. Human skm.compnses O_f three Iayer;, epidermis,
simulations on multilayered cylindrical model of the skin with ~dermis and hyperdermis. With a thickness varying between
inclusion representing the tumor has been performed. tissue for 0.1 to 0.5 mm, the epidermis is the outermost layer
of the skin. The most external part of the epidermis is a very
thin body of dead cells called Stratum Corneum (SC). The
The extremely low power of UWB technology and itghickness of SC varies depending on the location of the skin
large bandwidth makes it a good candidate to solve maawd it normally ranges between 15 and 480 [7].
problems in various areas including short range high dataln the past few years, a number of uniform multilayer
rate communications and radar applications. In addition toodels have been proposed to simulate the skin layers, with
these application schemes, other fields of appropriatesfesseach layer being distinguished by a set boundary and specific
the UWB technology are under investigation. In particulaglectrical properties (permittivity and conductivity)][@leter-
interest has grown in the utilization of UWB technology imined by those of free water content [8]. There is an increase
medicine and healthcare. Recent advances in UWB hardwarghe amount of water content in all types of skin cancer,
technology has enabled the possibility of achieving thgdarmost notably in the epidermis layer. For malignant tumors
bandwidth which is required for higher resolution imagimgla and lesions, the water content of the epidermis can reach up
detection [1]. In addition, several unique properties of BW to 81% [9]. These changes in the water content result in a
including its non-ionizing signals, low cost and the abilib change in the permittivity value of the tissue.
penetrate through media (air, skin, bones and tissues) hav€urrently, the most common and accurate approach for skin
transformed it into an ideal candidate for a number of healtbancer diagnosis is via the biopsy technique, in which the
oriented applications [2]. skin lesion is removed and examined in a laboratory [10].
A number of well established medical imaging techniquekhe diagnostic results usually take around a week to become
are being used in clinics and hospitals today. These meth@dsilable and are not guaranteed to be accurate. Meanwhile,
utilize different technologies and are able to produce welleflectometer techniques [10] use millimeter wave guides to
defined tomographic reconstructions of living tissues gisirdiscriminate malignant and normal lesions. On the othedhan
a range of media. Most common are X-ray-based computide approach presented in this paper is a complete imaging
tomography (CT), ultrasound scanners, and nuclear magnégichnique which allows us to image the tissues and to lcealiz
resonance imaging (known as MRI). Beside their advantagd® inclusions. To the best of our knowledge this method
each of these techniques suffer from their own drawbackeas not yet been applied for the application of skin cancer
including contrast problems in Ultrasound [3], ionizinglika detection.

|I. INTRODUCTION
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For this purpose, the aim of this paper is to apply a novel,
fast, and accurate UWB microwave imaging method based
on the Huygens Principle (HP) [11] for treating multilay-
ered model with inclusions. Using HP removes the need to X
solve inverse problems and, consequently, no matrix genera @
tion/inversion is required. :

Furthermore, UWB allows the utilization of all the infor- Epidermis —
mation in the frequency domain by combining the information ; :
from the individual frequencies, resulting in the constiart of I | P>
a consistent image. It follows that the methodology can-den : :
tify the presence and location of significant scatterergdens
a multilayered volume without having apriori knowledge of
the dielectric properties of the target object. Validatafrthe
technique through simulations has been performed, anttsesu S
are presented, illustrating the effectiveness of the megdo rxnp '
method. Potential applications of the method are skin gance
detection, internal organ and whole body imaging.

In the next section of this paper, the HP-based procedure
is reviewed and summarized. The method is the validated
through realistic skin simulations in Section Ill, whileclien
IV concludes the paper.

Stratum corneum

Fig. 1: Pictorial view of the skin cancer detection problem.

the subscript HP refers to the Huygens principle method,
[l. THE HUYGENS PRINCIPLE-BASED PROCEDURE and avg,{Enp} represents the average of signals obtained

The procedure employed in this section was first introducggjmmatmg the object using/ different transmitter positions.
_>
Pl

and presented in [11], and was subsequently tested succesSAoreover,G(kﬂ?np—

fully through a number of simulations and measurements fas [11]:

the purpose of breast cancer detection, published in the fol

lowing papers [12], [13], [14]. To assist reader undersiamd N 1 ik B

some fundamental works presented in [11] is reused here. Gk Bnp— PI) = A |e Ja[Bop= Bl (3)
As a simple example, consider a cylinder in free space P

illuminated by a transmitting line sourcenfxand operating at  puyring the initial simulations, it was observed that an imag
a frequencyf. At this point, it is assumed that the dielectricyf the transmitter appeared in the result, which sometimes
properties of the bulk of the cylinder are known. The problefyasked the area of interest. However, this transmitter énag

consists of identifying the presence and location of diio0R  can pe successfully removed by modifying (2) such that:
ities by using only the fields measured at the receivers admitsi

