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DISCRETE INTEGER MODEL OF COMPLEX TIME-DIVISION SIGNALS
WITH A PERIODIC STRUCTURE

Abstract. Background. The determination of approaches to the analytical synthesis of ensembles of complex time-
division signals without the use of a search-and-correction procedure is relevant for reducing the computational complexity
of synthesis of complex time-division signals with a periodic structure. Subject of the study: a discrete integer model of
complex time-division signals with a periodic structure and conditions for determining the cardinality of the set of discrete
positions of the ensemble and achieving no more than one pulse overlap. Objective: development of a discrete integer model
of complex time-division signals with a periodic structure and establishment of conditions based on this model for
determining the cardinality of the set of discrete positions of the ensemble and achieving no more than one pulse overlap for
each mutual discrete shift of signals. Research tasks: to develop a discrete integer model of complex time-division signals
with a periodic structure; to determine the cardinality of the set of discrete positions of the ensemble; to determine the
conditions for achieving no more than one pulse overlap for each mutual discrete shift of signals. Methods. The methods of
discrete integer modeling and the apparatus of linear Diophantine equations were applied. Results. The mutual coprimality
of the numbers of pulses in a pair of signals is a necessary and sufficient condition for the existence of no more than one
integer solution of a linear Diophantine equation and the occurrence of no more than one pulse overlap for any mutual discrete
shift. Conclusions. The minimum cardinality of the set of discrete positions for a pair of signals is determined as the least
common multiple of the numbers of pulses in this pair, and for an ensemble as the maximum of such values obtained for all
pairs of signals, which ensures the same duration of ensemble signals and constant integer pulse placement steps.

Keywords: complex time-division signals; periodic structure; discrete integer model; linear Diophantine equation;
coprime numbers; set of discrete positions; pulse overlap.

1. Introduction
1.1 Research relevance

The development of ultra-wideband access systems
for low-power applications follows several directions.
Study [1] considers regulatory limitations, physical-layer
specifications, and standardized impulse-radio
communications. Equipment and standards compatibility
across the physical layer, medium access control, and
upper layers is investigated in [2]. The development of the
physical layer is addressed in [3] through requirements for
higher speed, lower power consumption, and fewer
hardware resources. Transmitter and receiver architectures
are considered in [4]. The characteristics and practical
applications of ultra-wideband technology are analyzed in
[5]. Study [6] focuses on advances in ranging, sensing, and
data transfer in ultra-wideband systems. Study [7] analyzes
the current use of IEEE 802.15.4 impulse-radio ultra-
wideband technology and prospects for further adoption.
Impulse-radio sensing and directions for its practical
application are investigated in [8]. Study [9] considers the
operating principles of ultra-wideband wireless systems,
modulation schemes, and channel characteristics. Ultra-
wideband radio-link quality is investigated in [10].
Distance- and frequency-dependent characterization and
modeling of indoor ultra-wideband propagation channels
under line-of-sight and non-line-of-sight conditions are
investigated in [11]. A reconfigurable memristive pulse
generator with pulse shaping for operation in the
3-5 GHz ultra-wideband range is proposed in [12]. A
digitally configurable impulse-radio ultra-wideband
transmitter based on a switching oscillator, with tunable
pulse width and pulse position for high-data-rate and low-
power operation, is proposed in [13]. IEEE 802.15.4a
supplements IEEE 802.15.4 by adding alternative physical
layers for low-rate wireless personal area networks [14].

IEEE 802.15.4z incorporates enhancements to ultra-
wideband physical layers and ranging techniques [15].
IEEE 802.15.3f extends the millimeter-wave physical-
layer specification to the 57-71 GHz band [16]. The
reviewed results confirm that impulse transmission is a
promising direction for further research.

Under conditions of a steady increase in the density
of radio services and the number of users, a potential
limitation of further development of ultra-wideband
access systems based on the IEEE 802.15 family of
standards is the use of a shared channel and probabilistic
access mechanisms, when each end device can transmit
data only if the channel is considered free, and in the case
of overlapping transmissions, signals of different users
become distorted and lost. The above limitation can be
eliminated by transition to code-division multiple-access
systems, which makes it possible to provide guaranteed
simultaneous access for a certain number of users.

