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LOI MO DAU
Ngay nay, nhu ciu truyén thong ctia x3 hoi ngay cang 16n véi nhiéu dich vu
méi bing rong, da phuong tién va twong tac. Dé dap ung duoc yéu cau d, mang

truyén thong can phai c6 kha ning truyén tai toc do, dung luong 16n.

Dé dap tmg nhu cau d6, cic nha khoa hoc, cong nghé, cac to chirc vién thong
quéc té, cac hing cung cap thiét bi, cac nha khai thac,... ludn ludn tim moi giai phap
cong nghé mai dé phat trién cac hé thong vién thong. Chinh vi thé, trong thap nién gan
day cac giai phap cong nghé vién thong da co nhiing thay doi va phat trién rat nhanh.
Mot giai phap cong nghé vién thong c6 kha ning truyén tai toc do siéu cao va chat
luong 16n c6 kha nang dap tng duoc nhu cau trao doi thong tin cta xa hoi hién tai, do
1a cong nghé thong tin quang Coherent ghép kénh theo tin sb truc giao két hop voi
ghép bang truc giao (CO-OFDM-WDM). P 1a giai phap cong nghé truyén tai thong
tin cua xa hoi hién tai va trong tuong lai.

Chinh vi vay, cac nha khoa hoc, cic hing san xuat thiét bj dang tap trung nghién
ctru ché tao cac hé thong thong tin quang CO-OFDM-WDM. Tuy nhién, trén thé gidi
hién nay chua c6 san pham thuong mai. Tt ca chi méi dung lai & muc 1i thuyét, thir
nghiém trong cac phong thi nghiém.

Vi vy, em di chon dé tai luan vin t6t nghiép ctia minh 1a: “Nghién ctru
cong nghé thong tin quang CO-OFDM-WDM va kha ning tng dung cho
VNPT” @& nam bat cong nghé va nghién ciu 4p dung trong tuong lai cho
VNPT

Pé thyc hién myc tiéu trén, dé tai luan vin gdm céac nodi dung sau:
Chuong 1: Tong quan vé ky thuit OFDM quang
Chuwong 2: Hé thong OFDM Coherent (CO-OFDM)

Chuong 3: Cong nghé CO-OFDM-WDM quang va kha nang ing dung cho
mang VNP



CHUONG 1: CONG NGHE OFDM QUANG

Chuong 1 giéi thiéu vé cong nghé OFDM quang vé6i cac van dé: cong nghé
OFDM, nguyén 1y cia k¥ thudt OFDM quang, dic diém ndi bat cia ky thuat
OFDM, su khac biét ciia hé thong OFDM quang va hé théng OFDM vo tuyén,
phan loai hé théng OFDM quang: CO-OFDM, DDO-OFDM.

1.1. Cong nghé¢ OFDM

OFDM la mot ki thuat diéu ché da song mang tién tién, trong d6 mot bang tan
16n dugc chia thanh cac bang tan nho hon, va sd lidu s& duoc truyén song song trén

moi bang tan con riéng re.

Maic du, k¥ thuat OFDM dugc ting dung trong rat nhiéu cac tiéu chuan, cac hé
thong truyén din vo tuyén, song trong cic hé théng truyén dan quang néi chung,
OFDM van méi chi dugc xem nhu 12 mot hudng phat trién rat kha hira hen, va dang
dugc nghién ciru manh mé. So véi cac moi trudng truyén dan khac, truyén dan quang
c6 nhiéu dic tinh wu viét nhu suy hao truyén dan thip, mién nhiém véi anh huéng do
nhiu tan s6 vo tuyén, bang thong 16n ... Do d6, ha tang truyén dan téc d6 cao phan

16n déu duge xay dung dua trén cac hé thong truyén dan quang.

1.1.1. Khai niém va lich sir phat trién OFDM

1.1.1.1. Khéi niém OFDM

OFDM (Orthogonal Frequency Division Multiplexing: ghép kénh phan chia theo
tan so tryc giao) 1a phuong phap diéu ché da song mang (MCM). OFDM phén toan bo
bang tan vao mot s song mang con dé cé thé truyén dong thoi cac sdng mang con

nay. S6 sdbng mang con cang 16n thi d6 dai ky hiéu cang 16n.

Céc séng mang con nay truc giao voi cac song mang khac c6 nghia 1a c6 mot sd
nguyén lan lap trén mot chu ky ki ty. Vi vay, pho ciia mdi séng mang bang “khong” tai
tan s6 trung tAm cla tan s6 séng mang khac trong hé thong. Két qua 1a khong co nhiéu
gifra cac song mang phu.

Mot vi du vé 4 song mang con cho mot ky hiéu OFDM duogc minh hoa ¢ hinh 1.1.
Trong d6, hinh 1.1a 13 4 séng mang con trong mién thoi gian, hinh 1.1b 14 4 séng

mang con trong mién tan so va hinh 1.1c 1a dap Gng tong cOng ctiia 4 song mang con.
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Hinh 1.1. Thi du vé bén séng mang con cho mét ky hiéu OFDM

1.1.1.2. Lich sir phat trién OFDM
Thuat ngit “OFDM” trén thyc té duoc xuit hién trong mot sang ché riéng cua ong
vao nam 1970. Céc linh vuc cia OFDM da c6 tir 1au va duoc phat trién, ¢6 tim quan

trong nhat dinh trong céc tmg dung quéin su. Sy ra doi ciia ing dung ki thuat sé bang



rong va sy hoan thién cua chip CMOS c6 d¢ tich hop cao ndm 1990 da mang OFDM
vao tam diém cha y. Khai niém OFDM dugc giéi thi¢u 1an dau tién boi Chang trong
mot hoi thao nam 1996 [1].

Niam 1995, OFDM duoc chon nhu 1a mdt chuidn DAB cua chau Au, dam béao v
nghia ctia né nhu mot cong nghé diéu ché quan trong va bao hiéu mot ki nguyén méi
ctia su thanh cong trong mot loat cac ing dung. Mot trong s nhitng tiéu chuan quan
trong st dung két hop céng nghé OFDM 1a DVB, mang cuc bo khong day (Wi-Fi;
IEEE 802.11a/g), mang d6 thi khong day (WiMAX 802.162), duong ddy thué bao bt
d6i xtmg (ADSL; ITU G.992.1), va cong nghé thong di dong thé hé thi tu (4G).

Ung dung ciia OFDM trong truyén thong quang xdy ra mudn hon va tuong ddi it
so vo1 ban sao RF. Mdc du cung 1a mot tur viét tit OFDM c6 tir 1au duoc st dung dé
dai dién cho “ghép kénh phan chia tan sb truc giao quang hoc” trong truyén thong
quang chung. Bai bio diu tién vé OFDM quang trong cac tai liéu md duge bao cio
boi Pan va Green nam 1996, va ciling lién tuc c6 mot s6 nghién ctru vé OFDM trong

nhitng nim tiép theo.

Tuy nhién, loi thé co ban cia OFDM, cu thé 1a d6 chic chan cta no ddi voi su
phan tan cua kénh quang hoc khong dugc cong nhdn trong truyén thong quang cho
dén nam 2001. Khi Dixon et al d& xuat st dung OFDM dé chdng lai phuong thirc
phan tan trong soi quang (MMF). Véi thuc té 1a cac kénh sgi MMF tuong tu nhu
kénh khong day trong diéu kién pha dinh da dudng, khong ngac nhién rang cac tiéu
chuan 1am viéc ban dau trén OFDM quang tap trung vao tmg dung sgi MMF.

Sy quan tim vé OFDM ngay mét duoc ting 1én phan 16n 1a do dé xuit doc lap
ciia OFDM quang cho cac Gng dung duong dai tir ba nhém, bao gém phat hién truc
tiép OFDM quang (DDO-OFDM) va coherent OFDM (CO-OFDM).

Cho dén nay, truyén din CO-OFDM theo chuan sgi don mode (SSMF) 1a 100
Gb/s qua 1000km véi hiéu suit phd tan 2 bit/s/Hz di duoc chimg minh trong cic
nhom khac nhau. Mot trong nhitng thé manh ctia OFDM quang 14 n6 ¢6 thé dugc diéu

chinh cho cac ung dung khac nhau.

1.1.2. Nguyén ly OFDM

Nguyén 1y co ban ctia OFDM 1l chia nhé mot ludng dir liéu tdc d6 cao trudc khi

phat thanh nhiéu ludng dit liéu téc do thap hon va phat mdi ludng dit liéu do trén mot



s0 song mang con khac nhau. Cac song mang nay la tryc giao voi nhau, diéu nay dugc

thuc hién béng cach chon d¢ gian tan s6 mot cach hop ly.

Khoang thoi symbol tang 1én cho cac song mang con song song, vi cac song
mang con ndy truyén symbol vé6i téc do thap hon, nén giam duoc tic dong do din
xung gay ra. Nhidu xuyén ky tu ISI duoc han ché hau nhu hoan toan do viéc dua vao
mot khoang thoi bao vé trong mdi symbol OFDM. Trong khoang thoi bao vé, symbol
OFDM dugc mé rong theo chu ky (cyclicall extended) dé tranh xuyén nhidu giita cac
song mang ISI.

Hinh 1.2 minh hoa su khéc nhau gitra k¥ thuat diéu ché FDM va ky thuat OFDM.
Bang cach sir dung k¥ thuat OFDM, ta c6 thé tiét kiém dugc khoang 50% bang thong.
Tuy nhién, trong k¥ thuat OFDM, chiing ta cin triét dé giam xuyén nhiéu giira cac

song mang, nghia la cac song nay can phai tryc giao véi nhau.

Ch.10

\AAARARAAYL

Tan 50

EL
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Hinh 1.2. Tiét kiém phé tan ciia OFDM so véi FDM: (a) FDM, (b) OFDM

1.1.3. Tinh truc giao trong OFDM

Céc tin hi¢u 1a tryc giao nhau néu chung doc 1ap véi nhau. Tinh tryc giao 1a mot
tinh cht cho phép nhiéu tin higu thong tin dugc truyén va thu tét trén mot kénh truyén
chung va khong c6 xuyén nhiéu giira cac tin hiéu nay. Mat di tinh truc giao s& lam cho
Cac tin hiéu thong tin nay bi xuyén nhiéu 1an nhau va dau thu kho khoi phuc lai duoc

hoan toan thong tin ban dau.



Trong OFDM, cic séng mang con chong lan nhau nhung tin hi¢u van c6 thé
dugc khoi phuc ma khong ¢ xuyén nhidu giita cac song mang ké can boi vi gitra cac
song mang con co tinh tryc giao. Mt tap cac tin hiéu dugc goi la tryc giao tirng doi
mot khi hai tin hiéu bét ky trong tip d6 thoa didu kién.

* K =]
[s, .S}t = { =1 (L.1)
3 J 0 I = ]
v6i S'(t) 1a ky hiéu cua lién hop phuc S(t). Ts 1a chu ky ky hiéu. K 1a hang s6. Tap N
song mang phu trong k¥ thuat OFDM c¢6 biéu thic:
. k
sin(2z—t) 0<t=<T;
f ()= Ty (1.2)
0 te(0,Ts)

vé6ik=0,1,...,N-1

Céc song mang ndy co tan sd cach déu nhau mot khoang Fs = 1/Ts va truc giao

tirng d6i mot do thoa diéu kién (1.1).

S S

i k i k
Vi dy, ta xét hai song mang Sin (27: T—ltJ va Sin (27: T—zt] trong tap (1.2).

Ta thuc hién tich phan sau:

TfSin Znﬁt Sin Zn&t dtlejS cos2 ni(k, —k )L—COSZE(k +k )i =0
0 T, | T 2 T R |

S S 0 S S

(1.3)

Nhu vay, cac song mang thudc tap (1.2) 1a tryc giao tirng d61 mot hay con goi la
doc 1ap tuyén tinh. Trong mién tan s6, phd ctia mdi song mang phu c6 dang ham sincx
do mdi ky hiéu trong mién thoi gian dugc gi6i han bang mot xung chir nhat. Mdi song
mang phu c6 mot dinh & tan s6 trung tadm va céac vi tri null tai cac diém céch tan sd
trung tdm mot khoang béng boi sb cua Fs. Vi vay, vi tri dinh ciia song mang nay s¢€ la
vi tri null ctia cac song mang con lai (hinh 1.3). Va do d6 cac song mang khong gay

nhiéu cho nhau.



Bién do

Tan so

Hinh 1.3. Phé ciia cdc song mang trec giao
1.1.4. Mo td todan hoc tin hieu OFDM
OFDM la mét loai dic biét cua diéu ché da song mang (MCM), viéc thuc hién
chung ctia n6 duge mo ta trong hinh 1.2. C4u trac ctia mot bo nhan phire tap (diéu ché
1Q/ giai diéu ché IQ), né thudng duoc sir dung trong hé thong MCM, ciing duoc thé
hién trong hinh. Tin hiéu truyén MCM s(t) duoc biéu dién [1]:

4o N
S(t) - :Z_: kzz;ckisk (t - iTs) (1.4)
s, (t) =TI(t)e'* " (1.5)

L(O<t<T)

0,(t<0,t>T,) (1.6)

I1(t) = {

Trong d6 ¢y 1a ki hiéu mang thong tin thir i tai song mang con thir k, S 1a dang
song cho k song mang con, Ng 13 s6 song mang con, f, 12 tan sd song mang con, T 13
thoi gian mot ki hiéu OFDM , va [](t) 1a ham xung don vi. Cac bd do quang tdi wu cho
mdi séng mang con str dung mdt bd loc phu hop véi dang séng hay tuwong quan phu

hop v&i song mang con nhu trong hinh 1.4.



exp (_]2)!’1!) exp (‘jZ/Tf‘I)
t t
G B

exp (j2xhH) exp (-j2xhHt)

Kénh truyén @_ (034

exp (—j'2;.'l,-,._‘:1)

(X G

exp (j2aft)

¥
1Q Modulator/ ’E

-7
Demodulator:

z = Re {c exp (j2=f1)}

Hinh 1.4. So do chung cho mét hé thong diéu ché da séng mang

Do do, viéc xac dinh ki hiéu mang thong tin C’ik tai dau ra duoc tinh theo cong
thure:

T, T,

S S

1 i N 1 i -
ro_ _ —j2rft
of _—Ir(t—lTs)skdt_—Ir(t—lTs)e <dt (1.7)
Ts 0 Ts 0

Trong d6, r(t) 14 thoi gian tin hiéu trong mién thu. MCM c¢6 dién sir dung nhiing
tin hiéu c6 dai tan han ché khong chéng chéo va co thé duogc lép dat voi mot sb luong
16n khéi dao dong va bo loc ca dau phat va dau thu. Bat loi 16n cia MCM 14 nd yéu
cau bang thong 16n. D6 1a bai vi dé thiét ké cac bo loc va bo dao dong mot cach hiéu
qua, khoang cach kénh phai bang mot boi sb cua toc do ki hiéu dé giam hiéu qua pho

mét cach tdt nhat.

Mot phuong phap méi di duoc nghién ciru bang viée sir dung nhitng bo tin hiéu
tryc giao chong 14n nhau. Tinh truc giao ndy bit ngudn tir mot mdi twong quan don

gian gitra bat ki hai song mang con nao.
1% 1%
Oq = T_J.Sksl dt = T_IeXp( j2z(f — f)t)dt =exp(jz(f, - f)T,) (1.8)
s 0 s 0

Co thé thay rang néu diéu kién

fk - fl =m (1.9)

1
TS



dugc thoéa mian thi hai séng mang con sé& tryc giao voi nhau. Pidu nay c6 nghia rang
nhiing bd séng mang con nay tryc giao véi nhau, véi khoang cach tan so 1a boi cua
thot gian ki hi¢u, c6 thé sir dung cic bd loc thich hop dé loai bo nhiéu gifra cac song
mang (ICI), mic du sy chong l4n phd cua tin hiéu rat 1on.
1.1.5. M6 hinh hé thong OFDM

Mo hinh hé théng OFDM dugc chi ra ¢ hinh 1.5 [1]. Tai phia phat, bit dit liéu

dau vao ndi tiép dau tién dugc chuyén ddi thanh nhiéu ludng dir liéu song song,
4anh xa 1én mdi ki hiéu thong tin tuong tng cho mdi séng mang con véi mot ki
hiéu OFDM va tin hiéu sé trong mién thoi gian thu duoc bang viéc bién doi
IDFT, sau d6 dugc dua vao méi mot khoang bao vé va chuyén doi thanh dang
song thoi gian thuc théng qua DAC. Khoang bao vé duogc dua vao dé ngan can
nhiéu giao thoa ki tu (ISI) do kénh phan tan. Tin hiéu bang gdc co thé duoc
chuyén doi nang tan thanh RF thich hop vo1 mot bo diéu ché. Tai phia thu, tin
hiéu OFDM duoc chuyén d6i ha tan thanh tin hiéu bang gbc voi bo giai diéu
ché, ldy mau véi ADC, va sau d6 giai diéu ché boi thyc hién DFT va tin hiéu

bang gbc duoc xtr 1i dé phuc hoi dit liu.

Phia phat
LO1 _
Tin higu i véo - Tin hicu
: | AP AEP K truyeén st
vae s,rp tlén séng| : |\DET=| G |- DA |={LPF|+[DX yen (i)
mang con | :
A
Phia thu
Tin hicu u}rét i Dit liéu
thu 77 ——@-—X LPFi+|A/D DFT —
| |
B LOZ

1. Béng bé cita s6 DFT

I
I
L —

II. Bi dich tan
III. Khdi phuc
50017 AT Cofl

Hinh 1.5. So' d6 (a) OFDM quang phia phdt (b) OFDM phia thu
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Tir cong thie (1.10), ta thay tin hiéu OFDM s, 14 mot ham tuan hoan véi chu ki
N/T,. Cu thé 1a trong cac cong thirc (1.10) va (1.11), tin s song mang con fi va chi sd
k co thé dugc tong quat la:

k-1

f, K € [Koin +L Ky + N (1.10)

min 1 ¥min
S
Khi Knin 1 mot sé nguyén tiy y. Tuy nhién, chi c6 hai chi s song mang con
duogc sur dung rong rai: ke [1,N] va ke [-N/ +1,N/2].

1.1.6. Thuec hién bién déi Fourier roi rac doi véi OFDM

Mot thach thirc chinh doi véi OFDM d6 1a can mdt s6 lugng 16n cac song mang
con vi vay kénh truyén din xem mdi soéng mang con nhu mot kénh riéng. Diéu nay dan
dén mot ciu tric vo cung phirc tap v6i nhidu bd dao dong va bo loc & ca phia phat va
phia thu. Weinsten va Ebert dau tién kham pha ra diéu ché va giai diéu ché OFDM c6
thé dugc thuc hién bﬁng viéc bién d6i Fourier nhanh dao (IDFT) va bién d6i Fourier
nhanh thuan (DFT). Diéu nay 1a hién nhién qua viéc nghién ctru diéu ché OFDM cong
thire (1.4) va giai diéu ché OFDM cong thic (1.5). Tam bo qua chi sb i va coi N 1a N
trong cong thirc (1.4) dé tap trung chu yéu vao mét ki tu OFDM va chung ta 1dy mau
s(t) tai cac khoang thoi gian T¢/N. Nhu vay cong thirc (1.4) tré thanh:

N j2ﬂfk.(m—l)Ts (1.11)
Sn=2.C8 N
k=1
. . k-1
Str dung di€u kién truc giao cua cong thirc (1.9) va quy udc rang: f = T—
S
Khi do, cong thirc (1.11) tré thanh:
N - (m-1)T, N o (k=1)(m-1)
j2rf,. j2r——= B
s,=>.ce N =>ce N =3}
k=1 k=1 (1.12)

Khi 3 1a bién d6i Fourier, va me (1L N), twong tu, tai phia thu ching ta c6:

c, =3{r,} (1.13)
Khi ry, 13 tin hiéu duoc 1y mAu tai tit ca cac khoang thoi gian To/N. tir cong thirc
(1.12) va cong thirc (1.13), cac gid tri rdi rac cta tin hiéu truyén OFDM s(t) chi don

thuan 1a N diém IDFT cua ki hiéu mang thong tin ¢, va ki hiéu mang thong tin nhan

dugce ¢y 1a N diém DFT cua tin hiéu 14y mau thu dugc. Thuc hién DFT/IDFT cho
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chuyén ddi tir s6 sang tuong ty va tir twong tu sang sd. Co hai thuan loi chu yéu cua
viéc thuc hién DFT/IDFT trong OFDM. Thir nhat 1a dé giam thoi gian tinh DET/IDFT
thi nguoi ta giam s6 lwong phép tinh nhanh bang cach st dung thuat toan IFFT/FFT,
s6 phép nhan phuc tap ddi voi IFFT trong (1.12) va FFT trong (1.13) giam tir N? con
{Nlog,(N)}/2 gan nhu tuyén tinh véi s6 song mang con N. Tht hai, rat nhiéu song
mang con tryc giao co thé duoc tao ra va duge giai diéu ché ma khong can nhiéu bo
dao dong RF va bd loc phirc tap. biéu nay dan dén mét kién trac tuong ddi don gian
cho thyc hién OFDM khi ma rat nhiéu séng mang con duogc yéu cau. Tuong tng kién
tric sit dung DFT/IDFT va DAC/ADC nhu da chi ra trong hinh 1.5.

