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Statistical On-Body Measurement Results at

60 GHz

Luca Petrillo, Theodoros Mavridis, Student Member, IEEE

Julien Sarrazin, Member, IEEE, Aziz Benlarbi-Delaı̈, and

Philippe De Doncker

Abstract—This paper studies the path loss and shadowing
between two body mounted devices at 60 GHz. The temporal
fading is experimentally investigated and the Doppler spectrum is
characterized and modeled. Measurements have been conducted
in an anechoic chamber for both horizontal and vertical polar-
izations.

Index Terms—60 GHz propagation; BAN; channel model

I. INTRODUCTION

Future Wireless Body Area Networks (WBAN) will al-

low a variety of applications ranging from health care to

entertainment or defense. Researches in the past years have

been mainly concentrated on communicating systems working

around 2.4 GHz [1] and in the Ultra Wideband (UWB)

spectrum [2] because of the wide availability of the devices.

Nowadays, the emergence of 60 GHz communicating systems

[3] encourages the study and development of new 60 GHz

Body Area Networks (BAN) [4]. Specific on-body 60 GHz

channels have been investigated [5], [6] and some preliminary

results for path gain on the body have been presented [7].

Static propagation models for off-body [8] and on-body [9]

60 GHz communications have already been studied and a

skin-equivalent phantom at 60 GHz has been proposed to

validate plane-propagation models [10]. This paper proposes

an experimental study to characterize path loss and shadowing

between two body mounted devices and the fading due to

breathing at 60 GHz. Due to the high attenuation at this

frequency, high fading phenomena are expected.

II. MEASUREMENT CAMPAIGN

The experimental campaign has been conducted on a person,

with the characteristics presented in table I, in an anechoic

chamber to avoid any environment influence. The person under

test (PUT) is a male wearing a cotton t-shirt. An Agilent

E8361C Vector Network Analyser (VNA) and U-Band open

wave-guide antennas have been used. We ensured that the open

waveguides were oriented towards each other while collecting

measurements, in order to prevent mis-alignment. Effects of

small mis-alignments, which cannot be avoided, is palliated

by the relative large beamwidth of open waveguides used as

antennas in the azimuthal direction. To reduce the losses in

the cables and reduce their lengths, the VNA has been placed

inside the anechoic chamber and delivers a transmitted power

of 0 dBm. A power amplifier with a gain of 30 dB at 60 GHz
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TABLE I: Physical quantities of the body

Quantity Value

Gender Male
Height 172 cm
Weight 60 Kg

Torso Perimeter 86 cm

has been used at transmission side to raise link budget. The

VNA has been used on continuous wave mode.

Measurements have been performed for both vertical (nor-

mal to the body surface) and horizontal (longitudinal to the

body surface) polarizations, and for five particular distances

between antennas: 5, 10, 15, 20 and 25 cm. For each distance,

we took different realizations of the measurements: 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 vertical 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 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, place on

the PUT and orientation of the link. We have schematically

indicated chest and abdomen by an horizontal line representing

the diaphragm.

Each measurement has been conducted during 10 seconds

which is equivalent to 150 temporal acquisitions. The antennas

were located at 2 cm from the body surface for both transmitter

(TX) and receiver (RX) antenna. This choice permits to com-

pare the influence of antenna body separation by comparison

with [11]. The measurement parameters are summarized in

table II.

Fig. 1: Measurement scheme. Stars correspond to measure-

ment points on the front of torso. We depicted horizontal

and vertical links of different lengths, on the chest, on the

abdomen and one vertical chest-abdomen link. The horizontal

line represents diaphragm and separate chest from abdomen.
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TABLE II: 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
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Fig. 2: Measurement results for vertical polarization, vertical

and horizontal links. The dots stand for time averaged mea-

surement and the solid line for the path loss.

III. ON-BODY PATH LOSS

A. Measurement Results and Path Loss Model

In the following, the experimental results are averaged over

time and each measurement is presented as the mean value

over the 150 time acquisitions.

Vertical polarization: The path loss for vertical and

horizontal links for vertical polarization are shown in Fig. 2.

The path loss LdB can be easily modeled with distance d as

a logarithmic path loss :

LdB(d) = L0

dB + 10n log10(d/d0) (1)

where d0 is a reference distance, L0

dB
is the path loss at d0 and

n is the path loss exponent. Shadowing can be modeled by a

random variable following normal distribution, with zero mean

and standard deviation σL. We propose for both vertical and

horizontal links two values of σL, depending on the distance

range. Model parameters are summarized in Table III.

TABLE III: Path loss parameters for vertical and horizontal

links for vertical polarization

Vertical links Horizontal links

d0=5 cm d0=5 cm

L0=29.3 dB L0=30.87 dB
n=2.62 n=3.1

d ≤20 cm d ≤10 cm
σL=2.36 dB σL=2.13 dB

d =25 cm d ≥15 cm
σL=5.85 dB σL=7.68 dB
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Fig. 3: Measurement results for horizontal polarization, ver-

tical and horizontal links. The dots stand for time averaged

measurement and the solid line for the path loss.

It can be deduced that the electromagnetic waves attenuate

faster for horizontal links. The reason is that for horizontal

links, the surface of propagation is more curved than for

vertical ones because of the human body shape, and therefore

diffraction is more severe. Moreover, measurements are more

scattered for horizontal links, which is also a consequence

of diffraction. For vertical links, it can be considered that

the main propagation mechanism is the sum of direct and

reflected waves off the flat surface of the body between the

antennas. Constructive and destructive interference between

these two contributions can be significant. With respect to

measurement results presented in this section, path-loss as

function of distance seems not to be useful due to high

dispersion of measurement points. For both vertical and

horizontal links, high standard deviation values arise because

line-of-sight between the open waveguides can be obstructed

by torso curvature (for horizontal links) or by stomach

sphericity (for vertical links).

