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Abstract. The article discusses the electromagnetic ra-
diation level reducing in 5G telecommunication systems
used in modern campuses of medical clinics, in order
to ensure the correct operation of a number of medical
devices and systems. The use of a phased antenna ar-
ray (PAA) with beam scanning technique as part of a
medical telecommunication system is proposed. A sim-
ulation of the proposed rectangular phased antenna ar-
ray in the form of 0.5∗λ spaced 7x7 elements matrix
was carried out. Matrix elements are constructed in
the form the printed circuit board. Dipole-folded an-
tenna element is used to increase the manufacturability
of the system. Moreover, the receiving side is made in
the form of three separate space sparse receivers site,
but not in the form of a single one. The simulation
was carried out by means of the Matlab IDE Phased
Array System Toolbox. The proposed approaches made
it possible to reduce the level of electromagnetic radia-
tion in the 5G telecommunication system in two ways:
by reducing the overall level of radiation compared to
an omnidirectional emitter and by using the beam scan-
ning technique of the proposed receiver structure.
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1. Introduction

Today, there is a significant increase in electromagnetic
pollution of the environment, due to the widespread
use of modern devices and systems, the operation of

which is accompanied by the appearance of high-level
electromagnetic interference (EMI). First of all, these
are means and devices of high-frequency power elec-
tronics and power engineering, modern communication
and telecommunication systems, transport, informa-
tion technologies, consumer electronics, etc. In addi-
tion, widely spreading and democratization is deter-
mining cause of high level of electromagnetic pollution
of the environment. EMI spreads conductively and by
radiation both, which has a complex synergistic nega-
tive impact on living nature [1,2], and also leads to un-
predictable global emergency situations in various tech-
nical systems. One of the most important problems of
modern times is the minimization of the negative im-
pact of electromagnetic radiation on living nature and
the system of ensuring a full-fledged human life, as well
as on the functioning of technological means of its life
support particularly in medical field [3, 4].

2. Subject problem statement

There is a problem of personal remote access to pa-
tients in order to obtain and collect biomedical infor-
mation for processing in a specialized center. In addi-
tion, there is often a need to obtain such information
over a long period of time, with the patient’s mobility,
physical exertion, etc. Therefore, acceptable methods
of information transmission in telemedicine cannot al-
ways be implemented. In this case, the use of active
phased antenna arrays allows access to surveillance ob-
jects. It is proposed to use them in telecommunication
systems of the 5G range in modern campuses of medi-
cal clinics. In particular, the 5G n77 3.7 GHz band is
proposed to be used (according to a recent Opensignal
report). However, in urban environment [5], especially
on the territory of a medical campus, a significant neg-
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ative factor is the level of electromagnetic interference,
which can negatively affect the operation of sensitive
medical devices/equipment. The proposed use of an ac-
tive phased antenna array allows to partially minimize
these negative factors using beam scanning technology.
It is possible to improve the efficiency of its operation
and reduce the level of radiated EMI by:

• achieving of the aim with minimal power energy
(increasing the efficiency of the system as a whole);

• use of the high-efficiency devices and power sup-
ply systems with a minimum level of EMI, a high
level of output voltages quality and dynamic char-
acteristics;

• Increasing Signal-to-Noise Ratio [6];

• installation of additional means of reducing the
level of EMI (filters, screens, circuit decoupling,
snubber circuits);

• special approaches to constructivist design.

Using MagAmp power converters euchre a low level
of EMI [7]. The external electromagnetic radiation test
of the MagAmp power converter (24 V, 8 A) and its
transistor counterpart (USA) was conducted within the
framework of a joint NATO grant (IC S.NUKR.CLG
982639) with the Power Electronics Laboratory of the
University of California (Irvine, USA). The level of
EMI emitted by the MagAmp power converter in the
frequency range from 42 MHz to 400 MHz is signifi-
cantly lower than that of the transistor analog (so in
the frequency range of 130-200 MHz - by 4-5 times) [7].
This made it possible to use the MagAmp power con-
verters for computer facilities [8], microprocessor de-
vices [9] and radar applications [10]. The use of the pro-
posed synchronous rectification method in MagAmp
power converters makes it possible to significantly in-
crease the efficiency (up to 96%), which ensures a de-
crease of the EMI level [11].

