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Tém tit - Bai bdo nghién ciru nén ting viéc truyén tin hidu trong soi
quang. Bing viéc img dung phuong phap s6 chia budc Fourier, nhém
tac gia dd dua ra md hinh hé théng truyén thong tin trong soi quang
va so dd giai thuat dé mo phong qué trinh truyén nay. T1ep dén, dya
vao chuong trinh md phong bang Matlab, d4nh gi4 chat Iuong hé
thong truyén dan thong qua viéc khdo sat cac thong s6 nhu suy hao,
tan sic, phi tuyén, bang thong, khoang cach truyén dan va cong sut
tin hiéu dua vao s¢i quang. Tir 6, danh gia dugc anh hudng cua hién
tuong giin né xung do tan sic, nhiéu phat xa tu phat tich lity (ASE)
trong cac bo khuéch dai quang pha tap Erbium (EDFA), tinh phi tuyén
soi dén ddc tinh h¢ théng. M6 hinh, lru db giai thut va két qua dat
dugc 6 thé dugce st dung higu qua, linh hoat & mé phong truyén tin
hiéu trong hé théng thong tin soi quang.

Tir khéa - Thong tin soi quang; khuéch dai quang soi pha tap erbium;
phuong phap chia budc Fourier; phi tuyén soi

1. it véan dé

Trong nhimg nam gan day, luu lwong dit liéu trong cac
mang thong tin tang trudng vuot béac theo cép sO nhén.
Diéu nay dugc thic ddy manh mé boi su gia tang s6 lugng
ngudi sir dung internet va cac nhu ciu doi hoi bang thong
rong nhu video chét luong cao, dién toan dam may, dir liéu
16n ... Hién nay, s6 lugng nguoi sir dung mang truy cép va
thiét bi dién thoai da dat dén 5,1 ti ngudi trong nam 2018
va dugc dy doan s€ gia tang 1én 5,7 ti ngudi vao nam 2023
[1]. Sy ting truong nhanh chéng nay dit ra yéu cau cip
thiét vé viéc nang cao dung luong truyén dit liéu trén toan
b co s6 ha tAng mang ma cac mang nay dang phu thude
cha yéu vao cong nghé truyén dan quang (nhu Hinh 1).
Hién nay, dung luong cac kénh truyén 100 Gigabit di dugc
thuwong mai héa va du bao s€ tang 1én 400 Gigabit, 1 Terabit
hodc hon trong tuong lai gan [2].

Viéc nang cao dung lugng kénh truyén dat ra rat nhiéu
thach thtrc déc biét 1a do céc hién tuong phi tuyen trong soi
quang, diéu nay dan dén khoang cach truyén bi gioi han
[3, 4]. Vi thé, viéc hiéu va nim bét viéc truyen tin hiéu
trong sgi quang cung voi cac hién tugng dién ra trong qué
trinh truyén tin hiéu qua soi quang rat quan trong. Phuong
trinh phi tuyén Schrodinger dung dé mo ta truong dién tir
clia tin higu truyén trong s¢i quang. Tuy nhién, phuong
trinh phi tuyén véi vi phan timg phan nay khong c6 nghiém
phan tich chinh xéc, vi thé cac phuong phap tiép can s rat

Abstract - In this paper, we investigate the principle of optical signal
transmissions in the optical fiber. By applying a numerical method,
namely split-step Fourier method, we simulate the optical
communication system and show the algorithm to solve the optical
pulse propagation in the optic fiber. Next, by using MatLab-based
program, we evaluate the system performance by investigating
different parameters such as loss, dispersion, nonlinearity in the optic
fiber and bandwidth, transmission distance, launch power. Hence, we
can evaluate the influence of the effect of pulse broadening caused by
dispersion, ASE noise by EDFA amplifiers, nonlinearity on system
performance. Model, detailed algorithm, and achieved results could
be used effectively, flexibly to simulate optical pulse propagation.

Key words - Fiber-optics communications; erbium-doped fiber
amplifier; split-step Fourier method; fiber nonlinearity

can thiét dé hiéu sy truyén tin hiéu trong soi quang va cic
hién tugng phi tuyén trong soi quang. C6 rat nhiéu phuong
phép dugc nghién ctru va tng dung [5, 6, 7], trong do
phuong phap chia bude Fourier (Split-Step Fourier Method
— SSFM) duoc str dung rong rii dé giai phuong trinh phi
tuyén Schrodinger nay.

