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Abstract

Introduction. Noise-proof coding is used in many communication systems to provide an acceptable level of
performance. A particular feature of its use is the inclusion of redundant characters in a coded packet. It de-
mands more transfer time and essentially better throughput of the channel than in the case of an uncoded
packet transferring. A promising development is a software change in the configuration of radio communica-
tion system and the development of communication protocols. This is done to ensure the maximum load factor
of the channel while ensuring an acceptable level of performance.

Objective. To improve radio system performance by updating communication protocols, in order to solve the
problem of ensuring maximum channel load during signal formation and reception.

Materials and methods. The paper describes the structure of the protocol developed by the authors. It is ap-
plicable in software to control ionospheric radio communication system transceiver modules. The software was
developed in LabView (VHDL language) cross-platform software environment and was studied by means of a
radio interface simulation model.

Results. The study examined the corrective ability of codes in the case of a supplementary Gaussian channel
with binary phase modulation (OFDM-modulation, 2PSK and 4PSK absolute phase manipulation) in the selec-
tion of an energy-efficient approach to the design of ionospheric radio communication system. The study de-
veloped the structure and the functional description of the protocol used in the software for the simulation
model of software-configurable radio channel. The software operation can be carried out in Windows 7 and in
later versions with bit depth x32/x64 under the MS VisualC++package. It was shown that the software thus de-
veloped can use the hardware and software controls of the transceiver module. SunSDR2 transceiver and an-
tenna amplifier were included in the module.

