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MO DAU

Ngay nay céac dich vu thong tin bang rOng ngay cang tang trudéng nhanh chong: Do 1a
cac thé hé dién thoai thong minh véi dich vu 3G/4G; céc trang video; cac dich vu cung céip
data... Pé co thé dap tng duoc su ting truong khong ngimg do, cac cong nghé truyén dan
moi lién tuc duge nghién ctu, trién khai va dua vao tng dung. Cong nghé thong tin quang
SDH ra doi, ¢ mo ra giai doan phat trién mdi cho truyén tai dit liéu trong vién thong. Tuy
nhién vé6i tbe do chi dén 10 Gbps, truyén tai quang SDH khong dap tng duoc nhu cau ting
truong ngay cang nhanh chong cia cac dich vu vién thong.

Chinh vi vdy hé thdng thong tin quang ghép kénh theo budc song (WDM) di ra doi
va dong vai trd quan trong trong mang thong tin quang. Cac hé thong truyén dan ghép kénh
theo budc song da va dang dugc trién khai trén toan cau nhu 1a mot cong nghé truyén dan
chinh cho mang dudng truc va mang ving. Bén canh rat nhiéu wu diém, cong nghé WDM bi
han ché boi hiéu suit sir dung tan s do 1a chi sir dung dugc cac tan sb trong bang C va bang
L. Chinh vi vay khong thé tang s6 budc song ghép trén mot soi quang. Diéu d6 dan dén phai
nghién ctru cac cong nghé nham ting dung luong ciia mot bude song.

Cong nghé truyén tai bude soéng 100 Gbps dd dugc cac nha san xudt va cung cip thiét
bi 16m trén thé giéi nghién ciru va trién khai thanh cong. Diéu d6 mo ra trién vong cho viéc
nang cip cac hé thong 10 Gbps va 40 Gbps dang str dung 1én 100 Gbps. Trong d6 k¥ thuét
két hop dong vai tro chu chét cho tée dd 100 Gbps. Hé thong thong tin quang két hop co céac
k¥ thuat diéu ché rat phong phu va da dang tir don gian nhu diéu ché ASK, FSK, PSK cho
dén cac kiéu diéu ché phirc tap nhu DB-PSK, DQPSK, RZ-DQPSK, DP-QPSK... Trong d6
DP-QPSK 14 ting cir vién sang gia nhét cho toc d6 100 Gbps.

Vé&i myc tiéu duoc tim hiéu va nghién ciru siu hon vé cong nghé truyén tai quang
100 Gbps va tmg dung mang truyén tai quang 100 Gbps trén mang ludi cia VNPT Hai
Duong, t6i lira chon dé tai “ Cong nghé truyén tai quang 100 Gbps va tng dung tai VNPT
Hai Duong ” cho Luan vin ctia minh. Noi dung d¢é tai gom 3 chuong:

CHUONG 1: NGHIEN CUU TONG QUAN CONG NGHE TRUYEN TAI QUANG 100 Gbps.

- Ra doi va phat trién cia cong nghé truyén quang 100 Gbps.

- Céc chuén trong cong nghé truyén tai 100 Gbps.

- Thuec trang trién khai cong nghé truyén tai quang 100 Gbps.
CHUONG 2: MOT SO KY THUAT CHU CHOT TRONG CONG NGHE TRUYEN TAI QUANG
100 Gbps.



- K thuat diéu ché.
- Sira 151 trong truyén tai quang 100 Gbps.
- K§¥ thuat tach song.
CHUONG 3: UNG DUNG TRUYEN TAI QUANG 100 Gbps TAI VNPT HAI DUONG.
- Mang vién thong ctia VNPT Hai Duong.
- Khao sat anh huong cua khoang cach dudng truyén dén hiéu ning hé thong truyén tai
100 Gbps.
- Ung dung hé théng truyén tai 100 Gbps tai VNPT Hai Duong.

Do kién thirc va thoi gian tim hiéu con han ché nén luan van khong thé tranh khoi
nhitng thiéu s6t. Toi rat mong nhan duoc nhitg gop ¥, bd sung cua thy co ciing nhu ban
doc dé luan van nay duoc hoan thién hon.

T6i xin gui 101 cam on chan thanh dén PGS.TS Bui Trung Hiéu, nguoi da tan tinh chi
bao, hudng din trong sudt thoi gian qua. Pong thoi, t6i cling xin chan thanh cam on céac
thﬁy c6 trong Khoa Dao tao sau Pai hoc, Hoc vién Cong Nghé Buu chinh Vién thong da
trang bi kién thirc va giup d toi hoan thanh d6 an nay.
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CHUONG 1: NGHIEN CUU TONG QUAN VE CONG NGHE
TRUYEN TAI QUANG 100 Gbps.

Néi dung ciia chwong trinh bay khdi qudt qud trinh ra doi va phdt trién cia cong
nghé truyén tai quang 100 Gbps, cic chudn trong céng nghé truyén tai 100 Gbps va
thuwec trang trién khai cong nghé truyén tai quang 100 Gbps. Cudi cing la phan tong

két chiong.

1.1 Ra doi ciia Cong nghé truyén tai quang 100 Gbps
Trong khoang 5-10 nim qua di cho thdy mot su gia ting rat 1on trong yéu cau bing

thong internet. Piéu d6 1a do cac dich vu dit liéu kinh doanh tdng cao, cac dién thoai thong
minh véi dich vu 3G/4G, cac trang web video chuyén sau phd bién nhu Youtube, Netflix,
Hulu,..ngay cang phat trién. Diéu nay din toi két qua tat yéu 1a lam xuat hién cac mang
truyén tai cyc 16n.

\.
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Hinh 1.1. Cac dich vu bang rong

1.2 Qua trinh phit trién ciia cong nghé truyén din quang 100 Gbps

Theo cac s6 lidu diéu tra vao dau nhimg nam 2000, ting truong luu lugng cia
Internet & murc tir 70-150% mot nam [6]; ké tir nam 2009, ti 1& nay nam & muc 40-50%[19];
RS rang v6i mirc do tang truéng do6 thi hé thong mang sir dung toc d6 10 Gbps s& khong dap
mg duogc. Nhiéu nha khai thac mang 16n da 1ap ké hoach mé rong mot cach dang ké niang
luc mang luéi dé dap tmg nhu cau ting trudng cua luu luong IP. Theo sb liéu cia hing
nghién ctru thi truong Dell’Oro thi cac san pham truyén dan c6 toc d6 100 Gbps s& phat
trién manh tir sau nam 2012 véi téng gia tri san phém khoang 30 triéu USD va s€ dat
khoang 500 triéu USD vao ndm 2014. Con hang nghién ctru thi truong Heavy Reading thi
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du bao thi phan cac tng dung ¢ toc d6 kénh tir 40 Gbps dén 100 Gbps sé& chiém hon phan
nta (55%) vao nam 2013, trong d6 tmg dung 40 Gbps chiém 26% va 100 Gbps 1a 29%; gan
phan nira thi trudng con lai (45%) 13 cia cac ing dung 10 Gbps [15]. Hinh 1.4 thé hién xu
hudng phat trién vé téc do truyén dan trén cac hé thong mang DWDM.

