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THE STUDY OF ENSEMBLE PROPERTIES OF COMPLEX SIGNALS
OBTAINED BY TIME INTERVAL PERMUTATION

Abstract. The results of statistical analysis of cross-correlation properties of complex signals’ ensembles, were
obtained due to time interval permutations are presented in this paper. The essence of the method is to apply the division
of short videopulse sequences at the level of intervals with low interaction in the time domain with different numbers of
pulses. By applying the cross-correlation analysis, the maximum emission values of the side lobes of the cross-
correlation functions are calculated and its total average value is determined. Based on the obtained values, a series is
formed in which the first position is occupied by a time interval in which the value of the maximum emissions of the
side lobes of the cross-correlation function has an average value. The determination of the following time intervals is
based on the analysis of the rating series and the arrangement of values is carried out in accordance with the selected
total average value. Thus, a new average range of the maximum emission values of the side lobes of the cross-
correlation function is formed. The average range increases the number of ensembles with satisfactory cross-correlation
properties for use in radio communication systems with code division multiplexing, and minimal interaction between
signals in the time domain reduces multiple access interference.
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Introduction

Problem statement. In multiple access systems
with code division duplexing the subscriber signals are
overlapped randomly in time and transmitted in a
common frequency band, resulting in multiple access
interference (intrasystem interference). Such
interferences are characteristic, for example, of
cognitive radio systems and are embedded in the very
principles of their construction.

Current trends in the development of wireless
systems require a further increase in the number of
subscribers and the quality of service in wireless
multiple access networks.

Assessment of the cross-correlation function
(CCF) allows determining the cross-correlation
properties of complex signal ensembles obtained by
permutation of time intervals, due to which a significant
increase in the number of ensembles of such signals and
a decrease in the maximum emissions of side lobes, due
to which the level of multiple access interference
remains relatively low.

The received signals should be used in radio
communication  systems  with code  division
multiplexing, and increasing the number of ensembles
allows increasing the number of subscribers in them.

Therefore, the study of ensemble properties of
complex signals obtained by permutations of time
intervals on the basis of the rating series is an urgent
task.

Literature analysis. Assessments of the CCF for
the communication systems with code division
multiplexing are widely considered in the literature for
phase-manipulated, amplitude-manipulated, discrete and
other signals based on linear and nonlinear sequences
[1-5], but the correlation properties of complex signal
ensembles obtained by permutation of time intervals
based on rating series with the arranged values in
accordance with the selected common average value
have not been performed and thus require further study.

The basic material

Signals in code division multiple access systems
should provide the lowest possible level of multiple
access interference, which is mainly determined by the
allowable level of maximum peaks of CCF [6].

o}
Rmax =—, (1)
JB
where a — crest factor of CCF, in the general case
depend on the signal base B.

B=AF-T, )

where AF — the signal spectrum width, 7 — the signal
duration.

The larger the value of the crest factor, the better
the correlation properties of the signal.

For the synthesis of complex signal ensembles, a
sample of short video pulses sequences was chosen,
which are divided into four equal intervals with the
equal pulse durations

=7,
the periods of pulse duration are selected approximately
equal:

with signal duty cycle
Qi ~ Qj >> 1a

in so doing, the number of impulses entering each
segment may differ
n; # i’lj.

The examples of the output sequence and the first
two intervals after division are presented in Fig. 1 (a, b, ¢).

According to the results of dividing the output
sequences into intervals and further calculation of their
CCF, new ensembles of complex signal sequences with
a low level of cross-correlation were obtained. An
example of such a signal with the number of symbols
n =173 is shown in Fig. 2.
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Fig. 1: a — an example of the output sequence;
b — an example of the first interval of the sequence division; ¢ — an example of the second interval of the sequence division

Fig. 2 shows that as a result of the time interval
permutations, the sequences with minimal interaction
in time and low correlation were received, which
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Fig. 2. An example of complex signal sequence
from the resulting ensemble with a low level of cross-correlation

complex signal
relative to the

86



ISSN 2522-9052

CyuacHi indopmaniiini cucremu. 2020. T. 4, Ne 3

To calculate the maximum emissions values of the
side lobes of the CCF, obtained as a result of the
sequences permutations, use the expression [7]:

Ry =1f\Jnin; . G)

Due to the different number of pulses in the
sequences, the signal energies will be different.

Therefore, for assessment of the CCF by
expression (3) it is necessary to normalize the signals
energy values [1]:

Sihopm (t) = Si (t)/\/Ez . (4)

The calculated maximum values of the CCF
sequences are shown in Table 1.

