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dugc cam on va cac thong tin trich dan trong luan van déu dugc chi rd nguon goc.

Tac gia luan van
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ngay hom nay.

Em xin trdn trong cam on thay giao TS. Vii Tudn Lam, ngudi huéng dan
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

Tur viét tat

Nghia tiéng anh

Nghia tiéng viét

ADC Analog-to-digital converter) | Mach chuyén d6i twong tu ra so
ASK Amplitude shift keying Diéu ché so theo bién do tin
hiéu
DAB Diéu ché sb theo bién do tin
hiéu
DAC Digital-to-analog converter mach chuyén doi so ra tuong tur
DVB Digital video broadcasting Diéu ché so6 theo tan so tin hidu
DFT Discrete fourier transform Phep bién doi fourier roi rac
FSK Frequency shift keying
MCM Multicarier modulation Phuong phap dicu ché da song
mang
MIMO Multiple input - multiple | Nhiéu dau vao nhiéu dau ra
output
ISI Inter symbol interference Nhiéu xuyén am
OFDM Orthogonal frequency | Ghép kénh phéan chia theo tan
division multiplexing s tryc giao
PSK Phase shift keying Diéu ché s6 theo pha tin hiéu
SNR Signal to noise ratio Ti 18 tin hiéu trén nhiéu
QPSK Quadrature  phase shift | Piéu ché pha cau phuong
keying
RF Radio frequency Song dién tir tan sd cao
VCO Voltage controlled oscillator | B dao dong diéu khién bang

dién ap




LOI MO PAU

Ngay nay, nhu cau truyén thong ctia xa hoi ngay cang 16n véi nhiéu dich vu
m&i bang rong da phuong tién, vi viy mang truyén dan can phai c¢6 kha ning truyén
tai tbc 46 va dung lugng 16n.

Mang vién thong VNPT Hai Duong véi 363 tram 3G; 361 tram 4G; 109
OLT; 189 SWL2 cung cép da dich vu. Mot mang cung cip dich vu nhu thé phai co
mot mang truyén dan dung luong 16n dé dap ing nhu cau phuc vu.

Muc tiéu nghién ctru, tim hiéu va nam bat cong nghé thong tin quang CO-
OFDM-WDM noi dung luan vin tap trung nghién ctru, khao sat va dé xuét giai
phéap tmg dung cho mang duong truc cua VNPT Hai Duong.

Vi vay, em da chon dé tai luan van tot nghi¢p cua minh la: “Nghién ctru cong
nghé thong tin quang CO-OFDM-WDM va dé xuit giai phap tng dung cho
mang dudng truc cia VNPT Hai Duwong”

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 s truc giao két hop
v6i ghép bang truc giao CO-OFDM-WDM 1a cong nghé tién tién tao ra mot giai
phap cong nghé truyén thong cé kha ning truyén tai dung luong 16n, toc do cao.

Dé thuc hién muc tiéu trén, dé tai luan van gém céc ndi dung sau:

Chuong 1: Tong quan vé ky thuit ghép kénh quang

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

Chuong 3: Dé xuit giai phap tng dung cong nghé CO-OFDM-WDM cho

mang duong truc cia VNPT Hai Duwong va mé phong danh gia hi¢u nang.



CHUONG 1: TONG QUAN VE GHEP KENH QUANG

1.1. Cong nghé¢ OFDM quang
1.1.1. So do hé thong truyén din OFDM quang

Mo hinh ciia mot hé théng OFDM qua bao gdm niam khéi chirc nang co ban:
Khéi phat RF OFDM, chuyén dbi tir RF sang quang (RTO), duong truyén quang,
chuyén d6i quang sang RF (OTR) va khdi thu RF OFDM. Trong phan nay, RF duoc
st dung dé thay thé cho nhau trong mién dién dé biéu thi cho giao dién vat li diéu
d6 trai nguoc trong mién quang. Do tuyén tinh kénh truyén dan 1a co s¢ gia dinh
trong OFDM. Do d6, nghién ciru tinh phi tuyén trong mdi khoi chitic ning c6 tim
quan trong 16n. Khéi phat va thu RF OFDM di dugc nghién ctru trong hé thong RF
va nhu vay n6 van giit vai tro quan trong trong hé thdng OFDM.
1.1.2. Cic khéi chivc ning ciia hé théng truyén din OFDM quang
1.1.1.1. Khéi phat RF OFDM

Nhu di trinh bay trong ndi dung vé hé thong OFDM, khdi phat RF OFDM
bao gdm bd chuyén do6i ndi tiép-song song (S/P), bd anh xa ki tyr song mang con, bd

diéu ché IDFT, bo chén khoang bao vé GI va bo bién ddi D/A.
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Hinh 1.1. Kién triic hé thong OFDM quang

Dir lidu dau vao ndi tiép dugce dua vao bd S/P (chuyén doi ndi tiép sang song
song), tai day dir liéu s& duoc chuyén thanh N “ki tu thong tin” song song. Nhimg
ki tu nay sé& duoc dua vao bo mapper nham nang cao dung luong kénh truyén. Tin
hiéu trong mién thoi gian thu dugc sau khi qua bd anh xa (mapper) sé dugc dua dén
b6 diéu ché OFDM (IDFT). Khéi IDFT nay c6 nhiém vu rdi rac hoa tin hiéu OFDM
trong mién thoi gian, gia st tin hiéu thu duoc sau khi bién d6i IDFT 14 ¢ va sau d6
duge chén mot khoang bao vé nhd bo chén GI dé tranh phéan tan kénh, chong nhiéu
ISI (nhiéu lién ki tw) va nhiéu ICI (nhiéu kénh lan can). Khoang bao vé s& dugc

thém vao dang song cua tin hiéu OFDM.

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

Sau khi thu dugc tin hiéu bang gdc thi phan thuc va phan 4o cia tin hiéu nay

dugc bo RTO diéu ché quang dé chuyén thanh tin hiéu quang va sau d6 dua 1én



duong truyén quang. Trong k¥ thuat OFDM quang c6 3 giai phap diéu ché, dé la:

diéu ché quang truc tiép, diéu ché quang gian tiép va diéu ché I-Q.

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 kha phd bién. Dudi
day la hinh v€ minh hoa cho mét b khuéch dai EDFA:

Er'” Doped
fiber

Isolator K Isolator
t () }

— - —— Coupler———— mpr —

Laser bdm

Hinh 1.2. By khuéch dai EDFA

O phia thu, tin hiéu OFDM quang dugc chuyén doi thanh tin hiéu OFDM RF
1a qua trinh nguoc lai so véi phia phat chuyén do6i tin hiéu OFDM RF thanh tin hi¢u

quang.

1.1.1.3. Khoi thu RF OFDM

O phia thu, tin hiéu OFDM ha tan dugc 14y miu v6i mot b ADC, sau d6 tin
hiéu nay can dua qua ba muc déng bd phirc tap trudc khi quyét dinh ki tu dir liéu,

ba mirc dong bo:

1. Pong bo ctra s6 DFT trong d6 cac ki ty OFDM duogc md ta dung dé tranh
nhidu lién ki ty. Pong b ky tu nham xé4c dinh chinh xéac thoi diém bat dau
mdt ky tw OFDM. Hién nay, v6i k¥ thuat st dung tién t6 1dp (CP) thi dong
bo ky tu da dugc thuc hién mot cach dé dang hon.

2. Pdng bo tan sd, cu thé 1a dich tan duoc ude lwong, duge bu trir va hon thé
nita 12 duoc hiéu chinh t6i mot gia tri nho nhat khi bat dau. Nguoi ta dua ra

hai phuong phap dé khic phuc sy bat dong bo nay. Phuong phap thir nhat 1a



st dung bo dao dong didu khién bang dién 4p (Voltage Controlled
Oscillator-VCO). Phuong phéap thir hai dugce goi 1a: Ly mau khong dong
bd. Trong phuong phéap nay, cac tan sé ldy mau van duoc giit nguyén nhung

tin hiéu duoc xtr 1y s6 sau khi lay mau dé dam bao sy dong bo.

3. Khdi phuc séng mang con, mdi kénh séng mang con dugce wdc luong va bu
trir. Udc lugng kénh (Channel estimation) trong hé thong OFDM la xac
dinh ham truyén dat ctia cac kénh con va thoi gian dé thyc hién giai diéu ché
bén thu khi bén phat sir dung kiéu diéu ché két hop (coherent modulation).
Dé udc lugng kénh, phuong phap phd bién hién nay 1a dung tin hiéu dan
duong (PSAM-Pilot signal assisted Modulation).

1.1.1.4. Phuwong phdp diéu ché ding cho O-OFDM

Dé c6 thé chuyén doi tin hi¢u dién thanh tin hiéu quang, tin hiéu dién phai 1a
tin hiéu thuc khong am. Trong khi k¥ thuat OFDM thong thuong chi tao ra tin hi€u
phtic, va ludng cuc. Nén can c6 mot s6 phuong phap dé ki thuat OFDM c6 thé tao
ra tin hiéu thuc va khong am. Tir cac dang tin hiéu nay méi c6 thé ap dung céc
phuong phap diéu ché cudong d6 nhu di trinh bay & trén. Cac ky thuat d6 1a DCO
OFDM (DC-Biased Optical OFDM), ACO OFDM (Asymmetric Clip Optical -
OFDM), Flip OFDM va k¥ thuét diéu ché I-Q [2, 3].

K§ thuat DCO OFDM

So d6 khdi k¥ thuat DCO — OFDM duogc mé ta ¢ hinh v&. Trong hé thdng sir

dung k¥ thuat DCO — OFDM, cac thong tin dir liéu duoc phan bd véi cac song
mang con nhu sau: Xo + Xnpa va  X*1 + X*np2 . Trong d6, N 1a s6 song mang

con kha dung.
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So dd khéi ky thuat ACO — OFDM dugc mé ta ¢ hinh 1.4.
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Hinh 1.4. So' @6 khoi hé thong sir dung ky thuait ACO OFDM.

Hé théng sir dung k¥ thuat ACO OFDM c¢6 mét s6 uu diém sau:

- Tréanh viéc st dung dién ap dich DC. Dién &p dich DC nay khong mang thong

tin hitu ich nén s€ lam giam hiéu suat st dung ngudn.



- C4c gia tri bién d6 16n cua tin hiéu van dugc diéu ché voi dai hoat dong l6n cua
LED hoac Lazer.
K§ thuat diéu ché 1/Q
So dd khéi k¥ thuat I/Q OFDM duoc md ta & hinh 1.5
fa0 ky lneu OFDM ch:yéllﬂﬁi dien/quang

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

IFFT

Hinh 1.5. So @6 khdi hé thong sir dung k¥ thuat diéu ché 1Q
Tur so dd khdi ta c6 thé thiy tin hiéu sau b IFFT vén 1a tin hiéu 4o. Tin hiéu
40 ndy co6 thé dugc biéu dién thanh 2 thanh phan 13 thanh phan tin hiéu thyc va
thanh phan tin hiéu ao, va khi biéu dién nhu vay, phan thuc va phan 4o cua tin hiéu

deéu la cac tin hiéu thuec.

Tiép theo n6 s& xtr ly timg phan nhu d6i v6i hé thong st dung k¥ thuat DCO
OFDM bang cach cong thién 4p DC v&i ca thanh phan thyc va thanh phan 0. Sau
d6 ca thanh phan thyuc va thanh phan 4o duoc diéu ché gian tiép sir dung bo diéu ché
ngoai Mach Zehnder MZM. Riéng ddi v6i thanh phan tin hiéu o, n6 bi lam tré 90°

tire 14 thanh phan tin hiéu o s& truyén ngay sau thanh phan tin hiéu thyc.

1.1.1.5. Tach song quang trong O-OFDM

Tach séng 14 qua trinh tim lai tin hiéu diéu ché. Tin hiéu tach séng phai co
dang gidng nhat voi tin hiéu gdc ban dau. Trong thong tin sgi quang, ¢ 2 phuong

phap tach song 1a tach song truc tiép va tach song coherent.



s Tdch song truc tiep

Phuong phap tach séng truc tiép 1a phuong phap tin lai tin hiéu quang da diéu
ché cuong do bé'mg cach dém sb lugng hat photon dén bo thu nho cac thiét bi PIN,
APD hay con goi 1a cac bo thu quang. Qua trinh nay bé qua pha va su phan cuc ca
song mang dugc tao ra tir céac linh kién quang. Phuong phap nay c6 nhuoc diém 1a

nhidu tao ra tir bd tach song quang va bd tién khuéch dai cao.

s Tdach song coherent

Co6 hai k¥ thuat tach song Coherent: Tach song heterodyne va tach song
homodyne. Trong k¥ thuét tach song heterodyne, tin hiéu OFDM bang gdc trude
tién dugc dua 1én tan sd trung tin ¢ mién dién, sau d6 tin hiéu OFDM trung tan
duoc diéu ché trén song mang quang nhd mot bo diéu ché MZM. O phia thu tin
hiéu quang OFDM trudc tién dugc chuyén vé tin hiéu dién OFDM & trung tan. Sau
d6 dugc tach song 1/Q duogc thuc hién & mién dién. Trong tach séong homodyne,
song mang quang st dung mot bo diéu ché dién — quang bao gdm hai bd diéu ché
MZM riéng biét duoc str dung dé diéu ché hai thanh phan I/Q cua tin hiéu OFDM.
O phia thu, tin hiéu quang OFDM duoc tich 1am hai phan /Q ngay trong mién
quang nho sir dung hai bo thu can bang (gom 4 photo-detector ghép thanh 2 bg) va
mot bo ghép lai 90°. By thu RF OFDM xir 1y tin hiéu OFDM & bang gbc dé khoi

phuc lai dit liéu ban dau.

1.1.3. Nguyén ly OFDM

Nguyén 1y co ban ciia OFDM la chia nhé mot ludng dir liéu toc do cao trudce
khi phat thanh nhiéu ludng dir liéu téc d6 thip hon va phat mdi ludng dir lidu d6
trén mot sd séng mang con khac nhau. Cac song mang nay la truc giao véi nhau,

diéu nay duoc thyc hién bang cach chon do gian tan s mot cach hop 1y.
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Hinh 1.6. Tiét kiém phé tin ciia OFDM so véi FDM: (a) FDM, (b) OFDM

1.1.3.1 Tinh truc giao trong OFDM

Céc tin hiéu la truc giao nhau néu chung doc lap véi nhau. Tinh trgc giao 1a
mot tinh cht cho phép nhiéu tin hiéu thong tin dugc truyén va thu tét trén mot kénh
truyén chung va khong c6 xuyén nhidu giita cac tin hiéu nay. Mat di tinh truc giao
s& 1am cho céc tin hiéu thong tin nay bi xuyén nhiéu 1an nhau va dau thu kho khoi

phuc lai duoc hoan toan thong tin ban dau.

