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Abstract.

Objectives. The widespread use of radio data transmission systems using signals with multiposition phase shift
keying (MPSK) is due to their high noise immunity and the simplicity of constructing the transmitting and receiving
parts of the equipment. The conducted studies have shown that the presence of non-fluctuation interference, in
particular, harmonic interference, in the radio channel significantly reduces the noise immunity of receiving discrete
information. The energy loss in this case, depending on the interference intensity, can range from fractions of dB
to 10 db or more. Therefore, interference suppression is an important task for such radio systems. The aim of the
work is to synthesize and analyze an algorithm for optimal nonlinear filtering of MPSK signals against a background
of harmonic interference with a random initial phase.

Methods. The provisions of the theory of optimal nonlinear signal filtering and methods of statistical radio engineering
are used.

Results. The synthesis and analysis of the algorithm of optimal nonlinear filtering of MPSK signals against the
background of harmonic interference with a random initial phase are carried out. The synthesized receiver contains
a discrete symbol evaluation unit, two phase-locked frequency circuits of reference generators that form evaluation
copies of the signal and interference, and cross-links between them. Analytical expressions are obtained that allow
calculating the dependences of the bit error probability on the signal-to-noise ratio and the interference intensity p.
It is established that uncompensated fluctuations of the initial phase of the useful signal have a greater effect on the
receiver noise immunity than similar fluctuations of the phase of harmonic interference, especially with low positional
signals.

Conclusions. Comparison of the obtained results with the results obtained in the case when there are no harmonic
interference compensation circuits shows that the use of the obtained phase filtering algorithms allows for almost
complete suppression of harmonic interference. Thus, if u = 0.5 and the probability of error is 1072, the energy gain
atM=2isabout2.5dB,atM=4isabout6dB,at M=8 and M= 16 is at least 10 dB.
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HAYYHAA CTATb4A

OnTumajibHast HeJIMHEHHAsA PUIbTpanus
curnajioB M-®@M Ha (poHe rapMOHUYECKON ITOMEXHU
CO CJIyYallHON HAYaJIbHOU (pa30i
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Pesilome.

Uenu. Lnpokoe pacnpocTpaHeHne paguocuUcTeM nepesadym OaHHblX C MCMNOJIb30BAHMEM CUMHANOB C MHOMO-
no3nunoHHoli dazoBoi maHunynsauum (M-®OM) 06ycnoBneHo nx BbICOKOM NOMEXOYCTOMYMBOCTBLIO U NMPOCTOTOMN
MOCTPOEHMUS NepearoLLen 1 NPUEMHON YacTeln annapartypsbl. [1poBefeHHbIe UCCef0BaHUS Nokasanu, YTo Hann-
yve B pagnokaHasne, KpoMe LYyMOBOW, HEdIYKTyaUMOHHbIX, B YACTHOCTW, FapMOHUYECKNX MOMEX CYLLECTBEHHO
CHMXaeT NOMEXOYCTOMYMBOCTb NpuemMa ANCKPETHON nHdOopMaLnmn, 3HEPreTU4eCKin NPOUrpbliLL B 3TOM Criy4ae
B 3aBMCUMOCTM OT MHTEHCUBHOCTU MOMEXN MOXET COCTaBNATb OT gosienn ob go 10 gb n 6onee, noatomy 60pbba
C HUMU SIBNSIETCS BaXKHOM 3a4a4ei Ans Takux pagmocucteM. Llenb paboTbl — CUHTE3 1 aHanmM3 anropmutma onTu-
ManbHOW HENNHENHOM dunbTpaumm curHanos M-®M Ha poHe rapMOHNYECKO MOMEXM CO CIyHanHOM HavYanbHOM
dason.

MeToabl. VIcnonb3oBaHbl MOSIOXEHNA TEOPUN ONTUMASIBHON HENIMHENHON GUNbTPAaLMN CUTHANIOB U METOAbl CTaTn-
CTUYECKOW PaaNOTEXHUKMN.

