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3Ba)karo4y Ha 3Ha4HE 30UTHLICHHS KUJTBKOCTI IHTEIEKTya IbHHUX MPUCTPOIB i3 Momyisimu Wi-Fi, a Takox
TIPOTHO3 3POCTaHHS CHOXKMBAHHA [aHMX HAa HACTYIHI pPOKH, HEOOXiJHO PO3POOMTH HOBI METOIU
noOynoBu Oe3npoBigHux Wi-Fi Mepex 3 METO0 MOMIMIIEHHs SIKOCTI CIPUHHATTS MOCIYr 3 OOKY
KIHIIEBMX KOpHUCTyBauiB. B poOOTI yIOCKOHAJICHO KOHIICNITYaJbHY MOJETh MOOYIOBH IMPOTrPaMHO-
koHpirypoaHoi Wi-Fi mepexi, sika, Ha BiIMiHYy BiJ] BiIOMHX, OCHOBaHa Ha IIEHTPAIi30BAHOMY YIIpaB-
JIHHI TIPOIIECOM BHOOPY TOYKH JOCTYIy OOCIYroBYBaHHs i3 BHKopucraHHsM SDN koHTponepa, 3a
JIOTIOMOT'OI0 SIKOT'O, 3JIMCHIOIOYM MOHITOPWHI CTaHy MEpeXi B PEKHMI PeabHOro 4acy, MporpamMHO
peati3yroTh BIIACHI PIIlICHHS IIOJIO iHimiamii XeHmaoBepy. Po3BUHEHO MeToI iHIINaIli XeHI0BEpY B MPO-
rpaMHO-KOH(QIrypoBaHiii Oe3npoBifaniii Wi-Fi Mepexi, sikuii, Ha BiqMiHy BiJ BIIOMHX, MiJl 4ac TpHU-
WHATTSA KEPYIOUOro PIillIeHHsI OO BUOOPY TOUKH JOCTYITY OOCITyrOBYBAHHS OpPIEHTYETHCS HA IHTEIPaIb-
Huit kpurtepiit QoE, chopmoBanuii Ha OCHOBI BUMIPIOBAHHS Y PEKHMI PEATBHOrO Yacy MapamerpiB, piBHs
CHTHAITy, IPOITYCKHOI 3/IATHOCTI, BTPAaTH JIaHUX Ta 3aTPUMOK y Mepexi Wi-Fi, 110 a0 3Mory mosinmmra
SIKICTh CIIPHHHSTTSI TIOCIYT 3 OOKY KiHIIEBUX KOpHCTyBauiB. Po3poOneHi HayKOBO-TIPHKIAIHI PillleHHs
IOZI0 TPOLEYPH XeHIoBepy Ha ocHOBI QOE KpuTepito 3MOXKYTh Ha MpaKTHIIl 3aCTOCOBYBATH HayKOBO-
JIOCITI/IHI OpraHi3arii, KOMIIaHii, orepaTopu MOOUIBHOTO 3B’SI3KY JUISl MOKPAIIEHHS SKOCTI CIPHUHHSTTS
TOCITYT 3 OOKY KOPHUCTYBa4iB y MEpexax i3 IEeHTPaIi30BaHHM YIIPABITiHHSIM.

Kurouosi ciioBa: SDN; SDWN,; Mininet; QoE; QoS; ONOS; xenoogep.
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1. Beryn

