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TOM TAT

Nhitng ndm gan ddy, véi sw phdt trién nhanh chéng cia Internet, dién thogi di dong ciing
Vvéi su ra doi cia nhiéu logi hinh dich vu truyén thong moi nhw: mua sam truc tuyén, IPTV,
truyén hinh hoi nghi... khién cho leu lwong truyén tai trong mang dwong truc ting lén
nhanh chong. O tinh Thira Thién Hué, mang ludi truyén tai quang trong nhitng nam qua da
bude dau dap vmg dwoc nhu cau ciia nguoi sie dung. Nhieng véi xu hwéng phdt trién cdc
dich vu da phwong tién (véu cau bing thong 16m)[1-3] thi mang truyén tai dé sé sém roi
vao tinh trang qua tai. Chinh vi vdy, cong nghé ghép buoc song quang (WDM) duwoc chon
lam gidi phdp dé giai quyét van dé vé thiéu hut bang thong ndy. Mot yéu cau ddt ra nita la
phdi dam bdo duy tri hoat dong an toan mang. Vi vdy bai bao nay sé phan tich va thiét ké
cau triie vt Iy ciia tuyén cap quang trén dia ban tinh Thira Thién Hué cing co ché bao vé,

phuc hoi phix hop (APS) cho mang truyén tai quang WDM.

Tir khoa: WDM, APS.

1. GIOI THIEU

Trude khi cong nghé ghép kénh theo bude song WDM ra doi, nguoi ta tap trung moi nd
lwc dé nang cao toc d6 truyén dan cua cac hé théng SDH nhung két quéa thu dwoc khong mang
tinh dot pha vi cong nghé xur 1y tin hi€u dién tai tdc do cao di dan dén gidi han. Khi tde do dat
t6i hang chuc Gbit/s ban than cic mach dién tir khong thé dam bao d4p vmg dugc xung tin hi¢u
cuc ki hep. Thém vao d6 chi phi cho cac giai phap tré nén tén kém vi co cdu hoat dong kha
phirc tap, doi hoi cong nghé rat cao. Trong khi d6 bang théng cuc 16n clia soi quang méi duoc
sir dung mot phan nho.

Ghép kénh theo budc song (WDM) 1a cong nghé co ban dé tao nén mang quang. Ky
thudt nay tin dung bang tin cla soi quang bang cach truyén nhiéu kénh budc séng quang doc

1ap va riéng ré trén cung mot sQi quang.
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Hinh 1. Nguyén 1y ghép kénh theo budc song WDM.

WDM ra doi nhim dap (mg nhu ciu ting vot vé bing thong do sy phat trién chua timg
thdy cia mang may tinh toan cau Internet cing v&i su ra doi cia cac ung dung va dich vu méi
trén nén tang Internet.

Mit khéc, viéc két ndi thong sudt cia mot mang truyén tai quang thuc té khong nhiing
anh huong boi nhitng yéu td khach quan nhu d¢ tin cay, tudi tho cta thiét bi ma con chiu tac
dong cua cac yéu té moi trudng, khi hau, thoi tiét va cac nhéan té chi quan do con nguoi gy ra.
Tac dong cua cac yéu td trén giy ra su cd hong thiét bi, dut cap dan dén su ngimg hoat dong cua
céc kénh truyén tai thong tin gy thiét hai cho ca nguoi sir dung va nha cung cap dich vu. Vi vy
van dé dit ra 1a can phai nghién ctru van dé bao vé va phuc hdi cho mang.

2. CAC LOAI CHUYEN MACH QUANG
% Chuyén mach 1x2:

Chuyén mach quang gom 1 sgi dau vao va 2 soi dau ra: soi quang dau vao dit bén trong
dng ap dién, hai soi dau ra duoc dat cb dinh [4].
éng ap dién hwéng udn cia dng
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Hinh 2. Cau tric chuyén mach 1x2
Nguyén 1y hoat dong cua chuyén mach 1x2 dya trén su dich chuyén soi quang dau vao
dén 2 sgi quang dau ra. Soi quang dau vao dugc chira trong éng ap dién va hai s¢i dau ra dugc
¢d dinh. Ong ap dién s€ 1éch di khi c6 mét dién ap dat vao dién cuc trén bé mat cla nob. Trong
truong hop nay, su 1éch cia dng 14 nguyén nhan 1am 1éch huéng cua soi quang dau vao.
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Hinh 3. Nguyén Iy hoat dong ciia chuyén mach 1x2

