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LOI NOI PAU

Mang truy nhap bing rong trude ddy chu yéu dua trén ha ting mang
truy nhap cap dong st dung céng nghé XxDSL, vé co ban mai chi dap ang cho
cac dich vu truy nhap téc do dudi 2 Mbit/s, mang truy cap khéng day dua trén
cdng nghé wifi hién cho tdc d6 khoang 5 Mb/s. Su phat trién cua cac khu vuc
kinh té nhu: khu cong nghiép, khu céng nghé cao, khu thwong mai, chung cu
cao cap. Cung véi su phat trién ngay cang 16n manh cua cac té chuc kinh té
nhu: ngan hang, kho bac, cong ty,... da tao ra nhu cau rét lén trong viéc str
dung cac dich vu tién ich tich hgp thoai, hinh anh va dir liéu. Bén canh d6, cac
dich vu ¢tng dung trén Internet ngay cang phong phu va phét trién véi toc do
nhanh chéng nhu cac dich vu mua béan truc tuyén, ngan hang, céc dich vu dao
tao tir Xa, game truc tuyén,... Bic biét nhu cau vé céc loai dich vu gia tri gia
tang tich hop thoai, dir liéu nhat 1a truyén hinh theo yéu cau ngay cang phat
trién vai cac loai hinh dich vu méi, doi hoi ha tang mang truy nhap phai dap
ring C4c Y8u cau vé bang thong rong, toc do truy nhap cao.

Cong nghé truy nhap cap dong dién hinh nhu xDSL d3 dwoc trién khai
rong rai, tuy nhién nhitng han ché vé cy ly va téc do da khong dap tmg duoc
y&u cau dich vu. Cong nghé mang truy cap wifi co khoang céch truyén théng
ngan (dudi 200m). Vi vay nghién cau trién khai cac giai phap truy nhap
quang la van dé cap thiét hién nay nham xay dung ha ting mang truy nhap
dap ung cung cap céc dich vu bang rong chit luong cao. Qua dé cling dit ra
nhitng van dé can giai quyét cap bach ddi véi Mang truy nhap. Do vay,
nghién ctu trién khai giai phap truy nhap méi nham chiém linh thi truong
dich vu mai 12 rat can thiét d6i véi tinh hinh hién nay. Céng nghé truy nhap
quang thu dong GPON da duoc ITU chuan hoa, hién nay 1a mot trong nhiing
cdng nghé duogc uu tién lwa chon cho trién khai Mang truy nhép tai nhiéu

nuéc trén thé gigi. GPON la cong nghé huéng toi cung cap dich vu mang
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day du, tich hop thoai, hinh anh va sé liéu véi bang thong 16n tée do cao. Do
vay GPON s& la cong nghé truy nhap lua chon trién khai hién tai va tuong
lai.

Luén van “Nghién ctu trién khai mang FTTx tai TP Bac Ninh trén nén
GPON” nham muc dich tim hiéu nhitng dic diém ky thuat co ban caa cong
nghé GPON, qua d6 dé xuit cau hinh Mang GPON cua Vién théng Bic

Ninh. Luan van thyc hién gém 03 chuong.

Chuong 1: Tong quan mang quang thu dong PON
Chuong 2: C4c yéu té anh hudng dén chat lwong mang GPON
Chuong 3: trién khai mang FTTXx tai bac ninh trén nén GPON



CHUONG 1
TONG QUAN MANG QUANG THU PONG (PON)
1.1.Mé dau

Mang vién thong thudng duoc cau thanh bgi ba Mang chinh: Mang
duong truc, Mang phia khach hang va Mang truy nhap.Trong nhitng nim gan
day, Mang duong truc c6 nhitng budc phat trién nhay vot do su xuét hién cua
cac cong nghé mdi, nhu cong nghé ghép kénh theo budc séng (DWDM).
Cing trong khoang thoi gian nay, Mang noi hat (LAN) cling da duoc cai
tién va nang cap tir toc do6 10 Mb/s 1én dén 1Gb/s. Tham chi, cac san pham
Ethernet 10 Gb/s ciing d3 bat dau xuat hién trén thi truong. Diéu nay da dan
dén mot su chénh léch rat 16n vé bang thong giita mot bén 1a mang LAN téc
d6 cao va mang duong truc va mot bén 1a mang truy nhap toc do thap, ma
ching ta van thuong goi d6 1a nat c6 chai (bottleneck) trong mang vién
thong.

Viéc bing né luu luong Internet trong thoi gian vira qua cang 1am tram
trong thém céc van dé cua mang truy nhap téc d6 thap. Céc bao cao théng ké
cho thay luu luong dit liéu da ting 100% mdi nim ké tir nim 2000. Tham chi,
su két hop gitta cac yéu t6 kinh té va cdng nghé da tao ra nhiing thoi diém ma
tbc do phat trién dat téi 1000%. Xu hudng ndy van s& con tiép tuc trong tuong
lai, tirc 12 cang ngay sé& cang c6 nhiéu nguoi sir dung truc tuyén va nhiing
nguoi st dung da truc tuyén thi thoi gian truc tuyén sé& cang nhiéu hon, do
vay nhu cau vé bang thong lai cang tang lén [1].

