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Abstract. The subject of the study is models and methods for organizing a semantic communication system to increase
the throughput of a wireless communication system. The goal is to develop recommendations for the implementation of
multiple access with the distribution of information space according to the model. The development is based on artificial
intelligence technology, which allows us to extract general and personalized semantic information from the
multidimensional semantic space separately, allowing the communication system to move from the traditional
transmission of information bits to the transmission of a model. The task is to ensure stable and reliable operation of a
wireless network with an extended communication channel bandwidth. Methods used: methods of analytical modeling
and time-position pulse coding. The following results were obtained. It is shown that in order to ensure the high quality
of the wireless network, it is necessary to expand its bandwidth, which is limited by the physical resource of the radio
frequency spectrum. It is proposed to overcome this contradiction by applying the technology of multiple access with
distribution over the model. In this case, the information signal is emitted to the base station without a carrier frequency
simultaneously in the entire frequency band, provided that the signal level is lower than the noise level. In this case, the
method of positional-time coding is used, in which each information bit is encoded by hundreds of ultra-short chip pulses
arriving in a certain sequence. In such wireless communication systems, the use of autocorrelation reception of modulated
ultra-wideband signals is proposed. At the same time, the best reliability and noise immunity is provided by a wireless
network using the time separation of the reference and information signals. Conclusions. Semantic communication
systems with autocorrelation reception and separate transmission of reference and information signals provide an increase
in the bandwidth of a wireless communication system, a high level of structural signal concealment, and reliable
transmission of digital information, especially in conditions of interference.
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technology.
Introducti transmit information at a speed significantly exceeding the
ntroduction speed of traditional communication means with high noise
The evolution of existing 5G wireless immunity.
communication technologies and the development of 6G However, the broadband of information and

technologies are driven by the need to support new
applications with various increased requirements for
system performance and capacity. At the same time,
modern wireless communications require enhanced
security, high reliability and low signal latency. When
organizing wireless communication, the physical
limitation of the frequency spectrum requires the use of
ultra-wideband (UWB) signaling technology, the essence
of which is the transmission of low-power coded pulses
in a very wide frequency band without a carrier
frequency [1, 2]. To transmit information in NSF
systems, pulse signals with very short pulse durations are
used. Such a signal with a small space-time volume
allows transmitting a large amount of information per
unit of time, has a high level of noise immunity, and the
ability to overcome the phenomena of multipath
propagation of radio waves.

The ultra-short duration of the information
sequence of the chips is due to the broadband of their
spectrum in the radio frequency range (0..10 GHz),
which is characterized by the lowest radio signal
attenuation.

This makes it possible to use the radio frequency
spectrum quite efficiently when operating in a congested
frequency range. Thus, the use of NSS signals allows to

reference signals impose significant restrictions on the
efficiency of radio frequency spectrum use, especially
when organizing multiple access, when system resources
must be distributed among different users. Thus, the
organization of multiple access requires an increase in the
efficiency of radio frequency spectrum use.

The purpose of this work is to develop
recommendations for the implementation of multiple
access with the efficient use of the radio frequency
spectrum.

Method of encoding an information signal

In  wireless communication channels, the
transmission medium is the physical path between the
transmitter and the receiver. The most optimal range is
between 1 and 10 GHz. This is because frequencies
below 1 GHz are subject to significant interference from
various industrial electronic devices. At the same time, at
frequencies above 10 GHz, there is a large absorption of
the useful signal by the transmission medium.

The frequency band of the radiation pulses is
determined by the relation B = WT, where: W is the
frequency bandwidth, and Ts is the transmission time of
a bit of information. With the expansion of the signal base
B > 1 base, it becomes possible to increase the
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information transmission rate by reducing the duration of
the transmitted signal.

In 1974, Massey J.L. [3] proposed to consider noise
immune coding and modulation as a single unit. This
ensures higher efficiency and energy gain from coding
than the sequential application of noise immune coding
and modulation. For example, to transmit information, one
information bit is encoded by a sequence of many pulses
(chips) per bit, which are shifted in time relative to the
reference pulse-chip sequence. Depending on the value of
the information bit "0" or "1", the sequence of information
pulses-chips is shifted in time by 0.25 of the chip duration
forward "zero" or backward "one" (Fig. 1.) [4].
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Fig. 1. The method of forming an ensemble
of complex NSNS information signal

During encoding, the minimum chip arrival period
is determined by the time for the chip energy to dissipate
before the next chip in the information sequence arrives.
On the other hand, an increase in the number of chips in
the information bit sequence allows for an increase in the
signal-to-noise ratio at the receiver input during decoding
and correlation reception. The accumulation of a certain
number of ultra-short pulses encoding each of the
information bits in the receiver's correlator makes it
possible to significantly increase the signal-to-noise ratio
at the receiver's input, providing the ability to transmit
information in a wide frequency range well below the
white noise level.

