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1
MO PAU

Ngay nay, nhu cau truyén thong ctia xa hoi ngdy cang 16n véi nhiéu dich vu méi bing
rong da phuong tién, vi vAy mang truyén dan can phai c6 kha ning truyén tai toc d6 va dung
luong 16n.

Mang vién thong VNPT Hai Duong v6i 363 tram 3G; 361 tram 4G; 109 OLT; 189
SWL2 cung cip da dich vu. M6t mang cung cip dich vy nhu thé phai c6 mot mang truyén
dan dung luong 16n dé dap ang nhu cau phuc vu.

Muc tiéu nghién ctru, tim hiéu va nam bat cong nghé thong tin quang CO-OFDM-
WDM nbi dung luan vin tap trung nghién ctru, khao sat va dé xuat giai phap tng dung cho
mang duong truc cia VNPT Hai Duong.

Vi vay, em di chon dé tai luan vin tot nghiép ctia minh 1a: “Nghién citu cong nghé
thong tin quang CO-OFDM-WDM va dé xuit giai phap ing dung cho mang dwong truc
cia VNPT Hii Duong”

Cong nghé CO-OFDM-WDM la cong nghé thong tin quang két hop ba cong nghé thong
tin quang Coherent ghép kénh phan chia theo tan sé truc giao két hop voi ghép biang truc giao
CO-OFDM-WDM la cong nghé tién tién tao ra mot giai phap cong nghé truyén thong c6 kha
nang truyén tai dung luong 16n, toc do cao.

Pé thuc hién muc tiéu trén, dé tai luan van g6m cac ndi dung sau:

Chuong 1: Tong quan vé k¥ thuit ghép kénh quang

Chuong 2: Tong quan vé k§ thuat ghép kénh quang CO-OFDM-WDM.

Chuwong 3: Dé xuit giai phap ing dung cong nghé CO-OFDM-WDM cho mang

dwong truc cia VNPT Hai Duong va mo phong danh gia hiéu nang.
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CHUONG 1: TONG QUAN VE GHEP KENH QUANG
1.1. Cong nghé OFDM quang
1.1.1. So d6 hé thong truyén din OFDM quang
1.1.2. Cdc khéi chirc néing ciia hé thong truyén din OFDM quang
1.1.1.1. Khéi phat RF OFDM

RF OFDM phia phat Chuyén RF sang quang
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Hinh 1.1. Kién tric h¢ théng OFDM quang

1.1.1.2. Khéi chuyén RF sang quang va khéi chuyén quang sang RF

Trong cac loai OFA, c6 bd khuéch dai quang EDFA va bo khuéch dai quang Raman.
Hién nay, bo khuéch dai quang EDFA duoc st dung khé phd bién. Dudi day 13 hinh v& minh
hoa cho mot bd khuéch dai EDFA:

Er*” Doped
fiber
Isolator 2% Isolator

— mmp I Coupler————1 ’ —

i

Hinh 1.2. B4 khuéch dai EDFA

Laser bhdm




O phia thu, tin hiéu OFDM quang duoc chuyén doi thanh tin hiéu OFDM RF 13 qu4 trinh
nguoc lai so véi phia phat chuyén d6i tin hiéu OFDM RF thanh tin hiéu quang.
1.1.1.3. Khoi thu RF OFDM

O phia thu, tin hi€u OFDM ha tan duoc léy mau véi mot bd ADC, sau d6 tin hiéu nay
can dua qua ba mutrc dong bd phuc tap trude khi quyét dinh ki tu dit liéu, ba mirc ddng bod
1.1.1.4. Phwong phdp diéu ché ding cho O-OFDM

K§ thuat DCO OFDM

So dd khi ky thuat DCO — OFDM dugc mé ta & hinh v&. Trong hé théng sir dung k¥
thuat DCO — OFDM, céc thong tin dit liéu dugc phan bd véi cac song mang con nhu sau: Xo

+ Xnpa VA X*1 + X*np . Trong d6, N 14 s6 song mang con kha dung.