A significant stage in the development of synthesis
of ensembles of complex impulse signals was the
approach proposed in [17], which provides synthesis of
ensembles of periodic complex impulse signals with
minimum energy interaction (hereinafter referred to as
complex time-division signals with a periodic structure),
for which no more than one pulse overlap occurs under
arbitrary time shifts, making such ensembles suitable for
use in asynchronous ultra-wideband systems. A
characteristic feature of such ensembles is the
constructive difference in signal energies caused by
different numbers of equal-duration pulses in each signal
[17, 18]. At the same time, synthesis of such signal
ensembles is performed using a search-and-correction
procedure [17], which leads to high computational
complexity of the synthesis procedure.

Thus, the relevant research task is to determine
approaches to analytical synthesis of ensembles of
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complex time-division signals without using a search-
and-correction procedure, which will significantly
reduce the computational complexity of synthesis and
provide possibilities for software-controlled adjustment
of signal parameters in ultra-wideband code-division
multiple-access systems. This enables software synthesis
and reconfiguration of ensembles directly in transceiver
devices by changing their parameters, creating
prerequisites for adaptive modification of the operating
mode of an ultra-wideband access system.

1.2 Literature review and problem definition

The approach proposed in [17] provides synthesis, by
an  exhaustive-search-and-correction  procedure, of
ensembles of periodic impulse signals with minimum
energy interaction, for which no more than one pulse
overlap occurs under arbitrary time shifts, making such
ensembles suitable for asynchronous ultra-wideband
systems. A characteristic feature of these ensembles is the
inherent difference in signal energies caused by different
numbers of equal-duration pulses in each signal, while
their  improved cross-correlation  properties and
preservation of these properties under arbitrary time shifts
make ensembles of impulse signals with minimum energy
interaction promising for use in ultra-wideband code-
division multiple-access systems.

The construction of an ensemble of complex impulse
signals with minimum energy interaction is performed in
two stages [17]. First, the parameters of the impulse
sequences that must satisfy the necessary synthesis
condition are determined. Then, for the determined initial
parameters, the sufficient condition of minimum similarity
is checked. For the impulse sequences of the ensemble, the
initial parameters are defined as

n1 > nz > > nL,

niTi = T,l = 1, ...,L,
where n; is the number of pulses in sequence i; T; is
the pulse repetition period of sequence i; T is the duration
of the ensemble signals.

The above relations define the initial parameters of
the impulse sequences but do not guarantee satisfaction
of the sufficient condition of minimum similarity.
Therefore, after the initial parameters have been
determined, satisfaction of the sufficient condition of
minimum similarity must be verified:

,1<i<j<,

max R;j (1) < \/Tn]
where R;;(t) is the cross-correlation of impulse
sequences i and j at time shift t; T is the time shift
between the sequences; L is the ensemble size.

The minimum-similarity condition for signals in the
ensemble is achieved in [17] only by a separate
exhaustive-search-and-correction  procedure,  which
consists in sequentially checking, for each pair of
impulse sequences and for each mutual discrete time
shift, compliance with the constraint on the maximum
cross-correlation value; if the condition is violated, the
parameters of one of the sequences are corrected and the
check is repeated until the sufficient condition is satisfied
for all pairs of sequences in the ensemble.

Thus, the synthesis procedure for ensembles of
complex signals with minimum energy interaction consists
in forming an initial ensemble of periodic impulse
sequences in which the sequence with the largest number of
pulses is assigned the smallest initial period, whereas larger
initial periods are selected for the remaining sequences so
that all their pulses are fully located within the specified
signal duration. Then, for each pair of sequences and for
each discrete time shift, the admissible cross-correlation
value equivalent to the condition of no more than one pulse
overlap is calculated. If the condition is not satisfied, the
parameters of one of the sequences are corrected, after
which the verification is repeated iteratively. This
synthesis procedure is based on exhaustive search and
correction and has high computational complexity.
Therefore, the known synthesis method does not provide a
sufficient analytical basis for computationally efficient
synthesis of complex-signal ensembles.