Table I — The result of calculating the maximum values of the CCF

maxR1 maxR2 | maxR3 | maxR4 | maxR5S | maxR6 | maxR7 | maxR8 | maxR9 | maxR10
maxR1 1 0,0204 0,0097 0,0093 0,0095 0,0093 0,0093 0,0093 0,0093 0,0093
maxR2 0,0204 1 0,0095 0,0091 0,0091 0,0093 0,0091 0,0091 0,0091 0,0091
maxR3 0,0097 0,0095 1 0,0087 0,0089 0,0087 0,0087 0,0087 0,0087 0,0087
maxR4 0,0093 0,0091 0,0087 1 0,0085 0,6917 0,525 0,8 0,8 0,75
maxR5 0,0095 0,0091 0,0089 0,0085 1 0,0085 0,0085 0,0085 0,0085 0,0085
maxR6 0,0093 0,0093 0,0087 0,6917 0,0085 1 0,7167 0,5833 0,5333 0,5333
maxR7 0,0093 0,0091 0,0087 0,525 0,0085 0,7167 1 0,5250 0,4833 0,5350
maxR8 0,0093 0,0091 0,0087 0,8 0,0085 0,5833 0,5250 1 0,8 0,75
maxR9 0,0093 0,0091 0,0087 0,8 0,0085 0,5333 0,4833 0,8 1 0,95
maxR10 | 0,0093 0,0091 0,0087 0,75 0,0085 0,5333 0,5350 0,75 0,95 1
Fig.3 shows the visualization of the CCF of the side lobes of the CCF for the obtained sequences

calculation result and the points of maximum emissions

with minimal energy interaction.
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Fig. 3. The result of calculating the CCF maxima
and the points of maximum emissions of the side lobes of the CCF

Table 1 and Fig. 3 show that the calculated values
of the CCF maxima with the minimum energy
interaction of the new sequences are compared with the
maximum emissions values of the side lobes of the
signals CCF involved in the permutations. As a result,
we see that the obtained sequences provide the
condition of minimal similarity (1).

Conclusion

Application of time permutations on the basis of a
rating series with the arrangement of values according
to the chosen general average value for the volume

increase in complex signals ensembles allow receiving
complex signals sequences with quite a low level of
cross-correlation, thus the interaction between signals in
time domain remains at a low level, which has a
positive effect on the level of multiple access
interference.

At the same time, the cross-correlation properties
will be slightly worsened, as the maximum emissions
values of the side lobes of the CCF signals depend on
the number of splitting intervals, but, nevertheless, it
becomes possible to use them in modern multiple access
radio systems.
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HocaimzkeHHs1 BaacTuBocTel aHcamM0JIiB CKJIAAHUX CUTHAJIB,
OTPMMAaHHUX ILISIXOM IIEPeCTAHOBOK YaCOBHX iHTEepPBaJIiB

C. B. Innuxk, B. I1. JInceuxo

AHoTanisi. Y crarri HaBeICHO PE3yNbTaTU CTAaTHCTUYHOIO aHAJ3y B3a€MOKODEJILIHHUX BIIACTMBOCTEH aHcamOIiB
CKJIa[JHUX CHTHAJIB, Ki OyJIM OTpUMaHi 32 paXyHOK IEPEeCTaHOBOK 4acoBHX iHTepBasiB. CyTh METOLY IOJATraE y 3aCTOCYBaHHI
PO30OUTTS NOCHIZOBHOCTEH KOPOTKUX BiJICOIMITYJICIB HA PiBHI IHTEpBAIN 3 HU3BKOIO B3a€EMOJIEI0 Y 4acoBii o0iacTi 3 pi3HONO
KinbpKicTio iMysbciB. [1InsxoM 3acTocyBaHHS B3a€MOKOPEILIIHOTO aHalli3y 31iHCHIOIOTh PO3PAXyHOK 3Ha4€Hb MAKCHMAaJIbHUX
BUKHIB OIYHUX NEMOCTOK (QyHKIiH B3aeMHOI KOpesLii Ta BU3HAYAIOTh IX 3arajbHe cepeaHe 3HayeHHs. Ha ocHOBI orpumaHnx
3HA4YeHb CKJIANAIOTh Psil, B AKOMY IEpIIy IO3MILI0 3aliMae 4acoBUH iHTEpBal, y SIKOMY BEJIMYMHA MaKCHMalbHUX BUKHJIB
6okoBHX TeNOCTOK (yHKLIT B3aeMHOI Kopessillii Mae cepellHe 3HAauyeHHsA. BHU3HAuUeHHS HACTYIHHUX YacOBHX IHTEpBaliB
BiZOyBaeThCsl HA OCHOBI aHali3y PEHTHUHrOBOrO psiy 1 PO3CTAHOBKA 3HAYECHb IIPOBOIMTHCA Y BIJIOBIIHOCTI 10 0OpaHOro
3araJlbHOr0 CepefHbOro 3HaueHHA. TakuM uyMHOM (OPMYIOTh HOBHMI YyCepeIHEHMIl psiji 3HaueHb MaKCHMaJIbHUX BHKH[IB
OGOKOBHX MENIOCTOK (DYHKIII B3a€EMHOI KOpEJALii, 3aBIAKH SKOMY 30UIBIIYETHCS KUIBKICTH aHcaMOMiB i3 3aJl0BUIBHUMHU
B33a€EMOKOPEIALIHHUMH BIIACTUBOCTAMM JUISi BUKOPHCTAaHHS B CHUCTEMax pajlio3B’s3Ky 3 KOJOBMM pPO3JUICHHAM KaHaliB, a
MiHIMaJIbHa B3a€EMOJIiSl MIJK CUTHAJIaMH y 4acoBii 001acTi IpU3BOAMTD 10 3MEHIICHHS 3aBa/l MHOKHHHOT'O JOCTYILY.