Conclusion. The results obtained allow for the replacement of separately adjusted radio receivers and trans-
ceivers built on a complex super-heterodyne scheme. A limited number of hardware units operate under the
control of the developed software. Further studies will be carried out to assess the passage of OFDM signals
through multipath communication channels with Rician and Rayleigh fadings. The resulting model will allow for
the assessment of noise immunity at different lengths of the cyclic prefix OFDM symbol and for observation of
signal constellation behaviour under the influence of various instabilities.
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AHHOTauuMA
BeBegeHue. MNomexo3allyiLeHHOe KOANPOBaHMeE NCMONb3yeTcs BO MHOMMX CUCTEMAaX CBA3M ANa obecrneyeHuns
npuemMaemMoro ypoBHsS MPON3BOAUNTENBHOCTU. OCOBEHHOCTb MCMO/b30BaHNA — BO BKAHOYEHUM W3ObITOUHbIX
CMMBOJIOB B 3aKOAMPOBAaHHbIN NakeT, UTO TpebyeT 60nbLIEro BpeMeHn nepefadn 1 CyLecTBeHHO 60MbLLYHD
MPOMYCKHYI CMNOCOBHOCTM KaHana, 4em npu nepejave HeKOAMPOBAHHOIO nakeTa. MepcnekTVBHbLIM 34eCb AB-
NAeTcs NporpaMMHOe M3MeHeHre KOHPUrypaumm cncTeMbl pagrocBsasn U paspaboTka NPOTOKOI0B CBA3N AN
obecrneyeHVss MakCMManbHOro KO3gPuLUMeHTa 3arpy>keHHOCTM KaHana nNpu obecneyeHns NpremaemMoro ypos-
HS NPOU3BOANTENbHOCTN.
Lienb pa6oTbl. MOBbILLEHVE MPOV3BOANTENBHOCTY PAANOCUCTEMbI MYTEM COBEPLLEHCTBOBAHWS MPOTOKO/OB CBA3W,
peLLeHe Bonpoca obecrneyeHns MakcMasibHOM 3arpy>KeHHOCTM KaHana npyv ¢opMMpoBaHUN 1 MpreMe CUrHaNoB.
MaTtepuanbl n metogbl. B paboTe NpuBOANTCA ONMCAHWE 1 CTPYKTypa MPOTOKOAa, pa3paboTaHHOro aBTopa-
MW 1 MPUMEHMMOro B 4acTy NPorpamMMHoOro obecneveHus (MO) ynpaeneHns npremonepeaaroLlero Mogyns
cncTembl MoHochepHol paguoceasn. MO paspabaTbiBaeTcss B KpoccnaaTPopMeHHOW MporpamMHOli cpeje
LabView Ha a3bike VHDL 1 NpoxoauT nccneoBaHUsa Ha UIMUTaLNOHHOM MoAenn pagnonHTepdeica.
Pe3ynbTaTbl. ViccnefoBaHa KOPPEKTMPYHOLLAS CMOCOBHOCTb KOAOB, ANA CAy4vas aAfUTUBHOMO raycCoBCKOro
KaHana ¢ gson4Hon dpasosoii mogynaumeln (OFDM-mMoaynauma COBMeCTHO € abCcontoTHOM $pa3oBo MaHUMNYNs-
umein 2PSK n 4PSK) ansa Bbibopa aHeproaddekTMBHOro noaxosa K NpoekTMPOBaHNID CUCTEMBbI MOHOChEepHOW
paanoceasn. PaspaboTaHa CTPyKTypa U QyHKLMOHAaNbHOE OMnuncaHne npoTokona, ucnonbsyemoro B MO gns
VIMUTaUNOHHOM MOZeNn nporpaMMHO-KOHGUrypmpyemoro paguokaHana. Pabota MO ocywecrBnsetcs B OC
Windows 7 1 6onee nNo3gHWX BepPCUSAX C pa3psagHoCcTbio x32/x64 nog ynpasneHnem naketa MS VisualC++. MNo-
KasaHo, YTo pa3spaboTaHHoe MO MOXeT 3ajelicTBOBaTb annapaTHble U NpPorpaMMHble CPesCTBa ynpaBaeHns
nprviemMonepeatoLlero Moy s, BKIoUatoLLero TpaHcmeep SUNSDR2 1 aHTeHHbIN ycunuTenb.
3aknoueHme. MonyyeHHble pe3ynbTaThbl MO3BOASHOT 3aMeHUTb OTAEbHO HacTpanBaeMble pajonpUeMHUKN
1 TPaHCMBepPbl, MOCTPOEHHbIE MO C/IOXHOM CynepreTepoMHHOM CXeMe, Ha OrpaHnYeHHoe YCI0 annapaTHbIX
610K0B, paboTatoLMx Nog ynpasneHvem paspaboTtaHHoro MO. B ganbHeriweM naaHUpyeTCs NpoBeCT nccie-
[OBaHMA MO oueHKe MPOXoXAeHus curHanoB OFDM uepes MHOroslyyeBble KaHasbl CBA3WM C 3aMUPaHUSMU
Penes n Parica. Monyyaemas MoAenb MO3BOJINT OLLEHNTb MOMEXOYCTOMYMBOCTE MPWY PA3IYHON ANNHE LIUKAN-
yeckoro npedukca OFDM cumBona 1 NpoHabnaTh 3a NoBejeHNEeM CUIHaAbLHOMO CO3BEe3ANs MpU BO3gel-
CTBUW Pa3NYHbIX HECTabUIbHOCTEN.

KntoueBble cnoBa: cxembl KOAMPOBAaHUA, CXeMbl AEKOANPOBAHUA, CMCTEéMa CBA3W, KaHasl nepejadyun, nporpaMmmHoe
obecneyeHue, CUTHaNbHO-KOA0BbIE KOHCTPYKLNNK, LIJI/IpOKOBELLLaTEI'IbeII‘/’I npoToKOoN, I'IO!'Iy,D,yI'I!'IQKCHbIVI npoToKON

Ans uutTupoBaHus: Bopobre O. B., PuibakoB A. /. Bbi6op 1 1UCMO/b30BaHWe NPOrpaMMHON apXUTEKTYpPbI
JeNCTBYIOLLIEro NPOTOKoa nepejayn AaHHbIX NPOrpaMMHO-KOHGUIypupyemoro paaviokaHana // M3B. By3oB
Poccun. PagmnoanektpoHuka. 2019. T. 22, Ne 4. C. 18-30. doi: 10.32603/1993-8985-2019-22-4-18-30

KOH$NNKT nHTepecoB. ABTOPbI 3aABASIHOT 06 OTCYTCTBMU KOHGANKTA MHTEPEeCoB.
CraTtbs noctynuna B peaakumto 21.04.2019; npuHaATa K nybamkaumm nocne peLeH3nposanHms 24.05.2019; onybnvikosBaHa
OHnaiiH 27.09.2019

Introduction. The fact that ionised traces of mete-  observed that high-frequency radiation flashes occur
ors entering the Earth’s atmosphere can reflect radio  during meteor showers [1]. In 1935, Skellet discovered
signals has been known since the early 1930s. Pickard  that an ionised trail left by a meteor while burning up in
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the Earth’s atmosphere can be used to reflect radio sig-
nals towards the Earth [2].

