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Background. The direction of development of modern electronic communication systems tends to increase the
speed of information transmission. In turn, increasing the speed requires the use of additional resources of the
communication channel and tools to maintain the specified reliability of the transmission under limited conditions.
But resources are not free. That is why there is a need to establish a relationship between the conditions for reliable
transmission in high-speed channels and the spectral and energy parameters of the information transmission system.

Objective. The purpose of the paper is to analyse and describe the effect of block noise-tolerant coding on the
rate of transmission of symbols in the communication channel while ensuring the required reliability of information
transmission at a constant speed of the message source by increasing the frequency involved.

Methods. The initial stage of the study is the presentation of system parameters in case of inaccurate
transmission. Then a block redundant code is synthesized, which ensures the reliability of information transmission
and the procedure of spreading the spectrum at a fixed speed of the message source is performed.

Results. Recommendations on the method of selecting coding parameters in the procedure of spreading the
spectrum and provided that the speed of the message source is constant are formed.

Conclusions. Analysis of the possibilities of noise-tolerant coding at different energies of the communication

channel under conditions of increasing the channel transmission rate at a fixed speed of the message source.
Keywords: speed; message source; reliability; noise immunity.

Introduction

With each passing day, consumer
demand for the consumption of large amounts of
information is only growing [1,2]. That is why
all telecommunication systems, first of all, keep
the direction of development in increasing the
speed of information transmission. In this case,
ensuring the necessary reliability of information
transmission depends entirely on the specialist
who configures the network and takes into
account that with increasing information speed
you need to attract additional resources of the
communication channel: spectral, energy, time
[3, 4]. But resources are not free. Therefore, the
profitability of the information system as a
whole depends on the method of attracting
additional resources [5, 6].

In this study, it is not necessary to
sacrifice some frequency resource to ensure
appropriate reliability. It was decided in advance
that the procedure of expanding the frequency
resource will be performed, so as to maintain a
fixed speed of the message source at a given
reliability [2,7].

The main tool will be a universal
algorithm for managing the situation in the
communication channel [3,8,9,10].

The aim of the study is to analyse the
possibilities of block coding when the spectral
characteristic of the communication channel -
channel transmission rate - is expanded. The
requirements are:

— the reliability of the transfer must be at
the level pgir = 107°;

— fixed speed of the message source Vs.

The object of the study is an excessive
noise-tolerant code which ensures the necessary
reliability of information transmission.

The subject of the study is a fixed
speed of the source of messages by which we
understand the limits of the found code at a
certain energy of the communication channel.

1. Analysis of transmission system
parameters with good communication
channel energy

Suppose there is a data transmission
system whose initial parameters are shown in
Table 1.

Table 1 — Initial parameters of the data
transmission system (1 case)

a, MHz Mod. Vs, Mbps | h? dB Poit V¢, Mbps

600 PsK 75 9,03 _3’1107,5

= 75
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It can be seen that the probability of
error does not meet the requirements that we set
for the study, namely the probability of bit error
should be at the level of 107°. It is necessary to
ensure the reliability of the requirements [11], so
we use coding, then check whether the
capabilities of the selected code to ensure the
specified reliability when expanding the
spectrum, provided that the speed of the
message source [12,13]. The main tool is the
frequency resource, which we will increase.

The main encoding parameter we choose
is the length of the code block. Let the code be
of length n =500. Using the developed
technique, determine the parameters of the
transmission system using coding and enter in
Table 2 [3,14].

Table 2 — Parameters of the data
transmission system with coding (1 case)

Table 3 — Parameters after spectrum
expansion (1 case)
Vs, Ve, h?, Poit Poic
Mbps | Mbps dB to cod. t after Te
cod.
3,49 8,66
75 7586 | 898 | T Ts [ 2| i, | 0989

Let us display the solution of the
corresponding problem graphically in Fig. 1.

75,2 Vs, Mbps

equality of source velocities
75 < >
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=75,86 Mbps

Ve, 2 Pbit Pt Vs,
Mbps h*.dB to cod. t after Te Mbps
cod.
3,17 6,5
75 9,03 Tlo-s | 2| o | 0989 | 741

Now, using the already found code,
perform the operation of expanding the
spectrum, namely increasing the data rate. At the
same time, it is necessary to analyse whether
there are enough possibilities (found parameters)
of coding to ensure the reliability of the given
energy of the communication channel.

