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Abstract. The wide distribution of broadband access services makes it necessary to increase the
capacity of the transport systems of the telecommunications network. To solve the problem, fiber-optical
transmission systems with wavelength division multiplexing are successfully used. An optical fiber introduces
linear distortion signals that include attenuation and dispersion. Optical amplifiers are used to eliminate
signal attenuation in modern optical systems. Therefore, dispersion distortion is the main cause of the
degradation of the optical signals quality parameters. Dispersion compensation devices are used to eliminate
this phenomenon. However, the parameters of the available compensators do not always completely
eliminate the introduced distortions. The study of the inaccuracy of the correction of chromatic dispersion on
the Q-factor of the optical channel signal was performed in the article. A functional diagram of the fiber-optic
transmission system with intensity modulation to solve the problem has been developed. The corresponding
simulation model of the system has been developed in the Optiwave Optisystem software environment. The
graphs of the signal immunity loss from the magnitude of the dispersion correction inaccuracy were obtained.
It is recommended to perform the selection of dispersion compensation devices with an error of less than
5%.

Key words: transport network, optical communication system, distortions, dispersion, compensation,
Q-factor, simulation model.

AHoTauis. 3HayHe MOLUMPEHHSA LUMPOKOCMYrOBUX MOCAYr OOCTYyny MpUBOAMTL OO HEOoOXigHOCTI
NiABULLLEHHS MPOMNYCKHOI 34aTHOCTI CUCTEM TPAHCMOPTHOI [AiNsHKM TenekoMyHikauiiHoi mepexi. [Ana
BUPILLEHHS NOCTaABNEHOro 3aBAaHHSA YCMilWHO BUKOPUCTOBYIOTHCS BOMOKOHHO-OMTUYHI CUCTEMMU nepefadi 3i
crnekTpansHUM po3nofinoM kaHanis. B onTUYHOMY BOMOKHI BUHWKAKOTbL NiHiHI CMOTBOPEHHS CUrHarniB, SKi
BKIMIOYAIOTb 3aracaHHsi Ta AMCMepcito. Y CcyyYacHWX ONTUYHMX cucTemax ana 6opoTbbu i3 3aracaHHAM
CUrHany ycrillHO BMKOPMCTOBYIOTLCS OMTUYHI MigcunioBadi Ha 6asi ONTUYHOro BOSIOKHA, NleroBaHoro epbiem,
abo pamaHiBcbkoro egekty. OTXKe, ANCNEPCiViHI CNOTBOPEHHA CTalOTb OCHOBHOK MPWYUHOLD, LLO NMPUBOAUTL
0o [perpajauii napameTpiB SKOCTi ONTUYHMX CUrHaniB. Y cuctemax nepefadvi TpaHCMOPTHOI Mepexi
3aCTOCOBYETLCA OLHOMOAOBE OMTUYHE BOSIOKHO, TOMY AOMIHYOUMM BUAOM CMOTBOPEHb 5151 MPOTSKHUX
NiHIN cTae xpomMaTuyHa aucnepcis. Ona yCyHEeHHs A4aHOoro siBua po3pobrieHi Ta CepiiHO BUMYCKalTbCS
npucTpoi KomneHcauii aucnepcii. OgHak napameTpy HasiBHUX KOMMEHCATOpPIB He 3aBXAW L03BONAKTb
MOBHICTIO BUKOHATWN YCYHEHHS1 BHECEHUX CMOTBOPEHb, L0 NPUBOAUTL A0 3MEHLLEHHS PO3KPUBY OKO-Aiarpamu
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BUXIZHOrO curHany Ta BiAMNOBIAHOI BTPATU 3aXMULLIEHOCTI. Y CTaTTi BUKOHAHE AOCHigKEeHHA HETOUYHOCTI BNNNBY
Kopekuii XxpoMaTu4yHoi aucnepcii Ha Q-thakTop curHamy ONTUYHOrO KaHany. 3anponoHoBaHO Bupas Ans
PO3paxyHKiB BEJIMYMHN MOXMOKN KOPEKLii AMCMEpPCIMHNX CMOTBOPEHb. [nNs BUPILLIEHHS MOCTaBIEHOro
3aBAaHHA po3pobnieHa CTPyKTypHa Cxema BOMIOKOHHO-OMTMYHOI CUCTEMM Mepedadi 3 Moaynsuielo no
iHTeHcMBHOCTI. Ha ii ocHoBi B nporpamHomy cepepoBuui Optiwave Optisystem po3pobrneHa BignosigHa
iMiTauiiHa mogene cuctemn. 3 ii JONOMOrol OTpuMMaHi rpadikn 3anexHocTi Q-chakTopa Big, BENWYMHU
NoxXmMOKKM KOopekLii Ta BignoBigHa BTpaTa 3aXWULLEHOCTI CUrHamny MOPIBHAHO 3 BUMAAKOM MOBHOMO YCYHEHHS
cnoTtBopeHb. CchopmynboBaHO BMCHOBOK MPO AOLIMbHICTL BMOOPY MPUCTPOIB KOMMEHcalii gucnepcii 3
Noxmokoto He BinbLue HixX 5%.