DC bias Xo

% Tl
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QAM . tin hiéu thuc soi quang
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Hinh 1.3. So' @6 khdi k§ thuat DCO - OFDM
K§ thuat ACO OFDM

So dd khdi ky thuat ACO — OFDM dugce mé ta ¢ hinh 1.4,
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Hinh 1.4. So' @6 khdi hé thong sir dung k§ thuait ACO OFDM.
K¥ thuit diéu ché 1/Q
So d6 khéi k¥ thuat I/Q OFDM duoc mod ta & hinh 1.5

tao ky huéu OFDM chuyen doi dién/quang
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Hinh 1.5. So' @6 khoi hé thong sir dung ky thuit diéu ché IQ

1.1.1.5. Tach song quang trong O-OFDM
Tach song 1a qua trinh tim lai tin hi¢u diéu ché. Tin hiéu tich séng phai c6 dang giong
nhit véi tin hiéu gbc ban dau. Trong thong tin soi quang, c6 2 phuong phap tach song 1a tach

song tryc tiép va tach séng coherent.
% Tdch séng truec tiép

¢+ Téach song coherent

Co6 hai k¥ thuat tdch song Coherent: Tach song heterodyne va tdch song homodyne



1.1.3. Nguyén ly OFDM

Nguyén 1y co ban ctia OFDM 1a chia nhé mot ludng dir lidu téc do cao trude khi phat
thanh nhiéu ludng di liéu tc do thap hon va phat mdi ludng dir liéu d6 trén mot sd song mang
con khac nhau. C4c séng mang nay 1a tryc giao v6i nhau, diéu nay duoc thuc hién bang cach

chon d6 gidn tan s mot cach hop 1y.

Ch.10
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Tan sd

E.

Khodng théng tiét kiém

k J

Tan so

(b) :

Hinh 1.6. Tiét kiém ph tin ciia OFDM so véi FDM: (a) FDM, (b) OFDM

1.1.3.1 Tinh truc giao trong OFDM

Bién do

Hinh 1.7. Phé ciia céc song mang truc giao



1.1.3.2. Mo ta toan hoc tin hieu OFDM

CAu trac ctia mot bo nhan phire tap (diéu ché 1Q/ giai diéu ché I1Q), né thuong duoc st
dung trong hé théng MCM, ciing duoc thé hién trong hinh. Tin hiéu truyén MCM s(t) duoc
biéu dién [1]:

exp (j2af,0 exp (—2xf1)
t t
¢ BY—ci
exp (j2ahH0 exp (-j2xht)
{ ~ - t
G ® Kénh truyén E Cs

exp (~j2afy_0
.

(X G

exp (2xfy_0

exp (j2aft)

1Q Modulator/ .é

-7
Demodulator:

z = Re {c exp (j2xf1)}

Hinh 1.8. So' @6 chung cho mot hé thong diéu ché da séng mang

1.1.4. Mo hinh hé tho“'ng OFDM
Mo hinh hé thong OFDM dugc chi ra ¢ hinh 1.9



Phia phit
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III. Khéi phuc

50N MAng con
Hinh 1.9. So' @6 (a) OFDM quang phia phit (b) OFDM phia thu
1.1.5. Dung luwong hé thong OFDM

1.1.6. Phin logi OFDM quang

Trong k§ thudt OFDM quang, c6 2 vin dé quan trong quyét dinh: d6 14 qua trinh diéu
ché quang dé tao tin hiéu quang dua 1én dudng quang va tach song quang tim lai tin hiéu diéu

I4
A

ché.

1.2. Két luén chwong 1



8

CHUONG 2. TONG QUAN VE KY THUAT GHEP KENH
QUANG CO-OFDM-WDM

2.1. Tong quan vé cong nghé Coherent OFDM quang

Cong nghé Coherent OFDM quang (CO-OFDM) 1a su tich hop cua 2 cong nghé: cong
nghé OFDM quang va cong nghé quang Coherent.

2.1.1. Cdac khai niém co ban trong cong nghé Coherent

2.1.1.1. Bé tao dao dong noi
Y tudng co ban dang sau sy tach song nhat quan bao gdom su két hop cac tin hiéu quang
hoc két hop véi méi trudng séng quang lién tuc (CW) trude khi nd roi vao nhimg bo tach

song quang.

2.1.1.2. B¢ dao dong dong tan

B6 tao dao dong dong tan ciing 1a két qua tir 46 nhay vé pha. Tir s6 hang cudi cling
trong bao gom pha ciia bo tao dao dong dro, d rang ¢pronén duoc kiém soat. Ly tudng nhat

®s va ¢pLo nén lién tyc ngoai trur di€u ché cua os.