1.1.7. Tién té lap déi véi OFDM

Mot trong nhitng ki thuat cho phép dbi véi OFDM la chén céc tién t6 1ap. Chiing
ta hay xem x¢&t hai ki hiéu OFDM lién tiép trai qua mot kénh phan tan véi mot do tré
ty. D& don gian, mdi ki hiéu OFDM chi bao gdom hai séng mang con véi tré nhanh va
tré cham 1a tg, dic trung boi “séng mang con nhanh” va “séng mang con chim” tuong
mg. Hinh 1.6a chi ra rang bén trong mdi ki ty OFDM, hai séng mang con- song
mang con nhanh va séng mang con cham duoc lién két khi truyén. Hinh 1.6b chi ra
rang cac tin hiéu OFDM & trén cung dén phia thu, khi ma séng mang con cham tré tg
so vO1 song mang con nhanh. Ching ta lya chon mot ctra s6 DFT c6 chtra mét ki tu
OFDM hoan chinh cho séng mang con nhanh. R6 rang do6 1a do phén tan kénh, song
mang con cham da vuot qua ranh gidi ki hiéu din dén nhidu giita cac ki hiéu OFDM
1an can, n6é dugc goi 1a nhiéu lién ki tu (ISI). Hon nita, vi dang séng OFDM trong cira
s6 DFT dbi voi song mang cham chua dugc hoan chinh, diéu kién truc giao quan
trong d6i v6i mdi song mang con phuong trinh (1.8) bi mat, két qua 1 xay ra nhiéu

kénh 1an can.



T : D6 daiki tw OFDM

Song mang .
con cham |

Song mang

con nhanh
[
A . Cita =5 DFT
: 15 : Bg dai ki tw OFDM
=
Song mang ;
con cham

n
:
B
5

5
] H H e A TYET

Ban sao gifing nhau : T.: bé dai ki tw OFDM
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[l
I
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i
I N 1
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1

S il | : 2 !
i i ! Tign i D6 daikitwcoich §
c ' 6D (s DFT

T, : D6 dai ki tr OFDM

: : Ag | L , f
{Tién | Dedaikinecoich
D : : *thlap Cita s6 DFT =

Hinh 1.6. Tin hiéu OFDM: (a) khéng cé tién t6 ldp & phia phat; (b) khéng cé tién t6 ldp

& phia thu; (c) ¢6 tién t6 Idp & phia phdt; d) ¢6 tién t6 Idp & phia thu
Hinh 1.6¢ chi ra tin hiéu OFDM véi véi tién t ldp & phia phat va hinh 1.6d chi ra
tin hiéu OFDM véi tién t6 1ap o phia thu dé nhan dugc khoang bao vé. Néu gia dinh
cac tin hiéu dugc di qua cac kénh phén tan gidng nhau va cing cira s6 DFT dugc chon
bao gom mot ki ty OFDM hoan chinh déi véi séng mang con nhanh. C6 thé thiy duoc

tir hinh 1.6¢ va 1.6d mét ki tw OFDM hoan chinh dbi véi séng mang con cham ciing
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dugc duy tri trong ctra s6 DFT boi vi mot ty 18 cua tién t6 lip da dugc chuyén vao
trong ctra s6 DFT dé thay thé mot phan gidng hét da duoc chuyén ra.

Nhu vy, ki ty OFDM dbi v6i séng mang con chdm 1a mot ban sao gidng hét
dang song truyén duoc thém vao trong qué trinh chuyén ddi giai doan. Chuyén doi giai
doan nay dugc xir li trong qua trinh wdc luong kénh va s& duoc quyét dinh loai bo dbi
v6i ki ty. Do d6, diéu kién quan trong ddi v6i truyén OFDM dé khong xay ra nhiéu ISI
la:

t, <Ag (1.15)

Mot cach mé ta tién t6 1ap 1a mot biéu thirc gidng nhu trong biéu thic (1.4) ddi

v6i truyén tin hiéu s(t) nhung duoc mé rong dang ham xung (1.6) dé chén khoang bao

1(t) = 1,(-A; <t<t,)
0, (t<—Ag t>t) (1.16)

A

ve:

Mién thoi gian ki tu OFDM tuong tng duoc minh hoa trong hinh 1.7.

Ts. Dé dai ki oy OFDM

w

ls, B§ dai ld tw OFDM cé ich

TN
E{\’\N\wr\l\/\uﬁ \N‘ u \M

f 3
v

| 1] I

! .

AG, Khoang bao v§ "| |‘“

Ban sao gidng nhau

Hinh 1.7. Tin hiéu OFDM trong mién thoi gian cho mét ky tw OFDM

Hinh 1.7 chi ra ring mét ki ty OFDM hoan chinh bao gdm thdi gian quan sat va
tién to lap. Cac dang song trong thoi gian quan st s& dugc str dung dé khoi phuc ki tu

thong tin trong mién tan so.

1.1.8. Dung lwgng hé thong OFDM
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Xét cho truong hop don gian véi gia thiét 1a cau hinh cac song mang cong giong
nhau, nghia 1a tat ca cac song mang con déu c6 chung mdt cau hinh (di€u ché, ma hoa,

bang thong, cong suét... ).

Néu goi R 1a ty 1€ ma, M 1a mtrc diéu ché, Ng. 1a sd song mang con, T 1a 4o dai
ki ty, B 1a d0 rong bang thong, ts 1a do dai ki tu co ich, khoang cach gilta cac song
mang con 1a Af = 1/t;va a = t/T,, toc do bit tong duoc tinh nhu sau:

(R, log,(M))N,, (RclogZ(M);j
b T - T

S S

=(R, Iogz(M))B_tl_—S:(Rc log, (M ))Ba

S

(1.17)

Tir cong thire (1.17) cho thdy, ddi véi mot song mang con hay mot nhom cac
song mang con, bon thong sd sau day s& quyét dinh toc do bit: ty 16 ma, muc diéu ché,

d6 rong bang thong va a (o = t¢/Ty).

Trong mot hé thong OFDM ta c6 thé thay ddi cac thong sé nay dé dat duogc toc
d6 bit t6t nhat nhung van dam bao QoS cho hoan canh cu thé cta kénh tai thoi diém

X€Et.
1.2. Cong nghé OFDM quang

1.2.1. So d hé thong truyén din OFDM quang

Hinh 1.8 1a mé hinh cia mot hé thong OFDM quang [1], bao gdm nam khéi chirc
ning co ban: Khéi phat RF OFDM, chuyén dbi tir RF sang quang (RTO), duong
truyén quang, chuyén ddi quang sang RF (OTR) va khéi thu RF OFDM. Trong phan
nay, RF duoc sir dung dé thay thé cho nhau trong mién dién dé biéu thi cho giao dién
vat 1i didu d6 trai nguoc trong mién quang. Do tuyén tinh kénh truyén din 14 co s¢ gia
dinh trong OFDM. Do d6, nghién ciru tinh phi tuyén trong mdi khéi chirc ning c6 tam
quan trong 16n. Khéi phat va thu RF OFDM da duoc nghién ctru trong hé thong RF va

nhu vay nd van giit vai tro quan trong trong hé théng OFDM.
1.2.2. Céc khéi chirc ning ciia hé théng truyén din OFDM quang

1.2.2.1. Khéi phat RF OFDM

Dt liéu dau vao ndi ti€p dugc dua vao bo S/P (chuyén doi noi ti€ép sang song

song), tai day dir liéu s& duoc chuyén thanh Ny “ki tw théng tin” song song. Nhing ki
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tu nay s& dugc dua vao bd mapper nham nang cao dung luong kénh truyén. Tin hiéu
trong mién thoi gian thu dugc sau khi qua by mapper s€ dugc dua dén bo diéu ché
OFDM (IDFT). Khéi IDFT nay c6 nhiém vu roi rac héa tin hiéu OFDM trong mién
thoi gian, gia st tin hiéu thu dugc sau khi bién d6i IDFT 1a ¢, va sau d6 duoc chén
mot khoang bao vé dé tranh phan tan kénh, chong nhidu ISI (nhiéu lién ki tir) va nhidu
ISI (nhiéu kénh lan cén). Khoang bao vé s& dugc thém vao dang song cua tin hiéu

OFDM. Tin hiéu bang gdc trong mién thoi gian c6 thé dugc biéu dién [1]:

400 k=Nq./2
_ - jerfy (t—iTy)
sty=D. D, cJIt—iT)e’*" (1.18)
i=—o0 k=—Ng, /2+1
k-1
fk = (1.19)
tS
1 (A, <t<t)
T1(t) = { G s (1.20)
0,(t<—Ag,t>t)
RF OFDM phia phat Chuyén RF sang quang
Dﬁ l// Re DlA i \\l l,/ \\\
- N — > * LPF 3 I
o | dvg x :
—nufsp [ | Kwsing —iperi Gl 2 RTO |
: mang con : : 1
' l
| B ] DiA}—{LpF J |
\\ ’, \\ 4
So1 quang @
Khuéch dai quang K7
RF OFDM phia thu Chuyén quang sang RF
Dt ", Re g \\\ ,/’ \1
lf‘g" : Homkan[—] [~ AP[TILEF B ' l
' — kity +— i l
e | PIS dit tiéu DFT | : OTR —
: Im : : T :
: - ] “—1AD LBF[= :
N e o T e R s P R LB BLN R P P

Hinh 1.8. Kién triic hé thong OFDM quang
Trong cac cong thuc (1.18)-(1.20), ¢ la ki hiéu mang thong tin thir i tai song
mang con thu k, fy 1a tan sb song mang con thur k, N 1a ) song mang con, T 1a thoi
gian moét ki hiéu OFDM, t; 1a thoi gian ki twy OFDM hi¢u dung, Ag la khoang bao v¢ va
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[1(t) 1a ham xung don vi. Phdn mé rong dang song trong khoang thoi gian (-Ag, 0)
trong phuong trinh (1.20) dai dién cho chén tién té lip hay khoang bao vé. Tin hiéu
sau do s€ duoc chuyén doi tr s6 sang trong tu qua bo DAC va dugc loc boi mg bd loc

thong thap loai bo céc tin hiéu khéng mong mudn.
1.2.2.2. Khéi chuyén RF sang quang va khdi chuyén quang sang RF

Tin hiéu OFDM bing gbc c6 thé dugce chuyén ddi thanh RF thong qua bd tron
tan 1/Q (khéng duogc chi ra trong hinh). Hinh 1.8 1a mot kién trac ning tan truc tiép, &
d6 may phat OFDM RF tao ra tin hiéu OFDM bang gbc. O phia phat, bo RTO s&
chuyén tin hiéu bang gdc nidy sang mién quang str dung mot bo diéu ché quang. Tin
hiéu OFDM bang gbc duoc chuyén doi truc tiép tdi mién quang sau d6 dua 1én duong

truyén quang.

Puong truyén quang st dung soi don mode dé truyén va trén duong truyén s

dung cac b khuéch dai dé khuéch dai tin hiéu.

O phia thu, tin hiéu OFDM quang dugc chuyén d6i thanh mot tin hiéu OFDM

RF, nguoc lai so véi phia phat.
1.2.2.3. Khbi thu RF OFDM

O phia thu, tin hiéu OFDM ha tan dugc 1dy mau véi mot bdo ADC, sau d6 tin hiéu
nay can dua qua ba mtc dong bd phirc tap trudc khi quyét dinh ki ty dir liéu, ba muc

dong bo:

1. Pong bo cira s6 DFT trong d6 cac ki tw OFDM dugc mé ta dung dé tranh
nhiéu lién ki ty. Pong bo ky tu nham xac dinh chinh xac thoi diém bat dau mot
ky tw OFDM. Hién nay, v6i k¥ thuat sir dung tién t6 lap (CP) thi dong bo ky tu

da duoc thuc hién mot cach dé dang hon.

2. Déng bo tan sb, cu thé 1a dich tan duoc uéc lugng, dugc bu trir va hon thé nita
1a duoc hiéu chinh téi mot gia tri nhoé nhat khi bat dau. Ngudi ta dua ra hai
phuong phap dé khac phuc sy bat dong bo nay. Phuong phap thir nhét 1a sir
dung bo dao dong diéu khién bang dién ap (Voltage Controlled Oscillator-
VCO). Phuong phap thtr hai dugc goi 1a: Liy mau khong dong bo. Trong
phuong phéap nay, cac tdn sb ldy miu van dugc giit nguyén nhung tin hiéu

dugc xur 1y so sau khi 1y mau dé dam bao su dong bo.
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3. Khoi phuc song mang con, mdi kénh séng mang con dugc wée lugng va bu

trir. U6c lugng kénh (Channel estimation) trong hé théng OFDM la xéac dinh

ham truyén dat cua cac kénh con va thoi gian dé thuc hién giai di€u ché bén

thu khi bén phat str dung kiéu diéu ché két hop (coherent modulation). Dé uéc

lvong kénh, phuong phap phd bién hién nay la dung tin hiéu din duong

(PSAM-Pilot signal assisted Modulation).

1.2.2.4. Phuong phap diéu ché ding cho O-OFDM

Dé c6 thé chuyén doi tin hidu dién thanh tin hiéu quang, tin hiéu dién phai 14 tin

hiéu thuc khong am. Trong khi k§ thuat OFDM thong thuong chi tao ra tin hiéu phuec,

va ludng cuc. Nén can c6 mot sb phuong phap dé ki thuat OFDM c6 thé tao ra tin

hiéu thuc va khong am. Tur cac dang tin hiéu nay méi co thé ap dung cac phuong
phap diéu ché cuong 6 nhu da trinh bay ¢ trén. Cac k¥ thuat d6 14 DCO OFDM (DC-
Biased Optical OFDM), ACO OFDM (Asymmetric Clip Optical - OFDM), Flip

OFDM va k¥ thuat diéu ché I-Q [2, 3].

% K§ thuat DCO OFDM

So d6 khdi ki thuat DCO — OFDM dugc mo ta ¢ hinh 1.9A va hinh 1.9B. Trong
hé théng st dung k§ thuat DCO — OFDM, cac thong tin dit liéu dugce phan bo véi cac

song mang con nhu sau: X, + Xypa va  X* + X*yp . Trong do, N 1a s6 song

mang con kha dung.

So dd b phat:

DC bias XO

song song

M :
SN thanh ndi

QAM ) tin hiéu thuc soi quang

Laser

X IFFT 4 :
:q,2 tidp D/A

QAM

=
b
-
=

— *%_@_

phé tin hiéu

TTTTT f

..............

1.9 A. So d6 khéi ky thudt DCO — OFDM bé phat
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Cac ky hiéu thong tin duogc gan vao tit ca cac song mang con chén va 1é. Toc do
dir liéu hé théng sir dung k¥ thuat DCO OFDM va anh xa M-QAM duoc sit dung,

dugc cho bdi cong thirc sau:

N/2-1

N+Ng

R{bcoy :£ J Blog, M bit/s (1.21)

Trong d6 B la bang thong kénh, Ny la s6 song mang con bao vé.

Diéu d6 c6 nghia 13 toi da c6 N/2 — 1 séng mang con trong sé N séng mang con
duoc st dung dé mang cac thong tin hitu ich. Tin hiéu dau ra bo IFFT 1a tin hiéu thuc
va luong cuc. Ky thuat DCO OFDM st dung dién ap dich DC cong vao tin hi¢u dé thu
duoc tin hiéu don cuc can thiét cho diéu ché cuong do. Dién ap dich DC phu thudc vao

dac tinh cua LED hay lazer dugc st dung.

So dd bo thu:

Soi

QD _, Bl b ap | F

Hinh 1.9 B. So d6 khoi ky thudt DCO — OFDM b§ thu
Nguyén 1y bo thu

- Tin hiéu tir soi quang (nhu dau ra phia phat) dugc dua dén bd thu quang
dé tanh song quang va tao ra tin hiéu c6 dang nhu dau vao Laser phia
phat,

- Sau d6 tin hiéu dén bod Clip dé tao ra tin hiéu ludng cuc tao ra tin hi€u co
dang nhu dau vao bd Clip phia phat,

- Sau d6 tin hiéu dén bo bién ddi trong tu/sé A/D dé tao ra tin hiéu ludng
cuc co dang nhu dau vao bo sé/tu’O’ng tu D/A phia phat,

- Sau d6 tin hiéu dén bd bién d6i ndi tiép thanh song song dé tao ra tin

hiéu dang nhu dau vao bo bién dbi song song thanh ndi tiép phia phat),
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- Sau d6 tin hiéu dén bd bién ddi FFT dé tao ra tin hiéu dang nhu dau vao

bo bién doi IFFT phia phat,

Sau d6 tin hiéu dén bo giai diéu ché DQAM va DQAM* dé tao ra tin hiéu dang
nhu dau vao bo giai didu ché DQAM va DQAM ™ phia phat.

% K§¥ thuit ACO OFDM

So dd khéi ki thuat ACO — OFDM dugc mé ta & hinh 1.10.

0 Xo
>
[QAM ) _Xi o
0 .
| QAM | i tin hiéu so1 quang
0 s thuc Laser
i N/2-1 song song m
—_— =,
» Xz A IFFT }|— tpfanhnéx — D/A Clip—"*ﬁ
: Xhu2-1 P
- : phé tin hiéu
Q
[ QAM”
0 A A
[QAMT] X o 1. | "
x:

Hinh 1.10. So' do khéi hé thong sir dung ky thudt ACO OFDM.
Trong hé théng sir dung k¥ thuat ACO OFDM, chi cac séng mang 1é duoc gan
cac thong tin hitu ich: Xg + Xypiva X* + X*\p
Va do d6, toc d6 dit liéu cua hé théng st dung k§ thudt ACO OFDM véi anh xa
M-QAM dugc st dung,dugc cho bdi cong thuc sau:

N+Ng

RIACOY — (LHJ Blog, M  bit/s (1.22)

So vo1 hé théng st dung k¥ thuat DCO OFDM, h¢ théng st dung ky thuat ACO
OFDM chi str dung nira s6 s6 song mang con dé mang thong tin, tirc 1a c6 N/4 — 2
song mang con mang thong tin hiru ich. Khac véi hé thong s dung k¥ thuat DCO
OFDM, hé théng su dung k¥ thudt ACO OFDM tao tin hi¢u ludng cuc thanh tin hiéu

don cuc bang cach cét tat ca cac gia tri Am trudce khi diéu ché bang LED hoic Lazer.

Hé théng st dung k¥ thuat ACO OFDM c6 mot s6 uu diém sau:



20

- Tréanh viéc st dung di¢n ap dich DC. Dbién ap dich DC nay khong mang thong tin

hitu ich nén s€ lam giam hi¢u suat str dung nguodn.

- Céc gia tri bién d0 16n cua tin hiéu van dugc di€u ché voi dai hoat dong 16n ctia
LED hoac Lazer.

< Ky thuit diéu ché I/Q

So db khéi k¥ thuat I/Q OFDM duoc mod ta & hinh 1.11.

tao ky hiéu OFDM chuyen doi dién/quang
dong di liéu g SR e N — :
D BNl
—l ky hiéu
) MQAM

o=
I higu OFDM |

' 0
Yo R Yo BARRRRRR RN LT TR e ! T et

Hinh 1.11. So' do khoi hé thong sir dung ky thudt diéu ché I1Q
Tir so do khdi ta c6 thé thiy tin hiéu sau bo IFFT van 1a tin hiéu 4o. Tin hiéu ao
nay c6 thé duoc biéu dién thanh 2 thanh phan 13 thanh phan tin hiéu thuc va thanh
phén tin hiéu 40, va khi biéu dién nhu vay, ph?m thuc va ph?m 40 cua tin hiéu déu 1a

cac tin hiéu thuec.

Tiép theo n6 s& xur 1y ting phan nhu d6i véi hé théng st dung ky thuat DCO
OFDM bang cach cong thién ap DC véi ca thanh phan thuc va thanh phan 4o. Sau d6
ca thanh phan thuc va thanh phin 4o dugc diéu ché gian tiép sir dung bod didu ché
ngoai Mach Zehnder MZM. Riéng ddi v6i thanh phén tin hiéu 40, no bi 1am tré 90° tirc

1a thanh phan tin hi¢u 4o sé& truyén ngay sau thanh phan tin hiéu thuc.

1.2.2.5. Tach song quang trong O-OFDM

Tach séng 1a qué trinh tim lai tin hi¢u diéu ché. Tin hiéu tich song phai c6 dang
gidng nhat véi tin hiéu gdc ban dau. Trong thong tin soi quang, ¢ 2 phuong phap tach

song 1 tach song truc tiép va tach séng coherent.
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% Tach séng truec tiép

Phuong phap tach song truc tiép 1a phwong phép tin lai tin hiéu quang di diéu ché
cudng do bang cach dém sé lwong 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 sy phan cuc ca song
mang duoc tao ra tir cac linh kién quang. Phuong phap niy c6 nhugc diém 1a nhidu

tao ra tr bd tdch song quang va bo tién khuéch dai cao.

% Tach song coherent

Co6 hai k¥ thuat tdich song Coherent: Tach song heterodyne va tach soéng
homodyne. Trong k¥ thuat tach song heterodyne, tin hiéu OFDM biang gbc trude tién
duoc dua 1én tan sb trung tan & mién dién, sau d6 tin hiéu OFDM trung tan duoc diéu
ché trén séng mang quang nhd mot bo diéu ché MZM. O phia thu tin hiéu quang
OFDM trudc tién duoc chuyén vé tin hiéu dién OFDM & trung tan. Sau d6 duoc tach
song 1/Q dugc thuc hién ¢ mién dién. Trong tach song homodyne, song mang quang
st dung mdt bo diéu ché dién — quang bao gém hai bd diéu ché MZM riéng biét duogc
sir dung dé diéu ché hai thanh phan 1/Q cia tin hiéu OFDM. O phia thu, tin hiéu quang
OFDM dugc tach 1am hai phan 1/Q ngay trong mién quang nhd st dung hai bo thu can
bang (gdm 4 photo-detector ghép thanh 2 bd) va mot bd ghép lai 90°. Bo thu RF
OFDM xur 1y tin hiéu OFDM ¢ bang gbc dé khoi phuc lai dit liéu ban dau.

1.3. Phan loai OFDM quang

Trong k§ thudt OFDM quang, c6 2 van dé quan trong quyét dinh: d6 1a qua trinh
diéu ché quang dé tao tin hiéu quang dwa 1én dudng quang va tach séng quang tim lai
tin hiéu diéu ché.