Hinh 1. M6 hinh hé thong thong tin quang tiéu biéu vi tram
trung tam (CS) va don vi ket noi quang (ONU)

Hién nay, viéc nang cao pham chat h¢ thong truyén dan
quang trong nude ta dang duge nghién ctru rong khap. Cac
hién tugng trong soi quang dugc phan tich theo tinh toan
ly thuyét [8, 9] va viée truyén tin hiéu duoc mé phong
thong qua cac phin mém chuyén dung nhu Optisystem,
VPIcomponentMaker... Nhiing phan mém snay c6 nhiéu
vu diém vé mo phong hé thong thong tin quang. Tuy nhién,
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v6i sy phat trién manh m& vé cac hudng nghién ctru méi
nhu mang truy cdp séng vo tuyén qua sgi quang, hé thong
ghép lai sgi quang két hop 4nh sang truyén trong khong
khi... [10, 11], cac phén mém ké trén chi dap ung dugc mot
phan va can dugc cap nhat thuong xuyén véi chi phi cao.
Vi thé, dé chu dong vé cong nghé, nhu cau vé viéc mod
phong truyén tin hiu qua soi quang véi d chinh xéc cao,
linh hoat, chi phi thap, dé tiép can dang rat cap thiét.

Trong bai bdo nay, nhom tac gia thuc hién nghién ctru
mo phong vé truyén tin hiéu qua soi quang str dung phuong
phap chia budc Fourier trén nén chuong trinh mé phong
Matlab. Thong qua chwong trinh mo phong duge thiét 1ap,
chung t6i thyc hién khao sat va danh gia chat lugng hé
théng thong qua viéc khao sat sy anh huong cua cac thong
s6 hé thdng soi quang nhu suy hao, tan sac, hé sO phi tuyen
Kerr va bing thong, khoang cach truyén dan, cong sut tin
hiéu dua vao sgi quang.

2. Nén tang ciia truyén tin hi¢u trong s¢i quang va
phwong phap chia bwéc Fourier
2.1. Truyén tin hiéu trong soi quang

Viéc truyén cia tin hiéu trong soi quang dugc tuan thu
theo hé phuong trinh Maxwell. Do s¢i quang 1a moéi truong
khong c6 dién tich ty do va khong nhiém tir nén hé phuwong
trinh Maxwell dugc mé ta nhu sau [12]
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Trong do, E va H 1a céc vecto truong dién va truong tur.
Vecto D va B twong ung la vecto cam rng dién va cam Ging
tir. £ 12 hang s6 dién moi va g, 1a do tir thim cia soi
quang. Viéc trién khai va giai hé phuong trinh nay & mién
tan s ta thu dwoc phuong trinh Helmholz mé ta trudng
dién cua tin hiéu

V?E +n* (0)kgE =0 (5)

Trong d6, E(r, ) 1a vector truong dién trong mién tan
0. n(w) 1a chi so6 chiét suat. Hé so séng khong gian ty do

ko = % = 2771 va A la bude song cua trudng quang trong

chan khong dao dong tai tan s6 w.
Bing phuong phap tach bién, nghiém truong dién ciia
phuong trinh (5) duwgc md ta nhu sau
E‘(r,a)fa)o):F(x,y)A(z,a)fa)o)exp(iﬂoz) 6)
Véi, F(x,y) la phuong trinh mode, A(z, w) 1a thanh
phan bién d¢ bién doi cham ctia xung va f, 1a s6 budc séng.
be thda man phuong trinh Helmholz (5), tr phuong trinh
(6) ta thu duoc:
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Trong d6, £(w) 12 hang sb dién moi. Phuong trinh mode
F(x,y) dugc thda man véi sgi quang don mode [12] nén
nhém tic gia chi dé cap dén thanh phin bién do bién doi
cham ctia xung A(z, ).

