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Chung t6i chon thanh phd Hué dé khao sat va dé xuat thiét ké tuyén cap quang toc
do cao, kha nang hoat ddng 6n dinh, xuyén sudt khi c6 sy cd xay ra. Dua trén kién
trac vat ly da dé xuét, chung t6i st dung phan mém Optisystem d€ mé phong
tuyén, va két qua dat dwoc véi ty 18 16i bit rat kha quan la BER = 1072, Ngoai ra,
chting t6i cling dét ra cac tinh hudng cé thé xay ra 16i trong qua trinh hoat dong va
tte d6 dé xuat hudng giai quyét.

Tw khoa: SDH, WDM, RING, MEMS.

1. GIOI THIEU

Thanh phd Hu€ la trung tam tinh Thira Thién Hué, c6 dién tich 71.68km? véi
dan s6 350.345 nguoi [1]. Day la noi dong dan, tdp trung nhiéu tru sé hanh chinh,
nhiéu trieong dai hoc, cao déng véi s luong sinh vién dong. Dong thoi téc d6 phd bién
cta dién thoai cung cac loai hinh dich vu vién thong mdi nhw mua sdm truc tuyén,
facebook, zalo, truyén hinh hoi nghi... lam cho dung luong mang truyeén tai tang lén.
Diéu nay lam cho mang c6 thé roi vao tinh trang qua tai do cac cong nghé ctt khong
dam bao dung lrong mang hién nay. Cong nghé ghép kénh quang theo budc séng
WDM (Wavelength Division Multiplexing) ra doi da giai quyét duoc bai toan vé dung
leong [5, 6], ngoai ra iing dung cong nghé MEMS (Microelectromechanical Systems)
vao ché tao chuyén mach quang ti dong dang la xu thé phat trién trén thé gioi [2, 4],
st két hop nay tao ra kha nang phuc héi tuyét voi cac 18i c6 thé xay ra trén hé thong
nhu: dat cap quang theo 1 tuyén, ca 2 tuyén hay hong nut d€ dam bao thong tin luon
xuyén sudt trong qud trinh hoat dong.

1.1. Co s6 thiét ké tuyén truyén dan quang
- Thiét ké'hé thong theo quij cong suit:
Phuong trinh can bang quy cdng sudt [3]:
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10log(P;.n) — MDF = (a + acap)L +na, + mas + ag + Agevice (1)
Trong do:
Ps: cong suat phat [mW]. n, m: S6 connector va s mdi han.
n: hiéu suat ghép quang [%]. a4: Suy hao ghép soi quang - bo thu [dB].
MDP: d¢ nhay may thu. Agevice: Suy hao du phong thiét bi [dB].

@, Acsp: hé s6 suy hao cap va du phong cho cap.
L: khoang cach gitra phia phat va phia thu [Km)].
., ag: Suy hao connector va suy hao moi han [dB].
Cong sudt quang téi Py [dB]:
Py =10log[Fs. n] — [(at + @cap)L + na + mag +ag + Agepicel ()
- Thiét ké'theo hé thong thoi gian ndng [3]:

O day ta sit dung soi don mode nén bing thong ctia hé théng duoc xac dinh
nhu sau:

+ Budc 1: Tim tan sac.
Tan sac = Hé s6 tan sac X dd rong phd ngudn X chiu dai soi

+Budc 2: Tim bang thong cta soi.
0,44

Bang thong cia sgi = ——— 3
9 9 : chi s6 tan sac ( )
+Budc 3: Tim thoi gian nang ctia soi
0,35
tr iber = 3 b : i (4)
f bing thong cua soi

+Budc 4: Tim thoi gian nang cta bd phat va bo thu tir danh muc ky thuéat cta
nha san xuat (c6 san).
+Buwdc 5: Tim thoi gian nang cta hé thong va bang thong ctia hé thong.

Thoi gian nang cua hé thong:

thys = JtTsz + tTsz + trfiberz (5)
Trong do:
tr,,: Thoi gian nang cua he thong. try: Thoi gian nang cua bo thu.
trpy: Thoi gian nang ctia bo phat. tr eyt THOT glan nang cua soi quang.

Bang thong cua hé thong:
JRCEL

t’”sys

(6)
Trong d6:
B: Bang thong ctia hé thdng. t,..: Thoi gian nang ctia hé thong.

Tsys
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1.2. Chuyén mach bao vé tw dong dua trén cong nghé MEMS.
1.2.1. Chuyén mach MEMS 1x2
Chuyén mach 1x2 [2] duoc goi la chuyén mach chuyén tiép, cd cdu tao nhu sau:

- 01 ngo tin hiéu vao va 02 ngo tin hiéu ra.

