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Abstract

Objectives. Radio-technical information transmission systems are widely used in various sectors of our life, not
only for telecommunications and associated domestic needs, but also for the functioning of various special services,
such as emergency response units, which increasingly use robotic complexes in the course of their work. In the event
of an emergency, robot devices can be used to get in under rubble, in concrete pipes or other municipal facilities,
which typically result in a sharp deterioration of the necessary conditions for the propagation of radio waves. In this
regard, the problem of ensuring reliable communication with the robotic complex becomes rather acute. The aim of
the present work is to reduce the effect of multipath propagation of radio waves in the communication channel under
complex interference conditions.

Methods. The methods of statistical radio engineering and mathematical modeling are used according to optimal
signal reception theory.

Results. The presented model for a multi-element, spatially-distributed, in-phase receiving antenna of various
configurations, featuring an electronically adjustable radiation pattern, is designed to ameliorate the multipath nature
of signal propagation. A simulation of a multipath communication channel was carried out in the presence of one
main and three reflected beams of radio wave propagation, as well as with harmonic interference at two angles of its
arrival and different frequency detuning relative to the frequency of the useful signal. The probability of a bit error when
receiving discrete information using the proposed antenna is estimated.

Conclusions. The proposed signal processing algorithm on the receiving side can be used to partially compensate
for the influence of the multipath effect. As a result, the noise immunity of information reception in comparison with
reception on an omnidirectional antenna with one antenna element increases: for a bit error probability of 1073, the
energy gain ranges from 2 dB for two beams to 7-10 dB for three or four beams. In the presence of concentrated
harmonic interference in the radio channel, its simultaneous spatial (by the antenna) and spectral (by the demodulator)
filtering is also observed, the effectiveness of which depends on the direction of arrival and the frequency detuning of
the interference, which also leads to a significant decrease in the error probability.

Keywords: spatially distributed in-phase antenna, electronic beam control, multipath propagation of radio waves,
harmonic interference, noise immunity, bit error rate
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Pe3iome

Llenu. PagnotexHnyeckme cuctembl nepenadm MHGopmMaLMm HaxoasaT LWMPOKOE NPUMEHEHME B Pa3finyHbIX OTpac-
NISIX HALLENM XM3HM He TOJIbKO A 06ecrneyeHnst TENEKOMMYHUKALMIA 1 ObITOBbIX MOTPEOHOCTEN YeNoBEKA, HO U A
GYHKUMOHNPOBaHMSA pasfnyHbIX creucnyxo, Hanpumep, cnyx6 MYC, koTopble B CBOel paboTe NpUMEHSIIOT pobo-
TMU3MPOBaHHbIE KOMMEKCHI. B cnyyae 4pesBbl4aiHOro NponCLLECTBMS BO3MOXHO NonazaHne Takoro podoTa nopg, 3a-
BaJl, B )X€1€300€TOHHbIE TPYObI W ApYrie KOMMYHaslbHble 0OBEKTbI, B PE3YJIbTATE YEro YCNoBMS PACMPOCTPAHEHWS
paamoBOSIH PE3KO YXyALIAOTCS. B 9TOM CBA3M OCTPO CTOUT BONPOC 06ecneyvyeHnst HalexHol CBa3n ¢ poboTM3npo-
BaHHbIM KOMMAEKCOM. Llenb paboTbl — CHUXEHME BNVSHUS 9ddeKTa MHOMOly4eBOr0 pacnpoCcTpaHEHUS PAANOBOIIH
B KaHasie CBSA3U B C/IOXHbIX MOMEXOBbIX YCNOBUSIX.

MeTopabl. Vicnonb3oBaHbl METOAbLI CTATUCTUYECKOW PaAMOTEXHUKM, TEOPUN ONTUMASIBHOTO NpUemMa CUrHasoB 1 Ma-
TEMaTUYECKOr0 MOAENMPOBAHUS.

