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LOI NOI PAU

Sy phat trién khong ngimg cua khoa hoc cong nghé 1am cho truyén théng biang rong
dang tr& thanh nhu cau thiét yéu mang lai nhiéu loi ich cho nguoi st dung. Sy phat trién manh
mé cua Internet din dén ngay cang nhiéu hon sb luong ngudi truy cp truc tuyén, chi phdi
luong biang thong 16n dé truyén dit liéu. Nghién ctru cho ning lyc mang voi dung luong cuc
16n da bt dau.

Soi quang c6 bing thong rat 16n, suy hao nhé va uu diém chi phi thip hon so véi cap
d6ng. Céc yéu cau cua bo tai tao va bo khuéch dai boi vay kha nho. Khi yéu ciu bang thong
va duong truyén cang 16n thi viéc tién hanh truyén dir lidu trén soi quang yéu cau xay dung
mot hé thong mang quang hoan chinh hon. Mang truyén tai quang ra doi nham dap tng yéu
cau d6 voi kha niang cung cap dudng truyén dir liéu 1én tir 2.5Gbps, 10Gbps, 40 Gbps cho
dén 100 Gbps déng thot tich hop nhiéu loai dit liéu hodc céc dang khung di liéu cua cac cong
nghé trude trén ciing mot khdi truyén tai quang. Cau trac khung cling nhu viée sip xép vi tri
cac loai dit liéu trong cau trac khung trong OTN duoc coi 12 nhitng van dé c6 ¥ nghia va rat

dugc quan tam.

Nhan thay tinh thiét thyc ctia van dé nay va duoc su goi ¥ cia giang vién huéng dan, t6i chon
dé tai: “Nghién ciru Kién tric va tao khung tin hiéu trong mang truyén tii quang (OTN)” dé

1am dé tai cho luan vin t6t nghiép cta minh.
Noi dung luén vin gdbm 3 chuong;
Chwong 1: Tong quan vé mang truyén tii quang
Chuong 2: Ciu triic khung tin hi¢u trong OTN

Chwong 3: Kién tric Module tao khung tin hiéu trong OTN
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CHUONG 1
TONG QUAN VE MANG TRUYEN TAI QUANG
1.1 Céu triic mang truyén tai quang
Theo quan diém phan 16p, mang c6 thé duoc chia thanh 3 16p: Lop kénh quang, 16p
ghép kénh quang va 16p truyén tai quang.

IrDI
“oTs { oTs | oOTs
OMS OMS oPS OMS OMS
h oCh i och  !OChri oCh
< PP ¢ pigt
OTU oTU oTU OTU
h ODU -
[> Khuéch dai quang W Taitao 3-R

P Két néi chéo/xen ré/ghép kénh @ Truy cap khach hang

OTS : Poan truyén tai quang ODU: Khéi dir liéu kénh quang
OMS : Poan ghép kénh quang OPS : Doan vat ly quang hoc
OTU : Khéi truyén tai quang IrDI : Giao dién lién mién

Och : Kénh quang laDI : Giao dién mién noi bd
Ochr : Kénh quang rat gon

Hinh 1.1: Céu tric 16p mang truyén tai quang
1.1.1 Lép kénh quang
L6p kénh quang cung cép dich vu truyén tai tir dau cudi téi dau cubi cho da dang tin
hiéu khach hang (té bao ATM, PDH 565 Mbit/s, SDH STM-N, géi IP, ...), dong thdi cung
cap cac kha nang xuyén sudt tir dau cudi t6i dau cudi.
1.1.2 Lép ghép kénh quang

Lé6p ghép kénh quang cung cAp cho mang ning luc truyén tai trén nhiéu bude séng qua
mot soi quang hay ning luc truyén tai trén tin hiéu quang da bude séng.



1.1.3 Lép mang truyén tai quang

Lép mang cung cap chire ning cho truyén dan cua cac tin hiéu quang trén cdc moi
truong quang cua khac nhau (G.652, G.653 va G.655).

1.2 Tir ma FEC trong OTN

FEC trong G.709 dugc xéac dinh 1a RS(255,239). Ttr ma Reed-Solomon thuong duoc
viét du6i dang RS(n,k) v6i mot ky hiéu gdm s-bit trong d6 n 1a tong sb ky hiéu trén mdi tir
ma, k 12 kich thudc dir liéu trong tir ma d6. Mot tir ma gom céc byte dit liéu va cac byte chin
6. Cac byte chin 1¢ dugc thém vao dit liéu dé phat hién va sira 161 nham muc dich khéi phuc
tin hiéu tai dau thu.

V61 G.709: s = 8bit; n = 255 byte; k =239 byte

1.3 TCM (Tandem Connection Monitoring)

Giam sét trong SONET/SDH duoc chia thanh gidm sat doan, tuyén va duong. Kha
ning giam sat doan truyén dan tir mang nay qua mang khéc rat han ché. TCM trong OTN
tang cuong kha nang gidm sat trén toan mang.

1.4 OTN va cong nghé ghép kénh phan chia theo buéc song

1.4.1 Cong ngh¢ WDM

Muc dich ctia ghép kénh 13 phan chia bang thong truyén dan cua kénh truyén cho mdi ngudi
dung. Ghép kénh phan chia theo budc song phan biét tin hiéu cac kénh truyén dira trén budc song.
Do d6 s& c6 nhidu kénh duoc truyén di trén cing mét soi quang ma khong bi anh hudng 1an nhau.
Phuong phap nay dang dugc st dung dé tin dung hiéu qua bang théng cua soi quang, tir d6 1am ting

dung luong cta cac hé théng quang hién tai.

Déu vao Diu ra
dir ligu Phat M Th i lig
cu_,, | M | M u dir liéu
quang | quang >
Dau vao - Soi Soi Piu ra
dit ligu Pu*;arf i quang quang 2| Thu dir ligu
quang WDM| O I .. WDM quang
MUX DMUX
EDFA
Dau vao - Diura
dir ligu Phat | 2s] 3| Thu dir lidu
quang quang

Hinh 1.2: Ghép kénh phan chia theo budc song sir dung bo khuéch dai EDFA



1.4.2 OTN va WDM
Mang truyén tai quang cho phép truyén tai cac tin hiéu khac nhau nhd cong nghé
DWDM. Qua4 trinh sip xép, anh xa céc kiéu tai trong khic nhau ctia mang OTN dé truyén

trén DWDM thé hién trén Hinh 1.3.