PesynbTatbl. [IpoBEAEHbI CUHTES 1 @aHANW3 anropuTMa onTUMasbHOW HeNMHeHOM dunbTpauun curHanos M-OM
Ha GpOoHEe rapMOHMNYECKON MOMEXN CO CNy4aliHON HavyanbHON daso. CUHTE3NPOBAHHbLI NMPUEMHUK COAEPXNUT BI0K
OLEHKN OMCKPETHOro CMMBOJSIA, ABe CxeMbl $Ha30oBOW aBTOMOACTPOMKM YaCTOThl OMNOPHbLIX reHepaTopos, GopMun-
PYIOLLMX OLLEHOYHbIE KOMUU CUrHana 1 NoMexm, 1 rnepekpecTHble CBA3WM MeXAy HUMU, MOJIyYeHbl aHaNIUTU4ecKne
BblpaXXeHsi, MO3BOJNISIIOLLME PacCUYUTaTb 3aBMCUMOCTU BEPOSITHOCTN GUTOBOM OLLIMOKM OT OTHOLLEHUS CUTHAS/LLYM
1 MIHTEHCUBHOCTM NOMeXM [. YCTaHOBJIEHO, YTO HECKOMIMEHCUPOBaHHbIE MNYKTyauum HavanbHoOM ¢asbl NONE3HOro
CuUrHasna okasblBaloT 60JIbLLEE BIINSHUE HA MOMEXOYCTOMYNBOCTb NMPUEMHMKA, YEM aHanornyHsle GnykTyaumm dasbl
rapMOHMNYECKOI MOMEXUN, 0COBEHHO NPV Masiol NO3ULMOHHOCTM CUMHANOB.

BbiBoabl. CpaBHEHME NONYYEHHbIX PE3YNbTATOB C pe3ynbTaTamMu, NOSYYEHHbIMU B Cllydae OTCYTCTBUS LLEMU KOM-
rneHcaumm rapMOHNYECKOM NOMEXM, NMokKasdblBaeT, YTO MCMNONIb30BaHME NOJTYYEHHbIX a/IrTOPUTMOB dunbTpaumn ¢as
no3BosisieT 06ecneynTb NPaKTUYECKN NOJIHOE NOAABNEHNE rapMOHMYEecKon nomexu. Tak, npu p = 0.5 ana BeposT-
HOCTU OWINOKN Py = 1072 sHepreTuyecknit BeIMrpsILL Npu M = 2 cocTasnseT okono 2.5 a6, npu M = 4 — okono 6 b,
npu M=8un M =16 — He meHee 10 ob.

KnioueBble cnoBa: MHOrono3vuMoHHas hasoBasi MaHUMyaums, rapMOHUYECcKasi omexa, onTuMasibHas HesIMHe-
Hast GUIbTPaLMsl, NTOMEX0YCTONYNBOCTb, BEPOSTHOCTb GMTOBOI OLUMOKMN
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I'Ipospatn-locn. dwmaucoaoﬁ aeatenbHocTU: HukTo 13 aBTOPOB He unmeet CDI/IHaHCOBOI‘/'I 3anHTEepecoBaHHOCTN B

npeacTtaB/eHHbIX MaTepuanax nin metTogax.

ABTOpbI 3a9BASIOT 06 OTCYTCTBUM KOHMIMKTA MHTEPECOB.

INTRODUCTION

The widespread use of multiple phase-shift
keyed (MPSK) signals in modern digital information
transmission systems is due to their high energy
and spectral characteristics. However, the quality
of communication was reported [1—7] to decrease
significantly, if, in the radio channel, there is not only a
noise interference, but also nonfluctuating interferences
of various types. This is particularly so where such an
interference is narrowband (harmonic) and has the same
frequency as that of the desired signal [1, 2]. Depending
on the interference intensity, the energy loss in this case
can be fractions of decibel to 10 dB and more.

Such a decrease in the quality of reception is
explained by the fact that demodulator algorithms are
optimized to receive signals against the background
of only white Gaussian noise and do not take
into account the characteristics of nonfluctuating
interferences. Introduction of units of compensation
of such interferences to the demodulator circuit can
considerably increase the noise immunity of signal
reception. The purpose of this work was to synthesize
and analyze an algorithm of optimal nonlinear filtrating
of MPSK signals against the background of a harmonic
interference with a random initial phase.

SYNTHESIS OF AN ALGORITHM OF OPTIMAL
NONLINEAR FILTERING

Let us consider the following receiver-input process
over the time range ¢ € (0, £T7:

x(1) = sy (Ck,t,(psig) + 8, (6,95, )+ 1(t) =

= Ssig,int (Ck’t’ (psig’(pint) + }’l(t). (1)

It is an additive mixture of MPSK signal so(C, 7, 9,
which in a certain (kth) digit time slot has the form

5. (Cp = i,t,(psig) = Ay cos(®y? +@; + (psig),
¢, =i2n/M ,te((k-1T,kT],i=0,1,..,M -1; 2)

a harmonic interference with a random initial phase:

Sint (t’ (pint) = l’LAO COS((J)imt + (pint);

and noise interference n(¢) with the parameters:
N 0
(n()) = 0;{n(t,)n(ty)) = 76@2 —1).

