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3anponoHoBaHo aaropuTM KJacTrepu3anii, arperamii Ta kiaacudikaunii M 2M -npucrtpois
y MaiioyTHix Mepexax 4G/5G, mo gacTh 3Mory epeKTHBHille BHAKOPUCTOBYBATH pagiopecypc
MOODITbHOT Mepexi, 3MEHIIIUTH CUTHAJIbLHE HABAHTA’KEHHS HAa 0a30BYy CTaHUII0 Ta 3HU3UTH
eHepro3arpatu M2M-npucrpois. HoBU3HA ajJropuTMy moJisirac 'y BHOOpPi roJIOBHOTO By3Jia
M2M Ha ocHori miarpamu Boponoro ta mMetoxiB HeuiTkoi Jioriku. Lledi anropurm peasnisy-
€TbCSI HAa HOBOBBeleHMX nuLI03ax M2M, skuii BukoHyBaTHMe (QYHKIii BHOOPY I'0JIOBHOIO
BY3J1a, TPYNYBaHHS Pi3HOMAHITHUX JAHUX HA KJACH MOCJIYT Ta 0aJaHCYBAHHS HABAHTAKEHHSI
MK IIJIF03aMHU 3 METOI0 NepeIaBaHHs JaHUX HA HeToBaHTaxKeHi 6a3oi ctanmii 4G/5G.
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ALGORITHM FOR CLUSTERIZATION, AGGREGATION
AND PRIORITIZATION OF M2M DEVICESIN HETEROGENEOUS
4G/5G NETWORK
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The transition to building Smart City, Smart House and other places using M2M
imposes tight networ k requirements. This includes delays, bandwidth, transmission duration.
When introducing M2M, an important feature is reducing the sensor's power consumption
when transmitting infor mation and the amount of signaling infor mation to the 4G/5G mobile
heter ogeneous network base station. To do this, the paper proposes to combine sensors into
clusters in which the main sensor acts as a gateway for all others. Aggregation of data in
intermediate nodes is also a form of processing of output data and allows solving a number of
problems associated with energy consumption of nodes in the network. Much of the electricity
consumed by the network node is for data transmission, not for the process of obtaining data
from M2M devices from the environment and processing them. Therefore, one way to reduce
the power consumption of a node is to reduce the amount of data transmitted, which can be
achieved by pre-processing them in intermediate nodes. Data aggregation in intermediate
nodes may be appropriate for the cases with a fairly tight placement of M2M nodes in the
sensory field, data from neighboring nodes with a high probability may coincide, that is,
having redundancy. This allows to combine completely or partially identical messagesin or der
to reduce the amount of data transmitted by nodes. In this paper we propose algorithm for
clustering, aggregation and classification of M2M devices in future 4G / 5G networks. The
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proposed algorithm ensures mor e efficient use of the radio resourse of the mobile network,
reduction of the signal load to the base station and the power consumption of M2M devices.
Key words: M2M, 4G/5G, cluster, Voronoi diagram, fuzzy sets.

Beryn

OnHUM 3 MEePCNeKTHBHUX 1 JMHAMIYHUX PUHKIB MOCIYT JUIsi MOOUTBHHX orepaTopis, 30kpema LTE-
orepaTopiB, MOXE CTaTH PUHOK mocayr M2M (mamunHa-maiimHa) abo 0T cepsicu. Mepexi M2M
BHU3HAYAIOTHCS SIK MEPEXKi KOMYHIKaIlii IHTeIeKTyaIbHUX MAIlHH, sIKi 00’ €JHYIOTh KiHIIeBI mpuctpoi M2M
1 CUCTEMH, IO MpPaIoI0Th 0€3 ydJacTi a00 3 0OMEKEHOK YYaCTIO JIFOJUHH K KIHIICBOI'O KOPHUCTYBaya, s
yIpaBiiHHS ofqHe ofHWM. Bukopucranus mepex LTE nns Bzaemonii enementie M2M wmae mpuHecTH
oreparopaM JOAATKOBI JOXOMU 1 HaJaTH IMIYJIbC MOJANBIIONO 3POCTAaHHS IHBECTHIINA. 3TigHO 3
nporao3zamu Machina Research (puc. 1), kinbkicte M2M-3'€1HaHb y Mepekax MOOLIBHHX OINEPaTOpiB B
2018 p. nepepuinuth 1,5 Mips., mo B 5 pasiB Ouiblie MOTOYHOrO MOKa3HKMKa, a y 2022 polli Ha 4acTKy
MOOUIBHMX OrepaTopiB mpumaje moxas 2,6 mipa. M2M-3'ennanb. [lpu npomy yactka M2M-3’ eqHaHb Bif
3arajbHOI KUIBKOCTI 3'€IHAHb y Mepekax MOOUIBHHX omeparopiB 3pocte 3 morounux 5 % g0 15 %
y 2018 p. i no 22 % — 2022 p.

