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Background. The creation of an antenna system consisting of two spiral structures for the 2,4 GHz and 5,8 GHz
frequency bands is caused by practical needs determined by the results of using drones to monitor the environment.
The proposed technical solution was based on a study of known antennas for the 2,4 GHz (right circular
polarisation) and 5,8 GHz (left circular polarisation) frequency bands. Due to the mismatch of the polarisation of
the electromagnetic wave and the antenna, losses of up to 20 dBp can occur. To reduce losses, a design of spiral
antennas with the ability to change the polarisation direction was proposed. The article discusses the physical
nature of the work and the relationship between the design and electrical parameters of spiral antennas. These
provisions provide directions for improving these characteristics and technical solutions for their realisation. When
creating the proposed design, the core issue was to solve the problem of matching the direction of polarisation of
the electromagnetic wave generated by the antenna of the ground control station with the direction of the drone
antenna rotation. The problem is proposed to be solved by ensuring the possibility of promptly changing the
polarisation of the ground control station antenna. The prototype for the development of such an antenna is a well-
known antenna without the possibility of changing the polarisation, which has two coaxial spirals for the frequency
bands 2,4 GHz and 5,8 GHz with different types of polarisation.

Objective. The article aims to develop a dual-band antenna system for a ground control station with the ability
to change the direction of rotational polarisation.

Methods. A certain number of sources concerning rotationally polarised antennas, various types of ultra-high
frequency antennas, and their application for communication between a ground control station and a drone have
been reviewed and analysed. According to the problem statement, spiral antennas were selected for the antenna
array elements, which provide the possibility of communication with a drone when changing the direction of
rotational polarisation. Various antenna designs can solve the creation of a rotationally polarised wave. One
solution is to use horn antennas and vibrator-type antennas, however from the perspective of the ratio of antenna
gain and its dimensions, it makes sense to choose a spiral antenna.

Results. The results of modelling the structural, technical, and electrical characteristics of the antenna system
indicate the possibility of creating a dual-band spiral antenna design for use on ground control stations for radio
contacts with UAVs in the frequency bands 2,35 ... 2,45 GHz and 5,75 ... 5,85 GHz.

Conclusions. The implementation of the antenna system of spiral antennas for ground control stations in the
frequency bands 2,35 ... 2,45 GHz and 5,75 ... 5,85 GHz for drone control makes it possible to change the direction
of rotational polarisation, which is related to the drone antenna’s rotational polarisation direction.

Keywords: drones;, unmanned aerial vehicles, polarisation; spiral antennas; radiation pattern, directional
coefficient,; ground control station.

Introduction

Different types of antennas are used depending on
the functionality and principles of drone application.
The main parameters of antennas for drones and ground
control stations (GCS) are the following [1]:

— frequency range (Af=fy...f1): 2,35...2,45 GHz
and 5,75 ... 5,85 GHz;

—is the antenna gain in a given frequency range Af,
relative to an isotropic radiator: 8...10 dBp;

— width of the antenna pattern: 40°...60°;

—standing wave coefficient (SWC) in the frequency
range Af, usually within 1,1 ... 1,5;

— the type of radio wave polarisation created by the
antenna (horizontal, vertical, circular, or circular);

—type of interface for connecting to the
receiver/transmitter  (depending on the task of
communication with the drone);

—availability of an antenna system that ensures in
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real time the requirement that the main lobe of the GCS
antenna pattern is constantly located in the sector of the
main lobe of the drone antenna pattern;

— weight and dimensions of drones;

— resistance of drones to wind loads and vibrations;

—type of attachment to drone frames and ground
control stations.

Each type of antenna on board the drone and the
GCS, which together make up the unmanned aerial
vehicle (UAV), is used depending on the following
main factors [2]:

— functional purpose of the drones that make up the
UAV;

— the principle of creating the drone's lift;

— the number of applications;

— the class of drone in the UAV;

— the nature of the use of electronic warfare;

— the specifics of the flight mission.

From the analysis and research of sources devoted to
this topic, it is possible to gain an understanding of
modern antennas of drones and ground control stations
[3].

The video signal from the drone's camera to the
GCS is mainly transmitted at 1,2, 2,4 and 5,8 GHz
using antennas with right circular polarisation because
it has historically been so. The rule that right
polarisation is used for analogue video transmission and
left polarisation for digital video transmission is only a
rule of thumb. Signal loss when the direction of
polarisation of the wave and the antenna does not match
is 15...20 dBp. If the polarisation of the antennas does
not match, there will be almost no image. It should be
noted that the signal loss between circular and linear
polarisation antennas is approximately 3 dBp [4].

According to the academic theory of radio wave
propagation, polarisation is determined by the vector of
the electric component of the electromagnetic field.

