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MO DAU

Trong nhitng nim qua, cing v&i sy phat trién cta kinh té - xa hoi, nhu cau
st dung truyén thong ngay cang 16n véi nhiéu dich vu bang rong téc do cao va da
phuong tién trao d6i thong tin & moi luc moi noi dang tré nén thiét yéu trong cac
hoat dong xa hoi. Do do, nhu cau xay dung mot mang truy nhdp bang rong c6 kha
ning truyén tai cac dich vu bing rong toc d6 cao tdi ngudi dan 1a hét strc can thiét.
Hién tai, VNPT néi chung va VNPT Béc Ninh néi riéng, di st dung cong nghé
GPON dé xay dung mang truy nhdp c6 bang thong rong véi nhiéu loi thé nhu dé két
ndi, tinh co dong cao, chi phi dé sir dung cong nghé mang nay khong qua dat do.
Tuy nhién trong qua trinh trién khai va cung cip dich vu téi khach hang vin xay ra
mot sé diém can phai khac phuc dé t6i vu chat luong dich vu duoc tdt nhat vi hién
nay, tinh hinh canh tranh trén thi trudng Vién thong giita cac nha mang dang dién ra
rat khéc liét. Chinh vi vy, viéc nghién ciru giai phap dé nang cao chat luong dich
vu GPON 1a mot van dé cép thiét. Xuét phat tir nhitng co s& khoa hoc va thuc tién
dang trién khai, hoc vién da lwa chon dé tai : “Gidi phdp ndng cao chit lwong
GPON tai thanh ph6' Bic Ninh” lam luan van tot nghi¢p Thac si k¥ thuat cua
minh.

Noi dung chinh ctia luan vin gém 3 chuong va trinh bay vé cac van deé:

Chuwong 1: Tong quan vé mang truy nhap quang thu dong PON.

Chuwong 2: GPON va cic yéu to anh huong dén chat lugng cia GPON.

Chuwong 3: Nang cao chat luong GPON tai thanh phé Béc Ninh.



CHUONG 1. TONG QUAN VE MANG TRUY NHAP QUANG
THU PONG (PON)
1.1 Gi6i thiéu.

Mang vién thong gém mang truy nhap, mang dudng truc va mang phia
khéch.

Mang truy nhap 1a mang & vi tri cudi cia mang vién thong, truc tiép dau ndi
v6i thué bao, bao gém tit ca cac thiét bi va duong day duoc lip dit gifta tram
chuyén mach noi hat véi thiét bi dau cudi cta thué bao, c6 nhiém vy truyén tai tin
hiéu dén thué bao. Mang truy nhap c6 dac diém thuc hién chirc nang ghép kénh, ndi
chéo va truyén din. N6 cung cap da dich vu, tir chuyén mach dén truyén sé liéu,
hinh anh, thué kénh...

Viéc bung nd luu luong Internet trong thdi gian vira qua cang lam tram trong
thém céac van dé ctia mang truy nhap téc d6 thap. Cac bao cio thong ké cho thiy luu
luong dit liéu da ting 1én 100% mdi nim ké tir ndm 2000. Tham chi, su két hop
giira cac yéu t6 cong nghé va kinh té da tao ra nhitng thoi diém ma téc do phat trién
dat ngudng 1000%. Xu hudng nay s& con tiép tuc trong tuwong lai, s& ngiy cang
nhiéu ngudi st dung truc tuyén va nhitng ngudi sit dung da truc tuyén thi thoi gian
tryc tuyén s& cang nhiéu hon, do vay nhu ciu vé bang thong lai cang tang 1én [3].

Ngay nay mang dudng truc phat trién nhay vot véi nhiéu cong nghé méi nhu
WDM (cong nghé ghép kénh quang theo budc song). Mang LAN ciling dugc cai
tién va nang cap. Toc d6 qua LAN hién gid c¢6 thé 1én téi 1Gb/s tham chi 1a 10GB/s.
N6 dan dén sy chénh 1éch rat 16n vé bang thong gitra LAN tc do cao, mang dudng
truc va mang truy nhap téc do thip. Pong thoi, nhu cau vé téc do truyén tin cua
nguoi st dung ciing ngdy cang ting. Trudc van dé d6 mot s6 cong nghé méi da

dugc ing dung dé dap tng nhitg nhu cau vé bing thong.



2D Video Format Mb/s Native] Mb/s (compressed)_
per stream [H.262 or MPEG]  H.264 or |
2 MPEG-4
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T Definition (SD) R Z g -
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Hinh 1. 1: Nhu ciu bing théng ngay cang cao

PON (Passive Optical Network) 13 mang quang thu dong diém — da diém.
PON khong chira bat ki mot phan tir tich cuc nao ma can phai cé sy chuyén doi dién
— guang.

Mang quang thu dong c6 thé dinh nghia mét cach ngan gon nhu sau:

“PON 1a mdt mang quang chi c6 cac phan tir thu dong va khong c6 cac phan
tr tich cyc 1am anh huong dén téc do truyén dan”. Nhu vay véi khai niém nay, PON
s& khong chira bat ky mot phan tir tich cuc nao ma cin phai co su chuyén do6i dién-
quang. Thay vao do, PON s€ chi bao gém sQ1 quang, cac b chia, bo két hop, bo
ghép dinh hudng, thau kinh, bo loc,... diéu nay gitp cho PON c¢6 mét s6 wu diém
nhu khéng cin ngudn dién cung cip nén khong bi anh hudng bai 16i ngudn, co do
tin cdy cao va khong can phai bao dudng do tin hiéu khong bi suy hao nhiéu nhu
d6i v6i cac phan tir tich cuc. PON ngoai viée giai quyét cac van dé vé bing thong,
nd con c¢6 wu diém 1a chi phi lap dat thip do no tan dung dugc nhitng sgi quang
trong mang da co tr trudc. PON ciing dé dang va thuan tién trong viéc ghép thém
cac ONU theo yéu ciu cua cac dich vu, trong khi d6 viéc thiét lap thém cac nat
trong mang tich cuc kha phtc tap do viéc cAp nguodn tai moi nat mang va trong
mdi nut Mmang déu can co6 cac bd phat lai. PON co6 thé hoat dong voi ché do khong
d6i xing. Chang han, mot mang PON c6 thé truyén din theo luéng OC-12 (622
Mbits/s) & dudng xudng va truy nhap theo ludng OC-3 (155 Mbits/s) & duong 1én.



Mot mang khong dbi xtmg nhu vdy s& gitp cho chi phi cia cac ONU giam di rat
nhiéu, do chi phai sir dung cac bo thu phat gia thanh thap hon.

PON con c6 kha ning chdng 13i cao (cao hon SONET/SDH). Do cac nit cia
mang PON nim ¢ bén ngoai mang, nén ton hao ning luong trén cac nut nay khong
gdy anh hudng gi dén cac nit khac. Kha ning moét nit mit ning luong ma khong
1am ngéit mang 14 rat quan trong déi véi mang truy nhdp, do cac nha cung cip khong
thé dam bao duoc nang luong du phong cho tit ca cac dau cudi o xa [3].

Véi nhitng 1y do nhu trén, cong nghé PON c6 thé dugc coi 1a mét giai phap
hang dau cho mang truy nhap. PON ciing cho phép twong thich véi cac giao dién
SONET/SDH va ¢6 thé duoc st dung nhu mdt vong thu quang thay thé cho céac
tuyén truyén dan ngin trong mang d6 thi hay mach vong SONET/SDH duong truc.

PON bao gdm cac thanh phan co ban 1a OLT (Optical Line Terminal), ONU
(Optical Network Unit), Splitter (cdc b chia quang) va cac soi quang nhu thé hién
trén hinh 1.2

Passive Optical Network

| o0 | m’f*

. Pasgive Optical : @7”

Optical Line Terminal g"ﬁ""?/ ONUP) Pl w &8
| ol
@

P e

“

Ak

"-e.ess

Hinh 1. 2 : Céc thanh phan co ban cia PON



1.1.1 Uu diém ciia mang quang thu dpng (PON).

PON ngoai viéc giai quyét duge van dé bang thong con c6 wu diém vé van dé
lap dat voi kinh phi thip do tan dung dugc nhimng soi quang trong mang co tir trudc.
Ngoai ra n6 con co thé hoat dong véi ché do khong ddi xtimg do d6 s& giam chi phi

ONU di rat nhiéu do chi phai st dung bo thu phét gia thanh thap hon.
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Hinh 1. 3: Toc @9 dwong truyén ciia cong nghé PON.
PON c6 thé dam bao dwgc muc tiéu > 100 Mbps/1 khich hang va 13 cong
nghé c6 bang théng cung cap dén khach hang 16n nhat hién nay.
Cong nghé PON hién dang duoc tiép tuc phat trién véi kha ning cung cip
bang thong duong truyén 1én t6i 40 Mbps va 100Mbps véi WDM PON.



Hinh 1. 4: Céu triic mang don gian.

CAu tric mang don gian, ngoai 2 thiét bi OLT va ONU/ONT la phan tir tich
cuc, cac phén tor thu dong con lai (cap quang, bd chia quang, ODF) khong can cép
ngudn.

Can chinh tin hi€éu don gian, linh hoat trong trién khai ha tﬁng.

1.1.2 Kién trisc PON (Mang quang thu déng).

Véi kiéu str dung mang truy nhép diém — da diém, mdi CO c6 thé cung cap
mang cho nhiéu thué bao. Nhiing cdu hinh thuong gip nhu céu hinh ciy, vong

(ring), bus déu phu hop cho mang truy nhap.

Thoai, dit li¢u,

He thoing

Cong ty
thumg mai

Hinh 1. 5: M6 hinh Mang quang thu dong



PON c6 thé trién khai bat ki cdu hinh nao theo cic cAu hinh trén bang cach

st dung cac bd gheép 1:2 va bo chia quang 1:N.

ONUI

Iii =9 ONU2
I
L ONU3
Ol ONU4
ONUS
ONU#
(a) Kién tric hinh cdy (st dung bo chia I:N (¢) Kién tric vong ring (sir dung bo ghép 2x2)

ONU3 ONUA ONUS

ONU$

(b) Kién triic bus (sir dung b ghép 1:2) (d) Kién trdc hinh cdy vai mot trung k€ thira(str dung bo chia 2:N)

Hinh 1. 6 : Céc kiéu kién tric ciia PON.

1.2 Cic hé thong PON hién dang dwoe trién khai.
1.2.1 APON/BPON.

T nam 1995, 7 nha khai thac mang hang dau thé gioi da 1ap nén nhoém
FSAN (Full Service Access Network) véi muc tidu 1 thong nhét céc tiéu chi cho
mang truy nhap bing rong. Hién nay céc thanh vién cia FSAN da ting 1én dén trén
40 trong d6 c6 nhiéu hing san xuat va cung cap thiét bi vién thong l1én trén thé
gi0i.Cac thanh vién cia FSAN da phat trién mot tiéu chi cho mang truy nhap PON
stt dung coéng nghé ATM va giao thirc 16p 2 cta n6. Hé thdng nay duoc goi 1a
APON (viét tit cia ATM PON).



Mang APON st dung cong nghé ATM 1a giao thtrc truyén tin. Cong nghé
ATM cung cap su mém déo theo khai niém do trong sudt dich vu va phan bo biang
tan, ngoai ra con c6 nhiing tinh ning rat hitu ich cho hoat dong khai thac va bao
dudng cac két ndi tir dau cudi dén dau cudi, nho d6 giam duge chi phi hoat dong
ciia mang. Cac wu diém cia ATM duoc két hop voi méi trudng truyén dan 13 soi
quang véi tai nguyén bang tan dudng nhu 13 v6 han di tao ra mot mang truy nhap
bang rong dugc biét téi nhu 13 mang PON bing rong — BPON (Broadband PON).
Nhu moi hé théng khac, BPON ciing dugc chia thanh cac 16p, 16p con véi cac
nhiém vu cu thé. Cac 16p nay thudc mot trong hai mit bang:

Mot 1a mat béng dr liéu c6 nhiém vu phan phéi luu luong dén va di tir cac

thiét bi dau cudi, trong truong hop nay 1a cac cong tai OLT va ONU.

Hai 1a mat bang diéu khién, hay mat bang OAM, hay hé théng hd tro hoat
dong (OSS), thuc hién cac chirc nang van hanh, diéu khién, quan ly.

Nhitng chirc ning nay c6 tinh chat khong bit budc (khong day du), vi du nhu
12 c4c chire ning OAM 1a khoi tao, khoi phuc 16i, béo cdo trang thai, véi trudng hop
mang quang c6 cac chirc nang riéng biét nhu diéu chinh cong suét laser. Thong tin
diéu khién chua trong cac trudng tiéu dé, tiéu dé con, hay cac phan thong tin mao
dau trude luu luong ngudi dung. Phai noi rang, thong tin tiéu dé thudc vé mot 16p sé
khong dugc nhin thdy boi cac 16p & trén tai ca phia giri va phia nhan. Miéu ta cau
tric ngit phap cac ban tin bang cach liét ké ting bit, timg byte trong dinh dang ban
tin. Thuc té, chi cAn xem ban tin cia mot 16p néi gi, nghe gi, ta c¢6 thé hoan toan biét
chtrc nang cua giao thire 16p do.

1.2.2 GPON.

CAu tric cta hé théng APON chi c6 thé hd trg tde do cao nhat 1a 622Mbps
va khong thé nang cép cap dugc. Thém vao d6 luu lugng IP cia mang PON trén
nén ATM con khong t6i vu nén FSAN d3 phat trién hé théng méi, GPON (Gigabit
PON), vao nam 2001 voi tbe do 1Gbps va ndm 2003-2004 né dugc chuan héa véi
cac tiéu chuan G.984.1, G.984.2 va G.984.3. Ngay nay, GPON duoc dinh nghia dua
trén cac giao thiic co ban ciia chuan SONET/SDH cua ITU. Giao thic nay kha don



gidn va né dat duoc gﬁn 95% hiéu suat bing thong. GPON hd trg tbc do bit vai
duong 16n 13 1,244Gbit/s va hudng xubng 1a 2.488Gbit/s, mot tbc d6 16n chua timg
c6 tir trude toi nay. N6 1a cong nghé t6i wu cho cac ing dung cua FTTB va FTTH.
Cong nghé nay phu hop cho viéc truyén thong Ethernet/IP véi viéc hd tro truyén

video va tiéng noi hién nay va ca trong tuong lai dua trén giao thirc SONET/SDH.
1.2.3 Ky thudt truy nhdp va phwong thirc ghép kénh trong GPON.