Trong diéu ché quang, ngudi ta co thé sir dung 2 gidi phap diéu ché, d6 l1a dicu
ché quang truc tiép (diéu ché cudng do anh sang) va diéu ché quang gian tiép (diéu

ché ngoai).

biéu ché truc tiép 1a diéu ché duoc thuc hién b'fmg cach st dung tin hiéu can
truyén dan trén duong truyén lam thay d6i dong dién kich thich chay qua Lazer. Do
phat sang ciia lazer phu thudc vao tin higu can truyén dan.

Khac voi diéu ché tryc tiép, viéc didu ché tin hiéu khong duoc thyc hién bén
trong lazer ma duoc thuc hién bdi mét linh ki€n quang bén ngoai goi 1a bd diéu ché

ngoai (external modulator). Anh sang do lazer phat ra dudi dang song lién tuc CW
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(continuos wave). C6 hai loai bd diéu ché ngoai dugc st dung hién nay: Mach-
Zehnder Modulator (MZM) va Electroabsorption Modulator (EA).

Trong tach séng quang, ngudi ta cling c6 2 giai phap tach song quang, dé 1a tach

song tryc tiép va tach song coherent.

Phuong phap tach song truc tiép 1a phwong phép tin lai tin hiéu quang da diéu ché
cudng do bang cach dém sé lwong 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 sy phan cuc ca song
mang duoc tao ra tir cac linh kién quang. Phuong phap niy c6 nhugc diém 1a nhidu

tao ra tr bd tdch song quang va bo tién khuéch dai cao.

Khac voi hé théng tach song truc tiép chi sir dung cac bd tach quang 1a PIN hoic
APD thi trong hé thdng sir dung tach song coherent con ¢ thém mot phan tir tao dao

dong nd1 bd1 mot lazer diode & phia thu dé tron vai tin hi€u dnh sang téi.

Tu sy phan tich ¢ trén, ta cé thé théy su khac nhau cua cac hé théng OFDM
quang chinh 1a viéc sir dung cac bd tdch song quang khac nhau. Nhu vay co6 2 loai hé
théng OFDM quang. D6 d6 1a: Hé thong OFDM quang st dung k¥ thuét tach song
tryc tiép (DDO-OFDM) va hé théng OFDM quang st dung k¥ thuat tich song
Coherent (CO-OFDM).

1.1. Két luan chwong 1

Chuong 1 di trinh by nguyén 1y chung ctia cong nghé OFDM va trén co s& do
trinh bay nguyén 1y ciia cong nghé¢ OFDM quang. OFDM la mot hé théng da song
mang trong d6 ludng sb liéu can truyén dugc chia nho va duge truyén trén cac song

mang con truc giao voi nhau.

DPong thoi, chuong 1 ciing trinh bay cac phan tir co ban ciia may thu, may phat
OFDM quang, cac phuong phap diéu ché va cac phuong phap tach séng trong OFDM
quang; va phan loai cac hé thbng OFDM quang. Trong k¥ thuat OFDM quang, c6 2
loai hé théng OFDM quang. D6 d6 1a hé thong OFDM quang sir dung ky thuat tach
song truc tiép, ky hiéu 1a DDO-OFDM va hé théng OFDM quang sir dung k¥ thuat
tach song Coherent, ky hi¢u 1a CO-OFDM.
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CHUONG 2. CONG NGHE COHERENT- OFDM QUANG
Chuong 2 nghién ctru vé cong nghé Coherent OFDM quang (CO-OFDM) v&i
cac ndi dung: so cur tich hop ctia 2 cong ngh¢: cong nghé OFDM quang va cong
nghé quang Coheren; cong nghé két hop CO-OFDM: mé hinh hé thong CO-
OFDM, céc khdi chtc ning va nguyén 1y cua cac khdi chic ning trong hé
théng CO-OFDM va d6 nhay thu cta hé thong.

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 ngh¢ quang Coherent. Chinh vi vay, cong ngh¢ CO-
OFDM s& ké thira duoc cac uu viét cia ca 2 cong nghé Coherent va OFDM quang. D6
13 nang cao d6 nhay may thu, hiéu suit quang phd cao va giam sy anh huéng cua tan

sac.

Viéc tich hop 2 cong nghé quang Coherent va OFDM quang con c6 tac dong hd

trg phat huy uu viét ciia ca 2 cong nghé:

- Cong nghé OFDM mang dén cho hé thdng 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 doi
duong xudng tir mién quang sang mién RF (OTR). Ma truyén dan tuyén tinh 13

muc tiéu quan trong cho viéc thyc hi¢n OFDM.

Giira cac dang cua hé thong thong tin quang ghép kénh phan chia theo tan s truc
giao (OFDM), CO-OFDM nbi 1én vuot troi boi né mang lai hiéu qua vé pho, do nhay
may thu, va sy phan cuc hoac d§ dung sai tan sdac mau. Ké tir khi xuét hién khai niém
CO-OFDM, cé4c nghién ctru 1y thuyét va cac thi nghiém duoc tién hanh rong rai. Trong
d6 phai ké dén cong trinh nghién ctru va thi nghiém 100 Gb/s CO-OFDM truyén dan
qua 1000 Km dugc ching minh béi nhom nghién ciu tir dai hoc Melbourne [5] va
NTT [6]. Bdi vi CO-OFDM st dung bd chuyén d6i s sang twong tu (DAC) & phia
phat va cling duy nhat thi diém mot kénh séng mang con co ban va udc lugng pha, nén
rt thuan loi dé dat duoc truyén dan hiéu suat phé cao thong qua diéu ché bac cao. Két
qua nghién ctru 64-QAM trong phan cuc don va 16-QAM trong phan cuc kép da cho
théy dat hiéu suét phé cao cho ca hai loai phan cuc nay. Nhu vay, CO-OFDM duogc

xem la dang diéu ché hiéu qua cho 100Gb/s tham chi dat tdc dd cao hon do dat hiéu
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suat pho cao. Theo nghién ctru, CO-OFDM c6 thé cho tc do dit liéu 1én t&i 400 Gb/s
hoic cao hon. Piéu quan trong hon, CO-OFDM la mét dang diéu ché toc do ma phén
ctng va phan mém c6 thé tuong thich tir thé hé hién hanh t6i thé hé tiép theo bat ké tdc
d6 truyén dan duoc nang cp. Pay 1a su twong phan véi cac dang diéu ché don song

mang thong thuong khac.

2.2. Cong ngh¢ thong tin quang Coherent

2.2.1. Tong quan vé cong nghé thong tin quang Coherent
Trong ky thuat thong tin quang truyén théng, nguoi ta thudng sir dung cong
nghé IM-DD, tirc 13 str dung cong nghé diéu ché cuong do anh sang & phia phat va

tach song quang truc tiép ¢ phia thu. Cong nghé nay c6 nhiing han ché nhu:

- Khi cic phan tir phat quang (LED, LD) va thu quang (PIN photodiode , APD) hoat
dong & toc do cao s& xuat hién méo bién d6 va méo pha (trong truyén dan analog)
va méo sudn tudc va sudn sau cia xung tin hiéu truyén dan (trong truyén din

digital)

- Téch song tryc tiép tin hiéu quang da diéu ché cuong do 1 qua trinh da bo qua dic

tinh pha va sy phan cyc cua song mang quang dugc tao ra tur linh kién quang.

- Nhiéu cua bo thu tach song truc tiép va bo tién khuéch dai cao. Do d6 @6 nhay cua

hé thong tach song thép,...

Pé khic phuc cac han ché ciia hé théng IM-DD, ngudi ta da phat trién cong nghé
thong tin quang coherent. Trong hé thong thong tin quang coherent nguoi ta thudng sir
dung k¥ thuat diéu bién quang gian tiép ¢ phia phat va giai diéu bién quang gian tiép &
phia thu. Tuc la:

- O phia phét, c6 mot nguon quang phat ra anh sang dao dong ndi véi bude song
A1 (thuong 13 laser ban dan c6 do rong phd hep phat ra anh sang lién tuc). Tin hiéu
truyén dan dugc dua vao diéu bién véi tin hiéu anh sang dao dong ndi tao thanh tin
hiéu anh sang truyén dan va duoc ghép vao soi quang. Bo diéu bién quang ngoai
thuong duoc sir dung 13 cic mach quang to hop, vi du nhu LiNb03 - Mach-Zehnde
Modulator.
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- O phia thu, ciing c6 mdt ngudn quang (thuong 1a laser ban dan c6 d6 rong phd
hep phat ra anh sang lién tuc) phat ra anh sang dao dong noi v6i bude song A,. Tin

hiéu anh sang thu dugc dua vao tron voi tin hi€u anh sdng dao dong noi phia thu.

Khi tin sb cta tin hiéu anh sang t6i va tin hiéu tir bd dao dong noi phia thu gidng
nhau thi by thu hoat dong ¢ ché do Homodyne, va tin hi¢u dién tai tao duoc Ia tin hi¢u
dai nén. Con khi tan s cua tin hi¢u anh sang t6i va tin hiéu tir bo dao dong noi phia thi
1éch nhau thi bd thu hoat dong ¢ ché d6 Heterodyne, va phd cia tin hiéu dién ¢ ngd ra
ctia kh6i DEC 1a tin hiéu trung tan IF (intermediate frequency). IF 13 tin hiéu c6 chta
tin hiéu thong tin can truyén (ttrc tin hiéu dai nén) va tin hiéu thong tin can truyén nay

c6 thé thu dugc bang cach sir dung k¥ thuat giai diéu ché dién.

Nhu vay, s€ c6 2 loai bg thu quang coherent:
— Bo thu Homodyne khi A; =2,
— B thu Heterodyne khi Aq # A,

Tuong tng, s& c¢6 2 loai hé thong thong tin quang coherent:
— Hé thdng thong tin quang Homodyne khi A, = A,
— Hé thdng thong tin quang Heterodyne khi Ay # A,

2.2.2. Cac khdi niém co ban trong cong nghé Coherent

2.2.2.1. B0 tao dao dong ndi

Y tudng co ban dang sau su tach song nhat quan bao gdm su két hop cac tin
hiéu quang hoc két hop v6i méi trudng song quang lién tuc (CW) trudce khi né roi vao
nhirng bd tach song quang. Cac trudng CW duoc phat sinh cuc bd & nguoi nhan bang
cach sur dung mot laser bing thong hep duoc goi 13 bo tao dao dong tai chd (LO), mot
thuat ngit dwoc muon tir vo tuyén va séng micro. Pé xem sy pha tron cua tin hiéu
quang nhan dugc véi dau ra LO c6 thé duoc cai thién hiéu suat thu, chung ta hay viét
cac ki hiéu quang bang cach str dung ki hiéu phirc tap nhu :

Es=Asexp[- i(wgt+ Dg)] (2.1)

Trong d6, @, 14 tan s6 song mang, A 1a bién do, va @, 1a pha. Truong quang

lién quan véi cac ndi dao dong dugc dua ra boi mot biéu thuc tuong tu
Elo=Aoexp[- i( @ ot+ Do)] (2.2)
Trong d6, Ao, @0, PLola bién do, tan sb va pha cua ndi dao dong tuwong ung.

Tur khi bd tach song quang phan ung véi cuong d0 quang hoc, nang luong quang cua
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bd tach song dugc cho boi : P =K | E; + E o | 2, trong d6 K 1a mét héing ctia can dbi.

Str dung phuong trinh (2.1) va (2.2)

P(t)=Ps+Po+ 2,/PsP, cos( o +D,—D, ) (2.3)
Trong do:
P.=KA%, Po=KA o, op =a, -, (2.4)

Tan sd v= o 127 duge goi la tan sb trung gian (IF). Khi o, # 0, , tin hiu quang
hoc dugc giai diéu ché trong hai giai doan , tan sd song mang cuia no lan dau tién
chuyén doi sang mot tan sb trung gian v, (thuong 1a 0.1- 5 GHz) trudc khi tin hi¢u
duogc giai diéu ché sang dai goc. N6 khong phai ludén ludn can thiét dé st dung mot tan
s6 trung gian.

Trong thuc té ¢6 hai phuwong phap tach song nhat quan dé lya chon, phu thudc
vao viec c6 hay khong @, = 0. Chung dugc biét téi nhu bd dao dong dong tan va ki

thuat chuyén doi phach tan.

2.2.2.2. Bo dao dong dong tan
Trong k¥ thuét su tach soéng nhat quan, tan sé nodi dao dong duoc chon dé tring
v6i tan s6 g dé o= 0 . Tir phuong trinh (2.3) dong quang dién (I=RP, trong d6 R 1a

responivity phat hién) va dugc cho béi :
I(t) = R(Ps+ PLo) + 2R /P,P, c0S (Bs — By0) (2.5)

Thong thuong, P o >Ps va Ps + P g = PLo. So hang cudi cung trong phuong
trinh (2.5) chita cac thong tin truyén va duoc st dung béi cdc mach. Chu y trong
truong hop pha cua bd tao dao dong tai may bi khoa thanh pha tin hiéu dé @5 = @,

tin hiéu dao dong dong tan dugc dua ra boi cong thirc:

l,(t) = 2R/P,P, (2.6)

Uu diém chinh cta dao dong dong tan dugc chi rd ¢ phuong trinh (2.6.). Néu
chung ta cha y tin hi¢u dong dién trong truong hop truc tiép duoc dua ra boi Iy(t) =
RP(t). Ky hiéu cong suat quang trung binh 1a P, , ning lugng dién trung binh duoc
tang 1én bai yéu té 4P, /P, v&i viée st dung bo dao dong dong tan. Khi P, 16n hon

S

nhiéu P,, viéc ting cuong nang luong c6 thé vuot qua 20 dB. Mic du su do ngit tiéng
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on dugc nang cao, n6 dugc hién thi trong phan cua bd dao dong dong tan cai thién tin

hiéu nhidu (SNR) bai mot yéu t6 16n.

Diéu kién khac cta bo dao dong dong tan duoc dua ra tir phuong trinh (2.5) boi
vi s hang cudi trong phuong trinh nay bao gdm tin hiéu pha rd rang,né cé thé truyén
dan thong tin bang pha va tdn s diéu ché cua ngudi séng mang quang. Sy phat hién
tryc tiép khong cho phép diéu ché pha va tan s khi tat ca cac thong tin vé pha tin hiéu
bi mat. Céc dang diéu ché méi cho cac hé théng théng nhét dugc thao luan trong muc
2.3.

Mot bat loi ciia bo tao dao dong déng tan cling la két qua tr d§ nhay vé pha. T
s6 hang cudi cliing trong biéu thirc (2.5) bao gém pha ctia bo tao dao dong ¢, o, 1o rang
¢ onén dugc kiém soat. Ly tuong nhét 0s va ¢ o nén lién tuc ngoai tru diéu ché cua Os.
Trong thyc té ca ¢s va ¢ o bién dong theo thoi gian mot cach ngdu nhién. Tuy nhién ¢,
- dLo co thé budc phai gan nhau théng qua vong khéa pha. Viéc thyc hién cia vong lap
nhu vay 1a khong don gian va lam cho thiét ké ctia may thu b dao dong dong tan phirc
tap. Ngoai ra, két hop mdy phat va tan s6 may tao dao dong dua ra yéu cau khat khe
cho hai ngudn quang. Nhirng van dé nay c6 thé duoc khic phuc bang viéc st dung bod

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

2.2.2.3. BO chuyén d6i tan
Trong trudng hop bd chuyén ddi tan tao dao dong ndi tan sd o o duoc lua chon
dang khac thanh cac tin hiéu song mang tan s6 mg cling nhu tan sd trung gian o trong
ving séng ngan ( v,  1GHz). Sir dung phuong trinh (2.3) cing véi I = RP, dong

quang di¢n bay gio dugc dua ra boi:
I(t) = R(Ps+ PLo) + 2R [P,P, cOs (wypt + @5 — B,0)  (27)

Khi P o > Ps, trong thuc té dong dién mot chidu (dc) gan nhu lién tuc va cé thé
duoc loai bé dé dang bﬁng cach st dung bd loc léy gidi. Tin hi¢u cua bd chuyén doi

tan duoc dua ra boi dong xoay chiéu (ac) trong phuong trinh (2.7) hoic bai:
loc(t) = 2R/P,P, COS (wipt + Bs — By0) (2.8)

Tuong tu bo dao dong dong tan, thong tin c6 thé duoc truyén qua bién do, pha,
hay tan sé diéu ché cua séng mang quang. Quan trong hon, bd tu tao dao dong van

khuyéch dai cac tin hi€u nhan bo1 mot yéu t6 16m, qua do cai thién SRN. Tuy nhién
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viéc cai thién thip hon 2 hodc 3 dB so véi truong hop cia dao dong dong tan. Mtc
giam nay c6 lién quan téi bo chuyén tin. Ngudn goc cta 3 dB c6 thé duoc thiy bang
cach xem xét cong suat tin hiéu (ti 1¢ binh phuong cua dong dién). Bdi vi ban chat
dong xoay chiéu ac (I,c) cong sut tin hiéu trung binh bj giam hé s 2 khi I,¢° 1a trung

binh trén mot chu ki day du ¢ tan sb trung gian.

2.2.2.4. Cac dang diéu ché

Nhu d3 thao lun trong phan 2.1, mot wu diém quan trong khi sir dung ki thuét
tach song nhat quan & ca bién d6 va pha cua tin hiéu quang phia thu c6 thé dugc phat
hién va do. Tinh ning ndy mé ra kha ning giri thong tin bang cach diéu ché ca bién
d6,pha hay tan sd ciia song mang quang. Trong trudng hop hé théng truyén thong ki
thuat sd, co ba kha nang lam phat sinh ba dang diéu ché duoc goi la diéu ché dich bién
d6 (ASK), diéu ché dich pha, diéu ché dich tan. Hinh 2.1 chi ra biéu d6 ba dang diéu
ché cho mot bit miu cu thé. Trong cac phan phu sau day chung ta xem xét timg dinh

dang riéng biét va thdo ludn vé vi¢c thuc hién cua nd trong h¢ thong cua séng anh

L L L
ASK!/\/\: I/\/\I/\/\: :_‘
AVAVEEEERVAVRVAY I

Hinh 2.1. Cdc dang diéu ché ASK, PSK va FSK
< Diéu ché ASK
Trong diéu ché ASK, ngudi ta c6 thé thuc hién didu ché truc tiép hay gian tiép.

Trong diéu ché ASK, ngudi ta thuc hién diéu ché bién d6 P clia song mang quang p(t)
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1a séng anh sang phat xa cia LD (LD 14 phan tir phat quang khi diéu ché tryc tiép, hay
LD 1a phan tir tao song anh sang dao dong noi khi diéu ché ngoai) voi tin hiéu can
truyén dan i(t). Con tin s6 o va pha @ ciia song mang quang p(t) khong thay doi.
Song anh sang p(t) cua LD c6 dang:
p(t) =Pcos(wt+ @) (2.9)

Khi d6, tin hiéu diéu bién quang c6 dang:

Pask () = P[i(t)]cos(ewt + @) (2.10)
Dbi voi diéu ché nhi phan tuong ty, P 1dy mot trong hai gia tri ¢d dinh trong
tirng thoi ki bit, phu thudc vao bit 1 hay bit 0 duoc truyén dan.
< Diéu ché FSK
Trong diéu ché FSK, ngudi ta c6 thé thyc hién diéu ché gian tiép (diéu ché
ngoai). Trong diéu ché FSK, nguoi ta thuc hién diéu ché tan s6 f ciia song mang quang
p(t) 1a séng anh sang phat xa ciia LD (LD 1a phén tir phat quang khi diéu ché truc tiép,
hay LD 13 phan tir tao séng anh sang dao dong nodi khi diéu ché ngoai) véi tin hiéu can
truyén din i(t). Con bién do P va pha ® ctia song mang quang p(t) khong thay doi.
Khi séng anh sang p(t) ciia LD c6 dang (2.9), khi d6 tin hiéu diéu tan quang co
dang:

Pesk (1) = Pcos{w[i(t)]t + ¢} (2.11)
Dbi v6i tin hiéu nhi phan o lay hai gid tri ©+Am va o-Aw, diéu ¢ phu thudc
vao bit 0 hodc bit 1 dugc truyén di. Sy thay d6i Af = Aw/2r duoc goi 1a d6 1éch tan sb.
S6 lugng 2 do6i khi con dugce goi 1a sy gian cach am, vi n6 dai dién cho sy gian cach
gifra bit 0 va bit.
Khi d6, tin hiéu diéu tan quang c6 dang:
Pesk (t) = Pcos{[w* Aw]t+ 4} (2.12)
Trong d6 ki hiéu + va — twong tmg véi bit 1 va 0. chil ¥ ddi s6 cia ham cos ¢6
thé duoc viét dudi dang:
ot + (@ + Aat) (2.13)

Khi d6, diéu ché FSK cling co thé duoc xem nhu mot loai diéu ché PSK nhu

tang hodc giam tuyén tinh pha séng mang trén bit.
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¢ Dinh dang PSK
Trong diéu ché PSK,ngudi ta c¢6 thé thuc hién didu ché gian tiép (didu ché
ngoai).
Trong diéu ché PSK,nguoi ta thuc hién diéu ché pha @ cua séng mang quang
p(t) 12 séng 4nh sang phat xa ciia LD (LD 1a phan tir phat quang khi diéu ché truc tiép,
hay LD 1a phan tir tao séng anh sang dao dong noi khi didu ché ngoai) véi tin hiéu can

truyén dan i(t). Con bién d6 P va tin s6 o cta séng mang quang p(t) khong thay doi.

Khi séng anh sang p(t) caa LD c6 dang (2.9), khi d6 tin hiéu diéu pha quang co

dang:

Ppsk (t) = PCOS{a)t+¢[i(t)]} (2.14)

2.2.3. M6 hinh céu tritc co bin ciia hé théng théng tin quang Coherent

CAu tric co ban cia mot hé théng thong tin quang Coherent dugc md ta nhu
trong hinh 2.2.