2.1.1.3. B chuyén doi tan

Trong truong hop bd chuyén ddi tan tao dao dong ndi tan s6 oLo duoc lya chon dang
khac thanh cac tin hiéu séng mang tan sd o ciing nhu tan sé trung gian o trong ving song
ngan ( v, ~ 1GHz). Sir dung phuong trinh (2.3) cling v6i I = RP, dong quang dién bay gio

duoc dua ra boi:
I(t) = R(Ps + PLo) + 2R /PP, €0S (w;pt + Bs — B,0) (2.1)

Khi PLo > Ps trong thuc té dong dién mét chiéu (dc) gan nhu lién tuc va c6 thé duoc
loai bo dé dang bang céach sir dung bo loc 14y giai. Tin hiéu cta bd chuyén d6i tan dugc dua

ra bai dong xoay chiéu (ac) trong phuong trinh (2.7) hoic boi:

lac(t) = 2R \[P,P_, €0S (w;pt + @5 — B,0) (2.2)



2.1.1.4. Céc dang diéu ché

Tinhigu ! 2 0 o 0V 4+ 0V 4 1 45 1
(bit nhi phémjI : : : : :
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Hinh 2.1. Cic dang diéu ché ASK, PSK va FSK
< Diéu ché ASK

< Diéu ché FSK
2.1.2. Mé hinh céu triic co bdn ciia hé théng thong tin quang Coherent

Céu triic co ban ctia mot hé théng thong tin quang Coherent dugc mé ta nhu trong hinh

2.2.
Dt : ; Homodyne A, =4,
ligy AN P > > > oo —>
Sl pg = MOD [ » DEC [—>{AMP —>
Va0 ! ! MOD
: 7Y ' Heterodyne A, # A, L—
............ A, Heterodyne
i v_
LC » cwL \ | o &= 1oc| !

Bo phat Bo thu
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Bit nhi phan

ask N\ /\

s N AN PN NN NN
VW VIV VIV WV

Hinh 2.3. Dang séng ciia cac dang diéu ché va chudi bit nhi phan 1a 10110
- LOC (Local Oscillator Control): nham diéu khién pha va tan s6 cua tin hiéu dao dong noi1

6n dinh.
- AMP (Amplifier): khuéch dai tin hiéu dién sau khi tach séng quang.

- DEMOD (Demodulator): khéi nay chi can thiét khi bo thu hoat dong ¢ ché do Heterodyne.
2.1.3. Cdc thanh phadn co ban ciia hé théng thong tin quang Coherent

2.1.3.1. B¢ phat quang

So d6 bo phat quang trong hé thong quang coherrent dugc mé ta nhu hinh 2.4. Thanh
phan thuc va ao (I/Q) tir hai ngd ra cta bo diéu ché tin hiéu OFDM duoc chuyén ddi tir mién

dién sang mién quang nho hai bo diéu ché ngoai MZM nhu mo ta trén hinh 2.4.

]ch e, e, l e
LDI YA MIM —— _——»o,
= S MM H 90 =
€0 T €, = optical fibre
Qc;, = clectrical line

Hinh 2.4. M6 hinh diéu ché quang két hop sit dung MZM

2.1.3.2. Bo thu quang
Trong k¥ thuat thong tin quang coherent nguoi ta thuong st dung cac b thu quang sau:

- B0 thu quang tach song Heterodyne,
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- B0 thu quang tach song Homodyne,

- B0 thu quang két hop.
2.1.4. Nhitng wu diém ciia hé thong théng tin quang coherent

2.1.4.1. Ndng cao do nhay thu

-
!

D§ nhay tu quang (dBm)

Tée dé truyén (Gbit/s)
-80 >

Hinh 2.9. Sw phu thudc dd nhay vao toc dd bit truyén

2.1.4.2. Néang cao kha nang truyén dan

22 400
&
= 300 Thu Coherent
EJ
me Thu truc tiép

100

Téc dé truyén (Gbit/s)
0,01 0.1 1 10

Hinh 2.10. Khoang cach tram Lip phu thudc vao téc dd truyén
2.1.4.3. Kha nang két hop thu coherent véi ky thudt khuéch dai quang

2.2. M6 hinh hé théng Coherent OFDM quang

Mot hé thdng CO-OFDM quang dién hinh dugc miéu ta nhu trong hinh 2.11 [1].



