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Abstract—The radio control system based on the three elements antenna array with noise suppression
function is considered. Using of three elements allow to narrow the sector of space reviewing and to sim-
plify the block diagram. The proposed system provides suppression of the noise by means of simple tech-
nical means including situation, when frequencies of the noise and useful signal coincide.

Index Terms—Antenna array; noise suppression; directional diagram; sources of radiation, radiocontrol.

I. INTRODUCTION

The main task of radio control is to measure the
parameters of radiation, to find the direction of the
source of radiation, to conduct surveillance for a
certain period of time and perform post-controlled
measurements [1]. Under radio control it is necessary
to examine the implementation of established rules of
radio frequency resource usage by radio electronic
means users (REM), to estimate the electromagnetic
environment in the area of REM action to ensure the
electromagnetic compatibility and to measure REM
radiation parameters [2]. As radio control performs in
a real electromagnetic environment, the spatial se-
lectivity acquires the paramount importance. Under a
large territory saturation by radio-electronic means
there is a high probability that some other source will
radiate on the frequency, closely to the frequency of
controlled REM, that creates a significant obstacle
for monitoring and control of radio emission. Some-
times, in this case, it is difficult to distinguish the
signal voltage from a mixture of signal plus noise by
some hardware. It is obvious, that the antenna with
the properties to suppress the interference will better
ensure the radio control performance. To the anten-
nas with such properties belong adaptive antennas,
antennas with amplitude and phase methods of noise
suppression.

The majority of the modern receiving antennas
used in radio monitoring systems represents ordinary
electromagnetic devices with classical characteris-
tics. But there is the possibility to maintain the re-
ception of radio emission in the significantly smaller
spatial sector than in the classical non-directional
antennas [3].

The main aim if this work is to create an antenna
system with noise suppression and space coverage
area in the horizontal plane less than 180°
(200.5<90°) using small element antenna. Based on

the principle of amplitude noise suppression it is
necessary to apply such minimum quantity of ele-
ments in the array to either narrow the radiation
pattern and to simplify a little the block diagram of
signal processing. It was decided to create the an-
tenna system on the basis on 3 dipoles.

II. SOLUTION OF THE PROBLEM

Antenna array for radiomonitoring is a measuring
instrument, the structure of which is based on the
principles of direct conversion of electromagnetic
field parameters into electrical signals. Generalized
block diagram consists of antenna unit, frequency
conversion and amplification unit, linear transforma-
tion wunit, functional transformation unit and
processor.

Antenna unit consists of three elements. The line
of vibrators location (antenna aperture) is set in such
way that rays from the radiation source of controlled
signals fall at right angles (Fig. 1).
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Fig. 1. Three element antenna array

The rays from the source of noise fall at a right
angle to the perpendicular conducted to the grating
aperture. Antenna system is placed in a horizontal
plane, so the azimuthal angle ¢ of spherical coordi-
nate system is used, assuming, that 6 = 90°. Vibrators
of the antenna array are identical in design and have

the same value of the active length /; .
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In the frequency conversion and amplification
unit signals is transferred to suitable for further
processing range and amplified by narrowband am-
plifiers. These amplifiers provides increasing of
signal to noise ratio and sufficient to minimize mea-
surement errors voltage level.

We will assume that the voltages, generated after
frequency transformation and amplification in signal
processing channels are proportional to the amplitude
of EMF on the dipoles terminals and they keep the
phase relations. After the frequency conversion and
amplification we obtain next voltages on the output
of dipoles [4]:

U] — US + Unefikdsinﬁp;
U,=2U,+U,); (1)
U3 — US + Uneikdsimp’

where U, =aE [, is the voltage of useful signal;

U, =ak [, is the voltage of noise; o is the transfer
factor of frequency transformation and voltages
amplification channels.

