VRS ek 2z Wier V) - ake—L
> MRIEIZ X B RT 7 A N IERRIE LAl

B

(Z4HH © 2012494 H19H)

EA TR

O N = =

T 782-8502 ren R SeTh LA I FETE / A185

E-mail:*iwashita.katsushi@kochi-tech.ac.jp

B RIRHE - RAELT DT 7 A NBEOE ORI KRERMZRIEL TLT 7 A AW TRAT S IEHR
FACES SE B OREIEICBET 2R 2T T\, WXL K7 7 A NFEREOF THERESFIZ
HAREIFICRHIE & 70 2 TSR & IR 2 A L 2Bl T 2 HIEEZRE L Tno, ZOmMED 7D,
W7 7 A NNOBREN DA LR T DAk G 2 BT & T G IS F R L THIeRiE S 2 ik 2R

L7, LaL,

ZORBEREFUHNDOTF ¥ XN E2ZETLMERDD L L OICEZKBFEY) Y —R 2

BT DHREND D, £ 2 TR TR Z AW GRS Y OHEE B X N ELLFEIC W T

RIS 21T > e D TEDFKERIZ OV THRET 5.

1. lZTHIT

DA 2 —%y b N T by 7id BEEE—
ER, Av— T4 EOFAEHICLY, Fx
L TnaY, ZiutEnE o KEESR v b
T — 7 BB /2> TETWD, FAIFXZAUTHE
T 12 OIUEE Y 2T D DORE BRI OV THF
Fe D TND>Y, (RIEFIRRIEREITEEE .
ZAEATRERALIEE NI B IO T 7 A RO THE
SND, T 7 A NOEK L VZERIRERAKE T 1X
ITHERIBA £ TEHIN TR Y, SR tET R
THZETEEL VY, ., EEENLR T oA
NINTHRAETDIFED 2D DLERD D, K
IR EDEIZ EmY: (WDM: Wavelength-Divi-
sion Multiplexing) (ZX VX7 7 A XPNIEESD
L., IR RAEL T < Ro TS, K7 7
A NIEREBSRICITHE—F ¥ XV CRAETLFHE T
YNT CHEL. B AR, WDMmERFC T
T DR A BN, 8T ~ LS
»5, MWERES FWM: Four-Wave Mixing)
ITIEE DO JEIFRPIFRE AT L CTRILT D 0 —%)
HBICEVRETIHED 1 HOTHD, ZIUIESEK
WEALEZ WA WDMRRED & X I ICH
59, ZAIVEBET D J5HE L U TR IR JE R Sl
&Y, FEOEINE 2R D 5END D05 R AT
B RHIRDNA <72 0 O NPRICEDR SN D ER
EMEGEEL <725, BEIRBES LT SHE

BRI 207 7 A SRR ES>TND VAT AT
BOWTIHEESBZEHT 5 Z & TRIEETH D25,
bt Bt i TR NELT O DLV, 20l
2T, EEICIROAAR Z il L TFWMD s 8 2K
Wt D HFELREINTWE?, ZOHELLF ¥
VARIVTIIERB I CERWR EORES D 5,
—F. ab—L MREEFRITEEOAHEE
DO SN TNV R TH S HHI305F1E LRz
(EIE DIKNE T T & B HAR D> DI RIS
HED LN, LrL, K7 7 A NHEIEGROBSGIC
kv, EFRIZENR -T2, LL, ITFEEE%
ENTWDHONRat—L v MalkONEROES %
EXREIR TIPS Z L TH DY, WHD
FeRHT H R TH D 72D, Ko A D
HaiIEbn5, LrL, 2b—L v MRKIMES
ERIFFR U BB O R Wb ~T v 7 A
VIRESA R L VOB A RIREIC L T
Wb, e, ab—L v MREIMERICEE TS -
WIS A S—=2 T 4 DIRRIR T T4 Y
Z G EREE 2R LR OE 52 nid 5 2 &
WX VIRIRZEL AJREIC 2> T2, S HICETH -
TERIROAARMES (A7 hVEME) 133K 5 B
MREL ol Z IR VIR TE S L9107z,
PUbnXohav—Lv o e T4 P2 NES
ALEREART OYERRITHEN 2 DO @ E LicT 4 ¥
H)b e ab—L v MNETE Y, 7 7 A 7 ki



ICHETHTXTOREHLET ¢ VX VI HHE
T AW T,
AETIHTRADED TNDT 4 PV Z )L ab—
L M 2 W T SRR AT L 55 (b DRE S
EORFHEREZRET D, Fx DI N—TTiXIERR
FAGHE 2 e e iR < ik a4 2 Tk
ERERELZEY LavL, ZOREHFEITITERIC
Fli 2 OFENH SR T2D T, ThbOES
R T E DT HIEERF L T2 TEDOFIEICD
WTHRET D,

