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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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STATISTICAL ANALYSIS OF REAL TRAFFIC
OF MACHINE-TO-MACHINE COMMUNICATION (M2M)

Abstract. The development of digital technology has spawned the concept of the Internet of Things (IoT). The
concept basis is the machine-to-machine interaction (M2M) technology, which allows devices to exchange
information. The most effective data transmission medium for M2M devices is mobile communications. Rapid
growth of machine-to-machine M2M traffic in mobile communication network defines the actuality of the research
problem, its features and characteristics. Research outcomes are indispensable at the network modeling, planning,
analyzing the M2M traffic impact at quality of service (QoS) of mobile network communication. The article analyzes
the real traffic in the LoraWan network. Aggregated traffic coming to the network server from all devices is
considered. To model the M2M batch traffic, apart from specifying the statistic characteristics it is necessary to
assess its self-similarity. In order to define the traffic self-similarity there has been computed Hurst parameter. On
the basis of STATISTICA programs batch we have conducted statistical analysis and short-term forecasting of real
M2M traffic by method of exponential smoothing.

Key words: Internet of Things (IoT), M2M traffic, mobile communication network, Hurst parameter,
forecasting, statistical analysis.

Introduction. International Telecommunications Union ITU-T Y.2060 recommendations [1] define
Internet of Things (IoT), as an information community, maintaining innovative services organizing
relations between the things (physical or virtual) on the basis of existing and developing compatible
information and communication technologies.

An important role in information and communication technologies, securing the future of Internet of
Things, will play the compounds in the form of Machine type Communication or “machine-to-machine”
(M2M) compound. The compound type thereof represents the form of data transmission between the
devices, which does not require obligatory interaction with a human being [2, 3].

The most efficient data transmission media for M2M devices is mobile communication. M2M
services market in the years coming shall become one of the perspective and dynamically developing
services market for mobile operators.

Rapid growth of M2M traffic envisages the actuality of its properties and characteristics research in
the mobile communication network.

M2M traffic exercises a significant influence at services quality in the mobile communication
networks and their operation processes. Traffic peculiarities and its characteristics shall be taken into
account upon specifying parameters, modeling, designing and operating the communication networks.

In the work herein we have carried out the analysis of real M2M traffic, which allows specify its
properties and characteristics, elaborated the model of the incoming traffic’s short-term forecasting. The
offered methodology might be used further upon analysis of M2M traffic, formed under other conditions
with other type devices.
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At the first stage, there has been organized serving with LoRaWAN signals of the country’s biggest
cities: Almaty, Nur-Sultan, Shymkent. About a hundred base stations were installed. Hardware and
software have been developed and produced by Kazakhstan company “Orion System”.

Currently, in Almaty, Nur-Sultan and Shymkent the LoORaWAN networks maintain remote collection
of readouts from various instrument gages. In future “Kazakhnelecom” plans to install attached sensors at
the parks for tracing free places, at street lighting systems for electricity saving, monitor water level in the
rivers, conditions of drain covers.

Literature analysis. To research the M2M traffic service process by mobile network, its impact at
maintenance quality indices, there is used mathematical modeling. Its integral part is M2M traffic model.
The work [4] offers the model and algorithm of data traffic aggregation 5G Network Slicing medium,
based on classification and measurement of data traffic to maintain the service quality for smart systems in
the city’s intelligence medium. For modeling the traffic in the M2M network the researches in [5, 6] apply
ON/OFF process. It is assumed, that M2M devices might be in one of four states: OFF, PU, ED and PE. In
the state PU, ED and PE there transferred the batches, consequently, there starts the process ON. When
batches are transmitted neither from, nor to the corresponding machine, there starts the process OFF. It
matches the satiation, when the device is in the wait state. Whereas the M2M communication has
multitude of application scenarios, its possible usage in smart networks has been discussed in the article
[7]. Modeling outcomes show that occurred delays considerably increase upon corresponding growth of
smart meters’ amount.

One of the steps, directed to M2M traffic maintenance methods upgrading, is constructing the model,
which would allow fulfill traffic prediction in short-time period and match the majority of modern mass
applications of M2M devices. There are known models, making use of neuron network technologies
apparatus [9], theory of Markoff processes [8], statistical modeling methods [8], etc. Universal model,
which could be used for M2M any type forecasting has not been designed by the time being. In our work
we have made an attempt to design the model, based on one of time series analysis methods — exponential
smoothing method with smoothing parameter value selection. For the traffic type under study the model
thereof provides satisfactory prediction outcomes. Let’s consider the model elaboration process on the real
example.