B bién ddi RF sang quang

| ¥

|
N L1
Data’ | Bo phat - :
RF OFDM B g

I =

T
e
8uenb 165

P02

Data ~ * LD
Bothu |4 PD3 -

RF OFDM a * =Ty
F L4
* -2

B bién ddi quang sang dién

Hinh 2.11. Mb hinh hé thong CO-OFDM quang dién hinh

2.2.1. Cic khoi phat va thu RF OFDM

Kién tric cta bd phat va bo thu RF OFDM. Trong d6, cac tin hiéu dau vao bo phat RF
OFDM va céc tin hiéu dau ra bo thu RF OFDM 1a cac tin hiéu ¢ bing tan co ban hodc bang
RF.

2.2.1.1. BY chuyén doi dién-quang duwong Ién va chuyén déi quang-dién dwong xudng

2.2.1.2. Tach séng coherent cho chuyén doi dwong xuong va triét pha
Muc dich chinh cuta tach song coherent la:
1. Khéi phuyc tinh tuyén tinh cho thanh phan I va Q cua tin hiéu dén,
2. Tdi thiéu hoic loai bo nhidu mode chung.

Str dung 6 cong ghép lai 90° cho tin hiéu tach song va thuc hién phan tich trén mién
RF, va tng dung ctia nd téi hé thong quang coherent don soéng mang dugc thuc hién boi Ly-

Gagnon va Savory [1].
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Es —

90° )
optical ) =2E:E ¢
Eip hybrid
E: Incoming signal E, p : Local oscillator signail

FPD : Photo-detector 7 (1) : Complex photocurrent

Hinh 2.12 Tach séng coherent sir dung b ghép lai va tach séng photo cin bang

2.3. K¥ thuat ghép kénh phan chia theo buéc song WDM
2.3.1. Téong quan vé WDM

2.3.2. So do khéi tong qudt hé thong WDM

Tl Truyén tin hiéu trén sgi quang Txl
r - |_ -

Tx2 | () | Tx2

u MUX — | | | DE .

| —H —h  |MUX |

I £ '] " a A P i |
TN Khuéch dai tin hiéu Khuech dai tin hiéu TN

Phét tin hi¢u Ghép tin hidu Tach tin hiéu  Thu tin hi¢u

Hinh 2.13: So' d6 chirc ning hé théng WDM [3].
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2.3.3. Phan logi h¢ théng \WDM

Tx1 21,0223, 4n Tx1
Bo r— r— Bo
T"IZ tach/ ! | | | | gheép/ Tlﬂ
| hép —1<r+a L tr—— t3 |
| Eésﬁ - 21,3203, o ;Zfll;l |
£ = " g £ T LA
TXN Khuéch dai tin hi¢u Khuéch dai tin hiéu TxN
Hé théng WDM don hudéng
May phat May thu
quang quang
Txl Txl
Bé — w1203, — Bo
Tx2 - Lo MA2A3.dn o N Tx2
: tach/ D Lg — | ghép/ |
! ghép :—{l—_! 11,223, n :—<J—__| tach !
- kénh | .~ T ... | kénh .
TN Khucch dai tin hiéu Khuech dai tin hiéu TxN

Hé théng WDM song huding

Hinh 2.14: Hé thong ghép buéc séng don huéng va song huéng [4].

2.3.4. Cic phén tir co bin trong WDM
a) B¢ phat quang

b) Bo thu quang

S E--TIE
-

Hinh 2.15: So' @6 khéi bén thu [4].
2.4. Tong quan vé cdong nghé CO-OFDM-WDM Coherent dung lwgng 16m
2.5. Nguyén |y ghép bing trwc giao ciia hé thong OBM-OFDM

Str dung so dd nhu trén, mdi bang con OFDM c¢6 thé duge tach béng cach st dung mét

bd loc “anti-alias™ 16n hon mdt chut so véi bang tin hi¢u (hinh 2.17).
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(------ Ph6t6ngcﬁaOBM-OFDM —-————-)

Tach séng 1 bang Téach séng 2 bang
fh losantioing ! g b8 loc “eaticaliar ) o o
' ‘ E W) ) ‘
| I |
| \ | \
./ | & / \I—b
Band 1 Band 2 *  Band N-1 BandN Frequency

Tan s6

Hinh 2.17. Minh hoa tich séng mgt bang va hai bang trong OBM-OFDM
2.6. Phé quang ciia OBM-OFDM
Pho quang cia OBM-OFDM duoc chi ra trén hinh 2.18. Trong d6, hinh 2.18a 13 pho
quang ctia ghép kénh phan chia theo budc song (WDM) véi diéu ché CO-OFDM, hinh 2.18b
1a su thu nho pho quang ddi voi mdi kénh bude song, hinh 2.18¢ 1a phd quang cia OFDM ma

kénh khong c6 khoang bao v¢.

