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Holeichuk L., Trubchaninova K.

METHOD FOR SELECTING THE LENGTH OF TIME SEGMENTS TO IMPROVE
THE INTERFERENCE ROBUSTNESS OF COMPLEX SIGNAL ENSEMBLES

In modern telecommunication systems, particularly in cognitive radio environments,
improving the interference robustness of signal transmission requires the formation of
complex signal ensembles with controlled correlation and spectral characteristics. One
promising approach is the use of time-domain permutations, which modify the correlation
structure of signals without significantly affecting their energy properties. However, the
effectiveness of such methods strongly depends on the parameters of time-domain
segmentation, particularly the length of the time segments.

In most existing approaches, the segmentation length is predefined or selected empirically,
without considering its influence on the correlation and structural-spectral properties of the
signal ensemble. At the same time, excessively small segments provide stronger attenuation
of mutual correlation between signals but may introduce undesirable spectral distortions.
Conversely, large segmentation lengths preserve the spectral structure of the signals but limit
the ability to reduce correlation relationships within the ensemble.

This study proposes a method for selecting the time-segment length for forming ensembles
of complex signals based on a predictive-optimization approach. The method evaluates the
correlation properties and spectral deviations of the ensemble as functions of the segmentation
parameter and determines the optimal segment length using an integrated objective function.

The proposed algorithm includes stages of time-domain segmentation, permutation of
signal segments, evaluation of correlation characteristics, estimation of spectral deviations,
and optimization of the segmentation parameter using a weighted criterion that balances
correlation reduction and spectral stability.

The scientific novelty of the study lies in the development of a predictive-optimization
mechanism for algorithmic selection of the time-segment length, which ensures coordinated
control of correlation and structural-spectral properties of complex signal ensembles and
improves their interference robustness.

The obtained results confirm that the proposed method enables the algorithmic
determination of an optimal segmentation length that provides a compromise between
correlation attenuation and preservation of spectral characteristics, ensuring improved
stability and efficiency of complex signal ensembles in telecommunication systems.

VIK 621.391.1
Kyuenko O. C., Ingux C. B.

METOAOJIOT'TA ONIHIOBAHHA EOEKTUBHOCTI AHCAMBJIIB
PIBHOEHEPTETHYHHUX CKIIAJHUX CUT'HAJIIB Y HAJIINMPOKOCMYTI'OBUX
CUCTEMAX MHOKUHHOT'O JOCTYITY 3 KOAOBUM PO3AIVIEHHAM

Po3BuTOK CcydacHHX TENCKOMYHIKAI[IHHMX CHCTEM XapaKTePH3YEThCS IOCTIHHUM
3pOCTaHHSM BHUMOI' JI0 HPOMYCKHOI 3HaTHOCTI, 3aBaJOCTIMKOCTI Ta e(PEeKTUBHOCTI
BUKOPUCTAHHS PalliouacTOTHOTrO pecypcy. OIHUM 13 IEPCIEKTUBHUX HAIPSMIB 3a0€3MeYeHHS
LIUX BUMOT € BUKOPUCTAHHS HAAIIUPOKOCMYTOBUX CUCTEM MHOKMHHOTO JTIOCTYIY 3 KOJOBUM
PO3IUICHHSM, y SKHUX IIepemaBaHHs 1H(OpMAIIii 3M1HCHIOETHCS 3a TOMOMOTOK aHCaMOJIiB
CKIagHUX curHamiB. EQeKkTuBHICTP (QYHKUIOHYBaHHS TaKWX CHUCTEM 3HAYHOIO MipoIo
BHU3HAUYAETHCS BJIACTHBOCTSAMH CHUTHAJIB, IO 3aCTOCOBYIOTHCS, @ TaKOX XapakTepoM ix
EHEPreTHYHOTO Ta CTPYKTYPHOTO PO3MOALTY B Mexkax aHcamOmo. OcoOIMBOT aKTyaIbHOCTI
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HaOyBae npoOiema aHalli3y Ta CHHTE3y aHCaMOIiB Pi3HOCHEPTeTUYHUX CKJIAJHHUX CUTHAIIB,
JUISL SIKUX TPaJULINHI MIIXO0JH, OPIEHTOBaHI NEPEBAXHO Ha PIBHOCHEPIETHYHI CTPYKTYpH,
BUSIBIISIFOTBHCSI HEZIOCTATHBO €()eKTUBHUMM.