Previously, there was no way of detecting and uti-
lising an ionised (meteor) trail before its scattering. A
meteor burst communication was a rarity sometimes
used by radio amateurs but had very little practical ap-
plication. The emerging of modern low-cost technolo-
gies and high-speed digital equipment has led to dra-
matic changes in commercially available meteor burst
communication technology. Unlike other transmission
technology;, it can provide communication "beyond the
limits of direct visibility" otherwise known as the "Ex-
tend Line of Sight" method.

Typically, a meteor burst communication trans-
ceiver network consists of one or more base stations
and a number of remote terminals. Base stations
communicate with remote terminals and other base
stations. The terminals only communicate with base
stations. Communication between one terminal and
another is possible through the base station. Part of the
digitised data is transferred as a short pulse when the
corresponding trail is detected and its "quality” is de-
termined. Existence of the trail is determined by a test
signal reception transferred by the base station or oth-
er network terminal. The terminal transmits confirma-
tion to the base station when it receives the test signal,
thus indicating that the trail exists and the terminal is
ready for data exchange. Time spent on this exchange
is sacrificed in favour of system reliability [3], [4].

In order to maintain communication in a situa-
tion of significantly changing signal propagation
conditions associated with the rapid changes in me-
teor trail parameters, the parameters and encoding
formats of transferred signals must also change rap-
idly. For this purpose, all the radio systems consid-
ered provide for configuration change by software,
thus relating to software-defined radio systems.

The objective of the present work, the results of
which are presented in this paper is the investigation
of existing modulation/demodulation methods and
subsequent digital signal processing. These factors
impose requirements on network station equipment
and system operation algorithms, in order to deter-
mine the most appropriate and efficient development
way of technical means (including software (SW)
capable of meeting the maximum number of possible
applications of radio access channels.

The authors of this paper rely on OFDM modula-
tion together with absolute phase shift keying (2PSK

20
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and 4PSK) in sub-channels. In addition to [5], the
choice of this modulation method is influenced by
the study of the popular standard digital network
communication IEEE 802.11a working principle,
which is part of the commercial Wi-Fi standard. In
terms of proper scaling, the operating conditions of
both systems are very similar despite the fact that
their frequency ranges differ by several orders of
magnitude. In addition, the study considers the exist-
ing standards [6], amateur systems such as WinLink,
and marine digital and analogue information systems
for the "physical" and "channel" levels. Other scien-
tific and technical publications were also taking into
consideration [3].

Let us consider the described software-defined
radio by starting with a description of the modulation
circuit used.

Modulation circuit. Frequency shift keying
(FSK) signals for radio channel information transfer
were used. The following requirements were imposed
on designed software-defined communication channel
operating in a "streaming" information transfer mode:

— peak factor equals 1 to allow maximum use of
signal amplifiers;

— signal reception noise immunity is acceptable
for estimated signal-to-noise ratio;

— low complexity implementation.

The FSK signal modulation circuit is shown in
Fig. 1, and FSK signal modulation circuit with z-wave
nodes is presented in Fig. 2. The information transfer

rate lies within the range of 102...10* bps. The fre-
guency band (in Hz) is numerically equal to twice
the value of this parameter.

The quadrature components x(n) and q(n) (n

is a time moment serial number) are in blocks of ad-

x(n)

Fig. 1. FSK signals modulation circuit
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Fig. 2. FSK signals modulation circuit with
z-wave nodes

dition, delay and multiplication. The result is trans-
ferred at the final stage to a solver (S) [6].

Signal processing is based on the optimum
algorthym for adopted modulation and coding
methods in the communication channel demodulator.

