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MO DAU
Hién nay, nhu cau luu luong ting manh do su phat trién bung nd cta cac loai
hinh dich vu Internet va cac dich vu bang thong rong da tac dong khong nho téi viec
xay dung cau tric mang vién thong. Vi vdy viéc xay dung cic mang truyén dan tdc
d6 cao dang duoc quan tAm nhu mot giai phap hitu hiéu nhdm thoa min nhu cau
dung luong trong thoi gian t6i. Dé thoa man viéc thong sudt luu luong va bing tan
16n, cac hé thong thong tin quang sir dung cong nghé DWDM duoc xem 13 tng cir

quan trong cho mang truyén dan quang toc do cao.

Cong nghé DWDM di va dang cung cap cho ching ta toc do truyén dan cao
trén mot doi soi quang don mode; nhiéu kénh quang truyén dong thoi trén mét soi,
trong d6 mdi kénh twong dwong véi mot hé thong truyén dan doc lap toe do cao.
Cong nghé DWDM cho phép cac nha thiét ké mang lua chon duoc phuong an tdi

vu nhét dé ting dung lugng dudng truyén vai chi phi thap nhat.

Cho dén nay hau hét cac hé thong thong tin quang dudng truc, cac hé thong
mang 16p 15i (Core) c6 dung luong cao déu str dung cong nghé DWDM. Ban dau tir
nhimg tuyén DWDM diém — diém dén nay da xuat hién cic mang véi nhiéu ciu
tric phtc tap. Ngoai ra, nhd sy phat trién vuot bac vé cac cong nghé ghép/tach bude
song, laser phat, bd khuéch dai, nhiéu nha quan 1y mang vién thong trén thé giéi da
trién khai va dua vao hoat dong nhing tuyén truyén din quang DWDM c6 toc do
truyén dan quang rat 16n (hang THz), véi cy ly truyén rat xa (hang trim km méi can

st dung tram lap).

Cong nghé DWDM thuc té di va dang duoc trién khai ¢ nuéce ta, do nhiéu
nha quan ly mang vién théng thuc hién nhu: Viettel, VNPT, BTL TTLL, va hién
dang & thoi ky ma co thé co nhiéu dot bién vé cac giai phap, cong nghé cho ting
thiét bj. Do vay, viéc thao luan, nghién cttu mo phong hoat dong ctia hé thong

truyén dan duong truc bang cong nghé DWDM c6 mét ¥ nghia thiét thuc.

Vi nhan thie 4y, toi quyét dinh thyc hién luan van cao hoc “Nghién ciiu

mé phéng hoat dpng ciia hé thong truyén din dwong truc siv dung cong nghé



DWDM véi mot sé logi tin hiéu diéu ché MQAM” & tim hiéu vé nhiing van d¢
chung vé hé théng DWDM va m6 phong hoat dong ciia hé thdng. Luan vin gdm c6
3 chuong v61 ndi dung tom tat cu thé nhu sau:

Chuong 1: Téng quan vé cong nghé DWDM.

Chuong 2: Cac thanh phan co ban cta hé thong DWDM.

Chuong 3: M6 phong hoat dong ctia hé théng DWDM sir dung mot sb loai
tin hiéu diéu ché MQAM.

Trong luan van van con mdgt s6 nhiitng van dé chua dugc dé cap sau, va chua
thuc sy rong. Rat mong duoc cac thay, co gido va cac dong chi, cac ban c6 nhiing
nhan xét thiét thuc dé t61 co thé hoan thién cac ndi dung nay tot hon nita. T61 xin

chan thanh cam on.



Chuong 1- TONG QUAN VE CONG NGHE DWDM

1.1 Tong quan vé thong tin s¢i quang

1.1.1 Gidi thiéu chung vé thong tin sgi quang

Ngay tir xa xua dé thong tin cho nhau, con ngudi di biét sir dung anh sang dé
bao hiéu. Qua thoi gian dai cua lich st phat trién nhan loai, cac hinh thirc thong tin
phong phu dan va ngay cang dugc phat trién thanh nhitng hé théng thong tin hién
dai nhu ngay nay, tao cho moi noi trén thé gio1 ¢co thé lién lac voi nhau mot cach
thuan loi va nhanh chong. Cach day 20 nam, tir khi cac hé théng thong tin cap soi
quang dugc chinh thitc dua vao khai thac trén mang vién thong, moi ngudi déu thira
nhan rang phuong thirc truyén din quang da thé hién kha ning to 16n trong viéc
chuyén tai cac dich vu vién thong ngay cang phong phti va hién dai cua nhén loai.
Trong vong 10 nam tr¢ lai day, cung voi su tién bo vuot bac cua cua cong nghé dién
tir - vién thong, cong nghé quang soi va thong tin quang dd co nhirng tién bo vuot
bac. Cac nha san xuat da ché tao ra nhiing soi quang dat to1 gia tri suy hao rat nho,
gia tri suy hao 0,154 dB/km tai budc séng 1550 nm da cho thdy sy phat trién manh
mé cua cong nghé soi quang trong hon hai thap nién qua. Cting v&i d6 1a su tién b
16n trong cong nghé ché tao cc ngudn phat quang va thu quang, dé tir d6 tao ra céac
hé théng thong tin quang véi nhidu wu diém tréi hon so véi cac hé thdng thong tin
cap kim loai. Duéi day 13 nhitng uu diém ndi trdi cia moi trudng truyén dan quang

s0 vOi cac mdi trudng truyén dan khac, d6 la:
v Suy hao truyén dan nho.
Bing tan truyén din rat 1on.
Khong bi anh huéng ctia nhiéu dién tir.
C¢ tinh bado mat tin hi¢u thong tin cao.

Co kich thudce va trong lugng nho.

NN N N NN

Soi ¢6 tinh cach dién tét.



v Do tin cay cao.

v Soi duge ché tao tir vat liéu rat san co.

Chinh boi cac 1y do trén ma hé thong thong tin quang da cé sirc hap dan
manh m& cac nha khai thac vién thong. Cac hé thong thong tin quang khong nhitng
chi pht hop véi cac tuyén thong tin xuyén luc dia, tuyén duong truc, va tuyén trung
ké ma con ¢6 tiém nang to 16n trong viéc thyc hién cac chirc ndng clia mang ndi1 hat

V01 cau trac tin cdy va dap ing moi loai hinh dich vu hién tai va twong lai.

M5 hinh chung ctia mét tuyén thong tin quang dugc thé hién trong hinh 1.1[9].
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Hinh 1.1: So @6 khoi co bin hé thong thong tin quang [9]

Céc thanh phan chinh cia tuyén gom c6 phan phat quang, cap soi quang va
phan thu quang. Phan phat quang dugc cau tao tir ngudn phat tin hidu quang va cac
mach dién diéu khién lién két v&i nhau. Cap soi quang gém co cac soi dan quang va
cac 16p vo boc xung quanh dé bao vé sgi quang khoi tac dong c6 hai tir moi truong
bén ngoai.

Phéan thu quang do bd tach song quang va cac mach khuéch dai, tai tao tin

hiéu hop thanh. Ngoai cac thanh phan cha yéu nay, tuyén thong tin quang con cd



cac bd ndi quang (connector), cac méi han, bo chia quang va cac tram lip; tat ca tao

nén mot tuyén thong tin quang hoan chinh.

Pic tuyén suy hao cua soi quang theo budc song ton tai ba viing ma tai d6 c6
suy hao thap 14 cac ving xung quanh budc séng 850 nm, 1310 nm va 1550 nm. Ba
ving budc song nay dugc sir dung cho cac hé thong thong tin quang va goi 1a cac
ving cira s6 thir nhat, thir hai va thtr ba twong (mg. Thoi ky dau cua ky thuat thong
tin quang, ctra sO thir nhat dugc st dung. Nhung sau ndy do cong nghé ché tao soi
phat trién manh, suy hao soi ¢ hai cira s6 sau rat nho cho nén céc hé théng thong tin

quang ngdy nay cha yéu hoat dong & ving cira s6 thtr hai va thi ba.

Nguén phat quang & thiét bj phat c6 thé st dung diode phat quang (LED)
hoic Laser ban dan (LD). Ca hai loai ngudn phat nay déu phut hop cho cac hé théng
thong tin quang, v6i tin hiéu quang dau ra c6 tham sb bién d6i twong Gmg véi sy
thay d6i ctia dong diéu bién. Tin hiéu dién ¢ dau vao thiét bi phat & dang sé hoic
d6i khi c6 dang tuong tu. Thiét bj phat s& thuc hién bién d6i tin hiéu nay thanh tin
hiéu quang twong (mg va cong sudt quang dau ra s& phu thudc vao sy thay doi cia
cudng do dong diéu bién. Budc séng 1am viée ciia ngudn phat quang co ban phy
thudc vao vat liéu ciu tao. Poan soi quang ra (pigtail) cua nguén phat quang phai

phtt hop véi soi dan quang duoc khai thac trén tuyén.

Tin hiéu anh sang di duoc diéu ché tai ngudn phat quang s& lan truyén doc
theo soi din quang dé t6i phan thu quang. Khi truyén trén soi din quang, tin hiéu
anh sang thuong bi suy hao va méo do cac yéu té hap thy, tan xa, tan sic giy nén.
B tach song quang & dau thu thuc hién tiép nhan anh sang va tach 1éy tin hiéu tu
huéng phat dua t6i. Tin hi¢u quang dugc bién doi trd lai thanh tin hiéu dién. Cac
photodiode PIN va photodiode thic APD déu c6 thé st dung dé 1am cac bd tach
song quang trong cac hé thong thong tin quang, ca hai loai ndy déu co hiéu suét lam
viéc cao va c6 toc do chuyén doi nhanh. Cac vat lidu ban din ché tao cac bo tach
song quang s& quyét dinh budc song lam viéc cia chung va doan soi quang dau vao

cac bo tach song quang ciing phai phu hop voi sgi din quang duoc st dung trén



tuyén ldp dat. Pac tinh quan trong nhat ciia thiét bi thu quang 1a d6 nhay thu quang,
n6é mé ta cong sudt quang nho nhét cé thé thu duge & mot tbe do truyén dan sé nao
d6 tng vai ty 18 161 bit cho phép cia hé thong.

Khi khoang cach truyén din kha dai, téi mét cu ly ndo do, tin hiéu quang
trong soi bi suy hao kha nhiéu thi can thiét phai c6 tram lip quang dat trén tuyén.
Céu trac cua thiét bi tram 1ap quang gdm c6 thiét bi phat va thiét bi thu ghép quay
phan dién vao nhau. Thiét bi thu ¢ tram lap s& thu tin hiéu quang yéu roi tién hanh
bién d6i thanh tin hiéu dién, khuéch dai tin hiéu nay, stra dang va dua vao thiét bi
phat quang. Thiét bi phat quang thuc hién bién d6i tin hiéu dién thanh tin hiéu
quang roi lai phat tiép vao dudng truyén. Nhitng nim gan day, cac bo khuéch dai

quang di dugc sir dung dé thay thé mot phan cac thiét bi tram lap quang.

Trong cic tuyén thong tin quang diém ndi diém thong thudong, moi mot soi
quang s& c6 mot ngudn phat quang & phia phat va mot bo tach séng quang & phia
thu. Cac ngudn phat quang khac nhau s& cho ra cac ludng anh sang mang tin hiéu
khac nhau va phat vao soi din quang khac nhau, bd tach séng quang tuong tng s&
nhan tin hiéu tir soi ndy. Nhu vy muén ting dung luong cua hé thong thi phai st
dung thém soi quang. V&i hé théng quang nhu vay, dai phd cua tin hiéu quang
truyén qua soi thuc té rat hep so voi dai thong ma céc soi truyén din quang co thé

truyén din véi suy hao nhé (nhu hinh 1.2 [9] ).

€ 5 \ -— Phé mét ngudn séng
= N
e ™
- 4
2 Fa
(%] *\ \\ f II
% 3 \\\ ™ IIII| Il
= ] Multl mode
— J
Uj>)~ 2 “\ﬁ 1 / |I
1 .--IHH;::;-——.___ //.: __,__—o-""'f_-
— _..-r Vi "l.\ e T
0 Single mode — — e e =
" A (um)
¢° 1 B an T s 14 0y B i

Hinh 1.2: Ph6 ngudn sang [9]



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

Céc yéu to anh hudng dén chét lugng truyén tin hiéu quang 13 suy hao, tan
sdc va cac hiéu tng phi tuyén.

- Suy hao: Gom c6 suy hao trong ban than soi quang va suy hao do uén cong soi.

Co ché suy hao co ban trong soi dan quang 13 suy hao do hap thuy, suy hao do
tan xa va cac suy hao do buirc xa ning luong anh sang. Trong do, suy hao do hip thu
co lién quan dén vat liéu soi g6m hép thu do tap chat, hép thu vat liéu va hép thu
dién, con suy hao do tan xa c6 lién quan dén ca vat liéu soi va tinh khong hoan hao
vé céu trac soi. Suy hao buc xa la do tinh x40 tron vé hinh hoc cua soi gay ra. Suy
hao soi duoc dic trung bang hé sd suy hao va duge xac dinh bang ty s6 gitta cong

suat quang dau ra Pout cua so1 dan quang dai L voi cong suat quang dau vao Pin. Néu

a (i—:’]j = % log [Plij (1.1

out

goi a | hé s6 suy hao thi:

Hé sb suy hao soi nho nhét trong soi quang SiO2 tinh theo 1y thuyét 1a o =

0,15 dB/km trén thyc té da c6 soi quang ¢6 o = 0,18dB/km tai A = 1,55um.

