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BU ANH HUONG TAN SAC VA PHI TUYEN
CHO HE THONG WDM PUONG TRUC SU
DUNG GIAI PHAP TRUYEN NGUQC
TRONG MIEN QUANG

Ngd Thi Thu Trang, Nguyén Viét Dam
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Tom tat: Hé thong WDM dudng truc yéu cau dung
luong trén mot kénh bude song ngay cang 16n dé dap ing
su bung n6 dung lwong truyén dan dir liéu toan cau hién
nay. Ky thuat OFDM cho phép tang dung lugng trén mét
kénh budc song. Tuy nhién, hiéu ing phi tuyén Kerr va tan
sdc soi 1a cac yéu td chinh gi6i han hiéu nang ctia hé thong
OFDM-WDM. Trong bai bao nay, ching t6i dé& xuét su
dung giai phap truyén ngugc trong mién quang (OBP), dya
trén phuong phap Fourier tdch bude, dong vai tro nhu bd
bu trude dé bu lai anh hudng phi tuyén va tan sic trong hé
thong OFDM-WDM duong truc. Cau tric bo OBP dé xuat
chi gdm cac phan tir quang c6 san trong thuc té, d6 14 soi
quang phi tuyén 16n (HNLF) déng vai trd toan tu phi
tuyén, cach tor Bragg sogi (FBG) dong vai tro toan tir tuyén
tinh va dng dan song phi tuyen dong vai tro phan tur lién
hop pha nén hiéu qua chi phi thap, dé dang trién khai. Hiéu
qua ctia bd OBP d¢ xuét trong hé thong WDM dudng truc
dugc khao sat dya trén mo phong Monte-Carlo cho thiy
bé'mg viéc lua chon cac tham sb phu hop vé chiéu dai soi
HNLF va hé s tan sic cia FBG, bd OBP dé xuét cai thién
dang ké hiéu ning cua hé thong WDM-OFDM duong truc.

Tir khod: Ghép kénh phan chia theo tan sd truc giao
(OFDM), Ghép kénh phan chia theo budc song (WDM),
Céc giai phap bu phi tuyén, Truyén nguoc trong mién
quang (OBP), Mang WDM dudng tryc.

l. MO DPAU

Ki thudt ghép kénh theo budc song truc glao (OFDM)
két hop véi cac ki thuat diéu ché bang gdc c6 hiéu qua su
dung phd cao dang tr thanh giai phap hira hen cho cac hé
thong WDM duong truc [1], [2]. Nho sy phat trién vuot bac
gan day cua ki thuat su ly tin hi¢n s6, cac bo tao tin hiéu
OFDM téc d6 cao dé dang duoc thuc hi¢n tai cac by phat
quang va bg thu quang [3]. Thanh phan tién t6 chu ki (CP)
trong méi khung tin hi¢u cho phép ki thugt OFDM chong
chiu anh huong tan sic soi quang von 1a nguyén nhan gisi
han toc d¢ va khoang cach truyén dan cua tuyén quang [3]
Do véy, hé théng WDM «duong truc ung dung OFDM co
thé dat t6i dung luong tong Ién téi nhiéu Th/s va toc do
truyen dan trén moi kénh budce song dat t6i hang trim Gb/s
vé6i hiéu suat phé cao 1a hoan toan kha thi. Tin hiéu OFDM
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thu dwoc do sy chdng chéat ngau nhién caa nhiéu tin hiéu
séng mang con, lam xuét hién cac dinh bién d¢ rat lon gay
anh hudng phi tuyén tram trong tai bo phéat, bo thu va trén
sgi quang [4], [5]. Pay chinh 13 mot trong céc gidi han
chinh khi tng dung ki thuat OFDM trong truyén dan quang.

Nhiéu giai phap giai phap bu anh huong phi tuyén cho
céc hé théng OFDM quang trong mién dién da duoc nhiéu
nhém nghién ciru dé xuat gan day [6- 7] Céc glal phap nay
déu tap trung theo huong lam giam gia tri cong suét dinh
cua tin hiéu OFDM gilp cho glam thiéu anh huong phi
tuyen tai bo phat, bo thu va trén soi quang. Cac giai phap
nay da cho thay hi¢u qua giam anh huong phi tuyén dang
ké cho hé thdng truyén dan quang don kénh. Tuy nhién,
viéc g dung cac gidi phap nay cho h¢ thong WDM con
can nhiéu nghién cau thém nita do cac giai phap bu anh
huong phi tuyén trong mién dién nay chi cho phép trién
khai trén tu‘ng kénh budc song doc lap. Vi thé, khi s6 lugng
kénh budc song tang 1én, so lwong bo bl phi tuyén tang lén
khién cho do phtrc tap va chi phi bu phi tuyén cho hé théng
OFDM-WDM sg¢ tang theo ham mdi.

