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Tom tét~- Bai bao xay dwng mé hinh tinh toan clta hé théng
truyén dan tin hiéu vo tuyén qua sgi quang (RoF) ghép kénh theo
song mang phu st dung méy thu Coherence; khég sat cac loai
nhiéu trdi, xac dinh cdng suat tin hiéu, tinh toan ti so tin hiéu trén
nhiéu, do nhay clia may thu co xét dén anh huwéng cla cac song
mang phu dén chét lvong cda hé thong Tiép den mo phéng hé
théng bang Matlab, vé cac do thi biéu dién cac méi quan hé gitra
d6 nhay cta may thu theo s6 s6ng mang phu, theo d6 khuéch dai
cua EDFA, theo cong suat laser dao dong ndi twong tng voi cac
phuong phap dieu che ASK, BPSK va QPSK khac nhau. Ngoai
ra, cling so sanh d&c tinh cda 2 hé thong RoF st dung may thu
tach séng tryc tiep (DD) va may thu Coherence. Trén co s& so
sanh, phan tich, danh gia dac tinh clia 2 hé thong, bai bao chirng
6 bang cach st dung may thu Coherence c6 thé nang cao do
nhgy may thu, céi thién dang ké chét lwgng tin hiéu trong hé
thong.
T khéa - hé th("'?ng RoF; ghép séng mang phu; may thu
Coherence; dieu ché quang; EDFA
1. it van dé

Nhitng nim gin ddy, cung véi sy phat trién cua xa
hoi, nhu cau thong tin lién lac clia con ngudi ngay cang
cao, doi hoi ngay cang nhidu dich vu di dong da dang,
phong phu véi luu luong cao hon. Do d6, ngay cang
nhiéu hé thdng mang ca vo tuyén va hiru tuyén toc do
cao, dung lugng 16n dugc xay dung, lap dat, van hanh
khai thac. Trong bdi canh d6, hé thong truyén song vo
tuyén trén soi quang, thuong dugc Viét tat 1a RoF, 1a giai
phap két hop giira thong tin vo tuyén-di dong va hitu
tuyen soi quang, nham khai thac tinh vu viét cia ca 2 hé
thong. D6 1a tinh linh dong ciia mang di dong va dung
luong cuc 16n, chéat luong cuc cao cua hé thong soi
quang. Ky thuat RoF s dung dudng truyén 1a soi quang
nhim phan phbi tin hiéu vo tuyén tir tram trung tdm
(CS) t6i cac tram gbc (BS) va nguoc lai[1]. Thém vao
do6, voi su ra doi cua ky thuat ghép kénh séng mang phu
(SCM) da mo ra kha nang truyén dan da dich vu, gop
phan tan dung hiéu qua bing thong cia sgi quang[2].
Ngoai ra, trong moi truong truyén dan da kénh, may thu
quang coherence da thé hién nhitng uvu diém vuot troi
ctia minh so véi may thu tach song truc tiép (DD) truyén
thong nhd kha ning ting do nhay thu, va dic biét 1a co
thé chon kénh quang trong méi truong da kénh. Véi viée
ung dung k¥ thuat SCM tai may phat va k¥ thuat tach
song coherence tai may thu mé hinh hé théng RoF ghép
kénh séng mang phu st dung may thu coherence dap
mg kha ning truyén din da dich vy, bang thong rong,
¢6 kha nang dép tng cac nhu cau ¢ hién tai va ca twong
lai.