Suy hao do uén cong soi 1 suy hao ngoai ban chit cua soi. Khi bat ky mot
soi dan quang nao d6 bi udn cong theo mot dudng cong cé ban kinh xac dinh thi s&
c6 hién tugng phat xa tin hi¢u ra ngoai vo s¢1 va nhu vay anh sang lan truyén trong
161 s¢i da bi suy hao. Cé hai loai udn cong soi la udn cong vi mo va vi udn cong.
Ubn cong vi md 1a udn cong c6 ban kinh uén cong 16n twong dwong hodc 16n hon
duong kinh sgi. Con vi udn cong 1a so1 b1 cong nhé moét cach ngﬁu nhién.

- Tén sac: Lam cho cic xung anh sang lan truyén trong soi quang bi din rong
ra va gay nén méo tin hiéu. Tan sic lam han ché dic tinh hé théng dic biét 13 han
ché téc do truyén dan ciia hé thong.

Déi voi soi da mode thi bao gdm tan sic bén trong mode (gdm tan sic vat

liu, tan sac dan s6ng) va tan sac gitra cac mode.



Déi véi soi don mode thi gém tan sic van tdc nhom, tan sic vat liéu, tan sic
dan song, tan sic bic cao va tan sic phan cuc mode.

Téan sic vat liéu 1a mot ham cua bude song va do sy thay ddi vé chi s6 chiét
suét cua vat liéu 161 tao nén. N6 lam cho buéc song ludn phu thudc vao van tde
nhom cua bt ky mode nao.

Tan sac dan song 14 do soi don mode chi gitr duoc khoang 80% nang luong &
trong 15i, vi vy con 20% 4anh sang truyén trong vo nhanh hon ning luong & trong

161. Tén sdac dan song phu thude vao thiét ké cua soi.

Chung ta s& xét truong hop van toc nhém tham gia vao tén sic.
Ta ¢6 soi quang don mét ¢ do dai L. Thoi gian dé thanh phan pho ¢6

tan s6 o di hét quang dudng L 14 t, dugc tinh theo cong thie (1.2) [9] .

L (1.2)

(dﬁj_l (1.3)

c .
Strdung f=nK, =n< taco V, = — Mg 1a chiét suft nhom
C
g

n =N+w
(da)

an j (14)

Vg phu thudc vao o s& 1am xung quang gidn nd. Aw 1a d6 rong phd ciia xung
quang, ta co:

2
A= aw= 3Ly 97
dw

dw do v,

Ao=LB,Aw

2
goi la thong s6 tan sac toc do nhom.

d
trong d6 B, = J

2

C6 thé Aw duoc thay thé bang AA.



St dung biéu thirc (1.5) [9]

a):% > Aw= (— Zﬂz'chl
A A

ta c6 thé viét At dudi dang:

At d (LJA/I—D.L.AJ,

dA 2
. d(1 27.C
véi D:d_/l(gJ:7ﬂ2

" A, L , ..+ PS
D - thong s0 tan sac, c6 don vi la (Km.nm)

Téc d6 bit B duoc xac dinh boi bat ding thuc B.At < 1, ta c:

BL|D|A2< 1

Ta co:

p__2rcd (1) 2x(,dn
A° dw V, A dw

C6 thé viét: D= Dw+ Dw

Dw - tan sac vat liéu:

2z dn,, 1 dn,,

T 22 do ¢ da

Dw - tan sac dan song:

D __2mA N> vd*(V.b) dn,,
Y2 ne  dv? do dv

d (Vb)

(1.5)

(1.6)

(1.7)

(1.8)

(1.9)

N2g 13 chiét sudt nhom cua 16p boc soi quang. Pai luong A khong phu thude

vao tan sO .
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Tai budc song 1,55um: D = 15+18ps/km.nm

Dw phu thudc vao cac théng sé ciia soi quang a va A, do d6 c6 thé ché tao
cac so1 quang co Azp= 0 tai A = 1,55um va sgi quang loai nay goi la s¢1 dich tan sdc
(Dispersion Shifted Fibers). Soi quang c6 D rat nho trong vung tir 1,3 + 1,6um goi
1a soi tan sac phang (Dispersion Flattened Fibers) va sgi quang c6 D am trong ving
song nay goi 1a soi bu tan sic (Dispersion Compensating Fibers). Hinh 1.3 [6] thé

hién tan sac trong sQi quang.

30 >

20 1

10 4

10 4

=200 -

=30 } i i T 1
1.1 12 1.3 14 15 16 1.7

Hinh 1.3: T4n sic trong s¢i quang [6]

Buéc séng (um)

Tan sidc mode chi phu thudc vao kich thuéce soi, dac bi¢t la duong kinh 161
clia soi. No tdn tai trén cc sgi da mode vi cac mode trong so1 nay s€ lan truyén theo
cac duong di khac nhau lam cho cu ly duong ctia cac mode di cling khac nhau va do
d6 thoi gian lan truyén khac nhau.

- Cac hiéu tng phi tuyén: La cic hiéu img quang ma cac tham sb ciia no phu
thudc vao cudng d6 anh sang. Hiéu Gng phi tuyén quang c6 thé bo qua di véi cac
hé thong thong tin quang hoat dong & muc cong suat vira phai (vai mW) véi toc do
bit 1én dén 2.5Gbps. Tuy nhién & tbc do cao tir 10Gbps trd 1én viée xét cac hiéu tng
phi tuyén rat quan trong.

Céc hiéu g phi tuyén c6 thé chia 1am 2 loai:
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Loai thir nhét sinh ra do tic dong qua lai giita song anh sang vdi cac phonon
(rung dong phan tr) trong moi trudng silica. Hai hiéu trng chinh trong loai nay la
tan xa do kich thich Brillouin SBS va tan xa do kich thich Raman RSR.

Loai thtr hai sinh ra do su phu thudc cua chiét suit vao cuong dg dién trudong
hoat dong. Cac hiéu tng quan trong trong loai nay 13 hiéu tng tu diéu pha SPM
(Self-Phase Modulation), hiéu tng diéu ché xuyén pha CPM (Cross-Phase
Modulation) va hiéu tng trén 4 budc song FWM (Four-Wave Mixing).

1.2 Tong quan DWDM

1.2.1 WDM va DWDM

Ghép kénh WDM 1a cong nghé ghép kénh cho phép st dung nhiéu budc
song quang khac nhau truyén trén cung mét tuyén cap. Nhu vay ghép kénh WDM
gitip st dung triét dé hon bang thong cua cap quang dong thoi giai quyét nhu cau

tang dung luong kénh truyén ma van dam bao hiéu qua dau tu.
Co 3 loai cong ngh¢ ghép kénh WDM dang dugc stir dung hi¢n nay:

- Ghép kénh bude song 1310/1550nm: Cong ngh¢ dugc str dung nhitng nam
trude 1970, sir dung 2 sdng mang c6 tan sb trung tam 1a 1310nm va 1550nm.

- Ghép kénh theo budc song mat do (DWDM): DWDM la cong nghé ghép
kénh phan chia theo budc song vdi khoang cach gitta cdc song mang nho. Thong
thuong cac song mang dugc sit dung trong cira sd cd budc séng trung tam la
1550nm. V&i cong nghé ghép kénh DWDM, ching ta c¢6 thé st dung cung luc tir 8
dén 160 budc song truyén trén cing mot soi quang. DWDM thudng duoc sir dung
v6i cac tuyén truyén dan c6 khoang vuot 16n.

- Ghép kénh theo budc song dang tho (CWDM): CWDM la cong nghé ghép
kénh phén chia theo budc song twong tu nhw DWDM tuy nhién trong CWDM,
khoang cach gitta cac séng mang con dugc st dung lon hon (thuong 16n hon
20nm). CWDM sir dung cic song mang nam trong cira s6 tir 1200nm dén 1700nm.
CWDM thuong dugc sir dung trong cac tuyén truyén dan c6 khoang vuot nho, dung

luong thdp nhu mang truyén dan trong cac toa nha hay giira cac toa nha v6i nhau.
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So sdnh v€ uwu, nhugc diém cua cic cong nghé do chung ta co thé thay

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

- Khoang vugt l6n

- Str dung triét dé biang thong clia cap quang

- Tang hiéu qua cua viéc dau tu mang truyén dan

1.2.2 H¢ thong DWDM

Mot hé théng DWDM trong thyc té gdm rat nhidu cac thanh phan véi nhimng
chtrc nang khic nhau. Trong phin ndy ta s& chi nghién ctru dén mot hé thong

DWDM don gian bao gdm nhiing thanh phan nao, chirc nang co ban cua né 1a gi.

Céu triic hé théng DWDM don gian duge mé ta nhu hinh 1.4 [6]

Méy phét quang May thu quang
G.692 Khuéch dai chuyén tiép quang . -
X1 5 chuyén doi
[, [

RX2

™2 0 chuyén déi A }“2 B chuyén dai

2 buac sér\v/g quang

TX3 o }\, }\3 B9 chuyén déi
st 128 gl oml—> oBa @ﬁ, Hhrom

budc séng quang
T

j

RXn

7\' n B9 chuyén doi
budc song quang

An

X

n

B chuyén déi

pudesong quang > B thu/pht tin hiéu gidm sét
‘ kénh quang
B pht tin hiéu gidm sat B0 thu tin hiéu gi4m sét
kénh quang kénh quang

Hinh 1.4: C4u tric hé théng DWDM don gién [6]

- B phat va thu trong hé thong DWDM: TX1 dén TXn 1a cc ngudn phat
trong hé théng DWDM véi cac budc song phat khac nhau tao thanh cac kénh quang
trong hé thong DWDM. Mbi kénh quang trong hé thong DWDM cé kha ning mang
di cac dich vu khac nhau bao gom SDH, Ethernet, ATM... Cac kénh quang nay
dugc ghép kénh tai bo ghép kénh quang OM, sau d6 dugc khuéch dai trude khi
duoc dua vao kénh truyén quang. Tai dau thu, tin hiéu quang duoc khuéch dai truée

khi di vao khdi giai diéu ché dé tach tin hiéu thanh cac kénh quang riéng biét.
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- B0 khuéch dai quang OLA: Bo khuéch dai duogc lép dat ¢ gitra cac tuyén
truyén din DWDM nham khuéch dai cac tin hiéu quang.

- Kénh giam sat quang: Trong hé¢ théng DWDM sir dung buéc séng 1510nm
lam kénh quang mang di cac thong tin gidm sat va quan 1y mang.

- Hé thdng quan 1y mang: Hé théng nay khong duoc vé trong hinh trén, hé
théng DWDM NMS c¢6 kha niang quan 1y cac khdi khuéch dai quang (OBA, OLA
va OPA), cic bo ghép kénh, cac khéi thu phét quang.

1.3 Mang DWDM

1.3.1 Nhitng mé hinh mang co ban

C6 ba mod hinh mang co ban ciia hé thong DWDM : diém-diém, chudi va
vong. Ngoai ra con ¢ thé két hop nhitng loai ndy dé tao ra nhitng mang DWDM
khac. Khi két hop ciing véi thiét bi SDH khac thi chiing ¢6 thé hinh thanh nén mot
mang truyén dan kha 1a phic tap. Trong cac hinh 1.5, 1.6, 1.7 [6] thé hién cac md
hinh mang két ndi co ban ciia hé thong DWDM.

Mang két noi diem-diém

SOH [ OTm 1—@]—# OLA i—@—b otw e SDH

Hinh 1.5: Mang két néi diém diém [6]
Mang chudi

S0H

F 3
h J

oM () @ SDH

SDH

oM ‘:’

Fy

Hinh 1.6: Mang két néi dang chudi [6]
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Mang vong

CADM

]

Hinh 1.7: Mang két ndi dang vong [6]

Trong nhiing ving mang ndi hat, dac bi¢t la itng dung mang metro, bd
tach/ghép quang DWDM c6 thé dugc str dung dé tao nén nhitng mang vong theo
nhu cau sir dung. Nhin chung trong mang vong, ing dung bao vong bao vé dugc tao
ra tir ban than thiét bi SDH, chinh vi thé ciing khong can thiét phai thiét 1ap phuong
thirc bao vé cho thiét bi DWDM. Nhung bao vé budc séng van co thé dugc trién

khai tiry theo yéu cau st dung.

1.3.2 Piém miit ciia mang DWDM

Vé co ban c6 thé chia diém nut cia mang thong tin ra lam hai loai 13: diém
nat dau cudi va diém nat trung gian, trong mang DWDM néi dén cong nghé diém
nut thi chu yéu 1a diém nat trung gian, bao gdm céc diém ndt ndi chéo quang (OXC-
Optical Cross Connection), cac diém nut tach/ ghép kéng quang (OADM- Optical
Add/Drop Multiplexer) va cac diém niit hdn hop (1a cac diém nit c6 dong thoi chirc
nang cua OXC va OADM).

