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[TocTossHHOE yBeJIWYeHUE KOJHMYeCcTBA OECIHPOBOJHBIX TEJIEKOMMYHHUKAIMOHHBIX CETeH,
CTPYKTypa KOTODBIX CTAaHOBUTCA Bce O0ojiee CJIOKHOW, TpeOyeT YIPOINEHUSA MPOIECCOB HUX
ynpaByieHus, 0COOEHHO NPHU Pa3BEePTHIBAHUU U ONEPANUOHHOM obciyxuBaHUU. COBpeMEHHBIN
YPOBEHb pa3BUTUA caMoopraHuzoBaHHBIX ceTeid (SON - Self-Organizing Network) maer Bo3-
MOXKHOCTh aBTOMAaTUYeCKU KOHQUIYPUPOBATh U ONTUMU3UPOBATh ceTb. OCHOBHOU 3a/jauell Te-
JIEKOMMYHHUKAI[HOHHBIX CETEU ABJIETCA IOBBIINIEHUE €€ MPOIYCKHOH CHOCOOHOCTH, KOTOpasd
COCTOUT U3 MPOIYCKHOU CIOCOOHOCTH KaHasa cBA3U Mexay 6azoBeiMu crannuamu (BC), a tak-
ke mexay BC u aboHenTtamu. llenpio craThu sABIAETCA pa3paboTKa MPOTOTHIIA MOAYJIS yIPaB-
JleHuA KaHaluoM cBA3u Mexay bC.

OcHoBHBle GYHKIMOHaNIbHBIEe BO3MOXXHOCTH SON BKJIIOUAIOT CAaMOOPraHU3alUI0 U ca-
MoomnTuMusanui cetu. Ilpomecc camokoHuUrypanuu HauyuHaeTCs Ha MOATOTOBUTEIBHOM 3Ta-
me ¢ mMoMmeHTa BkJIwueHHs HoBou BC. Ilpu sToM HOBOW 6a30BOW CTAaHIMKU IPUCBAWBAETCH
IP-agpec u ycranaBiauBaerca nuiio3 (GW - gateway), 4To /1aeT BO3MOXKHOCTbh OOMeEHHUBATBHCH
IP-makeramu c apyrumu BC. HoBas BC mpemocraBiser mHbDopManuio o cebe cUCTeME CaMoO-
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koHburypanmuu (OAM - Operation and Management) mia ayTeHTHPUKAIUU, MOJydaeT HeoO-
XOIUMOE TIPOTpaMMHOe obecrieueHHe U TaHHBIE O KOHQUTYPAIlUK CETU, OCYIIECTBIAET OA30BYIO
KOHGUTYpanUI0 U moakIvYaercsa kK obmen cucreme OAM. Bo BpeMsa caMOOUNTHMH3AIUU OCY-
IIECTBJISAETCS U3MepeHHe 3JIEeKTPOMAarHUTHBIX IapaMeTPOB BHEIIHEH CPeZbl, PE3YJIbTaThl KOTO-
PBIX HCIOJB3YIOT JJIsI aBTOHACTPOUKH ceTH. THUNHYHBIM NPUMEDPOM SABJAETCA ONTUMH3AIUA
cmucKa cocelHUX 0a30BbIX craHmui. IIpm sToM yHKMu omtuMusanuu pasmemanT B OAM
unu BC.

ITokazaTenn KadecTBa OOCIYKMBAHUSA OIPENEJAIOTCA MPONYCKHON CIIOCOOHOCTBIO CETH.
[Tomexu MPUBOJAT K YMEHBIIEHUIO PEaJTbHON HPOIMYCKHOH CIOCOOHOCTU M CKOPOCTH Iepefavyu
nHpopmanuu. [Ipu 3TOM B yCJIOBUAX OTCYTCTBUSA IepeNoJIHEHUS Oydepa maMATH CKOPOCTH Iie-
perayu MHGOPMANUU OUPEEIAETCA CIEAYIOIIUM COOTHOIIEHHEM.