Typically, drones use omnidirectional antennas that
transmit and receive in roughly the same way in all
directions. After all, the drone can turn in any
horizontal direction, and it is important to maintain
control of the drone regardless of its orientation relative
to the pilot of the ground control station. The remotes
and video receivers on the side of the GCS are equipped
with directional antennas. To focus the signal in one
direction, in this case towards the drone, it is necessary
to use a directional antenna of the appropriate design,
which depends on the frequency range. Under such
conditions, it is possible to achieve signal
transmission/reception over longer distances [2, 5].
Thus, without directional GCS antennas, the use of
drones at a given distance is virtually impossible.

Directional antennas, which are usually located near

the GCS, focus the antenna pattern in the direction of
the drone, resulting in a much longer signal travel.
Based on the analysis of the ratio of antenna gain to its
dimensions, as well as the ability to create circular
polarisation waves without additional means, spiral
antennas were chosen for the study.

Spiral antennas belong to the class of antennas with
a travelling current wave. They are a metal spiral fed by
a coaxial line. Among the known types of antennas,
there are cylindrical (Fig. 1), conical, and flat spiral
antennas [4, 6, 7]. Tapered and logarithmic spirals are
more bandwidth efficient and can operate with more
than 2,5 times frequency overlap. For the tasks at hand,
a cylindrical design is sufficient.

z
R

2nR

—

Fig. 1 — Schematic and scan of the coil of a cylindrical spiral
antenna

When the length of the spiral turn is less than 0.65 A
(with a wavelength A > 5D), the To wave prevails,
which is characterized by a change in the current phase
within 360° for several turns. The To wave has a
constant amplitude along the length of the helix and a
phase velocity vy =c. The reflection of the To wave
from the end of the helix leads to the creation of
standing waves that form the antenna pattern. The T,
wave has a tiny amplitude. The maximum radiation for
this case occurs in a plane perpendicular to the spiral
axis (Fig. 2, a) [9] and is not directed in this plane [6,
7].
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a) b) c)
Fig. 2 — Three types of radiation from cylindrical spiral
antennas:

a) undirected radiation: b) axial radiation; c¢) conical radiation
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If the length of the spiral coil is in the range from
0.75 A to 1.3 A, the T, wave prevails in the spiral, the
phase velocity of which is less than the speed of light
v; = 0,8 s. The T, wave is emitted more intensively by
all turns, so a travelling current wave is established in
the spiral and maximum radiation is formed along the
spiral axis (Fig. 2, b) [7, 8].

The width of the range of axial radiation of a
cylindrical spiral is +0.3, while the electrical
characteristics change insignificantly [7, 8].

With an increase in the ratio of the coil length to the
wavelength, the spiral begins to form a funnel-shaped
radiation pattern (Fig. 2, c).

Consideration of the antenna to which this article is
devoted arose from the analysis of a study of a known
antenna for the frequency bands 2.35 ... 2,45 GHz and
5,75 ...5,.85 GHz. In our opinion, it is possible to
eliminate some shortcomings in this antenna, namely

(Fig. 3):
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Fig. 3 — Photos of the known prototype antenna

— the antenna has only one polarisation in each band.
Nowadays, drones and GCS have begun to use antennas
with a different polarisation, but the linear polarisation
remains;

—the antenna coil is wound on a frame made of
dielectric material on a lathe. Such a product is
expensive and requires a skilled craftsman.

The following solutions were proposed to address
these shortcomings:

—to place two coaxial spiral antennas for the
2,4 GHz and 5,8 GHz frequency bands with different
winding directions and with the ability to quickly
switch from right-handed to left-handed spiral on one
screen [9];

—to make a frame for winding the spirals from
standard polyethylene water pipes that are widely
available.

Thus, after the experimental study and final tuning
of the antenna, it will be possible to manufacture
antennas for GCS in small workshops without any
machines. A file, screwdriver, metal scissors, and a drill
are enough to make them.

It is clear that tuning the antenna is a complicated

process, so you will need to experiment with the
diameters of the frames, the material of the spirals, the
spiral pitch, the matching element, etc.

The electrical characteristics of a spiral antenna are
calculated based on its parameters. The parameters of a
cylindrical helix (Fig. 1) are as follows [10, 11]:

—n is the number of turns of the helix;

—a is the angle of rise of the coil;

— R is the radius of the helix;

— L is the length of the coil;

— S is the pitch of the helix.

The following relationships exist between these
parameters [7, 11]:

12 = (2nR)? + S2,
. S
Sina = D

L = nS.