IP
Ethernet
ATM
STM-N
GbE

Khoi dir liéu (ODU)

Khbi giao van (OTU)
20 OCh
S = £
=2 ~N— 4 —:
= ® Doan ghép quang (OMSn) >
< 7 (é;
[~ 2 ~
= Doan truyen dan quang (OTSn)
v
OTM-0 WDM OTM-n

Hinh 1.3: Anh xa céc kicu dit liéu khac nhau trén OTN vao WDM
1.5 Mot s6 diém ndi bat ciia mang truyén tii quang
1.5.1 D) tré dwoc dam bao va rat thip
1.5.2 Kha ning mé rong cao véi bang thong dam bao
1.5.3 Tinh bao mit cao

1.5.4 Chuyén d6i mang linh hoat
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CHUONG 2
CAU TRUC KHUNG TIN HIEU TRONG OTN

2.1 Cau tric tin hi¢u co ban

Clients (STM-n, ATM, IP, Ethernet, OTN ODUk)

OPUK
ODUKP
ODUK
ODUKT

OTUkV ‘ OTUk OTUkV OTUk

Och Ochr
OMSn

OPSn
OTSn

OTM-n.m OTM-0.m, OTM-nr.m
Giao dién OTM véi chirc Giao dién OTM véi chire
ning day du ning rut gon

Hinh 2.1: Céu trac tin hiéu OTN co ban

2.1.1 Chu triic Och

Kénh quang véi chire ning dy di (OCh) hodc chirc ning rat gon (OChr) , dugc lwa chon
cung cap théng sudt cac két ndi mang giita cac diém khoi phuc 3R trong OTN.

2.1.2 Cau triic chire ning day di OTM-n.m

OTM-n.m (n > 1) chira cac 16p sau day:

- Poan truyén din quang (OTSn).

- BPoan kénh quang (OMSn).

- Kénh quang chirc nang day di (OCh).

- Khéi truyén tai quang chuan hoéa chirc ning hoic hoan toan (OTUk/OTULV)

- Khéi dir liéu kénh quang (ODUK).

2.1.3 Cau tric chire ning rat gon OTM-nr.m va OTM-0.m

OTM-nr.m va OTM-0.m chira cac 16p sau day:

- Poan vat 1y quang (OPSn).

- Kénh quang churc nang rat gon (OChr).

- Khdi truyén tai kénh quang chuin hoéa chiic ning hodc chuan héa hoan toan
(OTUK/OTUKV).

- Khéi dir liéu kénh quang (ODUK).
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2.2 Ghép tin hiéu va anh xa trong OTN

Null
«L{opuch | PRBS
OTUCn & oDUCn < ﬂ <10n (%) Dch cll-ljlgén
<Iyopuch &L <20 WonTUCNL |¢ 6pUi
<20 opTucn2 & 9805
ODTUGCn| x[2.5n
b : ODTUCn.8 |« 0DuU3
«~——{ODTUCN.20}« ODU4
< IODTUCn.ts |<—QDUf|eX
Null
1 < PRBS
x1 ‘X/OPUSO Doc quyén
OTU50 [«—{0ODU50 . bc quy
N oPU50 <L x40 5pTUs0.1 [ ODUO
e x20_[S5TUs0, 1 OPUL
0 <5 «ODU2
PT=21 ODTU50.8 ODU2e
x1_ I5DTU50.31 |« 0DU3
x[40/ts
\_____ L ODTU5SO.ts ODUTflex
Null
1 < PRBS
1 Ax/opuzs PR ;
OTU25 l«—0DU25 0c quyen
o opuzs et %20
ODTU25.1 |«—0ODU0
x10
ODTUGSS ODTU25.2 ODU1
PT=21 | *2  I5pTU258 opuz.
x[20/ts
_ODTU25.ts ODUflex
-
dén ODUCn
AN 1 1 Tin hi¢u khach hang
ﬁ ODU4 |l= opPU4 &
OTU4[\/]v\ )
Jjopudie <L opua ¢ Ne—8% _opTULL ODU0
dén ODUCn x40 ODTU4.2 ODU1
ODTUG4 x10 oDhuU2
PT=01 5 ODTUA4.8 ODU2%e
2 lobTu4.3]] ODU3
80/ts
-/ al ]ODTU4.ts ODUflex



dén ODU4, ODUCn
A

1 1 Tin hiéu khach hang
X
AX; ODUS3 |« OPU3 |«
OTU3[V]
~ x1 x1 x16 oDU1
2 ODUS3 |« OPU3 |« ODTU13
. 4
dén ODU4, ODUCn ObTUGS . ODTU23 ODU2
32
PT=21 . ODTU3.1 OoDU0
«1 x3 ODTU3.9 ODU2e
32/ts
\ ) 32181 S5 TU3 ODUflex
)
ODTUG3 16 TopTUL3 obU1
PT=20 4
= ODTU23 ODU2
P x1 Tin hi¢u khach hang
dén ODU3, 4, ODUCn «——ODU2e |« OPU2e |«
dén ODU3, 4, ODUCn
AN 1 1 Tin hiéu khach hang
1|ODU2}e= oPU2 ¢
OTU2[\/]v\
Hopu2e 2L Mopuz Jed x4 ODTU12 ObU1
2 ODTUG2 | «3
dén ODU3, 4, ODUC x oDU0
cn n PT=21 -~ ODTU2.1
x| 8/ts
_____ ODTUZ.ts ODUflex
x1 )
OPDTT;SZ x4 [oDTUL2 ODU1
——
dén ODU2, 3, 4, ODUCn
AN ,a , .
1] ODU1 |« x1 OPUL <><;]_ Tin hi€u khach hang
A/
OTUL[V]
AN 2
& oDU1 |1 OPU1 x1 OFE)_IT:%g‘l * | ODTUOL le———0DUO
dén ODU2, 3, 4, ODUCn
) 1 1 Tin hiéu khach hang
dén ODUL, 2, 3, 4, ODUCne—] opuole*= opuo
. «1 <1 Tin hi¢u khach hang
den ODU2, 3, 4, ODUCn «—ODUflex PUflex
Ghép Anh xa

(*) Ho tro ghép 1én dén 10n tin hiéu ODUk (k=0,1,2,2¢,3,4,flex thanh mét OPUCn

Hinh 2.2: C4u triic ghép va anh xa tin hiéu trong OTN
Mot tin hi¢u may khach (khong phai OTN) duogc anh xa vao mot OPU. Tin hi€u OPU nay
duogc anh xa vao ODU tuong tung. Tin hiéu ODU nay dugc anh xa vao tin hi¢u OTU [V] dugc lién
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két hodc vao ODTU. Tin hiéu ODTU nay duoc ghép thanh nhém ODTU (ODTUG). Tin hi¢u
ODTUG duogc anh xa thanh OPU. Tin hiéu OPU nay dugc anh xa vao ODU tuong tng.