np (1- Pee‘np

Re - VKkRo

(Rota + np) + RoTy (Penpe

rae Ro - IOTEHIMaJIbHAaA CKOPOCTH IIepegadu HHQJOpMaHI/IOHHLIX AAaHHBIX; Vi - KOoaoBada CKO-
POCTh; Np - AJIMHA IIAKE€Ta JaHHBIX; tr - BpeMA pacIpocTpaHeHUA CUTHAJIOB II0 KaHaJy CBA3H,

a TakKe aHaJIM3a U MOATBEPK/eHUA (MM MOBTOPHOTO 3aIpoca) mpHUeMa IMaKeTa; € - IoKasa-
TeJb TPYNIHUPOBAHUA OIMMHUOOK BCJIE/ICTBHUE NMOMEX; Z - KOJIMYECTBO MOBTOPHBIX 3alIPOCOB; P -
BEPOATHOCTH cOOSI €UHUYHOTO 3JEMEHTA CUTHAJA JaHHBIX.

BennmunHa Re ompejienseT peaysbHYI0 MPOIYCKHYI CHOCOOHOCTH CETEBOTO 000OpyAoBa-
HHs, BpeMs Iepe/layy MaKeTa U BIHAHHE IMOMEeX Ha XapaKTePUCTHUKHU CHCTEMBI OOCITyKUBaHUA.
Takum ob6paszom, mapameTp Re MOKHO CYHUTATh OJHHUM U3 OCHOBHHUX IOKa3aTesiel, KOTOPBIH
HEIOCPE/ICTBEHHO CBSI3BIBAET BEJIMUYHHY HATPY3KU CETH C MOKAa3aTeJAMH KauecTBa OOCIy:KUBa-
HusA. Ha puc.1 mpuBe/ieHa 3aBUCHMOCTh CKOPOCTH Ilepeflayu MHGOpPMaluu OT JJIUHBI MAKeTa,
JHEPTreTUUEeCKUX COOTHOIIEHUH CHUTHAJIOB W TUMNA MOAyasAnuu. [IpoBe/eHble pacueThl MOKa3aju
CYIIEeCTBOBAHUE ONTHUMAJILHOTO 3HAUEHWs AJIMHBI MepPefaBaeMoOro makera. Pe3ysbpTaTsl pacue-
TOB, IPUBEJIEHHBIE HA PUC.1 MOJIy4YeHsbl pu € - 0,7.

E. BPSK
E,,= 10M6iTjfc

n,=50+50j

o 0,22,90+0.1i

Puc. 1. 3aBucumocts R = f(q, np)

B 3aBucuMoOCTH OT MecTa pa3MellleHUs ajJropuTMoB ontumusanuu SON nozpasznessioT
Ha TPH KJIacca: IeHTPaJIN30BaHHBIE, PACIPE/IeJIeHHbBIE U TUOPUHBIE.

HentpanusoBanHble SON pasmemaioT Bce GyHKIUU B OAM. 910 3HAUUTEJBHO yIIPOIIla-
eT Ipollecc pa3BepThIBaHUsA ceTu. OJHAKO, ¢ y94€TOM TOTO, YTO pa3Hble MPOU3BOJAUTENN UMEIOT
csou OAM-cuctemMbl, TO BePOATHOCTb OCYIIE€CTBJIEHUSA ONTHUMAJBbHOI'O B3aUMOJEHCTBUA MEXAY
o6opyZn0oBaHMEM pa3JIMYHBIX MapoK HeBeJUKAa. [Ipm 5TOM He HOAJEepKUBAIOTCA IMPOCThle U
OBICTpBle MEeXaHU3MBbI ONTHMHU3AIUH.