3. Mathematical description of
the main PAAs technical
characteristics

Active phased antenna arrays are described [12] by the
directional pattern, the width of its main lobe, the level
of the side lobes, the magnitude gain coefficient (Ga),
the coefficient of directional action, the reflection coeffi-
cients of the elements, the potential A and the specific
spectral density of the noise power Q. For PPA, the
potential is equal to:

A = GaA∑ = KaPA0Ne, (1)

where c is the specific heat capacity in (J·kg−1·K−1),
m is mass in (kg) and T is temperature in (K), Ga is
gain coefficient is the amplification factor of the active
phased array antenna (numerically equal to the prod-
uct of the useful effect factor by the directional effect
factor), P0 is radiation power of a single element, Ne is
the number of single elements, A∑ is the total poten-
tial of all single elements.

For the receiving PAA, the specific noise power spec-
tral density is equal to:

Q = hω/Seff , (2)

where hω is the noise power spectral density at the
output of the PAA, Seff is the effective surface of the
antenna.

The three-dimensional directivity diagram of the
PAA f(θ, ϕ) in the general case has the form:

f (θ, φ) =
1
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where M is the number of elements along the length of
the antenna array, N is the number of elements across
the width of the antenna array, dx is distance between
emitters in the azimuth plane, dy is distance between
emitters in the angular plane, λ is the working wave-
length of radiation, θ is azimuth, φ is seat angle.

The optimal choice [13] of the antenna array dimen-
sions is chosen according to the analytical dependence
in the form: 

dx ⩽
λ

1 + sin (θxmax)

dy ⩽
λ

1 + sin (θymax)

, (4)

where θxmax, θymax are the maximum aperture angles of
the directional diagram in the azimuth and elevation
directions, respectively.

The active PAA module in the time domain can be
described by the following system of equations in the
operator form:{

uin = Lin (e, iin)

uout = Lout (iin)
,

{
iin = Fin (uin, uout)

iout = Fout (uin, uout)
, (5)

where uin, uout, iin, iout are voltages and currents at
the input and output of the antenna module, respec-
tively, e is normalized vector, Fin, Fout are non-linear
in the general case integrodifferential linearly indepen-
dent operators describing the active element, Lin, Lout
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Fig. 1: Geometric dimensions of a single antenna element of the
active phased array antenna.

Fig. 2: Directivity diagram of a phased array antenna element
plotted in 3-dimensional coordinates.

are linear integrodifferential operators describing the
input and output circuits of an active element (vac-
uum lamp, bipolar or field-effect transistor) and are
determined by a system of equations in the form:
Lin =

M∑
m=0

aRm
dm

dtm
+

N∑
n=0

bRb

∫ ∫
· · ·

∫ N

n=0

Aen (t) dt,

Lout =

M∑
m=0

aFm
dm

dtm
+

N∑
n=0

bFb

∫ ∫
· · ·

∫ N

n=0

Aen (t) dt,

(6)

where R,F, n,m are dimensionality indices of the op-
erator space, a, b are weighting coefficients, Aen(t) -
excitation potential of n-th element.

4. Design of PAA and
simulation results

On the basis of input data, and theoretical analysis,
the geometric dimensions of a single antenna element
of the active phased array [14] antenna with parallel
feeder excitation at 3.7 GHz were obtained, Fig. 1.

(a) (b)

Fig. 3: An azimuth (a) and elevation (b) cut of directivity at 0,
30 45, 60 and 90 degrees elevation/azimuth.

Fig. 4: Directivity diagram of a 7-by-7 phased array antenna in
3-dimensional coordinates.

Using the Matlab Integrated Development Environ-
ment [15], the directivity diagram of a phased array
antenna element in 3-dimensional coordinates [16] is
built, Fig. 1,2.