OPUk (k = 0,1,2,2¢, 3,4, flex, 25,50) 14 c4c ciu tric thong tin giéng nhau, nhung voi
cac tin hiéu may khach khac nhau. OPUCn ¢6 cdu trac thong tin khac véi OPUK; ciu tric
thong tin OPUCn bao gém n ciu trac théng tin cia OPU trong khi OPUk thé hién duy nhat
mot cdu trac thong tin OPU.

Tin hi€u may khach hoac nhém don vi nhanh dit liéu quang (ODTUG) duoc anh xa vao OPU.
OPU duoe anh xa thanh ODU va ODU duge 4nh xa thanh OTU. Téc do cac dang tin hi¢u trong hinh
2.2 dugc khuyén nghi trong G.709/Y.1331

2.3 Cau tric khung tin hiéu OPUk

2.3.1 Cau triic khung tin hiéu

Cau tric khung OPUKk (k=0,1,2,2¢,3 4.flex,25,50) duoc thé hién trong hinh 2.4.

Cot
Hang\ 15 16 17 3824
1 2
)
A
2 2 Vung tai trong OPUk
= (4x3808 bytes)
3 =
<
>
4
Hinh 2.3: C4u tric khung tin hiéu OPUk
2.3.2 Mo dau OPUk
Vi tri cac byte mao dau OPUK thé hién trong hinh 2.4,
Cot
Hang\_15 16 17 18 3824
1 [RES| JC
2 |RES| 3C
3 |RES| ey
4 |Psi

OPJO\

v

OPUKOH \ oS OPUk payload (4x3808)
(1) PT 12 34556 738
‘ RES Reserved JC

255

Hinh 2.4: Vi tri cac byte mao dau OPUk
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2.3.2.1 Pinh danh céu tric tii trong (PSI)

Tin hiéu PSI gé)m 256 byte dugc can chinh véi da khung ODUk ( PSI [0] hi¢én dién & vi tri da
khung ODUk 0000 0000, PSI [1] & vi tri 0000 0001, PSI [2] ¢ vi tri 0000 0010,...). PSI [0] chura 1
byte tai trong. PSI [1] dén PSI [255] x4c dinh loai 4nh xa va loai ghép chudi 4o cho tai tin.

2.3.2.2 Loai tai trong (PT)

Tin hi€u loai tai trong dinh nghia béi 1 byte duoc xac dinh trong byte PSI [0] ciia ma dinh danh
cau triic trong tai dé chi ra cac thanh phan ctia tin hiéu OPUk

2.3.3 Anh xa tin hiéu CBR2G5, CBR10G, CBR40G vao OPUk

Cot
Hang\_15 16 17 18 3824

1 |[RES|JC

2 |RES|JC

3 [res| ic
N

N
4 |PSI \&O PJO

™~
. \‘ \ OPUk payload (4x3808)

< »

OPUkKOH

v

0
. PT 1234546 78

RES Reserved JC

255

PSI

Hinh 2.5: Anh xa tin hiéu CBR2G5, CBR10G hoac CBR40G vao OPUk
2.3.3.1 Anh xa tin hiéu CBR2G5 vao OPU1

2.3.3.2 Anh xa tin hiéu CBR10G vao OPU2
2.3.3.3 Anh xa tin hiéu CBR40G vao OPU3
2.4 Cau tric khung tin hiéu ODUk

2.4.1 Cau truc khung tin hi¢u
Cot
Hang \_ 1 14 15 3824

Vung tai trong OPUk
2 ) (4x3810 bytes)
Mao dau ODUk

Khu vuc danh cho FA va mao dau OTUk
Hinh 2.6: Céu trac khung ODUk
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2.4.2 Mao dau ODUKk

Vi tri mao dau cua ODUk dugc thé hién trong hinh 2.7, 2.8 va 2.9.
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 .
Frame alignment overhead OTU overhead
2
RES EXP | TCM6 TCM5 TCM4 EXP OPU
3 overhead
TCM3 /| TCM2 TCM1 PM EXP
A
GEZC1 | / GCC2 RES
PMa| [ o , ‘
TCM APS/PCC Cau trac khung ODU thtr 1 trong ODUk va ODUCn
RES RES Céu trac khung ODU thi 2 ...n trong ODUCn
Hinh 2.7: Mao dau ODUk
PM. PM#1 PM#2 t6in
1 2 3 1 2 3
TTI BIP-8 RES BIP-8
_ N
1|2|3|4]5]|6|7]s8 1(2|3|4]|5]|6]|7
| SAPI
15 BEI é STAT BEI RES
16 .
| DAPI PMva TCM
31
32 _- - - A ~ <
Nha diéu 112|3|4]|5|6|7]s
hanh cu [
thé =
63 =

Hinh 2.8: Mao dau giam sat duong dan ODU
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TCMi. TCMi #1 TCMi #2 téin
1 2 3 1 2 3
TTI BIP-8 RES BIP-8
o——— EY——v—a—-—-T-T"7">
112345678 112345678
SAPI
15 BEI é STAT BEI/BEIA RES
16 .
| DAPI PMva TCM
31
32 ‘,” \\\
Nha diéu 112(3|4|5]|6]7]8
hz‘lnhvcu ol ol ol =
thé > I I I I I~
63 olalalol o]l o

Hinh 2.9: Mao dau giam sat két ndi tadem ODU

2.4.2.1 Cac byte mao dau giam sat dwong dan cia cia ODUKk

2.4.2.1.1 Mao dau nhan dang dau vét (TTI)

bé gidm sat doan, mao dau TTI chi ¢6 1 byte dugc dinh nghia dé truyén tai cac tin hiéu TTI
€0 64-byte quy dinh tai muc 15.2 hoac ITU-T G.7714.1.

