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Design of broadband optical transmission lines to conserve received power
and dispersion
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TOM TAT

Mang truyén dan cap quang ghép kénh theo budc song ciia Viét Nam dau tu xay dung voi cong nghé
hién dai, theo tiéu chuan k¥ thuat qudc t& ITU-T chét lugng va do tin cdy cao, viéc nghién ctru nang tdc
d6 truyén dan trén mdi budc song 1én 10 Gbps (STM-64), 40 Gbps (STM-256) va hudng dén 160 Gbps,
thi gia ting tan sic, ting hiéu Gmg phi tuyén, ty s6 bit 16i BER ting, nhu vy trén mot s6 doan truyén
dan cy ly dai s& khong dam bao chat luong. Do d6, chiing t6i dé xudt bai toan thiét ké tuyén truyén dan
quang theo hudng dam bao vé tham s cong sudt tin hiéu quang thu va tham s tan séc tich liy.

Tir khéa: WDM, cong sudt thu, tdn sdc.
ABSTRACT

Vietnam's wavelengh division multiplexer optical fiber transmission network is invested and built with
modern technology, according to international technical standards ITU-T, high quality and reliability,
currently, research is being done to increase the transmission speed per wavelength to 10 Gbps
(STM-64), 40 Gbps (STM-256), and towards 160 Gbps, increasing the dispersion, nonlinear effects, and
BER increase, so on some current transmission sections, the quality will not be guaranteed. Therefore,
we propose the problem of designing an optical transmission line in the direction of ensuring the
received optical signal power parameters and the accumulated dispersion parameters.

Keywords: WDM, received power, dispersion.

1. Téng quan diém diém, mang tuyén tinh, mang vong

Mang truyen dan quang bing rong  ring, mang hinh sao va mang mac ludi, khi
duoc th1et ké dé két ndi duong truyén tin  thiét ké mang truyén din quang 13 thuc
hiéu sb toc d6 cao gilita cdc nat mang, theo  hién bai toan thiét ké cua tung doan thanh
quy dinh trong cac bo tiéu chuan ky thuat  phan giita 2 nit mang, trong d6 cau hinh
ciia Bo Thong tin va Truyén thong [1], [2], mang diém diém ghép kénh theo budc
[3].[4] vé cac loai cdu hinh mang truyén  song duoc chon nhu hinh 1, dé thuc hién
dan quang tiéu biéu duoc 4p dung 1a mang  bai toan thiét ké mang.

"Téc gia lién hé: cuuhovan@sgu.edu.vn
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Hinh 1. Mang truyén din quang ghép kénh theo budc séng [1].

Thiét bj tai tram dau cudi déu su dung
cac bd ghép/phan chia kénh theo budc song
WDM (Wavelengh Division Mltilexer), dé
ghép va chia cac kénh budc séng quang

Pr3p(dBm) = Py, (dBm) — n¢.ac (
+ Guux-wom(dB) + Goa—1x(dB) — L(km). as_tp1jm (dB)

thanh phan. Tham sé xac dinh mic cong
suét tin hiéu quang thu trén mdi kénh budc
s6ng quang thanh phan duoc xac dinh nhu
cong thtrc sau:

dB
- Lt) A aptnietpi(AB)

(1)

+ Goa-rx(dB) + Gpgyyx-wpm(dB)

Trong d6, P,y 1a cong suét tin hiéu
quang phat, nc 1a sb dau ndi (connector)
quang, oc(dB/unit) 1a suy hao cia mot
connector quang, Oftikm(dB/km) 13 tong
suy hao trung binh trén 1km cap quang, c6
tinh dén cac suy hao do han ndi, suy hao
du phong do sy ¢ dut cap trong tuong lai,
oo(dB/km) 13 suy hao trung binh do chét
liéu ctia 1km cap quang, agpenierpi(dB) l1a
suy hao du phong do su ldo héa cua linh
kién thu phat quang, Gyyx—wpu(dB),

Pl-n_ml-n(dBm. 10_n) < Pr(/-{i) (dBm) < Pin_max(dBm. 10—71)

