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The rapid development of digital information transmission systems using radio
signals has led to the need to improve receiving systems. This article considers
the possibility of using an improved theory of narrow-band noise to increase
the sensitivity of the receiving device when receiving digital signals. It is gener-
ally admitted that the task of detection is to make a decision about the pres-
ence or absence of a useful signal against the background of interference and
noise, which is fundamentally impossible to get rid of. The narrow-band ran-
dom process structurally is close to the amplitude-modulated oscillation with
suppressed carrier and represents a beating signal of two sidebands. It follows
from the theory of vibration beats that the phase of the high-frequency com-
ponent changes by © when the signal envelope passes through 0. Consequently,
phase jumps are explained by the fact that narrow-band noises are beating sig-
nals of two sidebands. It has been shown that by using the structural differences
in the mixture of useful signal and noise and simply narrow-band noise, it is pos-
sible to significantly increase the reliability of receiving a digital signal in the
field of small signal-to-noise ratios. The article describes in details the mathe-
matical models of the receiving device with an additional receiving channel that
uses the phase features of the useful signal and noise mixture and simply nar-
row-band noise for signal detection. A diagram of a receiving device with an
additional channel for the implementation of the receiver on laboratory equip-
ment is given in order to obtain real experimental data. In addition, compara-
tive detection characteristics are presented for a classic single-channel receiv-
er and a receiver with an additional receive channel.
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The rapid development of digital information transmission
systems using radio signals has led to the need to improve re-
ceiving systems [5-6]. It has been established that the reliability
of receiving a radio impulse depends mainly on the signal-to-
noise ratio at the input of the receiving device. However, in most
cases, the transmitter power is limited and the creation of signal
power at the input of the receiving device that significantly ex-
ceeds the noise power is impossible for technical reasons. There-
fore, it is relevant to search for ways to receive radio pulse sig-
nals at low signal-to-noise ratios [1-4].

It is known that the essence of the detection task is to make a
decision about the presence or absence of a useful signal against
the background of interference and noise, which is fundamental-
ly impossible to get rid of [8].

The optimal receiver for receiving a radio impulse against the
background of interference and noise, according to Kotelnikov's
theory, consists of an optimal linear filter and a threshold device.
It has been established that the practical implementation of the
optimal filter matched with the spectrum of the useful signal, as a
rule, has a complex design, and in some cases is not realizable.
Therefore, in real receivers, a quasi-optimal linear filter and a
threshold device are used. In this case, the reliability of detection
does not depend on the parameters of the signal but depends only
on its energy. In the case when the ratio of signal energy to noise
energy is less than three, the probability of errors in signal recep-
tion turns out to be unacceptably large. The information trans-
mission system, in this case, is not operational[9-16].

The paper [1] shows the possibility of using structural differ-
ences between a mixture of a radio impulse and narrow-band
noise and simply narrow-band noise to solve the problem of in-
creasing the sensitivity of a radio receiver.

The backbone of the idea of increasing sensitivity is as fol-
lows: in systems with heterodyne reception, due to their narrow-
band, the following condition is met:

AF << F_, 1)

n,

Where AF — input signal spectrum width; F, —intermediate

frequency of the receiving-recording system.

Systems that meet this condition are called narrow-band sys-
tems. When such systems are exposed to broad-band noise, the
output signal is a narrow-band process, which, in the general
case, can be represented as a harmonic oscillation with a random
change in amplitude and phase:

E(t)=A(t)cos[ mt + o(t) ] &)

where A(t) and gg(t) — interchangeable, slowly varying func-
tions compared to cose,t, representing the envelope and ran-

dom phase of a narrow-band process.

If normal broad-band noise is applied to the narrow-band sys-
tem input, the output process and envelope will also be normal
with a zero average value [1], since the output signal is a linear
conversion of the input normal process.

Since A(t) — is a normal random process with a zero aver-

age value, then there is no zero term in the expansion [4].
Considering this, the narrow-band noise process can be repre-
sented as follows:

£(t)=(Za, cos(kat))cos( @t — (1)) =
=0,5%a, cos(apt —kQt+g, (t))+
10,522, cos( gt + kOt + 9, 1) &

where ¢ (t) =g, +0(t). ¢.(t) =@ —o(t) -

Based on this expression, a narrow-band random process in
its structure is close to amplitude-modulated oscillation with a
suppressed carrier. Thus, it is nothing more than a beating signal
of two sidebands. It follows from the theory of oscillation beats
that the phase of the high-frequency component changes by =
when the signal envelope passes through 0[7-11]. Consequently,
phase jumps are explained by the fact that narrow-band noises
are signals of beats of two sidebands. In this case, the frequency
of phase jumps of the high-frequency oscillation is determined
by the bandwidth of the narrow-band filter. This conclusion is
well consistent with the known provisions of information theory
and the theory of random processes.

the modulated oscillation differs in its structure from the beat
signal only in case when the envelope reaches the zero level with
amplitude-modulated oscillation, the phase of the high-frequency
component of the signal does not change, and the phase of the
high-frequency component of the beat signal changes by =. This
circumstance provides means for verifying the main propositions
stated above in connection with the structure of narrow-band
noise.