- 03 6ng chuan truc.

- 01 vi guong duoc lap rap dong kich hoat boi mot Ro-le dich chuyén vi guong

ttr vi tri OFF sang ON.

- 01 thanh co khi, mot dau ctia thanh co khi dwoc két noi véi bd Role, két thic

cua thanh co khi dwgc két ndi véi vi guong siéu mong phan xa 1 mat.

Mdi ngd ra duoc bd tri thang hang véi mot vi guong. Chum anh sang di vao
ngd vao bi phan xa dén ngo ra khi vi guong twong tng dwgc kich hoat ¢ ché d6 md
(ON) va duoc truyén khi vi gwong & ché d6 dong (OFF).

Ongchuﬂn
frye

Outputl

Outputl

thanh truyé a
nallmchér%en L 1__JL(S
1 1

diém dimg /M\
chat cach dién Dl o8Ea eo

e
ngudn xoay ngudn xoay ki W Bt
chiéu ole

chiéu 2 b)

Inputl Inputl

Output2
Output2

Hinh 1. So d6 ciu tao ctia Ro-le. Hinh 2. Nguyén ly hoat dong cua chuyén
mach 1x2.
(a) Chuyén mach 1x2 ¢ trang thai truyén
(guong & vi tri OFF).
(b) Chuyén mach 1x2 ¢ trang thai phan xa
(guong & vi tri ON).
Nguyén ly hoat ddng cua chuyén mach MEMS 1x2 dwa trén su dich chuyén cua
Ro-le d€ dich chuyén guong di dong tir vi tri OFF dén ON ma anh sang duoc truyén
hay bi phan xa dén mot trong hai dau ra tuong tng.

- Khi guong ¢ vi tri OFF, luc nay vi gwong dang ¢ vi tri truyén, vi tri ma guong
khong lam anh huwong dén hudng anh sang thi anh sang tir ngd vao duoc
truyén dén ngd ra Outputl.

-Khi guwong ¢ vi tri ON, anh sang téi trén guong bi phan xa dén ngd ra
Output2.

Ciu tao chung ctia Ro-le: gom c6 01 thanh truyén, 02 nam cham vinh ctru, 02
diém ding, chat cach dién, cudon day dién dwoc bo tri nhw hinh.
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Nguyén ly dich chuyén ctia Ro-le nhu sau: khi cadp ngudn xoay chiéu cho hai
dau ctia cudn day dién. Lic nay cudn day dién quan quanh 16i sit non tro thanh nam
cham dién, c6 cuc thay do6i lién tuc. Bo tri hai nam cham vinh ctu nhw hinh nén nam
cham dién c6 mot cuec trung voi mot circ cila nam cham, con cyee con lai thi bi ngwoc
véi cuc cia nam cham vinh ctru kia. Nhu vay gay ra sy ddy va hut cia nam cham dién
ddi véi hai nam cham vinh ctu lam thanh truyén dich chuyén dan dén thiét bi guong
thay dai vi tri.

Trong chuyén mach MEMS 1x2 [2]:

- Thoi gian chuyén mach 1a thoi gian dich chuyén cua Ro-le tit vi tri OFF sang
ON, khoang 4ns.

- Suy hao do chen, mét do chen dudi 1dB.

- Nhiéu xuyén am thap, khoang -50dB.

1.2.2. Chuyén mach 1x2 trong phan mém Optisystem
Trong phan mém Optisystem, chuyén mach 1x2 hoat dong nhu sau
- Khi bit diéu khién = 0: Tin hiéu tir dau vao sé truyén dén dau ra 1.
- Khi bit diéu khién = 1: Tin hiéu tir dau vao sé truyén dén dau ra 2.

B@ didu khién Bit=10

| B4 dibu khién Bit=1
—————————————— 1 e e |
| 1 ¥ 1
1

Hinh 3. So d6 md phong chuyén mach 1x2 trong OptiSystem.

2. PE XUAT CAU TRUC VA CO CHE BAO VE MANG QUANG THANH PHO HUE
2.1. Dé xuat cau tric va co ché bao vé

Trong hé thong WDM, co ché bao vé tu dong trén 16p quang thuong co 2 tuyén:
tuyén lam viéc (hudng mdi tén nét lién) va tuyén de phong (huwdéng mii tén nét dut).
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Tuyén lamviéc: HUE
Tuyéndy phong: « - - - - -
P. AN CUU 2 9Km P. VINH NINH
7777777 -
i i
]
w I w
el | o
ol | | B
3, 3
]
| ]
1 v
N ¢ = = = = = = o . .
P. TRUONG AN 5.1Km P. TAY LOC

Hinh 4. Kién truc vat ly tuyén cap quang ndi thanh phé Hué.