Horizontal polarization: The path loss for vertical and

horizontal links for horizontal polarization is shown in Fig. 3.

Again, the path loss model is given by equation (1) and

path loss coefficients are given in Table IV. As compared

to vertical polarization, horizontal polarization measurements

show greater standard deviation, as is commonly found in

lower frequency BAN channel measurements [12]. This can

be explained by the reflected wave influence on the total

received field, which, for horizontal polarization, is more

pronounced than for vertical polarization [11]. Norton’s for-

mulations [13] predict this trend for Hertzian dipoles placed

several wavelengths above a conductive surface. It is shown

that the combination between direct and reflected waves on the

body surface gives a more oscillating pattern for horizontal

polarization with respect to spatial parameters. For vertical

links, the standard deviation linearly increase at the rate of

0.3 dB/cm, from a first value equal to 2.61 dB found at 5 cm.

For horizontal links the trend is even worse due to the adverse

effects of body curvature.
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TABLE IV: Path loss parameters for vertical and horizontal

links for horizontal polarization

Vertical links Horizontal links

d0=5 cm d0=5 cm

L0=29.98 dB L0=32.14 dB
n=3.10 n=3.29

d ≥5 cm d ≤10 cm
σL=2.61+0.3(d-5) dB σL=3.77 dB

d ≥15 cm
σL=8.27 dB

TABLE V: Normal fading parameters

Channel nσF
σF0

σsigmaF

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

Regardless of polarization, measurement results suggest that

path-loss for on-body channel links on the front side of the

torso at 60 GHz is not useful to describe radio channel

because of too high variability of measurement points around

the fitting. This is due to the small wavelength at 60 GHz

that significantly affects the channel spatial variation due to

different spots of transmitter and receiver on the torso. We are

of the opinion that point-to-point scenario analysis should be

used instead.

IV. TEMPORAL FADING

To study temporal fading, different distributions (Normal,

Lognormal, Gamma, Nakagami, Rayleigth, Rice, Weibull and

Uniform) were investigated. For each model, estimation results

were evaluated through Mean Square Error (MSE). Results

are plotted in Fig. 4. Lognormal distribution is then adopted,

which permits to represent temporal fading in dB by a normal

distribution. The standard deviation (STD) is evaluated for

each polarization, link and distance. It is increasing with the

distance, as it has been observed at lower frequency [14].

Therefore, we characterize it by:

σF = µσF
+ σσF

N (0, 1) (2)

µσF
= σF0

+ nσF
(d− d0) (3)

Where N (0, 1) is a normal process of zero mean and

variance equal to 1. Values of nσF
, σF0

, σσF
for d0 = 5 cm

are reported in Table V.

Due to the small wavelength, on-body channel at 60 GHz

on the front side of the torso is subject to dynamical body

scattering because of breathing, which cause the thorax and

the abdomen to inflate and deflate. Fig. 5 shows two examples

of measurements in the temporal domain, normalized with

respect to their mean values S21. The first one (solid line)

corresponds to a distance between 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 logarithmic scale. On the other hand, the

dashed line clearly reveals a periodic movement that affects
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Fig. 4: 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.
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Fig. 5: Channel fading amplitude for two measurement

samples of S21 normalized by their mean values.

the channel between the antennas : it corresponds to the same

15 cm distance 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 ex-

perimentally found for vertical links greater than 20 cm (chest-

abdomen), caused by stomach’s compressing and deflating.

For links affected by respiration, the temporal fading is not

normally distributed, as it has already been reported in [9]

for abdomen/chest links, but its probability density function is

almost uniformly distributed.

We are of the opinion that the reason has to be found in

the breathing action that affects the channel and consequently

Doppler Spectrum needs to be investigated to characterize this

phenomenon.

A. Breathing Doppler Characterization

To characterize the Doppler spectrum we took a new set

of measurements by increasing the acquisition length, which

has been set to 30 sec. Measurements have been taken for
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Fig. 6: Normalized Doppler PSD and model of body link

affected by breathing influence (vertical polarization, chest).

TABLE VI: Doppler PSD estimation

Measurement f0 [Hz] s [Hz−2] x[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

both vertical and horizontal polarizations with the same setup

as previous measures. We have investigated an horizontal link

on the chest and a vertical chest-stomach link. The Doppler

spectrum is estimated with the Welch periodogram method

[15] 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. 6: the zero Doppler

frequency is found because S21 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 [16]. Following [17], we propose a model for respiration

Doppler PSD:

PSD(fD) =
1

1 + sf2

D

∞∑

m=1

x

2m
1

1 + 4ma+ s2(fD ±mf0)4

(4)

where f0 is the breathing frequency and s, x and a are inde-

pendent parameters of the model whose values are estimated

by minimal square error (MSE) estimator. The parameters

estimation is shown in Table VI for different torso links.

V. CONCLUSION

In this paper, we presented the results of a measurement

campaign conducted at 60 GHz on the front of the torso of a

human subject for both vertical and horizontal polarizations.

A path loss has been derived for horizontal and vertical links,

while large deviations around the models have been observed

regardless of polarization. Temporal fading is then discussed

and investigated: a normal fit in dB scale is adopted and a

model for STD is derived. Doppler spectrum is evaluated and

an analytical model is introduced. Estimated parameters are

reported.
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