ODUK va ODUCn chi chira mdt mao dau ODU TTI.

2.4.2.1.2 Sira 16i xen ké chin 1¢ (BIP-8)

bé giam sat duong dan, tin hiéu BIP-8 mét byte dugc xéac dinh trong mao dau ODU PM.
Byte niy cung cap mi parity-8 (BIP-8) xen k& bit.

2.4.2.1.3 Chi thi phan hdi sw ¢6 (BDI)

Pé giam sat dudng dan, tin hiéu BDI chi sir dung 1 bit. BDI truyén tai trang thai sy ¢6 cla
tin hidu duoc tach ra trong két cudi ciia phan thu, phét di theo hudng vé ngudn phat tin hiéu.

2.4.2.1.4 Chi thi phan héi 15i (BEI)

Dé giam sat dudng dan, tin hiéu BEI dung 4 bit truyén vé phia phat sb lugng khdi xen
k& -bit c6 16i BIP-8

2.4.2.1.5 Chi thi trang thai giam sat (STAT)

Pé giam sat dudng dén, cac bit trang thai STAT dugc dinh nghia gdm 3 bit. STAT chi
thi su hién dién cua mdt tin hiéu bao tri.

2.4.2.1.6 Chi thi do d¢ tré (DMp)
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bpé giam sat dudng dan ODUK, tin hiéu do do tré DMp chi ¢ 1 bit duoc dinh nghia,
dé truyén su bat dau cua thir nghiém do luong do tré.

2.4.2.1.7 Mao diu du phong (RES)

Dé giam sat duong dan ciia OTUCh, 12 bit trong mao dau PM trong ODU OH # 2 d&én #n
duoc danh cho viée tiéu chuan hoa qudc té trong trong lai. Gia tri ctia cac bit nay dugc dit thanh "0".

2.4.2.2 Cic byte mao dau giam sat két néi Tandem

2.4.2.2.1 Mao diu nhan dang dau vét (TTI)

Pé giam sat két néi Tandem, mao dau nhan dang dau vét TTI chi sir dung 1 byte dé
truyén tai cac tin hiéu TTI c6 64-byte quy dinh tai muc 15.2 hoic ITU-T G.7714.1 cho TCMS.

2.4.2.2.2 Sira 16i xen ké chin 1é (BIP-8)

V6i mdi trudng giam sat két ndi Tandem, tin hidu ma phat hién 161 mot byte dugc xac dinh
trong mao dau ODU TCMi. Byte ndy cung cap ma parity-8 (BIP-8) xen k& bit.

2.4.2.2.3 Chi thi phan hdi sw c6 (BDI)

Véi méi truong giam sat két ndi Tandem, tin hiéu chi thi phan héi sy cd BDI chi str dung 1
bit. BDI truyén tai trang thai sy cd ctia tin hiéu duoc tach ra trong phan két cudi két ndi Tandem,
phat di theo hudng vé ngudn phat tin hiéu.

2.4.2.2.4 Chi thi phan hdi 18i /chi thi phan hdi 16i dong b tin hiéu dén (BEI/BEIA)

D6i v6i mdi truong giam sat két ndi bd d61 TCM, tin hiéu chi thi phan hoi 16i BEI gom
4 bit va tin hiéu chi thi 15i dong bo tin hiéu dén BIAE dugc dinh nghia.

2.4.2.2.5 Chi thi trang thai giam sat (STAT)

D6i voi mdi trudng giam sat két ndi Tandem, str dung 3 bit dé dinh nghia cc trang thai (STAT).

2.4.2.2.6 Chi thi do dd tré Dmti (i=1...6)

Dé giam sat két ndi bd d6i TCM ciia ODUK, st dung 1 bit thuc hién chirc ning do do
tr€ DMti cua TCM.

2.4.2.2.7 Mao diu du phong (RES)

Pé giam sét két néi Tandem, 12 bit trong mao ddu TCMi trong TCMi OH # 2 dén # n danh
cho tiéu chudn héa quéc té trong trong lai. Gi tri ctia cc bit ndy dwoc dit thanh "0".

2.4.2.3 Kénh thong tin chung (GCC1, GCC2)

Hai trudng 2 byte duoc dit trong tiéu d& ODUk dé hd tro 2 kénh truyén thong chung
GCC1, GCC2 giita hai phan tr mang v&i quyén truy cip vao cac cdu trac khung ODUK.

2.4.2.4 Kénh truyén théng va bio vé chuyén mach tw dong (APS/PCC)
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Mot tin hieu ODUk-APS/PCC c¢6 4 byte dugc dinh nghia trong hang 4, cot 5 dén cot

8 cua tiéu d¢ ODUK.
2.4.2.5 Tiéu dé thir nghiém (EXP)

Hai byte duogc dit trong tiéu d& ODUk dé sir dung cho muc dich thir nghiém. Cac byte

duogc dat tai hang 3, cot 13 va cot 14 cia tiéu dé ODUK.

2.5 Céu tric khung tin hiéu OTUk
2.5.1 Céu triic khung tin hiéu

Céu tric khung tin hiéu OTU thé hién qua hinh 2.10, 2.11, 2.12.

Cot
Hang \ 1--ce-7 8 —cem 1415 3824 3825 -memo-- 4080
1 | FA OH|OTUK OH
2 | OTUK FEC
:’ “‘ \\ (4X256 byte)
3:,’ \\‘ \\\
41'" ‘\‘\ \\\
:: \ N . SM
1|2fs]als]e]7]8]o]1]1]12]13]1a L ) 3
z ol
1 FAS T sw Geeo | 2 [ m
wn
2 o TTI BIP-8
BDI  Chi thi phan hdi su ¢6
BEI  Chi thi phan hdi 15i 0 < >
BIAE  Chi thi phan hdi 15i ddng chinh dit lidu dén SAP| 1/2[3[4]5]6[7]8
BIP-8 Stra 16i xen k& chin 1¢ =| w
. [a)]
DAPI  Dinh dang diém truy cap dich 15 BEI/BIAE | @I <| RES
FA bong chinh khung 16
FAS  Tin hi¢u dong chinh khung | DAPI
GCC  Kénh théng tin chung 31
IAE Chi thi 15i déng chinh cua tin hiéu dén
MFAS  Tin hiéu déng chinh da khung 32
OSMC Kénh théng bao dong bd OTN Operator
RES ~ Mao dau dy phong specific
SAPI  DPinh dang di€ém nguon truy cap
SM  Giam sat doan ghép 63

TTI Nhan dang déu vét

trac khung ODUk va thém phan mé rong cta nd vai chire nang sira 16i chuyén tiép (256 cot

dugc thém vao khung ODUk dung cho FEC).