To find out at what data rate use the
following formula [1,7]:

Vs =Ve-log,(M) -7, (€Y)
where Vs — message source speed;

Ve — channel transmission rate (frequency
resource);

M — multiplicity of modulation;
1. — coding speed.
VSl = VCZ «1- rCZ = VCZ " 0,99

According to the initial parameters of
the transmission system Vs, = 75 Mbps. When:
Vs 75

= 21— = 7 , M
Ve, v, 0,989 5,86 Mbps

We will increase the rate of transmission
of symbols in the communication channel and
calculate all other parameters of the information
transmission system, which will be entered in
Table 3.

Fig. 1. Graphic display of 1 case

As you can see, the capabilities of the
redundant code were enough to achieve the
specified requirements for the reliability of the
transmission and the condition of constancy of
the transmission speed in the communication
channel when expanding the spectrum.

Now you need to check the algorithm
with a different energy channel.

2. Analysis of transmission system
parameters at average communication
channel energy

Under the average energy index we will
consider the signal-to-noise ratio h? =
7 dB and h? = 5 dB, of course in relation to the
modulation used — FM — 2.

Let's increase the indicator that we
record, namely the speed of the message source
to 120 Mbps and perform the calculation.

The initial parameters of the information
transmission system in this case will be as
follows:

Table 4 — Initial parameters of the data
transmission system (2 cases)

a,MHz | Mod. Vg, Mbps | h?>,dB | Dpi V¢, Mbps
PSK 7,83
600 = 120 699 | ol 120

Increasing the fixed speed of the
message source has degraded the power in the
communication channel to 6,99 dB. Of course,
the quality of transmission deteriorated
immediately after energy. That is, in this case
we can talk about the inaccuracy of information
transmission more confidently, because the




probability of error is already at the level of
107

As in the previous experiment, we use
the encoding (n = 500) to ensure the reliability
of the transmission and enter all the parameters
of the system with the encoding in Table 5.

Table 5 — Parameters of the data
transmission system with coding (2 cases)

Poit
Ve, 2 Pbit Vs,
Mbps h*.dB to cod. t 1{:3? Te Mbps
120 6,99 _7'1803_4 6 _1'190_7 0,959 115,13

Table 5 shows how the parameters of the
information transmission system change when
the initial parameters deteriorate. Namely:

— deterioration of the initial probability
of error leads to an increase in the correctness of
the code (from 2 to 6);

— increasing the correctness of the code
affects its speed — it decreases. This means that
more resources are given to coding.

Using formula 1, again determine how
much to increase the channel rate so that the
value of the speed of the message source
remains unchanged.

VSI = VC2 -1- TCZ = VCZ - 0,99
According to the initial parameters of
the transmission system Vs, = 120. When:

_ Vs _ 120
2 1, 0959

Ve = 125,08 Mbps

It is to this value that we need to expand
our range. Similar to the previous paragraph,
determine the parameters of the system after the
expansion procedure and enter them in Table 6.
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Fig. 2. Graphic display of 2 cases

The result of the second case shows that
even with the deterioration of the initial
parameters of the system, this procedure with
fixing the speed of the message source with a
given reliability copes after two steps at once.
That is why the experiment is carried out in the
direction of lowering the energy of the
communication channel.

Let's move on to the third case, where
we increase the speed of the message source to
190 Mbps and fix it.

Table 7 - Initial parameters of the data
transmission system (3 cases)

57

a, MHz Mod. Vs, Mbps | h? dB Dhit V¢, Mbps
PSK 5,98
600 =, 190 499 | >, 190

In this case, the energy of the channel
reaches the level of 4,99 dB. In general, the
initial state of the system is worse than in the
second case. At once we will find coding
parameters which will provide reliability and we
will enter them in Table 8.

Table 8 — Parameters of the data
transmission system with coding (3 cases)

Ve, 2 Poic Poit Vs,
Mbps h* a8 to cod. t iit;r Te Mbps
190 4,99 _5'1908_3 14 .5'1%5_7 0,898 | 170,6

Table 6 — Parameters after spectrum
expansion (2 cases)
Vs, Ve h?, Pbit Poit
Mbps Mbps dB to cod. t after Te
cod.
9,76 8,24
120 12508 | 681 | ols | 6| 1o, | 0959

Let us display the solution of the
corresponding problem graphically in Fig. 2.

