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Abstract

Introduction. Currently, one of the most promising approaches to the development of 5th generation mobile wireless
systems is the deployment of heterogeneous networks based on existing LTE cellular systems having both large and
small cells. Small, low-cost relay stations equipped with highly directional steerable antenna systems to connect small
cells with LTE base station serving macrocell can comprise the main elements of such networks.

Objective. Since existing solutions are either too expensive or do not allow the flexible rearrangement of current in-
formation transmission lines, the objective of this work is to develop antenna equipment for low-cost relay stations
based on simple, steerable antenna systems of millimetre wavelength (57-64 GHz), which allow beamsteering on both
azimuth and elevation planes.

Methods and materials. The developed steerable, bifocal lens antenna system comprises a specially-shaped lens made
of high-molecular-weight polyethylene and integrated with a phased array antenna. A key feature of its design is a wide-
angle beamsteering in the azimuth plane and ability to adjust the beam in the elevation plane. The calculation of the lens
profiles was carried out by means of an approximation of geometrical optics in Matlab, while the main technical charac-
teristics of the lens antenna system were obtained by direct electromagnetic modelling in CST Microwave Studio.

Results. A prototype steerable, bifocal lens-array antenna system has been developed and its characteristics studied. The
following technical characteristics are achieved in the 57-64 GHz range: beamsteering in the elevation plane - +3% beam-
steering in the azimuth plane - +40% antenna gain - from 20 to 27.5 dBi for all angles.

Conclusion. It is shown that the developed antenna system can be successfully used as a component of the receiving
and transmission equipment of small relay stations that transmit information in the frequency range of 57-64 GHz
over a distance of 100-300 m.
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Huxcezopodckuli 20cydapcmeeHHsili yHugepcumem um. H. Y. Jlobayeackozo
np. FazapuHa, 23, HuxHuli Hoszopod, 603950, Poccusa

CKAHPYIOLLUAA TOPOUAANBHO-BUPOKAJIbHAA INH30OBAA AHTEHHASA CUCTEMA
AVNANA3SOHA 57-64 I'TL},

AHHOTaUMS.

BeedeHue. B HacmoAujee spema 00HUM U3 NepcnekmusHbIX N00X0008 K NOCMPOeHUo cucmem mMobuasHol paduoces-
3U NAMO20 NOKO/IEHUS A8/51eMCs Pa3eepmel8aHUe HEOOHOPOOHbIX cemeli Ha 0CHO8e Cyujecmayrowjux cucmem como-
goli cesa3u LTE ¢ 6onbwumu u Mansimu comamu. OCHOBHbIMU 31EMEHMAMU MAKUX cemeli MO2ym cmams Heboablue
Oewesble peseliHble CMAHYUU, OCHAWeHHbIe 8bICOKOHANPOBACHHbIMU CKOHUPYOUWUMU OHMEeHHbIMU cucmemMamu 015
ceA3u Masbix com ¢ b6asoeoll cmaHyueli LTE, obcayxcusaroujeli makpocomy. Cyujecmesyroujue peweHus 80 MHO20M
cauwKkom dopoau UAU He No380/A0m 2UBKO nepecmpaueams Ucno/s3yemsie AUHUU nNepedayu UHGopMayuU.

Lens pabomel. Pa3pabomka aHmMeHHo20 060py0osaHusA 0415 Oewiesblx peneliHbiX CMaHYul Ha 0CHO8e NPOCMbIX
CKQHUPYIOUWUX GHMEHHbLIX cucmeM Mu/AAuMempogo2o duana3oHa 0AuUH 80aH (57...64 [Ty), no3soasrowux ynpas-
1Mo 2/108HLIM IY4OM 8 08YX N/IOCKOCMSAX: A3UMYManeHOU U y2/10MeCmHOU.

Mamepuanst u Memodel. [IpoPusib NUH3bI U3 8bICOKOMOAEKYAAPHO20 NOAUIMUAEHA bl pACCHUMAH 8 npubaudce-
Huu 2eomempuyeckoli onmuku 8 MATLAB. OCHOBHble mexHUYeckue Xapakmepucmuku AUH30800 aHmeHHol cucme-
Mbl NOAyYeHbl NPAMbIM 31eKMpPOMaZHUMHbIM ModeauposaHuem 8 CST Microwave Studio, a makxce 8 xode 3kcnepu-
MEHMANbHbIX UCCAe008aHUL C NOMOWbI 8CNOMO2aMENbHOU GHMEHHbLI C 8bICOKUM KO3P@UYUEHMOM ycuneHus,
pacnonoxeHHoU 8 danbHeli 30He.