Truyén din quang di va dang tién trién tir 10/40 Gbps 1én 100 Gbps va tham chi
con cao hon (1én dén Tbps). Dbi v6i cong nghé truyén tai quang 400 Gbps trd 1én thi mbi
quan hé giita SE (hiéu suit phd) va cu ly truyén din trd thanh bat bién.

10G
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Distance Efficiency

Sha

g Lay,

SE(Bi/s/Hz)

aoue)sIq

Hinh 1.4. Qua trinh phat trién ciia cong nghé truyén din quang
1.3 CAc tiéu chuan cho cong nghé truyén tai quang 100 Gbps

Céc tiéu chuan cua cong nghé 100Gbps duoc hinh thanh boi nhiéu to chie chuyén
vé phat trién va cai tién cac chuan thong tin quang trong cac linh vuc nhu Ethernet,
module quang va mang truyén tai OTN.

Network System Transcelver Componen!
|EEE 802.3 Operators Suppliers Suppliers Suppliers
(40/1100GE Interface) | r * -

ITU-T SG15 l E E E A, % OIF lj\rfr:::ztrmmc
2 o FORUN
(100G OTN Mapping/Framing) * 2
OIF PLL
(100G LH Transmission -
components/DSP)

Hinh 1.5. Cac tiéu chuin ciia cong nghé 100 Gbps[15]
1.3.1 IEEE

IEEE chiu trich nhiém cho cic chuan lién quan dén giao dién phia khach hang
cling nhu viéc chuyén tai Ethernet. IEEE da phat trién IEEE 802.3ba nhu chuén cho giao
dién Ethernet 100 Gbps.

Chuan Ethernet téc do 40/100 Gbps (IEEE P802.3ba) dugc thong qua vao ngay
17/06/2010, m& duong cho mét 1an song két ndi may chi Ethernet tbc do cao va hé théng
chuyén mach 15i. Thiét bi OME 6500 ctia Ciena ciing da cung cip giao dién khach hang
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100 GbE, thuén tién cho két ndi gitta mang WDM va mang Metro hodc mang vung. Nhu
vay tin hiéu 100Gbps trén mang 15i c6 thé chia thanh 10 x khach hang 10 GbE , 10 x 10
khach hang da téc d6 Gbps hodc khach hang 100 GbE . Véi giao dién 100 GbE, cho phép
truyén tin hiéu 100 GbE tir thiét bj truyén din dén cac Router 16i. Chuan IEEE P802.3
duogc trinh bay trong bang 1.1 [15]:

Bing 1.1. Chuan IEE P802.3 ba [15]

100 GbE 40 GbE

Tdc do 103,125 Gbps 41,25 Gbps
1m backplane 40GBASE-KR4
10m cap dong 100 GBASE- CR10 40GBASE-CR4

100GBASE-SR10
100m MMF 40GBASE-SR4

(10 x 10 Gbps — 10soi/huéng)

100GBASE-LR4
10km SMF 40GBASE-LR4
(4 x 25 Gbps CWDM-800 GHz)

40km SMF 100GBASE-ER4
(4 x 25Gbps CWDM-800 GHz)

1.3.2 OIF

OIF dam trach viéc thiét 1ap ra cac dinh chuan cho cac module quang hé théng dudng
line DWDM 100Gbps. Cac dinh chuan nay bao gdm cac module thu phat (transceiver),
cong nghé stra 16i phia thu (FEC — Forward Error Correction), ciing nhu cac dic tinh
dién va co khi ciia cac module. Khac v6i IEEE thuong khong quan tim dén ky thuat
diéu ché tin hiéu, OIF da tap trung vao nghién ctru cac k¥ thuat diéu ché cho 100 Gbps
dudng dai va da Iya chon DP-QPSK lam dinh dang diéu ché chuan cho toc d6 100 Gbps
[17].

1.3.3 ITU-T

ITU-T dam trach viéc thiét 1ap cac chuin cho céc mang cua cac nha khai théc,
dua ra cac dinh nghia ODU4/0OTU4, vi¢c anh xa va dong khung 100G OTN, bao gé)m
cac khuyén nghi G.872, G.709, G.798 cho mang truyén tai quang (OTN). [3]



1.4. Thye trang trién khai cong nghé truyén tai quang 100 Gbps.
Tai Viét Nam, mot s nha mang nhu VNPT, Viettel da va dang trién khai hé théng

truyén din quang budc song 100 Gbps cia cac hing nhu Huawei, Alcatel, Nortel... Cong
nghé truyén tai budc song 100 Gbps nay dugce cac nha san xuit chao ban san phim véi
nhiéu wu diém nhu giam gia thanh truyén tai trén moi bit dir liéu, doi hoi OSNR thap, kha
ning truyén tai xa hon, do tin cdy cao hon...

NTT Communications Corporation (NTT Com) c6 thé coi 1a hing cong bd viéc trién
khai hé thdng truyén tai 100 Gbps dau tién trén hé théng cip quang bién xuyén Thai Binh
Duong n6éi My va Nhat Ban, nang dung lugng thiét ké cta hé théng PC-1 cia cong ty 1én
hon 2,5 lan, dén dung luong 8,4 Tbps.

Luu luong dir li¢u tang 1én nhanh chéng tir viée sir dung di¢n thoai thong minh va may
tinh bang dé tai nhac, video, dién toan dam may va cac dich vu nhu mang xa hdi. bé giai
quyét van dé truyén tai toc d6 cao NTT Com di trién khai duong truyén quang 100 Gbps
trén tuyén duong Hoa Ky - Nhat Ban cua cong ty. Mic du stc hip dan cua cong nghé nhu
mot phuong phap dé mé rong nhanh chong dung lugng mang quang, song giai doan dau
viéc cung cap tbc do 100 Gbps trén mot khoang cach xa bao dam 6n dinh 1a rat khé khan do
cac dic tinh cta anh sang. Bang cach t6i wu hoa vé mit quang hoc kién triic mang cua PC-1,
bao gdm cac bd lip quang dugc dit phu hop, NTT Com di giai quyét dugc van dé vé
khoang cach truyén, thyc hién thanh céng cong nghé truyén tai 100 Gbps dau tién trén tuyén
cap quang xuyén Thai Binh Duong. Tuyén cép quang bién PC-1, tuyén lién két xuyén Théi
Binh Duong ngin nhat, duoc van hanh bsi PC Landing Corp, mot cong ty thudc tap doan
NTT Com.

1.5 Tong két chuwong ‘ ‘
Trong chuong da trinh bay khai quat vé cong nghé¢ truyén tai quang 100 Gbps, bao

gbm céc 1y thuyét cin ban nhu 1y do phai dung céng nghé truyén tai quang 100 Gbps, qua
trinh phat trién cia cong nghé truyén tai quang 100 Gbps, cac tiéu chuan cho cong nghé
truyén tai budc song 100 Gbps va thuc trang trién khai cong nghé truyén tai quang 100
Gbps. Pay 13 nén tang 1y thuyét cho chuong 2 vé cac k¥ thuat chu chdt trong cong nghé
truyén tai 100 Gbps.
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CHUONG 2: MOT SO KY THUAT CHU CHOT TRONG CONG
NGHE TRUYEN TAI 100 Gbps.