Y cucteMax MHOXHHHOIO JOCTYNY 3 KOJOBUM pPO3AUICHHSM KaHaliB KOXXHOMY
KOPUCTYBady BIJIMOBiIa€ OKpeMHUil cHrHam abo KOJOBa TOCIHiOBHICTh, IO J03BOJISE
3/11MCHIOBaTH OJHOYACHY IepeAady iH(opMalii B Mekax CHUIBHOTO YacTOTHO-4aCOBOTO
pecypcy. SIKicTh pO3AINEHHS CUTHATIB Yy MpUAMaTbHOMY TPUCTPOi 3HAYHOIO MipOIO
BU3HAYA€THCSl KOPEJSIIMHUMHM BJIACTUBOCTAMHU CUTHaliB aHcamOmoo. HM3bKI 3HaueHHS
B3a€MHOI KOpEJALii MK CUTHAJaMU CHPUSIIOTh 3MEHIIEHHIO PIBHS BHYTPIITHBOCHCTEMHHUX
3aBaj 1 3a0e3nevyroTh MiABUILEHHS 3aBaJOCTIMKOCTI cuctemMu 3B’s3ky [l]. OnHak y
NpaKTUYHUX YMOBAxX €KCIUTyaTalii CHCTEM 3B’A3Ky CHUTHAIM KOPHUCTYBadiB HEPIIKO
XapaKTepU3YIOThCSA PIZHUMHU PIBHAMH €HEPTii, 0 MOXe OYTH 3yMOBIEHO BIAMIHHOCTSMHU Y
BiJicTaHsX 10 ©0a30BO1 CTaHIlii, yMOBaMH TIOMIMPEHHS CHUTHaJiB ab0 OCOOIMBOCTSIMU
(YHKIIIOHYBaHHS MepelaBaIbHUX MPUCTPOIB.

HasiBHICTh pi3HOEHEPTeTUYHUX CUTHAJIB MPU3BOAUTH J0 YCKJIaJHEHHS IMPOLECIB aHATi3y
Ta OLIHIOBaHHS €(EeKTUBHOCTI aHCcaMOINiB curHaiiB. TpaauuiiHi METOAM OIIIHIOBAHHS, SKi
0a3yl0TbCsl Ha MPUIYLICHHI MPO PIBHICTh CHEPreTMYHMX IApaMEeTpiB CUTHAJIB, Y TaKuX
BUIAJIKaX HE 3aBX/JM JO3BOJIAIOTh OTPUMATH aJCKBaTHI pe3yibTat [2]. ¥V 3B’A3KYy 3 LUM
BUHUKAE HEOOXIAHICTh PO3POOJICHHS y3arajlbHCHUX MiAXO0/1B, 110 3a0e3MeUyI0Th MOXKIIUBICTh
aHali3y aHCaMOJIiB CUTHAJIIB 3 YpaxXyBaHHSIM HEPIBHOMIPHOIO PO3MOLITY €HEprii.

OnHUM 13 MOXJIMBHMX HAmpsMIB pO3B’s3aHHS LI€] 337aul € BUKOPUCTAHHS Yy3arajibHCHUX
XapaKTEPUCTUK aHCAMOJII0 CUTHAMIIB, 5Kl J03BOJSIOTH OMKMCYBATH iX BIACTHBOCTI y 3PY4UHIi
aHamiTHUHIA (opmi. 3 LI€ METOK JIOLIIBHUM € BBEJCHHS MOKA3HUKIB, IO BiOOPaXKarOTh
0COOJIMBOCTI CTPYKTYPHOI OpraHizauii CUrHajliB Ta XapakTep PO3MOALTY €HEprii MiK HUMMU.
BukopucTaHHs TakMX IOKa3HUKIB J03BOJSIE 3IACHIOBATH MOPIBHSUIBHUN aHAJI3 PIi3HUX
aHcamMOJiB CHUTHajiB Ta OLIHIOBAaTH IX MNPUIATHICTh Ui BUKOPUCTAHHA Yy CHCTEMax
MHOXKHHHOTO JocTyny [3].