Analysis of real traffic and prediction. One telecommunication company in Almaty city carries out
the traffic monitoring in the LoRa WAN network. There have been collected the data on real M2M traffic,
incoming fromM2M devices to network server of LoRa WAN network. The traffic is measured in bit/s.
Data were collected within 12 hours. Readings were taken about the amount of traffic received every
15 minutes. Thereat, 48 traffic values have been analyzed.

Data graphical representation is given in the figure 1 in the form of time series.

M2 TRAFFIC
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Figure 1 — M2M traffic dynamics
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To define the real M2M traffic self-similarity extent let’s evaluate Hurst parameter by R/S statistics
method. There exist plenty of Hurst parameter assessment methods, which is a complicated task. Upon
researching really measured traffic the following problems should be taken into consideration [20].

For measured real M2M traffic, presented in figure 1, there have been obtained the following values
log(N/2) and log(R/S), which are given in table.

Let’s define Hurst parameter H = 0,47, applying technique of least squares.

For traffic prediction there has been used exponential smoothing method, which is one of routine
methods, employed upon some series forecasting.

Values of R/S standardized range

log(N/2) log(R/S)
1,38 0,57
1,08 0,53
0,78 0,48

Method of time series exponential smoothing assumes establishing the initial series different weight
levels which are preliminarily multiplied by corresponding coefficients. The later levels of the series are
provided with bigger weight, and previous levels are multiplied by weight coefficients of less value.
Levels weight reduction takes place along the exponent, dependent on the value of smoothing parameter,
being in the interval from 0 to 1 [10].

Simple exponential smoothing is fulfilled according Brown method. At availability of the trend
constituent there is applied Holt method. If the series includes a trend and stepping constituent, there is
applied Vinters method.

As the time series of M2M traffic values do not contain the trend and stepping constituent, there has
been employed Brown method (simple exponential smoothing).

We have accomplished the short-term prediction of M2M traffic for 1-4 periods (15-60 minutes)
beforehand, as there was of paramount importance the prediction for the time period within one hour.

Considering, that the smoothing parameter’s value is not known in advance, there were being
constructed the prediction models with different parameters and selected the model amongst them,
providing the most accurate prediction. Smoothing was fulfilled at smoothing parameters’ values: a = 0,1,
a=0,5and a=0,9.

As far as the sampling contains 48 data, the forecast has been computed for 49, 50, 51 and 52 15-
minutes time periods.

Graphical interpretation of conducted calculation is shown in the figure 2.
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Figure 2 — Graphic representation of exponential smoothing process at @ = 0,1
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In figure 2 the curve VARI images the initial time series, VAR1 2 — exponentially smoothed series
with predictive estimates. VAR 1 shows the difference between the initial and smoothed series levels.

To assess the prediction accuracy in STATISTICA packet there have been calculated a number of
error types, obtained upon constructing prediction models (figure 3).

Exponential smoothing: S0=1352 (M2M.sta)
No trend,no season; Alpha= 100
VAR1

Summary of error

Error

Mean error

-1697062711

Mean absolute error

36,224091610

Sums of squares

100188 469352625

Mean square 2087 259778180 |
Mean percentage error -11,027103084 §
Mean abs. perc. error 28,295100511

Figure 3 — Errors calculation at a = 0,1

Researches quite frequently assess the forecast accuracy, using Mean abs.perc. error (MAPE) — mean
absolute relative error. At a = 0,1 MAPE value constituted 28,29. It is assumed, that at 20 < MAPE < 50
the obtained prediction is characterized with satisfactory accuracy.

In the same manner, there have been conducted computations of the traffic predicted values by means
of exponential smoothing method at other values of smoothing parameter.

Graphic representation of the process modeling at ¢ = 0,5 is given in figure 4. Figure 5 presents
modeling calculated errors.

Lin Plot of muliphe varables
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Summary of error

Exponential smoothing: S0=135 2 (M2M.sta)
No trend,no season; Alpha= 500

Mean error

Mean absolute error

39678932427 |

Sums of squares

126712,037593739 |

Mean square

2639 834116536

Mean percentage error

-11,048518211

Mean abs. perc. error

30911961823 |

Figure 5 — Error computation at @ = 0,5
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MAPE error magnitude, equaled to 30,91, happened just over than at modeling with a = 0,1.
Upon constructing the exponential smoothing model with a = 0,9 in STATISTICA packet there have

been obtained the following outcomes (figure 6, 7).