Giai phap dao phé gitta tuyén (MSSI) duoc dé& xuét
boi M. Morshed va cac cong su [8] cho phép bu dnh huong
phi tuyén Kerr va tan sic van téc nhém trong cac hé thdng
WDM. Giai phap nay khd don gian khi chi can str dung mot
mO-dun lién hop pha (OPC) két hop vei chinh soi quang
truyén dan dé thyc hién bu phi tuyén va tan sic trén soi.
Tuy nhién, giai phap nay yéu cau OPC phai dugc djt chinh
xac tai chinh gitra tuyen truyén dan va tao ra su doi ximng
vé phan b cong suat trén soi gitra hai ph|a cua OPC [9],
[10]. Giai phap truyen nguoc trong mién quang (OBP)
duoc dé xuat lan dau bai S. Kumar va cac cong sy [11] cho
phép dat bo bu phi tuyen tai phia thu, da giai quyét duoc
yéu cau nghlem ngat veé vi tri dat OPC cua glal phap MSSI.
Gidi phap nay str dung soi quang bu tan sac (DCF) va cac
doan sgi quang c6 do phi tuyen cao (HNLF) cung da thu
duogc hiéu qua bu phi tuyén nhat dinh nhung c6 cau hinh
tuong doi phuc tap. Giai phap sir dung OBP dit tai phia
phat da dugc ching minh sy hi¢u qua khi Gng dung cho
OFDM-WDM LR-PON [12] véi khodng céach truyén dan
tbi da chi dat toi 100 km.

Trong bai bao nay, chung t0i dé xuét giai phap sir dung
ki thuat truyén nguoc trong mién quang cho phép bu anh
huong phi tuyén va tan sac trén soi quang cho h¢ théng
WDM duong truc vai kh0ang cach truyen dan rat lon. Bo
OBP dugc dit tai ph|a phét va c6 ciu trac nhu da dé xuat
trong [12], gom c6 cac doan sgi HNLF dong vai tro phan
tir bu phi tuyén, cac cach tir Bragg soi (FBG) dong vai trd
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phan tir bu tan sac va mot mé dun OPC thuc hién nhiém vu
tao tin hiéu lién hop pha, Tin hi¢gu OFDM-WDM tir bo phat
s& dugc dua qua cac phan tir HNLF va FBG trudc khi dua
dén OPC dé thuc hién lién hop pha. Tin hiéu sau OPC s&
6 pha ddo nguoc vei tin higu truéc OPC. Vi thé, lugng anh
huéng phi tuyén va tan sic tac dong Ién tin hiéu OFDM-
WDM tao ra béi cdc doan HNLF va FBG s& bu lai duoc
anh huong phi tuyén va tan sac gay ra boi soi quang don
mode tiéu chuan (SMF) sir dung trong hé théng WDM
duong truc cho truyen dan tin hiéu. Céc két qua phan tich
ly thuyét va mé phong déu cho thay hi¢u ning hé thong
WDM duong truc duogc cai thién khi sir dung b OBP dé
Xuat véi cac tham sé phu hop.

Bai bao dugc bd cuc gom bén phan. Phan | trinh bay
cac van dé lién quan dén tinh hinh nghién cau vé céc giai
phap bt phi tuyén cho cac h¢ théng OFDM WDM quang.
Phan II trinh bay so do hé thong WDM duong truc co tng
dung bd OBP d& xuit va cac so cir ly thuyet cho @& xuat
nay Kich ban md phong, cac két qua mo phong thu duoc
Cung Voi cdc phan tich dugc dua ra trong Phan 1. Cudi
cung, cac nhan dinh va thao luan vé giai phap dé xuat dugc
két luan trong Phan 1V.

Il. GIAI PHAP BE XUAT

TX_OBP% ............ % RX

Input

signal
(@ FBG

Pump signal

Hinh 1. So d6 khéi hé théng WDM duwong truc st dung bé
OBP déng vai tro bu truwéc.

