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Introduction

Currently, the evolution of society toward a new stage,
namely, the information society is most pronounced [1-3]. It is
worth noting that the dynamics of such processes is increasing ex-
ponentially, which is clearly visible in the volume of scientific
publications, which is also growing exponentially by year [1, 4].
In particular, this is due to the widespread use of artificial intelli-
gence to solve various types of problems, particularly in:

a) ocially significant areas:

- personalized education [5-7];

- implementation of "smart" libraries and information and an-
alytical systems [1, 6];

- labor market analysis to determine current labor market needs
[8]

b) in the area of GDP:

— analysis of user needs when consuming services and services
offered by GDP, followed by forecasting them in the context of
rapidly changing market conditions [9, 10];

— creating systems for generating solutions to support the op-
eration of critical sectors of the economy [11].

This leads to a significant increase in the requirements for data
transmission infrastructure between data center nodes [12, 13],
which makes a significant contribution to their overall perfor-
mance [14].

At the same time, developers of data transmission systems
(DTS) between data center nodes face with a number of mutually
exclusive, simultaneously acting conditions and constraints when
constructing them, namely [15-21]:

— the need to reduce the required energy per bit of transmitted
information while ensuring a given reliability of the transmitted
message;

— he need to increase the data transfer rate, including the case
when severe intersymbol interference (ISI) is observed and pro-
duced by dispersion properties of the propagation medium;

— the need to reduce the impact of crosstalk on information
signal on the receive end, even in the case with a denser spatial
packing of potential crosstalk sources;

— the need of receiver development that are technologically
sufficiently simple;

— the capacity limitation of DTS due to the imperfections of
the receiving devices and the channel dispersion which produce
ISL

The analysis of recent papers [22-25] shows that bipolar sig-
nals with » multiposition pulse amplitude modulation (bipolar
PAM-n-signals) are most widespread utilized in data transmission
for such wired DTS, due to the fact that its practical implementa-
tion has the least complexity and lower value of required signal to
noise ratio. However, the results of papers [26, 27] indicate the
fact that, in some wired DTS unipolar PAM-n signals are used.
Taking into account the above presented information and the re-
sults of papers [15,16], it becomes obvious to find out an optimal
solution to the above-mentioned problems requires the develop-
ment of a fundamentally new approach to analyzing the processes
that affect on signal integrity of received PAM-n-signal on the out-
put of frequency selective channel (FSC) in the presence of cross-
talk, when information and interfering signals can be simultane-
ously of both types unipolar and bipolar.

Based on result [15-19] the solution of presented above prob-
lem would be obtained within the framework of theory of

resolution time. Therefore, in this case the complexity of resulting
algorithm would be linear in relation to the number of crosstalk
sources and independent of the alphabet size of the signals. In the
considered case, we will limit ourselves to the case where the du-
ration of the channel symbols (CS) of the information and inter-
fering signals are the same, and the start time of their transmission
and channel symbol durations (CSD) coincide, which is due to the
fact that in data processing centers, sufficiently small distances are
used for transmitting information, where this limitation is met. In
addition, such restrictions may be applied in the field of DTS used
in transport.

So, the aim is to develop an algorithm for main system param-
eters estimation of complex FSC (CFSC) implementation the sim-
ulating the function of a wired baseband telecommunications sys-
tem with linear complexity in relation to the number of crosstalk
sources and independent of the alphabet size of two possible used
types of PAM-n-signals.

1 Problem Statement

To achieve the declared aim, the features for real wired broad-
band communication systems mentioned in the paper [16] in prob-
lem statement section were taken into account for considered case
in this paper. The most important of them is that the consideration
is made only the primary impaction of crosstalk.

Besides analyzing the previous results in the field of consid-
ered problem [16] it becomes obvious that the following private
tasks should be solved taking into account:

1) The mathematical model for the considered case in this pa-
per should be obtained by math models modification presented in
papers [15, 16] taking into account all their limitations.

2) Based on modified math model expressions and equations
should be obtained for two cases. The first of it is expression for
greatest settling error (GSE) estimation at the output composite
FSC in the dependence of CSD and given number of transmitted
channel symbols (NTCS). And the second of it is the expression
for GSE for given values of time shift at which information about
the transmitted CS is retrieved for given CSD and NTCS. Two
types of equations, the first of it for greatest settling time estima-
tion when GSE coincide to permissible error (PE) of information
parameter of signal on the receive end and the second of it for
greatest time shift calculation for given value of CSD and PE
while GSE coincide to PE for the information parameter of infor-
mation PAM-n-signal at the output composite FSC.