1.3 Research objective and tasks

The objective of the study is to develop a discrete
integer model of complex time-division signals with a
periodic structure and to establish, based on this model,
the conditions for determining the cardinality of the set
of discrete positions of the ensemble and achieving no
more than one pulse overlap for each mutual discrete
shift of signals. To achieve this objective, the following
tasks were defined:

—to develop a discrete integer model of complex
time-division signals with a periodic structure;

— to determine the cardinality of the set of discrete
positions of the ensemble;

— to determine the conditions for achieving no more
than one pulse overlap for each mutual discrete shift of
signals.

The research results will enable the synthesis of
ensembles of complex time-division signals based on the
analytical determination of their parameters without the
use of a search-and-correction procedure, which will
reduce the computational complexity of synthesizing
such signal ensembles.

2. Materials and methods

The object of the study is the process of formation
and analysis of complex time-division signals with a
periodic structure, in which the pulse start times are
specified by discrete positions. The main hypothesis of
the study: the application of a discrete integer model of
complex time-division signals with a periodic structure
provides analytical determination of the ensemble
parameters without the use of a search-and-correction
procedure.

The following conditions are adopted for the
construction of the discrete integer model.

Condition 1. Complex time-division signals with a
periodic structure have the same duration within the
ensemble.

Condition 2. The pulses of the signals have the same
duration.

Condition 3. The position of a pulse is determined
by the moment of its start on the set of discrete positions
of the signal.
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Condition 4. Pulse overlap is determined by the
coincidence of the numbers of discrete positions of their
starts.

Condition 5. The periodic structure of signals is
determined by constant integer pulse placement steps.
The methods of discrete integer modeling and the
apparatus of linear Diophantine equations are applied for
the construction and analysis of the mathematical model.

The construction of the discrete model involves the
transition from pulse start times to discrete position
numbers, which makes it possible to determine the
conditions of pulse overlap through the existence of
integer solutions of a linear Diophantine equation.

3. Results of development and research of
the mathematical model

3.1 Construction of the mathematical model of
complex time-division signals with a periodic
structure based on linear Diophantine equations

To construct and analyze the discrete integer model,
we use the apparatus of linear Diophantine equations
[19-21].

Let us assume that pulse positions are determined by
their start instants, while pulse overlap is defined by
coincidence of these instants. We introduce a discrete
integer model of a complex time-division signal with a
periodic structure, whose pulse positions are defined on a
set of discrete integer quantities—signal positions. The
elements of the set of signal positions correspond to all
possible pulse start instants over the signal duration
(hereinafter, the discrete set of signal positions). Pulse
positions are the signal positions occupied by pulses of the
corresponding sequence, and pulse overlap between two
signals is determined by coincidence of the numbers of
these positions. We pass from time to integer position
numbers so that the overlap of two pulses is determined by
coincidence of the position numbers of their start instants.

For each of the signals numbered i and j, considered
as a signal pair, we define a time interval T;, identical for
both signals of the pair, within which the start instants of
their pulses of duration T, are determined as pulse
positions on a set of N;; discrete integer quantities —
signal positions:

Tij = Ni]"[u'

Each discrete signal position m =0,...,N;;
corresponds to the time instant mr,; the value m = N;;
corresponds to the right boundary of the interval T;;.

The numbers of the discrete positions at the starts of
the kth pulse of signal i and the Ith pulse of signal j are
denoted by m; , and m;;, respectively. Since the discrete
model takes into account only pulse start instants, pulses
of duration t,, occupy the half-open intervals:

[mpetu, (M + 1));

[m; it (M) + 1))
Because the pulse start instants are multiples of
their duration t,,, pulse overlap in time is possible only

when the pulse start instants correspond to a signal
position with the same number within the interval

0,...,N;; — 1. Therefore, in the adopted discrete model,
the pulse-overlap condition is defined as equality of the
pulse-position numbers: m;, = m; ;.