Bién do

Hinh 1.7. Phd ciia cac song mang truc giao
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1.1.3.2. Mo ta toan hoc tin hiéw OFDM

CAu trac cia mot bd nhan phirc tap (diéu ché 1Q/ giai diéu ché 1Q), nd thuong
duogc sir dung trong hé théng MCM, ciing duoc thé hién trong hinh. Tin hiéu truyén
MCM s(t) duge biéu dién [1]:

exp (f2xf 1) exp (—f2ah1)
¥ i
2 B3 ci

exp (2D exp (—f2xft)

Channel E C3

exp (-j2afy_t)

53— Gi.

exp (2al)

10 Modulator/ _é

Demodulator: ¥ o
z = Re {c exp (j2xf)}

Hinh 1.8. So' 6 chung cho mét hé thong diéu ché da song mang

1.1.4. Mé hinh hé théng OFDM
M06 hinh hé théng OFDM duogc chi ra ¢ hinh 1.9 [1]. Tai phia phat, bit dit li€u

dau vao ndi tiép dau tién duoc chuyén do6i thanh nhiéu ludng dir liéu song song, anh
xa 1én mdi ki hiéu thong tin twong tng cho mdi séng mang con véi mot ki hiéu
OFDM va tin hiéu s6 trong mién thoi gian thu duoc bang viéc bién d6i IDFT, sau
d6 duoc dua vao méi mot khoang bao vé va chuyén doi thanh dang song thoi gian
thuc thong qua DAC. Khoang bao vé dugce dua vao dé ngin can nhidu giao thoa ki
tu (ISI) do kénh phén tan. Tin hiéu bang gdc co thé dugc chuyén d6i nang tan thanh
RF thich hop v6i mot bo didu ché. Tai phia thu, tin hiéu OFDM duoc chuyén dbi ha
tan thanh tin hiéu bang gbc vdi bo giai diéu ché, ldy mau véi ADC, va sau d6 giai

diéu ché boi thuce hién DFT va tin hiéu bang goc dugc xtr li dé phyc hoi dir liéu.
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Hinh 1.9. So' @6 (a) OFDM quang phia phat (b) OFDM phia thu

1.1.5. Dung lwong hé théng OFDM

Xét cho truong hop don gian véi gia thiét 1a cAu hinh cac song mang cong
gidng nhau, nghia 12 tat ca cdc song mang con déu c6 chung mot cau hinh (diéu ché,
ma hoa, bang thong, cong suat... ).

Trong mot hé thdng OFDM ta c6 thé thay d6i cac thong sb nay dé dat dugc
tdc do bit t6t nhat nhung van dam bao QoS cho hoan canh cy thé cua kénh tai thoi
diém xét.

1.1.6. Phan loai OFDM quang

Trong k¥ thudt OFDM quang, c6 2 van dé quan trong quyét dinh: d6 13 qua
trinh diéu ché quang dé tao tin hiéu quang dua 1én duong quang va tach séng quang
tim lai tin hiéu diéu ché.

Trong diéu ché quang, nguoi ta co thé sir dung 2 giai phap diéu ché, do 1a diéu
ché quang truc tiép (diéu ché cudong d6 anh sang) va diéu ché quang gian tiép (diéu

ché ngoai).
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Diéu ché truc tiép 1a diéu ché duoc thuc hién béng cach str dung tin hi¢u can
truyén dan trén duong truyén lam thay d6i dong dién kich thich chay qua Lazer. P9

phat sang cua lazer phu thudc vao tin hiéu can truyén dan.

Khac véi diéu ché truc tiép, viéc diéu ché tin hiéu khong dugc thyc hién bén
trong lazer ma dugc thyc hién bdi mdt linh kién quang bén ngoai goi 1a bd diéu ché
ngoai (external modulator). Anh sang do lazer phét ra dudi dang song lién tuc CW
(continuos wave). C6 hai loai bo didu ché ngoai duoc sir dung hién nay: Mach-
Zehnder Modulator (MZM) va Electroabsorption Modulator (EA).

Trong tach song quang, nguoi ta cling c¢6 2 giai phap tach song quang, do la

tach song truc tiép va tach song coherent.

Phuong phap tach song truc tiép 1a phuong phép tin lai tin hiéu quang da diéu
ché cuong do bé'mg cach dém sb lugng hat photon dén b6 thu nho cac thiét bi PIN,
APD hay con goi 1a cac bo thu quang. Qua trinh nay bé qua pha va su phan cuc ca
song mang dugc tao ra tir cac linh kién quang. Phuong phap nay c6 nhuoc diém 1a

nhidu tao ra tir bd tach song quang va bd tién khuéch dai cao.

Khac v6i hé théng tach song truc tiép chi sir dung céc bd tach quang 1a PIN
hodc APD thi trong hé thong sir dung tach song coherent con ¢6 thém mot phan tir

tao dao dong ndi1 bdi mot lazer diode & phia thu dé tron vai tin hi¢u anh sang toi.

Tur su phén tich & trén, ta c6 thé thay sy khac nhau cta cic hé théng OFDM
quang chinh 1a viéc sr dung cac by tach song quang khac nhau. Nhu vay c6 2 loai
hé thdng OFDM quang. D6 d6 1a: Heé théng OFDM quang sir dung k¥ thuét tach
song tryc tiép (DDO-OFDM) va hé théng OFDM quang str dung k¥ thuét tach song
Coherent (CO-OFDM).

1.2. Két luin chwong 1

Chwong 1 da trinh bay nguyén 1y chung ctia cong nghé¢ OFDM va trén co s&
d6 trinh bay nguyén 1y cia cong nghé¢ OFDM quang. OFDM la mot hé thong da
song mang trong d6 ludng sé lidu can truyén dugc chia nhod va dugce truyén trén cac

song mang con tryc giao véi nhau.
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Pong thoi, chuong 1 ciing trinh bay cac phan tir co ban ctia may thu, méay phat
OFDM quang, cic phuong phép diéu ché va cac phuong phap tach song trong
OFDM quang; va phan loai cic hé thong OFDM quang. Trong k¥ thuat OFDM
quang, c6 2 loai hé thdng OFDM quang. D6 d6 14 hé thong OFDM quang sir dung
k¥ thuat tach song truc tiép, ky hiéu 1a DDO-OFDM va hé thong OFDM quang st
dung k¥ thuat tach song Coherent, ky hi¢u 1a CO-OFDM.
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CHUONG 2. TONG QUAN VE KY THUAT GHEP KEENH
QUANG CO-OFDM-WDM

2.1. Tong quan vé cong nghé Coherent OFDM quang

Cong ngh¢ Coherent OFDM quang (CO-OFDM) la su tich hgp cua 2 cong
nghé: cong nghé OFDM quang va cong nghé quang Coherent. Chinh vi vay, cong
ngh¢ CO-OFDM sé ké thira duogc cac wu viét cia ca 2 cong nghé Coherent va
OFDM quang. D6 1a nang cao d6 nhay may thu, hiéu suat quang phd cao va giam

su anh hudng cua tan sac.

Viéc tich hgp 2 cong ngh¢ quang Coherent va OFDM quang con c6 tac dong

hd trg phatt huy wu viét cia ca 2 cong nghé:

- Cong nghé OFDM mang dén cho hé théng coherent hiéu qua tinh toan, dé
dang udc lugng kénh va pha;

- Cong nghé Coherent dem lai cho OFDM dat tinh tuyén tinh can thiét trong
chuyén d6i duong 1én tir mién RF sang mién quang (RTO) va trong chuyén
d6i duong xudng tir mién quang sang mién RF (OTR). Ma truyén dan tuyén

tinh 1a muc ti€u quan trong cho viéc thuc hi¢n OFDM.

- Téch song tryc tiép tin hiéu quang da diéu ché cuong do 1a qua trinh da boé qua
dac tinh pha va sy phan cuc ciia song mang quang dugc tao ra tr linh kién

quang.

- Nhiéu cta bo thu tach séng truc tiép va bo tién khuéch dai cao. Do d6 do nhay

ctia hé théng tach song thap, ...

Dé khic phuc cic han ché cta hé thong IM-DD, ngudi ta da phét trién cong
nghé thong tin quang coherent. Trong hé thong thong tin quang coherent ngudi ta
thuong sir dung k¥ thuat diéu bién quang gian tiép ¢ phia phat va giai diéu bién
quang gian tiép & phia thu. Tirc 1a:

- O phia phat, c6 mdt ngudén quang phét ra anh sang dao dong nodi véi bude
song Ay (thuong 1a laser ban dan co d6 rong phd hep phat ra anh sang lién tuc). Tin

hi¢u truyén dan dugc dua vao di€u bién vdi tin hi€u anh sdng dao dong noi tao
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thanh tin hiéu 4anh sang truyén dan va duoc ghép vio soi quang. Bo diéu bién quang
ngoai thuong dugc sir dung 1a cac mach quang t6 hop, vi du nhu LiNb03 - Mach-
Zehnde Modulator.

- O phia thu, cling c6 mot ngudn quang (thuong 1a laser ban dan c6 do rong
pho hep phat ra anh sang lién tuc) phat ra 4nh sang dao dong ndi véi bude song A,.
Tin hiéu anh sang thu dugc dua vao tron voi tin hi€u anh sang dao dong noi phia
thu.

Khi tan s6 cua tin hiéu anh sang téi va tin hiéu tir bd dao dong ndi phia thu
giéng nhau thi bd thu hoat dong & ché do Homodyne, va tin hi¢u dién tai tao dugc la
tin hiéu dai nén. Con khi tan s6 cta tin hiéu anh sang téi va tin hiéu tir bo dao dong
ndi phia thi 1éch nhau thi bo thu hoat dong & ché do Heterodyne, va phd cia tin hiéu
dién ¢ ngd ra ciia khdi DEC 1a tin hiéu trung tan IF (intermediate frequency). IF 1a
tin hiéu c6 chira tin hiéu thong tin can truyén (tirc tin hiéu dai nén) va tin hiéu thong

tin can truyén nay cé thé thu dugc bang cach sir dung k¥ thuat giai diéu ché dién.
2.1.1. Cac khai niém co ban trong cong nghé Coherent

2.1.1.1. B¢ tao dao dong noi

Y tudng co ban dang sau su tich song nhat quan bao gém su két hop cac tin
hiéu quang hoc két hop véi moi truong séng quang lién tuc (CW) trude khi no roi
vao nhirng bd tach song quang. Cac truong CW dugc phat sinh cuc bd ¢ ngudi nhan
béng cach st dung moét laser bang thong hep duoc goi 1a bd tao dao dong tai chd

(LO), mot thuat ngir duwoc muon tir vo tuyén va séng micro..

Trong thyuc té c6 hai phuong phap tach song nhat quan dé lya chon, phu
thudc vao viec c6 hay khong o, = 0. Chung duoc biét t6i nhu bo dao dong dong tan

va k¥ thuat chuyén doi phach tan.

2.1.1.2. Bé dao déng dong tan

Trong k¥ thuat sy tach song nhét quan, tan sd ndi dao dong dugc chon dé

trung voi tan s6 wodé wrr=0 .
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Bo tao dao dong ddng tan ciing 1a két qua tir do nhay vé pha. T sb hang
cudi ciing trong bao gém pha ciia bd tao dao dong dro, 16 rang ¢ro nén duoc kiém
soat. Ly tudng nhit ¢s va ¢ro nén lién tuc ngoai trir didu ché cia ¢s. Trong thyc té ca
ds va dro bién dong theo thoi gian mot cach ngiu nhién. Tuy nhién ¢s - ¢ro c6 thé
budc phai gan nhau thong qua vong khoa pha. Viéc thuc hién ciia vong ldp nhu vay
1a khong don gian va lam cho thiét ké cua may thu bo dao dong dong tan phirc tap.
Ngoai ra, két hop may phat va tan sé may tao dao dong dwa ra yéu cau khit khe cho
hai nguén quang. Nhiing vin dé nay c6 thé duoc khac phuc bang viéc sir dung bd

chuyén dbi tan, 1a van dé thao luan tiép theo.

2.1.1.3. B chuyén doi tan

Trong truong hop bo chuyén doi tan tao dao dong ndi tan sé6 oo dugc lya
chon dang khac thanh cac tin hiéu séng mang tan sd wo ciing nhu tan s trung gian
o trong ving séng ngan ( v, ~ 1GHz). Sir dung phuong trinh (2.3) ciing véi I =

RP, dong quang dién bay gio dugc dua ra boi:
I(t) = R(Ps+ Pro) + 2R\[P.P,, cos (w;pt + @5 — @) (2.1

Khi Pro > Py, trong thuc té dong dién mot chiéu (dc) gan nhu lién tuc va co
thé duoc loai bo dé dang bang cach str dung bo loc 13y giai. Tin hiéu ciia bo chuyén

d6i tan duoc dua ra boi dong xoay chiéu (ac) trong phuong trinh (2.7) hodc boi:
Lae(t) = 2R PP, cos (wipt + Bs — Dp0) (2.2)

Tuong tu bo dao dong dong tan, thong tin cd thé duoc truyén qua bién do,
pha, hay tan s6 diéu ché cia song mang quang. Quan trong hon, bd tu tao dao dong
van khuyéch dai cac tin hiéu nhan boi mot yéu o 16n, qua dé cai thién SRN. Tuy
nhién viéc cai thién thap hon 2 hodc 3 dB so véi trudng hop cua dao dong ddng tan.
Mirc giam nay c6 lién quan t6i b chuyén tin. Ngudn goc cua 3 dB c6 thé dugc thay
bang cach xem xét cong suat tin hiéu (ti 1& binh phuong ciia dong dién). Boi vi ban
chat dong xoay chiéu ac (I.c) cong suat tin hiéu trung binh bi giam hé s6 2 khi I, 1a

trung binh trén mot chu ki day du ¢ tan s trung gian.
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2.1.1.4. Céc dang diéu ché

Nhu di thao luan trong phan 2.1, mét wu diém quan trong khi str dung ki
thuat tach song nhat quan ¢ ca bién do va pha cia tin hiéu quang phia thu c6 thé
dugc phat hién va do. Tinh niang nay mé ra kha ning giri thong tin bang cach diéu
ché ca bién do,pha hay tan s ciia song mang quang. Trong truong hop hé thong
truyén thong ki thuat s6, c6 ba kha nang 1am phat sinh ba dang diéu ché duoc goi 1a
diéu ché dich bién do (ASK), diéu ché dich pha, diéu ché dich tan. Hinh 2.1 chi ra
biéu dd ba dang diéu ché cho mot bit mau cu thé. Trong cac phan phu sau day
ching ta xem xét timg dinh dang riéng biét va thao luan vé viéc thyc hién ctia no

trong hé thong cia song nh sang.