Dir i ' Homodyne A, = l;“
ey ’ b , e
Fl—s! DE > MOD [— » DEC > AMP —
vao | i !
! 7Y \ Heterodyne A, # A, L—
(SR S ; A, Heterodyne
i ¥ i
LC > CWL . | uo [&—Locy
h : i
Bo phat Bo thu

Hinh 2.2. So' do hé thong théng tin quang coherent
Céc khdi trong so dd hé thong:

- DE (Driver electronic): thuc hién khuéch dai tin hiéu ngod vao nham tao tin hiéu ¢

murc phu hop véi cac khoi sau.

- CWL (Continuous Wave Laser): bd dao dong quang sir dung laser ban dan co do

rong pho hep phat ra anh sang lién tuc c6 budc song A;.

- LC (Laser Control): nham 6n dinh buéc song phat ra cia dao dong quang.
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- MOD (Modulator): khéi diéu ché quang, st dung k¥ thuat 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 str dung laser ban dan

tao ra tin hi¢u quang c6 budc soéng A,.

- DEC (Detector): thuc hién hai chic nang, dau tién st dung bo coupler FBT cOng
tin hiéu thu duoc (A;) va tin hiéu tai chd (X,). Sau dé dua tin hiéu téng to1
photodiode dé thuc hién tach song truc tiép theo quy luat binh phuong. Dé thuc
hién ding voi nghia tach song coherent thi coupler quang phai t6 hop cac tin hiéu
quang c6 phan cyc giéng nhau.

- Dang séng cua tin hi¢éu ASK, FSK, va PSK dugc minh hoa & hinh 2.3.

Bit nhi phén

ASK /\/\ .
VAV RVAVAVAY

s AN N PN NN N NN
VW VIV VWV

1

Hinh 2.3. Dang song ciia cdc dang diéu ché va chudi bit nhi phan la 10110
Khi tan sd cua tin hiéu t&i va tin hiéu tir bd dao dong noi giéng nhau thi bo thu
hoat dong & ché d6 Homodyne, va tin hi€u dién tai tao duogc 1a tin hiéu giai nén. Con
khi tdn s6 ciia tin hiéu téi va tin hidu tir bo dao dong ndi léch nhau thi bo thu hoat dong
& ché d6 Heterodyne, va phé cua tin hi¢u dién & ngd ra ciia khdi DEC 1a dang trung tan
IF (Intermediate frequency). IF nay la dang tin hi¢u khac c6 chtra tin hi¢u thong tin ma
chung ta mudn truyén di (tic tin hiéu dai nén), va tin hiéu thong tin nay chung ta co

thé thu dugc bang cach st dung k¥ thuét giai diéu ché dién.

- LOC (Local Oscillator Control): nham diéu khién pha va tan sb cta tin hiéu dao

dong ndi on dinh.

- AMP (Amplifier): khuéch dai tin hiéu dién sau khi tach séng quang.
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- DEMOD (Demodulator): khoi nay chi can thiét khi bd thu hoat dong ¢ ché d6
Heterodyne.

2.2.4. Cdc thanh phdn co ban ciia hé théng thong tin quang Coherent

2.2.4.1. B0 phat quang

So dd bd phat quang trong hé théng quang coherrent dwoc mé ta nhu hinh 2.4,
Thanh phan thuc va 4o (I/Q) tir hai ngd ra cia bd diéu ché tin hiéu OFDM dugc
chuyén ddi tir mién dién sang mién quang nhd hai bo diéu ché ngoai MZM nhu mé ta
trén hinh 2.4. Sau do, tin hi¢u quang tai dau ra cta hai b6 MZM duoc diéu ché cau
phuong (vudng goc) cong lai va dua vao soi quang dé truyén di. Qua trinh dugc thuc

hién nhu sau :
1. Tin hi€u quang do m¢t Lazer Diot LDI1 sinh ra dugc dua dén hai b6 MZM
2. Tin hiéu quang trén mdi MZM tuong Umg 1a €, va € o dong vai tro la song
mang quang, cic song mang nay duoc diéu ché pha dé mang tin hiéu I/Q twong
ing, ngd ra mdi bd MZM chinh 12 tin hiéu quang di dugc diéu ché pha.

3. Mot trong hai b0 MZM, tin hiéu sau d6 duoc dich 1 goc 90" cdng vai tin hiéu

cua bo MZM con lai va phong vao sgi quang.
/

ch
€ €, l

LDI > AR MZM 4*\%_» s

_900 __/—\

J

L&
=
I

0 optical fibre
Q : = clectrical line
ch

Hinh 2.4. M6 hinh diéu ché quang két hop sir dung MZM
2.2.4.2. B0 thu quang
Trong k¥ thudt thong tin quang coherent nguoi ta thuong st dung cac bo thu
quang sau:
- B0 thu quang tach song Heterodyne,
- B¢ thu quang tach song Homodyne,

- B0 thu quang két hop.
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+ B0 thu quang tiach song Heterodyne

So d6 khdi tong quat ciia bd thu quang sir dung tach song Heterodyne dugc minh

hoa & hinh 2.5.

béi vé6i tach song Heterodyne, tin hi¢u téng gifra tin hi¢u vao va tin hiéu dao
dong noi di qua bo tach song quang (PIN hay APD) sé tao ra tin hiéu trung tan IF. Tin
hiéu IF sau d6 duogc giai diéu ché thanh tin hiéu dai nén b?mg cach su dung ky thuat
tach song dong bd (synchronous) hoic khong doéng bd (nonsynchronous). Bing thong
can thiét ciia bo thu quang Heterodyne 16n hon nhiéu 1an so véi tach song truc tiép &

toc do truyén xac dinh trudec.

| coupler B6 tach B loc B6 giai Ba loc
o esn: ! khuéch dai of -7 9@ khuéch dai
X2 sdng quang Py diéu ché S 2
trung tan dai nén
. Mach
B"D daq_ " AFC  |e quyét dinh
dong noi bit

|

Ngoai ra, chat lugng ciia bo thu quang Heterodyne s& giam khi tan so cua tin

Hinh 2.5. Cdu hinh co ban bé thu quang Heterodyne

hiéu trung tan dao dong, cho nén can bo diéu khién tan sb tu dong AFC dé 6n dinh tan
s6 nay thong qua 13y tin hiéu hoi tié tir ngd ra ctia bo giai diéu ché dé diéu khién dong
kich cua laser dao dong noi.

Tach song Heterodyne dong bo duge sir dung cho giai diéu ché PSK. Do d6 voi
tach song nay can phai danh gia duoc 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 sy dao dong
pha gitra tin hi€u vao va tin hiéu ctia bd 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 cua tin hiéu trong mién dién.
Do d6 c6 thé sir dung cac k¥ thuat va cac cau hinh vong khoa pha PLL ma di 4p dung
trong thong tin cao tan va viba. Cac k¥ thuat di nghién ctru cho giai diéu ché PSK chu
yéu 1a x4c dinh pha cta tin hiéu vao. Hon nita giai diéu ché PSK dong bo rat nhay cam

v6i k¥ thuat tach song Heterodyne. Dé do dugc pha cua tin hiéu PSK thi can phai co
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pha tham khdo dya trén pha trung binh cuta tin hi¢u quang ngd vao trong khoang thoi
gian xac dinh. Do d6 muc dich cta viée sir dung vong khoa pha PLL 1a cung cip gia tri

tham khdo nay véi thoi gian trung binh dugce xac dinh trong bang thong ciia vong nay.

K¥ thuat tach séng khong dong bo c6 thé ap dung cho ASK va FSK véi yéu cau
t6i thiéu vé sy 6n dinh do rong phd va pha cua laser. Tach song dudng bao Heterodyne
ctia tin hiéu ASK c6 thé thuc hién béng cach st dung bo loc thong dai dé nhan duoc
tin hiéu trung tan, sau d6 cho tin hiéu ndy qua bo tach song dinh dé khéi phuc tin hiéu

nén.

+ B{ thu quang tach song Homodyne

So do khdi téng quét cta bd thu quang st dung tach song Homodyne duoc minh
hoa & hinh 2.6.

Tin
hiéu
vao
1 counl Coupl B6 tach Bo loc
oupler oupler sc’)n‘ uan " khuéch dai
22 2x2 g quang dai nén
B
¥ dao déng
noéi
1 AFC
Mach
quyét dinh
bit
b, B thu quang Homodyne co khoa pha gita _Tin

Hinh 2.6. Cau hinh b¢ thu quang Homodyne.

Trong truong hop tach song Homodyne, pha cua tin hi€u dao dong ndi duoc
khoa voi tin hiéu vao nén phai st dung tach séng déng bd. Hon nira, két qua cua qua
trinh cong hai tin hiéu va dua dén bd tach séng quang tao ra tin hiéu thong tin 1a tin
hiéu dai nén nén khong can bd giai diéu ché. Vong héi tiép AFC c6 chirc ning 6n dinh
tan s gitra hai tin hi¢u.Tach song Homodyne khong chi taing dugc d nhay cta bo thu
3dB ma con dé dang dat dugc yéu cdu vé bang thong cua bo thu. Hinh 2.7 so sanh phd

ngo ra cua b tach song Homodyne PSK va Heterodyne PSK.
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Bien do Bién do

Dai nén

| 2xB |
< >
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Phdé clia bd thu Homodyne Phé clia bd thu Heterodyne
PSK PsSK

Hinh 2.7. So sanh phé cua tin hiéu PSK 6 ngé ra ciia bj tach séng quang Homodyne va

Heterodyne.

C6 thé thay rang tach song Homodyne chi yéu cau bing thong cua bo thu tach
song truc tiép trong khi d6 tach song Heterodyne yéu cau it nhat hai lan bing thong
nay va thuong 1a ba hodc bon lan. Nhung tach séng Homodyne sir dung ngudn phat va
laser dao dong noi doc 14p nhau nén gip phai mot diéu cuc ky kho khin dé diéu khién
su khoa pha cta hai tin hiéu nay. Tuc 1 d6 1éch pha ¢ phai ludn giir gan bang 0 cho
cac bo thu do nhay cao. Hon nita, néu ¢ troi dén gia tri /2 thi dong tin hiéu I, & ngd
ra s& bang 0 va qua trinh tach song s& két thuc

< B thu quang két hop

O dau thu, tin hiéu quang tir soi quang di toi trude hét s& duge chuyén thanh tin
hiéu dién. Bo chuyén doi quang dién thuc hién chtrc ning nay. Tic tin hidu quang tGi
trude hét duoc tron voi song quang phat ra tir bo giao dong nodi, rdi sau d6 tin hiéu tin
hiéu quang téng hop nay dugce chuyén vé tin hiéu dién nhd cac photo-detector. Cau

tric bo thu quang coherrent két hop duge mo ta & hon trong hinh 2.8 .
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Hinh 2.8. M6 hinh b thu quang két hop
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Qua trinh hoat dong bo thu quang két hop dugc mé ta nhu sau :

1. Mot Lazer LD2 phat ra 4nh sang véi tan sb giao dong ndi. Tin hi¢u do Lazer
LD2 phat ra sau d6 dugc chia lam hai nhanh, pha ciia mgt trong hai nhanh sé

duoc 1éch di 90°
2. Tin hi¢u quang nhan dugc cling duogc chia lam hai nhanh.

3. Nhanh tht nhét cta tin hiéu quang nhan dugc s€ tron vo1 song quang da bi léch
90" do LD2 phét ra, sau d6 dugc do bdi 2 photo-detector. Dong dién sau moi
photo-detector s& dugc tong hop lai va tra vé thanh phan I twong Gmg bén phat.

4. Nhanh thtr hai cua tin hiéu quang nhan dugc s€ tron voi song quang do LD2
phét ra, sau d6 ciing duoc do boi 2 photo-detector. Dong dién sau mdi photo-

detector s& duoc téng hop lai va tra vé thanh phan Q twong (mg bén phat.

Hai thanh phan I/Q luc nay 1a tin hiéu dién trong mién thoi gian. S& duoc xir 1y

hoan toan trong mién dién.
2.2.5. Nhitng wu diém ciia hé théng théng tin quang coherent

2.2.5.1. Nang cao do nhay thu

Vé mit 1y thuyét, hé théng thong tin quang coherent c6 nhiéu dic diém hap dan
ma mau chdt 1 sy cai thién do nhay thu. Do do néu hé théng quang coherent su dung
phuong phap tach song heterodyne hay homodyne s€ cho phép kéo dai khoang céach
giita hai tram lap, ting toc do truyén dan trong cac tuyén thong tin duong truc va ting

s6 kénh trong mang noi hat hoac thué bao.

»
-

N

-40

Thu trire tiép

0.1 1 10

D§ nhay tu quang (dBm)

Tée @6 truyen (Gbit/s)

Hinh 2.9. Su phu thudc do nhay vao t6c do bit truyén
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2.2.5.2. Nang cao kha ning truyén dan

Vé6i phuong phap ghép kénh theo tan sd, cac hé théng thong tin quang coherent
c6 dung lugng truyén dan rat 16n. Vi du, néu trong ving budc song hoat dong 1550nm
chon d6 rong phd dé truyén thi trong ving ndy c6 thé truyén khoang 10° kénh thoai

tuong duong.

400

300 Thu Coherent

Khoang cach ldp (Km)

Thu trire tiep

100
Téc d6 truyén (Gbit/s)

0.01 0.1 1 10

Hinh 2.10. Khoang cach tram lap phu thuoc vao téc do truyén

2.2.5.3. Khad nang két hop thu coherent véi kj thudt khuéch dai quang

Su két hop giita thu coherent va k¥ thuat khuéch dai quang co thé tao nén cac
tuyén thong tin s6 dung luong truyén din rat 16n va kéo dai khoang cach tram 1ap (co
thé dat t6i 10.000Km). Kha ning nay duoc ap dugc tng dung trong cac tuyén duong

tryc va tuyén cap tha bién.

2.3. Cong nghé Coherent OFDM quang

2.3.1. Mé hinh hé thong Coherent OFDM quang
Mot hé thong CO-OFDM quang dién hinh duwoc miéu ta nhu trong hinh 2.11 [1].

BS bién dd8i RF sang quang

r>D-i
Data = : -‘“ﬁ L2
- BS thu p *
RF OFDIwV D3
PD

BS bién ddi quang sang dién

Hinh 2.11. M6 hinh hé thong CO-OFDM quang dién hinh
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Mot hé théng CO-OFDM quang dién hinh c6 thé dugc chia 1am 5 khdi co ban
gom:
1. Bo phat RF OFDM c¢6 nhiém vu diéu ché tin hiéu OFDM trong mién dién,
2. Bo chuyén d6i tin hiéu RTO dé chuyén d6i tin hiéu tir mién dién sang mién quang,
3. Kénh quang 12 méi trudng truyén dan tin hiéu tir phia phat dén phia thu,
4. BO chuyén ddi tin hiéu OTR dé chuyén ddi tin hiéu quang thanh tin hi€u dién tai
phia thu
5. Bo thu RF OFDM dé giai diéu ché tin hiéu OFDM trong mién dién thanh dir liéu

tuong tng v4i bén truyén.

2.3.2. Cdc khoi chirc ndng co ban va nguyén 1y trong hé thong CO-OFDM
quang

2.3.2.1. Cac khoi phat va thu RF OFDM

Kién tric cua bd phat va bd thu RF OFDM da duogc chi ra nhu trén hinh 1.7
(chwong 1). Trong d6, cac tin hiéu dau vao b phat RF OFDM va céc tin hiéu dau ra
bo thu RF OFDM Ia céc tin hiéu ¢ bang tan co ban hodc bang RF.

Nguyén 1y hoat dong ctia bo phat RE OFDM di duogc trinh bay k¥ trong phan
1.2.2.1 va nguyén ly hoat dong ctia bo thu RF OFDM da duoc trinh bay k¥ trong phan
1.2.2.3 chuong 1.

2.3.2.2. Bo chuyén d6i dién-quang dudng 1én va chuyén ddi quang-dién duong

xudng

Bo chuyén d6i dién-quang duong 1én va chuyén d6i quang-dién duong xubng cta
hé thong CO-OFDM dugc chi ra trong hinh 2.11. Trong hé théng CO-OFDM sir nay

dung kién tric chuyén doi duong 1én va dudng xudng truc tiép.

Trong kién trac chuyén ddi duong 1én truc tiép, bd phat quang st dung mot bd
diéu ché 1/Q quang, bao gdm hai bd diéu ché MZM dé chuyén d6i duong 1én phan
thuc va phan 4o cua tin hiéu OFDM s(t) duoc chi ra trong cong thirc (1.4) tir mién RF
sang mién quang; phan thyc va phan 4o cua s(t) s& duoc dua dén mdi bo diéu ché

MZM tuong tng dé diéu ché.
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Trong kién truc chuyén d6i duong xudng truc tiép, bd thu quang OFDM sir dung
hai cdp b6 thu can bing va mot bd ghép lai 90° dé thuc hién tach séng quang I/Q. BO
thu RF OFDM thyc hién xir 1y tin hiéu OFDM béng tan gdc dé khoi phuc lai dit liéu.

Uu diém cua kién tric chuyén d6i truc tiép 1a:
- Khong can thiét sir dung bg loc loai bo phén ao trong ca by phat va bg thu.
- Giam dang ké yéu cau bang thong dién cho ca bo phat va bo thu.
2.3.2.3. Bo diéu ché I/Q quang cho bién doi RF sang quang duong 1én va bién
d6i quang sang RF dudng xudng
Tin hiéu OFDM truéc khi di vao by diéu ché MZM 1a céc tin hiéu mo ta & céc
cong thirc 1.4, 1.5 va 1.6. Trong kién trac bd bién doi RF sang quang dudng 1én va
bién d6i quang sang RF duong xudng truc tiép (hinh 2.11), hai séng mang V; = V-ejmlt,
V,= vl duoc dua dén dau vao cia bd diéu ché I/Q. Tin hiéu quang tai dau ra cua bd

diéu ché 1/Q la:

E(t)= A.cos[%.\%j-@(p( Jorot + i) +

(2.15)

T V. +V ) .
A.cos(? QV DC].eXp(Ja)LDJ+%+J¢Lm)

V) va v, lan luot 1a phﬁn thuc va phén 4o cua tin hiéu lién tuc OFDM, thé hién
nhu V, =v.(cosajt +cosmyt), Vg, =v.(sinat+sinwyt); Vpe 1a dién thé phan cuc bd diéu
ché MZM, V_ 1a dién thé phan cyc nira budc séng ; va o, .o, lan luot 13 tan sb goc

va pha cua tin hiéu quang do laser phat ra. Tin hiéu ¢ dau ra cua bo diéu ché 1/Q quang

s¢ la:
E(t)=exp(jaopt+ ido ) E° (1) (2.16)
E®(t) =cos {% (cosayt + cosa,t + g)} + jcos {% (sin ot +sin ot + gﬂ (2.17)

V6i M =vz/V_ 1a chi s6 diéu ché, ¢p=V .7 /V_ 1a mot sy doi pha tinh, va E®(t)

12 mot tan s6 dich cua E(t) trong mién quang.
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Trong diéu kién phan cuc t6i wu, V,. =V, gia st V, va V, 1a nh6 va tinh phi

tuyén 1a khong c6 ¥ nghia. Cong thirc (2.15) tré thanh:
AM . i . AM . .
E (t) = _T Vv, + JVQ)-eXp( Jopt+ 165, = _T SMexp(jopt+id ) (2.18)

Voi S(t) =V, + jV, la tin hi¢u lién tuc OFDM béng tan co ban. A 1a bién do song
quang do Laser LD1 phat ra.

2.3.2.4. Tach song coherent cho chuyén d6i dudng xudng va triét pha

Co hai ky thuat tdch song Coherent: Tach song heterodyne va tdch song
homodyne. So db khéi tach séng heterodyne va tach song homodyne da chi ra trong
phan 2.2.3.2.

Trong k§y thuat tach song heterodyne, tin hiéu OFDM bang gdc trudc tién duge
dwa 1én tan s trung tan f, & mién dién, sau d6 tin hisu OFDM trung tan dugc diéu
ché trén song mang quang nhd mot bd MZM. O phia thu tin hiéu quang OFDM trudc
tién duge chuyén vé tin higu dién OFDM ¢ trung tan f,,. Sau d6 viéc tach ra cac
duong 1/Q dugc thyc hién ¢ mién dién.

Trong tach séng homodyne, song mang quang st dung mot bo diéu ché dién —
quang bao gdm hai b6 MZM riéng biét dugc str dung dé diéu ché hai thanh phan 1/Q
cta tin hiéu OFDM. O phia thu, tin hiéu quang OFDM duoc tach 1am hai phan 1/Q
ngay trong mién quang nho sir dung hai b thu can bang (gom 4 photo-detector ghép
thanh 2 bd) va mot bd ghép lai 90°. Bo thu RF OFDM xtr 1y tin hiéu OFDM ¢ bang
gbc dé khoi phuc lai dir liéu ban dau.

