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Characterization of On-Body Communications
at Millimeter Waves

G. Valerid, R. Saulealy N. Chahdt? A. Guraliu¢, and M. Zhadobadv

Abstract — This paper presents a the study of on-body
communications at millimeter waves. An analytical
formulation is proposed by assuming a dipole source radiating 2 THEORETICAL ANALYSIS
on a flat skin, whose per mittivity is suitably chosen to model
human tissues at those frequencies, according to previous |n this section a simple analytical model is préedn
L’;\(’jﬁigzg\?”- Lﬁ‘g e;’XPgéemde”éﬁ' ?ﬁeuabcogfsgnig tWUOi open in order to study the fundamental physical
phantom, ise?hen disit):ussed in order topvalidatethe t??eoretica] mechanisms involved in the on-body c_ommunlcatlon
analysis. of two antennas. The radiating source is modelea as
Hertzian dipole placed at a heighton a flat lossy
medium, laterally unbounded, whose electrically
permittivity is chosen according to the results of
1 INTRODUCTION measurements in [2], [3]. In fact, as experimentall
verified, at 60 GHz, due to the shallow penetration
Recent developments of body area networks (BANg) the electromagnetic field into the human tiss(fes
enable  the  implementation  of  wireless g.48mm), the body surface can be modeled by a
communication systems on the human body febmogeneous semi-infinite skin layer.
health  monitoring, ~ entertainment  or  SpoNyith these assumptions, the electromagnetic field i
applications. the air region can be expressed through the
In particular, the 57-64 GHz frequency band Offe@pproximations provided by Norton [4]. These
several advantages in terms of small sensor sezg, Vapproximations are valid in the limit of large
high data rates (up to 7 Gb/s), high level of s&gur gphsorption rate in the lossy medium and can be
and reduced interference among different BANS. Qypplied to arbitrarily oriented dipoles. The casés
the other hand, many physical phenomena at thegftical and horizontal dipoles are briefly desedb
frequencies are not extensively investigated yet. Fip the following.

instance, high levels of absorption can be observege values of the parameters of interest are salect
together with reflections due to the high dielemtriaccording to the BAN applications under
contrast between the human skin and free spacejmfrestigation. For this reason, the height of theotk
deeper knowledge of these effects is needed toelefis chosen not greater than 5 mm, while the distance
antenna specifications and to characterize th@tween transmitter and receiver (an ideal electric

properties of the communication channel for BANeld probe) is chosen between 5 mm and 500 mm.
applications at millimeter waves.

With this analysis, our aim is to investigate the )
fundamental characteristics of the on-bodyDipole Z Alr: &, fly

propagation channel, in terms of different wave '

contributions (i.e. optical fields vs. surface waye Observation
relevant attenuation rates, path gain, absorptiche h ~point
human body, impact of the polarization on the z
performances of the on-body link [1]. ,
This will be accomplished through both analytical y
and experimental results. In Section 2, an elemgnta-,
arbitrarily-oriented dipole antenna is considered a
placed above a lossy medium whose electromagnetic
parameters are chosen to model the human skin
according to the results of an extensive series pijure 1: Lateral view of the theoretical modeheT
measurements. In Section 3, two linearly-polarizgghysical and geometrical parameters used in therpap
standard open-ended waveguides are placed ory@ shown in the picture. An arbitrarily orientegade
skin-equivalent phantom. This experimental Seu’(BIack) can be decomposed into a vertioad] and a

leads to a \(alldatllon .Of the theoretical resultsa_li;o horizontal plue) component, separately studied in the
allows the investigation _of.a-spe.cts not describred baper. The infinitesimal dipoles are magnified tloe
the theory (effect of non-infinitesimal sourceswgo sake of clarity

absorbed in the skin, etc.).

Lossy half space (skin):
Soée Mo
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2.1 Vertical dipole 25

If a vertical dipole is considered, the radiateeldi (dB)
has an azimuthal symmetry, thus depending only on OR ® n=35 7
the radialp and verticalz variables. Furthermore, a \\ il
dominant vertical fieldg, over the radiaE, is always o5 el i
obtained in the range of parameters of interest for "\.‘
BANS. e o
The vertical electric field in the air can be exgzed as S0 o
the sum of two contributions
_75 | | | | | | |
E,(p.2)=EX(p,2)+E)'(p2) (1) 5 30 55 80 105 130 155 180
o (mm)
co - s (a)

E,” is the geometrical-optics field (GOF), due to the 20 |

direct radiation of the source and the first reftat (dB)
from the flat surfaceg! is the so-called Norton wave, -30 1 7

whose contribution can be dominant over the GOF _,,|
near the surface. Hence, it can be considered eas th

correction term to the geometrical-optics field aed 50 - -
to restore the total field, when the observatioinpo
approaches the skin. -60 - .

