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LOI MO PAU

Trong thoi diém mang vién théng dang phat trién nhu hién
nay va nhu cau vé luu luong nhiam dap tng nhu cau vé toe do truyén
dan théng tin khoang cach 16n, téc do bit cho cac thué bao st dung
thi viéc thiét ké mang FTTH (Fiber To The Home) dua trén mang
quang thu dong 1a viéc rat can thiét mang ¥ nghia quan trong, c6 tinh
thuc tién 16n.

Cong nghé FTTH 1a mang vién thong bing rong bang cap
quang duoc ndi dén tan nha dé cung cip cac dich vu téc do cao nhu
dién thoai, Internet toc do cao va IPTV dang duogc trién khai kha
nhiéu & nude ta.

Vi thé em da quyét dinh chon dé ta. “i. et ké tuyén FTTH
dia trén cong nghé mang quang-+hy. dc1g PON” dé tim hiéu vé
mang FTTH va céc cong ngh? li n wan dén thiét ké mang FTTH.

Nbi dung d6 a- tro 41 3 chuong:

Chwors i T.ny quan vé FIBER TO HOME

Chuo »7 2: cong nghé mang quang thy dong PON

Chwong 3: Thiét ké tuyén FTTH va md phong trén phan
mém OptiSystem

Do kién thirc con han ché, cong véi thoi gian tich liy chua
nhiéu nén d6 an nay khong tranh khoi thiéu sot va mot sd ndi dung

chwa dugc chi tiét, mong cac thiy co gido gop ¥ va thong cam.
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PHAN MO PAU
1. Ly do chon dé tai
Hién nay, cong nghé¢ FTTH (Fiber To The Home) 1a mang vién
thong bang rong bang cap quang dwoc ndi dén tan nha dé cung cap
cac dich vu téc do cao nhu dién thoai, Internet toc do cao va IPTV
dang duoc trién khai kha nhidu & nudc ta.

Vi thé em da quyét dinh chon dé tai “Thiét ké mang FTTH dia
trén céng nghé mang quang thu déng PON” dé tim hiéu vé mang
FTTH va céac cong nghé lién quan dén thiét mang FTTH.

2. Muc tiéu va nhiém vu nghién ciu

Muc tiéu: Thiét ké mot mé hinh mang FTTH

Nhiém vu: tim hiéu cac chuyén muc lién auar’ din &2 tai thiét ké

3. Poi twong va pham vi nghién cieu

Déi tugng: cong nghé mang gran, th aong PON

Pham vi:

- Nghién cur\31 an¢ FTTH
- Nehic » coucong nghé mang quang thu dong PON
- 1.4 ké mang FTTH
4. Phuwong phap nghién ctiru
- Tim hiéu phuong phap thong qua mang internet

- Céc d0 4n c6 dé tai lién quan

- Vén dung cac k¥ ning, kién thirc hoc dé thuc hién

- X4y dung mé hinh thiét ké, tién hanh mé phong

5. Dur kién két qua

- Hiéu dugc cong nghé mang quang thu dong va mang FTTH

- Hoan thanh mé hinh thiét ké FTTH

6. Y nghia khoa hoc va thuc tién

Trong thoi diém mang vién théng dang phét trién nhu hién nay
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va nhu cu vé luu lugng nham dap ng nhu cau vé toc do truyén dan
thong tin khoang cach 16n, téc do bit cho cac thué bao sur dung thi
viéc thiét ké mang FTTH dua trén mang quang thu dong la viéc rat

can thiét mang y nghia quan trong, c6 tinh thyc tién 16n.
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CHUONG 1: TIM HIEU MANG FIBER TO THE HOME

1.1. Khai niém

FTTH (Fiber To The Home) la cong nghé két ndi vién théng sir

dung cap quang tir nha cung cap dich vu téi dia diém khéach hang

(vin phong, nha...). Cong nghé cua duong truyén duoc thiét 1ap trén
co s dit liéu duoc truyén qua tin hiéu quang (4nh sang) trong soi cap
quang dén thiét bi dau cudi cua khach hang, tin hiéu dugc bién doi

thanh tin hiéu dién, qua cap mang di vao bo dinh tuyén bang rong.
Nh& d6, khach hang co thé truy cap internet bang thiét bi nay qua co
day hoac khong day.

1.2. Uu diém cia mang FTTH

S6 luwong cac bo thu phét quana, thict b dau cudi cua téng
dai CO va soi quang khé th4n.