Piéu ché, tich séng va sika 16i la nhitng van then chét rat dwoc quan tam trong
truyén tai quang toc d¢ 100 Gbps. Nhiéu ky thudt dd dwoc nghién ciu va dé xudt cho
nhitng van d@é nay. Trong chwong nay, nhitng ky thudt cot 16i dp dung cho truyén tdi
quang 100 Gbps sé duoc trinh bay.

2.1 K§ thuit diéu ché trong truyén tai 100 Gbps
Co rat nhiéu k¥ thuat diéu ché trong thong tin quang di va dang duoc sir dung,

nghién curu, do la:

o ASK, FSK, PSK: Céac dang diéu ché co ban trong thong tin quang két hop.
o BPSK: Piéu ché pha 2 trang thai.

o QPSK: Diéu ché pha vudng goc (4 trang thai).

. 8-PSK: Diéu ché pha 8 trang thai.

o DPSK (DBPSK): Piéu ché pha vi sai 2 trang thai.

o DQPSK: Piéu ché pha vi sai 4 trang thai.

o M-ADPSK: Diéu ché pha két hop cong suat M trang thai (M =4, 8, 16...).
o DP-QPSK: Piéu ché pha vudng goc phan cuc kép (ghép phan cuyc).

. M-QAM: Piéu ché bién d6 vudng goc M trang thai (M = 8,16,32...)

o DP-OFDM: Ghép kénh phén chia theo tan s truc giao-ghép phan cuyc. ..

Pic tinh ctia cac k¥ thuat diéu ché ¢ truyén tai tbc d6 100 Gbps:
Bang 2.1. Pic tinh ciia cac ki thuat diéu ché & truyen tai téc do 100 Gbps[9].

Modulation ‘ - DP- | OP-FDM- DP- 1 DP-
format i OO panais DPSK-3ASK'  DQPSK R-0QPSK QPSK JOFDM-QP SK
coh. / noncoh. noncoh. noncoh. noncoh. noncoh. noncoh. noncoh. coh. ‘ coh.
Bits/symbol 1 | 1 | 2 | 25 | 22 | 2 2x2 | 2x2x2
Symbol Rate {Gbd) 112 112 56 4u 28 28 28 14
), (D 2T V5N ab'y ad &2 {1
Constellation & 5’ ‘\Q}’ Q{} LS s ‘ @ & N X2
DWDM Grid 200 100 100 50 50 100 50 0
A A A Al A x A x A
Spectral Efficiency
its/s/H 1) 05 1 1 2 2 ‘ 1 2 2

Do du trit hé théng véi cac ki thuat didu ché[9]
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2.1.1 Piéu ché khéa dich pha PSK (Phase Shift Keying)

Ludng bit quang duoc tao ra bang viéc diéu ché pha trong khi giit nguyén bién d6 va
tan sO clia song mang quang. Biéu thirc toan hoc biéu dién dang diéu ché PSK nhu sau
[9]:

es (t) = Em cos[ws t + b(t) 7] (2.1)

1 0 1 I 1 o 0 1

H .
Sopg mang]
' '

Spsx(t)

Hinh 2.1. Piéu ché pha véi tin hi¢u nhi phan 10111001.
2.1.2 Diéu ché pha hai trang thdi BPSK
Pay la dang diéu ché nhay pha 2 muc, nghia 14 2 trang thai “0” va “1” duoc phan

biét bdi 2 gia tri pha ciia song mang.

NRZ vao BPSK ra
= BPSK —
b(t) s(t)

T

Hinh 2.2. So' dd nguyén ly diéu ché BPSK.
2.1.3 Diéu ché pha bon trang thdi QPSK
Day la dang diéu ché nhay pha 4 mirc, nghia 1a 4 trang thai “00”, “01”, “11”, “10”

Song mang e(t)

dugc phan biét boi 4 gia tri pha cua séng mang. Lac nay pha cach nhau 90°.

Tin hiéu duoc dua vao bo bién ddi ndi tiép thanh song song, dau ra duoc 2 ludng
s6 liéu ¢ toc do bit giam di mot nira, ddng thoi bién d6i tin hiéu don cuc thanh tin hidu +
1. Hai s6ng mang t&i hai b tron 1am I1éch pha nhau 90°. téng hop tin hi¢u dau ra 2 bd tron

ta dugc tin hiéu QPSK.



Tron

< 2 b(t
Chuyén )
s(t) doi noi P(D)
tiép sang —
- . A a(t) =
fu{ 1“9}1 nhj song song Tin hig¢u sau
phan vao diéu ché

Hinh 2.6. So @6 nguyén 1y diéu ché QPSK
2.1.4 Diéu ché pha két hop ghép phin cuwe DP-QPSK
Trong trudng hop diéu ché DP-QPSK thi hai tin hiéu QPSK duoc truyén trén hai
phan cuc X va Y cta séng mang, ching di qua bo két hop tia phan cuc (PBC) va duoc
truyén trén soi quang. Pén dau thu, bo tach tia phan cuc (PBS) sé& chia thanh hai ludng tin

hi€u riéng ré€ va xtr Iy mdt cach doc 1ap voi nhau.

Data
QPSK
Pol
MZM Rot
Carrier PBC p—mmmmmm
DP-QPSK
Signal
QPSK
MZM

Hinh 2.10. So d6 nguyén ly diéu ché pha DP-QPSK [9]

2.2 K§¥ thuit sira 16i (FEC — Forward Error Correction)

Transmitted Parity Received Parity
information bits check bits information bits check bits

[1[o[1]o[o]1]1]o][o]o] ~ wmmp  [1]o]s]1]ofof1]o][1]o]

1
FEC ‘ ‘ Fi —
-2 O/E = encoder | “‘E‘O | Fiber e e cechger PIEo P o
Client | * C————————— Client
signal signal
it loelk] FEC llgok” Noe kel FEC a0 o
W< O/E €1 gecoder [<]E° Transrission O €] aincaas: {550 [ -~
impairments: noise
waveform distortion

Hinh 2.16. Thuit toan sira 16i FEC.
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C6 mot sb thuat toan FEC khac nhau, trong khi thé hé dau tién FEC Reed-
Solomon va thé hé thir hai EFEC duoc sir dung cho budc song 10 Gbps, 40 Gbps, thi
thuat toan FEC thé hé tht ba 1a can thiét cho budc séng 100 Gbps dé dat dugc hiéu suét
t8i wu. Thé hé FEC tht ba dua trén thuat toan ma hoa va gidi ma manh hon, ma hoéa lap di
lap lai va dugc goi la SD-FEC (Soft-decision FEC).