2. Cu hinh hé théng
Céu hinh cta hé thong RoF — SCM sir dung mdy thu

Abstract - In this paper, calculating model of Subcarrier
Multiplexing (SCM) Radio over Fiber system using Coherent
Receiver is built. Basing on it, we investigate dominant noises,
determine signal power, calculate signal-to-noise ratio at receiver
and receiver sensitivity with considering influence of subcarriers
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two these systems, we find out that thanks to using Coherent
receiver, sensitivity is improved and signal quality transfered in
this system is enhanced remarkably.
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Coherence dugc trinh bay nhu ¢ hinh 1. N kénh sé céan
duogc truyén dén mdy thu c6 cing téc do dit liéu. O may
phat, N kénh sé dwoc ghép véi cac song mang RF co tan
s6 vo tuyén khac nhau. Sau d6, chung dugc ghép lai va
duogc diéu ché véi song mang quang tir laser boi bd diéu
ché (Modulator) MZ. Tin hiéu ‘quang nay dugc truyen di
trén soi quang don mode, tan sic trén soi duoc giam bang
cach sir dung diéu ché don bién quang (OSSB)[5]. Tai
may thu, tin hi€u quang dugc dua vao bd khuéch dai
quang EDFA, tiép dén dwa qua bo ghép 3 dB cong mot do
dich pha 180° vao trudng tin hiéu hodc trudng LO gitra 2
cdng (gia st tin hiéu dén va LO c6 cung phan cuc nhd bd
didu khién phan cuc) va dua vao 2 photodiode (tach song
can bang) dé chuyén d6i quang-dién. Sau dé tin hiéu dién
RF dugc dua vao b chia RF. Piu ra cta nd 1a cac tin
hiéu vo tuyén duoc loc bdi cac by loc bang thong co tan
s6 khac nhau dé tai tao lai cac song mang phu RF da duogc
tao ra & may phat. Cac tin hiéu nay c6 thé dwoc phat
quang ba dén cac thué bao di dong hodc co thé giai diéu
ché dé khoi phuc lai cac dong tin hi€u s6 ban dau.

Dua trén y tuong cta bai bao dang trén IEEE c6 tya
dé: “Subcarrier Multiplexing for High-Speed Optical
Transmission” [5], chung t6i phan tich didc tinh cua hé
thong RoF ghép kénh theo song mang phu SCM sir dung
méay thu Coherence. Diém khac biét nhau giita [5] va
cong trinh nghién ctru cta chung t6i 1a trong [5], cac tac
gia khao sat may thu tach séng truc tiép (DD) con ching
t6i nghién ctru hé théng sir dung may thu Coherence c6
céu hinh 2 photodiode can bang nhim nang cao do nhay
clia may thu nhu duge biéu dién trong hinh 2[6]. Sau d6
ching toi
so sanh, phén tich dic tinh cua ca 2 hé théng dé thiy
duoc kha niang nidng cao chat lwong tin hi¢u cia hé
thong Coherence dang khao sit so voi hé thong dugce dé
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3. M6 hinh tinh toan

Trong phan nay, cac phuong trinh toan hoc dé giai thich
hqat dong va phén‘ tich Qéc tinh chat hrgng cua hé théng.
Pau ra cua bd diéu ché MZ dugc biéu dién theo biéu
thue[5]:

= T
E; sin{w.t — —
Eo (t) = = ﬁ 1 N ( 4) (1)
= 75 Zh=1 Uk (OB cos(we + €, )¢
Trong do:

—E;1a trudng quang ngd vao cia bd didu ché
MZ.w, = 2nf,. 1a tin s6 song mang quang.

—N 14 s6 kénh séng mang phu RF

—u,(t) 14 tin hiéu s6 chuén hoa tai kénh song mang
phu thtr k. D&i v6i ASK, u,(t) € (0,1); ddi véi
BPSK u,(t) € (—1,1); ddi véi QPSK wu,(t) €
(— \%,%) Q la tan sb song mang phu RF cua kénh
thu k.

— By 14 bién d6 chuin héa cua kénh RF thi k. Ddi
voi didu ché tin hiéu nho, |XN_, Bem| < 1.

Tai may thu, tin hi€u bd dao dong ndi duoc viét nhu

sau:
ELo(t) = Epp cos(wyot) (2)

Trong d6 [3]:

—E; o la bién d6 trudong quang ctia bd dao dong ndi.

—wyp = 27f; 14 tan s6 quang cta bo dao dong noi.

Khi tin hidu quang dén va dao dong ndi dong phan cuc,
dién ap trén photodiode 1 and photodiode 2 tuong tng nhu
sau:

E(6) = 5 GE,(®) + Eyo(D)] (3)
E,(6) = 5 [GE,(©) = E1o(D)] “)

Trong d6 7 t6n hao truyén dan va ghép cua hé thong.

G 1a @6 khuéch dai quang ctia EDFA.

