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Analysis of 8-APSK signal constellation of the DVB-S2X standard showed that the distance between symbols
0 and 4 is more than 2 times less than the distances between other adjacent symbols of the constellation. This
arrangement of symbols leads to distortion of symbols 0 and 4 in the presence of interference in the data channel.

To eliminate this drawback, the authors proposed a variant of the uniform distribution of symbols on two
circles. Simulations have shown that this distribution of symbols on the complex plane results in a gain of almost
6 dB at a BER of 10+ — 10°.

1t has also been shown that increasing the distance between symbols 0 and 4 in a standard constellation, in
which symbols 0, 3, 4, 7 are evenly spaced along the real axis of the complex plane, gives the same result in terms
of efficiency as the constellation suggested by the authors.

An experimental comparison of the standard and proposed constellations was carried out at a frequency of
1.7576 GHz using two ADALM-PLUTO SDR transceivers. The information was transmitted in packets with a
length of 1024 symbols (without taking into account the Barker code) with pauses between packets with duration
of 1/16 of the packet length. The symbol rate used was 100 kHz, that is, the symbol duration was 10 us.

When transmitting and receiving a signal the total sampling rate was 400 kHz. The number of samples in one
frame was chosen on the basis of guaranteed reception of at least 3 packets (17616). Note that in all cases of data
transmission between two ADALM-PLUTO SDRs, there was a frequency shift of about 2.5 kHz.

As a result of the experiment, the gain in the number of corrupted bits from the proposed uniform placement
of symbols on the complex plane was 19.8 times with attenuation of -50 dB; 3.3 times at -52 dB and 8.2 times
at -54 dB. The study of a real transmission channel using the ADALM-PLUTO SDR platform showed that, on
average, for all communication sessions the number of errors decreased by almost 8 times.

Key words: DVB-S2X standard, APSK modulation, signal constellation, MATLAB, ADALM-PLUTO SDR,
phase synchronization.

Overview of recent research and publications.
The abbreviation of the DVB-S2 standard stands
for Digital Video Broadcasting via Satellite,
Second Generation. Amplitude phase shift keying
(APSK) modulation is widely used in digital
communication [1, p. 212]. Despite the relative
simplicity of signal constellations, their optimization
for various communication channels continues to
attract the attention of specialists. Often the reasons
for optimization are various nonlinearities of the
receiving equipment [2, pp. 295-311; 3, 10-13] oreven
features of signal processing [4, pp. 351-360]. At the
same time, in paper [3, 10-13] the authors propose to
improve the characteristics of communication system
only by renumbering the constellation symbols.

Problem statement. The purpose of this paper is
to compare the efficiency of the DVB-S2 standard
2+4+2APSK constellation and the proposed
constellation with a uniform distribution of symbols
on the complex plane. The efficiency evaluation was
carried out both on the simplified model of the data
transmission channel and on the real channel using
the ADALM-PLUTO SDR transceivers.

Presentation of the main research material.
Conversion of digital information into a complex
signal with APSK-modulation is implemented in
Matlab by the dvbsapskmod() function [5, p. 535]
and for an eight symbol alphabet (2 + 4 + 2) the signal
constellation is shown in figure 1.
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Fig. 1. 8-APSK signal constellation of the DVB-S2X
standard, implemented in Matlab

The figure clearly shows that the distance between
symbols 0 and 4 is more than 2 times less than between
other neighboring symbols, which, when exposed to
interference, will lead to distortion, primarily of these
symbols. Referring to the European standard [6, p. 26]
shows that the Matlab function is implemented in full
compliance with standard.

In this paper, a variant of the symbol arrangement
by 4 on the inner and outer circles with a phase shift
of 45 degrees between symbols placed in different
circles is studied. The radius of the outer circle, as in
Figure 1, is taken as one unit (figure 2).
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Fig. 2. Proposed constellation for 8-APSK modulation

The radius of the inner circle is taken equal
to 0.5176 based on the requirement that the three
symbols 0, 1, 4 form an equilateral triangle.

The efficiency of the two considered variants of
the signal constellation for 8-APSK modulation was
compared on a real data transmission channel using
two ADALM-PLUTO SDR platforms [7, pp. 271-300].