) is the Green’s function defined

. . NpT
the cylinder (fig. 1) ESS(p. @it f) = S (Enp—avay{Enp})Glka| Bnp— B)
np=1
Assume that the field at the surface pointsp = (2o, ¢hp) (4)
is known, such that: where avg,{Enp} represents the average of signals obtained

illuminating the object usind/ different transmitter positions.
This in effect “smears” out the transmitter image.
whereNpT indicates the number of measured points across the

outside cylinder. Recalling the HP, we note that: each lafus Thus, assuming/ transmitting sources & m=1,2...M

a wave excites the local matter which reradiates a secondgyy, NF, ! '
wavelets, and all wavelets superpose to a new, resulting wav
(the envelope of those wavelets), and so on [15]. Making u
of this theory, we calculate the field inside the cylinderfas t

Elixsp = Enp With np=1,..Npt (1)

frequenciesf;, the intensity of the resulting image
using the Green’s functions can be obtained through the
oherent summation:

.. . . .. M Ne
superposition of the fields re-radiated by tNet receiving | _ 1 A |ETSStr i £ )2 5
antennas of (1): HP(P, @) Bﬁgﬂ; t|Efp (P, @itx; fi)] 5)

Ner In (5), At and B represent the frequency and the bandwidth,
B (P oitx 1) = Z E”pG(le”p*m) @) respectively. The resolution is expected to reach the alptic
np=L resolution limit of At /4, whereAs, . represents the wave-
(p,@) = ﬁ is the observation point arld represents the wave length in the cylinder calculated at the highest frequetitg;
number for the media constituting the cylinder. In (2), thgives the rule of thumb for determining the highest freqyenc
string “rcstr” indicates the reconstructed internal fielhile to be used.
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Fig. 2: Phase of the field on the external surface. Fig. 3: Magnitude of the field on the external surface.

IIl. VALIDATION THROUGH SIMULATIONS:
MULTILAYERED MODEL WITH AN ECCENTRIC INCLUSION

The applicability of the analytical formulation preseniad
[13] is tested by simulating a 3-layer cylindrical model hwit
an eccentric inclusion. The model, which is 2.5 mm in radit
has realistic human skin tissue properties assigned tbrige t
layers. The external cylinder is assumed to be a 0.1 mm thi
Stratum Corneum, witlg;; = 10 ando; = 0.0001 S/m [16]. ™
The internal concentric cylinder and the eccentric induosire
then assigned the electrical properties of Epiderrgis= 33
ando; =1 S/m) [17] and malignant tumog{ = 50 ando; =
3 S/m) [18] respectively. Furthermore, the eccentric isduo
is 0.5 mm in radius and its center is placed at 2 mm de:
from the external layer of the skin, 9@egrees relative to the
X-axis.

Four transmitter sources placed 1 cm from the axis of tl..
cylinder illuminate the external cylinder, while a frequgn Fig. 4: Cylinder with an inclusion: normalized intensity obtained
band of 1-10 GHz with frequency spacing of 10 MHz is used through (5). All scales are in millimeters.
in the computer simulation. For each illuminating sourcd an
for h fr n he fiel Npt =12 ints lyin
oon ,?ha; ext:?nuael ;g&;ci i: iﬁlz)ug[teg.T Finall?/, p'cﬁeteslvé/m%e hence this result would suggest its detection would be aebie

the 4 data set$avg,{Enp}) is calculated and HP is appliedin almost all cases in various parts of the body.

to the difference between the measured field and the avera Ehe effect of the change in the permittivity of the epidermis
field as stated in (4) and that of the malignant tissue was then investigated.Wass

Figures 2 and 3 show the variation in phase and magnitu‘?ﬁ%ne to consider the change in the permittivity of the epider
d the tumor caused by the amount of water content [18], and

of the measured field on the external surface of the cylind take int t the alt i itivity valueshas
respectively, while fig 4 depicts the normalized intensity ake into account the afternative permitlivity valuesiese

adjustment obtained through (5) and using an appropri resues presented by other researchers [1.6]' Morg i.n.dmail
image adjusting. The image is adjusted by forcing the ir“ymswere interested to see if these changes in permittivityeslu
values below 0.7 up to zero and expanding from O to 1 valu\Q@u'd affect the resolution and localization of the detdcte
above 0.7. A bright peak representing the tumor can be yleanOf- The results are tabulated in Table 1.

observed and detected in the region of the inclusion with It ca? be seen thag the chahnge n theﬁpermlttnr/:ty valule ,Of
resolution of 0.6 mm. the malignant tumor does not have any affect on the resalutio

It can be observed that the method successfully detects M positioning of the imaging results, while a similar agan

locates the skin tumor in this simulation. A malignant tumaf’ t?e_&ermflfttlvtlty \(/jalue ci')ft_the epidermis results in a very
has electrical properties higher than most human tissu#s [1neg Igible ofiset and resolution.