If a useful signal is present at the receiver input, the narrow-
band process structure changes. As shown in paper [1], even at
small values of the energy of the radio impulse, the structure of
the mixture of the signal and narrow-band noise changes and
becomes comparable to the structure of the amplitude-modulated
signal with the carrier. Structural differences, as shown [1], can
be successfully used to increase the sensitivity of the receiver by
using nonlinear transducers. In particular, phase converters
change phase at each reaching amplitude of the envelope of zero
value.

The study of the efficiency of using a receiving device with
an additional receiving channel using differences in the struc-
tures of the input process in the presence or absence of a useful
signal was carried out for the case of detecting a single radio
impulse.

Therefore, the purpose of this work is to study the possibility
of using receivers with an additional receiving channel for the
task of receiving digital radio signals against the background of
high-intensity interference.

To solve the problem, at the first stage, packages of special-
ized programs were used. Such software products include soft-
ware packages specially designed for research and development
of students by the company (K and H), and specialized equip-
ment (KL-96001 Main Unit, (KL-94005 ASK Unit, KL-93007
FDM Unit , KL-94003 FSK Unit and KL-96008 Multi - Func-
tion Unit).

A mathematical model of a two-channel receiver shown in
Figure 1 was built using the above programs:
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Figure 1. Block diagram of signal and noise mixture through
the cascades of the receiving device

The study of a two-channel receiver was carried out by a
combined method to ensure the correctness of the results
obtained. For example, the noise generator was implemented in
software in order to be able to generate noise with various
characteristics, and the digital signal was generated using a real
device included in the laboratory setup (Fig. 2).
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Figure 2. Main signal generator

The practical part was carried out using the same methods
used in Matlab: impulse signal is first generated, i.e. a digital
signal with a frequency signal, the magnitude of which can be
controlled, and also its amplitude, power, and frequency can be
amended, as shown in Figure 3.

Figure 3. Test generation of analog and digital signals
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At the second stage of the research, the virtual noise genera-
tor was replaced by a real source of interference. The impulse
signal was generated by the AD633, which performs the process
of multiplying the two signals. Then the signal was mixed with
noise through a collector circuit with a noise generator, the re-
ceiving antenna was used for this purpose. The antenna signal
was fed to a radio frequency amplifier with the possibility of
changing the gain. Through this process, the possibility of taking
detection characteristics at different signal-to-noise ratios was
realized (Fig. 4).
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Figure 4. Practical models of impulse signal and noise generators

An arbitrary digital signal with an active pause (fig. 5) was
used as a useful signal. When conducting mathematical model-
ing, we assumed that there is a possibility of correlation between
the carrier oscillation of radio impulses and the high-frequency
filling of narrow-band noises, since the formation of the above
processes was carried out by the same package of programs.
Therefore, for the reliability of the obtained results in the second
stage of research, we used a real receiving antenna as a source of
noise.

Figure 5. Impulse signal modulator

When transmitting a code combination, reliable reception is
possible if the number of errors in the recognition of signals 1
and 0 do not exceed the corrective capabilities of the code.
Therefore, when calculating the parameters of a digital infor-
mation transmission channel, the initial value is the probability
of missing the and the probability of false alarm. The depend-
ences of the above probabilities on the signal-to-noise ratio are
known to be called detection characteristics [12-14].

In order to confirm the correctness of the operation of the
mathematical model and the experimental setup, the detection
characteristics were taken for a single-channel receiver consist-
ing of a quasi-optimal linear filter, an amplitude detector, and a
threshold device.

Oscillograms of signal and noise mixture at the output of the
quasi-optimal filter for different signal-to-noise ratios are shown
in Figure 6.
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Figure 6. Oscillograms of signals at the output of a quasi-optimal linear
filter for various signal-to-noise ratios

The obtained detection characteristics coincided with the
characteristics described in the literature and thus allowed us to
conclude that it is possible to conduct studies of a receiving de-
vice with an additional receiving channel.

The main idea of increasing the noise immunity of the receiv-
ing device in the area of low signal-to-noise ratios ,presented in
paper [1], was to use an additional receiving channel with a
phase converter.