3) Expression for estimating the dependence of effective
memory for considered math model on CSD.

4) Construct the algorithm implementation for main system
parameters estimating for math model of considered channel uti-
lizing results of papers [15, 16].

2 Problem Solution

The math model of composite FSC for considered type of
wired communication systems has the same structure diagram as
presented in papers [15, 16]. Therefore, each functional block of
structure diagram has the same functional purpose as in the papers
[15, 16]. The modified structural diagram of considered composite
FSC presented in Fig. 1.

In Fig. 1 the following designation are used:

e Math operations: * is convolution;

—
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e Special functions: & (t) is Dirac function;

e Variables and sets: Tg is CSD; i €, N and N are ordinal
number and number of interfering crosstalk sources, respectively;
lis NTCS; M, € M and 4;, € A, are amplitudes of " pulse

of transmitted signals with 79 and n; multiposition amplitude mod-
ulation of baseband pulses through information FSC and i-th in-
terfering FSC (PAM-ny- signal and PAM-#;- signal, respectively)

[15,16]; AT, (0; ‘cs) is the time shift in the retrieving moment on
the received end; M and A are sets, which elements define of

PAM-no- and PAM-n;- signals signal constellations (SC), respec-
tively; ko, and k), are losses introduced by the propagation

medium that defines information FSC (InFSC) and i interfered
FSC (i-IfFSC), respectively; ky =kA1kA2 is gain of amplifier,

-1
where kAl :klos() ;

max gy, (1)
max P(t)

1if max gg, (7)< max P(t).

if max gy, (#)2maxP(t);

ka, = (M

* Responses of FSC elements: g, (¢) and g, (¢) areim-
pulse responses of shapers for InFSC and i- IfFSC, respectively;
P(t) and I, (t) are the responses of InFSC and i-IfFSC on
e, (1) and g, (1), respectively; /4 (¢) and 4 (z) are impulse
responses of InFSC  and  i-IfFSC,
P'(t=(r=1)ty)=ky, P(t—=(r-1)1,);
L(t=(r=1)1) = knkios, 1 (1 = (r =1) 75

o Process: n(t)is AWGN; n'(t)=kyn(t) is normalized
AWGN at the output of amplifier.

respectively;

The decision device recovers each symbol (d =fl) in se-
quence of transmitted PAM-ngy-signal on the receive end in ac-
cording the following rule

My, =M,| .

recy

(@)

where p'elng: f(p', d)=m1n o (dts) Mp|.
el,n
The implementation of the method and algorithm implementa-
tion for considered general case is achieved by the following be-
low modifications.

SC M or A are defined as follows, when PAM-n¢-signal is
a bipolar signal:

no

M= ()" =M, = (Ko~ 2] - 0.5(1~ g mod2)) Ab,, kg =Ty (3)

SCk

or
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=g, =( I 20501 mod2))t, =) - (4

i

A= {Ascki),- }

k=1

In this case according to results of paper [16]:

=M

max >

‘M

5)

A =4

max; *

SCLi ‘ B R ‘

And when considered PAM-n- signal is a unipolar signal, then
set M or A; is defined as follows

M= (M | =My, =kAM+ Mk =T} (6)

or

A,-:{Ascki,i}k:lz{/]sck = kA + Ay, K = } %

In this case according to results of paper [15]:
M =M i M,

min »
14801’1' Ammi > ASC}’I,‘ K Amaxl- >

=M

max

®)

Here AM and AAg are step between adjacent values of SC

elements of PAM-no- and PAM-n;-
n,mod2 is division with remainder; Mg and 4, are SC am-

signals, respectively;

plitude shift due unipolar signal is used.
To obtain the solution for the second of the stated tasks let’s
analyze the expression for d-th channel symbol settling error

Aget (d T ) obtained in papers [15, 16]. Since the structure of con-
sidered FSC are the same as in the papers [15, 16] and the expres-
sion for d-th channel symbol settling error A, (d ‘cs) obtained
in papers [15, 16] coincide so for considered structure of FSC in
this paper the desired expression for A, (d T, ) in the absence of

AGWN and AT; =0 has the following form

d
ASet r rd ZAlrzrd Md
r=l1 (9)

where P, , (1,)=P'((d—r+1)1,),

Liya(t5)= 1(( —r+l)rs).