Resolution| Offset [8] Y. Feldman, A. Puzenkol, P. B. Ishail, et al., “The electagnetic

(mm) (mm) response of human skin in the millimetre and submillimetevevrange”,

Physics in Medicine and Biologp4, pp. 3341-3363, 2009.
) =33 40 06 0 [9] K. Chand, P. Mehta, D. G. Beetner, R. Zoughi and W. V. Steec
Eepidermis= 53, Emalig = . “Microwave reflectometry as a novel diagnostic method faedgon of

skin cancers”. Instrumentation and Measurement, pp. 1428, Ottawa,
2005.
0 [10] A. Taeb, S. Gigoyan and S. Safavi-Naeini, “Millimetreve waveguide
reflectometers for early detection of skin cancéfjcrowaves, Antennas
& Propagation, IET, vol.7, no.14, pp.1182-1186, November 19, 2013.
[11] N. Ghavami, G. Tiberi, D. J. Edwards, and A. Monorchit)WB Mi-
crowave Imaging of Objects With Canonical Shap&EE Transactions
on Antennas and Propagatipnol.60, no.1, pp. 231-239, January 2012.
[12] G. Tiberi, N. Ghavami, D. J. Edwards and A. Monorchio, Itfd-
wideband microwave imaging of cylindrical objects with ligions,”
Microwaves, Antennas & Propagation, IETol.5, no.12, pp.1440-1446,
Eepidermis= 40, Emalig = 50 0.65 0.05 September 2011. Pad - PP
[13] N. Ghavami, G. Tiberi, D. J. Edwards, A. Safaai-Jazg &1 Monorchio,
. . . . “Huygens principle based imaging of multilayered objectshwnclu-
TABLE I: Comparison of the imaging results obtained through sjons” Progress In Electromagnetics Researchvdl. 58, pp. 139-149,
various permittivity value combinations. 2014.
[14] N. Ghavami, P. Probert Smith, G. Tiberi, D. J. Edwardd arCraddock,
“Non-iterative beamforming based on Huygens principle rfaultistatic
ultrawide band radar: application to breast imaging,” Nicrowaves,
IV. CONCLUSION Antennas & Propagation, IETvol. 9, no. 12, pp. 1233-1240, September
¢ . 2015.
) Th? appllca_tlon of a recently developed UWB _mlcrowava5] P. Enders, “Huygens principle as universal model oppigation,”Latin-
imaging algorithm based on the Huygens principle on re- American Journal of Physics Educatiovol. 3, no. 1, pp. 1932, January
alistic skin simulations has been analyzed. The multilai- 2009.

. L . - - 161 A. Megej, A. Caduff and M. Talary, “Method and device fohar-
ered ;lmulated m_odel assumes realistic skin dimensions néacterizing the effect of a skin treatment agent on skin” USieRt
electrical properties for individual layers and the tumor. US20110144525 A1, June 2011.

Forward-propagation of the waves using the HP procedutél K. Sats_aki af”tdhK- W%ke and S. d"‘g"ta”"?‘bevt“f""easure.me’}%wtic

. . properties o € eplaermis an ermis at frequencies fr Z 1o

rem_ove_s the need t‘? So_lve inverse problems and_ matrix gen-yq GHz", Physics in Medicine and Biologyol. 59, no. 16, pp. 4739-

eration/inversion. This simple methodology benefits frdva t 4747, August 2014.

capability of capturing the contrast (dielectric variaioThe [18] Rt-_ Af?'nzad]?h' M. ‘ISaV'Zd a”dI_A- A-t Sfl‘('_s»h?_gafv "D'eieCtF_'Im“es
. . . . estimation of normal and malignant skin tissues at mi ave

methg_d allows all th_e _'nforma_t'on in the frequency _dom_am to frequencies using effective medium theor2nd Iranian Conference on

be utilized by combining the information from the individua  Electrical Engineering (ICEE)pp.1657-1661, May 2014.

frequencies to construct a consistent image. HP method[li%;lvc-_ Gab;i_e': S. gib”?'y 9”?\/'5&_C_Ofthouév I;Thle Diel'aitffope”gfzsggf

able to provide a resolution of approximately one quarter youd jooa. 2o o ocone and BologyoL A2, Pp. 2555

of the shortest wavelength in the dielectric medium, while

having bandwidths and power levels satisfying UWB rule

and power safety limits, respectively. It has been shown tha

the HP can detect and locate an inclusion in a multilayered

cylindrical skin model. Measurements on realistic skin eled

for further validation of the methodology are currently end

investigation.

Eepidermis= 33, €malig = 60 0.6

Eepidermis= 20, €malig = 50 0.7 0.1
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