Tin hiéu 1|
(bit nhi phénl :
I

ASK

PSK

Hinh 2.1. Cac dang diéu ché ASK, PSK va FSK
< Diéu ché ASK

Trong diéu ché ASK, ngudi ta co thé thuc hién diéu ché truc tiép hay gian tiép.
Trong diéu ché ASK, ngudi ta thyc hién diéu ché bién do P clia song mang quang
p(t) 1a séng anh sang phat xa ciia LD (LD 1a phan tir phat quang khi diéu ché truc
tiép, hay LD 1a phan tir tao song anh sang dao dong ndi khi diéu ché ngoai) véi tin
hiéu can truyén dan i(t). Con tan s6 o va pha @ ciia séng mang quang p(t) khong
thay doi.

< Diéu ché FSK
Trong diéu ché FSK, nguoi ta c¢6 thé thuc hién diéu ché gian tiép (dicu ché
ngoai). Trong diéu ché FSK, ngudi ta thuc hién diéu ché tan sd f cua song mang
quang p(t) 1a séng anh sang phat xa cia LD (LD la phan tir phat quang khi diéu ché
tryc tiép, hay LD 1a phan tir tao song anh sang dao dong ndi khi diéu ché ngoai) voi
tin hiéu can truyén dan i(t). Con bién do P va pha @ cua song mang quang p(t) khong

thay doi.
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Dinh dang PSK
Trong diéu ché PSK,nguoi ta c6 thé thuc hién dicu ché gian tiép (diéu ché
ngoai).
Trong diéu ché PSK nguoi ta thyc hién diéu ché pha @ cia song mang quang
p(t) 1a séng anh sang phat xa ciia LD (LD 1a phan tir phat quang khi diéu ché truc
tiép, hay LD 1a phan tir tao song 4nh sang dao dong noi khi didu ché ngoai) véi tin
hiéu can truyén dan i(t). Con bién do P va tan s6 o cta song mang quang p(t) khong

thay doi.

2.1.2. Mé hinh céu triic co bdn ciia hé thong théng tin quang Coherent

Céu tric co ban cia mot hé théng thong tin quang Coherent dwoc mo ta nhur

trong hinh 2.2.

DU \ Homodyne A=Ay
liéu : Ay . DE-
;. => DE > MOD[™ » DEC > AMP > —>
vao ! ! MOD
l 7y : Heterodyne A, # A, L—¢
"""""" ' Ay Heterodyne
i
LC > CwL i | Lo [¢ Loc |
Bo phat Bo thu

Hinh 2.2. So' @6 hé thdng thong tin quang coherent
Céc khdi trong so d6 hé thong:
- DE (Driver electronic): thuc hién khuéch dai tin hiéu ngd vao nham tao tin hiéu
c6 muc phi hop véi cac khoi sau.
- CWL (Continuous Wave Laser): bd dao dong quang str dung laser ban dan cé
d6 rong pho hep phat ra anh sang lién tuc co budc song Ai.

- LC (Laser Control): nham 6n dinh budc song phat ra cua dao dong quang.
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- MOD (Modulator): khéi diéu ché quang, st dung k¥ thuét diéu ché ngoai dé tao
ra tin hiéu diéu ché dang ASK (Amplitude Shitf Keying), FSK (Frequency
Shitf Keying), PSK (Phase Shitf Keying) hay PolSK (Polarization Shitf
Keying).

- LLO (Laser Local Oscilator): bd tao dao dong ndi tai bo thu st dung laser ban

dan tao ra tin hiéu quang c6 budc song L.

- DEC (Detector): thuc hién hai chirc nang, dau tién sir dung bo coupler FBT cong
tin hiéu thu duoc (A1) va tin hiéu tai chd (A2). Sau d6 dua tin hiéu tong toi
photodiode dé thyuc hién tach song truc tiép theo quy lut binh phuong. Dé thuc
hién ding v6i nghia tach song coherent thi coupler quang phai t6 hop cac tin
hiéu quang c6 phan cyc giéng nhau.

- Dang song cua tin hiéu ASK, FSK, va PSK dugc minh hoa ¢ hinh 2.3.

Bit nhi phan : 1

ask )\

FSK

<\ /\ NN AN
AVAV.VAVERVAVRVAV.VAVE

g _
S
b

Hinh 2.3. Dang séng ciia cac dang diéu ché va chudi bit nhi phin 13 10110

Khi tan sb cua tin hiéu téi va tin hiéu tir bd dao dong ndi gidng nhau thi bd
thu hoat dong & ché 46 Homodyne, va tin hiéu dién tai tao duoc 1 tin hiéu giai nén.
Con khi tan s6 cia tin higu t6i va tin hiéu tir bo dao dong ndi léch nhau thi bo thu
hoat dong & ché 46 Heterodyne, va phd cua tin hiéu dién ¢ ngd ra cua khdi DEC 1a
dang trung tan IF (Intermediate frequency). IF nay la dang tin hiéu khéc c6 chua tin
hiéu thong tin ma chiing ta mudn truyén di (tic tin hiéu dai nén), va tin hiéu thong

tin nay chiing ta c6 thé thu duoc bang cach sir dung k¥ thuat giai diéu ché dién.
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- LOC (Local Oscillator Control): nham diéu khién pha va tan s6 cta tin hiéu dao

dong noi1 6n dinh.
- AMP (Amplifier): khuéch dai tin hiéu dién sau khi tach song quang.

- DEMOD (Demodulator): khdi nay chi can thiét khi bo thu hoat dong & ché do
Heterodyne.

2.1.3. Cdc thanh phin co bin ciia hé thong thong tin quang Coherent

2.1.3.1. B¢ phat quang

So d6 bo phat quang trong hé théng quang coherrent duoc mé ta nhu hinh 2.4.
Thanh phan thyc va ao (I/Q) tir hai ngd ra ctia b dicu ché tin hiéu OFDM duoc
chuyén d6i tir mién dién sang mién quang nho hai bo diéu ché ngoai MZM nhu mo
ta trén hinh 2.4. Sau d6, tin hiéu quang tai dau ra cta hai bo MZM duoc diéu ché
cau phuong (vudng goc) cong lai va dua vao soi quang dé truyén di. Qua trinh

duoc thuc hién nhu sau :

1. Tin hiéu quang do mot Lazer Diot LD1 sinh ra duoc dua dén hai b MZM

2. Tin hiéu quang trén mdi MZM tuong ung la €;; va ;o dong vai tro 1a song
mang quang, cac song mang nay dugc diéu ché pha dé mang tin hié¢u I/Q
trong ng, ngd ra mdi bd MZM chinh 1a tin hiéu quang di dugc diéu ché
pha.

3. Mot trong hai bd MZM, tin hi€u sau d6 duoc dich 1 géoc 90° cong vdi tin

hi¢u cia b MZM con lai va phong vao sgi quang.

/
He € ¢, v €,
LDl //_— MZM %ﬁ—’ emos
= SN—AMIMH0 " =
e, € ~— optical fibre
Qc-fr : ° = electrical line

Hinh 2.4. M6 hinh diéu ché quang két hop sir dung MZM
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2.1.3.2. B thu quang
Trong k¥ thudt thong tin quang coherent nguoi ta thuong s dung cac b thu
quang sau:
- BQ thu quang tach song Heterodyne,
- B0 thu quang tach song Homodyne,
- B0 thu quang két hop.
% B¢ thu quang tiach song Heterodyne
So d6 khdi tong quat ciia bo thu quang st dung tach song Heterodyne duoc
minh hoa ¢ hinh 2.5.

Déi vai tach song Heterodyne, tin hiéu tong giira tin hiéu vao va tin hiéu dao
dong nodi di qua bo tach song quang (PIN hay APD) sé tao ra tin hiéu trung tan IF.
Tin hiéu IF sau d6 duoc giai diéu ché thanh tin hiéu dai nén bang cach st dung k¥
thuat tach song dong bd (synchronous) hodc khong déng bd (nonsynchronous).
Bing thong can thiét ciia bo thu quang Heterodyne 16n hon nhiéu lan so véi tach

song truc tiép ¢ toc do truyén xac dinh trudce.

| coupl Bo tach B2 loo Bo giai BS loc
o M eong au " khuéeh dai — °F 9", slkhuéch dai
X2 song quang x dieu ché S
trung tan dai nén
. Mach
BA(_) dacsw , AFC quyét_dinh
déng ndi bit
a, B& thu quang heterodyne l

Hinh 2.5. CAu hinh co ban b thu quang Heterodyne
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Ngoai ra, chat luong ctia bd thu quang Heterodyne s& giam khi tan s6 cua tin
hiéu trung tan dao dong, cho nén can bo diéu khién tan sb tu dong AFC dé 6n dinh
tan s6 nay thong qua lay tin hiéu hoi tiép tir ngd ra ciia bd giai diéu ché dé diéu
khién dong kich cua laser dao dong ndi.

Tach song Heterodyne dong bo dugc sir dung cho giai diéu ché PSK. Do do
v6i tach song nay can phai danh gia dugc pha cia tin hiéu IF dé chuyén tin hiéu nay
thanh tin hiéu dai nén. Do d6 k¥ thuat khoa pha duoc sir dung ¢ bo thu dé do su dao
dong pha gitra tin hi€u vao va tin hiéu cua by dao dong ndi. Vi tin hi¢u thong tin s€
dugc xir 1y trén séng mang IF nén chung ta chi can x ac dinh pha cuta tin hiéu trong
mién dién. Do d6 c6 thé sir dung cac k¥ thuat va cac cdu hinh vong khoa pha PLL
ma da ap dung trong thong tin cao tan va viba. Cac k¥ thuat da nghién ctru cho giai
diéu ché PSK chii yéu 1a xac dinh pha cia tin hiéu vao. Hon nita giai diéu ché PSK
dong bo rat nhay cam véi ki thuat tach séong Heterodyne. Pé do dugc pha cua tin
hiéu PSK thi can phai c6 pha tham khao dua trén pha trung binh ctia tin hi¢u quang
ngo vao trong khoang thoi gian xac dinh. Do d6é muc dich cia viéc st dung vong
khoa pha PLL 1a cung cap gia tri tham khao nay véi thoi gian trung binh dugc xac

dinh trong bang thong cua vong nay.
% B0 thu quang tiach song Homodyne

So dd khéi tong quat cia bd thu quang sir dung tach song Homodyne dugc
minh hoa ¢ hinh 2.6.

Tin
hieu
vao,
— B6 tach Bo loc
Coupler Coupler sc‘)no aﬁan khuéch dai
2x2 2x2 gq g dai nén
B&
dao déng
noi
T AFC
M’a_ch
quyét dinh
bit
b, Bé thu quang Homodyne cé khda pha gitra 1 _T“"‘
hiéu ra

tin hiéu dao déng ndi va tin hiéu vao

Hinh 2.6. Ciu hinh bj thu quang Homodyne
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Trong truong hop tach song Homodyne, pha cua tin hiéu dao dong ndi duoc
khoa véi tin hiéu vao nén phai s dung tich song déng bd. Hon nira, két qua cua
qua trinh cong hai tin hiéu va dwa dén bo tach séng quang tao ra tin hi¢u thong tin 1a
tin hi¢u dai nén nén khong can bo giai didu ché. Vong hdi tiép AFC c6 chirc nang
6n dinh tan sb giira hai tin hiéu.Tach séng Homodyne khong chi tang dugc do nhay
ctia bo thu 3dB ma con dé dang dat duoc yéu cau vé bang thong cua by thu. Hinh

2.7 so sanh phd ngd ra cua bo tach song Homodyne PSK va Heterodyne PSK.

Bién d6 Bien d6
N IF
Dai nén
Hz Hz
N |
Phd clia bd thu Homodyne Phd clia bd thu Heterodyne
PSK PSK

Hinh 2.7. So sanh phé ciia tin hiéu PSK ¢ ngd ra ciia by tach song quang Homodyne
va Heterodyne.

C6 thé thay rang tach song Homodyne chi yéu cau bang thong ciia bo thu tach
song truc tiép trong khi d6 tich song Heterodyne yéu cau it nhat hai lan bang thong
ndy va thuong 13 ba hodc bén 1an. Nhung tach song Homodyne sir dung ngudn phét
va laser dao dong ndi doc 1ap nhau nén gip phai mot diéu cuc ky kho khin dé diéu
khién sy khoa pha cia hai tin hiéu nay. Tuc 1a d6 léch pha ¢ phai ludn giit gan bang
0 cho céc b thu do nhay cao. Hon nira, néu ¢ trdi dén gia trj n/2 thi dong tin higu /g
& ngd ra s& bang 0 va qua trinh tach song s& két thuc

< B0 thu quang két hop

O dau thu, tin hiéu quang tur so1 quang di tdi trudce hét s& duoc chuyén thanh
tin hi¢u dién. Bo chuyén doi quang di¢n thyc hién chirc ndng nay. Tuc tin hi¢u
quang toi trude hét duoc tron v6i song quang phat ra tir bd giao dong ndi, roi sau do

tin hiéu tin hiéu quang tong hop nay dugc chuyén vé tin hiéu dién nhd cac photo-
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detector. Cau triac bd thu quang coherrent két hop duoc mé ta rd hon trong hinh 2.8

e i ort epin
v
i :
- /]
y 7 N

A’/ ew.’ / \\\ epm}\i i in
LD2 K\—\/ ,\e \\/ PIN3
Y an ek PN i

\:4‘,\: PIN4

——— optical fibre
— lectrical line

Hinh 2.8. M6 hinh bj thu quang két hop

2.1.4. Nhitng wu diém ciia hé thong théng tin quang coherent

2.1.4.1. Nang cao do nhay thu

Vé mit 1y thuyét, hé thong thong tin quang coherent c6 nhicu dic diém hép
dan ma mau chot 1a sy cai thién do nhay thu. Do d6 néu hé théng quang coherent st
dung phuong phép tach song heterodyne hay homodyne sé& cho phép kéo dai khoang
cach gitra hai tram lap, tang tbc d6 truyén dan trong cac tuyén thong tin dudng truc
va tang sd kénh trong mang ndi hat hoic thué bao.

S

-40

Do nhay tu quang (dBm)

Tée d6 truyen (Gbit/s)

Hinh 2.9. Sy phu thudc do nhay vao toc dd bit truyén
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2.1.4.2. Néng cao kha ndng truyén dan

Vé6i phuong phap ghép kénh theo tin sb, cic hé thdng thong tin quang
coherent c6 dung luong truyén dan rat 1én. Vi du, néu trong ving budc séng hoat
dong 1550nm chon do rong phd dé truyén thi trong ving nay cé thé truyén khoang

10° kénh thoai twong duong.