2.3 Ky thuit tach séng
Sy phat trién gan day trong xtr 1y tin hiéu sb tdc d6 cao cho phép sir dung cac bo thu
k¥ thuat s coherent. Mot bo thu sb coherent co ban 1a két hop trang thai quang hoc va
dién tir; tach song coherent vé mat 1y thuyét 13 nguyén 1y tach song toi wu nhat va mot bo
thu thue hién cin bang luong suy giam truyén dan tuyén tinh thuc té. V& 1y thuyét, cac ky
thuat trong thong tin vo tuyén va hiru tuyén da phat trién nhiéu nim qua c6 thé mg dung
cho thong tin quang. Nhu vay, cac bo thu k¥ thuat sé coherent s& nhanh chéng trd thanh

cong nghé khong thé bo qua khi lva chon cong nghé trong cac hé théng truyén dan quang.

2.3.1 Khdi qudt vé tich séng Coherent .
Hai loai cua cdu tric bd thu duoc str dung dé tach tin hiéu quang 1a tach truc tiép va

tach coherent (heterodyne hoac homodyne).

Beam
Combiner

Received
optical signal ———P» ——p»{ Detector |—— | Electronics
o
Electrical
Local bit stream
Oscilator

Hinh 2.19. So d0 khoi co ban ciia bd tich séng quang coherent.[16]
Tach séng coherent c6 nhiéu vu diém hon tach séng truc tiép, nhung lai nhay cam véi

bién dong pha ciing nhu bién do cta song quang va yéu cau kha ning loc quang siéu hep
cho hé théng ghép budc song phan chia mit d6 cao DWDM. Uu thé hon trong tach song
coherent (d6 nhay t6t hon — BER thap hon véi cing OSNR) 1a b tich homodyne, nhung
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phuong thirc nay yéu cau sir dung laser c6 do rong phd hep va vong khéa pha (PLL)

chuan xac cao, lam cho no6 dat hon.

2.3.2 H¢ théong truyén dén quang véi tich séng coherent

Dual Pol.
DCF Downconverter
(EDQD B0, ol 110 LPF = Lk
L Down- . ,
Lﬁber J converter Digital [~
NAll || ~—=—=—=—== 1 e —— -] Signal .
1
t 2,k1 | ProCeSSOr fusmty
Channel 7 LPF ;
1
1
Lo PBSI- === ===t e mm e !
Laser

Receiver

Transmitter

Hinh 2.20. H¢ théng truyén din coherent.[16]

2.3.3 B¢ phat va by thu DP-QPSK. ’ ‘ ’ 9
Hinh (2.22) biéu dién so d6 chom sao cuia h¢ thong diéu ché DP-QPSK, dugc biéu

dién trong hinh khéng gian siéu cdu phwong 4-bit. Hinh siéu cau phuong duoc miéu ta boi
pha quang hoc (dong pha va vudng goc) trén mdi cuc ( @, Va @), R va r 1a ban kinh vong

ngoai va vong trong cua duong tron (R>r) .

2bit/'symbol

2bit/symbol

4bit/symbol
Hinh 2.22. So @6 chom sao ciia DP-QPSK.
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2.3.4 Truyén din quang 100 Gbps DP-QPSK.

Déi v6i cac kénh 100 GHz, nhiéu nghién ctru quan trong da duoc thuc hién gin day trén
cac dang diéu ché tién tién nhu 8-PSK/QAM, 16-QAM hay 32-QAM. M3 héa hon 1 bit/ky
tir 1a cdn ban dé giam do rong phd cua tin hiéu. O 100 Gbps, n6 can thiét dé ma hoa it nhét 3
bit/ky tu, lam hep phd tin hiéu du dé lam viéc véi cac bo loc 50 GHz. Piéu ché DP-QPSK
mi hoa 4 bit/ky tu (diéu ché hai nhanh r& phan cuc truc giao v6i ca 2 thanh phan dong pha
va vudng pha)nhd vay, do rong phd cia 100 Gbps DP-QPSK 1a du hep dé st dung manh mé&
FEC v6i 20% 1a phan mau dau. Mic du FEC 1am ting téc do duong truyén , tbe do ky tu va
d6 rong pho cua tin hiéu, tin hiéu van co6 thé truyén qua nhiéu ting 50 GHz ROADM ma
van c6 hiéu ning théa dang. FEC véi d6 loi ma héa (coding gain) cao hon cho phép nang
cao d6 nhay thu (ha thap ty s6 tin hiéu trén nhidu quang - OSNR) va vi thé cho khoang cach
truyén dai hon giita cac diém tai tao lai quang — dién — quang (OEO), do d6 1am giam chi
phi mang.

2.4 Mot s6 van dé trong trién khai cac hé thong truyén tai quang 100Gbps.
2.4.1 Cdc dic diém ning luc ciia truyén din 100 Gbps DP-QPSK.
a. D¢ nhay quang (OSNR).

Coherent DP-QPSK c¢6 ty s6 tin hiéu trén nhiéu quang (Optical Signal to Noise Rate -
OSNR) cai thién khoang 6 dB, so voi OOK ¢ cung ty s 16i bit (Bit Error Rate - BER) va
tdc do bit gibng nhau. 100 Gbps c6 dung luong cao hon gap 10 1an 10 Gbps, song nhitng
phuong thire diéu ché méi trong 100 Gbps 1y twong s& cai thién hiéu niang (OSNR) ¢& 10
dB, so v&i 10 Gbps OOK ¢6 cung dd nhay.

Mic du con kho khin dé dat duoc trong thuc té, song hi¢u suét ctia cac hé théng 100
Gbps cling co thé duge cai thién boi st dung k¥ thuat SD FEC. Phu thudc vao thuéat toan,
d6 phan giai bit mém va d6 dai phan mao dau dugc chon, do loi 2-3 dB nita ¢ thé dat
dugc voi do dai 7 % ma FEC mo rong & phﬁn mao dau.

b. Dung sai lgc quang.

Vi tbe do ky tu 10 Gbaud/s, cac kénh 10 Gbps OOK c6 d¢ rong phé hep hon céc bo
loc kénh 50 GHz dugc st dung trong cac hé théng DWDM. Diéu nay cung cip dung sai
tuyét voi cho cac ting ROADM, véi luong bu it 6i sau truyén tai. Trong khi d6, dé dam
bao dung sai tét cho ROADM & 100 Gbps, doi hoi toe d6 ky tu thap vira du, vi d6 rong

pho cua tin hiéu ty 18 voi toe do ky tu.
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Cac hé théng 100 Gbps DP-QPSK (téc do ky tu xap xi 25 Gbaud/s) c6 wu diém 1a
giam toc do truyén. Mot tin hiéu 100 Gbps DP-QPSK c6 thé truyén qua bd loc bang
thong dudi 30 GHz, tot hon dang ké so véi tach song truc tiép DQPSK va OOK. Diéu
nay cho phép dung sai ciia cac bd loc du 16n dé trién khai véi mét lwong 16n cac nit
ROADM.

c. Dung sai tan siic mau.

Véi viéc EDC 6 bén trong modem chip, CD c6 thé duoc bu ma khong can cac bd bu
tan sac hiéu chinh quang hoc. Luong CD c6 thé dugc bu bén trong chip 13 mot ham sb
clia s6 cac khoa (chiéu dai dap ung xung) trong dap ing xung hiru han (FIR) dua vao bo
loc va thoi gian tré ciia mdi khoéa.