These two contributions can be evaluated through
asymptotic approximations valid for different rasge

of distances. Simple results are obtained, not show g, | | | | |
here for the sake of brevity, providing an accurate 200 250 300 350 400 450 500

estimation of the spatial decay of the total field. p (mm)

turn, this leads to values for the coefficientlefining (b)

the path gairG of the communication link, expressed

as Figure 2: Vertical dipole radiating on the skin

surface. Magnitude of the electric field along the
_ 0 radial direction (a) Radial distances 5 mnp<< 200
G(p) = G(p,) ~10nlog o) (@) mm. (b) Radial distances 200 mnp<< 500 mm.

0

o being a reference distance. _ _

In Fig. 2 we show the magnitude in dB of thé-2 Horizontal dipole
electric fields excited by a vertical dipole placgdhe
skin interface. The fields, computed with Norton
formulations, are also compared with CST results

,The field excited by a horizontal dipole orientédng
thex axis has a dependence on the azimuthal angle; the

. lé\Fr)lalysis is therefore more complex in this case. Fo
to p = 100 mm. The perfect agreement fully validat

Norton’ imati ¢ 60 GH bod is reason, the field should be observed on two
orton's ~ approximations for Z  ON-DOOYjiterent principal planes: the E plang £ 0°) and the
communications.

In this specific case, when the source is placeithat H plane ¢ = 90°). On these planes, two polarizations

interface, the GOF is not present, and only thetdtor are observed. o .
. . In the E plane, the Norton wave has a similar bighnav
wave is excited.

In anintermegiate region [Fig. 2(a)], the value = 3.5 as the Norton wave described for the vertical dipol

provides a good agreement with the results. On t'}l;gs leads to similar choice for tleparameter in the

. . . ", . path gain (2).
other hand, in théar region [Fig. 2(b)], the field is b _— . .
well described by a choice of= 4. These values areIn .the H plane, the field is mainly polarized alathg

in perfect agreement with the asymptotic evaluaiioﬁz'muma!’ rather  than  vertical, _direction. The
which could be done for the Norton field and camfir 25YMPtOUC decays of the Norton and of the GOF are

the usefulness of the analytical approach. The fmet in th_|s case muc_h closer to the dl_pole, SO ot
. ) . |r{termed|ate zone is found on this plane. The
details about the field computation lead to correc X . L
estimations also when the dipole is not placed tparameteln = 4 is valid for all the radial distances of
surface interest, apart a small region where reactive $eld

dominate.
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-10 — Analytical model (n=3.3))
Analytical model (n=4)
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Figure 3: Measurement set-up: two open-ended (@)
waveguides close to a skin-equivalent phantom.
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3 EXPERIMENTAL ANALYSIS -
E -30+
In this section, an experimental setup is descrioeti  §
used to verify the theoretical results discussed ing ™/ RN
Section 2. The setup consists of two linearly-potat | e
standard open-ended WR-15 waveguides close to a \\O
skin-equivalent phantom realized as in [3] (see B)g 60} \o 1
The phantom permittivity and conductivity at 60 GHz ‘ ‘ ‘ X
agree with the values used in the previous Sectind, "o 50 100 150 200 250 300
have been measured using a technique based on °(t')"m)
heating kinetics for an independent validation o t (b)

setup [3]. igure 4. Comparison between the path gain model

Experimental data of the path gain, computed {%o .
measuring the transmission coefficient between thePlid line), computed (+), and measured resuljddr

two waveguides, are compared to the theoretidel < » < 60l The waveguides are placed on the
model (Fig. 4), confirming the analysis performed?h@ntom interface. (a) Vertically polarized sour(s
For instance, the choice = 4 perfectly agrees with horizontally polarized source.

the measurements in the far zone, as predicteldein t

previous section. References
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