Jlist XapakTepUCTUKU BIACTUBOCTEH aHCAMOJIIO PI3HOCHEPTeTUUHUX CUTHATIB JOLIIBHO
BUKOPUCTOBYBaTH MOHATTS CTPYKTYPHOTO €KBIBJIEHTHOro 00’eMy aHcamOmnto. JlaHuit
MOKa3HUK XapaKTePU3ye€ YMOBHY KUIBKICTb DPIBHOCHEPICTUYHUX CHUTHANIB, SKa €
€KBIBAJIGHTHOIO 32 CYMAapHOIO €HEpTri€l0 BUXITHOMY aHCamOJI0 CUTHATIB 13 HEPIBHOMIPHUM
po3noAisioM eHeprii. 3Ha4eHHs I[bOTO TapamMeTpa BioOpakae CTYMiHb KOHLEHTpALil eHeprii
B OKPEMHX CHUTHAJIaX Ta JI03BOJISIE OLIHUTHU BIUIMB €HEPreTHYHOI HEOJHOPIAHOCTI CUTHAJIIB Ha
piBEHBb BHYTPIIIHBOCHCTEMHHX 3aBaJl. 3a PIBHOMIPHOTO PO3MOALTY CHEpTrii MiXK CHUTHAIaMU
3HAUCHHS CTPYKTYPHOTO C€KBIBAJCHTHOTO 00’eMy 30iraetbCs 3 KIUIBKICTIO CHTHAJIB
aHcamOJI110, TOJI SIK 32 3HAYHOT €HEPreTHYHOI HEPIBHOMIPHOCT1 BOHO 3MEHIIIYEThCS.

Takox A aHali3y CGHEPreTHYHUX XapakTEPUCTHUK aHCaMONI0 CHUTHalliB MOXe OyTH
BUKOPUCTAHUN TIOKa3HUK CHEPTETUYHOTO CKBIBAJICHTHOTO 00’ €My, SIKMIi XapaKTePU3y€e PiBCHb
PIBHOMIPHOCTI pO3MOATY €Heprii MK curHajamMu. BHKOpHCTaHHS LBOTO TOKa3HUKA
JI03BOJIAE€ KIJbKICHO OI[IHUTH BIJIMB CHEPreTUYHOI CTPYKTYypH aHCaMOJIl0 CHUTHaNIB Ha
XapaKTCPUCTHKN CUCTEMH 3B’SI3KY Ta BM3HAUYUTH YMOBH, 3a SIKUX JOCSTAETbCS HAWO1IbII
e(eKTUBHE BUKOPUCTAHHS EHEPreTUUHUX PECYPCIB CUCTEMH.

KommuiekcHe BHKOPHUCTaHHS CTPYKTYPHOTO Ta CHEPTETUYHOTO CKBIBAJICHTHUX 00’ €MIB
CTBOPIOE NIEepeAyMOBH ISl (POPMYBAHHS y3araJbHEHUX KPUTEPIiB OLIIHIOBaHHA €(PEeKTHUBHOCTI
aHcaMOIiB curHaiiB. Takl KpUTepii JO3BOJISIIOTH BPaXxOBYBAaTH SIK KOPEJAIIMHI BIACTUBOCTI
CUTHAJIIB, TaK 1 XapakTep pO3MOALTy iX eHeprii, 1o 3ade3neyye OLIbII TOBHE YSABJICHHS IO
MOTEHIIHHI MOJIMBOCTI aHCaMOII0 CHUTHAIIB 040 3a0e3ledYeHHs HEOOXIIHOTrO piBHA
3aBaJIOCTIKOCTI CHCTEMHU MHOKUHHOTO JTOCTYILY.

3anpornoHOBAaHUK MIAXIA MOKe€ OYTH BUKOPUCTAaHUW I dYac aHai3y Ta CHHTE3y
aHcaMOJIiB CKJIQJIHUX CUTHAJIB A HAOIMIMPOKOCMYTOBHUX CHUCTEM 3B’S3Ky. YpaxyBaHH:
CTPYKTYPHHUX 1 €HEpreTMYHMX  XapaKTepUCTUK  CHUTHANIB  JO3BOJSIE  MMIJBUILUTH
OOTpYHTOBAHICT, BHOOPY CHUTHAJIB /I CHCTEM MHOXHHHOTO IOCTYIy, a TaKOX CIpHUsE
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M1JBUILEHHIO €()eKTUBHOCTI BUKOPUCTAHHS Pal04acCTOTHOTO peCcypcey.