Cac nghién cutu thi truong cho thiy rang, sau khi nang cip 1én cong
nghé bang rong, thoi gian truc tuyén cia nguoi s dung da ting 1én 35% so
véi trudc khi nang cap. Luu luong thoai ciing tang 1én, nhung véi toc do ting
thap hon nhiéu (khoang 8% mdi nam). Theo hau hét c4c bdo céo phan tich,

lwu lwgng cua dir liéu hién nay da vuot troi hon rat nhiéu so véi luu lugng
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thoai. Cang ngay s& cang c6 nhiéu dich vu va cac tng dung méi dugc trién
khai khi bang thong danh cho nguoi St dung tang 1én. Pimg trudc tinh hinh
d6, mot so c¢éng nghé méi da duge dua ra nham dap Gng nhitng doi hoi vé
bang tan [1].

Trudc day, cac nha cung cap dich vu di trién khai cung cap dich vu
Internet bing cong nghé dudong day thué bao sé DSL. DSL st dung d6i day
gidng nhu day dién thoai, va yéu cau phai c6 mot modem DSL dit tai thué
bao va DSLAM dit tai tong dai. Téc do dir liéu cua DSL nam trong khoang
tr 128Kb/s dén 1,5Mb/s. Mac du téc do cua nd di ting dang ké so voi
modem tuong tir, nhung kho c6 thé duoc coi 1a bang rong do khdng cung cap
dugc cac dich vu video, thoal, dir liéu cho cac thué bao ¢ xa. Khoang cach tur
tong dai dén theo bao chi trong pham vi 5,5 km. Ta c6 thé ting khoang céch
nay bang giai phap trién khai thém nhiéu DSLAM dén gan thué bao, nhung
day la mdt giai phap khdng hiéu qua do chi phi qua cao.

Nhu vay, ching ta thiy ring ca cong nghé DSL khéng dap tng duoc
nhitng yéu cau vé bing théng cho mang truy nhap. Hau hét cac nha céng
nghé mang hién nay déu dang tién téi mot cong nghé méi, tap trung chu yéu
vao truyén tai dir liéu, dac biét 1a dit liéu IP. Hién nay, cdng nghé khong day
dua trén Wifi véi toe do truy cap dat téi 100Mb/s da dugc sir dung. Trong
bdi canh d6, cong nghé PON sé& 1a mot giai phap tdi uu cho mang truy nhap
bang rong hodc chuyén tiép dir lieu khong day Wifi. Nguoi ta trong doi
Mang PON s& giai quyét dugc cac van dé tac nghén biang thong ctia mang
truy nhap trong kién tric. Mang vién thong, gitra mot bén Ia cac nha cung
cap dich vu CO (Central Ofice), cac diém két cudi, cac diém truy nhap va
mdt bén 1a cac cong ty dugc cung cap dich vy, hay mot khu vuc tap trung cac
thué bao [2].

Mang quang thu dong c6 thé dinh nghia mot cach ngan gon nhu sau:
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“PON la mot mang quang chi cd céc phan tir thu dong va khong c6 cac phan
tir tich cuc 1am anh huong dén toc do truyén dan”.

Nhu vay véi khai niém ndy, Mang PON s& khong chaa bat ky mot
phan t tich cuc ndo ma can phai c¢d su chuyén d6i dién-quang. Thay vao do,
PON sé& chi bao gém: sgi quang, cac bo chia, bo két hop, bo ghép dinh
huéng, thau kinh, bo loc,... diéu nay gidp cho PON c¢6 mét sé vu diém nhu:
khong can ngudn dién cung cap nén khong bi anh huang bai 16i ngudn, c6 do
tin cay cao va khong can phai bao dudng do tin hiéu khdng bi suy hao nhiéu
nhu doi véi cac phan tir tich cuc.

Mang PON ngoai viéc giai quyét cac van dé vé bang thong, nd con cod
wu diém 1a chi phi lap dat thap do n6 tan dung duoc nhitng soi quang trong
mang da c6 tir trude. PON ciing dé dang va thuan tién trong viéc ghép thém
cac ONU theo yéu cau cua cac dich vu, trong khi d6 viéc thiét 1ap thém cac
nit trong Mang tich cuc kha phiic tap do viéc cap nguon tai mdi nit Mang,
va trong mdi nit Mang déu can c6 cac bo phat lai.

PON c6 thé hoat dong voi ché do khong ddi xang. Chang han, mot
mang PON c6 thé truyén dan theo luong OC-12 (622 Mbits/s) & dudng xudng
va truy nhap theo ludng OC-3 (155 Mbits/s) & dudng I&n. Mot mang khong
d6i xtmg nhu vay sé& gip cho chi phi ctia cac ONU giam di rat nhiéu, do chi
phai sir dung céac bo thu phét gia thanh thap hon ...