It should be noted that the end instants of the last
pulses in signals i and j lie outside the interval T;;. This
is a limitation of the adopted discrete model but must be
taken into account when implementing the signal-
ensemble synthesis algorithm.

The periodic structure of complex time-division
signals i and j is defined through the constant integer
pulse-placement steps Q; and Q;, which, for the numbers
of pulses n; and n; on the set of N;; discrete positions, are
determined by the relations:

Q= . Q; = —
which show that, on the set of N;; discrete positions for
the pair of signals i and j, the periodic structure of each
signal spans an integer number of steps.

For signals i and j, denote the pulse numbers by k
and [, respectively, and define the pulse-number ranges
on the set of N; discrete positions as
k=1,..n 1=1,..,n.

Let the initial positions of the first pulses of signals
i and j be the integers d; and d;, respectively, with 0 <
d; < Q;,0 <d; < Q;. Hence, the zero position m = 0,
corresponding to time instant t = 0, is not the initial
position of the first pulse of either signal. The discrete
position numbers of pulses m;, and m;, can then be
defined by the linear relations:

m;g = di + (k - I)Qi' mj,l = d] + (l - 1)Q]

The mutual discrete shift between signals numbered
i and j—Cj; is specified as an integer number of
positions, with 0 < C;; < N;; — 1.

The pulse-overlap condition defined by equality of
their discrete position numbers m; , = m;;, for the mutual
discrete shift C;; and cyclic transmission, understood here
as repetition of the periodic signal structure after
completion of transmission, is written by introducing the
transmission-cycle number r as an integer:

mi =m;; + Cjj + N,

where the mutual discrete shift C;; defines the
displacement of the signals in discrete positions, while
the product of the transmission-cycle number r and the
cardinality of the set of discrete positions N;; is added to
the right-hand side of the pulse-overlap condition to
account for cyclic transmission. For further analysis
within the time interval Ty;, it is sufficient to consider the
transmission-cycle numbers r = 0 and r = —1: for r =
0, the term rN;; is zero, whereas for r = —1, the term
—N;; appears on the right-hand side of the pulse-overlap
condition and accounts for positions of the preceding
cycle relative to the time interval T;;.

Substituting m;, = d; + (k —1)Q;, m;;, =d; +
+(l = 1)Q; into Eq. m;; = m;; + C;; + rN;; yields an
equality relating pulse numbers k and [ of signals i and j

to the quantities d;, d;, C;;, and rN;;:
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Rearranging the terms so that the terms depending

on the pulse numbers remain on the left-hand side gives
the linear equation:

Where CU + (d] - dl) + rNij iS the difference
between pulse positions specified by the mutual shift C;;,
the difference between the initial positions d; — d;, and
the shift by an integer number of signal positions rN;;.

For  convenience, in the  expressions
m;p = di + (k - l)Ql‘, mj‘l = d] + (l - 1)Q1, we
replace the numbers of steps from the first pulses to
pulses numbered k and [, equal to (k — 1) and (I — 1),
respectively, with the intermediate integer variables x =
k—1, k=1,..,n, y=1-1, l=1,..,n,
x=0,..,n;,—1, y=0,..,n; — 1. Hence, the pulse-
position-number relations are m;,q = d; +x0Q;,
m;,.1 = d; + yQ;. After the same substitution in the
equality Q(k—1—-Q;U-1)=C;+(d—d;)+
+rN;;, we obtain the linear Diophantine equation:

Qix — Q;y = Cyj + (d; — d;) + TNy,

where  x is the number of Q; steps from the first pulse
of signal i to pulse numberk =x+1,x =0, ...,n; — 1;
y is the number of Q; steps from the first pulse of signal
jtopulsenumberl =y +1,y=0,..,n; — 1.