Céc byte mao dau nam duogc sip xép ¢ hang 1 cot 1 dén 14. Cu thé:
- Cot 1 dén 7 ciia hang 1 chtra mao du dong chinh khung, da khung (FA OH).

Hinh 2.10: CAu trac khung OTUK, dong chinh khung va mao dau OTUk
CAu trac khung OTUk (k = 1,2,3,4,4-SC) gdm 4 hang va 4080 cot. N6 dya trén cu
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- Cot 8 dén 14 cia hang 1 chua mao giam sat doan ghép (SM), kénh thong tin chung

(GCC), kénh bao hiéu dong bd OTN (OSMC) va cac mao dau dy phong (RES).

Hang\ 1---=.7 8 —-—e- 1415 3824
1 |FAOH|OTUK OH
2 "'l \“‘ \\‘\‘
3:,' \“ s\\
4",' \“‘ \\‘
SM#1
1|2|3|4|5|6;8|9|10 11|12{13]14 1 ) 3
1 FAS ; SM GCCO | RES
Zi TTI BIP-8
BDI  Chi thi phan hdi su cé
BEI  Chi thi phan hoi 18i , i >,
BIAE  Chi thi phan hdi 13i ddng chinh di liu dén I E |2]3]4]5[6]7]8
BIP8  Stra 16i xen k& chin 1& =~
¢ o)
DAPI  Binh dang diém truy cap dich 15 BEI/BIAE |G| STAT
FA Dong chinh khung 16
GCC  Kénh thong tin chung | DAPI
STAT  Chi thi trang thai giam sat 31
MFAS  Tinh hiéu dong chinh da khung
OSMC Kénh théng bao déng bd OTN 32
RES  Mao dau du phong Operator
SAPI  Dinh dang diém ngudn truy cap specific
SM Giam sat doan ghep
TTI Nhén dang dau vét 63 SM#2 ton
1 2 3
RES BIP-8
1]2[3]a]s]|e|7]s
BEI/BIAE RES

Hinh 2.11: Céu trac khung OTUCn, ddng chinh khung va mao dau OTUCn
Céu trac khung OTUCn gdm n X 4 hang va 3824 cot dura trén cau traic khung ODUCn. Céc

byte mao dau duoc sép xép tai hang 1 tir cOt 1 dén cot 14. Cu thé:
- Cot 1 dén 7 ctia hang 1 chtra mao dau dong chinh khung, da khung (FA OH).

- Cot 8 dén 14 cua hang 1 chua mao dau giam sat doan ghép (SM), kénh thong tin

chung (GCC), va cac mao dau du phong (RES).
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Hang [ 7 8 e 14 15 3824
1 |FAOH|OTUK OH
2 ':l \“‘ \\\\‘
3:,' \“ s\\
4’,’ \\
™ sM
l|2|3|4|5|6 7 8|9|1o 11|12 13|14 1 ’
Z 2=
1 FAS I SM Geeo | 2 [ m
wn
» 2 TTI BIP-8
BDI  Chi thi phan hdi su cé
BEI  Chi thi phan hdi 13 0 2 h
BIAE  Chi thi phan hdi 13i ddng chinh dit liéu dén | SAPI 12[3[4]5|6[7]8
BIP-8 Stra 16i xen k& chin 1& =| W
: )
DAPI  Dinh dang diém truy cap dich 15 BEIBIAE | QI <| RES
FA Dbong chinh khung 16
FAS  Tin hiéu dong chinh khung | DAPI
GCC Kénhthong j[in chung 31
IAE Chi thi 16i dong chinh cuia tin hiéu dén
MFAS  Tin hi¢u déng chinh da khung 32
OSMC Kénh t?l()ng bao dong bo OTN Operator
RES  Mao dau du gh(‘)ng ‘ specific
SAPI  Dinh dang di€ém nguon truy cap
SM Giam sat doan ghép 63
TTI Nhan dang dau vét

Hinh 2.12: Cau trac khung OUT 25 va OTU 50, dong chinh khung va mao dau OTU

Céu trac khung OTU25 va OTUS50 gdm 4 hang va 3824 cot dira trén ciu trac khung ODU25

va ODUS0.

Céc byte mao dau nim duoc sip xép ¢ hang 1 cot 1 dén 14. Cu thé:

- Cot 1 dén 7 cia hang 1 chira mao dau dong chinh khung, da khung (FA OH).

- Cot 8 dén 14 ctia hang 1 chua mao dau giam sat doan ghép (SM), kénh thong tin chung
(GCC), kénh bao hiéu déng bd OTN (OSMC) va cac mao dau dy phong (RES).
Stra 16i chuyén tiép, ma hda (vi du: xao tron), gidi ma va thu tu truyén cua OTU25 va

OTUS50 duge chi dinh cho cac giao dién OTN lién mién v6i ma tng dung trong cac Khuyén nghi

cu thé vé giao dién (ITU-T G.709.4).
2.5.3 Mao diu dong chinh khung

2.5.3.1 Tin hi¢u dong chinh khung (FAS)
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Tin hiéu OTUK-FAS sau byte (Hinh 2.13) duoc xé4c dinh trong hang 1, cot tir 1 dén 6 cta
mao ddu OTUk. OA11a"1111 0110". OA2 13 "0010 1000".

FAS OH Byte 1 FAS OH Byte 2 FAS OH Byte 3 FAS OH Byte 4 FAS OH Byte 5 FAS OH Byte 6
112]13|4|5|6|7|841|2|3|4]|5/6]|7|841|2|3|4]|5(6]|7|80h1]|2|3]|4|5|6|7|801]|2|3|4]|5|6]7|841]|2]|3|4|5|6]7|8]

OAl OAl OAl OAl OAl OAl

Hinh 2.13: C4u trac tin hiéu mao dau dong chinh khung

2.5.3.2 Tin hi¢u déng chinh da khung (MFAS)

Mot s6 tin hiéu mao ddu OTUk va ODUK trai dai trén nhiéu khung OTUk / ODUk. Mot
byte tin hiéu can chinh da khung (MFAS) duoc xac dinh trong hang 1, ¢t 7 ciia mao dau OTUk /
ODUk (Hinh 2.20). Gia trj ctia byte MFAS s& duoc ting 1én mdi khung OTUk / ODUK trong mot
da khung gdm 256 khung.