[MocTiiiHe 3pocTaHHS MOMUTY Ha BUKOPUCTaHHS MYJIBTHMEIIMHUX TIOCITYT Yepe3 TexHomorito Wi-Fi
aKTyaJli3ye TeMaTHKY IOCIIIPKEHHS PO3BUTKY METOJIB iHIIalii XeHI0Bepy B OC3MPOBIIHUX JIOKAIBHUX
Mepexax (Wireless Local Area Network, WLAN), siki mal0Th 3MOry KOPUCTyBayaM JOCSTaTH BHCO-
KOIIIBHJIKICHOTO TIepeJaBaHHS JaHUX 13 TapaHTOBaHOK sKicTio oOcimyroByBanHs [1-3]. Kpim Toro,
MOOIUTBHI TIPUCTPOT, Taki K MJIAHIIETH Ta CMAPTPOHH, TAKOXK CTAIOTh BCE MOMYISPHINIMMHU Yepe3 iXHIO
HU3bKY BapTICTh Ta MPOCTOTY BHUKOPHCTAHHS, W OUIKYETHCS, IO 3POCTaHHS BUKOPHCTAHHS MOOLTBHHX
MPHUCTPOIB MPHUCKOPUTHCS HAMOMMKUYUMH POKaMH Pa3oM 13 JOCTYIHICTIO Ta BHKOPHUCTAHHSM TaKHX
Mporpam, SIK IOCIYTH B PEXXHUMI PEaTbHOT0 Yacy Ta oHnaiH-irpu. Sk mpasuio, xenaosep (handover, HO) y
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BEIMKOMAacITaOHUX cepenoBuiax Wi-Fi BBOKAEThCS BaXKIMBHM IPOIECOM JJIsl 3a0€3ICUeHHS TIaBHOTO
nepexoly KOpUCTyBaviB MOOUTEHUX MPUCTPOIB MK PI3SHHUMHU TOUYKAMH JIOCTYITY JUISl IITPUMKH JTOJATKIB Y
peanbHOoMy 4Yaci [4]. Came ToMy B poOOTi pO3IISHYTO BiJIOMi pillIEHHS, II0 CTOCYIOThCS aJTOPUTMIB Ta
METOJIB iHimiamii XeHaoBepy B O0e3npopigaux Wi-Fi. Ha ocHoBi aHami3y BimoMux poOit [5—8] BU3HAYECHO
O0OMEXEeHHs HasIBHUX PillleHb, TaKi K HEOCTATH MOiH(OpMOBaHICTh IPO BUMOT'H KiHIIEBUX KOPHCTYBaUiB
II0/I0 SIKOCT1 0OCITyTOBYBaHHS, a TAKOX BiJICYTHICTh METOJIIB MOHITOPUHTY OCHOBHUX mapamerpiB (Quality
of service, QoS). BcraHoBieHo, 1110 xo4a JIesAKi BiIoMi pillIeHHS 010 XCHAOBEPY 3IaTHI OXOMUTH BUMOTH
10 mpoaykTUBHOCTI craHIli (Station, STA), ix peanizaiis 4acTo IPHU3BOAUTH J0 BHCOKOI CKIaAaHOCTI. |
HaBITh OLIbIIE, TaKi MIXO/H, SKi 30CEPEINKYIOThCS HA MEBHOMY MOKAa3HHUKY MPOJYKTUBHOCTI Ta Ha MEBHIN
OE3MPOBIAHIH TEXHOIOTIl, HEMOKIIMBO aJANTYyBATH JUISl MIATPUMKH IHIINX MOKA3HHKIB MPOJYKTHBHOCTI
a00 po0OTH 13 PI3HUMHU OE3MPOBITHUMH TEXHONOTIsIMH. TpaguIliiiHi METOAM XEHIOBEPY, MIBHUJIIC 3a BCE,
HE BIAMOBIJATHMYTh BUMOTraM MOOUILHUX MPHCTPOIB Ui Cy4acHHUX IOJATKIB 4epe3 BiJCYTHICTh iH-
TENEeKTY, HEJJOCTaTHIO 0013HAHICTh MIONO0 sSKOCTi o0cimyroByBanHs QoS Ta sikocti cnipuiinaTTa (Quality of
Experience, QoE) MoOiTEHIX KOPHCTYBaYiB.

Y po6orti [9] o6rpyHTOBaHO MOHATTS sIKOCTI cipuiHATTA (QOE), sike HEl[oJaBHO CTajI0 MOMIUPEHUM
MOKAa3HUKOM, [0 BUKOPUCTOBYEThCS B jiTepaTypi [10] s BUMIprOBaHHS 3aJ0BOJICHOCTI KOPHCTYBadiB.
Tomy QOE Takok € BaxXJIMBUM MapaMeTpoM, SKUH HEOOXiJHO BpaxoOBYBaTH il 4Yac PO3POOJICHHS
cTparteriii xeHmoBepy y Mepexkax Wi-Fi, mo0 rapanTyBaTi HEOOXiTHY SKIiCTh COIPUHHSATTS TIOCIYT.

ToMy po3poOIeHHST KOHIENTYaIbHUX apXiTEKTYp, SKi MATPUMYIOTh TOPH30HTAIbHHUN XEHIIOBEDP 32
KPHUTEPIEM SIKOCTI CHPUUHSATTS TOCIYr B OJHOpigHMX Mepexax Wi-Fi, € akryanbHum 3amanasaM Lls
apxiTeKTypa OCHOBaHAa Ha KOHIEMIil MporpamMHoO-KoHQirypoBanoi Oe3mpoBimHoi Mepexi (Software-
Defined Wireless Network, SDWN), y skiii 6e3mpoBigHa Mepeka KepyeTbesl IEHTPaIi30BaHO, a TOYKH
nocryny (Access Point, AP) mporpamyrotecs. ¥ i apxiTektypi anroputvu HO 1omoMokyTh KOPHCTY-
BayaM OE3MPOBIIHOTO 3B’S3KYy 3HAWTH MEPEXKYy, sSKa HaWKpalle MiITpUMae BUMOTH JIOJATKIB Yepe3 MOdi-
THUKY KepyBaHHS AKicTio oociyropyBanHs (QoS) ta sikictio cpuiHsTTs (QOE)

2. KonnentyanbHa Moeab MO0YyA0BM MporpaMHo-kKoH@piryposanoi 6e3nposignoi Wi-Fi mepexi nas
NOJIiNMIeHHS] AKOCTi CHPUITHATTSA MOCJIYT