Knro4oBi crnoBa: TpaHCcnopTHa Mepexa, BONTOKOHHO-OMNTUYHA CUCTEMa NepefiaBaHHA, CNIOTBOPEHHS,
aucnepcisi, komneHcauisi, Q-cpakTtop, iMmiTauinHa mogens.

AHHoOTaumsA. B paboTe BbINOMHEH aHaNU3 BMAOB UCKAaXXEHUA CUrHana B ONTMYeCcKOM BOSIokHe. [1ns
CcUCTEM nepefaynm co CKopocTbio HuKe 10 [GUT/C OCHOBHOW MPUYMHOW CHWXKEHUSI KavyecTBa BbIXOLHOMO
curHana siensietcs adhdekT xpomaTuieckon amcnepcun. B HacTosiLLiee BpeMsi OH YCMELLHO YCTpaHseTca npu
MOMOLLM YCTPOMCTB KOMMeHcaumm gmcnepcuun. OgHako napameTpbl MMEKLIMXCA YCTPOWCTB He Bcerga
MO3BOMSAIOT MOSHOCTBIO  YCTPaHUTb 3(PdEKT OUCNEPCUOHHBIX UCKaeHun. B pabote paspaboTaHa
byHKLMOHaNbHasi cxema M COOTBETCTBYIOLLASA e MMUTAUMOHHAsA MoAenb onTudeckon cuctemoel DWDM. C
ee TMOMOLLbK MOMlyYeHa 3aBUCUMOCTb MapameTpa KayecTBa BbIXOOHOrO curHana (Q-dpaktopa) ot
MorpeLUHOCTN KomneHcauum amucnepcun. CopmMynmpoBaH BbIBOA O LienecoobpasHocTu Bbibopa yCTPOWCTB
KOMMeHcaunm Ancnepcun ¢ NorpeLlHocTbo He bonee 5%.

KniouyeBble cnoBa: TpaHCNOpTHasl CeTb, BOSIOKOHHO-ONTUYECKAs CUCTEMA nepefadun, UCKaXKeHUs,
aucnepcusi, komneHcaumsi, Q-paktop, UMUTaALMOHHAs MOAENb.

The requirements to capacity of transmission systems of a transport network are
permanently increased during the Internet development and implementation of new broadband
access technologies. The perspective decision is the fiber optical transmission systems with
wavelength division multiplexing (DWDM) [1]. The presence of linear distortions (attenuation and
dispersion) in the optical propagation medium limits the length of the 3R regeneration section. The
optical amplifiers based on erbium-doped fiber or Raman effect are used successfully to eliminate
attenuation. Increasing the transmission distance while maintaining the normative parameters of
optical channels is possible by using dispersion compensation devices (CD). In the general case, the
parameters of the compensator do not always allow the complete elimination of dispersion
distortions, which reduces the signal-to-noise ratio of the received signal.

Therefore, the purpose of this work is to study the effect of the inaccuracy in dispersion
compensation on the quality characteristics of the optical channel of a DWDM system.

In fiber optics, dispersion is the phenomenon of the optical signal pulses duration increasing
at the output of the propagation medium, which leads to inter-symbol interference:

(2, 2
tout - tin +TE ’

where ¢, and ¢, — are the durations of the input and output pulses;
1, — the value of the dispersion broadening signal in the fiber.

In general, there are three types of dispersion: modal t,,, chromatic t, (consists of

chr
waveguide and material) and polarization mode dispersion T, . The total dispersion is the sum of

the corresponding components:

2 2 2 2
Ty =TV + Tenr + rpol .