Model of information signal
ensemble formation

The formation of an ensemble of a complex NSN
of an information signal radiated to free space is realized
using the model, the scheme of which is shown in Fig. 2.
The ultra-wideband signal is formed in the form of a
normal random process n(t) with a zero mean, uniform
spectrum S(t) and a frequency band Af [5].
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Fig. 2. Model of separate formation of reference
and information signals

«1» or «O»

Fig. 2 shows: G — oscillator, which in self-
oscillatory mode generates a sequence of ultrashort
pulses- chips; DF - digital bandpass filter, which
generates a signal n(t); DL — delay lines, which are
shifted by time 7:i or 7o form information signals
according to the flow of binary bits "one" or "zero" from
the information source.

The oscillator (G) in self-oscillatory mode
generates a sequence of ultra-short pulses-chips with a
period of t; which is fed to the input of the digital
bandpass filter (DF), which generates the signal n(t).
From the output of the DF, the ultra-wideband signal n(t)
is fed to the modulator, where it is divided into
information and reference signals. The three-position
switch closes the transmitter output directly to the NSF
signal generator (G) during the first half of the bit
interval.

Thus, during the period of time TS/Z the reference
NSS signal is generated. In the middle of the bit interval,
the switch is switched to one of two possible positions,
depending on the flow of binary bits "one" or "zero" from
the information source.

At the same time, the DL1 delay line provides a

delay of the signal n(t) by half a bit interval TS/Z and

delay lines DL2 and DL3 are used directly to form a
stream of binary bits "one" or “zero". As a result, an
information signal is formed, separated in time from the
reference signal, which at one interval 7s has the
following form:

x(1), 0<t<T/2
y() =x(@t —T/2 —T,), T/2<t<T;
x(t—=T/2-T)), T/2<t<T.

Thus, the transmitter generates and emits a complex
signal to free space, which includes an information pulse
NSN signal in the form of an encoded pulse sequence and
a separate reference pulse sequence of the
synchronization signal, which doubles the overload of the
radio frequency spectrum when organizing multiple
access.

NSF signal generators emit ultrashort duration
pulses with ultra-fast rise and fall. The discovery of the
effect of voltage recovery and ultra-fast reverse
breakdown in high-voltage transients has contributed to
the creation of fundamentally new semiconductor
devices capable of switching high power in short time
intervals, including devices based on a delayed shock-
ionization wave and drift devices with sharp recovery.
Such generators allow generating ultrashort pulses of
nano- and pico-second duration with power up to tens of
MW and repetition rate up to tens of MHz, while
controlling their temporal position with an accuracy of
more than 10 ps. The maximum pulse voltage reaches
tens of kilovolts, and pulse currents reach thousands of
amperes [6].

As the repetition rate increases, the peak power
decreases, but remains much higher than that obtained
with any other semiconductor devices. This makes it
possible to use the developed oscillators in UWB
communication systems (Table 1), and the service life of
these devices is extremely high.
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Table 1 — Technical characteristics of NSS generators

Model Growth time, ns Pulse width, ns Amplitude, V Repetition rate, MHz
HFPG-1-0.5 <07 <2 500 2(3)
HFPG-1-2.5 <07 <2 2500 (2)
HFPG-1-5 <07 <2 5000 (0,5)
HFPG-5-0.05 <0,14 <0,3 50 10(20)
HFPG-7-0.15 <0,3 <0,7 150 10(20)
HFPG-7-0.5 <0,3 <0,7 500 2
HFPG-7-1 <0,3 <0,7 1000 1
HFPG-4-0.5 <0,1 <05 500 0,2)
HFPG-4-1-10 <0,1 <0,25 1100 0,01
HFPG-4-1-50 <0,1 <0,25 1100 0,05

Generators of powerful ultrashort pulses are created
using diode avalanche sharpeners as the final stage of a
circuit based on drift diodes and transistors with sharp
recovery. By connecting them in series, high switching
voltages are achieved. [7]. A chain of series-connected
drift diodes with a sharp recovery works as a single diode.
Its voltage decay time is 50-200 ps, and the maximum
allowable voltage is up to 15 kV. The advantages of such
circuits are the high rate of voltage rise, which is
combined with a high pulse repetition rate and their
precise positioning in the time sequence, which
undoubtedly makes them the basis for the
implementation of the NSW technology in wireless
communications.