1.3.2.1 Biém nat OXC

Chure nang ciia diém nat OXC twong ty nhu chirc ning ndi chéo tin hi¢u sb
cta thiét bi DXC (Digital Cross Connection) trong mang SDH, chi khac 1a OXC
thuc hién viéc ndi chéo tin hiéu trén mién quang, khong can thuc hién chuyén doi
quang dién/ dién quang va xur 1y tin hiéu dién, cho nén téc do xu 1y rat nhanh, dap

g dugc mang thong tin téc dd cao va hudng téi moét mang hoan toan quang. Nhu
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vay s€ tao ra nhiéu dich vu mdi, mang lai o1 ich cho ca nha cung cfip dich vu va
khach hang.

Piém nat OXC duoc chia ra thanh diém nit OXC dong va diém nit OXC
tinh. Trong diém nat OXC tinh, trang thai ndi vat 1y cta cac kénh tin hiéu quang
khéc nhau 14 ¢d dinh, vu diém cta né 1a d& thuc hién vé cong ngh¢. Trong diém nat
OXC dong trang thai ndi vét 1y cua cac kénh tin hiéu quang khac nhau c6 thé thay
d6i theo yéu cau tirc thoi, mic du rat khé thuc hién vé cong nghé, nhung d6 chinh 1a
tién dé quan trong dé thuc hién chirc ning then chét ciia mang thong tin quang
DWDM nhu: chon tuyén dong, khoi phuc cAu hinh theo thoi gian thuc, mang tu hoi
phuc....). Trong diém nit OXC, ky thuat bién d6i budc song 1a rat quan trong vi nd
gitip gidm nghén cia mang ludi, thuc hién két néi dinh tuyén 40, va tan dung tdi da
tai nguyén bang tan cua sgi quang....

Mot sb cong nghé dugce dé xuit cho module chuyén mach quang nhu:

- Cong nghé quang-co (optomechanical)

- Cong ngh¢ 14i tia (beam steering)

- Quang nhiét Polyme (polyme thermo-optic)

- Quang nhiét Silic (silica thermo-optic)

- COng nghé vi mach quang Silic két hop bom nhiét (silic planar lightwave
circuits anh thermo inkjet).

M3di loai cong nghé déu co nhung wu diém va nhuoc diém riéng. Chua co
mot cong nghé nao dap tmg duoc toan b cic yéu cau ung dung ctia mot hé thong

hoan toan quang. Hinh 1.8 [9] mo ta so d6 khdi ciia bo két ndi chéo quang OXC.

.
/ S "‘\
Z Optical cross
o
o connect -
-
: o <
Signal 1n e / 2 Signal out
Wiz i \/ L
R U = A = .
2 — N— =
/s A,
NXN switch

Hinh 1.8: OXC véi ma tran chuyén mach N x N [9]



16

Ma tran chuyén mach NxN 1a mot két ciu chuyén mach dong véi nhiém vu
két ndi bat ctr N budc song cua soi quang dau vao voi bat cir mot bude séng quang
nao trén soi quang dau ra trong hé thing DWDM. OXC déng vai tro 1a mot thiét bi
dinh tuyén budc séng, 13 mot thiét bi chuyén mach bao vé mang quang, va két ndi

cac vong Ring....
1.3.2.2 Piém nit OADM

Chtc nang cta diém nit OADM twong ty nhu bd ghép kénh tach nhap ADM
(Add Drop Multiplexer) trong mang SDH, nhung dbi tuong thao tac truc tiép 1a tin
hiéu quang. ADM stir dung bg ghép/tach kénh tin hiéu dién, thuc hién viéc ghép
kénh TDM dé ghép hodc tach cac ludng tin hiéu véi céc tdc do chuan cia
SONET/SDH vao ludng chinh hodc tir ludng chinh ra. Chi c6 cac ludng dit liéu can
thiét méi duogc truy nhap, dir liéu mé1 duge cheén vao 1u6ng vo1 dung luong tdi da
bang dung lugng cho phép con lai cia mang. Sau d6 luu lugng nay duoc chuyén téi
nut tiép theo. Trong cac nat OADM, dir liéu can tach/ ghép dugc truy nhap thong
qua viéc loc 1dy mot sd budc song quang tir ludng tin hiéu da budc song trén soi
quang tai nat, hodc mot sé bude séng quang duoc ghép vao ludng tin hiéu trén soi

tai nt do.

Trong mang quang DWDM, thiét bi OADM coi nhu “trong sudt” d6i véi
toan bo luu lwong thudc cac kénh ma khong c6 nhu cau tach hoic ghép. Mdi kénh
budc séng (twong tng voi cac tbe do chuan khac nhau cia SONET/SDH) c6 thé
duogc tach hodc ghép ma khong can dén cac tin hidu tich ghép TDM trong 16p dién.
Nho tinh ning cta thiét bi tach/ ghép budc song ma cic nha cung cap dich vu co thé
cho thué mot sd budc séng mang nao d6, né sé mang lai hiéu qua kinh té cao hon so
v61 viée cho thué cad mdt soi quang. DPiém nat OADM c6 thé chia lam hai loai la:
diém nit OADM tinh va diém nat OADM dong.

Trong diém nat OADM tinh, thuc hién viéc xen/r& cac bude song ¢ dinh.
Trong diém nat OADM ddng, c6 thé cin ctr vao nhu cau dé chon tin hiéu quang co

budc séng xen/ré khac nhau. Hau hét cac chirc nang chinh cia mang quang dugc
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thyc hién tai nit OADM. mo hinh chung cia mot nit OADM gém cac phén ti nhu:
module xen/r& budc song cé thé didu chinh dugc; cac module bu tan sic diéu chinh
theo timg kénh DEM (Dispersion Equalizier Module); cac thiét bi gidm sat quang
OPM (Optical Performance Monitor). Mdi module nay st dung s¢i cach tir Bragg
hay cac phan tir dan séng AWG nhu 1a cac thanh phan cong nghé chinh, nén chiing
¢4 dugce cac vu diém nhu suy hao thép va thiét bi duoc tich hop nho gon. Hinh 1.9

[9] dua ra so d0 cac thiét bi trong mdt node OADM.

Thiét bi OADM nhu trén hinh 1.9 [9] c6 thé cho phép xen hodc & mot kénh
budc séng don hodc nhiéu kénh budc song dong thoi. Trong twong lai, khi vai trd
ctia 16p chuyén mach dinh tuyén dugc chuyén dan cho 16p quang thi thiét bi OADM
can c6 mot qua trinh chuyén giao tir cau hinh tinh sang cau hinh dong (hién nay 16p
dién van déng vai trd chuyén mach chinh: cic tin hiéu quang duoc chuyén thanh
cac tin hiéu dién, thuc hién chuyén mach ATM, hoac dinh tuyén IP, roi duoc
chuyén lai thanh tin hiéu quang va truyén di). Khi dé, cac thiét bi OADM nay s&
cho phép chuyén ludng sé co budc séng nay sang mot bude soéng khac néu ching
may mang gap su ¢ tai mot nhanh nao d6, do dé tranh duoc mat thong tin. Hodc
viéc chuyén budc séong mang ndy nhim muc dich can bang luu lugng gitta cac
nhanh cua mang dé dat duoc hiéu qua cao nhét cho mang ludi, tor do cai thién dugc

hiéu qua truyén thong.

OPM ) OPM
Tin A y ,57 J B Tin hi¢u
hi¢u o.a>—'/—( Tunablp JADM ' 0A > »WDM 5
W DM = ry // niit tiép
- & ” theo
OPM

\Demultiplex e Muluplctcf"

T T

[ Tunalble DEM ] [ Tunalble DEM ]

—

Hinh 1.9: So' d6 vi tri cac thiét bi trong 1 nit OADM [9]
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Céc k¥ thuat st dung trong OADM hién tai chu yéu dua trén cac b0 loc dién
mo1 mong, cac bd loc quang am diéu chinh duoc, cic bd dich pha dinh tuyén budc

song AWG, hodc soi1 cach tir Bragg.

Véi cac bd loc dién moi, thiét bi OADM dat duoc khoang cach giita cac kénh
la 100 GHz va 16n hon, con véi1 khoang cach kénh 1a 50 GHz thi bd loc dién moi
chua thé dap tng duge. Cac bod loc quang Am mic du ¢6 vu diém 1 pham vi diéu
chinh budc séng rong, song lai bi han ché boi cac dic tinh khong thich hop cua bd
loc bang thong. Cac bd dich pha budc song AWG mac du co6 uu diém cho céc hé
théng c6 mat do kénh cao, nhung chung van c6 suy hao xen 16n, ciing ¢ cac dic
tinh vé bing théng chua that hoan hao. Cach tir Bragg 13 mét trién vong tbt cho cac
thiét bi OADM c6 khoang cach kénh 1a 50 GHz vdi suy hao thap, dic tinh pho b

loc twong d6i tot.

Module OPM (Optical Performance Moniter) c6 nhi¢ém vu do dac céc thong
s6 ctia kénh nhu: budc song lam viée, cong suat cua kénh, ty sé S/N, sb luong kénh
dang hoat dong, khoang cach gitra cac kénh, do khuéch dai va do gon khuéch dai....
nham muc dich nham giam sat roi thong bao cho module diéu khién hiéu chinh cac
thong sb trén cho phu hop. Thuc chdt OPM nhu mot may phan tich quang phd, thuc
hién phan tich va do pho cta ngudn tin hiéu. Yéu cau d6i véi OPM 1a phai c6 do tin
cay cao, tdc do phan tich va do dac cao dé céc ban tin cta nd dua ra phan anh chinh
xac tinh trang cta mang, chinh vi vy viéc thiét ké OPM trén mang 1a hét stic quan trong.

1.4 Két luan chwong

Trong chuong 1 gidi thiéu vé tong quan vé hé thdng thong tin soi quang, cac
yéu té anh huong dén chat lwong truyén tin hiéu quang bao gdm suy hao, tan sac,
hiéu Gng phi tuyén. Pong thoi ciing dd tim hiéu tong quan vé cong nghé WDM,
DWDM va céu triic hé thong DWDM don gian. Trong chuwong sau chung ta s& tim
hiéu t6i cdc mo6 hinh mang DWDM trong thuc té, cic thanh phan trong hé théng

DWDM va céc loai diéu ché khac nhau duoc sir dung.
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Chuong 2 - 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 thong truyén din DWDM

2.1.1.1 Ngudn phat trong hé thong truyén dan quang

Ngudn phat trong hé théng truyén dan quang hién nay thong thuong st dung
nguodn phat Laser va ngudn phat LED:

- Nguén phat LED 1a nhitng ngudn phat c6 d6 chinh xac thap, cong suat thap,
d6 rong phd 16n va tdc d6 diéu ché thap. Ngudn phat LED duogc ap dung cho cac hé
thong toc do thap va cac tuyén truyén cé khoang vugt ngan.

- Ngudn phat Laser 12 nhitng ngudn phat c6 do chinh xac cao, cong suit cao,
d6 rong pho nho va tée do diéu ché cao. Ngudn phat Laser duoc 4p dung cho cac hé
théng c6 toc d6 cao va cac tuyén truyén c6 khoang vuot 16n. Ngudn phat Laser
duoc st dung trong hé thdng DWDM

2.1.1.2 Bic diém cta ngudn phat duge st dung trong hé thbng DWDM

- Ngudn phét quang chinh xac va 6n dinh: Hé thdng DWDM yéu cau ngudn
phat quang c6 do chinh xéc rat cao, hién tuong troi budc song s& gdy ra mat on dinh
va giam do tin cay cua h¢ théng.

- Tang cudng kha ning chdng choi ciia hé thong ddi vai hién tuong tan sic:
Truyén din quang bi han ché chu yéu bai cac hién tugng suy hao va tan sac. Khi toc
d6 truyén din ting, anh hudng cua hién tuong tan sac ciing ting theo nhanh chong.
Pé giam anh huéng cua hién twong tan sic 1én chat lugng cia tuyén quang, ching
ta c6 thé sir dung cac loai cap quang it chiu anh huéng cia tan sic va st dung cac

bd phat quang c6 d6 rong phd cua xung nho.
2.1.2 Ghép kénh va giai ghép kénh phan chia theo buwdc song
2.1.2.1 Tong quan bd ghép kénh va giai ghép kénh

B¢ ghép kénh va gidi ghép kénh quang phan chia theo budc song, con duoc

goi 14 bo ghép va giai ghép kénh quang c6 ban chét 1a cac bo loc quang.
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Bo ghép kénh quang (OM) cho phép két hop cac tin hiéu quang co budc
song xac dinh thanh mdt chum tin hi¢u quang, sau d6 phat ching di trén moi trudong

sQ1 quang.

Tai phia thu, bd giai ghép kénh quang (OD) cho phép tach céc tin hiéu quang
c6 budce song xac dinh trude ra khoi chum tin hiéu quang, va duwa mdi tin hiéu tach

dugc dén cac bo thu twong Gmg.

Pé xac dinh pham chit ciia cac cac bd ghép kénh va giai ghép kénh, ching ta
quan tam dén do suy hao, dg 1éch va nhiéu xuyén kénh.

