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MO DAU
Hién nay, nhu cau luu luong ting manh do su phét trién bung nd cua céac
loai hinh dich vu Internet va cac dich vu bang thong rong da tdc dong khong
nho t6i viée xay dung cau trac mang vién thong. Vi vy viéc xdy dung cic
mang truyén dan toc do cao dang dugc quan tim nhu mot giai phap hiru hiéu
nhim thoa min nhu cu dung luong trong thoi gian t6i. Dé thoa man viéc thong
sudt Ivu lugng va bang tan 16n, cac hé thong thong tin quang s dung cong
nghé DWDM duogc xem 14 tng ctr quan trong cho mang truyén dan quang toc

do cao.

Cong nghé DWDM da va dang cung cip cho ching ta toc do truyén dan
cao trén mot doi soi quang don mode; nhiéu kénh quang truyén dong thoi trén
mot soi, trong d6 mdi kénh tuong duong véi mot hé théng truyén dan doc lap
tdc d6 cao. Cong nghé DWDM cho phép cac nha thiét ké mang lua chon duoc

phuong 4n ti wu nhét dé ting dung luong dudng truyén voi chi phi thap nhat.

Cho dén nay hau hét cac hé théng thong tin quang duong truc, cac hé
théng mang 16p 15i (Core) c¢6 dung luong cao déu str dung cong nghé DWDM.
Ban dau tir nhitng tuyén DWDM diém — diém dén nay da xuat hién cac mang
v6i nhiéu cdu trac phire tap. Ngoai ra, nhd su phat trién vuot bac vé cac cong
nghé ghép/tach budc song, laser phat, bd khuéch dai, nhiéu nha quan Iy mang
vién thong trén thé gidi da trién khai va dua vao hoat dong nhiing tuyén truyén
dan quang DWDM c6 toc d6 truyén din quang rat 16n (hang THz), véi cu ly
truyén rat xa (hang trim km moi can st dung tram lap).

Coéng ngh¢ DWDM thuc té da va dang dugc trién khai ¢ nudc ta, do
nhiéu nha quan Iy mang vién théng thuc hién nhu: Viettel, VNPT, BTL TTLL,
va hién dang ¢ thoi ky ma c6 thé cd nhiéu dot bién vé céc giai phap, cong nghé

cho ting thiét bi. Do vay, viéc thao luan, nghién cttu mé phong hoat dong cua
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hé thong truyén dan duong truc bang cong nghé DWDM c6 mot § nghia thiét
thuec.

V61 nhan thice éy, to1 quyét dinh thuc hi¢n luan van cao hoc “Nghién ciru
mé phong hoat déng cia hé thong truyén dan dwong truc sir dung cong nghé
DWDM véi mét s6 logi tin hiéu diéu ché MQAM” dé tim hiéu vé nhirng van dé
chung vé hé thong DWDM va mé phong hoat dong cua hé théng. Ludn vin
gdm c6 3 chuong véi ndi dung tom tat cu thé nhu sau:

Chuong 1: Tong quan vé céng nghé DWDM.

Chuwong 2: Cac thanh phan co ban ctia hé théng DWDM.

Chuong 3: M6 phong hoat dong cua hé théng DWDM st dung mdt $6
loai tin hiéu diéu ché MQAM.
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CHUONG 1- TONG QUAN VE CONG NGHE DWDM
1.1 Tong quan vé thong tin s¢i quang
1.1.1 Gidi thigu chung vé théng tin soi quang
Mo hinh chung ctia mét tuyén thong tin quang duoc thé hién trong hinh
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Hinh 1.1: So @ khdi co ban hé thong thong tin quang [9]

1.1.2. Cdc yéu té anh hwéng dén chit lwong truyén tin higu quang

- Suy hao: GOm c¢6 suy hao trong ban than soi quang va suy hao do uén
cong Soi.

- Tan sac: Lam cho cdc xung anh sang lan truyén trong soi quang bi dan
rong ra va gay nén meéo tin hi¢u. Tan sdc lam han ché dic tinh hé théng dac biét
1a han ché toc d6 truyén dan cta hé thong.

- Céc hiéu ung phi tuyén: La cac hiéu tng quang ma cac tham so ctiia nd
phu thudc vao cudng do anh sang. Hiéu tmg phi tuyén quang co thé b qua ddi
v6i cac hé thong thong tin quang hoat dong & mirc cong suit vira phai (vai mW)
v6i toc do bit 1én dén 2.5Gbps. Tuy nhién & toc d6 cao tir 10Gbps tro 1én viée

xét cac hiéu tng phi tuyén rat quan trong.