Vi viée tinh gan dang §? — ,80 boi 2, (B - Bo) va
khai trién 8 (w) trong chudi Taylor vé tin sd séng mang wo
va xét dén anh huong cua suy hao va phi tuyén

Blw) = fy +(w—ay) B +E(Co—a’o) Yoy +g(ﬂ)—a’0)3ﬁ3 ©)

phuong trinh (8) dugc viét lai

L

Sene L Z?+QA— JAP A
Trong do, A(zt) 1a duong bao xung thay ddi cham cua
dién truong & mlen thoi gian. a 1a hé s6 suy hao, B, la h¢
5O tan sac van téc nhém vay 12 hé s6 phi tuyén Kerr. Luu
y rang, tan sic bac ba rat nho duoc bo qua trong bai bao
nay. Sir dung khung tham chiéu chuyén dong véi xung &

van tbc nhém v,
T=t—zlv,=t-pz

(10)

Y

Phuong trinh (10) duoc viét thanh phwong trinh phi

tuyén Schrodinger:
. 2
A “ZA 2D AP A (12)
oz 2 T
2.2. Phwong phdp chia budc Fourier (Split-step Fourier
Method)

Phuong trinh phi tuyén Schrodinger khong ¢6 nghiém
phan tich chinh xac, két qua x4p xi gan ding duoc thuc
hién thong qua phuong phap chia budc Fourier theo
phuong trinh (12)

OA

L (b+N)a (13)
N=iy|Al (15)

Trong d6, D 1a mét todn tir vi phan tinh todn tdn sic va
suy hao trong moi truong tuyén tinh va N 1a mot todn tir
chi ph01 hiéu tng phi tuyen cua sQi quang.

Do D 1a mét todn tir vi phan nén viéc gidi phuong trinh
(13) dugc thyc hién thong qua viéc chuyén d6i Fourier tur
mién tan s sang mién thoi gian va nguoc lai. Phuong phap
chia budc Fourier dugce thyc hién gan dung bang cach
truyén tin hidu qua mot khoang cach nho A, hleu {mg tuyén
tinh thong qua todn tr D va hiéu ung phi tuyén thong qua
todn tir N ¢6 thé duoc doc 1ap. Cu thé hon trong viéc truyén
trzdénz+h duoc thyc hién theo phuong trinh:

A(z+h,T)zexp(hDA)exp(hl\A/)A(z,T) (16)

D¢ chinh xdc ctia phuong phap Fourier chia budc séng
¢6 thé dugc cai thién bang cich truyén tin hi¢u qua mot
phan doan tir z dén z + h theo phuong trinh:

A(z+hT) ~exp(g jexpuj”z\?(z')dz'j.
.exp(%ﬁ}A(z,T)

a7
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3. So' dd hé théng va giai thuat md phong
3.1. So' db hé théng va thong sé thiét lip

i Do

Hinh 2. M6 hinh hé théng théng tin soi quang voi
dwong truyén sur dung bg khuéch dai EDFA

So d6 hé thdng mo phong duge mo ta trong Hinh 2. Tai
phia phat 2'° bit dugc tao ra ngau nhién, doc lap véi nhau.
Chudi bit nay dugc diéu ché bién do cau phuong 16 QAM.
Trong bai bdo nay, nhom tac gia dung kénh truyén don
duoc diéu ché véi xung can béc hai cosine néng (raised root
cosine — RRC) c6 hé s6 udn loc 13 0,05. Tin hiéu duoc
truyen qua soi quang don mode. Hé théng sir dung bo
khuéch dai soi quang pha tap Erbium (erbium-doped fiber
amplifier — EDFA) dé bu suy hao trong soi quang. Phuong
sai nhidu phat xa tu phat (amplified spontaneous emission
— ASE) duogc tinh toan theo cong thic [12]:

Pase = F,(G—Dhvy /2 (18)

Trong d6, F, va G lan luot 1a hé sb nhiu va hé sb
khuéch dai cia EDFA, hv, 14 ning lwong ctia photon.

Tai phia thu, tin hi¢u dnh sdng sau khi qua s¢i quang
vao bo thu quang két hop duoc dua vao bd xir Ii sb. Tai day
tin hiéu duoc giai diéu ché bang xung cosine nang tuong
ung nhu phia phat. Sau khi xur 1i xoay pha chung (common
phase error — CPE), cac ky tu duoc giai diéu ché thanh cac
chudi bit va hé sb phém chat hé théng nhu d6 16n vector 15
(error vector magnitude — EVM) va ty 1& cong suat tin hiéu
trén nhiéu (signal-to-noise ratio — SNR) dugc do dac.