Khoang cach truyén<'si : .>_h hop cho viéc phat trién thué
bao vién thong

Bing théy 2 150 ¢6 thé chay tot moi y8u ciu va (ng dung
hién ¢»i

C6 gi4 thanh bao dudng va duy tri mang thap.

An toan cho thiét bi, khong s¢ sét danh lan truyén trén
duong day.
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1.3. Kién trac mang quang FTTH
1.3.1. So' dé mang téng quat mgng FTTH

ONU

ADSL
=

VDSL , &
SHDSL 0_‘“

1 |

1B+D

IPIATM ONU
V.AN3S

Hinh 1. 1 So’ @6 tong quat mang F7 +A

1.3.2. Cdu hinh mgng FTTH
1.3.2.1. Cau hinh dang cay

1.3.2.2. Cau hinh dgng a. ot x th ‘ng
1.3.2.3. Cdu hinfi g 9 v0ng
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1.3.3. Bwdéc song s dung trong mgng FTTH
1.4. Mang quang tich cec AON va mang quang thu dong PON
1.4.1. Mang quang tich cuc AON

Active Optical Network (AON)

Hinh 1. 2 Kién tric mang AOI
1.4.2. Mang PON

Passive Optical Network (PO},

up to 20 Km

Hinh 1. 3 Kién tric mang PON
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CHUONG 2: TONG QUAN CONG NGHE MANG QUANG

THU PONG PON

2.1. Giéi thiéu mang quang thu dong PON
2.1.1. Cong nghé PON

PON la tir viét tat cua Passive Optical Network tam dich la
mang guang thu dong.

Trong cong nghé PON, tat ca thanh phan active giira tong dai
CO (Central Office) va nguoi sir dung s& khong con ton tai ma thay
vao d6 1a cac thiét bi quang thu dong, dé diéu hudng cac traffic trén

mang dya trén viéc phan chia ning luong tdi cac diél>dau cudi trén

dudng truyén chinh vi vay ma ngudi ta goi 1a cond ruhgmang quang
thu dong PON.
2.1.2. Pdc diém chinh cia hé thorz. F ON

>

YV V V V

Dic trung cua hé théng PUM 1 thiét bi phan phdi soi quang
dén timg nha L) b 9 s dung bo chia splitter ¢ thé I18n toi
1:128

PON A rg giao thirc ATM, ethernet

PON hd trg cac dich vu voice, data va video téc do cao

Kha ning cung cip bang thong cao

Trong hé théng PON bing théng duoc chia sé¢ cho nhiéu
khach hang diéu nay s& lam giam chi phi cho khach hang sir
dung

Kha nang tan dung cdng ngh¢ WDM, ghép kénh phéan chia
theo dai tan va cung cip bang thong dong dé giam thiéu cap
quang can thiét dé két ndi OLT vai splitter

PON thyc hién truyén dan 2 chiéu trén 2 soi quang hay 2
chiéu trén cuing 1 soi quang
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> PON c6 thé hd tro topo hinh cay, sao, bus va ring
2.2. Thanh phan co ban cia mang quang thu dong PON
2.2.1. M hinh h¢é théng

ODN

i

Soiquang

:

S¢i quang

°
NE!

1

E
Il
N
|

Ny

Hinh 2. 1 M& hinh k¢:# Sngmang PON

2.2.2. OLT (Optical Lire Te,mi ' ators)

L Phan e T Phn I OLT
i |
i Chiic nang E
' sian dién ODN 4
H Chire & '
nn, Chiic na ] :

' Chirc ning két uii &h:; :::E . : ODN
' ' ‘ thép ké | '
h._\lgng i i chéo truyén din ! :
ldi/metro | ' !
: duge :
- Bl Chiic ning :
Vs, EI, i ‘ giao diégn ODN i
ATM, i '
FE/GE | | PTTTTTTommTomsmmmmssssssmmmsssosoosoees B
E Chiic nang Chifc ning cip H
H 0AM ngudn i
H i