Pe3ynemamel. PazpabomaH u co30aH npomomun ckaHupyroujeli 6udokaneHol AUH30800 aHMeHHOU cucmemsl,
npedcmaensrowjuli coboli NUH3Yy cneyuanbHOU GopMel U3 8bICOKOMOAEKYAAPHO20 NOAUIMUEHA, UHMEe2PUPOBAHHYH C
nnockoli ¢pasuposaHHol aHmeHHoU pewiemkoll. B duanazoHe paboyux yacmom 57...64 [Ty docmuzHymel ciedyroujue
MmexHuUYecKue NoKa3amenu: ya/bl CKAHUPOBAHUSA 8 y210MecmHOU naockocmu +3° 8 aauMymansHol naockocmu +40°,
KoapPuyueHm ycuneHuss aHmMeHHoU cucmemel 04151 8Cex Y2108 CKAHUPO8AHUs Haxooumca 8 npedenax 20...27.5 dbu.
3akno4eHue. Pa3pabomaHHOS UH30805 GHMEHHASA CUCMEMa Moxcem Halimu Npakmu4eckoe npuMeHeHue 8 Kaye-
cmee npuemo-nepedarowje2o aHmMeHHo20 060py008aHUA HE6ONLLWIUX peeliHbIX cmaHyul, ocywecmeasaowux nepe-
a4y uHpopmayuu 8 YacmomHom ouanasoHe 57...64 [Ty Ha paccmosHusa 100...300 m.

KnioueBble cnoBa: 61MpokanbHas MH30Bas aHTEHHA, MUIIMMETPOBbIV A1Mana3oH, pasvpoBaHHas aHTeHHas
peLueTka, CKaHUPOBaHMe, AnarpaMma HanpaBneHHoOCTY

Ana unTnpoBaHuma: CKaHMPYOLLAA ToponaanbHO-6MPoKanbHaa NMH30Bas aHTeHHas cucTemMa AmanasoHa 57-
64 ITy / A. A. Manbues, B. M. CenesHeB, A. C. PynbkoB, O. B. bonxosckas // W3B. By30B Poccuu.
PagnosnektpoHuka. 2019. T. 22, Ne 3. C. 36-47. doi: 10.32603/1993-8985-2019-22-3-36-47
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CraTbsi noctynuna B pegakumio 28.03.2019; npuHaTa Kk ny6avkaumm 20.05.2019; ony6nvkoBaHa oHnaiiH 27.06.2019

Introduction. Current 4th generation broadband
high-speed  cellular  network  (WiMAX-Advanced
IEEE802.16m [1], [2], LTE-Advanced 3GPP LTE Rel.10
[3]) systems, as well as wireless Internet access Wi-Fi
(IEEE 802.11 ac [4], [5] and IEEE 802.11ad [6]) stand-
ards, use highly efficient noise immunity coding meth-
ods, new types of broadband modulation (OFDM,
OFDMA, MIMO-OFDM, etc. [7]) and various space-
time signal processing algorithms to fully utilise channel
capacity. However, even when fully deployed, these
modern mobile wireless systems cannot meet rapidly
growing user demand. Therefore, finding new ways of

increasing the capacity of existing mobile terrestrial
radio systems becomes a very important task [8].

One of the most promising approaches in the de-
velopment of 5th generation mobile wireless systems
is the deployment of heterogeneous networks based
on existing LTE cellular systems. Here it is assumed
that small cells with coverage of several tens of me-
tres will be additionally placed in LTE macrocell
coverage areas having a high concentration of users
(hotspots) [8]. In this case, the ability to transfer a
large amount of data from base stations serving small
cells to macrostations is carried out by means of a re-
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configurable backbone network of small relay sta-
tions providing a data transfer rate up to several tens
of gigabits per second.

New millimetre wave Wi-Fi systems support
these data transfer rates [9], [10]. However, in order
to use these standards in relay stations, it is necessary
to increase the transmission distance up to
100...300 m. Thus, one of the key elements of future
heterogeneous 5th generation cellular backbone net-
works is small low-cost relay stations equipped with
highly directional steerable antenna systems.