Taking into account approach for calculation combinations of
amplitude values presented in papers [15,16] for two types of
PAM-n-signals to obtain the expression for GSE in the presence

of crosstalk A ) = max |A (. )| for considered case let’s

max ( . set

modify the equality (9) in the following way:

—
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P (t ))+F (Md (P (1,)-

[Ase ()] = ZF(

) Z ZF (Aq Aira (T ))

ijeNy r=1

(Ci(75,d)20)v Ci (t5.d)

+ > ZF (A,2 i (7 ))

ipeN, r=1

S (t5,d )20

d
z Z (Az3r[z3rd(T ))+
i3eNy r=1

D, (15.d)

+ZF( 2 sz ))+F (Md (Pd d"

D_(75.d)

) ZZF (AZH 14“1 ))

zp=1 igeN| r=1 (10)
(C_(r5,d)<O)C.(15.,d) S_(15.,d)<0
! 1
()=3 w,8(r (1)) sult)= 3 Mg, (r=(r=1)z,) iy (510 (1) = Py (1)) ;
= ‘ 7 - 3 52 (6) = ki ZMP(;— (r—1)e, )+ S (0= 1(0)+
[ =
!_r et _\k ~A . - Z[Mp -1t,) ZAI r=l)t, }
m(r){m,ﬂf_w(»wn) | ol }'Z"L"g“"“ (=1) b (L ()31 (1)) 2 Z
2 2 4 Y 5 6
i u - ) ;
PBo(r) = dy,8(r—(r-1)z,) D ()= Ayt (1= (7 =1)7) _ Fany (Fax (1) (1) ' -n»“]‘?“’"a?-*m»((f41aw,)
Tz T 4 » e
v q’(r}:i}l{,mﬁ(z—ﬂ%)

n(t)

Fig. 1. Block diagram of a considered FSC. Designation: 1 — shaper in InFSC; 2 — shaper in i-IfFSC; 3 — InFSC; 4 — i-IfFSC;
5 — amplifier; 6 — sampler; 7 — decision device

In the expression (10) the following notations are used:
F (x)= |x|sgn(sgn(x) + 1) ; Fo(x)= |x|sgn(sgn(x) - 1) ;
sgn(x) is a signum function; d'=d"=d; C, (ts,d) and
C (rs,d ) are used when PAM-no-signal is a bipolar signal, in the
case when PAM-ny-signal is a unipolar signal C. (T,,d) and

C’ (Ts,d ) are used; N; and N, are sets of ordinal numbers of in-

terfering bipolar and unipolar PAM-signals, respectively.
Following the method, obtained in the papers [15, 16], it be-
comes obvious that the realization of the following equation

s> Vd: |A (dr, )| — max can be ensured under the following

set of conditions:
e when bipolar PAM-ny-signal is used:

set

(C, (1,,d) > max) A (S, (t,,d) > max) A(D, (t,,d) - max) A

; (1)
/\(|C_(rs,d)|=0)/\(S_ T d)=0)/\(|D_(1:

d)| - min)

e

(C. (r0sd) =0) A(S, (v,.d) =
A(le- (| max) (5 (| > max) (0

0) /\(D+(rs,d) —)min)/\
d)| > max); (12)

e when unipolar PAM-n-signal is used:
(C.(r,.d) »>max) A(S, (1,,d) —>max) A(D, (1,,d) —>max) A

s (13)
A(|C. (x5.d)| > min) A(S_(x,,d) = 0) A(|D-(,,d)| > min)
(Ci(ts,d)—>min)/\(S+(rs,d)=0)/\(D+(’cs,d)—>min)/\
A(|Ci(ts,d)|—>max)/\(|S_(1: d)|—>max)/\(|D_(1: d)|—>max)-(14)

The analyses of conditions (11) — (14) allow us to formulate
the following requirements for the multipliers values of the from
which the terms of the polynomial are formed with satisfaction the
conditions listed above. Therefore, the values of multipliers for bi-
polar PAM-ny-signal are presented in Table 1 and for unipolar
PAM-ny-signal — in Table 2.
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Table 1 Utilizing the results presented in table 1 and 2, expression (5),

Multipliers values of the at which (11) and (12) are meet true the final expression for A, (d Ts) has the following form