3.2. Gidi thudt mé phong

Hinh 3 trinh bay giai thuat mo phong hé thong thong tin
soi quang st dung phuong phép chia bude Fourier v6i hé
thong truyén dén st dung bd khuéch dai EDFA. Do suy hao
trén trong qua trinh truyén dan, nén chiéu dai tuyén duoc
chia thanh nhleu nhip (span). Khi tin hiéu da suy hao dugc
truyen dén cudi mdi nhip s& duoc khuéch dai bang bd
khuéch dai EDFA. Chiéu dai sgi quang trong mdi nhip
dugc chia thanh nhidu budc rt nho c6 chiéu dai h. Nhu
theo phuong trinh (17), trudng dién tir dwoc truyén voi
chidu dai h/2 véi chi thanh phéan tuyén tinh D st dung
chuyén d6i Fourier. Tai phan giira ciia mdi budc z = h/2,
truong dién tir dugc nhan véi thanh phan phi tuyén N.
Trong khoang h/2 con lai ctia mdi bude, truong dién tir
nay dugc nhan véi thanh phan tuyén tinh D. Qué trinh duoc
lap lai cho dén khi tin hidu dugc truyén dén hét chidu dai
sgi quang L.

4. Két qua mé phong va thio luan
4.1. Anh huéng ciia tan sic dén hé thong truyén thong
tin quang

Qué trinh gidn né xung gy ra méo dang tuyén tinh do
tan sac nhu phuong trinh (14) anh huong dén chét lugng
hé thong dugc mo phong théng qua Hinh 5 va 6. Tin higu
25 Gbaud 16 QAM duoc truyén qua hai loai soi khac nhau
1a soi tan sac dich chuyén khong vé 0 (non-zero dispersion

a, B, v, BW, o, L, h

v
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lat
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v
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b

S
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v
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¥ S
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Hinh 3. So do khoi gidi thut mo phong hé thong thong tin
quang voi dwong truyén chi sir dung bg khuéch dai EDFA
shifted fiber — NZ DSF) c6 cac thong s6 vé suy hao, tan sic
bac hai va hé s6 phi tuyén Kerr cta sgi nay lan Iuot 1a
a=0,24dB/km, D =2,61ps/km/nm, y =39/W/km
[13] va sgi don mode tiéu chuin (standard single mode
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fiber - SSMF) véi céc thong sb vé suy hao, tén sic bac hai
va hé¢ s phi tuyén Kerr cta soi nay lan lugt la
a=02dB/km, D =17 ps/km/nm, y = 1,2/W [km.
Do qué trinh truyén din ngan nén nhidu phét xa tu phat
ASE tich lity va hiéu tmg phi tuyén khong déng ké. Hi¢u
mg nay dugc dé cap ¢ nhiing phan sau véi khoang cach
truyén dai 1on va bang thong thay doi.

4

3 » -

-2t
3 & - -

4

-4 -2 0 2 4
Hinh 4. Gian a6 chom sao tin hiéu 25 Gbaud 16 QAM khi
truyén qua 8 km sgi quang NZ-DSF chua co ky thudt bu

-4 -2 0 2 4

Hinh 5. Gian d6 chom sao tin hiéu 25 Gbaud 16 QAM khi
truyén qua 8 km soi quang SSMF chura co ky thudt bu

Hinh 4 dién ta hinh chom sao cta tin hiéu 25 Gbaud 16
QAM khi truyén qua 8 km soi quang NZ DSF véi ~cong
sudt phat 0 dBm khi chwa két hop céc ky thuat bu. Két qua
trén hinh cho thay, Vi sgi quang c6 hé s tan sac thip, méo
dang do tan sdc gy ra trong khoang truyén ngan la khong
dang ké. Trong truong hop niay EVM dat dén 2,8%. Tuy
nhién, voi cung mot tin hiéu quang 25 Gbaud 16 QAM va
cung khoang cach truyen VvOi soi quang don mode ti¢u
chuan. Do hé s6 tan sac 16n, hién tugng méo do tan sic nay
lam ph tin hiéu sau thoi gian truyén s dugc gian nd nhidu
gy nén nhiéu giira cic ky tu (intersymbol interference —
ISI). Sy gidn n& cac xung & phia thu nay duoc dién ta qua

gian do mét nhu Hinh 6. Lic nay do d0 gidn nd xung lén
nén con mit bi thu hep. Trong truong hop nay EVM dat
dén 16.1%. Dic biét, khi ting khoang cach truyen hoac
bang thong, theo phuong trinh (14), thanh phan tuyén tinh
nay s& duogc cong don nhiéu hon, sy gidn nd cac xung try
nén tram trong hon lic nay biéu d6 mét sé & trang thai
dong. Tin hiéu s& khong dugc khoi phyc chinh xac. Véi luu
¥y rang, méo do tan sdc gay ra 1a méo dang tuyén tinh voi
cac diém trén chom sao ¢4 xu hudéng phan tan déu nhu
nhau. Dé truyén xa, chiing ta can dung cic k¥ thuat bu tan
sdc. C6 rat nhiéu ky thuat bu tan sic duoc dua ra, tuy nhién
trong pham vi bai bao nay, nhom tac gia str dung bu tan sic
ky thuat sb & phia thu (electrical dispersion compensation
— EDC). Ky thuat nay lam co lai xung da bi gian né khi
truyén dan do tan sic ¢ phia thu [15], va duoc st dung &
nhiing phan sau.

