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THE METHOD OF INCREASING THE IMMUNITY OF COMMUNICATION SYSTEMS

Nowadays, due to a severe shortage of radio resources of communication systems, which is caused by an increase in the
number of subscribers of cellular communication systems, an increase in demand for information resources, which in turn
leads to the search for new technological approaches to its solution. The analysis of well-known scientific works carried out
in the article showed that the technology of orthogonal frequency multiplexing almost completely exhausted the possibility
of its improvement. One of the ways to improve the efficiency of radio resource use of communication systems is using
spectrally effective signals. This article has developed a methodology for improving the noise immunity of communication
systems. The essence of this method is to switch the modes of communication in the session mode, depending on the
signal-interference situation in the channel, with the subsequent adjustment of the parameters of the communication
channel by selecting the optimal signal-code structures. In the course of the research, the main provisions of the theory of
communication, the theory of signal-code structures, the theory of noise immunity, as well as general scientific methods
such as analysis and synthesis were used. A distinctive feature of this method from the known, which determines its
novelty are: the possibility of changing the mode of operation in the session mode; the modes of operation of this technique
are signals with orthogonal frequency multiplexing and spectral-effective signals. The proposed technique provides
15-18% more noise immunity compared with the known methods of generating spectral-effective signals, but 10-12% less
noise immunity compared to the orthogonal signals.
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Introduction

Nowadays, the issue of increasing the efficiency of
radio resource use of radio communication systems in
the context of the acute shortage of the frequency
resources is very important.

One of the ways to increase the efficiency of using
the frequency range of communication equipment is the
use of signals with orthogonal frequency multiplexing
(OFDM). The signals from OFDM are very widely used
in such systems as Wi-Fi, WiMAX, LTE, DVB-T2,
DAB, DRM and in the downlink 4G LTE [1-3].

But nowadays, OFDM technology has actually
exhausted its possibilities in terms of the possibility of
improving technological efficiency [4].

Based on the above, multi-frequency signals with
non-orthogonal compaction (Spectrally Efficient FDM
signals) are considered as the most promising alternative
to OFDM technology in these networks [5, 6].

Such signals are formed from OFDM signals by
reducing the guard interval between subcarriers, thereby
significantly increasing the spectral efficiency of signals
[1, 2]. Despite its significant advantages in terms of
ensuring high spectral efficiency, the SEFDM technology
has several disadvantages, namely [4]: high peak-factor
and, as a result, significant under-utilization of output
amplifiers for power; low noise immunity; nonlinear
distortions in the radio path; synchronization errors.

Based on the above, goal of the article is a
development of a methodology for improving the noise
immunity of communication systems with SEFDM
technology.

Presentation of the main research material

Let's consider the formation of SEFDM signals.
From the analysis of sources [5, 6], it becomes clear that
the main characteristic of SEFDM signals is the
compression ratio: a = AfT = Af /Afop, , where Af,,, is

the separation of frequency subcarriers in the frequency
domain for orthogonal signals.

For OFDM signals, the o =1 multiplication
factor. SEFDM signals occupy a much smaller
frequency band than OFDM signals, i.e. for Af <Af,,,

a <1. is a compaction factor
SN(i) finite signal,

corresponding expression from an N-sample FDM
symbol is executed:

For a discrete the
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2n—
Nji=1.,(N-1), (1)

where Cy (k) are the manipulation symbols (in this

case, N indicates the length of the character). The signal
is formed by the N-point inverse discrete Fourier

transform (IDFT) from the Cy (k) manipulation
symbols (Fig. 1).
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Fig. 1. SEFDM signal spectrum [5, 6]
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As it is indicated at the beginning of
the article, the P peak factor of the
SEFDM signal is the ratio of the highest
(peak) power to the average P, of the

aver
s(t) signal for the time duration of one T’

symbol.
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The analysis of the influence of peak
factors on communication systems with
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SEFDM technology was carried out in 4 s \ A
[7], but the influence of peak factors is
taken into account without taking into OFDM SEFDM
account the influence of other
destabilizing factors, such as intentional |
lnterferencg and signal fading. T S Evaliation of T 7 Fvalation of

All this leads to the development of interference .

. . . 3 interference and
methods ~ for  improving  the noise angﬁfji?g fading e ffects
immunity of communication systems with
spectral-effective signals. . |
~ The method of improving the noise 8l ecting of the Selecting of the
1mmgn1ty of commum.catlon systems, the OFDM parameters SEFDM
algorithm for the implementation of parameters

which is shown in Fig. 2, consists of the
following steps.