[Iporpamuo-koHdirypoBana mepexa ((Software-Defined Network, SDN) — me mepexeBa mna-
paaurMa, sika CHpusi€ MOIUTY MK TUIOIIMHOK KepyBaHHS Ta IUIOMIMHOI JaHHX, IO Ja€ 3MOTy IIeHTpa-
JI3yBaTH YyIpPaBIiHHI MepekKeo B eauHe miie. SDN Mae meBHiI 0COONMBOCTI, sIKi poOJsATH HOro mpu-
BaOJIMBHUM II1IXOZ0M JI0 BUPIIICHHS npoOieMu Oe3repedilinol MOOLTBHOCTI, a caMe 3HM)KEHHS CKJIaJIHOCTI
posropraHHsi Ta KOH(IrypyBaHHS MEpEKi, NeTalbHUi MOHITOPUHT MeEpEeXi Ta IOKpalleHa MacIi-
TaboBaHicTh. OJHIEIO i3 TONOBHUX OcOONMMBOCTEN (yHKIiOHyBaHHS SDN € MOXKIIMBICTh MOHITOPUHTY Ta
BHUMIPIOBaHb OCHOBHHUX TapaMeTpiB SKOCTI OOCIYroByBaHHS y peXuMi peanmpHoro uacy. Omxke, SDN
MPOMOHYE THYYKICT 1 HAJIHHICTD 3 TIOTJISITY MOHITOPUHTY MEPEXKi, 110 TAKOXK € KIFOUOBHM KOMITOHEHTOM
HO sx wactmna ¢dasu 30upanHs iHdopmamii. Meroqu TpaaWIifHOTO MOHITOPHHTY Ta BUMIPIOBAHHS
MOJIIJICHO Ha JIBI METOJMKH — ITACHBHY Ta aKTUBHY. [lacHBHI METOM BUMIPIOIOTh MepexeBrid Tpadik Juiie
3a JIOIIOMOT'OI0 CIIOCTEPEKESHHS, TOJII IK AaKTHBHI METOM — 13 BBEJACHHSM JI0JaTKOBHX IAKETIB Y MEPEKY Ta
MOHITOPHHTOM TXHBOT MOBEIHKH. Y KOHKpEeTHOMY BHManKy SDN KOHTpolep OTpUMYE CTATUCTHKY MOHI-
TOPUHTY KOXXHOTO TOTOKY depe3 OpenFlow, sikuii € mMpoTOKOJIOM, IO BHKOPUCTOBYETHCS SIK iHTEpdeiic
MDX TUTOIMHOIO KePYBaHHS Ta IUIOMIMHOW JaHuX. Takuii miAXia qae 3Mory 3abe3nedntd KoHTpoiaepy SDN
3arajibHe Oa4yeHHs] MEpexi Ta BCIX MOTOKIB, II0 POOHUTH MOHITOPHHT €()EKTUBHIIIUM i B MailOyTHHOMY
MOJK€ JJOMOMOI'TH HIJABHIIUTH MPoayKTuBHICTE HO B OS3MpOBIAHUX MepexKax.

Croroani SDN BHKOPUCTOBYIOTh Y 0araThOX CEpeloOBHINAX, OMHAK 3HAIO0MIIOCS YAMAJIO POKiB, 00
posropuyt SDN Takoxk y Oe3mpoBimHOMY cepenoBuiii. Lle MOSCHIOETHCS THM, IO CepEloBHINE Oe3-
MPOBITHOT MEPEKi CKIa IHIIIe, HDK 0araTo MpoBIIHAX MEPEX, Yepe3 MpodiieMy JMHAMIYHOCTI MEPENTKO MK
CHTHaJIaMH, [0 BUMAarae OUTIIOro Kepyrodoro Tpadiky. I HaBiTh Oinbliie, 3pOCTaHHs CIOXHBAHHS JTAHUX
MPSIMO MPOTOPIIiHE /10 30UIbIICHHSI KUTBKOCTI KOPUCTYBAYiB 1 MOMIIMIIIEHHS SKOCTi POTPaMH.
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[Ipobnema BHUKOHaHHS XEHAOBEPY BHHHKAE, SKIIO aOOHEHT repe0yBa€ y 30HI MOKPUTTA JIBOX 1
OUIBIIIE TOYOK OOCTYNy. B KiacMyHOMY pO3yMiHHI iHilliasTi3alis MpoLecy XEHAOBEPY BimOyBaeThcs 3a
HINIATHBU TIPUCTPOIO KOPUCTYyBaya, a MEPEeMHKAHHS 3JIIHCHIOETHCS JI0 TOYKH JIOCTYITy 13 HaHKpaium
pIBHEM CHUTHaNy, SIKIIO TaKy 3HaiifeHo. ToOTo MpUHHATTA pillleHHs BiIOYBAETHCS JIHIIE 3 ypaxXyBaHHSIM
PIBHS CHTHally TOYKH AocTymy. B Takomy Bumanky cucreMa HO irHopye MoOTeHIIHHY TOYKY JOCTYITY 3
TipIIMM piBHEM CHTHAIY, aje 3 Kpammmu napamerpamu QoS, sk 300pakeHo Ha puc. 1.
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Puc. 1. Ilpuxnao npooremu suxonanus HO ¢ SDWN