The useful signal is extracted from the noise by
correlating the received and reference signals. The
correlator convolves the received signal with the
reference signal to determine the time shifts of the
received pulses relative to the reference. Thus, when
receiving a one, the correlation function is equal to +1,
and when receiving a zero, it takes the value -1. In all
other cases, the correlation function is equal to 0.

At the same time, reliable detection of the
information signal is carried out at any small signal-to-
noise ratio.

Thus, a wireless network with the use of time
separation of the reference and information signals has
the best reliability and noise immunity. [8]. However, the
constant transmission of the reference signal by users
leads to inefficient use of the radio frequency spectrum,
especially when organizing multiple access

Multiple access technology

Multiple access (MA) technology seeks to use
shared information to eliminate bandwidth losses due to
redundant transmissions. Maximizing the throughput of
a wireless communication system and minimizing
semantic errors during information recovery is based on
artificial intelligence (Al) technology, which separately
extracts general and personalized semantic information.
[9, 10]. Al technology is used to create a knowledge base
in both the receiver and the transmitter to ensure high
efficiency of semantic information extraction methods
and the use of prior knowledge and information about the
communication channel.

The semantic communication system creates a new
distribution resource, namely the model of information
space, which became the basis of a new technology of
multiple access. Traditional MD technology takes into
account physical resources such as time (TDMA),
frequency (FDMA), power and space (SDMA). Thus,
building a semantic communication system at the
physical level has become an important element in the
transmission of semantic information.

The channel capacity, which combines traditional
physical resources and the information space of the
model [11], is as follows.

n Pk
C = TBZ log, (1 + ;HCD,(HH),
k=0

where T, B, P, H, and ® are the time domain resource,
frequency resource, energy resource, space resource, and
information space resource of the model, respectively, |
is the identity matrix, and ¢ is the noise variance.

At the same time, the new CBM technology offers
multiple access with model-based distribution. Semantic
features extracted from the source information using an
Al model allow modeling personal characteristics of the
user, which provide a knowledge base for differentiating
multi-user semantic information.

In this way, CBM technology sequentially
identifies, analyzes, and extracts general and
personalized information contained in semantic

information extracted from the model from multiple
users. Then, the signals containing general information
are overlaid and reused. This allows to obtain the CBM
effect and increase the transmission channel capacity.

Algorithm of CBM technology implementation

The information in the semantic signals of a certain
number of users consists of general and personalized
information. In the case of simultaneous transmission of
information from several users who initiated the uplink
commands, the base station receives and compares it.
When requesting a connection, the base station receives
general information - the chip reference sequence in the
form of a model - which is compared with the existing
models in the base station database using Al. If the
received model is not available in the database, it is added
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to the database, and during subsequent signal
transmissions from the user, the general information is
not transmitted, but is removed from the knowledge base.
Continuing the communication session, users send only
the synchronization signal and personal semantic
information to the base station. After receiving the
synchronization signal and personalized information
from the users, the base station recovers the primary
semantic signals of each user by correlating the received
and reference signals. And the reference chip sequence,
which is a common information model, is removed from
the base station's knowledge base, thus reducing the load
on the wireless communication channel by half when
organizing multiple access. Thus, the information model
created with the help of Al allows modeling the personal
characteristics of the user, which provides a knowledge
base for differentiating multi-user semantic information.
In addition, the base station simultaneously
distributes semantic signals from multiple data sources to
multiple users. The signals that carry general information
are combined and sent together. At the same time, signals
carrying personalized information are transmitted to the
user separately. In this way, each user receives his or her
own information, which is recovered using a semantic
decoder based on the combination of general and
personalized information.
The useful signal is extracted from the noise by
correlating the received and reference signals. The block
diagram of the correlator is shown in Fig. 3.

s(t)+n(t) T u(t)
—X J u(t)

0

s(t- )
Fig. 3. Schematic diagram of the correlator of NSF signals

The correlator includes a multiplication device, to
the other input of which a specially generated reference
signal carrying general information is fed [11]. This
signal completely repeats the useful signal in form, but
lags behind it by a time 1, which allows to distinguish
information. Subsequently, the signal that occurs at the
output of the multiplication device is integrated, and the
integration interval is equal to the duration of the signal
s(t).