It should be noted that after the substitutions
x =k —1,y =1—1, the intermediate variables x and y
become the direct unknowns of the linear Diophantine
equation. Each pair of variables (x,y) determines the
pulse numbers of signals i and j considered within the
time interval T;;. Fig. 1 shows an example of pulse
placement for two signals on the set of discrete positions
for nl-=3, dl-=5, nj=5, d]:3, NU:15’ T':O,
Tij = NijTu = 15, m= 0, 'Nl] = 0, ...,15, CU = 0.

j

N =15
Qi=5
k=1 k=2 | k=3 |
: x=0 x=1 | x=2 |
E | | i
o H
g .
=1 [ 1=2 =3 =4 =5
y=0 | y=1 y=2 y=3 y=4
i) | : | | i |
: o i 0
I =3 | : 0=3 !
di=5
TR e e e e e R L LR R P (e

Discrete position number, m

Fig. 1. Example of pulse placement
for complex time-division signals with a periodic structure

The figure shows that pulse positions are determined by
their start instants, whereas pulse overlap is determined by
coincidence of these instants. Thus, in the constructed discrete
integer model, the presence of pulse overlap between two
complex time-division signals with a periodic structure is

determined by the existence of an integer solution of the linear
Diophantine equation within the established ranges of the
variables. The integer variables define the numbers of steps
from the initial positions of the first pulses of the two signals,
while the coefficients of the variables define the pulse-
placement steps of the corresponding signals. Thus, the
obtained model provides a basis for further determination of
the number of integer solutions of the linear Diophantine
equation depending on the mutual discrete shift and for
establishing the condition under which the number of pulse
overlaps between a pair of complex time-division signals with
a periodic structure is minimal.

3.2 Determination of the cardinality of the set
of discrete positions for the ensemble

Complex time-division signals with a periodic
structure within an ensemble must have the same duration.
In the introduced discrete integer model, each signal
corresponds to a set of discrete positions at which pulses
may be placed; therefore, equal duration of the ensemble
signals corresponds to equal cardinality of this set.

For a pair of signals, integer pulse-placement steps
are possible if the cardinality of the set of discrete
positions is a common multiple of the numbers of pulses
in both signals. The smallest possible interval
corresponds to the least common multiple of the numbers
of pulses in the pair. For the ensemble, all signal pairs
must be taken into account; therefore, the cardinality of
the set of discrete positions must be no smaller than the
largest of the minimum values required for the individual
pairs. Thus, for the ensemble as a whole, N must be
selected so that the following inequality is satisfied:

N > 1;?3?§LLCM(711-, n;),
which establishes the lower bound on the cardinality of
the set of discrete positions for the ensemble: the time
interval defined for all signals of the ensemble cannot be
shorter than the largest among the minimum intervals
required for the individual signal pairs. The equality

N = 1ggéLLCM(ni,nj)
defines the minimum cardinality of the set of discrete
positions, common to all signals of the ensemble, that
provides equal duration of all ensemble signals, integer
pulse-placement steps in the signals, and the maximum
possible signal energy per unit time for fixed pulse
duration and fixed numbers of pulses in the signals.

3.3 Determination of the condition for achieving
no more than one pulse overlap under
arbitrary mutual discrete shift

Based on the introduced discrete integer model, we
determine the condition for achieving no more than one
pulse overlap for each mutual discrete shift. For the
asynchronous mode, cyclic signal transmission is taken
into account, that is, repetition of the periodic signal
structure after completion of transmission.

We determine the minimum cardinality of the set of
discrete positions for a pair of signals that provides
integer pulse-placement steps and the same time interval
T;; for both signals. We take into account that, for fixed

pulse duration t,, and fixed numbers of pulses n; and n;,
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decreasing the time interval T;; increases the signal
energy per unit time. Therefore, the cardinality of the set
of discrete positions N;; is determined from the condition
of the smallest possible time interval T;;.