St dung cac két qua nghién ctru cua
Gerard Lachs[5], va John Gowar [6] vé 1y
thuyét hinh thanh tan sac trong soi quang,
xac dinh cong thuc todn tinh tham sO tan
sac, su dung két qua nghién cuou cua
Kishore Bhowmik [7], Bipul Hosain [8], vé
su hinh thanh tan sac do d¢ 1éch pho nguon

ps
km * nm

ps
+ Dy (km *nm

Dtichluy(ps) = Dy (

). L(km). 3 (nm) + Dp(

2) .L(km). [0, (nm)]?
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Gpemux—wpn (dB) 1a do khuéch dai cua
thiét bi ghép va phan kénh quang,
Goary(dB), Goa_ry(dB) 12 d6 khuéch dai
cia bo khuéch dai quang sir dung ¢ dau
phat va dau thu dé can bang mirc cong sut
cho céc ludng quang thanh phan. Két qua
cua bai toan thiét ké 1a mac cong suat thu
phai nho hon mirc cdng suét tin hiéu quang
thu qué tai va I6n hon d6 nhay may thu
tuong tmg véi ty s bit 16i BER=10" nhu
cbng thirc sau:

(@)

quang va két qua nghién ctru cua Stegun,
Knovel, and 1.S. Gradhteyn, D. Zwillingger
[9] dé don gian héa phép tinh tich phan vé
sy hinh thanh d6 giin xung quang truyén
trong soi quang va dé xuat bai toan thiét ké
tinh tham s tan sic quang tich lity tai may
thu quang nhu cong suét sau:

ps
—— )./ L(km)
Jor) .
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Trong d6, Dy, 12 do tan sic do chét liéu
cia 1 km cap soi quang, L(km) la tong
chiéu dai soi quang, o; 1a do dich budc
song ngudn quang, D, 1a d¢ tan sic do léch
phan cuc cua ngudn quang trén 1 km cap
soi quang, D,, 1a d6 tan sic 6ng dan séng
bac cao cua ngudn quang trén 1 km cap soi
quang. Két qua thiét ké can dat duoc tham
s6 do tan sic quang tich liiy nhé hon tham
sb tan sic cho phép cua thiét bi thu quang
1a De-max(ps); Dtich}uy (PS) < Dt—ma;vc‘(ps)~

Bai toan thiét ké mang truyén dan
quang bang rong WDM, can dat duoc hai
thong sb vé cong suét tin hiéu quang thu va

d
i)

Trong do, L 1a d6 dai soi quang, 14 do tré
theo van tdc nhom, As 13 bude song trung tam,

d6 tan sic cua cac kénh quang thanh phan,
trong d6 tan sic anh huong truc tiép dén ty
s6 bit 15i BER cua ludng tin hiéu sé thu.

2. Phan tich anh hwéng cia tan sic
ciia tuyén truyén din quang

2.1. Phan tich cac logi tan sdc trong
Sei1 quang

Khao sat ngudn séng quang truyén
trong soi quang don mode nhu hinh 2, tan
sic 1a do séng quang truyén theo nhiéu
nhém van tbe v, khac nhau, véi d6 rong
budc song ngudn quang 13 g, do gidn xung
quang ¢ dau thu duoc tinh theo cong thirc
nhu sau [7]:

(4)

oy 1a do rong trung binh binh phuong RMS
(Root mean square) ctia phd ngudn quang phat.

/15.0')L

+b +bAL P
+a +a
N
0 Ny M A
T -
bl Tin
-b

Hinh 2. M6 hinh truyén séng trong sgi quang don mode

D6 thi tan sic tong cong soi dan quang
don mode gom hai thanh phan la tan sac
vat li€u ché tao va tan sac do nguén quang

Tan sac (Dispersion)

truyén trong 6ng din song, nhu hinh 3, tan
sic bang khong tai ving budc song A, =
1300 nm.