PON con c¢6 kha nang chéng 15i cao (cao hon SONET/SDH). Do cic
nit cia mang PON nam & bén ngoai mang, nén ton hao ning lugng trén céc
nGt ndy khong gay anh huong gi dén cac nat khac. Kha niang mot nit mat
nang luong ma khong lam ngat mang la rat quan trong d6i véi mang truy
nhap, do c&c nha cung cap khong thé dam bao duoc ning luong du phong
cho tat ca cac dau cudi ¢ xa [3].

Véi nhitng 1y do nhu trén, cong nghé PON c6 thé dugc coi 1a mot giai
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phap hang dau cho Mang truy nhap. PON ciing cho phép tuwong thich véi cac
giao dién SONET/SDH va c6 thé duoc st dung nhu mot vong thu quang thay
thé cho cac tuyén truyén din ngin trong Mang do thi hay mach vong
SONET/SDH duong tryc.

1.2. Kién trac ciia PON

Céc phan tir thu dong caa PON déu nam trong mang phan b quang
(hay con goi 1a mang ngoai vi) bao gdm céc phan tir nhu soi quang, cac bo
tach/ghép quang thu dong, cac dau ndi va cac méi han quang. Céc phan ta
tich cyc nhuw OLT va cac ONU déu nam & dau cudi caa PON. Tin hiéu trong
PON c6 thé dugc phan ra va truyén di theo nhiéu sgi quang hoic dugc két
hop lai va truyén trén mot soi quang thong qua bo ghép quang, phu thudc vao
tin hiéu do 1a di theo hudng 1én hay hudng xudng caa PON [6].

PON thuong duogc trién khai trén soi quang don mode, véi ¢6 hinh
dang hinh cay (tree) I1a pho bién. PON ciing c6 thé duoc trién khai theo cau
hinh vong (ring) cho cac khu thuong mai hoic theo cau hinh duodng truc
(bus) khi trién khai trong cac khu truong sé... M hinh mang quang thu dong

VvGi cac phan tir ciia no duoc biéu dién nhu trong hinh 1-1.

Thoai, dif ligu,
Thvai vi
dir ligu

Cong ty

1|‘|lt|m¥ 5]

Hinh 1-1: M6 hinh Mang quang thu déng.
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V& mit logic, PON dugc st dung nhu mang truy nhap két ndi diém -
da diém, véi mot CO phuc vu cho nhiéu thué bao. C6 mot sé cau hinh két néi
diém-da diém phl hop cho mang truy nhap nhu cau hinh cy, cay va nhanh,
vong ring, hoic bus nhu trong hinh 1-2 .

Bing cach su dung cac bo ghép (1:2) va bo chia quang (1:N), PON c6
thé trién khai theo bét ctr ciu hinh ndo trong cac cau hinh trén. Ngoai ra,
PON con c6 thé thu gon lai thanh cac vong ring kép, hay hinh cay, hay mét
nhanh caa cdy. Tat ca c4c tuyén truyén dan trong PON déu dugc thuc hién
gitta OLT va ONU. OLT nam & CO va két ndi mang truy nhap quang véi
mang do thi (MAN) hay mang dién rong (WAN), duoc biét dén nhu 1a nhirng
mang duong truc. ONU nam tai vi tri dau cudi nguoi st dung (FTTH hay
FTTB hoac FTTC)

Central office Cabinet Curb Home

\ o S I
CO [——— RN JLE}NLIH » NIU | FTTCab
> A 4 h
- 5 Fiber -+ Fiber . ~ Copper_
Co EN P ONU ’*:’ NIU FTTC/FTTB
\, < L L L J |
= T r ~
Co .q—LRN | ONU/NIU | FTTB/FTTH
L/ ' -/

Passive optical network (PON)

o
= |
v, - »(onu)
Cable L. S
}.r’—\
| ONU
h A
4
3
f(mu |
\ ;
(a) (b)

Hinh 1-2: CAc kiéu kién tric ciia PON.
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Trong cac cdu hinh trén, cau hinh cay 1:N (a) hay cau hinh vong (b)
duogc sir dung phd bién nhat. Pay 1a nhitng cau hinh rat mém déo, phu hop
V&i nhu cau phét trién cia thué bao, ciing nhu nhitng doi héi ngay cang ting
vé bang thong [5].

1.3 Céc hé thong PON dang dwoc trién khai.

1.3.1 APON/BPON

T nam 1995, 7 nha khai thac mang hang dau thé gisi da 1ap nén nhom

FSAN (Full Service Access Network) véi muc tiéu I1a thng nhat céc tiéu chi
cho mang truy nhap bing rong. Hién nay cac thanh vién cia FSAN da ting
1én dén trén 40 trong d6 co nhiéu hang san xut va cung cap thiét bi vién
thong 16n trén thé gidi.Céac thanh vién ciia FSAN da phat trién mot tiéu chi
cho mang truy nhap PON st dung cong nghé ATM va giao thuc 16p 2 cua no.
Hé thdng nay duoc goi 1a APON (viét tat cia ATM PON).