Takum  49uHOM, 3aCTOCYBaHHS  y3araJlbHEHUX  XapaKTEepPUCTHK  aHCaMOIliB
PI3HOEHEPTEeTUYHUX CUTHANIIB JO3BOJIIE DO3IMIUPUTA MOXKJIMBOCTI aHaNi3y CUTHATIB Yy
CHUCTEMax MHOXMHHOTO JOCTYIy Ta 3abe3nedye OUIbII TTOBHE BpaxyBaHHS (PAKTOPIB, IO
BU3HAYal0Th €(EKTUBHICTh (PYHKI[IOHYBAaHHS CyYaCHMX TEJIEKOMYHIKAIlIHHMUX CHCTEM.
OTpumMaHi pe3ynbTaTh MOXYTh OyTH BUKOPHUCTaHI MiJ 4ac po3poOJeHHS Ta BJOCKOHAJICHHS
CHCTEM HaJIIMPOKOCMYTOBOTO 3B’SI3KY 3 KOJOBUM PO3AiIICHHIM KaHATIB.
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OIITUMIBAIIIA 3ABATTOCTIMKHX KOJIIB JIABI
I KAHAJLY 3 AAIMTUBHUM BIJIUM I'AYCOBUM IITYMOM

B peanbanx ymoBax mpuiioM JBIHKOBHX CHMBOJIIB 3aBX/IM BiIOYBA€ThCS 3 MOMUIIKAMH, KOJIH
3amMicTh CUMBOIY «1» mpuitmaeTbest cuMBOI «0» 1 HaBnaku. [ToMUIIKM MOXKYTh BUHMKATH Yepe3
3aBaJiy, IO JHIOTh Y KaHAIi 3B’s3KYy, 3MIHM Y Yaci XapaKTEpPHUCTHK Tepeaadi KaHay, 3HIDKCHHS
piBHS mepesiayi, HeCTabIIBHOCTI XapaKTEpPUCTUK KaHaiy 1 T. iH. st 60poThOM 13 3aBajgamu B
CHCTEMax TMEpeJaBaHHs JaHUX 3aCTOCOBYEThCS 3aBAJIOCTIHKE KOAYyBaHHA. BoOHO 103BOIIsIE
3IACHUTH 3aXUCT JAHWUX B Mam’siTi 00YHMCIIIOBAJIBHOTO MPUCTPOIO, HAKOMMUYYBavax iHGopmalrlii.
ToMy, MOXJIMBOCTI MiJBUIICHHS 3aBaJIOCTIMKOCTI TiepeAaBaHHs i1HdopMallli KaHajgamMu 3
3aBaZiaMH, 32 PaXyHOK BUKOPHCTaHHS KOPEKTYBAJIbHUX KOMIB, OOYMOBIIOIOTH IXHE IIUPOKE
3aCTOCYBaHHS B TEJICKOMYHIKAIIHHUX CUCTEMax Pi3HOTo nmpu3HaueHHs [1,2].

Komu JIa6i Oynu po3poliieHi amsi KaHAIB CTHPaHHS 1 3a0€3MCUCHHST HAAIMHOTO MepeaaBaHHsI
naHuxX. OcoONUBICTIO JaHUX KOJIB € BHUKOPUCTAHHS CHCLIATBHOTO 3aKOHY PpO3MOJLTY
IMOBIDHOCTEH, Ha OCHOBI SKOTO (DOPMYIOTBCSI KOIOBI CHMBOJH. bByno mpoaHasi3oBaHO
MOJKJIMBICTh aJIalTallii KOJIB Ha OCHOBI meperBopeHHs Jlali s kaHanmy 3 aJguTUBHUM OLTAM
rayCoBUM ITyMOM. Po3mistHyTO OCHOBHI IpobiemMu KiacuaHux KomiB Jla0i mis maHoro KaHary, a
came BiJICYTHICTb ONTUMI3allii i/ CHiBBIIHOIICHHS CUTHAJ/IITYM, HAIJTUIIIKOBICTh TIPY HU3HKOMY
CHIBBIAHOIICHH1 CUTHAJI/TITYM, Hee(hEeKTUBHICTb CTPYKTYypH rpada [3].

Bbyno Oinbm neTanbHO MPENCTaBICHO OCOOIMBOCTI mporecy onTumizaiii komais Jladi s
MOJENl KaHaly 3 aJAUTUBHUM OLTUM TayCOBHM IIyMOM. 3alpONOHOBAHO Yy3arajibHEHH
QITOPUTM ONTHMI3alii 3aBagocTiikux komiB JIabi 1 KaHamy 3 aIUTUBHUM OLTUM TayCOBUM
HIYMOM, SIKUH BKIIIOUa€ B ceO€ OI[IHKY CIIBBIIHOIIEHHS CUTHAJ/ITyM, 0OMEXEeHHSI CUMBOJIIB 3
BHCOKMM CTETNICHEM, 3a0€3INeUYCeHHS pPIBHOMIPHOTO IOKPUTTS, TIPOBEACHHS YHCEIHHOI
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