Tan sac tong cong
(Total Dispersion)

o

Tan sac ong dan song (Waveguide

1500 1600
® ®

Buoc song (Anm)

Dispersion)

Tan sac bang 0 ( Zero

Dispersion, (An)

Hinh 3. Do thi biéu dién cdc logi tan sdc trong soi quang don mode[7]
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Ngudn xung tin hiéu quang phat co
thanh phan phd dic trung tai tin s o s& di
tir dau vao toi dau ra cua soi quang, thoi
gian tré 14 T, T = L/vg, vg 1a van tdc nhom,

-1
d 1A A X ) . £
Vy = (ﬁ) , B 1a hé so truyén cua cac mot

song, B = nk, = nw/c, nhu vy Vg = c/ng,
trong d6 n 13 ham phan b chiét sut, ng 1a

X £ , dn £ B
chiét suat nhom, n, =n+ a)[d— , két qua
@

phan tich phan loai tan sic nhu sau:

Tan sac vat liéu ky hi¢u 1a Dy, va c6 cong thure tinh nhu sau:

21
DM = _ﬁ

257 ©)

dw

Tén sac ong dan song D,,,, cong thirc tinh nhu sau:

. - 2nA n?,,Vd*(Vb) dny,d(VDb) ©)
T2 e dv? dw dV
‘Khi ~t(‘)c d6 ludng dir lidu s6 va cu ly phd A, tan sic bac cao la D = S.AA
truyén dan quang tang Ién, thi c6 cac hi¢u Tan sic phan cuc mbét PMD

ung tan sdac bac cao, va tinh theo duong

dD ch
ar ° T ax 2P 2]

(ch) ps + (4nc) P2, Tai A= XZD, thi B2 =

0, va S ty 1& v6i B3, ngudn phat c6 do rong

bao tan sac S =

(Polarization mode dispersion) la do hai
mét song phén cuc truc giao ctia ngudn
quang truyen trong soi don mode cé van
toc lan truyen khéc nhau, cong thuc tinh hé
s tan sdc phan cuc 1a [7],[8]:

or = Aﬁl\/ﬁ = DP\/Z (7

Trong do, Dp 1ahé¢ s0 tan sic phan cuc cia 1
km cép soi quang. D, = (0.1 + 1.0)ps/vkm.

2.2. Phan tich @nh hweng cia tan sic
dén toc dg va c ly truyen dan trong h¢
thong truyen dan quang toc dé cao

Pi-6t LED (Light-Emitting  Diode)
hodc Laser tao nguon xung quang phan b
Gaussian truyén trong sgi quang theo
phuong trinh bién d¢ tin hiéu quang dugc
viét nhu sau [5],[6]:

1 — i i
Az, t) = o f A0, w)exp (iBloo + > Brz(w)? + A Bsz(w)3 — ioot) dw (8)
Trong do, s6 tich phan. Goi Aw 14 nira do rong pho tai
K0, o) = A (2718)"? T3 | diém cuong do 1/e, Aoy =%, Goi do
A0, @) = Ao (1+iC) exp [_ 2(1+iC)] ) s & o YT
1a duong bao bién do xung diu vao [9], A rong xung Gaussian dau vao la g, = F, o la

la bién d6 dinh, To 12 mot ntra do rong
xung tai diém bién do béng 1/e, C la tham

do rong gian xung tai diém z, ty s6 gian xung
xac dinh theo ty s6 /oo nhu sau [5],[6]:

2
(o) CB,L L
O (s LY, (B
Oy 2.0p 2.0

2
) Fo(+ c2)<[33 ) )
2 4.03
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Goi 0w 1a hé s gidn xung theo tan so
tai diém z, goi Vo la hai lan tich so0 gian
xung tai dau vao va dau ra, Vo = 26000. Ty

sd gidn xung duoc tinh ddy du theo cac
tham so truyén song bac cao nhu sau:

o CB,L\° ,
G—O_\/<1+TGS> +(1+Vm)<

a. Xét truong hop ngudn phat quang
c¢6 d6 rong phé lon

Trong trudng hop hé théng truyén din
quang toc d0 cao st dung ngudn phat
quang la LED c6 do rong phé 16n, hoat

) += (1+c2+v5)<83 ) (10)
.0 4.03

Y0

dong ¢ bude song 1550 nm, thi VoK1, $b
hang B3 co thé dugc bo qua, cac anh hudng
ctia 1éch tan s6 1a khong dang ké, C = 0. Ty
sO gidn xung s& 13 [5],[6]:

e O = o

Po rong xung dau ra la: o=
Jo2 + 3. Véi op = | D] Loy 1a do gian
xung do tan sic. Véi gia thuyét d¢o gian
xung o khong dugc I6n hon 25% d6 rong
bit dit lieu truyén Ty, o < Tod, o=