PeaynbTaTthl. [lpnBegeHa Moaesnb NPUEMHON MHOMFO3/IEMEHTHOW NPOCTPAHCTBEHHO-PACcCNpPeaeneHHoN cuHdasHoM
QHTEHHbI Pa3HblX KOHPUIypaLnii C 9NEKTPOHHO-PErYIMPYEMON AnarpaMmMOoOn HanpaBAeHHOCTHN, NpeaHa3HaYeHHOoM
Anst 60pbbbl C MHOIONMYYEBLIM XapakTeEPOM PacrnpoCTpaHeHus curHana. poBeneHo MoAenMpoBaHMe MHOMONy-
4EeBOro KaHasna CBSI31 NMpu HaIMYUKU OHOrO0 OCHOBHOIMO M TPEX OTPaXKEHHbIX Jly4el pacnpoCTpaHEHUS PaANOBOIIH,
a TakXe C rapMOHMYECKOW MOMEXOM NP OBYX yraax ee npmMxoaa U pasHon YaCTOTHOM PacCTPOMKOM OTHOCUTESb-
HO YacTOTbl NONe3HOro curHana. OueHeHa BepPOATHOCTb OGUTOBOM OLIMOKM NpY NPUEME ONCKPETHOM MHdOopMaLmn
C NPUMEHEHNEM NPEAJIOKEHHOM aHTEHHbI.

BbeiBoAbI. [prMeHeHME NPeaSIoXKEHHOr0 anroputMa 06paboTKm CUrHaNOB HA MPUEMHOI CTOPOHE NO3BOJISIET YaCTMY-
HO CKOMMEHCMpPOoBaTh BAUSHNE addekTa MHOrOy4eBOCTUN. B pesynbtate NOMexoyCTOMYMBOCTbL Npuema nHdopma-
LUMN NO CPaBHEHMIO C NMPUEMOM Ha BCEHanpaBSIEHHYIO aHTEHHY C OLHWUM aHTEHHbIM 3/IEMEHTOM MOBbLILIAETCS: AJ1S
BEPOATHOCTM 6UTOBOI owMbKK 1073 sHEpreTUYeckuMii BLIMIPLIL COCTaBnaeT oT 2 ab npu 2 nyyax Ao 7-10 a6 npw
3-4 nyyax. MNpwn Hann4MKM B pagmokaHane CoCPefoTOHEHHOM rapMOHNYECKOM NMOMEXM Takxke HabniogaeTcs ee ogHo-
BPEMEHHAas MPOCTPAHCTBEHHAs (C MCNONIb30BAHMEM aHTEHHbI) U CNeKTpanbHas (C NCNOb30BaHNEM OEMOAYNSTOPA)
dunbTpaums, 9OPEKTUBHOCTL KOTOPOWM 3aBUCUT OT HanpaBfeHUS NMPUXO4a M YaCTOTHOWM PacCTPOMKM MOMEXMN, HTO
TakXe NPUBOAUT K CYLLLECTBEHHOMY CHUXXEHWIO BEPOSTHOCTU OLUMOKN.

KnioueBble cnoea: NnpocTpaHCTBEHHO-pacnpeaeeHHas cuHdasHaa aHTeHHa, 3/IeKTPOHHOE perynMpoBaHme ama-

rpaMmbl HanpaBfeHHOCTM, MHOTOly4eBOE PacnpoCTPaHEHWEe PaauoBOSIH, rapMOHMYecKas moMexa, NoMexoyCToN4Yn-
BOCTb, BEPOATHOCTb OMTOBOM OLLMOKMN
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Mpo3spayHocTb pMHAHCOBOM AeATENbHOCTU: ABTOPbI HE UMEIOT PUHAHCOBOM 3aMHTEPECOBAHHOCTN B MPEACTaB/EH-

HbIX MaTepuanax nin Metoaax.

ABTOpPbI 3a9BASAOT 06 OTCYTCTBMM KOHMIMKTA MHTEPECOB.