1. An input of an initial data (action
1 in the Fig. 2). At this stage, the input
data is entered, namely the parameters of
the transmitting device and the W = {uy}

communication channel, as well as the
values of the permissible value of the
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Channel status <

\ 4

evaluation

probability of erroneous reception of

Forror prob signals, the minimum required

Correction ofthe
- hannel parametery

1 Perr < Pcrrpmb
1A nprd)

V; gon information transfer rate, as well as

the maximum peak pickup factor of the
transmitting device.

2. Assessment of the communication
channel state (step 2 in the Fig. 2).

At this stage, the state of the
communication channel is assessed using
the method of integrated assessment of the
state of the communication channel based
on the neural network. The essence of this
method consists of estimating the state of
the channel by several indicators, namely the probability of
bit error, frequency and impulse characteristics of the
communication channel [8].

3. Selection of the operation mode (steps 3-5 in the
Fig. 2).

I would like to draw attention to the fact that
communication systems are characterized by two
classical indicators of their evaluation, namely, Bj

energy and B spectral efficiencies.

As it was mentioned earlier, the advantage of
SEFDM signals over OFDM signals lies precisely in the

Packet transfer

THE END

Fig. 2. Algorithm for the implementation of methods
for improving the noise immunity of communication systems

Br increase, which in turn leads to a decrease in the
energy of the [y communication channel (energy

efficiency). The relationship of energy and spectral
efficiencies induced in the formula [9]

6F
= . 3
E = ar €)
From the source [9] it follows that this ratio is
equally 1.443. Therefore, in this method it is proposed to
change the operation modes of communication
equipment from two options: OFDM signals and SEFDM
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signals, with subsequent correction of their parameters

depending on the state of the communication channel.
The criterion for changing the mode of robots is

the probability of a bit error in the F;,,,

communication channel.

In [1, 3, 4, 10], the research was conducted on the
immunity of communication systems with OFDM
signals. As a result of the analysis performed, it can be
concluded that communication systems with orthogonal
frequency multiplexing provide stable communication
in the presence of errors in the communication channel

atthe B0 prob —1x107° level.

As the experience of the practical operation of
communication systems shows, the best quality level of
the channel was achieved at the F,.,. ,.0p =1x10710
level. Based on the above, the system of inequalities,
which will describe the change of operating ¢ modes
of the communication system

_ O at 10_5 < PEVVOV OFDM < 10_7.
o= 4)

-8 -10
Gy at 10" < Poyop sgppy <1077

4. Evaluation of the influence of interference for
each of the operation modes (action 6.7 and 10 in the
Fig. 2).

After a general assessment of the quality of the
communication channel, to develop measures for
improving energy efficiency, it is necessary to conduct
an additional assessment of the quality of the
communication channel. One of the key requirements
for such an assessment is acceptable computational
complexity [11].

It is proposed to use the methodology developed
[11] without reference to the quality of the
communication channel.

5. Selection of the optimal channel parameters for
each of the modes (steps 8, 9 in the Fig. 2).

The regime change is not a panacea for increasing
the efficiency of systems. Therefore, for each of the
modes of the communication facility operation, the
selection of the optimal set of parameters should be
carried out for maximum use of the available radio
resource. The optimization problem for solving this
problem is given in the following expression

Bg = F(vi,AF,M,n,R,d,P.,N ;,0%,c) — max;

co

2
v, = Fz(M,R,NA,AF,d,Ql' ,G)Zvl'prob,

where M is the dimension of the signal ensemble, R is the
correction code rate (R=%k/n), k is the number of
information bits in a code combination of length n, N,
is the number of active subcarriers channel, d is the
code distance value, AF' is the channel frequency band,

P is the signal power, v; is the channel transfer rate, Ql-2

is the signal-to-noise ratio on each of the subcarriers.
Let's separately dwell on the consideration of the
choice of the number of subcarriers in the frequency
range available for the operation. The selection of the
number of subcarriers is directly related to the

compression ratio of spectral-effective signals and is
selected depending on the following parameters:

Doppler spectrum dispersion;

the minimum delay time of the rays (multiply
reflected copies of the signal);

maximum possible symbol duration (channel
coherence time).

Through the Doppler scattering, as well as errors
in estimating the frequency of the transmitter at the
receiving side, the signal frequency is shifted.