2 2 1

- Khi do gidn xung tai dau

BZLO-?\>2 — \/0—02 + (,BZ'L'O-A)Z (11)

Op

0>

VA0 o, rat nhé, thi op >> oo, d6 gian xung tai

dau ra s& 13 6 = op, 0 = op = |D|L.oy, <
Ty

= é va phuong trinh quan hé tan SAc, cu

ly, bang thong duoc viét nhu sau:

4.B.|D|.L.o) < 1 (12)

Trong truong hop hé thdng truyén dan
quang tdc do cao hoat dong tai budc song
gan tan sac 0, 1a 1300 nm, thi

(s Lox)

,/00 + 0 <
trinh quan hc tan sic, cu ly, bang thong
duoc viét nhu sau:

o= -2 va phuong

, 1
B.|S|.L.c2 < — (13)

b. Xét trudng hop ngudn phat quang
c6 do rong phé hep.

Ngudn quang c6 do rong phd hep khi
st dung Laser phat, lam viéc tai vung budc

V8

song 1550 nm thi Ve << 1, néu ching ta bo
qua sd hang B3 va chon C = 0, thi biéu thirc
tinh d§ gian xung s€ 1a [5],[6]:

B2 T, 1
o= 0'0 (20_0) G%‘FG%SZZE (14)
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D4i véi pho nguon phat hep, dan xung
do tan sac gay ra sé phu thudc vao do rong
xung ban dau oo, o €0 gia tri toi vu theo oo,

B.\/BzL<; hay4B. /B, L<1.

Khi st dung ngudn quang Laser phd

hep, budc song 1300 nm thi oy_pin =
1

(B3 L/4)V/3, va o=(5)1/2.(&)5, va

2 4

B. (Bs.L)3

3. Xay dung bai toan thiét ké tuyén

truyén din quang bing rong

3.1. Tham sé thiét ké

Thiét ké tuyén truyén dan quang
4*WDM theo hinh 3, theo bd tiéu chuan
ky thuat caa IUT-T va QCVN, [1,2,3,4],
[7], bang budc song (1550 — 1625) nm,

trong 46, Ag_min = 1500 nm, Ag_pmax =

1600 nm, A, = 1525nm, Ay
1575 nm, budc séng su dung la 1552,

2
o= _|oj+ (EZTI:) > 2.00.(227'(]:) =./(B2.L).
Cong thuc tinh gi6i han tan sic, cy ly, toc
d6 bit nhu sau [5],[6]:

(15)

giéi han tc do bit, cy ly theo tan sic nhu
cong thuc sau:

< 0.324 (16)
5244 nm, 1551,7208 nm, 1550,9180 nm,
1550,1161 nm, tuwong ung tan s la
193.1 THz, 193.2 THz, 193.3 THZ, 193.4
THz, soi quang G.653.A va G.655.D,
trong d6, hé s6 B, = —20 ps?/km, hé s
Bz = 0.1ps3/km, S, = 0.085(——),

km.nm?

ps . L . N
D,=0.1 (ﬁ) thiet bi quang la S.64.3b,

va V.64.3.(0A) c6 khuéch dai quang.

3.2. Két qud tinh hé s6 tdn sdc ciia sgi quang D(ps/km.nm)

7 6.21 6.26 6.32 6.37
6 o— —— —0— —0

=5 4.51 4.55 4.59 4.64

E ® O— —o— —0

= 4 3.5 3.5 3.5 3.5

=

=

% 3

=

a2 . . . .
. Dispersion of Optical fiber G.653.A & G.655.D
0
1549.5 1550 1550.5 1551 1551.5 1552 1552.5 1553

A(nm)