Kénh Kénh Kénh
WDM 1 WDM 2 WDM N

vl |
EEN - N

A Tin s6 quang (f

le———— Borom ——i

i
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Hinh 2.18. Phé quang: (a) Ghép kénh phén chia theo buéc song (WDM ) N kénh
CO-OFDM; (b) Tin hi¢u OFDM thu nhé d6i véi mdt buée song; (c) OFDM kénh khong

c6 khoang bio vé

2.7. Giai phap thue thi ghép bing true giao ciia hé thong OBM-OFDM
Thue hién OFDM trong mién dién

Thuwc hién OBM-OFDM trong mién quang
2.8. Hé thong OB-OFDM 100Gb/s

2.8.1. M6 hinh hé thong OBM-OFDM 100Gb/s

B6 phat OBM-OFDM
A e > AWG
h'E}o f;lo t'rl‘oA : L BotElkjty
.')%um?-rl,gz.uoer PS One symbol delay
LD1 l Bd diéu ché e If__—-!-———
S M —> IV Q 11, pgs| () pac
) . o |
Sgiquang = Ve ———
Recirculation loop 1000km
P— B6 ghéplai}
'/ ' —ouana . BRI
[ |d
l LD2 | B4 ghép lai BR2
- PBS||¥ =g
| cuane | re1 | | '
B6 thu OBM-OFDM
IM : Diéu ché cudng do PS : Khéadich pha i
LD :Llaserdiode AWG : BOtaosdngtuyy

Hinh 2.20. H¢ théng truyén din OBM-OFDM 100Gb
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2.8.2. Cdc thanh phdn chirc ning ciia hé thong OB-OFDM 100Gb/s

2.8.2.1. B¢ phat OBM-OFDM

Cac thanh phﬁn I va Q cua tin hi¢u trong mién thoi gian dugc dua vao mot bg tao dang
song ty ¥ AWG Tektronix (Arbitrary wareform generator), né cung cip cac tin hiéu tuong

tir cho c4 hai thanh phan I va Q.

deé dua hai dir li¢u doc 1ap vao trong moi phan cuc, sau do dir li¢u sé dugc tach béi hai

b6 thu OFDM — mdi bd thu twong tng cho méi su phan cuc.

2.8.2.2. Soi quang két néi
Puong  quang két ndi tir b phat OBM-OFDM dén bo thu OBM-OFDM 1a 10 doan soi
quang dai 100 Km sgi quang don mode duogc két ndi véi nhau va mot b khuéch dai EDFA
dé bu tén hao. Khong c6 sy bu tan sic quang ma ciing khong st dung bo khuéch dai quang

RA cho truyén dan.

2.9. Panh gia hiéu qua sir dung pho trong hé thong truyén din CO-OFDM
100Gb/s.

Khi hé thong khong str dung biang tan bao vé quang phd cua tin hiéu tong 100 Gb/s
sau khi truyén dan 1000 km véi tong bang thong gan 32GHz. Trong d6, ¢6 5 bang OFDM,
véi mdi bing thong 1 6,4 GHz.

Pho RF 6 bd thu sau bd loc Anti-alias 3.8 GHz duoc chi ra & hinh 2.29. B9 loc anti-alias
1a rat quan trong dé thuc hién OBM-OFDM. Néu khong st dung bd loc anti-alias dién, phé
dién mdi bang s& co do rong 16 GHz, c6 nghia 1a tdi thiéu phai st 32 GS/s khi bién ddi twong
tw s6. Tuy nhién, phd di dugc loc trong hinh 2.29 ¢6 thé dé dang lay mau & téc do 20 GS/s
(téc d6 thap hon 10 Gb/s).