. Multiplier values — max
%’Sfti‘;ff:f condition (1) condition (12) Anax (d7,) Ace (A7) =S (15.d) + 15)
- variant 1 variant 2 variant 1 variant 2 +HU (‘C d) 8 +| U )| S (Ts , d)‘ (D(‘ES, d),
7
Mzz M Msc A/éc Msc where Si (Ts,d)Zl(i|U+ (Ts’d)|¢|U_ (Ts’d)|);
sC i n
M 1 ’ l ’ <D(‘cs,d)=1—O.58+(Ts,d)8_(‘cs,d); 1(¢) is Heavyside function;
M
d-1
Ai],r A As A As Mmax(Z|Prd | | Pdd |J zAmax, Z|Itrd
SC1,i Cny i SC,i Crj i r=1 ieN;
Ai“ o S(t.d)= if PAM-n, -signal is a bipolar signal;
Aiz,r ASCn,-,i Ascl,,- *
Al A As Z Amax, Z ir d )|
i3, SCY i Cr; i ieN
P (T ) if PAM-n-signal is a unipolar signal;
Zl,d S
P,a(%) zz[ o P (1 (2)) Ay o (1,0 (52) |
B ()1 A o
<0 >0 >0 <0 if PAM-n-signal is a bipolar signal;
F:i",d (Ts)_)l E[Mscno Fi d (rs))+Msc] F ( d (Ts)):| +
Iil,rd T U+(Ts’d)= =1
) +[M E((Pra () =1))+ My Fy (P (ts)—l))}+

Iiz,r,d Ts) =0 +Z Z|:A5°n i —( JVd( ))+A Fx (Ijra’(T ))J’

JeNy r=1

<0
Ts ) if PAM-n-signal is a unipolar signal.

Table 2

Multipliers values of the at which (13) and (14) are meet true Finaly the equality max

Aset(dtset y )‘=Apm using the

Multiplier values expression (15) takes the form

Considered — —
. condition (13) condition (14)
multiplier variant 1 | variant 2 variant 1 | variant 2 =5\ ( setg )+ + (tsetd ,d)5+ (lsetd ’d)+ ‘U* (ZSW ’d)‘é ( setg > ‘q) sety -4 ) ’
M, (16)
M l MSC"O MSC]
d’ SW SW
M, where Iy, = {‘C } U{‘C } is greatest settlin,
2 ]‘4501 Seng sety W.Std’k =l w.endd’k k=l g g
My time for d-th channel symbol [15, 16].
4, To obtain the expression for maximum settling error estima-
(i A A A A . . . . L. . .
4 sy SCuy i SCy; i sl tion for given time shift at which information about the transmitted
4T channel symbol is retrieved for given symbol duration and number
Al.” Ascn, . 4. of symbols in information sequence let’s analyze the expression
Ai3 p Ascl,,- Ascn, ‘ for d-th channel symbol settling error Ay (dt +1y, ( )) in the
P, (1: ) absence of AWGN obtained in papers [15, 16], since the structure
e >0 of considered FSC are the same as in the papers [15, 16]
Bi,d' (Ts) -1
d-1
P T ' ' ' 2
Zz’d( S) <0 Aset (dtsd + tshd ( Sq )) = MrPr,d+1 (Tsd 9tshd (Tsd )) +
Ei,d"(rs)_l r=t
Ii] rd(Ts) M, |:Pd,’d+1(1;d’t5hd T;d ))_l:|+
- <0 >0 <0 >0 17
Liyra (z) +M g Ppan |t ( sq 2 lshy (t Sd ))
e >S5 (=)
+ d+l ( >Lsn )
]i3,r,d(‘ts) <0 bt Lt i,rti,r, sd sd

T-Comm Vol.20. #1-2026




ELECTRONICS. RADIO ENGINEERING

where  F ('c;d b, (‘c;d )) :P'([d—r+l]'c;d sy (T;d )) 5

Ii,,r,d+l (T;d ’tshd (T;d )) :];([d_r+l] T;d +t5hd (T;d )) ’

Ln, (T; d) is a time shift relative to the transmission start of the

received d™ channel symbol in sequence at symbol duration
SW

’ .
Tsd € U |:Tw.std’k ’Tw.endd’k :| [16]

k=1

Taking into account the approach for calculation combinations
of amplitude values presented in papers [15, 16] let’s modify the
equality (17) in the following way to obtain the expression for

GSE |A, (df;d +lsn, (Téd ))