GoiR 12 hé s chuyép ddi quang-dién, dong quang ngd
ra b tach song dugc biéu dien nhu sau:

I(t) = R[E1 (t)]z

= 2[MG)2EZ(6) + EZy(6) + 21GEy (D) E1o (D)) 5)
" L(t) = R[Ez(t)]z
= [MGY?EG(t) + Efo(6) — 2nGE, () ELo ()] (6)

Sau d6, ngd ra tach séng cin bang duoc cho béi:
Is cop () = L,(t) — I(¢) = 2nGRE,()Eo(t)  (7)
Thay phuong trinh (1) and (2) vao phuong trinh (7),
loai bé cac thanh phin tin sé cao w, + wy VA @, +
w0 +£2, bang bd loc, chung ta co:
Is_CoD @® =

GR EiELo

2v2

2cos [(w,Ft) - %T] +

+ k=1 we (O)my cos[(wp+Q)t + 7]

Trong d6 w;r = w, — wyp va My = V2B, 14 chi s6
didu ché chuan. Trong may Coherence,cé 2 phuong phap
tach song: dong tan (homodyne)va doi tan(heterodyne).
Dé so sanh chét luong cia 2 hé théng, ching t6i khao sat
ching trong cung cac diéu kién, ching han khi khao sat
tach song dong tan, ta co: w, = wyova w;r = 0. Lic do,
phuong trinh (8) dwoc viét lai:

®)

3
2cos [— T] +
Yi=1 ux ()M cos[ ()t + 7]
Dong quang ¢ may thu phai duong, nén
IXN_ myug (t) cos(Qgt + m)| < 2cos [— %”] =2 (10)

Sau khi thanh phan dc bi loc, tin hiéu quang hiru ich
cho kénh thur k 1a:

Iy cop(t) = NGREEL

o0 O

EiEo

22
:\EGRJPL-”PLOmkuk(t)COS[(th)+7T] (11)

Ix_cop(t) =1MGR myuy (t)cos[(£2t) + m]

. EF .. . e \ , ;
Trong d6 P;, = 117‘ la cong suat trung binh cua tin
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Efo

hiéu quang tai may thu quang tién khuéch dai. P, = S

1a cong suét trung binh ctia b dao dong ndi.

Trong may thu tién khuéch dai si dung tich séng
Coherence, nhiéu phach dao dong noi-phat xa tu phat
(LO-SP) va nhiéu phach tin hiéu-phat xa tu phat (SIG-
SP)la cac ngudn nhidu trdi can duge xem xét va tinh toan.
Mat d6 phd nhiéu phat xa ty phat ASE (tinh ca 2 phan cuc
ctiia ASE) dugc biéu dién nhu sau:
= 2ng,hv(G — 1) = Fhv(G — 1)
Trong d6 ng, 1a h¢ sé phat xa ty phat.

— F 1a hé s6 nhidu cua EDFA.
— h 12 hang s Planck.

Pase (12)

—v 13 tan sé quang.

Str dung phép xép xi Gaussian, mat do phd cong suit
dién 2 bang ciia nhiéu phach (LO-SP) va (SIG-SP), theo
thir tu la:

, 1 1
<L12,0—5p> = ERZZPASEPLO = §R24nsphV(G —1DP, (13)
, 1 1
(lszig—sp> = ERZZPASEPinG = ER24nsphV(G - 1) (14)
Mat d6 phd cong suit nhidu tong 1a:
(i2> = (iszig—sp> + <i50—sp)
= R?Fhv(G — 1)(GP;, + Pyp) (15)

Vi nhidu xuét hién ngiu nhién, c6 thanh phin cing
pha n,(t)va vudng pha ng(t). Do d6, tin hiéu dong tong
ctia kénh thir k di vao bo giai diéu ché RF la:

n
L cop1(t) = \[% GR/PinPLo My (t)cos[(2t) + 7]

+ n.(t) cos(Qit + m) + ng(t) sin(Qt +m) (16)
Cong suat nhidu tong 1a:

%n_cz + %n_sz = 2B,(i?)
= 2R*Fhv(G — 1)(GP,, + P,y)B, (17)
Boi ving? = 7,2, nén
n; = 2R2Fhv(G — 1)(GPy, + Pp)B.  (18)

B, 1a d6 rong pho cua tin hiéu.

