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KpuruuHa inppacTpykrypa, y Ky BXOIATh 00 €KTH, HEOOXiTHI I HOPMAJILHOTO ()yHKIIOHYBaHHS
CyCIiIbCTBA (HAIIPUKIIA, CJICKTPOCTAHINIT, TPAHCIIOPTHI BY3JIH, JIKapHi TOIIO), ITOTPeOye HAMIHHOTO
3B’s3KYy JUIsl 3a0e3neyeHHs Oe3nepebiitHol poOOTH Ta KOOpIWHALII ilf B eKCTPEHUX CUTYyalisxX. Y
po0OTi 3aIPOIIOHOBAHO METOAMKY BUMIPIOBaHHS Ta MOKPAIIEHHS SKOCTI TOJIOCOBOTO 3B’SI3KY depes3
texHonorii VoWi-Fi i VoLTE Ha o0’extax kputu4Hoi iH}pactpykrypu. OauH i3 KIHOUOBHX
ACIICKTIB METOJMKH — CTBOPEHHS TECTOBOI'O CEPEIOBHINA, SIKE BiloOpakae pealbHi YMOBH POOOTH
Ha 00’eKxTax KpuTH4yHOI iHPpacTpykTypH. Lle nependavyae BUKOPUCTaHHS NPUCTPOIB 3 IMiATPHMKOIO
texHonoriit VoWi-Fi i VoLTE, nanamryBanns Wi-Fi Mepex i 1octyiy 10 MOOLIBHOI'O iHTEPHETY,
a TaKo)X BHOIp CTaHIApTHHX TECTOBHMX CLEHApiiB AJIS OLIHIOBAHHS SIKOCTI TOJIOCOBOTO 3B’S3KY.
BakIMBOIO YaCTUHOI METOAMKM € BUMIPIOBaHHS PI3HUX IapaMeTpiB SKOCTI 3B’S3KY, TAKUX SIK
piBEHb CHTHANy, 3aTpUMKa 1 BTpAaTH MakeriB. J{JIsl bOro BHKOPUCTOBYIOTH CIEIiaJIbHI BHMIipIO-
BaJIbHI 1HCTPYMEHTH, 30KpeMa mporpamMu Ping Monitor i G-NetWi-Fi Ha mmatdopmi Android.
OTtpuMaHi JaHi Jar0Th 3MOT'y 00’ €KTUBHO OLIHUTH eekTuBHICTh TexHONoriiH VoWi-Fi i VoLTE Ha
00’€KTax KpUTHIHOI iHPPaACTPYKTYpH, 30KpeMa 13 BUKOPHUCTAHHSIM 3arporioHoBaHoi MeTpuku MOS
(Mean Opinion Score). BcraHoBieHO, 10 OAHUM i3 OCHOBHUX HEIOJIKIB TPAaJUILIHHOIO IMiAXOIY
BukopuctanHs VoWi-Fi i VoLTE e BiAcyTHICTh aBTOMAaTHYHOTO IEPEKIIOYEHHS MK IUMH
TEXHOJIOTISIMH B Pa3i MOTiPIIEHHS SKOCTI Ha OHIN 3 HUX, 110 MOKE PU3BOAUTH 10 HE3a0BUILHOTO
CIPUHAHATTS PO3MOBM KOPHCTYBaueM. 3alpoIlOHOBaHa METOJMKa Iepeadadyac BUKOPUCTAHHS
cucTeMy MOHITOpUHTY MeTpukr MOS, sika OCTIHHO BUMIPIOE SIKICTh TOJIOCOBOTO 3B’3KYy Ha 000X
TEXHOJIOTISIX Ta peajlizye MexaHi3M ajanTuBHOro nepemukanis Mixk VOLTE ta VoWi-Fi. Lle nae
3MOr'y aBTOMAaTHYHO MEPEXOJUTH Ha ONTHUMAJbHY TEXHOJOTiI0 3aJIeKHO BiJ MMOTOYHHX YMOB i
3a0e3neuye HalKpally sSKiCTb 00CIYrOBYBaHHS JUIsl KOPHCTYBaya. 3arajioM CTaTTs Ha/Ia€ BaXKJIMBY
iHdQopMaIlifo A BIOPOBAPKCHHSA Ta ONTHMI3aIlil IMX TEXHOJNOTiH Ha 00’€KTaX KPUTHUHOL
IH(PPACTPYKTYPH 3 METOIO IiABUIICHHS HaIIHHOCTI Ta epEeKTUBHOCTI TOJIOCOBOT'O 3B’ SI3KY.

KurouoBi cnoBa: VoWi-Fi, VoLTE, MOS, QoS, IMS
YIK: 621.396

1. Beryn

BumMiproBaHHs Ta MOKpAIIEHHs SIKOCT1 TOJIOCOBOTO 3B’ 3Ky Ha 00’€KTax KpUTHYHOI iHppacTpyKTypH
€ Ha/I3BUYaliHO BOKJIMBUM 3aBJAHHSM y CY4acCHOMY CBiTi, Jie HailfHICTh Ta JOCTYIHICTb 3B 3Ky MOXKYTh
MaTH BHpIIIANbHE 3HAYCHHS Yy KPUTHYHUX cuTyalisx. 3 mouatky 2023 p. B YkpaiHi po3novYHHAETHCS
ynpoBapkeHHs texHonorii VoLTE (Voice over Long-Term Evolution) Ta VoWi-Fi (Voice over Wi-Fi),
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SIKI Tal0Th 3MOTY IepenaBaTh rojoc uyepe3 mepexi manux cranaapty LTE ta Wi-Fi Bignosiano. Ile Bia-
KpUBAa€e HOBI MOXJIMBOCTI JUIsI IOKPAILICHHS TOJI0COBOT'0 3B’ sI3Ky Ha 00’ €KTaX KPUTUYHOI IHPPACTPYKTYPH..

OO6’ekTH KpUTHYHOI 1HQPACTPYKTYpH, TaKi sIK JIiKapHi, MOMINEHCHhKI JernapTaMeHTH, aepOoropTH,
BO/I03a0e3MeUeHHs, EEKTPOCTAHIIl TOMO, BiATrPalOTh BHPIMIAIBGHY poNib y 3abe3neueHHi Oe3meku Ta
HOpPMalIbHOTO (YHKIIOHYBaHHS cycniibcTBa. [1in yac HaA3BHUAHUX CHUTYaIllill, MPUPOIHUX KatacTpod, a
TAKOXX Y TOBCAKICHHHX YMOBaX IIBUAKHNA 1 HaJidHWHA TOJOCOBHUH 3B’SI30K MOXKE PATYBATH IKHTTS,
KOOPJIMHYBATH Jii pSITyBaJIbHUKIB Ta 3a0e3MeuyBaTn Oe3nepediiHy poOoTy KPUTHYHHX CITYXO.

VY 1iif cTaTTi 3aMporoHOBaHO METOIMKY BUMIPIOBaHHS Ta MOKPAIICHHS SKOCTI TOIIOCOBOTO 3B’SI3KY
Ha O00’€KTax KPUTHYHOI IHPpACTPYKTypH i3 BHKopucTaHHsM TtexHomorii VOLTE Tta VoWi-Fi. Mu
JIETABHO PO3TIITHEMO MPOIIECH BUMIPIOBaHHS SIKOCTI 3B’SI3KY, a TaKOX CTpaTerii Ta MpPaKTHYHI PeKo-
MeEHIalii 1010 MOJINIIeHHS ITi€l sskocTi. Harra MeToquka cnpsiMoBaHa Ha 3a0e3nedeHHs Oe3mnepeOiiiHol Ta
HaJiIHHOI POOOTH TONOCOBOTO 3B’SI3KY, IO € KPUTUYHO BAXKIMBHM JUIsi O0’€KTIB KPUTHUYHOI iH(pa-
CTPYKTYpH.