Cong nghé truyén dan da truy nhép 1a cac k¥ thuét chia sé tai nguyén hitu
han cho mét lugng khach hang. Trong hé thong GPON, tai nguyén chia sé chinh 1a
bang tan truyén dan. Ngudi sir dung cing chia sé tai nguyén nay bao gdm thué bao,
nha cung cap dich vu, nha khai thac va nhiing thanh phan mang khac. Tuy khong
con 1a mot linh vuc méi mé trong nganh vién thong trén thé gidi, nhung cac k¥
thuat truy nhap ciing 13 mét trong nhitng céng nghé doi hoi nhitng yéu cau ngay
cang cao dé hé thong thoa man duoc cac yéu cau vé do 6n dinh cao, thoi gian xur 1y
thong tin va tré thép, tinh bao mat va an toan dir li¢u cao.

Phuong thtc truy nhap dwoc st dung phd bién trong cac hé théng GPON
hién nay 1a da truy nhap phan chia theo thoi gian (TDMA). TDMA 1a k¥ thuat phan
chia bang tan truyén dan thanh nhitng khe thoi gian ké tiép nhau [9].

Nhitng khe thoi gian nay c6 thé duoc 4n dinh trudc cho mdi khach hang
hodc co thé phan theo yéu cau tuy thudc vao phuong thirc chuyén giao dang sir
dung. Hinh 1.3 dudi day 1a mot vi du vé viéc s dung TDMA trén GPON hinh cay.
MJi thué bao dugc phép giri s6 liéu duong 1én trong khe thoi gian riéng biét. Bo
tach kénh sap xép s liéu dén theo vi tri khe thoi gian cia né hodc thong tin duoc
giri trong ban than khe thoi gian d6. S6 liéu duong xudng ciing dugc gui trong
nhitng khe thoi gian xac dinh. Hai budce song dugc dung 1a hudng 1én A1=1310nm,

huéng xudng A2=1490nm.
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e nEm

Hinh 1. 7: TDMA GPON

GPON st dung k¥ thuat TDMA ¢ wu diém rat 16n, d6 1a cac ONU c6 thé
hoat dong trén cung mot budc song va OLT hoan toan c¢6 kha nang phan biét duoc
luu lugng cua tirng ONU. OLT ciing chi can mot bo thu quang, diéu nay s€ dé dang
cho viéc trién khai thiét b, giam duogc chi phi cho cac qué trinh thiét ké, san xuét,
lap dit, khai thac va bao dudng. Ngoai ra, viéc str dung k¥ thut ndy con c6 mot wu
diém 1a co thé lap dat dé dang thém cac ONU néu c6 nhu cau nang cap mang. Mot
dic tinh quan trong cia GPON sir dung TDMA 12 yéu cau bat budc vé dong bo cua
luu luong dudng 1én dé tranh xung dot sé lidu. Xung dot ndy sé xay ra néu hai hay
nhiéu géi dit liéu tir nhitng thué bao khac nhau dén bd ghép cling mot thoi diém. Tin
hiéu nay dé 1én tin hiéu kia va tao thanh tin hiéu ghép[5]. Phia diu xa khong thé
nhéan dang dugc chinh xéc tin hi¢u toi, két qua 1a sinh ra mot loat 15i bit va suy giam
thong tin duong 1én, anh huong dén chat luong ciia mang. Tuy nhién cac van dé
trén déu duoc khac phuc voi co ché dinh ¢ va phan dinh biang thong dong cia
GPON s& duoc dé cip ¢ phan sau.

Phuong thirc ghép kénh trong GPON la ghép kénh song hudng. Cac h¢
thong GPON hién nay str dung phuong thirc ghép kénh phan chia khong gian. Day
1a giai phap don gian nhat d6i vé6i truyén din song huéng. N6 dugc thyc hién nho
sir dung nhirng soi riéng biét cho truyén dan duong 1én va xudng. Sy phan cach vat
li cia cic huéng truyén dan tranh dugc anh hudng phan xa quang trong mang va

cling loai bo van dé két hop va phan tach hai huéng truyén dan. Diéu nay cho phép
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ting duoc quy cong suit trong mang. Viéc sir dung hai soi quang lam cho viéc thiét
ké mang mém déo hon va lam ting d6 kha dung boi vi chung ta ¢6 thé mé rong
mang bang cach str dung nhitng bd ghép kénh theo budc song trén mot hoidc hai soi
[6].

Kha ning mé rong nay cho phép phat trién dan dan nhitng dich vu méi trong
tuong lai. Hé thong nay s& sir dung ciing budc song, cung bd phat va bo thu nhu
nhau cho hai huéng nén chi phi cho nhitng phan tir quang - dién s& giam.

Nhuoc diém chinh ctia phwong thirc nay 1a can gip d6i sé luong soi, mdi han
va connector va trong GPON hinh ciy thi s6 luong bd ghép quang ciing can gap
d6i. Tuy nhién chi phi vé soi quang, phan tir thu dong va k¥ thuat han néi van dang
giam va trong tuwong lai né chi chiém ty 1& nho trong toan bo chi phi hé thng.

1.2.4 EPON.

EPON (Ethernet PON) 1 giao thirc mang truy nhap day du dich vu (FSAN)
TDMA PON thir nhat duoc phat trién dia trén khai thac cic wu diém cua cong nghé
Ethernet ing dung trong thong tin quang. EPON dugc chuan hoéa boi IEEE 802.3.
Trong E-PON, dit liéu hudng xudng duge dong khung theo khuon dang Ethernet.
Céac khung EPON c¢6 cdu trac twong tu nhu cac lién két Gigabit Ethernet diém t6i
diém ngoai trir tr mao dau va thong tin xac dinh diém bat dau cia khung duogc thay
d6i dé mang truong nhan dang kénh logic (LLID — Link logic ID) nhim xac dinh
duy nhat mot ONU MAC. Trong huéng 1én, cac ONU phat cac khung Ethernet
trong cac khe thoi gian dd duoc phan bd. ONU sir dung giao thirc diéu khién da
diém PDU (MPCPDU — Multi Point Control Protocol Data Unit) dé giri cac ban tin
“Report” yéu cau bang thong, trong khi d6 OLT guri ban tin “Gate” cap phat bing
thong cho cac ONU. Céac ban tin “Gate” bao gdm thong tin vé thoi gian bt dau va
khoang thoi gian cho phép truyén dir liéu dbi véi ONU. OLT ciing dinh ky giri cac
ban tin “Gate” t6i cac ONU hoi xem chung ¢ yéu cau biang thong hay khong. Cac
ONU ciing c6 thé giri “Report” cuing véi dir liéu duge phét trong hudng 1én. Ngoai
ra, giao thirc DBA cling c6 thé duogc st dung trong EPON dé thuc hién co ché diéu
khién phan b6 bang théng. Do khéng c6 cau triac khung thong nhat ddi véi hudng



12

xudng va hudng 1én, do vay, trong ciu triic cua E-PON, céac khe thoi gian va giao
thirc xac dinh cu ly 1a khac so vo1 B-PON va G-PON. OLT va cac ONU duy tri cac
bd dém cuc bd riéng va tang thém 1 sau moéi 16ns. Moi mot don vi giao thirc diéu
khién diém da diém MPCPDU mang theo mot thoi gian mau, mau nay 1a gia trj cia
bd dém cuc bo cia ONU tuong ung. Tbe do truyén dir liéu trong EPON co6 thé dat
toi 1Gbit/s.

1.2.5 WDM - PON.

Cong nghé mang quang thu dong st dung ghép kénh phan chia theo budc
song WDM-PON (Wavelength Division Multiplexing — Passive Optical Network)
1a thé hé ké tiép ctua mang truy nhap quang va cho bang thong 16n nhat.

WDM-PON la mdt giai phap trién vong cho cac hé thong PON thé hé méi dé
canh tranh vo1 cac hé théng 10G-EPON va NG-PON1. bé dat duoc bang thong 16n,
WDM-PON cung cép cho mdi thué bao mét budc song thay vi chia sé budc song
giita 32 (hodc nhiéu hon) thué bao nhu trong hé théng TDM-PON. Hinh 1.8 trinh
bay mdt hé théng WDM-PON dién hinh dua trén bd chia budc song st dung mot bo
tach budc song thu dong (mang dng dan song — AWG) trong nut dau xa [7].

Cic butk sing Mhi nhay téy

ox OMU
Két cudl duting / . .

day quang
Mang ong da

oLt —: | .’,\

LN\

Thiét bl mang

Quang

Hinh 1. 8: Kién triic dién hinh ciia mang WDM — PON

Céc tin hi€u dugc ma hoéa trén cac kénh budc song khac nhau, va dugc dinh

tuyén to1 cdc ONU khac nhau boi b phan kénh. Viéc str dung bd phan kénh tranh
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duoc su ton hao cong suit chén 16n gy ra bai bd chia quang, 1am cai thién dang
ké quy cong suit cia toan bo hé thong. Phuong thirc nay tao ra mot lién két diém
— diém gitra OLT va mdi ONU bang mot budc song riéng biét. Vi vay, méi ONU
c6 thé hoat dong vai toan bo tdc dd bit ciia kénh bude song riéng cua nd. Mait
khac, mdi ONU chi nhén c4c tin hiéu riéng cta nd, kién trac logic diém — diém
nay mang lai tinh bdo mat va an toan hon nhiéu so véi céng nghé TDM-PON.
Mot kiéu WDM-PON khac duge xem nhu phuong thirc chia céng sudt van sir
dung bd chia quang tai diém dau xa, noi ma cac tin hiéu dit liéu véi cac budce
song khac nhau dugc quang ba toi mdi ONU. Sau d6, cac bd loc quang duogc dat
ngay trudc cac bd thu tai ONU giup chon loc va chi truyén mot kénh budc song
va chin tat ca cac budc song khac. Loai WDM-PON nay c6 thé duoc nang cip dé
dang tir kién tric TDM-PON hién tai ma khong can bat ky thay doi nao trong
mang phan phdi quang ODN, nhung n6 khong thé han ché duoc cac van dé lién

quan dén bao mat thap va tén hao cong suat 16n[7].
1.2.6 Nhan xét.

Hién nay mang APON/BPON khong dugc quan tdm phét trién do chi hd tro
dich vu ATM va tbc d6 truy nhap thép hon nhiéu so véi cac cong ngh¢ hién hiru
khac nhu GPON hay EPON.

Céc nghién ctru hién nay dang tap trung vao GPON va EPON/GPON vi day
1a cac cong nghé méi hira hen s& dugc trién khai rong rii trong mang truy nhap
bang rong do cac dac diém vuot trdi cla ching so v6i cac cong nghé khéac. Trong
khi EPON chi cung cip toc d6 truyén 1a 1,25 Gbit/s thi GPON lai cho phép dat t6i
tdc do 2.448 Gbit/s. Va tham chi, khi cang ngay cac nha cung cap dich vu cang cb
tiét kiém chi phi bang viéc tan dung t6i da bang thong thi c6 vé nhu EPON dang
dan tro' thanh mot sy lya chon khong dugc danh gia cao. Vi hiéu suét tir 50% -
70%, bing théng cuia EPON bj gi6i han trong khoang 600Mbps dén 900Mbps,
trong khi d6 GPON véi viéc tan dung bang thong tdi da nd co thé cho phép céc
nha cung cip dich vu phan phdi véi bang thong 1én dén 2300 Mbps. Trong mot
nghién ctu dién hinh, hé théng mang GPON cua Flexlight co thé dat toi hiéu suét
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mang 93%, diéu d6 c6 nghia 1a chi c6 7% do rong bang tan duoc sir dung cho
viéc quy dinh cac tha tuc cia giao thire truyén thong. Hiéu suét 16n, 6 rong bang
tan 16n, GPON hra hen mang lai nhiéu lgi nhuan cho cdc nha cung cép dich vu.
Trong khi d6 APON, BPON, hay EPON lai t6n kha nhiéu bang thong cho viéc
quy dinh cac tha tuc truyén thong. Chinh vi thé ma hiéu suit bing thong giam di
dang ké. Cy thé 1a APON va BPON con 70% va EPON con 50%. P dugc chudn
hoa theo ITU — T G.984, GPON cho phép cung cap duong truyén véi cac dinh
dang gbc nhu IP va TDM, day thuc su 1a mot giai phap céng nghé PON dat hiéu
qua kinh té c6 thé sir dung cho ca cac dich vu gia dinh ciing nhu 13 cho cac doanh
nghiép. Vi nhitng dic tinh hd trg cao nhat va do rong bang tiéu dung duoc nang
tir 10 MHz 1én 100 MHz cho truyén dit liéu Internet, dap tmg duoc cac yéu cau
cho nhiéu dong IPTV (Internet Protocol Television),va c6 thé hd trg truyén thong
cda SDTV (Standard Definition Television)va HDTV (High Definition
TeleVision), GPON da thuc su dugc danh gia 1a kinh té hon EPON [8]. Mat khac
trong khi tiéu chuan IEEE 803.2ah chi hd tro 2 16p ODN 1a 16p A va 16p B thi
ITU-GT.984.2 GPON GPM hd trg ca 16p C, 16p cip cao hon. Lép C cho phép
mang PON mé rong cu ly toi 20 Km, cung cép cho sd luong 16n nguoi dung cubi,
dat t&1 64 tham chi 128 ONU/ONT. Bén canh d6 trong khi EPON chi hd tro duy
nhét mot toc do truyén dan d6i xung 1,25/1,25 Gbps thi GPON GPM linh hoat va
bién ddi dugc nhiéu hon, cho phép cac tbc do6 huéng xudng 1,25 va 2.5 Gbps,
hudng 1én cho phép 155 Mbps, 622 Mbps hay 1,25 va 2,5 Gbps. Ca hai cong
nghé déu nhiam t6i thi trudng truy nhap, bao gém cac ung dung Fiber-To-The-
Home va Fiber-To-The Building/Curb véi dic trung 13 téc d6 truy nhap khong
d6i xtng gilta huéng 1én va hudng xudng. Tham chi, v6i su phat trién cia céc
tmg dung dir liéu thi cling khong c6 nhu ciu dén 1,25 Gbps trong hudng lén.
Trong khi GPON cho phép cac nha cung cap dich vu dé thiét 1ap nhimg toc do két
nbi theo nhu cau thyc té, EPON khong thuc hién duoc diéu nay. Mic du day
khong 1a mot van dé 16n vé chi phi ddi véi két ndi toc d6 cao, tuy nhién dé hd trg

1.25 Gbps hudng 1én, doi hoi phai cung cap laser DFP & dau cudi va photodiode
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quang thac APD dit tai trung tim mang quang CO. Tur nhitng so sanh trén c6 thé
thdy rang GPON thich hop hon so v6i EPON trong viéc lip dat cac hé thong
mang dé cung cp cac kha ning du phong can thiét hd tro cho O&M, kha ning
tuong thich ciing nhu 13 bao mat. Pay 1a nhirg diéu kién can thiét dé diéu hanh

mot mang kich ¢& 16n.