Phin chung OLT

Hinh 2. 2 Cac khéi chire ning OLT
2.2.1.1. Phan 16i.
2.2.1.2. Phan dich vy OLT



2.2.1.3. Phan chung OLT
2.2.3. ONU (Optical Network Units)

_________________________________________________________________

Phan lii ONU ' Phan dich v ONU )
u ]
Chire
Chirc ning nang fic T i
T — S mie | ! Khich
ODN “hire néng giao ghép kénh Ehep L port user o
dién ODN truyén din khich | ! | hang
hing vi !
djch vy |
\ POTS,
i : IV24/V35,
1 - - ! xDSL,
: : i 2B+D
|
Chie ning Chire ning cip i
0AM ||gu€'\||

Phin . fung ONU

___________________________________________________________

Hinh 2. 3 Cac khéi chirc ndr s N ¥
2.2.2.1. Phan 16i ONU
2.2.2.2. Phan dich v ONU
2.2.2.3. Phan chung @NUI
2.2.4. ODN
2.2.4.1. Spi q ar, J \a cap quang
2.2.4.2. Splitter
2.3. Phan loai PON

Bang 2. 1 md ta sw khac nhau cia BPON, GPON va EPON

Thong APON/BPON GPON EPON
sb

Toc do6 | Down: 155, 622, Down:155, 622, Down va up:
bit 1244 Mbps 1244,2488 Mbps | 1250 Mbps

Up:155,622 Mbps | Up: 155, 622,
1244 Mbps
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Khoang | Téi da: 20km Tbi da: 60km Tbi da: 20km
cach
Quy suy | 10-25/10-28 /15- | 5-20/10-25/13- | 5-21/10-26 dB
hao 30dB 28/15-30 dB
Bo chia | Toi da: 1:64 Téi da: 1:128 Téi da: 1:16
Budc | Down:1480-1500 | Down:1480-1500 | Down:1480-
song | nm nm 1500 nm
Up: 1260-1360nm | Up: 1260-1360nm | Up: 1260-1360
Cung cép tin hiéu | Cung cip tin hiéu | nm
video & 1550 nm | video ¢ 1550 nm | Cung cép tin
H 2u video &
o [aBbonm
Giao | Cell ATM Khung GEM Khung Ethernet
thac e\
Dich vu | Ethernet, TDM, | theinet, TDM, Ethernet
POTS roTsS

2.4. Cac chu#wPCN
2.4.1. APON/TON
2.4.1.1. M6 ta hé théng APON/BPON

OLT danh cho
thoai/dir ligu

OLT dinh cho video

B{ keét hop bude sing

3~
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Hinh 2. 4 M6 hinh hé théng BPON
2.4.1.2. Kién trac phan lép APON/BPON

Lép dudng

Lép hii tu truyén dan TC

Lép médi trudmg

truyén dan :

Ldp con thich ing

Lép vat I

Lép con truyén. 1in
Pt

Hinh 2. 5 Kién t=c p. 37 [6p APON/BPON
2.4.1.3. Buéc song trcag Ak ON BPON

Bing md ring
St dung phin
Bing m phii video
g
APON Sidmg  APON 5”'—?‘“‘3“ Sitding
upstream chotumglsi  downstream " héa chulu&ng Lai

/A AVARRY

1260 1360 1480 1500 15391550 1560 1565 Bude séng (am)

Hinh 2. 6 Ké hoach phan bé budéc séng ciaa ITU-T G.983.3
2.4.2. GPON
2.4.2.1. M0 ta hé théng GPON
2.4.2.2. Lép truyén dan hgi tu GPON
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Header khung (PCBd)

Tai & huéng down
‘ | Bé nhé BW
Down
Alloc- Bit déu Két Alloc- Bit diu Kér Alloc- Bat diu Két
1D thiic 1D thiic D thiic
| 1 | 100 I 300 | 2 ‘ 400 | 500 | 3 | 520 | 600 ‘
" S N ~ ~ M
v " R hP ¥+
Up T-CONT1 T-CONT2 T-CONT1
(ONUILY (ONU2} (ONU3}
Khe Khe Khe Khe Khe Khe
100 300 400 500 520 600

Hinh 2. 7 Khai niém diéu khién da truy nhap GPON
2.4.3. EPON
2.4.3.1. Kién tric 16p Ethernet va EPON
2.4.3.2. khung Ethernet
2.4.4. So sanh EPON va GPON
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CHUONG 3: THIET KE TUYEN FTTH MO PHONG TREN
PHAN MEM OPTISYSTEM