Table 8 shows the constant dynamics,
where the corrective power increases and the
code speed decreases. Let's use formula 1 and
find how much we need to expand our range.
Data with calculations will be entered in Table
9.

Ve, =52 199 _ 511 65 mb
= —-——— = ) S
¢ = . 0898 P
Table 9 — Parameters after spectrum
expansion (3 cases)
Vs, Ve, hZ, Poi Phit
Mbps Mbps dB to cotd. t if)tcelr Te
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8,63

‘ 190 ‘ 211,65 ‘ 4,53 ‘ .10-3

B

‘ 0,898 ‘

Now, the fun begins. After analysing
Table 9, it is possible to notice two main factors:

— similarly, to the previous cases the
constancy of speed of a source of messages is
provided;

—in this case, when expanding the
spectrum using the already known code, the
specified transmission reliability is not provided,
because the bit error probability in this case is at
the level of 1075,

Having come to this situation, you need
to take the following steps:

1) when the found code did not provide
reliability, it is necessary to define
parameters of new coding for a
condition of system after expansion (by
analogy to an initial condition);

2) perform re-expansion of the spectrum
using the new code.

That is, you need to perform all the
actions that were performed before, but
assuming that the state of the system after
expansion is in some sense initial.

First of all, find the encoding parameters
that will ensure reliability and enter in Table 10.

Table 10 — Parameters of the data
transmission system with coding (3 cases -
recalculation)

consistency of the source speed and reliability at
the level of 107°.

Find the parameters of the new code and
enter in accordance with Table 12.

Table 12 — Parameters of the data
transmission system with coding (3 cases - 2nd
recalculation)

Phit
Ve 2 Pbit Vs,
Mbps | W98 | (gcoa. | T | After Te Mbps
cod.
9,39 4,64
217,33 4,41 103 18 10-7 0,866 188,3

Again, using the new code rate, we find
the channel bit rate to which we want to extend.

Vs, 190
VC4 = T_ = m = 219,29 MbpS
Cc3 ,
We will increase the channel

transmission rate to this value and determine all
the parameters of the transmission system. The
data are entered in Table 13.

Table 13 — Parameters after spectrum
expansion (3 cases - 2nd recalculation)

Vs, Ve, h?, Phoit Poit
Mbps Mbps dB to cod. t if)t;r Te
9,66 7,03
190 219,29 | 4,37 Jlo-3 18 S0-7 0,866

For greater clarity, we will represent this
case graphically in Fig. 3.

Ppit
Ve 2 Pbit Vs,
Mbps h®.dB to cod. t i‘:;f Te Mbps
211,65 4,53 _8’1603_3 17 _6’1004_7 0,874 185

Now using the new code rate, we find
the channel bit rate to which you want to extend.

Vs, 190
s 1, 0874

Ve = 217,33 Mbps
Extend the frequency band to this level

and using the second code found, define other

system parameters and enter them in Table 11.

Table 11 — Parameters after spectrum
expansion (3 cases - recalculation)

Vs, Mbps equality of source velocities 4,17 -107°1,96 - 107°

190 © -
ko5 17 * / 7,03
4,64 -10
185 1077
6,04-1077
180 re
E 4
175 ves
e v 190
,16“377 ’17%,m7211,65 M6iT/c

170 @ z > V¢, Mbps

185 195 205 215

Vs, Ve h?, Pbit Poic
Mbps | Mbps dB to cod. t after Te
cod.
9,39 1,96
190 217,33 | 4,41 .10-3 17 .10-6 0,874

It is possible to notice that after repeated
actions the value of probability of an error
approached the set requirements, but
nevertheless is higher. Therefore, it is necessary
to perform another recalculation and make sure
that the result satisfies both requirements:

Fig. 3. Graphic display of 3 cases

According to Fig. 3, we can conclude
that to find a noise-tolerant code that will ensure
the condition of constant speed of the message
source and ensure reliability using an additional
frequency resource, it was necessary to perform
the actions presented in cases 1-2, but several
times.