Khi dich chuyén soi ddu vao dén soi dau ra phu hop, viée soi quang dich chuyén khong
tranh khoi bi 1éch truc, 1éch goc va ké hé giira hai soi, ddy 1a nguyén nhan chinh gy ra mat mat
tin hi¢u, con dugc goi la suy hao Fresnel.

bé giam dugc sy suy hao tin hiéu, khi thiét ké, ta dat 2 soi quang dAu vao vao ranh hinh
chir “V” (hinh 4). D6 sau cua ranh V 1a 160pm. Sau khi cac soi dau vao duoc cai dit, c6 mot
khoang cach nho khoang 10um gitra rinh v. Su sip xép nay dam bao khong cé khoang trong
giita hai soi dau ra. Cac khong gian ranh v tréng hoat dong nhu cac diém dimg cho cac soi dau
vao. Mot khi cac soi dau vao duge ndm trén ranh V, 1éch bén cia no ¢ thé duoc giam thiéu.
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Hinh 4. Céu trac ranh hinh chit “V” (rdnh V)

Dé kiém soat 6 cong clia sgi quang dau vao ta gin két mot que than chi mong nhu hinh
5. Trong do: L, 1a chiéu dai cua 6ng ap dién, Ly 1a chiéu dai caa mot phén cta soi dau vao ma
céc thanh chi duoc phu trén bé mat cia né va Ly 1a chiéu dai cua soi quang dau vao tran.
Ly Ly Ly

dé giiv  bng ap dién thanh chi

Hinh 5. So d thiét 1ap soi dau vao

Khi thay ddi dién ap dat trén 2 dién cuc cia éng ap dién thi soi dau vao dich chuyén.
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Hinh 6. Su dich chuyén soi quang

Ly’ va L¢ twong ung, nhu thé hién trong hinh 6, cac dudng cong Ly’ ¢6 ban kinh cong p;
va goc 0. Cac soi ddu vao tran tao thanh mot duong cong Ly, voi ban kinh cong pr va mét goc o.
Khi goc 6 bang goc o thi 1éch vé goc bang 0. Khi thanh chi dugc kich thich boi nhitng 6ng ap
dién, no tao thanh mdt goc .
Tdng kich thuée dich chuyén cua soi quang 1a:
(25, Ly
& =8 +8;+8& =& +Lg.sin T +—i:—.Ep
p p
% Chuyén mach 1x4:

Dé xdy dung mét cau triic chuyén mach 1x4 ta c6 thé sir dung nhiéu phuong phép:

- Str dung 3 chuyén mach 1x2 dé thiét ké chuyén mach 1x4 béi cau hinh két ndi hang
loat.

- Str dung 6ng kinh nho dé phan xa tin hiéu cho 4 dau ra.

- Str dung nhirng thanh phan rat nho dé thiét ké chuyén mach 1x4 boi cong nghé
MEMS.

Tuy nhién, cac phuong phap trén déu co6 nhugc diém kich thudc 16n va gia thanh cao.
Dé khic phuc ta c¢6 thé sir dung cau hinh fiber-to-fiber dé thiét ké chuyén mach 1x4 [5].

hwdng di chuveén
cua soi vao

Hinh 7. C4u tric chuyén mach 1x4
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Chuyén mach 1x4 c¢6 1 diu vao va 4 diu ra. Bén soi dau vao duogc dat trong dé gitt
nham c¢b dinh chung. Soi dau vao dat trong 6ng dém.

Pé dich chuyén huéng tir sgi quang dau vao dén sgi quang dau ra phi hop ta dwa vao
nguyén 1y ciia ro-le 1 va ro le 2. Bé diéu khién hudng ciia soi dau vao ta dit soi quang dau vao
6ng dém. Ong dém gan vao ro-le 1. Khi ro-le 1 chuyén dong lam cho soi quang dau vao ciing
thay d6i vi tri. D¢ diéu khién soi quang dau ra phu hop, 4 soi quang dau ra dat trong dé gitr. Dé
giit gin vao ro-le 2. Khi ro-le 2 chuyén dong lam cho 4 soi quang dau ra thay doi vi tri.
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Hinh 8. Su chuyén mach co khi ciia chuyén mach quang 1x4

CAu tao chung cta 2 ro-le: gdm c6 1 dng dém, 1 thanh truyén, 2 nam cham vinh ctru, 2
diém dung, chét cach dién, cudn day dién dugc bd tri nhu hinh 9.