Kién truc vat ly cho tuyén cdp quang ndi thanh phSé Hué c6 04 nut truy cap
duoc ndi véi nhau theo dang Ring, mdi nat dat tai trung tam vién thong cua moi
phuong lan lwgt la An Cuu, Vinh Ninh, Tay Loc va Truong An.

Tin hiéu tir Ha Noi sé duoc truyén dén nat thanh phé Hué, nut truy cap chinh
sé duoc ddt tai Buu dién tinh thira Thién Hu€ (P. Vinh Ninh, Tp Hué). Sau d¢, tte nat P.
Vinh Ninh cac budc séng sé dwgc phan bo dén cac nut con lai trong thanh phé (nut P.
Tay Loc, P. Treong An, P.An Cuu) tao thanh 1 vong Ring.

Theo du bao vé nhu cau dung luong vao nam 2025 tai dia ban Tinh Thira Thién
Hué la 100Gbps va Thanh phd Hué sé dat 40Gbps [1]. Do d6, d€ ¢ tuyén quang dung
luwong 16n, dap tng nhu cau trén thi ta c6 phwong an thiét ké tuyén cap quang thanh
phd Hu€ nhu sau: Trén toan bd mang st dung ky thuat WDM véi 4 bude song, mdi
bude song duogc diéu ché cung tdc d6 10Gbps, thanh dung lwong 40Gbps.

Bang 1. Phan b6 budc song cho tirng khu viee

Ki hiéu | Bwdcsong (nm) | Tans6(THz) | Vung phucvu | Dung lugng(Gbps)
A1 1553,6 193,1 P. Vinh Ninh 10
Az 1552,8 193,2 P. An Cyu 10
As 1552,0 193,3 P. Truong An 10
A4 1551,2 193,4 P. Tay Loc 10

2.2. Mot s6 s ¢6 co thé gap trong hé thong
2.2.1. Su 6 xay ra trén tuyén P. Vinh Ninh dén P. Truong An

Xét mot két ndi tir nat P. Vinh Ninh dén nat P. Truong An, két ndi tie P. Vinh
Ninh dén P. Truong An c6 thé duogc dinh tuyén theo 2 dwong: P. Vinh Ninh — P. An
Cuu — P. Truong An (tong chiéu dai khoang 6.1 km duwong bod); P. Vinh Ninh — P.
Tay Loc — P. Treong An (8,6km duong bo).
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4]

P AN CUU

HUE

P.TAY LOC

¥l

Hinh 5. Trang théi cac chuyén mach va hudng truyén tin hiéu khi c6 su ¢8 trén tuyén.

Gia str, ¢ su ¢d xay ra tai diém A (hudng truyén tit P.An Cyu — P.Truong An),
cac thiét bi nhan sé nhan dwgc thong tin can bao, ltc do thiét bi diéu khién chuyén
mach sé 1ap tiec chuyén mach, chuyén két n6i tir tuyén lam viéc sang tuyén bao vé theo
huwéng nguoc lai (tir P. Vinh Ninh — P. Tay Loc — P. Treong An). Nhu vay, thong tin
lién lac van dam bao cho du dang cé su ¢§ diit cap quang xay ra.

2.2.2. Su ¢O xay ra trén tuyén P. Vinh Ninh dén P. Truong An (dtt ntat P. An Cuu)

Twong tu, xét két ndi tir nut P.Vinh Ninh dén nat P. An Cuu, két noi tir P. Vinh
Ninh dén P. An Cuu c6 thé duoc dinh tuyén theo 2 duong: P. Vinh Ninh — P. An Cyu
(tong chiéu dai khoang 2,9 km duong bg); P. Vinh Ninh — P. Tay Loc — P. Truong An
— P. An Cyu (khoang 11,8 km duwong bg), két ndi sé di theo tuyén lam viéc tir P. Vinh
Ninh — P. An Cyu. Néu c6 sy ¢6 xay ra tai AN P. An Cuu thi tai AN P. Vinh Ninh, cac
bd chuyén mach sé lam nhiém vu dinh tuyén lai thong tin theo hudéng nguoc lai (P.
Vinh Ninh — P. Tay Loc — P. Truong An — P. An Cyu). Do vay, ddm bao thong tin
lu6n thong sudt khi cé sw ¢6 xay ra.