KLJIBKICTD 10T MIJAKJIOYEHb B MOBLJIBHIMI
MEPEXXI 3Ir'IJHO IMIPOI'HO3IB MACHINA
RESEARCH

3y

2022

Kinekicts IoT nigkiaiouens, Miapa

Puc. 1. Kinbxicmo M2M-3' eOnans y MobiibHUX Mepedicax

CroroyiHi HalIEPCIEKTHBHIIIOW MOOUTHHOIO TEXHONOTIO JUTsl BIIPOBaPKEHHS cepBiciB M2M BBaxaroth
cranaapt LTE. Binbuiicte mepemoBux KpaiH po3BHBaIOTH iHPPACTpyKTypy uerBeproro mokomiHas LTE mo
MalOyTHBOI Mepexi 5G, sika MOKITMKaHa 3MIHUTH MTOBCSKICHHE XKHTTS CYCITUTHCTBA 1 3pOOHTH MOMKITBIM MacOBE
3acTocyBaHHs TexHomorii [arepuery peueit (10T). Leii cranmapt Mepexi po3poOIIsIOTh 3 ypaxyBaHHSIM peatiid,
KOJIM JIOCTYTI JI0 MOOUTbHOrO IHTEpHETY MOXJIMBHII HE TUIBKHM 3 MOOUIBHHX TPUCTPOIB (SKMX 1 3apa3 BKpaii
0araro), ajie i i3 pO3yMHIX TOAWHHHKIB, JPOHIB Ta iHIIMX IPUCTPOIB, SKi ITOKHA MaJIOBIIOMI.

3HauHe 3pocTaHHs KUTBKOCTI Oe3npoBiqauX By3niB M2M npH3BOAUTE /10 JAESKUX TPOOIIeM Y CydacHUX
MoOUTEHIX Mepexax [1]. Hesaxkaroun Ha Te, 1m0 eMHicTh Mepek 4G/5G e mocTaThoro, mobH 3aI0BOIBHUTH
notpedu Oubiocti M2M npHCTpoiB, CHTHAITBHE HABAHTAKEHHS, SIKE TEHEPOBAHE HUMH, TIGPEBUIIYE MOXITUBOCTI
0a30BHX cTaHIid. Y Wil poOOTi SK BUPIMIEHHS MOMIOHMX mpoOnieM, 30KpemMa i B MaiOyTHIX Mepexax 5G,
MTPOITOHYEThCS BUKOPUCTATH aTOPUTM KJIaCTEpH3allii JUIs JIoKauti3alii Tpadika B Mekax KiacTepa 1 MOAaIbIol
Horo arperarii Ta wiacugikaiii mjx Yac TepeqaBaHHS B SIPO MEPEXi, MO JacTh 3MOIY PO3YMHO BHKO-
PHCTOBYBATH PaJliopecypc MEpPEKi i SMEHIIINTH CUTHAITbHE HABAHTAXKEHHS Ha 0a30BY CTAHIIIO.

AJITOpuTM KJacTepu3auii, arperauii Ta kiaacudikanii M 2M -npuctpoiB y mepexi 4G/5G

Texnomoris M2M Hacammepes opieHTOBaHAa Ha HaJiHHY KOMYHIKAIil0 MK MPHCTPOSMH, XO4a
cepa 3acTocyBaHHS AaT4nKiB He oOMekeHa. Ilepexim mo modymoBu Smart City, Smart House ta ixmmx
Micip i3 3acrocyBaHHsIM M2M-Hakiagae >KOPCTKI BUMOTM Ha MEPEXKY. HIOJ0 3aTPUMOK, MPOMYCKHOT
3IATHOCTI, TPUBAJIOCTI MepenaBanHs. I3 3anpoBampxkeHHsIM M2M BaXKIMBOIO OCOOJIUBICTIO CTA€ 3MEHIIICHHS
SHEepProBUTpPAT JATYMKa IiJI Yac repepaBaHHs iH(opMallil Ta KUTbKOCTI CUTHAJIBHOI iHpopMalii Ha 6a30By

96



CTaHIIi}0 MOOLTBEHOI reTeporeHnoi Mepexi 4G/5G [2—7]. Iis 1iporo y poOOTi 3ampornoHoBaHo 00’ €THYBaTH
JAaTYUKH y KJIACTEpH, B IKUX TOJOBHUI JATYNK BUKOHYE POJIb IITFO3a JUISl BCIX HIIHX.