Amplitude
o =9

'
-k

Time
Hinh 6. Gian dé mdt tin hiéu 25 Gbaud 16 QAM khi truyén qua
8km soi quang SSMF chwa co ky thudt bu
4.2. Anh hwong ciia suy hao dén h¢ théng truyén thong
tin quang

Do qua trinh van hanh va st dung hé théng, cac soi
quang thuong c6 hién tuong 130 hoa. Thong s6 suy hao cta
soi quang tiéu chudn c6 thé ting 1én tir 0,2 dB/km dén
0.35 dB/km hodc hon ¢ mét s6 tuyén. Vi thé day 1a mot
thong sO quan trong can dugc suy xét trong qua trinh van
hanh cac tuyén duong tryc co chidu dai truyén l6n. Hé
thong mé phong truyén din thong tin dugc miéu ta nhu
Hinh 2 vé6i chidu dai ca tuyén 800 km. Vi ciing hé sb tén
sdc va hé sb phi tuyén Kerr, théng sb suy hao ciia sgi quang
don mode lan luwot 1a 0,2dB/km, 0,25dB/km va
0,3 dB/km. Sau 80 km truyén din mdi nhip (span), v&i do
suy hao twong tng lan luot 1a 16 dB, 20 dB va 24 dB, tin
hiéu dugc khuéch dai boi cac bd khuéch dai EDFA v6i hé
s0 nhiéu (noise figure) 6 dB. Tai phia thu, bu tan sic k¥
thuat s6 nhu da noi trén dugc ap dung.

Hinh 7 va Hinh 8 mé ta ty s6 cong suét tin higu trén
nhidu SNR (dB) va EVM (%) 1a ham ciia cong suat phat
(dBm) khi truyén tin hiéu quang 25 Gbaud 16 QAM véi
chiéu dai tuyén 800 km qua ba sgi quang c6 do suy hao
khac nhau nhu d néi trén. Két qua Hinh 7 cho thay, SNR
giam dang ké khi suy hao soi ting 1én. Trong truong hop
nay, khoang cdch giira 2 diém cuc dai (hay con goi dinh
phi tuyén) 1én dén 2,2 dB va 4,4 dB khi suy hao soi ldn
luot tang tir 0,2 dB/km dén 0,25 dB/km va 0,2 dB/km
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dén 0,3 dB/km. Piéu nay c6 thé d& dang duogc giai thich
thong qua phwong trinh (18), khi d6 suy hao sau mdi nhip
16m, khuéch dai G ciia by EDFA phai 16n theo tuong ting,
cong suat nhiéu ty phat trong cac b6 EDFA tuong tmg
tang lén. Tur 6, cong suat nhidu tich luy trong sudt qud
trinh truyén 16n, dan dén ty 1¢ cong suét tin hidu trén nhidu
gidm manh.

22
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Hinh 7. SNR la ham ciia céng sudt phat khi truyén
25 Gbaud 16 QAM qua 800 km sgi quang don mode voi
suy hao 0,2 dB/km, 0,25 dB/km va 0,3 dB/km
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Hinh 8. EVM I ham ciia cong sudt phat khi truyén
25 Gbaud 16 QAM qua 800 km sgi quang don mode voi
suy hao 0,2 dB/km, 0,25 dB/km va 0,3 dB/km

Vi gidi han cho phép truyén 16 QAM, EVM phai dudi
12,5% [14] (theo Hinh 8) thi soi quang vd&i suy hao
0,2 dB/km, 0,25 dB/km duoc thda man véi mot sd céc
cong suét phat dugc lua chon. Tuy nhién, khi suy hao
0,3 dB/km diéu kién truyén khéng dugc thda man. Pac
biét, khi khoang cach truyén va bang thong tang lén, soi
quang voi suy hao cang l6n gan nhu khong dam bao hé sd
pham chat trong qué trinh truyén dan. Vi thé ddi voi hé
thong quang c6 chiéu dai tuyén 16n, s¢i quang phai dugc
bao dudng thuong xuyén.
4.3. Anh hwéng ciia hién twong phi tuyén dén hé thong
truyén thong tin quang

