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BROADBAND PARABOLIC ANTENNA WITH SPIRAL RADIATOR
FOR UAV COMMUNICATION SYSTEM

Introduction

The operational efficiency of ground control
stations for unmanned aerial vehicles (UAVs)
directly depends on the characteristics of the
antenna system, which acts as the physical interface
between the station's electronic units and the radio
wave propagation environment. When analyzing
ground-based antennas, the following critical
parameters [1, 2] can be identified.

1. Gain is a key indicator that determines the
ability of an antenna to concentrate electromagnetic
energy in a particular direction. In the ground
control segment, high-gain antennas are predomi-
nantly used to compensate for free-space path loss,
which is critical for ensuring communication ranges
exceeding 50-100 km. However, increasing gain
narrows the antenna's radiation pattern, requiring
precise antenna positioning relative to the UAV.

2. Selecting a radiation pattern for the ground
control segment is an important compromise bet-
ween the required coverage area and communica-
tion range. Omnidirectional antennas provide 360-
degree coverage, but are vulnerable to interference
in all directions. Directional antennas have a clear
main lobe, which improves the system's interfe-
rence immunity by "ignoring" electronic warfare
signals outside the main beam.

3. Wave polarization can constantly change
during active UAV maneuvering due to changes in
antenna orientation. The ground segment must
minimize these polarization losses. Linear polariza-
tion (vertical/horizontal) is simple to implement,
but signal attenuation can be as low as 20-30 dB
when the UAV tilts. Circular polarization
(RHCP/LHCP) is more stable for mobile objects, as
it allows communication to be maintained regard-
less of the UAV's roll angle and better mitigates the
effects of multipath signal reflection.

4. Antenna matching is characterized by the
voltage standing wave ratio (VSWR) and determi-
nes the efficiency of power transfer from the
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transmitter to the antenna unit. Low VSWR (ideally
< 1.5) minimizes reflection losses, which prevents
overheating of the ground control system's power
amplifier output stages and ensures the highest
possible useful signal amplitude.

5. For ground-based antennas, the influence of
the earth's surface and Fresnel zones is a critical fac-
tor. Increasing the antenna's mounting height on the
mast allows for a wider radio horizon and extends
the first Fresnel zone beyond the interference limits,
which is crucial for operation at critical distances.

Analysis of recent research and publications

Numerous developments by various manufac-
turers and research papers have been published on
the design principles, modeling, and evaluation of
antennas of various designs for UAV communica-
tion systems [3]. Most of these publications propose
antenna arrays [4] for the ground control segment,
consisting of antenna elements of various designs.

The article [5] presents the design of 2x2
microstrip patch antenna array (AA) for a frequency
of 3.8 GHz, which has a half-power beamwidth
(HPBW) of 33 degrees with a gain of 13.2 dBi. The
paper [6] proposes a two-element AA design
operating at 2.4 GHz with a gain of 9.14 dBi at
HPBW of 60 degrees in the E-plane and 65 degrees
in the H-plane. The scientific paper [7] presents the
implementation of four linear AA for the frequency
range from 2.62 GHz to 2.69 GHz, consisting of
microstrip rectangular antennas and operating with
the gain of up to 12.2 dBi.

Axial-radiating antenna arrays are often used for
ground control systems. Paper [8] proposes com-
pact Yagi-Uda antenna on Rogers RO4003 subst-
rate for the 1.9, 2.5, and 3.5 GHz frequency bands
with gains of 6.29, 4.63, and 6.77 dBi, respectively.
The objective of paper [9] is to develop compact
planar Yagi-Uda antenna on FR-4 substrate for
2.4 GHz WLAN applications with maximum gain
of 4.34 dBi. As a result of modeling and experi-
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mental study of wideband microstrip log-periodic
antennas (LPAs) for frequencies of 2—-5 GHz in the
paper [10], a gain of more than 6 dBi was obtained
across the entire frequency range. Research in the
paper [11] demonstrated the design of an LPA for
WLAN/LTE/UWB applications in a wide band-
width from 1.4 to 12 GHz with an average gain of
4.51 dBi.

Quite often, spiral antenna designs are used for
such systems. A combination of helical elements of
varying lengths allows the construction of a dual-
band helical antenna [12] with right-hand circular
polarization (RHCP) for frequencies of 1.227 GHz
and 1.575 GHz. For these frequencies, gains of 4.44
and 3.87 dBi were obtained at HPBWs of 96
degrees and 122 degrees, respectively. The design
principles of wire and microstrip four-element
helical antennas for a frequency of 1268.52 MHz
are given in the work [13].