50 Tom 32 (71) N© 3 2021

First, we present the results of a simplified simulation
that makes it easy to plot the dependence of the bit
error ratio (BER) on the signal-to-noise ratio (SNR).
The model does not introduce a frequency offset
and only a signal is present on the amplitude sweep,
i.e. there is no need for time synchronization either.
A random phase offset that changes the symbol
numbering without changing the coordinates of
the constellation points is generated. This offset
is a multiple of £n for the DVB-S2X variant, and
a multiple of +mn/2 for the proposed variant of
constellation. The elimination of such an offset is
carried out by the Barker code 13 embedded before
the header of the information block. Additive white
Gaussian noise (AWGN) is superimposed on the
generated complex signal. The simulation took
into account that the average signal power over the
proposed constellation is 0.5 dB higher. The SNR
was measured using the squares of the signal and
noise amplitudes, i.e. over the entire quantization
frequency band. Since the dvbsapskmod() function
does not allow arbitrary placement of symbols on the
complex plane, the apskmod() function was used
to generate the proposed more uniform placement
of symbols. The both corresponding demodulation
functions dvbsapskdemod() and apskdemod() do
not normalize the average amplitude of the received
signal to the average amplitude of the constellation.
Thus, when the signal is attenuated it leads to
significant destruction of the transmitted data.
Moreover, even after the necessary normalization,
the signal demodulation using apskdemod()
function occurs with errors, leading in some cases
to an increase in BER by more than 40 times
relative to the potentially achievable value. Minor
deviations (up to 18%) are also observed in the
dvbsapskdemod() function, therefore, for both
signal variants, the own authors’ demodulation
functions are used, assigning the bits of the nearest
symbol of the original constellation to the complex
signal sample. Figure 3 shows the implementation
of the signal constellation for the two considered
types of modulation for SNR of 16 dB. The white
dots in the figures show the initial locations of the
symbols, so that for both variants the normalization
was performed correctly.

It is clearly seen that for the DVB-S2 standard
the signal samples for the two internal symbols 0 and
4 strongly overlap. If for the proposed constellation the
number of bad bits is 90 out of 10°, then for the standard
constellation they are 2 orders of magnitude more.

A complete comparative characteristic of the two
variants of the constellation is shown in figure 4.
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Fig. 3. Realization of a constellation for the two considered types of modulation with SNR of 16 dB

The uniform distribution of symbols on the
complex plane leads to a gain of almost 6 dB at the
BER level of 10#-10°. The authors also conducted
an additional study of the signal constellation, in
which, relative to the DVB-S2X standard, the central
symbols 0 and 4 are spaced apart to 1/3, which
ensures a uniform arrangement of symbols 0, 3, 4, 7
on the real axis. The implementation of such a signal
constellation with the same signal-to-noise ratio
of 16 dB as in Figure 3 is shown in figure 5.

Modelling of such a constellation has shown that
in terms of efficiency it is practically equivalent to
the proposed version of the uniform distribution
of symbols on two circles. During the simulation a
software error was found in the dvbsapskmod()
function, which leads to the permutation of characters
in pairs (1,2) and (5,6) when feeding a vector string to
the input. Figure 1 corresponds to the standard and is
generated when the column vector is fed to the input.

The software for the ADALM-PLUTO
SDR transceivers based on QPSK modulation
[7, pp. 239-265], available at the Department of
Programmable Electronics, Electrical Engineering
and Telecommunications (PEET), has been modified
to use 8-APSK signals. To simplify the software
improvements, the Reed-Solomon correction code,
scrambling and interleaving have been removed
from the program. The DVB-S2X standard uses
symbols 7 and 3 to embed the Barker code into the
transmitted signal, for the proposed constellation
symbols 4 and 7 are used for this purpose. The
basic program with QPSK modulation uses Matlab
comm.CarrierSynchronizer() function for phase
synchronization, which is only intended for 8-PSK,
BPSK, OQPSK, PAM, QPSK, and some QAM
signals. Therefore, the phase synchronization
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Fig. 4. Dependence of BER on SNR for two
variants of signal constellations
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Fig. 5. Implementation of the DVB-
S2X signal constellation with uniform
arrangement of symbols on the real axis
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Table 1
Packet No -50 dB (q=23,6 dB) -52 dB (q=22,0 dB) -54 dB (q=19,7 dB)
APSK1 APSK2 APSK1 APSK2 APSK1 APSK2
1 59 7 20 0 116 0
2 52 7 20 2 116 0
3 53 8 25 1 147 0
4 7 0 16 0 17 0
5 6 1 22 0 16 0
6 0 0 16 0 18 0
7 40 0 14 0 9 37
8 43 0 18 0 10 21
9 37 0 24 0 12 27
10 55 0 21 26 78 0
11 54 0 19 26 74 0
12 50 0 19 15 86 0
Total 456 23 234 70 699 85