[lepeBaru Bukopucranns texHoiorii VoOLTE ta VoWi-Fi Ha Takux 00’€KTax BKe BiIOMi, ajie s
JOCSITHEHHSI MaKCUMaJIbHUX pe3yJIbTaTiB HEOOXiJHO TPaBWJILHO BHMIPIOBATH Ta ONTHUMI3YBaTH IiXHIO
¢dyHKIioHaIBbHICTH [1]. 30Kpema, OCHOBHOIO MpobiieMoro TpamuiiiiHoro Bukopuctanas VOLTE ta VoWi-
Fi € Te, mo konm mig 4ac ceaHcy 3B’SI3KYy MOTIPUIYETHCS SIKICTh TOJIOCOBOI'O CIUTKYBaHHS Ha OJHIN 3
TexHonorii, Hanpukiaa, VOLTE, To He BinOyBaeThcsi aBTOMATHYHE MEPEMUKAHHS Ha TeXHOJIOriI0 VoWi-
Fi, sika B meli MOMeHT 3a0e3reuye Kpally SKiCTh OOCIyroBYBaHHS, 1 HAaBIAKU. 30KpeMa 3alpoIllOHOBaHA
METO/IMKa JIa€ 3MOTY MOJIMIIMTH SIKICTh HAJaHHS TOJOCOBOI POSMOBH B YMOBAaX TOTIPIICHHS 3B’SI3KY
3aBJISIKK peattizamii cucteMu MoHITOpuHTY MOS Ta BIpoBaPKEHHS MEXaHI3My aIallTHBHOTO MepeMUKaHHS
Mix TexHomnorisimu VoLTE ta VoWi-Fi. Mu HajgaeMo 110 METOAMKY SIK iHCTpYMEHT Ui GaxiBIiB y chepi
IHQPACTPYKTYypH Ta TENCKOMYHIKAIii, sKi TpaIIoTh Haja 3a0e3leUeHHsIM HaJiiHOTO 3B’SI3KYy Ha
KPUTHYHO BKJIMBUX 00’ €KTaX, JIe 11e OCOOIMBO BAXKIUBO.

2. Metpuxku QoS i MOS s BUMIpIOBaHHS IKOCTi I'0JI0COBOI0 3B’AA3KY HA 00’€KTaxX KPUTHUYHOL
iH(ppacTpyKTYpH

YnpoBampkenns TexHonorii VOLTE ta VoWi-Fi B Ykpaini mokasajno, 1o Ii iHHOBamii 37aTHI
ICTOTHO TOKpAIIUTH KOMYHIKAIliifHI MOXIMBOCTI Ha 00’€KTax KpUTHYHOI iH(pacTpykTypu. Texuomoris
VoLTE pmae 3Mory BUKOPHCTOBYBATH HMIMPOKOCMYT'OBE 1HTEPHET-MIAKIIOUCHHS IS TIepeJaBaHHs TOJIOCY,
0 3a0e3reyye 4YyAoBy SKICTh 3BYKY Ta 3HW)KCHHS KUIBKOCTI mepepuBaHb. lle 0coOIMBO BaXJIMBO B
CUTYyaIlisiX, KOJIM KOXKHa CeKyHJa MO)KE BHpIlIyBaTH A0ito jroaeh. Texnomoris VoWi-Fi, 31 cBoro 0oky,
Jla€ 3MOTY 3JifICHIOBATH TOJIOCOBI I3BIHKK 4epe3 BHYTpilHI0O Wi-Fi-Mepexy, 0 € BelbMU KOPUCHHUM Yy
MICIISIX 3 OOMEKEHUM CHTHAJIIOM MOOLTBHOrO 3B’s3Ky. OO0’€KTH KPHUTHYHOI iHPPACTPYKTYpH, 4aCTO pO3-
TaIllOBaHI B CKJIAJHMX YMOBaX, MOKYTh BIAUyTH ICTOTHE MiABHUINCHHS HAMIMHOCTI 3B’SA3KYy 3aBIAKU I
TexHonorii. [Ipore BayIMBO MaM’sITaTH, 110 BIPOBAPKEHHS IIUX TEXHOJIOTIH MOTpedye CIBIpalli 3 orepa-
TopamMH 3B’s3Ky Ta BuUpoOHuKamu cMaptdoniB. [Inarpopma IMS (IP Multimedia Subsystem) Bimirpae
KIIIOYOBY pOJIb y 3a0e3MeueHHi iHTerpaii ux TeXHONOTIH 13 cydacHOI Mepexero 3B’ 13Ky (puc. 1). Tomy
BKJIMBO CIPHSITH CIIBIIpalll MiXK yciMa CTOPOHAMH, 11100 3a0€3MEYUTH JOCTYIHICTh WX TEXHOJIOrIH Ha
00’€KTax KPUTUYHOI iIHPPACTPYKTYPH.

st 00’exTiB KpUTHYHOI 1HPPACTPYKTYpH, e HAAIHHICTD TOJIOCOBOTO 3B’S3KY Ma€ IMepIIOvYeproBe
3HavyeHHs1, BuMiptoBanas MOS (Mean Opinion Score) i merpuk QoS (Quality of Service) € HeoOXimHIMH
IHCTpYMEHTaMH JUTS TOCTifHOrO MOHITOPHUHTY Ta TOKpamieHHs sKocTi 3B’s3Ky. lle momomarae BYacHO
BUSIBIISITH Ta BHIPABIIATH MPOOIEMH Y Mepexi Ta iHPpacTpyKTypi, a Takok 3a0e3Me4YnTH BUCOKUH piBeHb
3aJI0BOJICHHSI KOPHCTYBadiB O€3MEKOI Ta MiABUIMUTH e(QEeKTUBHICTh pPOOOTH 00’€KTIB KPUTHYHOI
IHQpPACTPYKTYypH HaBiTh Y HaI3BHYAHHX cUTyallisix. B3aemo3B’si30k Mixk merpukamu QoS 1 MOS st
BHUMIpPIOBAaHHS SIKOCTI TOJIOCOBOTO 3B’S3Ky Ha 00 €KTaX KPUTHYHOI iHQPACTPYKTYpH MOJSATa€E B TOMY, IO
MeTpuku QoS (3aTpUMKH Ta BTpaTH MAKETIB) € OAHUM 13 OCHOBHMX KOMIIOHEHTIB, sIKi BIUTUBaOTh Ha MOS
1 CIPHUSAIOTH OI[IHIOBAHHIO 3arajibHOI SIKOCTI T'0J0COBOro 3B’s3Ky [2]. MOS € 4YMCIIOBOIO OIIIHKOMO, SKa
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BiZJoOpakae CIIPHUHSATTS SKOCTI TOJIOCOBOTO 3B’s3Ky KopucTtyBadaMu. MOS OMIHIOIOTh 3a MIKaJIO0 Bif 1
1o 5, ne 1 Bkasye Ha Ayke IOraHy sIKiCThb, a 5 — Ha BigMiHHY. BaxknuBoro nepesaroro ominkua MOS € Te,
10 BOHA BPaxOBYE MCUXOJOTTYHHNA aCTIEKT CIIPUHHSATTS SIKOCTI 3B’ 513Ky KOPUCTYBavYaMHU.
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Puc. 1. Apximexmypa mepedxici VoWi-Fi ma VoLTE
o5 06 ’exmie Kpumuynoi ingpacmpyxkmypu i3 monimopuneom MOS

{06 oTpuMaty 3araibHy METPHUKY 3aTPUMKH, SKa BIUIMBAE HA BCIX KOPUCTYBAYiB, CIIOYATKY PO3TJIs-
JIAl0Th Cepe/IHE 3HAUCHHS 3aTPUMKH JUIsI BCIX KOPUCTYBAUiB, II0 BUKOPUCTOBYIOTH TIOCIYTY S. Y TakOMYy
BHUIIQJIKYy BPaXOBYEThCSI CEPEIHS 3aTPUMKa JUTSI KOOKHOTO OKPEMOTr'0 KOPHCTYBaya, i3 3arajlbHUM ypaxyBaH-
HSIM YCIX KOPHCTYBayJiB:

1 Nu,s
T =— )7
av,S[ N kzzll av,k[ms] , (1

s

ne N,  — KUIbKIiCTh KOPHCTYBaiB, 110 BUKOPUCTOBYIOTh OCIYTY S, T - cepeHsl 3aTpUMKa TaKeTiB,

av’k[mx]

SIKi OTpUMaB KOPUCTYBay K .
3rigHo i3 [3], 3aTpuMKa rOJI0COBOI0 JI3BiHKA BU3HAYAETHLCS SIK
+7 +7 deq +7 Progy? 2)

ms|

T =Tonc
k[m 5] enq

+ T, T

ms] rans,,)

av,k[

ms) ms]

ne T, — 3aTpuUMKa, IO BIAMOBiAae yacy, NOTPIOHOMY Jis KOIYBaHHS TOJNOCY, SKa po3paxoBaHa Ha

enc
OCHOB1 po3mipy kaapy 20 Mc, J0JaTKOBOi 3arajbHOi 3aTPMMKM Ha 5 McC i yacy oOpoOku 5 Mc; T,
3aTpUMKa, repeadadeHa s epeiaBaHHs JaHuX Yepe3 paaioinTepderic y HanmpsMKY Bill KOpHUCTyBaya, 110

CcTaHOBUTH 50 Mc; T — 3aTPUMKA, IO BioOpakae yac, MOTPIOHUH Ui TPAHCIIOPTYBAHHS TOJIOCOBHX

trans

JaHuX depe3s Mepex (npuiimarote 10 Mc); T, — 3aTpuMKa, L0 BPaxoBye dYac, HEOOXimTHMI s

ec

JIEKOyBaHHsI TOJIOCY Ha MPUAMAIILHOMY KiHIIL; T — 3aTpUMKa 0OpOOJIEHHS MOOUTBHHM IPUCTPOIM Ta

proc
6a3oBoro eNodeB.

