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RESEARCH EFFICIENCY USE OF ORTHOGONAL DOUBLE POLARIZATION  
MIMO ANTENNAS IN DRONE COMMUNICATION  

The article considers possible variants of application of various MIMO schemes for the communication with the 
drone or unmanned aerial vehicle. The model of multipath propagation of radio waves taking into account 
polarization parameters of antennas is given. The main focus is on the use of MIMO technology with polarization-
orthogonal channels and channels with double polarization. The evaluation of the efficiency of using full 
polarization reception in comparison with MIMO channels of one polarization is given. Attention is paid to the 
presence of cross-polarization solution between the channels.  
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Introduction 

Formulation the problem. Drones are increas-
ingly being used for military and civilian missions. The 
requirements for communication channels with drones 
have gradually evolved from ensuring the continuity 
and reliability of the control channel to a communica-
tion channel that requires large amounts of data. In-
creasing the channel capacity is an urgent task, the solu-
tion of which affects all the possibilities: increasing the 
power, improving antenna parameters, increasing the 
frequency band, mastering other frequency ranges, im-
proving signal processing methods, as well as the de-
velopment of multi-antenna technology. Wireless com-
munication technology MIMO (Multiple Input and Out-
put) is an important content of current research in the 
field of wireless communication. Its main idea is to use 
multiple antennas simultaneously at the transmitting and 
receiving sides of the communication system, making 
full use of the spatial degree of freedom of the wireless 
multipath channel. System bandwidth and transmission 
rates are being changed to more efficient use of the 
spectrum by increasing the complexity of the system. It 
is a powerful solution to meet the ever-increasing 
bandwidth requirements in rich multipath environments. 
It is also a key technology in modern wireless commu-
nications, as well as the main technology of the Wi-Fi 
802.11, WiMAX 802.16, IEEE 802.20 and 5G stan-
dards. Increasing the throughput of the communication 
channel with the drone is possible due to the use of 
multi-polarized antennas on the transceivers. Therefore, 
the study of the communication channel with the drone, 
including the study of the properties of signal polariza-
tion during propagation, as well as the study of the po-
larization characteristics of MIMO antennas is also key. 

The use of dual polarization channel technology can 
increase the throughput of a wireless communication 
system. An important element of research is channel 
modeling, which allows one to study the characteristics 
of signal fading. The technology of using MIMO anten-
nas of dual polarization will allow full polarization re-
ception of signals, which will reduce losses during 
propagation of radio waves in multipath conditions, can 
not only solve the problem of insufficient bandwidth, 
but also increase the reliability of the communication 
system as a whole. 

Analysis of recent research and publications. In 
recent years, the use of MIMO technology with polari-
zation-orthogonal channels has become a promising 
research area for next-generation mobile and fixed com-
munication systems [1–3]. Increasing system capacity 
without increasing transmits power or bandwidth has 
made the MIMO system unique and efficient in trans-
mitting data. However, the resulting bandwidth limita-
tions due to final polarization decoupling are not well 
understood. In [4–13], attention is paid to polarization 
isolation, however, only in the presence of a 22 con-
figuration using MIMO. Studies of the possibility of 
using an increase in the number of antennas of MIMO 
systems with polarization-orthogonal antennas have 
been insufficiently conducted. It is of interest to com-
bine the obtained in the paper results with de-noising 
method [14] at the receiver side of MIMO system. The 
results of paper [15] shows that the application such 
method in the OFDM communication system permits to 
improve the system performance (for example, reduce 
the BER, improve the quality of channel estimation). 
Furthermore, the application of adaptive SSA method 
improves the performance of parameter estimation (fre-
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quency of the signal, direction of arrival and so on) [16]. 
It can be useful in the problem of channel sounding. 

The aim of the article is study of the possibility of 
increasing the capacity of the communication channel 
with an unmanned aerial vehicle using MIMO antennas 
with polarized orthogonal antennas. 

