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Posrasinyro mpodsemu ¢QyHKiioHyBaHHsI cucTeM 3a0e3lmedeHHsI SIKOCTI y Mepeiax
' ATOr0 TMOKOoJiHHA. Po3po0sieHO MeTo KOHTPOJII0 SIKOCTI NepeJaBaHHsl BideoNMOTOKIB Yy
MepeKax I sITOro MOKOJiHHS Ha ocHOBi TexHoJorii Smart Grid, sikuii BpaxoBy€ BHMOTH /10
SIKOCTi TepenaBaHHsl Bileo y TejleKOMYHiKaliiiHOMY cepeJOBMIIi Ta BUKOPHUCTOBYE J0CST-
HEHHs1 y mpoileci KOHTPOJIIO AKOCTi MepeaaBanHs U(POBOro TeaedaueHHs.
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The problems of functioning of quality assurance systems in the 5th generation mobile
networ ks are discussed. The method of quality control of transmission of video streamsin the
5th generation networ ks based Smart Grid, which takes into account the quality requirements
for video transmission in the telecommunications environment and uses advances in process
quality control transmission of digital television is presented.
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Beryn

[TosiBa Ha pUHKY TeXHOJOTrid MOOUIEHOrO 3B’ 513Ky 5G ouikyerbes y 2020 p. [lependavaerbes, 1mio
Mepexi MOOUTFHOTO 3B'sI3Ky, TOOYZOBaHI Ha OCHOBI TexHomorii 5G, 3a0e3neuyBaTHMYTh TepelaBaHHS
nmaHux 31 mBuakicrio monaz 10 I'Git/c.

[IporHo3u mpoBimHUX (axiBliB, 3aHATUX y MDKHApOJHHX MpoekTax S5G, MoKa3yloTh, MO cepeln
MOCIYT, SIKi HAJaloThCs B Mepexax 5G, 1oMiHyBaTUMYTh MOCIYTH TepeJaBaHHs BiIeO 3 BUCOKOIO SIKICTIO
po3noainbHoi 3matHocTi, a came HD-Bimeo, a takox 3D-Bimeo [1]. ToMy BIOCKOHaJICHHS MEXaHI3MiB
VIpaBIiHHS SIKICTIO B Mepexax 5G 3ocepennthes Ha Tpadiky Bimeo i M2M-cepsicax, yAOCKOHalIeHHI
AJITOPUTMIB KOHTPOJIIO Ta CTBOPSHHI HOBMX METOJIB OI[IHIOBAHHS SKOCTI.

Hocsiraennst Texnonorii LTE i maiiOytHi Bumoru a0 5G B ramy3i ynpasiinHs QOS mMokpuBaioTh
CBOIMH MOXKITUBOCTSIMH JIAHITFO’KOK “KIHIIEBHH KOpuCTyBau — Kinmeuii kxopuctyBayu” (E2E) murre
YacTKOBO, a caMe¢ BHyTpilHbOMepexeBi 3'eqHanus “5G — 5G”, “4G — 4G". Ha neski 3’ emHaHHs, 110
BHHUKAIOTh MDK abOoHeHTamMu 5G Ta IHIIMMH MOOUIBHUMH 1 (PIKCOBAaHMMH MEpPEXKaMH, I CHCTeMa
VIIPaBITiHHS SKICTIO HE MOIIHPIOETHCS.

OCHOBHHM HEOJTIKOM MOOUTBHHX MEpEeX IONepeqHiX TOKOIiHb € BiJICYTHICTH MOMJIHMBOCTI
Y3TOJKEHOTO 1 THYYKOI'O YIMpaBIiHHS SIKicTIO y (ikcoBaHux |P- i MOOIIBHUX Mepexax. BupinieHHs mux
npobieM JacTh 3MOTY JIOCATTH HOBOTO PIiBHS SKOCTI oOciyroByBaHHs aboHeHTiB mepex 5G. Otike,
BIIOCKOHAJICHHS MEXaHI3MIB yIPaBIiHHS SKICTIO MOBHHHO 30CEPEIKYBaTUCh Ha TpadikKy Bifeo i ymocko-
HAJICHHI alTOPUTMIB KOHTPOITIO Ta CTBOPEHHI HOBUX METOJIIB OLIHKHU siIKOoCTi. ToMy chorofHi € morpebda y
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PpO3p0o0JIcHHI 3aC00IB KOHTPOIIO AKOCTI (DYHKI[IOHYBAHHS MEPEXK I ITOrO MOKOJIIHHSA, a CaMe KOHTPOIIIO
SIKOCTI MepelaBaHHs BiICOMOTOKIB [2].

VY cTarTi NpOIMOHYETHCS METOJ MiJABHUINEHHS €(pEKTUBHOCTI KOHTPOIIO SKOCTI OOCIYyroBYBaHHS
MOTOKIB BifICO, SIKU YMOMIIMBIIOE TIOCTIHHMI MOHITOPUHT yCiX mapaMerpiB sSKOCTi Bimeotpadiky Ta 3a
pPaxyHOK KOHTPOJIIO HaBaHTa)XCHHS Y BY3Jli OOYMCIICHHS Ja€ 3MOTY MEePEPO3MOAUIATH HaBAHTAKCHHS MIX
By3JIaMH 1 3a0e3neuyBaTd MiHIMallbHY 3aTPUMKY iH(OpMAIIfHUX TMOTOKIB, SKi MOTPeOyIOTh 00CIyro-
BYBaHHs y peajbHOMY Yaci.