Mot s6 loai ghép kénh va giai ghép kénh quang:

- Ghép kénh va giai ghép kénh cach tir: Bo ghép va giai ghép kénh st dung
cach tir dé tong hop va tach cac tin hiéu quang ¢ nhitng budc song khac nhau.
Thong thudng cac bd ghép kénh va giai ghép kénh sir dung cach tir ¢ pham chat
cao, cho phép phan biét dudc cac tin hi¢u quang khac nhau c6 khoang cach nho
nhat 12 0.5nm. Tuy nhién, do viéc san xuat cach tir yéu cau do chinh xac cao va gia
thanh cao, kho san xudt cong nghiép rong rii, vi thé thong thuong phwong phap st

dung cach tir dugc su dung trong cac phong thi nghiém.

- Ghép kénh va giai ghép kénh st dung mang phim méng (TFF- Thin Film
Filter): TFF bao gdm nhiéu mang phim moéng dugc ciu tao tir cac vat lidu khac
nhau v6i hé s6 phan xa va do day khac nhau. Do d6 cac mang phim mong déng vai
tro nhu cac bo loc thong gidi, cho phép tach ra cac tin hi¢u quang cd budc song
khac nhau. Cac bo ghép kénh va giai ghép TFF thich hop cho céc thiét bi quang tich
hop, nho gon. Phuong phap sir dung TFF cho pham chit loc t6t ( loc dinh phang),

nhiéu giao thoa thap.

- Ghép kénh va giai ghép kénh st dung ma tran cac 6ng din séng (AWG-
Array WaveGuide): Bo ghép kénh sir dung k¥ thuét giao thoa anh sang dé ghép va
tach céc tin hiéu quang tai cac by ghép kénh (giai ghép kénh). Cac b ghép kénh va
giai ghép kénh AWG c6 kich thude nho va pham chat t6t, do d6 thong thudng dugc

st dung cho céac hé théng trong thuc té.
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Ta c6 tom tit cac phuong phap ghép kénh va giai ghép kénh & bang 2.1[6] .

Bang 2.1: Cac phwong phap ghép va giai ghép kénh [6]

Kha nang ghép kénh Kha nang giai ghép kénh

Phuong

f T Nho hon Lon hon | Nhé hon Lén hon
phdp su 40 budc 40 buée
dun 32 budce 80 budc | 32 budc 80 budc

ng I r
song song
song song song song

AWG v v - v v -
TEF v v - v v -
Cach tu - - v - - v

2.1.2.2 Bic diém chinh cta b ghép kénh va giai ghép kénh quang

- S luwong kénh quang: S6 lugng cac kénh quang c6 thé dugce ghép va giai

ghép kénh tai cac bd ghép kénh va gidi ghép kénh.

- Suy hao: La hién tuong suy hao gay ra boi bd ghép kénh, hién tuong nay
anh huong truc tiép dén khoang vuot cta hé théng. Cac phuong phap khac nhau s&

cho céac gia tri suy hao khic nhau.

- Khoang cach kénh: La khoang cach budc song gitra cac kénh quang trong
bd diéu ché va giai diéu ché DWDM.

- Hé s6 phan xa: Tai dau vao cila cac bo ghép kénh va giai ghép kénh ludn
xay ra hién tugng phan xa, mot phan ning luong cta tin hiéu quang bi phan xa quay
tré lai soi quang. Ty sb gitta cong sudt tin hiéu quang bi phan xa véi cong suit
quang dau vao 1a hé s6 phan xa. Thong thuong hé sb phan xa cang nho cang tot.

- Hé sb nhiét: La hién tuong dao dong cua budc soéng trung tdm cua cac kénh
quang khi chiu anh hudng ctia nhi¢t do moi truong. HE s6 nhiét cua hé théng cang

nhé, hé théng cang on dinh trudce su thay d6i nhiét ctia moi trudng.
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- Bang thong: La dai tan s6 lam viéc cta cac bo giai ghép kénh. Gid tri cia
bang thong thuong dugc chia thanh 2 loai, gia tri bang thong tai suy hao 0.5dB va
tai suy hao 20dB.

+ Bang thong tai suy hao 0.5dB: 1 chénh 1éch giira budc séng lam viéc 16n
nhat va nho nhét cua bo giai ghép kénh khi gia tri suy hao tai bo giai ghép kénh nho
hon 0.5dB. Pudng dic tinh bang thong ctia bo giai ghép kénh tai suy hao 0.5dB can

phang va bé rong cang 16n cang tot.

+ Bang thong tai suy hao 20dB: 1a chénh Iéch gitra budc song lam viéc 16n
nhat va nho nhit ciia b giai ghép kénh khi suy hao tai bo giai ghép kénh nho hon
20dB. Puong dac tinh cia bang thong ctia bg giai ghép kénh tai suy hao 20dB cang
hep cang tot.

2.1.3 Phat ddip quang trong hé thong DWDM

Bo phat dap quang trong hé thong DWDM lam nhiém vu chuyén d6i céc
budc song cua tin hidu quang dau vao hé thing DWDM thanh céc tin hiéu quang co
budc song phu hop véi chudn G.692 trong khuyén nghi ciia ITU-T dé tao thanh
ludng tin hiéu DWDM.

2.1.3.1 Nguyén ly 1am vi¢c cua bg phat dap

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

% OlE = Taodang, Dinh thoi | E/O %
Dau vao quang] Dau ra quang

Hinh 2.1: Nguyén ly lam viéc ctia by phat dap quang [6]

Tai dau vao bd phat dap quang thuc hién viéc chuyén ddi tir tin hiéu quang
thanh tin hi€u dién trudce khi thuc hién cac xu ly khac (Bao gém tai tao hinh dang
tin hiéu, dong b, tai tao dir lidu). Sau qua trinh xir 1y, bd phéat dap quang thuc hién
chuyén doi céac tin hiéu thanh cac tin hiéu quang theo khuyén nghi G692 tao ra tin

hiéu DWDM.



23

Trong qua trinh xtr 1y, néu bd phat dap quang chi thuc hién viéc tai tao dang
tin hiéu va ddng bo thi day 13 cac bod phat dap quang chi thuc hién viéc chuyén doi

dang tin hiéu quang duoc sir dung trong cac tuyén truyén dan c6 khoang vuogt nho.

Mot sb bd phat dap quang thuc hién cdc chic nang tai tao dang tin hiéu,
dong bo va tai tao dit liu. Cac b phat dap quang nay thuc hién chiic ning giéng
nhu cac bg 13p tai tao tin hicu.

2.1.3.2 Phan loai va ung dung ctia cac b phat dap quang

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

Al Al

— OTUT | — OTUG — OTUR —

A2 A2

— OTUT -~ oM| |OA—OA|l |OD| | OTUG —om| |O0A—OA| |OD| | OTUR |—

Line fiber ———  Internal fiber
OM: Bo ghép OD: Bd tach OA: Bo khuéch
kénh quang kénh quang dai quang

Hinh 2.2: Vi tri cac b phat dap quang trong hé thong DWDM [6]

- OTUT: Pay la cac bo phat ddp nam giita thiét bi ctia khach hang va bo
ghép kénh quang. Cac bd phat dap quang OTUT thyc hién cac chic ning chuyén
ddi tin hiéu quang/dién, tai tao dang tin hiéu, déng bo. Pau ra cua cac bd phat dap
quang OTUT la cac tin hiéu quang theo khuyén nghi G.692 d¢ tao ra cic tin hiéu
DWDM.

- OTUR: Pay la cac bo phat dap quang nam giita bo giai ghép kénh quang va
cac thiét bi khach hang. Pau vao cua cac bo phat dap OTUR 1a cac tin hiéu quang
theo khuyén nghi G.692. Bo phat dap quang OTUR c6 chirc ning tuong tu chic
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nang ctia bd phat dap quang OTUT bao gdm chuyén ddi quang/dién, tai tao tin hiéu

va dong bo.

- OTUG: B9 phat dap quang OTUG hoat dong & gitra cac bd ghép kénh va
gidi ghép kénh quang. Cac by phat dap quang loai nay thuc hién céc chic nang
chuyén do6i dién/quang, tai tao hinh dang tin hiéu, dong bo, tai tao dir lidu. Cac bd
phat dap quang OTUG hoat dong nhu cac bd ldp quang trong hé théng DWDM.

2.1.4 Khuéch dai quang trong hé thong DWDM

Trong céc tuyén truyén dan quang c6 khoang cach 16n, cong suit cta tin hiéu
quang suy giam dan theo khoang cach truyén. Tuy nhién, thong thuong tin hiéu
quang ¢ dau ra bo phat tin hiéu khong vuot qua 5 (dBm). Mit khac, tai du thu, cac
b6 thu chi c6 thé thu tin hiéu c6 cong suit 1on hon mot mirc nhat dinh dé dam bao
d6 chinh x4c. Vi vay c6 thé thiy van dé vé cong suat quang 1a van dé chinh dé xac
dinh khoang cach truyén dan.

Trong hé thong truyén dan DWDM ciing nhu cc hé thong truyén din quang
khac, cac bo khuéch dai quang duoc str dung dé giai quyét van dé trén. Trong thuc
té co nhiéu loai cong nghé khuéch dai quang khac nhau, tuy nhién hién nay trong
mang truyén din ¢ nude ta thong dung st dung cac bd khuéch dai quang EDFA va
RAMAN.

2.1.4.1 Bo khuéch dai quang EDFA

- Bo khuéch dai quang EDFA bao gom cap EDF, ngudn sang kich thich,
phan két nbi, bo cach ly (hinh 2.3 [9] ).

B¢ céach ly Soi quang pha B0 cach ly
quang dat hiém Er** quang
> Coupler @ > )y ——>
Tin hiéu
dén Tin higu
Laser quang khuyéch dai

bom

Hinh 2.3: Céu tric ciia b khuéch dai quang s¢i EDFA [9]
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+ Phan két ndi (coupler) dugc sir dung dé két hop giita anh sang tir ngudn
bom quang va tin hiéu quang dau vao.

+ B0 cach ly (isolator) dugc st dung nham triét tiéu sy phan xa anh sang tai
dau vao va dau ra cua bo khuéch dai quang.

+ Bom laser tao ra ngudn anh sang kich thich.

+ Soi quang pha ion dat hiém Erbium EDF (Erbium-Doped Fiber): La noi
xay ra qua trinh khuéch dai (ving tich cuc) ctia EDFA.

- Uu diém cua Bo khuéch dai:

+ Ngudn laser bom ban dan c6 d6 tin cdy cao, gon va cong suit cao.

+ Cau hinh don gian, ha gia thanh cta hé théng.

+ Cu tric nho gon, cO thé 1ép dit nhiéu EDFA trong cung mot tram, dé van
chuyén thay thé.

+ Cong suat ngudn nudi nho, thuan loi khi ap dung cho céc tuyén thong tin
quang bién.

+ Khong co nhiéu xuyeén kénh khi khuéch dai cac tin hitu WDM nhu bd
khuéch dai ban dan.

+ HAu nhu khong phu thudc vao phéan cyc cua tin hi¢u.

- Nhuoc diém:

+ Pho d6 loi cia EDFA khong bang phang.

+ Bang tan hién nay bi giéi han trong bang C va bang L.

+ Nhiéu dugc tich liiy qua nhiéu ching khuéch dai gdy han ché cu ly truyén dan.

- Ung dung cua Bo khuéch dai quang EDFA

Cong nghé thong tin quang dang di chuyén tir cac hé thong diém — diém sang
mang quang. EDFA ¢6 vai trd ¢ nhiéu vi tri trong mang quang WDM.

O phia phat, nhiéu kénh quang dugc két hop lai trong b ghép va tin hidu két
hop s€ duogc khuéch dai boi bd khuéeh dai cong suét trude khi dua vao soi quang dan.

O phia thu, cac tin hieu WDM dén duoc khuéch dai boi bo tién khuéch dai

trudc khi ghép thanh cac kénh riéng ré cap sang bo thu.
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Céac bd khuéch dai dudng truyén tmg dung dé kéo dai khoang cach truyén
dan. Mic khac, do kha ning c6 thé xen r& budc song va két ndi chéo quang, nén
EDFA c6 thé phat trién dé ting chtc ning mang quang, hodc duoc sir dung dé bu
lai d6i véi nhitng suy hao cta cac thanh phan thu dong.

2.1.4.2 Bo khuéch dai RAMAN

Khuéch dai quang Raman sir dung trong hé théng théng tin quang cha yéu
dua vao song Stoke phat ra tir tdn xa Raman trén cac phén tir trong sgi quang. Do
song Stokes tir tan xa Raman yéu, vi vay soi quang can phai c¢6 do dai 16n (hang
chyc kilomét) dé tich luy song Stokes doc theo soi quang va cong suat bom 16n.
Bang tan khuéch dai c6 thé 1én dén 40-50nm va phu thudc vao cac trang thai dao
dong phan tir cho phép trong vat li¢u.

Ciing gidng voi cau tric cua bd khuéch dai EDFA nhung soi quang trong
khuéch dai RAMAN khong pha tap Ebrium ma chi 1a sgi quang thong thudng.

Hinh 2.4 1a cu truc cua bd khuéch dai quang RAMAN.

Soi quang
Bo cach ly thong B0 cach ly
quang thu(‘rng quang
> Coupler > >
Tin hiéu Tin hiéu
dén quang
khuyéch
dai
Laser 4
bom

Hinh 2.4: Céu triic by khuéch dai quang RAMAN
- So v6i céac loai khuéch dai quang khac, khuéch dai Raman c6 nhitng uu diém sau:
+ Tap am nhiéu thap.
+ Chu trac don gian, khong can soi dic biét.
+ D& chon bang tan.