Statement of basic materials 

1. MIMO technology

In theory with multiple antennas, more than one 
antenna is usually used at both ends of transmit and re-
ceive signal. It is assumed that the number of transmit-
ting antennas is N, and the number of receiving antennas 
is M. We write the transmitted signal as follows: 

 1 2( ) ( ) ( ) ... ( ) T
NS t s t s t s t 

l

.     (1) 

The signal after fading in the receiving channel is 
shown as follows 

 1 2( ) ( ) ( ) ... ( ) T
MY t y t y t y t .        (2) 

Therefore, the channel between the transmitting 
and receiving sides can be expressed as a matrix 
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Assuming the time delay is , to represent the 

channel transmission matrix, use
l

lH . Matrix element 

 is the propagation coefficient between a pair of 

receiving and transmitting antennas.  – is the number 
of possible paths. We point out that, without taking into 
account the noise, the vector of the transmitted signal 

 and the vector of the received signal  can be 

expressed through a convolution expression like so: 

l
mna

( )S t

L
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( ) ( ) ( )Y t H S t d     .   (4) 

During the analysis, it is assumed that the coeffi-
cients of the channel transmission matrix are a complex 
Gaussian distribution with zero mean, and therefore the 

mode  obeys Rayleigh distribution. To model the 

process using the correlation method, some assumptions 
should be made. 

l
mna

First, the transmission coefficients of each path 
simultaneously have the same average power 
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Second, the correlation matrix of a MIMO system 
is often divided into two parts - the spatial correlation 
matrix and the polarization correlation matrix. For the 
convenience of the study, we assume the independence 
of the spatial and polarization correlation. 

2. Spatial correlation matrix

MIMO works well in a multi-path environment; 
however, the spatial position of multiple antennas can 
cause severe fading between different channels. Spatial 
correlation coefficient 12  between two antenna ele-

ments is an element spacing function, spectral character-
istics (PAS – Power Angular Spectrum) and the radia-
tion pattern of each element. It is assumed that the dia-
grams of the antenna elements are the same. This corre-
lation coefficient can be calculated using the following 
formula. 

2 sin( )
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where - distance between antenna elements, and d

( )G   - antenna element radiation pattern. 

Using the above formula, the spatial correlation 
matrix of the entire system can be computed, including 
the transmitter and receiver correlation matrices. For 
example, for a 2 × 2 MIMO system, the correlation ma-
trix of the transmitting and receiving sides is expressed 
as: 
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The spatial correlation matrix of the system can be 
calculated using the Kronecker product: 

, ,SR R RR space T space  .   (8) 

Assuming that   – is the spatial correlation coef-

ficient between adjacent antennas, K M N   – total 
number of receiving or transmitting antennas. Then the 
correlation matrix between the transmitting and receiv-
ing sides can be simplified and obtained by the follow-
ing formula: 
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If two dual-polarized antennas are used in the 
transmitter and receiver to replace 4 single-polarized 
antennas, the system becomes a 22 dual-polarized 
MIMO system. Moreover / 2 / 2K M N  , the corre-
lation matrix can be obtained by the following formula: 
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3. Polarization correlation matrixes

For MIMO systems, it may be necessary to place 
antennas at some distance to reduce their spatial correla-
tion. However, the physical size of some wireless de-
vices is getting smaller and smaller, and the distance 
between antennas is limited. In some cases, an alterna-
tive solution is required to achieve the low channel fad-
ing correlation required for MIMO operation. There is a 
method for reducing the spatial correlation between two 
antennas, which is to "cross-polarize" the antennas. In 
other words, the polarization of the two antennas is set 
orthogonal to each other. The spatial correlation be-
tween two short dipole antennas with vertical polariza-
tion (0/0) is very high, while the correlation coefficient 
between antennas with orthogonal polarization (0/90) 
(one vertical and one horizontal) is much lower. 

Using antennas with different polarizations in the 
transmitter and receiver can cause power imbalances 
and related imbalances between different MIMO chan-
nels. The degree of correlation between polarized an-
tennas can be quantified using the cross-polarization 
factor, ratio or discrimination (XPR or XPD – Cross 
Polar Discrimination). XPR is the power ratio of a 
cross-polarized antenna pair and a co-polarized antenna 
pair (v-v or h-h). Let the antenna polarization matrix of 
the transmitter and receiver look like this: 

vv vh

hv hh

s s
S

s s


 
 


 .     (11) 

In the formula, the subscript v means vertical po-
larization, and h means horizontal polarization. The first 
index represents the polarization at the transmitter and 
the second index represents the polarization at the re-
ceiver. If we assume that XPD = -8 dB, then 

2 2

8 0.01
2 2

s svh hvXPD dB
s svv hh

     6 . (12)

In principle, the cross-polarization coefficient de-
pends on many factors, in particular, on the antenna 
design, observation angles in a spherical coordinate sys-
tem, on the frequency range and bandwidth, on the sig-
nal spectrum, finally, when the antenna and signal pa-
rameters are not matched. However, such studies are 
beyond the scope of the tasks posed, therefore, we will 
restrict ourselves only to taking into account the polari-
zation decoupling along the maximum of the antenna 
radiation. In general, for the entire channel, the XPD 
parameter depends on the type of polarization and 
propagation path, multipath conditions, the design of the 
transmitting and receiving antennas and their position in 
space.   

