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ABSTRACT

This paper studies temporal fading and the Doppler effect
due to breathing at 60 GHz on the front side of an human
torso through experimental results obtained in anechoic en-
vironment. The temporal fading is experimentally investi-
gated and a model is proposed to characterized it as function
of the distance between transmitter and receiver. Doppler
spectrum due to breathing is characterized and modeled for
specific links on the torso affected by inflation and deflation.
Measurements and results are presented for both horizontal
and vertical polarizations.

Categories and Subject Descriptors
[Millimeter-wave Body Area Networks (MilliBAN)]

Keywords
Millimeter Wave Measurement, Electromagnetic Propaga-
tion

1. INTRODUCTION

Wireless Body Area Networks (WBAN) have gained the in-
terested of the scientific community over the past years [3].
The propagation between on-body communicating devices
has been widely studied around 2.4 GHz [13] because of the
maturity of the wireless technology at this frequency. How-
ever, the emergence of 60 GHz communicating systems [12]
encourages the study and development of new 60 GHz Body
Area Networks (BAN) [1]. Static propagation models for

off-body [8] and on-body [11] at 60 GHz have been pub-
lished and a skin-equivalent phantom has been proposed to
validate plane-propagation models [2]. Specific link to link
channels at 60 GHz have been investigated and path loss and
fading have been studied [9,10]. This communication studies
the temporal fading and Doppler effetc due to breathing on
the front side of the torso at 60 GHz through experimental
results obtained in anechoic environment. Both vertical and
horizontal polarizations have been investigated.

2. MEASUREMENT CAMPAIGN

An experimental campaign has been carried out on the front
side of the torso of a person, whose characteristics are re-
sumed in table 1. An anechoic chamber has been chosen as
the measurement environment in order to avoid reflections
from walls, roof, floor and furniture. An Agilent E8361C
Vector Network Analyser (VNA) has been used to collect the
measures and it has been placed inside the anechoic chamber
to reduce the length of the coaxial cables and then reduce
the losses. The VNA has been set on continuous wave mode
and it delivered a transmitted power of 0 dBm. Absorb-
ing panels have been placed around the VNA. U-Band open
wave-guide antennas have been chosen as radiating element
and probe. We ensured that the open waveguides were ori-
ented towards each other while collecting measurements, in
order to prevent mis-alignment. Moreover, effects of small
mis-alignments, which cannot be avoided, is palliated by the
relative large beamwidth of open waveguides used as anten-
nas in the azimuthal direction. A power amplifier with a
gain of 30 dB at 60 GHz has been used at transmission side
to raise link budget.

Measurement have been performed for both vertical (normal
to the body surface) and horizontal (longitudinal to the body
surface) polarizations.



Table 1: Physical quantities of the body

Quantity Value
Gender Male
Height 172 cm
Weight 60 Kg

Torso Perimeter | 86 cm

Figure 1: Measurement scheme. Stars correspond to mea-
surement points on the front of torso. We depicted horizon-
tal and vertical links of different lengths, on the chest, on
the abdomen and one vertical chest-abdomen link. The hor-
izontal line represents diaphragm and separate chest from
abdomen.

3. TEMPORAL FADING

To investigate temporal fading, five particular distances be-
tween antennas have been chosen: 5, 10, 15, 20 and 25 cm.
For each distance, we took different realizations of the mea-
surements: vertical and horizontal links, with respect to the
human body, were investigated, so that for each distance
and for each polarization we took forty measurements. The
positions have been chosen in order to have equal numbers
of measurement on the chest and on the abdomen, as well
as vertical and horizontal links. So, for example, for ver-
tical polarization and for 5 cm between the antennas, we
measured 10 vertical and 10 horizontal links on the chest,
10 vertical and 10 horizontal links on the abdomen. For 20
and 25 cm distances, vertical measurements correspond to
20 chest-abdomen links. For the distance 25 cm, horizontal
measurements have not been taken, since the torso of the
person under test (PUT) was not sufficiently large to obtain
such distance. A scheme is shown in Fig. 1, where stars
linked by a dashed line indicate a measure for a particular
distance, spot on the PUT and orientation of the link. We
have schematically indicated chest and abdomen by an hor-
izontal line representing the diaphragm.

Each measurement has been conducted during 10 seconds
which is equivalent to 150 temporal acquisitions. The an-
tennas were located at 2 cm from the body surface for both
transmitter (TX) and receiver (RX) antenna. The measure-
ment parameters are summarized in table 2.

Different distributions (Normal, Lognormal, Gamma, Nak-
agami, Rayleigth, Rice, Weibull and Uniform) were inves-
tigated. For each model, estimation results were evaluated
through Mean Square Error (MSE). Results are plotted in
Fig. 2. Lognormal distribution is then adopted, which per-
mits to represent temporal fading in dB by a normal dis-
tribution. The standard deviation (STD) is evaluated for

Table 2: Parameters of the measurement campaign

Symbol Value
f 60 GHz
Measurement time 10 s
Acquisitions per measurement 150
Body-antenna distance 2 cm
Reference distances 5, 10, 15, 20 and 25 cm

Table 3: Normal fading parameters

Channel No g OFy | Osigmap
V. Pol. V. links | 0.028 | 0.53 0.67
V. Pol. H. links | 0.073 | 0.43 0.98
H. Pol. V links | 0.053 | 0.66 1.15
H. Pol. H links | 0.086 | 0.35 0.9

each polarization, link and distance. It is increasing with
the distance, as it has been observed at lower frequency [6].
Therefore, we characterize it by:

OF = pop + 0o N(0,1) (1)
Hop = 0Fy + Nop(d — do) (2)

Where N(0,1) is a normal process of zero mean and vari-
ance equal to 1. Values of nop.,0r,, 00, for do = 5 cm are
reported in Table 3.

