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Abstract

Objectives. Signals with multiple phase shift keying (M-PSK) exhibiting good spectral and energy characteristics
are successfully used in many information transmission systems. These include satellite communication systems,
GPS, GLONASS, DVB/DVB-S2, and a set of IEEE 802.11 wireless communication standards. In radio communication
channels, the useful signal is affected by various interferences in addition to noise. One of these is harmonic
interference. As a result, high intensity harmonic interference practically destroys the reception of M-PSK signals. One
of the important requirements for the quality of data transmission is the system error tolerance. There are different
ways of improving the quality of information transmission. One of these is the use of corrective encoding technology.
The aim of the paper is to assess the noise immunity of a coherent demodulator of M-PSK signals using Hamming
codes (7,4) and (15,11), and convolutional encoding with Viterbi decoding algorithm (7,5) when receiving M-PSK
signals under noise and harmonic interference in the communication channel.

Methods. The methods of statistical radio engineering, optimal signal reception theory and computer simulation
modeling were used.

Results. Experimental dependencies of the bit error rate on the signal-to-noise ratio and on the intensity of harmonic
interference of coherent reception of M-PSK signals in a channel with noise and harmonic interference were obtained
using computer simulation modeling. This was done without using correction codes and with Hamming code (7.4)
and (15.11) and convolutional encoding with Viterbi decoding algorithm (7,5).

Conclusions. It is shown that the application of the correction codes effectively corrects errors in the presence
of noise and harmonic interference with lower intensity. The correction is ineffective in the presence of high intensity
interference. These results can provide important guidance in designing the reliable and energy efficient system.

Keywords: multiple phase shift keying, correction codes, Hamming code, convolutional encoding, Viterbi decoding

algorithm, noise immunity, bit error rate, harmonic interference

e Submitted: 19.11.2023  Revised: 11.02.2024 o Accepted: 22.05.2024

For citation: Nguyen V.D. Studying the influence of correction codes on coherent reception of M-PSK signals in the
presence of noise and harmonic interference. Russ. Technol. J. 2024;12(4):84-95. https://doi.org/10.32362/2500-
316X-2024-12-4-84-95

Financial disclosure: The author has no a financial or property interest in any material or method mentioned.

The author declares no conflicts of interest.

© V.D. Nguyen, 2024

84


https://doi.org/10.32362/2500-316X-2024-12-4-84-95
https://elibrary.ru/OJGGRP
mailto:nguyenvandungvtdt@lqdtu.edu.vn
https://doi.org/10.32362/2500-316X-2024-12-4-84-95
https://doi.org/10.32362/2500-316X-2024-12-4-84-95

Studying the influence of correction codes on coherent reception Van D. Nguyen
of M-PSK signals in the presence of noise and harmonic interference

HAYHHAA CTATbA

HccaenoBanue BIUAHUA KOPPEKTUPYIOLIUX KOA0B
HA KOTCPEHTHDIN NPUEeM CUTHAJIO0B ¢ MHOTONIO3UITHOHHOM
(azoBoi MaAaHUNYAAUEH IPU HAJIUYUH LIIYMOBOM
U TAPMOHUYECKOH MOMeX

B.3. Hryeu ©

BbeTtHamckuii rocynapCcTBeHHbIVi TeXHUYeckun yHusepcuteTt um. Jle Ky [loHa, XaHov, BbeTHam
@ ABTOp AN nepenucku, e-mail: nguyenvandungvtdt@lqdtu.edu.vn

