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Abstract—The theoretical bases of the development of an microstrip antennas for unmanned
aerial vehicles are presented. Antennas characterized by the directed emission, low
aerodynamic resistance and mass, possibility to fully fit the unmanned aerial vehicles surface.
Antenna system may includes 3-4 sector patch radiators, thin screens in order to depress side
and back lobes. Article includes formulas for calculations parameters and characteristics
rectangular patch radiators of linear and circular polarization such as resonant frequency,
effective dielectric permittivity, patch length and width, input impedance in a feed point,
coordinate of coaxial cable connection and patterns in E, H — plane for linear polarization,
axial ratio, patch dimensions and bandwidth for circular polarization.

Index Terms—unmanned aerial vehicle; microstrip antenna; directed radiation.

I. INTRODUCTION

The use of unmanned aerial vehicles in modern
times has acquired a global dimension. Unmanned
aerial vehicles (UAV’s) are used for both military
and civil purposes. Communication equipment of
UAS’s serves for transfer urgent information from
the airborne systems and payload equipment
(usually video) to the ground, also for reception
control signals from the ground station.

II. PROBLEM STATEMENT

The antenna systems must operate at selected
frequencies with a bandwidth sufficient to use
modern digital and advanced radio technologies,
provide electromagnetic compatibility with on-board
equipment and operate in selected sectors of the
space according to the criteria of quality and secrecy
of communication, energy efficiency, acceptable
mass and dimensions. Loss of communication in
many cases leads to the loss of UAV’s.

Most UAV’s used in Ukraine are small and very
small in the US classification (range up to 100 km,
weight up to 10 kg and altitude up to 1500 m).
UAV’s are not equipped with satellite
communication equipment, and the communication
range is limited by the line of sight (LoS) and
depends on the altitude, radiation power, antenna
gain and frequency range. In order to reduce the
overall dimensions of the on-board equipment and
antenna systems, decimeter and centimeter wave
bands are used. The increase in radiation power is

accompanied by a sharp increase in the mass of the
power amplifiers in the microwave band. Therefore,
the achievement of a given communication distance
is possible due to the development of the class of on-
board antennas, which would compensate the low
radiation power by a corresponding gain. Also low
aerodynamic resistance, mass and cost limitations
must be considered.

For the total isotropic pattern in horizontal plane
it is enough to use antenna system with 3—4 sector
radiators on the base of microstrip antennas (Fig. 1).
Only one radiator operates with the ground control
station.
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Fig. 1. UAV's communication equipment
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III. THEORETICAL BASIS

Figure 2 shows coordinate system and
dimensions for determining radiation field of
rectangular patch [1].
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Fig. 2. Coordinate system of an rectangular patch

The resonant frequency f, ~of the antenna

nmp
depends on the patch dimensions, the thickness of
the substrate / and the relative permittivity €, [2]
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where n, m, p 1is respectively, the number of the
field variations (antinodes) along the x, y, z axes;
k,, 1is a phase factor
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W is the width and L is the length of the patch.
Calculation the patch width
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where c¢ is the light speed.
The size L for the wave E,, is equal to or

multiple of half wavelength
ne
L = .
" 2fe,

At n = 1, the length should be half a wave.
However, due to the edge field of the plate, the
resonant frequency is slightly lower than the value
f. (1). This effect can be accounted by the use of

effective dielectric constant
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that results in resonant frequency change

k
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and change of real patch length [3], [6]

£, +0.300 / H +0.262
A=0.412H .
e, —0.258W / H+0.813

At thin substrate the A is negative and the length
of the patch decreases

A
L=—+2A. 3
5 (3)

It is generally considered that a microstrip of
length L and width ¥ at both ends along the width is
loaded on the radiating slots. The radiation
conductivity (active input conductivity) of the slot is
given by the formula [4]

2
k, H
g= WLy
1202 24
21 . .
where k, =— A, is a wavelength in a free space.
o
Reactive input conductivity

b =0.01668£K86ﬁ.
H A

The input impedance at feed from the patch edge
can be approximately defined by the double
radiation resistance (4) of the slot

1
R, _,»n=""- %)
(y=L/2) 2g

The input resistance of the antenna changes from
zero in the center of the antenna to the value at the
edge of the plate as follows [1]:

R =R, sin’ (E),
’ L

L . .
where 0< y < By is the distance from the center of

the patch along the y-axis.
Coordinate of coaxial cable connection for linear

polarization
—Larcsin R,
4 T R, '

Here R, is equal to wave impedance of coaxial

cable and the resistance R, is refined [4] with
comparison by the formula (5)
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1
© 2g(1+F,)
p2
where Fg=J0(1)+FJ2(1), J, is Bessel
function of the first kind of wnth order;

I=k(L+,L); p=k,L.

Low mass leads to frequent UAV evolutions in
space during flight. Therefore, the use of circular
polarization should be considered.