Hanpukan, kopuctyBad o0CIyroByEThCSl TOYKOIO TOCTYMyY 1 13 piBHEM CHUTHAIY X, KpiM IIbOTO, BiH
nepedyBae y 30Hi Jil TOYKH A0CTymy 2 i3 piBHeM curHany Y. Ockinbku piBeHb curHamy AP1 kpammi,
KOPUCTYBa4 OTPHMYE CEPEHIO SIKICTh CIIPUUHATTS HaJaHUX IOCIYT, Yepe3 BEIHKY 3aTPUMKY Ta HU3BKY
MPOIYCKHY CHPOMOXHICTh Ha AUIsIHII Mepexi AP1-Switch 1-Switch 2-Media Server. [Ipore nminsHka
Mepexi AP2-Switch 3-Switch 2-Media Server, yepe3 MeHIIy 3aBaHTaXCHICTh, MOXE 3a0€3MEUNTH Kpallly
SKICTh CHPUHHSTTS JJIs1 KOpHCTyBada. Y TakoMy pasi JonuibHO Oyno 06 BukoHaTu mpouenypy HO Ta
MEePEBECTH KOPUCTYBa4ya Ha 00CIyroByBaHHs 10 AP2.

Ha puc. 2 300pakeHO 3alponoHOBaHy apXiTeKTypy. 3arajoM I apXiTeKTypa CKIAIa€ThCs 3 TPhOX
PIBHIB: piBeHb JaHUX, a00 X piBeHb IHPPACTPYKTYpH, HA SKOMY PO3TAIIOBAHI MEPEKEBI IPUCTPOI; PIBEHD
yrpaBiiHHs, Ha sskomy SDN KOHTpoiep Kepye mpolecaMu y Mepexi, 3aBIsku mnporokony OpenFlow;
piBeHb JO/JATKIB — MHOXXHHA TMpOrpaM, Opi€HTOBaHMX Ha JOTPUMaHHS Oi3HEC-TIONITHK, 3a0e3nedeHHs
GyHKIIN ynpaBIiHHS Mepexero (bamaHCyBaHHS HaABaHTaXKEHHs, MOHITOPHHT Tpadiky Tomo). KonTpomnep
Kepye BCiMa TOYKaMH JIOCTYIy, ToJerurytoun nuM BukoHanHs HO. I HaBiTh Oinblie, LEHTpallizoBaHa
npupora SDWN nae 3Mory KOHTpOJEPY OTPHMATH TIO0albHE YSBICHHS MPO MEPEKY 32 JOMOMOIOI0
MOHITOPHHTY Ta BUMIPIOBaHb, SIKi MATpUMYyBaTUMYTh miporec HO.

Oco0nuBicTh 3ampONOHOBAHOI apXiTEKTypH — PO3pOOIICHI Ta IHTErpOBaHi MpPOrpaMHi MOIYIi, SKi
MPaIO0Th Ha PIBHI TOJATKIB:

o Monynb “Monitopunr QoE” 3a0e3neuye BUMIpIOBaHHS NapaMeTpiB KaHalliB 3B 3Ky (3aTpUMKa,
BTpAaTH TAaKETiB, MPOMycKHa 37aTHicTh, RSSI) Ta oliHIOBaHHS SKOCTI CIPUHHATTS KOPUCTyBada Bil-
MOBIJTHO JI0 BUMIpSHUX napamerpis [11].
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Puc. 2. 3anpononosana SDWN apximexmypa 3 inmezposanumu
mooymimu “QoE mapwpymusayisn”, “Monimopune QoE” ma “Menedoicep xendosepy”’

e Monynbs “baza manux” — e 6a3a, y kil 30epiraloTbcs mapamMeTpu KaHaJiB 3B’SKy Ha BifIo-
BIIHUX JTUISTHKAaX MEPEKI.

e Moayns “MeHemkep XeHaoBepy”’ NpUAMaE pIllIeHHs MPO HEOOXiTHICTh MepeMUKaHHS KOPHC-
TyBaua, 3TiIHO i3 BUMIpSHUMH NIapamMeTpamMu Ta rnepeadaueHum pisHeM QoE Ha meBHiH IUTSHIT Mepexi.

o Monynb “QoE mapmpyrtu3zaiis” 3a0e3mnedye 3MiHy paBWI MaplIpyTH3aIlii 3TiJJHO i3 BKa31BKOIO
“HandOver Manager” [12].

3. Po3po0JienHsi Ta H0cailkeHHs MeToay iHimianii xeHgoBepy B mporpamMHo-koH}irypoBaniii 6e3-
npoBinHii Mepexi Ha ocHOBI moka3Huka QoE