B pacnpenenennbix SON anroputmsl ontuMusanuu peanusyiorcsa Ha BC. Ilpu peanusa-
U MOJIOOHBIX peleHnN GYHKIHOHAAbHBIe Moayu SON pasmelieHbl B psfie MECT Ha OTHOCH-
TeJIbHO HU3KOM YPOBHE apXUTEKTYPhl. DTO HPUBOJUT K 60osbmiOoMy 00beMy paboT Ipu pa3Bopa-
YMBaHUU ceTU. TakiKe CI0KHO BBHIIOJHUTH MOAJEPKKY CJIOKHBIX CXEM ONTHMU3ANUU, KOTOPHIE
TpebyIoT KoopAauHamuu Oosbinoro koauuectBa BC. OmHako, B pacmpeneneHHbix SON 3Haum-
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TEJIbHO JIerye pellaTh 3a/[aud, KOTOPblEe KacalTCs TOJBKO OJHOU Wau HecKoabkux BC u Tpeby-
0T MMOJIy4eHUsT OBICTPOTO pe3yJbTarTa.

T'u6punapie SON BBHIIOJIHAIOT MPOCThIE U OBICTPBIE cXeMbl onTuMudanuu B BC, a ciaox-
Hble - B OAM. Takum ob6pasom, JJaHHAS TEXHOJIOTHUS MOXKET OBITh OBICTPO HACTPOEHA JAJISI BBI-
MOJTHEHUS Pa3HBIX TUIOB 33/1a4 ONTUMHU3ANHU. [Ipu 3TOM CTAHOBUTCSA BO3MOXKHBIM OINITUMH3U-
poBaTh paboTy 000pYyZI0BaHUS PA3HBIX IPOU3BOTUTENEN.

IIpu peanuzanuu rubpugasix SON Hamboee MePCIEKTUBHBIM HANPABJIEHUEM SBJISAETCA
HCIOJIb30BAHUE METO/J0B MHOXXECTBEHHOTO JOCTylla Ha OCHOBe IPOCTPAHCTBEHHOIO pasjesie-
Husa kaHaiaoB (SDMA - Space Division Multiple Access) [1-3]. 9To TpebyeT MHUPOKOTO HUCIIOJb-
30BaHUA NUGPOBBIX AHTEHHBIX PEIIETOK [4], COBEPIIEHCTBOBAHUSA CHUCTEM U METOAOB (popmu-
poBaHus HeoOXOAMMBIX AuarpamMM HampasieHHoctu anteHH (JH) [5, 6], a Takxke ocyliecTBie-
HUs MOHUTODUWHTA BHEIIHEH CPEJIBI C I[eIbI0 ONpEeeJIeHNU MECTOIMOT0XKeHU [4] 6a30BBIX CTaH-
nui [7]. MeTon ynpasieHus camoopranusyioieicsa cetu SDMA mpejmosiaraeT UCIoIb30BaHue
aHTeHHBIX pemeTok BC ¢ 37eKTpOHHBIM (OPMHPOBAHHWEM y3KOHAINpaBjeHHBIX yydedl [IH B
HanpassieHuu cocegHux bC. OpHOBpeMeHHO co3ialoTcsA nmpoBassl JJH mo HanmpaBjeHUIO UCTOY-
HUKOB moMmeX. /s ynpaBiaenus dopmupoBanueMm /JJH mcnoss30BaHB MpOrpaMMHUpPYyeMBbIE JIO-
ruyecKre HHTerpajbHbIe CXeMbl, 00azaoiire 60JabIIUM OBICTPOAEHCTBHEM, IO CPABHEHHIO C
MUKPOKOHTposnepamu. CoBpeMeHHble npousBogutenu I[IJIVC BBINyCKAIOT yCTPOMCTBA € JIOTHU-
yecKOU MaTpuileil U BCTPOEHHBIM IIPOIIECCOPHBIM SJIpOM, KOTOpBIe SIBJIAIOTCA MPOTrPaMMUPO-
BaHHBIMU cucteMaMu Ha kpucrtawie (PsoC). BeicTposelicTByolee IpoOmecCOpHOE sA/Ipo B coye-
TAHUU C HMIUPOKUMH BO3MOXXHOCTAMH INPOEKTUPOBAHUA Nepudepuu sABIAeTCsS ONTUMATIbHBIM
CpeICTBOM JAJIsI cO3/laHus cucTeMbl yrnpasaenus JIH aHTeHH ajis GecupoBOmHBIX ceTer. Paszpa-
6oTaHHBIM MOMAYJIb yIpaBJeHUs camoopraHusymomieiics cetu BC BkIwuaerT OGJIOK ynpaBJeHUs,
GPS - mpueMHHUK C aKTUBHOU aHTeHHOW u Moayiab ¢opmupoBanus JH. Ilporotunm 6s0ka
ynpasiieHusa cBA3bl0 Mexay bC peanusoBan Ha PsoC - xpucranne STM32F4, comeprkamieM BbI-
cokompousBoauTenbHOe npoiieccopHoe AApo ARM Cortex M4, u mporpaMmupyemMylo Jorude-
CKYI0 MAaTpHIY /I KOMMYyTaluu nepudepuiiHbIX ycTpoicTB (puc. 2).