The first two relations follow from Fig. 1, which
shows the unfolding of one turn of a spiral in which S is
equal:

S=Li-A,
v

where v is the phase velocity of the wave along the
spiral.
The width of the half-power beam pattern, expressed

in degrees:
52°
2005 = —.
087 L s
A A

Directional coefficient:
_ L2 S
Dy = 15(7) ny.

Input resistance:

L
Rux = 140, Om.

Thus, the design of a dual-band spiral antenna for
use on the GCS for radio contacts with a drone in the
frequency bands 2,35...2,45 GHz and
5,75 ... 5,85 GHz is proposed. The antenna design is
based on spiral elements wound on polyethylene pipes
of different diameters, with the ability to switch
polarisation between right- and left-handed. A technical
solution using two coaxial tubes and N-type connectors
to feed each band separately is proposed. The antenna
consists of two coaxially wound spirals with opposite
polarisation for the 2,4 GHz and 5,8 GHz frequency
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bands, which are located on pipes with diameters of
50 mm and 40 mm, respectively. The smaller diameter
pipe is inserted into the larger diameter pipe. The
polarisation is changed using different connectors or
coaxial switches.

The rapid development of technology has led to the
need for high-performance antenna-feeder systems for
stable communication and data transmission between
drones and ground control stations. Recent publications
indicate a growing demand for lightweight, compact,
and multifunctional antennas with high gain and
adaptive polarisation.

One of the promising solutions is the use of spiral
antennas, which provide a wide frequency band and
circular polarisation. In this paper, we propose a dual-
band design that meets the modern requirements of radio
communication and video data transmission from drones.

The main advantage is the provision of high
efficiency with limited dimensions and weight of the
antenna system [12]. The description of the design,
technical, and electrical characteristics of the proposed
antenna system is as follows:

—type of polarisation — right-handed / left-handed,
switchable;

—the radius of the pipe for the 2,4 GHz band is
25 mm, and for the 5,8 GHz band — 20 mm;

—the pipes are made of polyethylene with a low
dielectric constant;

— installation method — two pipes for the 5,8 GHz
band inside two pipes for the 2,4 GHz band,

— each antenna has a separate power supply unit with
a matching device (N-type power connector, Fig. 3, 4),
to which high quality coaxial cables are connected [13,
14];

—the screen is made of a duralumin plate, the heat
shrink tube has a diameter of 60 mm.

The simulation was performed in the CST
Microwave Studio software under the following
conditions:

— the gain at 2,4 GHz was approximately 9 dBp, and
at 5,8 GHz approximately 10 dBp;

—standing wave coefficient in the operating range
was less than 1,5;

—the width of the radiation pattern was considered
in orthogonal planes = 60°.

The proposed design of a dual-band spiral antenna
(Fig. 4) is promising for SNCs due to the following
main advantages: compactness and lightness of
construction,  availability = of  materials  for
manufacturing, high efficiency in two frequency bands,
and the possibility of dynamic polarisation switching.
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Fig. 4 — Sketch of an antenna with variable polarisations
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In the future, it is planned to optimize the design
using modern composite materials to reduce weight.

Conclusion

An antenna system of spiral antennas for ground
control stations of drones in the frequency bands
235..245GHz and 5,75..5,85GHz with the
possibility of changing the direction of rotational
polarisation, which is related to the direction of
rotational polarisation of the drone antenna, is
proposed.
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Beponukoe O.M., I'iuxo FO.I'., Maszop C.1O., Xpanoecvka T.B.
Mo:xMBOCTi 30i1bIIEHHS] eHePreTHKH PaTioJiiHiil /151 KepyBaHHS IPOHAMU
Incmumym cneyianvhoeo 36'a3xky ma saxucmy ingopmayii KIII in. leops Cikopcvkoeo, m. Kuis, Yxpaina

