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The most complete consideration of the characteristics of the sig-
nal-noise situation in the communication channel, which are
determined by the probabilistic characteristics of the interfer-
ence complex consisting of chaotic pulse interference, non-
Gaussian and noise interference with arbitrary fluctuations in the
signal amplitudes and interference, is extremely important for
most communication systems with moving objects. The devel-
oped method in this paper allows us to synthesize structural
schemes of optimal and quasi-optimal devices for processing ran-
dom groups of signals with arbitrarily defined distributions. At the
same time resulting quasicanonical (unified) structures of algo-
rithms and devices are convenient for both practical implementa-
tion and transition to adaptive procedures, when the number,
vector of average values, covariance matrices and probabilities of
the components of the distribution of useful and interfering puls-
es are estimated during signal processing and used to adapt the
configuration of decision device during its work.
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Introduction

The most complete consideration of the characteristics of the
signal-noise situation in the communication channel, which are
determined by the probabilistic characteristics of the interference
complex consisting of chaotic pulse interference, non-Gaussian
and noise interference with arbitrary fluctuations in the signal
amplitudes and interference, is extremely important for most
communication systems with moving objects [1-6]. Therefore,
when assessing the reliability of information exchange and the
optimality of radio links, a necessary condition is a complete
probabilistic description of the useful and interfering oscillations
at the receiver input. At the same time, specific models of signals
and interference should, on the one hand, cormrectly reflect the
radio-pulse nature and type of modulation of useful signals, the
shape of interference pulses, and, on the other hand, take into
account their real fluctuations. For this, it is necessary to use
quasi-deterministic models of signals and interference [1-3] in
which elementary signals and interference pulses are described in
the form of known harmonic functions of time with random
parameters (amplitudes, phases, etc.).

Problem Statement

In this statement, each j-th multi-element signal from the
ensemble ;=17 for ;=17 -thtype of high-frequency narrow-
band elementary radio signal is a sequence of high-frequency

narrow-band elementary radio signals which can be represented
as follows

5.6 0 )38, (0. )= Fa, R{U, (-1 )exn(i@nr o, |-

=g‘ai" (Uv-,k (t—t, )cos (279%t +Q,;, )+u,-,k L(t—t,)sin (275fot+ 0, ))

(D
where 7 is the number of types of elementary high-frequency
narrow-band radio signals, J is the number of signal types in the
ensemble, U, (+) is complex amplitude of the narrowband

modulating oscillation; 4 (¢), () are the in-phase and

quadrature components of a radio signal, respectively;
Eibk :(a ,0, e A — random finite-dimensional parameter

vectors with arbitrary probability distribution densities w. (— ;| );

¢, 1s a time at the i-th position of the signal from the start of

k
transmission; K is number of timeslot positions; fy is a signal
carrier frequency.

In fact, in the presented model (1) , the random parameters
are the amplitude factors a, and the initial phases 0y of

elementary signal of the i-th type (i =1,7), corresponding to the
k-th position of the j-th multi-element signal.

The distribution of the quadrature components of the signal
describes the result of some random conversion by the radio
channel of the parameters of this signal from the output of the
transmitter, the randomness of which is caused by a variety of
types and operating conditions of subscriber terminals. Signals
S, (z, &j) can appear on the observation interval 7 in random

various combinations with a priori probabilities P, The

simultaneous arrival » =1, R of signals of different types from

the original ensemble is allowed.

It is assumed that in the communication channel the signal
(1) is distorted by noise and chaotic impulse noise. Noise
interference consists of internal and extemal noise, which, by
virtue of generally accepted assumptions, will be considered
Gaussian, having a power spectral density constant in a given
band n . In this case, the structure of the synthesized algorithms

is supplemented by a unit for estimating the noise power.
Chaotic impulse noise (CIN) is formed by a finite number of M-
independent flows of radio pulses of a known shape:

Uan (bt By Y= Re 3.8 [ U (=1, Jexo (i @t +0,.))] =

M
> b, [u, €1, Jeos@ufyt +o, Yru,, (—t,)sinCrft+0,)] ,m=1,M;
m=1

2
durations 7, with probability densities ,, (tm,Bm) of random
parameters B e B~ and moments of occurrence ¢ . The

probability of impulse interference at the k-th position of a multi-
element radio signal is denoted p . Here and after p and ¢ -

a amplitude factors and initial phases for m-th stream of radio
pulses, respectively; u (r) ¥ u,, are in-phase and quadrative

components of m-th stream of radio pulses.
All functions g (t, &j) and U (tﬁ, B, ), by definition,

have limited energy for all parameter values. Given the narrow-
band nature of the signals and interference, neglecting the spread
of their carrier frequencies — signals, interference and the results
of their interference interaction can be unambiguously described
in terms of complex envelopes and their projections - quadrature
components.

Accordingly, the vector of samples of the j-th signal during
the transmission of the k-th code symbol (for the same
elementary signals) can be written as

=k _ (k) (k) k), .(k)
u; =U;"r;"+U; x> 3)

where r/(.k ) - basic nonrandom decisive functions of the reference

signal obtained by multiplying the portion of the transmitted
code and signature within the formation of the 4-th bit, and U ©

are the random amplitudes of the quadrature components of the
modulated signal.

We consider separately the situation in the absence of signals,
in which an arbitrary number of n CIN pulses from m different
flows in various combinations can overlap the observation
interval 7, forming the resulting interference oscillation.

Therefore, the conditional probability density of the CIN
parameter vector when applying one HIP pulse from the m-th
stream is formed by averaging the joint probability density of the

w, (t [i) parameters of the fixed CIN pulse over all M-flows

my,

of HIP with the corresponding conditional probabilities p :
——n. ¥ — =) M
w@.B)=Y p,w, ¢, BB <]]8, @
m1:0 m=0

where ¢ — moment of occurrence of the CIN impulse, p -

conditional probability of overlapping on the interval of one
impulse from the m-th CIN stream.

e e ———————
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Accordingly, the conditional probability density of the pulse
parameters of the resulting interfering vibration 7 (7,F™) is

defined as:

m=0 m,=0 (5)
= .=
B eHO(Bm) o =y ol veesly,

where — conditional overlap probability of n

(o) is
joint probability density of superimposed CIN pulse parameters.

In accordance with the formula for total probability, the un-
conditional probability density of the parameters of the resulting
interference oscillation describes the result of interference of a
fixed number of CIN pulses and has the following form:

w(t,,B)= anz me, W B

n=0 m=0 m, =0

eiﬁ(n)’ ;eTzﬁ(ﬁ(Tn+Tm)J ’zN“p,,=1- ©)
n=0 n=0 \ m=0 n=0

Let us consider interference situations, assuming the two-
component composition of the B .= (b, ,¢, ) parameter vector

Hp

CIN pulses from m-streams with numbers ...

mlm

n’W_

.,tmn 9Bm“) ’

with a random amplitude factor p and an initial phase ¢, , the
joint density of which is (4, ¢, ), and the arrival times &}

are fixed during the implementation of the resulting CIN pulse.
We introduce a Gaussian density corresponding to centered

noise with a constant power density within the signal spectrum

N, and CIN and write the unconditional density of the input

process as a weighted sum of conditional distributions averaged
over random parameters of the corresponding CIN pulses:

w@=Yp, [[w. @ BWN@.T,G.8").Nodrap: (D
=0  Tp

Due to the fact that the instantaneous values of a narrow-band
random signal are described by a poly-Gaussian model, as shown
in [10], the envelope value of this signal is distributed according
to the poly-Rice law. Then, for signals and interference of the
form (1) and (2) with arbitrary given probability densities , (4,)
and w (b, ) of random multipliers ¢, and p of complex enve-

lopes of amplitudes of useful signals and CIN and with an initial
phases ¢, and ¢, , respectively, distributed uniformly in the in-
terval (0,7), against the background of noise with a uniform

spectral power density, the amplitude fluctuations of the pulses
of the signals and HIP, at the output of the linear detector are
represented by the poly-Rice densities of dimensionless coeffi-
cients ¢, and b :

N, 2
: a. a; +m,
w,(a,) =an, —0’2 exp{ P

2
m .a. . T

b b +m m, b
b e J -y
k ( ) Xq 62 Xp{ 2Gm } 0{ 02 }

m m

i

m=1,M, ©)

where o7 and o. — dispersion of signal amplitudes and interfer-

ence; N, g, and N , g are the number and probabilities of

ELECTRONICS. RADIO ENGINEERING

the Rice components of the i-th signal and interference from the
m-th CIN stream; ,, and , are the parameters of the Rice

probability densities of the i-th signal and interference from the
m-th CIN stream; 7, {}f a modified Bessel function of the first

kind of zero order of an imaginary argument.