3.1. Y twéng thiét ké

Tinh toén thiét ké mot sé tuyén quang FTTH khoang 27.000
thué bao trong pham vi Huyén Ninh Phuéc, Tinh Ninh Thuan. St
dung phan mém chuyén dung OptiSystem dé kiém chung va danh
gia chat luong tin hiéu trong hé thng.
3.2. So dd khaoi thiét ké mang FTTH cho 27000 thué bao dwa trén
cdng nghé¢ PON

O day ta thiét ké md hinh FTTH cho 27.000 thu hao trong khu
vuc Huyén Ninh Phuéc voi 8 xa va 1 thi tran. VA ron 2 tram chinh
cua thanh phé (VNPT Tinh Ninh Thuan, 2., Duong 21/8, Thanh
phd Phan Rang - Thap Cham, Tinb-Ni, b L huan) ta s& dung bo chia 9
dé dua vé 9 thi trin, xa huvés M in.2 hude rdi tir cac thi tran, X3 nay
lai phan vé& dén ting ti 1€ Ya.
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Xi Phure Photodiode
Tin higu i .
quang dua
o Tinh - = o
S | | e
chia 19 w& ||| ~
cho cdc xd

Thi Tran Photodiods
= {E
X3 Phude Hiu Photodiode
: . BER
33 Phuoc . Photodiode
N Vinh > PIN = BER
X3 Phusde Son Photodicds
\ =N =]

33 Phuoe Thii T E stod hde
1
|7‘ 5 Fibrde) ) | Photodicds
N e Il
|

3.3. M6 phé! 1} ing phan mém OptiSystem
3.3.1. Gigi thigu phdan mém OptiSystem
3.3.2. Khdo sat thong sé ciia md phéng trén mét nhanh

Pé thiét ké mang FTTH cho 27000 thué bao thi tir tram chinh ta
s& duing bo chia dé chia tin hiéu quang vé cho 27000 thué bao. O day
thiét ké cho khu vuc gom c6 9 xa va thi trin vay trude hét ta s& dung
bo chia 1/9 dé dua tin hiéu quang vé 9 x4 va thi tran trong huyén . Bé
dap ung nhu cau la 27000 thué bao thi mdi xa phai ¢ 3000 thué bao,
ma trong céng nghé nay bo chia téi da 1a 1/128 vay nén trudc hét ta
s& dung bd chia 1/25 dé chia tin hiéu quang & du cac x4, thi tran.
Tiép theo ta s& dung bo chia 1/120 dé chia vé t6i tirng thué bao.
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Ta chon:
- Tén hao do cac dau ghép ndi tir nguon phat vao soi quang, tir
soi quang dén may thu, va giira cac bo chia quang 12 0.2 dB
- Cobng suat phat 5 dBm
- Ggppa =13 dB, NF(hé sb nhiéu cia EDFA) =5 dB
- R(hé sé chuyén déi quang dién cua photodiode) = 1A/W
- Tén sic soi Tgiper = 17 ps/ km.nm , S6 mode phan cuc m, =
2
Str dung mi duong NRZ dé truyén bang cach diéu ché tin hiéu
s dung bo diéu ché Mach-Zehnder. Suy hao qua bo diéu ché
MachZehnder la vao khoang 3.2dB.
Tinh toan suy hao:
Xét thué bao xa nhét tuyén véi chiéu dai 'a '8 km, budc song
1550nm c6 ton hao soi 12 0.3 dB/km. & 1y . au trén soi 1a:;
Fy;/=0.2*18=3.6 dB
Str dung 15 bo ndi vor su-h bt ong ing mot bo ndi 1a 1a 0.5dB
= SnCh 9 L) 1161 Pyg ngi= 0.5%15= 7.5 dB
Str dung 8 mcbun véi suy hao twong tng caa mot mbi han 1a 0.1dB
=  Suy hao méi han Py, = 0.1*8= 0.8 dB
Str dung bo chia 1:9, 1:25, 1:120
= Suy hao bd chia Py chia = 10l0g9 + 10l0g25 + 10log120
=44.31dB
Vay, tbng cong suét suy hao trén tuyén Ia:
l:)suy hao = Psqi + Pb(f) néi + Phant Pb(f) chia=3.6+75+0.8+
44.31=56.21 dB
Lua chon mang PON sir dung
Vi cac dac tinh caa cong nghé GPON nhur 1a:
e Tbc dd truyén dan 16n, cac dang toc do da dang (7 dang tbc
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dd) cho ta cé thé dé dang lua chon.

e Khoang céch vat ly : toi da 20km.

e Ty I& chia: n6 cd thé sir dung nhiéu b chia nhu 1/2, 1/4,

1/8, 1/16, 1/32, 1/64, 1/128.