Bang 1. 1: So sanh giira cong nghé GPON va EPON.

GPON EPON
Tiéu chuan ITU.T IEEE
Téc dé 2.488G/1.244G 1.25G/1.25G
Ty 1é chia 1:64~1:128 1:16~1:32
Céau triac khung GEM/ATM Ethernet
(dong goi)
Hiéu suatsir dung 92% 72%
bang théng
Ma dworng day NRZ 8B/10B
Quy céng suét Class A/B/C Px10/Px20

DBA Standard format Defined by vendors
Hé tro TDM CESoP / Native CESoP
Twong thich vei cac OMCI None
ONT khac nhau
Van hanh khai thac powerful Weak, extended by

(OAM)

vendors

Cac ché db (rng

dung

Multi-service/ FTTx

Pure data service

1.3 Két luén.

Chuong 1 ctia Luan van da trinh bay vé tong quan mang truy nhip quang thu
dong PON. Cac wu va nhugc diém ciia hé thong PON dang duoc trién khai.

V&i nhiéu vu diém va thuan loi di néu nhu dung lugng thué bao 16n, $b
luong cap giam, tinh bao mat tot, khong bi anh huong boi nhidu dién, thiét bi duoc
dam bao an toan, tbc do truy nhap cuc cao, va kha ning nang cap bang thong don

gian, cong nghé PON va dac biét GPON, 1a mét lya chon rat tot cho viéc gidi quyét
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van dé tic ngh&n bang thong trong truy nhdp va tré thanh cong nghé can thiét trong
tuong lai.
Trong chuong 2, GPON va cac yéu t6 anh hudng dén chat luong cia GPON

s€ dugc de cap va lam rd sau hon.
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CHUONG 2 : GPON VA CAC YEU TO ANH HUONG DEN
CHAT LUQNG CUA GPON

2.1 Giéi thiéu chung.

Sau khi chuan hoa mang FTTH vao nhimng nim 1990, cac thanh vién
ctiia FSAN d4 tiép tuc phat trién mot tiéu chi cho mang truy nhap PON sir dung cong
nghé ATM. Hé théng nay dugc goi 1a APON (viét tit ciaa ATM-PON). Cai tén
APON sau d6 duoc thay thé bang BPON véi v dién dat PON bing rong ¢ mirc do
pat trién cao hon. Nam 1997 nhom FSAN dua cac dé xuat chi tieu BPON 1én ITU-T
dé thong qua chinh thic. Tir d6, cac tiéu chuan ITU-T G.983.x cho mang BPON lan
luot duoc thong qua.Hé théng BPON dién hinh hd tro téc d6 v6i 155 Mbps hudng
1én va 622 Mbps huéng xudng. GPON duge ITU-T chuin héa theo chuan G.984 bat
dau tir nam 2003, md rong tir chuan BPON G.983 Hién cong nghé GPON di duoc
ITU hoan chinh thanh bo khuyén nghi ITU-T G.984x. Sy hoan thi¢n cua bd khuyén
nghi ndy la mot s& cir quan trong cho viéc lua chon tiéu chuan tham chiéu nham
huéng dén xdy dung b tiéu chuan qudc gia vé hé théng truy nhap quang thy dong
GPON tai Viét Nam. Cong nghé GPON da va dang duogc trién khai tai Viét Nam
nhung viéc chua c6 tiéu chuan qudc gia nao vé cong nghé GPON dit ra yéu cau can
som x4y dung tiéu chuan vé cong nghé GPON tai Viét Nam[8].

GPON h tro Triple- Play, ngoai ra hd tro giai phap cung cap cho tat ca céac
dich vu. GPON hd tro bing thong truyén tai 16n nén phu hop véi cac dich vu dang
phat trién trong twong lai: IPTV, Line TV... GPON c6 thé cung cap dich vu toi
khach hang véi khoang cach 1én t6i 20km va 1a con dudng t6t nhat cho cung cip da
dich vu.

2.1.1 Tong quan vé mang truy nhap quang GPON.

Hé théng G-PON bao gém 3 thanh phan chinh: OLT, ONT/ONU, ODN
(Spliter...)

Thiét bi két cudi quang OLT (Optical Line Terminator) thuong dit tai phong
may CO (Centre Office).
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Céc thiét bi dau cudi quang ONT (Optical Network Terminer) hodc Khdi
mang quang ONU (Optical Network Unit) dat tai phia khach hang.

Thiét bi két cudi mang cap quang ONU (Optical Network Unit), két nbi véi
OLT thong qua mang phan phdi quang (ODN) thudng ding cho truong hop két nbi
té1 buiding hodc téi cac via he, cabin (FTTB, FTTC, FTTCab)

Mang phan phéi quang ODN (Optical Distribution Network) gém c6 2 thanh
phan chinh 13 bd chia quang (Splitter) va cic sgi quang, ngoai ra con cd cac phu
kién khac nhu ti phan phdi quang (ODF), ming xong, ti ngoai troi.

Bo chia/ ghép quang thu dong (Splitter): Dung dé chia/ ghép thu dong tin
hiéu quang tir nha cung cap dich vu dén khach hang va nguoc lai gitp tan dung
hiéu qua soi quang vat 1y. Splitter thuong dugc dit tai cac diém phan phdi quang
(DP) va cac diém truy nhap quang (AP). Bo chia/ ghép quang s& c6 2 loai, mot loai
dit tai cac nha tram vién thong sir dung céc ti kiéu indoor, loai tht 2 s& 1a loai thiét
bi duoc boc kin ¢ thé mé ra duoc khi can thiét va dat tai cac diém mang xong hay
t phoi quang dit ngoai troi.

Trong mang GPON chi c6 2 loai phan tir 13 thiét bi tich cuc (yéu cau phai c6
nguodn dién) 1a OLT, ONT/ONU. Cac thanh phan khac trong mang (splitter, phu
kién quang...) déu 1a thiét bi thu dong (khong yéu cau phai cip ngudn) do d6 giam
thiéu duoc rat nhiéu sy cd c6 thé co dbi vi mot phan tir tich cuyec.

2.1.2 Kién triic ciia GPON

V& co ban, GPON c¢6 hai 16p chinh: 16p hoi tu truyén dan — Transmission
Convergence (TC) Layer va 16p phu thudc moi truong vat li — Physical Medium
Dependent (PMD) Layer. TC layer va PMD layer tuong ing véi hai 16p Data link
va physical trong mo6 hinh OSI.

e Khdi chirc ning ciia OLT

v" PON core shell: Gom 2 khdi chirc ning: Chtrc ning giao dién ODN va
PON-TC. PON TC g@)m:Framing, Media Access Control, OAM, DBA, phan dinh
quan 1y PDU (Protocol Data Unit) cho khdi chirc ning Cross-connection va quan

Iy ONU.Mdi PON TC c¢6 thé lua chon mot trong cac mode: ATM, GEM hodc
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Dual.

v Cross-connect shell: Cung cip kénh két ndi gitra khdi PON core shell véi
khdi Services shell. Giao thic dé két ndi 2 khoi nay phu thudc vao dich vy va kién
tric noi bo trong OLT. Pho bién hién nay 19ang giao thic GEM.

v’ Service shell: Cung cp giao dién két ndi dich vu (c6 thé 1a router/switch,
thiét bi SDH hoic WDM...) va giao dién khung TC cta két ndi PON.

e Khbi chirc ning cia ONU

v' Vé co ban cac khéi chirc ning cia ONU gidng véi OLT.

v' Tuy nhién do ONU chi ¢6 1 hoic tdi da 2 giao dién két ndi PON (trong
truong hop thiét ké dam bao du phong 1+1) do d6 khéi cross-connection dugc
luge gian hoa thanh khéi Mux/Demux

e Mang phéan phéi quang ODN

Mang phan phdi quang két ndi gitta OLT v&i mot hodc nhiéu ONU sur dung
thiét bi tach/ghép quang va mang cap quang thué bao.
2.1.2.1 GPON Physical Medium Dependent (PMD) Layer

Lép nay khong giébng nhu cac 10p cao hon, tit ca déu la phan culng
(hardware), Cac quy dinh vé théng s cta 16p PMD trong GPON dugc dinh nghia
trong chuan G.984.2:

e Tbc d6 bit: 1,24416 hoic 2,48832 Gb/s ¢ hudng xudng va 0,15552 hodc
0,62208 hoac 1,24416 hoac 2,48832Gb/s ¢ hudng 1én.
e Budc séng: 1260 dén 1360nm cho hudng 1én va 1480 dén 1500nm cho
hudng xudng.
e Loai tin hiéu truyén: chi truyén tin hiéu sd.
e Ti I& chia cua spliter: hd trg dén 1:64 va phu thudc vao suy hao cia
ODN.
e Duya vao suy hao cia ODN, qui dinh ¢6 3 16p:
- Lép A: 5dén 20dB
- LopB: 10 dén 25dB
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- LépC: 15 dén 30dB
e Chénh léch suy hao 16n nhét giira cac ONU: 15dB
e Khoang cach sogi quang t6i da: 20Km néu 20ang ngudn phat DFB
(Distributed Feedback Laser) va 10Km néu dung nguén phat 13 Laser Fabry-
Perot cho hudng Ién.
e (Cong suit phat trung binh cho hudng xudng trén 1 soi quang tai toc do
1,2Gbl/s:
- Lép A: -4 dén 1dBm
- LépB: 1dén6dBm
- LépC: 5 dén 9dBm
e (Cong suat phét trung binh cho huéng xudng trén 1 soi quang tai toc do
2,4Gb/s:
- L6pA:  0dén 4dBm
- LépB: 3 dén 7dBm
- LépC: 5 dén 9dBm
e (Cong suat phat trung binh cho huéng 1én trén 1 soi quang tai tbc
do1,2Gb/s:
Lop A: -3 dén 2dBm
Lop B: -2 dén 3dBm
- LépC: 2 dén7dBm

e (Cong suat phat trung binh cho hudng 1én trén 1s¢i quang tai toc do
2,4Gb/s:
- Lop A: 0 dén4dBm
- LépB: 3 dén 7dBm
- L6pC: 5dén8dBm
2.1.2.2 GPON Transmission Convergence (GTC) Layer
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GTC Layer gém c6 phén 16p dong khung GTC (GTC framing sublayer) va
phan 16p thich ing hoi tu truyén dan (transmission convergence (TC) adaptation
sublayer).

Pé truyén luu luong, trong GPON st dung khung GEM (GPON
encapsulation- method) hoic ATM. O dinh huéng duong 1én, luu luong 1a duoc
mang trong cac T- conts (Transmission containers). Bit ki mot T-cont déu co thé
mang duy nhat luu lugng ATM hoic duy nhat luu lugng GEM, khong thé mang ca
hai cung lic. Dé két hop mang ca hai ludng luu lwgng ATM va GEM trong cing T-
cont thi can phai dugc hd tro bdi mot vai loai ATM T-cont va T-cont khung GEM
khac. O ché d6 kép ca hai loai luu lugng duoc mang di trong khoang thoi gian mot
khung 125ps.

e Phin lop dong khung GTC

Ludng GEM dai 125ps trong khung GPON. Khung dir liéu ciia nguoi 21ang
c¢6 chiéu dai ngiu nhién. Giao thirc déng gbéi GEM hd trg phan manh cac khung di
liéu ngudi 21ang dong thoi chén cac mao dau va gia tri PTI dugc danh dé nhan
dang ra cac g6i da phan manh, nham gitp qué trinh ghép lai d& dang va khong mét

mat dir liéu. Qua trinh dong goi GEM dugc thuc hién qua cac trudng hop sau:

User
User Frame

I |
I | ! \
! \

[

why & '
GEM
GEM <— GEM Frame < GEM Frame GEM Frame o ¥EM < GEM Frame

Hader voi Hader "IE."-Q . , Hader vai
PTI=001 PTI=000 N PTI=001
a) GEM
Hader voi '::]
b) PTI=001

Hinh 2. 1: Phan l6p dong khung GTC.
Truong hop néu khung cua nguoi sit dung tring khép hodc ngin hon khung
cua GEM thi s€ dugc dat vao khung GEM mé ta ¢ (hinh 2.1a) va ( hinh 2.1¢).
Truong hop néu khung nguoi str dung dai hon khung GEM thi s& duoc phan
thanh cac manh nho dé dat vao khung GEM (Hinh 2.1b).
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Churc nang:

o Ghép kénh va phdn kénh: Phan tai PLOAM va GTC dugc ghép kénh vao
khung cua TC dudng xudng theo cac dinh dang khung quy dinh. Dinh huéng
duong 1én, mdi thanh phian duoc tich tir mdt nhoém duong 1én phu hop dén
Bwmap tuong tng dé ghép vao khung duong 1én.

o Tao mdo dau va giai ma: Mao dau khung GTC dugc tao va dugc dinh
dang trong khung dudng xubng. Cum mao dau duong 1én duoc giai ma. Ngoai
ra, OAM duoc dat vao la thuc thi.

Chure nang dinh tuyén no1 bo dua trén Alloc- ID: Puoc thuc hién cho dir licu
dén hoic tir b thich Gmg hoi tu truyén din GEM (GEM TC Adapter) di.
e Phin 16p thich wng hdi tu truyén din
Phan loai : ¢6 ba loai [ITU-T G984.3]

e B0 thich tng hoi tu truyén ddn ATM (ATM TC Adapter)

e B0 thich tng héi tu truyén din GEM (GEM TC Adapter)

e B0 thich tng giao dién diéu khién quan Iy ONU (OMCI Adapter)

2.1.3 Pinh dang truyén dén trong GPON

2.1.3.1 C4u triic khung hudng xuéng.

25
125us )

ES

PCBd Phan tai n PCBd Phan tai n+1 PCBd

n n+l n+2

Phan té bao | Phan GEM. TDM
ATM | va cac phan doan

Hinh 2. 2: Ciu tric khung huéng xuong
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Khung c6 chiéu dai t6i da 1a 125ps bao gém cac khdi diéu khién duong
xubng (PCBA) ciia 4 byte cho dudng truyén xudng va mot phan tai.

