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Abstract . Ommidirectional in azimuth plane antennas withribontal
polarization are used in communication systems of McWILL standard,
digital television systems of D\V\B2 standard, radio monitoring systems,
semtiactive ranging using the target illumination with the television
broadcast signal, and many otheresasin many cases, radar and radio
monitoring systems use phase methodsdétermine the azimuth and
elevationangle of the targefTo view all azimuthal angles, ring arrays
consisting of omnidirectional emitters, usually also represented by ring
arrays, & used. This paper studies the characteristics of an
omnidirectional radiating element of electrically small horizontal dipole
elements. An expression is derived that relates the radius of the dipole ring
array to the number of dipoles and the variatibthe resulting radiation
pattern. The results are confirmed by experimental studies.

1 Introduction

In recent years, great progress has been made [1] in the development and usaciwemi
radars for monitoring of unmanned aerial vehicles using th&abdiGv signal of DVBT2
standard, McWILL mobile communications systewis, for illumination. In all cases, the
system operation requires omnidirectional in the azimuth plane antennas with horizontal
polarization. When working with vertically polarize@ysals, a dipole antenna has such
radiation pattern, and when working with horizontally polarized signals, an omnidirectional
antenna can be obtained with an electrically small horizontal loops. Hovedeetrjcally
smallloop antennas have a low effic@nand, consequently, a low gain and vanishingly
small operating frequency bands. More promising way is to implement such antennas in the
form of a circular array(CA), composed of electrically small antennas with horizontal
polarization connected in palel| for example, dipoles, logoperiodic antennas or Vivaldi
emitters placed along the ring with the same angular offset relative to the central axis. As
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indicated in the works [8], CA of electrically small parallel dipole or slot elements of
different slapes are mostly used in such antennas. The antennas presented in these works
are designed to operate at frequencies above 1 GHz, but when switch to lower frequencies
is performed, their dimensions increase rapidly, which limits their use. Relatively simple
structures have variation of the radiation pattern of more than 1-8B [the number of
elements and the electrical dimensions of the arrays vary greatly in the published papers. At
the same time, the number of dipole emitters and the radius of there&Cgea main
parameters that determine the good omnidirectigpeaformanceand the gain of the
antenna. Therefore, the aim of this paper is to study the relationship between the number of
dipoles and the radius of the CA with the variation of the resuléid@tion pattern, which

will enable designing omnidirectional antennas with horizontal polarization and a given
variation of the axisymmetric radiation pattern (RP) in the azimuthal plane.

2 The simplified mathematical model of CA

As indicated in the régw of omnidirectional antennas-g, a uniform radiation pattern

with horizontal polarization in the azimuthal plane is obtained by summing the radiation
patterns of elementary highequency dipoles with identical inphase and equafhplitude
excitation placed along the ring with the same angular offset relative to the central axis.
The number of elementary dipoles spread around the circle will obviously be unequivocally
related to the radius of the CA and the size of the dipole (the resonance freqtiéme
dipole). It allows to establish the relations connecting the electric size of the
omnidirectional radiator with variation of the amplitude radiation pattern of the
omnidirectional radiator as a whole.

AL

Ana

Fig. 1. Circular array model

Fig. 1 shows achematic model of the studied omnidirectional radiator. To simplify the
analysis of assumptions in this model, the relationship between dipoles will not be taken
into account, it will be assumed that dipoles are infinitely thin, the sources that braite t
will be connected to the centers of dipoles and the circumference of the omnidirectional
emitter will be equal to the product of the number of dipoles by the total length of their
arms, i.e. it is assumed that dipoles are located close on the cirenogetnder such
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assumptions, the coordinates of the centers of elementary dipoles from element to element
vary according to the following expressions (see Fig. 1):

xn(N,/1)=alcos(%j
. (27N R
N, 1) = — ==, 1
yn(N,2) alsln( N j a=- @)

whereR is the radius of the CA} is the operating wavelength, is the current dipole
number . varies from0 to N-1, N is the number of elements

The radiation pattern of a singlet: thin dipole antenna, assuming that the current
distribution alongthe dipole conductors is sinusoidal, can be determined by the following

expression [9]:
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Wherethe ratio % —275%\] relates to the rotation of the radiation patternhef th

dipole antenna when moving from one elementary dipole to amdthe% tthe size of

the antenna arm
For a fixedR and N it is necessary to find constraints on the size of the arms of the
dipolesl, which can be used in thetanna array, as the shape and width of the radiation
pattern both depend on these parameters, as well as the input impendance of the dipole.
Taking the mentioned above assumptions into account, this constraint will be imposed as:
ay  moy L
_— =, an =— ’ 3
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Using (3) in (2), the expression describing the diagram of the elementarglipole
element can be converted to the form:
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Taking the interference of waves from the spaced emitters and the ampli@ske
distribution in the dipoles into account, the final expression for the radiation pattern of the
CA consisting of the dipoles placed on the ring with the sargalanoffset relative to the
central axis is obtained from the ratio:

Farray (¢, N, 1) = Faip (¢, N, MK,
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where the complex coefficientéﬂ take into account the amplitugdhase distribuibn in

the emitters. Under the assumption that all dipoles are inphase and are excited with the
same amplitude, we can put them equal to one for all emitters without taking into account
their mutual influence.