Nguyén 1y dich chuyén chung ciia ro-le nhu sau: khi cip ngudn xoay chiéu cho hai dau
ctia cudn day dién. Luc nay cudn day dién quin quanh 15i sit non trd thanh nam cham dién, c6
cuc thay ddi lién tuc. B6 tri hai nam cham vinh ciru nhu hinh 9 nén nam cham dién c6 mot cuc
trung vo1 mot cuc cia mot nam cham, con cyuc con lai thi bi nguoc chiéu voi cuc ciia nam cham
vinh ciru kia. Nhu vy giy ra sy ddy va hit ciia nam cham dién dbi voi hai nam cham vinh citu
lam thanh truyén dich chuyén dan dén 6ng dém b thay doi vi tri, liic nay 1am soi quang bi dich chuyén.

ong dém
¥ thanh truyén

, nam cham

N
“\_cudn day dién

nguon AC ngudn AC
Hinh 9. Cu tao ro-le
Véi sur dich chuyén ciia hai ro-le thi ta c6 huéng truyén cy thé nhu sau:
- Sw dich chuyén cua ro-le 1: k1 — k4, k2 — k3
- Su dich chuyén cua ro-le 2: k1 — k2, k3 — k4
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«wsws hudng dich chuyén cua dé giir

sswss hudng dich chuyén cua soi vao

Hinh 10. Hudng dich chuyén ciia chuyén mach quang 1x4

3. PE XUAT CAU HINH MANG VA NGUYEN LY HOAT PONG

Mot kién tric vat Iy cua mang truy nhap hinh RING c6 co ché bao vé va tu phuc hoi
dugc dé xuat cho tuyén cap quang tinh Thira Thién Hué, dugc thiét ké nhu ¢ hinh 11.
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Hinh 11. Dé xuét kién tric vat Iy mang cap quang Tinh Thira Thién Hué

CAu truc vat Iy mang quang gdm mét vong Ring trung tdm va bén vong Ring nhé cb
mdt nat chung véi vong Ring trung tam. DAi v6i vong Ring trung tam, kénh hoat dong va kénh
du phong duoc dinh tuyén khac nhau (soi hoat dong va soi dy phong nam trén hai soi cap khac
nhau). Dbi v6i bdn vong Ring con lai, kénh hoat dong va kénh du phong s& duge dinh tuyén
gidng nhau (s¢i hoat dong va s¢i du phong nam trén mot soi cap vi khu vure nay chi yéu la doi
nli nén s& tiét kién chi phi cho viéc thi cong), nhung s& duge bd sung thém mot kénh dy phong
nbi tir vong ring dong cap lién ké.

Céc soi quang don mode (SMF: Single-Mode Fiber) duoc st dung theo tiéu chudn
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G.655 ¢6 chiéu dai khac nhau duoc ndi tir HUB Pa Ning dén cac diém truy cap (AN) Phu Loc,
Huong Tra va P. Vinh Ninh (Tp. Hué) ¢&én HUB Ha Noi, tir HUB Ha Noi dén cac diém truy cap
P. Vinh Ninh, Huong THuy va Pha Loc ¢én HUB Da Ning. Xuat phat tir HUB Pa Ning la
ludng tin higu chira cac budc song 1é 4,4, A, 4,, 4, dugc truyén dén cac diém truy cap theo
huéng nguoc chidu kim dong hé (CCW) va xuat phat tir HUB Ha Ngi 1a ludng tin hiéu mang
cac bude song chanA,, 4,, A, 4, 4, dugc truyén theo huéng nguogc chiéu kim dong ho
(CCW), dén cac diém truy cép tai tinh Thira Thién Hué.

4. CAC SU CO CO THE XAY RA VA CACH KHAC PHUC

Khi ¢6 su ¢b xay ra, cac chuyén mach twong tmg s& thay ddi trang thai dé chuyén luu
luong hoat dong sang tuyén du phong dé thiét 1ap vong Ring kin, dam bao duy tri hoat dong cua
mang. Sau dy 1a mot vai trudng hop 181 ¢6 thé xay ra va qua trinh chuyén mach bao vé cua
thiét ké.