1.2 Tong quan DWDM
1.2.1 WDM va DWDM

Ghép kénh WDM 1a cong nghé ghép kénh cho phép sir dung nhiéu budc

song quang khac nhau truyén trén ciing mot tuyén cap.
C6 3 loai cong ngh¢ ghép kénh WDM dang dugce st dung hién nay:

- Ghép kénh budc song 1310/1550nm: Cong nghé¢ dugc str dung nhiing
nam truéc 1970, sir dung 2 séng mang co tan s6 trung tdm la 1310nm va

1550nm.

- Ghép kénh theo budc song mat do (DWDM): DWDM la cong nghé
ghép kénh phan chia theo budc song vaoi khoang cach gilta cac song mang nho.
Thong thuong cac song mang duoc st dung trong cira s6 c6 budc song trung
tam 13 1550nm. Véi cong nghé ghép kénh DWDM, chiing ta c6 thé sir dung
cung luc tir 8 dén 160 bude song truyén trén cling mot soi quang.

- Ghép kénh theo budc song dang tho (CWDM): CWDM la cong nghé
ghép kénh phan chia theo budc song tuong tu nhu DWDM tuy nhién trong
CWDM, khoang cach gitra cac song mang con dugc st dung 16n hon (thuong
16n hon 20nm). CWDM sir dung cac séng mang nim trong ctra s6 tir 1200nm
dén 1700nm.

So sanh vé wu, nhuoc diém cua cac cong nghé do ching ta c6 thé thay

DWDM da thé hi¢n su uu viét so voi cac cong nghé khac véi cac vu diém:

- Khoang vuot 16n
- Str dung triét dé bang thong cua cap quang
- Tang hiéu qua cta viéc dau tu mang truyén dan
1.2.2 H¢ thong DWDM
Mot hé thong DWDM trong thuc té gém rat nhiéu cac thanh phan véi

nhitng chirc ndang khac nhau.

Cau tric hé thdng DWDM don gian duoc mo ta nhw hinh 1.4 [6]
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- B6 phat va thu trong hé thong DWDM
- B6 khuéch dai quang OLA
- Kénh giam sat quang

- Hé thdng quan 1y mang
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Hinh 1.4: Cau tric hé thong DWDM don gian [6]
1.3 Mang DWDM
1.3.1 Nhitng mé hinh mang co bdn

Mang két noi diem-diém
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Hinh 1.5: Mang két noi diém diém [6]
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Hinh 1.6: Mang két ndi dang chudi [6]
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Hinh 1.7: Mang két noi dang vong [6]
1.3.2 Diém mut ciia mang DWDM

1.3.2.1 Piém nat OXC
1.3.2.2 Piém nit OADM

1.4 Két luan chwong

Trong chwong 1 giéi thiéu vé tong quan vé hé thong thoéng tin soi quang,
cac yéu t6 anh hudong dén chat lugng truyén tin hiéu quang bao gdm suy hao,
tan sic, hiéu tng phi tuyén. Pong thoi cling da tim hiéu tong quan vé cong nghé
WDM, DWDM va cau tric hé thbng DWDM don gian. Trong chuong sau
ching ta s& tim hiéu t6i cac mo hinh mang DWDM trong thuc té, cac thanh

phan trong hé théng DWDM va cac loai diéu ché khac nhau dugc st dung.
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CHUONG II: CAC THANH PHAN CO BAN CUA HE THONG DWDM
2.1 Cac thanh phan trong hé thong DWDM
2.1.1 Nguén phdt trong hé théng truyén din DWDM
2.1.1.1 Ngudn phat trong hé théng truyén din quang

- Ngudn phat LED 14 nhitng ngudn phat c¢6 do chinh xac thip, cong sut
thap, 46 rong phd 16n va téc do diéu ché thip. Ngudn phat LED duoc ap dung
cho cac hé thong téc do thap va cac tuyén truyén co khoang vuogt ngan.