For the cardinality of the set of discrete positions for
the signal pair N;;, the numbers of pulses n; and n;, and
the pulse-placement steps Q; and Q;, we write the equality:

Nij =Qin; =Q;n,
which implies that N;; must be a common multiple of n;
and n;.
Any common multiple of n; and n; can be

expressed through their least common multiple
LCM(n;,n;) and a natural multiplicity factor g:

Nij =q- LCM(ni,nj).
If g > 1, the value N;; exceeds the least common
multiple by a factor of g, while the time interval T;;

exceeds the smallest possible interval by a factor of gq.
Therefore, the minimum value of N;; is attained at g = 1:

Nij = LCM(ni,nj).
The product of n; and n; equals the product of their

least common multiple LCM(n;n;) and greatest
common divisor GCD(n;, n;):

n; le = LCM(ni,nj) . GCD(nl-,nj),
hence the minimum cardinality of the set of discrete
positions for the signal pair is
Ny =
GCD(ny,n;)
which determines the shortest time interval:
Tij = NU Ty

It should be noted that increasing N;; relative to
LCM(n;,n;) results only in additional repetitions of the
periodic structure over a longer time interval.

We now generalize the results obtained for a signal
pair to the ensemble, considering the ensemble as the set
of all signal pairs. During synthesis of an ensemble of
complex time-division signals with a periodic structure,
we ensure compatibility of the periodic structures of
individual signals and determine the cardinality of the set
of discrete positions N, common to all signals of the
ensemble. For this purpose, for each pair of signals i and
Jj,1<i<j<L,weselectavalue N thatisamultiple of
both the number of pulses n; in signal i and the number
of pulses n; in signal j. For each signal pair, this choice
ensures that the periodic structures of both signals are
placed an integer number of times on the set of discrete
positions. Thus, for the ensemble as a whole, N must be
selected so that the inequality

N > max LCM(ni,nj),

1<i<j<L

which establishes the lower bound on the cardinality of
the set of discrete positions for the ensemble: the time
interval defined for all signals of the ensemble cannot be
shorter than the largest among the minimum intervals
required for the individual signal pairs. The equality

N = max LCM(ni,nj)

1<i<js<L
defines the minimum cardinality of the set of discrete
positions, common to all signals of the ensemble, that
provides equal duration of all ensemble signals, integer
pulse-placement steps in the signals, and the maximum
possible signal energy per unit time for fixed pulse duration
and fixed numbers of pulses in the signals. The condition
under which the number of pulse overlaps for a pair of
signals does not exceed one for each value of the mutual
discrete shift C;; can be defined by assuming that, for a given
mutual discrete shift C;;, there are two distinct integer
solutions of the linear Diophantine equation, each
corresponding to one pulse overlap, with the sets of
quantities for the first and second solutions being
(x4, y1,11) and (x,,y,,1,), respectively. Subtracting the
linear Diophantine equation for the set (x5, y,, 1) from the
linear Diophantine equation for the set (xq,yy,11)
eliminates the mutual discrete shift C;; and the difference

between the positions (d; — d;), yielding the relation:

Qi(xy — x3) — Qj()ﬁ —y) =(— TZ)Nij:
where variables x; and x, take values from 0 to n; — 1,
while variables y, and y, take values from 0 to n; — 1.

For the case in which the numbers of pulses n; and n;
are coprime, that is, GCD(n;, n;) = 1, it can be shown that
the assumed two distinct integer solutions for the same
mutual discrete shift C;; have identical values of x, y, and r
and therefore coincide. Hence, for each value of the mutual
discrete shift C;;, there can be no more than one integer
solution of the linear Diophantine equation, and each integer
solution corresponds to one pulse overlap. Thus, coprimality
of the numbers of pulses n; and n; is a sufficient condition
for the number of pulse overlaps for a signal pair not to
exceed one for each value of the mutual discrete shift C;;.
When the greatest common divisor of the numbers of pulses
n; and n; is greater than one, GCD(n;, n;) > 1, it can be
shown that there exists a value of the mutual discrete shift
C;; for which the linear Diophantine equation has two
distinct integer solutions that determine two separate pulse
overlaps at different discrete positions m = d; and m =
d; + N;;/GCD(n;,n;) for the same value of the mutual
discrete shift. Thus, if the greatest common divisor of the
numbers of pulses in a signal pair is greater than one, there
exists a mutual discrete shift for which at least two separate
pulse overlaps occur at different positions.