Transfer factor of the second channel is twice as
much as transfer factor of dipole 1 and dipole 2, that
isa, =2a . Let’s introduce exponential multipliers of

the system (1) in a form of trigonometric functions
U, =U,+U,cos2u—iU,sin2u;
U,=2U,+U,); 2)
U3 = US + Un cos2u —iUn sin 2u,

where
u= % sin . 3)

Taking into account that the transfer factor of the
second channel is twice as much as transfer factor of
dipole 1 and dipole 2, the directional diagram of
indicated antenna can be found from the equation

E=E

max|1

F(e’ (p)e—ikr (1 + 2eikdcostp + e2ikdcos&p ) (4)

Directional diagram of three element antenna ar-
ray that locates at a distance d = A/2 is shown on the
Fig. 2.

From the expression (2) we can see that three va-
riables of changeable voltages on the output of three
dipoles give a chance to calculate all the necessary
parameters. However, it is theoretical solution and we
need to take into account the phase shifts between
signals of noise and voltages. This is due to the fact
that the radiation of interfering source and the useful

signal source is incoherent, even if their frequencies
are matching.

Fig. 2. Directional diagram of three element antenna array

The phase shift between the voltage U, and U, is

random and changes over time. Therefore, the solu-
tion of equations (2) has no practical value. Another
way to solve the set of equations (2) is to renounce
the determination of voltages phase shift between U .
and U, [4].

Linear transformation unit consists of adders and a
fixed phase shifter that shifts the phase of the sum of
two voltages to —90°.

Let’s consider some simple math operation that is
casily realized by instrumental means.

The difference of outside dipoles voltages

U, =U, -U,=i2U,sin2u =idU, sinucosu.  (5)

The difference of voltage 7, and the sum of out-
side dipoles

U,=U,-U,~U, =4U,sin’u. (©6)
Let’s find also such combination of voltages
U, =U,-2U, =ide U, sinu. (7)
and
U, =U, -2U, =—i4e"U, sinu. )

Amplitude values of obtained voltages make it
possible to calculate the trigonometric functions of
the angle u

sinu = |U5|,
v,
cosu = g—j|, 9)
U,
t =T
ctgu U5|
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In some cases (under the small values of the angle)
it is appropriate to use next option

U,=U, +U, =2U, +2U, cos2u. (10)
From the expression (5) we can see that
U, =2U, sin2u. (11)

While subtracting the voltage U9 from the vol-

tage U, we receive

U,-U,=2U,. (12)
Viewed functional connections between separate

electrical quantities realized by device, constructed

according to synthesized block diagram (Fig. 3).
Three dipoles of the antenna array through

switches connect to three channel preselector with
discrete variable of occupied bandwidth. Each of
three channels is constructed under the same scheme.
The first stage of the channel is a converter through
which the antenna system can be used in different
frequency bands. Each converter is powered by the
voltage of the same quantities, identical frequency
and identical phase as this voltage is creating by
electrical for all converters convertors generator
(CQG). The next channel element is the three element
frequency convertor on the one input of which come
oscillation from the heterodyne (Het). The main
element of the voltage amplification and frequency
selectivity is a frequency amplifier (IFA). On the

scheme we obtain voltages U,, U, and U, (3) on
the channels output.

Switches < TSG <
A 4 A 4 A
Three channel preselector P GC P
with discrete variable of occupied bandwidth - N
A 4 A 4 A
Three channel frequency converter < Het <
A 4 A 4 A
Intermediate frequency amplifier
— U, ¢ Us
® =
v : vy v v
-1 1A 1 -2 1 -2 1 1
21 1 > 22 1 il 23 24 25
Us Us |_ Us 2 Us
\ 4
FPS | Yo 11
> (-90°) > K=ctg2u > 26 6
T 20,
VG [«
A 4 \ 4 \ 4 \ 4 \ 4
Detectors unit

Processor

Fig. 3. Block diagram of three element antenna array
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Adder | has two inputs, on which voltages U1

and U, came and transfer factor of adder inputs
equal to one. On the output of >} we obtain voltage
U . (5). Adder ), has three inputs with three transfer
coefficients that equals to one. To its inputs applied
voltages of all three channels, but voltages U, and