Using the expressions (4) and (1) in (5), vetain:

2n2a1 ( T 2nn) 2n2a1
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(6)

Note that the expression (6) is obtained for vibrator antennas located in the air. An
example of the calculation of the radiation pattern of CA using expression (6) forstee ca
R/2= 0.2 (a) andR/4= 0.5 (b) for a different number of dipoles is shown in Fig. 2.
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Fig. 2. Radiation pattern of the CatvariousN andR/A ratios

Multiple calculation®of theradiationpatternsusingthesameechniqueasshownin Fig. 2
allowedto obtaincommondependencesf thevariationof theradiationpatternof CA (4) on
thenumbeiof dipoleelementsitdifferentr/1 ratios. Thesalependencieareshownin Fig. 3a.
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Fig. 3. Variationof theradiationpattern

In Fig. 3asolidcurvecorrespond® R/2= 0.2; dottedcurve- t00.5; dashdottedcurve- to 1.

To verify the accuracy of the simplified modelectrodynamic modelingf radiation
patterns of thin dipoles with the same parameters as in the case of a simplified model was
conducted in Ansoft HFSS. The results of the electrodynamic modeling of the variation of
the resulting RP are shown in Fig. 3b. Comparison of Fig.3aFandb shows that not
taking the relationship between dipoles into account leads to an increase in the variation of
the radiation pattern. With the increase of the electric size of the radius of the CA, the
variation of the RP increases faster than insihglified mathematical model, and with the
increase in the number of elements, the variation decreases. Fig. 3b shows that it can be
seen that for smalk/2 ratios, the variation graph is oscillatiradter N= 8, reaching a
minimum whenthe number of eleents equals’2 This is due to the fact that with so many
elements, the dipoles are at the vertices of regular geometric shapes. Eérrbigps this
has no effect. Nevertheless, there is a correlation between the data obtained by using a
simplified mahematical model and the results of electrodynamic modeling, especially at
low frequencies, and due to the curves shown in Figharequired number of elements
andR// ratio can be selected to ensure a given variation of the radiation pattern.

3 Optimiza tion of CA using electrodynamic modeling

Nowadays printed dipole radiators with the arms of a rectangular, triangular or elliptical
shape are mainly used in the antenna arrays. The simulation results showed that the least
variation of the RP is obtained the case of using the dipoles with triangular shoulders,
whereas dipoles with rectangular arms get the minimum valfig (fuch CA will have the
greatest broadband). The analysis of structures was carried out in the CST Studio Suite
electromagnetic sintation software.

As shown in Fig. 2, the directional patterns of the omnidirectional CA have decrease in
the directions of the dipoles. To reduce the variation, it is possible to place printed metal
directors in front of dipoles, thereby increasing thengdidipoles in this direction and as a
consequence narrowing their radiation pattern. The simulation results confirmed the
effectiveness of this method.

An exampleof modelingandoptimizationof oneof the CAswith arectangulashapeof
dipole armsis shownbelow. Thefront view of theradiatoris shownin Fig. 4, wherethesolid
line showsthemetallizationof theupperlayerof thedielectricsubstratef the FR4 material,
andthedashdottedline showsthebottomlayer. The omnidirectionabntennas designedor
digital TV rangeof DVB-T2 standardAccordingto Fig.3,to obtainaradiationpatternwith a
variation of not morethan0.2 dB, it uses8 elementarydipoleswith R/4 ratio of 0.3. To
simplify the excitation system,a 1:8 power divider is developed,madeon the basisof
symmetricaltwo-wire lines with conductorson the upperandlower sidesof the dielectric
substrateOn both sidesin the centerof the substrateéhere arefasteningelementsvhich are
representelly metalcirclesconnectedo theoutputsof thebalancingransformer.
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Fig. 4. Antennaelement

The radiation patterns of the simulated CAs in the angular and azimuthal planes are
shown in Fig.5a,b respeetly, and Fig.5¢c shows the variation of the phase RP versus the

azimuthal angle.
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Fig. 5. Characteistics of the antenngystem

4 Experiment result

According to the simulation results, a prototype of an omnidirectional CA was made.
Dipole elements were made using a tHeer dielectric substrate of FR material with
layer's thickness of 3 mm eachhél' substrate layers were glued with epoxy adhesive. The
arms of printed dipoles and conductors of wice lines forming a 1:8 power divider are
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made on the outer sides of the first and third layers of the substrate. The central conductors
of the first andhird layers are connected to the fingers of a balancing transformer, which is
represented by a coaxial 50 Ohm cable with ferrite rings on the outer braid. The layer
structure of an antenna is shown in Fig.6A, and Fig.6b illustrates the assembled antenna.
Experimental and calculated characteristics of the modulus of reflection coefficient on
the input port of the antenna and the radiation pattern at different frequencies are shown in
Fig.7a,b respectively.
As shown in Fig.7a, (the solid curve representseexrnent results, thelashdotted
curve represents the modeling) the coincidence of the experimental and calculated S11
curves is quite satisfactory. For Fig.7b solid curve corresponds to the frequency of 470
MHz, dotted curve to the frequency of 63BHz, dashdotted curve to the frequency of
790 MHz. Measurement of radiation patterns was performed at the testing area with a bad
noise environment. However, the coincidence on both graphs of the theoretical and
experimental curves is also satisfactory.

Fig. 6. Antenna system
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Fig. 7. Characteristics of the antenna system

5 Conclusion

The mainaspects of designing of omnidirectional antennas in the azimuthal plane based on
the CAs made of dipole elements were studied in this paper. The variation of the amplitude



ITM Web of Conference30, 05021 (2019) https://doi.org/10.1051/itmconf/201938021
CriMiCo'2019

pattern of less than 0.2 dB and the phase pattern of less than 1 degree werd.athasye
results can be further improved by adding passive metal directors. Currently the authors
continue to work on the study of the use of such elements in the antenna arrays.

The work was financially supported by the Ministry of Science and Higheraidnoof the Russian
Federation under the Project ID RFMEF157817X0242
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