—@— DMax (ps/km.nm)/G.655.D —@— DMin (ps/km.nm)/G.655.D
DMax (ps/km.nm)/G.653.A

Hinh 4. D tdn sdic trung binh theo 4 bwdc séng ciia sgi quang G.653.4 la 3,5 ps/km.nm
va sgi quang G.655.D la (4.51 — 6.37) ps/km.nm.
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Két qua tinh hé sb tan sic cia soi  soi quang G.653.A 1a 3,5 ps/km.nm va soi
quang D(ps/km.nm) theo Hinh 4 cho thdy  quang G.655.D la (4.51 — 6.37) ps/km.nm.
D0 tan sac trung binh theo 4 budc song cua

3.3. Két qua tinh gidi han cee ly truyén ddn theo tan sdic ciia cac kénh truyen dén quang

40.0

= 30.0

o

2 700

M 10.0
0.0

0 50 100 150 200

—@— Bmin(Gbps)/G.655.0 —@— Bmax(Gbps)/G.655.D
Bmin(Gbps)/G.653.A

Hinh 5. Khi truyén dir ligu 10 Gbps thi giéi han cw ly truyén dén ciia soi quang G.653.
A co toc dp luong la 71.4 km, va hé thong truyén dan quang G.655.D la 57.2 km.

Theo hinh 5 két qua tinh gidi han cy  dan cua sgi quang G.653.A c6 toc do
ly truyén dan theo tan sic cua cac kénh  ludng 1a 71,4 km, va hé théng truyén din
truyén dan quang cho thay khi truyén dit  quang G.655.D 14 57,2 km.
liu 10 Gbps thi gigi han cu ly truyén

3.4. Két qud tinh gidi han téc dg luéng tin higu sé theo ce ly truyén ddn quang chuan

B(Gbps)

PRNNWWDSA_UO

CUoUNoUnououo
coooooooooOo

0 20 40 60 80 100 120 140 160 180
L(km)

@
—@&— Lmin(km)/G.655.D ®— Lmax(km)/G.655.D) Lmin(km)/G.653.A

Hinh 6. H¢ théng truyén din quang 40 km thi giéi han toc d truyén tiv 10.1 dén 17.9
Gbps va khi cuw ly nho hon 25 km co gioi han toc dp truyén la 40 Gbps.
Két qua tinh gi6i han toc d6 ludng tin  quang 40 km thi gi6i han toc d6 truyén tir
hiéu s6 theo cur ly truyén dan quang chuan  10.1 dén 17.9 Gbps va khi cu ly nho hon 25
theo hinh 6 cho thay hé thong truyén dan  km ¢ gi6i han toc do truyén 1a 40 Ghbps.
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3.5. Két qud tinh marc cong sudt thu tin higu quang trén cac tuyén truyén dén
quang chudn

Power Receiver Pr(dBm)

25
0.0 =3

-10.0 0 ) .507 ] 100 200
-20.0
-30.0

-40.0

Pr(dBm)

-50.0

-60.0
-70.0

L(km)
—e—Pr(dBm)/S.64.3a —@— P7(dBm)/V.64.3.(0A)

Hinh 7: Két qud tinh mirc cong sudt thu tin hiéu quang trén
cdc tuyén truyén dan quang chudn

Theo hinh 7, trong cdc mang truyén  dBm. Trén cac tuyén tir 40 dén 60 km thi
dan quan cu ly dudi 40 km thi dung thiét bi su dung thiét bi quang V.64.3.(0A), co
quang S.64.3b, c6 mirc cong sudt thu 1a -  muc thu 1a -14.9 dBm nho hon do nhay thu
15.4 dBm nho hon d§ nhay thu Pminla-17 Pminla-17 dBm.

3.6. Két qud tinh dp tan sdc tich liiy tai may thu quang

Dispersion Total
200.0 7229
700.0
600.0
2 500.0
400.0
300.0
200.0
100.0

0.0
0 50 100 150 200

5)

Dtotal(p

L(km)

—&—Soiquang G.653.A ——S¢iquang G.655.D
Hinh 8: Két qud tinh d¢ tdn sdc tich liiy tai mdy thu quang