Due to the phase converter, the structural differences in the
mixture of the useful signal and narrow-band noise and simply
narrow-band noise are converted into spectral differences. Only
by noise on spectral differences with a certain degree of proba-
bility it is possible to conclude that the receiver installed at the
input. This information in the form of an electrical signal is fed
to the decision device and blocks the decision about the presence
of the signal made by the main receiver. This significantly re-
duces the probability of false alarms [1].

A similar approach can be used to receive digital signals.
However, unlike receiving a single radio impulse, while receiv-
ing a burst of radio impulses with a low duty cycle, it is more
expedient to use a conventional phase detector instead of a phase
converter (Fig. 1).

The operation of the additional channel, in this case,[17] will
occur as follows: in the absence of a signal with a unity level at
the input of the receiving device, only narrow-band noise will be
present at the output of the quasi-optimal filter. As it is known
from the generally accepted theory of narrow-band noise, each
time the envelope reaches zero, the high-frequency filling phase
jumps [2, 3, 5, 7]. In this case, a sharp change in voltage will
occur at the output of the phase detector, which will correspond
to a phase change of 180 degrees. Thus, the presence of one or
more impulses at the output of the phase detector in the detection
interval indirectly indicates the absence of a single level signal.

In the case when a radio impulse (single-level signal) arrives
at the input of the receiver, a mixture of narrow-band noise of the
useful signal will appear at the output of the quasi-optimal filter,
which, as shown in previously mentioned work [1], will have the
structure of an amplitude-modulated signal with a carrier. It is
known that phase jumps for amplitude-modulated signals are not
typical even with 100 percent modulation. Therefore, there will
be no sudden voltage changes at the output of the phase detector.

The previous discussion makes it possible to use an addition-
al receiving channel based on a phase detector to correct the de-

cision about the presence or absence of a useful signal at the in-
put of the main receiving device.

The decision device in this case will work according to the
following algorithm:

—In he presence of one or more high-level signals at the out-
put of the phase detector and any decision in the main receiving
channel, a decision is made about the absence of a signal at the
input of the receiver (the decision device issues a logical zero).

— In the absence of high-level signals at the output of the
phase detector in the detection interval, the decision device is-
sues a decision made by the main channel of the receiving de-
vice. (A logical one when the threshold is exceeded in the main
channel and a logical zero when the threshold is not exceeded).

A fairly simple algorithm for the operation of the decision
device and the use of well-known technical solutions made it
possible to use an experimental setup based on standard laborato-
ry equipment to study a receiving device with an additional
phase channel (Fig. 7).

Figure 7. Laboratory setup for studying a receiving device
with an additional phase channel
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Figure 8. The probability of false positives in case of filter bandwidth
change in common signal receiver and dual-channel receiver

In work [4], the results of studying the limits of application of
the improved theory of narrow-band noise for the problem of
increasing the noise immunity of receiving systems are present-
ed. The fact is that relation (1) can be satisfied for receiving sys-
tems with different ratios of the bandwidth and the average tun-
ing frequency of the linear filter. As a result of the research, the
boundary of the transition from narrow-band to broad-band re-
ceiving systems was determined. Narrow-band receiving systems
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with extended bandwidth allow the use of shorter pulses and thus
increase the rate of digital information transmission.

In this research, detection performance was obtained for a
narrow-band dual-channel receiver, a dual-channel extended
bandwidth receiver, and a wide-band receiver. In addition, Fig-
ure 8 shows comparative characteristics for a receiver without an
additional channel.

The detection characteristics of the dual channel receiver for
narrow and extended bandwidth are plotted in orange and blue
curves, respectively. As can be seen from the above graphs, as
the bandwidth increases, the probability of erroneous signal re-
ception increases. However, the error probability is lower in both
cases compared to a single-channel receiver. The detection char-
acteristics for a single-channel receiver with narrow and extend-
ed bandwidth are plotted in blue and yellow curves, respectively.
Thus, in the case of using narrow-band signals, the use of a two-
channel scheme is justified.

The green and purple curves correspond to a single channel
and a dual channel wideband receiver. As can be seen from the
above graphs, the use of a two-channel scheme for receiving
broadband signals does not provide any advantages compared to
the classical scheme.

Conclusion

1.  The possibility of using the improved theory of narrow-
band noise is shown to increase noise immunity when receiving
digital radio signals.

2. The use of an additional channel makes it possible to
increase noise immunity of narrow-band receiving systems com-
pared to a single-channel receiver with any ratio of the band-
width to the average frequency of setting a linear path.