So dd khéi hé théng WDM duong truc s dung bo OBP
dé xuat dat tai phia phat dugc biéu dién nhu trong hinh 1,
Tai b phat TX, tin hi¢u OFDM duoc tao ra trong mién s6
va duoc diéu ché Ién timg song mang quang trudc khi thuc
hi¢n ghép kénh theo budc song quang. Tin higu OFDM-
WDM tr TX dugc dua dén OBP trudc khi truyen di trén
tL{yen truyen dan. Bo OBP gém nhleu doan nho, mdi doan
gom mét phan td HNLF va mot phan tr FBG, m6 dun OPC
tao tin hi¢u lién hop pha quang va bo khuéch dai EDFA
duoc st dung dé diéu khién cong suat quang phat Vao soi
truyén Qan nhuf‘mO ta trong [12]. Su lya chon cac phan tu
phi tuyen va phan tir tan sac trong OBP dua trén nguyén ly
cta phuong phap Fourier tach budc trong mlen quang [16].
Phan tu HNLF doéng vai tro toan tir phi tuyen dé bl lai dnh
hudng phi tuyén trén tuyen truyen dan. Hé s tan sic va hé
so suy hao ctiia HNLF rat nho, co thé bo qua, nén khong gay
anh hudéng tan sac phét sinh 1én tin hiéu khi truyén qua
OBP. Phan tr FBG dong vai tro toan tur tuyen tinh cho phép
bu lai anh hudng tan sac trén tuyen truyén dan FGB co kich
thudc nho gon va kha nang diéu chinh tan sic, dong thoi c6
hé s6 phi tuyen va hé s6 suy hao rat nho nén khong gay anh
huaong phi tuyén phéat sinh 1€n tin hi¢u khi truyen qua OBP.
M6 dun OPC 1a mét 6ng dan song phi tuyen tao tin hiéu
lien hop pha chu yeu nho qua trinh tron bon séng. Bo
khuéch dai EDFA dleU khién cong suét tin hi¢u lién hop
pha dé phu hop cho tuyén truyén dan. Tuyén truyen dan cua
hé thong WDM duong tryc duoc chia thanh nhiéu chang,
moi ching s& gom soi quang truyén dian don mode tiéu
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chuan cé chiéu dai 80 km va mot bo khuéch dai EDFA dé
bu du suy hao cua tirng chang. Hai anh huong chinh caa sgi
quang lam gisi han khoang cach va dung luong truyen dan
cua hé thong Ia hiéu ung phi tuyén Kerr va tham s tan sic
duoc bu lan luot bai cac phan tir HNLF va FBG trong OBP
dat ngay tai phia phat. Vi cach thuc nay, viéc thiét lap bo
bu anh hwéng phi tuyen va tan sic cua hé théng WDM
duong truc trong mién quang s& don gian va hi¢u qua chi
phi hon nhiéu. Tai RX, tin hiéu OFDM-WDM dugc tach
kénh budc séng va giai phép OFDM dé khoi phyc tin hiéu
ban dau.

Hi¢u tng phi tuyén Kerr trén soi quang bao gom hiéu
ang tu diéu ché pha (SPM), higu tmg diéu ché pha chéo
(XPM) va hiéu ung tron bon song (FWM) la nguyén nhan
chinh lam giéi han dung luong va khoang cach truyén dan
cua cac hé thong truyen dan quang da kénh. Trong do, cic
hiéu tng SPM va XPM ¢4 thé coi 1a cac truong hop dac
biét cua FWM nén hoan toan c6 thé duing céc phan tich cua
FWM cho hai hi¢u ting nay bang cach dua thém vao hé sb
suy bien D. Vi gia thiet, h¢ thong WDM stt dung ba buéc
song truyén dan cé tan s6 lan luot 1a wy, w;, w,, thikhi do
SPM chinh la truong hop céc séng tham gia qué trinh FWM
cd tan so6 trung nhau, tic 1a w, = w; = Wi vaD=1.
Trong khi, XPM tuong ung vaoi truong hop ¢6 hai trong s6
cac séng tham gia qua trinh FWM cé tan s6 trung nhau, tirc
la w, = w; # wp, va D = 3. Hai truong hop nay duoc goi
la FWM suy bién. FWM khong suy bién néu cac song tham
gia qué trinh FWM c6 tan s6 hoan toan khac nhau, tuc 1a
wy #F W, F Wy, VaD = 6, day la truong hop FWM xay ra
pho bien nhat. Nhu vay, dang song FWM, ¢ tan so tai wp,
Ia két qua cua qua trinh FWM cua ba séng mang quang
truyén dan trén tuyén gdm N ching véi chiéu dai mdi chang
la L s& duoc biéu dién nhu sau [13]