INTRODUCTION

Radio-technical information transmission systems
are widely used in various sectors of our life, not only
for telecommunications and associated domestic needs,
but also for the functioning of various special services,
such as emergency response units, which increasingly
use robotic complexes in the course of their work. In
the event of an emergency, robot devices can be used to
get in under rubble, in concrete pipes or other municipal
facilities, which typically result in a sharp deterioration
of the necessary conditions for the propagation of radio
waves. In this regard, the problem of ensuring reliable
communication with the robotic complex becomes
rather acute.

Radio signals are significantly affected by the radio
propagation environment though which they pass. In
addition to additive noise interference, concentrated
interference from other radio facilities and retranslated
interference caused by multipath propagation of radio
waves in their reflection from obstacles and refraction
are observed in the communication channel [1-3]. The
formation of such a multipath communication channel
causes distortion of the useful radio signal parameters;
such changes to its amplitude, phase, and angle of
arrival (AoA) result in the essential decrease of noise
immunity of receiving information [4—10].

There are various methods for counteracting
multipath propagation in the communication channel.
These include the use of channel equalizers, radiation
pattern (RP) control, increasing the intervals in the
transmitted pulse sequence, and using the dispersed
reception systems. One such approach 1is the
Multiple-Input Multiple-Output (MIMO) [11] system
widely used in wireless local area networks of different
standards, as well as in wireless mobile communication
systems.

Another effective way to counteract multipath in
communication channels involves the use of beam
antennas and antenna systems to spatially filter received
signals. When using such antennas, RPs are formed
either by design methods or by special methods of the
received signals processing [12].

One complex beam antenna system is represented
by an in-phase antenna array, comprising separate

near-omnidirectional antennas, which are arranged in
such a way that the phases of the signals induced in them
are the same, allowing the signals from each antenna to
be added up in phase.

This eventually results in the increasing signal level
at the output of the antenna system, a narrowing of the
RP, and, finally, increasing the gain factor as compared
to that of a single antenna included in the array.

MODEL OF THE IN-PHASE ANTENNA
WITH ELECTRONICALLY ADJUSTABLE RP

A spatially distributed antenna system containing
N = 2 up to 8 antenna elements may be used under
complex interference conditions for reducing the effect of
multipath radio wave propagation in the communication
channel with a robotic system [13].

Such an in-phase antenna system (Fig. 1) consists
of resonator antenna elements /-8, electronically
adjustable delay elements 9-/6, and am in-phase
adder /7. The resonator antenna elements are arranged
uniformly with an angular step of 2n/N in a circle of
diameter equal to half the wavelength of the received
signal A/2. The signals from antenna elements come
through adjustable delay elements to the in-phase adder
to form the resulting signal S_ . The purpose of the
adjustable delay elements consists in ensuring the in-
phase condition of the received oscillations and forming
the summarized antenna pattern.

Time delays of'the received oscillations from antenna
elements to the in-phase adder with allowance for the
required angle ¢ of the RP rotation are determined as

follows:
T . T IT
c=—<l4sin| | ——— |+ , 1
k 4{ Hz 4] (p}} W

where i=1,8 is the antenna element number of the
system while 7'is the wave period of the received signal.

In [14, 15], RPs of the in-phase antenna under
consideration are calculated for three cases: nominal
frequency of the received signal, reduced frequency, or
increased frequency. It is shown how the RP width and
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Fig. 1. Schematic diagram of the in-phase antenna array with electronically adjustable RP control

sidelobe level change with frequency. The plots show
that structurally simple two-element antennas have
quite wide RP and very high sidelobe levels. Four- and
eight-element antennas, which have good, very close
indices, can be used for spatial filtering in channels with
multipath wave propagation. Here, it may be noted that
the selective properties of these antennas remain normal
when the signal frequency deviates from the nominal
frequency even by as much as 10%.

The possibility of adjusting the antenna RP
electronically is illustrated in Fig. 2 showing the
directional characteristics at various angles ¢ set in

delay elements (1). It is worth noting that at different
angles of rotation, the pattern shape itself, and hence the
selective properties, remain unchanged.

MODELING RESULTS

In order to assess immunity to interference of the
communication system with the proposed in-phase
antenna on the receiving side under difficult interference
conditions, mathematical modeling was carried out.