Khéi diéu khién duong xudng (PCBd) gém: Khéi PCBd dugc OLT goi di
dén cac ONU bang kiéu quang ba.

Psync | Ident | PLOAMd| BIP Plend | Plend [ USBWMapNx
4 bytes| 4 bytes | 13 bytes |1 bytes | 4bytes | 4 bytes 8 bytes

Khdi diéu khién dwong xuong PCB
Truwong dong bd vat 1y (Psync): Truong niy cb dinh 32 bit va 1a phan

bat dau cuia mdi PCBd va né giup cho cac ONU tim ra phan bat dau cua khung.

FEC Ind | Reserve | Super framecounter
1 bit 1 bit 30 bit
Truwong dong bd vat Iy

o Trwong ldent co 32bit:

Muc dich cta trudng nay 1a cho phép lua chon mét s6 khung GPON ciia mot
nhém 16n hon va dugc goi la si€éu khung (superframe).

Truong sira 16i FEC voi bit dau tién dé chi ra c6 hay khong c6 13i trong lién
két duong xudng. Bit thir hai 23ang trong luu trit va 30 bit con lai 23ang cho bd
dém siéu khung (superframe).

o Trwong thong tin vdn hanh ,qudn ly va bdo dwéong 16p vat Iy PLOAM

duong xudng (Physical layer Operation Administration and Maintenance)gom:

ONU ID MsgID Ban tin CRC
1 bytes 1 bytes 10 bytes 1 bytes

Cau tric troeong PLOAM
- 1 byte dé nhan dang nguoi nhan ONU ( ONU-ID)
- 1 byte danh cho nhén dang ban tin ( MsgID)
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- 1 byte danh cho truong kiém tra d6 du thira vong dé biét dugc su
toan ven cua khung
- Truong CRC 24ang kiém tra 15i
- 10 byte danh cho ban tin cta truong PLOAM
e Trwong xen ké bit chin 1é BIP (Bit Interleaved Parity): 1 byte cho phép
ONU giam sat duoc tde do bit I5i.
e Truwong chiéu dai phan tai dwong xudng Plend (payload length): dai
4 byte ngoai lam chirc ning bao vé bang cach kiém tra cac do du thira cac
bittheo chu ki (CRC) va phan nay con dugc truyén lai hai lan trong dit liéu
duong xudng.
e Truwong USBW map la noi ma OLT géi tin hiéu quang ba xudng tat
ca ONU gom c6 cac truong:
- Cap phat ID
- Truong Flag
- Trudng bat dau va dung
e Truwong CRC

2.1.3.2 Céu tric khung hudng 1én

Do dai khung dudng 1én bing v6i d6 dai khung dudng xudng va bang 125ps.
Moi khung c6 thé truyén dan cho mot hodc nhiéu ONU huéng 1én OLT (hink 2.3)
a) Cau trac khung
b) Mao dau huong 1én 16p vat i
c) Khung PLOAM hudng 1én
d) Bao céo bang thong dong hudng 1én
e) Thanh phan tai khung GEM hozc phan manh
f) Header khung GEM
Céc truong trong 16p cau tric nay:
- Mao dau 16p vat Iy duong 1én (PLOu)
- Quan ly, van hanh, bao dudng 16p vat Iy duong 1én (PLOAMuU)

- Chubi dinh mirc cong suat duong 1én (PLSu)



25

Phdn T-cont gém:
Phan tai (Payload)

B4o c4o bang tan dong duong 1én(DBRu)

Bdo cdo bing tan dong dwong lén (DBRu ) dom cé hai trieong con:

- Truong cdp phat bang tan dong DBA (Dynamic Bandwidth
Assignment) chiém 1, 2 hoic 4byte
- Trudng CRC chiém 1byte
e Phdan mdo dau ciia GEM cé 40 bit g6m cdc thanhphan:
Phén chi thi chiéu dai cta tai PLI c6 12bit
Nhan dang céng Port ID 12bit
Nhan dang loai tai PTI 3bit

Kiém tra 16i mao dau 13bit

e Phan tgi g6m co:
Phan ATM cells : 53 byte trén cell
Phan GEM bén canh mang dit liéu can déng bo nhu SONET hoic

Khung di liéu cua cac manh trong goi dir ligu Ethernet
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Hinh 2. 3: Céu tric khung GTC huéng Ién.
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2.2 Chit lrong va kha niing cung cip bing thong.
2.2.1 Khd ning cung cdp bing thong.

a) Hudng xudng:

* Biang thong yéu cau cua mot kénh HDTV = 18 Mbit/s.

* Biang thong yéu cau cua mot kénh SDTV = 3 Mbit/s.

* Truy cap Internet tbc do cao = 100 Mbit/s trén mdi thué bao véi ty 1¢ dung
chung 20:1

* Voice IP toc do 100 Kbit/s.

Trong d6 toc d6 huéng xudng cia GPON = 2,488 Mbit/s X hiéu suat
92% = 2289 Mbit/s. Trong ung dung nhiéu nhém ngudi st dung MDU (
multiple- dwelling-unit), v&i ty 1& chia 1a 1:32, GPON c¢6 thé cung cip dich vu
co ban bao gom truy cap Internet toc do cao va Voice dén 32 ONU, mdi ONU
cung cdp cho 8 thué bao.

b) Hudng 1én:

ITU G 984 GPON khong nhitng c6 kha ning hd trg tit ca cac yéu cau veé
hé thong mang ma con cung cap mot co ché QoS riéng cho 16p PON vuot ra
ngoai cac phuong thirc Ethernet 16p 2 va phén loai dich vu (Class of Service —
CoS) IP 16p 3 dé dam bao viéc phan phat cac thong tin voice, video va TDM
chat luong cao thong qua moi trudng chia sé trén nén TDMA. Tuy nhién, cic co
ché CoS ¢ 16p 2 va 16p 3 chi c6 thé dat muc t6i da 1a QoS & 16p truyén tai. Néu
16p truyén tai co do tré va dung sai 16n thi viéc phan chia muc wu tién dich vu
khong con y nghia [9]. Péi véi TDMA PON, dung luong cung cip QoS hudng
1én s& bi han ché khi tit ca cac ONU cua PON sir dung hét bang thong hudng
1én va uu tién ctia n6 trong TDMA. Hudng 1én GPON c6 thong lugng dén 1,25
Gbits/s.

GPON su dung bang thong ngoai bing dé cap phat ban do véi khai
niém khdi luu lugng (T-CONT) cho hudng 1én. Khung thoi gian hudng 1én va

huéng xudng st dung khung tiéu chuan vién thong 8 kHz (125 us), va cac dich
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vu dugc dong goi vao cac khung theo nguyén ban cua né thong qua qua trinh
mo hinh déng goéi GPON (GEM). Gidng nhu trong SONET/SDH, GPON cung
cap kha ning chuyén mach bao vé véi thoi gian nhé hon 50ms. Diéu co ban lam
cho GPON c6 tré thap 1a do tit ca luu luong hudng 1én TDMA tir cac ONU
dugce ghép vao trong mot khung 8 KHz. Mbi khung huéng xudng bao gdbm mét
ban d6 cip phat bang thong hiéu qua duoc giri quang ba dén tat ca cac ONU va
c6 thé hd tro tinh ning tinh chinh cip phat bang thong. Co ché ngoai bang nay
cho phép GPON DBA hd trg viéc diéu chinh cdp phat bang thong nhiéu lan ma
khong can phai sap xép lai dé t6i uvu héa tin dung bang thong.

c) Bang thong hitu ich:

Cong ngh¢ GPON hd tro toc do 1én téi 1,25 Gbit/s hodc 2,5 Gbit/s hudng
xudng, va hudng 1én, hd tro nhiéu mirc toc do trong khoang tir 155 Mbit/s dén
2,5 Gbit/s. Hiéu suat str dung bang thong dat trén 90%.

2.2.2 Khd néing cung cdp dich vu.

a) Pdc diém dich vu: GPON dugc trién khai dé dap ung ti I¢ dung luong
dich vu/chi phi khi so sanh v6i mang cap déng ADSL va mang HFC c6 dung
lugng nho va cac mang SDH/SONET ciing nhu giai phap quang Ethernet diém
— diém c6 chi phi cao. Vi vay né phu hop véi cac hd gia dinh, doanh nghiép vira
va nho, chinh phu va cac co quan cong so.

- Cac dich vy bo ba danh cho ho gia dinh: GPON duoc phat trién dé
mang dén céc dich vu thé hé mgi nhu IPTV, truyén hinh theo yéu cau, game
truc tuyén, Internet toc do cuc cao va VoIP véi chi phi hiéu qua, biang thong 16n
va chat luong dam bao cho cac thué bao ho gia dinh. IP quang ba qua cdu hinh
diém — da diém cho phép mét ludng video co thé truyén téi nhiéu thué bao mot
cach dong thoi. Kha ning cap phat bang thong dong va phuc vu qua tai cho
phép cac nha cung cap dich vy t6i wu héa bang thong quang, tao ra nhiéu loi
nhuan hon. Bang thong 16n va dich vu linh hoat cia GPON gitip cho GPON tro

thanh mot su lua chon hoan hao cho viéc cung cap dich vu téi nhiéu ho thué bao
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MDU (Multiple Dwelling Units) nhu cac toa nha, khach san, chung cu. GPON
ONU c6 thé phuc vu nhu cac DSLAM VDSL2.

- V§6i cac doanh nghiép vira va nho: GPON la su lya chon hoan hao
cho cic doanh nghiép vira va nho cé yéu cau vé thoai, truy nhap Internet,
VPN va cac dich vu T1/E1 véi chi phi hop 1y. GPON c6 bang thong du Ion va
¢6 tinh ning QoS cho phép cac dich vu Iép doanh nghiép c6 thé duoc cung cap
trén cing co sd ha tang nhu cac dich vu ho gia dinh nham loai trir yéu cau xay
dung co s ha ting méi.

- Véi Chinh phu, Gido duc va Y té& Thi trudng cac co quan chinh
phi yéu cau cac dich vu dit liéu va thoai c6 chat lugng cao va bang thong 16n
V6i chi phi thap. Kha ning cia GPON cho phép phuc vu hiéu qua mot sb
luong 16n thué bao ¢ cac khu vyc trung tdm van phong chinh phu, cac truong
hoc, bénh vién cling nhu cac khu vui choi giai tri, khu cong nghiép. Chinh
quyén mot s6 qudc gia da thiét 1ap mang GPON dé cung cip cac dich vu thoai
va dit liéu toc d6 cao cho lyc lugng canh sat, van phong chinh phi, toa 4n va cac
luc lwong ciu hoa, dic nhiém dé nang cao chit lwong phuc vu cong dong.
GPON 1a cach tét nhat dé mang dén cac truong hoc Internet toc do cao va cac
dich vu bang rong khac.

b) Khodng cach OLT — ONU: Giéi han cy ly cia cong ngh¢ GPON hié¢n
tai duoc quy dinh trong khoang 20 km va cung cap ti 1¢ chia 1én t&i 1:128 (hién
tai thuong su dung ti 1€ 1:64).

c) Cac ung dung co ban trong mang:

GPON duoc tng dung cha yéu trong cac mang sau:

* GPON duoc tng dung trong cac mang truy nhap quang FTTx dé
cung cip cac dich vu nhu IPTV, VoD, RF Video (chong lan), Internet toc do
cao, VoIP, Voice TDM vdi toe d6 dit liéu/ thué bao co thé dat 1000Mbps, hd tro
QoS day du.
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*  Giai tri — CATV, HDTV, PPV, PDVR, IPTV — Hé théng duong
Ién Video hoan thién cho modem DOCSIS va dich vu Video tuong tac, truyén
hinh vé tinh; tit ca cac dich vu trén cap quang GPON.

* Thong tin lién lac — Céac duong thoai, thong tin lién lac, Truy cap
internet, intranet tc do cao, Truy cdp internet khong day tai nhiing dia diém
cong cong, Puong bang thong 1é6n (BPLL) va lam backhaul cho mang khong
day.

* Bao mat — Camera, Bao chdy, bdo dot nhap, Bao dong an ninh, trung

tam diéu khién 24/7 vé6i kha nang giam sat, backup dir li¢u, SAN.
2.3 Cac yéu to anh huéng dén chat lwong ciia GPON.

2.3.1 Anh huwéng ciia suy hao

Ngoai trir cac tuyén cy ly ngan, suy hao soi quang c6 vai trd quan trong
trong thiét ké hé théng. Xét mot may phat quang 13 c6 kha ning phat mot
cong suat trung binh Pt. Néu may thu co kha niang phat hién tin hiéu véi cong
suat trung binh nhé nhat tai téc do bit BT 1a Pr, khoang cach truyén dan Ién

nhat dugc gidi han bai:
_ 10 P¢
L= _f1081o (_Pr) [km] (2.1)

Trong d6 oy 14 hé sd suy hao trung binh cua Sgi quang — tinh theo don vi
dB/Km bao gom ca suy hao dudng truyén quang, suy hao tai cac moi han va tai cac
bo gép ndi quang. Su phu thudc cua chiéu dai L vao tée do bit 1a do su phu thudc
tuyén tinh ctia Pr theo toc do bit BT. Chu y rdng P, = N,By h.f trong d6 hf 1 ning
lugng photon, Np 14 s6 lugng photon trung binh/bit doi hoi boi may thu.

Luu y rang: Tich cua khoang cach truyén dan va téc do bit — theo 1i thuyét

c6 gia tri duoc gidi han xac dinh bai biéu thic (2.2).
8c

nlAz

B.L < (2.2)

Trong d6 ¢ = 3.108 m/s 1 toc do truyén anh sang trong chan khong, nl 1a
chiét suit 151 soi quang con A 1a d6 léch chiét suat ty ddi gitra 16i va vo. Dic trung

cta tich B.L véi cic soi quang da mode va don mode duoc biéu dién bang hinh 2.7.
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Hinh 2. 4: Giéi han téc @9 bit — khoang cach s¢i quang véi n1= 1.5,A= 0.01 va a=2

Trong gigi han cua hé sé suy hao thyc té, khoang cach L giira may phat va
may thu giam di theo ham l6garit khi BT tang tai mt budc song hoat dong cho
trude. Cac duodng lién trén hinh 2.7 chi ra sy phu thudc ctia L theo BT cho cac song
hoat dong pho bién tai A= [0,85um; 1,3um va 1.55 pm] véi of = [ 2,5dB/km ;
0,4dB/km va 0,25 dB/km] tuong tng khi cong suét phat 13 Pt =ImW & ca ba budc
song, trong khi d6 NP=300 tai A = 0.85 pum va Np=500 & A=1,3 va 1,55 pm.