Mang APON sir dung cong nghé ATM la giao thirc truyén tin [6,10].
Cong nghé ATM cung cdp sy mém déo theo khai niém do trong sudt dich vu
va phan bd bing tdn,ngoai ra con c6 nhitng tinh ning rat hiru ich cho hoat
dong khai thac va bao dudng cac két ndi tir dau cubi dén dau cudi nhd dé
giam duogc chi phi hoat dong cua mang. Cac wu diém ctia ATM duoc két hop
v6i moi truong truyén dan 13 soi quang véi tai nguyén bang tan duong nhu 13
v6 han d3 tao ra mot mang truy nhap biang rong duoc biét téi nhu 1a BPON
(Broadband PON - mang PON bang rong). Nhu moi hé théng khac, APON
cling dugc chia thanh cac 16p, 16p con vdi cacnhi¢m vu cu thé. Cac 16p nay
thudc mot trong hai mit bang:

Mot 1a mat bang dir liéu c6 nhiém vu phan phdi luu lugng dén va di tir
cac thiét bi dau cudi, trong truong hop nay 1a cac cong tai OLT va ONU.

Hai 13 mit bang diéu khién, hay mit bang OAM hay hé théng hd tro

hoat dong (OSS), thuc hién cac chirc ning van hanh, diéu khién, quan ly.
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Nhitng chirc ning nay co tinh chat khong lién tuc, vi du nhu 13 cac chirc ning
OAM: khéi tao, khoi phuc 15i, bao céo trang thai, voi truong hgp mang quang
c6 cac chirc ning riéng biét nhu diéu chinh cong suat laser.

Thong tin diéu khién chira trong cac trudng tiéu dé, tiéu dé con, hay cac
phan thong tin mao dau trudce luu lugng nguoi dung. Phai noi rang, thong tin
tiéu dé thudc vé mot 16p sé& khong dugc nhin thiy bai cac 16p ¢ trén tai ca
phia gtri va phia nhan. Miéu ta cau trac 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
ctia mot 16p ndi gi, nghe gi ta co thé hoan toan biét chirc ning cua giao thic
16p do.

1.3.2. GPON Ky thugt truy nhdp va phuwong thirc ghép kénh

Cong nghé truyén din da truy nhap 13 cac k¥ thuat chia sé tai nguyén
hitu han cho mét lugng khach hang [2,3]. Trong hé théng GPON, tai nguyén
chia sé chinh 1a bang tan truyén dan. Ngudi str dung cung chia sé tai nguyén
nay bao gdm thué bao, nha cung cp dich vy, nha khai thac va nhimng 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 nhdp ciing 12 mot trong nhiing
cong nghé doi hoi nhitng yéu ciu ngay cang cao dé hé théng thoa mén duoc
cac yéu cau vé do 6n dinh cao, thoi gian xur 1y thong tin va tré thap, tinh bao
mat va an toan dir liéu cao.

»  Phuong thirc truy nhdp duogc sit dung phd bién trong cac hé thong
GPON hién nay la da truy nhap phan chia theo thoi gian (TDMA).

TDMA 1a k¥ thuét phan chia bang tan truyén din thanh nhimg khe thoi
gian ké tiép nhau [10]. Nhimng khe thoi gian ndy c6 thé dugc 4n dinh trudc
cho mdi khach hang hoic c¢6 thé phan theo yéu cau tuy thudc vao phuong
thirc chuyén giao dang st dung. Hinh 1.3 dudi day 1a mdt vi du vé viéc st

dung TDMA trén GPON hinh cay.Mbi thué bao dugc phép gui so liéu duong
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1én trong khe thoi gian riéng biét. Bo tach kénh sip xép sb liéu dén theo vj tri
khe thoi gian cua né hodc thong tin duoc gui trong ban than khe thoi gian. S6
liéu duong xudng ciing dugc gui trong nhitng khe thoi gian xac dinh. Hai

budc song duoc dung la: hudng 1én A1=1310nm, hudéng xudng A2=1490nm.

& —
> -
Hinh 1.3 : TDMA GPON

GPON sir dung k¥ thuat TDMA c6 wu diém rat 16n d6 1a cac ONU co
thé hoat dong trén cung mot budc song, va OLT hoan toan c¢6 kha nang phan
biét dugc luu luong ciia ting ONU. OLT ciing chi can mdt bo thu, diéu nay
s& dé dang cho viéc trién khai thiét bi, gidm duoc chi phi cho cac qua trinh
thiét ké, san xuat, hoat dong va bao dudng. Ngoai ra, viéc st dung ki thuat
nay con c6 mot uvu diém 1a c6 thé 1ap dat d& dang thém cac ONU néu c6 nhu
cdu nang cap mang.