In other words, the smaller the initial
power reserve of the transmission system, the
more cyclic actions to find the code parameter
and increase the frequency resource will need to
be reproduced.

Let's check this statement in the next
paragraph.




3. Analysis of transmission system
parameters at low communication channel
energy

We will conduct a similar analysis, but
at low energy. Under low energy we understand
the level of the signal-to-noise ratio h? = 3 dB.

In the last paragraph, it was emphasized
that at low energy the number of cyclical
operations is likely to increase, so we will not
describe the actions in detail, as they have
already been described above.

We present a table with calculations of
the parameters of all states of the transmission
system, such as above. And in the end, we give a
graphical representation of the solution of the
problem.

In this case, there will be only one table
with the data obtained after the cyclic steps
described above. The main goal of this
experiment is to count the number of cyclic
operations, if possible. Because it is possible that
this operation can be done indefinitely and it
will not work. In this situation, you need to
develop recommendations for further action.

Table 14 - Parameters after spectrum
expansion (4 cases - generalized table of states)

Noof Vs, n?, Ve, Poie Poie
state Before t Te
Mbps dB MMbps coding After coding

1 300 3 300 2,3-1072

2 231,6 3 300,0 2,3-1072 30 7,9-1077 0,77
3 300 19 388,7 3,9:1072 30 9,9-1073 0,77
4 260 1,9 388,7 3,9-1072 43 931077 0,67
5 300 1,3 448,5 51-1072 43 3,7-107* 0,67
6 268 1,3 448,5 51-1072 52 56-1077 0,60
7 300 0,8 502,2 6,1-1072 52 8,2-107° 0,60
8 272,1 0,8 502,2 6,1-1072 59 6,2-1077 0,54
9 300 0,3 553,7 7,0-1072 59 4,7-107° 0,54
10 273,6 0,3 553,7 7,0-1072 65 8,6-1077 0,49
11 300 -0,1 607,2 8,0-1072 65 4,6-1075 0,49
12 266,2 -0,1 607,2 8,0-1072 72 51-1077 0,44
13 300 -0,6 684,4 9,3-1072 72 8,1-107° 0,44
14 256,4 -0,6 684,4 9,3-1072 80 6,7-1077 0,37]
15 300 -1,3 800,7 1,1-107" 80 3,1-107* 0,37]
16 2298 -1,3 800,7 1,1-1071 91 7,9-1077 0,29
17 300 -2,4 1045,2 1,4-107" 91 54-1073 0,29
18 141,7 —24| 10452 1,4-107 110 9,7-1077 0,14}
19 300 -57 22128 2,3-107t 110 6,9-1071 0,14

Let's present this case graphically at
once to analyse it better.
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Fig. 4. Graphical display of the problem

The table above describes each
transition between states when changing the
parameters of the transmission system. It is
possible to notice dependence of change of
authenticity of transfer after coding and speed of
a source of messages. First, unsatisfactory
reliability at expansion and fixed speed of a
source of messages, and then on the contrary
satisfactory reliability at unfixed speed of a
source.

It can be seen that at low initial energy,
this technique failed to solve the problem
according to the specified requirements.

When analysing Table 14 and Fig. 4, we
can see that there is some limit after which the
implementation of cyclical steps (described in
paragraph 2) the situation only worsens and it is
impossible to achieve both requirements.

Considering Table 14, it should be noted
11 the state of the transmission system, when the
energy of the communication channel becomes
very small. When expanding the frequency
resource to 607,2 Mbps, the signal-to-noise
ratio in the number of times is less than 1,
namely h? = 0,988 times. In other words, in
this state, when finding the parameters of the
new code when going to state 12, the parameter
of the speed of the message source begins the
dynamics of deterioration.

The energy limit in this study can be
considered the signal-to-noise ratio equal to
h? = 0dB or h? = 1 time. Further cyclic steps
described in this study do not make sense when
the energy level is h? < 0.

Conclusions

For the first time, a method for selecting
coding parameters during the spectrum
expansion procedure and under the condition of
constancy of the message source speed is
proposed. Known methods for the synthesis of
block code parameters were intended to keep
unchanged the spectral-energy characteristics of
radiation [5, 8, 13].
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The algorithm of actions presented in
this work provides fulfilment of requirements to
reliability of information transfer at use of an
additional frequency resource on condition of
invariance of speed of a source of messages.