Pe3iome

Llenn. CvrHansl ¢ MHOrono3uumoHHom ¢gasoBoin maHmnynaumein (M-®OM), obnagaiome XOpOoLUVMMIN CNEKTPasbHbI-
MW U SHEPreTUYECKNMIN XapaKTePUCTMKaMM, YCAELLHO NPUMEHSIIOTCA BO MHOMMX CUCTEMAxX nepenadvm nidopmaumn,
Takux, kak CMCTeMbl CnyTHMKOBOM cBadun, GPS, NOHACC, DVB/DVB-S2, B Habope cTaHaapToB 6eCnpoBOAHON CBSI-
3n |IEEE 802.11. B kaHanax pagmMocBsa3n Ha None3Hbli CUrHan SencTByiOT, KDOME LLYMOBOM, pasHble NOMeXu, O4HOM
M3 HUX AABNSIETCSA rapMOHMYeckasi, KoTopas npu 60/bLION NHTEHCUBHOCTY NPAKTUYECKM pa3pyLluaeT NpueM CUrHa-
noB M-®M. OgH1M 13 BaxKHbIX TPeOOBaHMI, MPeabaBASEMbIX K KQUeCTBY Nepenayn AaHHbIX, SBNSEeTCS YCTONYMBOCTb
cucTemMbl K owmbkam. CyLiecTBYIOT pa3Hble CrnocobObl MOBbILIEHMST KayecTBa nepenadn MHGopmaummn, oguH n3 Ko-
TOPbIX — MPUMEHEHNE TEXHOOMMN KOPPEKTUPYIOLLErO KOANPOBaHMS. Llenb ctaTbmn — OLeHKa NOMEXOYCTONYNMBOCTHU
KOrepeHTHOro gemonynsatopa curHanos M-®OM ¢ npumeHeHnem kogoB XammuHra (7,4) n (15,11) n cBepToYHOro Ko-
OVPOBaHNS C anropuTtMOM AekoampoBaHusa Butepbu (7,5) npu npueme curHanos M-®OM B ycnoBusix BO34eNCTBUSA
B KaHase CBA3M LLyMOBOW Y raPMOHNYECKON MOMEX.

MeTopapl. VIcnonb30BaHbl METOLbI CTATUCTUYECKOWN PAANOTEXHUKN, TEOPUM ONTUMANBLHOMO NPMEMA CUMHAN0B U KOM-
MbIOTEPHOr0 UMNTALMOHHOIO MOAENVNPOBAHUS.

Pe3ynbTatbl. C NOMOLLLIO KOMMBLIOTEPHOrO UMUTALMOHHOIO MOAENMPOBAHUS NMOJYYEHbI 3KCNEPUMEHTasIbHbIE 3a-
BUCUMOCTM BEPOSITHOCTN OUTOBOI OLLUMOKN OT OTHOLLEHWS CUTHA/LUYM U OT MHTEHCUBHOCTM FraPMOHUYECKOW NoMe-
XW AN KOrepeHTHOro nprema curHanos M-®M B kaHane ¢ LUyMOBOW M rapMOHNYECKO nomMexamMmn 6e3 NprMeHeHns
KOPPEKTUPYIOLLMX KOAOB U C MPUMEHEHNEM KOO0B XaMMuHra (7,4) n (15,11), CBEpPTOYHOIrO KOAMPOBaHUS C afirOPUT-
MOM fekoaupoBaHusa Butepbu (7,5).

BbiBOAbI. [TOKa3aHO, YTO NPUMEHEHME KOPPEKTUPYIOLLIMX KOOOB NO3BOJISET 3QDEKTUBHO MCMPABNATb OLLMOKN Npu
HaINYMM LWIYMOBOM N FaPMOHMYECKOW NMOMEX C Masnoli MHTEHCMBHOCTbLIO. Mpy 60bLIOA MHTEHCMBHOCTU MOMEXU
Koppekums HeaddekTBHA. Pe3dynbTaTbl MOryT CAYXUTb BaXXHbIM PYKOBOACTBOM NPU MPOEKTUPOBAHUN HALEXKHbIX
1 9HEeProaddPEeKTUBHbLIX CUCTEM Nepenadn nHpopmaumn.

KnioueBble cnoBa: MHOrono3muyoHHaa ¢GasoBas MaHUMyNaumns, KOPPEKTUPYoLLmMe Koabl, Kog XaMMUHra, ceep-
TOYHBIN KOA, aNropuTM AeKoanpoBaHns Butepbu, NOMEXOYCTONYMBOCTb, BEPOSATHOCTb OUTOBOW OLWIMOKM, rapMOHMYe-
cKasi nomexa

* Moctynuna: 19.11.2023 » Aopa6oTaHa: 11.02.2024  MpuHaTa kK ony6nukoBaHuio: 22.05.2024

Ansa untnpoBaHusa: HryeH B.3. MccnenoBaHme BAUSHUS KOPPEKTUPYIOLWMX KOAOB HAa KOFrePEHTHbLIN NPUEM CUIHaNO0B
C MHOrOMO3NLMOHHON $Ha30BON MaHUNYNAUMEN MPU HAMYMN LLYMOBOW M rapMOHMYeckon nomex. Russ. Technol. J.
2024;12(4):84-95. https://doi.org/10.32362/2500-316X-2024-12-4-84-95

Mpo3payHocTb GUHAHCOBOW AeATeNIbHOCTU: ABTOP HE UMeeT PMHAHCOBOM 3aMHTEPECOBAHHOCTM B NPEACTaBNEH-
HbIX MaTepuanax uam meTogax.