- Nguon phat Laser 1a nhitng ngudn phat ¢ do chinh xac cao, cong suit
cao, do rong phd nho va téc d6 diéu ché cao. Ngudn phat Laser dugc ap dung
cho cac hé thdng co téc dd cao va cac tuyén truyén co khoang vuot 1on. Ngudn
phat Laser duogc sir dung trong hé thong DWDM
2.1.1.2 Pic diém cua ngudn phat dugce str dung trong hé thong DWDM
2.1.2 Ghép kénh va gidi ghép kénh phdn chia theo budc song
2.1.2.1 Tong quan b ghép kénh va giai ghép kénh

Bo ghép kénh va giai ghép kénh quang phan chia theo budc song, con
duoc goi 13 bd ghép va giai ghép kénh quang c6 ban chat 1a cac bd loc quang.

Mot s6 loai ghép kénh va giai ghép kénh quang:

- Ghép kénh va giai ghép kénh cach tu: B§ ghép va giai ghép kénh su
dung cach tir dé tong hop va tach cac tin hiéu quang & nhimg budc song khac

nhau.

- Ghép kénh va giai ghép kénh stt dung mang phim méng (TFF- Thin
Film Filter): TFF bao gém nhiéu mang phim méng duoc cAu tao tir cac vat lidu
khac nhau v6i hé s6 phan xa va 6 day khac nhau. Do d6 cdc mang phim mong
dong vai tro nhu cac bo loc thong gidi, cho phép tach ra cac tin hi¢u quang cé

budc song khac nhau.
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- Ghép kénh va giai ghép kénh sir dung ma tran cac dng dan song (AWG-
Array WaveGuide): Bo ghép kénh sir dung k¥ thuat giao thoa anh sang dé ghép
va tach céc tin hi€éu quang tai cac bd ghép kénh (giai ghép kénh).
2.1.2.2 Pic diém chinh cia bd ghép kénh va giai ghép kénh quang
2.1.3 Phat ddp quang trong hé thong DWDM
2.1.3.1 Nguyén ly lam viéc cua bo phat dap

Nguyén ly lam viéc cua bo phat dap quang dugc trinh bay trong hinh 2.1 [6].

% OE |—»| Taodang,Dinhthoi —p  E/O %
Dau vao quang] Dau ra quang

Hinh 2.1: Nguyén ly lam viéc cia by phat dap quang [6]
2.1.3.2 Phan loai va tng dung cua cac bd phat dap quang

Tuy thudc vao vi tri dugc s dung trong hé théng DWDM, cac bd phat
dap quang c6 thé phan loai thanh cac 3 loai: OTUT, OTUR va OTUG.
Vi tri va tng dung cua cac bo phat dap dugc thé hién trong hinh 2.2 [6] .

Al Al

— OTUT | — OTUG | — OTUR —

A2 A2

— OTUT oM |oA—oAl |oD| | OTUG —om| |oA—OA| loD| | OTUR \—

Line fiber ———  Internal fiber

OM: Bo ghép OD: Bd téch OA: Bj khuéch
kénh quang kénh quang dai quang

Hinh 2.2: Vi tri ciac bd phat dap quang trong hé thong DWDM |[6]
2.1.4 Khuéch dai quang trong hé théng DWDM
2.1.4.1 Bo khuéch dai quang EDFA

- B khuéch dai quang EDFA bao gom cap EDF, ngudn sang kich thich,
phan két néi, bd cach ly (hinh 2.3 [9]).
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B¢ cach ly Soi quang pha Bo cach ly
quang dat hiém Er** quang
> Coupler > gy ————>
Tin hiéu .
dén Tin hlé}l
Laser quang khuyéch dai
bom

Hinh 2.3: Cau tric ciia bd khuéch dai quang soi EDFA [9]
2.1.4.2 Bo khuéch dai RAMAN

Soi quang
B¢ cach ly thong B§ cach ly
quang thuong quang
> Coupler > =
Tin hiéu Tin hiéu
dén A quang
khuyéch

dai
Laser ’

bom

Hinh 2.4: Cau tric by khuéch dai quang RAMAN.

2.2 Diéu ché tin hiéu quang
2.2.1 Diéu ché OOK
2.2.2 Diéu ché M-PSK
2.2.3 Piéu ché M-QAM

Piéu ché M-QAM la phuong phap diéu ché két hop giita diéu ché bién bo
va diéu ché pha. Tén goi diéu ché bién do truc giao Xuét phat tur thuc té 1a tin
hiéu MQAM duoc tao ra bang cach cong cac tin hiéu diéu ché bién d6 VM mirc
coO cac song mang truc giao (vudng goc) voi nhau.