The narrowest radiation pattern, and therefore
the highest gain and best spatial selectivity, can be
formed by parabolic antennas. The purpose of paper
[14] is to analyze the performance evaluation of
parabolic reflector with horn antenna for communi-
cation with frequency operating between 2 GHz and
3 GHz. In paper [15], helical antenna which is used
as helical feeder for parabolic reflector is designed
and simulated.

Problem statement

One effective solution for generating highly di-
rectional, high-gain radiation is the use of parabolic
reflector antennas. These antennas are widely used
in radio relay systems, satellite communications, and
long-distance data transmission systems. The main
advantage of parabolic antennas is their ability to
achieve high gain with relatively small dimensions.

An important design element of the reflector an-
tenna is a feed source, which determines the reflec-
tor aperture filling efficiency, operating frequency
range, and polarization characteristics of the anten-
na. Various antenna types can be used as feed anten-
nas, including horn antenna, microstrip antenna, and
helical antenna.

Helical antennas are attractive for use as feed an-
tennas due to their ability to generate circular polari-
zation and relatively wide operating frequency band.
Using the helical radiator with reversed radiation
pattern allows for efficient irradiation of a parabolic
reflector and ensures the required electromagnetic
characteristics of the antenna system.

Study aim

The aim of this work is to develop and study the
broadband circularly polarized parabolic antenna for
the frequency range of 5.7-6.7 GHz using the helical
antenna as feed source.

Materials and methods

A parabolic (reflector) antenna consists of the re-
flector with special profile (parabolic) and the feed
antenna, which is weakly directional antenna and is
located at the focal point of the reflector [16]. The
main task of the parabolic reflector is to transform
the spherical wavefront of the feed antenna into flat
wavefront (Fig. 1) while forming very narrow radia-
tion pattern. This operation principle of the reflector
antennas is based on the properties of revolution
paraboloid.

Parabolic
reflector

Fig. 1. The principle of field formation by single-mirror
axisymmetric parabolic antenna

The feed antenna is positioned at the focal point
of the reflector — point F (Fig. 10.1, a). The antenna
aperture is shaped like a circle bounded by the edges
of the reflector. The distance from the apex of the
reflector to the focal point F is the focal length f.
If the reflector is parabolic, then the cross-section
with any plane containing the axis of symmetry will
be parabolic.

A field source at point F creates radiation with
spherical wave front. Let a beam be incident from
point F onto the reflector surface at an arbitrary
point. After reflection, to create narrow radiation
pattern, this reflected beam must propagate parallel
to the optical axis. This is possible provided that the
reflector profile has the parabola shape:

2f

p=T"—".
1+ coso

The parabolic reflector (Fig. 2) has axisymmetric
circular aperture design with the diameter of D =
313 mm. The focal length of the reflector is approx-
imately F' = 73.7 mm, which corresponds to a ratio
of F'/ D= 0.24. This ratio is typical for deep para-
bolic reflectors and allows to reduce the overall di-
mensions of the antenna system while maintaining a
high gain.
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Fig. 2. Design of the proposed parabolic antenna
In the proposed antenna design, the spiral anten-

na with reverse radiation was chosen as the feed an-
tenna (Fig. 3).

Fig. 3. The spiral antenna design with reverse radiation

Helical antennas are structurally shaped like a
spiral, with one end free and the other attached to the
central conductor of a coaxial cable. The outer
sheath of the cable is connected to a disk, which
serves as the antenna's counterweight. The disk can
also act as a reflector, reducing radiation in the rear
half-space if necessary. Cylindrical helical antenna
(Fig. 4) is characterized by a turn length L, a turn
diameter 2a, a helical winding pitch S, and a number
of turns n. The antenna length / = nS.

When the antenna is fed, different types of waves
appear in the helix. The waves in the helix are
denoted by the symbol T,, where g is the number
of wavelengths accommodated in one turn.

Wave type Ty propagates with a phase velocity
equal to the speed of light ¢ and exists in the spiral
with small turn length satisfying the condition

L L
—<—,
A 7\“min

L cosa .
_ = A IS

where —
l-sina

wavelength;

min

S ..
o = arctg—— is spiral angle.
2na
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Fig. 4. Geometry of epy helical antenna

Along with the wave 7o, the wave T propagates,
the phase velocity of which is less than the speed of
light and depends on the ratio L/A. The reflected
wave T has a very small amplitude, so traveling cur-
rent wave is established in the helix. This is the axial
radiation mode (the most important mode), which
exists under the condition that L/A = 1 or

0,251 <2a<0,45\ .