U3 summarize in opposite phase to the voltage U2

and due to this we obtain voltage U5 (6). Adder > ;
has 2 inputs with the transfer factor (+1) and (-2). On
its output terminals form voltage U6 (7). As we can
see from the scheme that is shown of Fig. 3, on the
outputs of adders ¥4 and Y, form voltages U , (8)and

U8 (9) correspondingly.
Voltage U, is shifted in fixed phase shifter and as

a result we obtain voltage U, . The operation am-

plifier with the coefficient K = ctg2u is used to cal-
culate the voltage of signal and this amplifier is con-
trolled by voltage generator. As a result of indicated

amplification we obtain voltage U, .

A useful signal U, is formed on the adder ¥
output. We can see that after the subtraction of vol-
tages U, and U, we receive 2U,.

Using the expression (3), the processor calculates
the direction of electromagnetic wave interference
coming

. 2u
¢ = arcsin —,
kd
due to the known value of the argument .

The field intensity of the useful signal is calcu-

lated by the formula

All results of calculations, such as data about
radiation parameters.

The device can operate in three modes. The sim-
plest process of operation relates to the case, when
the signal can be selected from the mixture of the
received signals by means of frequency selectivity In

this mode, that selects by the nature of voltage U 4>
the processor operates with voltages U 4> U 5 U 6 -

In the second mode, under the presence of noise,
that cannot be suppress by frequency selectivity

circles, the adder > 4 blocks by a processor, and on the
output 2 the voltage drops to zero. The necessity to
move to this mode of operation determines by the
voltage U,. Under the presence of interference will
occurs the beat of harmonics that will inform that
mixture of incoherent oscillations is receiving. In
addition, the indicators of received oscillations mix-
ture are voltages U, Us, Us, and U;. Under two
sources of radiation these voltages at any orientation
of antenna system are not dropping to zero.

In this antenna system mode of operation, the vi-
brators panel should target so that one source of
radiation was at a perpendicular to the aperture (¢ = 0).
Then, the signal and noise voltage selection is oc-
curring in accordance with the formulas given in the
theoretical part of this work.

The third mode of operation is control and con-
figuration of voltages channel processing. The pro-
cessor transfers the device in this mode using the
switches. To the channels input joined test signal
generator (TSG), functioning of which is set by the
processor.

III. CONCLUSIONS

From the antenna principle of action and the block
diagram analysis follows next conclusions.

1) The antenna array of three dipoles make it
possible by using of simple technical means to pro-
vide noise suppression, even if the interference will
have the same frequency as the useful signal. Thus,
such antenna can be used in conditions of multibeam
wave propagation under the adjustment on the most
intense by the power beam.

2) Antenna system provides simultaneous control
of two radiation sources whose frequencies are close
to each other. However, thanks to the computer
technology, the system can work automatically on
different work programs.

3) The antenna system with frequency meter can
be used as electromagnetic fields tester. It makes it
possible to measure the electromagnetic field inten-
sity, congestion of the frequency spectrum, direction
of noise electromagnetic waves incidence, noise
electric field intensity. Under the presence in the grid
the three mutually perpendicular vibrators, the out-
puts of which will switch with switches, the antenna
will measure the meridional and azimuthal compo-
nents of the electric field vector and the coefficient of
electromagnetic waves ellipticity.

REFERENCES

[1] P. V. Slobodyanyuk and V. G. Blahodarnyi, Radi-
omonitoring: yesterday, today and tomorrow (Theory
and practice of building a radiomonitoring system,).



L.Y. Ilnytsky, L.V. Sibruk, D.V. Polishchuk Antenna Array for Radiomonitoring 57

Priluki, LLC Publishing "Air-Polygraph", 2010, [3] Radio control handbook. Geneva: International Tel-

296 p. (in Russian) ecommunication Union, 2002, 386 p. (in Russian)

[2] Managements of radio frequency spectrum and elec- [4] L. Y. Ilnytsky, O. V. Savchenko, and L. V. Sibryk,
tromagnetic compatibility of radio systems: Training Antennas and superhigh frequencies devices: College
manual. Edited by M. A. Byhovskyi. Moscow, textbook. Edited by L. Y. Ilnytsky. Kyiv, Ukrtelecom,
Eko-Trendz, 2006, 376 p. (in Russian) 2003, 406 p. (in Russian)

Received June 07, 2016.