Karo4dosi ciaoBa: 3aBaja MHOXHHHOIO JOCTYITY; BiJICO iMITylbC; 0a3a CUrHAILY; IMPHHA CIIEKTPY CUTHAILY; TPUBAIICTh
CHUT'HaJly; IIMPHHA CIIEKTPY CUI'HAILY; HiK — (haKkTOp; IINapyBaTiCTh; TPUBAIICTb IMITYNIbCY; (QYHKIISI B3AEMHOI KOPEJIALI.

HccnenoBanue cBoiicTB aHcaMOJiel CJI0KHBIX CUTHAJIOB,
MOJYYCHHBIX MMYTE€M MEePECTAHOBOK BPEMEHHBIX HHTEPBAJIOB

C. B. UnmpIk, B. I1. JIsiceuko

AHHoTanusi. B craree mnpuBeneHbl pe3yabTaThl CTATUCTUYECKOI'O AHAIM3a B3aUMOKOPPESLMOHHBIX CBOMCTB
aHcaMmOJIell CIIO)KHBIX CHTHAJIOB, MOJYYEHHBIX 33 CUET IEePEeCTaHOBOK BPEMEHHBIX MHTepBayioB. CyTh MeTOna 3aKI04aeTcsl B
MIPUMEHEHNH pPa30MeHHs] II0CIEI0BAaTENbHOCTEH KOPOTKMX BHJICOMMITYJbCOB Ha paBHBIE IIPOMEXKYTKH C  HHU3KHM
B3aUMOJICHCTBHEM BO BPEMEHHOH 00JIACTH C Pa3HBIM KOJIMYECTBOM MMITYJbCOB. [lyTeM HpyMeHeHHs! B3aUMOKOPPEISILIMOHHOTO
aHaJIM3a OCYIIECTBIISIOT PAacueT 3HAUYCHUI MaKCUMAJIBHBIX BHIOPOCOB OOKOBBIX JIETIECTKOB (DYHKIIMH B3aWMHOW KOPPEILIUH U
OIpEeeNAT UX olliee cpeaHee 3HaueHHe. Ha ocHOBe MONY4eHHBIX 3HAYCHUH COCTaBIIAIOT Psill, B KOTOPOM IIEPBYIO IO3HIMIO
3aHMMAaeT BPEMEHHOH HHTEpBaJl, BEJIMYMHA MAaKCHMAJIBHBIX BHIOPOCOB OOKOBBIX JICIIECTKOB (DYHKIIMH B3aHMHOH KOPPENSIIIN
KOTOpPOro MMeeT cpefqHee 3HaueHue. OIpesiesieHHe CIEIYIONMX BPEMEHHBIX HHTEPBAIOB NPOMCXOIUT Ha OCHOBE aHAIM3a
PEHTHHTOBOTO psila, ¥ PacCTAaHOBKA 3HAYECHMI IPOBOIUTCSI B COOTBETCTBUH C BRIOPAHHBIM OOIIMM CPEJHUM 3HaueHHeM. Takum
00pa3oM (OPMHUPYIOT HOBBIH yCPETHEHHBIN psiJ| 3HAUYSHUIT MaKCHMAJIBHBIX BEIOPOCOB OOKOBBIX JIETIECTKOB (DYHKIIMH B3aHMHOU
KOppeJsiuy, Oarofapst KOTOPOMY yYBEIHYMBAETCS KOJIMUECTBO aHCaMOJIEH C yIOBIETBOPUTEIBHBIMYI B3aHMOKOPPEILIIUOHHBIMH
CBOMCTBaMH JUIsl MCIIOJIb30BaHKs B CUCTEMaX PaJMOCBA3U C KOAOBBIM Pa3JIeJCHUEM KaHAJIOB, a MUHUMAIBHOE B3aUMOJIeiicTBIE
MEXTy CUTHAJIAaMH BO BPEMEHHOM 00J1aCTH IPUBOIUT K YMEHBIIEHHIO IIOMEX MHO)KECTBEHHOT'O JIOCTYTIA.

Kamo4ueBble cioBa: rmomMexa MHOKXECTBECHHOTO JAocTyna; BUACOUMITYIIBC, baza CUrHajia; MHUpUHa CICEKTpa CUTHAJIa;
JUIMTCIIBHOCTh CUT'HaJ1a; IIUK — (baKTOp; CKBa>XXHOCTb; JJINTCIbHOCTD UMITYJIbCA; (byHKLII/Iﬂ B3aWMHOKN KOppesinun.
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