IepcnekTHBY PO3BUTKY MeXaHi3MiB KepyBaHHs IKicTIO y Mepexax 5G

[ndpactpykrypa mepex 5G OymyBaTUMEThCS HAa OCHOBI XMapHHX TEXHOIOTIH — SIK Y Mepekax
pamiomoctymy (Cloud RAN) 3 nporpamuo-BusHadenoo mepexero (SDR), Tak i B 6asosiit mepexi (Cloud
CN) 3 mporpamHo-Bu3HaueHow iH(ppacTpykTypoto (SDN). IloBHa BipTyamizailis MepexeBUX (QYHKIIIH
(NFV), sixa Oynme peanizoBana B iHppacTpykTypi 5G, oxonute KOHTpOSb i ynpabmiHHS QOS, momiTHKY
00CIyroByBaHHS Ta MpiopuTe3alii Tpadiky.

VY mportieci eBoNOMIi MexaHI3My YIpaBIiHHS SKICTIO mociyr y mepexxax 3GPP BinmOynacst mirparis
BiJ ynpasiinHsa QOS Ha piBHI aDOHEHTCHKUX TEpMiHAIIB /10 yrpaBminHsa QO0S Ha piBHI Mepexi. Llei miaxin
30epexerbes 1 B Mepexkax 5G. Mexanizmu ynpaiinas QOS y mepexax 5G moBuHHI 3a0e3rnedyBaTH
npioputesanito Tpadiky Video over 5G i VOIP mono tpadiky BeO-momyKy il iHIIMMH MPUKIaIHAMHA
nporpamMamMu, TOJICPAHTHUMH JI0 YaCOBUX MapaMeTpiB MOTOKY AaHux [3].

[Mocyra morokoBoro Bifeo 6e3 Oydepuzalii aAyxe dyTIuBa J0 3aTPUMOK Y MEpexXi, TOMY OJHUM 3
HAMBa)KIMBIMIMX MapaMeTpiB, M0 BU3HAYAIOTH BUMOTH 110 QOS, € cymapHa 3aTprMKa MepeiaBaHHs MaKeTiB
(Packet Delay Budget, PDB), sika yrBoproeThest Ha pamiointepdeiici RAN i1 TpakTyeThes K MakCHMajbHA
3aTpHMKa IepeaBaHHs MaKeTiB 3 piBHEM nocToBipHOCTI 98 %.

VY Tabn. 1 HaBeneHO BUMOTH 110 3aTpUMOK y Mepexax 3G/4G/5G, chopmosani B 3GPP i mpoekri
METIS [4]. 3 Ttabn. 1 BummBae, mo 3 MePEXOAOM Bij MOKOJIIHHS IO TOKOIIHHS B MEpeKi MOOLILHOTO
3B’ 13Ky MIIBUIIYIOTBCS BUMOTH JIO HIDKHBOI MEXi 3arajibHOl 3aTPUMKH JaHUX. TakoX aHaii3 BUMOT IO
3arajibHOl 3aTpUMKH B Mepexi 5G mokaszas, 1o, 3 oy Ha eeKT HaKOMUYEHHS, 3aTpUMKa B MeEpexi
RAN 5G noBunHa 0yTH MeHIoro 3a 1 mc.

Tabnuys 1
Bumoru 1151 3arajibHoi 3aTpumMku B Mepexkax 3G/4G/5G
YwmoBu g QoS PDB, mc
3G 4G 5G
Be3 rapanriii sikocti He Bu3Haueno 100 - 300 He Bu3naueno
3 rapaHTOBaHOIO SIKICTIO 100 —280 50 —300 1

e omHUM KpUTEPIEM SIKOCTI € YacTKa BTPAYEHHX IMAKETIB Yepe3 TIOMUIIKH T1iJ] Yac MPUIMaHHS MaKeTiB
JMaHUX. 3HAYEHHS ILOTO IapaMmeTpa, M0 BH3HAYa€ HaWOUIbIIy KUTBKICTh BTpaueHux |P-makeriB mis
BIZIEOTPaHCIIAIIIN Y pa3i IX mepeaaBaHHs Mo Mepexi MobiteHoro 38’ s13ky 3G/4G/5G, HaBeneHi B Tab1. 2.

Tabnuys 2
YacTka BTpayeHUX NaKeTiB JJIM BileoTpaHcasimiii
Vmosu g QoS SDTV HDTV 4K UHD 8KUHD
Hokouiris 3G/4G 4G 4G 5G
MOOIUTBHOTO 3B’ I3KY
Bineorpancsuis 3
rapaHTOBaHOIO 10° 107 108 10°
SIKICTIO

VY Mmepexax 5G 3MIHUTBbCS MepexeBa apXiTeKTypa MOAYIIB, O BiIOBIAAIOTh 32 SKICTh MOCTYT Y
Mepexi 5G. Po3BuTOK KoHIenmii BipTyamizallii — BTpaTuTH 3B 30K i3 Mepexeto NFV — mpusBene no
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BipTyamizanii QyHKIIH ymnpaBiiHHS SKICTIO, SKI MOKHAQ TMOJATH y BUTJISLI JBOX OCHOBHUX (YHKIIIH:
kouTpomo QoS (Cloud QoS Control Function, CQCF) i ympasainas QoS (Cloud QoS Management
Function, CQMF) (puc. 1).

CQMF CQCF

Xmapni QyBEROil KepyBanag ARicTIO

Xmapai npurIaInEi
nporpaMH

Bineo

RRU1

Puc. 1. Bipmyanizayis ¢pynryiti konmpomo i kepysanns y mepexci 5G

Oynkuis CQCF kontpomo QOS 3abe3neuyBatumMe B Mepexi 5G KOHTponb y peallbHOMY 4aci
MOTOKIB Tpaiky Ha OCHOBI BCTAHOBJIIOBaHMX IiJi 4ac 3'emHaHHsA piBHIB QO0S. OCHOBHI MeXaHi3MHU
koHTpOmo QOS — npodinoBanHs Tpadiky, MUIAHYBaHHS 1 YIPABIiHHS MOTOKAMH JIAHHX.