D
Ep(N) =iy 3 Ex(0)E (0)E, (0)exp(iaNL)Lyim Fim

)

V6i Ly ddc trung cho higu suat FWM trén mdi chang
khuéch dai quang va Fy,,,, dic trung cho anh huéng giao
thoa gitra cac san pham FWM duoc tao ra tir cac chang
truyén dan. Ly, va Fym duge xac dinh theo cong thac
dudi day [14]
1 — exp{—(a +i4B)L}
Lim = - (2
a+idp
sin(§4BNL/2)

DY aeapry

Fiim = exp{—iAB(N —

Trong dé:

- E;(2) 1a truong quang OFDM tai tan s6 w, va khoang
cach z.

- Cac hé sb v, avafp Ian luot 14 hé s6 phi tuyén, hé sb
suy hao va hang s lan truyén cia soi.

- Tan s6 cia song FWM: wy = wy + 0, — 0y,

- Hé s phol hop pha: AB = By + By — B — Br lién
quan dén h¢ s6 tan sac D, cua soi theo cong thirc sau [14]

A = 2mA? (4)

vai Af 1a khoang cach kénh giita cac budc song.
- & lati so gitra d6 du tan sac va tan sac cua sgi trén moi

m)
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chang truyén dan. Khi khdng bl tan sic thi § = 1.

Tir (1), (2) va (3) c6 thé thay, hidu tng FWM phu thugc
nhiéu vao tham sé AB, 1a tham s6 dic trung cho sy phu
hop vé pha gitta cac photon tham gia hi¢u tng FWM.
Trong diéu kién khuéch dal quang duoc sir dung dé bu
hoan toan suy hao trén mdi ching truyen dan cong sudt
nhiéu FWM gay ra boi cac thanh phan tan so Wy, Wy, Wiy
tai cudi tuyén truyen dan, vai gia thiét cong suat tin hiéu
OFDM trén mdi kénh buéc song déu bang nhau va bang
P, ratra tr (1) s€ co6 dang

2

D
Pr(NL) = VZKXPS |Lietm |* | Fieim |* = nP? (5).

Trong d6, 1 14 tham s ddc trung cho hiéu suat ciia qua
trinh FWM va bang

D5 o (6)
n=vy ?lLklml | Fyeim |
Ligm|? ¥ ———
| klml 2 +ABZ (7)
Fo [~ sin?(NSABL/2)
lm sin2(6ABL/2) (8).

Nhu vay, voi hé thdng WDM duong truc da ching, anh
huéng phi tuyén s& trAm trong hon do c6 thém luong cong
sudt nhiéu phi tuyén dén tir sy giao thoa giita cac sén pham
FWM tao ra trong ting chang, dac trung boi he $O | Figm|?.

Tiép theo, qua trinh bu phi tuyén va tan séc st dung bo
OBP cho hé thong WDM duong truc da ching dwoc phéan
tich. Hé théng WDM da ching st dung OBP duoc chia lam
hai doan, doan OBP va doan SMF. Tin hiéu OFDM- -WDM
dugc dua qua doan OBP trudc, tai day cac tham so cua
HNLF va FBG s& tao ra anh huong phi tuyén va t4n sic lén
tin hig¢u. Sau do, tin hi¢u da bi anh huéng tan sic va phi
tuyen dugc lién hgp pha nho OPC va dua 1én doan SMF dé
truyén tgi phia thu. Anh huong phi tuyén va tan sic lén tin
hi¢gu OFDM-WDM tai doan SMF s& ngugc pha véi anh
huong phi tuyen va tan sic lén tin hiéu OFDM-WDM tai
doan OBP, két qua la tin hi¢u OFDM -WDM duoc bu hoan
toan anh hudng phi tuyen va tan sac trén toan h¢ thong. Ap
dung cong thie (1) cho doan OBP véi sb chang N =1 do
chiéu dai phan OBP rét nho s& thu dugc biéu thirc biéu dién
trudng FWM tai phia cudi doan OBP nhu sau [12]

Ez(OBP) =

D .
iYOB2Z . (0)E, (0)E;, (0)eiPospLose

(-a+idBopp)LloBr _ 1

—a + iABogp
)