To calculate probability densities of the form (5), we use the
technique developed by Professor Ya. D. Shirman [8] and devel-
oped for signal processing algorithms based on the use of poly-
Gaussian models in [9]. This technique is based on a composi-
tion of the distribution laws and is associated with a recursive
calculation of the probability densities of noise and m-th interfer-
ing pulses:

W (@)= w' (@) = [ M@,)do, [wb,)w""x (10)
X[U, coso,+U, sing,)ldb,.

Taking into account the Poly-Rayleigh distribution of the 4

random amplitude factor of the equiprobable distribution of the
initial phases, expression (8) is transformed to:

27 oo

W)= Xq H

"U “m 7m +UmJ_ Sil'l (Pm)]dq)mdbm

(1D

n
o

Thus, a recurrence calculation of densities of the form (11) of
the input implementation vector is carried out, provided that the
observed oscillation contains one CIN pulse, two CIN pulses, ...,
m pulses. The structure of the final expressions for the probability
densities of the input voltage vector w” () of the receiver re-

mains unchanged and each time (at each recursion) depends on the
value of the probability density calculated in the previous step.

In accordance with the methodology for the synthesis of deci-
sive statistics, having performed the transformations associated
with the replacement of variables by moving to Cartesian coor-
dinates, we write the recurrence expression for the density (11):

my7 3 N,
w"(U) =2qn WX
0

+N,
20, (U-m) +(U-m )’
NO 20, 7" o’

Ty Py Ty,
7» and m — basic decision functions containing decision
n
s

functions; j* — obtained by recursive calculations at the previ-

Wk

o (12)

Xexp[

where

ous stages and corresponding to interference-superposition com-
binations that are calculated for each n component of the initial
distribution (8) are nonrandom reference voltage functions and

determine the decisive correlation processing function
Ry =7+ 7
L
—k g7 —k
Fm _U —262 @l rn,k (Unmr,k ) nkl(Un 1 n/d_)
T e 2 76> +N, : 13
k=1 ! iy My 0 5 ( )
137k (7 k k k
L — 2 < r”nlr (u"mr" )+ r"nk (Unernukl
s =Un, =20, o s +N
= neTn O Vo

—
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Just as the equiprobability of the initial phase of the carrier
oscillation of the initial radio pulse is characteristic of its Ray-
leigh components, randomness and probability density of the
moment of arrival of the radio signals are transferred to them
from the original signal. Therefore, an arbitrarily fluctuating ra-
dio pulse with a random arrival time is represented as a mixture
of Rice-Rayleigh radio pulses with equally probable initial phas-
esand with the same distribution of arrival times.

Considering the realization of CIN pulses to be the average
values of the corresponding Gaussian processes, taking into ac-
count (6) and (7), we write down the density corresponding to

the superposition of #- pulses fromm-HIP flows:
T,

. O=2n3 memzq [ [w@x

=0 m,=0 7T *T,,," (14)
20, [U(t, )’ T+UG, )ff ¥
XeX] = e 2.2 — Wor.m, (t seeeo )dI dt"‘
NO 2(Unn7;1” )0,,” 1y, N " m 4

Similar reasoning is valid for the case of superposition Y, of
signals S (qi),i =1,J in the considered interference complex and

leads to the expression for the density corresponding to the com-
plex of si gnals CIN and noise to the following form:

TS 5 WS v S B J" W)

-T, -1, T -
N, o 262 [0 ()| . (15)
Z(S n+y )G +N Z(EAFn:‘;y)Giv
W (gl VW5 (L)l .ty .l

Synthesis of a poly-Gaussian algorithm for resolving
quasi-deterministic signals against the background
of HIP and noise