Oyukiis COMF ynpapninas QOS 3abesneuyBatuMe B Mepexi 5G miarpumky QOS 3rigHo 3
JoroBopaMu 00ciyroByBaHHs SLA, 3/1iliCHEHHS MOHITOPHHTY, OOCITYrOBYBaHHs, INEperisia i MacIiTa-
oysanus QoS [3].

Apxitektypa Mepex 5G OynyBaTUMEThCS Ha OCHOBI XMapHHX MEPEX paJiofocTyIly, sKi OCHOBaHI
Ha TexHoJorii Bipryamizamii. XmapHa RAN 3a0e3nedye BHCOKY eHeproe()eKTUBHICTh Yy TMOETHAHHI 3i
MIBUIKOCTSMH TIepeIaBaHus maHux y I'6iT/c, 110 Hajae mporpamue 3abe3nedeHns 6e3IpOTOBUX MEPEK.

XMapHa Mepexa paJioloCcTyIy siBIsie COO0I0 HOBY apXiTEKTypy JUIS TEIEKOMYHIKAI[IHHUX MEPeX, B
K 00UMCITIOBaJIBbHI pecypcu 0a30BHX cTaHIIii 3i0paHi B omHOMY Micti. Jo il OCHOBHUX XapaKTEepUCTHK
HAJIEXKAaTh!

— IIEHTpaJTi30BaHe YIPABIIIHHSA O0YUCITIOBAIILHUMHU PECYPCAMH;

— pekoH(IrypoBaHi CIEKTpaIbHI PECypCH;

— CIJIbHI KOMYHIKAIIIT;

— XMapHi 00YHCIIeHHS Ha 3arajbHUX TUIATHOPMaxX y PEKUMI PEaTbHOTO Yacy.

C-RAN ckiaaetbes 3 TphOX OCHOBHUX YaCTHH:

1. TonoBue mucranmiiiHe pagio (RRH) ta anTeHa, po3milieHi Ha BiIgaJeHOMY BY3Ii, sIKi KOHTPO-
JIOIOThCA BipTyanbHUMHU 6a3oBumu craiismu (BBC) i3 meHTpanizoBaHoro myiay 00poOKu.

2. Moaymosanbhi omunuii (mym BBC), siki cKiafaroThest 3 BACOKOMBHAKICHUX MPOrPAMOBAHUX TIPOILIE-
COpIB, 11O MiATPUMYIOTh TEXHOJIOTI0 BIpTyalti3ailii B pealbHOMY 4Yaci JUisi BHKOHAHHSI ITU(POBUX 3aBIaHb.

3. OnTu4HI BOJOKHA 3 HU3BKOKO 3aTPUMKOIO 1 BUCOKOIO MPOIYCKHOIO 3/IaTHICTIO, SIKi 3’ €IHYIOTh
RRH 3 mynom BBC.

KomyHikariiiHa (QyHKI[IOHATBHICTh MOJYJIOBAJbHUX OAWHHUIL peanizoBaHa (B MPOrpaMHOMY
3abe3reueHHI) Ha BipTyanbHUX MarmHax (BM), siki MICTSThCS Ha OOYHMCITIOBAIBHHX CEPBEpPax 3arajbHOro
MPHU3HAYCHHS, PO3MILICHUX y OJHOMY a00 JEKUIBKOX CTellakaX HEBEIMKOr0 XMapHOro JaTa-IeHTpY.
Ockinbku yest iHpopMariist i3 6a30BUX CTaHI[IH PO3MIIYETHCS B OJHOMY MiCIli, Y IIEHTpaJli30BaHOMY Iy
BBC 6a30Bi craHilii MOKyTh OOMIHIOBATHCh JaHUMH YIIPABIIiHHS HA NIBUIKOCTI y rarabitax Ha cexyHuy [5].

ChoromHi Jyis MiABUILEHHS IBUIKOCTI NIepeAaBaHHs JaHUX BUKOPUCTOBYIOTh 30UTBIIICHHS KUTbKOCTI
0a30BUX CTaHII Ta 3MEHIICHHS PO3MIpIB CTUIBHUKIB /IS TIIBUIIEHHS KoedillieHTa iX MOBTOPHOTO
BuKopuctanus [6, 7]. IIpore nomaTkoBe pO3ropTaHHs 1 OOCIYrOBYBaHHS BEIHMKOI KiNbKOCTI 0a30BUX
CTaHIlill HeeeKTHBHE Yepe3 HaJAMIpHI eKciutyartaiiiini sutpatu. KpiMm toro, 36insuieHHs mitbHOCTI BC
abo KUIBKOCTI TIepelaBalibHUX aHTEH 3MEHINYE eHeproe)eKTUBHICTh dYepe3 3aroCTpeHHs MpoOiIeMu
CJIEKTPOMArHITHOI IHTep(EepPEeHIIil Ta MiABUIICHHS BUMOTL JI0 OXOJIOJKECHHS 00J1aHAHHS.
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Enactruna Moniens BUKOPHCTaHHSI pecypciB mependavae, 1o po3Mip BipTyalbHUX 0a30BUX CTaHIIIH,
mieHiCTh RRH Ta moTykHICTh TepemaBaHHS JaHMX MOXKYTh 3MIHIOBATHUCH JWHAMIYHO, 3aJIOKHO BiX
morped KopHCcTyBauiB. Taka €IacTUYHICTh Ja€ 3MOry ICTOTHO TMONINMIIUTH TIOKa3HUKU SKOCTI
obciyroByBanHsi kopuctyBauiB (QO0S), a Takox miiBUILYye e(EKTUBHICTh BHKOPHCTaHHS CHEprii Ta
00YHCITIOBABHUX pecypciB. Y cTarTi [5] mpornoHyeThess MUHAMIYHHMNA MiAXiA 0 BHUIUICHHS PeCypciB 3
6oxky BBC Ta RRH, crnpsimoBanmii Ha TinBUIIEHHS e(pEKTHBHOCTI BUKOPUCTAaHHS PECypciB Ta €Heprii,
3a0e3Meuyodr Ipy IIbOMY BHCOKHI piBeHb QOS.