Hinh 9 dién ta SNR (dB) 12 ham ctia cong suat phat khi
truyén lan luot tin hiéu quang 25 Gbaud va 50 Gbaud 16
QAM qua soi quang don mode tiéu chuén Tu két qua trén
ta thay, khi ting cong suét phat 1én, ty sé cong suat tin hi¢u
trén nhidu ciing ting theo. Tuy nhién, khi tiép tuc ting

manh cong suat phat, ti s SNR giam manh. Liic nay cac
hién tugng phi tuyén trong s¢i quang, dic biét 1 hién tugng
tron bon bude song (four-wave-mixing) dién ra manh mé.
Gia tri cuc dai cia SNR dat dugc duoc dinh nghia la dinh
phi tuyén. Tir hinh trén, ta thay khi ting dung lugng kénh
truyén thi qua trinh phi tuyén dién ra nhanh hon va dinh phi
tuyén c6 gia tri nho hon. Trong trudng hop nay, khoang
céch gitra cac dinh phi tuyén 1 0,92 dB khi thay d6i dung
luong kénh truyén tir 25 Gbaud dén 50 Gbaud. Hién tuong
phi tuyén nay co xu huéng lam xéu di hé s6 pham chat cua
hé thong khi tang chidu dai tuyén ciing nhu dung luong
kénh truyén. Vi thé, dé tang gioi han khoang cach truyén
dan, cac k¥ thuat b méo tién tién duoc nghién ctru va ap
dung [15].
22—
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Hinh 9. SNR 1d ham ciia cong sudt phdt khi truyén 25 Gbaud va
50 Gbaud 16 QAM qua 800km SSMF
s . : .

Hinh 10. Gian dé chom sao khi truyé‘r’t 25 Gbaud 16 QAM qua
800km SSMF tai cong suat phat 1 dBm

Hinh 10 dién ta gian d6 chom sao khi truyén tin hiéu
quang 25 Gbaud 16 QAM qua 800 km sqi quang v6i cong
suat phat vao sgi 1 dBm. Theo két qua ta nhan thay, tai
cong suat phat 1 dBm vuot qua ngudng cong suat dé dat
dinh phi tuyén, trong trudng hop nay 1a -1 dBm (nhu Hinh
9), hiéu ng phi tuyén dién ra manh mé&. Didu nay dan dén
hé s6 pham chét cua hé thong bi suy giam manh. Vi luu y
rang, trong gian dd chom sao, cac chom sao cua cac diém
0 xa trong gidn dd bi méo dang nhiéu hon so v6i chom sao
ctia diém & gan. Didu nay duoc giai thich do g vo6i murc
nang luong cao hon, hién tugng phi tuyen tai cac diém &
xa dién ra manh mé hon.



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 19, NO. 1, 2021 29

5. Két luan

Bai bdo nghién ctru vé nén tang cua truyén tin hiéu
trong sgi quang, xdy dung mé hinh truyén dan théng tin
quang. Dya vao phuong phép 1an c4n s chia buéc Fourier,
nhom tac gia da xay dung giai thuat dé mé phong qua trinh
truyén tin hi¢u. Thong qua viéc phan tich, danh gia cac
thong s6 soi quang ciing nhu thong s6 hé thdng, nhém téc
gia da danh gia dugc tac dong cua cac thong sb nay dén
chét luong duong truyén. Két qua mo phong cho thay déi
v6i h¢ thong truyén dan thong tin quang ¢6 chiéu dai tuyén,
soi quang c6 suy hao 16n khong dam bao hé s6 pham chat
hé théng. Soi tan sic dich chuyén NZ-DSF lam giam hién
tuong méo do tan sic gay ra. Tuy nhién, khi truyén tin hiéu
v6i khoang cach truyén 16n, soi quang don mode tiéu chuan
két hop vai k¥ thuat tién tién duoc lya chon. Ngoai ra, dé
t6i wu pham chét hé thdng truyén dan tranh céc hién tugng
méo phi tuyén, cong suit dua vao soi quang can phat tai
c4c ngudng phi tuyén.

Loi cdm on: Nghién cuu nay duqc tai tro boi BC)IGiéo duc
va Pao tao, Viét Nam trong dé tai c6 ma so B2018-
DNA.06.
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