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DESIGN OF A PERMITTED NETWORK USING FIBER-
OPTIC-BASED SOLUTIONS MATHEMATICAL MODELING

The main goal of the research is to increase the speed of exchange in
broadband subscriber access networks, primarily using PON technology,
since the needs of subscribers are constantly growing and modern
structures can no longer provide them.

This article discusses the PON technology, types of WDM technology,
equipment designed for communication networks using WDM, designs
and parameters of WDM multiplexers. The possibility of implementing
WDM-TDM hybrid multiplexing in existing PON systems is considered.
Conclusions are drawn about the relevance of the use of this technology
in order to modernize existing access networks.

The rapid development of technologies for the production of
electronic optical devices and optical fibers made it possible in the
mid-80s to use fiber to connect individual users and organizations.

The launch of the first distribution networks was carried out using
point-to-point topologies, but a few years later the technology of passive
optical networks (PON) was created, which allows organizing point-to-
point topologies.

Keywords: WDM technology, hybrid multiplexing WDM-TDM, PON
systems, AWG multiplexer, mathematical models.

Introduction

The emergence of fiber networks was an important event that gave a powerful
impetus to the process of informatization of society.
6
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The first systems found application in military applications with telephone
networks and used multimode gradient fiber for data transmission.

The next step is to switch to a single-mode fiber, which allowed to increase
the speed and increase the maximum distance over which data can be transmitted.
Traditional microwave and satellite data transmission systems began to replace
optical trunks.

PON allows you to create a broadband multiservice network through which,
in addition to standard types of traffic and simple types of services, many other
data can be transmitted.

The main part

With the development of the Internet, the number of communication services
provided is constantly growing, which leads to an increase in the flow of data that
needs to be distributed. This forces mobile operators to look for new opportunities
that increase the capacity of transport networks [1-2]. When making a decision,
it is necessary to take into account the efficiency of the network, the needs of
subscribers, and the potential for further development of the network:

A hybrid service model is used to provide access to NGN services through
the PON. The implementation of the logical model of access to NGN services via
the PON is shown in Figure 1.

Figure 1 — Implementation of the logical model

When organizing access to Triple Plane services in the sections between
subscriber equipment (optical network terminal — ONT), three VLAN services are
organized on the latter equipment (the VLAN service model is being implemented),
including one VLAN for the distribution of Internet traffic, VoIP and IPTV traffic.
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The ONT hardware compares the physical port identifier for connecting subscriber
equipment and the corresponding VLAN service identifier[4-6].

Under the influence of temperature and humidity, the total losses and the
back reflection coefficient may increase, which leads to an increase in the number
of errors in the transmission of information. A great contribution to the study
of the influence of temperature and humidity on the reliability of electrical and
optical elements was made by N. Sinnadurai, whose empirical equation reflects
the relationship between the time of failure, temperature and humidity of the
environment in which the system under study is located.

(1.1)

where t1 and t2 are the time of occurrence of failures at temperature T, T, (Kelvin)
and relative humidity RH, ,, respectively;

k is the Boltzmann constant, eV/K;

E -activation energy;

X is the coefficient of influence of humidity.

To calculate the activation energy, it is necessary to conduct tests under
various temperature conditions and constant humidity (RH, = RH,). In this case
, the expression has the form [6]

tl /l‘2 :e(EA/kXTl_EA/kXTZ), (1.2)

EA when expressed:

, (1.3)

To calculate the coefficient of temperature exposure, it is necessary to conduct
tests at a constant temperature and different humidity (7, = 7). In this case, the
expression has the form

t,/t,=(RH, /| RH,)" (1.4)
We get X:

X =log &Ey/RH, N /t, , (1.5)
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Substituting the values of the activation energy and the coefficient of moisture
exposure into the expression, we can calculate the operating time of the element
to failure at the specified values of temperature and humidity.

One of the main elements of passive optical lines is a fiber-optic cable. An
important aspect of the reliability of optical cables is the value that characterizes
the voltage in the optical fiber. As a rule, the concept of relative elongation (%)
of an optical fiber under the action of a tensile load is used to estimate the voltage
in an optical fiber. Knowing the relative elongation of the fiber, we can calculate
the time to failure using the following expression

7, =2 1077 .x—m.s’ (16)

where T, is the failure time, x is the elongation of the optical fiber (%).