ABTOp 3asB155€T 06 OTCYTCTBUM KOHGMNKTA UHTEPECOB.
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INTRODUCTION

Many studies have examined the impact of encoding
on the noise immunity of multivariable signal reception
when only white Gaussian noise operates in radio
communication channels. In [1-13], the authors define
the effectiveness of different correction codes used in
encoding channels with different modulation techniques.
Table 1 presents the energy gain from using such
codes by the particular example of Hamming code and
convolutional encoding with Viterbi decoding algorithm.

Figure 1 shows the theoretical dependencies of the
bit error rate (BER) P on the signal-to-noise ratio
(SNR) E\ /N, (E,, is average bit energy, N, is noise power
spectral density) for receiving signals with multiple
phase shift keying (M-PSK) in the channel with additive
white Gaussian noise. The solid lines correspond to BER
without using correction codes. The dashed lines refer to
BER using Hamming code (7,4), the dash-dotted lines
stand for using Hamming code (15,11), and dotted lines
correspond to BER using convolutional encoding with
Viterbi decoding algorithm (7,5) [14].

—M=4 B
—M=8 FRY
—M=16] | Fy\hAe ‘

0 2 4 6 8 10 12 14 16 18 20

E,/Ny, dB
Fig. 1. Theoretical dependencies of the BER P, on SNR
E /N, for receiving M-PSK signals in the channel with

additive white Gaussian noise

In [15-18], the impact of harmonic interference in
the reception of signals with multi-position shift keying
is analyzed. Harmonic interference is shown to be the
most dangerous in the event that its frequency coincides

Table 1. Energy gain in SNR (dB) at P, = 1075

with the useful signal frequency. As a result of its impact,
the noise immunity is greatly reduced.

The most important contribution to resolving this
problem is made by the noise-resistant coding theory.
The aim of the paper is to evaluate the noise immunity
for the coherent demodulator of M-PSK signals
using Hamming codes (7,4) and (15,11) as well as
convolutional encoding with Viterbi decoding algorithm
(7,5) when receiving M-PSK signals under the noise and
harmonic interference in the communication channel.

1. MODEL OF THE DIGITAL INFORMATION
TRANSMISSION SYSTEM

Figure 2 shows the structural diagram of the digital
information transmission system. The encoding and
decoding algorithm using Hamming code or Viterbi
algorithm is implemented in units of channel encoder and
channel decoder. The M-PSK signal shaping scheme is based
on the universal quadrature modulator, while the receiving
scheme is implemented on the basis of a multichannel
coherent demodulator which is optimal according to the
maximum likelihood criterion (Fig. 3) [19, 20].

2. MATHEMATICAL MODELS
OF M-PSK SIGNALS, NOISE
AND HARMONIC INTERFERENCE

Mathematical models of M-PSK signals, noise, and
harmonic interference may be described as follows:

a) Mathematical model of M-PSK signals

The M-PSK signal at timing period T equal to the
duration of the channel symbol carrying information
about k = log,M information bits can take one of
M possible values:

5;(t) = Ay cos(@yt +@; + @),

i2m :
P; =V7te(OaTS]al=05M_1a

1

where A4y =./2E /T is signal amplitude; E, = kE, is
channel symbol energy; w,, is carrier frequency; @, is
initial PSK of the signal constellation.

Modulation modes Hamming code (7,4) | Hamming code (15,11) with Vi?;rtl)‘;(:il:cti)?i?ilge;;?)(riii&grn (7.5)
BPSK, QPSK 0.56 1.31 1.99
8-PSK 0.78 1.49 2.59
16-PSK 0.91 1.57 3.07

Note: BPSK—binary phase shift keying, QPSK—quadrature phase shift keying.
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Fig. 2. Structural diagram of the digital information transmission system
1 s
[ X080t sl o
0o t=T,
Srsim—1(1) t
1 % K
. N £ Moy (Ot w1 o Channel
s |
S6ilt) Maximum symbo
Su-psk(t) X ! L, selection block ’
1 s
. 1 [ xsgntiat ao ot —
Sm(®  n() No o t=T,
srsi1(t) 4—"

Reference oscillation
shaping block

Clock sync block

[

?