2.10. Két ludn chwong 2
Chuong 2 luin vin di nghién ctru vé cong nghé Coherent OFDM quang (CO-OFDM)
v6i cac ndi dung: s ctr tich hop cua 2 cong nghé: cong nghé OFDM quang va cong nghé
guang Coheren.
DPong thoi, chuong 2 luan vin d3 ngién ctru céng nghé coherent va coéng nghé CO-
OFDM: mb hinh hé théng CO-OFDM, cac khdi chirc ning va nguyén 1y cua cac khdi chirc
ning trong hé thdng CO-OFDM va d6 nhay thu cua hé thdng thong tin quang CO-OFDM.
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CHUONG 3: PE XUAT GIAI PHAP UNG DUNG CONG NGHE
THONG TIN QUANG CO-OFDM-WDM CHO MANG PUONG
TRUC VNPT HAI DUONG

3.1 M6 hinh mang truyén tai dwong truc ciia VNPT

DWDM Fujitsu

phia Nam

Hinh 3.1. M hinh mang truyén tai dwong truc cia VNPT
Mang truyén tai cia VNPT la mang truyén tai quang ghép kénh theo budc song mat do
cao (DWDM), duoc thiét 1ap theo mo hinh xép chdng IP trén DWDM va hién tai dé truyén
tai luu luong IP qua mang DWDM qua céac khau trung gian nhu IP/SDH/DWDM, IP/NG-
SDH/DWDM va IP/MPLS/SDH/DWDM, IP/MPLS/NG-SDH/DWDM

3.1 Mang truyén tai dwong truc Backbon Bic-Nam ciia VNPT

Hién nay, mang truyén tai duong truc Backbon Bic-Nam cua VNPT 1 mang truyén tai
quang ghép kénh quang theo budc séng mat do cao (DWDM) c6 dung luong tong 1a 360 Gb/s
véi cau hinh Ring. Céc nit chinh cia mang truyén tai duong truc nay 1a Ha Noi (HNI), DBa
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Ning (PNG), thanh phé H6 Chi Minh (HCM), Vinh (VIH), Quy Nhon (QNN) va Can Tho
(CTO).
Mang truyén tai duong truc Backbon Bac-Nam cua VNPT sir dung ¢6ng nghé caa Nortel
Vvé6i 2 hé thdng truyén dan chinh:
- Hé thbng DWDM dudng truc Bac-Nam 120Gb/s,
- Hé thbng DWDM duong truc Bic-Nam 240Gb/s.

3.1.1 H¢ thong DWDM duwong truc Bic-Nam 120G ciia Nortel.

Cau tr(ic mang tuyén truc Backbone 120G duoc xay dung theo cau hinh chudi da ring,
goém 5 ring néi véi nhau lién tiép tai cac nGt mang trung gian

3.1.2. H¢ thong DWDM duong truc Bic-Nam 240G ciia Nortel

Tuyén truc Backbone 240G ciia VNPT dugc xay dung va dua vao khai thac tir dau nim
2009 str dyng thiét bi caa hang Nortel (bao gom 08 budc séng toe dd 10Gb/s), hién nay tuyén
truc nay da dugc nang cap 1én dung luong 240G (bao gom ca budc song 10Gh/s va 40Gbr/s).

Cau tric mang tuyén DWDM trai dai tir Bic dén Nam véi 6 vong ring c6 dung luong
truyén dan la 240Gbps (8x10Gbps va 4x40Gbps) véi nhiéu tram khuyéch dai quang, tram
xen/r€ quang(OADM) ....(Hinh 3.3).

Ring 7 Ring 3 Ring 9 Ring 10 Ring11 Ring12

GES2Fbme

MmErh  ThahHoa Hong  Qog Dem fan  uwyg Ln
[F] Hm Ha Exy N Fran

= 101

]

140

14 &
E‘ D3k To :"';
3,655 Fbi i B52 Fibre
Legand

oo 4 Exniry TEFM

@ - Hn(zeay
[ lmp A ] FEADH  S0H)
Ennlng 2 b Ernirg LN H

240G LH DWOM & 5DH Hetwork Expansion Diagram bl T
P ey B} |l liom
OK e Fon by TH)
 TH Euzing
Coioamd
—— FOche ol

Hinh 3.3. So @6 tuyén truc tuyén truc Backbone Bic-Nam 240Gbps
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3.2.Mang truyén tii quang ciia caic VNPT tinh/ thanh pho

Mang truyén tai quang cua cac VNPT tinh/thanh phé cua VNPT bao gom:

- Mang MAN-E cua cac VNPT tinh/thanh phé

- Cac mang truy nhap quang ctia cac VNPT tinh/thanh phé.