Consider a linear polarized 2×2 MIMO system. 
Let the transmitting and receiving sides use dual polar-
ized antennas. Let the polarization (orientation) angles 
of the transmitting antennas are , and receiving 

antennas 
1 2, 

1 2,  . Then the polarization matrices will be: 

1 2
,

1 2

cos( ) cos( )

sin( ) sin( )T polR
  

    
, 

1
,

1 2
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sin( ) sin( )R polR
  

    
2 .     (13) 

The complete channel polarization matrix is de-
fined as: 

, ,R pol T polP R SR .    (14) 

The channel polarization matrix is defined as 

 '( ) ( )G E vec P vec P .    (15) 

For certain polarization angles such as +45/-45deg, 
0/90deg и 0/0deg, and diagonal elements  equal, 
which means there is no power imbalance between dif-
ferent channels. For any polarization angle, the diagonal 
elements are not equal and the polarization causes an 
undesirable power imbalance between channels. In or-
der for the diagonal elements of the matrix to show the 
relative channel power, it must be normalized.  

G

,
1

R
K

i j
i

K
G
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G .    (16) 

This power normalization process is based on the 
following assumptions: for a MIMO system with trans-
mit antennas M and receiving antennas N total channel 

power is K=MN. Correlation matrix RG  reflects the 
imbalance of channels due to polarization, and its di-
agonal elements are related to the relative power in each 
channel. 
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where ( )mw   is the average phase shift relative to the 

first antenna when the average angle of incidence is  . 

Only when the antenna signals in the array are statisti-
cally independent of each other can the phase between 
the two antennas change randomly. 

If two dual-polarized antennas are used in the 
transmitter and receiver to replace 4 single-polarized 
antennas, the system becomes a 22 dual-polarization 
MIMO system. The correlation matrix between the 
transmitter and receiver of this system is calculated us-
ing the following formula:  In the process of modeling a MIMO channel, the 

SISO frequency selective channel between each antenna 
pair has a line-of-sight path, so it is also necessary to 
take into account the phase change of the line-of-sight 
path in each channel. Therefore, the channel matrix at 
this time can be expressed in accordance with the equa-
tion (22), and LOSH  represents the average line-of-

sight power (LOS): 
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Complete correlation matrix of the system: 

MIMO R TR R  R .      (18) 

Having obtained (18), we form the corresponding 
matrix of the Cholesky decomposition or factorization. 
Having the correlation matrix C, it is possible to obtain 
a complex matrix of channel gains l l LOS l RayleighH K P H P H  ,        (22) 
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( )l lvec H P Cc l .    (19) 

In the formula  is the vectorization of the 

matrix, and  – column vector MN×1, in which each 

element represents an independent small-scale fading, 
which basically represents the characteristics of the 
channel fading. Analysis shows that the temporal corre-
lation of each subchannel and each path of each sub-
channel is independent of each other. Therefore, it is 
necessary to generate a total of N × M × L independent 
fading. The effect of fading on a signal is multiplicative. 
Therefore, the attenuation manifested on each subchan-
nel is equal to . We get a complex matrix 

(...)vec

lc

lCc lH  chan-

nel gains with time delay , 1,...ll L  . We use lH  in 

equation (3) to obtain the channel matrix H. 
where ( / ) cos( )df V   , and the angle   there is an 

angle between the LOS component and the direction to 
the drone; Rxd Txd and  - distance between antennas of 

transmitter and receiver; RxAoA  и TxAoD - angles of in-

cidence of the receiving and transmitting channels.  

4. Modeling the drone communication channel

When simulating a communication channel with a 
drone, it is necessary to take into account the phase dif-
ference caused by antenna spacing and methods of 
simulating the line-of-sight path. 