Existing solutions based on multi-element
phased array antennas (PAA) are expensive [11], and
commonly used parabolic antennas and reflective ar-
ray antennas [12] require precise installation and not
allowing flexible rearrangement of current infor-
mation transmission lines. In the present work au-
thors propose to use toroidal bifocal lens antennas for
such relay stations, since they have a sufficiently
high gain and allow wide-angle beamsteering in the
azimuth plane [13], [14]. However, their application
is limited to relay stations with antennas of approxi-
mately the same height due to their inability to adjust
the beam in the elevation plane.

The objective of this work is to develop steerable
toroidal bifocal lens-array antenna integrated with a
primary radiation source in a form of a small planar
phased array antenna, which elements form separate
PAA subarrays (modules). Measurements showed that
the developed lens-array antenna can be successfully
used as receiving and transmission antenna equipment
of small relay stations that transmit information be-
tween backbone network nodes of heterogeneous cel-
lular systems over a distance up to 300 m.

Development of a dielectric toroidal bifocal
lens for a steerable antenna. The main requirements
for the developed lens antenna system are high gain,
allowing data transmission over a distance of several
hundred meters in the millimetre wavelength range,
and wide-angle beamsteering in the azimuth plane and
ability to adjust the beam in the elevation plane.

The solution of the task is achieved by combin-
ing a primary radiation source in a form of a small
planar PAA with a passive focusing system in a form
of a dielectric lens having a special toroidal bifocal
shape. PAA consists of several horizontal modules,
allowing wide-angle beamsteering in the azimuth
plane. In order to preserve this property of the de-
signed antenna system, the lens shape was formed by
rotating its bifocal geometric profile around a verti-
cal axis located near the radiation source. As a result,
the lens has a toroidal shape.
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A distinctive feature of bifocal lenses is a pres-
ence of two refracting surfaces and two perfect focus
points [9]. When placing the phase centre of a radia-
tion source in such a lens, a flat phase front forms
having a certain inclination angle relative to the ver-
tical plane. Thus, the desired beamsteering angle in
the azimuth plane can be achieved by switching the
PAA horizontal modules.

In the present work, calculations of a vertical bi-
focal lens profile were carried out analytically by
means of geometrical optics approximation using the
Gent-Sternberg method [9]-[12]. Radiation patterns
(RP) of the developed lens antenna were calculated
by direct electromagnetic modelling in CST Micro-
wave Studio. For the purposes of the modelling, a
horn antenna having an aperture size close to the size
of the PAA subarrays was substituted for the radia-
tion source in order to simplify the simulation and
reduce the time requirement.

A high molecular weight polyethylene material
was used in the production of the lens due to its
availability, low cost and appropriate dielectric pa-
rameters. This material has a dielectric constant of
€=2.35 and a low loss tangent tgd=0.0006. The

other lens parameters were determined by the tech-
nical requirements for antenna gain and scanning an-
gles. Thus, in order to provide antenna gain of about
25 dB and beamsteering in the elevation plane within
+ 3° simultaneously with wide-angle beamsteering in
the azimuth plane within = 40°, the elevation aperture
was set at 130 mm and the distance between foci was
10 mm. According to preliminary calculations, these
lens antenna parameters should provide a stable con-
nection to users at a distance of 100...300 m and
precise RP main lobe electronic adjustment to receiv-
ing antenna heights in the elevation plane of the or-
der of £10...15 m.

In accordance with the Gent-Sternberg method
[15]-[18], curves describing vertical cross sections of
the external and internal refracting surfaces of the bi-
focal lens are approximated by following functions:

y()=(Ax+B), )

where A, B and k are numerical coefficients depend-
ing on set parameters of the bifocal lens model (dis-
tance between foci, inclination angle of the flat phase
front and the lens material). In (1), variables y and x
are measured in millimetres.

Fig. 1 shows the vertical cross section of the bi-
focal lens with two refracting surfaces and two foci
calculated in Matlab for the given set of parameters
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(ne, ny are refractive indices of the environment and

the lens, respectively).
The external lens surface is described by a curve

y(x) = £(~730x + 85142)%4 2)

and internal surface is given by an expression

y(x) = +(14124x — 984180)°°. @3)

Note, the presence of two refracting surfaces of the
bifocal lens leads to additional reflections on the inter-
nal surface and within the lens, complicating the whole
process of the lens antenna production and adjustment.
It is known that when antenna elements are placed on a
dielectric surface, the higher the permittivity, the more
electromagnetic radiation "permeates” into the dielec-
tric. In this case, the ratio of a radiation power directed
inside the dielectric to the emitted radiation power is di-

rectly proportional to g2 [19]. This effect leads to a
reflection coefficient decrease (back radiation level)
in lens antennas with radiation sources located on the
internal lens surface and can be successfully used in
their design [20].