Mot dac tinh quan trong cia GPON st dung TDMA 1a yéu cau bét
budc vé dong bo cua luu luong dudng 1én dé tranh xung dot sb liéu. Xung dot
nay s& xay ra néu hai hay nhiéu goéi dir liéu tir nhitng thué bao khac nhau dén
bd ghép cing mot thoi diém. Tin hiéu ndy dé 1én tin hiéu kia va tao thanh tin
hiéu ghép [6]. Phia dau xa khong thé nhan dang duoc chinh xac tin hiéu tdi,
két qua 1a sinh ra mot loat 13i bit va suy giam thong tin dudng 1én, anh huong
dén chat luong ctia mang. Tuy nhién cac van dé trén déu dugc khic phuc véi

co ché dinh ¢& va phan dinh bang thong dong cia GPON ma ching ta s& dé
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cip & phan sau.

»  Phuong thirc ghép kénh trong GPON la ghép kénh song hudong.Cac
hé théng GPON hién nay sir dung phuong thic ghép kénh phan chia khong
gian. Py 1a giai phap don gian nhat dbi vé6i truyén din song hudng. N6 duoc
thuc hién nho st dung nhiing soi riéng biét cho truyén dan duong lén va
xudng.Su phan cach vat li cia cac hudng truyén dan tranh dugc anh hudng
phan xa quang trong mang va ciing loai bo van dé két hop va phan tach hai
huéng truyén dan. Diéu nay cho phép ting dugc quy cong suit trong mang.
Viéc st dung hai soi quang 1am cho viéc thiét ké mang mém déo hon va lam
taing d6 kha dung bai vi chung ta c6 thé md rong mang bang cach st dung
nhiing bd ghép kénh theo budc song trén mot hoac hai soi [7]. Kha nang mé
rong nay cho phép phat trién dan dan nhimg dich vu mdi trong tuwong lai. Hé
théng nay s& sir dung cting budc song, ciing bd phat va bo thu nhur nhau cho
hai hudng nén chi phi cho nhitng phan tr quang-dién s& giam.

Nhuoc diém chinh ctia phuong thic nay 1a can gap d6i sd luong
soi, mdi han va connector va trong GPON hinh cay thi s6 luong bd ghép
quang ciing can gip d6i.Tuy nhién chi phi vé soi quang, phan tir thy déng va
ky thuat han nbi van dang giam va trong tuong lai no chi chiém ty 1¢ nho
trong toan bo chi phi hé thong.

1.3.3 Kién triic EPON

E-PON Ia giao thac mang truy nhap day da dich vu FSAN (Full
Service Access Network) TDMA PON thitr nhat dugc phét trién dya trén khai

thac cac uu diém cua cong nghé Ethernet (ng dung trong théng tin quang. E-
PON dugc chuan héa boi IEEE 802.3.

Trong E-PON dir liéu hudéng xubng dugc dong khung theo khuon dang
Ethernet. Cac khung E-PON c6 cdu triic tuong ty nhu cac lién két Gigabit

Ethernet diém t&i diém ngoai trir tir mao dau va thong tin xac dinh diém bat
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dau cua khung duoc thay d6i dé mang trudng nhan dang kénh logic (LLID -
Link logic ID) nham xac dinh duy nhat mot ONU MAC. Trong hudng lén,
cac ONU phat cac khung Ethernet trong cac khe thoi gian d3 duoc phan bd.

ONU sir dung giao thirc diéu khién da diém PDU (MPCPDU - Multi
Point Control Protocol Data Unit) dé giri cic ban tin “Report” yéu cau bang
thong, trong khi d6 OLT giri ban tin “Gate” cap phat bang thong cho cic
ONU. Céc ban tin “Gate” bao gdm thong tin vé thoi gian bat dau va khoang
thoi gian cho phép truyén dir liéu d6i voi ONU. OLT ciing dinh ky gui cac
ban tin “Gate” t6i cac ONU hoi xem chiing ¢6 yéu cau biang thong hay khéng.
Cac ONU ciing c6 thé gui “Report” cing véi dit liéu duge phat trong hudng
1én. Ngoai ra, giao thitc DBA ciing c6 thé duoc str dung trong E-PON dé thuc
hién co ché diéu khién phan bo biang thong.

Do khéng c6 cau triic khung théng nhat dbi v6i huéng xubng va hudng
1én, do vay, trong ciu trac ciia E-PON, cac khe thoi gian va giao thurc xac
dinh cu ly 1a khac so voi B-PON va G-PON. OLT va cdc ONU duy tri cac bo
dém cuc bod riéng va tang thém 1 sau mdi 16ns. Mbi mot don vi giao thirc diéu
khién diém da diém MPCPDU mang theo mét thdi gian mau, mau nay 1a gia
tri cua bd dém cuc bo cia ONU tuong ung. Tbe do truyén dir liéu E-PON c6
thé dat t6i 1Gbit/s.