ATperyBaHHs JaHUX Y MPOMDKHHX BY3JIaX TaKOX € (OPMOIO 00pOOKH BHXIIHUX JIAHHX 1 ]A€ 3MOTY
BUpINIYBaTH MpOOJIEMH, IIOB's3aHi 31 CHOKUBAHHAM CHEpPril By3lMaMH Mepexi. 3HauHy YacTUHY
CIIOKMBAHOI EJIEKTPOCHEprii By30J Mepexi BHTpavac came Ha MepelaBaHHs JaHWX, a He Ha MpoIec
OTpUMaHHs JaHuX Bi M2M mpucTpoiB 3 HaBKOJMIIHBOTO cepelioBHIa Ta iX oOpoOky. Tomy omHuM i3
CIOCcO0IB 3MEHIIICHHSI €HEPTOCIIOKMBAHHS BY3JIa € 3MEHIICHHS 00CATY TepelaHuX JaHUX, Y0oro MOXKHA
JOCSTTH iXHBOIO TMOMEPETHBOI0 OOpPOOKOI0 B MPOMDKHHUX BY3JIaX 3B'sI3Ky. ATperyBaHHS JaHHX Y
MPOMDKHHMX By3JlaX MOXKE€ OyTHM JOIUIBHUM 3 Ti€i NPUYUHH, IO 3a JOBOJI IIUIBHOI'O PO3MIIICHHS
M2M-By3miB y CEHCOPHOMY IMOJIi JIaHI BiJ JOBKOIMIIHIX BY3JiB 3 BHUCOKOIO HMOBIPHICTIO MOXYTh
30iratucs, TOo0TO OyTM HaaMipuumu. lle mae 3Mory o0 €aHATH TOBHICTIO a00 YaCTKOBO OJHAKOBI
MOBiJJOMJICHHS 3 METOIO 3MEHIIICHHS 00CATY TIepelaHuX By3JIaMH JaHUX.

Bubupatoun rojoBHHI By30l, BpaXOBYIOTh HH3KYy IapaMmeTpiB, 30KpeMa IEHTPAIbHICTh BiIHOCHO
Kacrepa, piBens O6arapei. Ha prc. 2 moka3aHo 3allpoIIOHOBAHY apXxiTeKTypy rereporennoi mepexi 4G/5G
Ha pIBHI JOCTYIy 3 Kiactepu3aiieio npuctpois M2M. BaxnuuM eneMeHTOM 1€l apXiTeKTypH € IUTI03
M2M, sikuii Mae 3B’ 130K MK TOJTOBHUMH By3namu 3a kaHaioMm Wi-Fi Ta 6a30Bor0 CTaHIli€0 32 KaHAIOM
LTE. OcHoBHoto nepeBaroro nnio3iB M2M e BukoHaHHsT (DyHKIIH BHOOPY TOJIOBHOTO By37a, TPYIYBaHHS
PI3HOMAHITHUX JaHUX Ha KJIacH MOCHYr Ta OajdaHCyBaHHS HABaHTaXEHHS MDK NUII03aMH 3 METOIO
mepeaBalHs JaHUX Ha HeqoBaHTaKeHi 6a3oBi cramiil 4G/5G. Take pilreHHs 1acTh 3MOTY OIllepaTopaM
MepesKi 3aJMIINTH iCHYIoui 6a30Bi cTanmii eNodeB 6e3 3MiH, 3MEHIIIUTH HA HUX CUTHAJIbHE HABAHTA)KECHHSI
Big M2M-naT4mKIB Ta BiIIOBIIHO MOKPAIIUTH SKICTh 00CITyTOBYBaHHS.