The transport network systems contain single-mode optical fiber variants (SMF G.652, NZ-
DSF G.655, etc.) in which modal dispersion is absent (t,,= 0). In optical systems with a
transmission rate of less than 10 Gbit/s, the phenomenon of polarization dispersion can also be
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neglected (1, <<¢, ). As a result, chromatic dispersion is the dominant factor that determines the

pol
transmission process quality.

The phenomenon of chromatic dispersion arises due to the unequal phase velocity of
propagation of light waves with different wavelengths in the optical medium. Its elimination is
performed in dispersion compensation devices [2]. Several dispersion compensator construction
schemes are used currently, one of which is the dispersion compensation fiber (DCF).

The study of the quality parameters of the DWDM system in this work was carried out by a
simulation model using with a functional diagram according to Fig. 1. It includes three main units:
transmitter, propagation medium and receiver. At the transmitter, the input signal controls the
operation of the optical modulator (OM), which performs modulation of the carrier signal intensity
outputted from the continuous-wave laser (CWL). Next, the optical signal passes through a model
of a fiber-optic line path (FOLP), which includes a recirculation loop and an optical section (single
mode fiber SMF and dispersion compensation fiber). The recirculation loop is used to reduce the

complexity of the system model and is installed instead of the N, same optical sections usage.

The dispersion compensator contains two optical amplifiers (OA) based on erbium doped fiber
(EDFA) and a segment of DCF fiber. At the receiver, the signal from the line path output passes
through an optical bandpass filter (OBF), a photodetector (PD) and an electrical low pass filter
(LPF).

Dispersion compensation unit
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Figure 1 — Functional diagram of the DWDM system channel model

The magnitude of the dispersion distortions in the line path is calculated by the expression:
D; = (GSMF “Loyr +Sper - Lper )X N,

sect ?

where o, and o, . - chromatic dispersion coefficients for SMF and DCF fibers (ps/nm/km);
L, and L, - SMF and DCF fiber lengths, km.

The total dispersion is zero at its full compensation ( D,y =0), so knowing the parameters of
the propagation medium components, it is possible to calculate the required length of DCF fiber:

O sur

L L

pcr — Lsyr

G per

The corresponding simulation model based on the functional block diagram of the optical
fiber system (Fig. 1) was developed in the demo version of the Optiwave Optisystem software. The
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parameters of its functional blocks are shown in Table 1. The influence of the dispersion

compensation inaccuracy on the Q-factor of the received signal (Fig. 2) was investigated with its

help. The calculation of the dispersion compensation inaccuracy was performed by the expression:
Ay = D -100% .

comp
O g X Loy X N,

T Parameters of the optical system simulation model

Simulation block Parameter Value
Information bit rate B, 10 Gbps
Transmitter Output power 0 dBm
Wavelength CWL 1550 nm
Attenuation 0,2 dB/km
SMF-28e+ optical fiber Dispersion coefficient 16,75 ps/(nm*km)
Length 100 km
DCE38 optical fiber Attenuation 0,265 dB/km
Dispersion coefficient -38 ps/(nm*km)
Srf ;i(c)zi;npliﬁer (OAl Noise figure 5,5dB
OBEF passband 100 GHz
Receiver Photodiode response 1 A/W
LPF passband 0,75 B,

== | section

= 4= 3 sections

dispersion compensation error, %

Figure 2 — Dependence of the Q-factor value loss on the dispersion compensation error
The shape of the graphs shows that the influence of the dispersion compensation error on the
channel quality of the DWDM system is non-linear. This is explained by the exponential form of
the transient response of an optical fiber [3]. With a small compensation error (-5% <A = <5%),

Mazur A.D., Pedyash V.V. 23
The influence of inaccuracy of dispersion correction on DWDM system quality parameters



Hayxogi npani OHA3 im. O.C. Ilonosa, 2018, Ne 2

the value of the Q-factor reduction does not exceed 10%. An increase in the error compensation to
10% leads to a significant loss of signal-to-noise ratio. The Q-factor decreases by 34% for a linear
path with a single optical section. The obtained results prove that dispersion compensation should
be performed with an error of less than 5%.

In conclusion, we can say that the task of studying the effect of the dispersion compensation

error on the parameters of the optical channel of the DWDM system was fulfilled. The simulation
model of the optical channel was developed in the Optiwave Optisystem program. It is
recommended to perform dispersion compensation with an error not exceeding 5%.
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