Sk 1oka3aHO Ha PHUC. 2, IPOMOHYETHCS 3AIMCHUTH KiacTepu3allito cycimaix RRH ta BimnoBimHux M
0a30BUX CTaHIiH, a TAKOXK 3MIHUTH TycTOTy po3MminienHs: aktuBHUX RRH 1 BBC, 3anexxHo Big KiTbKOCTI
KOpHUCTYBAiB.

IIyvn BEC i | HearTHemz
Cepepl o mm H rRE {" ——Cepmepl
|BEC-mactep 1 -
S Ferrnoeuit paiton |BEC-rmzerep 1| - EHINoEHH paHoH

7
” 'K.{tltjr‘.l’l‘.l"up

—_—

Fracrep 2

Puc. 2. Bipmyanizayis C-RAN 015 ounamiunozo nosmopnoeo naoanns pecypcie BEC
Ha OCHOGI KOJIUGAHHS RONUMY Mpagixy: a — npomseom pobouux 200u; 6 —y HIYHULL 4ac

Ha puc. 2 300paxeHo pyx HaBaHTa)KEHHSI MOOUTLHOT MepEXKi Bijl IIEHTPAIBHOTO 0(icy 10 KHUTIOBUX
1 pekpeaniiHuX 30H MPOTAroM 24 roauH, TOOTO MPOTIrOM AHS 1 HOYI, a TaKOX 300pa)k€HO BiIMOBiAHI
3MiHHM HIiIbHOCTI akTiBHOT RRHS 1 po3mipy BBC.

Junamiune unuieHHs pecypciB BBC: mpomnoHyeTbcss METOA PO3MOIINTY PECypCiB 3alEKHO Bij
MOMUTY, B sikoMy po3Mip BBC nuHamMiuHO 3MiHIOETBCS JUTS 33/I0BOJICHHS TOTPed KOpHCTyBadiB Tpadiky B
CTUTPHHKOBIM Mepexi, siKi MOCTIHHO 3MIHIOIOThCA. SIK MOKa3aHO Ha pHUC. 2, MPOTATOM pOOOYHMX TOAWH
kiactep BBC Ne 2 Gyne 3a0e3nedyBaTUCh TOJATKOBOK OOYMCIIIOBAILHOIO TEXHIKOIO, IIOPIBHSIHO 3 THMH,
sIKi 00CITyroBYIOTh UTI0OBUI paiioH (kmactep BBC Ne 3) um crazgion (kmacrep BBC Ne 1). Ane B HiuHUit
gac BBC, ski 00cnyroByroTh craiioH (HampuKIaj, Mg 4ac Hi4HOI rpu) abo KUTIOBI pailoHH, OyIyTh
3a0e31evyBaTUCh OLTBIIOK KUIBKICTIO PECypeCiB, HDX ILEHTpajdbHAa YacTHHA MicTa, 100 3aJ0BOJLHUTH
3MiHHUH monuT (3MiHa po3mipy BM).

MeTto omiHKH AKOCTI MepeaBaHHs Bieo Ha ocHOBI TexHoorii Smart Grid

Smart Grid — e aBTOMaTH30BaHa CHCTeMa, sIKa 3JaTHA CaMOCTIHO BIICIIKOBYBATH IMOTOKH
Tpadiky i pO3MOMIIATH PecypcH ISl IOCATHEHHS MaKCHMajbHOI eeKTHBHOCTI iX BHKOpucTaHHs [8].
Croromni cucrema Smart Grid BUKOPHCTOBYETBCS Uil ONTHMI3aIlii MEpeX eHeprosabe3rnedeHHs, ae,
BpaxoBYIOUH i apXiTEKTypy Ta MPUHIHI POOOTH, KOHIEMIIS Mi€] TEXHOIOT1l MOXe 3aCTOCOBYBATUCH IS
CHCTEM KOHTPOIIO Ta KEpyBaHHS sKIicTIO y Mepexi 5G Ta 3a0e3neueHHS ONTHMAIBHOTO PO3MOILTY
pecypciB mixk BBC mepesxi.

OcHoBoto cucteMu Smart Grid € mocTiiHUIT MOHITOPHHI CTaHy BCIX YYaCHHKIB Mepexi 3a
JIOTIOMOT'O0 IHTEICKTYaIbHUX JIYMJIBHHUKIB, SKI BHU3HAYAIOTh HEOOXIJHI MOKAa3HHKHU JeTajbHille, HDK
TpaauLiliHI 3ac00M BUMIPIOBaHHS, JOAATKOBO OOJIaJHAHI KOMYHIKAIlIHHUMU 3aco0aMu Ui IepeaaBaHHs
oTpuMaHoi iH(opMallii 3a JOIOMOr oK MEPEKEBUX TEXHOJIOTIH.
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XapakrepHoro pucoro Smart Grid e MIKpOKOHTPOJIEPH 3 HE3AICKHUM JKUBICHHSIM, PO3Pax0OBaHUM
Ha poboty nporsirom 5-10 pokiB, Ta paaiokaHaaM KOMYHIKaIii Ui 00MiHy OTpuMaHo iH(opmaiiero [9].
VY cucremi, ska po3poOISIETHCSI, MIKPOKOHTPOJIEpAMHU € TPOrpaMHi MOJYIi, BCTAHOBIICHI Ha MOOLTBHUX
NpHCTPOSX abOHEHTIB, SKi HAJCHIAIOTH iH(OpMaIlfo JO CMapT-BY3IiB, Ha SIKMX pealli30oBaHO PO3IO-
JIeHU# CTeK 3araibHuX ciyk0. ApxitekTypa Mepexi Smart Grid 300pakena Ha puc. 3.