Béng 2.1: Phan loai cac diéu ché QAM

STT Loai diéu ché S6 bit 1(Q) | S bit/ky hiéu | SO trang thai
1 | 4QAM (QPSK) 1 2 4
2 | 16QAM 2 4 16
3 | 64QAM 3 6 64
4 | 256QAM 4 8 256

2.2.3.1 So d6 khéi bd diéu ché M-QAM
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Hinh 2.8: So @6 khdi bd diéu ché M-QAM

S/P: Bién d6i song song-ndi tiép
LPF: B6 loc thong thap
2/L: B0 bién d6i 2 mirc thanh L muc
VCO: Tao song mang cosat
2.3 Ky thuat tach song Coherent
2.3.1 Xir Iy tin hiéu sé trén hé thong théng tin quang Coherent (DSP)

Xt 1y tin hiéu s6 hién dang 1am phuong thirc wu chudng nhat dé bu dip
cho su suy giam tuyén tinh cta truyén din soi quang duong dai. Sau khi tach
song coherent tin hi€éu DP-QPSK, bdn ham chinh duoc thuc hién trong mién sb
trude khi tach song tin hiéu: bd chuyén ddi ADC, bo bu tan sic DC, tach kénh
phan cuc va xac dinh pha song mang. [7]

2.3.2 Tach séng coherent

Tach song coherent trd nén linh hoat nhét trong cac dang diéu ché, khi

thong tin c6 thé dugc ma hoa vé pha va bién do hodc thay thé cho ca cac thanh

phén cua song mang déng pha (I) va vuéng pha (Q)
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Bé phat Kénh truyén Bé thu

Hinh 2.11: M6 hinh hé thong truyén din Coherent
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Hinh 2.12: H¢ thong truyén din Coherent
2.3.3 Ky thudt truyén ngwoc ky thugt so (Digital backpropagation - DBP)

DBP 12 mot k¥ thuat dé bu tat ca cac khiém khuyét soi trong cac hé thong
truyén dan quang. DBP 1a mét loai bu phi tuyén tinh (NLC). DBP str dung thuét
toan lan truyén ngugc trong mién k¥ thuat sé bang cach giai phuong trinh
Schrodinger phi tuyén nghich dao cia lién két soi bang phuong phap Fourier
roi rac (SSFM) dé tinh toan tin hiéu truyén tir tin hiéu thu dugc.

Vé nguyén tic, k¥ thuat lan truyén nguoc ky thuat sé co kha niang dao
ngugc hoan toan cic tic dong cia lan truyén phi tuyén trong soi quang, nhung
trong thuc té, n6 bi han ché bsi ban chét ngﬁu nhién ctia mot sb suy giam, nhu
phat xa ty phat khuéch tan va phan tan ché do phéan cuc.

2.4 Két luan chwong

Trong chuong 2 di dé cap dén nhimg van dé co ban vé cac thanh phan
trong hé thong DWDM gom nguoén phét quang, bd ghép kénh, bo phat dap, bo
khuéch dai. Pong thoi ciing gidi thiéu cac phuwong phap diéu ché tin hiéu
quang: diéu ché OOK, diéu ché M-PSK, diéu ché M-QAM va k¥ thuét tach
song Coherent.

Trong chuong sau s& thuyc hién mo phong hoat dong cua hé thdng
DWDM st dung diéu ché QPSK, 8-QAM va 16-QAM tai toc d6 25Gbaud va
50Gbaud.
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Chuwong 3: MO PHONG HOAT PONG HE THONG DWDM SU DUNG
MOQT SO LOAI TiN HIEU PIEU CHE MQAM
3.1 Giéi thiéu phan mém mo phong Optisystem
3.2 Cau hinh hé théng DWDM dwong truc

RXy
T,
Booster ~_ N Line ™ | Pre S
AMP ! - AMP ! AMEISES
. MUX g ~

= 8okmssmMF | _— | _— | oemux

10 span ~ 800km

Xi6 I —|— RXu6

Hinh 3.1: M6 hinh hé thong thong tin quang v6i chiéu dai 800km
3.2.1 Tham sé khéi tao

