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Abstract

We investigated the possibility of using multiple antennas
on the body to design personal distributed exposure me-
ters for the mm-wave band. This was studied in terms of
body shielding. Measurements were performed on a skin
phantom in a mm-wave reverberation chamber and in a lab
environment.

1 Introduction

The fifth generation of mobile networks (5G) will benefit
from mm-waves to achieve high data rates [1]. Once this
technology is on the market, it becomes crucial to mea-
sure personal exposure to electromagnetic fields (EMFs) in
the mm-waves band. Personal exposure to radio-frequency
EMFs is measured with personal exposure meters (PEMs).
Research has shown that PEM’s measurements are as-
sociated with large measurement uncertainties [2, 3, 4].
To reduce these uncertainties, a multi-band personal dis-
tributed exposure meter has been designed for the sub-
6 GHz band [4, 5, 6]. Similarly, a distributed exposure me-
ter was designed with three nodes on an arm of a subject [7].
The exposure meter of [7] has been extended to nine anten-
nas [8]. However, none of the previously proposed mm-
wave exposure meters [7, 8], deployed the antennas on dif-
ferent locations on the body. The high propagation loss and
low penetration depth of mm-waves [9], raises this question
of whether mm-wave personal exposure meters can benefit
from distributed nodes all over the body or not? The goal
of this paper is to demonstrate whether this is achievable or
not.

2 Materials and Method

The goal of the measurements is to assess the possibility
of measuring personal exposure to mm-waves (at 60 GHz)
using personal distributed exposure meters with more than
one antenna. A distributed exposure meter will consist
of multiple antennas distributed over the body. In con-
trast to the sub-6 GHz frequencies, in the mm-wave band,

the human body could shield the path between the wire-
less source (of exposure) and the receiver antenna(s) on the
body. Therefore, the effect of body shielding on the re-
ceived power on-body is studied.

2.1 Antenna

Two antennas were used in this study: A horn antenna
(DRH67, RFspin, Czech Republic) was used as the trans-
mitter (TX) and a wire with a length of 1 cm soldered to a
V-band connector (see Fig. 1(a)) was used as the receiver
(RX). The choice of wire as the antenna was to study the
interaction of the antenna with the surface waves when the
path between TX and RX is obstructed by a phantom emu-
lating the human body.

(a)

(b)

Figure 1. (a) A wire with length of 1 cm was used as the re-
ceiver antenna (RX) operating at 60 GHz. (b) The proposed
measurement setup (top view) in the RC.

2.2 Skin phantom

A skin-equivalent phantom consisting of de-ionized water
(500g), polyethylene powder (100g), Agar (7.5g), and TX-



151 (10g) [10] was fabricated in a spheroidal shape to mim-
ick the human body with dielectric properties of human
skin.

2.3 Reverberation Chamber

The mm-wave reverberation chamber (RC) is made of
aluminum walls and is equipped with two vertical and
horizontal stirrers. The dimension of the RC are
1.71×1.46×1.957 m3.

2.4 Measurement Setup

The measurement setup is shown in Fig. 1(b). The mea-
surements were performed in the mm-wave RC and were
repeated in a lab environment. A ZVA-67 (Rohde and
Schwarz, Germany) vector network analyzer (VNA) was
used to feed the antennas and to measure the S-parameters.
First, the quality factor of the RC was measured using the
TX and RX for the loaded and unloaded RC [8]. For this,
the RC was loaded with a container with similar dimen-
sions to those of the skin phantom, filled with water. The
goal of this measurement was to determine the sensitivity
of the RC to the load (skin phantom), due to RC’s large di-
mensions compared to the load (phantom).
Second, the RX was placed at 5 mm (1λ ) from the phan-
tom’s surface to ensure the proper operation of the RX.
The measurements were performed for 100 positions of the
RC’s stirrer in the 55-65 GHz range with steps of 10 MHz.
The TX was placed at 20 cm from the RX and was fed with
the VNA (0 dBm). Next, the RX was rotated from 0◦ to
180◦ around the phantom in steps of 45◦ and the measure-
ments were repeated. The VNA measured the S-parameters
for every position of the stirrer.
Third, the measurements of the previous step were repeated
in a lab environment. In this case, the VNA measured the
S-parameters for rotation of the RX between 0◦ and 180◦.

3 Results

Figure 2 depicts the power reflection coefficient of the RX
antenna on the front and back of the phantom. The RX has
a reflection coefficient below -10 dB between 59 GHz and
62 GHz. Moving the RX from front to back of the phantom,
decreases the power reflection coefficient by 5 dB which is
due to the absorption of the mm-waves inside the phantom.
In Figure 3, the Q-factor of the RC is illustrated for the
loaded and unloaded RC. The Q-factor is between 4.1×104

and 7.1×104 for the unloaded RC. Although loading the RC
decreases the Q-factor to a range of 3.8×104 to 5.9×104,
these are sufficiently high values to ensure the correct func-
tionality of the RC.

The transmission coefficients are shown in Figs. 4(a)
and 4(b) for the measurements in the RC and in the lab en-
vironment, respectively. Clearly, the highest values in both
cases are for 0◦ (-40 dB), where the RX is in front of the TX.

57 58 59 60 61 62 63

Frequency (GHz)

-50

-40

-30

-20

-10

R
e

fl
e

c
ti

o
n

  
  

  
 

 c
o

e
ff

ic
ie

n
t 

(d
B

)

0
°

180
°

Figure 2. The on-phantom reflection coefficient of the RX
for two locations on the phantom. 180◦ means that the path
between the TX and RX is obstructed by the phantom.
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Figure 3. Quality factor of the RC for the loaded RC vs.
unloaded.

For the RC’s measurements at 60 GHz, rotating the RX de-
creases the transmission coefficient by 7 dB for every step
of 45◦. This means that the transmission coefficient reduces
from -40 dB to -60 dB when the RX is rotated from 0◦ to
180◦.
For the measurements in the lab, the difference between the
transmission coefficient on the front and back of the phan-
tom is about -28 dB and is up to -40 dB (at 59.4 GHz). This
reduction (loss) is higher compared to the measurements in
the RC. This is due to the fact that in the RC, the angles of
incidence are uniform. This implies that in a diffuse envi-
ronment (e.g., indoors) the opposite nodes of an exposure
meter are less affected by the body shielding compared to
specular fields. On-body path losses up to 52 dB has been
reported in the literature for body parts such as neck, shoul-
der, and legs [11]. This is comparable to our findings that
show a loss in the 28-40 dB range. It must be noted that the
phantom used in this study is smaller than the body parts
studied in [11].
Based on the results we suggest to first, using multiple an-
tennas distributed on-body in a way that at least one antenna
is always not shielded by the body; second, to perform on-
body calibrations both in an RC and anechoic conditions;
third, to deploy antenna arrays on the body with the possi-
bility of using beam-steering for those arrays.
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Figure 4. The transmission coefficient obtained from mea-
surements in the RC (a) and a lab environment (b). For
measurements in the RC (a), these values are averaged over
100 positions of the stirrer.

4 Conclusions

In this paper, we studied the effect of body shielding in
the mm-wave band. The measurements indicate a loss in
the range of 28-40 dB due to the body shielding for the
measurements in a reverberation chamber and a lab envi-
ronment. Based on the results, using multiple antennas on
the body to design personal distributed exposure meters is
achievable; however, smart deployment of antennas on the
body is required.
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