Cac hé théng 10 Gbps DWDM chu yéu st dung soi quang bu tan sic (DCF) duoc
trién khai trén toan mang dé han ché anh huong cia CD ¢ bo thu cia 10 Gbps OOK,
thong thudng trong khoang +400 ps/nm ddi véi cac hé thong dudng dai.

d. Dung sai tin sic phan cwe mode.

EDC ciing c6 thé bu PMD, bo qua cac b bu PMD quang. S6 luong cac khoa can dé
bu PMD la twong d6i nhé, khi sy bién dang ning lugng xung tir PMD chi c6 thé tran ra

mdt vai khe thoi gian lién ké.

Pulse Center

P

|

Envelope

Bit Du;(;t]on T Bit Du;:a'tAron T Bit Du;t}on T
Hinh 2.23. Anh hwéng ciia tan sic dén dd rong xung.

Mot thong sd quan trong ctia khdi bu PMD 1a né phai hoat dong di nhanh dé phat
hién ra phan cuc dong ma c6 thé xay ra trong cac mang. Diéu nay twong phan véi sy bu CD,
no6 tinh hon, thay ddi rat cham va boi mot lugng nhé do bién thién nhiét d6 soi quang. Hi¢n
da c6 cac thuat toan bu PMD c6 thé xir ly rat nhanh su thay ddi trang thai phan cyc nhan

duoc hodc gia tri tirc thoi cua PMD do hé sb khoa dugc cap nhat ¢ tan sb clock cua DSP.
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2.4.2 Ning cdp hé thong tr:uyén din lén {(3’0 do 100 Gbps

Ung dung cac bd thu s6 coherent ¢6 thé khong hoan toan dé dang vi d6 phirc tap cua
bd phat va bo thu thudng cao hon so véi cac dang didu/ché tach song truc tiép, ching han
nhu cac hé thong 43 Gbps DPSK hoic tham chi 13 43 Gbps DQPSK.

Tuy nhién, nhin tong thé vé wu thé va do phuc tap cta hé thdng, cac wu diém cua diéu
ché DP-QPSK v&i bo thu s6 coherent 14 18 rang hon. Dé nang cép cac duong truyén dan
hién c6 1én toc do 111 Gbps, dang diéu ché co thé phai d6i mit voi nhiéu nguyén nhan
gy ra suy giam truyén tai boi thiét bi hién c6. Cac nguyén nhan nay bao gom truyén dan
trén s¢1 quang PMD cao, cac module bu tan sic da lép dat, giéng nhu 1a DCF hoac FBGs,
cling nhu 13 gi6i han bing thong quang qua tang loc trong cac khéi két ndi chéo (cross-

connect - PXC) quang.

2.4.3 Sw phirc tap ciia bg thu tich séng coherent so
So voi cac bo thu tach song truc tiép, bo thu tach song coherent két hop vai DSP da

lam thay d6i quan trong mirc d6 phirc tap cua hé thdng, tir duong truyén tai dén bo phat,
b thu. Pac biét, cac thanh phén quang hoc trong bd phat va bg thu DP-QPSK c¢6 dd phirc
tap cao hon nhiéu so voi cac dang diéu ché tach/song truc tiép thong thuong.

Sy tich hop quang hoc c6 thé 1a mot khuynh huéng day hira hen dé giam viéc theo
vét (footprint), nguén ti€u thu va cai thién cac dac tich quang hoc. Vi du, mot diéu ché
don DP-QPSK Mach-Zehnder & bd phat hodac mot mang photo-diode vudng tich hop
duge két hop v6i mét cau tric lai 900 & bd thu 1a khuynh huéng hidu qua vé su tich hop

quang hoc.

2.5 Tong két chwong 2.
Trong chuong nay da tap trung nghién ctru cac k¥ thuat chu chét trong cong nghé

truyén tai 100 Gbps nhu: K§ thuat diéu ché, k¥ thuat sira 151, ky thuat tach song ...

K¥ thuat sira 16i (FEC — Forward Error Correction) 1a mot k¥ thuat khong thé thiéu
trong cac hé thong thong tin quang téc do cao, dugc ap dung & giai doan trude khi truyén
thong tin va sau khi nhan dugc thong tin téc do bit 1a 100 Gbps.

Nhu vay, chuong 2 di cho chung ta thiy duoc rang cong nghé truyén tai 100 Gbps
can c6 mot k¥ thuat diéu ché va stra 16i tét hon. D6 chinh 1a k§ thuat diéu ché DP-QPSK
va k¥ thuat stra 16i SD-FEC. Cung véi k¥ thuét tach song coherent cic k¥ thuat nay cho
phép trién khai rong rii cac hé thong truyén tai quang 100 Gbps trong thuc té.
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CHUONG 3: UNG DUNG TRUYEN TAI QUANG 100 GBPS TAI
VNPT HAI DUONG.

Chirong ndy c6 néi dung g dung, khai thac cdc hé thong truyén dan quang & mot
VNPT cdp tinh. Pau chirong la phan gi6i thiéu khdi qudt vé mang vién thong do VNPT Hai
Duwong quan 1y va khai thac. Phan thir hai ¢é néi dung vé cdc hé thong truyén tdi quang noi
chung, tdp trung cho cdc hé thong 100 Gbps tai VNPT Hdi Dwong. Phan tiép theo trinh bay
vé khdo sdt anh hwéng ciia khodng cach truyén dan dén hiéu ning hé théng truyén tai 100

Gbps. Phan cuéi la tong két chwong.

3.1 Mang vién thong ciia VNPT Hai Duwong
VNPT Hai Duong 1a mot trong nhitng nha cung cap dich vu Vién thong— Coéng nghé

thong tin 16n nhat trén dia ban tinh Hai Duong. Pé cung cap dugc dich vu trén toan tinh,
mang vién thong ctia VNPT Hai Duong dugc xay dung dén timg khu dan cu trong toan tinh
dé cung cap cac dich vy, bao gom:

- Dich vy Internet cdp quang FiberVNN.

- Dich vu di dong Vinaphone (2G, 3G, 4G).

- Dich vu truyén hinh MyTV (IPTV)

- Cho thué kénh truyén tai VPN (Virtual Private Network), cac duong truyén sé lidu

chuyén dung két ndi tir cac co quan chinh tur tinh vé cac huyén, thanh phé thudc tinh,

xa, phuong.

3.2. Ung dung hé thong truyén tii 100 Gbps tai VNPT Hai Duong.
Véi yéu cau can c6 mdt mang truyén tai dap ung duoc cho cac dich vu bang thong rong

(3G, 4G, Internet, truyén hinh...), VNPT di va dang trién khai hé thong truyén tai quang
100 Gbps. Tai VNPT Hai Duong cac hé théng truyén tai quang 100 Gbps duoc trién
khai & ca 2 16p mang, Ldi va Truy nhap (Core and Access). Céc tuyén két ndi dé truyén
tai gifra cac nat mang & mang vong 101 (Core Ring) va 14 mang vong Truy nhap (Access
Ring), trai rong khap toan tinh.