Theo hinh 2.4, gi4 tri L 12 nho nhat d6i véi cac hé thdng thé hé thir nhat hoat
dong & budc soéng A= 0,85 pm do suy hao s¢i quang tuong dbi 16n xung quanh
budc séng nay. Khoang cach tram Iap cua cac hé théng nay gidi han tir 10 dén 25
km, phu thudc vao téc d6 truyén dan va gia tri chinh xac cua suy hao. Nguoc lai,
khoang cach tram lap co thé hon 100km ddi véi hé théng hoat dong & vung cua sb
A=1,55 pm. Hinh 2.4 con so sanh gigi han suy hao hé thong thong tin quang hoat

dong & bude séng A=0,85um véi hé thdng thong tin dua trén cap dong truc.
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Hinh 2. 5: Su phu thudc ciia khodng cach véi toc dd bit ving véi cac loai soi quang
khac nhau

Puong cham chiam trong hinh 2.5 chi ra sy phu cua L thudc toc do bit cho
cap dong truc khi gia dinh suy hao tang ti I¢ voi BT. Khoang cach truyén dan dbi
V6i cap dong truc 1a tot hon & toc do bit nho ( BT< 5Mb/s), nhung hé thong cap
quang lai vuot troi khi téc do bit 16n 5Mb/s.

2.3.2 Anh huwéng ciia tin sic

Trong mot soi quang, nhitng tan s anh sang khac nhau va nhitng mét khac
nhau can thoi gian khac nhau dé truyén mot doan tir A dén B. Hién tuong nay goi 1a
tan sic va gdy ra nhiéu anh huong khac nhau. Néi chung, tan sic dan dén su gin
xung trong truyén dan quang, giy ra giao thoa gitta cac ky tu, ting 18i bit & may thu
va dan dén giam khoang cach truyén dan.

Tan sic trong soi quang don/da mode c6 thé bao gom nhiéu loai tan sac bac
mot khac nhau nhu tan sac vat liéu DM, tan sac 6ng dan song Dw, cac thanh phan
tan sic Dp... Tan sic tong cong trong soi quang don mode DT duoc tinh béi biéu
thic: D = Dy + Dy + D,,. Céac h¢ sb tan sic trong soi quang duoc tinh theo don
vi [ps/(nm.km)]. Hai nguyén nhan tan sic gdy giin xung chu yéu trong soi quang

la:
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Gian xung do tan sic vat liéu (hay tan sic mau) xay ra khi van téc pha cua
mat phang trryén séng trong moi truong dién moi thay doi tuyén tinh budc song
hay chiét suat cua vat liéu silica st dung ché tao soi quang thay doi véi cac tan sb
quang o khac nhau tirc 13 d®n/dA* # 0 . Xét do tré nhom Tg trong soi quang géy ra

boi van toc nhém vgduoc dinh nghia tai biéu thtc (2.3).

_ 45 _ 1( _ ﬂ)
T = g~ c\ da (2.3)
Vi n, 1a chiét suat vat liéu 16i. Do tré xung do tan sic vat liéu T, trong soi
quang c6 chiéu dai L 1a:
L d
Ty = - (n1 — ﬂ) (2.4)
Dbi véi ngudn sang co6 do rong phd 1a o, va budc séng trung binh A thi do
gidn xung do tan sac vat liéu o,, c6 thé thu duoc:
dtm

L[,d?
O'sz'iE=O'lz[/17nZl]=O'ﬂ.L.DM (25)

Heé s tan sic vat liéu DM duoc xac dinh boi:

L dznl
Dy = c[25H] 29)
o
L
5 Xung quang ra
th
2 Soi quang don mode A

Chsét sudt nfA)

> >
~N .

v
=

Hinh 2. 6: Hién twong tan sic.
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b) Gian xung do tan sic dng dan song.

Hé s tan sac 6ng dan song c6 thé duoc xac dinh bai biéu thic:

2 2
DW = —@ [nZQ vd©(Vb) dnzg d(Vb) (27)

22 |npw  av? dw dv

Trong d6 n2g 1a chiét sudt nhém cua 16p vo Soi quang . Tan sic ong dan
song ciing co thé tao nén tan sic mau do co su thay ddi van tbc nhom véi budc
song tai mode khi d2f/dA* # 0. Tham sé tan sic 6ng dan song phu thudc vao cac
tham s6 V cua soi. Do ca hai dao ham bac mot va bac hai theo V déu 1a duong, biéu
thize (2.7) cho DW am trong toan ving budc song truyén thong (tir Om cho téi 1,6
m). Hinh 2.7 biéu din d6 thi cta hé sb tan sac vat lidu DM va hé sb tan sac éng
dan song DW trén toan bo ving ctra s6 budc song truyén thong. Hé s tan sic tong
cong cua sgi quang D = DM + DW [ps/(nm-km)] cua sgi don mode dién hinh. Ta
thay rang hé so tan sac vat lieu DM am khi A < AZD = 1,267um va duong khi A >
AZD. Nhu vay, tan sic 6ng dan song da dich AZD mét khoang 30-40 pm sao cho
AZD ~ 1,31pm. N6 ciing 1am giam gia tri tan sac tong cong D (do D = DM + Dw)
trong khoang budc séng 1,3-1,6 pm duoc quan tim boi cac hé thdng truyén thong

quang. Gia tri tiéu biéu cua D trong khoang 15-18 ps/(km-nm) gan budc song 1,55

mm.
30
T T T T e
,/
20 Dy _— —~
= T
E S
s 10 p— - =
£ - D
= -~
= -~
o
& e
Y S
- =2 Dy,
= YO = rzo
—_ 2
20} 2 -
-30 1 1 | L 1
1.1 1.2 1.3 1.4 1.5 i.6 1.7

Buwdéc song (um)
Hinh 2. 7: T4n sac tong cong D lién quan dén DM va DW

Tan sic 6ng din séng DW phu thudc vao cac théng sd soi quang nhu ban
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kinh 15i a va do léch chiét suit 15i vo A, do vay ngudi ta ¢ thé thiét ké cac soi
quang ma AZD ~ 1,55 mm, Soi quang loai ndy goi 1a soi dich tan sic (DSF). Nguoi
ta cling ¢ thé diéu chinh su dong gop cua dng dan song nhu vy ma hé sb tan sic
tong cong D 1a twong dbi nho trén mot dai bude séng rong kéo dai tir 1,3-1,6 mm
va soi quang loai nay goi 14 soi tan sic phang.

Hinh 2.7 cho thay sy phu thudc caa D vao bude song va tan sic tong cong D
lién quan dén DM va DW. Tan sac 6ng dan song DW c¢6 thé duoc st dung dé tao ra
soi quang giam tan sic trong d6 GVD giam doc theo chiéu dai soi. Mot loai soi
quang duoc goi 12 soi bu trir tan sic sao cho bude séng truyén thong tai A < AZD cd
hé s tan sic am.

Thudng ngudi ta chi quan tim dén d6 trai rong xung trén mot km, va c6 don
vi 13 [ns/Km], hodc [ps/Km]. Ngoai ra c¢6 don vi [ps/nm-km] dé danh gia do tan sac
chat liéu trén mdi km chiéu dai sgi tng véi do rong phod quang 1a Ins.

2.3.3 Anh hwéng ciia quy cong sudt

Muc dich cta qiiy cong suét 1a bao dam cong suat du phong ciia may phat
sao cho khi dén may thu du Ion dé duy tri hoat dong tin cdy trong sudt thoi gian
séng cua hé thong. Cong suat trung binh nhé nhat doi hoi béi may thu dugc goi 1a
d6 nhay cua may thu, ky hiéu 14 Pr. Thudng ta ludn biét duoc cong suit phat trung
binh Pt ctia may phat. Qily céng suit thudng duoc tinh theo don vi decibel (dB),
con cong suit quang duoc biéu thi theo don vi dBm. Cu thé hon.

P, =P. + A, + M, (2.8)

Trong d6 AL suy hao kénh tong cong, MS 1a d6 du phong hé théng. Muc
dich cua do du phong hé thong 13 dé danh mot luong cong suat nhat dinh cho
truong hop cic ngudn suy giam cong suit co thé gia ting trong thoi gian sdng cua
hé thdng do su xubng cap cua linh kién hoic cac sy kién khong biét trude duoc.
Khi thiét ké nguoi ta thuong cho do du phong khoang 4-6 dB. Suy hao kénh AL
tinh dén tat ca cac ngudn suy hao c6 thé co, bao gdbm ca suy hao cacconnector va

suy hao cic mdi han. Néu af 1 suy hao trung binh cua soi quang (dB/km), AL c6
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thé viét nhu:
AL = afL + Qcon + Aspiine (2.9)
V61 acon va aspline l1a suy hao céc tai cac bo gép quang (connector) va suy
hao cac mdi han doc theo tuyén soi quang. Str dung cac cong thic (2.8) va (2.9) dé
dang uéc luong khoang cach truyén 16n nhit twong wngvéi cac linh kién cho trudc.
Theo chuan G.984.2 Quy suy hao cong suat quang trong G-PON duoc tinh
bu dédp xac dinh quy suy hao cong suit va duoc mo ta nhu sau:

Bang 2. 1: Bang xac dinh quy hao cong suit

Items Unit Single fibre
Minimum optical loss at 1490 nm | dB 13
Minimum optical loss at 1310 nm | dB 13
Maximum optical loss at 1490 nm | dB 28
Maximum optical loss at 1310 nm | dB 28

Suy hao toan tuyén tir OLT téi ONU/ONT khéng duoc vugt qua 28dB.
Tong suy hao trén tuyén duoc hop thanh tir cac yéu té sau:

- Suy hao trén soi quang (phu thudc chiéu dai cép).

Suy hao khi di qua bd chia quang Splitter.

Suy hao méi han (Splice Attenuation) (phu thudc sé6 méi han).

Suy hao gidc ndi (Adapter Connectors Attenuation) (phu thudc sb
connectors).

Pé dam bao téc d6 bang thong thi khoang cach tir OLT dat tai tram (POP)
dén ONT/ONU dit tai nha khach hang va suy hao dudng truyén phai dap ung yéu
cau ciia cong nghé GPON (ITU-T G984.2) cu thé nhur sau:

- Khoang cach vt Iy tdi da tir OLT dén ONU/ONT: <=20km.
- Suy hao duong truyén tir OLT dén ONU/ONT: <=28dB.

Suy hao cong suit quang lién quan dén chang loai bo chia quang do hing
nao cung cap, sé lugng mdi han, connector va chiéu dai cap quang tir OLT dén
ONU/ONT.

e Cdc tham sé suy hao

Suy hao cac thanh phan:
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Bang 2. 2: Bang suy hao cic thanh phin.

Suy hao (dB)

Suy hao s¢i quang 0.35dB/km
Suy hao méi han 0.1dB/m&i han
Suy hao connector 0.3dB/connector
Du phong 4~6dB

Suy hao cua Spliter:

Bang 2. 3: Bang suy hao cua Spliter.

Hang Vissem

Ty 1€ chia caa Spliter Suy hao (dB)
1:2 <3.5dB
1:4 <7.5 dB
1:8 <10.5 dB
1:16 <13.5dB
1:32 <17.5 dB
1:64 <20.5 dB

Hang Kexin

Ty 1€ chia cuaa Spliter Suy hao (dB)

1:8 <10.7 dB
1:16 <14 dB
1:32 <17.2dB
1:64 <21.5dB

Suy hao céc loai connector:

Bang 2. 4: Bang suy hao cac loai connector.

Loai Connector Suy hao

ST 0,3 dB
MPO 0,35 dB
FDDI 0.5 dB
MTRJ 0.7 dB

SC 0,3dB

SC/APC 0,3 dB

LC 0,2 dB

Chu y: Khi dit mot bo chia quang vao hé théng cho du chua dung hét sb

cong cua bo chia quang nhung gié tri suy hao van tinh bing gia tri suy hao tong cua
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bo chia quang d6. Vi du: bd chia 1:64 1a 19.7 dB.
* Cong thire tinh todn suy hao todn tuyén
Trong qua trinh thiét ké mang FTTx-GPON, can phai tinh toan suy hao cong
SUit quang trén toan tuyén tir tram OLT dén vj tri 1ap dat ONU/ONT Xxa nhat theo
du kién (truong hop chua ldp dit cap quang thué bao ¢ thé sy kién chiéu dai cap
quang thué bao trong khoang tir 50 - 350m theo tirng nha mang nhim déap tng cac
thong s6 ky thuat cia mang ODN. Nhu vay phuong 4n thiét ké 2 ting bo chia

quang dugc tinh nhu sau:

Téng suy hao (dB) = [Suy hao soi quang x (chiéu dai cdp quang)] + Suy hao
bé chia + [Suy hao méi han x (tong sé moi han)] + [Suy hao connector x (tong sé
connector)] + Suy hao vweot + Dy phong (4-6dB).

2.3.4 Anh hwéng ciia quy thoi gian lén

Muc dich cua quy cua thoi gian 1én 1a bao dam rang hé thdng c6 kha ning
hoat dong dung & toc do bit mong muén. Tham chi néu dai théng cia cac thanh
phan riéng 1¢ cua hé thng vuot qua tde do bit, van c6 thé Xay ra truong hop toan hé
thong co thé khong hoat dong duoc ¢ toc do bit d6. Khai niém thoi gian “ting suon
xung” (thoi gian 18n) dwgc sir dung dé phan bd dai thong gitra cac thanh phan khac
nhau. Thoi gian 1én Tr ciia mot hé thong tuyén tinh duoc dinh nghia 1a thoi gian
trong khoang d6 xung dap tmg tang tir 10 dén 90% cua gia tri ngd ra cudi cung khi

ngd vao bi thay doi dot ngot. Thoi gian 1én tong cong duoc Xap Xi nhu sau.

T = \/Tt%"an + szib + ther (2'10)

Trong d0 Tiran, Trip V& Tier 12 thoi gian 16n cta cac thiét bi phat, soi quang va
thiét bi thu quang. Thong thuong, thoi gian 1én cua thiét bi phat Ty, va thiét bi thu
Teer 43 biét trudc trong hé thong va duoc xac dinh thir cac thanh phan mach dién tu
trong hé thong va cé gia tri thong thuong khoang 0.1 nsec.Thoi gian thu cé thé

dugc xac dinh thong qua mdi quan hé gitra bang tan (tai bang tan sé cat 3dB) va
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Teer (Mién dién cua may thu) bai biéu thic sau.