The correlator performs convolution of the received
signal with the reference signal. It is a detector that
determines the time shifts of the received pulse signals
relative to the reference signals. For example, when
receiving a binary one, the correlation function is equal to
+1, and when receiving a binary zero, it takes the value -
1. In all other cases, the correlation function is zero. The
accumulation of a certain number of ultra-short pulses
encoding each of the information bits in the receiver's
correlator makes it possible to significantly increase the
signal-to-noise ratio, providing the ability to transmit
information in a wide frequency range well below the
white noise level. This makes it possible to meet the
requirements for the level of electromagnetic compatibility
of wireless mobile communication systems.

The use of ultra-wideband signals in the organization
of multiple access requires the use of special antenna
systems that allow them to be evenly matched to the
antenna system in a wide frequency band [12]. For this
purpose, an antenna that has the shape of an open slot is
usually used, which determines the frequency band
during reception/transmission. Moreover, the energy
pattern of such an antenna is characterized by a narrow
main beam and the practical absence of side lobes.
However, the preliminary formation of a Gaussian
monocycle entering the antenna system causes
difficulties in matching in a wide frequency band. This
manifests itself in the form of re-reflection of individual
signal components, which distorts the shape of the
Gaussian monocycle.

Therefore, the radiation pulse is formed directly in the
antenna opening.

To do this, the information monopulse signal is split
in half. A portion of the signal is sequentially inverted
and delayed for a period of time equal to half the duration
of the monopulse. Both mono-pulse signals are used to
excite two TSA antennas located side by side on a single
dielectric base. The electromagnetic fields of both
monopulse signals interfere with the equivalent common
aperture space of both antennas, creating a bipolar pulse
electromagnetic field in it, while eliminating the time gap
between the two parts of the radiated field, which is
typical for a TSA antenna. Thus, such an antenna in an
ultra-wideband communication system is capable of
emitting and receiving both an ultra-short unipolar
monopulse and a bipolar pulse information signal, which
allows to significantly increase (by 3-10 times) the range
of propagation of pulsed electromagnetic signals.

Design options for special antenna systems for
receiving/transmitting ultra-wideband signals are shown
in Fig. 4.

Fig. 4. Design options for special antenna systems

Conclusions

Recommendations for the implementation of
multiple access with the distribution of information space
according to the model are developed. The development
is based on artificial intelligence technology, which
allows us to extract general and personalized semantic
information from the multidimensional semantic space
separately, which allows the communication system to
move from the traditional transmission of information
bits to the transmission of a model.

It is shown that in order to ensure the high quality
of the wireless network, it is necessary to expand its
bandwidth, which is limited by the physical resource of
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the radio frequency spectrum. It is proposed to overcome
this contradiction by applying the technology of multiple
access with distribution over the model.

In this case, the information signal is emitted to the
base station without a carrier frequency simultaneously
in the entire frequency band, provided that the signal

It is shown that semantic communication systems
with autocorrelation reception and separate transmission
of reference and information signals provide almost a
doubling of the wireless communication system capacity,
a high level of structural signal concealment, and reliable
transmission of digital information, especially in the

level is lower than the noise level. presence of interference.
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InTenexTyanbHna 0e3NpoBiAHA cUcTeMa 3B’ SI3KY
A. Cepxos, H. Jlxentok, O. Kacinos, I'. Cokon, M. Tonkauos, /. ApyTIOHIH