PosrisiHeMo pe3yibpTaTH AOCHiKEHHs, oTprMaHi 3 peamizamiero HandOver Manager. JlocmimkeHHst
3 MPaKTUYHOI iHTerpalii po3poOieHnX MOMYJIIB BHKOHAHO Yy BipTyanbHidH Mepexi SDN 3 minTpumkoro
texHonorii Wi-Fi. [lns moOynoBu Mepexi BUKopHucTaHO emylnsitop Mininet Wi-Fi [13], skuii nae 3mory
PO3TOPHYTH pEaNiCTUYHY BipTyallbHY HpPOrpaMHO-KOH(DIrypoBaHy Mepexy Ha OJHIA MallliHi 3a KiJibKa
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cekyH/1. BpaxoByroun akTUBHE pO3pOOJICHHS Ta MATPUMKY MPOEKTY, HA eMYJIbOBAaHMX MEpEeKax MOXKHA
PO3pOOIISITH Ta TECTYBAaTH HOBI TEXHOIOT11, @ KIHI[EBHI pe3yabTaT HE BIIPI3HATUMETHCS BiJl peanizallii Ha
¢iznunnx mepexax. Sk SDN kxontponep subpano ONOS [14], sk oguH i3 ocHOBHHX opensource SDN
KOHTPOJIEPIB, SIKHU TaKOX aKTHBHO MIATPHUMYIOTH PO3POOHHMKH Ta BUKOPHCTAHHS SIKOTO JOMOBHIOE iJ-
TPHUMKa TIepPeIOBUX TEXHOIOTiH y cdepi mporpaMHO-KOH(DITYpOBaHUX MEPEXK Ta BipTyali3alii MepeKeBruX
(dyHKIIIHA.

Puc. 3 BimoOpaxae mporiecu, 3iMiCHIOBaHI Ui peajizalii 3ampornoHoBaHoro QoE-opieHToBaHOro
XCHJIOBEPY Ta THUITH ITOBIIOMJICHHS, SIKKMH OOMIHIOIOThCS 00’ €KTH B 3anponoHoBaHiii SDWN apxiTektypi.

IMigxaoueHa IMoTeH i Hi
STA AP SDN KoHTpoJIep AP
I MepeskeBa ToImoJI0ris
028 §

|
BumiproBanas QoE ouinkul
Ha iTsTHKAX Mepexi |

3HaYCHH I TOTY)K HOCTi
CHUTHAJIB, MiaKI0YeHoi AP
Ta MOTEHIiHHUX AP

|

|

|

1,

Ly

|

|

|
5|
rd

|

|

|

|

|

|

|

|

, |
| ITopiBHAHHS |
| TETIEPILIH bOT O LI HKH |
I QoE Ta moporosoro :
3HAYCHHS |
|

|

|

|

|

|

|

|

Axwo QoE > Ilopozosoeo
snauenns, npoyedypa HO
He sukonyemocs. ITpu
HAABHOCMT ONMUMATLHO20
WAXY O NOKP AU eHH s
QOE, giobysacmuocs smina
mapwpymy

—_———— — A
Y ___W____

3mina OpenFlow npasun 3mina OpenFlow npaBun

V.

Axwo QoE < Ilopozosoeo
SHAYEHHS, BUK OHYEMbCS
npoyedypa HO, ma
8UOUpPAEMbCA
ONMUMATLHUTE MAPUPYM

|, IIpouneaypa HandOver ITpoueaypa HandOver ITpoueaypa HandOver
AY

A4

3mina OpenFlow npaBun 3mina OpenFlow npasui

N

___}i_lﬂ___________7\_________—_______3,_—______'

—— W

Puc. 3. Memoo iniyiayii xenoosepy 6 SDWN na ocrosi nokasnuxa QoE

e STA iHpOPMYIOTH CHCTEMYy PO MOTOYHHUU CTATyC CBOIrO 3’€IHAHHS, BUMIPIOIOYH 3HAYCHHS
PIBHS CUTHAIY, i IEPIOAMYHO HAJCUIATUMYTh 1X Uepe3 TOUKH JOCTYITY IO KOHTPOJIepa MEepexKi.

o KoHTpoJNep OIiHUTh MOTOYHHMIA CTAH TOYKH JOCTYIY Ta BU3HAYWTH, BIIMOBIa€ BOHA BUMOTaM
QoE STA um Hi. 30kpema, SKIOIO0 TOTOYHA TOYKA JIOCTYNY HE BIAMOBiTa€ BUMOram, KOHTPOJIEp peai-
30ByBaTUME IpaBHiia IOJ0 aJalTUBHOI MapHipyTH3aiii (MOsSCHEHI B HACTYITHOMY KpoIli), 00 BUOpaTH
onTuMabHy AP.

o KoHTponep Hajinuie pillleHHs 4Yepe3 MOBIIOMIICHHS NP0 MEPEMHKAHHS Ta ITATBEPKEHHS HO-
BOT'O XCHJIOBEPY.

e [lorouHa TOYka JOCTYIy HaMillUIe CUTHAN MEPeMUKaHHS MiaTBep keHHS 10 STA Ta MOBigOM-
neHHs npo miareepmkenas HO.

Information and communication technologies, electronic engineering. Vol. 1, No. 2, pp. 1-10 (2021)
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e STA Hapinule 3amuT acomialii 1IbOBIA TOYI MOCTYIY, AKUNA MOBTOPUTHCS 13 IMOBIIOMJICHHSIM
PO MPUHHATTS K miaTBepmKkenns HO.