. .35
Tyor = e = (2.11)

2mB; B

Thoi gian 1én Ty, ctia Soi quang gdy do do tan sic mode va tan sic van toc

nhém do dé dugc xéac dinh bai biéu thac.
T = \Toa + Tvp (2.12)

Tan sac mode trong soi quang da mode lam ting thoi gian 1én dugc xé4c dinh

bi biéu thic.
Tog = %Z—EA= Dyl ~ L™= (2.13)

Trong d6 L 1a chiéu dai sgi quang, n, va n, 1a chiét suat 15i va v& soi quang
con A 1a do léch chiét suat ty doi gitra 18i va vo, con Dy duoc goi 1a hé s6 tan sac
mode. Téan sic van tc nhém gay gidn xung quang, lam ting thoi gian 1én sgi quang

c6 thé duoc xac dinh bai biéu thuc:

Tovp = LSE Aw = LBAw = DoypLAL  (2.14)

Véi B 1a hang sb lan truyén song anh sang trong soi quang, B, 13 dao ham
bac hai cua f theo tan s6 song anh sang va Dgyp duoc goi 1a hé sb tan sac van toc
nhém (GVD). Ddi véi soi quang don mode Tgyp = 0 do d6 Ty, = Tgyp-

Nhu vay, thoi gian 1én cua soi quang Ty, phu thudc chu yéu vao do dai soi
quang va do rong pho nguon sang trong soi quang. Xét hé théng hoat dong tai ving
budc song A=1.300um, khi khoang cach truyén 1a L= 50km, do rong pho nguon
sing A% =2 nm va Dgyp = 3;-.nm thi Typ = 0.3 nsec. Nhu vy Tgyp lam anh
huong dén tdc do truyén cua sgi quang - biéu thire (2.11) 1am cho coi quang khong
thé truyén dan véi toc do 1 Gb/s trong diéu kién nay.

2.3.5 Cdc yéu t6 khdc anh hwong dén hé théng théng tin quang

* Nhiéu mode.

Nhicéu mode lién quan tdi Soi da mode va da dugc nghién ciru sau trong
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nhitng nam 1980. Ngudn gbc cua nod ¢ thé dugc hiéu nhu sau: Giao thoa giita cac
mode lan truyén khac nhau trong soi quang da mode tao ra mot mau dém tai bo
tach quang. Sy phan b cudng do khong déu lién quan téi mau dém nay s& vo hai
cho chinh né bai vi chét luong ciia may thu duoc quyét dinh boi cong suét tong
cong lay trén toan bo ving tach quang. Tuy nhién, néu mau ddém d6 dao dong theo
thoi gian, n6 s& dan dén sy dao dong trong cong suat thu vi thé lam giam SNR

Sy dao dong cong suat thu duoc xem nhu 14 nhidu mode. Ching ludn xay ra
trong soi quang da mode do cac réi loan co hoc khi sgi quang dao dong va udng
cong nho. Hon nita, cac moéi han va connector quang hoat dong nhu cac bo loc
khong gian. Bét ky sy thay doi theo thoi gian nao trong bo loc khong gian duoc
dugc chuyén thanh cac dao dong dém va 1am tang 1én nhidu mode. Nhidu mode bi
anh huong manh boi do rong pho nguon quang f ké bai vi do giao thoa mode chi
xuat hién chi khi néu thoi gian két hop (Tc ~1/Af) 16n hon thoi gian tré giira cac
mode T,,,q duoc cho béi phuong trinh (2.13). Pi véi cac may phét stdung LED
khi ma f du Ié6n (Av = 5THz) thi diéu kién nay khong duoc thoa man. Phan Ion céc
hé théng thong tin quang str dung soi da mode ciing st dung LED dé tranh céc van
dé nhiéu mode.

Mit khac nhiéu mode (nhiéu gitta cic mode trong soi da mode) tr& nén
nghiém trong khi cac laser ban dan dugc sir dung doi hoi giam trir cong sudt ung
v6i BER = 10-12 dugc tinh cho hé théng thong tin quang véi A=1.3 um, toc d6 140
Mb/s. Sgi quang chiét suat tuan ty c6 dudng kinh 18i 50 um va hd trg 146 mode.
Do giam trir cong suat phu thude vao suy hao ghép chon lya mode xay ra tai cac
mbi han va cac connector. N6 ciing phu thudc phé mode doc cua laser ban dan. D&
thdy, su giam trir cong suat giam khi sé luong mode doc ting thoi gian két hop

(time coherence) cua anh sang phat ra giam [8].

Nhiéu mode ciing c6 thé xuat hién trong cac hé théng don mode néu co cac
doan nho soi quang gitra hai connector hay méi han c6 khi qua trinh stra chira hoic

bao dudng thong thuong. Mot mode bac cao co thé duoc kich thich tai diém gian
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doan soi cap xudt hién tai méi han dau tién va sau d6 duoc chuyén doi tré lai mode

co ban tai connector hay méi han tht hai.

s (0B)

Hinh 2. 8: Sy giam trir cong suit do nhiéu mode theo suy hao.

Bai vi mot mode bac cao khong thé truyén di xa tir diém kich thich, nén van
dé nay co thé khic phuc bing cach bao dam khoang cach giita hai bd ghép
connector hay hai mdi han phai Ién hon 2m.

* Nhiéu phdn chia mode ( Mode-Partitiin Noise MNP)

Cac laser da mode tao ra nhiéu phan chia mode (MPN). Hién tugng nay xay
ra do su tuong tac giita cac cap mode phan cuc doc. Cu thé, cac mode doc khac
nhau dao dong theo cach cac mode riéng biét tao ra dao dong Ve cuong do I6n mac
du tong cudong d6 1a khong thay doi. MPN 1a v6 hai khi khong tan sic trong soi
quang, bai vi tit ca cac mode van duoc duy tri dong bo trong sudt qua trinh truyén
dan va tach song. Trong thuc té, cac mode khac nhau s& khong dong bo khi ching
di chuyén nhe & cac téc d6 khac nhau bén trong soi cap do tan sic van toc nhom.
Do két qua cua sy tai dong bo héa nay, cuong do bo chira tao thém dao dong, va
SNR quyét dinh & mach thu tré nén t6i té hon khi khong c6 nhidu ché do ting
phan. Mot cong suét phat (thém) can phai cung cap dé cai thién SNR dat dugc cing
gia tri ma can thiét dé dat dugc BER nhu yéu cau. Anh huéng cia MPN dén qua
trinh hoat dong cua hé théng di duoc nghién ctru rong rii cho ca lade ban dan da

ché d6 14n lase ban dan don mode.
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* Nhiéu phan xa

Trong hau hét cac hé théng thong tin quang, mot vai tia sang dugc ubn
nguoC tro lai boi hién twong khuc xa. Hiéu tng cua cac hién tuong nay duoc
nghién cuu rong rai vi n6 co thé 1am giam hi¢u nang cua hé théng. Tham chi mot
lwong twong ddi nho cua hiéu tng c6 thé anh huong dén hoat dong cua hé thdng
laser ban dan va s& giy gia ting nhifu trong tin hiéu ¢ dau phat. Tham chi khi ta
phan cach giita bo phan phat va soi quang, hiéu img da khuc xa s& xay ra miat cit va
cac moi ndi, gdy ra nhidu ndi va han ché qua trinh nhén tin hiéu.

Hau hét moi hién tuong phan xa trong soi quang déu c6 ngudn gdc tir bé mat
giao dién giira thiy tinh va khong khi, su thay doi chiét suat lam khiic xa anh sang

va hé sb khic xa caa cac moi truong nay duogc tinh theo cong thuc:

Rf _ (nf_no) _ (nf_l) (215)

" (npne)t (np1)?

Trong d6 nf 1 chiét suat cua vat liéu 1am nén soi quang. Vi soi quang vat
liéu silicat, Rf = 3.6% (-14.4 dB) khi nf =1.47. Gia tri nay c6 thé ting lén 5.3% ddi
V6i soi co day tron vi do tron c6 thé tao ra bé mat moéng hon vai chiét suat khoang
1.6. Trong truong hop da phan xa xay ra giita hai mat cit va mdi noi, hoi tiép phan
Xa c6 thé ting 1én mot cach dang ngo vi hai bé mat phang hoat dong nhu mot cai
guong giao thoa Fabry-Perot. Khi d6 hién twong cong hudng xay ra, su phan xa
tang 1én dén 14% d6i voi bé mit khong tron lang va trén 22% véi bé mit tron lang.
R& rang, mot phan nho tin hiéu truyén c6 thé duoc phan xa trd lai trir phi can phai
can nhac trong viéc 1am giam héi dap quang.

Mot ki thuat phd bién dung dé lam suy giam hoi dap phan xa 1a sir dung dau
hay gel c6 chiét suat tuyét dbi gan véi chiét suat tuyét dbi cua thay tinh - khong khi.
Thinh thoang dinh cta sgi quang duoc udn cong hoic cat & mot goc dé sy phan xa
anh sang 1éch khoi truc quang. Sir dung cong nghé nay c6 thé 1am hdi dap phan xa
giam con 0.1%. Ban dan laser dic biét nhay cam véi hoi tiép quang. Cong suat hoat
dong cua nod co thébi anh hudong boi hoi tiép c& 80dB. Yéu t6 anh hudng nghiém

trong nhat trong viéc phan xa hoi dap 1a bé rong cua dudng truyén laser, nd cé thé
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thu hep hoic mé rong bai cac yéu té dugc sip dit trude, nd phu thude vao do xac
cua vi tri bé mit, nguon gdc cua su phan hoi tin hiéu.

Ly do gian tiép c6 thé 1a su lién quan gitta dd nhay va pha phan xa cua anh
sang c6 thé 1am d4o Ion hoan toan phase cua tia laser mac du muc hoi dép yéu.
Nhitng thay d6i cua pha phan xa bat loi cho cac hé thong truyén théng tin c6 két
ndi chit ché véi nhau. Hé théng song anh thuong bi anh huéng cua nhidu ndi hon
1a nhiéu phase.
2.4Tong két chwong.

Chuong 2 hoc vién da trinh bay téng quan vé mang quang thu dong GPON.
Kién tric cling nhu kha ning cung cap dich vy. Cac yéu té anh huong dén chat
luong cia GPON. Cong nghé GPON tuy don gian nhung van dam bao giai quyét
cac van dé co ban vé Ky thuat cia mang truy cap bang rong toc do cao, dap Gng cac
yéu cau Ky thuat cua dich vu, diéu d6 khién cho GPON 1a cong nghé sir dung biang
thong hiéu qua nhat trong cac loai cong nghé PON hién c6.

Véi nhitng wu diém, nhugc diém cia cong nghé mang quang thu dong
GPON, hoc vién sé& nghién ctiru tng dung GPON va céc giai phap nhim “ Nang cao
chat lugng GPON tai Thanh phé Béic Ninh” trong chuong 3.
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CHUONG 3: NANG CAO CHAT LUQNG GPON TAI
THANH PHO BAC NINH

3.1. GPON tai Thanh phd Bic Ninh

3.1.1 Vii nét vé tinh va Thanh phé Bic Ninh.

Tinh Bac Ninh nam trong vung chau thd Séng Hong, thudc khu vye dong
bang Bac Bo, phia Bac giap tinh Bac Giang, phia Pong va Dong Nam giap véi tinh
Hai Duong, phia Nam giap tinh Hung Yén, phia T4y giap thanh phé Ha No6i. Nam
2018, Bic Ninh 1a don vi hanh chinh Viét Nam dong thir 30 vé s6 dan, xép thu
6 vé Tong san pham trén dia ban (GRDP), xép thr 2 vé GRDP binh quan dau
ngudi, ding thi 7 vé tée do ting truong GRDP. Véi 1.247.500 ngudi dan, GRDP
dat 187.200 ti Pong (tuong ung véi 8,1303 ti USD), GRDP binh quan dau ngudi
dat 150,1 triéu dong (twong ung véi 6.519 USD), téc do ting truéng GRDP dat
10,60%.

Tinh Bac Ninh gém 8 don vi hanh chinh, gdm Thanh phd Bac Ninh, huyén
Gia Binh, huyén Luong Tai, huyén Thuan Thanh, huyén Tién Du, huyén Qué Vb,
huyén Yén Phong, va Thi xa Tur Son.

Dan s cta Thanh phd Béac Ninh nam 2019 1a 376.418 ngudi, chiém 27,6%
dan s toan tinh, trong d6 bao gom 19 phuong 1a Pap Cau, Thi Cau, Vii Ninh, Subi
Hoa, Ninh X4, Tién An, Vé An, Van An, Kinh Béc, DPai Phiic, V& Cuong, Véan
Duong, Hap Linh, Phong Khé, Khiic Xuyén, Khic Niém, Hoa Long, Kim Chan,
Nam Son.

3.1.2 Cdc phwong thirc cung cép dich vu cho thué bao cé dinh tai
VNPT Biic Ninh.

Theo théng ké dén ngay 01/11/2019, VNPT Bac Ninh hién c6 tong s6 76120
thué bao dang str dung dich vu Internet bang rong ¢ dinh, trong d6 c6 1467 thué
bao st dung dich vu ADSL, 1633 thué bao st dung cong nghé cap quang AON,
73020 thué bao st dung cong nghé¢ GPON. Ngoai ra con khoang 3054 thué bao
dién thoai Gphone va 18779 thué bao thoai ¢b dinh (Theo sé liéu cap nhat 11/2019


https://vi.wikipedia.org/wiki/Vi%E1%BB%87t_Nam
https://vi.wikipedia.org/wiki/Danh_s%C3%A1ch_%C4%91%C6%A1n_v%E1%BB%8B_h%C3%A0nh_ch%C3%ADnh_Vi%E1%BB%87t_Nam_theo_GRDP
https://vi.wikipedia.org/wiki/Danh_s%C3%A1ch_%C4%91%C6%A1n_v%E1%BB%8B_h%C3%A0nh_ch%C3%ADnh_Vi%E1%BB%87t_Nam_theo_GRDP
https://vi.wikipedia.org/wiki/T%E1%BB%95ng_s%E1%BA%A3n_ph%E1%BA%A9m_tr%C3%AAn_%C4%91%E1%BB%8Ba_b%C3%A0n_(GRDP)
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https://vi.wikipedia.org/wiki/T%E1%BB%95ng_s%E1%BA%A3n_ph%E1%BA%A9m_tr%C3%AAn_%C4%91%E1%BB%8Ba_b%C3%A0n_(GRDP)
https://vi.wikipedia.org/wiki/Danh_s%C3%A1ch_%C4%91%C6%A1n_v%E1%BB%8B_h%C3%A0nh_ch%C3%ADnh_Vi%E1%BB%87t_Nam_theo_GRDP
https://vi.wikipedia.org/wiki/T%E1%BB%95ng_s%E1%BA%A3n_ph%E1%BA%A9m_tr%C3%AAn_%C4%91%E1%BB%8Ba_b%C3%A0n_(GRDP)
https://vi.wikipedia.org/wiki/%C4%90%E1%BB%93ng_(%C4%91%C6%A1n_v%E1%BB%8B_ti%E1%BB%81n_t%E1%BB%87)
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cua VNPT Biéc Ninh).