Coding scheme. Code structure. It is shown in
[3] that output balanced channel without binary input
memory is characterised by the conditional probabil-
ity density W (y|c) of the received signal y with the

transferred symbol c, together with the transfor-
mation described by the matrix Gy, thus defining a

family of N transmission sub-channels with condi-
tional probability densities:

Wb, i)

- Y wylwh e ), @
27 " uef0, 1y

0<i<N,i<j<N,

where y(')\'_lz(yo, K, yN-1) is the received signal

N-1

input vector; ug — =(Up, K, uy_q) is the polariza-

tion transform input vector; uj, uj are information

symbols; i is the channel number; j is the decoding
phase; subscript s denotes the received signal.

Next, the indicated transfer with an example of a
code structure with polar codes was considered. Po-
lar codes [5] are codes with a generator matrix con-
sisting of matrix rows

Gy =ByFEM =F®MB,,

where N =2™; m is the base 2 logarithm of the not
shortened polar code length with dynamic frozen
symbols; By is the permutation matrix for bits with

dimensions 2™ x 2™M:
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®m denotes the m-fold Kronecker product of the
matrix with itself. The predefined linear combina-
tions of input symbols U; at positions corresponding
to dynamic frozen symbols are calculated. Bit rever-
sal is then performed via multiplication using a ma-
trix By. Inactive symbols are excluded from the re-
sulting vector.

The code word for this code is ¢! =udGy.
The information bits intended for transmission com-
prise k elements of the vector, and the remaining el-
ements are calculated according to a procedure
shown below. As m increases, these sub-channels be-
come polarized, meaning their Bhattacharya parame-
ters” Z; converge to 0 and 1.

We are considering transfer of useful data with-
out encoding through virtual sub-channels using
Z; =0, and transfer of predefined values through

sub-channels withZj ~1. The sub-channels with
Z;j ~1 are referred to as frozen (as well as the corre-
sponding symbolsu;) and in classical polar codes,
zeros are transferred through them (u; =0). The gen-

erator matrix of the classical polar code is obtained
by deleting lines corresponding to the frozen sub-
channels from the matrix Gy . It should be noted that

if the Bhattacharya parameter of the original infor-
mation transfer channel is sufficiently small, then the

estimation of Z; —0[2"D | where wt(i) is the

number of non-zero bits in the binary representation
of the number i, is valid.

Polar codes with dynamic frozen symbols
(PCDFS) [6] where instead of zeros, the linear com-
binations of the previous characters are transferred
via frozen sub-channels, are used for reliable data
transfer through the channel. These codes have a
larger minimum distance compared to classical ones.
Expressions for linear combinations are called dy-
namic freezing constraints [6]:

udleyH™Q=ud VT =0,

* The Bhattacharya parameter of a channel with a binary input forms
an upper bound for a double probability value of an error per bit
when transmitting data through this channel without encoding.
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where H is the verification matrix of the extended sim-
ple cyclic Bose—Chaudhuri-Hocquenghem code (BCH)
with the following dimensions: f xn; Q is the inverti-

ble matrix where the i-th row of the matrix V is placed
in a column t;, all ; are different and V; ¢ =1

while f <n—k (n is the code length (number of code
symbols); k is the code size (number of information

symbols)); " denotes the transpose symbol. Thus, the
symbol ug. can be calculated as a combination of linear

symbols with lower numbers. It is therefore called a
dynamic frozen symbol.

[5] shows that any extended simple BCH code in
some sense is a sub-code of a Reed—Muller code of the

length n=2Mand order r <m. The last condition can
be considered as a polar code with indexes of frozen

symbols constituting a set of values i:wt(i)<m-—r.
Thus, all sub-channels, where the Bhattacharya pa-
rameter decreases slowly with a Z-parameter de-
crease of the original data transmission channel, are
frozen. This, however, is not enough to provide for
the appropriate probability of decoding error. There-
fore, the remaining n—k—f sub-channels with the
highest error probability B are frozen statically,

meaning that constraints u; =0 are imposed on them.

Based on the above, a condition that F is a set of
static and dynamic frozen symbols is added, thus the re-
sulting code is a sub-code of the extended BCH code.