e
fit3313

Puc. 2. TIporotun 6;10Ka yIpaBJieHUs CBSI3bI0 Mexky BC

B kauecTBe mepudepUUHBIX YCTPOUCTB HCIOJIB3YIOTCA pa3paboTaHHbIe MOAYJIb (popmMu-
poBanus JIH dasupoBaHHON aHTeHHOH pemieTku (puc. 3) u GPS - mpueMHUK ¢ aKTUBHOH aH-
TeHHOH (puc. 4).

Puc. 3. Monysnp popmupoBanus JIH dhazupoBaHHON aHTEHHON PEIIETKH
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Puc. 4. GPS - npueMHHK ¢ aKTUBHON aHTEHHOU

Mopyns dopmupoBanusa JH dbasupoBaHHOH aHTEHHOU PEIIETKH PEaJM30BaH HA OCHOBE
MIpOTPaMMUPYEMOH JIOTHYECKON MHTeTrpasibHOU cxeMbl Altera MAX EPM7128, a nna GPS - npu-
€MHHKa C aKTHUBHOU aHTEHHOHM ocHOBOI ctas moxayab TiSTAR15. IIporpaMMupoBaHUe JIOTHYE-
CKOHM YacTH OCYIIECTBJISJIOCH C MTOMOIIbI0 TpoToKoJia JTAG u mporpaMMHO#M cpebl pa3paboTKu
Altera MAX Plus+ 2. B To BpeMs, Kak IpOTpaMMHUPOBAaHUE YIPABJISAIOIIETO0 MOAYJS BBIIOJIHSI-
Jioch ¢ momoInbio nmporpammaTopa ST-Link2 u cpezbr paszpaborku Keil uVision ARM.

[TpoBepky paboTOoCIOCOOHOCTH MPOTOTHIIA MOAYJISA HPOBOAWUIN Ha pa3pabOTaHHOU ru-
OpUIHOU MMUTANMOHHOM MOJENH, o0Ias cxeMa KOTOPOU MpeJcTaBieHa Ha puc. 5. ['ubpunHas
MMHUTAIMOHHAS MOJIEJIb COCTOUT W3 JBYX YacTel - ammapaTHol (puc. 6), B cocTaBe Tpex QyHK-
IIMOHAJIPHBIX OJIOKOB U MMHUTAIIMOHHOW Mojenu cetd BC, pean30BaHHOU Ha MEPCOHATHLHOM
komnbpioTepe (IIK). CBasp 6isioka ympassenus ¢ IIK ocymecrBiasica ¢ moMombsio mHTEpdeiica
UART-RS232. Biok ynparisienussi obpabaThiBaeT Oouepesd IMAaKeTOB, PETPAHCIUDPYET UX U BbBI-
MOJIHAET PAJIN0 CKAHUPOBAHUE OKpYyKallel cpensl. [Ipuuyem Bce feficTBUA 6JI0KA yIIpaBJIeHUA
MPOTOKOJIUPYIOTCH, a CUHXPOHU3AIUI0 paboThl Mojayiaeidl obecneumBas GPS - mpuemMHUK c ak-
TUBHOU aHTEHHOH.