As the oscillation frequency increases (L/A > 1),
higher types of waves T, T3, etc. arise in the spiral.
This mode in the spiral is accompanied by practical-
ly unused conical radiation.

The main dimensions of the proposed spiral feed
are:

— number of turns — 4;

— turn diameter — 11 mm;

— turn pitch — 12 mm;

— spiral counterweight diameter — 11 mm.

The feed's phase center is located at the focus of
the parabolic reflector, 73.7 mm along the optical
axis, which ensures efficient irradiation of the reflec-
tor aperture.

The main results of modeling the characteristics
of the proposed parabolic antenna are presented in
Fig. 5-12.

Reflection Coefficient, dB

Fro=
D5.6 58 6.0 6.2 6.4 6.6 68 7.0

Frequency, GHz

Fig. 5. Dependence of the reflection coefficient of the
proposed parabolic antenna on the frequency
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Fig. 6. Dependence of the VSWR of the proposed
parabolic antenna on the frequency
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Fig. 7. Dependence of the real and imaginary components
of the input impedance of the proposed parabolic
antenna on the frequency

Simulations showed that the antenna's operating
frequency range reaches over 1 GHz with VSWR <
1.5 (correspondingly, the reflection coefficient less
than —14.4 dB). The real part of the input impedance
varies between 40 and 50 Ohms, while the imagi-
nary part ranges from 2.5 Ohms to 9 Ohms (Fig. 7).

;

Fig. 8. 3D radiation pattern of the proposed parabolic an-
tenna at the frequency of 6,2 GHz

Simulation results for the parabolic antenna with
the helical feed demonstrated the feasibility of form-
ing radiation pattern symmetrical about the optical
axis (Fig. 8) with fairly narrow HPBW (Fig. 9 and
Fig. 10). The HPBW level was 12.3 degrees for the
lower frequency of the range (5.7 GHz) and 9.6
degrees for the upper frequency of the range (6.7 GHz).
The sidelobes level does not exceed —15 dB.

The parabolic antenna's gain reaches 23.5 dBi at
the lower frequency limit and 23.6 dBi at the upper
frequency limit. The axial ratio remains consistently
below 2 dB across the entire operating frequency
range of 5.7-6.7 GHz.

After modeling the parabolic antenna with a heli-
cal feed, a prototype (Fig. 13) was manufactured for
the next stage of the study. The experimentally
measured matching characteristics are presented in
Fig. 14.

90

Freguency = 5.70667 GHz

Main lobe magnitude = 23.4 dBi
Main lobe direction = 0.0 deg.
Angular width (3 dB) = 12.3 deg.
Side lobe level = -26.1 dB

Fig. 9. Radiation patterns of the proposed parabolic an-
tenna at the frequency of 5,7 GHz

90

T Frequency = 6.72667 GHz
T Main lobe magnitude = 23.7 dBi

150 Main lobe direction = 1.0 deg.
Angular width (3 dB) = 9.6 deg.
Side lobe level = -15.5 dB

Fig. 10. Radiation patterns of the proposed parabolic an-
tenna at the frequency of 6,7 GHz
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Frequency, GHz
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Fig. 11. Dependence of the gain of the proposed parabolic
antenna on the frequency in the direction of maximum
radiation
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Fig. 12. Dependence of the axial ratio of the proposed
parabolic antenna on the frequency in the direction
of maximum radiation

Fig. 13. Prototype of the proposed parabolic antenna
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Fig. 14. Experimental dependence of the reflection
coefficient of the proposed parabolic antenna
on the frequency

The experimental study of the prototype parabol-
ic antenna (Fig. 13) confirmed the modeling results
and showed that the antenna's operating frequency
range is 1 GHz (5.7 — 6.7 GHz) with VSWR < 1.5
(Sll <-15 dB)

Conclusions

Antennas are among the most important electron-
ic devices in any UAV communication system, as
their performance determines the quality and relia-
bility of communications between the aircraft and
other onboard and ground systems. UAV antennas
must have a simple, robust, and compact design,
easily mounted on both the onboard and ground
segments of the UAV system.

This article examined in detail the design princi-
ples of a parabolic antenna with a helical feed for the
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ground segment of UAV communications. Modeling
and experimental study of radiation characteristics
and matching of the developed antenna were also
carried out.