In a number of researches were carried out that the
equivalent loss in the required signal-to-noise ratio for a
given Doppler scattering, as well as on the error in
estimating the carrier at the reception [4]. For short-
wave (SW) and ultrashort-wave (USW) communication
channels with an equivalent loss in terms of
signal/interference not more than 0.5 dB, Doppler
spreading should not exceed 2-3% of the distance
between the subcarrier. A frequency offset of 7-8% of
the distance between the subcarrier results in an
equivalent decrease in the signal-to-interference ratio of
the order of 1 dB. After determining the minimum
distance between the subcarrier, the duration of the
T, = 1/AF symbol can be calculated.

The minimum delay time between the beams
determines the degree of irregularity of the amplitude-
frequency characteristic (AFC) of the channel. So, a
greater delay between the beams corresponds to a longer
period of non-uniformity of the AFC frequency
response. With a maximum delay between the rays of 4
ms, the period of non-uniformity of the AFC frequency
response is 250 Hz. Thus, the distance between the
subcarriers should be selected on the assumption that
the AFC frequency response on each of them will be a
channel with additive white Gaussian noise (AWGN).
Accordingly, the distance between the subcarriers
should be significantly less than the period of uneven
frequency response of the AFC channel. That is, from
this point of view, the distance between the subcarrier
should be minimized.

For an SW channel, a distance of 50 Hz is the
maximum allowed, since large values of the distance
between the carriers cause a significant distortion of the
channel parameters, resulting in increased distortion of
the symbol [1-4]. Another limitation on the duration of a
symbol is the assumption that the channel parameters
must be constant for the duration of the symbol.

This makes it possible to use a simple method for
estimating and compensating the AFC frequency
response of a channel in the frequency domain on each
symbol. Restrictions on the duration of a character in
the SW range can be taken in the order of hundreds of
milliseconds. The determination of the number of the N
subcarriers should be based on the information
(technical) speed of the group signal, taking into
account the necessary reservation of the part of the
channel capacity for various overhead information.

Also, one of the important parameters of the
channel is signal-code constructions. In the
overwhelming majority of cases, it is possible to
distinguish several possible states of the communication
channel [2, 4]. These types of scenarios can correspond to
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different types of signal-code constructions, which are
advisable to choose based on the efficiency parameters of
radio communications at various levels of signal fading
with SEFDM in the communication channel.

The rational parameters of the signal-code
constructions for different levels of signal fading and
intentional interference in the subchannel are selected at
the design stage. Optimization of the considered variant
in terms of speed at a limited average signal power at
the channel input is reduced to taking into account the
strategy of electronic suppression system, optimal sub-
channel splitting into groups with the same speed,
optimal choice of positionality of signals with the M
positional quadrature amplitude modulation (QAM-M)
and M positional phase modulation (PM-M) and the
minimum size d in them. In the channels with a low
signal-to-interference ratio, the use of turbo codes is the
most effective [1-11].

6. Verification of requirements for the noise
immunity of the communication channel (step 11 in the
Fig. 2).

In this action, the state of the communication
channel is checked to those requirements that are put
forward to the information that is currently being
transmitted through the channel. In the case of meeting
the requirements of the channel, the information that is
transmitted through it, then the packet is transmitted. If
a discrepancy is detected, the packet is also transmitted
and a management team is formed to carry out the
adjustment of the channel parameters and/or change the
mode of operation of the communication device, which
will significantly reduce the decision time for
subsequent correction of the operation mode
(parameters) of the communication device.

We will assess the effectiveness of the proposed
method. Evaluation of the effectiveness of the proposed
methods in comparison with the known was carried out
with the following parameters of communication:

Transmitter power - 1W;

10 MHz bandwidth;

The number of subcarriers - 52;

Radiation frequency - 5 GHz;

Signal type - 4 position phase shift keying;

Type of correction codes - turbo codes.

Fig. 3 shows the dependence of the signal-to-noise
ratio on the bit error probability for the known methods
that use spectrally effective signals and the proposed
method.
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Fig. 3. Comparison of known methods with the proposed

From the graph in Fig. 2, we can conclude that the
proposed method provides 15-18% more noise
immunity compared to the known methods of
generating spectral-effective signals, but 10-12% less
noise immunity compared to orthogonal signals.

Conclusions

This article has developed a technique for
improving the noise immunity of communication
systems.

The essence of this method consists in switching
the modes of communication equipment in a session
mode depending on the signal-interfering situation with
the subsequent adjustment of the quality of the
communication channel due to the optimal choice of
signal-code structures.