Ay (dTISd Fl, (T;d )) -

for considered case:

ij;F (M P’d+l( Tog0 bhd( )))+E(Md’[f;d (Rd t>h,,( )) 1])+E(Md'+1pd'+1.d+1(%‘, t>h,,( )))*
(€ (g (o0 ) PONCa 5 ting ()

DRYLWIRERNLY )y IWANIFN Y

j+(§a g (%) 20 5+(§a ding (7))
il d+l

+ Z ZF (A’z i, fd”( Tsq0 shd( d))) ZZF (A’U g Vd"l(rﬁd’tshd (T;d )))+

izeN; r=l iyeNy r=1
b’(T;d fang (% ))

S(' g .1))<0

+SE (MZPZ it (% )))+E(M[,.[f{, (%t (5,)) - 1J)+E(Md.ﬂ13;,w (%t (3 d)))
(é‘(‘[;d lshg (f"d ))SO)V@-(‘;d lshy (Ti'd )) ‘
(18)

In equality (18) C ( Ts Lshy ( Sd )) and C ( Ts, Lsny (T;d)) are
used when PAM-no- 31gna1 is a bipolar signal otherwise
C' (‘C thd( Sa,))and C (‘Esd,fshd( sd)) are used.

It is obvious that the structure of expression (18) repeats the

structure  of equality (10) therefore expression for
ax (dt;d +ig, (t;d )) =max Ay, (d‘t loh, (‘E;d )) takes
the following forms
Ak (d‘l: loh, (t;d )) =max|Ag, (d‘t +ig,, (rsd ))‘ =
_S( shd( )) U,(; shd( d))s (s shd Td ) (19)
+‘Ul(r;d,tshd (t;d ))‘Sl(r;d,tshd (t;d ))‘ ( T, sh, rd )
where
8, ( ;d > Shd ( Shd ‘ ‘U, ;d >"shg ( Tsa )) );

q)(rsd,shd(f )1 oss'(' shd( )8 (%ot ()

—

” d+1( »lsny ( sa )) + (Pd',dﬂ (T;,, »Lsny (T;d ))—1)‘ +
Shd( d))) ZA‘“BX:Z Shd(Td))’

if PAM- "0 51gnal is a bipolar signal;

ZAM,Z sty (%))

ieN;
if PAM-n-signal is a unipolar signal;

e

/
+Fan (T ( iyryd+1 (

S(T;d L, (T;d )) =

lrd+1(

and

(S () A o (5t (52,) ]

if PAM-n-signal is a bipolar signal;
d-

rzzll[Msc,,o Fi(Pry,wl (T;,,,tshd (T;d )))JrM*ClF?(P I“(T t‘h" )):l

[Msan ((E;,du (Tsd tshd( d)) 1))+M5C1F+ ((Pd"dﬂ( o Shd ) 1))}

+[M Fy (Piafuu(rw tsh/(Td)))JrMSC‘Fx(El’“'M( Sd Shd(TSd )))}'
(

3 S e ot () e (2]

JjeNy r=1
if PAM-n,-signal is a unipolar signal;

U (54t (%)) =

Taking into account expression (19), the results of papers [15,

16] the equation A, (d T, *lshpm, (‘c;d )) = A, for permissi-

ble time shift Zg pm, (Té d), given values of permissible error

and d-th symbol in information se-

Ay » symbol duration Ty,

quence at the output FSC can be formulate in the following way,
according [16]

tsh.pmd (T;d ) = min];h (T;d ) b (20)
where Ty, (‘C; 4 ) is the solution of the following equality
(et T (%, )+ |U3 (= 'ﬂ’sh( )3 (5, T (7, )+
2y

‘U' ;d’ sh(‘cd))‘& ( ;d’ sh ‘(D sd’Tsh(T' )):Apm.

Taking into account the results of papers [15,16], the depend-
ence of effective memory for considered math model on CSD
takes the form

1[—]1+ll )

é(rs)znﬂn{G( S):0<R, +Z{|P_jl+l,

a=l

il Ay,
S gte)

G'(15)+1 N A
_ zl |:|PG'(1;S)_/‘1+2,G'(TS)+1 () +ZM N G () 42,6 (2 )1 (rs)}Ss, .
i= = 7 max

Here R, is 4™ remainder of the majorizing series; ¢ is a param-

eter dependence on accuracy of resolution time estimation &es.
Based on results obtained above in this paper and the results
presented in papers [15, 16] the algorithm implementation for
main system parameters estimation for considered FSC presented
in Fig. 2-5 and algorithm implementation subroutine for
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estimating the parameters of majorizing series ( £ and %gH))

presented in Fig. 6.