Theo hinh 8, do tan sic tich liiy trén  dai cho phép cua thiét bi 1a 130 ps. Trén céac
céc tuyén truyén dan quang dudi 40 km khi  tuyén truyén dan quang duong dai tir 40
st dung thiét bi quang S-64.3b c6 do tdn  dén 80 km thi do tan sic tich liy 1a 361.7
sic 12 130.6 ps gan bang vai tan sic sic cuc  nho hon muc tan sic cho phép 1a 400 ps.
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4. Xay dung phin mém thiét ké
tuyén truyén din quang

St dung cac phép tinh cong suit, do
tan sédc tin hiéu quang thu, b tiéu chuan ky
thuat cua IUT-T va QCVN, [1,2,3,4], [7],
va ban dd Google map dé thiét ké phan

Bai toan thiét ké tuyén TDQ don budc séng

mém thiét ké tuyén truyén dan theo 2 mé
dun thiét ké tuyén truyén din quang don
budc song va tuyén truyén dan quang ghép
kénh theo budc song WDM theo hai luu d6
Hinh 9 va Hinh 10 nhu sau:

‘ Pat tén, cap nhat vi tri myén truyén dan quang ‘

‘ Dit tén, cap nhat vi tri tuyén truyén dan quang

‘ Lua chon cu ly truyén dan ti uu ‘

Lua chon chuin soi quang G.65x va thiét bi
guang STM-n

Lua chon s6 connector quang, chiéu dai cudn
cap soi quang thi cong

Két qua thiét ké: 1. Tinh cong sudt tin hiéu
quang thu, 2. Tinh dg tan sdc tich liiy
Panh gia két qua: 1. Ppin< Pr < Pray,

2. Dtichluy<Dmax

Hinh 9. Luu dé gidi thudt bai todn thiét ké tuyén truyén din quang don buwdc séng

Bai toan thiét ké tuyén TDQ ghép kénh theo
budc song WDM

‘ Dit tén, cap nhat vi tri tuyén truyén dan quang ‘

‘ bt tén, cap nhat vi tri tuyén truyén dan quang ‘

‘ Lua chon cu ly truyén dan t6i vu ‘

Lua chon s& kénh budc song, soi quang G.65x
va thiét bi quang STM-n

v

Lua chon s6 connector quang, chicu dai cudn
cap soi quang thi cong

Két qua thiét ké: 1. Tinh cong sudt tin hiéu
quang thu theo buée séng, 2. Tinh d¢ tan sdc
tich lify theo budc song
Panh gia két qua: 1. Pyin< Pry < Prax,

2. Dtichluy<Dmax

Hinh 10. Luu dé gidi thudt bai todn
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St dung phan mém dé ap dung vao bai
toan thiét ké truyén dan quang tir VNPT
HCM (SGN) d&n Pai hoc Qudc Gia thanh

Khoa Dién T Vién Théng

Tén phan mém: PHAN MEM THIET KE TUYEN TRUYEN DAN QUANG BANG RONG
Version V.2024-1

Téc gia: Nguyén Lé Quéc Duy & H6 Van Ciru

R
.\\\\iz

Y

N

AN

Hinh 11. Giao di¢n phin mém thiét ké

5. M6 phéng

phé H6 Chi Minh (PQG) ky hiéu tuyén:
SGN-PQG v6i két qua hinh 11 va hinh 12
nhu sau:

|
Tuyén truygn din : SGN-DOG

s

Kénh bugc séng  Céngsudtt Do tan sdc
Kénh budc séng 1 -5.65 164.21
Kénh budc sdng 3 -5.65 163.39
Kénh budc séng 3 -5.65 162.57
Kénh budc séng 7 -5.65 161.76

Ket luan

Hinh 12. Két qud tinh miec cong suit thu
va dé tdn sdc tich liiy ciia 4 kénh buéc
song quang

5.1. Md phéng tuyén truyén ddn quang 40 Gbps (STM-256), diéu ché ngoai MZM

5.1.1. Tham s6 md phéng [1,2,3,4]

Tuyén truyén dan quang 40 Gbps, cu ly L = 40 km, s¢i quang G.653.A, thiét bi quang

S.256.b.
5.1.2. So @6 md phéng

@ =

Optical Fibef

P

Length = 40: km
Attenustion = 0.35 dB/km

W

o

| - F{wnn
. RF Spectrum Analyzer_Tie Visualzer_1,,or Meter Visuslzer
. . 5 DI ower Mt zr_)
I i