The  initial  parameters of  the
transmission system are very important for
solving this problem. Better communication
energy requires fewer actions to achieve results.

Research has shown that the use of this
algorithm for the synthesis of block code
parameters is not appropriate at low initial
energy parameters of the transmission system, as
a small margin may not be enough to meet the
transmission requirements, and their further
implementation is already beginning to reduce
communication channel performance.
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AHaJI3 CHEKTPAJbHUX XAPAKTEPUCTHK KaHAJYy TejleKOMYHikauii 3 OJOYHMM KOJAYBAaHHAIM 32 YMOB

NOCTiiHOT IBUAKOCTI /IzKepeJia MOBiIOMJICHb

IIpo6iaemaruka. HampsiMOK pPO3BUTKY CydYaCHHX CHCTEM CJIEKTPOHHUX KOMYHIKalili Mae TEHAEHLIIO a0
30UIBIICHHS] MIBUAKOCTI nepenadi iHdopmanii. ¥ CBOIW 4epry, 30UIbIICHHS IIBHAKOCTI BUMara€ BHKOPHCTaHHS
JIOJATKOBHUX PECYpCiB KaHaly 3B'SI3KY 1 IHCTPYMEHTIB i HMIATPUMKH 3aJaHOl HaJiHHOCTI Iepeaadi B yMOBax
oOmexeHux pecypciB. OJIHaK BHUKOPHUCTAaHHS pecypciB He € Oe3KOIITOBHHUM. TOMy BHMHHKae HEOOXIIHICTh
BCTAHOBJICHHS B3a€MO3B'SI3Ky MK YMOBaMH HaJiiHOI mepejiaydi B BUCOKOIIBHIKICHUX KaHaJIaX 1 CIIEKTPAIbHUMU 1

CGHEpPreTUYHUMU IIapamMeTpaMu CUCTEMU nepeaadi iHpopmartii.
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Meta pocaigskenHsi. IIpoaHamizyBaTu 1 onmmucaTé BIDIUB OJIOYHOTO 3aBaJOCTIHKOrO KOXyBAaHHS Ha IIBHUIKICTH
nepeaadyi CHMBOJIIB B KaHaIIl 3B'sI3Ky, 3a0e3Meuyroud Mpy [bOMY HEOOXiAHY HaAiiHICTh mepemadi iHdopmamii mpu
MOCTIHHIH MIBUIKOCTI JyKepesia MOBIAOMIICHHS 3a PaxXyHOK 301IbIICHHS 3a1THOT CMYTH YaCTOT CIIEKTPY.

Meton peadizanii. [ToyaTKOBUM eTarioM JOCIIKCHHS € YSBJIICHHS IIapaMeTPiB CUCTEMHU B pa3i HEIOCTOBIpHOT
nepenaydi. [loTiM CUHTE3ye€ThCSI Ha UIMIIKOBA OJIOKOBHI KoJ, IO 3a0e3nedye HEOoOXiaHy HaAiWHICTh nepenadi
iHpopMalii, i BUKOHYETHCS IIPOIeypa PO3IINPEHHSI CIIeKTpa IpHu (pikCOBaHiH MIBUIKOCTI JPKepesia MOBiJOMIICHHSL.

PesyabTratn nociaimkennsi. ChopmynpoBaHO peKkoMeHaalii mo croco0y BHOOpY IapaMeTpiB KOIyBaHHS B
MPOTEIYPi PO3MIUPEHHS CIEKTPa 1 MPU IMOCTIMHIN MIBUIKOCTI JKEpesia MOBiIOMIICHHS.

BucHoBKkH. AHaJi3 MOXKJIMBOCTEH 3aBaJIOCTIMKOr0 KOJXYBaHHSI IIPH Pi3HINA €HEepreTHIl KaHaly 3B'SI3Ky B yMOBaX
301IBIICHHST MIBUAKOCTI Tiepefadi B KaHaiai npu  (IKCOBaHIA MIBHAKOCTI Tmiepenadi iHdopmarii mKepesna
MOBIiTOMJICHHS.

Kiro4oBi cjioBa: MIBHIKICTB; IHKEPEIIO MOBIJOMIICHHS; HaIIHHICTh; IEPELIKOI03aXUIIECHICTh.