Line Plot of sl le vanables
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Figure 6 — Graphic display of exponential smoothing process a = 0,9

Exponential smoothing: S0=135 2 (M2M.sta)
No trend,no season; Alpha= 900
WAR1T

Summary of error Error

Mean error -1,049470166

Mean absolute error 44 768216865

Sums of squares 167735,146218579

Mean square 3494 482212887

Mean percentage error -10,263419710

Mean abs. perc. error 35,026762567

Figure 7 — Error calculation at a = 0,9

Traffic prediction for 49, 50, 51 and 52 15-minute periods composed 89,87 Bps. MAPE error value

reached 35,026.

Conclusion. The modeling outcomes of M2M traffic dynamic series by means of exponential
smoothing method under different smoothing parameter values were compared. It is possible to make a
conclusion, that all considered models secure satisfactory forecast precision. Though, the most accurate

outcome has been obtained in consequence of constructing

the model with smoothing constant a = 0,1.

Prediction value in that case amounted to 127 Bps, and error value of MAPE forecast turned out to be

minimal and composed 28,3.

Elaborated prediction model, upon constructing of which, there has been applied Brown method, can
be used in M2M networks. At that, prediction shall be fulfilled regularly upon incoming new statistical

data.
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A. . Myxamemxanopal, K. X. Tymaun6aesa', 3. M. Jlemuunckas', b. Ourap?

' FymapGek Jlaykeen aTbiHaarsl AJIMaThl SHEPTETHKA JKIHE OailIaHbIC YHUBEPCHUTETI,
Anmarsl, Kazakcran;
2M. ToiHbImnaes aTbiHAarbl Kazak Kejlik koHe KOMMYHHKAIUSIAP aKaJleMHUSICHI,
Ou-Dapabu aTeIHAAFE Ka3aK YITTHIK YHUBEpcUTeTi, Anmarsl, Kasakcran

MAIINHAAPAJIBIK O3APA OPEKETTECYAIH (M2M)
HAKTBI TPA®UI'TH CTATUCTHUKAJIBIK TAJIJAY

AnHoTanusi. MammHaapanblK e3apa opekeTrrecy TypiHmeri kxocbutsictap (Machine-type Communication
(MTC)) memece "mammHa-mMammuHA" (M2M) KOCBUTBICTapHI - OYJT agaMIapMeH e3apa dpPEKeTTeCYIl KaXeT eTIeHTIH
KYpBUIFBLTAp apachlHAa JepekTepai 6epy HbicaHbl. KocsuipicTapabH Oy Typi mHTepHET 3arTapbiabiy (IoT) 6oma-
IIAFBIH KAMTAMacChI3 €T€ OTBIPBIII, aKNaPATTHIK-KOMMYHUKALSIBIK TEXHOJIOTHSIapa MaHbI3/Ibl POJI aTKApabl.

M2M KypBUIFBIIApHl YIIiH JepekTepai OepymiH €H THIMAI OpTacHI-YsAIbl OaiflaHbpIC. ¥sUIbl OailylaHBIC JKEli-
ciggeri M2M mammHaapaiblK TpadUKTIH Te3 ©Cyi 3epTTENEeTiH MOCEICHIH ©3eKTUIIrH, OHBIH epeKIIeTiKTepi MeH
CUTIaTTaMaJlapblH aHBIKTAWIBI. 3epTTey HOTIDKENEpi KENUTiK MOAenbaey, kocmapiay, M2M Tpadurinig MoOMIBI1
JKEITiHIH KpI3MET KopceTy canackiHa (QoS) ocepiH Tanaay YIIiH KaXeT.

Maxkamaga LoRaWAN xemiciHmeri HakTbl TpaduK TaigaHagsl. bapiblk KYpBUIFBUIApIAH JKENIIIK cepBepre
KipeTiH OipikTipinreH Tpaduk KapacTeipsuiagsl. M2M makeTTik TpaduriH MOIENbACY YIIiH CTATUCTHKAJBIK CHIIAT-
TaMaJlapJIl KOPCETYMEH KaTap, OHBIH ©31HIIK YKCACTHIFBIH Oaranay KakeT. TpaduKTiH e31HAIK YKCACTHIFBIH aHBIK-
tay ymiH Xepct napamerpi ecentenmi. STATISTICA Garmaprmamanap makeTiHiH HETi3iHIE CTaTUCTHUKAJIBIK TaJay
JKOHE SKCIIOHEHIIHAIIBI TeTicTey aniciMer M2M HakTh TpaduriH KbICKa Mep3imMi 6oimkay sKypri3iimi.