;_ngp_:am npoTpaM
; Posom npones Menezeep Sumes-

spoascie Pecctp
£ S ANTHEALA :Nﬂp}wr}'mu_',-——")

Liliwm peantbhors wacy,
oluNITICRILES T KTOpR

)

Puc. 3. Apximexmypa mepeaci Qnart Grid 3 eiokpumumu cmandapmamu cepsicie

Apxitexktypa Smart Grid sBisie o600 ToiIeHy Ha piBHI apXiTEKTypy 3 BIAKPUTHMHE CTaHIapTaMU
cepBiciB. Bona 3a0e3nedye MOXKIMBOCTI peajizaiii KOHTPONIO Ta KepyBaHHS uepe3 (QPYHKI[IOHANBbHI H
opraHizalliiiHi KOpJOHH: BiJ] IIEHTPIB 00pOOICHHS TaHUX JI0 KIHIIEBUX MPUCTPOIB 1 KopucTyBadiB. OyHKIis
KOHTPOJIIO SIKOCTI a0OHEHTIB BXOAUTH JI0 CIY)KOM aHATITUKH PO3IMOJUICHOTO CTEKY 3arajibHUX CIYXKO, a
byHkiis nepeposmnoainy pecypcis BC 10 ciyx0u KepyBaHHS IEHTPAIbHOTO CTEKY 3arajbHUX CIyxkO0 [8].

KirouoBuMY TIpHHIMIIAMU 11i€T MEPEXKI € IMOMLT IMPOILECIB IepenaBaHHs Ta YIPaBIiHHS JaHUMH,
HEHTpaTi3allisl yIpaBIiHHS MEPEXKe 3a JOIMOMOrow yHi(iKoBaHMX MpOrpaMHHX 3aco0iB, BipTyaizallis
(GI3MYHUX MEPEKEBUX pecypciB. ['ofoBHa ines momsrae y Tomy, o (GyHKIl nepenaBaHHs Tpadiky Ta
GyHKIIT ynpaBniHHA BijjuiieHi ogHa Bix omHoi. Omke, Smart-By3nm € Tak 3BaHUMH KOHTPOJIEPaMH, SIKi
BIJICTOKYIOTh POOOTY BCi€l Mepexi i BHKOHYIOTH pi3Hi (yHKIil (HampuKiaz, MOHITOPHUHTY, KOHTPOJIO
JOCTYIY, PO3Moiny pecypciB). KepyBaHHs By3aMu 3iHCHIOEThCS 3 IEHTPATIBHOTO KOHTPOJIEPa, SKUil MOXKe
3MIHIOBAaTH 32 HEOOXIHOCTI HAJIAIITYBAHHS BY3JIiB (HAPUKIIAJI, 32 3MIHA BUMOT 110 apamerpis QOS).

Koxxen smart-sy3on BUKOHY€ TieBHI (DyHKIIIi:

1. MoHiTOpUHT MapaMeTpiB SIKOCTI TepeaBaHHs Bileo 3a JOMOMOTO0 CIEliallbHIX aHali3aTopiB,
SIKi BCTAHOBJIFOIOTBCSL B MEpeXkKi (MOXKIIMBO, IHTErPOBAHUX 3 IHIIMM 00J1aTHAHHSIM, 30KpeMa a0OHEHTCHKHM)
JUTSL aHalli3y “kuBoro” Tpadiky KopucTyBaya.
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2. Po3paxyHOK 1HTEerpajbHOro MOKa3HHUKa SKOCTI ISl KOYKHOTO a00HEHTa, 3aKpiruieHoro 3a neeHoro BBC.

3. puitHATTS pillleHHs PO HE3aJ0BUIbHY SKICTh MepeaBaHHs BiZcONOTOKY (MOPIBHIHHS OTpUMa-
HOT'O IHTErpaJbHOrO MOKa3HHUKA 3 3aJAHUM [TOPOTOBUM 3HAYCHHSIM).

4. TTpuiHATTA PilIEHHS MPO TOBIAOMIICHHS KOHTPOJIBHOTO BY3Ja MION0 HEMOXIUBOCTI BUPIIICHHS
po0JIeMH.

5. [lepepo3mnonin pecypciB BipTyalbHUX 0a30BUX CTaHIIN I MOKPAIICHHS MOKa3HUKIB SKOCTI.

[HTerpanpHuil MOKa3HUK SIBISIE COOOK0 CyMy BCiX IMapameTpiB SIKOCTi, 3 ypaXyBaHHSM BaroBHX

KOC(IIIEHTIB, 1 BU3HAYAETHCS TaK:
N
F(x) = Z wp ;|
i=1

ne W, — parosuil koeQilieHT mapamerpa; & — HOPMOBaHE 3HA4YeHHs BiAMoBiaHOro mapamerpa; N —

KUTBKICTh TIApaMeTpiB.
a; = gi(fBHx(x)' fKiH (x)),

ne gi — QyHKIlis TOPIBHIHHS i-TO KPUTEPItO SKOCTI JUTs BUXIAHOTO 1 KiHI[eBOro 300paxenHs; f(X)— Bekrop-
XapaKTepUCTUKA, O POPMYEThCS HA CTOPOHI KOPHCTYyBaya.

OCHOBHUMH T1apaMeTPaMH, SIKi BIUTUBAIOTh Ha SKICTh TIEPEeIaBaHHs BiICONOTOKY, BBAKATUMEMO TaKi:

— BTpara nakeris/kazapis — PLt, %;

— JDKUTTEp makera/kaapy — jp, C;

—3aTpUMKa MDX makeramu — t,, C;

— MiKOBE BiTHOIIEHHs curHany a0 mrymy — PSNR [10].