Koedimient BigmoB mnaketiB (Packet Loss Rate) € BaJIMBOIW METPHKOI JUIS OLIHKH SIKOCTI
TOJIOCOBOT'O 3B’SI3KY 1 3aralibHOI sIKoCTi obciyropyBanHs (QoS) y 6e3nposinnux Mepexkax. Llel koeditieHTt
BHM3HAYAIOTh Ha IiJICTaBi JIBOX OCHOBHUX AacCIEKTiB: BTPATH MAKETiB depe3 MepeBaHTAKEHHsSI Ta BTPATH
MaKeTiB 4Yepe3 MOMWIKH repenaBanHs [4]. OTxke, Koe}illieHT BiIMOB MAKeTiB Ui 3aJaHOTO YacOBOT'O
IHTEepBally O0YUCITIOIOTh TaK:

[HdoxomyHiKaMilHI TeXHOIOTIT Ta eeKTpoHHa imxkeHepis, Bum. 3, Ne 2, C. 74-87 (2023)
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N N

Pfgilure[%] — _sent v received %100 , (3)

sent

ne N

sent — KUIBKICTh ITaKC€T1B,

— KITBKICTh TMAKETiB, BiANpPaBIEHUX MPOTITOM iHTEpBady uacy, N

received
OTPUMAaHUX MPOTATOM iHTEPBAIy Yacy, IO PO3TIISAA€THCA.
Hnst orpumanss ominku MOS Ha CTOpOHI KOpUCTyBada BUKOPHCTOBYIOTh E-Mozenb, BH3HAYCHY B

[5]. Lz momenp mepenbavae rmepeTBOpeHHs KoedilieHTa oiiHku nepeaadi R Ha MOS, skuii BimoOpakae

PiBEHB 3aJI0BOJICHOCTI KOPUCTYBAUa i3 MOTIISy CIIPUIHSATOL SIKOCTI TOJIOCOBOTO BHKITUKY.
R=129- Id,wb - Ie,ejj”,wb > “4)

ne 1 4wy — TOKAa3HMK BIUIMBY 3aTPUMKH Ha SKICTh T'OJIOCOBUX CHIHAJIiB; 1 - TIOKa3HUK OLIIHKHU

eeff ,wb
BIUIMBY HH3bKOI MBHUJIKOCTI TepelaBaHHS JaHMX KOJEKa Ta BUIIQJKOBHX BTpaT MAKETiB Ha SKICTh
o0NaIHaHHS, IO BPaXOBYE CIIOTBOPEHHS CHTHAITY.

Y cnpomeHiii Mozieni 3HaYeHHs [, ,, 3alIeKHUTh BiJl HACKPI3HOI 3aTPHMKH 1 MOXKe OYTH pO3paxoBaHe

3a JIOITOMOT 010 Takoi popMyiu, ik Ka3aHo B [6]:

0.024T[ms] ,T<177.3ms

I =
d . wh 0.0247, . +0.11x(t; ,—177.3),t 21773 ms

3HaueHHs [, , 3aJIGKUTH Bijl BTpAT MaKeTiB Ta BUXiAHOI mBHAKOCTI kogeka AMR-WB. Koedirient

BTpaT MaKeTiB MOYKHA BU3HAYMTH 3TiIHO 3 [6]:

P, .
Sailure[%)]
Ie,eﬁ",wb = Ie,wb + (129 - Ie,wb )

b
+ sz

(6)
Pfailure[%]

ne [

e,wh
s koneka AMR-WB 12.65; Bpl — cnenudiunuii ais Kojeka KoeillieHT, KU XapaKTepusye Horo
CTIHKICTB JT0 BTPATH MakeTiB. Y mpoMy BHNaAKy 3HaueHHs 13.0 B3s1TO 3 [6] st kogeka AMR-WB 12.65.

[Micnst BU3HAUEHHS BCiX Koe(illieHTIB OTpUMYeEMO R-KoedillieHT, ikt MokHa repeBectd B MOS.
MOS moB’si3aHui 13 cy0’€KTHBHOIO KJIACH(IKAIII€I0 SKOCT1 I3BIHKIB, IK BKa3aHO B TaOM. 1.

— Koe(illieHT MOIIKO/HKEHHS 00aqHaHHs 0e3 BTpaTH MakeriB, ioro 3HadyeHHs 11.0 B3sT0 3 [6]

1 ,R.<0
MOS =41+0,035R, + R, (R, —60)(100— R )x7x10° ,0<R, <100, (7)
45 ,R,>100
ne R, —To3Havae KOPEKIIil0 MOYaTKOBOTo KoedillieHTa repe1aBaHHs:
R = R . ®)
1.29
Tabnuys 1
ChiBBifHOMIeHHA Mik R-3HaYeHHSIM Ta 32/10BOJIEHICTIO KOPUCTYBaYiB
R-3HaueHHs (HIWKHS Mexa) MOS 3a/10BOJIEHICTH KOPUCTYBaUiB
90 >4,35 JHyxe 3amoBoneHi
80 >4,00 3aoBoseHi
70 >3,40 Jlesiki KoprcTyBadi He3a/10BOJICHI
60 >3 Bararo xopucryBauiB He3a OBOJIEHI
50 >2,6 Maiixe BCi KOpUCTyBai He3a10BOJICH]
— <2,6 He pexomenayetbes

Information and communication technologies, electronic engineering, Vol. 3, No. 2, pp. 74-87 (2023)
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3. Meroanka BUMIpIOBaHHSI Ta MOKpalleHHsI sKOcTi ronocoBoro 3B’si3ky VoWi-Fi i VOLTE na
00’€KTaX KPUTUYHOI iHPPACTPYKTYpPH

HoBu3Ha 3amporoHOBaHOrO MiIXOAY MOJSTae MepeayciM y BHpIIICHHI MpoOJieMH HU3BKOI SKOCTI
rOJIOCOBOIO 3B’S3Ky Iix yac BukopucTaHHs TexHonorii VOLTE ta VoWi-Fi. Tpaaumiiiauii miaxix He
3a0e3rnevuye aBTOMaTHYHOIO TIEPEMUKACHHS MK IIMMH TEXHOJIOTIIMH Y pa3i MOTIpIIEHHS KOCTi 3B 3Ky Ha
OJTHIM 3 HUX, 110 MOXKE IIPU3BECTHU JI0 HE3aA0BLIBHOIO CIIPUHUHATTS PO3MOBH KOPHUCTYBaua. 3arporioHOBaHa
METOJIUKA TOJIMIIECHHS SIKOCTI 3B’ 3Ky MICTHTh TaKi KJIIOYOB1 €IEMEHTH HOBH3HHM (pHuC. 2):

Cucrema monitopuary MOS: Bukopucranas cucremu MoHiTOpuHry MOS n1ae 3Mory moctiiHO
BHUMIpPIOBATH SIKICTh TOIOCOBOTO 3B’s13Ky Ha 000x TexHonorisx (VOLTE ta VoWi-Fi). Lle onintoBaHHs
MOXe€ 3JIMCHIOBATUCS B pEabHOMY Yaci Ta BPaxOBYBaTH Pi3HI MapaMmeTpH, Taki SK 3aTPUMKa, JDKUTEP,
MaKeTHI BTPATH TOIIIO.