\

Optical Spectrum Anshyzer 2

I Opticsl Power Meter_2

010.. ==X
Pzeudo-Random NRZ Pulse Genergtortor

it rate = Bit rate Bits/s
"y A -
YE—— &
1 —

CW Laser
Freguency = 153.1 THz

Power =1 dem

'
'

T r-rq
'
'
'
'

lJa:r-Zarr-:aql Modulator

s

Optical Power Meter_1

=

Optical Spectrum Anshyzer_1

! Optical Power Mater

=

Optical Spectrum Anshyzer

.- - - - - == - - - P .
E* —‘ =) 1= B =S
: FL N o R 5| [EERE

Photodetector AfLow Pass Réctangle Filter2R Regenerator
Cutoff frequency = 0.75 " Bit rate Hz

S|

Oszcilloscops Visuslzer

Lf

RF Spectrum Anzhyzer

BER Anahyzer

i

Electrical Fowsr Meter Visualzer

Hinh 13. So d6 mé phéng tuyén TDQ 40 Gbps
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5.1.3. Két qua mé phong

a. Pho cong suat tin hiéu quang thu phat

Pho cong suat tin hiéu quang phat Pho cong suat tin hiéu quang thu
= Optical Spectrum Analyzer_1 =] Optical Spectrum Analyzer_2
Dbl Click On Objects to open properties. Move Objects with Mouse Drag Dbl Click On Cbjects to open properties. Move Objects with Mouse Drag
R.-
RI_
“Df-
=37 =
& &
=l =
5 53]
a1 2
o
ol *
o
S+ =2
1927 1937 194 T .192T l l l l'193T l l l l194T l
Frequency (Hz) Frequency (Hz)

Hinh 14. Phé cong sudt tin hiéu quang thu phdt
b. Ty s bién d tin hiéu sd thu trén bién d6 nhiéu (Ty sé Q) va biéu d6 mit (EYE)

7 9 \ ’
5 A + R A <
Ty s6 Q Biéu d6 mat Eye
B BER Analyzer =] BER Analyzer
Dbl Click On Objects to open properties. Move Objects with Mouse Drag Dbl Click On Objects to open properties. Move Objects with Mouse Drag
Time (bit period)
D.I3 D.IS D.IY a 05 1
= pa S
=
=
=
o m
a
=
S
]
~ - L.
c 3
2
a
E
L4
= e} =5
=
=
o Ll
=
03 05 or
Time (bit period) o 0:a 1
Time (bit period)

Hinh 15. Ty sé Q va biéu dé mit Eye
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c. Ty sb bit 151 BER va két qua phan tich chat lvong ludng tin hiéu s thu

Ty s6 bit 156i BER

Két qua phan tich ludng tin hiéu sb thu

=] BER Analyzer

Dbl Click On Objects to open properties. Move Objects with Mouse Drag

0.3 0.5 oy

0.3 0.5 oF
Time (bit period)

-0

-0

-30

Analysis

Max. () Factor 11.5476
Min. BER 3.7 2965e-031
Eye Height 0.000164021
Threshold 0.000110399
Decision Inst. 0.515625

Hinh 16. Ty sé6 BER va két qud phan tich chét lwong luéng tin higu so 40 Gbps

5.2. M6 phéng tuyén truyén déin
quang 4 WDM, 4*40 Gbps (4*STM-256).

5.2.1. Tham s¢ mé phéng [1,2,3,4]

Tuyén truyén dan quang ghép 4 bude
song, luong tin hiéu s6 40 Gbps, cu ly

Mhach-Zebrder Mocifat

rw& & q'g]