3.2.1 Thiét bi Juniper MX2020 va M X960 tai VNPT Hai Dwong.

a. Thiét bi MX2020.

BO dinh tuyén MX2020 1a bd dinh tuyén dung lugong cao nhét trong ho MX cua
Juniper. N6 cung cip 80 Tbps dung luong hé thong va hd trg 1én dén 800 giao dién 100
GbE, 320 giao dién 200 GbE hoidc 160 giao dién 400 GbE trong mot khung duy nhat khi
duoc str dung dong Modular Port Concentrator 11E (MPC11E).
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V6i kha nang dinh tuyén va chuyén mach dung luong 16n, dong thiét bi MX 2020
thudng duoc thiét ké dat tai cac nut quan trong trong mang truyén tai dé thu gom luu lugng
cac dich vu.

MX2020 cung cAp mirc d6 sin sang mang cao nhat va mét tip hop toan dién cac tinh
ning phuc hdi bao gdm du phong vai N + 1, du phong mit phing diéu khién, du phong

ngudn cap N + N va du phong mé-dun ngudn cap N + 1.

Hinh 3.3. Thiét bi MX2020 ciia Juniper.
b. Thiét bi MX960.

MXC960 véi kha ning dinh tuyén va chuyén mach dung lugng 16n, MX 960 thudng
dugc thiét ké dé thu gom luu luong tir mang truy nhap trén mot ving va chuyén dén mang
161,

Khung MX960 cung cap kha ning du phong va kha niang phuc héi. Hé théng phan
cimg dy du du phong, bao gdm bo ngudn, khay quat, bd tuyén va bang diéu khién chuyén
mach.

Bo dinh tuyén MX960 c6 thé dugc xép chong 1én nhau trong mot gia d tir tran dén
san dé tang mat do céng trén mot don vi dién tich san. B dinh tuyén cung cép 14 khe cdm

c6 thé chtra 11 hodc 12 bd tap trung céng (DPC) hodc bd tap trung céng mo-dun (MPC), sau
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b tap trung PIC linh hoat (FPC) va hai bang diéu khién chuyén mach (SCB) trong cau hinh
khong du phong.

Puoc trang bi dﬁy du céc giao dién két ndi, bo dinh tuyén MX960 cung cép bang thong
két ndi tong hop 1én dén 10,56 Thbps, vai cac giao dién két ndi 10 GbE va 100 GbE.

Hinh 3.5. Modul quang 100 Gbps loai CFP2-100G-ER4-D.
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Part Number 740-059312

Speed 100 Gigabit Ethernet
Breakout Capable No

Transceiver Type CFP2

Product Tvpe Optical Transceiver
Connector Duplex LC
Monitoring Awvailable Yes

Standards compliance (Ethernet/'OTN Standard, for eg. | IEEE 802 3ha-2010
100GBASE

Transmitter wavelengths (range)| 120453 nm through 1296.59 nm
120002 nm through 1301.09 nm
1303.54 nm through 1305.63 nm
1308.09 nm through 1310.19 nm

Transmitter output power, each lane ({minimum) —29dBm
Transmitter output power, each lane {maximum) 29dBm
Receiver input power, each lane (minimum}) -20.9 dBm
Receiver input power, each lane (maximuim) 45 dBm

Cable type SMF

Distance 40 km
Operating Temperature (range) 0°CtoT0® C
Storage temperature —40* Cto 83 C

Bang 3.1. Thong sé6 Modul quang 100 Gbps loai CFP2-100G-ER4-D.
c. CAu hinh va hién thj théng s6 MX2020.
cau hinh port et-0/1/0 téc do 100 Gbps tir nat TBD dén nat THD.
set interfaces ael0 description HDGOOTBD ael0:HDGOOTHD ael0
set interfaces ae10 mtu 9192
set interfaces ael0 aggregated-ether-options link-speed 100g set interfaces ael0
aggregated-ether-options lacp active
set interfaces ael0 unit 0 description "** Connect to HDGOOTHD-AE10"
set interfaces ael0 unit 0 family inet policer arp POLICER ARP 30K UPLINK
set interfaces ael0 unit 0 family inet address 10.34.0.2/30
set interfaces ael10 unit 0 family iso

set interfaces ael0 unit 0 family mpls maximum-labels 5.

Set up ael0
Set up et-0/1/0 vao ael0:



19

set interfaces et-0/1/0 description HDGOOTBD et-0/1/0:HDGOOTHD_et-0/1/0
set interfaces et-0/1/0 hold-time up 60000

set interfaces et-0/1/0 hold-time down 0

set interfaces et-0/1/0 gigether-options no-auto-negotiation

set interfaces et-0/1/0 gigether-options 802.3ad ael0.

3.2.1.1 Mang vong loi (Core Ring):

R O E R LR AGG TBD
43 HDG—TNC | Huong dwimg 32m 48 HDG — NSH 14.4km Nam Sach
(I am Sac|
__________________ —— 31'32 _____...
"ﬁ = t-2/1/0 [
i .
! et-0/1/0 ’ et2f 'r_\-
' ’ 31,32
| s, 48HDG-TTG i
! 43HDG-TEBH ¢ 8350m s | 48 NSH-TTG 2
' K53 3100m R, | 7.23km
1 ) 7
: s U Huoong cauPLméi | S |
i 21422 ! ' :
' ’, S et-2/1f0 |
: i
] I
]
1
! £y
! Thanh Binh
1
1
i -
1 Y
' A
, 24 TBH — THC v
! 48 TBH-TNC™ R S o -
2500 '
! 2780m N " i HudngcuPLmdi 1~ er0/1/0 48 TTG - TIDH cli
N e} LEH i
i N 24 TTG - TNC 13414 10,2km
: n+n N 14700m e ———mm o
! \ 5\ :Hur.ilngcéuPLmi— !
| . 14+16 ' M céuveot - TTG !
Ay .
! et-0/1/0 " L
i \
i 48 HDG — THC R et-2/1/0
_____________________ 4748 o-m- - 11+12 > 5
+ * Trung tam BHTT
__ 48 HDG-TNC _
1
AGG THD | Hudng dwimg S2m |

__________________

Hinh 3.6. So' @6 mang Core Ring VNPT Hii Duong.
Core Ring MANE Hai Duong duoc tao boi 3 thiét bi dong vai tro 14 AGG trén mang,

bao gdbm: AGG TBD (Nat AGG dit tai Trung tim), AGG THD (NGt AGG dit tai tram Tay
Nam Cuong) va AGG TTG (Nut AGG dat tai tram Tién trung). Thiét bi str dung tai 3 AGG
nay 1a Juniper MX2020 chay hé diéu hanh Juniper phién ban Junos 17.3R3-S7.2.
Céc thiét bi MX2020 nay duogc dat tai 3 vi tri khac nhau trong tinh, dé dam bao thuan

loi vé mat két ndi t6i mién VN2 va phong tranh tham hoa dong dat.