AnantuBHe mnepevmukanHs: OIHIEIO 13 KIIOYOBHX OCOOJIMBOCTEH METOAMKH € YIIPOBAKECHHS
MeXaHi3My aJanTUBHOrO mepekitoueHHs Mixk TexHonorisMu VoLTE ta VoWi-Fi. 3a gonomororo cucremu
MoHiTopuHTy MOS, crcTteMa MOXe aBTOMAaTHYHO BU3HAUNTH, SIKA TEXHOJOT1S HaJjae Kpally sSKiCTh 3B’ 3Ky
Yy KOHKPETHHH MOMEHT. SIKIIO sIKiCTh ToiocoBoro 3B’s3kKy Ha VOLTE moripuryerbcs, TO cucTema aBTO-
MaTHYHO MepeMuKae kopucryBaua Ha VoWi-Fi i HaBmaku. Lle 3a0e3neuye cTaGUIBHICTD 1 SKICTh TOIOCO-
BOTO 3B’SI3KY HaBITh Y pa3i KOJIMBaHb CHUTHAIY.

7 ] t=t VoLTE/VoWi-Fi
| QoE xopucrysaa; MOS = 3.48
TEPEKTIOUEHIS Mik VoWi-Fi
TEXHOOTiAMH 4
- VoLTE/VoWi-Fi oLTE
Bumora MOS H
Kopucryayana | MOS>3.5
00€KTi KPUTHYHOI |
inppacrpyxkrypn |

O6cnyroByBaHHs 1 06cayroByBans:
VoLTE | VOWi-Fi
IBupkicts = 250 k6iT/C !

3arpumka = 50 Mc

TTapamerpu QoS
ITapamerpu QoS

Puc. 2. Memoouxa eumipioganns ma nOKpawjeHHs AKOCmi 2010C08020 38 A3KY
VoWi-Fi i VOLTE na 06 ’exmax kpumuunoi ingppacmpykmypu

Brparu= 1% 1 Yiie ('c)

3arpumka = 100 mc
IIsupakicrs = 250 k6it/c
Brparu= 2%

OTxe, METOIMKA YCYBa€ HEMOJIK TpaauiliiiHoro Bukopuctanus texHonorii VoLTE ta VoWi-Fi,
MOKPAIIYIOYH SIKICTh TOJIOCOBOTO 3B’SI3KY B YMOBaX IOTIPIICHHS 3B’s3KY 1 3a0e3Meuyloun MOCTIHHY JI0-
CTYITHICTb JUIsl KOPUCTYBAUiB.

Meroauka BUMipIoBaHHS ToiocoBoro 3B°s3ky VoWi-Fi i VOLTE nepen6auae taki KpokH:

o CTBOpEHHS TECTOBOTO cepeoBuia. [lounHaeMo 3 MiroToBKM TECTOBOTO cepeaoBuIna. Jis boro
3a0e3meuyeMO HasABHICTh MPUCTPOIB 13 miaTpuMmKoro TexHojiorii VoWi-Fi i VoLTE. Kpim Toro,
HajamToByeMo Wi-Fi mepexy, MoOineny Mepexy LTE Ta 3a0be3medyeMo JOCTYIT A0 IHTEPHETY Ha IHMX
MPHUCTPOSIX.

o Bubip TecroBux ciieHapiiB. BusHayaemMo THNIOBUH clieHapili BUKOPHCTaHHS TOIOCOBOTO 3B’SI3KY
JUIS HAIIOro eKcriepuMeHTy. Hampukian, MoxkeMo BHOpaTH ClieHapii 3MiHCHEHHS N3BIHKA Ha MOOUIbHUM
tenedoH KopuctyBaua omneparopa Lifecell.

o BumiproBaHHS sSIKOCTI 3B 513Ky. [l OIIHIOBaHHSM SIKOCTI 3B’S13Ky BHKOPHUCTOBYEMO BHUMIPIOBAIBHI
iHCTpyMeHTH. OCHOBHHMM IHCTpYMEHTOM € Tporpama Ping Monitor, sika 3amyckaeTbcsi Ha MPUCTPOSIX 3
onepariiiHoro cucremoro Android. Ll mporpama nae 3Mory BHMIPIOBATH TaKi MOKa3HWKH, SIK 3aTPHMKa Ta
BTpara nakeTiB. BoHa iHiiIOe HajcuIaHHs MakeTiB ganux (ping) mo neHux [P-anpec abo jpoMeHHHX iMeH i
BUMIpIOE Yac, HEOOXIMTHUI ISl BiANpaBIlieHHS IMX MaKeTiB Ta iX orpuMaHHs. L[i BUMipIOBaHHS TAfOTh 3MOTY
BU3HAYUTH CEPEAHIO 3aTPHMKY (ping), 110 Haaae iHGOpMAIIio PO MBHAKICTh Ta CTAOUIBLHICTD 3’ € THAHHS.
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o Orinka SKocTi 3B’s13Ky. [licias 30upaHHs JaHUX aHAJI3yeMO IX IS KOXKHOTO TECTOBOIO CIICHAPIIO.
[opiBHIOEMO 3HAYEHHS TOKA3HUKIB SIKOCTI 3B’SI3KY 13 NPUUHATHUMH CTaHJapTaMH, IO CTOCYIOTHCS
3aTPUMKH Ta €KCIIEPTHOI OIIHKH SKOCT1 CIIPUHHATTS po3MOBH 3a kputepieM MOS. Lleit anani3 gornomarae
BHU3HAYHTH, YU BIAMOBIJAIOTH OTPUMAaHI pe3ybTaTH BUMOTaM JI0 SIKOCTi 3B’sI3Ky uist TexHonorid VoWi-Fi
1 VoLTE.

e Ha ocHoBi MoHiTOpuHTOBUX 3HaueHb MOS BinOyBaeThcs aJanTHBHE MPUHHATTS PillleHb 1010
BHOOpY onrTuManbHOI Mepexi noctyny Wi-Fi abo LTE mist opranizaiiii HaaiifHOTo Ta SIKICHOTO 3B’SI3KY.

[MpumycTiMo, MmO yHIBEpCUTET MOXKe OyTH BH3HAaHHA 00’€KTOM KPUTHYHOI iH(PPACTPYKTYpH,
3Ba)KalOUM Ha HOro BaXKIMBY POJIb y 3a0e3ledeHHi OCBITH, JOCTIIDKEHHS, 30epeeHHs iHpopmarii Ta
OOUYHCITIOBAIBHUX PECYPCIB, & TAKOXK y MIATOTOBI (paxiBIliB U Pi3HUX rairy3ei, 30kpeMa KibepOe3nexH.

Ha puc. 3 HaBeneHO TECTOBE CEPEIOBUIIE, Y AKOMY 31HCHIOBAIOCS JOCIIHKEHHS SKOCTI 3B 3Ky 3a
nonomoroto Texaonorid VoWi-Fii VoLTE.

8219

Halyna Beshlei \N
((9 Jlo a’

Teiosipena rparicopria Mepexa

Samsung
Galaxy S20 FE
(Internet)
Bemeii M. \X
VoWicFi X Wi-Fi

Puc. 3. Tecmoge cepedosuwye onsa docnioxncenna mexnonoeiv VoWi-Fi i VoLTE

HocnipkeHHs 3IMCHIOBAM Y PealbHUX YMOBaX, BUKOPUCTOBYIOUH KopropaTuBHy Wi-Fi mepexy,
Ky Haynaroaus nposaiinep Polynet B HamionansHoMy yHiBepcuTerTi “JIbBiBCbKa moniTexHika”. Jms mux
JIOCITIDKEHb TaKOXK BUKOPHCTOBYBalM MOOUTLHUI oniepatop Lifecell.