Opriceal Spectum Aevlyees g

Psuda Rardarn. \l'!zﬂ e Gewrafr 11

W Lamer 2 exch
Frouency =193.3 THe
Pronwer = 3 chim

L= 40 km, soi quang G.655.D, thiét bj

quang V.128.(0A), tan sb 193,1 THz,

193,2 THz, 193,3 THz, 193,4 THz.
5.2.2. So @6 mo phang

: Tlier IR a2
Cuniimguency = 0.75° Bitrne Hz

= uﬂu\ll\km\lum 4

Hinh 17. So' d6 mé phéng tuyén TDQ 4* 40 Gbps
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5.2.3. Két qua md phong

a. Phé cong suit tin hiéu 4 buéc séng quang phat va thu

Phd tin hiéu quang 4WDM phat

Ph tin hiéu quang 4WDM thu

=] Optical Spectrum Analyzer_5
Dbl Click On Objects to open properties. Move Objects with Mouse Drag

=]

Optical Spectrum Analyzer_2
Dbl Click On Objects to open properties. Mowve Objects with Mouse Drag

5% g
‘8_._ T 1‘91T . .1-921'. . -1.931'. ) .‘1.941'. . .1.95T. . .1-98T
191 T 192 T 193 T 194 T 195 T 196 T Frequency (Hz)
Frequency (Hz}
Hinh 18. Phé cong sudt tin higu quang thu phat
b. Ty sd bit 16i BER va két qua phan tich chit luong ludng tin hiéu sé thu
Kénh Ty s6 BER Chat lugng tin hiéu s6 thu
Analysis
Max. () Factor 10.726
1 Min. BER 3. 79663e-027
; \ Eye Height 0.000164674
P - Threshaold oLaoa2v52
Decision Inst. 0.507813
Analysis
Max. ¢ Factor 102431
) o Min. BER 5. 33614025
: . Eye Height Q0007164522
Threshold Q0001 14099
Decision Inst. 0.5
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B BER Analyzer_2
Obects to open properties. Mave Obects wih Mouse Dra

Analysis
Max. Q) Factor 921474
3 Min. BER 1.55937e-020
: Eye Height 0.000156768
Threshaold OO0 20439
Decision Inst, 0515625
Analysis
Max. O Factor 10.3423
4 Min. BER 226799025
; Eye Height 0.000165395
) ) Threshold a.0001 14969
\ Decision Inst. 0.523438

o4 [
Time (bt period)

Hinh 19. Ty sé BER va két qud phan tich chit lwong luong tin hiéu sé6 40 Gbps

6. Két luin

Trong mang truyén dan quang bang rong
thi bai toan thiét ké can dat vé tham sé cong
suat thu quang Pj,_min(dBm.10™") <
PT()li) (dBm) < Pin_max(dBm. 107™) va
muc tan sic quang tich Idy phai nho hon
muac tan sic cho phép cua thiét bj
Dtichluy (ps/nm) < Dmax (ps/nm).

Gi6i han cy ly truyén dan cua hé thong
truyén dan quang khi str dung soi cap quang
G.653.A tuong tng v6i ludng s6 STM-64 1a
71,4 km, va ludng s6 STM-256 1 17,9 km.

Phan mém thiét ké tuyén truyén din
quang WDM duoc thiét ké dya trén bang
tham s6 ky thuat IUT-T va QCVN va ban
dd Google map, dé &p dung thir nghiém
trén céc tuyén truyén din quang thyc té co
cu ly va tée do truyén cu thé.
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Két qua mo phong hé thdng truyén dan
quang bang rong 40 Gbps, do dugc ty sb bién
do tin hiéu s6 trén bién d6 nhidu (ty s6 Q) la
11.5476 va mirc BER la 3.75965.103L Két
qua mo phong hé théng truyén din quang
4WDM dé truyén 4 ludng s 40 Gbps, déu do
duoc cac tham s6 ty s6 Q lan luot cua 4 kénh
la: 10.726; 10.2431; 9.2147; 10.3323 va
twong ing véi 4 ty sb 161 bit cua 4 kénh budce
song  la.  3.9663.10%;  6.3361.10%;
1.55937.10%; 2.26799.10%, so véi ty sb bit
16i (BER) theo tiéu chuin quy dinh 1a
BER=107?) thi két qua mo phong dat yéu cau.

Tiép tuc nghién ctru cac anh hudng tan
sdc va chudn k¥ thuat méi trong céng nghé
thong tin quang vo tuyén [11],[12], dé ap
dung mé rong vio bai toan thiét ké mang
truyén dan quang toc do cao.
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