¢ Truong hop sw co xdy ra trén tuyén noi tiv niit Phwong Vinh Ninh dén nit Huwong
Tra:

Dbi v6i vong Ring trung tAm tuyén hoat dong va tuyén bao vé duoc dinh tuyén khac nhau
nén khi sy cb xdy ra trén tuyén hoat dong thi tuyén bao vé khong bi anh huong. Do do, trong
truong hop ndy, cac chuyén mach bao vé sé thay ddi trang thai dé chuyén Iuu lugng trén tuyén
hoat dong sang tuyén bao vé nhu hinh 12, dam bao duy tri hoat dong ctia hé théng. Néu su ¢b xay

ra trén cac tuyén khac ctia vong Ring trung tdm, co che bao v€ hoan toan tuong tu.
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Hinh 12. Xu ly sy ¢ xay ra trén tuyén cua vong Ring trung tam
a) Trang thai cac chuyén mach va huéng truyén tin hi¢u khi khong c6 su c¢b
b) Trang thai cac chuyén mach va hudng truyén tin higu khi ¢ sy cb trén tuyén
¢ Trieong hop sw co xdy ra trén tuyén vong Ring Thinh Phé Hué:

Gia st sy cd xay ra trén tuyén cua vong Ring R1. Pdi voi vong Ring R1 tuyén hoat
dong va tuyén bao vé ctia vong Ring R1 duoc dinh tuyén gidng nhau nén khi gip su cd tuyén thi
tuyén hoat dong va tuyén bao vé ciia n6 s& gip su ¢ dong thoi. Do do, khi gip su ¢b trén tuyén
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ctia vong Ring R1, cac chuyén mach twong tmg s& thay d6i trang thai nhu hinh 13b dé dua luu
luong trén tuyén gip su cd di vong qua cac niit 1an can trong cing mot vong Ring dén nit dich.
Trudng hop su ) xay ra trén cac doan khac, trén cac vong Ring R2, R3, R4, co ché bao vé hoan
toan tuong tu.

P. Trurgng

An An

Hinh 13. Sy ¢6 xay ra trén tuyén vong Ring R1
a) Trang thai cac chuyén mach va huéng truyén tin hiéu khi khong c6 su ¢b
b) Trang thai cic chuyén mach va huéng truyén tin hiéu khi c¢6 su cb trén tuyén
¢ Truwong hop sw co xdy ra tgi niit Phwong Vinh Ninh - Hué:

Gia sir sy ¢b xay ra trén nat Phuong Vinh Ninh, do nat nay 1a nut chung ciia vong Ring
trung tdm voi vong Ring R1 ddng thoi 1a nat dau tién cta Tinh nhan tin hiéu tr HUB Ha Noi
nén néu co su ¢ xdy ra tai nat Phuong Vinh Ninh s& anh hudng tryc tiép dén vong Ring trung
tam, vong Ring R1 va nit Hrong Thay. Do d6, khi c6 su ¢b xay ra trén nat nay tuyén bao vé tir
Ha Noi dén Huong Tra, cac tuyén bao vé cho vong Ring trung tdm va vong Ring R1 déu tham
gia bao vé cho mang. Khi d0, cic chuyén mach tuong tng s& thay dbi trang thai dé bao vé cho
tuyén Ha Noi — Hué, vong Ring trung tim va vong Ring R1. Cu thé la:

Tin hiéu tir Ha Noi s& dugc truyén theo tuyén bao vé dén nit Huong Tra, di vong qua
nat Phit Loc dé dén nat Huong Thiy, sau do, trd vé nut Phit Loc va dén Pa Néang nhu hinh 14a.

Céc nut khong gip su ¢d ciia vong Ring R1 s& nhén tin hiéu tir nat Huong Thuy, di
vong qua nat Pha Bai dén lan lugt cac nit Phuong An Cyu, Truong An, Tay Loc nhu hinh 14b.
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Hinh 14. Xt ly sy ¢6 nit Phuong Vinh Ninh
a) Trang thai cac chuyén mach va huéng truyén tin hi¢u tai vong Ring trung tim
b) Trang thai cac chuyén mach va hudng truyén tin hiéu tai vong Ring R1
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¢ Truwong hop sw co xdy ra tai niit Hwong Tra:

Gia str sy ¢b xdy ra trén nit Huong Tra, do nit nay 1a nut chung cua vong Ring trung
tam va vong Ring R2 nén sé& anh huong tryc tiép dén hai tuyén nay. Do d6, khi xdy ra sy cb tai
nat Huong Tra thi cdc chuyén mach s& thay doi trang thai dé chuyén tin hi¢u 1én tuyén dy phong
dbi voi vong Ring trung tim, va chuyén tin hiéu tir vong Ring R3 1én cac nut con lai ciia vong
Ring R2. Cu thé 1a:

Tin hi¢u tir Da Nang dén Phu Loc, di vong qua niit Hrong Thity, dén nut Phuong Vinh
Ninh nhu hinh 15.