Jl7ist OLIIHKY BHINE3a3HAYCHUX TapaMeTpiB BUKOPHCTOBYIOThCS SMart-By3imu, siki MPHUB’ A3YIOTHCS 110
KOXKHOI BipTyasnbHOI 0a30BO1 CTaHIlIl Mepexi, 30MparoTh JaHi Npo TepelaHuil Ta oTpuMaHui Tpadik i
OOYHMCIIIOIOTh BHIINIE3a3HAYCHI MOKa3HUKU SKOCTI HAa OCHOBI IUX JaHMX Ta MACHB 3HAUCHb IHTEIPaJbHUX
MOKa3HMKIB — F(X) 1715t KOKHOr0 aOOHEHTa, 110 HANEKUTH 110 11iei BBC.

Tomy iHTerpanbHU MOKa3HHUK SKOCTI Oy/ie BU3HAYATHCH 32 (opMyInoro:

F(X) =w, PLT .jP [ +w, (PSNR)ADH
(PLT)/ILOH (]P)aon (t3),£[0n PSNR

OriHka mapamerpiB 3IIHCHIOETHCS BIAIOBIIHO J0 BIIOMHX CIOCOOIB OIMIHKH SKOCTI NepelaBaHHs
BiJICO B TEICKOMYHIKAI[ITHMX MepexaX. [ mpoBeIeHHs OLIHKK SKOCTI HE0OX1JHO MaTH JaHi Bigeodaiiaa
JI0 TiepeaBaHHs Mo Mepexi (Ha mepeaaBaibHIA CTOPOHI) 1 michs mpuiMaHHs 3 Mepexki (Ha mpuiitMabHiM
cTopoHi). J[yis OLiHKK BHI[E3a3HAYCHUX MapaMeTpiB BUKOPUCTOBYIOThCS SMart-By3iu, siki pHB’ A3yIOThCS
JI0 KOXHOT BIpTyabHOI 6a30B01 CTaHIIii MepexKi.

Smart-By30:1 o0uncIOe MackB 3Ha4eHb F(X) 11 KO)KHOTO KOPUCTyBava Ha OCHOBI OTPUMAaHHUX Bif
abonenta fyx Ta fu(x) 1 mopiBHIOE OTpMMaHi 3HaYeHHsS i3 3aJaHUMH IIOPOTOBUMH ITOKa3HHUKaMH.
OOYHCITIOETBCST BIZICOTOK KOPUCTYBAdiB, JUIS SKWX IHTErPAJbHUN TMOKa3HUK OUTBIIMK BiJ TOPOTOBOTO
3HageHHs (F(X) > Frop(x)). SAxmo n1a neroi VBS neit BincoTok nepesuitye 3anany Mexy (%), cucrema
BiJIIpaBIIS€ BiAMOBIMHUI CHTHAI J0 IIEHTPY YIMPABIiHHSA SIKICTIO, SIKHH, CBOEIO YEProl0, MpUAMae pillleHHs
PO TIEPEPO3IMOILT PECYPCIB MEpEKi.

SIKIIo oTpuMaHuiA BiJICOTOK KOPUCTYBAdiB MEHINHUI Bijl TOPOrOBOI'0 3HAYECHHS, BIAMOBIAHUE Smart-
BY30J CaMOCTIMHO TpuiMae pilIeHHS MO0 IOKPAIICHHS MapaMeTpiB SIKOCTI Uil KOHKPETHOI'O
KopucTyBada. Hanpukinan, s BHpIilIeHHS OPOOJEMH BTPAaTH TMAKETIB BHKOPUCTOBYETHCS METOJ
HaJUIMIIKOBUX MakeTiB. [l makeTw MicTATh IOJATKOBY iH(opMallito, HEoOXiHY Ui BiJIHOBJICHHS
BTpauYeHUX a00 3IMCOBAHUX MAKETIB.

+W2 +W3

Ouinka epeKTHUBOCTI MEeTOAY
Jlnst noBeneHHsT e()eKTUBHOCTI METOLY PO3IJIIHEMO Ha MPHKJIAi, sSK 3MIHIOETbCs 3HadyeHHs F(X)
Miclsl 3aCTOCYBAHHS CIOCOOY IMHAMIYHOTO TEpPEepo3NONily PEcypciB MiX BIpTyadbHHMH 0a30BHMH
CTaHI[ISIMA KOHTPOJIFO Ha OCHOBI JJAHHX TPO SIKICTH IepeaaBanHs Bineo. PosrisHemo npa knacrepu BBEC
(puc. 4), siki 00CTYrOBYIOTh a0OHEHTIB Y IICHTPAIbHOMY paifoHi Ta B mepeaMicTi. 3aBaHTaXKEHICTh Mepexi
B [IUX pailoHax 3MIHIOBAaTHMETHCS 3 IJTMHOM 4acy. B meHTpanbHux paiioHax MicTta Tpadik 301IbIIyETHCS B
pobounii vac, a Ha OKONUII OuLTbINA KUIBKICTh JaHWX Oyle mNepelaBaTHCh Yy BEUipHI TOAWHU. Tomy
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PIBHOMIpHHI PO3MOALT pecypciB MK IIUMHU KllacTepaMH TPU3BEIE 10 MepEeBaHTAXKEHHS MEPEXKi B OTHOMY
BUIQJIKY 1 TIPOCTOI0 pecypciB y iHmomy. s BU3HAUYEHHS HEOOXIHOCTI Mepepo3Nopily pecypciB Mix
BIpTyaJIbHUMHU 0a30BMMH CTAaHI[ISIMH BUKOPHCTOBYBATHMYThCS SMart-By3iu.