M2M mepexa Knacrepu

—) LTE xaHan

—»  WIFI
— ™  xaman

o1t
3 5 @l:{>
y 2
M2Mm  Tonosnmit M2M
eNodeB4G/5G  mos  BY3OT  mpuerpisi  CMAPThOH < 4G/5G
M2M Gpokep
Kopucrysau

Puc. 2 Apximexmypa cemepozennoi mepeaci 4G/5G
Ha pieni docmyny 3 kracmepusayieio npucmpoie M2M

3anponoHOBaHO HOBHUI alrOpUTM BHOOpPY TOJOBHOTO By3na kiacrepa M2M-mepexi, skuid
BHUKOPHUCTOBYE OJTHOYACHO TEpPeBary sk Jiarpam BopoHoro, Tak i MeTo/iB HeuiTKoi Joriku. biok-cxemoro
Ha puc. 3 300pakeHO BHKOHAHHS aJrOPUTMY KIIACTEepH3alliisi BHOOPY TOJOBHOTO By3la Kiacrepa Jyis
natankie M2M y nporpami “MatLab”.

Y po3pobiieHOMY aropuT™Mi Kiactep (OpMYyEThCs Ha OCHOBI JiarpaM BopoHoro. Y koxHOMY payHi
CEHCOpHE T0JIe MOIUIAIOTh BHUIAaKoBO. [licist BUOOpY TONOBHOTO By3Ja KiacTepa B KOXKHOMY KiacTepi
00YHCITIOIOTH BiJICTAaHb MIDK CCHCOPHUMH BY3JIaMH 1 TOJIOBHHM BY3JIOM Kjactepa 3a opmyiioro (1).

(p.c)=a ¢y g

ne D, —i-i M2M Byson y knacrepi (i =1,...n)1 TJ_—FOJIOBHI/II71 BY30Jl | KJIacTepa (j=1,..k)
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Y po3po0sIcHOMY aNropuTMi BUKOPHUCTAHO JIBa HapaMeTpH Ui BUOOPY TOJIOBHOTO By3ja KiacTepa:
3aJIMIIKOBY €HEPTio 1 EHTPAIBHICTh 3a JiarpamMamMu BopoHoro. 3alMIIKOBy €HEpriio i IeHTpaIbHICTh 3a
miarpamMaMu BopoHOro OIiHIOIOTH 3a MeToaaMK HediTKo1 jtoriku. Koutposep meuitkol goriku FLC (Fuzzy
Jlorik Controller) ckmagaeTscs 3 Takux KOMIOHEHTIB (puc. 3): 610Ky dasudikariii, 6asu mpaBmi, OJI0Ky
HEYITKOro BHBeINEHHS 1 Oyioky nedasudikarii. [Iporpamuy peamizaiiito (GyHKIIH JaHOTO KOHTpoJiepa
MICTUTUMYTb 3alIpOnoHOBaHi nunto3n M2M, ski BUKOHYBaTUMYTh HEOOXiIHI 004HCIeHHS.

TTouaTok

Po3miteHHs
M2M-By31niB

v

®DopMyBaHH KJlacTepa 3
BUKOPUCTAHHSM Jliarpam
Boponoro

]

Bubip ronoBHOro By3ina Kjiactepa Ha OCHOBI HEHITKOI JIOTiKH

Beenenns nannx Bix M2M-By3iB:
3aJIMIIKOBA €HEpris, IEHTPATBHICTH 3a JliarpaMamMu
Boponoro

# Bubip ¢ynkuii npuHanexHocri #

Ipusenenns 10 . s . s IIpuBenenns 1o yirkoi

- p Heuitkuit storiunuii el
HEYITKUX BXiJHUX - - BUXiIHOT 3MIHHOI —
h P BHCHOBOK A

3MiHHUX ((asudikaiis) (neasndixaris)

f

(Basa HEYiTKHX npaBnn()

BuBenenHs 3HaueHHs IMOBIPHOCTI BUOOPY
TOJIOBHOT'O By3J1a

¥

306ip i mepesaBaHHS JaHUX
? Bix M2M naruukis 10 iX
TOJIOBHUX BY3JIiB

(]

Arperariis i nepeiaBaHHs

2, oTpuMaHuX JaHHX Bin

TOJIOBHHUX BY3IIiB 10
11032

=

Jani
peabHOro
yacy?