Ile TecToBe cepemoBUINE A0 3MOTY OIIHUTHU SIKICTh 3B’SI3Ky B pa3i BUKOPUCTAHHSI TEXHOJIOTIH
VoWi-Fi i VoLTE B peansaux ymoax. [IpoBaitnep Polynet 3a6e3meunB crabinpHuit nocrym no Wi-Fi
Mepexi, 10 a0 3MOry 3IilcHIOBaTH J3BiHKM 4epe3 VoWi-Fi. MoOinbHuii oneparop Lifecell Hanas
noctyn 10 mepexi LTE i miagrpumky texnonorii VoLTE.

s BusHauyeHHs IP-agpec, dyepe3 siki BimOyBasioch IepeAaBaHHS JaHHMX BiJl KIHIICBOI'O IPUCTPOIO
(M. Bemuteit) no By3na npusHadeHHs yepe3 Wi-Fi mepexy noctymy, Oyiia BUKOpHCTaHa KoMaHza “tracert”
(abo “traceroute” B JIesIKUX OMepalliiHUX cHUcTeMaX), HaBeleHa Ha puc. 4. Komanpaa “tracert” (abo “trace-
route” B MEBHUX OIEpallifHIX CHCTEMax) € IHCTPYMEHTOM KOMaHTHOT'O PSJIKA, 1[0 BUKOPUCTOBYETHCS IS
BIJICTE)KEHHS NUIAXY, SKMM IaKeTH JaHUX HaJCWJIA0Th BiJ BAIOro MPHCTPOIO 10 IiboBoi IP-agpecu abo
nomenHoro imeHi. Lleit iHCTpyMeHT nomomarae ineHTH(IKyBaTH MPOMDKHI MapIIpyTH3aTOPH, Yepe3 sKi
JlaHi TPOXOATh, 1 BUMIPIOBATH 3aTPUMKY Ha KOXKHOMY 3 HUX. Y pa3i BUKOPHCTaHHS KOMaHAW “tracert” B
KOMaHJIHOMY PSIIIKY TiepenaeTbest 1minboBa [P-anpeca abo qomMeHHe iM’st sIK mapaMerp kKomaHau. [Iporpama
MMOYMHAE BIAMPABIISITH [TAKETH JaHKUX 3 BAILIOr0 MPUCTPOIO 10 By3Jia MPU3HAYCHHS, 30MparodH iHpopMalliro
PO KOXKEH MPOMDKHUI MapHipyTH3aTop Ha Iuiaxy. KoxkeH MapmpyTH3aTop HaJcuiiae MOBIOMIICHHS PO
MaKer, SKUi MPOMIIOB, Ha3a] 0 MPUCTPOIO BIANMpPABHUKA, IO A€ 3MOTY MPOCTEKYBATH IUISIX MAKETiB.
Kpim BimoOpaxkeHHsT MapmpyTy, KomaHjma “tracert” TakKoK ITOKa3ye 3aTpUMKy (ping) A0 KOXHOIO
MPOMDKHOT'O MapIIpyTH3aTopa, U0 JIA€ 3MOTY OI[IHIOBATH CTaOUILHICTD 3’€THAHHS Ha [[bOMY IILISAXY.
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Hampukiian, BUKOHaHHS KOMaHau “tracert google.com” mokaxke mociigoBHicTh IP-ampec mapripy-
THU3aTOPIB, Yepe3 sKi MPOKIaNaeThCsl MapmpyT nakeriB 1o Google, pazom 3 iHpOpMaIIi€l0 PO 3aTPUMKY
Ha KO)KHOMY IPOMIKHOMY MapIpyTH3aToPi.

EE Komangruii pagok - tracert 8.8.8.8

out

Puc. 4. Busnauenns IP-adpec mepesicesux npucmpois,
yepes sKi 8100y8aeMbCs nepeoasants OaHux 6io Kinyegozo npucmpoio (M. Beuwneii)

Hani 37iificHeHO KpOK JUTsi BU3HAYEHHS MMOCHioBHOCTI [P-agpec MepexeBHX NMpUCTPOiB, po3Talio-
BaHUX Ha NUBIXY BiJl MPU3HAUEHOTO BY3J1a, a caMe BiJ| MPUCTpolo Mia kepyBaHHsM “‘Halyna Beshlei”, sxwmii
00CIJIyTOBYy€ OmnepaTtop MOOUIBHOIO 3B’513Ky (pHcC. 5). i TOCATHEHHS Ii€] METH CTBOPEHO TOUKY JOCTYILY
Ha cMmapTdoHi kopucTyBaua “Halyna Beshlei” 3 MOXIMBICTIO MIJKIFOUECHHS 10 MEPSKI Yepe3 MOOUIbHUM
inTepHer onepartopa Lifecell. ITicns nboro Ha HOYTOYI, MIKIIOYEHOMY J0 CTBOPEHOT TOYKH JOCTYIY, OYB
BIIKpUTHI KOMaHIHHWH PSIOK, 1 BHKOHAHa KoMmaHzma “tracert” pa3zoM 3 IimboBoio [P-aapecoro aGo
JOMEHHHUM IMEHEM, JI0 SIKOr0 HEeOOXIiTHO BIACTSKHUTH MapiipyT. Hanpukiaa, BUKOHaHHS KOMaHAM “tracert
google.com” abo “tracert 8.8.8.8” najio 3MOry BU3HAYMTH MapIIpyT BiJ MPHCTPOIO, sskuM Kepye “Halyna
Beshlei”, no cepBepiB Google uepes MoOUTbHUI iHTEpHET, skuid Haxae ornepatop Lifecell.

| -
| B Select Komananuid pagok - tracert 8.8.8.8

Puc. 5. Busnauenns nocnioosnocmi IP-adpec mepedicesux npucmpois,
60 8y371a npusHauerHs, a came 6io npucmporo (Halyna Beshlei)

Omxe, My ycrimno Bu3Haumm [P-anpecy 212.58.190.1 mepexxeBoro By3ia, JI0 SKOTO MiJKIIIOYEHA
0a3oBa craHIs, MO 00CITyroBye MoOLTBHUN TpucTpiil 3 imeHem “Halyna Beshlei”. Tenep Bukonaemo
napajenbHUH eKCIIepUMEHT, 3aIyCKalouH JI3BIHOK depe3 TexHonorito VoWi-Fi Bin mpuctporo kepiBHUKA 3
imereM “benuteit M.” uepe3s Wi-Fi mepexxy mocryny no npucrporo “Halyna Beshlei”. BogHouac 6ymemo
TECTYBaTHMEMO KaHaJ 3B’s3Ky 3a JIOMOMOroro jaoxatka Ping Monitor, sSIKMil po3ropHYTO Ha MPHCTPOL
“Benwieit M.” mix yac oprasizaiiii roJJ0COBOI0 3B’ 3Ky (IHB. pHC. 6).

Lz mMeromuka aae 3MOr'y 00’€KTHBHO OIIIHUTH SIKICTh T'OJIOCOBOI'O 3B’SI3KYy B PI3HHMX CIIEHApPIIX Ta
3a0e3MEeYUTH ONTHMAJbHY SKICTh 0OCIYTOBYBAaHHS KOPUCTYBAYiB.
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Puc. 6. Tecmysanns kanany 6io npucmporo bewneti M. 0o npucmpor Halyna Beshlei

[licnst BUKOHAHHS EKCIEPUMEHTY MOXKHA 3a3HAYMTH, MO SIKICTh OOCIYrOBYBaHHS B MekKax
texnonorii LTE BinnoBimae BHMMoOram, BCTaHOBJICHMM craHaaptamMu. CepeaHsl 3aTpHMKa CTaHOBUTH 41
MUTICEKYH]y, @ MakcuMaibHa — 74 MimicekyHau, Jxutep — 16 Mimicekynn. Kpim Toro, B cucremi He
BUSBIICHO BTpaT (puc. 7). 3a JONATKOBOIO OI[IHKOK SKOCTiI TOJIOCOBOTO CIIUIKYBaHHS 3a JOIOMOT'OIO
texHonorii VOLTE orpumano 3madenHss MOS (Mean Opinion Score) Ha piBHI 5, 0 € BHCOKHM
noka3HukoM. Lli pe3ynbpTaTé BKa3yloTh Ha 3aJI0BUILHUI piBeHb 00ciyroByBaHHs ymepexi LTE Ta BHUCOKY
SKICTh TOJIOCOBOT KOMYHIKaIIil 13 BUKOpHCTaHHsM TexHomnorii VOLTE.