Hinh 3.1 mé ta phuong thtc truy cap Internet cap dong theo ting loai thiét
bi gom ma VNPT Bic Ninh dang cung cap: IPDSLAM, MSAN, Mini DSLAM.
Cac thiét bi nay dit tai cdc nha tram cta Vién thong, ¢ nhiém vy gom luu lugng
thong tin cia cac thué bao dé chuyén 1én 16p MAN-E va tiép d6 1én cac 16p trén dé

két ndi @én Internet.

p BNHOOSHA

H
[ - ENHO1TDU
o
- A "-=r1 l| AN
9‘ NHUOTSN S
T -
e odem I\Ilm DSL AI»I /Br-.H::OTHQ

n Internet
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Hinh 3. 1: M hinh cung cép dich vu internet cap dong ciia VNPT Bic Ninh.
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Hinh 3. 2: M6 hinh cung cip dich vu internet trén nén cong nghé AON ciia VNPT
Bic Ninh.

VNPT Bic Ninh da va dang trién khai. Vi M6 hinh trén, doi hoi mdi thué

bao s& can dau néi quang dén tan Switch caa VNPT, vé mat cong nghé thi day la
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diém yéu kém hon so véi cong nghé GPON.

Internet
\ L&p internet

@ Live
IPTV

EPG Server Center

Lép Core

nx10Gbps

% Lé&p phan phbi
¢ (mang MAN VNPT

VoD
J tinh, thanh phé)
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Splitter

ey i
Nha khach Nha khach
hang hang

Hinh 3. 3: M6 hinh cung cép dich vu internet trén nén cong nghé¢ GPON ciia VNPT
Bic Ninh.

Trén hinh 3.3 14 mé hinh mang cung cip dich vu internet va dich vu truyén
hinh MyTV trén nén cong nghé GPON cua VNPT Bic Ninh. M6 hinh duoc phan
thanh 5 lop:

+ L6p dau cudi: 1a thiét bi dau cudi VNPT Bic Ninh cung cap cho khach
hang nhu modem GPON, STB dung cho dich vu MyTV...

+ Lép truy nhap: Ha ting cap quang, splitter va OLT vé6i dudng cap xudng
2.5Gbps va duong 1én 1.25 Gbps.

+ Lép phan phdi: Mang MAN-E va sever VOD dit tai VNPT Béc Ninh.
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+ Lép core: Tir mang MAN-E cia VNPT Biéc Ninh, luu lugng s& dua sang
mang 15i cia VNPT NET thong qua cac duong PE dau néi lién tinh.

+ Lop Internet: cung cap Internet xudng I6p 13i thong qua cac Router bién
(PE, BRAS).

HNL

Hinh 3. 4: So' @6 d4u néi MANE va cic tram OLT ciia VNPT Bic Ninh.
3.2 Trién khai GPON tai phwong Khiic Xuyén.

3.2.1 Mang truy nhdp tai phwong Khiic Xuyén truwéc khi trién khai
GPON.

Dua trén tinh hinh thuc té tai phuong Khiac Xuyén, hé théng mang bang
rong caa VNPT trén dja ban phudng trude ddy chu yéu 1a cap dong ADSL, nhu cau
su dung cua khach hang ngay cang tang phuc vu cho cong vi¢c, giai tri dang ngay

cang lon.
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Truong THCS Van An

Trudng Trung cap ¢

Y t& Trung vong

UBND phudéng 2
Khic Xuyén

Hinh 3.5: Ban dé dia 1y phuwong Khic Xuyén.

Cong Ty TNHH

Phudc An

D286 |
XI N¢
GIAY ANt
D6 GO Thanh Céng
truong cao dang
True
Ng

Khach hang ¢ dia ban phuong Khac Xuyén chu yéu 1a cac ho kinh doanh,

san xuét, ché tao d6 gd my nghé. Ngoai giao thuong, budn ban truc tiép, trao doi,

mua ban qua mang internet cua cac khach hang nay cling ngay cang tang. Cac khu

chung cu, gian dan cling dang trong qué trinh mé rong, xay dung thém. Giao thong

trén dia ban phuong ciing dugC mé rong trong vai nim qua dé két ndi di cac huyén

va tinh trong khap ca nuéc. Hé théng mang trudce day tai phuong Khic Xuyén chu

yéu 1a cap dong dung céng nghé ADSL. Nhu cau st dung mang internet toc d6 cao,

chia s¢ dit liéu, dich vu giai tri truyén hinh cta cong ty, ho kinh doanh, nguoi

dan,... dang ngay cang 1én ma téc do va dich vu trén ha ting ADSL khong thé dap

tmg duoc. Nhan thdy dugc nhu cau ngdy cang 16n cia khach hang, VNPT Bac

Ninh d trién khai dua ha ting cap quang dén timg ngd, xom cila phudng Khic

Xuyén.
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3.2.2 Phuwong dn cong nghé.

Phuong 4n cap quang héa cho toan khu vuc véi quy hoach, giai phap kién
trac mang FTTH (Fiber to the Home) 14 thich hop nhét. T4t ca cac cap chinh va cap
phdi déu 1a cap quang. Thiét bi dau cudi mang quang dit tai nha khach hang. Pay
1a giai phap mang cho téc do cao, bang théng truyén sit lidu 16n va do tré thong tin
thip. Trong cic mang nay, cac bo chia quang thu dong duoc tap trung tai cac tu
quang cap 2, cdp 3 hoic cac ming xong dit ngam gan khu vuc nha khach hang.
Mdi don vi GPON phuc vu truc tiép cho mét ving tai khu vire ¢6 ban kinh phuc vu
cho phép cua no.

3.2.3 Khao sat thuc dia.

Truéc hét, viéc khao sat cac cong trinh trén dia ban phudng nhu cac S&, ban
nganh, cong ty, trudng hoc, cong vién, day du duong truc, duong nhanh, duong
ngd ... d duoc tién hanh k¥ cang. Tén duong, ngd, ngach, thong tin vé ho dan, sb
luong da dugc xac dinh trén ban d6 dang véi thuc té phuc vu cho trién khai mang
GPON trén dia ban phuong Khiic Xuyén, dap ung nhu cau sir dung dich vu dang
ngay cang cao cua khach hang, bao gom tat ca cac dich vu Internet, truyén hinh
MyTV, dién thoai IMS...

3.2.4 Thiét ké cdc tuyén cdp va thi céng.

Trén co sé khao sat thuc dia, cac tuyén cap quang dugc thiét ké nhu trén
hinh 3.6. Tai dia ban phuong Khiic Xuyén, VNPT Bac Ninh dy kién lap dit 8 cong
OLT véi s6 lugng 32 bo chia (1:16), téng cong c6 dung luong 512 cong quang dé
phuc vu nhu cau sir dung bing thong ctia khach hang va phét trién dich vy bing
rong nhiing nam tiép theo.

Toan bd cap quang tai phuong Khiic Xuyén duge dit ngam, vi vay viéc thi
cong cac tuyén cap gip kha nhiéu kho khin va thoi gian thi cong kéo dai. Tuy
nhién, sau thi cong, my quan do thi dugc dam bao va cac tuyén céap ciing 6n dinh, it
xay ra su ¢d. Viéc lap dat cac OLT va dau néi véi MAN-E duoc tién hanh ngay sau
khi thi cong cac tuyén cap. Lap dat va dau ndi cac ONU duoc tién hanh theo ting

tuyén cap, tai cac thué bao da ding ky. Mdi mot ONU lip dit xong déu duoc do thir
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va kiém tra k¥ cang trude khi ban giao cho khach hang [1].
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Hinh 3. 6: So' 0 mang cip quang khu vwe Phuong Khiic Xuyén.

3.2.5 Két qu.

Sau khi trién khai GPON tai phuong Khic Xuyén, mang truy nhap tai day
da dap ung tét nhu cau vién thong cia cac khach hang va con kha ning dap ung tét
nhu ciu trong tuong lai nhiéu nam sau. Hién tai, cic GPON trén dia ban phuong

hoat dong tot, it xay ra su cé.
3.3 Mt so giai phap ning cao chat lwong GPON tai Thanh pho
Biic Ninh.

3.3.1 Tang cwong duw phong cho GPON.

Hién tai, cac duong ndi tr MAN-E dén cac OLT, tir cac OLT dén cac bo
chia quang cua cac GPON déu chi sir dung mét soi quang. Véi ciu hinh nhu vay,
néu co su ¢b vai soi quang dang 1am viéc thi toan bo thué bao cia GPON st dung
soi nay mat lién lac. Trong thuc té van hanh, khai thac mang, sy c¢6 dut, gy soi
quang xay ra kha nhiéu. Trong khi d6, cac cap quang da lap dit trén dia ban thanh

pho Bac Ninh déu c6 so sgi quang kha 16n, ngoai cac sgi dang lam viéc thi so Soi
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con lai kha nhiéu. D& xuat cua hoc vién 1a sir dung cac soi quang chua dung dén
1am cac soi du phong. Viéc du phong c6 thé & ché do du phong néng. O trudng hop
nay, can thém cac card & phia MAN-E va OLT va lam ting kinh phi trang bi mang.
Truong hop du phong ngudi, ching ta chi tao sin cac dau ndi cho cac soi dy
phong. O trudng hop nay, khi ¢6 su ¢d véi soi dang 1am viéc, ki thuat vién chi can
d6i soi quang du phong cho soi bi sy ¢b. Thoi gian khic phuc sy ¢6 véi du phong
ngudi tiry thudc k§ nang va su phdi hop ¢ phia MAN-E va phia OLT cua cac k¥
thuat vién. Dudi day, phuong an du phong s¢i quang cho cac GPON tai phuong

Khuc Xuyén dugc gigi thiéu nhu 1a vi du minh hoa.

HNL
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Ghi chu :
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Hinh 3. 7: So' 6 tuyén cap quang tir nit MAN-E Sudi Hoa di OLT Ho Ngoc Lan.

Trén hinh 3.8, cap quang tir nat MAN-E Subi Hoa (SHB) dén tram OLT tai
Ho Ngoc Lan (HNL) 1a cap 48s0i (48FO) dai 5km. Cap quang tir tram OLT HNL
dén ti phdi quang ODC va cac Splitter trén dia ban phuong Khuc Xuyén st dung
cap 24FO. VNPT Bac Ninh hién trién khai dau néi 8 cong OLT dén dia ban
phuong Khiic Xuyén dé phuc vu nhu cau sir dung dich vu ciia khach hang va sin
sang mo rong thém nhiéu cong OLT phuc vu cac chung cu, cong ty... trong twong
lai. Véi s6 lugng 48 soi, cap quang tir SHB dén HNL hién c6 s soi chua sir dung
kha doi dao. Cac soi nay s& 1a cac soi du phong cho két néi MAN-E véi cac OLT
HNL. Phuong thtc di phong 14 du phong ngudi dé tiét kiém chi phi.
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Ghichu

Soi quang dang hoat déng

S¢i quang dy phong

Hinh 3. 8: So' 0 mang cip quang c6 du phong tai phwong Khiic Xuyén.

Tuong tu, cic soi quang trong cac cap quang tir OLT dén cac bo chia quang
(hoac tu cap quang) chua dung ciing s& bd tri 1 soi du phong. Phuong thic di

phong ciing la du phong ngudi.

3.3.2 Sir dung hop ly cdc by chia quang (Splitter).

Trién khai GPON can xem xét dé sir dung cac bd chia quang phu hop véi
dia ban thyc té va hién trang phan bd thué bao. Tlr cac OLT dat tai CO dén cac
ONU dit tai nha khach hang c6 thé chi sir dung mot bo chia quang (phuong an tap
trung) nhung ciing c6 thé str dung nhiéu b chia quang theo ting chiang khac nhau
(phuong an phan tan). Trong mdi phwong an, can phai tinh toan dé cong suat tin
hiéu quang thu duoc tai ddu vao cac bd ONU khong nhoé hon mirc cho phép cua
loai thiét bi str dung. Tuy nhién, Tap doan Buu Chinh Vién thong Viét Nam ciing
¢6 quy dinh 1a mirc cong suat tai mdi dau ra cua bd chia quang cudi cung phai
khong nho hon -22dB, tong suy hao duong truyén tir OLT dén ONU phai nho hon
28dB. Theo d6, c6 thé tinh toan va do kiém muc cong suit quang tai dau ra cac bd

chia quang cubi cung va so sanh véi mac -22dB [4].
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Bang 3. 1: Tiéu chuin vé suy hao dwong truyén tir OLT dén ONU.