The described polar codes have a length of 2™ that
does not always meet practical requirements. Hence,
codes with a length of n < 2™ are used for the further
presentation of the algorithm. A necessary condition for
unification is code shortening by reduction of its di-
mension and code lengthening by introducing addition-
al constraints c¢j =0 on symbols of the original code

word. The code words of the shortened code are ob-
tained by excluding these "inactive" symbols.

We considered the description of the codes used
in the form of a text file, where the first line contains
space separated parameters m, k, d, n, where d is the
minimum code distance.

If n=2" (code is not shortened), then the next
line is omitted. Otherwise, it lists the numbers of the
"active" (i.e., potentially non-zero) symbols of the
code word.

The following lines list the dynamic freezing
constraints that specify the code. The number of
22
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symbols w included in the constraint is indicated at
the beginning of each line. Then there is an indices
list ig, ig, ..., iy Of the symbols involved in the

constraint;
w-1
z Ui_ =0.
4 ]
i=0

The symbol with the highest number ij is con-

sidered as dynamic frozen. The bits intended for
transmission are distributed according to an input

vector of a polarising transformation u(')\'_l. The lin-
ear combinations of input symbols u; are calculated at
positions corresponding to the dynamic frozen sym-

bols. The bits permutation is produced on the basis of
their multiplication using the matrix By . The result-

ing vector is multiplied by the matrix F®™. Inactive
symbols are excluded from the resulting vector.

Fig. 3 illustrates error correction capability (ability
of a code to detect and/or correct the maximum multi-
plicity error) of the PCDFS (256, 180, 14), built in ac-
cordance with the method described in [3] (line 1). A
comparison is made with the low-density parity-
check code [7] (line 2) for the additive Gaussian
channel with binary phase modulation. It can be seen
that the polar code provides an advantage of about 1
dB achieved due to the larger minimum distance of
the PCDFS.

BER
1071
1072
1078

10°° | | | |
0 1 2 3 4 Eb/No, dB
Fig. 3. Codes error correction capability: 1 — polar code with
dynamic frozen symbols (256, 180, 14);
2 — low-density parity-check code

Decoding algorithm. In order to analyse the ra-
dio channel implementation, the decoding algorithm
on the receiving side was considered.

The signal power received in an ionospheric
communication channel varies significantly over
time. Therefore, the transfer rate or transfer parame-
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ters, such as a ratio of information symbols (bits) and
additional bits need to be adapted in the event of ex-
cessive noise immunity encoding. This task requires
the following conditions:

1) quick and accurate estimation of channel
characteristics;

2) affordable adaptability costs.

In order to build a code and, therefore, calculate
control symbols by using known informational sym-
bols, one of methods for defining a size k sub-space in
a size n space can be used. Note, that space definition
also implies a field specification that provides coeffi-
cients for the vector decomposition into basis compo-
nents (vector coordinates). The previously considered
codes, with the exception of the Reed-Solomon code,
are defined for the binary field, and the latter is de-
fined for the extended binary field with the number of

elements matching the size of the vector y\ .

A vector y)'™t, received by the receiving side

was considered. This vector is characterised by an in-
formational message. For the accurate decoding of
the received informational message, a sequential de-
coding algorithm consisting of the following steps
can be used:
Step 1. A path of zero length with probability
Q(0) is added to a priority queue. ** The function
Qi) = H (1-Pj)

i<i,

JjeF
characterises the probability of an error decision regard-
ing a symbol u; with known values of previously de-

fined symbols (P; is the probability of the error when
receiving the previously transferred j-th sym-
bol (j <i, jeF)). Values P; are calculated by using
the Gaussian approximation method [5].

Step 2. The path in the code tree uON_l with the

highest probability estimate W(ub‘l‘y(')\'_l). is se-

lected from the priority queue. If the length of this
path equals N, then the corresponding code word is
considered generated and decoder terminates.

If the symbol u; is dynamic frozen, then its val-
ue is calculated according to (1). Otherwise, cases

** Priority queue is a data structure where each element is given a
priority.

Radio electronic facilities for signal transmission, reception and processing

uj =0, uj =1 are considered separately below. The
probability estimates of the most probable code word
uByLGy of the polar code defined by the vector u

with the prefix ub are calculated as follows:
W (ub‘l‘yoN_l) = P(u'o_l‘y(')\'_l)Q(i).
\ectors uE) are placed in the priority queue.