Y npaktuunii peanizaiii iHTerpanii HandOver Manager B mporpaMHo-KOH(}IrypoBaHy Mepexy
3IIMCHEHO JAOCII/PKEHHSI 13 TIOPIBHSHHAM PiBHS SIKOCTI CIIPUHHATTS Y BUIAKaX KJIACHYHOTO XCHOBEPY Ta
3 ympoBamkeHHsM HandOver Manager mis Bigeonoroky. [lapamerpu mepexi Oyiau 3reHepoBaHi: s
Latency — 0,001-0,015 c; Packet Loss — 0,255 % Ta 3anmcani B python ckpint (puc. 4). KoxHni 5 ¢
BinOyBasach 3MiHa MapaMeTpiB BIIMOBIAHO 10 3TeHEPOBAHMX JIAHHX.

def cDelayi():

s1l.cmdPrint('ethtool -K si1-eth® gro off')
s1.cmdPrint('tc qdisc del dev si-eth@ root')
s1.cmdPrint('tc gdisc add dev si-eth® root handle 18: netem delay 100ms')

t=Timer(5.8, cDelayl)
t.start()

Puc. 4. Ilpuxnao @ynkyii 015 OUHaMivHOL 3MIHU 3aMPUMKU 8 KAHATL 38 SI3KY
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Packets: 524

Total delay is 8 ms
Total loss is 1%
RSSI AP1 is -51 dBm
RSSI AP2 is -66 dBm

Packets: 573

Total delay is 11 ms
Total loss is 0.2%

RSSI AP1 is -52 dBm
RSSI AP2 is -65 dBm

Packets: 552

Total delay is 9 ms
Total loss is 0.3%
R55I AP1 is -54dBm
R55I APZ is -62dBm
QoE is 4.6

Puc. 5. Ilpoyec sumipiosanns napamempis ma gusnauenns oyinku QoE xonmponepom

Otox, B emynsTopi Mininet moOynoBaHa Tormonoriss Mepexi, 300paxkeHa Ha puc. 6. CrinagaeTbes
Mepexa 3 st SDN koMyTaTopiB, IBOX TOYOK JOCTYITy, OAHOTO XOCTa, OAHOro Memiaceppepa ta SDN
KOHTpOJIEpA.

VY nociimkeHHi HABECHO PE3yabTaTH sl TPhOX METOJIB MPOBEACHHS XeH10Bepy: Kiacuunoro HO,
nokpaienoro HO ta agantusnoro HO. Jlani, oTprMaHi B pe3ysibTaTi, HABeIeHO y Tao. 1.

Kaacnunnii HO

Sk 3a3HayeHO BHIIE, Y KIACHYHOMY BHUIAJKY TPOIEAYypa XCHAOBEPY ypPaxOBYE MmapaMmeTp MOTYXK-
HOCT1 CHTHAIly SIK OCHOBHHIM KpUTEpiil JUIS MPUHHATTSA PillieHHS MPO MiAKIIOYEeHHS aboHEeHTa 10 Tiel 4u
HIIOI TOYKHM JOCTynmy. B Takomy pasi irHOpYIOThCS BaXKIIMBI MapaMerpy MEpeXi: 3aTpHMKa, BTpaTH
MAKETiB, JPKUTEP TOIIO.
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Puc. 6. Tononozis 0ocriocysanoi npocpamuo-kongizyposanoi be3nposionoi mepeaici 6 cepedosuwyi Mininet

[Mix gac iximiamizanii Mepexi KOpUCTyBad aBTOMATUYHO MiAKITIOYAETHCS IO TOUKH nocTyny AP1 3
HAWKPAIIOK MOTY)XHICTIO curHaidy. KoHTponep mpokiazae HaWKOPOTHIMH IUIAX MDK KOPUCTyBadeM Ta
MeziacepBepoM Ta BcraHoBioe npaBwia OF st mepemaBanHs maHuX. BinmoBimHO 10 JepeBa IUIAXIB,
300pa)KeHOro Ha puc. 7, Ui AOCHipKyBaHOi Mepexi y Bunaaky AP1 naiikopormmm nuisxom € AP1-S1-
S3-Meniacepsep.

Hoxpamenuii QoE-HO

3a Takoro MeTOJy CIepIly KOpPHCTyBad aBTOMATHYHO MIIKIIOYUTHCS 10 TOYKH JOCTYIY 3 Haii-
KpaluM piBHEM MOTYxXHOCTI. [licis 11boro KoHTposiep BH3HAYUTH piBeHb QOE Ta mopiBHSE i3 TOPOroBUM

3HaueHHsIM. ko piBeHb QoE Outbuit Big a00 JOPIBHIOE TOPOrOBOMY 3HAUCHHIO, KOHTPOJIEP MPOKIIAIAE
HAKOPOTIIHMH NUISAX MK KOPHCTyBayeM Ta MeJiacepBepoM Ta BcTaHoBIIOE paBuia OF s nepenaBaHHs
NaHux. B iHImoMy BUNaaKy KOHTpolsiep mopiBHs€e 3HadeHHs piBHS QOE s HAHKOPOTIIOro MUIAXY TOYKH

nocryny AP1: AP1-S1-S3-Meniacepep Ta AP2: AP2-S5-S3-Meniacepsep. Skio 3 ypaxyBaHHSIM piBHS

noryxHocti AP2 ta oninku piBas QoE ai1st HAHKOpOTHIOro NUISXy TOYKU JocTyy AP2 KiHIleBe 3HaUCHHS
piBas QoE mepeBuiyBaTHMe MOpOroBe 3HAUCHHS, KOHTPOJIEp MpHIiME pIlIEeHHS Mpo iHiIiai3aliio Ipo-
ecy HO.