Trong ky thuat tdch song coherent cua CO-OFDM, nguoi ta con st dung cac b
ghép lai va tach séng photo can bang. Hinh 2.12 1a mot vi du vé tach séng coherent sir
dung bd ghép lai quang 90° c6 6 cong ( gdm 2 dau vao va 4 du ra) va mot cip tach

song can bang (balanced photo-detectors) [1].
Muc dich chinh cua tach song coherent la:
1. Khoéi phuc tinh tuyén tinh cho thanh phan I va Q ctia tin hiéu dén,

2. Tbi thiéu hodc loai bd nhidu mode chung.
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St dung 6 cong ghép lai 90° cho tin hiéu tach song va thyc hién phan tich trén
mién RF, va tmg dung cta n6 téi hé thong quang coherent don séng mang duoc thuc

hién boi Ly-Gagnon va Savory [1].

jE[Es + E‘_O] PD1
| P — %[ES - E‘_O] PD2
90° B
optical ) ‘ I1(f) =2EsE o
Ey o= hybrid + [Es - jELO] BD3
% [Es + JELol gt
E. : Incoming signal E, o : Local oscillator signal
PD : Photo-detector I (f) : Complex photocurrent

Hinh 2.12 Téch séng coherent sir dung bo ghép lai va tach séng photo cdn bang.
Muc dich cua 4 cong dau ra cua b ghép lai 90° 1a dé tao ra mot sy léch pha 90°
cho cac thanh phan I va Q, va léch pha 180° cho tach song can bang. Bé qua su khong

can bang va ton that ctia ghép lai quang, céc tin hiéu daura E_, c6 thé duoc bicu dién

nhu sau:
1 1
E1 zﬁ[Es + ELO]’ Ez ZE[ES _ELO]
1 _ 1 _ (2.19)
E3 :ﬁ[Es - JELO]’ E4 :E[Es + JELO]1

Véi Eg va E, tuong Ung 1a tin hidu dén va tin hiéu do bo dao dong noi LO tao
ra. Phan tich tin hiéu dén 1am hai thanh phan: (i) tin hiéu thu duoc khi khong ¢ nhiéu
ASE, E, (t) va (ii) nhiéu ASE, n_(t) nhu sau:

E,=E, +n, (2.20)

Pau tién nghién ciru 1am cach nao ma thanh phan | cia photo tach song duge sinh
ra, va thanh phﬁn Qco thé dugc nhan. Thanh phﬁn | dat duoc bﬁng cach st dung mot

cip photo-detector, PD1 va PD2 trong hinh 2.12. 1., ¢ thé duoc biéu dién nhu sau:

1 .
l, =|E :E{|ES|2+|ELO|2+2Re{ESELO}} (2.21)

1 .
1, =|E,[ = 5{\ES\2 +|E[ —2Re{ESELO}} 2.22)
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\EZ\Z =| Er\z +\n0\2 +2Re{E,n’} (2.23)
‘ELO‘Z =1 o @+ Tgy (1)) (2.24)

Véi 1, va I, (t) 1a cong sudt trung binh va nhiu cuong d6 trong d6i (RIN) cua
laser LO, “Re” hodc “Im” 1a biéu dién phén thuc va phén 4o cua tin hiéu. Bé1 vi tach

soéng can bang, tir cac cong thirc (2.21), (2.22), thanh phan | ciia dong quang dién tro:
|,(t)=1,—1, =2Re{E.E } (2.25)

Nhan théy nho tach séng can bﬁng, k¥ thuat loai nhiéu thuc hién mot cach triét dé
vi ba thanh phan nhiéu trong cong thirc (2.23) dugc x6a bo hoan toan. Tuy nhién, né
cho thay rang tach song coherent co thé thuc hién bang cach sir dung mot bo tach song

don, nhung s€ bi gidm pham vi hoat dong.
Thanh phan Q tir cap bo tach séng can bang khac c6 thé dugc suy ra nhu sau:

o) =1,-1,=2Im{E;E } (2.26)

Tu cac cong thic (2.25) va (2.26), dong quang dién i(t) tong cong bao gom ca
thanh phan | va Q tai ngd ra:

1) =1, (t)+ jlg(t) = 2E.E;, (2.27)

2.3.3. Pg nhay mdy thu ciia hé thong CO-OFDM
Gia str hé théng CO-OFDM 1a 1y tudng, sir dung phép diéu ché QPSK, ti s6 13i

bit BER dugc tinh [1]:
1 f7
BER==erfc| ,|= |, .
> er C[ 5 J (2.28)

Y= (2.29)

V6i y lati sb tin higu trén nhiu, o2 va o2 1an luot 1a phuong sai cua tin hi¢u thu
duoc v&i phuong sai cia nhiéu. Va erfc 1a ham 16i.

Dbi véi hé théng tach song coherent, nhidu chi yéu 1a nhidu dap phat xa tu phat
ASE. Ti s6 16i bit BER, hé s6 phan chat Q, ti s tin hiéu trén nhiu quang OSRN, va y
cho QPSK CO-OFDM trong diéu kién 1y tuéng nhu sau:
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B

y= 2.OSNR.E0 (2.30)

BER :%erfc(, /OSNR%J (2.31)
BO

Q=10log,, (2.OSNR.E) (2.32)

V6i B, la bang thong nhidu ASE sir dung dé do OSNR. R=N_.Af 1a toc do

truyén ky hiéu hé thong cia bang thong tin hiéu OFDM.
2.4. Két luin chwong 2

Chuong 2 luan vin di nghién ctu vé céng nghé Coherent OFDM quang (CO-
OFDM) voi cac ndi dung: s¢ cu tich hop cia 2 cong nghé: cong ngh¢ OFDM quang
va cong nghé quang Coheren.

Pong thoi, chuong 2 luan vin di ngién cru cong nghé coherent va cong nghé
CO-OFDM: mé hinh h¢ théng CO-OFDM, cac khdi chirc niang va nguyén 1y cua cac
khdi chirc ning trong hé théng CO-OFDM va d6 nhay thu cta hé thong thong tin
quang CO-OFDM.
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CHUONG 3. CONG NGHE COHERENT- OFDM-WDM
QUANG VA KHA NANG UNG DUNG CHO VNPT

Chuong 3 s& nghién ctru vé céng nghé Coherent- OFDM-OFDM quang (CO-
OFDM-WDM) véi cac ndi dung: nguyén 1y ghép bing truc giao cta hé théng
CO-OFDM - WDM quang, giai phap thuc thi ghép bang truc giao cua hé
thdng CO-OFDM - WDM quang, hé théng truyén din CO-OFDM-WDM
quang, danh gia hiéu qua hé théng truyén din CO-OFDM-WDM quang va
kha nang tng dung cho mang VNPT.

3.1. Tong quan vé cong nghé CO-OFDM-WDM Coherent dung hrong 16m

Cong nghé¢ CO-OFDM-WDM 14 cong nghé thong tin quang két hop 3 cong
nghé quang tién tién tao ra mot giai phap cong nghé truyén thong c6 kha ning truyén
tai tbc do siéu cao va chat lugng cao. D6 1a sy két hop cong nghé quang Coherent
(CO) véi cong nghé ghép kénh quang theo tan sé truc giao (OFDM) va két hop véi
cong ngh¢ quang ghép bang truc giao (WDM).

Uu viét ctia cong nghé CO - OFDM - WDM két hop duoc cac wu viét cia 3

cong nghé quang thanh phan sau:

1. Cong nghé Coherent quang 1a mot cong nghé ¢é nhiéu vu diém: nang cao dung
luong cua hé théng thong qua giai phap ghép cac kénh quang theo pha. Pong
thoi, cong nghé Coherent quang 1a mot giai phap cho phép nang cao dd nhay
thu; cho phép bd thu quang hoat dong & tan sé thip sau khi di qua bo tron tan
s6. Do d6 n6 ¢ kha nang hoat dong ¢ tin sé cao hay & téc do bit cao ma khong
xuét hién méo bién do va méo pha (trong truyén dan twong tr) hay méo sudn
trrdc va sudn sau ciia cic xung cing nhu méo xuyén nhiéu cua cac xung (trong

truyén dan s6). Tir 6, cong nghé CO cho phép ning cao tdc d truyén dan.

2. Cong nghé¢ OFDM quang 1a cong nghé ghép kénh theo tin sé tryc giao cho
phép sir dung hiéu qua phd tan sd, tao ra dung lugng 16n, c6 thé giai quyét van
dé tan sic do kénh truyén soi quang giy ra, cho phép thong tin tbc do cao, loai
bo nhiéu lién séng mang,...

3. Cong nghé¢ WDM quang 1a cong nghé¢ ghép kénh quang theo budc song (ghép
bang truc giao) cho phép sir sung hi¢u qua bang thong cia soi quang, tao ra hé¢

thdng truyén dan quang c6 dung luong rat 16n.



45

Mic du, cong nghé CO-OFDM-WDM c6 nhiéu wu viét, song cong nghé CO-
OFDM-WDM moi chi dung lai & mirc dang dugc nghién ctru va thur nghiém trong cac
phong thi nghiém, ma chua thwong mai hoa. Tuy nhién, ddy 1a mot hudng s& phat trién
rat hira hen va 1a giai phap cong nghé truyén tai thong tin cta xa hoi hién tai va trong
tuong lai. Do dé, cac nha khoa hoc, cac hing san xuét thiét bi dang 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 ngh¢ st dung hi¢u qua bang thong
clia soi quang va ngudi ta con st dung k¥ thuét k§ thuat ghép phd truc giao tao nén
mot hé théng truyén dan quang dung luong 16n, duge goi 1a Hé thong Coherent OFDM
quang dung lugng 16n ghép bang tryc giao, ky hi¢u la OBM-OFDM (Orthogonal-
band-multiplexed OFDM). Luu y, trong ky hié¢u OBM-OFDM nay thi ky hiéu OFDM
d3 ham chtra sy tich hop céng nghé Coherent voi ghép kénh theo tan s truc giao
OFDM.

Cot 161 ciia cong nghé Coherent OFDM quang dung luong 16n ghép bing truc
giao OBM-OFDM 1la cong ngh¢ OFDM quang dung lugng 16n ghép bang truc giao va

trong d6 cong nghé Coherent da duoc tich hgp vai mdi tan sd truc giao ciia OFDM.

Do d6, cac nha khoa hoc va cong nghé noi vé cong nghé OBM-OFDM 1a ndi vé

cong nghé Coherent OFDM quang dung lugng 16n ghép bang truc giao.

Chinh vi vay, duéi ddy luan van trinh bay nghién ciru cong nghé Coherent OFDM
quang dung lugng 16m ghép bang truc giao (OBM-OFDM) chi tap trung vao cong nghé
OFDM quang dung lugng l6n ghép bang truc giao. Con sy tich hop cong nghé
Coherent voi cong nghé OFDM da duoc trinh bay ¢ chuong 2.

3.2. Nguyén Iy ghép bing true giao ciia hé thong OBM-OFDM

Ngay nay, luu luong truyén théng ngay cang tiép tuc ting mot cach nhanh chéng,
dac biét 1a luu lugng truyén tai IP. Cac cong nghé nhu Ethernet 100Gb/s dugc xem
nhu mot tiéu chudn truyén dan thé hé tiép theo cho cac mang IP. Khi toc do dit liéu dat
t6i 100 Gb/s hodc cao hon, bang théng dién can thiét cho CO-OFDM tdi thiéu phai 1a
15 GHz [10]. Van dé nay khong c6 tinh hiéu qua kinh t& dé thuc hién tham chi ngay ca
v6i bién d6i twong tu thanh s ADC va DCA bién d6i s6 thanh twong tu trong mach
tich hop (IC) [11]. Pé khéc phuc tic nghén bang thong dién, c6 rat nhiéu ky thuat da
dugc dua ra. Trong d6, ndi bat nhat 13 k§ thuat OFDM ghép bang truc giao: OBM-
OFDM (Orthogonal Band Multiplexed-OFDM).
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Khai niém vé OBM-OFDM duoc dua ra gidng nhu tén goi ctia nd. V& ban chat
hoat dong ctia OBM-OFDM 14 chia toan bo phd OFDM vao trong nhiéu bang [10], va
cac bang nay dugc ghép truc giao véi nhau. Vi cac bang co tinh tryc giao, cac bang
OFDM khong can bing bao vé hodc cac bing bao vé nho co thé dugce ghép va tach ma
khéng xay ra nhidu giita cac bang. Vi ki thuat ndy, truyén dan 100 Gb/s CO-OFDM
qua 1000 Km soi quang don mode tiéu chuin (SSMF) sir dung mét bo khuéch dai soi
quang pha tap Erbium (EDFA) s& khong can su bu tan sic quang.

Hé théng OBM-OFDM 100 Gb/s cé thé dugc xem nhu 5 x 20 Gb/s ghép kénh
phan chia theo budc song (WDM) ma khong sir dung bing bao vé tan sb. Mdi budc
song trong WDM truyén din 20 Gb/s va duoc ghép OFDM.

Bang cach sir dung ghép va tach cic bing OFDM, OBM-OFDM di dat duoc
nhirng vu diém vuot troi sau:

1. Pat dugc hiéu suat quang phd cao bing cach khong st dung bing bao vé
hodc stir dung bang bao vé nho;
2. OBM-OFDM cung cip tinh mém déo trong giai diéu ché hai bang con
OFDM d6ng thoi chi v6i bién ddi Fourier nhanh (FFT),
3. OBM-OFDM c6 thé d& dang duoc phéan chia boi cac bd loc dién anti-alias
va sau d6 xtr Iy voi DAC/ADC téc d6 thip hon [6];
4. Yéu cau do dai tién t6 chu trinh (CP) thu ngan lai boi vi bang con cua toan
bd quang pho.
3.3. Nguyén ly OBM-OFDM
Nguyén tic co ban cia OBM-OFDM 1a chia OFDM vio trong cac bang con ma
van duy tri tinh truc giao cua chung. Nhu miéu ta trén hinh 3.1, toan bd phd OFDM
bao gdm N bing OFDM, véi khoang cach giita cic song mang con 1a Af va khoang
bang tan bao vé 1a Af,. Khoang cach giita cac song mang con Af la bang nhau trong
cac bang bai vi do su gidng nhau vé xung 1ay mau trong mdi mach duoc sir dung. Diéu
kién truc giao gitra cac bang khac nhau dugc cho boi:

Af, = mAf (3.1)

Nhu vay, bang bao v¢ 1a mot bdi s6 khoang cach gitta cac song mang con (m

lan). Do d6, diéu kién truc giao duoc théa min cho bat ky hai séng mang con trong
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toan b phdo OFDM. Vi duy, séng mang con f, trong bang 1 1 tryc giao voi séng mang
con f; khac trong mot baing OFDM khac (bang 2). Khi m=1 trong cong thure (3.1),
cac bang OFDM c6 thé duge ghép/tach ma tham chi khong c6 bang bao vé, mic du
trén thuc té chiing bat dau hinh thanh tir cac bang khac nhau.

€====- Pho tong cla OBM-OFDM' "~~~ -~~~ >
Band 1 Band 2 B;1d N-1 Band N ffequfﬂcv
Afg = mAf Tan so

Hinh 3.1. So' d6 phén bé phé ciia OBM-OFDM.

Pay 1a phuong thirc chia nhé phd OFDM vao trong cac bang truc giao duoc goi 1a
OBM-OFDM. So d6 mét bang thong c6 kha ning md rong va ghép phd hiéu qua 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 bing thong trong toan bd bang
con cua phé OFDM, nhu vay s¢€ tiét kiém duoc bang tan st dung rat nhiéu 1an so voi
OFDM thong thuong.

Str dung so dd nhu trén, mdi bang con OFDM c6 thé duoc tach bé“mg cach su dung

mot bd loc "anti-alias” 16n hon mot chit so vdi bang tin hiéu (hinh 3.2).

€ ——————— Complete OFDM Spectrum - = = = = = = = >
One-band Detection Two-band Detection
Anti-alias Filter | Anti-alias Filter Il
'li— —————————————————
i
I
I
NAEEEEEEERATEEEEEEEF EEEEEEEEN
Band 1 Band 2 - Band N-1 Band N F"-'q“ﬁ‘”“‘f
. , Tan s6
Pho tong cua OBM-OFDM
Tach séng 1 bang Téach séng 2 bang
(b6 loc “anti-alias I”) (b6 loc “anti-alias 11”)

Hinh 3.2. Minh hoa tach song mot bang va hai bang trong OBM-OFDM
Cu thé, dé tach song OBM-OFDM, c6 hai phuong an cé thé thuc hién:
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- Phuong 4n tht nhat, laser phia thu dugc dat & vi tri trung tim ctia mdi bang.
Mbi bang dugc tach riéng biét béng cach su dung mdt b loc “Anti-alias I, b
loc nay sé& loc thong thip duy nhét cac tin hiéu trong mot bang RF, nén mdi

bang s€ duogc tach riéng biét.

- Phuong an thtr hai, laser phia thu dugc dat ¢ vi tri trung tdm ctia bang bao vé.
Hai bang dugc tach song béng cach st dung mot b loc “Anti-alias 11, bd loc

nay sé& loc thong thap hai bang tin hiéu RF, do d6 hai bing duoc tach dong thoi.

Trong mdi trudng hop tich nhu dd néu & trén, nhiéu giao thoa gitta cac bing co
thé tranh duoc boi vi tinh truc giao gilra cac bang lan can, mac du dé lot cac song
mang con tir cac bang lan can. Bang cach sit dung OBM-OFDM, CO-OFDM 100 Gb/s
c6 thé thyc hién ma khong phai st dung thiét bi DAC/ADC hoat dong ¢ toc do ldy

mAu cao.
3.4. Pho quang cia OBM-OFDM

Phé quang cia OBM-OFDM duoc chi ra trén hinh 3.3. Trong d6, hinh 3.3a 1a
phé quang ciia ghép kénh phan chia theo budc song (WDM) véi diéu ché CO-OFDM,
hinh 3.3b 14 su thu nho pho quang ddi véi mdi kénh budc séng, hinh 3.3c¢ 1a phd quang
cua OFDM ma kénh khong c6 khoang bao vé¢.

Trong hé thong DDO-OFDM, phd quang thudng khong phai 1a ban sao tuyén
tinh cta phd RF, do d6 hiéu qua phd quang phu thudc vao su thyc thi chi tiét. Chung
ta chuyén huéng tap trung vao hiéu qua phd quang cta hé thong CO-OFDM. Trong
hé théng CO-OFDM, séng mang con Ny duoc truyén trong moi thoi gian ki tu
OFDM T,. Do d6 tong tdc d6 ki hiéu R déi véi CO-OFDM duoc tinh boi:

R - NSC/TS (32)

Nguoi ta str dung bang thong ctia nhimng ki ty rong dau tién dé biéu thi ranh gidi
ctia mdi kénh bude song. Bing thong OFDM, Boepm duoc tinh bdi cong thire:

2 N_-1
B =—+—=
OFDM = T t (3.3)

S S

Khi t 1a d6 rong mot ki tu ¢6 ich (nhin hinh 1.6). Gia sir ring mot phan 16n song

mang con dugc sir dung, bang thong hiéu dung cia OFDM la 1 dugc tinh béi:

(3.4)
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Khi ma stir dung gié tri khoang bao vé 1a 8/9 thi chung ta s€ tinh dugc hé¢ sb phé hiéu
dung 7 1a 1,8. Pho hiéu dung 1 3., bit/s/Hz néu st dung diéu ché QPSK ddi v&i mdi
song mang. Pho hiéu dung c6 thé duogc ting 1én bang viée st dung diéu ché QAM.
Dé trién khai thuc té hé théng CO-OFDM, phd hiéu dung s& phai giam do cAn mét
khoang bao v¢ gitra cac kénh WDM.

Kénh EKénh Kénh
WDM 1 WDM 2 WDM N

\ l
1 | . -

L J

A Tin sé quang ()
l#——— Borpm = -
.-'r' | I."r'i‘"-, | ‘.':
L I:
I I I
Fyory |
| / 1 |
VAR |
o A |
f f + s f
1 2 Tin s0 quang (f) Nse
B
Kénh1 Kénh 2 Kénh N
| LN \'llu '|

I

T Tin sé quang (f)
j}.

.T
C f;

Hinh 3.3. Phé quang: (a) Ghép kénh phén chia theo budc séng (WDM ) N kénh
CO-OFDM:; (b) Tin hiéu OFDM thu nhé déi véi mot buede séng; (c) OFDM kénh

khong co khoang bao vé
3.5. Giai phap thue thi ghép biing true giao ciia hé thong OBM-OFDM

Giai phap thuc thi ghép bang truc giao cua hé théng OBM-OFDM c6 thé duogc
thuc hién st dung OFDM trong mién dién hodc trong mién quang, hodc két hop ca hai

mién.
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3.5.1. Thwe hién OFDM trong mién di¢n

Hinh 3.4 13 so d6 thuc hién OBM-OFDM. Trong do, hinh 3.4a 1a so dd tron tin
hi¢u cho bd phat, hinh 3.4b 1a so @6 mach tron tin hiéu cho b¢ thu va hinh 3.4c 14 so @6
mach tron tin hiéu cho bo diéu ché/giai diéu ché 1Q. Trong hinh 3.4a, mdi ngudn phat
bang géc OFDM duogc thuc hién bﬁng cach st dung thiét ké IC s6. Sau d6 tin hiéu
dugce dua dén bo chuyén ddi dudng 1én, tiép theo dén bo loc bang, va bo khuéch dai
RF (c6 thé dugc thuc hién trong thiét ké RF IC).

B0 phat
béng
B6 phat Tin hiéu
p bing NORNM.
) Exp(27fyt
B0 phat
béng
- Evnlmf. +)
Bo thu bang
co s&
MIMMNANA 1
Tin hiéu B6 thuban
OBM- co SO

B0 thu bang
CcO SO
Exp(-2mfnt) o
Cos(2rft)
Eos(ant) Cos(ani!é
Re(C) > Im(C)
N> |=Re(Z)
c > — > Q=Im(Z
Im(C) —»—?— Re(c)—'g—
- J N -
Sin(2nft)

Hinh 3.4. So d6 OBM-OFDM: a) So do trén tin hiéu cho bé phdt, b) So do mach trén

tin hiéu cho bo thu, c) So dé mach trén tin hiéu cho bé diéu ché/gidi diéu ché 10.
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Pau ra ctia bd phat bang géc OFDM s€ duoc loc thong qua mét bd loc anti-alias
va chuyén doi duong 1én téi bang RF thich hop véi tan sb trung tim tir f, t6i f, su
dung mot bd diéu ché I/Q hodac mot bd ghép phuc tap, cAu truc cua nd duge chi trén
hinh 3.4C. So dd mach tron tin hiéu cho b didu ché/giai diéu ché 1/Q mo ta cho ca dau
ra tir bo phat trong hinh 3.4a va dau vao t&i bo thu trong hinh 3.4B 1a cac tin hiéu phic
chtra ca phan thyc va phan ao. Su sap xép cac tan sb tr f, dén f, xung quang vi tri
trung tim zero, dugc cho béi biéu thirc sau:

fi=LAf, le[-L, L] (3.5)

Véi f, 1a tan s6 trung tm cua bang OFDM thu |, Af, 13 khoang cach bang, va L
1a s6 luong bang cuc dai. Pau ra cia mdi bo diéu ché 1Q 1a mot gia tri phirc tap ma cé
chtra ca phan thuc va phan 4o, nhu trén hinh 2.4c. Cac tin hiéu phuc tap dugc cong &
phia dau ra, gdm ca phan thyc va phan 4o duoc dwa vao cac duong song song riéng

biét tuong tng.