Trong doan OBP, suy hao cuia cac doan HNLF va FBG
rat nho c6 thé bo qua, vi thé suy hao cua doan OBP ciing
duogc bo qua. Tuy nhién, diéu nay gay ra sy mat doi Xtng
vé phan bé cong suét cua tin hiéu OFDM-WDM khi truyen
trén doan OBP va doan SMF. Day 1a mot trong céc yéu to
lam suy glam hi¢u qua bu phi tuyén cua cac giai phap dya
trénnguyén ly truyén nguoc trong mién quang. Bé dam bao
rang tan sic phat sinh trong doan OBP hoan toan bu du cho
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tan séc phat sinh trong doan SMF, thi hing s6 lan truyén
cuia FBG va sgi SMF phai thoa maén d1eu kién sau
BospLogp = BNL V& BrpgLrp = BNL . DE thugn tign
trong tinh toan, dit K = Brps /B, khi do, truong FWM tai
phia cubi doan OBP duoc rit gon vé

E.(OBP) o
et -1

iKAB
(10).

Khi lan truyén dén cubi doan OBP, cac truong quang
tham gia qué trinh tron bén song (k, I va m) sé bi dich pha
mot lwong do anh hudng tan sac doc theo doan OBP mét
lugng eAPosrlosr = ¢iFNL Say d6, ching duoc lién hop
va truyén di trén doan SMF, két qua Ia chiing s& tao ra mot
truong quang phi tuyén ¢ cuoi doan SMF nhu sau

YHLNF

D .
=i E (0)E;(0)E;, (0)ePNL

D
Ep(SMF) = iy 2 Eg(0)E; (0) Eyn (0) Liam Feima (1)

Nhu vay, truong nhiéu phi tuyén FWM tong tai phia thu
cua hé thong WDM duong tryc s€ la

Ex(N) = Ex(SMF) + [Ez(0BP)]"e'fL (12).

Thay biéu thirc (9) va (11) vao biéu thire (12), thu duoc

D
Eg(N) =i+ Ek(O)El (0)E,,,(0) [VLklkalm

e~ iBosrLoBp — 1]
~i0Bosr

Néu b6 qua suy hao cua ca OBP va soi SMF ciing nhu
khong xét dén anh huong giao thoa gitta cac san phim
FWM tao ra trong timg ching, tirc 1a bo qua hé s6 Fipp,, thi
truong FWM tai phia thu s& tién toi 0 néu nhu by OBP
dugc lya chon cac gia tri chidu dai bo OBP, hé s6 phi tuyén
cua HNLF va hang s6 lan truyén cia FBG phu hop voi cac
tham s6 twong tmg ctia doan SMF. Khi d6, hé thong WDM
duong truc dugce bu hoan toan anh hudng tan sac va phi
tuyén nho bo OBP dé xuat. Tuy nhién, trén thuc té, suy
hao ctia doan SMF khong thé bo qua va hé s6 Fipy, 14 dang
ké trong hé thdng da ching khién cho diéu kién dbi ximg
cong sudt bj pha v& dan dén 1am suy giam hiéu qua cia bd
OBP khi trién khai trén hé thong. Vi thé, viéc lva chon
tham s6 phu hop cho cac phan tir HNLF va FBG dé bo
OBP dat duoc hiéu qua bu anh huéng phi tuyén va tan sic
16n nhat 14 rat can thiét.

Trong hé théng WDM ~duong truc su dung ki thuét
OFDM, anh huong ph| tuyén Ién tin hiéu truyen dan trén
mdi budc song gom song FWM gay ra bai cac séng mang
con OFDM va song FWM gay ra boi cac kénh Jquang
WDM. Biéu thirc (4) (5) (6), (7) cho thiy cong suét song
FWM ti I¢ thuan véi cong suét cua timg tin hiéu quang va
ti 1& nghlch véi khoang cach kénh giira cac budc song. Vi
thé, cong suét trén timg séng mang con OFDM rat nho
nhung do khoang cach kénh gifra chung cung rat nho nén
cong suat nhidu FWM gay ra boi cac song mang con
OFDM khéng thé bo qua. Trong khi d6, cong suat nhidu

(13).

— VHNLF
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FWM gay ra béi cac song mang quang chu yéu gay ra boi
cong suit quang cua timg kénh budc song phdi du lén aé
dat duoc khoang céch truyén dan theo yéu cau.