When working on a cable, an increase in its fiber occurs due to factors such as
temperature drop, third-party interference in the performance of work, vandalism,
etc. Control of fibrous tension allows you to identify the problem area in time and
take the necessary measures to restore it.

Network architecture. The network architecture modeled by Optisystem is
shown in Fig. 1.

Figure 2 — Network architecture
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It is based on the use of two-level AWG multiplexers. The first level is the
NxN AWG multiplexer (Fig. 2), which connects the optical transmitting equipment
with N remote nodes [8-9].

Figure 3 — Multiplexer of the first level of the AWG

These remote nodes use the initial bandwidth and adjacent AWG FSR of 2
for each of the output ports ... N will have a wavelength of 1khn. The ONU has
two receivers. The Multicast receiver is a simple photodetector. A single receiver
can also modulate streaming data. Any device capable of remotely modulating
the carrier sent from the OLT is suitable for use as a reflecting semiconductor
amplifier (RSOA). Since ONU has no light generation, they are independent of
wavelength. However, the raw optical media must be sent from OLT. The second
level with the AWG multiplexer is shown in Figure 3 [9-11].

Figure 4 — Second-level AWG multiplexer
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Simulation results — to check the quality of the transmitted signal and the
correctness of modeling the network topology on the end-user side, a diagram of
the signal source is shown (Fig. 4).

Figure 5 — Diagram of the source on the end user side of the signal

Conclusion

This article examines the requirements for services provided to subscribers
in broadband access networks, network topology, PON network structure, and
assesses the reliability of a passive optical network. The study showed that
networks built using PON technology are the most promising and convenient for
scaling and improvement.

During the writing of the article, all the tasks were completed and the results
of the model were obtained. The WDM optical multiplexing technologies are
considered, which make it possible to increase the efficiency of using a single-wire
structure and the parameters of optical multiplexers and demultiplexers, as well
as the parameters of optical fibers. A mathematical model of a hybrid network
based on the new TDM and WDM PON is proposed.
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13K, CormnaeB arbinaarbl Ka3ak YITTHIK TEXHUKAJIBIK 3€PTTEY YHUBEPCUTETI,
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1245M. EcbosaToB aTbiHaarel AJMaThl [k icTep MUHUCTPIIITIHIH aKaJeMHUSICHI,
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Marepuan 20.12.21 6acnara TYCTi.

TAJTHMBIKTBI-OIITUKAJIBIK HET'I3IHJIE HIEIIIMJIEPAI
KOJIZAHA OTBIPBIIL, PYKCAT ETUIT'EH KEJITHI ZKOBAJIAY
MATEMATUKAJIBIK MOJAEJIBAEY

JKypeisineen 3epmmeyiepOiy Heeizel Makcamvl KeH JHCONAKNbL
abOHeHmMmMIK KOJ JcemKizy diceniiepinde, ey arovimern PON mexnonozusicol
OOUbIHULA AMACY HCBLIOAMOBIZbIH APMMBIPY OOILIN MAOBLIAObI, OUMKEHI
aboHenmmepOiy Kadicemminikmepi yHeMi ocin Keneli JiCoHe Kaszipel
3aManabl KypolivlMoap o1apobl KAMMAMACHl3 eme aimaiobl.

byn maxanaoa PON mexnonocusicol, WDM mexnonocuscoinviy
myprepi, WDM xemezimen batinanvic diceniiepie apHaniean iHadovlx,
WDM  myremunjekcopiapoinbly — OU3auHbl  MeH  napamempepi
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Kapacmupoiizan.  Kondawvicmazol  pon  oacytenepinoe  WDM-
TDM  cubpuomi  MyIbmMunjeKCuHeiH Jicy3eee  acolpy  MYMKIHOL2I
Kapacmulpoliadvl. Kondanvicmazvl Ko JcemKizy Hceniiepin Hcayablpmy
MAKCAMbIHOA OCbl  MEXHON0LUSHbL  KOAOAHYOblY O63eKminizi mypavl
KOPbIMbIHObLIAD HCACALObI.