P. AN CUU

HUF

Hinh 6. Trang thai cac chuyén mach va hudng truyén tin hiéu khi cé su ¢6 trén tuyén.

3. CAC KET QUA MO PHONG VA THAO LUAN

Trong mo hinh thiét k&, st dung 4 budc séng, cac budce song nay duoc ghép lai
va truyén di phuc vu lan lwgt cho 4 phuong: Vinh Ninh, An Cuu, Truong An, Tay Loc.
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Hinh 7. M6 hinh hé thong tuyén dan quang ndi Thanh phd Hué.

3.1. Tinh toan suy hao ctia tuyén quang thiét ké dua trén thiét bi di chon
3.1.1. S¢i hoat dong: Di tir P. Vinh Ninh dén P. An Cuu

St dung soi quang SMF theo chuan G.655, c6 chiéu dai 3km.
Bdng 2. Bang gia tri suy hao trén tuyén Vinh Ninh di An Cuu

Loai suy hao S6 lugng Don vi Suy hao
Suy hao do du phong tuwong lai 1,73dB
1 D}x phong cho soi trén tuyén Vinh 3Km 0,01dB/Km 0,03dB
Ninh - An Cuu
) D%.r phong cho 2 nut (NA) tai Vinh 2 tram 0,1dB/Km 0,2dB
Ninh - An Cuu
3 | Stra chira 0,5dB
4 | Tubi tho 1dB
BO6 connector 6 0,05dB/b6 0,3dB
Mo6i han 1 0,04dB/m.han 0,04dB
Suy hao s¢i quang 3Km 0,2dB/Km 0,6dB
Tong suy hao 2.67dB

Ta c6 Pri= Pr — P1 = -0,875 — 2,67 = -3,545dB. BDam bao d6 nhay may thu nén
khong can bo khuéch dai.

Gia trl b6 suy hao la: P1 - Psuy hao soi = 2,67 - 0,2 = 2,47dB
3.1.2. Soi hoat dong: i tir P. An Cuu dén P. Truong An

Str dung soi quang SMF theo chuan G.655, c6 chiéu dai 3,5km.

Bang 3. Bang gia tri suy hao tit An Cyu dén Truong An

Loai suy hao S6 lwgng Pon vi Suy hao

Suy hao do du phong twong lai 1,837dB

Du phong cho soi trén tuyén An

! Cuu - Truong An

3,5Km 0,01dB/Km 0,035dB
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Du phong cho 2 nut (NA) tai An

2 Cuu - Trudng An 3 tram 0,1dB/Km 0,3dB
3 | Stra chira 0,5dB
4 | Tudi tho 1dB
B6 connector 5 0,05dB/b6 0,25dB
Moi han 1 0,04dB/m.han 0,04dB
Suy hao soi quang 3,5Km 0,2dB/Km 0,7dB
Tong suy hao 2,825dB

Ta c6 Prz= Pm1 — P2 = -3,545 — 2,825= -6,37dB. Dam bao d¢ nhay may thu nén

khong can bo khuéch dai.

Gia tri bo suy hao la: P2 — Psuy haosoi = 2,825 — 0,2 = 2,625dB.

3.1.3. S¢i hoat dong: Di tir P. Trwong An dén P. Tay Loc

St dung soi quang SMF theo chuan G.655, c6 chiéu dai 5,2km.

Bang 4. Bang gia tri suy hao tit Truong An dém Tay Loc

Loai suy hao S6 lugng Don vi Suy hao

Suy hao do du phong tuong lai 1,592dB

Du phong cho soi trén tuyén Truong 0,052
1 An - Tay Loc 5,2Km 0,01dB/Km dB/Km
o | D phong cho 2 nat (NA) tai Truong | ) 0,01dB/Km 0,04dB

An - Tay Loc
3 | Stra chita 0,5dB
4 | Tubi tho 1dB
B0 connecter 6 0,05dB/b6 0,3dB
M@i han 1 0,04dB/m.han 0,04dB
Suy hao s¢i quang 5,2Km 0,2dB/Km 1,04dB

Tong suy hao 2,972dB

Ta ¢6 Pr= Pr2 — P3s = -6,37 — 2,972= -9,342dB. Pam bao d6 nhay may thu nén

khong can bo khuéch dai.

Gia trl b6 suy hao la: Ps - Psuy hao soi = 2,972 - 0,2 = 2,772 dB.