function PhaseSynchr() has been developed by
the authors. The idea of PhaseSynchr() function
is to build a histogram of the phase distribution of
the received signal and compare it with the basic
histogram at zero phase offset. The basic histograms
for the two considered variants of the signal
constellation are different and obtained using the
corresponding models.

The experimental comparison of the two
considered signal constellations was carried out at
a frequency of 1.7576 GHz. The information was
transmitted in 1024-symbol packets (excluding the
Barker code) with pauses between packets lasting
1/16 of the packet length. The symbol rate was
100 kHz, i.e. the duration of the symbol transmission
was 10 ps. The quantization frequency was 400 kHz.
The number of samples in one frame was chosen
based on the guaranteed reception of at least 3 packets
(17616). Note that in all communication sessions,
a frequency offset between two ADALM-PLUTO
SDRs of about 2.5 kHz was observed.

A graphical interpretation of one of the data
transmission sessions is shown in figure 6.

The amplitude sweep is shown after filtering (root of
raised cosine) with 2x quantization frequency reduction
and Barker code convolution. The sweep clearly shows
the Barker code samples at the packet header that
determine the start of the packets and perform the final
phase synchronization. The constellation realizations
are shown after removing the offset in frequency, time,
and phase. The frequency offset is estimated from the
6" power of the signal spectrum using the whole frame
for the DVB-S2X standard and from the 8" power of
signal spectrum for uniform distribution of symbols.
The number of corrupted bits in data transmission is
shown in table 1.
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The upper row of Table 1 shows the attenuation
of the transmitter signal and the measured average
SNR g. For each attenuation value, 4 communication
sessions were conducted with the transmission of
three data packets in each session. Communication
sessions using different constellations were
interleaved to provide the closest interference
conditions. The table shows the number of corrupted
bits in each packet. Column APSK1 corresponds to
the DVB-S2X standard constellation, APSK2 — to the
uniform distribution of symbols.

It is clear that for both versions of the
constellation in a real channel, additional signal
energy is required to achieve the same BER. For
example, according to Table 1, with an average
SNR of ¢g=19.7 dB BER was 2.3x107 for a uniform
distribution of symbols, while in simulation this
value is achieved at 13 dB. A significant spread of
data is primarily due to the time synchronization
procedure, at the input of which we have 2 samples
per symbol and choose even or odd ones from them
in accordance with the minimum variance of the
amplitudes. The method gives a good result if one
of the samples is obtained close to the middle of
the symbol duration interval. Matlab includes the
comm.SymbolSynchronizer() function, which also
solves this problem and operates in parallel in the
software program [7, pp. 256-260]. However, for
some packages, this function almost completely
destroys the information. So out of 36 packets in the
experiment carried out, 8 were destroyed (more than
1000 corrupted bits in a packet), it is very possible
that these are software errors. For packets free from
these errors, the function provides about 2 times less
corrupted bit rate in comparison with the method of
selecting even or odd samples.
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Fig. 6. Amplitude sweeps of data packets and realizations
of the compared signal constellations

Conclusions. The gain in the number of corrupted  has decreased by almost 8 times for all communication
bits from the uniform distribution of symbols on sessions. We emphasize once again that the efficiency
the complex plane in accordance with Table 1 was of the two variants of constellation can significantly
19.8 times with attenuation of -50 dB; 3.3 times at-52dB  depend on the processing methods used in the receiving
and 8.2 times at -54 dB. On average, the number of errors  channel and the characteristics of the interference.
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Ixcanos III.M., Ipsaxonos O.C. OITUMI3BAIIISI CHTHAJIBHOI'O CY3IP’SI MOA YIS
8-APSK CTAHJIAPTY DVB-S2X