Thus, taking into account the conclusion regarding
the corresponding sufficient condition, coprimality of the
numbers of pulses in a signal pair is a necessary and
sufficient condition for limiting the number of pulse
overlaps to one for each value of the mutual discrete shift.

4. Discussion of the results of the
mathematical model investigation

To display all integer solutions of the linear
Diophantine equation corresponding to pulse-overlap
events for all values of the mutual discrete shift C;;
between signals i and j, and to confirm the obtained
necessary and sufficient condition for limiting the
number of pulse overlaps to one, we use the solution map
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shown in Figure 2 for an example pair of complex time-
division signals with a periodic structure having the
parameters n; =3, n; =5, N;; =15, d; =5, Q; =5,
d; = 3, Q; = 3. The numbers of pulses in the signals
n; = 3 and n; = 5 satisfy the equalities GCD(3,5) = 1,
LCM(3,5) = 15.

In Fig. 2, each row contains one marked cell;
therefore, for each shown value of the mutual discrete
shift C;;, the linear Diophantine equation has one integer
solution corresponding to one pulse-overlap event, and
the absence of a second marked cell confirms the absence
of a second integer solution for the same value of C;;.

14 A

131 = o
o 0
J 1]
£ 101 [
G ' B
5 0]
2
= s
2 o
3
=

1 o B

ol L . :

01 5 10 15

Discrete position number, m

Fig. 2. Map of solutions of the linear Diophantine
equation for a pair of signals with n; = 3,n; = 5,
NU = 15,di =5, QL‘ = S,d] =3, Q] = 3. Black cells
correspond to r = 0; white cells correspondtor = —1

Thus, the presence of one marked cell in each row of
the solution map establishes, for the pair of signals with
n; = 3and n; = 5, no more than one integer solution and
no more than one pulse-overlap event for each value of the
mutual discrete shift, which, for the example considered,
corresponds to the necessary and sufficient condition
established above for limiting the number of pulse
overlaps to one. Therefore, coprimality of the numbers of
pulses in a signal pair is a necessary and sufficient

condition for achieving no more than one pulse overlap
under an arbitrary mutual discrete shift for complex time-
division signals with a periodic structure, as confirmed by
the analysis of the constructed map of solutions of the
linear Diophantine equation for the signal pair. A further
direction of this research may be the consideration of the
continuous component of the mutual time shift of complex
time-division signals with a periodic structure

5. Conclusions

1. Pulse overlap for a pair of complex time-division
signals with a periodic structure at a given mutual
discrete shift and transmission-cycle number s
determined by the existence of an integer solution of the
linear Diophantine equation.

2. The minimum cardinality of the set of discrete
positions for a signal pair is determined as the least
common multiple of the numbers of pulses in that pair,
and for the ensemble as the largest of such values
obtained for all signal pairs, which provides equal
duration of the ensemble signals and constant integer
pulse-placement steps.

3. Coprimality of the numbers of pulses in a signal
pair is a necessary and sufficient condition under which,
for any mutual discrete shift, there is no more than one
integer solution of the linear Diophantine equation and
no more than one pulse overlap occurs.
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JlnckpeTHa misoynceaIbHA MOeNb CKJIATHAX YacOPO3TITI0BATBLHAX CHTHAIB 3 MEPioAMYHOI0 CTPYKTYPOIO
0. C. Xyuenko