3.1.4. Sgi hoat dong: Di tir P. Tay Loc dén P. Vinh Ninh

Str dung soi quang SMF theo chudn G.655, c6 chiéu dai 3,6km.

Bang 5. Bang gia tri suy hao tit Tay Loc dén Vinh Ninh

Loai suy hao

S6 lugng

DPon vi

Suy hao

Suy hao do du phong tuong lai

1,576dB
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Du phong cho sgi trén tuyén Truong

1 . 3,6Km 0,01dB/Km | 0,036dB/Km
An —-Tay Loc

o | Dw phong cho 2 nat (NA) tai Truong |y | 01dB/Km 0,04dB
An - Tay Loc

3 | Stra chtra 0,5dB

4 | Tudi tho 1dB

BO connecter 6 0,05dB/bd 0,3dB

Moéi han 1 0,04dB/m.han 0,04dB

Suy hao s¢i quang 5,2Km 0,2dB/Km 1,04dB

Tong suy hao 2,956dB

Ta c6 Pra= P13 — Pa=- 9,342 — 2,956 = - 12,298dB. Bam bao do nhay may thu nén
khong can bo khuéch dai.

Gia tri bo suy hao la: P4 — Psuy haosoi = 2,956 — 0,2 = 2,756 dB.

3.2. Két qua mo phong

Db thi mat cho phép quan sat thay dwoc tin hiéu va phan doan chat lugng tin

hiéu han ché& boi cac hién tugng nhw nhiéu bién d6 (Amplitude Noise), hon loan trong

mién thoi gian (Timing Jitter) hay giao thoa gitta cac bit (Intersymbol Interrence). Do

rong ctia mat cang l6n thi chat lwong cua tin hiéu cang tot va nguoc lai.

s—
e

e
BER do tuyen lam viec o AN CUU

Auto Set

¥ Show Eye Oiwgasd

Anatysis |

BER | 5069750072
3

T 7039950003

BER Analyzer
D! Cick On Objects to open properses. Move Comcts with House Orag

Auto Set
Time (bt period) ——
05

2 & Show Eye Disgrani

Anarysis |

Tume (o
Qractor {TAnEER |\ Trvedad ) Hegt ) eea patem 7

BER do tuyen lam viec o TAY LOC

00X Cick On Objects 0 open properties. Move Objects with Nouse Orsg

BER do tuyen lam viec o TRUONG AN

Otsects wen Mouse Drag

Doi Cick On Objects t open properties. Move

Time (ot period)
Enctoe {Tho e N Thcaieid ) teche )_Bew eatiecn 1

¥ Show Eye Dingram

Signal Index]0 -
AuoSel |

Analysis

 ShowEpe Dngam

Signal index|0
HatoSet

Analysis

Hinh 8. Gian &6 mét Ian lwot tai cdc AN An Cuu, Tay Loc, Vinh Ninh, Truong An.

71




Dé xudt mé hinh mang quang WDM véi chuyén mach bdo vé tw djpng sir dung cong nghé MEMS ...

K&t qua tir md phong cho thay: ty 18 15i bit tai cac tram An Cyu, Tay Loc, Vinh

Ninh, Treong An lan Iwot 14 9,06.102, 9,67.10-2, 4,23.1012va 5,50.10-12. Ti 1é 15i bit 10214
mot ti 18 18i bit thap, thé hién hé théng c6 chat lwong tin hidu rat tot.
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AUTOMATIC PROTECTION MEMS SWITCHING IN HUE CITY

Ho Duc Tam Linh*, Hoang Thi Van, Tran Thi Kieu, Vuong Quang Phuoc
Faculty of Electroncis and Telecommunications, University of Sciences, Hue University
*Email: hdtlinh@hueuni.edu.vn

ABSTRACT

We chose Hue city to survey and propose the design of high-speed and stable
optical fiber communication system. Based on the proposed physical architecture,
we used Optisystem software to simulate this system, and the results achieved
with good bit error rates are BER = 10-2. In addition, we also set out situations in
which errors may occur during the course of the activity and suggest solutions to

overcome.

Keywords: SDH, WDM, RING, MEMS.
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Vuong Quang Phudc sinh ngay 14/08/1990 tai Thira Thién Hué. Nam
2013, 6ng 6t nghiép ky su chuyén nganh Dién t& vién thong, Truong Dai
hoc Khoa hoc, Dai hoc Hu€. Hién nay, 6ng dang cong tac tai Khoa Dién ti

Vién thong, Truong Dai hoc Khoa hoc, Dai hoc Hué.

Linh viec nghién cieu: Thong tin quang, mang may tinh.
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