Based on the method of poly-Gaussian synthesis of reception
algorithms [10, 11] and passing to the expressions of poly-
Gaussian likelihood ratios, we obtain that in the case of applying
one useful signal in the HIP complex, we have the following

expression structure
T

n+1 N
(@)= th,f T (16)
20 @(t )7"*')5 (U(t,l i) i
W

2(S —:1+1) ”

Provided that two useful signals with random moments of ar-
rival overlap the observation interval, the likelihood ratio expres-
sion initially takes the form:

(0= Zq H Hw(r 0,.a)%

. (17)

W [U -a (S cos ¢; Lsin(pi))]
X —= dt; dt,d¢, da_.
W 0) SR

where 12(e) decomposes recursively into expressions, one of
which will be w"(0), the structure of which is obvious from

expression (16) and from which, in its tum, a member w"(J) is
distinguished.

Therefore, the expression for the following hypothesis takes
the form:

A
=73 34,4,

T, T, Zoi
jJ‘ —n+l exp : X
PR T )o +N, N,

y [ﬁ(t“ )rn:n+l]2 +[1/7(t12 )rr‘—zir+2] . NO o 2012 “ (18)
25,72 A7) +N, F| N,

i @, ), 2T+ [u e, "2 T
2(S, r”*z)c

Thus, taking 1nto account the “nesting” of densities of the
form (12), the likelihood ratio for an arbitrary case of overlap-
ping a random number y of useful signals 3, ;=1,/ witha

M)‘I le (tll

Ddrdr,.

complex of CIN and noise can be written in the following con-

structive form
T

I"™(iT) = 2 2‘1 -q J‘ J‘ﬁ _ Ny
B by ...7T k:rz(S,-_n+k)6 +N
205 [ (t, oot )1, P+ st )1 " T (19)
X exp = -
N, 28,70, + N,

XW, s ey (Goensly) X dl.dty,

where under the sign ll[ of the product are the Rayleigh likeli-

hood relationships, the indexing of the variables in which takes
into account the belonging to the component number in the cor-
responding Raylei gh representation of the signal, to the type of
signal, as well as the number of valid useful signals.

If we consider the structure of the Rayleigh likelihood ratio.
then it is easy to notice that 25 72 is an energy of the n-tk

component of the ;,_signal, takmg into account the fact of inter-
action with a random number (n+ k) of interference and signals.
we denote it as Ik, and the term

([Tt sty JEET (st T
is the modular value of the correlatlon integral, which we denote
as Z"tk (©)- Given the accepted notation, we obtain:

Tn Tn
N
I"u)= Qi+ - . x
;1 ,;1 ' @I _13 )+ Ny (20)
26 Z[u(t, ,...t,)
Xexp s oeneny, (Goensly) At dly.

Ny 905, st )+ N,y

The resulting expression reflects many complex hypotheses
about the interference of noise, n CIN pulses and 7y signals, anc
averages the exponentially transformed squares of the modules
of correlation integrals corresponding to simple hypotheses over
the time of arrival of the signals.

The structure of expression (20) completely determines the
multi-level hierarchical structure of the poly-Gaussian algorithir
for resolving quasi-determined signals against the background of
pulsed interference and noise. In the structure of the algorithm
many parallel branches are formed, in each of which the partial

_—
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functionals of the Rice-Rayleigh likelihood relations are cal-
culated. Each branch is formed by a direct product of the corre-
sponding Rayleigh likelihood relations, and on each tier, depend-
ing on the number of superimposed signals, their weighted sum-
mation is carried out.

Figure 1 shows the structural diagram of a device that imple-
ments the obtained algorithm for resolving multi-element signals
in the HIP complex. The device contains a set of parallel channels
(L -1y) for processing signals and interference. Each of the sig-

nal processing channels contains a polycorrelation signal pro-
cessing unit 4 and summation blocks (5, -5,), where signals are

generated that are proportional to the linear combination of partic-
ular likelihood ratio functionals for all signal-noise components.
The number of signal processing channels is equal to the specified
number of superimposed combinations ofallowed signals.