Here, C, is the vector of discrete information
symbols.

Let us consider the MPSK signal as a discrete—
continuous Markov process in which the states of
a discrete parameter can change at certain times,
multiple of 7, and the random initial phases Dsig and
¢;,; of the signal and interference, respectively, are
Wiener processes [8]:

Ogig (1) = "0 ®, ¢ (D= Mg (-

Here, Mg (#) and M, (#) are white Gaussian
sig int

noises with zero means and single-sided spectral den-
sities N, u N_ , respectively. Such a representa-

(p51g Pint
tion of these random processes describes well the
fluctuating phase shifts in self-excited oscillators [9].
In practice, especially in narrowband channels, the
rates of the continuous processes (psig(t) and @, (?)

typically vary slowly in comparison with the rates of

change of information and channel symbols;
ie.,
T >T, 1 >>T,
Psig Pint
where T, and T, are the correlation times of these
Psig Pint

processes.

A priori information on each of the diffusion Markov
processes, (psig(t) and @, (?), is given by the Fokker—
Planck—Kolmogorov equation [8].

Thus, in view of all the above, the circuit diagram
of a receiver of such discrete—continuous processes can
be synthesized using a previously proposed filtrating al-
gorithm [10]. In this case, the mixed a posteriori prob-
ability density of ssig,im(Ck, t, ) containing the
vector C, is

sig’ Qint

pps(t’ Cka (psiga (pil’lt) =

= Wps(ta (psiga (pim)pps(ta Ck|(p5ig: (pint)a
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Where wﬁs(t., Pyig> 0,0 1s the a posteriori probability djcn-
§1ty of t e mdependent parameters'(pSig and @, ,, which
is unconditional on the vector of discrete symbols; and
pps(t, Ck|(psig, ¢;,,) 1s the conditional a posteriori prob-
ability of the state of the vector of discrete symbols at
fixed values of Pgig and @, ..

The conditional a  posteriori

pps(t, Ck|(psig, ¢;,,) obeys the equation [10]

probability

pps (tﬁ Ck (PSlg ’(plnt) =

= pps (t’ Ck (psig ’(pint) X

X{F(I,C > Psig Pint) ~ <F(t, Psig Apim)>}, )

where

k
F(tacka(psig’(pint) = ZFj(t’Cj’(Psig’(Pint)’
j=1
Fj (t’cj’(psig’(Pint) =

1
= _N_O[x(t) - SSig,intJ (C]’t’ (p51g ’(pint )]2 , (4)

<F(t’(psig ’(pint)> =
-1 M-1 M-1

M-1M
=Y X - X FChgy Pin) X

C=0C,=0 C;=0

X psig,int @, Ck (Psig »Pint )-

Under the assumption that the a priori probabilities
of the values of information symbols (for MPSK) in
radio communication are identical and equal to 1/M, and
also identical are the probabilities of the transition of a
discrete symbol from one state to another, the solution of
Eq. (3) at time ¢ = kT is written as

pps (kTa Ck

(psig ’(pint) =

k JT
exp z J Fj (T,Cj,Cj_l,(pSig,(pim)dr
J=1(j-nr

k JT
Yexp| Y | Fit.C,.Cy.04,.00)dT
¢ LFGonr

Here, for the writing to be more informative, the dis-
crete symbol CJ is separately indicated in the list of the
arguments of the function F'(X).