DIeKmpoHObIK, —~ ONMUKAABIK, — KYPbLI2bLIAp — MeH — ONMUKALbIK
ManuvlKmapobl  OHOIPY — MEXHONOSUSACHIHbIY — KAPKbIHObL  OAMYbl
80-oicoL10apobiy opmaceinoa dicexe NAUOAIAHYUBLIAD MeH YUbIMOApObl
KOCY YUliH ManublKmsl RAUOAIanyea MyMKiHOIK Oepoi.

Aneawkpr  mapamy  diceniiepin  icke  KOCy — HyKme-HyKme
MONONOUSNAPLIH KOTOAHY APKbLIbL JCYy3e2e ACbipbliobl, Oipax OipHeute
JHCOLLIOAH  Kelin HyKme-HyKme MONONOSUANApbIH  YlbiMOacmulpyed
MYMKIHOIK bepemin naccuemi onmukanwi sceniiep (PON) mexnonozusicol
arcacanovl.

Kinmmi co30ep: WDM mexnonozuscel, 2ubpudmi mynbmunjiekcmey
WDM-TDM, PON ocyiienepi, AWG mynsmuniexcopul, MamemMamuKaiblk
Modenvoep.
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Marepuan noctynun B penakuuio 30.12.21.

NMPOEKTUPOBAHUE PASPEIIEHHOM CETHU C
HCHOJb30BAHUEM MATEMATHYECKOT'O MOJEJTUPOBAHUS
PEIIEHUM HA BOJIOKOHHO-OIITUYECKOM OCHOBE

OchogHol Yenvio NPOBOOUMBIX UCCTCO0BAHUN AGAEMCSL NOGbIUEHUE
cKopocmu 06MeHa 8 cemsix UUPOKONOIOCHO20 AOOHEHMCKO20 OOCMYNd,
npesicde 6cezo no mexvonocuu PON, m.x. nompebnocmu abonenmos
NOCMOAHHO pACMYm U CO8PEMEHHble CMPYKMYpPbl Yice He MO2Ym Ux
obecneuums.

Jannass  cmamosi  paccmompena  mexuonoeus PON,  6uowi
mexnonocuu WDM, obopyodosanue, npeOHasHauenHoe Olisl cemell Ces3u
¢ npumenenuem WDM, koncmpykyuu u napamempbl My1omMunjieKcopos
WDM.  Paccmompena — 803MOJNCHOCMb — peanuzayuu  SUOPUOHO20
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mynomuniexcuposanus  WDM-TDM 6 cywecmeyrowux cucmemax
PON. Coenanvt 66180061 00 aKMYANbHOCU NPUMEHEHUS.  MOU
MEXHON02UU C YENbl0 MOOEPHUIAYUU CYWECTNBYIOWUX cemell OOCmynd.
Cmpemumenvroe paszgumue mMexHOI02Ull NPOU3B00CMEd IeKMpPOHHO-
ONMUYECKUX YCMPOUCME U ONMUYECKUX B0JOKOH NO3B0IUILO 8 cepeOute
80-x 20006 ucnonvzosame ONMOBOAOKHO OJis NOOKIIOUEHUS. OMOCTbHbIX
noav308amesell U OpeaHu3ayull.

3anyck nepgvix pacnpedenumenvuvix cemell OCYUECMBIAICS C
UCNONL308AHUEM MONON0UL «IMOYKA-MOUKAY, HO HECKONLKO Jet CHYCHisL
bvLia co30ana mexHonoeusi naccusHvlx onmuyeckux cemei (PON),
N03601AI0WAs1 OP2AHU30BLI8AMb MONONO2UU (IMOUKA-IMOUKAN.

Knrouesvie cnoea: Texnonozus WDM, 2ubpuoHoe
mynemuniexcuposanue WDM-TDM, cucmemvr PON, mynemuniexcop
AWG, mamemamuueckue MoOenu.
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