Step 3. If the number of paths ub‘l of the length

i, extracted by the decoder, exceeds the predefined
threshold L, then all paths of the length i or less are
deleted from the priority queue. If the number of
paths in the priority queue exceeds a parameter ©,
then all paths with the smallest values of

w (uio_l‘y(')\‘_l) are deleted, and then return to step 2

takes place.

Error probability decreases simultaneously with
an increase in decoding complexity when L and ®
parameters values increase. The decoding is imple-
mented at almost maximum likelihood when these
parameters are sufficiently large.

In some cases, the code word returned by the al-
gorithm is not the most probable. Typically, this is
due to rejecting the correct path during step 3, and it
is accompanied by a sharp increase in the number of
iterations performed by the decoder. This can be used
to detect decoding errors. Thus, the decoder returns
an error flag, if the number of iterations of the con-
sidered algorithm exceeds a certain threshold value,
which depends on the code.

The algorithm described herein provides for deci-
sion-making based on the high-quality use of the
channel resource with a sufficient level of information
transfer certainty and reliability, as contained in the
described code structure. Further, we consider the
software that implements the described algorithm.

Transfer protocols. Let us consider existing
transfer protocols required for the correct operation
of the designed radio system and software-defined
radio. The radio system thus designed has two trans-
fer protocols, namely broadcast and half-duplex pro-
tocols, described below from the point of view of
their application in the radio system software.

Broadcast protocol. This protocol is designed for
one-way communication and guaranteed message de-
livery implemented by message multiple repetition
by a transmitter. It is characterised by periods of in-

23
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Table 1. Data frame structure

Header Code word
Preamble, | Code ID, | CRC, [Package ID, Data field
byte byte byte byte
Variable
6 2 2 1 length
Table 2. Possible coding specifications and data field sizes
Size of | Size of the |[Size of the
Specification the code | encoding data field,
word, bit| data, bit bit (byte)
1024_896_6_4.spec 1024 896 872 (109)
1024_768_12_5.spec 1024 768 744 (93)
1024 512_32 5.spec 1024 512 488 (61)
1024 _512_28 5.spec 1024 512 488 (61)
1024_256_44 2.spec 1024 256 232 (29)
256_204_12_4.spec 256 204 180 ( 22)
256_180_14 4.spec 256 180 156 ( 19)
128 90_12_4.spec 128 90 66 ( 8)
64 45 8 4.spec 64 45 21( 2)

formation reception and transmission. The protocol
provides for message encoding; thus, the data is
transferred as data frames. The data frame structure
is presented in Table 1.

The frame header contains a preamble. The
receiver synchronises with received clock signals
upon the preamble reception. The double-byte field
"Code ID" contains a recipient address. The code
word consists of the double-byte checksum field,
sender address in the single-byte field "Package 1D"
and data field of a variable length. The checksum field
value is calculated by using specific algorithm (CRC-
32 polynomial). A variety of coding specifications,

which differ in data field and code word sizes and
depend on the message size, are applied (Table 2). The
specification indicates separated parameters such as
the code word size, size of the encoding data, transfer
rate and sender address.

Transmission uses standard-length code words.
Considering the variable length of the data field, its
size can be slightly reduced to comply with the
length (see the right column in Table 2).

Half-duplex protocol. This protocol can be used in
a software-defined radio. The protocol provides an in-
formation exchange between the transmitter and receiv-
er in the data frames form.

Let us consider the structure and data of the
frame (Fig. 4). At the initial time moment, the base
station sends probe signals (P) which define the be-
ginning of the ionised trail [6]. The probe signal du-
ration is 0.8 ms with a 50 ms delay between them.
This is a result of the minimum possible switching
delay of antenna switches. The probe signal is fed to
the peripheral station input in the case of the ionised
(meteor) trail formation (line 1 in Fig. 4 depicts the
intensity of the reflected from this trail signal). The
peripheral station receives the probe signal, evaluates
the possibility to transfer information, switches the
antenna switch from the reception to transmission
mode and transfers the ASK channel formation con-
firmation signal (ionised (meteor) trail formation) to
the base station. After the base station receives the
ASK signal, then the channel formation is recorded
and data transmission through it is performed.