Mot chuan khac ciing cung ho véi E-PON 1a chuan Gbit/s Ethernet
PON (IEEE 802.3av - Gbit/s PON). Chuan nay 1a phat trién ctia E-PON tai
tbc do 10Gbit/s va dugc ing dung cha yéu trong cac mang quang ba hinh anh
s6. Gbit/s PON cho phép phan phdi nhiéu dich vu doi hoi bang thong 16m, do
phan giai cao, dong goi IP cac ludng dit liéu hinh anh, ngay ca khi hé s6 chia
OLT/ONT la 1:64 hoac cao hon.

Kién trac IEEE 802 cho rang tit ca moi tram truyén thong trong ting

phﬁn cua mot mang LAN déu duoc két ndi t6i mot thiét bi dung chung. Trong
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mot thiét b dung chung, tat ca cac tram déu duoc coi nhu thudc vé mot pham
vi truy nhap don, & day phan 16n cac tram c6 thé phat tin hiéu & mot thoi gian
va tat ca cac tram khac co thé nhan tin hiéu trong toan b khoang thoi gian do.

Nhitng ving da truy nhap c6 thé duoc ndi lién voi nhau bang mot thiét
bi duoc goi 1a cau ndi. Nhitng cau nbi lua chon chuyén tiép nhitng goi tin dé
tao ra mot cAu tric cua mang LAN bao gém toan bd cac vung truy nhap. Viéc
Iwa chon chuyén tiép s& ngin chin viéc truyén ddn mot goi tin trong nhiing
ving ma khéng chtra bat cr mot tram dich cua goi tin ndy. Cau ndi cta nhiéu
LAN dugc str dung mo rong dé cung cip kha ning quan 1y doc lap cta nhing
ving truy nhédp, dé ting s tram hodc pham vi vat 1y ciia mot mang xa hon
gidi han cta nhitng phan LAN riéng biét, va dé cai thién sd luong dau vao.

Trong mdt truong hop & xa, mdt vung truy nhap cé thé bao gdm mot
tram. Tiéu biéu 14 nhidu ving tram don dugc két ndi bang lién két diém -
diém (P2P) t61 mot cau ndi, cau hinh ctia moét LAN chuyén mach.

Dya vao khai niém vung truy nhdp, nhiing bridge khong bao gio
chuyén tiép mot khung tré lai cong 16i vao cua nd. Trong truong hop ving
truy nhdp bao gdm nhiéu tram, né duge cho rang toan bo cac tram da két ndi
t6i cong gidng nhau trén cau ndi c6 thé lién lac véi mot tram khac khong
thong qua cau noi. Trong truong hop LAN chuyén mach, khong thé c6 su dé
dang tiép nhan trong ving truy nhap ctia noi gui, vi khong c6 khung nao dugc
chuyén tiép tro lai.

C6 mot van dé can quan tdm trong phuong thirc hoat dong cau ndi niy
d6 1a: Nguoi dung da két ndi t6i nhitng ONU khac trong cting mot PON
khong thé thudce cing LAN va khong c6 kha ning lién lac véi mot nguoi ding
khac & 16p 2 (16p lién két dit liéu). Nguyén nhan 1a phuong tién PON khong
cho phép cac ONU lién lac theo mot hudng khac, boi tinh dinh huéng cua

nhig bd tach/ghép thu dong. OLT chi c6 mot cong don két ndi t6i tat ca cac
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ONU, va mot ciu ndi duge dit vao trong OLT s& khong bao gio chuyén tiép
mot khung dir liéu tro lai cong ma né di vao.

1.3.4. WDM-PON

Cong ngh¢ mang quang thu dong s dung ghép kénh phan chia theo
budc song Wavelength Division Multiplexing Passive Optical Network
(WDM PON) 1a thé hé ké tiép ctia mang truy nhap quang va cho bing thong
16n nhat.

WDM-PON 1a mét giai phap trién vong cho cac hé thong PON thé hé
méi dé canh tranh voi cac hé théng 10G-EPON va NG-PON1. Bé dat duogc
bang thong 16n, WDM- PON cung cap cho mdi thué bao mot budc song thay
vi chia sé budc song giira 32 (hodc nhiéu hon) thué bao nhu trong hé théng
TDM-PON. Hinh 1.4 trinh bay mot hé théng WDM-PON dién hinh dua trén
bo chia budc song sir dung mot bo tach budc song thu dong (tirc 1a mang 6ng

dan song - AWG) trong niit dau xa [8].