Fig. 1 shows that the internal surface considered lens
described by Equation (3) can be approximated with high
accuracy by a straight line (Fig. 1, 2). Consequently, the
space between the radiation source located in y =5 (up-

per focus) or y=-5(lower focus) and the lens is

filled with polyethylene so that antenna elements can
be placed on the superficies of the lens. The numeri-
cal calculations showed that for this purpose a dis-
tance between the radiation source (focal axis) and
lens external refracting surface described by Equa-
tion (2) should be increased by 38 mm.

Fig. 2. 3D model of a toroidal bifocal lens

y, mm
44— Internal
refracting
surface
22— 2 External
4 refracting
surface
0 | |
60 100 X, mm
_22 —
—44— ne =1
—66

Fig. 1. Vertical cross section of a polyethylene bifocal lens
calculated in MATLAB

A 3D model of the toroidal bifocal lens designed
in accordance with the described methodology, along
with its vertical cross section, are shown in Fig. 2
and 3, respectively.

Fig. 4 shows the antenna RP D(6) (6 is an ele-
vation angle) when between the radiation source lo-
cated in the lower focus and the lens there is an emp-
ty space (Line 1; vertical cross section is shown in
Fig. 1), as well as when the radiation source is locat-
ed on the superficies of the lens (Line 2; vertical
cross section is shown in Fig. 3). Fig. 4 shows that
filling the space between the radiation source and the

Fig. 3. Vertical cross section of a toroidal bifocal lens
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Fig. 4. Radiation patterns of a bifocal lens antenna with one
and two refracting surfaces when a primary radiation source
is located in the lower focus

lens with polyethylene leads to a slight decrease in
intensity in the side lobes without distorting the
formed flat phase front, which is caused by the rather
narrow RP of the used radiation source (PAA subar-
ray) in the elevation plane (about 60...70°).

Figs. 5 and 6 show the RP of the designed 3D
model of a toroidal bifocal lens antenna in horizontal
(¢ is an azimuth angle) and vertical planes, respec-
tively. Radiation patterns are calculated by electro-
magnetic modelling in CST Microwave Studio. The
RP in the horizontal plane (Fig. 5) is given for the
primary radiation source location on the axis of
symmetry between the foci. The RP in the vertical
plane (Fig. 6) is given for the primary radiation
source location in the upper (Line 2) and lower
(Line 3) foci, and in the centre point between them
(Line 1). As can be seen from Figs. 5 and 6, the de-
veloped model of the toroidal bifocal lens antenna is
characterised not only by the formation of a narrow
beam having a width of about 3° in the vertical
plane, but it also exhibits some aplanatism, i.e. abil-
ity to change the direction of the emitted radiation
according to the primary radiation source offset rela-
tive to the focus. In the horizontal plane, a beam hav-
ing a width of about 12° is formed; its shape coin-
cides with the RP of the primary radiation source.

-40 -30 -20 -10 0 10 20 30 ¢, K°
[ [ [ [ [ [

D, dB

Fig. 5. Radiation pattern of a toroidal bifocal lens antenna
with one refractive surface in the horizontal plane
(electromagnetic modelling results)
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Fig. 6. Radiation patterns of a toroidal bifocal lens antenna
with one refractive surface in a vertical plane
(electromagnetic modelling results)

Experimental prototype. An experimental pro-
totype was developed (Fig. 7) for practically testing
the technical characteristics of the designed lens an-
tenna system. The prototype includes the polyeth-
ylene lens 1, primary radiation source (PAA) 2, me-
tallic heatsink 3 for removing heat from the PAA and
plexiglass housing 4 fixing the PAA on the back side
of the lens.

The radiating PAA is inserted into the plexiglass
housing with the lens tightly affixed to one side of it
and the heatsink to the other. All of these elements to-
gether constitute a single structure. The sizes of the
heatsink, plexiglass housing and mounting screws are
reduced to minimise their impact on the characteristics
of the calculated lens antenna. The lens is manufactured
on a CNC machine adapted for plastics processing.

A microstrip antenna developed by Intel (Fig. 8)
was used as the radiating PAA. It integrates the array
antenna and radio part produced by using CMOS
technology [21]. The array antenna contains 2x10
patch antennas, 16 of which are active and form the
RP antenna array (2x8 patch antennas inside a
dashed line in Fig. 8), while the remaining four patch

Fig 7. Experimental prototype of toroidal bifocal lens antenna
system (1 — toroidal bifocal polyethylene lens; 2 — phased
array antenna; 3 — metallic heat sink; 4 — plexiglas housing)
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Fig 8. Radiating microstrip PAA

antennas located along the edges are passive. The ra-
diating PAA has a linear polarisation in the vertical
plane. PAA gain is about 15 dB.