3. The use of a two-channel receiver to receive broadband
digital signals is not feasible due to the noise gain is close to zero.
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MOBbILULEHUE MOMEXOYCTOMU4YNBOCTU NMPUEMHOIO YCTPOMUCTBA NPU NPUEME LIUDGPOBOIO
CUTHAJIA 3A CHET UCITIOJ1Ib3OBAHUNA OOIMNOJIHUTEJIbHOIO KAHAJIA C ®A30BbIM
NMPEOBPA3OBATEJIEM

Xadpadxa Anu Canax, PIE0Y BO "Kazarckuli HauuoHasnbHbIl ucciedosamesnbekull mexHudeckull yHusepcumem um. A.-H. Tynoneea-KAU" (KHUTY-KAM),
2. Kasans, Poccus, alisalahelect|985@gmail.com

AHHOTauuA

BbicTpoe pasButie cucteM nepesayun LMdpoBoit MHPOPMaLIMM C UCMONb3OBaHMEM PaJMOCUTHAIOB MPUBESIO K HEOBXOAMMOCTU COBEPLLEH-
CTBOBaHMA MPUEMHbIX cucTeM. B faHHOM cTaTbe paccMOTpeHa BO3MOXHOCTb MUCMOJIb30BaHUA YTOUHEHHOM TEOPUM Y3KOMOMOCHbIX LLYMOB
ANA NOBbILLEHNA YYBCTBUTENIbHOCTU NMPUEMHOrO YCTPOWCTBA NpU NpueMe LindpoBbIX cUrHanos. 3BecTHo, 4To CyTb 3afadv O6GHapy>KeHUs
3aKJIFO4aAETCA B TOM, YTOObI NPUHATL PeLleHe O HafM4MM UM OTCYTCTBUM MOJSIE3HOrO CUrHana Ha GpoHe MOMeX U LUYMOB, U36aBUTbCA
OT KOTOPbIX MPUHLIMMUASILHO HEBO3MOXHO. Y3KOMOJIOCHBIN Cly4aiiHbii MPOLIECC MO CBOEM CTPYKType BIM3OK K aMMMTyAHO-MOAYIMPO-
BaHHOMY Koneb6aHuIo ¢ NoAaBeHHOMN Hecyllel. To ecTb OH NpeAcTaBnifeT coboi HU YTO MHOE, KaK CUrHan GueHuit AByX GOKOBbIX Mosoc.
M3 Teopun 6uennii konebaHuit cnefyeT, Y4To ¢asa BbICOKOYACTOTHOW COCTABIAIOLLEN U3MEHAETCA Ha T MPU NPOXOXAEHWUN ormbatoLleit
curana yepes 0. Takum obpa3oM, nepeckoky dasbl OOBACHAIOTCA TEM, YTO Y3KOMOMOCHbIE LyMbl ABMIAOTCA CUrHanamMm buenwii apyx 6o-
KoBbIx noso. NokasaHo, Y4TO 32 CHET UCMONb3OBAHUA CTPYKTYPHbIX OT/IMYMUIA CMECU MOJNIE3HOrO CUrHasMa U LyMa M MPOCTO Y3KOMOJSIOCHO-
ro LyMa MOXXHO CYLLIECTBEHHO YBE/IMYUTb JOCTOBEPHOCTb NMpUeMa LUMppOBOro cMrHana B 0651acTy Manbix OTHOLLIEHUI curHan/wyM. B cTa-
Tbe NOAPOBHO OMMUCaHbl MaTeMaTMYecKue MOZENN MPUEMHOro YCTPOMCTBA C AOMOJSHUTENbHBIM KaHamoM npueMa ucnosb3ytollero ¢aso-
Bble OCOGEHHOCTN CMeCH MOJIE3HOTO CUTHAMA U LyMa U MPOCTO Y3KOMOJIOCHOTO LiyMa Ansa obHapyxeHusa curHana. [puBeseHa cxema npu-
€MHOTO YCTPOMCTBA C AOMOJIHUTENBHBLIM KaHaIoOM, [J1A peaninzaLmy NpUeMHUKa Ha nabopaTopHOM 06opyAOBaHHUe, C LieMbIo MOMyYeHUs pe-
aNbHbIX 3KCMEPUMEHTaNbHBIX AaHHbIX. [1pUBeAeHbI CpaBHUTENbHBIE XapaKTEPUCTUKU OBHAPYXEHUA AJ1A KINACCUYECKOro OHOKaHaNIbHOro
NMPUEMHOrO YCTPOWCTBA U NMPUEMHOrO YCTPOWCTBA C JOMOJSIHATENbHBIM KaHaIoM NpueMa.

Kniodeebie cnoea: ¢azosbili demekmop, nomexoycmouyueocme, paduoumnysibC, y3KONOIOCHbIU WYM, WUPOKONOMOCHBLIU 6enbill wym,
08YXKAHAsbHBIU NPUEMHUK.
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