To find the a posteriori probability of one or another
value of the symbol C;, the latter expression should be
averaged over M possible values C,, C,, ..., C,_,. This
gives

pps (kT’ Ck (psig ’(pint) =

k JT
eXp 2 J. FJ (1:9 CJ s Cj_] s (psig 9(pint )dT

_ z J=1(-HT

kT

Cry
Sexp| Y j Fi(1.C;.C_1. Qg Oy )T
(¢, =G

The expression can be significantly simplified
under the additional assumption that the quality of
reception is good. In this case, the symbols that have
already been decided by the time ¢ = kT can be
replaced by their estimated values; i.e., the vector
C,_, can be replaced by Cz_l ={C1*,C;,...,CZ_1}.
Combining the terms independent of C, into
coefficient K and taking into account the
independence of symbols in the information sequence
of the corresponding MPSK signal transmissions,
one can obtain the formula

pps(Tack

(psig ’(pint) =

T
exp Ii_“ £ (T, G5 Dgig - Pin )dT]
© 0

M-1 T '
2 CXp J‘Fk (Ta Ck’(psig 7(pint )dT
Ck:() O

An algorithm to estimate a discrete information
symbol follows from the condition of the maximum of
this a posteriori probability at time ¢ = T

(Ck =i)= max{pps(t, Ck|(Psig, (pint)}‘ (5
Let us introduce the notation

T

JO = '[ Fk (T, Ck =0, (Psig Ping )dr,
0

(6)

T

Trpe1 = [ Fe (.G = M =190, ).
0

The integrands of these formulas are found from
expressions (4). Then, algorithm (5) can be rewritten in
the form

(C, = i) > max{exp(/))}, (7
or

(C, = 1) = max{J}. ()
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Let us transform integrals (6), taking into account
expressions (1) and (2):

Jo=or j [3(0) = $i0 (1, @y )15 (15 Cy, = 0,05 )l
Mo 0
©)
Ty =—j[x(r) St (1 @iIsye (1.Cp = M =19, el
No 0

Algorithm (8) is structurally similar to the MPSK
signal processing algorithm for the case where signals are
received against the background of only white Gaussian
noise [11]. The difference consists in the presence of a
procedure of subtraction from the received mixture x(¢)
a copy of the interference that is formed on the receiver
side. The circuit contains a set of correlators (9), which
determine the degree of similarity of the compensated
mixture with reference signals corresponding to all the
possible values of the information symbol C,.

The reference signals and the copy of the inter-
ference contain information on the initial phases @ o and
¢, The true values of these quantities can be replaced
by their estimated values (p:ig and (pz‘m. Let us develop

algorithms to make these estimates.

Let us solve this problem by the Gaussian
approximation [8, 12] of the a posteriori probability
density of these random parameters. This method is
valid at high signal-to-noise ratios and long observation
times. In this case, such an assumption is valid, which
makes it possible to transition from difficult-to-solve
differential equations for probability densities, which
follow from the Fokker—Planck—Kolmogorov equation
[8], to approximate relations for the expected values (p’(;
and the a posteriori variances K 4 of the approximating
multidimensional (of dimension z) Gaussian distribution:

. - I<F(t,0")>
(pa:aa((p )+ZK(XB(—(9)

poi o5
da ((p) dag(9")
(xB Z 9 K, +a—* ov
v=I (pv Gy
RCRES I WEE-LICLRE
of a5 av a(pia(p:; -

The drift and diffusion coefficients for the
independent Wiener processes (psig(t) and @, (?) are the
following [8, 13]:

a((p51g) = a((Pint) = 0’

N,
(p51g

2

N(plnt
2

b((psig) = b( 1nt )

and K,

= K =
q)sig(pim (pint(psig

Assuming that the phase lock time is less than 7, we
obtain the equations of optimal nonlinear filtering of the

* *
parameters @, and Q;,

(P (1.5 0h)

Psig = PsigPsig a(P:ig ’

(10)
L 8<Fk(l,(Psig’(pint)>
Pint PintPint a(P;knt ’

where the values of the a posteriori variances K, . , .
PsigPsig

and are determined from the system of

K
. Pint Pint
equations

N(psig 2 9 <Fk (t’(p:ig’(p;knt )>

PsigPsig 2 Psig Psig a(le ? ,
: (11)
2 RO
K Moy Pt , g2 ? <Fk(t (PSig’(pim)>
Pyt Pint 2 PintPint a(pmt ’
and
< Fk(tv(p:ig’(p?nt) ==
expJ,
:Fk(t,ck 0(p51g’(plnt)F+
2 expJ;
epr
+Fk(l Ck = la(pslg’ lnt)F—i_
2 expJ;
eXpJZ
+Ft,C = ’(pmg’(Pmt)W-i_ -t
Z expJ;
i=0
expJ
+Fk([,Ck = D(Pslg’ 1nt)—.
Y expJ;
i=0

In view of expressions (4),

a < Fk (t (p51g ’(plnt) 2A0

[20(0) = 3 (0, 93 )] X

a(psig Ny
M-I
expJ;
X 2 sp(t,Cp =1, (p51g)—’
i=0 Z expJ;
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d< Fk(t’(p:ig’(p;knt) > _ ZFLAO

- sin(w; .+ @; )X
Wi T
M1 . expJ;
RO Xy 5t Ce =) S|
1= SXPJ;

Here,

L ds (G =09G,)
S]?(I,Ck :l,(psig): d(p* =
sig

= — Ay sin(! + @; + Py ).