Ypuwieckuii J1.A., Kopnuenxo A.A., Illmuzens b.O.

AHAJIN3 CNEKTPAJBbHBIX XaPaKTEPHUCTHK KaHAJA TEeJeKOMMYHHKAIIMU C¢ OJOYHBIM KOAMPOBAHUEM MPH
MOCTOSIHHOM CKOPOCTH UCTOYHMKA COOOIIeHU A

Ilpodaemaruka. HampaBieHue pa3BUTHS COBPEMEHHBIX CHCTEM JJICKTPOHHBIX KOMMYHHUKalUUH HMeeT
TEHJCHIMIO K YBEJIWYSHHIO CKOPOCTH mepenadyu mHdopmanuu. B cBoro ouepenb, yBelIHYeHHUE CKOPOCTH TpeOyer
HWCIOJIb30BAaHUsI JIOTIOJIHUTENBHEIX PECYypCOB KaHala CBSI3M M HMHCTPYMEHTOB JUIS IIOJJICp)KaHHUS 3aJaHHOU
HaJEKHOCTH IIepe/ladd B YCJIOBHSIX OIpaHUYCHHBIX pecypcoB. OIHAKO HCIOJIBL30BAaHHUE PECYpPCOB HE SIBIISICTCS
OecrutaTHBIM. [loPTOMYy BO3HHMKaeT HEOOXOIMMOCTH YCTAHOBJICHHSI B3aMMOCBSI3W MEXIY YCIOBHUSIMH HaICKHOU
nepelayi B BEICOKOCKOPOCTHBIX KaHalaX M CIEKTPAIIbHBIMU M DHEPIreTHYCCKUMU TTapaMeTpaMi CUCTEMBI TIepeaadn
uHbOpMAaIUH.

Iean nccnenoBanusi. [Ipoananu3upoBath U ONKUCATh BIUSHUE OJIOYHOTO MIOMEXOYCTOMYUBOTIO KOAUPOBAHUS HA
CKOPOCThH TMepeladydl CHMBOJIOB B KaHaje CBs3M, oOecrieurBasi MHpPH ITOM TpeOyemMylo HaIe)KHOCTh Iepeaadn
nHGOPMAIIMU [PHU MOCTOSIHHONW CKOPOCTH HCTOYHHKA COOOIICHHUsS 3a CYET YBEIWYCSHUs 3aJelCTBOBAHHOMN MOJIOCHI
4acToOT CHEKTpa.

Metoa peanm3anuu. HaganbHBIM STarioM HCCIIEAOBAHMS SIBIISIETCSI IIPEACTABIICHNE ITApaMETPOB CHUCTEMBI B
cllydae HEIOCTOBEpPHOW mepemadyd. 3aTeM CHHTE3UPYeTCs W3OBITOYHBIM OJOYHBIA KO, OOCCIeUYMBAIOIINI
TpebyemMyio HaAe)KHOCTh mepeaadyd HWHEGOPMAIMU, W BBIMNOJHSICTCS MPOIEAypa PacCIIMPEHHs] CIEKTpa MpHu
(bUKCUPOBAHHOMW CKOPOCTH UCTOYHUKA COOOIICHHSI.

Pesyabrarhl  ucciaenoBanusi. ChopMyIHUpOBaHbBl PEKOMEHAAIMA MO Crocol0y BbeIOOpa mapaMeTpoB
KOJMPOBAHMSI B MPOLIEAYPE PACIIUPESHUS CIIEKTPA M MPH MOCTOSIHHON CKOPOCTH MCTOYHHKA COOOIICHHUSI.

BbiBOABI. AHAIN3 BO3MOKHOCTEH IIIyMOYCTOWYNBOTO KOJAUPOBAHMS IIPH PA3IMYHOI SHEPreTHKE KaHajla CBsI3U B
YCIIOBUSIX YBEJIMYEHHUsI CKOPOCTH IIepenadd B KaHaje INpH (PUKCHPOBAHHOW CKOPOCTH Ilepenadn WHQOpMaIuu
HCTOYHHKA COOOIICHUS.

KiroueBble c10Ba: CKOPOCTH; HCTOYHHUK COOOIICHNST; HAJACKHOCTH; TOMEXO03alIUIIICHHOCTD.