+ C6 thé dat duoc bang thong rong nhd két hop vai laser bom.
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- Bén canh nhiing uwu diém d6 bo khuéch dai Raman cling c6 nhiitng nhuogc
diém nhu sau:
+ Xuyén am gilra cac kénh tin hi€¢u do hién tuong tan xa Raman kich thich

SRS. Py 1a mét trong cac hiéu himg phi tuyén cia soi quang c6 thé giy anh
huong dén chét luong cua hé théng ghép kénh theo budc song WDM.

+ Hé sb khuéch dai thép.

+ Hiéu suét khuéch dai thép hon so v&i EDFA: khuéch dai Raman can mot
cong suit bom 16n hon dé dat cung mot gia tri do loi.

- Ung dung khuéch dai quang RAMAN trong hé théng WDM

Trong hé théng WDM gom nhiéu kénh, néu dai tan cia cic tin hiéu can
khuéch dai Raman 16n hon bang thong cta hé sé khuéch dai Raman (gia st 40nm)
thi can phai st dung nhiéu nguén bom khac nhau. Mdi ngudn bom cé budc séng
cach nhau 40nm ding bang bang thong ciia d6 khuéch dai. Khi d6, dai tan rong cua
tin hiéu c6 thé duoc khuéch dai mot cach hiéu qua.

Néu chi c6 mot kénh truyén trong soi quang thi hiéu tmg Raman chi quan sat
duoc khi cong suat cta tin hiéu 16n hon gi tri ngudng. Néu nhu gid tri ngudng 1 cao
thi khong xét dén hién twong Raman trong hé thong don kénh.

Trong hé théng WDM thi hiéu (mg tan xa Raman lai xay ra duéi mot hinh thirc
khac. O ddy song Stokes khong phai 13 két qua ctia qua trinh ty phét. Vi c6 nhiéu budc
song hoat dong trong soi quang nén cé thé budc song cua kénh nay tring véi budc
song vach Stoke ctia kénh co budc song thap hon. Néi cach khac, cac kénh ¢ bude
song ngan hon co thé hoat dong nhu mdt ngudén bom cho cac kénh co bude song dai
hon. Do hi¢n tuong tan xa Raman ma c6 kénh nhan nang lugng va ngugc lai, c6 nhitng
kénh bi tiéu hao nang luong.

2.2 Piéu ché tin hiéu quang

Tin hi€u quang trude khi dugc truyén di dugc diéu ché bién d, tan sb hoic
pha ctia song mang quang. Trong hé thong thong tin quang sb, c6 ba dang diéu ché
1a: diéu ché khoa dich bién d6 ASK (OOK), diéu ché khoa dich tan FSK va diéu ché
khoa dich pha PSK. Hinh 2.5 mé ta cac dang tin hiéu duoc diéu ché.
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Hinh 2.5: Phé tin hiéu ciia cic dang diéu ché

2.2.1 Diéu ché 00K

Khoéa dong mé OOK (On/Off Keying) hay khoa dich bién do ASK 1a cach
diéu ché séng mang quang don gian nhit. Truong séng tin hiéu quang c6 thé dugc
viét nhu sau:

E.(t) = A (t)cos[amt +4,(t)] (2.1)

Trong diéu ché OOK, bién do A duoc diéu ché trong khi d6 phai giit nguyén
o, VA ¢,1a hang sb. Vi 1a diéu ché s6 nhi phan, nén A chi nhan céc gia tri “0” va “1”
tiy thudc vao céac gia tri “0” va “1” can phat di. Trong hau hét cac truong hop thi A
c6 gia tri bang khong khi cac bit “0” duoc truyén di. Dang phd tin hiéu cia ASK
duoc biéu thi trong hinh 2.5.a. Thyuc hién diéu ché ASK cho cac hé théng Coherent

s& khac dang ké so véi truong hop hé thong co tach song truc tiép.

2.2.2 Diéu ché M-PSK

Trong dang diéu ché khéa dich pha PSK, cac chum bit tin hi¢u quang duoc
phat ra bang cach diéu ché pha ¢, trong biéu thire (2.1), trong khi d6 thi bién d6 A
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Va tin s6 @, clia song mang quang duogc giit nguyén 1a hang sd. Khi d6 co thé viét
duoc nhu sau:
E,(t) = Acos[at+m(t)z] (2.2)
Trong d6 m(t) nhan cac gia tri 0 va 1, diéu nay c6 nghia pha ¢, nhan gia tr1 0

va 7. Dang phd cong sudt nhu hinh 2.5b

2.2.3 Piéu ché M-QAM

Diéu ché M-QAM la phuong phap diéu ché két hop gitta diéu ché bién bo va
diéu ché pha. Tén goi diéu ché bién do truc giao xuat phat tir thuc t& 1a tin hiéu
MQAM duoc tao ra bang cach cong cac tin hiéu didu ché bién d6 VM mirc co cac
song mang tryc giao (vuong goc) voi nhau.

Qua trinh diéu ché M-QAM thyc hién nhu sau: dong m bit vao dd mi hoa
mang m bit dugc chia thanh hai dong tin hiéu I (ddng pha) va Q (léch pha 90° ). Mdi
tin hiéu ma hod mang m/2 bit twong g véi 2™ trang thai. Cac bac trang théi cta
tin hiéu I, Q dugc biéu dién trong gian dd chom sao. Sau khi chuyén ddi tir tin hiéu
s6 sang tin hiéu tuong ty (DAC- Digital to analog converter), hai tin hiéu dugc dua
qua bo diéu ché. I va Q léch pha nhau 90°. Két qua qua trinh diéu ché nay sé& tao
thanh chum céac diém goi 1a chom sao (constellation). Gian d6 chom sao mé ta bang
dd thi nham quan sat truc quan chét lwgng va su méo cia mot tin hi¢u s, tirc 1a gian
d6 chom sao biéu dién bién d6 va pha cua song mang di dwoc anh xa trong mit
phéng phtc. Hé toa do I va Q thé hién cac gia tri khac nhau cua tin hiéu I va Q
(hinh 2.4). Trong gian d6 chom sao, nhidu biéu hién dudi dang hudng di ciia con trd
nhu 12 mét vong tron véi mdi trang théi tin hiéu. (Piéu nay khong ap dung cac diéu
kién 18i xay ra ciing mot thoi diém). Téom lai, diéu ché M-QAM la phuong phap
diéu ché tin hiéu hai chiéu, trong d6 tin hiéu mang thong tin dugc sir dung dé thay
d6i bién do6 cua hai song mang tryc giao.

Nguoi ta ¢6 thé thuc hién diéu ché QAM theo nhiéu loai khac nhau duoc liét

ké nhu dudi bang 2.2.
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Hinh 2.6: Anh xa chudi bit cho mdt tin hiéu 16QAM

Bang 2.2: Phan loai cac diéu ché QAM

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

Ta nhan thiy, cac diém cta chom sao duoc phan bd theo mi Gray (cac diém
sao 1an can nhau chi c6 mdt bit khac nhau). Phan bé ma Gray ndy cé y nghia rat 16n
vi hau hét cac loai 16i thong thuong xay ra do ky hiéu dugc giai ma gidng véi ky
hiéu gan né. Trong truong hop nay, ding ma Gray s& chi din dén mot bit 1i trong
khi ma nhi phan c6 thé giy ra nhiéu bit 15i. Do nhay cta chom sao véi cac nhidu
dugc biéu dién boi khoang cach giita cac diém sao. Trén hinh 2.6 1a md hinh phan
b6 chom sao 16-QAM, ta nhan théy, néu diém xa nhit & cac chom sao déu c6 cung
bién do thi khoang cach giira cac diém chom sao lan can giam khi sé diém trong

chom sao tang. Y nghia nay dung véi moi loai diéu ché tin hi¢u hai chiéu. Di¢u nay
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lam chom sao ¢ kich thudce 16n nhu 256-QAM dé bi nhidu hon nhiéu so véi cac
chom sao c6 kich thudc nhé nhu 4- QAM. Hinh 2.7 chi ra két qua 1y thuyét BER
cho diéu ché M-QAM [8]. P thi biéu dién BER twong d6i cho mdi chom sao QAM

nhu mot ham ctia SNR mdi bit va SNR bj chia boi sb bit trong mdi ky hiéu. Két qua

nay da chimg minh nhiing nhan xét trén 1a chinh x4c va chi rd rang ti 1¢ SNR thay

d6i khi chom sao thay doi.

2

TN TN TN T T
PIHFZAMAHAt AN
o L N TN EL
R iR
NHHHARHNHRHE

4 6 8 10 12 14 16 18 20 2 M4 2 28
SNR mdi bit (dB)

Hinh 2.7: Xac suét 13i bit BER cho diéu ché M-QAM
2.2.3.1 So dd khéi bd diéu ché M-QAM
So do khdi bo diéu ché M-QAM duoc trinh bay nhu hinh 2.8

ar(t)
PV LPF ;@

Y

Y

Oo

Dy bit - Tin hiéu
16i vao > M-QAM
—— S/P VCO Xoay pha >
90°
B, br(t)
o 2L »f LPF >

Hinh 2.8: So' d6 khdi b diéu ché M-QAM
Cha thich: S/P: Bién ddi song song-ndi tiép

LPF: B6 loc thong thép

2/L: B bién ddi 2 mirc thanh L murc
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VCO: Tao song mang coswt

Bo bién doi song song - ndi tiép (S/P) thuc hién bién doi timg cum bit (ky
hi¢u) 16i vao b diéu ché gdbm m=log, M bit thanh hai cum tin hiéu nhi phan khong
- vé - khong (NRZ: Non Return to Zero) song song, mdi cum gdm m/2 xung. Cac
khéi 2/L thuc hién bién tirng cum NRZ d6 thanh cac tin hiéu Ak va Bk , c6 thé nhan
L= VM gia tri bién do. Cac mach nhan duoc s dung sau mdi mach loc nham thuc
hién diéu ché bién d6 tuyén tinh. Dang phd tin hiéu dau ra dugc hinh thanh nhd cac
bd loc thong thép phia truédc mach nhan. Trong thiét ké thuc té, cac bo loc thong
thap thudong dugc lam gan dung bang mach loc cin bac hai cosine ting (square- root
raised cosine filter) cé hé s6 diéu chinh duoc. Bo diéu ché M-QAM nhu vay duoc
tao ra tir hai bo diéu ché bién do voi séng mang nén

2.3 K¥ thuat tach song Coherent

2.3.1 Xir Iy tin hi¢u sé trén hé thong théng tin quang Coherent (DSP)

Ning luc cua thiét bi xur 1y tin hiéu sé di duoc cai tién dang ké trong 2 thap
ky qua, viéc chuyén doi ADC nhanh dé c6 thé thuc hién cac bude xir 1y sé phirc tap
can thiét dé d@)ng bo hoéa tin hiéu nhan dugc trong linh vuc k¥ thuat s6. Ca 2 van dé
quan 1y pha va su phan cuc c6 thé duoc thuc hién trong pham vi dién bang cach sir
dung DSP. Hon nita, bo tach song coherent két hop voi DSP cho phép bu sy suy
giam trong truyén dan soi quang md ra kha niang méi dinh hinh cho cong nghé
truyén dan quang trong tuong lai. Hé thong thong tin quang coherent c6 thé sir dung
mot hodc nhiéu bd phat song mang don va nhiéu dang diéu ché, voi QPSK 1a ki
thuat pho bién nhat va k¥ thuét diéu ché bién d6 cau phuong (QAM) bac cao hon va
ky thuat diéu ché khéa dich pha (PSK) dang dugc nghién ciu. Xt 1y tin hiéu sb
hién dang 1am phuong thirc vu chudng nhat dé bu dip cho su suy giam tuyén tinh
cta truyén dan soi quang duong dai. Sau khi tach song coherent tin hiéu DP-QPSK,
bon ham chinh duge thuc hién trong mién sb trude khi tach song tin hi¢u: bd
chuyén ddi ADC, bd bu tan sic DC, tach kénh phan cuc va xac dinh pha song
mang. [7]
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B6 chuyén d6i twong tu sang s6 ADC: Vé co ban ADC 1a mdt qua trinh 13y
mau giam. O day chiing ta chon 2-bit 14y mau tuy nhién téc d6 14y mau bi thay doi.
Su bu tan sdc: Su tan sic trong soi quang la mot bo loc pha trén mién dién

cua song anh sang, dugc cho bdi mot ham truyén phurc tap trong mién tan so:

AY
T by A(Z S
L - b, —
/
L 4 /

T b‘,

L] L]

L] L ]

Hinh 2.9: So' @ bd loc s6 FIR ap dung cho bii tin sic mau
Bo qua sy ¢ mat ctia hidu Gng phi tuyén trén soi, sgi quang co6 thé duoc mo

hinh héa nhu moét bg loc pha vé1 ham truyén dat nhu sau:

DA’z , .SA'w’z
+j—/—) (2.3
4rc >l 247[2C2) (2:3)

G(z,w) =exp(—]
Bén trong phan dau tién cua phuong trinh (2.3) 1a sy tan sic trén soi va sb
hang thir hai 13 su tan sic cho ing dung da kénh. D¢ bu tan sic, ching ta nhan mién
dau ra voi nghich dédo cua ham truyén dat kénh (bo loc FIR). Bac cuia bo loc ting
1én khi s6 luong tan sic tang 1én theo chiéu dai ciia dudng truyén.
Tach phan cuc:
Ma tran Jones cua truyén dan soi quang dugc biéu dién boi phuong trinh (2.4)
- ( Jae®  —i-a
-a  ae™

Trong d6, o va & biéu thi ti 16 phan chia cong sudt va su 1éch pha gitta hai

] (2.4)

mode phan cyc. M1 quan h¢ gitra truong dién dau ra va dau vao dugc cho boi.