Confirmation of correct reception is sent as the
ASK signal from the peripheral station to the base
station upon each data frame reception. The number
of the next expected data frame is transferred as a

Base
station|pf -~ 50ms [P DATA | ASK |
0.8 ms 0.8 ms 180 ms 4ms
0.8 ms
180 ms 4ms
Peripheral P[ 50ms [ DATA 50 ms [ASK
station
< 293.8 ms e >
< AL >

Fig. 4. Half-duplex protocol frame structure
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Table 3. Confirmation frame structure

Frame header
Frame field
Name Size, byte
Preamble 6
CRC 2
Flags 1
Package ID 1

part of the signal. The number of the frame 0 in the
ASK signal which confirms the ionised channel
formation, is then transferred.

The confirmation frame structure is given in Table 3.

The half-duplex protocol frame structure content
for each signal needs to be described in detail. The
system signals (probe, illumination, request,
response, observed object intrinsic radio emission,
reflected signal, etc.) are electromagnetic fields
characterised by temporal and spatial structures [8].
The group signal demultiplexing equipment utilises
the cyclic synchronisation mode, in order to ensure
channel recognition and separation at the reception.
The cyclic synchronisation mode is the identification
procedure of the meteor signal appearance among
signals received in the operating frequency range.
The "Flag" field is used to indicate the digital infor-
mation package beginning. The binary content ex-
ample of this field: 11110000, means there is no data
to transfer; 00001111, means that the data frame is
transferred after the confirmation frame.

Table 4. Data frame structure with single code word
Frame field: Frame header

Name Size, byte
Preamble 6
Code ID 2

Frame field: Code word

Name Size, byte
CRC 2
Package ID 1
Data field Variable length

Table 5. Data frame structure with several code words
Frame field: Frame header

Radio electronic facilities for signal transmission, reception and processing

In the case under consideration, the coding is
used for each message, and its specification depends
on the message size [9].

The structure of a single code word data frame is
presented in Table 4. An operating mode, where sev-
eral code words are combined, is provided. In this
case, only one header is used (Table 5), and code
words are identified by the "Flags" fields presence.

Receive/transmit software. The information re-
ceive/transmit software utilises meteor reflections
and has been developed to verify the operability of
the proposed algorithm and transfer protocol. The
software supports hardware and software to control
the transceiver module including the antenna ampli-
fier and SunSDR2 transceiver ensuring hardware op-
eration in half-duplex mode*** [2].

The following hardware is required for the stable
software operation [10]:

— computer with x86 architecture processor, at
least 2 GB RAM, hard disk capacity of at least
100 GB, monitor with a screen resolution of at least
1024x768 pixels;

— antenna feeder devices;

— SunSDR?2 transceiver.

The software runs in x32/x64 bit versions of Win-
dows 7 (and higher) with Microsoft Visual C ++ 2010.

The block diagram of the developed software is
shown in Fig. 5. The software is built on client-

Receive/transmit
frequencies

Server
Connection | &
Status g
Amplifiers S Amplifiers
operation mode | || operation mode
>3
Transfer < Transfer
rate - rate
<
(o
S
o
O

Receive/transmit

frequencies

Coding type

Coding type

Data entry for
transfer

Complex management

File Transfer
Protocol

File Transfer
Protocol

Received data
display

Data field of the code word #7 | Variable length

sk

present system.

Name Size, byte
Preamble 6
Code ID 2 Client |

Frame field: Code words

Name Size, byte

CRC 2 i ;
External — Settings | Transceiver

Package ID 1 amplifier [ Server | o Data SunSDR2
Data field of the code word # 1 Variable length Fig. 5. Block diagram of the receive/transmit software

SunSDR?2 also provides full-duplex mode, but it is not used in the
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server architecture [11]. The client part (located in
the figure above the "Client") performs the functions
of indicating, setting and managing the complex, da-
ta transfer, and transferred/received data display on
the module. The resulting parameters and client part
data are transferred to the server part to control the
SunSDR2 transceiver and data transfer [12].