The simplest antenna design will be at single feed
of almost-square patch (Fig. 3).
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Fig. 3. Geometries of single feed circular polarized
patches

At diagonal excitation of almost-square patch the
feed point is set as [1], [5]
a_z
L w

In Figure 3 the case of right-hand circular
polarization is shown. For the left-hand polarization
the other patch diagonal is wused. Orthogonal
oscillations with a phase shift 90° occur at close
resonant frequencies. The axial ratio

By M-Ik,
Bz k1-j/QO)]-k.~
O, =1/tand,, ;
tangent; k, =n/L; k. =n/W.
Patch ciimensions is found using
L=W(1+1/Q).

The circular polarized wave is radiated in rather
narrow band, which is defined by empirical formula

AR

where tan d o 1s a dielectric loss

AR
(dB)
BW,, =12 :
0

t

where Q, 210.

Considering linear polarization the radiating slots
along the width of the patch are at a distance L from
each other. The radiating field intensity of the slots
are in phase along the normal direction to the patch.

In the E-plane (xoy in Fig. 2), the antenna pattern is
determined at an angle 6 =90° in the range of angle
¢ change from 0 to 2m, and in the H-plane the angle
¢=0and angle 0 changes from O (direction of
axis z) to 7.
Under the condition k,H = i—nH <<1 that is
0

usually fulfilled in practice, the antenna pattern in
the E-plane is calculated by the formula [3]

sin ( k,H cos (p)
2 k,Ly .
f(e)= 7 cos( 5 s1n(pJ, (6)

o

Cos @
and in H-plane
sin ( k"zH sin 6) sin [ k"2W cos 9)
f(6)=sin6 . (D
kH .
°—sin® °—cos0

The patterns using (6) and (7) are satisfactorily
agree with the results of measurements real antennas
with finite screen sizes. The difference is a certain
radiation level of real antennas into the hemisphere
with angle ¢ values from 90° to 270° in the E-plane

and for negative values of the angle 6in the
H-plane.

IV. MODEL DESIGN

Program of microwave device FEKO (method of
moments) is used in the model construction. The
study of the model was performed by using the
substrate with parameters: the thickness 0.001 m, the
dielectric loss tangent tan o6 =0.0009, effective

permittivity ,,=3. The screen material is copper.

The beamwidth of the patch in the E-plane is
sufficient for the communication of UAV with
ground control station in vertical plane. At this the
patch must be placed so that direction of the
maximal radiation will be inclined to the ground.

The number of radiators in horizontal plane
depends on the beamwidth in the H-plane. The patch
pattern in horizontal plane at f=5GHz, 2(W - L)

screen of the substrate and patch dimensions by (2),
(3) is in the Fig. 4. This patch can operate in the
sector 60°-70° of the horizontal plane. Therefore the
number of sector radiators will be 6. This is quite a
lot for the UAV of small class. Furthermore the level
of back lobe is rather high (about —11 dB from the
direction of maximal radiation).

Decreasing the size of the substrate screen to
W(+2He,), L(1+2He,) the main lobe can be
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expanded to 90° (Fig. 5). At this antenna system will
include 4 radiators like in Fig. 1. The level of back
lobes is restricted by —17 dB. The gain is equal to
7 dB.

Far field

Fig. 4. The rectangular patch pattern mounted on
2(W - L) screen
Far field

With additional screen

M0 — = 300
270

Tolal Gain (Frequency = 5.4 GHz. Theta = 90 deg)

Fig. 5. The patch patterns at defined size of substrate
screen and using the same patch with additional screen

A further decrease in the level of the side and
back pattern lobes is possible with the help of a
screen glued to the UAV body. The microstrip
antenna is located at a distance (0.15—0.25)A over

the screen. The level of radiation to the back
hemisphere diminishes from the — 12 dB at
©=0°180°to — 22 dB in sector ¢ =45°—135°. At
a frequency near 5.5 GHz such construction will not
cause considerable aerodynamic drag.

V. CONCLUSIONS

Application of the on-board antenna system,
including sector radiators instead of antennas
isotropic in horizontal plane, permits increase the
antenna gain, decrease the radiation power.
Additional advantages are spatial secrecy of the
communication and possibility to use rotating
polarization.