Mot bo diéu ché 1Q quang cé nhiém vu chuyén d6i duong 1én céc tin hiéu
OFDM phtc tap t6 hop 1én mién quang. O phia thu nhu trong hinh 3.4B, tin hiéu dén
dugc tach vao trong cac bang con va chuyén doi duong xudng thanh tin hiéu bing tan
gbc bang cach st dung cac bd giai didu ché 1/Q. Cac bo loc Anti-alias duogc sir dung dé
di chuyén cac thanh phén tan s6 cao khong mong mudn tai dau ra cua cac b giai diéu
ché. Bang cach nay, b6 DAC/ADC chi can hoat dong ¢ bang thong cua mdi bing
OFDM. Vi dy, bing thong toc do dir lidu 100 Gb/s voi diéu ché QPSK va ghép phan
cuc xap xi 12 35 Ghz. Néu s6 bang con 1a 5, mdi baing OFDM sé chi can khoang 7 Ghz
bang thong quang. Bing thong dién yéu cau 1a 3,5 GHz, hoic mdt nira quang phd bang

OFDM néu bién ddi truc tiép dugc su dung tai dau cudi phat va thu.

3.5.2 Thwe hién OBM-OFDM trong mién quang

OBM-OFDM c6 thé dugc thuc hién bang cach sir dung hodc ghép cac song mang
con [3] hodc ghép cac budc song dé ndi cac bang truc giao vao trong mdt phd OFDM
hoan chinh nhu hinh 3.2. OBM-OFDM ciing c6 thé thyc hién trong mién quang bang
cach tryc tiép sir dung mot quang két hop hodc truyén dir litcu OFDM qua rat nhiéu
kénh WDM va khoa tat ca cac laser lai dé dat tiéu chuan quang thong thuong nhu mot
quang két hop. Kién tric cia OBM-OFDM quang vé co ban giéng véi kién trac OBM-
OFDM thyc hién trong mién dién nhu trong hinh 3.4. Tuy nhién, cic thanh phan dién
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trong hinh 3.4 sé dugc thay thé bai cac thanh phﬁn quang; dic biét, mdi bd diéu ché
RF 1Q sé& duoc thay thé bang bo diéu ché 1/Q quang bao gom hai bo diéu ché Mach-
zehnder (MZM) song song khac pha 90°, va mdi bo dao dong ndi (LO) RF & phia phat
hodc phia thu sé dugc thay thé béi mot bo dao dong ndi LO quang, dugc tach thich
hop tir mot quang két hop. Do d6, diéu kién truc giao dugc théa man cho tat ca cac
song mang con trén tit ca cac kénh WDM. Mot bo loc quang c6 bang thong 16n hon
mot chut so voi bang thong kénh c6 thé duoc sir dung dé Iya chon kénh mong mudn.
Do d6, bang bao vé tan sb giita cac kénh WDM 1lan can 1a khong can thiét, nén s& tiét

kiém dang ké bang thong.
3.6. H¢ thong OB-OFDM 100Gb/s (hé thong thi nghiém)

3.6.1. Mé hinh hé thong OBM-OFDM 100Gb/s
Mic di OBM-OFDM 1a mét giai phap truyén dan quang c6 hiéu qua cao vé chat

lugng va chi phi. Tuy nhién, cong nghé ché tao va thuong mai héa ciing nhu trién khai
trén cac mang vién thong van con tiép tuc va hoan thién. Tuy nhién, trudong dai hoc
Melbourne, Uc di trién khai thi hé théng OBM-OFDM truyén dan téc do 100 Gb/s.
Mo hinh hé théng OBM-OFDM 100 Gb/s dugc mé ta ¢ hinh 3.5 [8].

B6 phat OBM-OFDM
B4 i hia ot » AWG )
0 ta_lo tin h iéu ' " B6 tré 1 ky tur
syRtR&h%er N PS One symbol delay
LD1 l J Bo dieuche | ¥
* IM IM L_1/Q quang |BS} PBC} :
Seoi auang e == /
Recirculation loop 1000km
] Béoghéplai | -
/ | yan BR1 | \
I I
! LD2 _| Bd ghép lai || BR2 L I
i - |E2 quang_|—— —= 7os ||
B& thu OBM-OFDM
IM : Diéu ché cudong do PS : Khéadich pha
LD :Laserdiode AWG : B0 tao séngtuyy
TDS : Ldy mau theo thoi gian PBS : Bd chia phan cuc

Hinh 3.5 mé hinh hé thong OBM-OFDM 100Gb/s
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3.6.2. Cac thanh phan chtc ning ctia hé thdng OB-OFDM 100Gb/s
3.6.2.1. B4 phat OBM-OFDM

Tin hiéu OBM-OFDM 100 Gb/s dugc sinh ra bang cach ghép nim bing (bing
con) OFDM. Trong mdi bang, 20 Gb/s tin hiéu OFDM duoc truyén trong ca hai phan
cuc. Ngudn quang da tin sb dit cach nhau ¢ 6406,25 MHz duoc sinh ra bang cach ndi
tang hai bo diéu ché cuong d6 (IM). Biang bao vé bing voi khoang cach mot song

mang con (nghia la cho m=1 trong cong thirc 3.1).

Thiét 1ap hai bo diéu ché cuong d6 IM cho phép ting d6 phing qua 5 bing va
giam sy lot pho ra khoi 5 bang. Tin hiéu truyén dugc sinh ra c6 do dai PRBS 2'° —1 va
dugc anh xa t6i chom sao 4-QAM. Tin hiéu s6 trong mién thoi gian dugc hinh thanh
sau khi thuc hién IFFT. Toan bo sb lugng song mang con OFDM la 128, va khoang
bao vé 1a 1/8. 82 séng mang con & giita trong tong sd 128 séng mang con duoc ding
dé truyén dir liéu, c6 4 song mang con 1am hoa tiéu (gidam sat) duoc sir dung cho wéc

lugng pha.

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

tin hi¢u tuong ty cho ca hai thanh phﬁn IvaqQ.

Hinh 3.6 chi ra pho dién cta kénh 1/Q & dau ra ctia bd AWG.

Cuwong dd twong ddi (dB)

Tén sé (GHz)

Hinh 3.6. Phé dién truc tié'p tai dau ra ciia AWG

Tir hinh 3.6, ¢6 thé nhan thdy rang cac thanh phan ring cua cua tin hiéu OFDM
c6 mit trén 6 GHz. Khi két hop cac bang con OFDM, cac thanh phén tin sb ring cua

s€ lam suy giam céc tin hi¢u trong cac bang ké nhau.
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Mot bd loc dién thong thép 3 GHz duogc st dung dé loai bod céac thanh phén
OFDM ring cua. Hinh 3.7 chi ra phé dién sau khi qua b loc thong thap, véi cac thanh

phan pho ring cua da duoc loai bo.

Frequency (GHz)
Tan s6 (GHz)

Cuong d twong doi (dB)

Hinh 3.7. Dién phé sau khi qua bé loc 3 GHz

Bo AWG 1a khoa pha dé dong bo o tan sé6 10 MHz. Bo diéu ché quang 1/Q bao gom
hai bd MZM léch pha 90° duoc st dung dé dua truc tiép tin hiéu OFDM béng co ban
vao 5 kénh quang. B diéu ché thyc hién chuyén d6i dién quang dudng 1én RTO tuyén
tinh. Pau ra cua bo diéu ché 1/Q quang bao gom céc tin hi¢u ciia 5 bing OBM-OFDM.
MG&i bang c6 téc do 1a 10 Gb/s. Dé ning cao hiéu suit phd, ngudi ta st dung k¥ thuat
2x2 MIMO-OFDM. Tuec 13, sir dung hai bo phat OFDM dé dua hai dir liéu doc l1ap
vao trong mdi phan cuc, sau d6 dir liéu s& dugc tach bdi hai bd thu OFDM — mdi bd

thu tuong tmg cho mdi sy phan cuec.

3.6.2.2. Soi quang két ndi
Puong quang két ndi tir bd phat OBM-OFDM dén bo thu OBM-OFDM 1a 10
doan soi quang dai 100 Km soi quang don mode dugc két ndi voi nhau va mot bd
khuéch dai EDFA dé bu t6n hao. Khoéng c6 sy bu tan sic quang ma ciing khong sir

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

Tin hiéu tir diu ra bd phat OBM-OFDM qua dudng quang két ndi dén dau vao bo
thu OBM-OFDM. B thu OBM-OFDM 1a mot bo thu coherent da phan cuc bao gdm

mot b tach chum tia phan cuc, mot laser ndi, hai bd ghép lai va 4 b thu can béng.
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Ph6 OFDM tong gém 5 biang duoc chi ra nhu trén hinh 3.8. Toan bd biang thong
cho 100 Gb/s tin hiéu OFDM chi 1a 32 GHz.

Ph6 OFDM tong (32 GHz)
<QO-
e
oo
C
5
5
(®]
20 —1l5 —‘;0 —.5 . 0 5 1b 1l5 20
Tan so6 (GHz)

Hinh 3.8. Quang phé cua tin hiéu 100 Gb/s sir dung bé thu coherent phén cuec.

Laser ndi tai dugc dat ¢ vi tri trung tam cua mdi bang, va céc tin hi¢u RF tu 4
bd tach song can bang dau tién dugc dua qua bd loc thong thap “anti-alias” voi bang
thong 3.8 GHz, do d6 chi duy nhit mot phan nho cac thanh phan tan sb tir cic bang
khac dugc truyén qua, c6 thé dé dang dich chuyén né trong qué trinh xir 1y tin hiéu
OFDM. Pho RF & bo thu sau bd loc Anti-alias 3.8 GHz duoc chi ra & hinh 3.9.

[=Ts]
c
Ro)
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Tan s6 (GHz)

Hinh 3.9. Phé RF & b thu sau 3.8 GHz loc anti-alias.

3.6.3. Pdnh gid hiéu qud sir dung phé trong hé théng truyén din CO-
OFDM 100Gb/s.

Khi hé théng khong sir dung bing tin bao vé (toc 1a m=1 & cong thuc 3.1)

quang phd cua tin hiéu tong 100 Gb/s sau khi truyén dan 1000 km dugc chi ra & hinh
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3.8 v6i tong bang thong gan 32GHz. Trong dé, ¢6 5 bing OFDM, véi mdi bang thong
la 6,4 GHz.

Pho RF & bo thu sau bd loc Anti-alias 3.8 GHz duoc chi ra ¢ hinh 3.9. Bo loc
anti-alias 1a rat quan trong dé thuc hién OBM-OFDM. Néu khong st dung bo loc anti-
alias dién, ph6 dién moi bang s& c6 do rong 16 GHz, c¢6 nghia 1a t6i thiéu phai sir 32
GS/s khi bién ddi twong ty sb. Tuy nhién, phd di duge loc trong hinh 3.9 c6 thé dé
dang 1dy mau & toc do 20 GS/s (tbc do thap hon 10 Gb/s).

3.7. Kha ning wng dung cong nghé¢ CO-OFDM-WDM cho VNPT

3.7.1. Nhu cdu phdt trién cdc dich vu ciia VNPT

Ngay nay, thé giéi ciing nhu ¢ Viét Nam dang budc sang ky nguyén cia nén
kinh té tri thire, trong do thong tin la dong lyc thic déy su phat trién cua x3 hoi. Do do,
nhu cau truyén thong ngiy cang 16n véi nhiéu dich vu méi bang rong/tde do cao, cac
dich vu tich hop va cac dich vu da phuong tién trong doi séng kinh té — x4 hoi cua

tung quoc gia cling nhu két ndi toan cau.

3.7.1.1 Phat trién céc dich vu bang rong

Dé dap tmg duogc vai trd dong luc thic ddy su phat trién cua ky nguyén thong
tin, VNPT, 13 mot trong nhirg nha cung cip ha tang truyén thong 16n nht ctia nudc
ta, can phai phat trién ha tang truyén thong véi kha ning linh hoat cao, toc do truyén
dan 161/ bang thong rong, dung luong 16n, da dich vu ddp ing moi nhu cau trao dbi
thong tin ciia xa hoi. Do d6, cac dich vu bang rong/ toc d6 cao va chat lugng cao ngay

cang phat trién.

Mot sb cac dich vu bang rong hay tdc d6 cao dién hinh nhu sau: truyén hinh qua
Internet, thuong mai dién tir, cac tng dung y té tir xa, cham soc sitc khoé va nghién
ctru y hoc, chinh phu dién tir, nghién ctru va giang day tir xa, thu vién ky thuat s0, ung
dung trong khoa hoc vii try, thién van hoc va vat ly hoc, cac ung dung nang cao kha

nang nhan thirc ciia con nguoi.

3.7.1.2. Tich hop dich vu thoai va dir li¢u

Vi nhitng wu diém vuot trdi cia chuyén mach géi, VNPT can phai phat trién
mang mang truyén tai chuyén mach géi thay thé dan cac hé théng chuyén mach kénh

16i thoi. Trén co sé d6, VNPT can phai phét trién mang Internet dung luong 16n, toc
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dd cao cho phép hdi tu gitra sb liéu va thoai vé6i kién trac mang tich hop cac mang

thoai va dir li¢u riéng ré thanh mot mang duy nhét hoi tu ca thoai va dit liéu.

Mang hdi tu bang rong ra doi can phai dap tng cac yéu cau vé QoS bao dam
thoi gian thuc dé cho phép cung cp dich vu thoai chit luong cao va cho phép mé
rong tir thoai truyén thong sang da phuong tién. Mang hoi tu bing rong can c6 bang
thong md rong gap 100 — 1000 14n so v6i PSTN truyén thong, khong chi cung cap cac

dich vu nhanh chong ma con cung cép cac dich vu hoi tu cb dinh va di dong.

Mot van dé nita 1a nguyén nhan cho hoi ty thoai va dir lidu d6 1a tinh kinh té.
cac nha cung cap dich vu déu mudn giam chi phi dau tu cling nhu van hanh mang.
Viéc dua vao mang céc phﬁn tor cong nghé madi hién dai chét luong cao cling nhu viéc
phat trién cac cong nghé mang 15i cho phép cung cip ca thoai va dit liéu s& 1am giam

cac chi phi vé cong nghé.

3.7.1.3. Tich hop dich vu truyén thong quang ba va vién thong

Véi xu hudéng hoi tu vé cung cép dich vu vao mot thiét bi dau cudi trén co s&
mang biang rong st dung IPv6, ngudi sir dung cé thé xem truc tiép cac chuong trinh
truyén hinh quang ba trén may dién thoai di dong hoic tai ti vi thong qua mang cap
CATYV, qua hdp settop-box thu cac chuong trinh DMB hodc qua chinh may tinh/PDA
doi moi.

Truyén hinh di dong di duoc dua ra trén thé gigi. Ca thé gidi mang va truyén
hinh s& ndm gon trong tii nguoi st dung. Ngay cang c6 nhiéu chuong trinh truyén
hinh ¢6 thé download duogc vé va xem trén thiét bi lién lac ca nhan. Tham chi mot sb
show con cong chiéu trén di dong trude ca truyén hinh. Ciing voi viée ngdy cang nhiéu
nha cung cip dich vu tham gia vao san choi ndy, cude phi cia truyén hinh di dong s&

giam dan. Cong nghé Wi-Fi phat trién manh ciing s& gitp kéo gia thanh thap xubng.

Déi v6i Internet TV (truyén hinh phan phat qua Internet), ¢6 kha niang cung cip
d6ng thoi nhiéu dich vu cho mot ho gia dinh (cac thanh vién khac nhau trong gia dinh
phai c6 co hdi xem céc chuong trinh khac nhau cung mdt lac cling nhu c6 kha ning
khi lai chuong trinh trén VCR), do d6 dung luong can thiét s& 1a 40-60 Mbit/s cho
HDTYV va 8-12 Mbit/s cho SDTV. Ngoai ra, dich vu Web-TV (céac trang World-Wide-
Web duogc phan phat qua TV quang ba) s& cing phat trién véi TV s6.
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Trén co s& d6, VNPT can phai phat trién mang hoi tu bang rong dé cac khach

hang co thé sur dung cac dich vu nhu :

- Thong tin lién lac thay hinh thong qua may dién thoai cd dinh: cic may dién
thoai tai nha riéng va cong s& s& dugc phat trién sang kiéu méi. Chi cAn cham vao man
hinh may tinh/ti vi trong khi dang xem ti vi hoic dang lam viéc trén may tinh dé thuc

hién cudc goi. Nguoi bi goi s€ xuat hién trén man hinh dé tra 101 ban.

- 3 trong 1: khong can thiét phai co 3 thiét bi ti vi, Internet va may dién thoai
riéng 1¢. Nguoi st dung chi can 1 may PDA dé xem ti vi, lu6t web hodc thuc hién

cudc goi.

- Dich vu ¢ phong ngii: May tinh va dién thoai trong phong ngu s€ dugc tich hop
vao ti vi. V&i ti vi nguoi st dung co thé thuc hién cudc goi thay hinh hay luét web hay
xem ti vi cung mot lac. Do vay, moi nguodi co thé danh nhiéu thoi gian hon cho gia
dinh va s& d& dang giam sat hoat dong ctia con cai tir xa. Toan gia dinh c6 thé luét trén

mang va chuyén tro voi nhau.

- Khong c6 su khac biét gitra thong tin ¢ dinh va di dong: ti vi va dién thoai s€
hop nhét thanh mot thiét bi. Khach hang c6 thé thuc hién cudc goi thiy hinh hay luét
web trong khi dang xem ti vi. WiBro s& huy bo hang rao ngin cach giita két ndi

Internet ¢6 dinh va vo tuyén.

- Moi thtr déu duoc ndi mang: nguoi st dung s& khong can may tinh toc do cao
v6i bd nhd 16n nita. Chi can c6 mdt sd chlrc ning co ban trén may tinh vi ¢6 thé xem
phim trén Internet ma khong phai download hay cét giit file trén mdy tinh riéng nira.
Nguoi sir dung ciling c6 thé d& dang truy nhép tit ca cac file trén mang vi moi thir déu

dugc luu trir trén mang.

3.7.1.4. Cac dich vu da phuong tién ( Multimedia Services)

Céc dich vu da phuong tién 1a cac dich vu thong tin sir dung cac may tinh dé thé
hién van ban, dd hoa, hinh anh-video va 4m thanh theo cach tich hop trong truyén
thong.

Dich vu nay cho phép nhiéu ngudi dung cé thé twong tac v6i nhau qua thoai,
video va hodc dit liéu. N6 vira cho phép vira néi chuyén vira hién thi hinh anh ngudi

d6i thoai, vira hién thi thong tin.
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Céac thiét bi dau cudi st dung trong céc dich vu da phuong tién doi hoi cac dau
cudi da phuong tién, tirc 1a phai ¢ kha ning ho tro hinh anh, 4m thanh, dang ky tu tich
hop. Dé dép tmg cac dich vu da phurong tién can phai co:

- Dai théng va chét luong duong truyén.

- Cbng da phuong tién Media gateway.

- Chuyén mach mém, router.

- Thiét bj diéu khién da diém.

3.7.1.5. Phat trién cac dich vu tuong tac (Interactiveservices)

Céc dich vu tuong tac quan trong da sir dung trong hi¢n tai va phat trién manh
tuong lai s€ la:

- Dich vu dam thoai thoi gian thuc

- Tuong tac da phuong tién kiéu diém-diém

- Thong tin tuong tac (Collaborative interactive communication)

- Game tuong tac

- Cac ung dung tryc tuyén, ....

Pé dap tmg kha ning truyén tai cac dich vu bang rong, tich hop, da phuong tién,
VNPT di va dang phat trién ha ting truyén dan voi kha nang linh hoat cao, téc do
truyén dan 16n, bang thong rong, dung luong 16n va da dich vu. Tuy nhién, ha tang
truyén dan hién tai cia VNPT van con nhiéu han ché, dic biét dé dap trng cho nhu ciu
truyén tai ctia twong lai.

3.7.2. Tinh hinh trién khai cdc dich vu 6 VNPT

Hién nay, VNPT van con trién khai nhiéu cac dich vu biang hep va da trién khai
mot s6 dich vu bang rong.

Céc dich vu bang bing hep co ban dang duoc trién khai & VNPT, chu yéu 1a céc
dich vu thoai truyén théng, thoai VoIP, truyén dit licu toc do thép, Frame Relay,
Internet toc do thép, thué kénh, cac dich vu bd sung, cac dich vu gia tri gia tang.

Céac dich vu bang rong hay tbc d0 cao da duoc trién khai & VNPT theo mot sb
hudng co ban sau:

a) Cac dich vu bang rong

Céc dich vu bang rong da duogc trién khai & VNPT tap trung vao nhom céc dich

vu truy nhdp Internet bang rong (HSI): La nhom cac dich vy truy nhap Internet trén
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mang ctia VNPT str dung cac cong nghé xDSL, FTTx, Leased line dé trién khai cung

cip. Cac dich vu internet bang rong cia VNPT chu yéu 13 cac dich vu MegaVNN,

Fiber VNN va VNN Internet truc tiép. Trong dé:

- Dich vu MegaVNN: dich vuy truy nhap internet toc do cao qua cap dong xDSL

- Dich vu FiberVNN: dich vu truy nhap internet tdc d6 cao st dung cap quang

- Dich vu MyTV: dich vu truyén hinh turong tac qua mang internet

- Dich vu MegaWan:dich vu cung cip mang riéng ao (VPN) trén nén mang cap dong
xDSL va c4p quang dé két ndi cic mang may tinh tai céc vi tri dia 1y khac nhau.