The single-module PAA was used for the proto-
type studies allowed beamsteering to be performed in
the elevation plane by mechanically moving the radi-
ation source in the focal plane with discrete steps of
5 mm. For these purposes, additional mounting holes
located 5 mm apart from each other are made in the
plexiglass housing. The distance between the mount-
ing holes is selected considering PAA size. The pro-
totype also includes other elements necessary for its
attachment to a measuring setup.

Description of the experimental setup and
measurement technique. The measuring setup
(Fig. 9) was developed in order to measure the char-
acteristics of the designed steerable lens antenna sys-
tem prototype (SLAS).

The measuring setup consists of the following
basic units:

— positioner controlled by a personal computer
(PC);

— universal spectrum analyser (SA) E4407B of
the company "Agilent Technologies";

— frequency converter (FC) 11970V of the com-

Positioner

Lens
antenna

FC SA
=k
o h

\
57-64 GHz GPIB
HDRA
USB
Positioner PC
—>
control unit e a— 7
Transmission of %

control commands

Fig 9. Block diagram of the measuring setup

pany "Agilent Technologies";

— highly directional receiving antenna (HDRA);

— specially developed software providing auto-
matic measurements of antenna characteristics.

The described experimental setup together with
calibrated antennas allows the main characteristics of
the developed SLAS prototype - i.e. two-
dimensional RP, directivity, gain and frequency char-
acteristics of the antenna — to be measured.

The operating principle of the measuring setup is
described as follows. In accordance with user set-
tings in the specially developed PC software, the po-
sitioner sequentially rotates the studied antenna in
azimuth and elevation planes in angular ranges ac-
cording to predetermined steps. During testing, the
antenna operates in active signal transmission mode.
The HDRA is used to increase the setup sensitivity
and compensate for signals reflected from local ob-
jects. The signals received by HDRA in the
57...64 GHz range are converted to a frequency
range suitable for the SA using a frequency controller
(FC). The SA records the total power and input sig-
nal spectrum from the studied lens antenna at each
measurement step. Recorded data are transmitted via
GPIB-USB interface to a PC control program and
stored in ROM for further processing.

Mechanical actuators of the positioner are con-
trolled remotely by a PC program via a Bluetooth
wireless channel allowing the use of the experimental
setup for further field tests. Data exchange between
the PC control program and the spectrum analyser is
performed via the GPIB interface by using appropriate
commands. The synchronisation of rotations of the
studied antenna with the measuring process of the to-
tal power and spectrum of the SA input signal is pro-
vided by the algorithm of the PC control program.

Results of the experimental measurements.
The measurements of the RP in the azimuth and ele-
vation planes were carried out during the experi-
mental study of the SLAS prototype. First of all, the
measurements in two different positions of the PAA
beam (two PAA sectors) were carried out in order to
verify the correct lens antenna operation.

Fig. 10 and 11 show the measured RP when the
PAA beam is located in the central position. The
measurement results show that the RP half-power
beamwidth is 2.5° in the elevation plane (Fig. 10)
and 11° in the azimuth plane (Fig. 11).

Fig. 12 and 13 show the measured RP of the lens
antenna system when the PAA beam is shifted at a
maximum angle of —40 ° in the azimuth plane. In this
case, the RP undergoes distortions leading to a wid-
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ening of the main lobe. In this case, the RP half-
power beamwidth is 3.8° in the elevation plane
(Fig. 12) and 15° in the azimuth plane (Fig. 13).

In accordance with estimations of the RP meas-
urements, it was found that the total gain of the de-
veloped SLAS is about 27.5 dBi when the PAA beam
is located in the central position, while the radiation
efficiency is about 80%. Considering that the radiat-
ing PAA gain is 15 dBi, it is possible to estimate the
additional gain of the developed toroidal bifocal lens
to be about 12.5 dBi.

During the next stage of the experimental studies,
the specially developed software was used to switch
between the spatial positions of the PAA RP main lobe
in order to study the SLAS prototype beamsteering
properties in the azimuth (horizontal) plane. This
software allows the required angular range in the azi-
muth plane to be set within +40°.