Hazcunae 3anut 10
7 ¢ eNodeB 4G/5G na

]_Um(?3 HaKOMu4ye Brtminesm pecypeip
4 TMOBIIOMJICHHSI 3
OJIHAKOBOIO aJJPECOI0
MPU3HAYCHHS ﬂOCTaT}:H,o -
v 8 pecypci? l
Hancumnae 3anut 1o
5 ¢ eNodeB 4G/5G na 1111103 THMYACOBO
BH/IIJICHHS PECypCiB 9.4 MIPU3YIUHSE TIepeJaBaHHs
HEYYTIUBUX 110 3aTPUMKH
MOBiZIOMJICHB

< |
44 v
A
[nr03 nepenae
66 moBigOMIICHS Ha

eNodeB

Kinens )

Puc.3 bnok-cxema aneopummy kracmepusayii, azpezayii ma kiacugixayii

M2M-npucmpoie y cemepoeenniii mepeaci 4G/5G
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PosristHeMo poboTy 1bOro anroputMmy goknaaHinie. Bix ycix M2M-BysniB Ha BXij KOHTpolsiepa
HEYITKOI JIOT1KH HaIXOAATh JaHi MPO CTaH KOXXHOI'0o By3JIa.

dasudikaiis — mpoIec, MO TMEPETBOPIOE TOYHI 3HAYEHHS BXIIHUX 3MIHHUX Ha 3HAYCHHS
TMHrBicTHYHHUX (HEUITKMX) 3MIHHHUX 3a JOMOMOI'OK 3aCTOCYBaHHs MEeBHUX (yHKIliH mpuHanekHocTi. Ha
Buxozi 3 FLC mu 3MokeMo BUOpaTH TOJIOBHHI BY3011 y MIPOIICHTAaX

Tabnuys 1
IMapameTpu cucTeMH HEYiTKOI0 BUBEIEHHS Ta IXHI HeUiTKi MHOKUHU
TI/IH ) Hassa sMinHoi TepMm Tun GpyHKmii . 3HaueHHA (1)yHKH.11
3MIiHHOI MHOKHHH MPUHAIEKHOCTI NPUHAJIEKHOCTI
SaTHIIIKOBA CHEDris Maiia Z-rioniOHa [0;0.02;0.05]
(0,04] /b P Cepenis TPHKYTHA [0.02; 0.05; 0.08]
) " Bucoka Snofi6Ha [0.05; 0.08; 0.1]
Bxigna .
[enTpanbicTs 3a Janbus Z-rioniOHa [0;25;50]
aiarpamoto Bopororo Cepenus TPUKYTHA [20; 50; 80]
[0; 100] % .
bausbka S-noxibHa [50; 75; 100]
Hyxe mana Z-mof1ibHa [0;5;15]
Mana TPUKYTHA [5;15; 25]
Binpie manoi TPUKYTHA [15; 25; 35]
Buxinna MMoBipHicTs BUGOPY Mene cep. TpUKYTHA [25:35; 45]
TOTIOBHOTO BY3ITa Cepenns TPUKYTHA [35;50; 65]
[0 100] % binbmie cep. TPUKYTHA [55; 65; 75]
Hesenuka TPUKYTHA [65; 75; 85]
Benuka TPUKYTHA [75; 80; 95]
Jlyxe Benuka TPUKYTHA [85; 95; 100]

SAx ¢GyHKIIT TPUHANEKHOCTI Ui KOKHOTO 3HA4YeHHS BCIX JIHIBICTHYHHX 3MIHHHX BHOMpPAEMO
TPUKYTHI QYyHKIIT mpuHanexHocTi. [Ticns Bu3HaueHHS (QYHKIIi MPUHAJICKHOCTI Ta BXiJHHX MapaMeTpiB
HEOOX1THO BM3HAUMTH 0a3zy MpaBWI s BIANOBIAHUX mapamerpiB. Ha ocHOBI TaOmuIll A HEYITKUX
MHOXKHH 3a3Ha4€HHX MapaMerpiB, BUKOPHCTOBYIOUM mporpamuuii maker Fuzzy Jlorik Toolbox (maker
HeviTKkol Jioriku B cepenoBuini MatLab) [2], moxna otpumat ¢GyHKIil npuHaiexHocTi. Ha Buxomi
HEUITKOr0 KOHTpOJIepa OTPHUMYEMO HMOBIPHICTh BUOOpPY TOJNOBHOTO By3Ja, SIKYy OTPUMAaHO B Pe3yNbTati
nedaszudikaiiii BUXiTHOrO HEUITKOT'0 PillICHHS.