- Dich vu Metronet:(dich vu truyén dir liéu thong qua céng Ethernet cua mang

MAN-E cong ngh¢ IP/MPLS va trén cap soi quang.

b) Cac dich vu da phuwong tién

Hién nay cac dich vu da phuong tién chua dugc st dung & VNPT, nguoi st dung
moi chi download céc file multimedia, cac file nhac mp3 va phim anh... Tuy nhién,
cac dich vu nay ciling da chiém dugc nhiéu su quan tam cua nguoi su dung. VNPT
cung cép mot sb dich vu multimedia khac nhu video truc tuyén, multimedia chat va

multimedia conference da duoc VNPT cung cap.

¢) Cac dich vu NGN trén mang vién théng ciia VNPT

Hién nay, VNPT cung cap va kinh doanh vién théng dang cung cap cac dich vu
mang thé hé sau NGN. Tir 2006, NGN di trién khai xudng cac tong dai va truyén dan
ndi hat, tir 2010 mang vién théng di chuyén hoan toan sang NGN.

Céac djch vu sé trién khai trén mang NGN la:

- Dich vy Freephone (1800)

- Két nbi lién mang may tinh qua VPN: dich vu MegaWAN

- Dich vu sb goi duy nhét - Global Virtual Private Number

- Goi dién thoai tir trang Web — WebdialPage

- Dich vu IP/VPN qua hé thng NGN bang hinh thirc cung cép truc tiép.

- Dich vy hoi thoai tir xa qua truyén hinh (video conference), ...
Mt s6 nhin xét dinh gid:

Hién nay, VNPT van con trién khai nhiéu cac dich vu bang hep, con tinh hinh

trién khai cac dich vu bang rong chua that nhiéu.
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Tuy nhién, trong tuwong lai do sy phat trién ciia xa hi nhu phét trién cudc cach
mang cong nghiép 4.0 ciing nhu su phat trién nén van minh tri thirc, nhu ciu ciia con
nguoi vé cac dich vu bang r(f)ng/téc do cao, dich vu hdi ty, dich vu da phuong tién va
cac dich vu tvong tac (nhu di chi ra & phan 3.7.1) sé& ting 1én rat nhanh khong chi vé
) luong cac dich vu trén rit cao ma con ca chét luong va luu luong truyén tai cac dich
vu d6 ciing ting rat cao.

3.7.3. Hién trang mang truyén tdi ciia VNPT
Trong phan nay, luan vin chi tim hiéu hién trang mang truyén tai quang cua
VNPT dé xem xét kha ning tng dung céng nghé CO-OFDM-WDM quang.
Mang truyén tai cia VNPT duoc xay dung dua trén mo hinh kién trac phan 16p,
gom 3 1op:
1. Mang truyén dan quéc té,
2. Mang duong tryc va
3. Mang mang truyén tai ciia cac VNPT tinh/thanh phé

Sau day luan van s€ tom tat hién trang cia cac 16p mang nay.

3.7.3.1. Mang truyén tai qudc té cia VNPT
Mang truyén tai qudc té cia VNPT gdm cac tuyén sau:
< Hé thong cap quang bién SMW-3 cép bo tai Pa Ning

Tuyén cap quang bién SMW-3 cap bo tai Pa Nang, str dung cong nghé ghép
budc séng quang (DWDM) c6 tong dung lugng hé thdng 320 Gbps nbi lién Viét Nam
véi 39 nudc trén thé gidi, tr Nhat Ban, Han Qubc, Trung Qudc, Dong Nam A t6i Chau
Au.

< He¢ thong cap quang bién SMW-3 cip bo tai Viing Tau

Tuyén cap quang bién AAG, tram cap bo tai Viing Tau, tong dung lugng 29,5
Tbps, 1a tuyén cap dau tién két ndi gitra Pong Nam A va Hoa Ky, st dung cong nghé
DWDM, két ni luu lugng giita Viét Nam voi cic nudc ving linh thd Malaysia,

Singapore, Thai Lan, Brunei, Hong K6ng, Philippines va Hoa Ky.

% He¢ thong cap quang bién APG cép bé tai Pa Ning
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Tuyén cap quang bién APG cap bod tai Pa Ning, két ndi luu luong giita cac
nudc va ving lanh thd trong khu vye Chau A - Thai Binh Duong gom Trung Qudc,
Héng Kong, Nhat Ban, Han Quéc, Malaysia, Pai Loan, Thailand, Viét Nam va
Singapore. Tuyén APG cép bo tai Da Ning v6i dung luong thiét ké 1én t6i 43,8 Tbps.

% He¢ thong cap quang bién APG cép bo tai Viing Tau

Tuyén cép quang APG cap bo tai Viing Tau, két ndi Hong Kong, Viét Nam,
Campuchia, Malaysia, Singapore, Thai Lan, An Do, Pakistan, Oman, cac tiéu vuong
quéc A Rap, Qatar, Yemen, Djibouti, Saudi Arabia, Ai Cap, Hy Lap, Y va Phap. Dung
lugng thiét ké 1a 40 Terabytes va cong nghé 100Gpbs/budc song, dung luong cia
VNPT dang sur dung 1a 298 Gbps.

% Heé thong cap quang quoc té trén dat lién

Hé théng cap quang dét lién qua bién gidi két ndi truc tiép véi nhiéu ddi tac
khac nhau thudc cac qubc gia Trung Qudc, Lao, Campuchia gdm hé théng cép quang
bién giéi Viét Nam - Trung Qudc v6i tong dung lugng trén 120 Gbps; Hé théng cap
quang Viét Nam - Lao va Viét Nam - Campuchia véi tong dung luong hon 200 Gbps.

3.7.3.2. Mang truyén tai duong truc cia VNPT

3.7.3.2.1. M6 hinh cdu tric mang truyén tai duong truc cia VNPT
Mang truyén tai dudng truc cia VNPT bao gom:

- Mang dudng truc Backbon Bac-Nam,

- Cdac mang vung va

- Céc mang metro (mang trung ké) két ndi gitra mang dudng truc Backbon
Bic-Nam véi cic mang ving,

M6 hinh mang truyén tai duong truc ciia VNPT duoc chi ra ¢ hinh 3.10
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DWDM
Ericsson
phia Bong Bic

Hinh 3.10. M6 hinh mang truyén tai dwong truc ciia VNPT
Mang truyén tai cia VNPT 1a mang truyén tai quang ghép kénh theo budc song
mat do cao (DWDM), duoc thiét lap theo mo hinh xép chong IP trén DWDM va hién
tai dé truyén tai luu luong IP qua mang DWDM qua cic khau trung gian nhu
IP/SDH/DWDM, IP/NG-SDH/DWDM va IP/MPLS/SDH/DWDM, IP/MPLS/NG-
SDH/DWDM

3.7.3.2.2. Mang truyén tai dudng truc Backbon Bac-Nam ctia VNPT

Hién nay, mang truyén tai duong truc Backbon Bic-Nam cia VNPT 1a mang
truyén tai quang ghép kénh quang theo budc séng mat do cao (DWDM) ¢ dung luong
tong 1a 360 Gb/s vai cau hinh Ring. Cac nut chinh cua mang truyén tai dudng truc nay
12 Ha Noi (HNI), Pa Ning (DNG), thanh phé H6 Chi Minh (HCM), Vinh (VIH), Quy
Nhon (QNN) va Can Tho (CTO).
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Mang truyén tai duong truc Backbon Bac-Nam cua VNPT st dung cong nghé
cua Nortel véi 2 hé thdng truyén dan chinh:
- Hé thbng DWDM dudng truc Bic-Nam 120Gb/s,
- Hé thbng DWDM duong truc Bac-Nam 360Gb/s.
1. Hé thong DWDM dudng truc Bic-Nam 120G ciia Nortel.

Céu trac mang tuyén truc Backbone 120G dugc xay dung theo cdu hinh chudi da

ring, gdm 5 ring ndi voi nhau lién tiép tai cac nut mang trung gian nhu hinh 3.11.
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Hinh 3.11. Cdu triic mang cua tuyén truc Backbone 120G cua VNPT

Hé théng thiét bi bao gom hai 16p: 16p thiét bi DWDM (thyc hién chirc ning
ghép/tach céc budc song, bu suy hao cong sudt, bu tan sac, toi wu OSNR); 16p thiét bi
SDH (thyc hién chirc nang ghép cac ludng tin hiéu bac thap 1én cac ludng tin hiéu
SDH bac cao, chuyén mach bao vé thiét bi, chuyén mach bao vé ludng tin hiéu). Thiét
bi dau ndi trung gian giira hai 16p SDH/NG-SDH va WDM 1l cac bo bién d6i budc
song (WT) cé chirc nang chuyén d6i luong tin hiéu SDH (STM16, STM64) thanh
ludng tin hiéu OTM (OTM1,2) dé dua téi md dun ghép/tach kénh.

2. Hé thong DWDM duong truc Biac-Nam 360G ciia Nortel

Tuyén truc Backbone 240G cua VNPT dugc xdy dung va dua vao khai thac tir
dau nim 2009 s dung thiét bi cua hing Nortel (bao gdm 08 budc song toc do
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10Gb/s), hién nay tuyén tryc nay da dugc nang cap 1én dung luong 240G (bao gom ca
budc song 10Gb/s va 40Gb/s).

Céu tric mang tuyén DWDM trai dai tir Bic dén Nam vé6i 6 vong ring c6 dung
luong truyén dan 1a 240Gbps (8x10Gbps va 4x40Gbps) v6i nhiéu tram khuyéch dai
quang, tram xen/r€¢ quang(OADM) ....(Hinh 3.12).
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Hinh 3.12. So dé tuyén truc tuyén truc Backbone Beac-Nam 240Gbps

Hé thng thiét bi bao gom hai 16p: 16p thiét bi DWDM (thyc hién chirc ning
ghép/tach cac bude sdng mau bang C thanh tin hiéu DWDM, bu suy hao cong suét, tdi
ru OSNR); 16p thiét bi SDH (thuc hién chirc nang ghép cac ludng tin hiéu bac thap 1én
cac ludng tin hiéu SDH bac cao, chuyén mach bao vé thiét bi, chuyén mach bao vé
ludng tin hiéu). Thiét bi dau ndi trung gian giita hai 16p SDH va WDM 1a thiét bi
OME6500-Broadband sir dung cac card bién d6i budc séng (WT) c6 chirc ning
chuyén ddi ludng tin hiéu SDH/NG-SDH (STM64, 4*STM64) thanh ludng tin hiéu
OTM (OTM2, OTM3) dé dua t6i mo dun ghép/tach kénh.
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3.7.3.2.3. Cac mang truyén tai vang caa VNPT

Hién nay, mang truyén tai ving caa VNPT gom 4 mang truyén tai ving tuong
g Vvéi cac khu vuc cua Viét Nam. Cac mang truyén tai ving cho cac khu vuc coa
VNPT déu 1a cac mang truyén tai quang ghép kénh quang theo budc séong mat do cao
(DWDM) ¢6 cau hinh Ring hoic Mesh. Cac nut chinh ctia cac mang truyén tai ving
cho cac khu vuc két ndi véi mang truyén tai duong truc Backbon Béc-Nam cua VNPT
trong wng 1a Ha Noi (HNI), Pa Ning (DNG), thanh phd H6 Chi Minh (HCM), Vinh
(VIH), Quy Nhon (QNN) va Can Tho (CTO).
1. Mang truyén tai ving phia Bic

Mang truyén tai ving phia Bac caa VNPT 1a mang truyén tai quang ghép kénh
quang theo budc séong mat do cao (DWDM) véi bude song 10cGb/s, cb tong dung
luong 14 380Gb/s va cdu hinh Mesh, st dung cong nghé ciia Huawei Véi cac cong nghé
chuyén mach quang tu dong ASON/GMPLS va cong nghé ghép kénh SDH. Nut mang
truyén duong truc ctia mang nay 1a Ha Noi (HNI).
2. Mang truyén tai viung phia Pong Bic

Mang truyén tai ving phia Pong Bac caa VNPT 1a mang truyén tai quang ghép
kénh quang theo budc song mat do cao (DWDM) véi bude song 40Gb/s ¢ tong dung
luong 13 320Gb/s va ¢ cau hinh Mesh, st dung cong nghé cua Nortel véi cac cong
nghé chuyén mach quang tu dong ASON va cong nghé ghép kénh SDH. Nut mang
truyén dudng truc ciia mang nay 1a Ha Noi (HNI).
3. Mang truyén tii ving Mién Trung

Mang truyén tai viing mién Trung ciia VNPT la mang truyén tai quang ghép kénh
quang theo budc song mat do cao (DWDM) véi budce song 40Gb/s co tong dung luong
1a 320Gb/s va c6 cu hinh Mesh, sir dung cong nghé cua Ciena (Nortel) voi cac cong
nghé chuyén mach budc song quang tu dong WSON I6p WDM. Nt mang truyén
duong truc cia mang nay 1a Pa Nang (DNG).
4. Mang truyén tai ving phia Nam

Mang truyén tai ving phia Nam ctia VNPT la mang truyén tai quang ghép kénh
quang theo budc song mat d6 cao (DWDM) véi bude song 1a 10G/s va 40Gb/s, ¢
tong dung luong 1a 600Gb/s va co cdu hinh Mesh, sir dung céng nghé cua Fujitsu véi
cac cong nghé chuyén mach nhin quang da giao thiee GMPLS. C6 2 nat mang truyén
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duong truc cia mang nay la thanh phd H6 Chi Minh Ha N6i (HCM) va Can Tho
(CTO).

3.7.3.2.4. Cac mang trung ké duong truc cia VNPT

Dé két nbdi mang dudng truc Backbon Bic-Nam véi cac mang vung ctia VNPT,
VNPT str dung 3 mang metro (mang trung ké) tai 4 nat chinh ciaa mang truyén tai
duong truc 1a Ha Noi (HNI), Pa Nang (PNG), thanh phé H6 Chi Minh (HCM) va Can
Tho (CTO).

1. Mang Metro trung ké nut HNI véi mang ving phia Bic va mang ving phia
Pong Bic

Mang Metro trung ké nut HNI va mang ving phia Bic va mang ving phia Pong
Bic cia VNPT 1a mang truyén tai quang ghép kénh quang theo budc song mat do cao
(DWDM) c6 tong dung lugng 1a 630Gb/s va cau hinh Ring, sir dung cong nghé cua
Huawei. NGt mang truyén dudng truc ciia mang nay 1a Ha Noi (HNI).
2. Mang Metro trung ké niit HNI va mang viang Mién Trung

Mang Metro trung ké nat DPNG va mang ving mién Trung cia VNPT 1a mang
truyén tai quang ghép kénh quang theo budc séong mat dé cao (DWDM) c6 tong dung
luong 13 500Gb/s va c6 ciu hinh Ring, sir dung cong nghé cua Alcatel. Nut mang
truyén duong truc ciia mang nay 1a Pa Nang (DNG).
3. Mang Metro trung ké niit HCM va mang viing phia Nam

Mang Metro trung ké nit HCM va mang vung phia Nam cta VNPT 1a mang
truyén tai quang bang rong ghép kénh quang theo budc song mat dé cao (DWDM) ¢6
tong dung lwong 1a 640Gb/s va c6 cau hinh Ring, sir dung cong nghé cua Alcatel. Nat
mang truyén duong truc cia mang nay 1a thanh phd H6 Chi Minh (HCM).
4. Mang Metro trung ké nit CTO va mang vang phia Nam

Mang Metro trung ké nat CTO va mang ving phia Nam ciia VNPT la mang
truyén tai quang ghép kénh quang theo budc song mat d6 cao (DWDM) c6 tong dung
luong 14 150Gb/s va c6 cau hinh Mesh, sir dung cong nghé cia Alcatel. Nut mang
truyén duong truc ciia mang nay 1a Can Tho (CTO).

3.7.3.3. Mang truyén tai quang caa cac VNPT tinh/ thanh ph
Mang truyén tai quang caa cac VNPT tinh/thanh phd cia VNPT bao gom:
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- Mang MAN-E ciia cac VNPT tinh/thanh phd

- Céhc mang truy nhip quang ctia cac VNPT tinh/thanh phd.

3.7.3.3.1. Cac mang MAN-E

MAN-E (Metropolitan Area Network- Ethernet): la mang mang d6 thi (MAN)
st dung cong nghé Ethernet dé két ndi nhiéu mang truy nhap quang véi nhau sir dung
duong truyén toc do cao va cung cap két ndi truy nhap véi cac chuan Ethernet.

% Céu tric cac mang MAN-E ciia cac VNPT tinh/thanh phd

MAN-E tai mdi tinh/thanh phd duoc t6 chie thanh hai 16p. Lop thi nhat 1a 16p
16i, phuc vu cho viéc chuyén tai luu lugng trao doi gitta cic mang truy nhap trong noi
b tinh va luu lugng trao doi gitta cac tinh v6i nhau. Lép tht hai 14 16p truy nhép, phuc
vu trong vai tro thu thap luu lugng cua cac loai img dung khac nhau. Lép nay cé vai
tro chuyén tai luu lugng trao doi giita cac nhom khach hang thudc vé cting mot mang
truy nhap hodc chuyén tai luu luong 1én trén 16p mang 13i cho cac loai lwu luwong trao
do6i trong mdt tinh hoac lién tinh. M6 hinh mang MAN-E cua mdt tinh/thanh phé cua
VNPT duogc chi ra ¢ hinh 3.13.

Tir hinh 3.13 chi ra: 16p 16i cia mang MAN-E cho mdi tinh/thanh phd chinh 1a
phén mang “MAN E CORE” voi cac thiét bi chuyén mach toc d6 cao “CES” dé thiét
1ap 16p chuyén mach 1061 cho toan b luu lugng cua cac loai dich vu khac nhau. Lop
truy nhap ciia mang MAN-E chinh 13 16p “Access” véi nhiéu loai thiét bi khac nhau,
cung cip cac giao dién khac nhau nham thoa mian moi yéu cau vé truy nhap cua khach
hang. Cac thiét bi chinh cua cac tinh/thanh phd cia VNPT c6 thé 1a cac thiét bi truy
nhap trén cong nghé¢ GPON va xDSL hay FTTx.

Mang truy nhip cia MAN-E c6 thé x4y dung véi topology hinh ciy, vong, luéi
hoic lai ghép hdn hgp. Mang c6 kha nang hdi phuc trong truong hop cé su cd vé tuyén

cap, nut chuyén mach nhim dam bao chét lugng dich vu.

Mang 16i cia MAN-E cho cac tinh/thanh phd cia VNPT chi yéu c6 cu hinh
ring str dung cong nghé WDM nham dam bao kha ning du phong ctia mang 13i trong
truong hop co sy ¢d. T d6 chuyén mach tai cac nat mang 151 1én dén hang chuc Gbps
va luu luong chuyén trén cac tuyén két ndi cua mang 161 dat co thé dat dén hang chuc
Gbps. Céac nut mang 161 dugc dat tai cac diém trung tdm luu lugng, thuong ¢ cac dia

diém tap trung dan cu va khu cong nghiép.
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Hinh 3.13. Mé hinh mang MAN-E cho mét tinh/thanh phé ciia VNPT

3.7.3.3.2. Mang truy nhap quang G-PON

Mang truy nhdp quang GPON (Gigabit Passive Optical Network) 1a cong nghé
PON truyén dan véi toc do6 Gb/s, duoc dinh nghia theo chuan ITU-T G.984. GPON
dugc mo rong tir chuan BPON G.983 bang cach tang bang thong, nang hi¢u suat bang

thong nho sir dung goi 16, co do dai thay doi va tiéu chuan hoa quén ly.

GPON hd trg nhiéu murc tdc do khac nhau, trong do ho tro ti 2,488 Mbit/s ctia
bang thong ludng xudng va 1,244 Mbit/s tham chi téi 2,448 ciia bang thong ludng 1én.
Phuong thuc dong g6éi GEM (GPON Encapsulation Method) cho phép déong géi luu
luong nguoi dung rat hiéu qua, véi sy phan doan khung cho phép nang cao chat lugng
dich vu QoS (Quality of Service) phuc vu luwu lugng nhay cam nhu truyén thoai va

video. GPON hd trg tdc do cao, ting cudng bdo mat va hd trg ca dich vu TDM va
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Ethernet, diéu d6 cho phép GPON hd tro nhiéu loai dich vu véi chi phi thip ciing nhu

cho phép kha ning twong thich 16n gitta cc nha cung cip thiét bi.
Mt s6 nhin xét dinh gid:

Mang mang truyén tai caa VNPT hién nay 1a mang truyén tai c6 bang trong d6i
rong va dung luong tuong ddi 16m co thé dap tmg duwoc nhu ciu truyén tai cac dich vu

hién tai ctia xa hoi (nhu da chira ¢ phﬁn 3.7.2)

Tuy nhién, trong twong lai do sy phat trién ciia xa hi nhu phét trién cudc cach
mang cong nghiép 4.0 ciing nhu su phat trién nén van minh tri thirc, nhu cau cia con
nguoi vé cac dich vu bang rcf)ng/téc d6 cao, dich vu hdi tu, dich vu da phuong tién va
cac dich vu twong tac (nhu di chi ra & phan 3.7.1) sé& ting 1én rat nhanh khong chi vé
sb lugng cac dich vu trén rit cao ma con ca chat luong va luu luong truyén tai cac dich

vu d6 ciing ting rat cao.

Do d6, VNPT can phai c6 giai php phat trién mang truyén tai voi bang thong
rong/tbc do truyén tai cao ciing nhu dung lugng truyén tai 1on. Mot trong nhiing giai
phap c6 thé mang lai hiéu qua, d6 1a ing dung cong nghé CO-OFDM-WDM cho mang
truyén tai cia VNPT.

3.7.4. Khd nang itng dung cong ngh¢ CO-OFDM-WDM cho mang truyén
tdai cua VNPT
Nhu phén trén di trinh bay mang truyén tai caa VNPT gom 3 16p: Mang truyén
dan qudc té, mang duong truc va mang truyén tai ciia cic VNPT tinh/thanh phd.