An azimuth 3(a) and elevation 3(b) cut of directivity
at 0, 30, 45, 60 and 90 degrees elevation/azimuth, as-
suming a 3,7 GHz operating frequency in 2-dimensional
coordinates with few slices [20] is built, Fig. 3.

The Phased Array System Toolbox to design a PCB
7x7, 0,5∗λ spacing rectangular array from the antenna
element is used. The main goal of Array dimensions
selection is -3dB beamwidth lover then 15 degrees has
been achieved. The array normal to radiate direction
in the same-parallel direction to generate a maximum
coverage region in the geographic azimuth is specified.
Type of single antenna element: reflector-backed dipole
antenna element.

The directivity diagram [17–19] of a phased array
antenna in 3-dimensional coordinates is built, Fig. 4.
An azimuth cut of directivity at 0 degrees elevation
[20] of a 7-by-7 phased array antenna, assuming a 3,7
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(a) (b)

Fig. 5: An azimuth (a) and elevation (b) cut of directivity dia-
gram of a 7-by-7 phased array antenna in 2-dimensional
coordinates.

Fig. 6: Receivers allocation at 3 places.

GHz operating frequency in 2-dimensional coordinates
is built, Fig. 5.

Modeling a hypothetical situation, let us place [15]
a 0.1 Watt transmitter with an antenna on the top of
the Ternopil Ivan Puluj National Technical University
main building. The transmitter position height above
the ground is 25 meters (which is equivalent to the 8-
floor height building). With reference to the terrain,
the phased antenna arrays pattern in 3-dimensional co-
ordinates is built. Modeling a hypothetical situation,
let us place [15] 3 space separated receiver parts of re-
ceiver site, Fig. 6.

Scan the antenna beam by applying a taper for an
angle of -30 degrees, Fig. 7. Scan the antenna beam by
applying a taper for an angle of 0 degrees, Fig. 8. Scan
the antenna beam by applying a taper for an angle of
+30 degrees, Fig. 9.

Let us project the directional pattern of the antenna
onto the terrain surface. To perform a projection of
3D pattern phantom onto terrain surface and get a
coverage map relative to the landscape, (an effect of
buildings surfaces will be a subject of our further re-
searches) built-it algorithm of a coverage() function of

Fig. 7: Antenna beam scanning by applying a taper for an angle
of -30 degrees in 3-dimensional coordinates.

Fig. 8: Antenna beam scanning by applying a taper for an angle
of 0 degrees in 3-dimensional coordinates.

Matlab Antenna Toolbox is used. Scanning by the an-
tenna beam by applying a taper for angles of -30, 0,
+30 degrees is performed, Fig. 10, 11, 12.

The experiment results in the virtual environment
are as follows (sensitivity of each receiver is -75 dB):

• strongSignal -65 dB;

• mediumSignal -70 dB;

• weakSignal -75 dB.

The obtained results of the experiment in a virtual en-
vironment confirm the phased antenna array design ef-
ficiency and the possibility of a real prototype manu-
facturing with minimal financial costs.

5. Conclusions

The proposed use of phased antenna array with beam
scanning technique as part of 5G medical telecommu-
nication system used in modern campuses of medical
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Fig. 9: Antenna beam scanning by applying a taper for an angle
of +30 degrees in 3-dimensional coordinates.

Fig. 10: Antenna beam scanning by applying a taper for an an-
gle of -30 degrees (projection onto the terrain surface).

clinics has confirmed a reduction in the level of elec-
tromagnetic radiation. The simulation of the proposed
rectangular phased antenna array in the form of a 0.5∗λ
matrix with an interval of 7x7 elements, which are
made in the form of a printed circuit board, confirmed
the improvement of signal transmission efficiency for
the case when the receiving side is made in the form of
three spatially separated receivers at receiver site, but
not in the form of a single one. The conducted simu-
lation made it possible to avoid the costs necessary for
conducting full-scale experiments.
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Fig. 11: Antenna beam scanning by applying a taper for an
angle of 0 degrees (projection onto the terrain surface).

Fig. 12: Antenna beam scanning by applying a taper for an
angle of +30 degrees (projection onto the terrain sur-
face).
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