Ill. THYC HIEN MO PHONG

Trong phan nay, md phong Monte-Carlo duoc sir dung
aé danh gia hi¢u qua cai thi¢n hi¢u nang cta giai phap OBP
dé xuét ddi véi hé thdng WDM duong truc. So do h¢ thdng
md phong tuong tw Voi so do khéi cua h¢ thong WDM
duong truc dua ra tai hinh 1 gom bo phat, kénh truyén dan
va b¢ thu. Tai b phat TX, tin hi¢u OFDM duoc tao ratrong
mién soO tuan theo phuong phap DCO sir dung 256 séng
mang con, trong d6 190 song mang con mang tin hiéu va
66 song mang con mang gia tri dém toan 0. K1 thut diéu
ché bang goc 64-QAM dugc su dung cho phep tin hi¢u
OFDM dat téi tc d6 100 Gbit/s. Mdi tin hiéu OFDM sb
dugc diéu ché 1én song mang quang tuong tng nho by diéu
ché ngoai MZM. H¢ thong WDM sur dung ba kénh budc
s6ng quang vai tan s trung tam la 193.1 THz véi khoang
cach kénh 25 GHz. Sau do, cac kénh buéc song dugc ghép
kénh theo budc song thanh tin hi¢u quang tong trudc khi
truyén vao bo OBP. Sau khi dugc bu trudc tai OBP, tin hi¢u
duoc lién hop pha va phat vao tuyén truyén dan gdm N
chang. Mdi chang gém doan soi quang don mode tiéu
chuan (SSMF) ¢6 chiéu dai 80 km va mét bo khuéch dai
EDFA @é bu du suy hao cua doan sgi. Tai phia thu, dix liéu
dugc khdi phuc theo qué trinh nguoc véi phia phat. Cac
tham sb va hang s6 quan trong cua hé théng duoc liét ké
trong bang 1 [17].

Bang 1. Cac tham sé va hdng sé ctia hé théng

Tham s/ Hing s6 Ki hiéu Gié tri
Céc tham sb sgi SMF
Hé s suy hao OSMF 0.2 dB/km
Heé s6 tan séc Dswvr 17 ps/nm.km
Hé s6 phi tuyén YSME 1.4 Wlkm?
Chiéu dai soi Lsmr 80 km
Céc tham sb sei HNLF
Hé s6 suy hao OLHNLF 0.5 dB/km
Hé s6 tan sic DHNLE 1.7 psinm.km
Hé s6 phi tuyén YHNLF 6.9 W-t.kmt
Chiéu dai mét doan LAnLr 50 m
Céc tham sé NW
Hé s6 suy hao OINW 50 dB/m
Heé s6 tan séc Dnw 28 ps/nm.km
Hé s6 phi tuyén YNW 10* Wlkm?
Chiéu dai éng din song Law 7cm
Tham sb hé théng
Tan s ifl‘;fg“t’;r‘;g quang s 193.1 THz
Hé s6 déap ung PD R 0.6 A/W
Dong tbi la 0.2nA
Mat do phé nhidu nhiét St 2x1024 A/(Hz)Y2
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Bac diéu ché M 64
Téc do bit Ro 100 Ghit/s
Cong suét ngudn bom Pp 450 mW
Tén sb song bom fo 193.3 THz

Tai bd OBP, tin hiéu OFDM sau khi di qua cic doan
HNLF va FBG s¢ dugc lién hgp pha nhg m6 dun OPC truéc
khi cho di qua tuyen truyen dan dé toi phia thu. Anh huong
phi tuyén va tan sic gay ra boi cac doan HNLF va FBG s&
bu da cho anh huong phi tuyén va tan sic trén tuyén truyén
dan néu tin hiéu lién hop phitc thu duoc thoa mén duoc céc
diéu kién vé doi xiing cong suat va lya chon tham s6 cua
doan HNLF va FBG phu hop Tha nhat 1a phai c6 cong suét
du 16n dé danh bai duoc cong suat nhiéu tong caa hé théng
nhu nhidu tai b thu, nhidu phat xa tu phat dwoc khuéch dai
cla bo khuéch dai hay tai chinh qua trinh lién hop pha tai
5ng dan song phi tuyén. Thir hai la phai tranh dwoc hign
tuong chong phd gitra cac san pham phi tuyén thu dugc
trong qué trinh lién ho’p pha dg dam béo thu duoc tin hi¢u
lién hop pha chinh xac [15]. B¢ dam bao dugc céac dicu kign
nay, cong SUt song bom va cong suét tin hiéu dau vao bo
OPC can lya chon cin than dé tranh lam phat sinh cac anh
huong tac dong lén hi¢u nang cua h¢ thong [12]. Cong suat
song bom duoc dat ¢b dinh tai murc 450mW trong tat ca cac
kich ban mo phong. Céac tham s lién quan dén bo tao tin
hi¢u OFDM dugc giir khong dbi dé dam bao ludn duy tri
toc do bit trén mol kénh song mang quang la 100 Gbit/s.
Hang s lan truyén coa FBG duoc dieu khién linh hoat theo
so lugng chang cua tuyén truyén dan dé dam bao hé théng
dugc quan ly tan sac.
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Hinh 2. BER phu thudc vao chiéu dai HNLF khi cong
suat quang trén tieng buéc séng dat vao OBP la 5mW.