400

500 Thu Coherent

Khoang cach 1ap (Km)

Thu trye tiép

100
Téc dd truyen (Gbit/s)

0,01 0.1 1 10

Hinh 2.10. Khoang cach tram lip phu thudc vao téc d truyén

2.1.4.3. Kha néng két hop thu coherent véi kjj thudt khuéch dai quang

Su két hop giita thu coherent va k¥ thuét khuéch dai quang c6 thé tao nén cac
tuyén thong tin sd dung luong truyén dan rat 16n va kéo dai khoang cach tram lap
(c6 thé dat t6i 10.000Km). Kha ning nay duoc ap dugc ing dung trong cic tuyén
duong truc va tuyén cap tha bién.
2.2. M6 hinh h¢ théng Coherent OFDM quang

Mot hé théng CO-OFDM quang dién hinh duoc miéu ta nhu trong hinh 2.11
[1].
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B bién ddi RF sang quang

| "
Data o LD1
> Bo phat *}
RF OFDM - -y 1

I Q

D
*o
Suenb 105

: PD2
: LD2
Data Bé thu p[*33 - *l -
RF OFDM o * 90°
PD4
Bo bién ddi quang sang dién

Hinh 2.11. Mb hinh hé théng CO-OFDM quang dién hinh
Mot hé thong CO-OFDM quang dién hinh c6 thé duoc chia lam 5 khéi co ban
gom:
1. Bo phat RF OFDM c6 nhiém vy diéu ché tin hiéu OFDM trong mién dién,
2. Bo chuyén ddi tin hiéu RTO dé chuyén dbi tin hiéu tir mién dién sang mién
quang,
3. Kénh quang la méi truong truyén dan tin hiéu tir phia phat dén phia thu,
4. Bo chuyén d6i tin hiéu OTR dé chuyén doi tin hidu quang thanh tin hiéu dién tai
phia thu

5. Bo thu RF OFDM dé giai diéu ché tin hiéu OFDM trong mién dién thanh dir

lidu twong tmg voi bén truyén.
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2.2.1. Cdc khéi phdt va thu RF OFDM

Kién tric ctiia bo phat va bo thu RF OFDM. Trong dd, cac tin hiéu dau vao bo
phat RF OFDM va cac tin hiéu dau ra bd thu RF OFDM la cac tin hiéu ¢ bang tan
co ban hodc bang RF.

2.2.1.1. BY chuyén doi dién-quang dwong 1én va chuyén doi quang-dién
duwong xuong

Bo chuyén d6i dién-quang duong 1én va chuyén ddi quang-dién dudng xudng
ctia hé thong CO-OFDM duoc chi ra trong hinh 2.11. Trong hé théng CO-OFDM
st dung kién trac chuyén d6i dudng 1én va duong xudng tryc tiép.

Trong kién triic chuyén dbi duong 1én truc tiép, bo phat quang sir dung mot bo
diéu ché 1/Q quang, bao gém hai bo diéu ché MZM dé chuyén do6i duong 1én phan
thyc va phan 4o cua tin hiéu OFDM s(t) dugc chi ra trong cong thire (1.4) tir mién
RF sang mién quang; phan thuc va phan a0 cila s(t) s& duoc dua dén mdi bo diéu
ché MZM tuong tng dé diéu ché.

Trong kién trac chuyén ddi duong xubng truc tiép, bo thu quang OFDM sir
dung hai cdp bd thu can bé“mg va mot bo ghép lai oo’ dé thuc hién tach song quang
I/Q. B6 thu RF OFDM thuc hién xtr 1y tin hiéu OFDM bing tan gc dé khoi phuc
lai dir lidu.

Uu diém cia kién tric chuyén doi truc tiép 1a:

- Khéng can thiét str dung bd loc loai bo phan 4o trong ca bd phat va bo thu.

- Giam dang ké yéu cau bang thong dién cho ca bo phat va bo thu.

2.2.1.2. Tach séng coherent cho chuyén doi dwong xuong va triét pha

Trong k§ thuét tach séng heterodyne, tin hiéu OFDM bang gbc trudc tién dugc
dua lén tan s6 trung tan f, o1 O mién dién, sau do tin hiéu OFDM trung tan duoc
diéu ché trén song mang quang nhd mot bd MZM. O phia thu tin hiéu quang OFDM
trudc tién duoc chuyén vé tin hiéu dién OFDM ¢& trung tan f, 100- Sau do viéc tach ra

cac duong /0 duge thyc hién ¢ mién dién.
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Trong tach séng homodyne, séng mang quang str dung mot bo diéu ché dién —
quang bao gém hai b6 MZM riéng biét duoc sir dung dé diéu ché hai thanh phan /0
ctia tin hiéu OFDM. O phia thu, tin hiéu quang OFDM dugc tach lam hai phan 7/Q
ngay trong mién quang nho sit dung hai bo thu can bang (gém 4 photo-detector
ghép thanh 2 bd) va mdt bo ghép lai 90’. Bo thu RF OFDM xtr 1y tin hiéu OFDM &

bang gbc dé khoi phuc lai dir liéu ban dau.

Trong k¥ thuat taich sdng coherent cia CO-OFDM, nguoi ta con su dung cac
bd ghép lai va tach séng photo cén bang. Hinh 2.12 1a mot vi du vé tach séng
coherent sir dung bd ghép lai quang 9’ c6 6 cong ( gom 2 dau vao va 4 dau ra) va
mot cip tach song can bang (balanced photo-detectors) [1].

Muc dich chinh cua tach song coherent la:

1. Khdi phyc tinh tuyén tinh cho thanh phan I va Q ciia tin hiéu dén,

2. Téi thiéu hodc loai bo nhidu mode chung.

Str dung 6 cong ghép lai 90° cho tin hiéu tach song va thyc hién phan tich trén
mién RF, va tng dung cta nd t&i hé théng quang coherent don song mang duogc

thuc hién bo1 Ly-Gagnon va Savory [1].

j{[Es + E.LG]

—_————

f[Es o 'E'_G]
—_—

= 90°
optical
hybrid

() =2EEjo

Eio ¥ |Es - JE 0] D3

% [Es +JELo] i"*

E. : Incoming signal
PD : Photo-detector

E, o : Local oscillator signal

f(f) : Complex photocurrent

Hinh 2.12 Tach séng coherent sir dung b ghép lai va tach séng photo cin bing
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2.3. Ky thuat ghép kénh phan chia theo buéc song WDM
2.3.1. Tong quan vé WDM

Cong nghé mang quang da trd thanh nhén td quan trong trong sy phat trién
clia mang vién thong. Yéu cau bang tan str dung 16n 13 hé qua tat yéu cta nhu cau
truyén thong dir liéu ngay nay. Trong hai thap ky qua, cong nghé truyén tai quang
WDM d4 c6 sy phat trién vuot bac. Su phat trién nay c6 dugc 1a nho cong nghé ché
tao linh kién quang. Nhitng thanh tyu cta cong nghé nay da gép phan tao nén hé
thng WDM dung luwong 16n nhu ngay nay. Theo thoi gian, xuét phat tir nhimg nhu
cau thuc té, cac hé thdng WDM ngay cang trd nén phirc tap. O mot goc do nao, su
phtic tap trong hé thong WDM 1a trong nhiing chirc ning ciia thiét bi. Nho ¢6 chirc
nang nay ma cau hinh hé thng WDM chuyén tir don gian nhu ciu hinh diém - diém
sang cau hinh phirc tap nhu Ring va Mesh [3].

Uu diém cia cong nghé WDM:

v’ Ting béng thong truyén trén soi quang : SO lan twong tig sd budc song dugc

ghép vao dé truyén trén mot sgi quang.

v’ Tinh trong suét: Do cong nghé WDM thudc kién triic 16p mang vat 1y nén no co
thé hd trg cac dinh dang s6 liéu va thoai nhu: ATM, Gigabit Ethernet, ESCON,
chuyén mach kénh, IP ...

v’ Kha nang mo réng: Nhimg tién bo trong cong nghé¢ WDM hira hen tang bang
thong truyén trén soi quang 1én dén hang Tbps, dap (mg nhu cau mé rong mang &
nhiéu cap d6 khac nhau.

Nhieoe diém cua cong nghé WDM: Van chua khai thac hét bang tin hoat
dong c6 thé cua soi quang (chi moi tan dung dugc biang C va bang L), qua trinh
khai thac, bao dudng phirc tap hon gap nhiéu 1an. Néu hé thong soi quang dang sir
dung 13 soi DSF theo chuan G.653 thi rat kho trién khai WDM vi xuét hién hién
tuong tron boén bude song kha gay gat.



31

2.3.2. So d6 khéi téng qudt hé théng WDM

Tx1 Truyén tin hiéu trén sgi quang Txl
r 1 |— 1

Tx2 S (O e Tx2

| MUX — : | : DE :

| < <= [MUX |

| £ PR e £ P Iy |
TN Khuéch dai tin hiéu Khuéch dai tin hiéu TXN

Phét tin higu Ghép tin higu Téch tin hiéuw  Thu tin hiéu

Hinh 2.13: So dd chirc ning hé thong WDM [3].

v’ Phat tin hiéu: Trong h¢ théng WDM, ngudn phat quang duoc dung 1 laser. Hién
tai ¢a co mot s6 loai ngudn phat nhu: Laser diéu chinh dugc budce song, Laser da
budc song ... Yéu cau d6i véi ngudn phat laser 1a phai c6 d6 rong phd hep, budc
song phét ra 6n dinh, mic cong suat phat dinh, budc séng trung tim, d6 rong pho,
d6 rong chirp tan phai nam trong gidi han cho phép.

v Ghép/tach tin hiéu: Ghép tin hiéu WDM 1a su két hgp mot sé ngudn sang khac
nhau thanh mot ludng tin hiéu anh sang téng hop dé truyén dan qua soi quang. Tach
tin hiéu WDM 1a sy phan chia luéng 4nh sang tong hop d6 thanh cac tin hi¢u anh
sang riéng ré& tai mdi cong dau ra bd tach. Hién tai di co cac bo tach/ghép tin hicu
WDM nhu: bg loc mang méng dién moi, cach tr Bragg soi, cach tir nhiéu xa, linh
kién quang t6 hop AWG, bo loc Fabry-Perot... Khi xét ¢én cac bd tach/ghép WDM,
ta phai xét cac tham sd nhu: khoang cach giita cac kénh, do rong bang tan cua cac
kénh budc song, budc song trung tdm cua kénh, murc xuyén am gitra cadc kénh, tinh
ddng déu ciia kénh, suy hao xen, suy hao phan xa Bragg, xuyén am dau gan, dau xa.

v’ Truyén dan tin hiéu: Qua trinh truyén dan tin hiéu trong soi quang chiu sy anh
huéng ciia nhiéu yéu t6: suy hao soi quang, tan sic, cac hiéu tng phi tuyén, vin dé
lién quan dén khuéch dai tin hiéu ... Mdi vin dé ké trén déu phu thudc rat nhiéu vao
yéu t6 soi quang (loai soi quang, chit luong soi...).

v Khuéch dai tin hiéu: Hé théng WDM hién tai chii yéu sir dung bo khuéch dai
quang soi EDFA. Tuy nhién bd khuéch dai Raman hién nay ciing da duoc str dung
trén thuc té c¢6 ba ché do khuéch dai: Khuéch dai cong suat, khuéch dai duong va
tién khuéch dai. Khi dung bo khuéch dai EDFA cho hé thong WDM phai dam bao
céc yéu cau sau:

- Do loi khuéch dai dong déu ddi véi tat ca cac kénh bude song (muc chénh

1éch khong quéa 1 dB).
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2.3.3. Phén loai hé théng WDM

TxI A1,42,43...an Txl
Bo o r— Bo
Tx2 C 1 1 = . Tx2
| tach/ o | ghep/ :
| ghép — <o L+ tach |
| n —— 203,00 ——d R |
' Kenh | 4 uéch dai tmhicu Khuéch dai tin higu | K& '
TN uéch dai tin hiéu uéch dai tin hiéu TN
Hé théng WDM don hudng
May phat May thu
quang quang
Txl Txl
Bo r ALA223..An r Bo
Tx2 - AL i LN . o Tx2
tach/ La — ghep/
| ghép i A1,02.03..00 = tach |
—_— - —_—
[ kénh . , , . kénh I
TN Khuéch dai tin hidu Khuéch dai tin higu TN

Hé théng WDM song huéng

Hinh 2.14: H¢ thong ghép budéc séng don huong va song huéng [4].

Hé thong WDM vé co ban chia 1am hai loai: hé théng don huéng va song
huéng nhu minh hoa trén hinh 1.6. Hé thong don huéng chi truyén theo mot chiéu
trén soi quang. Do vy, dé truyén thong tin gitra hai diém can hai soi quang, hé
théng WDM song huéng nguoc lai, truyén hai chidu trén mot sgi quang nén chi can

1 sgi quang dé co thé trao ddi thong tin gitra 2 diém.

2.3.4. Cdc phén tir co ban trong WDM
a) Bo phat quang

Céc ngudn quang co ban sir dung trong hé thong thong tin cap sgi quang cé thé 1a
Diode Laser (LD) hoic Diode phat quang (LED)[3,10]. Trong d6 laser khuéch dai
anh sang nho buc xa kich thich va hoat dong cua laser dya trén hai hién tugng chinh
doé 1a hién tuong birc xa kich thich va hién tuwgng cong hudng ctia song anh sang khi
lan truyén trong laser.

Tin hiéu quang phat ra tir LD hodc LED c6 cac tham sé bién doi twong ung véi
bién d6i cua tin hiéu dién vao. Tin hiéu dién vao co thé phat ¢ dang s hodc twong

tu. Thiét bi phat quang s& thuc hién bién doi tin hiéu dién vao thanh tin hiéu quang
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tuong (mg bang cach bién doi dong vao qua cac ngudn phat quang. Budc song anh
sang ctia ngudn phat quang phu thudc chi yéu vao vat liéu ché tao phan tir phat. Vi
du, GaalAs phat ra birc xa ving budc song 800 nm dén 900 nm, InGaAsP phat ra
birc xa ¢ ving 1100 nm dén 1600 nm.