Tai bo giai diéu ché RF, I _¢,p1(t) tron két hop véi 1
tin hiéu dao dong nodi cos(2t) + m, va cac thanh phan
tan s6 chan bi lgc, ngd ra cua b gidi diéu ché RF la

I _cop2(t) = \EGR\/ Py Pro mpuy (t) + nc(t) (19)
Giasu G > 1,SNR cua kénh thir k 1a

\/g GRy/ PinPLo myuy (€)
V2R?Fhv(G — 1)(GPyy, + Pyo)B.
VNG\/PinPLo miur(t)

"~ 2Fhv(G-1)(GPin+PL0)Be

SNR =

(20)

Tuong tu phuong phap tach song truc tiép, gia tri Q
cua may thu dugc tinh xap xi nhu sau:

Q _ XX/EGW/PLI‘H.PLO mg

" 2/Fv(G-1)(GPi+PL0)Be

2y

Trong d6 x = 1 dbi v6i diéu ché ASK, x = V2 dbi
v6i diéu ché QPSK, va x = 2 déi véi didu ché BPSK.

Dé dat dugc BER = 107° (hay Q = 6), cong suat tin
hiéu quang yéu cau tdi thiéu phai duoc xac dinh tir
phuong trinh (21). Gié tri nay chinh 1a d§ nhay may thu
Coherence trong hé thong, va duoc goi la Pin cop

144FhVP[ B,
G(x2mZnPLo—144FhvBe)

(22)

Pin_CoD =

Dé hé thong sir dung may thu tach song Coherence ¢
chat luong tot hon so voi khi sir dung may thu tach song
tryc ti€p, can thoa man diéu kién sau day:

Pin CoD < Pin_DD (23)
Véi Py pp = 288FZVB;, phuong trinh (23) tuong
mj

duong véi
144FhVGB,

x2m} (nG—%)

Phuong trinh (24) chi tén tai khi nG >~

Py > (24)

Cudi clng, chat lwong cua hé théng tich séng
Coherence tot hon tach song truc tiép khi nG >% va
phuong trinh (24) phai dugc théa man.

Kha nang tang d6 nhay mdy thu khi st dung mdy thu
coher‘encesorvéi may thu tach song tryc tiép dugc danh
gid bang ti s6 GRcop.pp gilta Py, pp va Py cop:

Pin_DD

ZG(x mEnPLo— 144FhvBe) (25)

GR =
CoD_DD PLox?m]

Pin_CoD

Bing thong dién may thu trong hé théng NRZ nhj
phan co thé duoc tinh 1a B, = 0.7(B/p). Trong d6 B 1a
téc’ dcf)‘ bit téqg cua té} cac cac kénh, va gia st hé so diéu
ché dong nhat cho tat ca cac kénh séng mang phu RF,
ching ta cé my, < ‘/i/N

4. Két qua va phan tich dic tinh ciia hé théng

Trong phin nay, phuong trinh (22) va (25) dugc st
dung dé danh gia chat lugng hé thdng. Viéc so sanh duoc
thyc hién gitra hé thdng sir dung may thu Coherence va hé
thong sir dung may thu tach song truc ti€p.

Gia st budc soéng ciua song mang quang la
A=1550 nm, hé s6 diéu ché 1a m, = 1/, va hé s6 nhidu
khuéch dai quang 1a 5 dB.
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Hinh 3. Quan hé giita do nhay 2 loai may thu va 50 kénh song mang
phu twong ung voi cac phuong phdp diéu che ASK, BPSK, QPSK

Hinh 3 biéu dién mdi quan hé giita d6 nhay cua 2 loai
mdy thu Coherence va tich séng truc tiép theo sé kénh
séng mang phu tuong (mg véi cac phuong phap didu ché
ASK, BPSK, QPSK khdc nhau va v6i p, > 4dBm; G =
20,7 = 0.6 va toc do bit tong B = 10Gb/s.