At a high signal-to-noise ratio, the latter expressions
are simplified. If the parity and symmetry of the
constellation diagram of the MPSK signal are also taken
into account, then,

<l P P> 20y o gt
int > Yint

a(p:ig No
Mj2 -1
X Y, sp.Cp = iggo)th I,
i=0

a<Fk(t’(p:ig’(p;knt)> 2 . *
=~ — N sm(o)imt + (pim) X

a(p;knt 0
M/2-1
X[x(0)= Y, 5310 =i, 9gg)th J 1.
i=0

Making statistical averaging and assuming that, in
the steady-state mode, at small filtering error,

COS(Qy = Do) = 1, COS(Pg, = PYig) = 1,

we obtain

82<Fk([a(p:iga(PTnt)> - Ag (1+thAgT]

9P, 2N, 2N,

0 < F(t.Qge-9in) > 242
L) I ——

Clo Ny

In the steady-state mode of filtering of the continuous
parameters @, and @._, the solution of Egs. (11) tends

. K
to the steady-state values PigPsig and

the derivatives of which are zero. Hence,

int’

K
PintPint

I N(psigN 0
Ko 0. = |—F— 5~
PsigPsig A&T
A 1+th 2
2N,
K — N(pintNO
Pint Pint 2“'21402 ’

Finally, algorithms (10) of filtering of the random
initial phases of the signal and the interference take the
form

(b:ig =51K,4, [x(f) = Sint (t’(p?nt)] X
M/2-1
x Y sht,Cy = i, @)t J;, (12)
i=0

(.p;knt = _SZKZHAO Sin((’ointt + (P;knt) X
M/2-1

X)) = Y, 5(.C =i05,)th ], (13)
i=0

where S| and S, are the transconductances of control

elements (CEs) in each phase-lock channel,
2K
_ (psig(Psig _ ZK(pint(pint
Ki=——,and K, =—————.
N OSI N OS2

Figure 1 presents the circuit diagram of a quasi-
coherent receiver in which interrelated algorithms
(7)—(9), (12), and (13) are implemented. The receiver

contains an estimator of discrete symbol CZ , two phase-
lock circuits of reference oscillators O1 and O2, and
cross couplings between them.

Oscillators O1 and O2 generate estimation copies of
the signal and the interference, which are phase-locked
with the corresponding oscillations contained in the
received mixture x(¢). At the input of the receiver, two
subtractors are installed. Subtractor S1 compensates
the harmonic interference in the received mixture;
after S1, the signal is transmitted to a demodulator to
make a decision on the received symbol. Subtractor S2
compensates the signal in the received mixture, and the
obtained oscillation in the ideal case contains only the
harmonic interference and noise. This oscillation is used
by the phase-lock circuit of the interference channel.

ANALYSIS OF THE NOISE IMMUNITY
OF THE SYNTHESIZED RECEIVER

Let us analyze the noise immunity of the synthe-
sized quasi-coherent receiver of MPSK signals using a
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Fig. 1. Circuit diagram of a quasi-coherent receiver of an MPSK signal against a background
of a harmonic interference with a random initial phase
published procedure [2]. The symbol and bit error prob- AE
abilities can be defined as follows: D, = —(1-cos(i2n/M)),
0
M-1
Fe=1- q plu; = Joy—J;>0), where  x=Aw T/2, Aoy =05 -0, M =
= * * * *
= A(l)intT/2 F Qe — (psig and Nint = AmintT/z T Pine — (psig'
The parameters m . and D . are conditional on the
PbeZPse/logzM’ P * “ Y .
values of ¢, Pgig> Pine and ¢, .. To obtain the uncon-
ditional error probabilities, one should make the corre-
where plu,=Jy—J; > 0)|0 ) i and  sponding averaging under the assumption that the a pos-
1 1 >