2.5.4 Cac byte mao dau OTU

Vi tri cac byte mao dau OTU thé hién trong hinh 2.14, hinh 2.15.
Cot

1] 23456 7[8]9o[10]11]12]13]14]15] 16
1 Mao dau dong chinh khung SM GCCo <
2 |2 Mao diu ODUK s
o] E.‘ay
I — c
3 o
— c
4 ~
OSMC| RES | Céu trac khung OUT#1 trong OTUk
RES Céu triic khung OUT#1 .. .#n trong OTUCn
Hinh 2.14: Mao dau OTU
SM. SM#1 SM #2 dén #n
1 2 3 1 2 3
TTI BIP-8 TTI BIP-8
O /’, N\\ ,,,, \
1]213]4ls5]6l71]s 1213456 ]7 18
| SAPI — Y
BEI/BIAE |2 |<| RES | OTUk BEI/BIAE RES
15§ @
166
|| oae 1]2]3]als]6]7]s
316 BeBlaAE |@| star | oTuch
326
Operator
specific
63
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Hinh 2.15: Mao dau giam sat doan OTU

2.5.4.1 Mao diu nhan dang diu vét (TTI)

bé gidm sat doan , mao d4u nhan dang dau vét TTI chi c6 1 byte dugc dinh nghia dé truyén
tai cac tin hi¢u TTI c6 64-byte quy dinh tai muc 15.2 hoac ITU-T G.7714.1.

2.5.4.2 Sira 16i xen ké chiin 1¢ (BIP-8)

bé giam sat doan , tin hiéu ma phat hién 16i mot byte dugc xac dinh trong mao dau OTU
SM. Byte ndy cung cap ma parity-8 (BIP-8) xen k& bit.

2.5.4.3 Mao dau chi thi phan héi su c6 (BDI)

Tin hiéu chi thi phan hdi su ¢6 (BDI) dung 1 bit. BDI truyén tai trang thai bi su ¢ cia tin
hiéu duoc tach ra trong khdi chiic nang két cudi doan phat di theo hudng nguén phat tin hiéu.

2.5.4.4 Chi thi phan hoi 16i/chi thi phan hoi 16i ddng b tin hi¢u dén (BEI/BEIA)

Dung 4 bit dé chi thi 16i phan hoi va 16i dong bo. Tin hiéu nay truyén vé phia phat thé
hién s6 lugng khdi xen k& -bit ¢6 161, 18i duwgc phat hién bai phan giam sat doan OTU cua phia
thu thong qua kiém tra BIP-8

2.5.4.5 Chi thi 16i dong chinh cia tin hi¢u dén (1AE)

Tin hiéu IAE chi ¢6 1 bit, dugc xac dinh dé cho phép cac nat mang dén cia S-CMEP
thong bao cho cic niit mang ra ngang hang ctia S-CMEP biét 1 da phat hién dugc c6 mot 15
dong bo khung di duoc phat hién trén tin hiéu dén nat mang phia phat.

2.5.4.6 Mao dau du phong (RES)

Déi v6i giam sat doan ciia OTUk, OTU25 va OTUS0, hai bit trong mao dau SM dugc danh
riéng dé tiéu chuan hoa qudc té trong twong lai. Ching dugc dat thanh "00".

2.5.4.7 Mao diu chi thj trang thai giam sat OTUCn (STAT)

Déi véi giam sat doan, ba bit dugc dinh nghia 14 cac bit trang thai (STAT). Chiing cho biét
su hién dién cta tin hiéu béo tri hodc néu c6 16i dé)ng chinh dén & ngué)n S-CMEP.

2.5.5 Kénh thong tin chung (GCCO0)

Hai byte trong OTU hd tro kénh thong tin chung hogc kénh kham pha nhu duoc miéu ta
trong [ITU-T G.7714.1] giita cac diém két thuc OTU.

2.5.6 Mao diu du phong (RES)



18

Mot byte mao dau OTU trong cau trac khung OTU # 1 duoc danh cho qua trinh tiéu chudn
hoa qudc té trong twong lai. Byte ndy ndm & hang 1, cot 14 dit tat ca thanh 0.
2.5.7 Kénh thong bio dong bd OTN (OMSC)

Déi véi muc dich ddng bd hoa, mot byte trong mao dau OTU nhu mot kénh thong béo dong
bd hda OTN dé van chuyén cac ban tin SSM, eSSM va PTP trong céc giao dién SOTU va MOTU.
CHUONG 3
KIEN TRUC MODULE TAO KHUNG TiN HIEU TRONG OTN

3.1 Cau tric mot s6 khung tin hi¢u dién hinh

3.1.1 Céu tric khung STM-1, STM-n trong SDH
.F: 9 x 270=2439

M 1255

[FAS] [FAS| [FAS| [FAS]
270 cot
3 1 9 'l
1 RSOH ‘
FAS: Tin hi¢u dong
\ AU-nPTR \ ;
9 dz)ng Vung tai trong chinh khung
MSOH
Hinh 3.1: C4u tric khung STM-1
 F=2430Bytexn
" 125us i
[FAS| [FAS| [FAS| [FAS]
270 ot x N -
9 cot | 261 cot R
T '
RSOH
4| nxAU-PTR o
9 dong Vung tai trong
MSOH
Y 125ps

Hinh 3.2: C4u tric khung STM-n
3.1.2 Ciu tritc khung ATM

Hinh 3.3: Céu trac khung ATM
3.1.3 CAu tric khung Ethernet
CAu triic mot khung Ethernet co ban dugc thé hién nhu hinh 3.4.

64 bit | 48bit | 48bit 16 bit | 46 dén 1500 byte | 32 bit




19

Phan | DPjachi | biachi | Loaidi Tai trong Phat hién
mé dau | dich ngudn | liéu dugc 15i khung
sur dung du liéu

Hinh 3.4: Cau trac khung Ethernet co ban
3.1.4 Ciu triic khung IP

CAu triic mot khung tin hi¢u IP duogc thé hién nhu hinh 3.5.