Palicorrelation

" | WFOPU Comparation
ess t
processing uni Weighted unit
TOMTTEIHOTT Tt
u, Slr “5|
u.w E ] —
4 Sy 6
$—
=
[ ] - l
Posterior ‘ 7 “ea
probablility )
processing | j:
1 1 unit - 8
S,
Extrapolation -
unit
4 Signal processing channel
1,
Clock
generataor]
unit
b
Signal processing channel
1. .
hII

Fig. 1. Block diagram of an adaptive resolution device
MS-PG multi-element signals

In each processing channel, there is a block 6 for calculating the
final likelihood ratio functional of the current combination of over-
lapping resolved signals. The signal inputs of this block are connect-
ed to the corresponding signal outputs of the summing blocks
(5,—5,)» the output signals of which are connected to the inputs of

block 7 for calculating the posterior probabilities of the combina-
tions of numbers ofthe Gaussian components ofthe allowed signals.

In the general case, the number of possible hypotheses calcu-
lated during the operation of the algorithm is determined as

|
g YR
JIR)

(e2))
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where R — a maximum number of signals simultaneously present
in the input oscillation.

Conclusion

It is known that the optimal receiver exists strictly within the
framework of the problem in which it is synthesized. Since a
comprehensive description of real signal-noise situations is ex-
tremely difficult, and the selected quality criterion brings errors
in one way or another, the question of the synthesis of quasi-
optimal reception algorithms becomes relevant.

It is important that the class of poly-Gaussian algorithms al-
lows controlling the proximity of the synthesized algorithm to
the optimal solution by optimizing the number of hypotheses
taken into account and, when using the poly-Gaussian represen-
tation of signals and noise, use no more than 34 components of
the probability decomposition. Indeed, the most complex hy-
potheses are the least likely and reflect the unlikely fact of multi-
ple superposition of signals and impulse noise.

Many radio links are characterized by a significant excess of the
average power of the interfering pulse over the noise spectral densi-
ty. Therefore, with powerful CIN pulses with arbitrary durations, the
algorithm, using the replacement of complex hypotheses about ap-
plying CIN with the most plausible hypotheses, is quasioptimal. If
the CIN pulses do not exceed the noise level, then it is advisable to
abandon thedistinction ofthe moment of arrival of CIN, considering
only two hypotheses — the imposition and absence of CIN.

Thus, the arbitrary probability distributions of the parameters of
radio pulses that actually exist in the radio links of mobile commu-
nication systems allow uniform representations (in the sense of mix-
tures of probability distributions) and require the fulfillment of two
conditions: physical realizability and statistical stability.
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AHHOTaUuA

OnucaHHaa MeToAMKa MO3BOJSIAAET CUHTE3UPOBATb CTPYKTYPHbIE CXeMbl OMTUMASIbHbIX M KBa3MOMTUMAJSIbHBIX YCTPOWCTB O6paboTku
CNlyH4aiHbIX FPYMN CUMrHANOB C MPOMU3BOMbHO 3a4aBaeMbIMU pacrpeAenieHUAaMU, a NonyyaeMble KBa3uKaHOHUYeCKue (YHUPULMPOBaHHbIE)
CTPYKTYPbl a/ITOPUTMOB U YCTPOMCTB YAOOHbI Kak AsiA MPaKTUHECKON peanusalyu, Tak U Ans nepexoAa K aJanTUBHbLIM MpoLedypaM, Koraa
KOJIMYECTBO, BEKTOPA CPEAHMUX 3HAYEHUII, KOBAapUALMOHHbIE MaTPULibl U BEPOATHOCTM KOMMOHEHT pacrpefernieHns NOne3HbIX U MeLLatoLLUX
MMMY/IbCOB OLIEHWBAIOTCA B MpoLiecce paboTbl U UCMONb3YHOTCA AA NEPECTPOMKM peLuatoLLeit CXeMbl MPUEMHUKa OB6paboTKU CUTHANOB B
CIIOXHbIX MOMEXOBbIX KOMMEKCaxX.

Knio4yeeble crosa: keasudemepmMuHUpOBAHHbIU a20pum pazpelieHus, Heaaycco8cKue CU2HAsIbl, Xa0MU4YecKue UMNY/IbCHbIE NOMEXU.
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