0 Bysna %
8

eubopy ro.
2y

LieHTpaneHicTs No

Aiarrpami BopoHoro % 3anuuKoBa eHepria [k

0 o

Puc. 4. 3anexcuicmo timosiprocmi 6ubopy 201061020 8y31a
810 3anuuK060l enepeii i yenmpanvrocmi 3a oiazpamamu Boponoeo
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BusHauuBIIM TONOBHUE BY30I, MiJJIErIl BAOUPAIOTH, 0 SIKOTO KiIacTepa BOHU HANEKATUMYTh. Jlis
ONTHMAJLHOTO BUKOPHCTAHHS €HEpril TOJIOBHI BY3IM MEPIOJUYHO MepeodupaioTs. ToMy KOXKHOMY
JaTYNKy HaJal0Th MOXJIMBICT CTaTH TOJNOBHHM Y KJacTepi. 3aBeplIayIbHUI eTan HaJallTyBaHHS
CTPYKTYpH MeEpeXi Ha OCHOBI KiacTepiB moisrae y (opMyBaHHI pO3KIAJy TepelaBaHHS IaHUX,
BHKOPHCTOBYIOUH JUIS I[bOT'O YaCOBHM MOAUI. Tak yHHUKAIOTh KOMi3id. ITinaernux naT4uKiB MOBiIOMIISIOTH
PO Yac MepenaBaHHs JaHMX, HaJCHIIAI0UH IIMPOKOMOBHE IMOBIJOMIICHHS. Y Takui crocio iH(pOpMyOTh
yci By3JIH MPO nepenaBanHs qaHux. KoxkeH 3 TaT4MKIB Iepenae qaHi TUIBKYA Y CTPOTrO BU3HAUCHI MOMEHTH
yacy. Bcio orpumany iHdopmariiro 30upae roJOBHHI By30j Ta mepemae Ha mumo3 depe3 kamam Wi-Fi.
[lnr03, orpumaBim arperoBaHi mani Bigx M2M-matumkiB, nepemae ix uepes kaHain LTE nHa 0azomy
craHIito. BukopucTaHHS 3alpOoNOHOBAHUX IUTIO3IB Jla€ 3MOTY 3MCHIIMTH CUTHANBHY iH(OpMaIiio Ha
0a3oBi craniii 4G/5G 3aBasku ToMy, 110 GYHKIIIT MOHITOPHHTY MapaMeTpiB piBHs OaTapei qaT4MKiB Ta ix
po3TallyBaHHs MOKJIaJeHI He Ha 0a30BY cTaHIliio, a Ha muto3. CBOEO Yeproto, 6a3oBa CTaHIlsI OTPUMYE
arperoBaHi JiaHi BiJ 1IUTI03a, SKHI MONEPEHBO 3rpynyBas cepicu M2M Ha 4 knacu 3 pi3HUMH BHMOTaMH
10 QoS (ta6im. 2). QClyaw (Q0S Class Identifier) e mitkoro y makeri |Pv6, 3HaueHHs IKOTO 3alUCYETHCS Y
nomi ToS [8-11]. Take pilieHHs Jae 3MOT'y IUIAHYBAJIbHUKY 0a30BOi CTaHIlil BUALIATH PECYPCH JIUIIE JUIs
4-x xnaciB M2M, a He 11 BCIX JaTYHUKIB OKPEMO.

Tabauys 2
Kaacudikamina M 2M
Jomyctuma Jommyctuma KibKiCTh
QClmam Tun [Ipiopurer 3aTpuMKa T, BiIMOB B 00CITyTrOBYBaHHI, Kna.c floenyr
cepBiciB M2M
MC P,%
1 I"apanroBanwmii yac 1 10 0,01 L1
MepeIaBaHHs TaHUX
2 (GRBy2am) Tpadix 2 20 0,1 L2
peabHOrO Yacy
3 l'apanToBaHumii yac 3 1000 5 L3
TepeIaBaHHs TaHUX
(GRBp2am) Tpadik He
peabHOrO Yacy
4 He rapanroBanwmii yac 4 L emusavene Prcaisnaere L4
MepeIaBaHHs TaHUX
( Non-GRBy2m)
Tpadik He peanbHOro
qacy

PosrisiHeMo neranbHO Tpoliec mepeqaBaHHsS JaHWX i Yac arperamii Ta kiacugikamii 3rigHo 3
po3pobiieHnM anroputMom (puc. 3):

*  M2M-npuctpoi hopMyrOTh MOBIJOMICHHS 1 BIAMPABIIsIIOTH HOr0 Ha roOBHUH By301 (1).