3.2.1.1. C4c tham s toan cuc

3.2.2 Tham sé hoat dpng cdc thanh phén trong hé thong

3.2.2.1 Céc tham sd hoat dong ctia bo khuyéch dai Booster-AMP

3.2.2.2 BO khuyéch dai duong truyén Line-AMP

3.2.2.3 BO khuyéch dai tién xir 1y tin hiéu Pre-AMP

3.2.2.4 Céc chang cép quang

3.2.2.5 May phat tin hiéu diéu ché 8-QAM,16-QAM va QPSK

3.2.2.6 May thu tin hiéu diéu ché Coherent QPSK, 8-QAM va 16-QAM

3.2.2.7 B0 diéu ché tin hiéu s6 DSP

3.3 Két qua md phéng hoat dong bang phan mém Optisystem

3.3.1 M6 phéng hoat dpng hé thong DWDM dwong truc 16 kénh toc dé
25Gbaud.

3.3.1.1 So sanh hoat dong cua h¢ théng khi st dung tin hiéu diéu ché QPSK va
M-QAM (8-QAM, 16-QAM) véi cu ly truyén ddn 800km
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Hinh 3.9: Bicu do so sanh chit luong hé thong sir dung tin hiéu QPSK, 8-QAM va
16QAM toc d) 25GBaud

Bang 3.1: So sanh chat hrong hé thong sir dung diéu ché QPSK, 8-QAM va

16QAM tdc @9 25GBaud khi cong suat thay doi

PTx QPSK 8-QAM 16-QAM
(dBm) | BER Q BER Q BER Q
-6 | 0.051105 | 4.266275 | 0.053598 | 4.1415194 | 0.042032 | 4.048773
-3 | 0.018983 | 6.341258 | 0.02208 | 6.0750022 | 0.023977 | 5.923561
0 |0.001752 | 9.306455 | 0.008179 | 7.6071554 | 0.01643773 | 6.680304
1.06e-05 | 12.57111| 0.001752 | 9.306455| 0.006146 | 7.971421
1.09e-10 | 15.344| 0.00046 | 10.407476 | 0.00367119 | 8.9643263
9 | 591e-10| 16.284| 4.64e-06| 12.93428| 3.88e-05 | 11.461094
12 | 1.81e-16 | 18.22398 | 1.97e-08 | 14.796847 |  2.01e-05 | 13.403022
15 | 3.68e-09 | 15.24262 | 7.41e-07 | 13.649407 | 3.2279¢-05 | 12.127624

Hinh 3.9 cho thay két qua so sanh giita tin

hiéu QPSK, 8-QAM va

16-QAM tai téc d6 25 GBaud. C6 thé nhan thay rd rang khi st dung QPSK,
8-QAM va 16-QAM chung ta déu c6 mot gia tri cong suat phat dé cho gia trj Q
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dat 16n nhat; duoc goi 1a ngudng phi tuyén. Khi céng suat phat 16n hon gia tri
ngudng thi Q khong tang hon, tham chi giam di. P6i véi téc d6 25GBaud khi
sit dung QPSK ngudng phi tuyén duoc day 1én cao hon so voi khi dung 8-QAM
va 16-QAM, cu thé véi tin hiéu QPSK ngudng phi tuyén cao hon 16-QAM la
4,82dBm.

3.3.2 Mé phéng hoat dong hé théng DWDM dwong truc 16 kénh toc dp 50
Gbaud.

3.3.2.1 So sanh hoat déng cua hé thdng khi sir dung tin hiéu diéu ché QPSK,
8-QAM va 16-QAM véi cy ly truyén dan 800km.

18

PN
N
16 |-|— & —Use QPSK 50GBaud .7 S -
— & — Use 8QAM 50GBaud F'/ il
— 5= — Use 16QAM 50GBaud Y
14 Ve o
/ // \\\
/
m / - T
z A o
= s
S 10F 4 v
5 Lo
~
6 /E(// /}(‘,(/
8 _ g//
T
;gé
6 3,4/
¥
4%
2 1 1 1
-5 0 5 10 15

Power of transmitter (dB)
Hinh 3.10: Biéu d6 so sanh chit lwgng hé thong sir dung tin hiéu QPSK,
8-QAM va 16-QAM toc dd 50Gbaud
Bing 3.2: So sanh chat lwong hé thong sir dung diéu ché QPSK, 8-QAM va
16-QAM toc d9 50GBaud khi cong suat thay doi