In Fig. 2-5 under := we understand the operation of variable or
function definition

In Fig. 2 under type and configuration of j-th of PAM-n- signal
we are understood as: the number of discrete states n;, the type of

SC (unipolar or biopolar signal type), the values of AM; or M,
Mg, or A, -

In Fig. 3 under W.i( . ) we understand Lambert W function

when branch -1 is used.

Number of interference sources N. the
value of BER: variance of noise o
parameter QA: resolution time estimation
accuracy e . response of mFSC P(r):
accuracy of effective memory cstimation
Qe: number of symbols for effective
memory estimation [

.
» j=0N
v

Impulse response /i1):
Loss produced by propagation medium ko, |
Partial pulses gu, (1)
Type and configuration of j-th SC of PAM-n-signals,

response of InFSC response of j-IfFSC
]‘(l) 1 (l )

v
k

-1
4 klusn :

max gy, (1) .
b - W if max g, (£)zmax P(1);
Lif max g, (¢)<max P(1):

ka =k ka, -

1

‘ Ay =04 —k,0F ™ (1= BERxlog, ny)

d, =4

’

Numerical solution the following equation with respect to fe, with time accuracy €
B P N A S [ Y P

e=min{e, ;e },
€ = minfsp (1)~ s (L2 4200 )-

¢ =il (1) S (7 ~2,0)f
| Sy
T, :{HML,’ a ,k:];T :{t\\.znd,;’ : }k 1;
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i=1 "

O

Fig. 2. The first section of algorithm implementation of main system
parameters estimation for considered FSC
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v
Calculation of parameters
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Fig. 3. The second section of algorithm implementation of main system
parameters estimation for considered FSC

In Fig. 4 under [.] we understand ceil function; &,
Kronecker delta




ELECTRONICS. RADIO ENGINEERING

I'= argmmz 1B q

argmmzﬁm A (h =n, /\(L‘ -q),
celd 0
< Amﬂ,
Cop =G TN '"ﬁﬂ" Uep, (Tmmp]’ "’3‘4¢+\,r'(Tcunm) +2M ’,,ruh;n,l‘(runmp) U, (Tcnmp,*
el ooy i1 Mmax

A

¥
‘: 7. .U Teomp *Z
1]1

max;

Lipoggon WIIW’)@}OH |f(h; :IJ;[)/\(L'I(]);

max

(3 k

1w ](R;““"kzr! axp 2)J
N )

by

- +—=+1
v key, k,
N feog Ny
Glv)- mm{ G5, ):0 < R —zﬂa PN S Y ¥ ”.u(n)ll—
o S M

-l

) N4
Z [l’o‘m ﬂ-z.a'mwl('i)‘ + Z M i ”.g_u-gwl(ﬂ)}i"'
T M

|
fr‘=l(}[mm[’ . )}1 ir (}[mm(z% ”—124,

d, l.lty{mm( ]J 1<d,.
©)

Fig. 4. The third section of algorithm implementation of main system
parameters estimation for considered FSC

In Fig. 5 the following designations are used [16]: T, ,, is
permissible time shift; AY:)pt and
AT,y are optimal time shift for retrieving information about an

channel symbol within d > G +1 and d < G +1, respectively at

which minimum GSE is achieved while 1, =1y ; 8, is the

largest spread of optimal time shifts for retrieving information;
SA is the attenuation for information signal at the output of the
InFSC caused by the incomplete amplitude settling of the partial

signal pulse; Cy, (no)is lower bound capacity estimation;

Cub (”0 ) is auxiliary lower bound capacity estimation.

In Fig. 6 under Min SNR and Min SNR( p) we understand

minimum required signal-to-noise ratio in the absence / in the
presence of the maximum feducial symbol sampler instability p
for given BER, see expressions for them presented in papers
[15, 16]. On practice for the considered algorithm /' < 30.
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v
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Fig. 5. The fourth section of algorithm implementation of main system
parameters estimation for considered FSC

®

y
Min SNR

Min SNR(p)

Fig. 6. The fifth section of algorithm implementation of main system
parameters estimation for considered FSC

Conclusion

A new phenomenological method and algorithm implementa-
tion for estimating the system parameters of a composite commu-
nication channel with memory are developed in the paper for ma-
jor case of composite frequency selective channel while both types
of PAM-n-signals are used.