Tir két qua thé hién 6 hinh 3, ta thdy d6 nhay may thu
Coherence (Pin) tot hon d6 nhay cua may thu tach song
tryc tiép voi cung 1 phuwong phap diéu ché. Vi dy N =5,
Pin may thu Coherence va may thu tich séng truc tiép khi
diéu ché BPSK twong tng 1a-43 dBm va -30dBm.

Nghia 12 d6 nhay ciia may thu Cohence tot hon do
nhay ciia may thu tach song tryc tiép khoang 13dB. Trong
ca 2 truong hop sir dung 2 loai may thu thi ¢ nhay cta
chung déu giam khi s6 kénh song mang phuy tang. Tir hinh
3, chung ta ciing thdy phuong phap diéu ché BPSK cho
d6 nhay thu t6t hon so v&i 2 phuong phap QPSK va ASK.

Tir phuong trinh (22) ta thiy d6 nhay cua may thu
Coherence (P;; cop) phu thudc vao mot s6 tham sé nhu
cong suit dao dong ndi (Prp), do khuéch dai EDFA (G),
t6n hao truyén va ghép hé thdng (7).

Hinh 4 trinh bay mdi quan hé gitta do nhay may thu
Coherence va cong sut dao dong ndi twong ung véi cac
phuong phép diéu ché ASK, BPSK, QPSK véi sd kénh
song mang phu 1a N = 4. Trong dé, cong suat ciia bo dao
dong ndi bién thién tir-18dBm dén 0dBm. Véi 3 phuong
phap diéu ché, BPSK cho do nhay may thu tot nhét tiép dén
1a phuong phap QPSK va cudi cing 1a ASK.Khi ting P,
thi d6 nhay cta may thu P;,P;, dat dugc tt hon. Tuy nhién,
P,, P,s& dat dén gia tri khong doi tot nhat khi P, P o du
16n.
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Hinh 4. Quan hé d nhay mdy thu Coherence va P otiong img
voi cdc pp diéu ché khdc nhau

Trong truong hop N=4, PP, s& dat gid tri on

dinh khi P, 16n hon -4dBm dbi voi didu ché ASK, -

LO
8dBm d6i véi QPSK, va —12dBm.-12dBm..-12dBm-
12dBm dbi v6i BPSK. Diéu nay duoc giai thich dua vao
biéu thie (22) 1a do khi Py, dii 16n thi gia trj cua s6 hang
dwong & mau cua (22) 16n hon nhiéu so véi s6 hang am cta
mau, nén c6 thé bo qua sb hang am nay. Luc d6 tir va mau
trong (22) déu ¢o chira P;, nén bi ude lugng va do nhay
P, ., tré thanh sé khong doi khi thay ddi cong suét dao
dong i Pro,

Bai béo tiép tuc khao sat anh huong ciia do khuéch dai
quang (G), ton hao truyénrvé ghép hé théng (7), quan hé
gitra d¢ nhay may thu va so kénh song mang phy nhu dudi
day.
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Hinh 5. D6 nhay may thu Coherence theo ;5 song mang phuy
twong ung voi G va cdc pp diéu ché khac nhau

Hinh 5 trinh bay sy bién thién d6 nhay may thu
Coherence theo s kénh séng mang phu twong tng vdicac
phuong phap diéu ché ASK,BPSK, QPSK khac nhau, do
khuéch dai quang (G)cua EDFA bing: G =15 va G =20,
va tén hao 17=0.5. Tir phuong trinh (22), va tir két qua
d6 thi hinh 5,ta thay khi G cang ting thi Pin cang giam,
didu d6 c6 nghia 1a lac d6 cong suat yéu cau dén may thu
nho nhung may thu van c6 thé lam viéc binh thuong, nbi
cach khac d6 nhay méy thu tot hon khi G tang 1én. Nhu
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trong hinh 5 chi 13, cac duong dac tuyén turong Gmg voi
gia tri G =20 nam dudi cic duong dic tuyén tuong img
v6iG = 15. Nghia 13 d¢ nhay ctia mdy thu Coherence t6t
hon khi ta taing do khuéch dai G cua EDFA dat truéc may
thu.

Tiép dén bai béo khao sat kha nang tang do nhay mdy
thu Coherence so voi mdy thu tach song truc tlep tuong
tmg véi cac toc do bit tong khac nhau dua vao biéu thirc
(25).