E, Einx
(Eyj o [Einvy] (2.5)
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E (n)

E (n) Py %45_.5#;(!0

Hinh 2.10: Biéu dién mach DSP tich kénh phan cuwc

Vay, néu ta c6 thé tim nghich dao cia ma tran T, ching ta c6 thé tach kénh

phan cyc. Hinh v& 2.10 biéu dién mot mach DSP va phuong trinh (2.6) 1a dap tung

Ex Prx pxy Ex
e nfe) e

P (N+1) = p,o (M) + (1~ |E, (N)])E, (N)E;(n)
P, (n+1) = p,, () + u@~|E, (M| E,(n)E; ()

u la thong s6 kich thudc budce va n 1a sb ky tu. Ma tran p vé co ban 1a mot bd

cua no:

Trong do:

loc tich cuc FIR.

Xac dinh pha s6ng mang: Khoa pha trong mién phan cting duoc thay thé
bdi xac dinh pha trong mién phan mém DSP.

2.3.2. Tach song coherent

Phuong thirc tach song tién tién nhat 1 tach song coherent, & ddy tham s
quyét dinh tinh toan & bo thu dua vao sy khoi phuc toan bd ¢ truong dién, né chura
ca thong tin bién d¢ va pha. Vi thé tich séng coherent tré nén linh hoat nhat trong
cac dang diéu ché, khi thong tin c6 thé duoc ma hoa vé pha va bién do hoac thay thé
cho ca cac thanh phan ciia song mang dong pha (I) va vudng pha (Q). Tach séng

coherent yéu cdu b thu nhén ra pha ctia séng mang, khi tin hiéu thu duoc giai diéu
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ché boi mot LO dam nhiém nhu mot tham chiéu pha thuan tay. Thong thudng, su
ddng bo song mang duoc thuc hién béi mot vong lip khoéa pha (PLL). Cac hé théng
quang c6 thé str dung mot PLL quang (OPLL) dé dong bo tan s6 va pha cua laser
LO voi laser Tx hoac mdt PLL dién, noi ma chuyén ddi thép st dung mot laser LO
chay tu do xay ra boi sy giai diéu ché ¢ chang thir hai béng mot VCO tuong tu hodc
sb cta tan sb va pha dugc déng bo. St dung mdt PLL dién co thé tré nén thuan loi
trong cac hé théng song cong, khi bo thu phat c6 thé st dung mot laser twong dwong
v6i Tx va LO. Cac PLL rat nhay véi tré truyén song trén hudng phan hoi, va yéu
cau tré c6 thé 1a kho dé dap ung. Su dong b song mang Feedforward (FF) sé& khic
phuc van dé nay. Hon nita, khi m0t may déng bod FF st dung cé hai ky tu hién tai va
tuong lai dé xac dinh pha ciia song mang, né cé thé thu lai hiéu ning tét hon mot
PLL, nhu mot hé théng phan hoi c6 thé chi st dung cac ky tir hién tai. Gan day,
DSP d3 cho phép cin chinh sy phan cuc va déng bo hoa séng mang dugc thuc hién

bén trong phan mém.

m(¢)
o0 e H() e e 2 Pl L
_.?.}’2[1] hp(f]-"h‘k <& '-‘5‘2.&

na(t)

Bé phit Kénh truyén B6 thu

L
P
-
ot
v

X2k

Hinh 2.11: Mé hinh h¢ thong truyén din Coherent

Dual Pol.
OCF Downconverter
@D@D E, () o 1P ||l — Lk $is
Ly Down- Rt E
L‘”” J converter Bo xir =
Ny I _______ | ESHAS RS S S Iy tin :
1 ; ] s ) 2.k
- = o 1-pa ||y 241 | D0 SO ot
Kénh truyén 1| Down | Z[I'W ;
™ converter i
Lo PESl=ceesesteccnscaans '
Laser
Bd thu

Hinh 2.12: H¢ théng truyén din Coherent
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2.3.3 K thudt truyén ngwoc ky thudt sé (Digital backpropagation - DBP)

Céc k¥ thuat DSP dang ngay cang tré nén quan trong khi ching cho phép
truyén tai duong dai manh mé voi sy bu ddp cho cac khiém khuyét soi quang tai
may thu. Mot loi thé 10n cua viée st dung DSP sau khi 1y mau cac dau ra tir may
thu phan tap pha 1a c6 thé tranh duoc viéc khoéa pha quang phan cimg va chi can
theo doi pha ky thuat sd. Cac thuat toan DSP ciing c¢6 thé duoc sir dung dé bu tan
sic mau (CD) va phan tan ché do phan cuc (PMD).

Tuy nhién, véi viéc st dung cac dinh dang diéu ché bac cao hon, nhu la
QPSK va QAM, dé dap tmg cac yéu cau vé cong suat, viéc bu cac phi tuyén tinh tré
nén rat quan trong cung véi su phan tan sgi quang. Do diém ngudng phi tuyén tinh
(NLT) nay ctia hé théng truyén dan c6 thé duoc cai thién va co thé thém cong suat
tin hiéu nhiéu hon trong hé théng dé c6 khoang cach truyén dai hon.

Mot phuong phap dién tir déy htra hen khac, dugc nghién ctru trong viéc
truyén téc do bit cao hon va cho anh xa phan tan da dang, 14 k¥ thuat lan truyén
nguoc sd (DBP), ¢ thé cung giam thiéu su phan tan va phi tuyén tinh. Thuat toan
DBP c6 thé duoc thuc hién bing sb bang cach giai phuong trinh Schrodinger phi
tuyén tinh nghich ddo (NLSE) bang phuong phéap Fourier roi rac (SSFM). K¥ thuat
nay 12 mot phuong phap xur 1y tin hiéu ngoai tuyén. Han ché cho dén nay d6i voi
viéc trién khai thoi gian thyc cta no6 la d§ phuc tap cua thuat toan. Hiéu suit cia
thuat toan phuy thudc vao cac budc tinh toan (h), dé udc tinh do chinh xac cua cac
tham sd lién két truyén va dua trén kién thuc vé thiét ké lién két truyén.

Phuong trinh Schrédinger phi tuyén tinh c6 thé duoc giai nguoc lai dé tinh
toan tin hiéu truyén khong bi bién dang tir tin hiéu nhan bi méo. Tin hiéu thu duoc
tai duong truyén sau khi truyén, tirc 1a lan truyén vé phia truéc (FP), duoc xir Iy mo
hinh s6 bang cach str dung ddu 4m véi cic tham sb lan truyén tirc 13 phan tan D, hé
s6 khong tuyén tinh. Phuong phap nay dugc goi la lan truyén nguoc ky thuat so
(DBP). Toan hoc nghich dao phi tuyén tinh c6 thé dugc dua ra trong phuong trinh (2.7);

E(-i-p)e
oz 2.7)
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Trong khi do, D va N lan lwot 14 cac toan tir tuyén tinh va phi tuyén tinh

bac trung cua thuat toan DBP chu yéu phu thudc vao udce tinh cac tham $6
lan truyén cua NLSE. Dé giai quyét s6 luong NLSE véi d6 chinh xac cao, phuong
phap Fourier roi rac (SSEM) duoc sir dung. Ca hai toan tir, tirc 13 toan tir tuyén tinh
Dva phi tuyén tinh N déu duoc giai riéng va phan D tuyén tinh dugc giai trong

A

mién tan sd trong khi phan phi tuyén tinh N duoc giai trong mién thoi gian.
DBP c6 thé duoc phan loai thanh 3 loai:

(a) kich thudc bude nhip phu trong dé nhiéu bude tinh toan duge xir 1y trong
mot khoang don cta soi quang; (b) kich thuée budc trén mdi nhip 1a mot budce tinh
toan trén khoang soi va (c) kich thudc bude nhiéu nhip trong d6 mot budc tinh toan
dugc xir 1y qua nhiéu nhip cta soi.

2.4 Két luan chwong

Trong chuong 2 da dé cap dén nhitng van dé co ban vé cac thanh phan trong
hé théng DWDM gém nguén phat quang, bd ghép kénh, bd phat dap, bod khuéch
dai. Pong thoi cling gidi thiéu cac phuong phap diéu ché tin hiéu quang: diéu ché
OOK, diéu ché M-PSK, diéu ché M-QAM va k¥ thuat tich song Coherent.

Trong chuong sau s€ thuc hién mo6 phong hoat dong ctia hé théng DWDM su
dung diéu ché QPSK, 8QAM va 16QAM tai toc d6 25Gbaud va 50Gbaud.
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Chuong 3 - MO PHONG HOAT PONG HE THONG DWDM
SU DUNG MOT SO LOAI TiN HIEU PIEU CHE MQAM

3.1 Gi6i thiéu phan mém mé phéng Optisystem

Cung v6i sy bung nd vé& nhu cau thong tin, cac hé théng thong tin quang
ngay cang trd nén phirc tap. Dé phan tich, thiét ké cac hé thong nay trude khi trién
khai thuc té thi can thiét phai str dung cac cong cu mo phong. OptiSystem chinh 1a
phian mém mo phong hé théng thong tin quang hiru hiéu. Phdn mém nay c6 kha
nang thiét ké, do, kiém tra va thuc hién t6i wu hoa rat nhicu loai tuyén thong tin
quang, dua trén kha ning mo hinh hoa cac hé thdng thong tin quang trong thuc té.
Bén canh do, phan mém nay ciing cho phép nguoi str dung c6 thé dwa thém cac

phan tir ty dinh nghia vao.

Optisystem cho phép thiét ké ty dong hau hét cac loai tuyén thong tin quang
& 1op vat 1y, tir cac hé thong dudng truc quang cho dén cac mang LAN, MAN quang.

Optisystem c6 mot thu vién cac phan tir phong phu v6i hang trim phan ti

duoc mo hinh héa dé c6 dap tmg gidng nhu céac thiét bi trong thuc té. Cuthébao gom:
- Thu vién ngudn quang
- Thu vién cac bg thu quang
- Thu vién s¢1 quang
- Thu vién cac bo khuéch dai (quang, dién)
- Thu vién cac bo MUX, DEMUX
- Thu vién cac bg loc (quang, dién)
- Thu vién cac phan tir FSO
- Thu vién cac phan tir truy nhap
- Thu vién cac phan ttr thu dong (quang, dién)

- Thu vién cac phan tir xi 1y tin hiéu (quang, dién)
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- Thu vién cac phan tir mang quang
- Thu vién céc thiét bi do quang, do dién
Ngoai cac phan tir di dugc dinh nghia sin, Optisystem con cé:

- Céc phan tr Measured components. Vi cac phan tir ndy, Optisystem cho

phép nhép cac tham sé duoc do tir cac thiét bi thuc ciia cac nha cung cép khac nhau.

- Cac phan tir do nguoi st dung tu dinh nghia (User-defined Components)
Optisystem c6 ddy di cac thiét bi do quang, do dién. Cho phép hién thi tham s,

dang, chat lugng tin hi¢u tai moi diém trén hé théng.
Thiét bi do quang:
- Phan tich phd (Spectrum Analyzer)
- Thiét bi do cong suét (Optical Power Meter)
- Thiét bi do mién thoi gian quang (Optical Time Domain Visualizer)
- Thiét bi phan tich WDM (WDM Analyzer)
- Thiét bi phan tich phan cuc (Polarization Analyzer)
- Thiét bi do phan cuc (Polarization Meter). ..
Thiét bi do dién:
- Oscilloscope
- Thiét bi phan tich ph RF (RF Spectrum Analyzer)
- Thiét bi phan tich biéu db hinh mit (Eye Diagram Analyzer)
- Thiét bi phan tich 15i bit (BER Analyzer)
- Thiét bi do cong suat (Electrical Power Meter)
- Thiét bi phan tich song mang dién (Electrical Carrier Analyzer)...

Ngoai ra, Optisystem con hd trg nhiéu cac tinh ning khac nhu: M6 phong

phan cip véi cac hé thdng con (subsystem), ngdn ngit Scipt, Thiét ké nhiéu 16p
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(multiple layout), trang bao cdo (report page), Quét tham sé va téi wu hoa
(parameter sweeps and optimizations)...
Trong luan vin st dung phin mém Optisystem 16.1.0 cai trén hé diéu hanh
Win 10 dé mé phong bd chuyén dbi bude song toan quang trong hé théng WDM.
3.2 Cau hinh hé théng DWDM dwong truc
T6i tién hanh xay duyng mé hinh hé thdng thong tin quang DWDM dudng truc
khao sat nhu sau:
- M6 hinh: Hé théng truyén dan thong tin quang dudng truc dai 800 km duogc
xay dung gém 10 ching, mdi chiang c6 do dai 80km; hé thong sir dung k thuat ghép
kénh phan chia theo budc séng WDM 16 kénh véi toe do 25GBaud va téc do 50GBaud.