A. Signal and disturbance models. A signal with
binary phase-shift keying s(¢) = 4 cos(w, + C;m) is used

90’ 90
120° 60° 120° 60° 120° 60°
08 08
150° 08 30" 150° 30" 150° 0 30°
04 04
02 0
180° 0" 180° 0" 180° o
210° 3300 210° 330" 210° 330°
240° 300° 240° 300° 240° 300°
270° 270° 270°

(a) (b) (c)
Fig. 2. RPs of the in-phase antenna: (a) =0, (b) p=1/2,and (c) p =T

Russian Technological Journal. 2023;11(6):39-46
42



Use of a spatially distributed in-phase antenna to increase
the noise immunity of signal reception

Gennady V. Kulikov,
Yuriy A. Polevoda, Mikhail S. Kostin

as a test signal. Here, 4, =/2E /T is its amplitude,
®, is carrier frequency, ¢ is time, C; = +1 is information
symbol, E is signal energy, and 7 is signal duration.
A coherent demodulator is used. Gaussian noise with
uniform spectral density N, is used as fluctuation noise.
The communication channel has been assumed to be
multipath with one main beam and several (M =1, 2, 3)
retransmitted beams

s () =ps(t—Tt)

with different relative intensity p, time delay 7, and
AoA 0.

In addition, harmonic oscillation s, (1) = py A cos(®,f + @, )
with random phase @,, relative intensity p,, frequency o,
close to the useful signal frequency, and different AoAs 6,
have been used as a concentrated disturbance.

B. Multipath communication channel. For
modeling the multipath communication channel, one
main beam (AoA 0, = 0) and three reflected beams
are used: 0, = w/4, p. = 0.5, and t, = 0.5T for the first
reflected beam; 0, = n/3, p.= 0.3, and 7, = 0.17 for the
second reflected beam; and 6, = n/5, pu. = 0.4, 7. = 0.77,
for the third reflected beam. The signal-to-noise ratio
E/N,, varies within the range from 1 to 13 dB.

Figure 3 shows the obtained dependencies of the bit
error probability P, on the signal-to-noise ratio (SNR)
for different numbers of received beams including the
main one. Curves / corresponds to the in-phase antenna
with four antenna elements, curves 2 correspond to the
one with eight antenna elements, curves 3 corresponds
to the simple omnidirectional antenna with one antenna
element, while curves 4 correspond to the simple
omnidirectional antenna with one antenna element and
one main received beam (the classical case is given for
comparison). Although the presence of reflected beams
during reception can be seen to significantly increase
the bit error probability compared to the classical case,
the proposed in-phase antenna can be used to partially
compensate their influence. As a result, the noise
immunity of receiving information is improved as
compared to the omnidirectional antenna reception with
a single antenna element. For error probability P, = 1073,
the energy gain ranges from 1.5-2 dB for 2 beams to
7—-10 dB for 3—4 beams; it is noticeable that the difference
for the 4-element and 8-eclement antennas is small, which
indicates the possibility of simplifying its design.

C. Communication channel with harmonic
interference. The following harmonic interference
parameters are used in the communication channel
modeling: relative intensity w, = 0.5; random initial
phase ¢y is uniformly distributed on the interval (-, 7];
reduced frequency deviation AwT = (0, — 0T} is in
the interval (=12, +12). The in-phase antenna contains
8 antenna elements.
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Fig. 3. Dependencies of bit error probability on
SNR for: (a) two-beam communication channel, (b)
three-beam communication channel, (c) four-beam

communication channel
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Figure 4 shows the dependencies of the bit error
probability P, on the interference detuning AT at
E/N, =7 dB and at two AoAs: 0, = 0 (direction of the
RP maximum) and #/3. A simultaneous spatial (using
antenna) and spectral (using demodulator) filtering
of interference is observed, resulting in a significant
decrease in error probability, i.e., to be more ordered
at 0, = 0. It may be assumed that the impact of such
harmonic interference may be neglected at AT, > 5.
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Fig. 4. Dependencies of bit error probability on harmonic
interference detuning
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