Hinh 6 biéu dién quan hé giira kha ning ting do nhay
cua mdy thu Coherence so voi mdy thu tach song truc tiép
(GRcop-pp) va cong suat dao dong nodi Pyo tuong ng voi
chc cac toc do bit va cac phuong phap diéu ché khac nhau
va G=10Gb /s va 16Gb/sva n=0.6, G=20,N =4.
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Hinh 6. Quan hé gitta GRcop.pp va Prg tuong ing voi
toc d@p bit va phwong phdp diéu ché khdc nhau

Tir d6 thi ta thay khi cong suat dao dong ndi tang tir -
18dBm dén -5dBm thi kha nang cai thién d¢ nhay GRcop.
pp cua may thu Coherence so v&i d¢ nhay cia may thu
tach song truc tiép ting 1én. Pidu nay dwoc giai thich 1a
bd dao dong ndi dong vai trd nhu bd tién khuéch dai trong
mdy thu Coherence nén khi P;, tang thi d§ nhay cia né
clng tang, trong khi d6 d¢ nhay cua may thu tach song
truc tiép khong thay dbi. Tuy nhién khi P, tang du lon
(Pro>-5dBm) thi dya vao biéu thire (25) ta thiy sb hang
thir nhat cua tir s6 16n hon nhiéu so véi sb hang thtr 2,
nghia 13 gi4 tri cua tir s va mau sé déu ti 16 tuyén tinh véi
PLO nén gia tri cua GRcop.pp tién dan dén gia tri khéng
d6i va bang 13.8dB. Ngoai ra, v6i timg phuong phap diéu
ché ASK, BPSK, QPSK thi khi ta ting toc do bit tong tir
10Gb/s dén 16Gb/s thi GRcop.pp giam vi lic d6 bang
théng nhidu trong hé thong Cohencce nay ting 1én, duoc
thé hién boi thong sd Be trong biéu thic (25) ting 1én lam
GRcop.pp gidm xuéng.

Hinh 7 biéu dién quan hé giira kha ning ting do nhay
cia may thu Coherence so voi may thu tach song truc tlep
GRcop.pp va cOng suét dao dong noi P, tuong ing véi so
kénh song mang phu khac nhau: N=4 va N=12 véi
7 =0.6, G=20 va tdc d6 bit = 10Gb/ s
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Hinh 7. Quan hé giita GRcop.pp va Pro twong tmg
Véi s6 kénh séng mang phu va pp diéu ché khéac nhau
Duya vao két qua khao sat trong hinh 7, ta thdy khi s6
kénh séng mang phu N=12 thi GRcop.pp thip hon so véi
truong hop N=4. Piéu nay dugc giai thich 1a khi ting
song mang phu thi nhiéu xuyén séng mang phy ting lén
va n6 anh huong 16n dén chat luong tin hiéu trong hé
thong sir dung may thu Coherence. Tuy nhién, ciing twrong
ty nhu truong hop trong hinh 6, khi P, ting da 16n
(Pro>-5dBm) thi ca tir s6 va miu sb cua biéu thirc (25)
déu ti 18 tuyén tinh v&i P onén dat gia tri khong ddi va
bang 13.8dB

5. Két luan

Bai bao da phan tich dic tinh chit lugng cua hé thong
RoF — SCM st dung méay thu Coherence. Cdu hinh hé
thong va mé hinh tinh toan di dwoc d& xuat.Trén co s&
do6, bai bao da khao sat, so sanh 2 hé théng st dung may
thu tach song truc tiép (DD) va may thu tach song
Coherence. Qua két qua tinh toan, mé phong cho thiy
méy thu Coherence cho chat lugng t6t hon vé do nhay
méy thu khi 2 may lam viéc trong cing mot diéu kién. Sy
phu thu¢c cua d6 nhay may thu Coherence vao do khuéch
dai quang (G) cua EDFA, vao ton hao trén duong truyén,
vao sb kénh song mang phu va vao cong suat cua bo dao
dong ndi da dugc phan tich, danh gia. Qua do, bai bao da
xé4c dinh duoc cac tham sb can duge lya chon dé tang chét
lwong tin hiu truyén dan trong hé théng nay.
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