2. PR EHEEEDRE

P& IV GEIR AT X 25 b 2 T MR IR
Va7 4 v i—J)kE Backward Propagation
Nonlinear Schrodinger Equation : BP-NLSE)
R Z L CRIET D IR AR L Y, L,
Z DFIEIEF L BRO W R H AR L 72 Iue
WIRENEZETDIMNERS DD, maA b, AL
PUCH KRR HEY) V) — R BB L2570 EOREDS
Hb, ZOMEEBET L ol RFHERIC XY
VWYEHIR G ZHEET 5 HIEZIRET DY, 2ok
ZRAWCY AT AR Z K 1 ITRT,

AR H RN T 7 A NSO AR TP EH TR
W Bk s d 558 7 b7 748 (DSF
: Dispersion Shifted Fiber) % f\v\7zWDM/{zx
ERICEHT 2. BREFTENIN, KESZE
SNIAEEIEL K7 7 A NIRRT I D, e
BEDHET D, ZNOIIEFN (A~4) ITHF
T LIMEFI (Qov A1 v Austs As2) 1THFE
35, IWERHRAE THILL ERIMEENRET %
ab—L v MaKT 5, ab—L v MK TIIET v

p————

FIVONAIOREE U T Rt 2 W TR 5T 5.
ZIUC X ORI OAAEB R & £ D E RO HIH
BRI C AW 5 Z LN TE D, BEFETIE
JERFEIE 2 AARZST L TN D 72 ORI  o fi
B8 CHIAR D 72 AR SR D, & ONARZETZ
BRI E AV CRHIET S, HOMHAZERZ E oo
IR IS DAIFE L IR N o SO AT AR A (%
ECTHROBET RV, TUERIEA OSAITIED
BB EEEITRET S E— NIRRT D720, fif
FABEMR AR o 7o & EMHEAIE 21T 7w & B
BIRTE <D, ZERITROT 4 V7 NVEEAL
FR ARG & PV P2 R LR I X 0 i E 21T 5 .

FEOFINEZE 2 18T, Je7 74 HFTHESD
BNEE ALY v OIS SN FI T X,
Jie= fit ;= LD BEEERAR D & Z AITHi7- 1zt
FIREEFET D, ZHiEb &b Ll ORE
£ Bnre IR A B IR T h 5 O TE 24
THRAET LIRS L B D IMEENICFHEET D
VYGRIRSYGIHE R & £ o T < EREMFICIC2 5,
Z DR DN LDIRIRNC 72 %, WENEL DY
BT HFET O B R LV EFR & Tk
DENZEITERERSINDD, HEENICTHELER D 535
AR BN ZENRF D E FELSFEROEHZEIC
725 le OHALDOFEITIEF IT K E W,

BT 2 BRBEICHTTEZS, 75 1 EETIX
OZELES (W) 1>BEZNICHEND WG
BEY (Ejy ZHEHL, ThbaELFIK (K2
(b)), %5 2 BtBETIT—EQFA L IR A,
(Ein) D ORAET QT 2 IUYEIRIEAS Y (ER)
BHEZD, TLEL, ZOREZIEZEBEL T, 1ER
PTIIHRAHTH Y, 7R O 2IRIIEEHDOBED

LOs

S

X1

1 PM: Phase modulator;

| PD: Photodetector;

I ADC: Analog-to-digital converter;
: (D)MUX: (De) multiplexer.

! LO: Local Oscillator
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Abstract: Wavelength-division multiplexing (WDM) is a promising technology for the explo-
sive growth of the network traffic. However, the transmission capacity of dense WDM sys-
tems is mainly restricted by the fiber nonlinear impairments. Among several nonlinearities,
four-wave mixing (FWM) is the most limiting factor.

Several methods have been proposed to suppress the FWM impairments. Post-compensa-
tion with backward propagation method using digital coherent detection is proposed recently
and can compensate fiber transmission degradation including fiber nonlinearity impairments.
Moreover, this method offers great flexibility to transmission length, fiber characteristics.
However, for complete compensation, the extra detectors for out of band information pro-
duced by FWM are required. Additionally, great computation power is required since many
compensation steps are necessary in the segmenting of the transmitted fibers for processing.

We propose, therefore, a novel FWM impairments compensation method based on estima-
ting FWM components and then substituting the estimated components for the generated ones.
With estimation method, the number of detectors is reduced since only signal channels are
detected and information of other FWM channels.