KomyTaTtop

e R
ff( D) T AN
W Hurnoemit-pafion /

(=L ’ ; ((
g . 7@1, 5
: SN

“
~ - ~
T o S~

Kﬂacréﬁi' — s

“

————— "I‘\;.l;acrep2
Puc. 4. Cmpyxmypua cxema mepedici 0 08ox knacmepise BEC

PosrnsiHemMo rpadiku 3aBaHTaXEHOCTI MEpeXi MPOTIAroM 00U B Pi3HMX yacTHHAX Mmicra (puc. 5).
Hexaii BBC nepiiioro knacrepa pospaxorana Ha 20 000 a6onentis, BBC apyroro —na 10 000 aGoHeHTIB.

20000 - 10000 -
= 15000 - = 8000 -
L]
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Yac, rog Yac, rog
a o
Puc. 5. I'paghixu 3asanmasicenocmi mepedsici npomsicom 000u: a —y YeHmpaibHill Yacmuni; 6 — 6 HCUMI080MY PAUOHI

Sx mMokHa OaunTH 3 rpadikiB, 3aBaHTAXKEHICTh MEpEeXi B PI3HUX YACTHHAX MicTa 3MIHIOETHCS
HEOJHAKOBO. AHAJIOTTYHO 3aBaHTAKEHOCTI 3MIHIOETHCS 3HAYCHHS IHTErPaJIbHOTO MOKa3HMKa AKOCTi. JIjis
MPHKIANy MPUITYCTUMO, IO BaroBi kKoedillieHTH it 000X mapamerpiB ogHakoBi. Ha puc. 6 300paxeHo
rpadik 3MiHH CepelHbOr0 3HAYEHHS IHTErpaJbHOro MOKAa3HWUKA SKOCTI Ui aDOHEHTIB MEpPEeKi MPOTIATOM
00U ay1s1 000X paiioHIB MicTa.
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e (%) Frnop(x e (%) Frnop(x)
3 T 2’5 -
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= 2 =
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Puc. 6. 3uina cepednvboco snauenns inmezspanrbHo20 NOKA3HUKA SKOCHI
0111 aboHenmie mepedici npomsicom 00U a — 6 YeHMPAIbHIll YACMUHL MICIA;, O — 6 JHCUTNI0BUX PAUOHAX
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AKIIO KUIBKICTh aOOHEHTIB, IS SKHX IOTOYHE 3HAYCHHS IHTETpalibHOrO KoediiieHTa
MepeBUINy€e MOPOTroBe 3HAUCHHS, O 3a JesKy 3aJlaHy BETU4YHHYy (, TO Smart-By3oJ1 moBioMIsie
HEHTPaJIbHUH KOHTpOIep MPO HEOOXIAHICTh MEpPepo3MOALTY PecypciB BiAMOBITHO 10 MOTOYHOTO
nonuTy. OTXe, pecypcH, 10 MPOCTOIIOTh Yy OJIHOMY KIlacTepi, BUIAIISIOTHCS ISl IPYTOro Kiacrepa,
B SIKOMY CIIOCTEpIra€ThCcs BEIUKHI MONUT Ha TepeiaBaHHs BimeoTpadiky. 3HAUCHHS MapaMmeTpiB
SIKOCT1 TepeAaBaHHs BicO MOKPAIIyIOThCS, a OTXe, MOKPAIIyeEThCS 1 3HAYCHHS IHTEIPaJIbHOTO
MoKa3HUKa. Pe3ynbTaTH MOJETIOBaHHS CHCTEMH 3 JBOMa KiacTepaMHl TIIOKa3zalld, M0 Ticis
JUHAMIYHOTO PO3IMOJIUTY pecypciB Ha OCHOBi JAHHUX 3aMpPONOHOBAHOI CHCTEMH KOHTPOJIIO SKOCTI
nepenaBaHHs BiJeo i3 3aCTOCYBaHHsIM TexHousorii Smart Grid 3HaueHHs IHTErpaJbHOrO MOKAa3HUKA
SKOCTi y TIKOBI TOAMHH TOKpamyoThcs. CepellHE 3HAYCHHS IHTETPAIbHOTO MOKAa3HHUKA MicIs
3aCTOCYBaHHS METOJy MMOJaHo Ha puc. /.

—F(x)

Friop(x) —F(x) Frop(x)

X5 x5
1 - 1 -
0,5 - 0,5 -
0 T T T T T T T T T T T 0 T T T T T T T T T T T
0 2 4 6 810121416182022 0 2 4 6 810121416182022
T, 104 T, rog,
a 9]

Puc. 7. Cepeodne 3nauenns inmeepanbHo20 NOKA3HUKA NICs 3aCMOCY8AHHS MEMOOY KOHMPOJIO AKOCMI nepeoati
8ioeo na ocnosi SMart Grid: a —y yenmpanoniti wacmumni micma; 6 —y HCUMiIOBUX pationax

SAx ™Moxna Oauntu 3 TpadikiB, 3aBASKA TUHAMIYHOMY TIEPEpPO3MOJIITY pecypciB Mix
BIpTyaTbHUMHU 0A30BHMH CTAHIIIMH CEPEIIHE 3HAYCHHS 1HTErPallbHOT'0 MOKa3HHUKA y MIKOB1 TOAHHU
Uit 000X paiioHIB MicTa 3HAYHO MOKPAIIMIIOCh, 32 PAXYHOK 3MEHIIEHHS YaCTKHA BTPauyCHUX MAKETiB
Ta yacy 3aTPUMKH MIXK MaKeTaMHu.