Céc budc song khac nhau trén

cac ONU
Két cudi dudng / /. [ - B

day quang
Mang ong dan
song

OLT gl Im. ol |

Thiét bi mang u{
quang

Hinh 1.4 Kién triic dién hinh ciia mang WDM - PON
Céc tin hiéu dugc ma hoa trén cac kénh budc song khac nhau, va dugc
dinh tuyén t&i céc ONU khac nhau bai bo phan kénh.Viéc sir dung bo phan

kénh tranh duoc sy ton hao cong suat chén 16n gy ra bai bo chia quang, 1am
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cai thién dang ké quy cong suat cua toan bo hé thdng. Phuong thirc nay tao ra
mot lién két diém-diém gitta OLT va mdi ONU bang méot budc séng riéng
biét. Vi vay, mdi ONU c6 thé hoat dong tai toan bo tc do bit ctia kénh budc
song riéng cua no.

M3t khac, mai ONU chi nhan cac tin hiéu riéng cua no, kién trdc logic
diém-diém ndy mang lai tinh bao mat va an toan hon nhiéu so véi cdng nghé
TDM-PON.

Mot kiéu WDM-PON khéc duoc xem nhu phuong thire chia céng suat
van st dung bd chia quang tai nat dau xa, noi ma cac tin hiéu dit lidu véi céac
budc song khac nhau duoc quang bé téi mdi ONU. Sau do, cac bo loc quang
duoc dit ngay trudc cac b thu tai ONU gidp chon loc va chi truyén mot kénh
budc s6ng va chan tat ca cac budc song khac. Loai WDM-PON nay cé thé
duoc nang cap dé dang tir kién trdc TDM-PON hién tai ma khdng can bat ky
thay doi nao trong mang phan phéi quang ODN, nhung n6 khong thé han ché
duoc cac van dé lién quan dén bao mat thap va tén hao cdng suat 16n [8].

1.4 Két luan

Vao giira nhitng nam 90 cua thé ky nay, céng nghé APON (ATM -
PON) di duoc ap dung dé truyén tai dir liéu va tiéng n6i.Cham hon mot chit
la BPON, n6 str dung cau tric chuyén d6i ATM & cac duong bién mang. Tuy
nhién hién nay mang APON/BPON khéng dugc quan tdm phat trién do chi hd
tro dich vu ATM va tdc d6 truy nhap thap hon nhiéu so véi cac cong nghé
hién hitu khac nhu GPON hay EPON.

Céc nghién ctru hién nay dang tap trung vao GPON va EPON/GPON vi
day 1a cac cong nghé mai hira hen s& dugc trién khai rong réi trong mang truy
nhap bing rong do cac dic diém vuot trdi ciia chung so véi cac cong nghé
khac.

Trong khi EPON chi cung cép téc do truyén la 1,25 Ghit/s thi GPON
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lai cho phép dat t6i toc do 2.448 Gbit/s. Va tham chi, khi cang ngdy cic nha
cung cip dich vu cang cb tiét kiém chi phi bang viéc tan dung tdi da biang
thong thi ¢c6 vé nhu EPON dang dan tré thanh mét sy lua chon khong duoc
danh gia cao. Vi hiéu suét tir 50% - 70%, bang thong ctia EPON bi gi6i han
trong khoang 600Mbps dén 900Mbps, trong khi 6 GPON véi viéc tan dung
bang thong t6i da nd c6 thé cho phép cac nha cung cip dich vu phan phdi véi
bang thong 1én dén 2300 Mbps.

Trong mot nghién ciru dién hinh, hé théng mang GPON ciia Flexlight
c6 thé dat t6i hiéu suat mang 93%, diéu dé co nghia 13 chi c6 7% do6 rong
bang tan duogc sir dung cho viéc quy dinh cac thu tuc cta giao thirc truyén
thong. Hiéu suét 1én, do rong bang tan 16n, GPON htra hen mang lai nhiéu loi
nhudn cho cdc nha cung cép dich vu. Trong khi d6 APON, BPON, hay EPON
lai ton kha nhiéu bang thong cho viéc quy dinh céc thu tuc truyén thong.
Chinh vi thé ma hiéu suat bang thong giam di dang ké. Cy thé 1a APON va
BPON con 70% va EPON con 50%.

D3 dugc chuan hoa theo ITU - T G.984, GPON cho phép cung cap
duong truyén voi cac dinh dang gbc nhu IP va TDM, day thyc su 1a mot giai
phap cong nghé PON dat hi¢u qua kinh té c6 thé st dung cho ca céac dich vu
gia dinh ciing nhu 1a cho c4c doanh nghiép. Vé&i nhitng dic tinh hd trg cao
nhat va d§ rong bang tiéu dung dugc nang tr 10 MHz 1én 100 MHz cho
truyén dir liéu Internet, dap umg dugc cic yéu cau cho nhiéu dong IPTV
(Internet Protocol Television),va c6 thé hd tro truyén thong ca SDTV
(Standard Definition Television)va HDTV (High Definition TeleVision),
GPON d4 thyc sy duoc danh gia 1a kinh té hon EPON [9].