Str dung bd diéu bién ngoai dé giam chirp, téc do diéu bién cao va tao cac dinh
dang tin hiéu quang khac nhau (NRZ, RZ, CS-RZ, DPSK ...) va dam bdo tin hiéu
quang c6 do rong pho hep tai bude song chinh xac theo tiéu chuan. Mot s6 yéu cau
d6i voi ngudn quang trong hé thong ghép kénh phan chia theo budc song WDM d6
la:

v' Dé chinh xdc ciia bude séng phat: Pay 13 yéu ciu kién quyét cho mot hé théng
WDM hoat dong t6t. Néoi chung, budc song du ra ludn bi dao dong do cac yéu tb
khac nhau nhu nhi¢t d§, dong dinh thién, d0 gia hod linh kién... Ngoai ra, dé tranh
xuyén nhiu ciing nhu tao diéu kién cho phia thu dé dang tach ding budc séng thi
nhat thiét do 6n dinh tan sd phia phat phai that cao.

v' D¢ réng dwong phé hep: PO rong dudng phd duoc dinh nghia 1a d6 rong phd
ctia ngudn quang tinh cho budc cit 3 dB. Pé c6 thé ting nhiéu kénh trén mot dai tan
cho trudce, cong v6i yéu cau khoang cach cac kénh nho cho nén do rong duong phd
cang hep cang tot, néu khong xuyén nhidu kénh lan can xay ra khién 13i bit ting
cao, hé théng khong dam bao chat lugng. Mubn dat dugc diéu nay thi ngudn phat
laser phai 14 nguén don mode (nhur céc loai laser hoi tiép phan b, laser hai khoang
cong huong, laser phan hoi phan bd).

v Dong nguéng thap: Piéu nay lam giam bét van dé lang phi cong suat trong viée
kich thich laser ciing nhu giam b6t dugc cong suat nén khong mang tin va tranh cho
may thu chiu anh huéng ciia nhidu nén (phét sinh do c6 cong suat nén 16n).

v Kha nang diéu chinh dwoc budc song: Pé tan dung toan bd bang tan soi quang,
ngudn quang phai c6 thé phat trén ca dai 100 nm. Hon nita, voi hé théng luya kénh tu
dong cang can kha nang c6 thé diéu chinh dugc budc song.

v’ Tinh tuyén tinh: Dbi voi truyén thong quang, su khong tuyén tinh ciia ngudn quang

s€ dan viéc phat sinh cac song hai cao hon, tao ra cac xuyén nhieu gitra cac kénh.
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v’ Nhiéu thdp: C6 rat nhiéu loai nhidu laser bao gébm: nhidu canh tranh mode, nhiéu
pha,... Nhiéu thap rat quan trong dé dat dugc mirc BER thap trong truyén thong sb,
dam bao chat lugng dich vu tét.
b) Bo thu quang

Phan thu quang gdm cac b tach song quang, kénh tuyén tinh va kénh phuc hdi.
N6 tiép nhan tin hiéu quang, tach l4y tin hiéu thu duoc tir phia phat, bién doi thanh
tin hiéu dién theo yéu cau cu thé. Trong phan nay thudng st dung cac photodiode
PIN hodc APD. Yéu ciu quan trong nhat ddi véi bo thu quang 1a cong suat quang
phai nho nhét (46 nhay quang) co thé thu dugc & mot toe do truyén dan sd nao dé
mg véi ty 18 161 bit (BER) cho phép. Hinh 1.7 14 so @6 khdi ciia bd thu quang trong
hé théng WDM.

Al. \ = R ] [
g \ ﬁL Chuyendsi | |py sy aiganl o Phuchbidelonl | . | —
B vio £ quang dién T 5 Noi —
e

Phalodicd sofE

SDIE' e

-+ Phuc héi xung -

Hinh 2.15: So d0 khéi bén thu [4].

Trén thyc té hién nay cac tuyén thong tin tdc d6 cao ngudi ta sir dung bod
khuéch dai quang 1am céc tram lap, chii yéu 1a cac bo khuéch dai duong day pha tap
Eribum (EDFA). Céac bo khuéch dai ndy c6 wu diém 1a khong can qua trinh chuyén
d6i O/E va E/O ma thyc hién khuéch dai tryc tiép tin hi¢u quang.

Loi ich cua viéc sir dung bo khuéch dai quang lam ting do nhay cta bo thu,
nang cao murc cong suat phat, nang cip don gian bén canh d6 bo khuéch dai quang
EDFA con thay thé cac b lap dit tién trong hé thong bi giéi han béi suy hao ciing
nhu doc 1ap vé téc do va dinh dang tin hiéu, khuéch dai tin hiéu da kénh WDM
dong thoi.

Dic tinh ctia mot s6 bo khuéch dai quang 1y tuéng d6 1a: Nhidu thap, khong
nhay cam v&i phan cuc, khong gdy xuyén kénh gitra cac tin hi¢u WDM ciling nhu
suy hao ghép ndi voi soi quang thap. Ngoai ra, dic tinh ctia bo khuéch dai quang 1y

tuong 1am cho d6 rong bang tan khuéch dai 16n voi hé s6 khuéch dai khong doi.
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2.4. Tong quan vé cong nghé CO-OFDM-WDM Coherent dung lwgng 16n

Cong nghé CO-OFDM-WDM la cong nghé thong tin quang két hop 3 cong
nghé quang tién tién tao ra mot gidi phap cong nghé truyén thong c6 kha ning
truyén tai toc do siéu cao va chat lugng cao. Do 1a sy két hop cong nghé quang
Coherent (CO) véi cong nghé ghép kénh quang theo tan s truc giao (OFDM) va
két hop v6i cong nghé quang ghép bang truc giao (WDM).

Uu viét ciia cong nghé CO - OFDM - WDM két hop duoc cac wu viét cua 3

cong nghé quang thanh phan sau:

1. Cong nghé Coherent quang 13 mot cong nghé co nhidu wu diém: nang cao
dung lugng ctia hé thong thong qua giai phap ghép cac kénh quang theo pha.
Pong thoi, cong nghé Coherent quang 1a mot giai phap cho phép nang cao do
nhay thu; cho phép bo thu quang hoat dong & tan sb thap sau khi di qua bo
tron tan sd. Do d6 no co kha nang hoat dong & tan sb cao hay & tdc do bit cao
ma khong xuat hién méo bién do va méo pha (trong truyén dan twong ty) hay
méo sudn trudc va sudn sau cia cic xung cung nhu méo xuyén nhiéu cia
cac xung (trong truyén din sd). Tir d6, cong nghé CO cho phép ning cao tdc

d6 truyén dan.

2. Cong nghé OFDM quang 1a cong nghé ghép kénh theo tan sd tryc giao cho
phép sir dung hiéu qua pho tan sb, tao ra dung lwong 16n, co thé giai quyét
van dé tan sic do kénh truyén soi quang giy ra, cho phép thong tin toc do

cao, loai bo nhiéu lién song mang, ...

3. Cong ngh¢ WDM quang 1a cong nghé ghép kénh quang theo budc song
(ghép bang truc giao) cho phép st sung hiéu qua bang thong cua sg¢i quang,

tao ra h¢ thong truyén dan quang cé dung lwong rat 16n.

Mic du, céng nghé CO-OFDM-WDM c6 nhiéu wu viét, song cong nghé
CO-OFDM-WDM moi chi dimg lai & mrc dang dugc nghién ciru va thir nghiém
trong cac phong thi nghiém, ma chua thuong mai héa. Tuy nhién, day 1a mot hudng
s& phat trién rat hira hen va 1a giai phap cong nghé truyén tai thong tin ciia xi hoi

hién tai va trong tuong lai. Do d6, cic nha khoa hoc, cic hang san xuat thiét bi dang
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tap trung nghién ctru ché tao cac hé thong thong tin quang CO-OFDM-WDM cho
twong lai.

Cong nghé CO-OFDM-WDM quang la cong nghé st dung hiéu quéa bang
thong ctia soi quang va ngudi ta con st dung ky thuat k§ thuat ghép phd truc giao
tao nén mot hé théng truyén dan quang dung luong 16n, dugc goi 1a Hé thong
Coherent OFDM quang dung luong 16n ghép bang tryc giao, ky hiéu la OBM-
OFDM (Orthogonal-band-multiplexed OFDM). Luu y, trong ky hiéu OBM-OFDM
nay thi ky hiéu OFDM da ham chtra su tich hgp cong nghé Coherent véi ghép kénh
theo tan s truc giao OFDM.

Do d6, cac nha khoa hoc va cong nghé néi vé cong nghé OBM-OFDM 1 néi
vé cong nghé Coherent OFDM quang dung lugng 16n ghép bang truc giao.

Chinh vi vy, dudi day luan van trinh bay nghién ctru cong nghé Coherent
OFDM quang dung lugng 16n ghép bang truc giao (OBM-OFDM) chi tap trung vao
cong ngh¢ OFDM quang dung lugng lon ghép bang truc giao. Con su tich hop cong
nghé Coherent voi cong nghé OFDM da dugc trinh by ¢ chuong 2.

2.5. Nguyén Iy ghép bing truc giao ciia hé thong OBM-OFDM

Ngay nay, luu luong truyén thong ngdy cang tiép tuc ting mot cach nhanh
chong, dic biét 1a lwu luong truyén tai IP. Cac cong nghé nhu Ethernet 100Gb/s
dugc xem nhur mot tiéu chuan truyén dan thé hé tiép theo cho cac mang IP. Khi toc
d6 dir liéu dat t6i 100 Gb/s hodc cao hon, bang thong dién can thiét cho CO-OFDM
t61 thiéu phai 1a 15 GHz [10]. Van dé nay khong c6 tinh hiéu qua kinh té dé thyc
hién tham chi ngay ca voi bién ddi twong ty thanh s6 ADC va DCA bién doi sb
thanh tuong tu trong mach tich hop (IC) [11]. Bé khic phuc tic nghén bang thong
dién, c6 rat nhiéu ky thuat da duoc dua ra. Trong d6, ndi bat nhét 13 k¥ thuat OFDM
ghép bang truc giao: OBM-OFDM (Orthogonal Band Multiplexed-OFDM).

Bang cach sir dung ghép va tach cac bang OFDM, OBM-OFDM di dat duoc

nhitng vu diém vuot trdi sau:

1. Pat duoc hiéu suit quang phd cao bang cach khong sir dung bang bao

vé€ hodc sur dung bang bdo v¢ nhd;
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2. OBM-OFDM cung cép tinh mém déo trong giai diéu ché hai bang con
OFDM dong thoi chi voi bién d6i Fourier nhanh (FFT),

3. OBM-OFDM c6 thé d& dang duoc phan chia boi cac bo loc dién anti-
alias va sau d6 xtr Iy véi DAC/ADC tbc do thap hon [6];

4. Yéu cau d6 dai tién t6 chu trinh (CP) thu ngan lai béi vi bang con cila

toan bo quang pho.

€ ————— Complete OFDM Spectrum = = = = = = = = >
Af Al . AF
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Hinh 2.16. So' @6 phin b phé ciia OBM-OFDM.

Pay 1a phuong thirc chia nho phd OFDM vao trong cac bang truc giao dugc
goi 1d OBM-OFDM. So d6 mot bang thong c6 kha niang mé rong va ghép pho hicu
quéa cho CO-OFDM dugc thao luan trong Shieh [7], dugc goi 1a kénh chéo OFDM
(XC-OFDM). Lya chon OBM-OFDM nham muc dich giam bang thong trong toan
bd bang con cia phé OFDM, nhu vay sé& tiét kiém duoc bang tan str dung rat nhiéu

lan so voi OFDM théng thudng.

Str dung so d6 nhu trén, mdi bang con OFDM c6 thé duoc tach bang cach st

dung mot b loc “anti-alias” 16n hon mdt chit so vdi bang tin hiéu (hinh 2.17).
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i Complete OFDM Spectrum = = == = = = = >
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Hinh 2.17. Minh hoa tiach song m¢t bang va hai bang trong OBM-OFDM
2.6. Phd quang ciia OBM-OFDM
Ph6 quang ciia OBM-OFDM duoc chi ra trén hinh 2.18. Trong d6, hinh 2.18a
1a pho quang cta ghép kénh phan chia theo budc song (WDM) véi diéu ché CO-

OFDM, hinh 2.18b 14 sy thu nho ph6 quang dbi véi mdi kénh bude séng, hinh 2.18c¢
1a pho quang cia OFDM ma kénh khong ¢ khoang bao vé.
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Hinh 2.18. Phé quang: (a) Ghép kénh phén chia theo budéc song (WDM ) N kénh
CO-OFDM; (b) Tin hiéu OFDM thu nhé d6i véi mdt buée séng; (c) OFDM kénh khong
c6 khoang bao vé

2.7. Giai phap thuec thi ghép bing truc giao ciia hé thong OBM-OFDM

Giai phap thyc thi ghép bang truc giao ciia hé théng OBM-OFDM c6 thé duoc
thuc hién str dung OFDM trong mién dién hodc trong mién quang, hoic két hop ca
hai mién.
Thuc hién OFDM trong mién dién

Hinh 2.19 13 so do thyc hién OBM-OFDM. Trong d6, hinh 2.19a 13 so d6

tron tin hi€u cho bd phat, hinh 2.19b 1a so dd mach tron tin hiéu cho bo thu va hinh
2.19¢ 1a so d6 mach tron tin hiéu cho bd didu ché/giai diéu ché JQ. Trong hinh
2.19a, mdi ngudn phat bang gbc OFDM duoc thyc hién bang cach sir dung thiét ké
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Hinh 2.19. So d6 OBM-OFDM: a) So' d6 trdn tin hiéu cho b phat, b) So' dd
mach trdn tin hiéu cho bd thu, ¢) So' @6 mach tron tin hiéu cho bd diéu
ché/giai diéu ché 10.

Thwc hién OBM-OFDM trong mién quang

OBM-OFDM c6 thé duoc thyc hién bang cach s dung hodc ghép cac song
mang con [3] hodc ghép cac budc song dé ndi cc bing tryc giao vao trong mot phd
OFDM hoan chinh nhu hinh 3.2. OBM-OFDM ciing c6 thé thyc hién trong mién
quang bang cach truc tiép str dung mot quang két hop hoic truyén dir liéu OFDM
qua rat nhiéu kénh WDM va khoa tt ca cac laser lai dé dat tiéu chuan quang thong
thuong nhu mot quang két hop. Kién trac cia OBM-OFDM quang vé co ban gidng
v6i kién tric OBM-OFDM thyc hién trong mién dién nhu trong hinh 2.24. Tuy
nhién, cdc thanh phan dién trong hinh 2.24 s& dugc thay thé boi cac thanh phan
quang; dac biét, mdi bd diéu ché RF 1Q s¢ dugc thay thé béng bo diéu ché /0
quang bao gom hai bo diéu ché Mach-zehnder (MZM) song song khéc pha o, va
mdi bo dao dong noi (LO) RF & phia phat hodc phia thu s& dugc thay thé boi mot bo
dao dong ndi LO quang, dugc tach thich hop tir mot quang két hop. Do do, diéu
kién tryc giao duoc théa man cho tit ca cic song mang con trén tat ca cac kénh
WDM. Mét bd loc quang ¢6 bang thong 16n hon mdt chut so voi bang thong kénh
c6 thé duoc sir dung dé lya chon kénh mong mubn. Do do, bang bao vé tan sb gitra

cac kénh WDM lan cén 1a khong can thiét, nén s& tiét kiém déng ké bang thong.