Bucnorok

VY crarti po3risHYTO OCHOBHI MiAXoAW 0 moOymoBH iHpacTpykTypun 5G Mepex Ha OCHOBI
XMapHUX TexHoorii. JlocmimkeHo mpomeaypu 3a0e3edeHHs SKOCTl y Mepexax 5G, sAKi YCKIIaIHIOIThCS
Yepe3 mepexia A0 MOBHOI BipTyauizalii MepexeBux (yHKIIH KOHTpouto i yrnpasiiHHs QOS. Po3pobieno
METO/I KOHTPOITIO SIKOCTI TIepeIaBaHHs BiICOMOTOKIB y MepeKax I’ ITOro MOKONIHHSA, SIKM BPaxoBYe Taki
MOKa3HUKH SIKOCTI OOCIyroBYBaHHS, SIK BTpaTa MaKeTIiB, JUKUTEP, 3aTPUMKa MDK ITaKeTaMH, a TaKOX
3HA4YCHHS BIIHOIICHHS CHUTHANy A0 MmyMy. [lepeBWIIEHHS TpaHUYHOrO 3HAYEHHS JUIs IHTErpajibHOL
(GYHKIIT KOHTPONO SIKOCTI IHINIIOE TIepepo3noAll iHQopMaIifHUX pecypciB, sKi BHJIIEHI Ha
00CITyroByBaHHS BIpTyalbHUX 0a30BUX CTaHIliH. 3acTOCYBaHHS 3alpONOHOBAHOTO METOMAY AacTh 3MOTY
MOKPAIIUTH SKICTh 0OCIIyrOBYBaHHS a0OHEHTIB.

1. Tuxeunckuit B. O., Boueuxa I'. C. Konyenmyansusie acnexmor cozoanus 5G [| Dnexmpocessv.
2013. M 10. C. 29-33. 2. Venugopal V. 5G mobile technology: A survey // Special Issue on Next
Generation (5G/6G) Mobile Communications. 2015. Vol. 1, No. 3. P. 132-137. 3. Tuxsunckuii B. O.,
Boueuxa I'. C. Ilepcnexmuewt cemeii 59 u mpebosanus k Kauecmesy ux obcnyxcusanusodbenyxcusanus I/
Onexmpocesze. 2014. Ne 11. C. 37-46. 4. Project METIS Ddliverable D2.1 Requirements and general
design principles for new air interface, 31.08.2013. 5. Elastic Resource Utilization Framework for High
Capacity and Energy Efficiency in Cloud RAN / D. Pompil, A. Hajisami, T. X. Tran // IEEE
Communications Magazine. 2016. Vol. 42, No. 1. P. 26-32. 6. Sundaresan K. A Flexible Cloud-Based

272



Radio Access Network for Small Cells // IEEE/ACM Transactions on Networking. 2013. Vol. 24, No. 2.
P. 99-110. 7. Niu Z. Cell Zooming for Cost-Efficient Green Cellular Networks // IEEE Communication
Magazine. 2010. Vol. 48, No. 11. P. 74-79. 8. Smart Grid Reference Architecture // Copyright Cisco
Systems, Inc., International Business Machines Corporation. 2011. Vol. 1. P. 17-22. 9. Buxopucmanns
mexnonocii SMART GRID ons nidsuwenns egpexmusnocmi enepeomepesxc | A. O. Jlymmoscokuil,
A. I. Cemenxo, C. B. I'vbankos Il Haykosi 3anucku Ykpaincbko2o HAYKO80-00CAIOHO20 [HCMUMYIY
36 s3ky. 2014, Me 2(30). C. 62—70. 10. Illenyxun O. HU., Heanoe FO. A. Oyenxa xauecmsa nepedauu
HOMOKO0B020 BUOEO 8 MELEKOMMYHUKAYUOHHBIX CEMSIX C NOMOWbIO NPOSPAMMHO-annapamuulx cpeocms I/
Ungpopmayuonnvie komnaexcwt u cucmemot. 2009. Ne 4. C. 56-69.

References

1. V.O. Tikhvinskiy, G. Bochechka. Conceptual aspects of 5G creation // Electrosvyaz. — Moscow —
2013. — No. 10. — P. 29-33. 2. Venugopal V. 5G mobile technology: A survey / V. Venugopal // Special
Issue on Next Generation (5G/6G) Mobile Communications. — 2015. — Vol. 1, No 3. — pp. 132-137.
3. V. O. Tikhvinskiy - G. Bochechka. Prospects and QoS requirements in 5G networks // Electrosvyaz —
Moscow, 2014. — No. 11. — P. 37-46. 4. Project METIS Deliverable D2.1 Requirements and general
design principles for new air interface, 31.08.2013. 5. Pompili D. Elastic Resource Utilization Framework
for High Capacity and Energy Efficiency in Cloud RAN / D. Pompil, A. Hajisami, T. X. Tran // IEEE
Communications Magazine. — 2016. — Vol. 42, No. 1. — P. 26-32. 6. Sundaresan K. A Flexible Cloud-
Based Radio Access Network for Small Cells/ K. Sundaresan // IEEE/ACM Transactions on Networking. —
2013. — Vol. 24, No. 2. — P. 99-110. 7. Niu Z. Cell Zooming for Cost-Efficient Green Cellular Networks /
Z. Niu// |EEE Communication Magazne. — 2010. — Vol. 48, No. 11. — P. 74-79. 8. Smart Grid Reference
Architecture // Copyright Cisco Systems, Inc., International Business Machines Corporation. — 2011. —
Vol. 1. — P. 17-22. 9. A. O. Luntovsky, A. I. Khomenko, S. V. Gubankov. Using SMART GRID technology
to improve energy networks // Scientific Proceeding of Ukrainian Research Institute of Communication—
2014. — No. 2(30). — P. 62—70. 10. O. I. Sheluhin, Y. Ivanov .Otsenka quality streaming video in
telecommunication networks with the help of software and hardware // Information systems and systems. —
2009. —No. 4. — P. 56-69.

273