AHoTalisi. AKTyaJbHiCTh. AKTyaJbHNM € BH3HA4YEHHS IUIIXiB aHATITAYHOTO CHHTE3y aHCaMONIiB CKIAJHHUX
4acOpO3ALTIOBAJIbHAX CHIHAIB 0e3 3acTOCyBaHHS MepeOipHO-KOPUTYBaIbHOI MPOLEAypH Ul 3MEHIICHHS OOYMCITIOBAIBHOL
CKJIQ/THOCTI CHHTE3y CKJIAHUX YacOpPO3ALUTIOBAIBHIX CUTHAIIB 3 MEPIOIUYHOI0 CTpyKTyporo. IIpenMer J0C/TiqKeHHs: THCKpPEeTHA
LIJIOYHCeNbHa MOJIENb CKJIAJHUX YaCOPO3ALTIOBATPHUX CHUTHAIIB 3 TEPIOIMYHOI0 CTPYKTYPOIO Ta YMOBH BH3HAYEHHS MOTYXKHOCTI
MHOKHHHU JMCKPETHUX MO3UINIH aHCaMOIIO 1 JOCATHEHHS He Oibllle OJHOTrO CyMIleHHs iMImyJbCciB. MeTa mocainkenns:: Mertoro
JIOCITIDKEHHST € PO3POOJICHHS JUCKPETHOI IIOYMCEIbHOI MOJET CKIaJHUX YacOPO3AUTIOBATGHUX CHTHATIB 3 MEPIOAUIHOIO
CTPYKTYPOIO Ta BCTAHOBJICHHS Ha il OCHOBI yMOB BU3HAUSHHS IIOTY)KHOCTI MHOYKHHH JTUCKPETHHX TO3HILIH aHCAaMOJIIO i TOCSATHEHHS
He OUIblIe OJHOTO CYMIIEHHS IMIYJBCIB JUIA KOXKHOTO IMICKPETHOTO B3a€MHOT'O 3CYBY CHTHANIB. 3aBAAHHS JOCTIIZKEHHS:
PO3POOHTH AUCKPETHY LIIOYHCENBHY MOJENb CKIAJIHUX YaCOPO3UTIOBAIBHAX CHIHANIB 3 MEPIONYHOI0 CTPYKTYPOIO; BU3HAUUTH
MOTY KHICTh MHOYKHHH TUCKPETHUX MO3HILIH aHCAaMOITI0; BU3HAYUTH YMOBH JOCSATHEHHS He OUIBIIE OTHOTO CYMIIIEHHS IMITYJIbCIB IS
KOXXHOTO JICKPETHOTO B3a€MHOT'O 3CyBY CHTHAIIB. MeToau J0CTiX:KeHHs. 3aCTOCOBAaHO METOAM AWCKPETHOTO HIOUHCEITBHOTO
MOJIEJIFOBAHHS Ta anapar JIHIHHNX AiopaHTOBUX piBHsAHB. Pe3yabTaTH gociimxkeHHs. B3aemHa npocToTa KUIbKOCTEH iIMITyJIbCIB Y
napi CUTHaJiB € HEOOXiZHOI Ta JOCTaTHHOIO YMOBOIO iCHYBaHHS HE OUIbIIE OAHOTO I[IJIOYHCENBHOTO PO3B’S3KY JiHIHHOTO
nioaHTOBOrO PIBHSHHS Ta BUHUKHEHHs He OiJIbIlIe OHOTO CyMIIIEHHS IMITYJIBCIB TSl Oyb-SIKOTO B3aEMHOTO AMCKPETHOTO 3CYBY.
BucHoBKkH. Bi3HaueHO HaiiMeHIy MOTY)KHICTh MHOXKHHH JUCKPETHUX MO3MIUN AJIs NTApU CUTHAJIB SK HalMEHIIe CITTbHE KpaTHe
KUTBKOCTEH IMITyNIBCIB y M Tapi, a Ui aHCaMOJI0 — SK HAaWOLIbIIe 3 TaKMX 3HA4YEeHb, OJIEP)KaHHX U BCIX Map CHTHAIIB, IO
3a0e3mneuye 0JJHAKOBY TPHBAIICTH CUTHAJIB aHCAMOJIIO Ta IIJIOYUCENBHI CTalll KPOKU PO3MILIICHHS IMITYJIECIB.

KawuoBi ciaoBa: ckiagHi 4acopo3AiOBaNIbHI CUTHAJHM; MEPIOAMYHA CTPYKTYpa; QUCKPETHA LIJIOYUCENbHa MOJCTb;
niniiiHe nioaHTOBE PiBHIHHS; B3aEMHO MPOCTI YHCIIa; MHOKHHA JUCKPETHHX MO3ULIN; CyMIIIEHHS iIMITyJIbCIB.
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