Céc nut khong gép su cb cua vong Ring R2 s€ nhan tin hi€u tir nat Phu Loc, di vong qua
nat Phtt Vang dén lan luot cac niit Quang Pién, Phong Pién (twong ty nhu vong Ring R1 trudng
hop xay ra su ¢d tai Phudong Vinh Ninh).
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Hinh 15. Trang thai cac chuyén mach va hudng truyén tin hiéu trén vong Ring trung tam
khi xay ra sy ¢4 tai nit Hwong Tra
¢ Truwong hop sw co xdy ra tgi niit trén vong Ring R1
Gia sir sy ¢ xay ra trén nat Phuong Truong An. Khi do, cac chuyén mach tuong tng s&
thay d6i trang thai dé chuyén tin hiéu tai nit Phuong Ty Loc di vao tuyén du phong, vong qua
nat Phuong Vinh Ninh, dén nat Phuong An Cyu nhu hinh 16.
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Hinh 16. Trang thai céc chuyén mach va huéng truyén tin hiéu trén vong Ring R1
khi xay ra su ¢4 tai nat Phuong Truong An

5. KET LUAN

Bai bdo da nghién ctru cic chuyén mach quang, cu thé 1a chuyén mach 1x2 va 1x4. Bai

53



Thiét ké kién tric véat ly mang quang WDM cé két hop chuyén mach bdo vé tw déng tai tinh TT Hué

bao ciing khao sat dia ban phuc vu va ty dé xuat thiét ké tuyén cap quang trén dia ban Tinh
Thira Thién Hué. Déng thoi phan tich rd hoat ddng cta cac chuyén mach quang va cach dinh
tuyén tin hiéu khi xay ra cac su c6 dut tuyén va hong nit, nham dam bao thong tin ludn dugc
thong sudt trén mang.

TAI LIEU THAM KHAO
[1]. Cisco Visual Networking Index (2015). The Zettabyte Era—Trends and Analysis 2014 — 2019, Cisco.

[2]. Cisco Visual Networking Index (2015). Global Mobile Data Traffic Forecast Update 2014 — 2019
White Paper, Cisco.

[3]. Cisco Visual Networking Index (2015). Forecast and Methodology 2014-2019.

[4]. M. Leung, J. Yue, K. A. Razak, M. Hodgson, E. Haemmerle, W. Gao (2007). Development of a 1x2
Piezoelectric Optical Fiber Switch, 2007MEMS/MOEMS Technologies and Applications I11.

[5]. Wu-Lang Lin, Kuang-Chao Fan, Li-Hung Chiang, Yao-Joe Yang,Wen-Cheng Kuo and Tien-Tung
Chung (2006). A novel micro /nano 1x4 mechanical optical switch, Received 3 November 2005, in
final form 19 April 2006, published 1 June 2006, journal of micromechanics and microengineering.

THE PHYSICAL STRUCTURE DESIGN OF WDM OPTICAL NETWORK
COMBINES WITH THE AUTOMATIC PROTECTION SWITCHING
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ABSTRACT

In recent years, with the rapid development of Internet, mobile phone, along with the birth
of various types of new media services such as online shopping, IPTV, conference television
that has rapidly increased throughput in backbone networks.. Moreover, the optical
transmission network has initially met the needs of clients in Thua Thien Hue province.
However, in the development trend of, multimedia services (large bandwidth requirements),
[1-3]it will be overloaded. Therefore, the optical wavelength multiplexing technology
(WDM) is considered as the best solution to solve the problem of shortage of bandwidth
And maintaining the network safety has to be assured. Thus, this article will analyze and
design the physical structure and automatic protection switching (APS) of WDM optical
network in the province of Thua Thien Hue.

Keywords: WDM, APS.
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