5. Simulation results

43

Due to the mobility of the drone, the change in the 
angle of incidence, the angle between two adjacent an-
tennas separated by the distance d, the difference in the 
path of the rays will be equals to . This will re-

sult in a phase difference between the antennas. The 
signal received at this time can be expressed as follows:  

sin( )d 

( ) ( ) ( ) ( ) )y t W H s t d      ,    (20) 

where – diagonal matrix of directions when the

average angle of arrival is  . 
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The diagonal matrix of directions is defined as fol-
lows: 
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Let's carry out only the simulation results of the 
flight scene. The sampling time of statistics is 0.1 sec 
for observation. Vector of initial data of attenuation and 
delay PDP = [-3,-6,-9,-12,-15,-18(dB); 0,01 0,02 0,03 
0,04 0,05 0,06 (μs)], sampling rate fs =1×103Hz, total 
100 sampling points. The following simulation results 
were obtained. The figures below show the results of 
estimating the channel capacity and spatial correlation 
for various variants of the model. The average value of 
the throughput is shown in red. For the MIMO 4 × 4 (4v 
 4v) models with four transmitting and receiving an-
tennas of vertical polarization, we observe a change in 
the specific bandwidth from 18bps/Hz to 25bps/Hz at an 
observation interval of 0.1 s (Fig. 1, left graph). The 
average value of the specific bandwidth is about 
22bps/Hz. The value of the spatial correlation at the 
zero level is about half the wavelength (Fig. 1, right 
graph). 
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Fig. 1. Model MIMO 4×4, polarization vertical (4v  4v) 

Fig. 2. MIMO model 4×4, dual polarization (2v-2h  2v-2h) 

Dual Polarization 4 × 4 MIMO Model (2v-2h х 2v-
2h) shows a decrease in fluctuations in the specific 
bandwidth over the observation interval (increase in the 
correlation time) and a slight increase in the average 
value - up to 23.5bps/Hz (Fig. 2, left graph). A decrease 
in spatial fluctuations is also observed with an increase 
in the distance between antennas (Fig. 2, right graph). In 
this case, the value of the spatial correlation at the zero 
level slightly increases up to 0.7 of the wavelength.  

4 × 4 MIMO simulation results with orthogonal 
polarization, or cross-dual polarization, antennas are 

shown in Fig. 3 and 4 at different polarization decoup-
ling. Note that the use of 4 antennas of orthogonal po-
larization also leads to a further decrease in specific 
bandwidth fluctuations (further increase in the correla-
tion time) in the observation interval (from 28 to 
35bps/Hz) and to an increase in the average value - up 
to 31bps/Hz. (Fig. 3, left graph). In this case, the value 
of the spatial correlation at the zero level decreases to 
approximately 0.26 of the wavelength (Fig. 3, right 
graph). 

Fig. 3. MIMO model 4 × 4, cross-dual polarization, XPD = 10dB (4v-4h х 4v-4h) 

Improvement in polarization isolation leads to 
some improvement in specific bandwidth – an average 

value of about 32bps/Hz (Fig. 4, left graph). 

Fig. 4. MIMO model 4 × 4, cross-dual polarization XPD = 15 dB (4v-4h × 4v-4h) 

Note that the use of 4 antennas of orthogonal po-
larization with improved polarization isolation up to 
XPD = 15 dB also leads to a decrease in specific band-
width fluctuations (further increase in the correlation 
time) in the observation interval (from 29.5 to 35.5 

bps/Hz). At the same time, the value of spatial correla-
tion at the zero level does not change significantly (Fig. 
4, right graph). The results of the comparative analysis 
are summarized in Table 1. 
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Table 1 
Results of a comparative analysis of the effectiveness of various models of MIMO schemes 

MIMO model 4 × 4 Average value of specific 
bandwidth, bps/Hz 

Zero level spatial correlation, 
wavelength 

polarization vertical (4v х 4v) 22 0,5 
dual polarization (2v-2h х 2v-2h) 23.5 0,7 

cross-dual polarization, XPD=10dB 31 0,26 
cross-dual polarization XPD=15dB 32 0,26 

So, thanks to the use of full polarization reception 
due to antennas of dual orthogonal polarization, it 
turned out to be possible to improve the average value 
of the specific capacity of the communication channel 
with the drone and reduce the value of spatial correla-
tion at the zero level, which is important in the design of 
promising communication channels and the design of 
antennas. 