Trong céac hé thong WDM duong truc da chang, s6
lwong ching thay di khién cho sé luong doan HNLF va
FBG trong OBP ciing phai thay d6i dé bu da anh huong phi
tuyen va tan sic trén tuyen Nhur da phén tich trong phan I,
dé dam bao bu tan sic trén tuyén thi hang s6 lan truyen cua
toan by FBG trong OBP phai bién d6i theo hing s lan
truyén cua tuyen truyén dan theo biéu thic BrpgLrpe =
BNL v6i N la so ching. Nhu vay, tham s6 cua FBG thay
doi tuyen tinh theo s6 luong ching. Néu chiéu dai FBG
khong dbi thi hang sb lan truyén cua FBG ting tuyén tinh
theo s6 lugng chang hogc nguoc lai, néu hang s lan truyen
ctia FBG khong doi thi chiéu dai cia FBG ting tuyén tinh
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theo sb lugng chang. Tuy nhién, véi phan tir bu phi tuyen
HNLF, anh huong phi tuyén phu thugc vao cong suét cua
tin hi¢u trén soi vi the su thay doi vé chiéu dai HNLF khong
tuyén tinh theo s luong chang Hinh 2 biéu dién su phy
thuoc cua BER cua hé thong vao chiéu dai HNLF véi so
luong chang khac nhau trong diéu kién cong suat bom va
cong Suét tai ¢au vao OBP khong doi. Trong OBP, gia thiét
moi doan HNLF c6 chiéu dai 50 m. Két qua md phong cho
thay, voi mdi sb chang, chiéu dai HNLF c6 thé Iya chon
trong mot ddi ma van cho phép dat duoc hi¢u qua bu phi
tuyén. Do anh huong phl tuyen c6 dang dao dong tat dan
véi bién do 16n trong ving chiéu dai hiéu dung cua soi [12],
vi thé trong ving chiéu dai HNLF nho, higu qua bu phi
tuyén khong on dinh thé hién qua murc do thang giang lon
cua BER theo chiéu dai HNLF. Khi chiéu dai HNLF tang
Ién vuot qua chleu dai hi¢u dung thi anh hudéng phi tuyén
¢ xu huong 6n dinh vi the hi¢u qua bu phi tuyén cho hé
thong cling on dinh. Vi s6 chang la 5 thi chiéu dai HNLF
t6i wru trong khoang tir 200 m dén 250 m, twong ing véi 4
hodc 5 doan HNLF. Khi s6 chiang tang 1én 8 thi chiéu dai
HNLF téi wu trong khoang tir 300 m dén 400 m, tuong tng
Vi tir 6 dén 8 doan HNLF va khi s6 chang tang 1én 10 thi
chiéu dai HNLF t6i wu trong khoang 350 m dén 450 m,
tuong ng Vi tir 7 dén 9 doan HNLF.

1
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Hinh 3. BER phuy thugc vao céng suét trén fting buéce
soéng quang tai OBP v&i s6 chdang N = 5 va chiéu dai
HNLF khac nhau.
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Hinh 4. BER phu thudc vao céng Isuét trén tu’ng buwéc
séng quang tai SMF khi cong suat quang tai dau vao
OBP khéng dbi.
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Hinh 3 mo td sy phu thugc cua hi¢u nang h¢ thdng
WDM 5 Chang trong cung diéu kién quan ly tan sic theo sy
thay d6i cua cong suat quang dau vao OBP tai cc chiéu dai
HNLF khac nhau. Khi chieu dai HNLF la 150 m, khong
phai 1a gié tri tbi wu cho truong hop N =5, bo OBP van cho
phép bl dnh hudéng phi tuyén va tan sic cho tuyén tryen
dan. Tuy nhién, hiéu qua bu sé& tang lén thé hi¢n qua gia tri
BER gidam dén hon mot bac tai ving cong, suat toi uu cua
hé thong khi chiéu dai HNLF Ia 200 m, chiéu dai HNLF t6i
wu khi s6 chiang N = 5 theo khao sat trude do.