The results of modeling and research of the
experimental sample showed that the operating
frequency range of the antenna reaches more than
1 GHz with VSWR < 1.5 (reflection coefficient less
than —15 dB), including the required operating
frequency range from 5.7 GHz to 6.7 GHz.

Simulation results for the parabolic antenna with
helical feed demonstrated HPBW of 12.3 degrees for
the lower frequency of the operating range and 9.6
degrees for the upper frequency, which meets the
requirements for ground-segment antenna of UAV
control system. Sidelobe levels do not exceed -15 dB
across the entire operating frequency range.

The gain of the developed parabolic antenna
obtained as a result of modeling reaches an average
of 23.5 dBi in the operating frequency range. The axial
ratio remains consistently below 2 dB throughout the
entire operating frequency range of 5.7-6.7 GHz.
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N POKOCMYI'OBA TAPABOJIIYHA AHTEHA 31 CIITPAJIBHUM BUITPOMIHIOBAYEM

JJIs1 CUCTEMM 3B'SI3KY BILIA

Cyuacnuil pozsumox besninomuux simanvraux anapamis (BIL/IA) sumazae cmabinbhoeo Kanany 36 3Ky HA BEUKUX
giocmansix. I'onosnoro npobdremoro npu kepysanui BIIJIA € HeobXiOHicmb nNiOMpumMKy 8UCOKOI NPONYCKHOT 30amHoCmi
ma cmitkocmi 00 nepeuKo0 npu Manedpysanti anapama. Buxopucmanmns napaboniunoi anmenu 6 no€OHanHi 3i cnipa-
JILHUM ONPOMIHIO8AUEM € OOHUM i3 HAUOITLW ePeKMUBHUX PiueHb Ol HA3eMHUX CIANYIU Kepy8aHHS, OCKIIbKU MAaKd
KOHCMPYKYisl NOEOHYE 8UCOKULL Koeghiyienm niOcunenns 3 nepeeazamu Kpy2ogoi noaspusayii. OcHo6oio cucmemu € na-
paboniyne 03eprano, sike BUKOHYE poab (QoKycyiouozo eremenmy. Bubip napabonoioa 3ymoenenutl tioco 30amuicmio
Gopmysamu 8y3pKy diazpamy cnpsamMO8aHOCH, WO KPUMUYHO GANCIUBO OJis 30inbutenHst padiycy Oii. OOHAK KIO408UM
eeMeHmoM HOBU3HU 8 OaHill KOHpIeypayii € 6UKOPUCMAHHS CRIPATLHOI AHMeEHU K ONPOMIHIO8aYa napaboniuHozo pe-
¢nexmopa. Ha 6iominy 6i0 ninitinoi noaapusayii, Kpyeo8a noapusayis 00360186 YHUKHYMU 3A8MUPAHHI CUSHATLY, KOAU
BIIJIA suxonye manespu. CnipaibHa anmena ycyeac nompedy 8 mouHoMy V3200)CeHHI NIOWUH NOIAPU3AYIL aHmeHu
nepedasaua ma nputimaya. Takodc cnipanvHi CMpyKmypu Maioms 30amHiCie Npaylosamu y wWupoKomy 0iandzoui 4a-
cmom 6e3 cymmegoi sMiHu iMneoancy. Aumenu 3 Kpy208010 NOAApU3AYIEI0 egheKMusHo 8i0CiKaroms CUSHAIU, WO 8i00U-
aucsa 8i0 3emni abo Oyodigenb, OCKINbKU Npu 8i0OUMMI HANPAMOK 00epMAHHA NOAAPUIAYIT SMIHIOEMbCA HA NPOMUTLEHC-
HUll, | BOHA He CNPUTIMAEMbCS OCHOBHOIO AHMEHOK. Y pobomi po3paxosano po3mipu napaboniuno2o 03epraid i cnipa-
JILHO20 ONPOMIHIOBAYA OJis OOCACHEHHS ONMUMAILHOZO CHIGBIOHOWEHHS «NIOCUNEHHA/pi6eHb OIYHUX nemocmoky. Pe-
3yIbmamu MOOEN08AHHs. Ma OOCIONCEHHSI eKCREPUMEHMANLHO20 3PA3KA NOKA3AAU, WO poboyull dianazon Yacmom
po3pobrenoi anmenu caeae nonao 1 I'Ty 3 KCXH < 1,5 (pobouuit dianazon vacmom 6i0 5,7 I'Ty 00 6,7 I'Ty).