AnoTtaunis. IIpeamerom mocimi/KeHHS € MOAENI 1 METOOM OpraHi3amii CHCTEMH CEMaHTHYHOI KOMYHIKamii it
MiABHUIIEHHS TPOMYCKHOI 3aTHOCTI Oe3mpoBigHOI cucTeMHu 3B’s3Ky. MeTra — po3poOka peKOMEHAallii MoJo pearizamii
MHOXXHHHOTO JIOCTYIY 3 PO3MOJIUICHHAM 1H()OpMamiiHOTO MPOCTOPY 32 MOJEIUTI0. B OCHOBY pO3pOOKH MOKIAJEHO TEXHOJIOTIO
IITYYHOTO iHTENEKTYy, 3aBAsSKH SKiii i3 0araTOBUMIpHOTO CEMaHTHYHOTO IPOCTOPY BHJIYYAaEMO OKpPEMO 3arajbHy Ta
HepCOHATI30BaHy CeMaHTUUHY iH(pOpMallilo, 110 T03BOJISIE CUCTEMI 3B SI3Ky TIepeiTH BiJ TpaauiiiHOI nepenayi OiTiB iHpopmartii
10 mepenadi Mozeni. 3amaya — 3a0e3nedyeHHs ycTaneHol Ta HaailHOT poOOoTH 6e3MmpoBiIHOT MEpexki 3 PO3IIHPEHOI CMYTOI0
NPOIYCKaHHs KaHAy 3B’s13Ky. BUKOpHCTaHI METOAM: METO/IM aHATIITUYHOTO MOJICITIOBAHHS Ta YaCOBOTO MO3HI[IHHO-IMITYIbCHOTO
koxyBaHHS. OTpHMaHi HacTymHI pe3yJbTaTu. [lokazaHo, mo Ay 3a0e3MedeHHsT BUCOKOI SKOCTI poOOTH OGe3mpoBigHOI Mepexi
CITiJT PO3LIMPIOBATH ii IPOITYCKHY CIIPOMOKHICTB, IKa 00MexeHa (i3SHYHHM PEecypcoM palioyacTOTHOTO CIIEKTpPY. 3alpOOHOBAHO
JIOJIaTH 1I¢ MPOTHPIYYs IULIXOM 3aCTOCYBaHHS TEXHOJOTII MHOXXHHHOTO IOCTYNY 3 PO3MOJICHHSAM 1o Mozneni. IIpu mpomy
BUTNIPOMIHIOBaHHA iH(POPMAIIIIHOTO CHTHATY 10 0a30BOi CTaHIIIT 3/[IICHIOIOTH 0€3 Hecydoi YacTOTH BOJHOYAC Y BCilf CMy3i 4acToT
3a YMOB, LII0 PiBEHb CHTHAY HIDKYE 32 piBeHb IyMy. [Ipy 1bOMy 3aCTOCOBaHO METO]] O3ULIHO-YaCOBOTO KOYBAaHHS IPH SKOMY
KOXKeH iH(popMaliiHUi GIT KOIYIOTh COTHAMH HaJKOPOTKUX iMITYJIbCIB-4HMIIIB, 110 HAAXO/ATh 32 BU3HAYCHOIO MOCTIZIOBHICTIO. B
TaKMX CHCTeMax Oe3MpOBIAHOTO 3B’SI3KY 3alPOIIOHOBAHO 3aCTOCYBAaHHS aBTOKOPENSIIHHOTO TNPHHOMY MOJIYJIbOBaHHX
HaJIIIMPOKOCMYTOBUX cUrHaniB. [Ipy 11boMy Haiikpanly HagiiHICTb i 3aBaIOCTIHKICTh Mae GE3MPOBiIHA MeperKa i3 3aCTOCYBaHHAM
YacoOBOTO PO3AUIEHHS ONOpHOro Ta iH(opmarmiiHOro curHamiB. BucHoBkHM. CucreMnm CeMaHTHYHOI KOMYyHIKamil 3
ABTOKOPEIALIHHUM MPUHOMOM Ta PO3IIIBHOIO TIepejadeto ONOPHOro Ta iHGOPMAaIifHOrO CHTHAJIB 3a0€3MeUyI0Th PO3LINPEHHS
MPOMYCKHOT 34aTHOCTI G€3MPOBIHOT CHCTEMH 3B’3KY, BUCOKHUIA piBEHb CTPYKTYPHOI NMPHXOBAHOCTI CUTHAIY, @ TAKOX HaIilHy
nepenady nupoBoi iHpopMmarii, 0cOOIMBO B yMOBax Aii 3aBaj.

Keywords: cemaHTH4YHa KOMYHIKalis; TEXHOJIOTiS MHOXXHHHOTO [OCTYITy; IHTEJEKTyaJlbHAa Oe3NpoBiJHA MepeKa;
TEXHOJIOTISI HaIIMPOKOCMYTOBHIX CUTHAIIB.

210


https://doi.org/10.1631/FITEE.2210000
https://doi.org/10.19682/j.cnki.1005-8885.2022.2002
https://doi.org/10.1631/FITEE.2300196