Trén mo hinh hé théng tuyén truyén dan quang nay, toi sé tién hanh khao sat
cac dinh dang diéu ché QPSK va M-QAM (8-QAM, 16-QAM). Cac danh gia dugc
thuc hién dya vao cac két qua nhan duoc ¢ phia thu, thong qua cic thong sé BER va
Q-Factor. Trong két qua mo phong; ching ta nhan duoc gia tri EVM (%) (P6 16n
vecto 16i) thong qua phuong trinh (3.1), tinh toan cac gia tri BER va Q theo phuong
trinh (3.2) va (3.3) [12]

i Sn_SOn2
Nt 3.1
EVM = = ———, 3.1)
=3%s
N§| o,n
(1 — m-12) ! 3/2
BER =———— serfc| | —|, (3.2)
L 1og,m J 1 — DEVM?. k2

Q=20= lg(sq*rt':?:] # (m‘fc:’nv{? * ':BER:]})), (33)
Trong d6 S 1a ky hiéu (symbol) thtr n duoc chuan héa trong ludng cac ky hiéu
duoc do, Son 1a diém chom sao duoc chuin hoa ly tuong cua ky hi¢u thtr n va N 1a
s6 ky hi¢u trong chom sao. M la s6 diém trén chom sao tin hiéu. k 1a hé sb phu

thudc vao loai diéu ché, duoc tinh theo bang 3.1.

Bang 3.1: Hé sd k

B/Q/8PSK | 16QAM | 32QAM | 64QAM
K2 1 9/5 17/10 | 713
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~_ |1

10 span ~ 800km

3.2.1 Tham sé khdi tao

3.2.1.1. Cé4c tham sb toan cuc

- Téc dd bit trén mdi kénh dbi véi mé hinh 1: 25GBaud, 50GBaud.

imulation :|signals ]Spatial effects ]Noise ]Signaltracing I

AMP

DEMUX

RX16

Hinh 3.1: Mé hinh hé théng thong tin quang véi chiéu dai 800km

. Simulation ) signals ]Spatial effects lNoise lSignaItracing I

() Mé hinh sir dung diéu ché OPSK toc dp 25GBaud

Simulation ISignals ]Spatial effects ]Noise ]Signal tracing I

Name Value Units Mode Name Value Units Mode

Simulation window Set bit rate Norma Simulation window Set bit rate Normal
Reference bit rate Normal Reference bit rate Normal
Bit rate 902+003 : bit/s iNormal Bit rate 1008+009 } bit/s Normal
Time window Z62LEe 006 5 parmal Time window 131072200615 Wormal
Sample rate AT H_Z ROk Sample rate 200e+009 Hz Normal
ii":::ep:";ih mﬂ?z bits m: Sequence length 1310721 bit Normal
Guard Bits ] Normal Samples per bit 2 Biormal
Symbol rate 258+009 i symbols/s iNormal Guard Bits 0 Normal
Number of samples 262144 Normal Symbol rate 502+009 : symbols/s : Normal
Reference wavelength 1550 nm Mormal Number of samples 262144 Normal
Export results to file [ Normal Reference wavelength 1550 :nm Normal
Results filename [ Normal Export results to file L] Normal
Cuda GPU [} Normal Results filename = Normal

Cuda GPU ] Normal

(b) Mo hinh sir dung diéu ché OPSK toc dp S0GBaud

Simulation ISignaIs lSpatiaI effects lNoise lSignaItracing I

(C) M hinhsur dung diéu ché 8-QAM toc dp 25GBaud

= Name Value Units Mode

_____LTI? I Lt Coiz Simulation window Sat bit rate Normal
Simulation window Set bit rate MNormal Do ce bit rate Narmal
Reference bit rate Normal Bit rate 150e+003 : bit's I Normal
Bit rate 5GBS Jarmal Time window 0.87361333333333336 006 5 Normal
Time window 1.7476266666666676-0061 5 Normal Sample rate ST ——
Sample rate 300e+009; Hz Normal Sequence length 131072 hits MNormal
Sequence length 131072 bits Normal Samples per bit 4 Norma!
Samples per bit 4 Normal Guard Bits 0 Normal
Guard Bits 0 MNormal Symbol rate 502+009 i symbolss i Normal
Symbol rate 25e+009: symbols’s  :Normal Humber of samples 524288 Normal
Number of samples 524288 MNormal Reference wavelength 1550 nm Normal
Reference wavelength 1550:nm Normal Export results to file ] Normal
Export results to file D Mormal Results filename J Normal
Results filename = Normal Cuda GPU
Cuda GPU [l Normal

(d) M6 hinh sir dung diéu ché 8-QAM toc dp 50GBaud




Simulation |Signals

| spatial effects

| Moise | signal tracing
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Signals ' Spatial effects

' MNoise ' Signal tracing

Name Value Units Mode Name Valug Units Mode
Simulation window Set bit rate Normal Simulation window et bit rate Normal
Reference bit rate % Normal Reference bit rate M Normal
Bit rate 10Pe+009: bit/s Normsl Bit rate 200e+008 : bit's Normal
Time window 2 62744e 006z Normal Time window 0.6553599999999998e-006 5 Normal
Sample rate 2002+009i Hr Normal Sample rate 800e+009 :Hz Normal
Sequence length 131072 bits Normal Sequence length 131072 bits Normsl
Samples per bit 4 Normal Samples per bit 4 Normal
Guard Bits 0 Normal Guard Bits 0 Normal
Symbol rate 256+009  symbols/s : Normal i"’“::' ’a:e | 52:;2?? symbols/s Nom?&:
Number of samples se258 Hormal R:;:rerrmoe :::;:: th 1550 nm Normal
Reference wavelength 1550:nm Normal - g
- Export results to file Normal

Export results to file Normal -
Results fil o e Results filename = Normal

esults filename Normal Cuda GPU o
Cuda GPU Normal =

(€) Mo hinh.sir dung diéu ché 16:QAM toc dp 25GBaud

Hinh 3.2: Cac tham sé toan cuc.

3.2.2 Tham sé hoat dong cdc thanh phdn trong hé thong

3.2.2.1 Cac tham s6 hoat dong cua b khuyéch dai Booster-AMP

- Chure nang: Diéu khién cong suat.

- Cong suét phat: Tir -6 dBm dén 12 dBm.

- Tap 4m nhiéu: Khong.
3.2.2.2 Bo khuyéch dai duong truyén Line-AMP

- Chirc nang: Khuyéch dai tin hiéu.
- Do loi: 16dB.
- Tap Am nhiéu: 6dB.

!\._’_'-Eiﬂ__fglF'nlarizatinn Simulation | Noise | Randomnu.. | Custom o.. l
Disp[ Name Value Units Mode
[] |Operation mode Gain Control Norrmal
Gain 16 a8 Normal
[] |Power 10:dBm Normal

[ ] 'Saturation power 10 jdBm Normal
D |Saturation port Outpet MNormal
[] Include noise Normal
|Noise figure 6:dB Normal

Hinh 3.3: Tham s6 hoat déng by khuyéch dai dwong truyén Line-AMP.
3.2.2.3 B khuyéch dai tién xir Iy tin hiéu Pre-AMP

- Chtrc nang: Dicu khién cong suat.

(f) M6 hinh st dung diéu ché 16-0AM toc dp 50GBaud




- Cong

sudt phat: 12dBm

- Tap 4m nhiéu: Khong.
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Puolarization ] Simulation l Moise l Random nu...

Custom o... I

Dizsp

Hame Value Units Mode
[] |Operation mode Fower control Normal
[] |Gain 20:dB Normal
Fower 12 idBm Normal
[] |Saturation power 10: dBm MNormal
|:| Saturation port Output MNormal
[] |include noise ] Normal
[] |Moize figure 4idB Normal

Hinh 3.4: Tham s6 hoat dong bd khuyéch dai tién xir 1y tin hi¢u Pre-AMP.

3.2.2.4 Cac chang cap quang

- Chiéu dai mdi chang: 80km.
- Suy hao trung binh: 0.2dB/km.

- Hé s6 tan sac 17ps/nm/km.

- Do ddc tan sic 0.075ps/nm?/km.

Main j|pis.. |PMD |No.. [Nu.. [Gr. |sim. |N. |Ran. |cus.
Disp Name Value Units Mode
[ ] |user defined reference wa [«] Mormal
[ ] |Reference wavelength 1550 | nm Neormal
[<] |Length 80ikm Normal
[] |Attenuation effect [«] Wormal
[ ] |Attenuation data type Constant Neormal
[l |Attenuation 0.2 dB/km Normal
[] |Attenuation vs. wavelengt | Att=nuation dat =f Wormal

(@)

Main |[Dis... | ]F'I'-ID INo.. [Nu.. [Gr. |sim. |N. |[Ran. |cus. |
Disp Name Value Units Mode
[ | |Group velocity dispersion [ Normal
| 1 |Third-order dispersion [+] Normal
[ | |Dispersion data type Constant Norrmal
[ | |Frequency domain parame ] Normal
] |Dispersion 17 i ps/nmkm | Normal
: Dispersion slope 0.075 : ps/nm* 2k : Normal
[ ] |Beta2 -20: ps"2/km Normal
] [Beta3 0} ps"3%km Normal
: Dispersion file format Dispersion vs. wavelengti MNormal
[ | |Dispersion file name Dispersion.dat =k Normal

(b)

Hinh 3.5 a,b: Tham s6 hoat dong cic ching cap quang.



44

3.2.2.5 May phat tin hiéu diéu ché 8-QAM,16-QAM va QPSK
- Cong suat phat: 10dBm.
- Tan s6: Dung theo bang quy dinh tin sé ITU véi cac tan s6 hoat dong trong

dai tr 193.1 THz dén 194.6 THz.

RBS .Cnding .F‘nlariza... 'Simula... .Random... .Custnm... ]

Disp Name Value Units Mode
(] |External laser O Normal
[] |Frequency 193.1iTHz Normal
[ ] |Power 10 idBm Normal
(] |Linewidth 0.1 iMHz Normal
[ ] |mnitial phase 0ideg MNormal

Hinh 3.6: Tham s6 hoat ddng cic may phat tin hiéu diéu ché QPSK, 8-QAM va 16-QAM
3.2.2.6 May thu tin hiéu diéu ché Coherent QPSK, 8-QAM va 16-QAM

- Dung photodiode PIN.

Custo... l

Disp Name Value Units Mode

[] |External oscillator [] Mormal

Frequency 193.1i TH= MNormal

Power 10idBm Mormal

[] |Linewidth 0.1 iMHz Mormal

[] |Initial phase 0ideg MNormal

[] |LO sample rate Sample rate sliHz Script

(@)

Local = Downs... Maoise | Simula... Rando... Custo...
Disp Name Value Units Mode
[] |Photodetector PN Normal
[] |Gain 3 Normal
[] |lonization ratio 0.9 Normal
[] |Responsivity 1 LA Normal
[] |park current 10in4 Normal
|:| Responsivity type APD Conztant Normal
|:| Responsivity type PIN Conztant MNormal
|:| Responsivity ve. waveleng| Responsivity. dat _| Normal

(b)

Hinh 3.7 &, b: May thu tin hiéu diéu ché Coherent QPSK, 8-QAM va 16-QAM.
3.2.2.7 B diéu ché tin hiéu s6 DSP

- Piéu ché tin hiéu quang thanh tin hiéu sé & phia thu
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|Fiter | Re.. |Dis.. |Tim. |Aga. |Fre.. |car. |si. |cu. |

Disp Hame Value Units Mode

[©] |Polarization Type Single Normal

[] |Modulation Type QPSK Normal

[ 1 |Constellation type (if QAM)|Squsrs Normal

[ 1 |Star and circular level radii Mormal

[ ] |Use Default Values [ Normal

[ 1 |Enable DC Blocking [ Normal

[ ] |Enable Normalization [ Normal

[ 1 |Enable Low Pass Filter [ Normal

[ 1 |Enable Resampling [ Normal

[ ] |Enable @ Compensation [-~] Normal

[ 1 [Enable Dispersion Compe [ Normal

[ ] [Enable Honlinear Compens [] Normal

[ 1 |Enable Timing Recovery [ Normal

[ |1 |Enable Adaptive Equalizer [ Normal

[ ] |Enable Frequency Offset E [ Normal

[ 1 |Perform AE before FOE [ Normal

[ ] [Enable Carrier Phase Esti [ Normal

r \ ror
(@) Tham so bo dieu ché so DSP QPSK
niti__ |Fiter |Re. |Dis. | Tim. |Ada. |Fre. |car. |si |cu. |
Disp HName VWalue Units Mode

/]| |[Polarization Type Single Mormal

/] |Modulation Type SQAM - Mormal

| |Constellation type (if QANM)|Sgusre Mormal

| |star and circular level radii MNormal

| |use Default Values [&] Normal

| |Enable DC Blocking [&] Normal

| |Enable Normalization ] Normal

| |Enable Lowr Pass Filter [&] Normal

| |Enable Resampling [&] Normal

| [Emable @I Compensation ] Normal

/| |Enable Dispersion Compe ] Normal

| |Enable Nonlinear Compens [] Normal

| |Enable Timing Recovery [&] Normal

| |Enable Adaptive Equalizer ] Normal

| |Enable Frequency Offset E [&] Mormal

| |Perform AE before FOE [&] Normal

| |Enable Carrier Phase Esti [&] Normal

(b) Tham 6 bé diéu ché sé DSP 8-QAM

it |Fiter |Re.. | Dis.. |Tim. |Ada. [Fre.. |car. |si. |cu. |

Disp Hame Value Units Mode
/| |Polarization Type Single Normal
z Modulation Type 1EQAM - Mormal
| |Constellation type (if QAM) Sgusre Mormal