-_—
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The channel considered in the paper consists of frequency se-
lective information channel while a multi-position amplitude-
pulse signal is transmitting, which can be either unipolar or bipo-
lar, as well as signals transmitted through interfering frequency
selective channels. A distinctive feature of the developed method
and algorithm implementation is that, firstly, they have polyno-
mial complexity, which is independent of the size of the channel
alphabets of the multi-position amplitude-pulse signals. The ob-
tained method and algorithm implementation have the following
restriction: the start time of transmission of each signal and trans-
mission rate are the same.
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re there any damped oscillations in the settling
process of CFSC impulse response 7
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Fig. 7. Algorithm implementation subroutine for estimating
the parameters of majorizing series
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AHHOTauusa

B cratbe paspaboraHbl HOBbIM pEHOMEHONOMMYECKUI METOL M AJITOPUTM OLIEHKU CUCTEMHbIX MapaMETPOB COCTABHOTO KaHasia CBA3WU C MaMATbIO
(nponyckHas CNOCOGHOCTb MpU 33JaHHOM 3HAYEHWM YacTOTbl OGUTOBBLIX OLIMOOK, TpebyeMoe OTHOLLEHME cUrHan/liyM Ans peanusauuu U T.4.).
PaccmatpuBaeMbit B cTaTbe KaHasi CBA3W COCTOMT M3 4aCTOTHO-U3GUpATeNnbHOro WMHGPOPMALMOHHOIO KaHana, B KOTOPOM MepejaeTcs
MHOTrOMO3ULMOHHBINA aMMIIUTYAHO-UMMYSIbCHbIA CUrHAs, KOTOPbI MOXET ObiTb Kak OAHOMOMNAPHBIM, TaK WU ABYXMOMAPHBIM, MELLAOLME YACTOTHO-
n3buparenbHble KaHasbl MO KOTOPLIM Takke nepefatoTcs nofobHble curHanbl. MonyyeHHble METOA W peanusytolmii ero anroputM ans obuyero
Cllyyas peanunsauyy YacTOTHO-CENIEKTUBHOMO KaHasia ABMAIOTCA Pa3BUTUEM paHee MOJTyHYeHHbIX PEe3ysibTaToB B PaMKax TEOPUM BPEMEHU pa3peLleHus
AJ151 LUIMPOKOTMOJIOCHBIX KaHANOB CBA3W. Pe3ynbTaThl MOTyT TakXe NMPeACTaBNATb MHTEPEC U AJ1A CMELMANIUCTOB, pa3pabarbiBatoLLyX CUCTEMbI CBA3W HA
TPaHCMopTe B aBTOMOGUILHOM U aBUALIMOHHbBIX OTPAC/AX, a TakKe B CUCTEMAX LUMPOKOMONOCHOM MPOBOAHOM nepefayn AaHHbIX. OTnnuntensHom
0COGEHHOCTbIO pa3paboTaHHOTO METOAA M PEAsIU3YIOLLIEro ero airopuTMa ABMAETCA, BO-MEPBbIX, X MOMHOMUASIbHAA CIOXKHOCTb, HE 3aBUCALLAA OT
pasMepa KaHaslbHbIX anipaBUTOB MHOrOMO3ULIMOHHBIX AMMIUTYAHO-UMMYNbCHBIX CUrHANOB. [lonyyeHHbI METOA M aNropuUTM UMEIOT CredytoLlee
OrpaHMyeHune: BpeMa Havana NepeAadn KaxAoro CUrHaia u CKOpoCTb Nepejady OAUHAKOBbI.
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Knioueebie cnoea: MCU, paspewatowee epemsa, nponyckHas cnocobHocmb, meopusa paspewatowezo epemeHu, AUM-n-cueHanbl, aneopumm c SUHEHOU
8bI4UCITUMETbHOU CITOXKHOCMBHO, NepeKPECMHbIe nomexu

UccnedosaHue nposedeHo 8 pamkax ebinosiHeHus 20cydapcmeerHo20 3adaHus - BWUZ-2026-0022,
"Modesnb opeanusauuu u nposedeHus NpochopueHMAYUOHHOU pabombl € yHaW,UMUCA 8 061ACMU eCMECMBEHHbIX HAaYK U UHXXeHepuu"
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