PTx QPSK 8-QAM 16-QAM
(dBm) | BER Q BER Q BER Q
6 | 0.096577 | 2.287579 | 0.048156 | 4.441799| 0.044804 | 4.596019
-3 | 0.048156 | 4.417849 | 0.030814 | 5.352101| 0.028272| 5.686354
0 |0.016305]6.595445| 0.016104| 6.683216 | 0.014611| 6.770987
3 |0.0037128.553657 | 0.007152 | 7.9036727 | 0.0105813 | 7.2536885
6 | 2.05e-05| 12.26005| 0.001843| 9.403147 | 0.004805| 8.546244
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PTX QPSK 8-QAM 16-QAM
(dBm) | BER Q BER Q BER Q

9 | 4.78¢-09 | 15.17578| 2.05e-05 | 12.120365| 3.89e-05| 11.26495
12 | 1.47e-13|17.26285| 5.02e-07| 13.77439| 9.74e-06| 12.28593
15 | 2.27e-09 | 15.36276 | 1.06e-05 | 12.481495| 1.59e-05| 11.60023

Hinh 3.10 cho thay két qua so sanh gitta tin hiéu QPSK, 8-QAM va
16-QAM tai toc d6 50 GBaud. Khi str dung QPSK, 8-QAM va 16-QAM chiing
ta thay QPSK ngudng phi tuyén dugc day 1én cao hon so véi khi ding 16-QAM

13 4,97dBm. Vi toc d6 50GBaud thi gia tri ngudng phi tuyén nay thap hon so

v6i khi hé thdng ¢ toc d6 25GBaud. Khi tdc d6 truyén ting, chénh 1éch Q giam.

Diéu nay xay ra do sy tich lity phi tuyén gy ra bai duong truyén va bo khuéch

dai (murc ting pham vi truyén cang 16n) khong duoc bu ddy du ¢ phia may thu,

dan dén giam ty 1¢ tin hiéu/tap 4m quang (OSNR).

3.3.2.2 So sanh hoat déng cta hé théng khi str dung tin hiéu diéu ché QPSK,
8-QAM va 16-QAM véi cy ly truyén dan thay d6i

22
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Hinh 3.15: Biéu d6 so sanh chat lwong hé thong sir dung tin hiéu QPSK,

8-QAM va 16-QAM toc dd 50Gbaud
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Bang 3.3: So sanh chit lwong hé thong sir dung diéu ché QPSK, 8-QAM va
16-QAM khi khoang cach tuyén thay ddi

(Km)

QPSK

8-QAM

16-QAM

BER

Q

BER

Q

BER

Q

160

6.81e-31

21.58233979

3.01e-12

16.751017

1.36002e-09

15.65899825

320

9.12e-23

20.493909

6.75e-09

15.086519

6.78e-07

14.01798

480

3.87e-13

17.85715779

4.97e-07

13.791379

1.20296e-05

12.73782115

640

5.6e-08

16.62930006

2.26e-05

12.211261

1.47e-04

11.62367107

800

6.5e-05

15.09739533

0.000127

11.263355

0.001681559

10.64985555

960

0.001096

12.22793632

0.000275

10.770294

0.003228142

9.79600049

1120

0.001628

9.26840069

2.85e-03

8.8331514

0.010518658

8.47049926

1280

0.013156

8.49319904

0.00057

8.297339

0.019500872

8.029936224

Néu 14y Q=9 cho hé thong hoat dong thi d6i véi tin hiéu QPSK, khoang
cach ciia tuyén co thé 1én téi 1200km con tin hiéu 16-QAM khoang cach tuyén
dat dugc 1a 1050km. Ta nhan thiy chat luong hé thong giam khi khoang cach
truyén ting va dic biét giam nhanh khi muc diéu ché ting. Ly do 1a do sy tich
lity phi tuyén trén duong truyén lam giam OSNR ma hé thong khong thé bu
hoan toan.

3.5 Két luan chwong

Két thuc chuong 3, t61 da khao sat dugc hoat dong cua hé théng st dung
cong nghé DWDM st dung tin hiéu QPSK, 8-QAM va 16-QAM trén duong
truyén tai cac toc do 25Gbaud va toc to 50Gbaud qua phan mém OptiSystem
phién ban 16.1.0 trén hé diéu hanh Win 10.