AxTienan

SHTEHHS, n
GPS porpawtas mogens
Annaparkas wogens cemB

Bnoka ynpasnenms 6C

i GPS-npuemHk
TISTAR1S Bok reHepaumn Bnok MoaenuposaHms
l

1 Tpacmia aGowenos

AnnaparHan moaens Moayns (S
Bnoxa BC i TAKTMPOBAHMS
STM32F407VGTE RS232
[ BnoK MogenMpoBaHns
/ Monens cpeas! rpacha BC
1

Bnok.
NPATOKONMPOBAHIA
PadoTu cHCTeMLI

Mogens undposoro
asospawarens
ALTERA MAX EPM7128

Puc. 5. O61mast cxeMa rHOPHUAHON MMUTAIIOHHON MO/IEIIH

Puc. 6. AmapartHasi 4acTh THOPUHON MMUTAITIOHHOU MOJEITH

Nmuranuonnas mozaensb cetu BC (puc. 7) mo3BossieT co3maBath HOBble BC, oTCIeXuBaTh
CBSI3U, KOTOPbIE ABTOMATHYECKU CO3JAI0TCSA MEXKJy HUMU, TeKYIee COCTOSTHHE KaXK/JI0U U3 HUX,
a Tak)Ke CO3/laBaTh NepedeHb MOOUJIbHBIX aOOHEHTOB B 30He AeHcTBUA Kaxkaou usz BC. Ilpu
5TOM CYIIECTBYEeT BO3MOXKHOCTh IIPOCMOTpA COCTaBa OuepeaU MAaKeTOB, epeyHs OTKPBITHIX Ka-
HaJIOB U aOOHEHTOB C OTCJIEKHUBAHHEM BCEX MTAKETOB, MUPKYJIUPYIOIIUX B CETHU.
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Puc. 7. UmutanuoHHaa moaeab cetu 5C

ITpoBepka paboTOCOCOOGHOCTH MPOTOTHUIIA MOZYJIA YIPABJIEHUS KAHAJIOM CBA3U MEXIY
BC B cocTaBe MMUTAIIMOHHOU MOJEJIM CETH IOKAa3ajio ero HaJle’KHOe COBMeCTHOe (YHKIIMOHU-
pOBaHUE B YCJIOBUAX, MPUOJJMIKEHHBIX K peajbHbIM. [Ipu 3TOM KadecTBO oOciyXuBaHHUA abo-
HEHTOB CETH CYIIECTBEHHO IOBBIMAaEeTcs 3a c4YeT 3(P(PEeKTHBHOrO MexaHHW3Ma OaJaHCUPOBKU
Harpy3KH y3JI0B cetd. Takum ob6pasom, ocHameHne BC pa3zpaboTaHHBIM MOAYJIEM YIpaBJIe€HU
IMO3BOJISET MOBBICUTH HA/IEKHOCTh, IIPOU3BOJAUTEIIHBHOCTDh CETH, a TaK)KE CHU3UTH 3aTPAThl Bpe-
MEHHU Ha CTaJIUAX UX IPOEKTUPOBAHUSA U Pa3BePTHIBAHUS.
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hybrid model of the control module
for cognitive self-organizing hase stations network

AR SERKOVY Cognitive self-organizing networks are networks with variable
decentralized infrastructure.
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e main problem arising in the early stages of the network design - is

S.A. NIKITIN to increase its throughput and deployment speed. Based on the analysis, the
algorithm of base stations interaction was proposed. The operability of

National Technical University proposed algorithm was verified in simulation modeling. The simulation

«Kharkiv Polytechnic Institute» results provided the basis of the developed prototype of control module for
cognitive self-organizing network of base stations. Equipping mobile base
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