Fig. 3. Structural diagram of the M-PSK coherent demodulator:

tis time; x(t) is input process; s

The M-PSK signal constellations using Gray
encoding are shown in Fig. 4. Here the signal points
corresponding to channel symbols are marked, and the
decision boundaries are shown as dotted lines.

\0111
01 00 010 001
1 0o - - 110 000
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/ 100
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Fig. 4. M-PSK signal constellations

(1) is reference signals

b) Noise interference model

A stationary random process n(f) of the “white
Gaussian noise” type with correlation delta function and
zero mean is considered as a noise interference.

¢) Harmonic interference model

Sine () = p4, cos[(m0 + Ao, )+ 01,

where p is relative intensity; ;. is random initial
phase of interference uniformly distributed on the
half-interval (—m, +n]; Aw, , is interference detuning
relative to the center frequency of the spectrum of the

useful signal .
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3. HAMMING CODES (7,4) AND (15,11)

The Venn diagrams for the relationship between parity
check bits and data bits in Hamming codes are shown in Fig. 5.

(a) (b)

Fig. 5. Venn diagrams describing parity check bits and data
bits: (a) Hamming code (7,4), (b) Hamming code (15,11) [21]

There is a certain set of Hamming code parameters:
number of characters for checking m (m > 3),
number of code message symbols n =2" — 1,
number of informational symbols k=2" —m — 1,
error correction capability 1 =1 (d; = 3),

code rate R = k/n.

The code parameters used in the paper are given in
Table 2.

in~

Table 2. Hamming code parameters

Parameters | Hamming code (7,4) | Hamming code (15,11)
m 3 4
15
k 4 11
4/7 11/15

4. CONVOLUTIONAL ENCODING WITH VITERBI
DECODING ALGORITHM (7,5)

Figure 6 shows the convolutional encoder scheme
with rate 1/2, K= 3, generator polynomial is [7,5], octal.
There is a certain set of convolution code parameters:

e number of information symbols £,

e number of symbols transmitted into the
communication channel for one clock cycle of
information symbol » arriving at the encoder,

e relative code rate R = k/n,

e constraint length K,

e number of convolution code states 2K — 1.

The convolution code parameters used in the paper
are given in Table 3.

Table 3. Convolution code parameters

Parameters Value
n 1
k 2
K 3
R 1/2

- -2
Inﬂtﬁd(n) }—ﬂd(n—ﬂl—-’d(n_z)] {1 d(n) +d(n-1) +d(n-2)

\ ~._ Output

Id(n) +d(n-2)
Fig. 6. Convolutional encoder scheme

0/00

1/10
Fig. 7. Convolutional encoding state diagram

5. MODELING AND RESULTS
5.1. Modeling

The information transmission channel is modeled
with the parameters presented in Table 4.

The block diagram of the modeling algorithm is
shown in Fig. 8.

The relationship between SNRs with and without
encoding is taken into account in modeling.

E, E
Lb=—b+101g(5J (dB).
Ny 0 n

5.2. Simulation modeling results

Figure 9 shows the experimental dependencies of
BER P, on SNR E,/N, and on the relative intensity
of harmonic interference p at coherent reception of
M-PSK signals using Hamming codes for different code
rates. The solid lines correspond to BER without using
Hamming code, while the dashed lines refer to BER
using Hamming code (7,4), and dash-dotted lines stand
for the use of Hamming code (15,11).

Figure 10 shows the experimental dependencies of
BER P, on SNR E/N, and on the relative intensity of
harmonic interference p at coherent reception of M-PSK
signals using convolutional encoding with Viterbi
decoding algorithm. The solid lines correspond to BER
without encoding, while the dashed lines stand for BER
using convolutional encoding with Viterbi decoding
algorithm (7,5).
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Table 4. Modeling parameters

Parameters

Value

SNR

E,/N,=0-25 dB

Communication channel

Additive Gaussian white noise,
Harmonic interference

Relative interference intensity p=0-1
Interference initial phase ¢=0-2n

Ratio of sampling frequency to carrier frequency Sy =20, fy=0y/2n
Number of information bits N =1080000

Modulation modes

BPSK, QPSK, 8-PSK, 16-PSK

L]

M-PSK signal shaping

]

Hamming code (7,4),
Code types Hamming code (15,11),
convolutional encoding with Viterbi decoding algorithm (7,5)
[ Initial data input |
. ey gyt
1. Encoding 4—-| Bit encoding by Hamming code or convolutional encoding |
:| Formation of quadrature information sequences /and Q |'
E Signal shaping of in-phase channel Signal shaping of quadrature channel -
2. M-PSK signal D Ichannel = fcos(2mft) Gehannel = ~@sin(2mfyt) !
modulator i

SM-PSK(t) = Ichannel + qchannel

............................................................................