AnntuBHuii QoE-HO
Leii MeTo/ TOMTOBHIOE TMONEPEHIH MOXKITUBICTIO BUOpATH MUISLX MaplUIpyTH3allii, BpaxoByroun QoS
METPHKH, HE3BaXKalouW Ha JOBXKMHY nuwixy (puc. 7, B). ToOTo, BpaxoByrouM MpHKIAa MOMNEPEIHLOTO

METO/ly, KOHTpoJiep BHU3HavyaTuMe piBeHb QOE i BCIX JOCTYNMHWX NUISXIB TOYKM JOCTYITy, a IIiJ| 4ac
nepenaBaHHs JaHUX 3MOXKE TUHAMIYHO 3MIHIOBATH IIUBIX, MIATPUMYIOUH HeoOXinHuil piBeHb QOE.

Information and communication technologies, electronic engineering. Vol. 1, No. 2, pp. 1-10 (2021)
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3aranoM, QYHKISI TPHUHATTS pilleHb 10a0 aaanTuBHOro QoE-xeHIoBepy IPYHTYETBCS SIK Ha
¢GyHKIIT BapTOCTi, TaKk 1 Ha (QYHKIII KOPUCHOCTI. 3a3BHYail Taka CTpaTeris OXOIUIIOE CyMYy 3Ba)KEHOI
¢ynkuii geskux napamerpis: SINR, nporyckHol 31aTHOCTI, BTpaTy MakeTiB Ta 3aTPUMOK y Mepexki Wi-Fi.
3aranpHa Gopmyna BapticHOT QyHKIIT QOE-xenmoBepy st 6e3npoBiIHOT MEpeKi Mae BUTIISL:

fn (HOQOEi—s) = ZS Z,- Ws,ips’i 5 (1)

e p*' — BapTicTh i-ro mapamerpa Juis HaJIaHHs MOCIyTH S B MEPEXi 7 3 HeoOXinHuM piBHeM QOE; wy, —

Bara (BaKJIMBICTb), PU3HAUEHA 32 JIOTIOMOT'OIO i-T'0 IapaMerpa JUIs HaJIlaHHsI MOCIYT.

Kanan 3B’s13Ky 13 HallOUTBIIIOI BapTICTIO BHOUPAIOTH SK ONTUMAILHUHA BapiaHT JUTS MiJAKITIOYEHHS.
Omxe, 11 MOAEIb MONITUKH, OCHOBaHAa Ha (YHKIII BUTpPAT, OI[IHIOE IUHAMIYHI YMOBH MEpEXi Ta
nependavae repioa crabuIbHOCTI (MepioJ] OYIKYyBaHHS Mepel XCHIOBEpaMH), MO0 rapaHTyBaTH, IO
nepeaaBaHHsA 00CIyroByBaHHS JMOILIBHE 111 KOKHOT STA.

Puc. 7. Jlepeso winsaxie ons docnioxcysanoi mononoeii: A — docmynui winaxu ona AP1; 5 — ona AP2

Ha puc. 8 rpadiuno 300paxkeH0 pe3yibTaTH, BUKIAACHI BHUIIE, U MOPIBHAHHS OTPHUMAHOIO PiBHS
QoE 3a xnacuunoro HO, nmokpamenoro HO ta amantuaoro HO.

3 oTpuMaHUX pe3yJbTaTiB BUAHO, 110 3a kiacuuHoro HO no 25-i cekynmu touka goctymy APl Ta
BHOpaHUi HaWkopoTmmil X (puc. 7, A) 3abesneuyBanu HeoOXimuuii piBeHb QOE. IIpore na 30-i
CeKYyH[I IociipKkeHHs piBeHb QoE mouap jaerpaayBaTH BHACTIIOK 3MiH, BHECEHHX CTBOPEHUM CKPUIITOM,
IO CHUMYIIIOBAJIO 3aBaHTaKEHI TOYKH JOCTYIY Ta KaHaJB 3B’S3Ky HAMKOPOTIIOro MapuipyTy. PiBeHb
3HU3HBCS 10 3,5, M0 HIDKYE 32 BCTAHOBJICHUH TIOPOTOBHIA PiBeHb. YTIPOJOBK JIOCITIHKEHHS! KOHTPOJIEp HE
3MIMCHIOBAB JKOJAHUX CIPOO Ta 3MiH U MOKPAIICHHS CHUTYallii, OCKUIBKH MOTYXHICTh CHUTHATY TOUYKH
noctyny AP2 menma.