+ Két ndi tir AGG TBD (Trung tdm) di AGG THD (Tay Nam Cudng):

- Giao dién vat 1y sir dung: et-0/1/0 tai AGG TBD két nbi t6i et-0/1/0 tai AGG THD.

- Tbc do truyén tai 100 Gbps
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3.2.1.2 Mang vong truy nhdp (Access Ring)

48 HDG-TDGL
1AM AGGE THD
4106 o/o/0z/o/0 a0/06/2/1
48HDGTDE2 -
1RSAm -I—
E- Hieng cau c3t-TH i
Thanh Déng 45 HDG- 24 TBH-THC 48 TBH-THC
HTN 4000m 2790m 2780m
| DeteH- |
48 TDG-HTN TR et |
E P 7/ofo1/ofo 7/0/11/2/0
] 48 HTN —TBH
5110m UPE TEH
T T T o T T e T 1
\ Hwong caucat-32m-MNQ ) [ 901007720

i a

| [mmiasi e | wmcTHAn |

e - 5 e - i

i 48 HTN-TNC Tay Nam Cuong | Hurirng N Bding '

! 7.1km femm e i

48 HDG-HTH . - P o

""""""""" Trung t&m ©HTT
. , . 48 HDG - TBH 1 3,1km
| Huomg Ciu cit-THhdt

Hinh 3.7. So 46 mdt Access Ring VNPT TP Hai Dwong.

3.3. Khio sat anh huwéng cia khoiang cach dwong truyén dén hi¢u ning h¢ thong
truyén tai 100 Gbps.
3.3.1. Khdo sdt anh huéng ciia khodng cich dwong truyén dén hi¢u ning hé théng
truyén tii 100 Gbps qua phan mém mé phong.
3.3.1.1. Phan mém mé phéng Optisystem 19.0

Phan mém mo phong Optisystem 19.0 1a mot phan mém thiét ké mang thong tin
quang tuong ddi toan dién, dugc phat trién boi OptiWave. N6 1a mot cong cu hitu ich dé lap
ké hoach, mé phong, thiét ké dung cho mang thong tin quang. Optisystem c6 giao dién do
hoa than thi¢n, kha nang hién thi truc quan va hd trg thu vién cac phﬁn tir. Pac biét, phﬁn
mém c6 thé d& dang mé rong do ngudi st dung co thé dua thém cac phan tir ty dinh nghia

Vao.
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M4 hinh hé théng mé phéng
Trong phan md phong nay, hoc vién ap dung mo hinh hé thdng truyén tai quang 100
Gbps c6 cau triic nhu trong hinh 3.8.
o [ R
28Gbls |  QPSK1

X
X Fiber ———
28Gbis 4
112Gbls s = 112Gbs
uMPBS(PDM) PBC -@»\ —
3
y|  28Gbis

i

28Gb/s }2 QPSK2

PBS: Polarization Beam Splitter ADC: Analog to Digital Converter
PBC: Polarization Beam Combiner DSP: Digital Signal Processor

Hinh 3.8. M hinh hé théng truyén tai quang 100 Gbps.

Pé cac hé théng truyén din bing rong dé c6 thé 1am viéc 6n dinh véi cac dich vu
vién thong, yéu cau dit ra 1a chat lugng duong truyén phai dam bao va ty 1¢ 15i bit ludn dudi
murc cho phép. Piéu niy din tdi cac ma ‘sira sai hudng di’ c6 hiéu nang xtr 1y 151 manh mé
phai dugc su dung.

3.3.1.2. M6 phong hé théng truyén tai quang 100 Gbps DP-QPSK khdng c6 DSP.
So d6 hé thong truyén tai quang 100 Gbps DP-QPSK khéng str dung DSP duing trong mé
phong duoc mo ta cy thé trén hinh 3.9.
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Hinh 3.9. So d6 hé théng 100 Gbps DP-QPSK khéng c6 DSP
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Hinh 3.10. Pho ciia tin hiéu 100 Gbps sau may phat

trén hé thong khong c6 DSP
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Hinh 3.11. Phd ciia tin hiéu truéc may thu 100 Gbps trén hé thong khong cé DSP véi khoang cach khic nhau
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Hinh 3.12. Biéu dé chom sao tin hiéu 100 Gbps dién (phan cwe X) trén hé théng khong c6 DSP

véi cac khoang cach L=10km.
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Hinh 3.13. Biéu d6 chom sao tin hiéu 100 Gbps dién (phan cwe X) trén hé thong khong cé6 DSP

véi cac khoang cach L=100km.

Tir biéu d6 chom sao c6 thé thiy, v6i khoang cach truyén din 16n (100km), cac diém cua chom sao chum lai gan tam,
d6 phan giai suy giam manh. Nhu vay, khi khoang cach truyén din ting 1én, tin hiéu dit liéu kho khéi phuc chinh xac hay

BER ting 1én, dong nghia véi chat lwong hé thong suy giam.
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3.3.1.3. M6 phong hé thong truyén tai quang 100 Gbps DP-QPSK c6 DSP

Chikrc niing cia bd xir 1y s6 toc do cao DSP:
Trong céc hé thong quang két hop téc do cao, v6i ky thuat didu ché phic tap thi bo
xtt 1y tin hiéu s6 DSP rat quan trong. DSP ¢6 cac chirc ning sau:
+ B tan sic CD;
+ Khoi phuyc déng bo;
+ Giai ghép phan cyc;
+ Khoi phuc pha va tan sé;
+ Can bang tin hiéu;
+ Po BER;
+ Tich hop FEC.
So d6 hé thong truyén tai quang 100 Gbps DP-QPSK c¢6 st dung DSP dugc
mo ta cy thé trén hinh 3.14.
Trong md phong ndy, cac tham sé dugc lya chon nhu sau:
May phéat DP-QPSK: Budc song 1550 nm, cong suat 1 dBm, toc do 100Gbps.
May thu DP-QPSK: Budc song 1550 nm, cong suat 1 dBm, photodetector PIN véi
R =1 A/W, Tbc d6 100 Gbps.
e Soi quang : Chiéu dai 5 va 50 Km, hé sb suy hao: 0,2 dB/km, hé sb tan sic
16,75 ps/(nm.km), do ddc tan sic: 0,075 ps/nm2/km, Loop Control = 2.
e Khuéch dai quang: 1 bo khuéch dai quang vé6i gain phu thudc vao khoang
cach.
e Boxuly s6 tdc do cao DSP QPSK.
e B9 kiém tra BER.
e  Ngodi ra: c6 2 may phan tich phd quang (OSA Input va OSA Output), 2 may
quan sat tin hiéu quang trén mién thoi gian (OTDV Input va OTDV Output), 2 méy
quan sat chom sao tin hiéu dién trén hai phan cuc X va Y (Electrical Constellation

Visualizer X va Electrical Constellation Visualizer Y) va mot sb thanh phan khéc.
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Hinh 3.14. So 6 hé thong truyén tai quang 100 Gbps DP-QPSK c6 DSP
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Hinh 3.16. Biéu dé chom sao sau khi xir 1y s6 trén hé thong 100 Gbps c6 DSP

véi khoang cach L = 100Km.