Fig. 14 shows the measured RP of the SLAS pro-
totype in the azimuth plane for various positions of
the PAA RP main lobe. It can be seen that the devel-
oped antenna system allows beamsteering in the az-
imuth plane with keeping the RP shape of the anten-
na. The gain degradation at maximum angles is about
—7.5 dB compared to the antenna gain when the PAA

-20 -10 0 10
[ [

0, K°

4

]

12—

D, dB
Fig. 10. Radiation pattern of the lens antenna prototype in the
elevation plane when the PAA beam is located
in the central position

beam is located in the central position. The maxi-

-20 -10 0 10 0, K°

D, dB
Fig. 11. Radiation pattern of the lens antenna prototype in the
azimuth plane when PAA beam is located
in the central position
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mum gain is obtained when the PAA beam is not
shifted and it is 27.5 dB, and the minimum gain of
the developed SLAS prototype is about 20 dB over
the entire scanning range (+40°).

During the next stage of the experimental inves-
tigation, the SLAS prototype beamsteering properties
in the elevation (horizontal) plane were studied. In
order to verify the correctness of the dielectric lens
operation as a bifocal surface in a vertical plane, the
radiating PAA was located in three positions: in the
lower and upper foci of the dielectric lens, as well as
in the centre point between them. For all three de-
scribed positions of the radiating PAA, RP measure-
ments were carried out in the elevation plane, both
with a step of 0.2° and when the PAA beam was lo-
cated in the central position in the azimuth plane.
From the normalised RP shown in Fig. 15, it can be
seen that the overlaps in the elevation plane between
adjacent lobes occur at levels less than —3 dB, while
the degradation of lobes does not exceed —0.6 dB
when the radiating PAA is located in the lower and
upper foci in contrast to the case when the PAA beam
is located in the central position.

The figures also show that the beamsteering of the

—20 -10 0 10
| |

0, K°

D, dB
Fig. 12. Radiation pattern of the steerable lens antenna
prototype when the PAA beam is shifted at an angle of —40°
in the elevation plane

developed SLAS prototype in the elevation plane (at a

o K° 40 30 20  -10 0
| | |

D, dB
Fig. 13. Radiation pattern of the steerable lens antenna
prototype when the PAA beam is shifted at an angle of —40°
in the azimuth plane
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The main characteristics of the SLAS prototype

Fig 14. Radiation patterns in the azimuth plane for various

PAA positions
-25 -20 -15 -10 -5 0 5 10 15 6,..°
[ [ [ [ / AN [ [
I A
AN
5
Iy
2// AREVAN
-1 K .
VA, A/ \\"—’[ \
D, dB
Fig 15. Radiation patterns in the elevation plane for various
PAA positions

level of —3 dB) is & 3°. The principal characteristics of
the SLAS prototype are given in Table.

Conclusion. In this work, we present the results
of the development and experimental studies of the
characteristics of a steerable bifocal lens antenna sys-
tem prototype in the 57...64 GHz range. It is shown
that the measured characteristics of the lens antenna
prototype meet the requirements imposed on the de-
signed antenna system and are consistent with the re-
sults of electromagnetic modelling in CST Microwave

Characteristic Value

Material Polyethylene
Elevation aperture, mm 130

. 302
Azimuth aperture, mm (2x151)
Distance between foci, mm 10
Gain, dB 27.5
Radiation efficiency, % 80
Directivity, dB 28.5
Main lobe width in elevation plane, ...° 3.1
Main lobe width in azimuth plane, ... ° 12
Beamsteering in elevation plane, ... ° +3
Beamsteering in azimuth plane, ... ° +40
Side lobes level, dB -8

Studio. The following technical characteristics are
achieved for the developed toroidal bifocal lens antenna
prototype in the 57...64 GHz range: beamsteering in the
elevation plane is +3° (at a level of -3 dB), while beam-
steering in the azimuth plane is +40°. The antenna gain is
from 20 to 27.5 dBi over the entire scanning range.

The achieved technical characteristics in beam-
steering and antenna gain indicate the significant ad-
vantages of the proposed lens antenna system com-
pared to existing solutions [13], [14], [20], [21]. It is
demonstrated that the bifocal lens antenna system can
be successfully used as receiving and transmission an-
tenna equipment of small relay stations that operate in
the frequency range of 57...64 GHz over a distance of
100...300 m.

Further research in this field should be aimed at
optimising the shape of the bifocal lens in order to
reduce its weight and additional losses, as well as at
improving of the antenna system design as a whole
to achieve better technical characteristics.
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