Byte «—2 < 48 >
Mao dau Dit liéu
Bit 4 12 12 3 8
GFC VP VCI PT g HEC
Giao dién UNI
Bit 12 16 3 1 8
VPI VCI PT |5 HEC
O
Giao dién NNI
0 8 16 24
Version IP Header Type of Total IP packet length
4 bit length Service 8 bit 16 bit
Identifier of IP packet 16 bit Flags Fragment Offset
Time to live (TTL) | Next level protocol IP header checksum
8 bit 8 bit 16 bit
Source IP address
32 bit
Destination IP address
32 bit
Options of header
Data

Hinh 3.6: Cau truc khung tin hiéu IP

3.2 Cac khoi chirc niing thiét yéu trong Module tao khung tin hiéu OTN

3.2.1 Vi tri, chirc niang ciia Module tao khung

Xeét mot mang mang truyen dan quang c6 cAu hinh hén hop, gdm 5 nut nhu trén hlnh 3.7.
Gia su rang, trén moi doan truyén dan i-j (=12, .5, 55, 4,..., 1 va i7j) déu 1a truyén din 2
hudng va mdi hudng c6 m bude séng truyén tai cac khung OTN.
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Hinh 3.7: CAu hinh mang truyén dan 5 nut

Tai mot nit mang, gia s NGt 5, qué trinh truyén tai thé hién nhu ¢ hinh 3.8.

1-5 — = ——F|=5-2

2-5 =) I Tt Loy ) :;—:11 —5-3

-5 = '\ﬁ:‘ """" Sl

4.5 = —)..u Bk =54
5 _r

SDH, ATM, Ethernet, IP....
Hinh 3.8: Truyén tai tin hiéu tai mot nat mang

Module tao khung tin hiéu OTN nam trong c4c nat mang, ¢ chirc nang tao cac khung
tin hiéu OTN tir nhitng gbi tai dén tir cac ludng nhanh. Hién nhién 13, tai mot nat chi cac goi
tai co dich dén cung hudng truyén, dén trong cung khoang thdi gian nhat dinh méi duoc dua
vao cung mot khung OTN.

3.2.2 Cac khdi thiét yéu ciia Module tao khung tin hiéu OTN

Khung tin hiéu OTN tong quat co cdu triic nhu thé hién trong hinh 3.9.

FA OTU OH
OPU

OH

FEC

Tai trong OPU
ODU OH

Hinh 3.9: Cau tric tong quat cia khung tin hiéu OTN

Céu trac khung OTN gdm 4 phan chinh: Pong chinh khung va da khung (FA), mao
dau, tai trong va ma sira 16i (FEC).

Két hop véi vi tri va chirc nang ciia Module tao khung tin hiéu OTN thi Module can
cac khéi thuc hién duoc céac chic nang sau:

- Xir 1y tin hiéu mao dau dé xac dich dén cua tin hiéu, xac dinh d6 dai khung tin hiéu
dé sip xép chung vao khung OTN.

- Tao duoc tin hiéu dong chinh khung (da khung), déng thoi tao ra cac mao dau OTU,
ODU, OPU.

- Luu trir toan bo phén tai trong ctia tin hiéu ludng nhanh truge khi sap xép vao khung OTN.

- Tao ra cac ma stra 16 dua trén cac bit da dugc sap xép vao khung & cac phan trudc
trong khung.

Ngoai ra con mot s6 khdi nham dam bao viéc tao nén mot khung OTN hoan chinh
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4

t kién tric Module tao khung tin hiéu OTN
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3.3.2 Chirc niing cac khéi trong Module tao khung tin hiéu OTN

3.3.3 Nguyén ly hoat djong ciia Module tao khung tin hiéu OTN

Theo cau hinh mang truyén dan 5 nat (Hinh 3.7). Gia str c6 mot ludbng STM-16 khong
truyén thing theo huéng 5 -2 ma thuc hién r& (tach) dé truyén theo hudng 5 -1. Module phai
thyc hién xir 1y, sap xép luéng STM-16 vao mot khung OTN va truyén dan trén budc séng thir
1 trén tuyén 5-1. Tin hiéu STM-16 duoc sip xép trong cau trac cua khung OTN-1,

D6 dai khung tin hiéu OTN1 13 48.971 ps. Nhu vay, dé truyén 1 byte tin hiéu mat
48.971/(4080x4) = 0.003 ps.

Qua trinh sap xép tao khung OTN thuc hién theo nguyén tic tir trai qua phai, tir trén
xudng dudi theo thir tu cac hang.

- Qué trinh hinh thanh c4u trac khung OTN ¢ hang thir 1 nhu sau:

Khéi xir 1y trung tim diéu khién truong chuyén mach két néi khdi tao bit véi khdi tao
1ap khung OTN cho buéc song A1 trén hudng 5-1, dong thoi didu khién dé khdi tao bit phat tin
hiéu FAS (gdm 6 byte, phat trong 0,018 ps). Tiép theo, khdi xtr 1y trung tdm diéu khién khoi
tao bit phat tin hiéu OTU OH (gdm 8 byte, phét trong trong 0,024 ps), phat Byte RES (gém 1
byte, phat trong trong 0.003 ps), phat Byte JC (g0m 1 byte, phat trong trong 0.003 ps).

Tiép theo, khéi xtr Iy trung tAm diéu khién truong chuyén mach két ndi bd nhé dém c6 goi tin
hiéu can chuyén di v6i khdi 1ap khung OTN cho budc song A1 trén hudng 5-1, dong thoi didu khién
dé doc 3808 Byte trong bd nhd chuyén dén khdi 1ap khung trong khoang thoi gian 11,424 ps.

FEC duoc khdi xtr 1y trung tdm tinh toan, diéu khién khdi FEC tao thanh ma sira 15i
cho khung tin hiéu OTN. Sau khi ghép hét hang dau ving tai trong, khdi xur 1y trung tam diéu
khién trudng chuyén mach két ndi khdi FEC véi khéi 1ap khung OTN cho bude séng A1 trén
huéng 5-1 va diéu khién dé FEC phét 256 Byte trong phan dau ma sira 16i dén khoi 1ap khung
trong khodng thoi gian 0,768 ps.

- Sau khi sap xép hét toan bo hang 1 (sau 12,24 us), qua trinh hinh thanh c4u trac khung
OTN ¢ hang tht 2 dugc thuc hién.