Tyitin ce3nep: 3atrap MuTepHeTi (I0T), M2M Ttpaduri, Mmobmibai 6aimaHbIc xKelici, XepcT mapamerpi, 0oi-
JkKay, CTATUCTHKAJIBIK TaJay.

A. . Myxamemxanosal, K. X. Tyman6aesa', 3. M. Jlemuunckas', B. Ourap?

! AnMaTHHCKMI YHUBEPCUTET SHEPIETUKH U CBsish uM. ['ymapGeka Jlaykeesa,
Anmarsl, Kazaxcran;
2 Kazaxckas aKaJleMusl TPAaHCIIOPTa U KOMMYHHKanuii uM. M. ThIHbIIITaERa,
Kazaxckuit HaunoHaBHBIA yHUBepcHUTET M. anb-Dapadu, Anmatsl, Kazaxcran

CTATUCTUYECKHI AHAJIN3 PEAJIBHOI'O TPA®UKA
MEKMAIINMHHOTI'O B3BAUMOJEUCTBUS (M2M)

AnHoranusi. CoelMHeHUs] B BUJIe MeXMaIIMHHOTO B3aumojencTBust (Machine-type Communication (MTC))
WIA COeTUHEHUS «MallnHa ¢ MamuHOW» (M2M) npexacraBmsaior co0oi GopMy mepenadn TaHHBIX MEXIY YCTpPOW-
CTBaMH, KOTOpas He 00s3aTeIbHO TpeOyeT B3aMMOIEHCTBHA C YEIOBEKOM. DTOT THII COCTUHEHUH OyIeT Hrparth
BOKHYIO POJib B MH()OPMALMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHsIX, oOecrieunBas Oynyinee MHTepHera Beuiei
(IoT).

Hawubonee a¢ddexTuBHON cpemoil nepenau qaHHbIX Ui M2M ycTpoiCTB siBiseTcss MOOuiIbHAs cBsi3b. CTpe-
MUTENBHBIN POCT MEKMALIMHHOTO Tpaduka M2M B ceT MOOHIILHOM CBSI3U ONPE/IENIsieT aKTyallbHOCTh HCCIIEyeMOr
poOJIeMbl, e OCOOCHHOCTH M XapaKTEePUCTHKH. Pe3ynbTaThl MCCIIEIOBAHMA HE3aMEHHWMBI IIPH CETEBOM MOJIENH-
pOBaHUH, IJIAHUPOBAHUH, aHAIN3€e BIUSHUA Tpaduka M2M Ha kadecTBO 00cmykuBaHus (Q0S) MOOMIIEHON cEeTeBOMH
cBs3u. B cratee aHanmmsupyercs peanbHbli Tpaduk B cetu LoORaWAN. PaccmarpuBaercst arpernpoBaHHbIN Tpahuk,
MOCTYIAIOUIMH HA CETeBOM cepBep €O BceX YCTpowcTB. [y MonenupoBaHus makeTHoro Tpaduka M2M moMumo
3a1aHMUsI CTAaTUCTUYIECKUX XapaKTEPHCTUK HEOOXOANMO OIICHUTH ero caMoroaobue. J{ist onpeneneHus caMmornomaoouns
Tpaduka ObLT BeIUKCIICH mapamerp Xepcera. Ha ocroBe makera mporpamm STATISTICA npoBeneH cTaTHCTHYECKUN
aHaJIN3 ¥ KPaTKOCPOUHOE NMPOTHO3UPOBAHKE peanbHOro Tpadhuka M2M MeTo0M 3KCTIOHEHITHATBHOTO CTIaKUBAHHUS.

KuroueBbie ciaoBa: matepHer Bemeid (IoT), Tpaduk M2M, ceTh MOOWIBHOHN CBsI3u, Mapamerp XepcrTa,
MIPOTHO3UPOBAHNE, CTATUCTUUECKUI aHAIIN3.
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