*  TonoBHwuii By301 nepeHanpasJise mopigomiaeHHs Ha M 2M-1wtto3 (2).

. M2M-nutt03 aHami3ye MOBIAOMIICHHS Ha MPEAMET YYTJIMBOCTI J0 3aTPUMOK BIIMOBIIHO 0
MOMEPEHHO BCTAHOBJICHUX MITOK (3).

e JSIkmo MOBiZOMIICHHS HE YyTJIMBI A0 3aTpuMOK, M2M-1u103 Hakonmuuye MOBIIOMIICHHS 3
OJIHAKOBOIO aJPEcOr0 MpH3HA4YeHHs, 00 €lHye 1X 1 michas Iboro Bigmpasise 3amut Ha eNodeB mis
BUJIIEHHS pecypciB (4,5).

e [licns Buminenus pecypcie M2M-numo3 nepenae o0’ e€qHaHe IOBIIOMIICHHS Yepe3 0a30BY
cranitito Ha 6pokep (6).

e SIkmio mTOBimOMIIEHHS UyTIWBI g0 3aTpuMmok, M2M Bigmpammse 3amut Ha eNodeB mis
BUJIIEHHS pecypciB (7).

e JSxmo pecypciB mocratHbo, M2M-nutio3 nepenae moBiIOMIICHHS depe3 0a30By CTaHIIIO Ha
opoxkep (8,6).
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»  Skmo pecypciB He qocTaTHBO, M2M-1ITI03 THMYACOBO MPU3YITUHSE MEpEAaBaHHs HEUYTIUBUX
70 3aTPUMKH TIOBIIOMIIEHb, THM CaMHM 3BUIBHSE pPECypcH Ui Tiepelavi 4YyTIMBUX JIO 3aTPUMKH
noBiziomieHs (9).

* [Ilicns BuuineHHS Ta 3BUTbHEHHS pecypciB M2M 1umo3 mepenae 4yTiuBe IO 3aTPUMKH
noBijioMiIeHHs uepe3 0a3zoBy cranmio 4G/5G Ha Opokep, sSKHil 3HAXOAUTHCS y BIAcHIi iHpacTpyKTypi
orieparopa MOOUTBHOIO 3B’ 13Ky JUisl rapanTyBanHs E2E QoS (6).

Bucnorokx

3HauyHe 3pOCTaHHsS KUIBKOCTI Oe3npoBimHUX By371iB M2M mnpusBomuTh 10 JAeSKuX TpodiieM y
MOOLUTBHUX Mepexax. He3Bakarouu Ha Te, 1110 eMHICTh Mepex 4G/5G € 1ocTaTHBO0, 100K 3a10BOJIBHUTH
norpedon Ounbmocti M2M-mpucTpoiB, CHUTHANBHE HABaHTAXKEHHS, SIKE TCHEPOBAHE HHUMHU IICPEBHIILYE
MOXIIMBOCTI cydacHMX 0a3oBux craHiiii. CamMe ToMy y poOOTi 3ampornoHOBaHO HOBY apXiTEKTypy
IeTePOreHHOT MEPEXkKi, pO3paxoBaHy Ha OOCIyroByBaHHS Beiaukoi KiaibkocTi M2M-mpuctpoie. PiBeHb
JOCTYITY TaKol MEpexi € IICHTPATi30BAaHUM 3aBJSIKH TOTNEPEAHI CHHXPOHI3allii TPUCTPOIB Y KIIACTEPH, Y
SKHX BU3HA4aTh ToNOBHUN M2M-By3on muist mepenaBaHHsi OJOKIB JaHMX Ha IUTIO3, SIKAH, arperyrouu Ta
KIacu(iKyroud TIOTOKH, Tepenae aaHi Ha 06a3oBy cranitito mepexi 4G/5G. Po3pobiieHo aaroputm
KiacTepusallii, arperamii Ta kmacudikamii By3iaie M2M  gns  MalHOyTHIX MOOUIBHUX MEpPeK 3
BHKOPMCTAaHHSM HEYITKOi JIoriku 1 mgiarpam Boponoro. Take pillleHHS JacTh 3MOTY PO3YMHO
BHUKOPUCTOBYBaTH pajiopecypc MOOUTBHOI MepekKi, 3MEHIIMTH CHTHAJIbHE HaBaHTaXXCHHS Ha 0a30BYy
CTaHIIIIO Ta 30UTBIIMTH Yac poboT M2M-naTaukis.
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