1347 il & 1 13:48 QB «

Ping Monitor Ping Monitor

N

LTE cmmmmemm— 96 % T - = 100%
Good Excellent Excellent

Good Good Excellent
®: §: DI:
®: §;: I; . § 4

T 10ms 20ms 00%
16 ms 41ms 00% Jiter T Lost

11 ms 0:01:05 78 ms
21 ms 0:01:21 74 ms Best ping Elapsed time Worst ping

212.58.190.1 ¢ 212.58.190.1
—" p

212.58.190.1

212.58.190.1
e P

a o
Puc. 7. Tecmysanns napamempis QoS mexrnonoziti VoLTE (a) ma VoWi-Fi (6)

[lig 4yac mpyroro ekCrepHMMEHTY BCTaHOBJICHO, 10 B TexHosorii Wi-Fi cepenniii yac 3aTpuMmku
cranoBuB 20 MiTiCEKyHJ, MaKCUMaJbHUI — 78 MimicekyHa, jxutep — 11 mimicekyHa, i He Oylo BTpat
JaHuX y cuctemi (puc. 8). Bei i MOKa3HUKHU SKOCTI 00CTYroByBaHHs OyJM B MEXKax JIOMMyCTUMHX 3HAYCHbD,
IO CBITYMJIO MPO 3aJ0BUIBHY SKICTh 3B’sA3KY. [0JaTKOBO TAaKOXK OI[IHIOBAJIH SKICTh I'OJIOCOBOiI PO3MOBHU
yepe3 TexHomnoriro VoWi-Fi; pesynbrart — 3nadenast MOS (Mean Opinion Score) Ha piBHi 5.

VY poboTi TakoXk 3IMCHEHO EKCIIEPUMEHT 111010 BUMiptoBaHHA napamerpiB QoS B texHomorisx LTE
1 Wi-Fi B cuTyalisix, KOJdH CIIOCTEpIraeThCsi MOTIPIICHHS PIBHS CHTHAITY, HANpUKIAJ, y Bunaaky Wi-Fi,
a6o nepeBanTaxenns B LTE (puc. 9).

Otpumani pesynbraT nokaszand, mo B LTE cepenniii yac 3aTpuMku cTaHoBUTH 460 MillicCeKyH,
MakcUManbHui — 1799 MinicekyHn, mkuTep — 533 MijicekyHa, a BTpaT nakeriB — 5,2 %. Lli napamerpu
QoS He BiINOBiNarOTh JOMYCTHMHUM BHMOTaM JUIs OpraHizaiii rosiocoBoro Tpadiky, i sKiCTh pO3MOBH
VoLTE 6yno ounineno 3a mkanoro MOS = 3, i3 NOMITHUMH IepepUBaHHSAMHE Ta myMamH (puc. 9, a).
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Cxoxuii ekcniepuMeHT 31iiicHeHo it Wi-Fi kanany. Cepenniii yac 3atpumku B Wi-Fi cranoBuB
238 MidgicekyHll, MakcUMaibHUN — 1782 MimicekyHJ, JokuTep — 216 MiliceKyHA, a BTpaTH MaKeTiB
nmocsramu 11,1 %. Li mapamerpu QoS TakoX HE BIJANOBIIAIOTH JOMYCTMMHM BHMOTaM JUjIS Oprasizariil
roJIocoBoro Tpadiky 3 BUKopucTaHHsIM TexHouorii VoWi-Fi (puc. 9, 6).

OTxe, BUOIp TEXHOJOTIT ISl OpraHizaiii sKiCHOTO TOJIO0COBOTO 3B’S13KYy TOBHHEH IPYHTYBATHCS Ha
THX napamerpax QoS, siki 3a06e31meuyroTh HalKpanly SKiCTh Y IbOMY KOHKPETHOMY KOHTEKCT.

13:00 @4 Z O 58 60% e T2l 86%m

Ping Monitor Ping Monitor :

ms ms
2500 2500
500 500
100 100
20 20
: « A
LTE Overall net quality 5 9 Overall net quality
- o I 3%
Very bad Very bad Normal Very bad Very bad Poor

Games Videc conf Video stream ¢

Games Video conf Video stream

533 ms 460 ms
216 ms
Jitter Average ping
Jitter Average ping

29 ms 0:40:28 1799 ms
14 ms 0:00:48 1782 ms
Best ping Elapsed time Wo
Best ping Elapsed time Wol
[ @) <
11 @) <

a o6

Puc. 9. Tecmysanns napamempis QoS mexrnonoziti VoLTE (a) ma VoWi-Fi (6)
6 YMOBAX GNIUBY 308HIUIHIX (PAKMOPIB (8UCOKE HABAHMACEHHS, HUSLKULL DIBEHb CUSHATY)

BukoHaHO TakoX EKCIIEPHUMEHT JUIsl JOCIHI/PKEHHsI BIUIMBY piBHSI cuTHaiy TexHonorii Wi-Fi Ha
napaMeTpH SIKOCTI 0OCITyroBYBaHHS Yy KaHami 3B’3Ky. J{JIs I[bOT0 EKCIIEpUMEHTY BHKOPUCTAHO ITiKIFO-
yeHHs1 10 Wi-Fi Touku nmocrymy B kopropaTuBHIH Mepexxi HamionamsHoro yHiBepcurery “JIbBiBChbKa
moJtiTexHika” mig iMeHeM “nulp”. JociimkeHHs 31iHCEHO HA TEPUTOPIl KAaMIIyCy YHIBEPCHTETY, 30KpeMa,
Ha ot Cesaroro FOpa y micti JIbBOBI.

Jlist BUMIpIOBaHHS PiBHS CUTHAITY JIOJIATKOBO BUKOPUCTAHO MOOLTbHUE nopaTtok G-NetWi-Fi, sikuit
Jla€ 3MOT'Y BH3HAUYaTH PiBEHb CHTHAIY JI0 TOYKH JOCTYIY, BiJOOpakaTh MiCIIe3HAXOJKEHHSI KOPHCTYBava
Ha KapTi, a TakoX iH(opMallifo Mpo 4acToTy 00CTYroBYBaHHS Ta MPOIMYCKHY 3JaTHICTh, sIKY 3a0be3neuye
texHonorigs Wi-Fi. [lapanensHo 3 muM OyB 3amylieHuil J0JaToK ping monitor y (POHOBOMY PEXHMI JUIs
OLIIHIOBAHHS BIUIMBY TIOTipIIEHHS PiBHS CUTHaiy Ha mapamerpu QoS y pexumi peaipHOro vacy. Ha
KOHKpeTHOMY mpukiaai (puc. 10) MoxkHa mobauuTH, mo 3a piBHsA curHany —78 nbm (puc. 10, 6)
napamerpu QoS Oynu ayKe XOopomuMu: skicTh 3B°s3ky — 100 %, cepenns 3aTpuMka — 18 MiTicekyH,
MaKCHMaJIbHa 3aTpUMKa — 63 MUTICEKYH/I, JDKUTEP — 7 MUTICEKYH/I, BTpaTH AaHuX BiacyTHi (puc. 10, a). Ha
MmiZicTaBl IUX MapaMerpiB MOXKHa 3pOOUTH BHCHOBOK, IIO SIKICTh TOJIOCOBOI PO3MOBH 3a TEXHOJOTIEI0
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VoWi-Fi y takomy kaHam BigmoBigae orinmi MOS=5. Ha puc. 10, ¢ mokazaHO TOYKOBO MicCIie3Ha-

XOJ/IKEHHS IPUCTPOIO Y I[bOMY EKCIIEPUMEHTI.

09:05 5l ¥ & 09:05l T & - O 0905 ¥ &« 0w
Ping Monitor G-NetWiFi S G-NetWiFi vaa
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ih = COMPLETED e
2500 nulp
0 : 50:0f:80:€9:3c:b0 isaiscan oo
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i " oeabns
o v 0% 2437 MHz ey .
: 6 Q o
Excellent Excellent Excellent -78 dBm 2, 2 10pa +
B H e H g H =)
7ms 18 ms \ 00% ‘
11 ms 0:00:44 63 ms
B Elapsed W

Puc. 10. Bnnus pisus cuenany Wi-Fi na napamempu QoS (pieensv cuenany —78 dBm)
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Puc. 11. Bnaus pisus cuenany Wi-Fi na napamempu QoS (pieensv cuenany —83 0bm)

I3 momanpimuM BijiaaeHHSIM (I3UYHO BiJ TOUKH JOCTYIY Ha puc. 11 MOKHaA crocTepiratd, 1o 3a
piBHs curHany —83 nbm (puc. 11, 6) mapamerpu QoS iCTOTHO MOTIPIIYIOThCS. SIKICTh 3B’S13KYy CTAaHOBUTH
20 %, cepenns 3aTpuMKa —146 MiiceKyH/, MakCUMallbHa 3aTpUMKa — 1585 mimicekyna, mxurep — 163
MUTICEKyH/IM, a BTpaTu nanux 2 % (puc. 11, a). 3a TakuMu mapaMerpamMu MOXXHa 3pOOUTH BUCHOBOK, IO
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SIKICTB TOJIOCOBOI PO3MOBH 3a TexHoJoriero VoWi-Fi B Takomy kanami Biamosigae owinii MOS=3. Takox
Ha puc. 11, 6 TOKa3aHO HOBI TOYKH, SIKi BiI0OpakaroTh 3MiHY MiCIIE3HAXOKCHHSI PUCTPOIO KOPUCTYyBaya.