Next work will describe the opportunity to use in
antenna system another radiators on the basis of
microstrip technology and application of the curved
radiators, which corresponds to various surfaces of
the UAV body.
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JI. B. Ciopyk, O. I. YoBryn, 1. I1. bonnapenko. MikpocMy:KKOBi aHTeHH JJ1s1 0e3MiJTOTHUX JITAJBHUX anapaTisB
[IpencraBiaeHO TEOPETUYHI OCHOBH PO3POOKH MIKPOCMYKKOBUX aHTEH JUIsl OC3MUIOTHUX JIITAJIbHUX amapaTiB. AHTCHU
XapaKTepU3ylOThCS CHPSMOBAHUM BHUIIPOMIHIOBAHHSM, HU3BKUM aepOJMHAMIYHMM OINOPOM 1 Macor, MOXKIIHBICTIO
TIOBHOI BiATIOBiAHOCTI (popMi MOBEpXHi OE3MIJIOTHOrO JIITAILHOTO anapary. AHTEHHA CUCTEMa MOXKE BKIIIOYATH B ceOe
3-4 cexkTOpHI MIKPOCMY)XKOBI BHIPOMIHIOBadi, €KpaHH /sl NPUAYHICHHS OIYHHMX 1 3aJHIX TENTIOCTOK [iarpamu
CHpsIMOBAHOCTI. Y CTarTi HaBeJEHO (OPMYIH JUIsi pO3paxyHKy MapaMeTpiB 1 XapaKTepHCTHK IPSIMOKYTHHX
BUIIPOMIHIOBAYiB JIHIHHOI i KpyroBoi moONspu3amii, TakKMX SK PE30HAHCHA YacTOTa, e(pEeKTHBHA JieNEeKTpUYHA
MIPOHUKHICTh, JOBXKMHA 1 IIMPHHA BUIPOMIHIOBAaYa, BXIJHUH OMIp Yy TOYII >KUBJICHHS, KOOPIMHATH IIiIKIFOYEHHS
KOakcianpHOro KaOenro i jgiarpamu copsimoBaHocti B E 1 H-rutockoctsix ms miHifHOI monspusanii, panmiajibHe
CHiBBI/IHOIIEHHSI, IIMPHHA CMYTH IPOIYCKaHHS, PO3MIPH OJHM3BKOI /10 KBaApaTHOI MiKPOCMYKKOBOI IUIACTUHU IS
KPYTOBOI MOJISIpU3allii.

Koarouogi ciioBa: 6e3miTOTHUI JIiTANIBHAHN anapaT; MiKpOCMYXKKOBa aHTEHA; CIIPSIMOBAHE BUIIPOMiHIOBAHHSI.
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JI. B. Cudpyk, A. U. Yosryn, /I. Il. bongapenko. MUKpono10cKOBble AHTEHHbI IJIs1 0€CMUIOTHBIX JIETATEJIbHBIX
anmnapartos

[IpencraBiaeHbl TEOPETUYESCKHE OCHOBHI pa3pabOTKH MHKPOIOJIOCKOBBIX AHTECHH Ui OCCHIJIOTHBIX JICTATCIBHBIX
anmapaToB. AHTEHHBI XapaKTEPHU3YIOTCS HAIIPABJICHHBIM H3JTy4CHHEM, HU3KUM a3pPOIMHAMUYESCKUM COMPOTHUBICHUEM U
Maccoi, BO3MOXXHOCTBIO IOJHOI'O COOTBETCTBUS ()OpME  ITOBEPXHOCTH OCCIIJIOTHBIX JICTATCIBHBIX aIllapaToB.
AHTEHHas CHCTeMa MOXET BKIIIOYaTh B ce0s1 3—4 CEKTOpPHBIC MUKPOIIOJIOCKOBEIC M3JTyJaTeIu, SKPaHbI JUIs MOaBICHHUS
OOKOBBIX M 3a/IHUX JICTIECTKOB TUArpaMMbl HAPaBJICHHOCTU. B cTraThe mpuBeeHbI (OPMYIIBI 11 pacyera mapaMeTpoB
U XapaKTePUCTHK TMPSAMOYTOJIbHBIX H3JydaTeliell JIMHEHHOM W KPYroBOW MOJSPU3AIlMKM, TAaKUX KaK pPEe30OHAHCHAsS
yacTora, 3pQeKTUBHAS AUIIEKTPUUYECKas MPOHUIIAEMOCTh, JUIMHA M NIMPHHA WU3JIy4aTeNs, BXOJHOE CONPOTUBJICHHUEC B
TOYKE MUTAHUA, KOOPIUHATHI MOAKIIOYCHUS KOAKCHAJIBHOIO Kabelsd W AuarpaMMbl HampaBjieHHOCTH B E m H -
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TUTOCKOCTSX JUISl THHEHHOM MOJSIPU3aIliH, pagrdaibHOe OTHOIICHHE, NIMPUHA TOJIOCHI MPOITYCKAHUS, pa3Mephl OIH3KOMH
K KBQJIpaTHON MHUKPOIIOJIOCKOBO#H TIACTHHBI [Tl KPYTOBOM MOJISPHU3AIIHH.
KunroueBble ciioBa: GeCIIIOTHBIH JIETATENbHBIN anmapaT; MUKPOIIOJIOCKOBas aHTCHHA; HATIPABICHHOE U3JTydCHHE.
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