2.8. Hé thong OB-OFDM 100Gb/s

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

Mic di OBM-OFDM la mdt giai phap truyén din quang c6 hiéu qua cao vé
chat luong va chi phi. Tuy nhién, cong nghé ché tao va thwong mai hoa ciing nhu
trién khai trén cic mang vién thong van con tiép tuc va hoan thién. Tuy nhién,
truong dai hoc Melbourne, Uc da trién khai thi h¢ thong OBM-OFDM truyén dan
toc do 100 Gb/s. Mo hinh hé théng OBM-OFDM 100 Gb/s dwoc mé ta ¢ hinh 2.20
[8].
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Hinh 2.20. H¢ thong truyén din OBM-OFDM 100Gb

2.8.2. Céc thanh phén chirc ning ciia hé thong OB-OFDM 100Gb/s

2.8.2.1. B4 phat OBM-OFDM

Tin hiéu OBM-OFDM 100 Gb/s dugc sinh ra bang cach ghép nim bang (bang
con) OFDM. Trong mdi bang, 20 Gb/s tin hiéu OFDM duoc truyén trong ca hai
phan cyc. Ngudn quang da tan sd dit cach nhau ¢ 6406,25 MHz duoc sinh ra bang
cach ndi tang hai b diéu ché cuong d6 (IM). Bing bao vé bang véi khoang cach

mat song mang con (nghia la cho m=1 trong cong thtrc 2.33).

Thiét 1ap hai bo diéu ché cudng do IM cho phép ting do phang qua 5 bing va
giam sy lot pho ra khoi 5 bang. Tin hiéu truyén duoc sinh ra c6 d6 dai PRBS 2'° -1
va duoc anh xa toi chom sao 4-QAM. Tin hiéu sd trong mién thoi gian dugc hinh

thanh sau khi thuc hién IFFT. Toan bd sé luong séng mang con OFDM 1a 128, va
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khoang bao vé 1 1/8. 82 séng mang con & giita trong téng s6 128 séng mang con
dugc dung dé truyén dir liéu, c6 4 séong mang con 1am hoa tiéu (giam sat) dugc sir
dung cho udc lugng pha.

Céc thanh phan I va Q cua tin hiéu trong mién thoi gian dugc dua vao mot
bd tao dang song tuy y AWG Tektronix (Arbitrary wareform generator), n6 cung

cap céc tin hiéu twong tu cho ca hai thanh phan I va Q.

Cuwong do twong doi (dB)

Tan sb (GHz)

Hinh 2.21. Phé dién truc tiép tai diu ra cia AWG
Tir hinh 2.21, ¢6 thé nhan thdy rang cic thanh phan ring cua cua tin hiéu
OFDM c6 mit trén 6 GHz. Khi két hop cac bang con OFDM, céc thanh phan tan s6
rang cua s& 1am suy giam céc tin hiéu trong cac bang ké nhau.
Mot bo loc dién thong thap 3 GHz duoc sir dung dé loai bo cac thanh phan
OFDM ring cua. Hinh 2.22 chi ra phd dién sau khi qua bo loc théng thap, véi cac

thanh phan pho rang cua da duoc loai bo.
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Hinh 2.22. Pién pho sau khi qua b loc 3 GHz

Bo AWG 1a khoa pha dé dong b & tan s6 10 MHz. B diéu ché quang /0
bao gém hai b MZM léch pha %’ dugc st dung dé dua truc tiép tin hiéu OFDM
bing co ban vao 5 kénh quang. Bo diéu ché thyc hién chuyén d6i dién quang duong
1én RTO tuyén tinh. Pau ra ciia bd diéu ché 7/Q quang bao gdm céc tin hiéu cua 5
bing OBM-OFDM. MJi bing cé téc do 1a 10 Gb/s. Pé nang cao hiéu suit pho,
nguoi ta st dung k¥ thuat 2x2 MIMO-OFDM. Ttc la, st dung hai by phat OFDM
dé dua hai dir liéu doc lap vao trong mdi phan cyc, sau d6 dir liéu s& duoc tach boi

hai bo thu OFDM — mdi b thu twong tmg cho mdi sy phan cuc.

2.8.2.2. Soi quang két noi
Puong quang két ndi tir bd phat OBM-OFDM dén bo thu OBM-OFDM 1a 10
doan sg¢1 quang dai 100 Km so1 quang don mode dugc két ndi v6i nhau va mot bod
khuéch dai EDFA dé bu ton hao. Khong c¢6 su bu tan sic quang ma ciing khong st

dung bo khuéch dai quang RA cho truyén dan.
B¢ thu OBM-OFDM

Tin hiéu tir ddu ra bd phat OBM-OFDM qua duong quang két ndi dén dau vao
bo thu OBM-OFDM. B¢ thu OBM-OFDM Ia mdt bo thu coherent da phan cuc bao
g@)m mot by tach chum tia phan cuc, mot laser nd1, hai by ghép lai va 4 bd thu can

bang.
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Ph6 OFDM tong gdm 5 bang duoc chi ra nhu trén hinh 2.23. Toan bd bing
thong cho 100 Gb/s tin hiéu OFDM chi 1a 32 GHz.

intensity

Complete OFDM spectrum (32GHz)
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Hinh 2.23. Quang phd ciia tin hiéu 100 Gb/s sir dung b thu coherent phin cie.

Laser ndi tai duogc dit & vi tri trung tAm ctia moi bing, va cac tin hiéu RF tir 4

bo tach song can béng dau tién duge dua qua bd loc thong th?ip “anti-alias” vo1 bang

thong 3.8 GHz, do d6 chi duy nhat mot phan nho céc thanh phan tan s tir cac bang

khac dugc truyén
OFDM. Pho RF &

qua, c6 thé d& dang dich chuyén no trong qué trinh xir 1y tin hiéu
bd thu sau bo loc Anti-alias 3.8 GHz duogc chi ra ¢ hinh 2.24.

intensily
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Hinh 2.24. Phd RF & bd thu sau 3.8 GHz lgc anti-alias.
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2.9. Panh gia hiéu qua sir dung pho trong hé thong truyén din CO-
OFDM 100Gb/s.

Khi hé théng khong sir dung bang tan bao vé quang pho cia tin hiéu tong
100 Gb/s sau khi truyén dan 1000 km véi tong bing thong gan 32GHz. Trong dé, c6
5 bang OFDM, véi mdi bing thong 13 6,4 GHz.

Phé RF & bo thu sau bd loc Anti-alias 3.8 GHz duoc chi ra ¢ hinh 2.29. B loc
anti-alias 13 rat quan trong dé thuc hién OBM-OFDM. Néu khong str dung bo loc
anti-alias dién, phé dién moi bang s€ c6 do rong 16 GHz, c6 nghia la tdi thiéu phai
sir 32 GS/s khi bién doi tuong ty s6. Tuy nhién, ph6 da dugc loc trong hinh 2.29 ¢6
thé dé dang 1dy méu & téc do6 20 GS/s (tdc do thap hon 10 Gb/s).

2.10. Két luan chwong 2

Chuong 2 luan van di nghién ciru vé cong nghé Coherent OFDM quang (CO-
OFDM) véi cac ndi dung: s cu tich hop cua 2 cong nghé: cong nghé OFDM
quang va cong ngh¢ quang Coheren.

Pong thoi, chuong 2 luan van da ngién ciru cong nghé coherent va cong nghé
CO-OFDM: mo hinh hé thdng CO-OFDM, cac khéi chirc ning va nguyén 1y ciia
cac khéi chire niang trong hé thong CO-OFDM va do nhay thu ciia hé thong 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
Huawei

DWDM PFujitsu
phia Nam

Hinh 3.1. M6 hinh mang truyén tii dudng truc ciia VNPT
Mang truyén tai cia VNPT 1a mang truyén tii quang ghép kénh theo budc
song mat do cao (DWDM), duoc thiét 1ap theo md hinh xép chong IP trén DWDM
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va hién tai dé truyén tai luu lugng IP qua mang DWDM qua cac khau trung gian
nhuv  [P/SDH/DWDM, IP/NG-SDH/DWDM va IP/MPLS/SDH/DWDM,
IP/MPLS/NG-SDH/DWDM

3.1 Mang truyén tai dwong truc Backbon Bac-Nam ciia VNPT
Hién nay, mang truyén tai duong truc Backbon Bac-Nam cila VNPT 1a mang
truyén tai quang ghép kénh quang theo budc séng mat do cao (DWDM) cé dung
luong tong 14 360 Gb/s véi cau hinh Ring. Céc niit chinh ciia mang truyén tai duong
truc nay 1a Ha Noi (HNI), Pa Nang (DNG), thanh phé Ho Chi Minh (HCM), Vinh
(VIH), Quy Nhon (QNN) va Can Tho (CTO).
Mang truyén tai duong truc Backbon Béc-Nam ciia VNPT st dung cong nghé
ctia Nortel voi 2 hé théng truyén dan chinh:
- Hé théng DWDM duong truc Bac-Nam 120Gb/s,
- Heé théng DWDM duong truc Bac-Nam 240Gb/s.

3.1.1 H¢ théng DWDM dwong truc Biac-Nam 120G ciia Nortel.

Céu tric mang tuyén truc Backbone 120G dugc xay dung theo cau hinh chudi

da ring, gdm 5 ring ndi v6i nhau lién tiép tai cic nit mang trung gian nhu hinh 3.2.
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Raman Span
e Nor-Raman Span @ (Planned to be buil before expanding
network capacity from 40G 0 80G)

Hinh 3.2. Ciu triic mang ciia tuyén truc Backbone 120G ciia VNPT

Heé thong thiét bi bao gém hai 16p: 16p thiét bi DWDM (thyc hién chirc ning
ghép/tach cac budc song, bu suy hao cong suat, bu tan sic, toi vu OSNR); 16p thiét
bi SDH (thuc hién chirc nang ghép cac ludng tin hiéu bac thap 1én cac ludng tin hidu
SDH bac cao, chuyén mach bao vé thiét bi, chuyén mach bao vé luéng tin hi¢u).
Thiét bi d4u ndi trung gian gitra hai 16p SDH/NG-SDH va WDM la cac bd bién doi
budc song (WT) c6 chirc niang chuyén d6i ludng tin hiéu SDH (STM16, STM64)
thanh ludng tin hiéu OTM (OTM1,2) dé dua t&i md dun ghép/tach kénh.

3.1.2. H¢ th("ing DWDM dwong truc Biac-Nam 240G ciia Nortel

Tuyén truc Backbone 240G cia VNPT duoc xay dung va dua vao khai thac tir
dau nam 2009 st dung thiét bi ctia hang Nortel (bao gébm 08 budc song toc do
10Gb/s), hién nay tuyén truc nay da duoc nang cép 1én dung lugng 240G (bao gém
cd budc song 10Gb/s va 40Gb/s).

Céu tric mang tuyén DWDM trai dai tir Bic dén Nam voi 6 vong ring ¢ dung
luong truyén dan 1a 240Gbps (8x10Gbps va 4x40Gbps) voi nhiéu tram khuyéch dai
quang, tram xen/ré quang(OADM) ....(Hinh 3.3).
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Hinh 3.3. So' @6 tuyén truc tuyén truc Backbone Bic-Nam 240Gbps

Hé thdng thiét bi bao gom hai 16p: 16p thiét bi DWDM (thyc hién chirc ning
ghép/tach cac budc song mau bang C thanh tin hisu DWDM, bu suy hao cong suit,
t61 wu OSNR); 16p thiét bi SDH (thuc hién chirc ning ghép cac ludng tin hiéu bac
thép lén cac luéng tin hiéu SDH bac cao, chuyén mach bao vé thiét bi, chuyén mach
béo vé ludng tin hiéu). Thiét bi ddu ndi trung gian giita hai 16p SDH va WDM la
thiét bi OME6500-Broadband sir dung cac card bién dbi budc song (WT) co chic
nang chuyén doi ludng tin hiéu SDH/NG-SDH (STM64, 4*STM64) thanh ludng tin
hiéu OTM (OTM2, OTM3) dé dua t6i mé dun ghép/tach kénh.

3.2.Mang truyén tai quang ciia cac VNPT tinh/ thanh phd
Mang truyén tai quang cia cac VNPT tinh/thanh ph6 ctia VNPT bao gom:
- Mang MAN-E ciia cac VNPT tinh/thanh phd
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- Céhc mang truy nhap quang ctia cic VNPT tinh/thanh phd.

3.2.1.Mang MAN-E

MAN-E (Metropolitan Area Network- Ethernet): la mang mang do thi
(MAN) str dung cong nghé Ethernet dé két ndi nhidu mang truy nhap quang véi
nhau str dung duong truyén téc do cao va cung cap két ndi truy nhap véi cac chuan

Ethernet.
% Cau triic cic mang MAN-E ciia cic VNPT tinh/thanh pho

MAN-E tai mdi tinh/thanh phd duoc t6 chirc thanh hai 16p. Lop tha nhat 13 16p
161, phuc vu cho viéc chuyén tai luu luong trao doi gitta cic mang truy nhép trong
ndi bo tinh va luu luong trao d6i gitra cac tinh véi nhau. Lp thir hai 13 16p truy
nhap, phuc vu trong vai tro thu thap luu lugng cua céc loai ing dung khac nhau.
Lép ndy c6 vai tro chuyén tai luu luong trao ddi giita cac nhém khach hang thudc
vé cling mot mang truy nhap hodc chuyén tai luu lugng 1én trén 16p mang 16i cho
cac loai luu lugng trao dbi trong mat tinh hoac lién tinh. M6 hinh mang MAN-E cua
mot tinh/thanh phd ctia VNPT.

Mang MAN-E cho mdi tinh/thanh ph chinh 14 phan mang “MAN E CORE”
v6i cac thiét bi chuyén mach tc d6 cao “CES” dé thiét lap 16p chuyén mach 13i cho
toan bd luu luwong cta cac loai dich vu khac nhau. Lép truy nhidp cia mang MAN-E
chinh 13 16p “Access” voi nhiéu loai thiét bi khac nhau, cung cip céc giao dién khac
nhau nham thoa man moi yéu cau vé truy nhap ciia khach hang. Cac thiét bi chinh
clia cac tinh/thanh phd ciia VNPT c6 thé 1 cac thiét bi truy nhap trén cong nghé
GPON va xDSL hay FTTx.

Mang truy nhap ciia MAN-E c6 thé xay dung véi topology hinh cdy, vong,
lu6i hodc lai ghép hdn hop. Mang c6 kha nang hdi phuc trong truong hop co su ¢b
vé tuyén cap, nut chuyén mach nham dam bao chat luong dich vu.