Star and circular lewvel radii Mormal
| |Use Default Values W] Normal
| |Emable DC Blocking W] Normal
| |Enable Normalization ] MNormal
| |Emable Low Pass Filter ] MNormal
Enable Resampling W] Normal

| |Emable QI Compensation [&] Normal
/| |Enable Dispersion Compe W] Normal
| |Emable Nonlinear Compens ] Mormal
| | |Enable Timing Recovery [&] Mormal
| | |Enable Adaptive Equalizer ] Mormal
| |Enable Frequency Offset E [&] Normal
| |Perform AE before FOE [&] Mormal
|| |Enable Carrier Phase Esti [&] Mormal

(¢c) Tham s6 bé diéu ché s6 DSP 16-QAM
Hinh 3.8 a,b,c: Tham s6 hoat dong b diéu ché tin hiéu s6 DSP.
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3.3 Két qua mé phong hoat ddng biang phan mém Optisystem

3.3.1 Mé phong hoat dpng hé thong DWDM dwong truc 16 kénh téc
d¢ 25Gbaud.

3.3.1.1 So sanh hoat dong cua hé¢ théng khi str dung tin hiéu diéu ché
QPSK va M-QAM (8-QAM, 16-QAM) véi cy ly truyén ddn 800km

20 T T T T
— B — Use QPSK 25GBaud
18 H— € — Use 8QAM 25GBaud B 4
— £ — Use 16QAM 25GBaud - N
e
a AN
16 B ):'/// N
]
7 /6\
14 + / - T
—_ v - P
o o /9 e ~
T 12t / o0 7 R
S // // /}&
H(t!? 10 B < ///<> // b
o &
e/ s P %
L /s - i
8 / /0// /)3
s -
g- "
6r 9? i
Z
4% 1
2 1 1 1 1
-5 0 5 10 15

Power of transmitter (dB)
Hinh 3.9: Biéu do so sanh chét lrong hé thong sir dung tin hiéu QPSK, 8-QAM va 16-QAM
toc dd 25GBaud

Bang 3.1: So sanh chét lwong hé théng sir dung diél’l ché QPSK, 8-QAM va 16-QAM
toc do 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
3 1.06e-05 | 1257111 0.001752 9.306455 |  0.006146 | 7.971421
6 1.09e-10 15.344 0.00046 |  10.407476 | 0.00367119 | 8.9643263
9 5.91e-10 16.284 4.64¢-06 12.93428 |  3.88e-05 | 11.461094
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PTx QPSK 8-QAM 16-QAM

(dBm) BER Q BER Q BER Q
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 | 3.2279e-05 | 12.127624

Hinh 3.9 cho thiy két qua so sanh giita tin hiéu QPSK, 8-QAM va 16-QAM

tai toc d6 25 GBaud. C6 thé nhan thdy rd rang khi sit dung QPSK, 8-QAM va

16-QAM chung ta déu c6 mot gia tri cong sudt phat dé cho gia tri Q dat 16n nhét;

dugc goi 13 ngudng phi tuyén. Khi cong suit phat 16n hon gia tri ngudng thi Q

khong ting hon, tham chi giam di. Pi voi téc do 25GBaud khi st dung QPSK

ngudng phi tuyén dugc diy 1én cao hon so véi 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 thong DWDM duong truc 16 kénh toc
d¢ 50 Gbaud.

3.3.2.1 So sanh hoat dong cua hé théng khi st dung tin hi¢u diéu ché

QPSK, 8-QAM va 16-QAM vdi cu ly truyén dan 800km
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Hinh 3.10: Biéu d6 so sanh chit lwong hé thong sir dung tin hiéu QPSK, 8-QAM va

16-QAM téc d6 50GBa

ud
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Bang 3.2: So sanh chit lwgng hé thong sir dung diéu ché QPSK, 8-QAM va 16-QAM

téc A6 50GBaud khi cong suit thay ddi

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 | 5352101 | 0.028272 | 5.686354
0 0.016305 | 6.595445 | 0.016104 | 6.683216 | 0.014611 | 6.770987
3 0.003712 | 8553657 | 0.007152 | 7.9036727 | 0.0105813 | 7.2536885
6 2.05e-05 | 12.26005| 0.001843 | 9.403147 | 0.004805 | 8.546244
9 478e-09 | 1517578 |  2.05e-05 | 12.120365| 3.89e-05| 11.26495
12 1.47e-13 | 17.26285| 5.020-07 | 13.77439| 9.74e-06 | 12.28593
15 2.27e-09 | 1536276 | 1.06e-05| 12.481495| 1.59¢-05| 11.60023

Hinh 3.10 cho thay két qua so sanh gitta tin hiéu QPSK, 8-QAM va 16-QAM
tai toc 46 50 GBaud. Khi str dung QPSK, 8-QAM va 16-QAM chiing ta thdiy QPSK
ngudng phi tuyén duoc day 1én cao hon so véi khi ding 16-QAM la 4,97dBm. Véi
tbc d6 50GBaud thi gia tri ngudng phi tuyén nay thap hon so v6i khi hé théng & toc
d6 25GBaud. Khi téc do truyén tang, chénh léch Q giam. Piéu nay xay ra do su tich
lity phi tuyén gy ra boéi dudng truyén va bo khuéch dai (muc ting pham vi truyén
cang 16n) khong dugc bu day du ¢ phia may thu, dan dén giam ty 18 tin hiéu/tap 4m
quang (OSNR).

Hinh 3.11, 3.12, 3.13 biéu dién gian d6 mat thu dugc cta dinh dang diéu ché
lan luot 12 QPSK, 8-QAM va 16-QAM tai cong suat 12dBm.

Véi két qua gian dd mat thu duoc, nhan thay rang: Tai cong suat phat 12dBm
ctia Booster AMP tin hiéu thu dugc cua diéu ché 16-QAM va QPSK co ti 18 15i bit

rat tot, cac chom sao tin hi€u ¢ phia thu dugc thé hién rat ro rang.
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Amplitude - Q {a.u.)

Amplitude - | (a.u.)

Hinh 3.11: Biéu d6 mit tin hi¢u diéu ché QPSK tai P=12dBm

1

-1

Amplitude - G {a.0.)

-4 -2 ] 2 q
Amplitude - | (a.u.}

Hinh 3.12: Biéu d6 mit tin hiéu diéu ché 8-QAM tai P=12dBm
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Hinh 3.13: Biéu d6 mit tin hi¢u diéu ché 16-QAM tai P=12dBm
3.3.2.2 So sanh hoat dong ctia h¢ théng khi str dung tin hiéu diéu ché QPSK
va 16-QAM véi cu ly truyén dan thay d6i
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Hinh 3.14: Biéu d0 so sanh chét lwong hé thong sir dung tin hiéu QPSK, 8-QAM va
16-QAM tée d6 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 doi

L QPSK 8-QAM 16-QAM

(Km) | BER Q BER Q BER Q
160 | 6.81e-31 | 21.58233979 | 3.0le-12 | 16.751017 | 1.36002e-09 | 15.65899825
320 | 9.12e-23 | 20.493909 | 6.75¢-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 | 2.85¢-03 | 8.8331514 | 0.010518658 | 8.47049926
1280 | 0.013156 | 8.49319904 | 0.00057 | 8.297339 | 0.019500872 | 8.029936224

Hinh 3.14 cho thy két qua so sanh giira tin hiéu QPSK, 8-QAM va 16-QAM
tai tbc d6 50 GBaud khi chiéu dai tuyén thay doi.

Néu 1ay Q=9 cho hé thdng hoat dong thi ddi véi tin hiéu QPSK, khoang cach
ctia tuyén c6 thé 1én téi 1200km con tin hiéu 16-QAM khoang cach tuyén dat duoc
12 1050km. Ta nhan thay chat lugng hé thong giam khi khoang cach truyén ting va
dic biét giam nhanh khi mirc diéu ché ting. Ly do 1a do sy tich lily phi tuyén trén
duong truyén lam giam OSNR ma hé thdng khong thé bu hoan toan.

3.4 Két luin chwong

Két thuc chuong 3, t61 da khao sat dugc hoat dong cua h¢ théng su dung
cong nghé DWDM sir dung tin hiéu QPSK, 8-QAM va 16-QAM trén duong truyén
tai cac tbc do 25Gbaud va toc t6 50Gbaud qua phan mém OptiSystem phién ban
16.1.0 trén hé diéu hanh Win 10.

Trong chuong 3, t6i da thyc hién khao sat hoat dong ctuia hé théng su dung
tin hiéu QPSK, 8-QAM va 16-QAM trén dudng truyén c6 cong suat phat khac nhau
va nhan thay rd rang khi sir dung QPSK, 8-QAM va 16-QAM chiing ta déu c6 mot

gia tri cong suit phat dé cho gia tri Q dat 16n nhat; dwoc goi 1a ngudng phi tuyén.




52

Khi cong suat phat 1on hon gia tri ngudng thi Q khong ting hon, tham chi giam di.

Gia tri ngudng nay giam khi téc d6 cua hé thong ting 1én.

T6i ciing da thuc hién khao sat hoat dong cua hé thdng st dung tin hiéu
QPSK, 8-QAM va 16-QAM trén cac duong truyén cd do dai khac nhau va nhan
thiy chat luong hé thong giam khi khoang cach truyén ting va dic biét giam nhanh
khi mirc diéu ché tang. Tuy nhién, t6i chi thuc hién md phong cho trudng hop tai
cdng suat phat 12dBm véi téc do truyén 50GBaud cho tin hiéu QPSK, 8-QAM va
16-QAM.
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KET LUAN VA KIEN NGHI

Truyén din dung luong cao theo huéng st dung cdng nghé DWDM dang c6
mét sizc hat manh d6i voi cac nha cung cip dich vu vién thong hang dau thé gidi
cling nhu tai Viét Nam. D4 c6 hang loat tuyén truyén dan dang van hanh va khai
thac theo céng nghé nay, boi vi chi phi dau tu va tinh 6n dinh cua nd ¢d nhiéu diém
hon han so véi ghép kénh truyén théng TDM, nhét 1a khi ma nhu cu vé dung lwong

ngay cang cao nhu hién nay.

Khi nang cap maot hé thdng théng tin quang theo cdng nghé DWDM, c¢6 rat
nhiéu van dé can phai xem xét, nhu nhu cau vé dung lugng, cau hinh hop Iy va cau
hinh t6i wu ... Van dé vé mat o ghép budc song, ITU-T da ban hanh chuan vé tan
s6 va khoang cach ghép giira cac kénh, véi cac cong nghé tach/ghép budc séng hién
nay, thi khoang cach ghép giita cac budc song trong hé théng DWDM da giam
xuéng chi con 25 GHz, tham chi 12.5 GHz. Hién nay, di c6 nhitng trung tam
nghién ctu ciia mot sé nudce phat trién da ther nghiém truyén dan véi khoang cach
kénh con chi khoang 10, hoac 1GHz.

Cong nghé khuéch dai quang soi ra doi, & mé ra mot chang mai cho thdng
tin quang néi chung va cho théng tin WDM ndi riéng, giai quyét duoc van dé vé suy
hao, quy cong suat ma khdng can cac bo lap 3R cong kénh, chi phi Ion va chi dap
tmg duoc téc do thdng tin thap. Thém vao d6, cac module bu tan sic DCM duoc
“nhang” vao cac thiét bi WDM, d& 1am cho hé thong WDM cang c6 thém nhiéu haa
hen. Khi dé6 mdi kénh budc séng co thé dat dén tée do 10 Gbit/s hoic hon nira, nho
vay c6 thé dat dugc toe do Thit/s trén mot sgi don mode SSMF thong thuong.

Nhu vay trong luin vin dd dé cap dén nhitng van dé& co ban vé DWDM -
mang DWDM, h¢ théng DWDM va cac phan tir trong hé thong DWDM. Trong d6
dic biét dé cap t6i cac bo thu phat quang, bd tach ghép budc song, va bo khuéch
dai; cling nhu vi tri str dung ciia cac phan tir nay trong hé théng DWDM.

Véi thoi gian nghién ctu va tim hiéu thyc té mang luéi, ciing nhu tim hiéu

cdng nghé mai WDM con han ché, nhitng gi dugce dé cap trong ban luan vin nay
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thuc sy chua nhiéu, tuy nhién cé thé ang dung trong nghién ctu tim hiéu cong nghé

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

Huéng phat trién ctia dé tai: Trong ludn vin méi dé cap nhitng van dé co ban
vé DWDM, trong thoi gian tiép theo c6 thé phat trién ludn vin theo huéng nghién
ctru siu hon nita vé cic van dé trong luan vin: Cac phan tr DWDM, hay thiét ké
mang DWDM cho céac hé théng 16n hon, nhu mang duong truc Béc — Nam va hoat

dong cua hé théng & tc dd cao 100 Gbaud, 200GBaud véi cac mirc diéu ché bac cao.
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