The increasing rate for horizontal links is greater than for
vertical links, which means that on-body channels at 60 GHz
are more sensitive to body shadowing caused by its curvature
than to the polarization. Moreover, fading of 60 GHz on-
body channels on the front side of the torso for a subject
at rest is quite pronounced, as the values shown in Table 3
are of the same order of magnitude of those found at 2.45
GHz for a subject swinging his arms [5]. This is because
of the small wavelength at 60 GHz, which greatly affects
the channel spatial variation due to different positions on
the front side of the human torso, small movements and
breathing.

Fig. 3 shows two examples of measurements in the tempo-
ral domain, normalized with respect to their mean values
S21. The first one (solid line) corresponds to a distance be-
tween antennas equal to 15 cm, vertical polarization and
vertical link on the chest. This is almost a static channel,
where temporal fading follows a normal distribution in log-
arithmic scale. On the other hand, the dashed line clearly
reveals a periodic movement that affects the channel be-
tween the antennas: it corresponds to the same 15 cm dis-
tance between antennas for the same polarization and for
an horizontal link on the chest. The breathing affects the
channel, since the chest naturally expands and compress,
varying the distance between antennas. A similar effect is
experimentally found for vertical links greater than 20 cm
(chest-abdomen), caused by stomach’s inflating and deflat-
ing. For links affected by respiration, we observe a periodic
temporal variation of the channel. Therefore, in the Doppler
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Figure 2: Average MSE of common distribution fits. The
above row presents the vertical polarization and the below
row presents the horizontal polarization. The left column
is the vertical links while the right column is the horizontal
links.

spectrum we should notice breathing Doppler frequency and
its harmonics.

4. DOPPLER EFFECT DUE TO BREATH-
ING

The Doppler spectrum of a propagation channel models the
mobility of the transmitter, the receiver or the surroundings
scatterers. The inflation and deflation of the thorax and
the abdomen form the Doppler spectra of the front of the
torso. To characterize the Doppler spectrum we took a new
set of measurements by increasing the acquisition length,
which has been set to 30 sec. We have investigated an hor-
izontal link on the chest and a vertical chest-stomach link.
The Doppler spectrum is estimated with the Welch peri-
odogram method [14] by normalizing the channel gains to 0
dB. The average Doppler Power Spectral Density (PSD) of
a typical body link affected by breathing is shown in Fig. 4:
the zero Doppler frequency is found because Sa1 oscillates
around a mean value, whereas the peaks are at fundamental
frequency, which is nearly 0.18 Hz, and its harmonics. The
breathing cycle then lasts approximately 5 sec, which it is
considered as normal at rest [4]. Following [7], we propose
a model for respiration Doppler PSD:

PSD(fD) - ﬁ Z

T 1
ﬁ1+4ma+32(fp +mfo)?t

®3)

where fo is the breathing frequency, s describes the overall
Doppler spread, a describes the local spectrum spread at the
harmonic frequencies and x is the decaying of the Doppler
PSD at fo compared to fp = 0 Hz. 2™ is an extra fitting
of the spectrum decrease between adjacent frequency har-
monics. The parameters’ values are sequentially estimated
by minimal square error (MSE) estimator. The parameters
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Figure 3: Channel fading amplitude for two measurement
samples of S21 normalized by their mean values.
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Figure 4: Normalized Doppler PSD and model of body link
affected by breathing influence (vertical polarization, chest).

estimation is shown in Table 4 for different torso links.

The Doppler PSD is concentrated with 4 Hz, since the sub-
ject is standing still and breathing, which has a period com-
prised between 0.18 and 0.25 Hz at rest, is mostly responsible
of the channel variations. Moreover, the channel variation
is strongly influenced by the relative position of transmitter
and receiver, which varies following inflation and deflation.
For that reason, peaks at fundamental breathing frequencies
posses strong magnitude values and only three harmonics of
the fundamental breathing frequency are clearly visible in
the Doppler PSD.

S. CONCLUSION

In this paper, we presented the results of a measurement
campaign conducted at 60 GHz in anechoic environment on
the front side of the torso of a human subject for both ver-
tical and horizontal polarizations. Temporal fading is dis-



Table 4: Doppler PSD parameters

Measurement fo [Hz] [ s [Hz 7] | =[W] a

V. Pol. chest 0.18 85980 339 287

H. Pol. chest 0.2 77150 281.9 | 75.8
V. Pol. chest-abdomen 0.18 81450 933.5 | 673.7
H. Pol. chest-abdomen 0.25 63840 168.2 | 11.9

cussed and investigated. Normal distribution in dB scale
is used to model fading and a model for the STD is pro-
posed. Experimental results reveal that horizontal links are
more subject to fading than vertical links because of the
shadowing of the human torso’s curvature, which overcome
polarization influence.

Doppler spectrum is evaluated to put in evidence breathing
effect on chest and abdomen-chest channels. An analytical
model is introduced and estimated parameters are reported.
The Doppler PSD peaks at fundamental breathing frequency
posses strong magnitude values, since breathing causes the
transmitter and receiver to move following inflation and de-
flation. Only three harmonics are then clearly identified in
the PSD.

Future works are needed to investigate the effect of body

motion (walking, running, etc.) on the fading of on-body
channels on the front side of the torso at 60 GHz.
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