.CAC TIEU CHUAN SUY HAO PUGNG TRUYEN :

_STT | Tiéu chuan Yéu cau

1 | Tong suy hao dwong truyén tir OLT dén | <=28 dB
ONT

2 | Tong suy hao sau splitter cap 2 <22 dB

3 | Suy hao splitter cc cap

41:2 <3,7dB

5/1:4 <7,5dB

6|1:8 <10,5dB

711:16 <13,5dB

g |1:32 <17dB

9| 1:64 <20,5 dB

10 Tong suy hao 2 dau fast connector va cip | <1.5dB
thué bao (t6i da 1000m)

11 Suy hao cho 01 dau fast connector <=(.3 dB

12 Suy hao cho 01 km (1000 m) cép quang <=0.35 dB

Duéi day, mot sé vi du tinh toan cong suat quang tai dau ra bo chia quang
cudi clng trén mang truy nhap phuong Khic Xuyén dugce trinh bay.
Hién tai trén dia ban , VNPT Bic Ninh dang sir dung 3 loai Module PON:
- Module B: Cong suét phat (2,6 — 3)dB, cu ly t6i da 3Km;
- Module B+: Cong suat phat (3,2 — 3,9)dB, cu ly tdi da 6Km;
- Module C+: Cong suat phat ( 4,5 — 5,5)dB, cu ly téi da 10Km.
Vidu 1: St dung 2 bo chia phén tan (1:8) cho GPON khu vuc cot 29A KT2.
Phuong an nay ap dung cho cac khach hang tip trung trong mot khu vuc
nho, dién hinh 1a nha d6 thi hoac chung cu. O vi du nay, do khu vuc nay c6 cum
dan cu nho, nén trude mit chi str dung bo chia (1:8) dé chia thanh 8 dudong dén 8 tu
Spilter c6 cac bo chia quang (1:8). Cap quang tir CO HNL qua tii phéi quang ODB
dau Khac Xuyén va tu phéi ODB dbc Khuc Xuyén dén tu Splitter cudi (cot 29A
KT2).
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Module 8+

Hinh 3. 9: So d6 GPON si dung 2 b chia phan tan (1:8)

Tham s6 dau vao:

Suy hao do bd chia (1:8) 1a 9dB (2 bo).

Suy hao ciia khdp ndi tai OLT va bo chia 1a 0,5 dB/khdp (5 khép).
Suy hao s¢i quang la 0,5 dB/km.

Tong chiéu dai cap quang tir OLT HNL dén bo chia quang (1:8) 1a
3,1km.

Tir day, ta c6 tong suy hao trén tuyén tir OLT HNL dén dau ra bo chia

quang la:

9dB + 9dB + (0,5dB/khép x 5khép) + (0,50B/km x 3,1km) = 22,1 dB

Khi str dung module B+ c¢6 mirc cong suat phat 1 3,5dB thi mitc cong suat

tai ddu ra cua ti Splitter s& 1a :

3,5dB - 22,1dB = -18,6 dB

V61 muc cong suat tai dau ra cua ta Splitter 1a -18,6 dB, 16n hon mirc tiéu

chuan 13 -22dB, dam bao tét yéu cau vé chat luong cta truyén din tir OLT dén dé

cung cap dich vu cho khach hang. Nhu vdy, phuong an sir dung bo chia (1 :8) cho
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GPON tai khu vuc nay dam bao duoc chét luong theo yéu cau.
Vi du 2: St dung bo chia tap trung (1:64) cho GPON khu vuc cot 13A KT2,
Trong vi du ndy, cap quang tir CO HNL qua ti phdi quang ODB dau Khuc
Xuyén va ti phdi ODB Cau Choi dén tii Splitter cudi (cot 13A KT2). Tai day sir
dung bo chia 1:64 dé két ndi dén t6i da 64 ONU dit trong toa nha chung cu cia
khach hang.

100m

> B o
> B ou:
» B o

120m

130m

. 3km "
2 Module B+ : | gl > W ...

1:64\:"1- ............. > ‘ow

Hinh 3. 10: So' @ GPON sir dung b chia tip trung (1:64).

Tham s dau vao:
- Suy hao do b chia 1:64 1a 18dB.
- Suy hao cua khép néi tai OLT va bo chia 13 0,5 dB/khép (2 khép).
- Suy hao soi quang 1a 0,5 dB/km.
- Tbng chiéu dai cap quang tir OLT HNL dén bo chia quang 1:64 1a
3km.
Tir day, ta c6 tong suy hao trén tuyén tir OLT HNL dén dau ra bo chia
quang la:
18dB + (0,5dB/khdp x 2khdp) + (0,5dB/km x 3km) = 20,5 dB
Khi str dung module B+ ¢6 mirc cong suat phat 1a 3,5dB thi mirc cong suat
tai dau ra cua ta Splitter sé la:
3,50B — 20,5dB = -17 dB
Vé&i muc cong suét tai dau ra cta ta Splitter 1a -17dB, 16n hon so voi mirc

tiéu chuan 13 -22dB, dam bao t6t yéu cau vé chét luong cta truyén dan tir OLT dén
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dé cung cap dich vu sir dung cho khach hang. Nhu vay, phuong an sir dung bo chia
tap trung (1:64 ) cho GPON tai khu vuc ndy dam bao duoc chat luong theo yéu
cau.

Vi du 3 : St dung phan tan cac bd chia (1 :2) va (1 :32) cho GPON khu vuc
cot 10A KT2.

Phuong an nay 4p dung cho trudng hop khach hang hai vung (hodc nhiéu
hon) tach biét nhau. Trong vi du nay, khach hang ¢ 2 toa nha khac nhau. Cap quang
tir CO HNL qua tu phéi quang ODB dau Khuc Xuyén va ti phdi ODB Cau Choi
dén bd chia dit tai ta cap cot 10A KT2. Tai day st dung bd chia quang (1:2) dé
cung cap tin hiéu dén 2 bo chia (1:32) dit tai 2 toa nha cong ty tach biét nhau.

HNL
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Splitter 1:32 ONU

Hinh 3. 11: So' @6 GPON sir dung phén tan b chia cho 2 toa nha.

Tham s6 dau vao:
- Bo chia quang (1:2) ¢6 suy hao 1a 3 dB;
- B0 chia quang (1:32) c6 suy hao 1a 15dB;
- Suy hao do khép ndi tai OLT va cac bo chia 14 0,5 dB (5khép).
- Suy hao soi quang 1a 0,5 dB/km.
* \/6i bo chia dat tai toa nha A: Tong chiéu dai cap quang tir OLT HNL dén
bo chia quang (1:32) 1a 3,5 km. Nhu vay, tong suy hao toan tuyén la:
3dB + 15 dB + (0,5dB/khép x 5khép) + (0,5dB/km x 3,5km) = 22,25 dB

Khi str dung module B+ ¢6 mirc cong suat phat 1a 3,5dB thi mirc cong suét
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tai dau ra cua tu Spliter (1:32) sé la:
3,5dB - 22,25 dB =-18,75 dB

Véi mire cong sudt tai dau ra cua tu Splitter 1a -18,75 dB, 16n hon so véi
mirc tiéu chudn 1a -22dB, dam bao tot yéu cau vé chat luong ciia truyén dan tir OLT
dén dé cung cap dich vu cho khach hang.

* \/i bo chia dit tai toa nha B: Tong chiéu dai cap quang tir OLT HNL dén
bo chia quang (1:32) dat tai toa nha B 1a 3,2 km. Nhu vay, téng suy hao toan tuyén
s¢ la:

3dB + 15 dB + (0,5dB/khép x 5khap) + (0,5dB/km x 3,2km) = 22,1 dB

Khi sir dung module B+ ¢6 mitc cong sut phat 1a 3,5dB thi mic cong suét
tai dau ra cua tu Splitter (1:32) s& la:

3,5dB —22,1dB = -18,6 dB

Véi muc cong suat tai dau ra cua ti Spliter 13 -18,6 dB, 16n hon so voi mirc
tiéu chuan 1a -22dB, dam bao t6t yéu cau vé chat lugng cia truyén dan dé cung cip
dich vy cho khach hang. Nhu vay, phuong an str dung bd chia (1 :2) va (1 :32) cho
GPON tai khu vire ndy dam bao dugc chit luong theo yéu cau.

Vi du 4: Stt dung phan tan cac bd chia (1:4) va (1:16) cho GPON khu vuc
cot 13A4 Tra Xuyén.

O vi du nay, mot bo chia quang (1:4) va 4 b chia quang (1:16) dugc sir
dung. Cap quang tir CO HNL qua ta phdi quang ODB dau Khiic Xuyén va ti phdi
ODB dau Tra Xuyén dén ta Spliter tai cot 13A4 Tra Xuyén. Tai ddy sir dung bo
chia quang (1:4) dé chia thanh 4 duong dén 4 tu Spiltter c6 cac bd chia quang
(1:16).
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Hinh 3. 12: So' @6 GPON sir dung b chia (1:4) va (1:16) khu vuc cot 13A4.

Tham s6 dau vao:
- Bochia(1:4) c6 suy hao 1a 7 dB;
- B¢ chia Splitter (1:16) c6 suy hao 1a 12 dB;
- Suy hao cua khép tai OLT va cac bd chia la 0,5 dB/khép (5 khop).
- Suy hao soi quang 1a 0,5 dB/km.
* V/6i bo chia (1:16) sd1 : Tong chiéu dai cap quang tir OLT HNL dén bo
chia (1:16) nay 1a 3,1 km, nhu vay tong suy hao trén toan tuyén 1a:
7dB + 12 dB + (0,5dB/khép x 5khop) + (0,5dB/km x 3,1km) = 23,1 dB
Khi sir dung module B+ ¢6 mirc cong suit phat 1a 3,5dB thi mic cong suét
tai dau ra cua ta Splitter (1:16) s6 1 s& 1a:
3,5dB —23,1dB =- 19,6 dB
* V6i bo chia (1:16) sé 2 : Tong chiéu dai cap quang tir OLT HNL dén bo
chia (1 :16) nay 1a 3,4 km, nhu vay tong suy hao trén toan tuyén la:
7dB + 12 dB + (0,5dB/khép x 5khap) + (0,5dB/km x 3,4 km) = 23,2 dB
Khi sir dung module B+ c6 mitc cong suat phat 1a 3,5dB thi muc cong suat
tai dau ra cua ta Splitter (1:16) s 2 s& 1a:
3,5dB - 23,2dB =- 19,7 dB
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* \/6i bo chia (1:16) s6 3 va s6 4 : Tong chiéu dai cap quang tir OLT HNL
dén bo chia (1 :16) nay 1a 3,6 km, nhu vay tong suy hao trén toan tuyén la:

7dB + 12 dB + (0,5dB/khép x 5khap) + (0,5dB/km x 3,6 km) = 23,3 dB

Khi sir dung module B+ ¢6 mirc cong sut phat 14 3,5dB thi mic cong suét
tai dau ra cua ta Splitter (1:16) s6 3, s6 4 sé la:

3,50B —23,3dB = - 19,8dB

Véi mic cong suét tai cac dau ra cua cac ta Splitter lan luot 13 -19,6dB, -
19,7dB, -19,8dB, déu 16n hon so v&i mic tiéu chuan 1a -22dB, dam bao tbt yéu cau
vé chat luong cua truyén dan tr OLT dén Splitter dé cung cap dich vu cho khach
hang. Nhu vay, phuong an st dung bo chia (1 :4) va (1 :16) cho GPON tai khu vyc

nay dam bao duoc chat luong theo yéu cau.
3.4 Két luan :

Tuy theo khu vyc tp trung dong dan cu, cong ty, chung cu, cidc khu dang
trong giai doan xay dung ma hoc vién sé& bd tri cac ti Splitter pht hop véi nhu cau
str dung cua khach hang, ting cudng thém céc soi du phong khi nhu cau ¢ khu vyc
c6 thé tang cao dot bién, nham linh hoat cung cap dich vu, bang thong phuc vu
khach hang. Ngoai ra, viéc tang cuong thém cac soi du phong, hoc vién cling xin
thém cac module dy phong dugc dau ndi trén CO H6 Ngoc Lan nham giam thoi
gian méat lién lac dich vu xudng thap nhét.

Viéc nang cao chat luong GPON biang viéc sap xép lai dung lugng cac tu
Spliter ciing 12 mot trong cac giai phap ma hoc vién huéng dén nham tbi wu dung
luong cong quang tai cac ta Spliter, tranh gy lang phi, tip trung cho cac khach
hang ¢ nhu cau.

Céc giai phap ma hoc vién dé xuat véi muc dich nang cao chat luong trai
nghiém dich vu bang rong cia VNPT Bac Ninh ngay mot tét hon trong viéc giir
khach hang, cling nhu phat trién, mg rong thi phan ciia minh trong linh vuc vién
thong.

Nhitng dé& xuit trén diy di duoc thir nghiém tai khu vic phuong Khic

Xuyén, két qua cho thay c6 nhing thay ddi tich cuc trong viéc t6i wu hoa mang cap,
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viéc phan b cac ta Splitter hop 1y nham tranh lang phi dung lwong cac cong trong,
va ting cudng thém cho cic khu vuc ¢6 nhu cau phét trién tiém ning mai ; phuong
an dy phong cho tuyén cap tir tu Splitter vé& tram H5 Ngoc Lan va MANE cho phép
giam thoi gian khic phuc su ¢, khoi phuc dich vu.

Nhitng két qua dat duoc trong luan vin nay, hoc vién s& bao cao VNPT Bic
Ninh va d& xuét trién khai trén cac khu vuc khéc trong toan Thanh phd Béc Ninh va

c6 thé trén toan tinh Bic Ninh trong thoi gian tiép theo.
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KET LUAN

Luan van da nghién cuu, tim hiéu vé cac dich vu bang rong cd dinh néi
chung va cong nghé mang quang thu dong GPON cua VNPT Bic Ninh néi riéng, da
néu dugc cac uu nhuoc diém cua tirng loai dich vu, nhitng khé khin con ton tai cua
VNPT Bic Ninh khi trién khai dich vy cung cap dén khach hang. Ttr d6, hoc vién
d3 tong hop lai nhitng diém can khic phuc va cing cac dong nghiép dua ra cac giai
phap nang cao chat lwrong GPON tai thanh phé Bic Ninh. Qua qué trinh trién khai
cac giai phap tir giai doan thir nghiém dén viéc dua ra trién khai thuc té da dat duoc
hiéu qua cao. Hién tai, tat ca cac khung gio hé thong khong con xay ra hién tuong bi
nghén luu luong Internet vao gid cao diém, ting cudng kha niang du phong cua
mang truyén dan ciing nhu cac thiét bi dat tai CO, tao dwoc su on dinh vé mang luéi
nham ting kha nang canh tranh giir khach hang, ciing nhu tim kiém nhiing khach
hang mai.

Hudng phat trién tiép theo s& 1a nang cip cong nghé mang cap quang GPON
1én cong nghé XG-PON cung cip 10 Gbit/s dudng xudng va xa hon nita 13 cong
nghé NG - PON2 hd trg téc do 40 Gbit/s dudng xudng, theo 19 trinh phat trién cua
Tap doan Buu chinh Vién thong Viét Nam - VNPT,

Em xin chan thanh cam on PGS. TS Bui Trung Hiéu da tan tinh huéng dan,
gitip 45 em trong sudt thoi gian thuc hién dé tai nay. Trong qua trinh thuc hién thi
luan vin van con ¢ nhiéu thiéu sot, mong thay ¢ gop ¥ dé em c6 thé hoan thién tot

hon.
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