Hinh 4 biéu dién sy phu thuoc cia BER vao sy thay doi
cuia cong suat trén timg kénh budc sonq quang tai dau vao
sgi SMF cta tuyén truyén dan véi cong ! Suét tai OBP khong
dm véi s6 chang khac nhau. Cong suat tai OBP va cong
Suit song bom khong doi s¢ tao ra mét dich pha phi tuyen
xé4c dinh boi OBP. Vi méi lugng dich pha phi tuyén tai
OBP s¢ bu cho lugng dich pha phi tuyen tuong duong tai
phan tuyen truyen dan. \4 thé, luén ton tai ving cong suat
quang dau vao caa tuyén truyén dan téi wu ma tai d6 hiéu
ning h¢ thdng c6 sir dung OBP dat nho nhat. Tuy nhién,
khi s chang tang 1én thi nhidu giao thoa gitra c4c san pham
FWM tao ra trong tung chang cling tang 1én, tic la hé so
Fyum tang Ién, dan dén lam giam hiéu qua bu phi tuyen va
tan sic cua OBP. Két qua la, & viing cong suat t6i uu cua
truong hop 8 chang, gia tri BER nho nhét on hon gan mot
bac so vai gia tri BER nho nhit caa trudng hop 5 ching.

IV. KET LUAN

Bai bao nay da dé xuét sir dung giai phéap bu phi tuyen
va tan sic dua trén giai phap truyén nguoc trong mién
quang cho mang dudng truc WDM. By OBP dé xuat sir
dung cac phan tr quang nho gon, co san gdbm HNLF, FBG
vaong dan soéng phi tuyén, hoat dong nhu mot bo bdl trude.
Céc két qua khao sat dya trén phan tich 1y thuyét va mo
phong cho thay bo OBP dé xuat cho phép bu dong thoi anh
huéng phi tuyén Kerr va tan sic cho hé théng OFDM-
WDM duong tryc da chang khi Iya chon cac tham b OBP
s6 phu hop. Hang s6 lan truyén cua FBG trong OBP thay
dbi tuyén tinh theo sé ching cua tuyén truyén dan. Khi s6
lwong ching truyén dan cang 16n thi dai chidu dai HNLF
kha thi cho OBP dugc mo rong, cho phép linh hoat trong
viéc lya chon tham s6 chiéu dai HNLF. Giai phap dé xuat
don gian, khic phuc dugc kho khin vé yéu cau nghiém
ngdt vé vi tri cua cac giai phap trude do vi thé c6 tinh tng
dung thuc té cao.
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AN ADVANCED PRE-COMPENSATOR BASED
OPTICAL BACK PROPAGATION FOR WDM
LONGHAUL

Abstract: The orthogonal frequency division
multiplexing (OFDM) technique applied in one channel is
the promising solution that helps the WDM longhaul reach
the extremely large capacity. However, Kerr nonlinearity
and fiber dispersion are the main obstacles that limits the
performance of the orthogonal frequency division
multiplexing wavelength division multiplexing (OFDM-
WDM) system. In this paper, we proposed an advanced
pre-compensator based optical back propagation (OBP) to
compensate both the nonlinear and dispersion of OFDM-
WDM system. The proposed OBP based on split-step
Fourier method comprises of the real optical devices such
as the high-nonlinear fiber (HNLF), fiber Bragg grating
(FBG) and nonlinear waveguide are used as a nonlinear
operator, a dispersive operator and phase conjugated
media, respectively. The obtained results from simulation
of the OBP in WDM longhaul system show that the OBP
can improve remarkably the system performance when the
parameters of OBP such as HNLF length and FBG
dispersion coefficient are properly selected.

Keywords: Orthogonal Frequency Division
Multiplexing (OFDM), Wavelength Division
Multiplexing (WDM), Nonlinear compensation, Optical
Back Propagation (OBP), Long-haul WDM.
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