Ta thay nhiing ddc diém trén phd hop véi md hinh thiét ké cua
ta 1a md hinh thiét ké mang FTTH cho 27000 thué bao cho huyén.
Vay nén ta sé€ stir dung cong nghé GPON trong mé hinh nay
3.3.3. So do thiét ké thuc té trén mét sé nhanh

Phwdc -
sSon Phwdéc

15 km Vinh ir
13 km

e D,

Phu
Phwdc = 7 N ¥ = » =
Thai Hél:" Phuwée Thuan— f RILEE g T oy
14 km 10 4an 6 km 4
= e
Phuwdc o / / \
Dan __ ///
9 km //
= An Hai
= / = P 5.8 km
: s Y wéc hai
& T km
Phuwrd N o
N 2

Hinh 3. 1 So’ d6 tuyén di thuc té
3.3.4. M6 hinh thiét ké si dung phan mém Optisystem

Hinh 3. 2 M6 phéng mgt nhanh trén Optisystem
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Tuyén trén day bao gom céc thanh phan:

a. Bg phat
- B0 diéu ché ngoai
- Nguén phét laser ¢ cong suat phat khoang 5dB tan sé phat
khoang 193,414489 THz, tng vé6i budce séng 1550nm.

- B6 chuyén d6i ma NRZ
- B9 diéu ché Mach-Zehnder
b. B¢ truyen dan
- Cép quang,
- B khuéch dai EDFA
- Bo chiaspliter
c. Bgthu
- B0 loc thdng thap
- Photodiode
- May phéan tich BEF
- May do corp st
- Maylue sing
- May pnan tich quang phd

3.3.5. Két qud thu dwoc

Céc thong sb cua hé thong:
e Khoang cach tuyén xa nhat 1a 18 km
e Cong suat phét tir -4 dBm dén 3.5 dBm
e Tbc do truyén 155Mbps, 625Mbps va 2.5 Gbps
e Budc song 1550 nm
e S6 kénh do: 1 kénh
e Tham sb duogc cho nhu & muc (3.3.2)
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Bang 3. 1 Thong s6 khi thay ddi cong suat phat véi toc do

155Mbps
Pr Py Q BER
-4 -31.835 4.28839 -5.04
-3.5 -31.338 4.80644 -6.11
-3 -30.842 5.3873 -7.44
-2.5 -30.344 6.03867 -9.10
-2 -29.847 6.76995 -11.19
-1.5 -29.349 7.58978 -13.80
-1 -28.851 8.50893 -17.05
0 -27.853 10.6944 ©06.26
1 -26.857 13.4438 L 40,77
15 -26.357 15.0771 -50.91
2 -25.859 11895 -63.64
2.5 -25.359 | 18.9457 -79.62
3 -2/:260 21.2387 -99.67
35 1230l 23.8075 -124.85

Bang 3. 2 Thong sb khi thay ddi cong suét phat véi toe dp 625

Mbps
Py Py Q BER
-4 -31.856 0 0
-3.5 -31.359 2.15866 -1.81
-3 -30.862 2.54696 -2.26
-2.5 -30.365 2.86994 -2.68
-2 -29.868 3.23262 -3.21
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-1.5 -29.370 3.63952 -3.86
-1 -28.872 4.09601 -4.67
0 -27.875 5.18239 -6.96
1 -26.877 6.5485 -10.53
15 -26.377 7.35784 -13.02
2 -25.879 8.26465 -16.15
2.5 -25.380 9.28041 -20.07
3 -24.881 10.4175 -24.98
3.5 -24.382 11.6895 -31.14

Bang 3. 3 Thong s6 thay déi khi thay ddi cona { *ar vui te dd 2.5

Gbps
Py Pr Ll 2 BER
4 31957 . [ 0
3.5 31.4.3 0 0
3 62 0 0
2.5 1 30.485 0 0
2 -29.988 0 0
15 -29.490 0 0
1 -28.993 2.12723 178
0 -27.996 271711 2.48
1 -26.999 3.3008 -3.46
15 -26.500 3.78957 -4.12
2 -26.001 4.23615 -4.94
25 -25.502 4.76318 5.96
3 -25.003 5.2059 1.23
35 -24.504 5.9223 8.80