3.Communication <€———
channel

Noise shaping n(t)

Harmonic interference shaping s; ()

X(t) = Sp_pgk(t) * Sipy(t) + N(t)

Signal shaping at the communication channel output

Reference signal shaping

Yo(t) = cos(2fyt)

Y

v

Yp—1 =C0s [Z’Tfot +

2M —1)7:]

v

Calculation of correlation integrals

v v

4. M-PSK signal
demodulator

Y

o

o

TS
o= [ x@wetat | | =[xty 40dt <
0

............................................................................

............................................................................

v v

Maximum selection and channel symbol output |

|—>| = maxly, ..., lyy_4] |<J

5. Decoding -«

Bit decoding by Hamming code or Viterbi algorithm

A

6. Error rate
calculation

Fig. 8. Block diagram of the modeling algorithm
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Fig. 9 (start). Experimental dependencies of BER P,
on SNR E, /N, (left) and on the relative intensity of harmonic interference  (right)
during coherent reception of M-PSK signals using Hamming codes:
(a) BPSK; (b) QPSK; (c) 8-PSK;
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Fig. 9 (end). Experimental dependencies of BER P, on SNR E, /N, (left) and on the relative intensity of harmonic
interference p (right) during coherent reception of M-PSK signals using Hamming codes: (d) 16-PSK
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Fig. 10 (start). Experimental dependencies of BER P, on SNR E /N, (left) and on the relative intensity of harmonic
interference p (right) at coherent reception of M-PSK signals using convolutional encoding with Viterbi decoding
algorithm: (a) BPSK; (b) QPSK;
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Fig. 10 (end). Experimental dependencies of BER P,
on SNR E, /N, (left) and on the relative intensity of harmonic interference p (right)
at coherent reception of M-PSK signals using convolutional encoding with Viterbi decoding algorithm:
(c) 8-PSK; (d) 16-PSK

Figure 11 shows the comparative experimental
dependencies of BER P on SNR E\ /N, (n = 0.3) and
on the harmonic interference intensity (£,/N, = 10 dB)
at coherent reception of M-PSK signals using Hamming
code and convolutional encoding with Viterbi decoding
algorithm. The solid lines correspond to BER without
using codes, while the dashed lines refer to using
Hamming code (7,4), dash-dotted lines stand for using
Hamming code (15,11), and the dotted lines correspond
to using convolutional encoding with Viterbi decoding
algorithm (7,5).

CONCLUSIONS

In this paper, simulation modeling is carried out to
evaluate the efficiency of encoding by Hamming code

and convolutional encoding with Viterbi decoding
algorithm at coherent reception of M-PSK signals
against noise and harmonic interference. The results
allow the following conclusions to be made:

1. Thereisasignificant gain from using correction codes
in M-PSK signal demodulators in the presence of
noise and harmonic interference with low intensity.
For example, at p = 0.3 and P,, = 10~* for QPSK,
the energy gain is 1.24 dB with Hamming code (7,4),
1.6 dB with Hamming code (15,11), and 2.69 dB
with convolutional encoding and Viterbi decoding
algorithm (7,5). At p = 0.3 and P, = 1073 for
8-PSK, the energy gain is 2.89 dB with Hamming
code (7,4), 2.54 dB with Hamming code (15,11),
and 5.4 dB with convolutional encoding and Viterbi
decoding algorithm (7.,5).
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Fig. 11. Comparative dependencies of BER P, on SNR E_ /N, (a)
and on the relative intensity of harmonic interference u (b)
at coherent reception of M-PSK signals for different encoding procedures
2. With increased positionality of M-PSK signals and For example, at E,/N, > 14 dB, p = 0.5, and
a high intensity of harmonic interference, the use Peb =104 for QPSK, the energy gain is 1.4 dB with
of convolutional encoding and Viterbi decoding Hamming code (7,4) and 1.7 dB with Hamming
algorithm decreases the BER of M-PSK signal code (15,11) At E,/N, > 20.5 dB, p = 0.3, and
reception error more than Hamming codes. Py = 10~* for QPSK, the energy gain is 2 dB with
3. Hamming codes with higher code rates outperform Hamming code (7,4) and 2.3 dB with Hamming
codes with lower code rates at high SNR. code (15,11).
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