Conclusion 

Comparing the results of the study of various 
schemes of the MIMO model, one can draw conclusions 
about the effect of the type of antenna polarization on 
the channel capacity. It is important to take into account 

the depolarization of the signal during propagation, 
when full polarization reception will significantly re-
duce the loss due to the mismatch of the polarization of 
the incident wave and the receiving antenna. On the 
other hand, the use of dual polarized antennas can re-
duce the spatial correlation between antennas, which 
will reduce the size of the antenna itself. Finally, the use 
of antennas with dual orthogonal polarization at the re-
ceiving and transmitting positions will significantly re-
duce the polarization loss and improve the throughput. 
Antenna decoupling affects throughput, necessitating 
further research into antenna designs with improved 
polarization decoupling. 
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ДОСЛІДЖЕННЯ ЕФЕКТИВНІСТІ ВИКОРИСТАННЯ ОРТОГОНАЛЬНОЇ ПОДВІЙНОЇ ПОЛЯРИЗАЦІЇ  
МІМО АНТЕН В КАНАЛАХ ЗВ’ЯЗКУ З ДРОНОМ  

О.О. Мартинчук, В.І. Василишин, У Лісянь, О.О.Мартинчук  

У статті розглядаються можливі варіанти застосування різних схем MIMO для організації зв'язку з безпілотним 
літальним апаратом. Наводиться модель багатопроменевого поширення радіохвиль з урахуванням поляризаційних па-
раметрів антен. Основна увага приділяється використанню технології MIMO з поляризаційно-ортогональними канала-
ми і каналами з подвійною поляризацією. Наводиться оцінка ефективності використання повного поляризаційного при-
йому в порівнянні з каналами MIMO однієї поляризації. Приділяється увага наявності крос-поляризаційної розв'язки між 
каналами. Зазначене співвідношення визначається в основному конструктивними особливостями антен. Пропонується 
обирати антени з мінімально можливими значеннями коефіцієнта крос-поляризаційної розв'язки для забезпечення під-
вищення пропускної здатності. 

Предметом дослідження являються MIMO-технології з поляризаційно-ортогональними каналами для організації 
зв'язку з безпілотним літальним апаратом. Забезпечення впевненого зв'язку з безпілотним літальним апаратом в умо-
вах багатопроменевого розповсюдження радіохвиль та з урахуванням поляризаційних властивостей сигналів являється 
важливим завданням. Дослідження можливості використання збільшення кількості антен систем MIMO з поляриза-
ційно-ортогональними антенами, що забезпечують повний поляризаційний прийом, проведено недостатньо, тому і 
тема роботи, що пов'язана з дослідженням покращення пропускної здатності МІМО каналу зв'язку з безпілотним літа-
льним апаратом з антенами подвійної поляризації, є актуальною. 

Метою статті є дослідження можливості збільшення пропускної здатності каналу зв'язку з безпілотним літаль-
ним апаратом з використанням антен MIMO з поляризаційними ортогональними антенами. 

Результати досліджень свідчать про можливості збільшення пропускної здатності каналу зв'язку з безпілотним 
літальним апаратом з використанням антен MIMO з поляризаційними ортогональними антенами. 

Область застосування результатів дослідження – проектування каналів зв'язку з безпілотним літальним апара-
том з використанням технології МІМО з антенами подвійної поляризації та з врахуванням паразитного впливу крос-
поляризаційного сигналу антен подвійної поляризації.   

Ключові слова: MIMO, XPD, подвійні поляризаційні канали, ємність каналу. 

ИССЛЕДОВАНИЕ ЭФФЕКТИВНОСТИ ИСПОЛЬЗОВАНИЯ ОРТОГОНАЛЬНОЙ ДВОЙНОЙ ПОЛЯРИЗАЦИИ 
МІМО АНТЕНН В КАНАЛАХ СВЯЗИ С ДРОНОМ  

А.А. Мартынчук, В.І. Василишин, У Лисянь, О.О.Мартинчук 

В этой статье рассматриваются возможные варианты применения различных схем MIMO для организации связи 
с беспилотным летательным аппаратом. Приводится модель многолучевого распространения радиоволн с учетом 
поляризационных параметров антенн. Основное внимание уделяется использованию технологии MIMO с поляризацион-
но-ортогональными каналами и каналам с двойной поляризацией. Приводится оценка эффективности использования 
полного поляризационного приема в сравнении с каналами MIMO одной поляризации. Уделяется внимание наличию 
кросс-поляризационной развязки между каналами. Указанное соотношение определяется в основном конструктивными 
особенностями антенн. Предлагается выбирать антенны с минимально возможными значениями коэффициента 
кросс-поляризационной развязки для обеспечения повышения пропускной способности. 

Ключевые слова: MIMO, XPD, поляризационно-ортогональные каналы, емкость канала. 
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