3.2.1.Mang MAN-E

MAN-E (Metropolitan Area Network- Ethernet): la mang mang d6 thi (MAN) st dung
cong nghé Ethernet dé két néi nhiéu mang truy nhap quang véi nhau sir dung dudng truyén

téc do cao va cung cap két ni truy nhap véi cac chuan Ethernet.

< Cau tric cac mang MAN-E ciia cac VNPT tinh/thanh ph

CAU HINH MANG MAN

IP/MPLS BackBone

6.5 km

RING 4
CES 10 Gbps

14 km

ces 0.01km

CES [ 45km ‘CES
09km fiiiiit

CES

35km

CES

77km | CES

o
m

RING 3-2Gbps | 25km

18.5 km

RING CORE

22km RING 6
10 Gbps

CES

CES

t6km o
(CES

12 km

0.01km

Hé thong quén Iy

e

25 km RING 5 - 10 Gbps
CES
CES 06 km
05 km
CES
7km
. KN

RING 210 Gbps

m
CES
07 km CES [%6.5km

CES RING 1- 10 Gbps

$ CES 05 km

33km

CES

Hinh 3.4. Mé hinh mang MAN-E cho mét tinh/thanh phé ciia VNPT

3.2.2.Mang truy nhap quang G-PON

Mang truy nhdp quang GPON (Gigabit Passive Optical Network) 1a cong nghé¢ PON
truyén dan véi toe do Gb/s, duge dinh nghia theo chuan ITU-T G.984. GPON dugc mé rong
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tir chudn BPON G.983 bang cach ting bing thong, nang hiéu sut bing thong nho st dung
g6i 16m, c¢6 d6 dai thay d6i va tiéu chuan hoa quan 1y.
Ung dung cong nghé¢ OFDM cho PON

Ung dung céng nghé OFDM trong PON, cac nha nghién ctru dua ra moé hinh OFDM-
PON dugc minh hoa trong hinh 3.5.

LONILIT

VDSL switch

Wireless gz ~

Access point [T

!:jz

Passive
Remote Node

Hinh 3.5. M& hinh OFDM-PON.
Ung dung cong nghé CO-OFDM cho PON
Ung dung cong nghé CO-OFDM trong PON cho mang truy nhap quang bing rong hoan
toan tuong tu nhu tng dung cong nghé OFDM trong PON cho mang truy nhdp quang bang
rong (nhu d trinh bay trong phan trén).
Ung dung cong nghé¢ CO-OFDM-WDM cho PON
Mo hinh hé thdng PON st dung cong nghé¢ CO-OFDM-WDM (mang truy nhap OBM-
OFDM-PON) dugc minh hoa trong hinh 3.6. Trong d6, ¢ dudng xuéng OLT gan cho timg
nguoi dung (khach hang) cu thé (ONU/ONT) mot hoac mdt tap hop con cua cac song
mang con (tiy theo nhu cau cac dich vu va bang thong ciia cac khach hang) thong qua 2
bd dinh tuyén AWG:
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3.3. Gidi phap ung dung cong nghé¢ CO-OFDM-WDM cho cac mang dwong
truc MAN-E cia VNPT Hai Duong.

Mot trong nhiing giai phap c6 thé mang lai hiéu qua cho c4c mang MAN-E ciia cac
VNPT tinh/thanh phd, d6 1a tmg dung cong nghé CO-OFDM-WDM.

Fan Tray #3

Fan Tray #2

Ngu6|1 Zone #1 cung Cflp:
1/2 MPC phia trén
Céc module chung ¢ gitra
Fan Tray 0,2 & 3