Pesynomamu modentosanus 08 napaboniunHoi anmenu 3i CRIPAIbHUM ONPOMIHIOBAYEM NPOOEMOHCMPY AU WUPUHY
diazpamu CHPAMOBAHOCMI 3a NOA0BUHHOIO NomydicHicmio sunpomintoganns (HPBW) 12,3 epadycu ons nudicboi uac-
momu pobouozo dianazony ma 9,6 epadycu 0151 6epXHbOI UACMOMU, WO BIONOBIOAE BUMO2AM 00 HAZEMHO20 Ce2MEHMY
cucmemu xepysanusi BITJIA. Pigui 6iunux nemtocmox He nepesuuyroms -15 0B y écbomy pobouomy oianazoui uacmom.
Koeiyienm niocunennsn po3pobienoi anmenu, ompumanutl 8 pe3yaibmami MoOenosants, 00csaeac 6 cepedHbomy 23,5

© Y. Gritsev, O. Shcherbyna, 2026


https://doi.org/10.1109/ICCCNT49239.2020.9225278
https://doi.org/10.1109/ICCCNT49239.2020.9225278

88 Science-based technologies Vol. 1(69), 2026 ISSN 2075-0781 (Print), ISSN 2310-5461 (Online)

0bi 6 pobouomy dianazoni uacmom. Ocboge CniGEIOHOUIEHHS 3aMUULAEMbC CMAOLIBLHO HUdicue 2 OB y 6cbomy pobouo-
my Oianazouni uacmom 5,7—6,7 I'Ty. Taxa anmenna cucmema € i0eanbHO0 051 MAKMUYHUX KOMIIEKCIS, 0e HAOIlIHICMb
36'513Ky € npiopumemonm.

KntoyoBi cnoBa: napaGoniyHa aHTeHa, cripanbHa aHTEHa, NPaBOrBMHTOBA KPyroBa Monsipu3adisi, onpoMmiHioBad,
6e3ninoTHI niTanbHi anapaTtn, HA3eMHUA CETMEHT CUCTEMU KEPYBaHHS.

Gritsev Ya. V., Shcherbyna O. A.
BROADBAND PARABOLIC ANTENNA WITH SPIRAL RADIATOR FOR UAV
COMMUNICATION SYSTEM

The modern development of unmanned aerial vehicles (UAVs) requires stable communication channel over long
distances. The main challenge in UAV control is maintaining high throughput and eliminating interference during
aircraft maneuvers. Using parabolic antenna in combination with helical feed is one of the most effective solutions for
ground control stations, as this design combines high gain with the advantages of circular polarization. The system is
based on parabolic reflector, which serves as a focusing element. A paraboloid was chosen for its ability to form
narrow beam pattern, which is critical for increasing range. However, the key innovation in this configuration is the
use of the helical antenna as the parabolic reflector’s feed. Unlike linear polarization, circular polarization prevents
signal fading when the UAV maneuvers. The helical antenna eliminates the need for precise alignment of the polariza-
tion planes of the transmitter and receiver antennas. Helical structures also have the ability to operate over wide fre-
quency range without significantly changing impedance. Circularly polarized antennas effectively reject signals reflect-
ed from the ground or buildings, since the polarization rotation direction reverses upon reflection, preventing it from
being received by the main antenna. The paper calculates the dimensions of the parabolic dish and the helical feed to
achieve optimal gain/sidelobe ratio. Simulation and experimental design studies demonstrate that the developed anten-
na has operating frequency range of over 1 GHz with a VSWR < 1.5 (operating frequency range from 5.7 to 6.7 GHz).
Simulation results for the parabolic antenna with helical feed demonstrated the half-power beamwidth (HPBW) of 12.3
degrees for the lower frequency of the operating range and 9.6 degrees for the upper frequency, which meets the re-
quirements for the ground segment of the UAV control system. Sidelobe levels do not exceed —15 dB across the entire
operating frequency range. The antenna gain, obtained through simulation, averages 23.5 dBi across the operating
frequency range. The axial ratio remains consistently below 2 dB across the entire operating frequency range of 5.7—
6.7 GHz. This antenna system is ideal for tactical systems where communication reliability is a priority.

Keywords: parabolic antenna, spiral antenna, right-handed circular polarization, feed antenna, unmanned aerial
vehicles, ground segment of the control system.
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