VD, teriori probability densities of the random phases Psig
ar and ¢, are Gaussian:
®(x) = —— [
V2m
Using (1), (2), and (9), we obtain 1 ((Psig - (P:ig )2
W(Qs]g) = eXp| — ’
2FE * 2K
m,; = < JO - Ji > = N—S[COS((psig - (psig) X 2TCK(psigq)sig PsigPsig
0

x (1= cos(i2m/ M)) —sin(¢g, (p:ig)sin(i2n/M)]+

_ ((pint B (p;knt )2

exp ,

2K
2m K(pint(pint Pint®Pint

2E sinx . .
No9 X [(cos My, — cos My )(1 — cos(i2m/ M) — W( Qi) = \/

— (sinmy, —sinn;,)sin(i21/M)],

+u
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and that the quantities (P:ig and (P?m are uniformly dis-

tributed in the range (0, 2n]. Moreover, in this case, one
can use the approximate formula [8]

m. .
=1-P| << H

>>
/ PgioPint
Dui sigrin

(psig Pint

<< p(u; >0)

>>
0 (psig Pint

<my,; >>
=1-®

D

ui

Averaging over the parameters Dsig and ¢, gives
[14, 15]

<<m . >> =
ut (psigq)int

2Es [(1 (i2m/M))exp(— K, 2)
NO Ccos (7 eXp (psigq)sig /

N uﬂ%(exp(—@/m —1)((1—cos (i2m/M)) x

X COS nfm —sin (i21/ M) sin T];km NI

Analytical averaging over the parameter Tf;nt
failed; therefore, this averaging was performed
numerically.

Figure 2 illustrates the dependences of the bit error
probability P, on the signal-to-noise ratio £,/N,, for the
quasi-coherent receiver of MPSK signals at various M
against the background of a harmonic interference with

100,

1072 \\

104,
g0 |

%106,

10°¢

10-10%
4

5 6 7 8 9 10 11 12 13
E,/Ny, dB
(c)

a random initial phase, Ao, , and a relative intensity of
p = 0.5. Here, the parameters are the a priori variances
of the progressions of the phases ¢ . and ¢, in one digit

time slot 7+

N, T
(p .
sig GZ

__ Oint

2
o - s
Pint 2

Psig 2

For comparison, Fig. 2 presents curves / constructed
at 1 =0. The other curves are constructed at the following

(2) op =025 and cfpsig=0, 3

=025, and (4) o =025 and

parameters:

Géint =0 and G(zpsig
2

c . 0.25.

Analysis of the graphs shows the validity of the ob-
tained algorithms. It is seen that the uncompensated fluc-
tuations of the initial phase of the desired signal affect
more strongly the interference immunity of the receiver
than similar fluctuations of the phase of the harmonic
interference. This is particularly clear at small M. This is
due to the fact that it is the phase structure of the MPSK
signal that contains information on the discrete symbol.

Figure 3 describes the effect of the interference p on
the bit error probability.

In Fig. 3, one of the curves is constructed without using
interference compensation circuits, and the two others are
built by simultaneously using algorithms (12) and (13).
One can see that, in the former case, with increasing U, the
error probability increases significantly (by one to several

100

102 ===

1078,

10-10 ‘ ‘ ‘ j ‘ ‘ y
4 5 6 7 8 9 10 11 12 13
E,/Ny, dB
(b)

100;

E,/N,, dB
(d)

Fig. 2. Dependences of the bit error probability on the signal-to-noise ratio
in the reception of MPSK signals against a background of a harmonic interference
with a random initial phase at M = (a) 2, (b) 4, (c) 8, and (d) 16
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Fig. 3. Dependence of the bit error probability on the relative interference intensity
atE /Ny=13dBand M= (a) 2, (b) 4, (c) 8, and (d) 16

orders of magnitude), and in the latter cases, the harmonic
interference is virtually completely suppressed at any L.

Comparison of the results of this work with the pre-
viously obtained data [2] for the case of the absence of
harmonic interference compensation circuits showed that
the use of the above-derived phase-filtering algorithms con-
siderably improves the noise immunity of the receiver. For
example, at p = 0.5 and an error probability of Py = 1072,
the energy gain at M = 2 is about 2.5 dB; at M = 4, about
6 dB; and at M =8 and M = 16, no less than 10 dB.

CONCLUSIONS

The synthesized algorithm of the optimal nonlinear
filtering of MPSK signals against the background of
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