A distinctive feature of this method from the
known, which determines its novelty are:

- the possibility of changing the mode of operation
in the communication mode;

- the modes of the method operation are signals
with orthogonal frequency multiplexing and spectral-
effective signals.

The direction of further research should be
considered the development of methods for predicting
the state of the communication channel using neural
networks.
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Meroanka migBHIEHHS 32BaJ03aXHIICHOCTI CHCTEM 3B'SI3KY
Kacim A66yx Maxni

Ha panmii uwac y 3B'3Ky cCHOCTepiraeTbcst >KOPCTKMH Jedinur pazpiopecypCy cucreM 3B'I3KY, SKMH BHMKJIMKaHHMIL
301IBLIEHHSAM KUIBKOCTI a0OHEHTIB CUCTEM CTLUIBHUKOBOIO 3B'I3KY, 3pOCTaHHAM IONUTY Ha iH(opMauiiiHi pecypcH, 1110 B CBOIO
4Yepry NpU3BOAMTH 0 IONIYKY HOBHX TEXHOJOTIYHUX MiAXOAIB N0 11 BHpimeHHs. [IpoBeneHmii B craTTi aHaii3 BiJOMHX
HAayKOBHX IIpallb M0Ka3aB, L0 TEXHOJIOTis OPTOrOHAIBHOIO YaCTOTHOIO MYJIBTUILIEKCYBAaHHS (paKTHYHO NOBHICTIO BHYEpIaia
MOXKJIMBICTH CBOro moyinmeHHs. OIHUM i3 OUISAXIB MiABUIICHHS €pEeKTUBHOCTI BUKOPUCTAHHS palliopecypcy CHCTEM 3BUI3KY €
nepexizi 1o BUKOPHCTAaHHS CIIEKTPaJIbHO-e()EKTHBHUX CHTHANIB. B naHiil crarTi npoBeneHO po3poOKy METOIUKH IiJABUIECHHS
3aBaJI03aXMILECHOCTI cucreM 3B'3Ky. CyTHICTH JaHOI METOAMKM HOJATAaE B MEPEMHMKaHHI PEXHUMIB poOOTH 3aco0iB 3B'I3Ky B
PEeXUMI BEJICHHS CeaHCy 3B'I3KY B 3IEKHOCTI Bil CUTHAJIbHO-3aBaZ0BOI OOCTAHOBKM B KaHAl, 3 MOJAJIBLINM KOpEIr'yBaHHAM
rapaMerTpiB KaHaly 3B'I3Ky 3a paXyHOK BHOODY ONTHUMAJIBHUX CUTHAJIBHO-KOJIOBUX KOHCTPYKIiA. B xoxmi mposexneHOro
JIOCHIJUKEHH Oynu BHKOPUCTAaHI OCHOBHI IOJIO)KGHHS Teopii 3B'I3Ky, TeOpii CHIHAIBHO-KOIOBMX KOHCTPYKLIH, Teopil
3aBaJI03aXHILIEHOCTI, @ TAKOXX 3araJIbHOHAYKOBI METOJIH, TaKi sIK aHaJli3 i chHTe3. BiMiHHUMH 0COOIMBOCTSIMU TaHOT METOIMKH Bif
BIZIOMUX, III0 BH3HAYaIOTh ii HOBH3HY, € TaKi: MOXIIMBICTh 3MIHH PeXUMy POOOTH B PEeXUMi CEaHCY 3B'SI3KY; PeKUMaMH pOOOTH
JIAHOI METOJMKHU € CUTHAJIM 3 OPTOrOHAJIbHUM YaCTOTHUM MYJIBTUIIEKCYBAHHSAM 1 CIIEKTpabHO-e(DeKTHBHI CUrHAIN. 3alpOIIOHOBaHA
MerouKa 3abesnedye Ha 15-18% Oinbliry 3aBa03aXMILECHICTh B IIOPIBHSAHHI 3 BIZIOMUMH METOAMKaMH ()OPMYBaHHS CIIEKTPAIbHO-
edeKTUBHUX cUTHaIIiB, aie Ha 10-12% MeHIiy 3aBaJI03aXUIIEHICTh B IIOPIBHAHHI 3 OPTOrOHAIBHUMH CHTHAJIAMH.

KawuoBi caoBa: cucrema 3BY3KYy;, pajiopecypc; 3aBaJl03aXHMIIEHICTh; CIIEKTPAIbHO-€(DEKTHBHI  CHUTHAIIM;
OpPTOrOHAJBHE YaCTOTHE MYJIBTHUILIEKCYBAHHSI.