Viéc ung dung cong nghé CO-OFDM-WDM cho mang truyén tai quang bang
rong cia VNPT c6 thé trién khai ¢ ca 3 16p nay. Tuy nhién, viéc (mg dung cong nghé
CO-OFDM-WDM cho mang truyén din qudc té s& gap nhiéu khé khan, vi can phai
phdi hop thuc hién véi nhiéu nuéc trén thé gisi ¢6 lién quan dén cac mang nay. Do do,
trong phan nay luan vin chi tap trung vao viéc tmg dung céng ngh¢ CO-OFDM-WDM
cho mang duong truc va mang mang truyén tai cia cac VNPT tinh/thanh phd cua
VNPT.

3.7.4.1. Ung dung cong nghé¢ CO-OFDM-WDM cho mang dudng truc clia
VNPT
Nhu phén trén d3 trinh bdy mang truyén tai dudng truc bing rong ciia VNPT bao

gdém 3 16p mang: Mang dudng truc Backbon Bic-Nam, cac mang ving va Cac mang
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metro (mang trung ké) két ndi giita mang duong truc Backbon Bic-Nam vdi cac mang
ving. Ca 3 16p mang nay déu 1a mang truyén tai quang ghép kénh theo budc séng mat
dd cao DWDM. Do d6, vi¢c trng dung codng nghé¢ CO-OFDM-WDM cho 3 16p mang

nay, vé nguyén tac, 1a hoan toan tuong tu nhau.

Do d6, luan van sé trinh bay phuong 4n chung cho ca 3 16p mang: Mang dudng
truc Backbon Béc-Nam, cic mang ving va Cac mang metro (mang trung ké) két ndi
giita mang duong truc Backbon Bic-Nam vdi cac mang ving voi tiéu chi “ng dung
cong ngh¢ CO-OFDM-WDM cho mang duong truc cuia VNPT”.

Pé dat dugc dung lugng 240 Gb/s, hé théng hé thong DWDM tuyén truc
Backbone 240G cua Nortel da st dung 8 budc song 10Gb/s va 4 budc song 40Gb/s.
Nhu vay hé thong nay da si dung tong cong 12 budc song. Tic 13 st dung 12 bang
con twong ng V4i 12 tan sb trung tAm tuong (g véi 12 bude séng trung tim cla cac

bang con.

Pé dat dugc dung lugng 240 Gb/s, hé théng hé thong DWDM tuyén truc
Backbone 240G cua Nortel da str dung 4 bude song 40Gb/s. Tic 1a téc dd dau vao cia
hé thdng 1a 40 Gb/s. Khi d6, kha nang xuyén nhiéu giita cac xung quang (ISI) trong
qua trinh truyén dan trong soi quang 1a kha 16n (do tan sic cua soi quang giy ra). Néu
str dung cong nghé CO-OFDM-WDM cho tuyén truc cua VNPT véi tin hiéu dau vao
6 téc do cao thi toe do tin hidu truyén din trong soi quang van cé thé rat nho, do sir
dung cong nghé OFDM. Gia sir tin hiéu dau vao c6 toc 40 Gb/s va sir dung OFDM
V6i 8 tan s6 truc giao, thi tdc d6 tin hiéu truyén dan trong soi quang chi 1a 40 Gb/s : 8
= 5 Gb/s. Khi d6, kha ning xuyén nhiéu giira cac xung quang (ISI) trong qué trinh
truyén dan trong soi quang do tan sic ciia soi quang gay ra la rat nhé. Do do, chét
lugng truyén dan cua hé thdng CO-OFDM-WDM sé rat cao.

Néu tin hiéu truyén dan trong soi quang c6 toc do 1a 10 Gb/s va van sir dung
OFDM Véi 8 tan sb truc giao, thi tin hiéu dau vao hé thong s& c6 toc do 10 Gh/s x 8 =
80 Gb/s. Khi d6, dung luong tong cua hé théng CO-OFDM-WDM s& ting 1én rat
nhiéu va kha ning xuyén nhiéu giira cic xung quang (ISI) trong qua trinh truyén dan
trong soi quang do tan sac cia Soi quang gy ra 1a kha nho. Do dé, ta s& c6 hé thong
CO-OFDM-WDM véi dung luong I6n va chat lwong truyén dan cua hé théng CO-
OFDM-WDM cao.
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Pé dat dugc dung lugng 240 Gb/s, hé théng hé thong DWDM tuyén truc
Backbone 240G cua Nortel da st dung 12 budc song, tic 1a sir dung 12 bang con
tuong ang voi 12 tan sb trung tim twong (g véi 12 bude séng trung tim ciia cac bang
con. Gia sir, hé thdng st dung cong nghé CO-OFDM-WDM cho mang dudng truc cua
VNPT ciing sit 12 bing con tuong tng véi 12 tan s6 trung tim twong tng véi 12 budc
song trung tim cua cac bang con nhu ctia hé théng DWDM tuyén truc Backbone 240G
cua Nortel, thi dung lwong tong cua hé théng sé 1a 40 Gb/s x 12 = 480 Gb/s. Do do,
dung luong tong cua hé théng CO-OFDM-WDM sé& gap 2 lan dung luong téng cua hé
théng DWDM tuyén truc Backbone cua Nortel. Tuy nhién, tiiy theo nhu cau truyén
dan trong tuong lai ta c6 thé sir dung cong nghé CO-OFDM-WDM cho mang dudng
truc ctia VNPT véi nhiéu bang con hon nira twong (ng véi nhiéu tan sé trung tam ciing
nhu nhiéu budc séng trung tim cua cac bang con. Khi d6, dung luong tong cua hé
thdng CO-OFDM-WDM s& tang 1én nhiéu lan hon nia.

Trong hé théng hé théng DWDM tuyén truc Backbone 240G cua Nortel, ngudi ta
c¢6 st dung cac bd xen/ré dé tach cac luong quang cho mot s6 VNPT tinh/thanh phd.
Khi st dung cong nghé CO-OFDM-WDM cho tuyén truc ciia VNPT, thi viéc tach cac
ludng quang cho mot sé6 VNPT tinh/thanh phé tir lubng OFDM quang tong s& dugc
thuc hién thong qua sir dung mot bo loc “Anti-alias” va dé ghép cac cac ludng quang
tr mot s6 VNPT tinh/thanh phd vao lusng OFDM quang téng duoc thuc hién thong
qua cic b ghép OFDM quang nhu chi ra & phan 3.7.4.1.

Nhu vay, viéc sit dung cong nghé CO-OFDM-WDM cho tuyén truc caa VNPT
khong chi lam ting dung cta hé thong dudng truc ma con lam ting chat luong truyén
dan cua hé thong truyén tai duong truc caa VNPT.

3.7.4.2. Ung dung cong nghé CO-OFDM-WDM cho mang truyén tai quang

ctia cac VNPT tinh/thanh phd

Nhu phan 3.7.3.3 d4 trinh bay: mang truyén tai quang cua cac VNPT tinh/thanh
phd cia VNPT bao gom: Mang MAN-E ciia cac VNPT tinh/thanh phd va cac mang
truy nhap quang cua cac VNPT tinh/thanh phd.

Do d6, viéc tmg dung céng nghé CO-OFDM-WDM cho mang truyén tai quang
ctia cac VNPT tinh/thanh phd sé& thyuc hién o 2 16p mang nay.
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3.7.4.2.1. Ung dung cong nghé CO-OFDMWDM cho cac mang MAN-E

Mang MAN-E cta cac VNPT tinh/thanh phd 14 cdc mang truyén tai 15i cua cac
VNPT tinh/thanh phd.

Trong tuong lai, do sy phat trién cua x3 hoi nhu phat trién cudc cach mang cong
nghiép 4.0 ciing nhu sy phat trién nén vin minh tri thirc, nhu cau cua con ngudi vé cac
dich vu bang r(f)ng/téc do cao, dich vu hoi tu, dich vu da phuong tién va cac dich vu
tuong tac (nhu di chi ra ¢ phan 3.7.1) s& ting 1én rat nhanh khong chi vé sé luong cac
dich vu trén rat cao ma con ca chét lugng va luu lugng truyén tai cac dich vu do cling
tang rat cao. Khi do, cac mang MAN-E cua cac VNPT tinh/thanh phd can phai c6

bang thong rong/tdc do truyén tai cao ciing nhu dung luong truyén tai 16n.

Mot trong nhitng giai phap c6 thé mang lai hiéu qua cho ciac mang MAN-E cua
cac VNPT tinh/thanh phd, d6 1a tng dung cong nghé CO-OFDM-WDM.

Tir cdu trac hién tai cia cac mang MAN-E cua cac VNPT tinh/thanh phé (nhu da
chi ra ¢ phan 3.7.3.3.1), thi cdc mang ndy 1a cac mang truyén tai 16i (mang dudng truc)
ctia cac VNPT tinh/thanh phé. Do d6, viéc viéc sir dung cong nghé CO-OFDM-WDM
cho cac mang MAN-E cua cac VNPT tinh/thanh phd ciing hoan toan twong tu nhu viéc
sir dung cong nghé CO-OFDM-WDM cho mang truyén tai duong truc cia VNPT da
trinh bay ¢ phan 3.7.4.1.

3.7.4.2.2. Ung dung céng nghé¢ CO-OFDM-WDM cho cac mang truy nhap
quang cia VNPT

Nhu di chi ra ¢ phan 3.7.3.3.2, mang truy nhdp quang hién nay cia VNPT chu
yéu st dung cong nghé GPON.

Trong twong lai, cic mang truy nhap quang ciia VNPT céc tinh/thanh phé can phai
c6 bang thong rong/tde do cao va dung luong truyén tai lén dé cung cip duoc cac dich
vu bang r(f)ng/téc do cao, dich vu hdi ty, dich vu da phuong tién va cac dich vu tuong

tac (nhu da chi ra ¢ phan 3.7.1) ctia x3 hoi.

Tir sy phat trién cong nghé truyén tai quang di duoc trinh bay cong nghé OFDM
quang ¢ chuong 1, cong nghé¢ CO-OFDM & chuong 2 va cong nghé¢ CO-OFDM-WDM
quang & chuong 3, em xin kién nghi viéc phat trién cac mang truy nhap cho VNPT

trong twong lai tiry theo nhu cau sir dung cac dich vu bang rong/tdc do cao, dich vu hoi
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tu, dich vu da phuong tién va cac dich vu tuong tac ciia xa hdi ma cac mang truy nhap

quang cua VNPT sur dung cac cong ngh¢ sau:
- Cong ngh¢ OFDM-PON Ia su st dung cong ngh¢ OFDM trong mang PON.

- Cong nghé CO-OFDM-PON la st dung két hop cong nghé quang Coherent voi
OFDM trong mang PON.

- Cong nghé¢ OBM-OFDM-PON Ia sir dung cong nghé¢ CO-OFDM véi cong nghé
WDM trong mang WDM PON.

< Ung dung cong nghé¢ OFDM trong PON

Ung dung cong nghé OFDM trong PON, cac nha nghién ctru dwa ra md hinh
OFDM-PON duoc minh hoa trong hinh 3.14. Trong d6, & dudng xudéng OLT géan cho
ting ngudi dung cu thé (ONU/ONT) mot hodc mot tdp hop con cila cac song mang
con (tuy theo nhu cau cac dich vu va bang thong cua cac khach hang). Cac ONU/ONT
turong tng nhan duoc cac song mang con twong tng thuc hién tach séng quang va vién
d6i thanh dir liéu twong ung v&i phia phat. Theo hudéng duong 1én, mdi ONU diéu
chinh cac dit liéu trén tap séng mang con dugc giao, trong khi tit ca cic song mang

con khac thude cac ONU khac dugce thiét 1ap bang khong.

Wireless
Access point

Cco

p i,

Passive
Remote Node

Hinh 3.14. M6 hinh OFDM-PON.
Trong mang OFDM-PON, ttic 13 PON sir dung da truy nhap phan chia theo tan s6
truc giao OFDMA, ngudi ta str dung mdi séng mang con danh riéng cho mdi ONU, va

n6 cho phép nhiéu ngudi dung chia sé cac kénh quang va cac thanh phan tuong tng
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cua n6. OFDMA la mgt cong nghé da truy cap cho phép gan séng mang con khac
nhau cho nhiéu nguoi ding mot cach ning dong, noé dong thoi cho phép phan ving tai
nguyén thoi gian va mién tan s6. So v6i TDM-PON, OFDM-PON c¢6 thé duoc két hop
v6i TDM cung cip thém mot chiéu bd sung cho quan 1y tai nguyén. Vi dy, trong pham
vi thoi gian PON c6 thé phuc vu luu luong bung nd, va trong pham vi tn s PON ¢

thé cung cip tot kha nang quan 1y tai tai nguyén.

Hé thong OFDM-PON c6 nhiéu lgi thé so voi cong nghé PON khac: (1) cai thién
hiéu qua bang thong (vi du, 4 bit/s/ Hz cho diéu ché16-QAM, va véi bang thong 2,5
GHz c6 thé hd trg 10 Gb/s toc do dit liéu tong hop) ; (2) su linh hoat doc déo trong
viéc ddi pho véi chia sé tai nguyén biang thong va ao hoa; (3) giao thirc doc lap va
minh bach dich vu (tp con ctia sdng mang con, twong tu nhu ddi véi duong dng trong
subt, c¢6 thé ho tro ca hai tin hiéu k¥ thuat $6 va analog vo1 mot loat céac chét luong céc
yéu cau dich vu); (4) OFDM-PON la mét kién tric mo rong (cu thé 13, n6 c¢6 thé cung
t6n tai vdi TDM-PON va WDM-PON); (5) no 1a mét giai phap hiéu qua chi phi (thu it
hon 1a can thiét trong OLT so v&i truyén thong WDM-PON); va (6) né co6 thé hoat
dong don gian, kiém soat truy cap phuong tién (MAC) véi chi phi thap.

< Ung dung cong nghé¢ CO-OFDM cho PON

Ung dung cong nghé CO-OFDM trong PON cho mang truy nhap quang bang
rong hoan toan tuong ty nhu ing dung cong nghé¢ OFDM trong PON cho mang truy
nhap quang bang rong (nhu di trinh bay trong phan trén). Tuy nhién, tng dung cong
nghé CO-OFDM trong PON chi khac ung dung cong nghé¢ OFDM trong PON & chd:

- BO tach song quang & bo OLT hudng 1én va & ONT hudng xudng trong PON str
dung cong nghé quang Coherent va

- B0 bién dbi dién-quang & bo OLT hudng xudng va & ONT hudéng 1én trong
PON str dung cong nghé diéu ché ngoai.

Bo bién d6i dién-quang str dung cong nghé diéu ché ngoai va bo tach song quang
Coherent quang da duoc trinh bay trong phan 2.2.4 cua chuong 2, twong Gmg vdi cac
bd phat quang CO-OFDM va cac bo thu quang CO-OFDM duoc trinh by ¢ phan
2.3.2 chuong 2.

< Ung dung cong ngh¢ CO-OFDM-WDM cho PON
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Mo hinh hé théng PON sir dung cong nghé CO-OFDM-WDM (mang truy nhép
OBM-OFDM-PON) duoc minh hoa trong hinh 3.15. Trong d6, & duong xudng
OLT gén cho ting nguoi dung (khach hang) cu thé (ONU/ONT) mdt hodc mot tap
hop con cua cac song mang con (ty theo nhu cau cac dich vu va bang thong cua
cac khach hang) théng qua 2 bo dinh tuyén AWG:

1. Bo dinh tuyén AWG-WDM d¢é dinh tuyén cac séng mang con OFDM vao
cac cac bang truc giao twong tng cua tin hiéu OBM-OFDM, tuong ung véi
dinh tuyén vao cac bang ciia WDM.

2. B6 dinh tuyén AWG-OFDM dé dinh tuyén mot hodc mot tap hop con cua
cac song mang con (tiy theo nhu cau cic dich vu va bing thong cia céc

khach hang) dén cac khach hang cé nhu cau.

Cac ONU/ONT tuong tng nhan dugc cac song mang con tuong ung thuc hién
tach song quang va vién d6i thanh dir liéu twong ung véi phia phat. Theo hudng
duong 1én, mdi ONU diéu chinh cac dit liéu trén tdp song mang con duoc giao,

trong khi tat ca cac song mang con khac thudc cac ONU khac duoc thiét 1ap bang

khong.
&Khach  hang
S\ ”
P ‘ ONU/ONT-i1
L ik : ‘
OLT ' &Khach  hang

A ONU/ONT-ik

s :
@Khach hang iM

ONU/ONT-imM

Hinh 3.15. M6 hinh CO-OFDM-WDM PON
Pong thoi, cac bo tach séng quang & OLT hudng 1én va & ONU/ONT huéng
xudng trong PON s& sir dung cong nghé tach song quang Coherent va cac bo bién doi
dién-quang & OLT huéng xudng va & ONU/ONT hudng 1én trong PON st dung cong

ngh¢ diéu ché ngoai.
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Viéc st dung cong nghé¢ CO-OFDM-WDM cho mang truy nhap PON ctaa VNPT
khong chi lam ting dung cua hé thong mang truy nhap ma con lam ting chat luong
truyén dan cua hé théng mang truy nhap caa VNPT,

Két luan chwong 3

Trong chuong 3, luin vin d3 nghién ctu vé céng nghé Coherent- OFDM-
OFDM quang (CO-OFDM-WDM) véi cac ndi dung: nguyén ly ghép bang truc giao
ctia hé théng CO-OFDM - WDM quang, giai phap thuc thi ghép bang tric giao cua hé
théng CO-OFDM - WDM quang, hé théng truyén dan CO-OFDM-WDM quang, danh
gia hiéu qua hé thong truyén din CO-OFDM-WDM quang va kha ning Gmg dung cho
mang VNPT.

Viéc tng dung cong nghé CO-OFDM-WDM cho mang truyén tai quang cua
VNPT duoc trinh bay tng dung cong nghé CO-OFDM-WDM cho mang dudng truc va
tmg dung coéng nghé CO-OFDM-WDM mang mang truyén tai cua cac VNPT
tinh/thanh ph6 cia VNPT,

Viéc str dung cong ngh¢ CO-OFDM-WDM cho mang duong truc va mang mang
truyén tai cua cac VNPT tinh/thanh phd cia VNPT khong chi lam ting dung ciia hé
théng mang truyén tai ma con lam ting chat luong truyén dan cua hé thong mang
truyén tai cia VNPT.
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KET LUAN

Mot giai phap cong nghé vién thong cé kha ning truyén tai tbe do siéu cao kha
ning dap ung dugc nhu cau trao d6i thong tin cua x4 hoi hién tai, d6 1a cong nghé
thong tin quang Coherent ghép kénh theo tan s truc giao (CO-OFDM). Trong d6, giai
phap cong nghé thong tin quang CO-OFDM khong chi c6 kha niang truyén tai toc do
cao, ma con c6 dung lugng 16n. D6 1a giai phap cong nghé truyén tai thong tin cua xA

hoi hi¢n tai va trong tuong lai.

Chinh vi vay, em da chon dé tai do an t6t nghiép ctia minh 1a: “Nghién ciru cong
nghé thong tin quang Coherent ghép kénh theo tin s truc giao (CO- OFDM)” dé

nam bat cong ngh¢ va nghién ctru ap dung trong tuong lai.
D¢ thuc hién muc ti€u trén, dé tai luan van da thuc hién cac ndi dung sau:

- Chuong 1: Cong ngh¢ OFDM quang véi cac ndi dung chinh sau khai niém
OFDM, Tinh tryc giao trong OFDM, moé hinh va nguyén 1y cta k¥ thuat OFDM,
cong nghé OFDM quang: mo hinh hé théng truyén din OFDM quang, cac khdi chuc
ning, su khac biét cia hé théng OFDM quang va hé thdng OFDM v6 tuyén va phan
loai hé théng OFDM quang: CO-OFDM, DD-OFDM.

Chuong 2: 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 nghé quang Coheren,
mo hinh hé théng CO-OFDM, cac khéi chirc ning va nguyén 1y cua cac khéi chic
ning trong hé théng CO-OFDM va do nhdy thu cta hé théng thong tin quang CO-
OFDM.

Chuong 3: Cong nghé Coherent- OFDM-OFDM quang (CO-OFDM-WDM)
v6i cac ndi dung: nguyén 1y ghép bang truc giao cua hé théng CO-OFDM - WDM
quang, giai phap thuc thi ghép bang tryc giao ctia hé théng CO-OFDM - WDM quang,
hé thong truyén dan CO-OFDM-WDM quang, danh gia hiéu qua hé thong truyén dan
CO-OFDM-WDM quang va kha nang tng dung cho mang VNPT. Trong do, luan van
tap trung vao mg dung cong nghé CO-OFDM-WDM cho mang truyén tai quang ctia
VNPT bao gom: tmg dung cong nghé CO-OFDM-WDM cho mang duong truc va tmg
dung céng nghé CO-OFDM-WDM mang mang truyén tai ctia cac VNPT tinh/thanh
phé cua VNPT.
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Viéc st dung cong nghé¢ CO-OFDM-WDM cho mang duong truc va mang mang
truyén tai cua cac VNPT tinh/thanh phd cia VNPT khong chi lam ting dung ctia hé
théng mang truyén tai ma con lam ting chat luong truyén dan cua hé thong mang
truyén tai cia VNPT.

Danh gia chung, em di hoan thanh duoc cac ndi dung cua dé tai theo dé cuong
d3 dugc duyét. Tuy nhién, voi nang luc va thoi gian han ché nén ban d6 an tét nghiép
cia em khong thé tranh khoi nhimg khiém khuyét. Em mong mudn nhan duoc sy chi

bao, gop ¥ chan thanh cua cac Thay C6 gido clng cac ban dé hoan thién.

Mot 1an nita em xin chan thanh cam on thay TS. Hoang Vin Vd va cac thay cd
trong khoa Sau Pai hoc ctia Hoc vién Cong nghé Buu chinh Vién thong da gitip dd,

chi bao tan tinh cho em va gitp em hoan thanh t6t luan vin nay!

Em xin chan thanh cam on!
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