Mang 16i ciia MAN-E cho cac tinh/thanh phé ciia VNPT chu yéu c6 cu hinh
ring sit dung cong nghé WDM nham dam bao kha ning du phong cia mang 15i
trong trudng hop co su cb. Téc do chuyén mach tai cdc niit mang 15i 1én dén hang

chuc Gbps va luu lugng chuyén trén cac tuyén két ndi cia mang 15i dat co thé dat
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dén hang chuc Gbps. Céc nut mang 161 dugc dat tai cac diém trung tam luu luong,

thuong & cac dia diém tap trung dan cu va khu cong nghiép.

CAU HINH MANG MAN

IP/MPLS BackBone
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PE
7x GE
TXGE 1GE
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Hinh 3.4. M6 hinh mang MAN-E cho mgt tinh/thanh phd ciia VNPT

3.2.2.Mang truy nhap quang G-PON

Mang truy nhap quang GPON (Gigabit Passive Optical Network) la cong
nghé PON truyén dan véi toc do Gb/s, duoc dinh nghia theo chuan ITU-T G.984.
GPON dugc mé rong tir chuan BPON G.983 bang cach ting bang thong, nang hiéu
suit bang thong nho str dung goi 16n, c6 do dai thay doi va tiéu chuan hoa quan 1y.

GPON hd tro nhiéu muc toc d6 khac nhau, trong d6 hd tro toi 2,488 Mbit/s
cia bang thong ludng xudng va 1,244 Mbit/s tham chi téi 2,448 cua biang thong
ludng 1én. Phuong thirc déng goéi GEM (GPON Encapsulation Method) cho phép




53

dong goi luu lwong nguoi dung rat hiéu qua, véi sy phan doan khung cho phép nang
cao chét luong dich vu QoS (Quality of Service) phuc vu luu luong nhay cam nhu
truyén thoai va video. GPON hd trg toc do cao, ting cudng bao mat va hd trg ca
dich vu TDM va Ethernet, diéu d6 cho phép GPON hd tro nhiéu loai dich vu véi chi
phi thap ciing nhu cho phép kha ning twong thich 16n giita cac nha cung cap thiét
bi.
Ung dung cong nghé OFDM cho PON

Ung dung céng nghé OFDM trong PON, cac nha nghién ctru dwa ra mo hinh
OFDM-PON duoc minh hoa trong hinh 3.5. Trong d6, & dudng xuéng OLT géan cho
ting nguoi ding cu thé (ONU/ONT) mét hodc mot tip hop con cia cac song mang
con (tuy theo nhu cdu cic dich vu va bang théng cta cac khach hang). Céc
ONU/ONT tuong ung nhan dugc cac sdbng mang con tuong tng thuc hién tach song
quang va vién doi thanh dir liéu twong (mg véi phia phat. Theo huéng duong lén,
mdi ONU diéu chinh céc dit lidu trén tap song mang con dugc giao, trong khi tat ca

céc song mang con khac thudc cac ONU khac dugce thiét 1ap bang khong.

[ONU1 |

VDSL switch

Wireless S.?_, e

Access point _ T

Passive
Remote Node

Hinh 3.5. M6 hinh OFDM-PON.
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Trong mang OFDM-PON, tirc 1a PON str dung da truy nhap phan chia theo tan
s6 truc giao OFDMA, ngudi ta sir dung mdi song mang con danh riéng cho mdi
ONU, va no cho phép nhiéu nguoi ding chia sé cic kénh quang va cac thanh phan
twong tmg cua n6. OFDMA 1a mdt cong nghé da truy cip cho phép gan song mang
con khac nhau cho nhiéu nguoi ding mot cach nang dong, né dong thoi cho phép
phan ving tai nguyén thoi gian va mién tan sd. So véi TDM-PON, OFDM-PON cé
thé dugc két hop véi TDM cung cap thém mot chidu bd sung cho quan ly tai
nguyén. Vi du, trong pham vi thoi gian PON ¢6 thé phuc vu luu lugng bung nd, va

trong pham vi tan s6 PON c6 thé cung cép t6t kha nang quan 1y tai tai nguyeén.

Hé théng OFDM-PON c6 nhiéu lgi thé so v6i cong nghé PON khac: (1) cai
thién hiéu qua bang thong (vi du, 4 bit/s/ Hz cho diéu ché16-QAM, va voi biang
thong 2,5 GHz c6 thé hd tro 10 Gb/s téc do dit liéu tong hop) ; (2) sy linh hoat doc
d4o trong viéc dbi phé véi chia sé tai nguyén bang thong va ao hoa; (3) giao thirc
doc 1ap va minh bach dich vu (tap con cia sébng mang con, tuong tu nhu dbi voi
duong 6ng trong sudt, co thé hd tro ca hai tin hiéu k¥ thuat sé va analog véi mot
loat cac chat lwong céc yéu cau dich vu); (4) OFDM-PON la mot kién triic mo rong
(cu thé 13, n6 co thé cung ton tai véi TDM-PON va WDM-PON); (5) nd 1a mot giai
phap hiéu qua chi phi (thu it hon 1a can thiét trong OLT so v&i truyén thong WDM-
PON); va (6) n6 co thé hoat dong don gian, kiém soat truy cap phuong tién (MAC)
v6i chi phi thap.

Ung dung cdng ngh¢ CO-OFDM cho PON

Ung dung cong nghé CO-OFDM trong PON cho mang truy nhap quang bang
rong hoan toan tuong tu nhu g dung cong ngh¢ OFDM trong PON cho mang truy
nhap quang bang rong (nhu di trinh bay trong phan trén). Tuy nhién, ing dung
cong nghé¢ CO-OFDM trong PON chi khac tmg dung cong nghé OFDM trong PON

& cho:
- BO tach song quang & bd OLT huéng 1én va & ONT hudng xudng trong PON
st dung cong nghé quang Coherent va
- B0 bién d6i dién-quang ¢ bd OLT hudng xudng va & ONT hudng 1én trong

PON sir dung cong nghé diéu ché ngoai.
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Bo bién d6i dién-quang str dung cong nghé diéu ché ngoai va bo tach song
quang Coherent quang d3 duoc trinh bay trong chuong 2, tuong tng véi cac bo phat
quang CO-OFDM va cac bd thu quang CO-OFDM.

Ung dung cong nghé¢ CO-OFDM-WDM cho PON

Mo hinh hé théng PON str dung cong nghé CO-OFDM-WDM (mang truy
nhap OBM-OFDM-PON) dugc minh hoa trong hinh 3.6. Trong d6, & duong
xudng OLT gan cho ting nguoi dung (khach hang) cuy thé (ONU/ONT) mét
hozc mot tap hop con cia cac sdng mang con (tiy theo nhu cau cac dich vu va

bing thong cua cac khach hang) théng qua 2 bo dinh tuyén AWG:

1. B0 dinh tuyén AWG-WDM d¢é dinh tuyén cic song mang con OFDM vao
cac cac bang tryc giao tuong Ung cua tin hicu OBM-OFDM, tuong ting
v6i dinh tuyén vao cac biang cia WDM.

2. B0 dinh tuyén AWG-OFDM dé dinh tuyén mot hodc mot tap hop con cia
cac song mang con (tiy theo nhu cau cac dich vu va bang thong ciia cac

khach hang) dén cac khach hang c6 nhu cau.

>\«i1

| &Khach hang il

ONU/ONT-i1

L Mk m &Khach hang ik

ONU/ONT-ik

o

ONU/ONT-iM

OLT

Hinh 3.6. M6 hinh CO-OFDM-WDM CHO PON



56

Pong thoi, cac bd tach song quang & OLT huéng 1én va & ONU/ONT huéng
xudng trong PON s& sir dung cong nghé tach song quang Coherent va cac bd bién
d6i dién-quang & OLT hudng xudng va & ONU/ONT huédng 1én trong PON st dung

cong nghé di€u ché ngoai.

Viée st dung cong ngh¢ CO-OFDM-WDM cho mang truy nhdp PON cua VNPT
khong chi 1am ting dung ctia hé thong mang truy nhap ma con lam tang chat lugng

truyén dan cia hé théng mang truy nhap cia VNPT.

Nhu phan trén da trinh bdy mang truyén tai cia VNPT gom 3 1ép: Mang
truyén dan qudc té, mang dudng truc va mang truyén tai ciia cac VNPT tinh/thanh

phd.

Viéc ung dung cong nghé CO-OFDM-WDM cho mang truyén tai quang bang
rong ctia VNPT ¢6 thé trién khai & ca 3 16p nay. Tuy nhién, viéc ung dung cong
nghé CO-OFDM-WDM cho mang truyén dan qudc té s& gap nhiéu kho khian, vi can
phai phdi hop thuc hién véi nhiéu nude trén thé gidi co lién quan dén cac mang nay.
Do d6, trong phan nay luin vin chi tip trung vao viéc tmg dung cong nghé CO-
OFDM-WDM cho mang dudng truc va mang mang truyén tai ciia cic VNPT
tinh/thanh phd ciia VNPT.

Nhu viy, viéc st dung cong nghé CO-OFDM-WDM cho tuyén truc cia VNPT
khong chi 1am ting dung cta hé théng duong truc ma con lam ting chat lugng

truyén dan ciia hé théng truyén tai dudng truc cia VNPT.

3.3. Giai phap uwng dung cong nghé CO-OFDM-WDM cho cac mang
duwong truc MAN-E cua VNPT Hai Duwong.

Mot trong nhiing giai phap c¢6 thé mang lai hiéu qua cho cic mang MAN-E
ctia cac VNPT tinh/thanh phd, d6 1a img dung cong nghé CO-OFDM-WDM.

VNPT Hai Duong st dung cong nghé¢ CO-OFDM-WDM cho cac mang duong
truc MAN-E. Trong tuong lai, cic mang truy nhap quang cia VNPT cac
tinh/thanh phd can phai c6 bang thong rong/toc do cao va dung lugng
truyén tai lon dé cung cép dugc céc dich vu bang r(f)ng/téc do cao, dich vu

hoi ty, dich vu da phuong tién va cac dich vu tuong tac.
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Hinh 3. 7: So d6 két néi mang MAN-E ciia VNPT Hai Duong
Mang Core MAN-E tai VNPT Hai Duong gém 03 Router Juniper MX2020.

Day 1a dong thiét bi c6 cau hinh cao nhat ciia hang Juniper dang dugc trién khai trén
mang MAN-E cua tap doan VNPT. Dung luong hé thong 1én t6i 80 Tbps véi 20 khe
cim cac giao tiép, dung lugng chuyén mach trén mdi khe 1a 4 Tbps, hd tro cac giao
dién 10Gb, 40Gb, 100Gb, 200Gb, 400Gb. Cau tric cia thiét bi Router Juniper
MX2020 dugc mo ta trong hinh 3.8.
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Hinh 3.7 thé hién so d6 mang 16i cia MAN-E, cac router mang 161 AGG két
ndi voi nhau thanh vong ring, str dung giao dién quang 100Gbps. Tir cic AGG két
ndi truc tiép toi BRASS véi dung luong mdi dudng 1a 100Gbps, BRASS dugc cau
hinh ding cho viéc truy cdp internet cia céac thué bao, cac két ndi déu duge cu hinh
du phong dé dam bao khi 18i mot nit mang hodc méat mot hudng quang, luu lugng

s& tyr dong chuyén sang hudéng du phong.

Fan Tray #3
Fan Tray #2

Ngu6n Zone #1 cung Cfip:
1/2 MPC phia trén
Céc module chung & giira
Fan Tray 0,2 & 3

1/2 MPC phia trén
10 slot, 10-19

|

|
|
|

Module chung & 'F‘
gilra | 1 1] |
2 RE-CB

Nguf‘"m Zone #0 cung cép:
1/2 MPC phia dudi
Cac module chung ¢ gitra

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

10 slot, 0-9

Fan Tray #1
Fan Tray #0

Hinh 3.8 : Thiét bi Router Core Juniper MX2020

Tir mdi router AGG THD va AGG TBD ¢6 02 x 10Gbps duong két ndi dén
PE1 va 02 x 10Gbps dén PE2 dé cung cip céc dich vu khac nhu : IMS, VoD, IPTV,
Megawan. ... Dung luong cia cac dudng két ndi huéng VN2 cho dich vy Internet
tdc do cao két ndi voi cac BNG1, BNG2, BNG3 hién dang 1a 800Gbps. Bang thong
cho cac dudng két néi 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 1a 40Gbps [8].
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Hinh 3.9 : So' 4 mang CORE MAN-E ciia Hai Dwong
Mang truy nhap MAN-E

Mang truy nhap MAN-E cua VNPT Hai Duong st dung 28 Router MX960
ctia hang Juniper dong vai trd UPE. Router MX960 cung cép dung luwong hé thong
lén t6i 12 Tbps, c6 thé cim 11 khe cim cac giao tiép, hd tro cho cac giao dién
10GbE, 40GbE, 100GbE, 400GbE. Cac Router UPE két ndi véi nhau va két ndi toi
mang 151 bang cic d6i quang, v6i giao dién n x 10Gbps hoidc 100Gbps, va dugc cau
hinh vong ring dé dam bao kha nang du phong khi ¢ sy ¢ xdy ra trén cac nat
mang hodc cap quang két ndi.

Céu trac ring MAN-E cia VNPT Hai Duong dugc chia lam 14 ring truy
nhap va 1 ring mang 101, 14 ring truy nhap nay dugc chia thanh 02 hudng.

Hudng Tay bao gom 8 ring: Cac UPE trong ring két ndi vé 2 AGG THD va TBD
cua ring 101.
= Ring 1: Str dung két ndi c6 giao dién 1 x 100Gbps: AGG THD —
UPE TNC — UPE HDG - AGG TBD.
= Ring 2: Sir dung két ndi co giao dién 5 x 10Gbps: AGG THD —
UPE TBH — UPE HTN - AGG TBD.
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= Ring 3: Str dung két ndi c6 giao dién 1 x 100Gbps: AGG THD —
UPE NGG - UPE TKY - AGG TBD.

= Ring 9: St dung két ndi c6 giao dién 1 x 100Gbps: AGG THD —
UPE THC — UPE PDN — AGG TBD.

= Ring 10: Sir dung két ndi co giao dién 6 x 10Gbps: AGG THD —
UPE BGG - UPE CGG - AGG TBD.

= Ring 11: Str dung két ndi co giao dién 1 x 100Gbps: AGG THD —
UPE TMN - UPE GLC — AGG TBD.

= Ring 13: Sir dung két ndi co giao dién 5 x 10Gbps: AGG THD —
UPE KQC — UPE HDO — AGG TBD.

= Ring 14: Sir dung két ndi co giao dién 3 x 10Gbps: AGG THD —
UPE DNG - UPE DTG - AGG TBD.