Fig. 6 shows the programme interface when
running the server part with settings for the address
and protocol information of the base station [13].
According to Fig. 6, the software input data
(depending on the station) are:

— server part port ****;

—radio channel trace 2;

— transceiver IP address and port 3;

— transceiver transmitter power™";

— transfer rate 5;

— transmitter frequency 6;

— receiver frequency 7;

— protocol type 8;

ORIGINAL ARTICLE

— coding type (specification) 9;

—amplifiers settings 10;

— messages for transmission 11;

— number of message repetitions for transmission
through the broadcast protocol 12.

The input data is alphanumeric and entered inter-
actively.

The output data is alphanumeric or digital and
displayed on a monitor screen or saved in files.

Conclusion. At the present time, software-
defined radio systems are of great theoretical and
practical interest, since they can perform a significant
part of digital signal processing on a conventional PC
or PLD. This purpose is a radio receiver or radio
transmitter which can be modified by software re-
configuration. The traditional analogue receiver,
where ADC converts signals from the analogue
guadrature channels output, has the following disad-
vantages: a need for fine tuning; sensitivity to tem-
perature and component parameters variation; non-

% | Client
Hacrpoiikn
Crapr ‘ | nH®O J [ OuncTuTe
IPagpec: 192.168.16.109 [MopT: 50001 =
Moaem: stiv L
CxopocTe: woooburfc 2 (B) i

YacToTa HacTpoiku RX: 144300000 My |+ @

YacToTa HacTpoiiki TX: 144300000 My 1= @
¢
lBema'reanblﬁ N _.

(1024 256 4425 ¥ |(©)

nxgy@menb: iOnB v (V] YBY (YKB)

BHelWwHW1 youmTenb

MpoToxon:

Koawposarue:

@_‘

Komm4ecTB0 NoBTOpeHIst: 100 =

’ HavyaTb TecTuposaHue !

o] @ =

Fig. 6. The program interface when running the server part of the transmission channel

stk

It is indicated on another page of the interface.
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linear distortions; the design complexity of tuneable
filters and filters with suppression of more than
60 dB. However, it is now possible to convert a sig-
nal directly from an intermediate frequency output
due to the rapid development of a modern semicon-
ductor element base, especially ADC and DAC [14].

The technology allows for the replacement of a
variety of existing radios and transceivers, both serial
and amateur built according to a complex — circuit,
with a limited number of available hardware units
running under developed software. This leads to both
simplification and cheaper construction, significant
improvement in characteristics, all types of modula-
tion support, the emergence of a large number of ser-
vice functions. It also enables rapid development,
since the software can be improved by the entire
community simultaneously [15]. This has become
possible due to the affordable fast DACs and ADCs
availability and cheapening of PCs and DSPs.

By analysing such an important technical character-
istic of radio systems as noise immunity, we can con-
clude that radio systems with a two-way data exchange
protocol possess a number of significant technical ad-
vantages in comparison with radio systems with the one-
way data exchange protocol. Thus, radio systems with a
two-way data exchange protocol are currently the only
reliable alternative to wired systems. In the event that

Radio electronic facilities for signal transmission, reception and processing

communication cannot be restored even after a number
of actions such as changing the frequency channels,
changing the radiation power, changing the on-air period,
then this is evidence of intentional technical sabotage of
the system operation, namely setting broadband interfer-
ence in the entire allowed frequency range.

This paper presents the structure and functional
description of software-defined radio and investi-
gates the simulation radio interface model. By study-
ing the structure and functional description of the de-
veloped software, it can be concluded that software
developed for studying the reliability and operability
of the proposed algorithm and transfer protocol can
be used to receive and transmit information by utilis-
ing ionospheric reflections. The potential for this
work consists in the review and analysis of the archi-
tecture of the software-defined radio in the LabView
[16] in order to evaluate operational stability during
the data transfer in multipath conditions.

Studies of OFDM signal passage through multi-
path communication channels with Rician and Ray-
leigh fadings are also planned. The resulting model
allows for the evaluation of noise immunity at the
different lengths of the OFDM symbol cyclic prefix;
the various powers of the Rice model main beam and
observation of signal constellation behaviour under
the influence of various instabilities.
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