Toi1 thuc hién khao sat hoat dong cua hé théng s dung tin hiéu QPSK,
8-QAM va 16-QAM trén dudng truyén c6 cong sudt phat khac nhau va nhan
thdy rd rang khi st dung QPSK, 8-QAM va 16-QAM ching ta déu c6 mot gia

tri cong suat phat dé cho gia tri Q dat 16n nhét; duoc goi 13 ngudng phi tuyén.
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Khi cong suat phat 16n hon gia tri ngudng thi Q khong ting hon, thim chi giam

di. Gia tri ngudng nay giam khi téc d6 ctia hé thong tang lén.

Téi ciling da thuc hién khao sat hoat dong cua hé théng sir dung tin hiéu
QPSK, 8-QAM va 16-QAM trén cac dudng truyén co do dai khac nhau va nhan
thdy chéat lwong hé théng giam khi khoang céch truyén ting va dic biét giam
nhanh khi mic diéu ché ting. Tuy nhién, toi chi thuc hién mé phong cho trudong
hop tai cong suat phat 12dBm véi téc do truyén 50GBaud cho tin hiéu QPSK,
8-QAM va 16-QAM.



18
KET LUAN VA KIEN NGHI

Truyén dan dung lugng cao theo hudng sir dung cong nghé DWDM dang
c6 mot stc hdt manh ddi véi cac nha cung cap dich vy vién thong hang dau thé
gidi ciing nhu tai Viét Nam. D3 c6 hang loat tuyén truyén din dang van hanh va
khai thac theo cong nghé nay, boi vi chi phi dau tu va tinh 6n dinh cia n6 cé
nhiéu diém hon han so vai ghép kénh truyén théng TDM, nhat 1a khi ma nhu

cau vé dung lugng ngdy cang cao nhu hién nay.

Khi nang cap mot hé thong thong tin quang theo cong nghé DWDM, ¢6
rat nhiéu van dé can phai xem xét, nhu nhu cau vé dung luong, ciu hinh hop ly
va cau hinh t6i vu ... Van dé& vé mat d6 ghép buéc song, ITU-T d4 ban hanh
chuan vé tan sb va khoang cach ghép giita cac kénh, véi cac cong nghé
tach/ghép budc song hién nay, thi khoang cach ghép gitra cac budc song trong
hé thong DWDM d4 giam xudng chi con 25 GHz, tham chi 12.5 GHz. Hién
nay, di c6 nhirng trung tdm nghién ciu caa mot sé nudc phét trién da tho

nghiém truyén dan véi khoang cach kénh con chi khoang 10, hoic 1GHz.

Cong nghé khuéch dai quang soi ra doi, d@ mé ra mot chang méi cho
thong tin quang néi chung va cho théng tin WDM ndi riéng, giai quyét dugc
van dé vé suy hao, quy cdng suat ma khong can céac bo lap 3R cong kénh, chi
phi 16n va chi dap ung duoc téc do thdng tin thap. Thém vao do, cac module bu
tan saic DCM duogc “nhting” vao céc thiét bi WDM, da lam cho hé théng WDM
cang c6 thém nhiéu hta hen. Khi 6 mdi kénh budc séng co thé dat dén toc do
10 Gbit/s hoic hon nita, nhdr vay c6 thé dat duoc tde do Thit/s trén mot soi don
mode SSMF thong thuong.

Nhu vy trong luan vin da dé cap dén nhitng van dé co ban vé DWDM -
mang DWDM, hé théng DWDM va céc phan tir trong hé thong DWDM. Trong
d6 dic biét dé cap tdi cac b thu phat quang, bd tich ghép budce song, va bo
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khuéch dai; ciing nhu vi tri sit dung ctia cic phan tir nay trong hé thong

DWDM.

Véi thoi gian nghién ciu va tim hiéu thuc té mang ludi, ciing nhu tim
hiéu céng nghé mdi WDM con han ché, nhiing gi duoc dé cap trong ban luan
van nay thuc su chua nhiéu, tuy nhién cé thé ang dung trong nghién ctu tim

hiéu céng nghé DWDM ciing nhu tng dung trong thuc té mang vién thong.

Huéng phat trién cua dé tai: Trong ludn vin méi dé cap nhiing van dé co
ban vé DWDM, trong thoi gian tiép theo c6 thé phat trién luan van theo hudng
nghién ctru sdu hon nita vé cac van dé trong luan vian: Cac phan tt DWDM, hay
thiét ké mang DWDM cho cac hé thong 16n hon, nhu mang dudng truc Bic —
Nam va hoat dong cua hé théng & toc do cao 100 Gbaud, 200GBaud véi céc

murc diéu ché bac cao.