Ipodaemaruka. [IpakTiyHi TOTPeOH, 110 BU3HAYAIKCH 33 PE3yJIbTATAMH 3aCTOCYBAHHS JPOHIB NPH BEJICHHI MOHITOPHHTY
HABKOJIMIITHBOTO TIPOCTOPY, 00YMOBHIIM CTBOPEHHS aHTEHHOI CHCTEMH 3 IBOX CHipaNbHNUX KOHCTPYKIIH s Aiara3oHiB 9acTOT
2,4TTui 5,8 I'Tu. Taka cuctema 3’siBHIACS Ha MATPYHTI JOCHIDKSHHS BiJOMUX aHTEH JUIs Aiana3oHiB yactot 2,4 I'T (mpaBa
kpyroBa momspm3amif) i 5,8 [T (miBa xpyroBa momspmsamis). Jlns 3MEHIIEHHS BTPAT BHACHIIOK He30Iry mospusanmil
eIIEKTPOMArHITHOT XBWJII Ta aHTEHM JUIS CTAHIIH HA3eMHOTO KepyBaHHS JPOHAMH Oyja 3alpoNOHOBaHA KOHCTPYKIIS 3i
CHipabHAX aHTEH 3 MOXJIMBICTIO 3MIHM HampsMKy monspusamii. [Ipu CTBOpEHHI KOHCTPYKIii, 1O MpPOMOHYEThCS,
BUpINIyBaJNach TOJOBHA 3aJaya Y3rOUKeHHS NpoOiIeMu 30iry HampsMKiB IIOJAPU3alii eTeKTPOMArHiTHOI XBHJI, MIO
CTBOPIOETECS AHTEHOIO CTAHIi HAa3¢MHOTO KepyBaHHS 3 HANpPSAMKOM OOepTaHHS aHTCHH JApoHA. [IpoToTHIOM It po3poOKn
TaKkoi aHTEHW 3alpONOHOBAHO BiIOMY aHTEeHy 0Oe3 MOMKIHMBOCTI 3MiHM MOJISIpH3alii, [0 Mae ABI KOAKCIalbHI CHipami s
niana3oniB yactot 2,4 [T 1 5,8 T 3 pisHUMHU THIAMH MOJAPH3AIIIi.

Merta pociigxenb. Po3poOka 1Bo/1iana30HHOT aHTEHHOT CHCTEMHU /ISl CTAHIliT HA3eMHOTO KEPYBaHHS 3 MOXJIMBICTIO 3MiHH
HaNpsMKY 00epTaJIbHOT TOJSPU3ALLT.

Meronuka peaizamii. PosrisayTo Ta mpoaHanizoBaHO NEeBHY KUIBKICTB JUKEpeN, IO CTOCYETHCS aHTEH 3 00epTaIbHOI0
THOJIApH3ALI€I0, PI3HUX BHUAIB aHTCH HAJBHCOKMX YacCTOT, IIOJ0 1X 3aCTOCYBAaHHS IS 3B 3Ky CTaHII{ HA3EMHOTO KePYBaHHS 3
JIPOHOM. 3TiHO 3 IOCTAaHOBKOI MPOOJIEMH JUIS €NEMEHTIB aHTCHHOI PEIIiTKH Oyan BHOpaHI CHipaJbHI aHTEHH, IIO
320€3Me4yI0Th MOXKIUBICTh 3B’S3KY 3 JIPOHOM TIPH 3MiHI HANPSIMKY o0epTanbHoi nosspusanii. CTBOpEHHs XBUIII 00epTallbHOT
ToNsApU3aLlii Moke OyTH BUPIIICHO Pi3HUMH KOHCTPYKI[iSMU aHTeH. OHUM 13 PILICHHSAM € 3aCTOCYBaHHS PYINOPHUX aHTEH i
aHTCH BIOPAaTOPHOTO THITY, aje 3 MOTJIAY CIIBBiJHOIIEHHS Koe(illieHTa MOCHICHHS aHTeHH Ta ii TabapHTIiB € CeHC BHOpaTH
CITipalbHY aHTCHY.

PesyabTaTu gociimkeHb. MoJenoBaHHs KOHCTPYKTUBHHX, TEXHIYHHX Ta EJEKTPHYHHX XapaKTEPUCTHK AHTEHHOL
CHCTEMHU CBiZ4aTh PO MOKIMBICTH CTBOPEHHS ABOMIANa30HHOI CITpaibHOT aHTCHHOI KOHCTPYKILI A1 BUKOPUCTAHHS Ha
HAa3eMHUX MyHKTaX YHPaBIiHHS VIS Pajio3B's3Ky 3 OC3MIIOTHUMH JIITAJBHUMH anapaTaMu B Jiiana3oHax vactot 2,35...2,45
ITora5,75..5,85 I'To.

BucHOBKH. 3aNpONIOHOBAHO AHTEHHY CHCTEMY 3i CHIpajJbHUX aHTCH U CTAaHNIH HAa3eMHOTO KepyBaHHS IPOHAMH B
nianmasoHax vactor 2,35...245TTm i 5,75...5,85TTu 3 MOXIMBICTIO 3MiHH HampsIMKy OOEpTaibHOI MONsApHU3alil, sKa
OB’ sI3aHa 3 HATIPSIMKOM 00epTaIbHOT TOJISIPU3ALlil AaHTCHH JIPOHIB.

Kntouosi cnosa: Opouu; Oe3ninomui 1imanvHi anapamu, NOApu3ayis, CnipaibHi awmeru, 0laepama HANpasieHoCmis
Koeiyicum nanpagienoi Oii; cmanyis Ha3eMHO20 KepyBanHsl.

Received by the Editorial Office
May 25, 2025

Accepted for publication
June 9, 2025