[Tix yac moaanpIIOro BiggajieHHs (I3UYHO BiJ TOUKU JOCTYIY Ha puc. 12 MokHa 3adikcyBaty, 1110 3a
piBHs curHaiy —86 nbm (puc. 12, 6) mapamerpu QoS CyTTEBO MOTIPIIYIOTHCS. SIKICTh 3B 513Ky cTaHOBUTH 0 %,
cepenHs 3aTpuMKa — 462 MiTiCeKyHI, MaKCUMaJlbHa 3aTpuMKa — 2505 MiTiceKyH I, IpKUTTep — 487 MUTICEKYH/I,
a BTpaTH JIaHUX csratoTh 56,2 % (puc. 12, a). Ha mincraBi nux mapaMerpiB MOXKHa 3pOOUTH BUCHOBOK, IO
SIKICTh TOJIOCOBOT pO3MOBH 3a TexHojoriero VoWi-Fi B Takomy kanHami Bimnosizae oiginiii MOS=0, i ceaHc
3B’S13Ky He Oyje ycminHuM. Takok Ha puc. 12, 6 TOKa3aHO HOBI TOYKH, SIKI BiTOOpaXKarOTh MiCII€3HAX OKCHHS
MPUCTPOIO KOPHUCTYBaYa, 1€ BTPAYaeThCst 3’ €MHAHHA 3 TOUKOIO tocTymy Wi-Fi.

3a pe3yiabTaTaMM MOXKHa 3pOOMTH BHCHOBOK, IO JJis 3a0€3MEUYEeHHS BHCOKOI SKOCTI T'OJIOCOBOTO
3B’s13Ky uepe3 TexHonorito VoWi-Fi HeoOxiqHo, 1100 piBeHb CUTHATY JI0 TOYKH JIOCTYITy OyB HE HUXKUUM,
HiK —78 nbM. KpiM Toro, BaxJIMBO BpaxOByBaTH, 0 BUCOKA 3aBaHTAXKEHICTh KaHANy iHIIMM TpadikoM
TaKO)K HEraTUBHO BIUIMBAE Ha SKICTh po3MoBU. OTKe, /I 3a0€3MeUEHHs 3aJ0BUIBHOTO 3B 3Ky BaXJIMBO
MaTH CTaOUTLHUM 1 JOCTaTHBO CHIIBHUE curHan Wi-Fi Ta yHUKaTH niepeBaHTaxKEHHS MEpexi.

3a pe3ynbraTaMH BUMIPIOBaHb HaBHINA SKICTh 3B’SI3KY JIOCATAETHCS 32 PIBHS CHTHAIY HE MEHIIE
Hixkx —78 nbm. Ile mokasye, 110 BHCOKUIH piBEHb CHUTHANY € KJIIOUOBMM (HaKTOpoM s 3a0e3leUcHHS
SKICHOT'O TOJIOCOBOTO CIUIKyBaHHs depe3 VoWi-Fi. 3a HWKuUMX piBHIB CHTHATy MOXJIMBE ICTOTHE ITOTip-
IICHHS SKOCTI PO3MOBH, IO MOXKE IPU3BOJUTH 10 OOMEKEHb Y BHKOPHCTAHHI Ii€]l TEXHOJOTIi Ha
BIIaJICHUX BiJl TOYKH IOCTYIY MicIsX. BakIMBO BpaxoOByBaTH, III0 BHCOKA 3aBaHTAKCHICTh KaHAITy
IHIIUM TpadikoM MOXKe HEraTUBHO BIUIMBATH HAa SIKICTh TOJOCOBOTO 3B’s3Ky. Lle o3Hauae, 1o HaBiTh 3a
BHCOKOTO PIBHSI CHTHATy KOHKYDEHIIisI 32 MEpEKEBUH pecypc MOXKe MPHU3BOJAUTH 10 300iB Ta BTpaTH
nakeriB qanux. [is 3a0e3neueHHs 3aJ0BUIBHOTO 3B’ 3Ky BAXKIMBO MOHITOPUTH 3aBaHTAKEHICTh MEPEKI i,
MOXIIUBO, OOMEXKYBATH 1HII BUAX TpadiKy B MepioAn aKTUBHOTO TOJIOCOBOIO CIUIKYBaHHS. BpaxoByroun
pe3yibTaTH, MOXHAa PEKOMEHIYBaTH ONTHMI3aIlil0 MEpPEeKi Ta pO3TallyBaHHS TOYOK JOCTYIY 3
ypaxyBaHHSM TIOKPUTTS BaXKIMBUX MicCIlb 1 HaJJaHHS cTAOLTBHOTO CHTHAITY Ha BENUKIH TUTOMII.
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@ Ping monitor is running in the
background.

Puc. 12. Bnaus pisus cuenany Wi-Fi na napamempu QoS (pieensv cuenany —86 0bm)

VY3aranbpHIOWOUH, A1 JOCSTHEHHST BICOKOI SIKOCT1 TOJIOCOBOT'O 3B’SI3KY Uepe3 TexHonorito VoWi-Fi,
BaYXJIMBO MAaTH HE JIMIIE BHCOKHH pIiBEHb CHTHANY, ajle ¥ KOHTPOJIOBATH 3aBAHTAXKCHICTh MEPEeKi Ta
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onTuMizyBatu ii mapamerpu. lLle 0co0JMBO BaXKIMBO y BHIAAKaX, KOJW HAIMHICTE TOJI0COBOTO
CIJIKYBaHHsI Ma€ KPUTHUYHE 3HAYCHHS, HAPUKJIAA, Y cepi TeIeKOMYHIKaIlii a00 Ha BAXKJIMBUX 00’ €KTax.

Omke, B yMOBaxX CTaOUIBHOrO CHrHalmy B Mepekax omepatopiB Polynet i Lifecell 3nificHeHo
CKCIIEPUMEHT, METa SIKOTO IOoJjIsAraja B OIIHIOBAHHI SKOCTI TOJIOCOBOIO CIIJIKYBaHHS 1 BUBYEHHI BILTUBY
nepexony Mik TexHomorissmu VoWi-Fi i VOLTE. V Mexax Iboro €KCIepuMEHTY TaKOX BHKOHYBaJIU
BHMHKaHHS 1 yBiMKHeHHs Wi-Fi min yac akTuBHOro cninkyBaHHs. [lim yac ceaHcy OyJjio BUSBJICHO, IO
mepexii MDK LHMMH TEXHOJOTIAMH TMpAaIloe€ CTa0lLIbHO, IO IMIATBEP/UKYE Oe3lepepBHY PO3MOBY.
Hampuxian, Ha puc. 13, ¢ moka3aHo po3MOBYy depe3 TexHonorito VoWi-Fi, micas doro Wi-Fi Oymo
BHMKHEHO, 1 pO3MOBa MpojoBxkunack deped TexHosorito VOLTE (puc. 13, 6). Ilicas moBTopHOTO
yBiMKHEHHs1 Wi-Fi BUKIMK aBTOMaTHYHO MOBEPHYBCS JO OOCIyroBYBaHHS 4epe3 TexHojorito VoWi-Fi
(puc. 13, 6). Lle nmiaTBepIKy€e yCHillIHYy pOOOTY MEPEXoay MK MMU TEXHOJIOTISIMU Ta MIATPUMYE IXHIO
Oe3nepepBHY poOOTY MiJ yac po3MoBH. JlOCTIIKEHHS CBIIYMTH, IO SAKICTh NEpeaaBaHHS rojoCy depes
TexHONOri'o VoWi-Fi 3aeXuTh Bill piBHS CUTHAY J0 TOYKH JOCTYIY Ta 3aBaHTAXKCHHS KaHAJIy 3B SI3KY.
Buxopucranus xenmoBepy MiK VoWi-Fi i VoLTE mae 3mory OesmepepBHO 3miMCHIOBAaTH T'OJIOCOBI
po3moBu. Kpim Toro, akrupaiis Ta jaeaktuBaiis Wi-Fi BIUIMBalOTH Ha BHUOIp MK LIMMH TEXHOJOTISIMH
3aJIKHO BIJ iX TOCTYITHOCTI.