MeToauKa NOBLIIIECHUS MTOMEX03AIMINEHHOCTH CHCTEM CBSI3H
Kacum A66yx Maxu

B nanHoe Bpemst B cBsi3u HaOuoaeTcs HKECTKH Ne(pUIUT pagnopecypca CUCTEM CBSI3U, KOTOPbIH BBI3BAH yBEIMYEHUEM
KOJIMuecTBa a00OHCHTOB CHCTEM COTOBOM CBSI3H, POCTOM CIIPOCA Ha MH(OPMALMOHHbIE PECYPCHI, YTO B CBOIO O4Y€pe/lb IPHBOAUT K
MOMCKY HOBBIX TEXHOJOIMYECKHMX MHOIXOLOB K e¢ pemieHuto. IIpoBenéHHbIN B CTaThe aHaIW3 M3BECTHBIX HAYYHBIX TPYIOB
[OKa3aJl, 4YTO TEXHOJOTUS OPTOrOHAJIBHOrO YAaCTOTHOIO MYJbTUIUIEKCUPOBAHHUS (HaKTHUECKH IIOJHOCTBIO Hcuepraa
BO3MOJKHOCTB CBOEro ynyduieHus. OfHUM U3 1yTell noBblmeHns 3¢ (GEeKTHBHOCTH UCIOIb30BAHUS PAIMOPECypca CUCTEM CBSI3U
SBJISICTCS NIEPEXO]] K UCIIOJIB30BAHUIO CIIEKTPaTIbHO-3()(EKTUBHBIX CUTHAIOB. B aHHOM cTaThe npoBesieHa pa3paboTka METOUKI
MOBBIIIEHHS [TOMEXO03aIMIIEHHOCTH cHcTeM CBs3U. CYIIHOCTh JAHHOHM METOAUKH COCTOUT B NEPEKIIOUYEHUH PEKUMOB pabOThI
CPEJCTB CBS3U B PEKHUME CEAHCA CBSI3M B 3aBUCHUMOCTH OT CHI'HAJBHO-IIOMEXOBOH OOCTAHOBKM B KaHaje, ¢ MOCIeNyroIei
KOPPEKTHPOBKOI IapaMeTpoB KaHaja CBA3M 3a CYET BBHIOOpA ONTHMAJBbHBIX CHTHAJIBHO-KOIOBBIX KOHCTpYyKIHMil. B xoxme
MPOBEJEHHOIO MCCIIENOBaHUA ObUIM MCIIONB30BaHBl OCHOBHBIC IIONIOXKEHUSI TEOPUM CBSI3M, TEOPUM CHI'HAJIBHO-KOJOBBIX
KOHCTPYKIM, TEOPUH IOMEXO3AIUIIEHHOCTH, a TaKKe OOLIEHAayJHble METO[Ibl, TAKHE KaK aHaInM3 U cuHTe3. OTIMYUTENbHON
0COOCHHOCTBIO JIAHHON METOJMKH OT U3BECTHBIX, YTO OIPEJIeIIsieT €€ HOBH3HY, SIBISETCS BO3MOXKHOCTb CMEHBI PeXKUMa paboThI B
pexuMe ceaHca CBA3M. Pexumamm paboThl JaHHOW METOIMKM €CTh CHTHAJIBl C OPTOrOHAJIBHBIM  YaCTOTHBIM
MYJbTHIUICKCHPOBAHMEM WU CHEKTpaibHO-3(G¢ekTHBHble curHaibl. IlpemnoxeHHas Meroxuka obecreunBaer Ha 15-18%
GOJIBIIYI0 TTOMEXO3AIIUIIEHHOCTh 110 CPaBHEHHMIO C H3BECTHBIMU METOIMKaMH (POPMHUPOBAHUS CIEKTPAIbHO-3((EKTUBHBIX
CHUrHaJoB, HO Ha 10-12% MeHbIIyI0 OMEX03aIHIIEHHOCTD [0 CPABHEHUIO C OPTOTrOHAJIBHBIMH CUTHAJIAMHU.

KawueBbie caoBa: cucTeMa CBA3H; PaMOPECypC; IOMEXO03aMIIEHHOCTh; CHEKTPalbHO-3()(PEKTUBHEIE CHIHAIbI;
OPTOrOHAJBEHOE YaCTOTHOE MYJITHILIEKCHPOBAHUE.
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