1/2 MPC phia trén
10 slot, 10-19

[

Module chung ¢
gitra
2 RE-CB

.ﬁ%

N guf’)n Zone #0 cung cflp:
1/2 MPC phia dudi
Cac module chung ¢ gitra

1/2 MPC phia dudi
Fan Tray 0, | & 2

10 slot, 0-9

Fan Tray #1
Fan Tray #0

Hinh 3.8 : Thiét bi Router Core Juniper MX2020

Tir mbi router AGG THD va AGG TBD ¢6 02 x 10Gbps dudng két ndi ¢én PE1 va 02
x 10Gbps dén PE2 dé cung cép cac dich vu khac nhu : IMS, VoD, IPTV, Megawan.... Dung
luong cua cac duong két ndi huong VN2 cho dich vu Internet tbc d6 cao két ndi v4i cac
BNG1, BNG2, BNG3 hién dang 1a 800Gbps. Biang thong cho cac duong két ndi dich vu di
dong 3G, 4G 1én PE1 va PE2 1a 40Gbps. Bing thong cho cac dich vu VPN két ndi 1én VN2
qua PE1, PE la 40Gbps [8].
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Hinh 3.9 : So @ mang CORE MAN-E ciia Hii Duwong
Mang truy nhdap MAN-E

3.4.Cac dich vu mang MAN-E Hai Duwong dang trién khai

Dich vu truy cip Internet toc dp cao

VNPT Hai Duong dang cung cip cho hon 158 nghin thué bao truy cap Internet, voi 2
mo hinh cung cip dich vu Internet téc do cao duoc sir dung nhiéu nhat 1a PPPoE-GPON va
PPPOE-FTTx dua trén dich vu mang MAN-E la E-LINE, E-TREE.

Dich vu HSI PPPoE — GPON: M6 hinh dich vu niy cung cép thué bao PPPoE két
cubi qua cac thiét bi GPON - OLT. MAN-E cung cip dich vu két ndi cho luu luong PPPoE
di tir cac OLT dén BNG két ndi tai PE-AGG. Day 1a m6 hinh dich vu MAN-E E-LINE diém
— diém: diém dau 1a BRASS - BNG, diém cubi 1a modem GPON, sir dung két néi 16p 2 trong
mo hinh OSI. Véi hon 140 nghin thué bao GPON, day 1a dich vu dugc su dung nhiéu nhat
trong mang truy cap Internet cia VNPT Hai Duong. Tong s6 thiét bi OLT trén mang luéi 1a
131, mdi thiét bi OLT sir dung mot VLAN riéng bi¢t cho luu lugng internet, mo6 hinh con

dugc goi la VLAN trén OLT.

Dich vu HSI PPPoE — FTTX: M6 hinh dich vu 16p 2 nay cung cip thué bao PPPoE
két cubi qua cac thiét bi AON, thuong dugc sir dung cho viéc truy cap internet cia cac cong
ty, doanh nghiép, co quan nha nuéc, trudng hoc. MAN-E cung cép dich vu két ndi cho luu
lugng PPPOE di tir modem AON dén BRASS — BNG két ndi tai PE-AGG.

Dich vu MyTV Multicast / VoD
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MyTV la dich vy truyén hinh qua giao thirc cong nghé truyén tai IP, truyén qua ha ting
mang MAN dén thiét bi dau cudi 13 bo giai ma Set Top Box. MyTV cung cip nhiéu dich vu
hién dai va tién ich, trong do ndi bat 1a 2 dich vu chinh: Multicast / IPTV va dich vu Video
theo yéu cau VoD.

Dich vu LAN mao rong

Céc thué bao véi nhiéu vi tri khac nhau trong pham vi mét thanh phd thuong c6 nhu
cau két ndi cac vi tri d6 lai thanh mot mang nhu mang LAN dé cung truy nhap tai nguyén nhu
may chil va céc thiét bi luu trir.

Mot mang LAN mo rong s& két ndi cac mang LAN khach khang ¢ nhiing vi tri khac
nhau ma khong can bat ky dinh tuyén trung gian nao giita cac UNIL Dé két ndi chi gitra hai vi
tri thi c6 thé dung mot két ndi E-Line diém—diém. Vi dy nhu trén hinh 3.14, dé két ndi nhidu
hon hai vi tri thi c6 thé sir dung nhiéu E-Line hodc mot E-LAN.

Dich vu Intranet/Extranet L2VPN

Céac dich vu Ethernet c6 thé cung cép lua chon tot cho céc két ndi Intranet duoc dinh
tuyén téi cac vi tri xa va két ndi Extranet toi ddi tac. Vi du nhu trén hinh 3.15, tru s& chinh
két ndi voi chi nhanh bang két nbi Intranet, va két nbi voi cac dbi tac khac bang két ndi
Extranet.

3.5.Két luan chwong III