[Ipore mig 4ac JAOCHIIDKEHHS TaKOK OYJIO BHSBICHO MpoOJeMy, sKa IOJSIrae y BIICYTHOCTI
ABTOMATUYHOTO IepeMuKaHHs MK TexHomorisMu VoLTE ta VoWi-Fi B pasi moripiieHHsS SIKOCTI
rOJIOCOBOI0 3B’SI3KY ITijI 4aC aKTHMBHOI'O CEaHCY 3B’s3Ky. 30KpeMa, SKIIO SKIiCTh TOJI0COBOIO CIUTKYBaHHS
CTa€ MOTaHo0 i yac BUKopucTaHHs TexHosorii VOLTE, cucrema He 3aiiiCHIOE aBTOMAaTUYHHIA MEpexia
Ha TexHonorito VoWi-Fi, sika Moxxe 3a0€3MeunTH Kpally SKICTh 00CIyroByBaHHS, 1 HABITaKH.
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Puc. 13. Tecmysanns napamempie QoS mexnonociti LTE ma Wi-Fi ¢ ymogax éniugy 306HiuHix pakmopie
(8UCOKe HABAHMANCEHHS, HU3LKULL PIBEHb CUSHATLY)

OTxe, 3aMpONOHOBAHA METOIMKA BHUPIIIye 3a3HA4YeHy MpoOJIeMy 3a JOMOMOrOK YIPOBAKEHHS
JIBOX KIIIOYOBMX KOMIIOHEHTIB: cucTeMu MoHiTopuHry MOS (Mean Opinion Score) Ta MeXaHi3My
aJalTUBHOrO IepeMukaHHs Mk TexHomorisMu VOLTE ta VoWi-Fi. Llg Meromuka npusHayeHa s
MOJIIMIICHHS SIKOCTI TOJIOCOBOTO CIHUIKYBaHHS y CHTYAI[isIX IOTIPIICHOTO 3B’S3KY, 13 aBTOMAaTUYHUM
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MEepexo/loM Ha ONTUMANlbHY TEXHOJOTII0 3 ypaxyBaHHSM IOTOYHHX YMOB, IO 3a0e3reuye HaWKpalry
MOXIIUBY SIKICTh 00CITYTOBYBaHHS JIJIsl KOpUCTYBadiB. Takuii miaxia qae 3Mory 3a0e3evnTH cTabiIbHUN Ta
HAJIHHUA TONOCOBHUH 3B’S30K, MIATPUMYIOYM KOMGMOPTHI YMOBH CIHUIKYBaHHS, HaBiTh y BHUIAJKax

KOJTMBaHb CUTHAITY a00 iHIINX HEraTUBHUX BILTUBIB Ha SIKICTh 3B SI3KY.
Bucnorok

CraTts Mae BaXIIMBE TpaKTHYHE 3HAYCHHs IS Talmy3i IHQpPacTpyKTYypH Ta TeleKOMYHIKallii,
OCKUIBKM PO3MIIAIae MpolOiieMy 3a0e3MeueHHs HaJIHOro rojI0COBOr0 3B’sA3Ky Ha 00’€KTaxX KPUTUYHOI
THQPACTPYKTYpH, TAKUX SIK ENIEKTPOCTAHIIIT, TPaHCIIOPTHI BY3JIH, JIIKapHi TowIo, e Oe3mnepebiitna podoTa i
KOOpJMHAIIIS il JKUTTEBO BaXKJIMBi. MeToMKa, BUKIIaJIeHa B POOOTI, mependadae CTBOPEHHS pealicThy-
HOT'0 TECTOBOI'O CEPEAOBUIIA, SIKE BioOpaXkae peaabHi yMOBH POOOTH Ha UX 00’e€kTax. JIjis OIiHIOBaHHS
SIKOCTi TOJIOCOBOT'O 3B’SI3Ky BHKOPUCTAHO Pi3HI MapaMeTpH, Taki K piBEeHb CHT'HAIy, 3aTPHUMKA Ta BTPATH
nakeTiB. OCHOBHUM BHCHOBKOM JOCTIIKEHHS € T€, 110 TPATUIIHHUN MiaXi/ 10 BUKOPUCTAHHS TEXHOIOI1H
VoWi-Fi i VoLTE ne 3a0e3nedye aBTOMAaTHYHOTO MEPEMHUKAHHS MK HUMH Y pa3i MOTIpHIEHHS SKOCTi
3B’SI3Ky, M0 MOXKE BIUIMHYTH Ha CHOPUHHSATTS KOpPHCTyBada. 3amlporoOHOBaHA METOJHMKA BHPINIYE IO
npobiieMy 3aBISIKH BIPOBA/PKEHHIO cucTeMH MoHiTopuHry Merpukun MOS (Mean Opinion Score) Ta
peaiizaiiii MexaHi3My aJanTHBHOTO rnmepeMukanHs Mix TexHojoriiMa VoLTE Ta VoWi-Fi, 1o nae 3mory
ABTOMATHYHO TIEPEXOMUTH Ha ONTHMAJbHY TEXHOJIOTIIO 3alIeKHO BiJ TOTOYHHX yMOB 1 3abe3meuye
HalKpaIy sKicTh 00CITYroByBaHHS JIJIsl KOPUCTYBAYiB.

IMoasika

CTaTTIO MiArOTOBaHO 3aBISAKK I'PAaHTOBIM miaTpuMili HarioHaasHOro GoHIY MOCTiIKEeHb YKpaiHH,
peectpamiiiauii Homep npoekty 2022.01/0009 “OuiHroBaHHS Ta NMPOrHO3yBaHHS 3arpo3 BiAOYIOBI Ta
cragoMy (YHKIIOHYBaHHIO 00’€KTiB KpUTHYHOI iH(pacTpykTypu” 3a KoHKypcoMm “Hayka st BinOynoBu
VYkpaiHu y BOEHHUH Ta TOBOEHHHI TIepioan”.
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METHODOLOGY FOR MEASURING AND ENHANCING
THE QUALITY OF VOWI-FI AND VOLTE VOICE COMMUNICATION
ON CRITICAL INFRASTRUCTURE OBJECTS

M. Beshley, O. Kochan, H. Beshley, O. Shpur
Lviv Polytechnic National University, 12, S. Bandery str., Lviv, 79013, Ukraine

Critical infrastructure, which includes facilities necessary for the normal functioning of society (e.g., power
plants, transportation hubs, hospitals, etc.), requires reliable communication to ensure uninterrupted operation
and coordination of actions in emergency situations. This paper presents a methodology for measuring and
improving the quality of voice communication via VoWi-Fi and VoLTE technologies at critical infrastructure
facilities. One of the key aspects of the methodology is the creation of a test environment that reflects the real
working conditions at critical infrastructure facilities. This includes using devices that support VoWi-Fi and
VoLTE technologies, setting up Wi-Fi networks and mobile Internet access, and selecting standard test

scenarios to assess voice quality. An important part of the methodology is measuring various communication
quality parameters, such as signal strength, delay, and packet loss. For this purpose, special measurement
tools are used, including the Ping Monitor and G-NetWi-Fi apps on the Android platform. The obtained data
allow us to objectively assess the effectiveness of VoWi-Fi and VoLTE technologies at critical infrastructure
facilities, in particular, using the proposed MOS (Mean Opinion Score) metric. It has been established that
one of the main disadvantages of the traditional approach to using VoWi-Fi and VoLTE is the lack of
automatic switching between these technologies in the event of a deterioration in the quality of one of them,
which can lead to unsatisfactory perception of the conversation by the user. The proposed methodology
involves the use of a MOS metric monitoring system that continuously measures the quality of voice
communication on both technologies and implements a mechanism for adaptive switching between VoLTE
and VoWi-Fi. This allows for automatic switching to the optimal technology depending on current conditions
and provides the best quality of service for the user. In general, the article provides important information for
implementing and optimizing these technologies at critical infrastructure facilities to improve the reliability
and efficiency of voice communications.

Key words: VoWi-Fi; VoLTE; MOS; QoS; IMS.
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