Control Panel

Upper Fan tray

MPC

MPC
RE

Lower Fan tray

Management

g — R —

N N N N N N I AN N NNy
|

L L, I
O s LI

Air
Intake

Hinh 3. 10: Thiét bi Router Juniper MX960
+ Hudng Dong bao gdm 06 ring: Cac UPE két ndi vé AGG TBD va AGG
TTG cua ring core.
= Ring 4: Sir dung két ndi c6 giao dién 1 x 100Gbps: AGG TBD —
UPE KTH — UPE NSH — AGG TTG.
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= Ring 5: Str dung két ndi c6 giao dién 1 x 100Gbps: AGG TBD —
UPE KMN — UPE CLH - AGG TTG.

= Ring 6: Str dung két ndi c6 giao dién 1 x 100Gbps: AGG TBD —
UPE THA - UPE TTG - AGG TTG.

= Ring 7: Str dung két ndi c6 giao dién 1 x 100Gbps: AGG TBD —
UPE LKE — UPE TMG - AGG TTG.

= Ring 8: Sir dung két ndi c6 giao dién 5 x 10Gbps: AGG TBD —
UPE NCU - UPE PLI - AGG TTG.

= Ring 12: St dung két ndi co giao dién 3 x 10Gbps: AGG TBD —
UPE TQG - UPE HTA - AGG TTG.

Viéc cdu hinh cac ring theo so d6 mang trén nham dam bao d an toan mang
luéi cao trong truong hop xay ra sy c¢6 hong nat mang hoic dut cap quang trén
tuyén. Vi vige dugce trang bi s6 lugng 16n cac UPE, va dugc lép dat rong khép trén
dia ban tinh Hai Duong, diéu nay gop phan dam bao ning lyc mang ludi duge t6i
uu, an toan mang ludi, c¢6 tinh du phong cao. Cac ring MAN-E déu duoc bo tri Vi tri
lap dat, cau hinh thanh cac ring tron, khéng bi det hudng cap quang, dam bao khi co
mot huéng cap quang bi su ¢d, luu lugng sé& tu chuyén mach sang hudng két nbi du
phong, khong gay mat lién lac dich vu trong mang.

Nhiam dam bao cho viéc thu gom luu luong thuan 191, cac router UPE dugc
lap dat tai 12 trung tdm huyén/thanh phd trong tinh, ¢ nhiing dia ban trong diém,
mat d6 thué bao 16n, c6 thé lip 02 hodc 03 thiét bi UPE, giup cho viéc gom luu
lugng tir cac thiét bi truy nhap tdi wu nhat va dam bao an toan mang ludi.

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

Dich vu truy cip Internet tic dp cao

VNPT Hai Duong dang cung cép cho hon 158 nghin thué bao truy cap
Internet, v61 2 mo hinh cung cép dich vu Internet toc do cao duoc st dung nhiéu
nhét 1a PPPoE-GPON va PPPoE-FTTx dua trén dich vu mang MAN-E 1a E-LINE,
E-TREE.
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Dich vu HSI PPPoE — GPON: M5 hinh dich vu nay cung cap thué bao
PPPoE két cubi qua cac thiét bi GPON - OLT. MAN-E cung cép dich vu két ndi
cho Iuu lugng PPPOE di tir cac OLT dén BNG két ndi tai PE-AGG. Pay 1a m6 hinh
dich vu MAN-E E-LINE diém — diém: diém dau 1a BRASS - BNG, diém cubi 1a
modem GPON, sir dung két n6i 16p 2 trong mo hinh OSI. Véi hon 140 nghin thué
bao GPON, déy 1a dich vy duoc st dung nhiéu nhat trong mang truy cap Internet
ciia VNPT Hai Duong. Tong sé thiét bi OLT trén mang Iuéi 1a 131, mdi thiét bi
OLT st dung mdt VLAN riéng biét cho luu lugng internet, mé hinh con dugce goi la
VLAN trén OLT.
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Hinh 3. 11: M6 hinh dich vu HSI PPPoE — GPON trén mang MAN-E
Hinh 3.12 mo ta so @ két ndi mo hinh dich vu truy cép internet qua hé thong
Gpon dang trién khai tai Hai Duong. Cac PW dugc khai bao két ndi tir UPE dén 2
AGG trong cuiing vong ring, két cudi truc tiép dén router BNG dugc cau hinh active/
standby, muc dich du phong khi co sy cb mot trong hai hudng két ndi router AGG,
luu luong s& duoc chuyén mach sang hudng du phong mot cach tr dong, va khong

gay gian doan dich vy.
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Hinh 3. 12: M6 hinh dich vu HSI PPPoE — FTTX trén mang MAN-E
Dich vu HSI PPPoE — FTTX: M5 hinh dich vu 16p 2 nay cung cp thué bao
PPPoE két cudi qua cac thiét bi AON, thuong dugc st dung cho viéc truy cap
internet cua cac cong ty, doanh nghi€p, co quan nha nudc, truong hoc. MAN-E
cung cap dich vu két ndi cho Iuu lugng PPPoE di tir modem AON dén BRASS —
BNG két ndi tai PE-AGG.
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Dich vu MyTV Multicast/ VoD

MyTV la dich vu truyén hinh qua giao thirc cong nghé truyén tai IP, truyén

qua ha tang mang MAN dén thiét bi dau cudi 1a bo giai ma Set Top Box. MyTV

cung cip nhiéu dich vy hién dai va tién ich, trong d6 ndi bat 1a 2 dich vu chinh:

Multicast / IPTV va dich vu Video theo yéu cau VoD.
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Hinh 3. 13: M6 hinh dich vu MyTYV tai Hai Duwong

VN2

Provincial
mank

IPTV: truyén hinh qua giao thirc internet, 1a cac dich vu da phuong tién nhu

truyén hinh anh, tiéng noi, van ban, dir liéu duoc phan phdi dya trén IP, duge quan
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ly dé cung cap chat luong dich vu, bao mat, tinh twong tac, tinh tin cdy theo yéu
cau. Dich vu truyén hinh Multicast/IPTV bao g@)m cac ndi dung tmyén hinh duoc
quang ba theo lich trinh thoi gian ¢ dinh nhu truyén hinh truyén théng, cung cap
cho khach hang nhiing chuong trinh truyén hinh dugc thu lai tir hé théng truyén
hinh mit dét, truyén hinh cép, truyén hinh vé tinh va cac kénh truyén hinh riéng, va
khach hang khong chi xem mot cach thy dong ma c6 thé sir dung nhiing tinh ning
uu viét nhu tam dung, luu trir, khoa chuong trinh danh cho tré em... bé truyén tin
hiéu video cho nhiéu thué bao cing mot lac nguoi ta st dung cong nghé IP
Multicast, day la cong nghé bang thong rong nham lam giam luu lugng trong viée
phan phdi dong dir liéu cho nhiéu diém, cac géi tin Multicast duoc chuyén tiép, phat
lai l1én mang béi cac router c¢6 chirc nang PIM.

Hinh 3.13 mo6 ta md hinh két ndi dir liu Mytv tir thiét bi dau cudi STB dén
ngudn phat noi dung multicast tai VN2. Luu lwong multicast xut phat tir nguon
Multicast tai VN2, di qua hé théng mang MAN-E theo pim join va dén UPE noi ¢6
céc két ndi xudng céc thiét bi truy nhap. Luu luong niy chay thuan tay trén IP cia
MAN-E va khong lién quan dén MPLS. Trén hai router AGG trong mang MAN-E,
duogc cau hinh giao thirc ISIS v&i VN2 dé nhéan chi dudng tir ngudn multicast dén tir
VN2, va quang ba vao trong mién MAN-E ctia Hai Duong, giita router UPE va
AGG duoc cAu hinh PIM SSM. Mang MANE thuc hién chtrc nang dinh tuyén, tao
ra két ndi giita STB va nguén multicast.

Dich vu LAN mo rong

Céac thué bao v&i nhiéu vi tri khac nhau trong pham vi mot thanh phé thuong
c¢6 nhu cau két ndi cac vi tri d6 lai thanh mot mang nhu mang LAN dé cung truy

nhap tai nguyén nhu may chu va cac thiét bi luu trir.
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Hinh 3. 14: Lan mé rong sir dung dich vu E-LAN

Mot mang LAN mo rong sé két ndi cac mang LAN khach khang & nhimg vi
tri khac nhau ma khong can bat ky dinh tuyén trung gian nao giira cac UNL Pé két
ndi chi giita hai vi tri thi ¢6 thé dung mot két ndi E-Line diém—diém. Vi du nhu trén
hinh 3.14, dé két ndi nhiéu hon hai vi tri thi ¢6 thé str dung nhiéu E-Line hodc mot
E-LAN.
Dich vu Intranet/Extranet L2ZVPN

Céac dich vu Ethernet co thé cung cép lua chon tot cho cac két ndi Intranet
duoc dinh tuyén téi cac vi tri xa va két ndi Extranet téi ddi tac. Vi du nhu trén hinh
3.15, try s chinh két n6i véi chi nhanh bang két ndi Intranet, va két ndi voi cac doi

tac khac bang két ndi Extranet.
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Ghép dich vu

Déi tac
Chi nhanh (Extranet)
(Intranet)
Cac EVC diém-
diém

Déi tac
(Extranet)

Hinh 3. 15: Intranet/Extranet L2VPN
Céc giao dién cua router tai try s& chinh két ndi toi mang MAN-E sir dung

mot UNI véi ghép dich vu va hd tro 3 diém két ndi EVC diém — diém. Cac EVC c6
nhimg wu diém sau:

+ Céac EVC mang tinh riéng tu, bao mat hon mot mang IP VPN két n6i qua Internet
cong cong.

+ Cac EVC c6 thé cung cép nang cip bing thong linh hoat, véi chi phi hop 1y so véi
mo rong bang thong qua [P VPN.

+ Cung cap hiéu nang cao, d6 tré thap va it mat goi tin hon IP VPN.
3.5. Ung dung cong nghé CO-OFDMWDM cho cic mang MAN-E

Mang MAN-E ctia cac VNPT tinh/thanh phd 13 cac mang truyén tai 18i cua cac
VNPT tinh/thanh phd.
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Trong tuong lai, do sy phat trién ctia xa hoi nhu phat trién cudc cach mang cong
nghiép 4.0 cling nhu sy phét trién nén van minh tri thirc, nhu cau ciia con ngudi vé
cac dich vu bang r(f)ng/téc do cao, dich vu hoéi ty, dich vu da phuong tién va cac dich
vu tuong tac (nhu di chi ra & phan 3.7.1) s& tang 1én rat nhanh khong chi vé sb
lugng cac dich vu trén rat cao ma con ca chét luong va luu lugng truyén tai cac dich
vu d6 cling tang rat cao. Khi d6, cac mang MAN-E ctia cac VNPT tinh/thanh phé
can phai ¢6 bang théng rong/toc do truyén tai cao ciing nhu dung luong truyén
tai lon.

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

% Cau triic cic mang MAN-E ciia cic VNPT tinh/thanh phé

MAN-E tai mdi tinh/thanh phd duoc t6 chirc thanh hai 16p. Lop tha nhat 13 16p
161, phuc vu cho viéc chuyén tai luu luong trao doi gitta cic mang truy nhép trong
ndi bo tinh va luu luong trao d6i gitra cac tinh véi nhau. Lp thir hai 13 16p truy
nhap, phuc vu trong vai tro thu thap luu lugng cia céc loai ung dung khac nhau.
Lép ndy c6 vai tro chuyén tai luu luong trao doi giita cac nhoém khach hang thudc
vé cling mot mang truy nhap hodc chuyén tai luu lugng 1én trén 16p mang 16i cho
céc loai luu lugng trao ddi trong mot tinh hodc lién tinh. M6 hinh mang MAN-E cua
mot tinh/thanh phd ctia VNPT duoc chi ra & hinh 3.16.

T hinh 3.16 chi ra: 16p 16i cia mang MAN-E cho mdi tinh/thanh phé chinh 1a
phan mang “MAN E CORE” véi céc thiét bi chuyén mach toc do cao “CES” dé
thiét lap 16p chuyén mach 161 cho toan bg luu lugng cia céc loai dich vu khéac nhau.
Lép truy nhap cia mang MAN-E chinh 13 16p “Access” voi nhiéu loai thiét bi khac
nhau, cung cip cic giao dién khac nhau nham théa min moi yéu cau vé truy nhép
ctia khach hang. Cac thiét bi chinh ciia cac tinh/thanh phd ciia VNPT ¢6 thé 1a cac
thiét bi truy nhap trén cong nghé GPON va xDSL hay FTTx.

Mang truy nhap cia MAN-E c6 thé xay dung véi topology hinh cdy, vong,
lu6i hodc lai ghép hdn hop. Mang c6 kha nang hdi phuc trong truong hop co su cb

vé tuyén cap, nut chuyén mach nham dam bao chat luong dich vuy.
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Mang 16i cia MAN-E cho cac tinh/thanh phé ciia VNPT chu yéu c6 ciu hinh
ring sit dung cong nghé WDM nham dam bao kha ning du phong cia mang 15i
trong trudng hop co su cb. Téc do chuyén mach tai cic nit mang 15i 1én dén hang
chuc Gbps va luu lugng chuyén trén cac tuyén két ndi cia mang 16i dat co thé dat
dén hang chuc Gbps. Céc nut mang 161 dugc dat tai cac diém trung tam luu luong,

thuong ¢ cac dia diém tap trung dan cu va khu cong nghiép.

CAU HINH MANG MAN
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Hinh 3.16. M6 hinh mang MAN-E cho mt tinh/thanh phé ciia VNPT
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3.6.Két luan chwong II1

Chuong III d tim hiéu téng quan cdu tric cia mang MAN-E tai VNPT Hai
Duong, thiét bi trién khai, so d cac vong Ring trong mang.

Chuong 3 luan van d3 nghién ctru vé kha niang tng dung cong nghé CO-
OFDM-WDM quang cho VNPT Hai Duong. Trong d6, luan vin da tim hiéu nhu
cau phat trién cac dich vy cua VNPT Héi Duong, tinh hinh trién khai cac dich vu o
VNPT Hai Duong, hién trang mang truyén tai quang cia VNPT Hai Duong, danh

gia nhu cau str dung dich vy ctia khach hang trén dia ban Hai Duong.

Pong thoi, luan van nghién ciru kha ning tmg dung cong nghé CO- OFDM-
WDM quang cho mang truyén tai quang cia VNPT Hai Duong véi 3 phuong én
cho 3 16p mang truyén tai cia VNPT Hai Duong.

Viéc sir dung cong ngh¢ CO-OFDM-WDM cho mang truyén tai cia VNPT Hai
Duong khong chi lam tang dung ciia hé thong mang truyén tai ma con 1am ting chat

luong truyén dan cia hé théng mang truyén tai cia VNPT Hai Duong.
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