Céc biéu d6 chom sao trén cac phan cuc X va Y cho thay, v6i khoang cach truyén din nho (L=10 km), bo xtt 1y s6 toc
d6 cao (DSP) cai thién khong rd rang chat lugng truyén tai. O khoang cach truyén dan 16n (L=100km), khi c6 DSP, murc do
co cum hudng tdm ciia chom sao khong dang ké, do phan giai van t6t, kha nang khoi phuc ding dit liéu duoc cai thién rd
rang. Nhu vy, DSP rat thich hgp cho khoang cach truyén dan 16n, né cho phép kéo dai cy ly lap/khuéch dai va cai thién chat
luong truyén tai, ddm bao BER cho phép & cac tuyén truyén tai quang trong mang.
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3.3.2. Khdo sdt anh huéng ciia khodng cich dwong truyén dén higu ning hé thong

truyén tii quang 100 Gbps qua do kiém thuwc té

Hnh 3.17. So' @6 két ndi tuyén 100 Gbps tir Tram Trung tim dén Tram Kinh Mén.
Truwong hop 1: Swr dung hwong cdp 1 voi khodng cach 32,090m:

Trén UPE tai Kinh Mon:

+ Trang thai giao dién (interface)

sontv. hdg@MX9608-HDGESKMN_RE@> show interfaces et-1/2/0
Physical interface: et-1/2/8, Enabled, Physical link is Up
Interface index: 181, SNMP ifIndex: 546
Description: 180G-HDGOSKMN-1/2/@:HDGOATBD-14/2/8:AE2
Link-level type: Ethernet, MTU: 9192, MRU: 9200, Speed: 100Gbps, BPDU Error: HNone, Loop Detect PDU Error: None, Loopback: Disabled, Source filtering: Disabled,
Flow control: Disabled
Pad to minimum frame size: Disabled

Device flags : Present Running

Interface flags: SNMP-Traps Internal: @x4008

Link flags : None

CoS queues : 8 supported, 8 maximum usable queues
Schedulers H

Current address: 94:bf:94:f3:b7:el, Hardware address: 94:bf:94:f3:b1:17
Last flapped : 20822-89-85 15:23:87 ICT (4d 18:87 ago)

Input rate : 9761326912 bps (958578 pps)

Output rate : 8357110848 bps (426173 pps)

Active alarms : None

Active defects : None

PCS statistics Seconds
Bit errors [
Errored blocks [

Ethernet FEC statistics Errors
FEC Corrected Errors 9
FEC Uncorrected Errors 9
FEC Corrected Errors Rate 9
FEC Uncorrected Errors Rate 9

Link Degrade :
Link Menitoring 1 Disable
Interface transmit statistics: Disabled

+ Trang thai Module quang

sontv.hdgghx968 -HDGBSKMN REB» show interfaces diagnostics optics et-1/2/8
Physical interface: et-1/2/8

Lane 8
Laser output power : 3.163 mW / 5.88 dBm
Laser temperature : 36 degrees C / 96 degrees F
Laser receiver power : B.867 mW / -11.73 dBm

Truong hop 2: S dung hwong cdp 2 voi khodng cach 40,480m:
Trén UPE tai Kinh Mon.

+ Trang thdi giao dién:



32

sontv. hdg@X96@-HDGBSKMN_RE@> show interfaces et-1/2/8
Physical interface: et-1/2/@, Enabled, Physical link is Up
Interface index: 181, SNMP ifIndex: 546
Description: 188G-HDGESKMN-1/2/0:HDGEATBD-14/2/8:AE2
Link-level type: Ethernet, MTU: 9192, MRU: 9208, Speed: 18@Gbps, BPDU Error: None, Loop Detect PDU Error: None, Loopback: Disabled, Source filterin
Flow control: Disabled
Pad to minimum frame size: Disabled

Device flags : Present Running

Interface flags: SNMP-Traps Internal: @x4088@

Link flags : None

CoS queues : 8 supported, 8 maximum usable queues
Schedulers H

Current address: 94:bf:94:f3:b7:el, Hardware address: 94:bf:94:f3:b1:17
Last flapped 1 2022-89-05 15:23:07 ICT (4d 18:07 ago)

Input rate 1 87613262912 bps

Output rate 1 735711048 bps

Active alarms : MNone

Active defects : HNone

PCS statistics Seconds
Bit errors 5}
Errored blocks B

Ethernet FEC statistics Errors
FEC Corrected Errors 57
FEC Uncorrected Errors 15
FEC Corrected Errors Rate B
FEC Uncorrected Errors Rate (%

Link Degrade :
Link Monitoring : Disable

Interface transmit statistics: Disabled

3.4 Tong két chwong:
Khao sat bang mo phong chi ra, chat luong truyén tai cia cac hé théng quang 100
Gbps phu thudc vao khoang cach, suy giam kha nhiéu ¢ khoang cach 16n. Tuy nhién, chat
lugng c6 thé dugce cai thién tot bang cach sir dung bo xtr 1y s6 téc d6 cao DSP va phuong
thirc stra 13i tién tién. Khao sat cac tuyén truyén dan thyuc té cho thay, khi khoang cach
truyén dan ting, trén cac hé thong truyén tai quang 100Gbps xuét hién nhitng van dé can
dugc xem xét, xur 1y.

KET LUAN

Cong nghé truyén tai quang 100 Gbps khong nhiing giai quyét dugc bai toan vé
nhu cu bing thong, hiéu suit str dung tin sé ma con giai quyét duoc bai toan vé suy
giam chét luong truyén dn, cling nhu 1am giam gia thanh dich vu.

Viéc phat trién tir cong nghé 10/40 Gbps 1én céng nghé 100 Gbps chiu su anh
huong 16n cua duong truyén. Dé giai quyét cac van dé nay, mot sd ki thuat méi da duoc
nghién ctru va trién khai nhu: Ky thuat diéu ché, ky thuat sta 16i, k¥ thuat tich song
Coherent. .. Trong luan van nay chiing ta da nghién ciru k¥ thuat tach séng Coherent, diéu
ché QP-QPSK, sira 16i SD-FEC déy 1a nhitng k¥ thuat cha chét trong cong nghé truyén
tai quang 100 Gbps. Cac k¥ thuat nay da giai quyét dugc cac van dé vé suy hao, tan sic
va dic biét 1a OSNR trong truyén tai quang 100 Gbps.

Nhiing két qua nghién ctru dat dugc trong Luan van 1 nhiing két qua quan trong
ban dau trong qua trinh hoc tap nghién ciru khoa hoc cuia hoc vién. Trong thoi gian téi, hoc
vién s& tiép tuc nghién ctru vé truyén tai quang 100Gbps, tap trung cho nghién ctru sau xir Iy
s6 tdc do cao (DSP) va ma sira 16i trude. Déng thoi, hoc vién cling s€ tiép tuc tim hiéu cac xu
hudéng cong nghé truyén tai quang méi, cac hé théng quang c6 tc do truyén tai cao hon, nim
bét va sin sang tiép nhan dua vao xay lap, van hanh khai thac tai dia ban cong tac.