Khéi xir Iy trung tam diéu khién khdi tao bit phat cac tin hiéu mao dau tiép theo gdm:

Phat tin hiéu ODU OH (gdm 14 byte, phét trong trong 0,042 ps), phat Byte RES (gom
1 byte, phat trong trong 0.003 us), phat Byte JC (gdm 1 byte, phat trong trong 0.003 ps).

Tiép theo, khdi xir Iy trung tAm diéu khién truong chuyén mach két nbi bo nhd dém c6

g6i tin hiéu can chuyén di véi khéi 1ap khung OTN cho budc séng A1 trén huéng 5-1, dong



23

thoi diéu khién dé doc 3808 Byte tiép theo trong bd nhd chuyén dén khéi 1ap khung trong
khoang thoi gian 11,424 ps.

Sau khi ghép hét hang thir 2 ving tai trong, khéi xir 1y trung tdm diéu khién truong
chuyén mach két n6i khdi FEC véi khdi 14p khung OTN cho budc séng A trén hudng 5-1 va
diéu khién dé FEC phat 256 Byte trong phan tiép theo ctia ma sira 16i dén khéi 1ap khung
trong khodng thoi gian 0,768 ps.

- Sau khi sip xép hét toan bo hang 2 (sau 24,48 ps), qua trinh hinh thanh ciu trac khung
OTN ¢ hang thtr 3 dugc thyc hién:

Khéi xir 1y trung tam diéu khién khdi tao bit phét cac tin hiéu mao dau tiép theo gom:

Phat tin hiéu ODU OH (gém 14 byte, phat trong trong 0,042 ps), phat Byte RES (gdm
1 byte, phat trong trong 0.003 ps), phat Byte JC (g6m 1 byte, phat trong trong 0.003 ps).

Tiép theo, khdi xir Iy trung tam diéu khién truong chuyén mach két nbi bo nhé dém c6
goi tin hiéu can chuyén di véi khdi 1ap khung OTN cho budc séng A1 trén hudng 5-1, dong
thoi diéu khién dé doc 3808 Byte tiép theo trong bd nhd chuyén dén khéi lap khung trong
khoang thoi gian 11,424 ps.

Sau khi ghép hét hang thi 3 ving tai trong, khdi xir 1y trung tim diéu khién truong
chuyén mach két n6i khdi FEC véi khéi 1ap khung OTN cho budc song As trén hudng 5-1 va
diéu khién dé FEC phat 256 Byte trong phan tiép theo ctia ma sira 16i dén khéi lap khung
trong khoang thoi gian 0,768 ps.

- Sau khi sap xép hét toan bo hang 3 (sau 36,72 ps), qua trinh hinh thanh c4u trac khung
OTN 0 hang thtr 4 dugc thuc hién.

Khéi xir Iy trung tAm diéu khién khdi tao bit phat cac tin hiéu mao dau cudi ciing cta khung:

Phat tin hiéu ODU OH (gdm 14 byte, phat trong trong 0,042 us), phat Byte PSI (gdm
1 byte, phat trong trong 0.003 us), phat Byte NJO (gdom 1 byte, phat trong trong 0.003 ps),
phat Byte PJO (gom 1 byte, phét trong trong 0.003 ps).

Tiép theo, khéi xir Iy trung tAm didu khién trudng chuyén mach két ndi bd nhé dém co géi tin
hiéu can chuyén di véi khéi 1ap khung OTN cho budc song A1 trén huéng 5-1, dong thoi diéu khién dé
doc 3807 Byte cudi cling trong bd nhé chuyén dén khéi 1ap khung trong khoang thoi gian 11,421 ps.

Sau khi ghép hét hang tht 4 ving tai trong, khdi xir 1y trung tim diéu khién trudong
chuyén mach két n6i khdi FEC véi khéi 1ap khung OTN cho budc song A trén hudng 5-1 va
diéu khién dé FEC phat 256 Byte cudi cing trong phan ma stra 16i dén khéi lap khung trong
khoang thoi gian 0,768 ps.
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KET LUAN

CAu trac khung OTN theo G.709 dd nang cao ning luc truyén tai bang cac khung co
dung luong truyén 16n va kha ning truyén trong sudt, nang cao ning luc quan tri thong qua
kha ning quan 1y dau-cudi dén ting bude séng, ting khoang cach truyén dan nho st dung
FEC, hoi tu mang IP va DWDM gitp giam thiéu cic 16p mang, tich hop quan tri mang IP va
DWDM, téi vu hoa thém mot bude ning luc truyén tai va ning luc quang tri mang. Tir d6 dap

ung dugc doi hdéi ngay cang cao cua truyén dan bang rong da dang cac loai dir li€u.

N6i dung ludn van trinh bay nhimg ndi dung co ban ctia mang truyén tai quang (OTN) nhur:

Chuong 1 trinh bay nhiing noi dung tong quat ciia mang truyén tai quang (OTN) gom
ciu trac 16p mang, tir md FEC, giam sat két ndi Tandem (TCM), mdi quan hé giira OTN va
WDM va nhitng diém ndi bat cia OTN.

Chuong 2 trinh bay cAu tric tin hiéu co ban, cach thirc ghép tin hi¢u va anh xa cac
dang tin hiéu vao OTN, trinh bay ciu triic cac khung tin hiéu dién hinh va mao dau trong cac
khung tin hiéu.

Tir nhitng ndi dung tong quan & chuong 1, cdu tric khung tin hiéu OTN & chuong 2
dé nghién ctru, dé xuat kién trac Module tao khung tin hiéu OTN ¢ chuong 3.

Chuong 3 trinh bay cdu trac mot sb khung tin hiéu dién hinh (cac géi tin dau vao cua
Module d6ng khung tin hiéu OTN); dua ra cau hinh mot mang truyén dan, xac dinh qua trinh
trao ddi thong tin gifra cac niit mang trong cAu hinh mang tur d6 xac dinh vi tri, chirc nang cua
Module. Két hop véi cdu trac khung OTN theo G.709 dé xuét duoc kién trac Module tao
khung tin hi¢u OTN.

Chuong 3 da dé xuét kién tric ctia mot Module cu thé (Module tao khung tin hi¢u).
Trén co s& kién tric dé xudt, can tiép tuc nghién ctru, phat trién céac bang mach cu thé dé kién

trac nay co thé trién khai img dung cho céc thiét bi OTN tai cac nat mang trong thuc té.