3a mokpamenoro HO no 25-i cexynam 3a0e3meduyBaBcsl 3a/laHMil TOPOTOBUE pIiBEHb SKOCTI
cipuitHATTS, ane Ha 30-H ceKyH/i, micis MOTIpIIeHHs TapaMeTpiB Mepexi, KOHTPoJep MPUNHHSB PillICHHS
PO BUKOHAHHS TPOLENYPH XEHIOBEPY 10 TOUKH AP2 i3 HaAKOpOTIIMM HUISIXOM JI0 Meaiacepsepa. Take
pillieHHs 3a0€3MeYrIIO BiJTHOBJICHHS PiBHS SIKOCT1 CIIPHHHSATTSI IO TIOPOTOBOT'0 3HAYEHHSI YIIPOJJOBXK BCHOTO
JOCITIKEHHS.
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Puc. 8. Oyinxa epexmuenocmi 3anpononoganoeo memody iniyiayii xendogepy
3a kpumepiem QoE

VY pumnazaky 3 agantuBHUM HO Ha 25-i cexkyHIi mij 4ac 3MiHHM TapaMeTpiB KaHaJiB 3B’s3KY Bil-
Oynack nporenypa HO no Touku nocrymny AP2 i3 BuOOopoM HUIAXY MepeiaBaHHs JaHUX, K 300paKeHO Ha
puc. 7, b. Takox Mik 35-10 Ta 45-10 CEeKyH/IOIO 4Yepe3 KOXHi JIBl CEKyHIM 3MIHIOBAIHUCH MapaMeTpH
KaHaNiB 3B’SI3Ky MEpeXi, B pe3ylbTaTi 4Oro KOHTpOJEp MNpHUiiMaB pIlIeHHS NpO AWHAMIYHY 3MiHY
MapIIpyTiB IepeaBaHHs JaHuX Ta npoueaypu HO, BUKOPUCTOBYIOUM OOH/BI TOUKHU JOCTYITY.

BucHoBok

Y po0oTi 3anpONOHOBAHO MOIY/Ib JJIs YIIPaBIiHHS MPOIEAYPOI0 XCHIO0BEPY Ha OCHORBI IapaMerpa
QoE nnst inTerpamii y 0e3nmpoBimHI mporpaMHO-KOH(IrypoBaHi Mepexi. BukopucTanHs po3poOiieHOTro
MOJIYJIS JIa€ 3MOT'Y BUKOHYBaTH npoueaypy HO He nuiie 3a piBHEM MOTYKHOCTI CUTHAITY TOYKH JOCTYIY,
ane ¥ 3 ypaxyBaHHJIM TaKHUX IapaMeTpiB MEpexi, K 3aTpUMKa Ta BTPATH IMAaKeTiB. YpaxXyBaHHS IHX
MmapaMeTpiB Jajo 3MOr'y MO€IHATH XeHaoBep Ta AuHamiuHy QoE-maprupyrtuzamiro, mo0 3a0e3nednTu
BHUCOKUH PIBEHb SKOCTI CHPHUHATTA. 3TiTHO 3 OTPHMAaHUMH Pe3ylbTaTaMH, 3allPOINIOHOBAHHNA allrTOPUTM
Jla€ MOXKJIMBICTh HIBHJKO pearyBaTH Ha PalTOBI IMOTIPIICHHS y Mepeki Ta 3abe3rmedyBaTH HEoOXimHY
SIKICTh CHPHHHATTSA Ui KIHIIEBOI0 KOpucTyBada. IIpoTe HEmoNiKOM I[bOr0 METOAY € HaJJIMIIKOBICTH
CITyKOOBHX JaHWX MOHITOPHHTOBOI CHCTEMH y KaHaJlaX 3B’s3KY MK MEPEKEBUM OOJIaJ[HAHHSM Ta KOH-
TPOJIEPOM, BIJIMOBIHO, 301TBIIYETHCS HABAaHTKEHHS Ha KOHTPOJEp Ta MepekeBe oOnagHaHHS. Mox-
JUBUM BHPIIMIEHHSAM IIi€i TpoOJieMH € 3MEHIIEHHS MepioJUYHOCTI BUMIPIOBAHHS MapaMeTpiB KaHaJiB
3B’SI3Ky Ta IHTErpais MOy MAIIMHHOTO HaBYaHHS IS Niepen0adeHHs PiBHS SKOCTI CIPUAHSATTS.
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HANDOVER INITIATION METHOD IN A SOFTWARE-DEFINED WIRELESS
NETWORK BASED ON QUALITY OF EXPERIENCE INDICATOR

M. Medvetskyi, M. Beshley, A. Pryslupskyi, H. Beshley
Lviv Polytechnik National University, 12, S. Bandery Str., Lviv, 79013, Ukraine

A significant increase in the number of smart devices with Wi-Fi modules and the forecast growth of data
consumption in the coming years requires the development of new methods of designing Wi-Fi networks to
improve the quality of experience for end-users. In this regard, the paper improved the conceptual model of
software-defined Wi-Fi network, which, in contrast to the known, is based on centralized control of the
selection process of access point service by using SDN controller and by monitoring the state of the network in
real-time by software to implement its own solutions to initiate the handover. The method of handover
initiation in the software-defined wireless Wi-Fi network is developed. This method to make a control decision
to select the access point of service, is based on an integral criterion of QoE generated from measurements in
real-time parameters, signal strength, throughput, data loss and delay in the Wi-Fi network, which improved
the QoE by end-users. The use of the developed scientific-applied solutions for the handover procedure based
on the QoE criterion will allow to apply in practice the research organizations, companies, mobile operators to
improve QoE.

Key words: SDN; SDWN; Mininet; QoE; QoS; ONOS; Handove.
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