Ananiz cuenanonoeo cysip’s mooynayii 8-APSK cmanoapmy DVB-S2X nokazas, wo eiocmans midic cum-
sonamu 0 i 4 6invwe Hidc y 08a pazu MeHUIA NOPIGHAHO 3 GIOCIAHAMU MIJIC THUWUMU CYCIOHIMU CUMBOIAMU
cysip’a. Taxe posmiujenHs cumeonie npuzeooums 0o cnomeopeHus cumeonie 0 i 4 3a eniugy nepeuwikoo Ha
Kanaun nepeoayi Oanux.

s ycynenus 0anoeo HeOoNiKy asmopamu 3anponoHo8aHUL 8apiann PiBHOMIPHO20 PO3NOOLTY CUMBONIE HA
060x Konax. Mooenrosanms 8useuno, Wo maxuil po3nooil CUMBOII8 HA KOMNIEKCHIU NIOWUHI NPU3BOOUNDL 00
suepauty matidice 8 6 0b 3a pienem BER 10--10°.

Taxoorc 6yn0 noxazaro, wo 30inviuenns siocmani misc cumeonamu 0 i 4 y cmanoapmuomy cy3ip’i, 3a aKo2o
cumeonu 0, 3, 4, 7 pienomipHo po3mauio8ami Ha OIUCHIL OCI KOMIIEKCHOI NAOWUHU, 0AE MAKUL CAMULL Pe3)lb-
mam no epekmusHocmi, wjo i 3anpPONOHO8AHe ABMOPAMU CY3ip A.

Excnepumenmanvhe nopieHAHHA cmManOapmHo20 i 3anponoHo8aHo020 Cy3ip’i8 Nposoounocs Ha 4acmomi
1,7576 [Ty i3 suxopucmanuam 080ox nputiomo-nepedasauie ADALM-PLUTO SDR. Ingpopmayis nepeda-
sanacs naxkemamu 00exucunoro 1024 cumeonie (be3 ypaxysanns kody bapxepa) 3 nayzamu midic naxemamu
mpueanicmio 1/16 6i0 dosocunu naxema. Yacmoma sminu cumeonie suxopucmosysanacs 100 kly, moomo
mpueanicme nepeoadi cumeony cmanoguna 10 mxc. I1i0 yac nepedaui i npuitiomy cueHanié sUKOPUCMOB)8a-
qaca 4-kpamua HaOMIpHiCMb 4acmomu K8aHNy8aHHA, MoOMO NOBHA 4ACMOMA K8AHMYBAHHA CHAHOBUNA
400 kl'y. Kinbkicmo 6i01ikie 8 00HOMY (petimi 6)10 6UOPAHO 3 PO3PAXYHKY 2apaAHMOBAHO20 NPULIOMY He MeHue
mpoox nakemis (17616). Bioznauumo, wo y 6Cix ceHcax 36 53Ky CROCMePieascs 3CY8 YACmont Midc 080Mda
ADALM-PLUTO SDR 6ausvko 2,5 xly.

YV pezynemami excnepumenmy uepaut 3a Kinobkicmio 30iUnux 0im 8i0 3anponoHO8AHO20 PIBHOMIPHOZO
PO3MIUWeHHsT CUMBONIB HA KOMNIEeKCHIl niowuni cmanosus 19,8 pasu 3a ocrabnenns -50 ob; 3,3 pazu — 3
a-52 0b i 8,2 pazu — 3a -54 0b. Jlocaioocenns peanviozo kanaiy nepedadi inghopmayii 3a 00nomo2or niam-
dopvu ADALM-PLUTO SDR noxazano, wo 6 cepednbomy no 6Cix ceancax 38 3Ky KilbKicms 30016 3MeHuu-
aacs matixce y 8icim pasis.

Kniouosi cnosa: cmanoapm DVB-S2X, APSK-mooynayis, cuenanvue cyzip’s, MATLAB, ADALM-PLUTO
SDR, cunxponizayis ¢azu.
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