IInytskyi Ludwig. Doctor of Engineering. Professor.

Department of Radioelectronic Devices and Systems, National Aviation University, Kyiv, Ukraine.

Education: Lviv Polytechnic Institute, Lviv, Ukraine (1951).

Research interests: Engineering electrodynamics, radio measurements, electromagnetic compatibility of radio electronic
devices, radiomonitoring.

Publications: 455.

E-mail: darynababych@ukr.net

Sibruk Leonid. Doctor of Engineering. Professor.

Department of Radioelectronic Devices and Systems, National Aviation University, Kyiv, Ukraine.
Education: Kyiv Institute Engineers of Civil Aviation, Kyiv, Ukraine (1974).

Research interests: Antennas, radio waves propagation, radiomonitoring, electromagnetic compatibility.
Publications: 170.

E-mail: sibruk@nau.edu.ua

Polishchuk Daruna. Post-graduate student.

Department of Radioelectronic Devices and Systems, National Aviation University, Kyiv, Ukraine.
Research interests: Radiomonitoring.

Publications: 5.

E-mail: darynababych@ukr.net

JI. 5. Ineanubkuid, JI. B. Ciopyk, . B. IToginyk. AHTeHHA pelniTka 1Jisl pagiOMOHIiTOPHHTY

PosrisinyTO cucremy paioKOHTPOIIIO, 110 3aCHOBYETHCSI HA TPUENIEMEHTHIN aHTeHHIN penniTii 3 (YHKII€0 MPUAYIICHHS
3aBajii. BUKOpUCTaHHS TPHOX EJIEMEHTIB J03BOJISE 3BY3UTH CEKTOP OIJISAY MPOCTOPY Ta CIPOCTHTH OJOK-CXeMy 00-
poOIeHHs curHaiy. 3alporoHOBaHa CHCTeMa 3a0e3neuye PUAYIIEeHHS 3aBa/li, y TOMY YUCH CHIBIAAaI0uoi 3a YaCTOTOO
3 KOPUCHHUM CHTI'HAJIOM, 32 JIOIIOMOT'OI0 POCTUX TEXHIYHUX 3aCO0IB.

Karou4oBi ciioBa: aHTeHHa pelniTka; TPUIYIIESHHS 3aBaJW; JiarpaMa CIpsIMOBAHOCTI; JUKEPENO BUIPOMIHIOBAHHS; pa-
JIIOKOHTPOJIb.
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JI. A. Unbaunkni, JI. B. Cudpyk, . B. loauuyk. AHTeHHas pemieTka A8 paAMOMOHUTOPHHIa

PaccMmoTpeHa cucTeMa paJuOKOHTPONIS, B OCHOBY KOTOPOH IONOXKEHa TPEXdIEMEHTHAs aHTEHHas pelleTka ¢ QyHKuuen
HoziaBJIeHUs oMexu. VIcIonb30BaHUE TPEX 3JIEMEHTOB II03BOJIAET CY3UTh CEKTOP 0030pa MPOCTPAHCTBA M YIPOCTUTH
0110K-cxeMy 00paboTku curHana. IIpemnoxeHHas cucrema oOecledMBaeT MOJABJICHUE IIOMEXH, B TOM YHCIIE COBIIa-
JTaromiei Mo YacTOoTe C MOJIE3HBIM CUTHAJIOM, IIPH ITOMOIIH MPOCTHIX TEXHUUECKUX CPEACTB.

KiroueBble coBa: aHTeHHas pellleTka; MOAABIIEHHE MOMEXM; AWarpaMMa HANpaBICHHOCTH; HUCTOYHHUK H3Iy4eHUS,;
PanuOKOHTPOIIb.
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