Mit khac trong khi tiéu chuan IEEE 803.2ah chi hd trg 2 16p ODN : 16p
A va 16p B thi ITU-GT.984.2 GPON GPM hb trg ca 16p C, 16p cap cao hon.
L6p C cho phép mang PON mo rdng cu ly téi 20 Km, cung cép cho s6 luong
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16m nguoi dung cudi, dat téi 64 tham chi 128 ONU/ONT.

Bén canh d6 trong khi EPON chi hd trg duy nhat mot toc do truyén dan
d6i xtmg 1,25/1,25 Gbps. ITU- T G.984.2 GPON GPM linh hoat va bién d6i
duoc hon nhiéu hon, cho phép céc tbc do hudng Xuéng 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 nhim t6i thi trudng truy nhap, bao gém cac tng dung Fiber-To-The-
Home va Fiber-To-The Building/Curb véi dic trung 1a toc do truy nhap khong
d6i xtng gitra hudng 1én va huéng xudng. Tham chi v6i su phat trién ciia cac
tmg dung dit liéu thi ciing khong c6 nhu cau dén 1,25 Gbps trong hudng 1én.
Trong khi GPON cho phép cac nha cung cap dich vu dé thiét 1ap nhitng téc do
két ndi theo nhu cau thuc té, EPON khong thuc hién duogc diéu nay. Mac du
day khong 1a mot van dé 16n vé chi phi ddi vdi két ndi toc do cao, tuy nhién dé
hd trg 1.25 Gbps hudng 1én, doi hoi phai cung cdp laser DFP ¢ dau cudi va
diode thac 1ii quang APD dit tai trung tim mang quang CO.

Tir nhitng so sanh trén c6 thé thdy rang GPON thich hop hon so véi
EPON trong viéc lap dat cac hé théng mang dé cung cap cac kha niang du
phong can thiét hd trg cho O&M, kha ning tuong thich ciing nhu 1a bao

mat.Pay 1a nhing diéu kién can thiét dé diéu hanh mot mang kich c& 16n.
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CHUONG 2:
CAC YEU TO ANH HUONG PEN CHAT LUQNG MANG GPON

2.1. GIOI THIEU CHUNG
2.1.1. Tinh hinh chudn héa GPON

Hién nay cong nghé GPON da va dang dugc nhiéu t6 chic tiéu chuan hoa

tap trung xay dung chuan héa vé céc khia canh k§ thuat cho cong nghé nay.

Tinh hinh chuan h6a GPON Sau khi chuan héa mang FTTH vao nhiing
nam 1990, cac thanh vién ctia FSAN da tiép tuc phét trién mot tiéu chi cho
mang truy nhap PON st dung céng nghé ATM. Hé thong nay duoc goi la
APON (viét tat cia ATM-PON). Cai tén APON sau d6 duoc thay thé bang
BPON véi ¥ dién dat PON bang rong & mic do pat trién cao hon. Nam 1997
nhom FSAN dua cac dé xuat chi tieu BPON lén ITU-T dé théng qua chinh
thac. T d6, cac tiéu chuan ITU-T G.983.x cho mang BPON lan luot dugc
théng qua.Hé thong BPON dién hinh hd tro téc d6 voi 155 Mbps hudng 1én
va 622 Mbps huéng xuong. GPON dugc ITU-T chuan hoa theo chuan G.984
bat dau tir ndm 2003, mé rong tir chuan BPON G.983

Hién cong nghé GPON di duoc ITU hoan chinh thanh bo khuyén nghi
ITU-T G.984.x. Su hoan thién cua bd khuyén nghi nay 1a mot s¢ ci quan
trong cho viéc lva chon tiéu chuan tham chiéu nham huéng dén xay dung bo
tiéu chuan qudc gia vé hé théng truy nhap quang thu dong GPON tai Viét
Nam. Cong nghé GPON di va dang duoc trién khai tai Viét Nam nhung viéc
chua c6 tiéu chuan qudc gia ndo vé cdng nghé GPON dit ra yéu cau can sém
xay dyng tiéu chuan vé céng nghé GPON tai Viét Nam [9].

Khuyén nghi G.984.2 (03/2003) nam trong bo khuyén nghi G.984.x cua
ITU véi hai stra d6i bo sung gan nhat G.984.2 Amendment 1 (02/2006) va
G.984.2 Amendment 2 (03/2008) mo ta day du va rd rang vé cac yéu cau ky

thuat cho phan 16p tién ich truyén tai vat Iy PMD. Day 1a s cir cho viéc dé
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Xuat xay dung tiéu chuan hé théng truy nhap quang thu dong G-PON - Phan
tién ich truyén tai PMD

2.1,2. Kién triic GPON

Hinh 2.1 mo ta cdu hinh hé thong G-PON bao gébm OLT, cic ONU,

mot bd chia quang va cic soi quang. Soi quang dugc két ndi t6i cac nhanh
OLT tai by chia quang ra 64 soi khac va cac sgi phan nhanh duoc két ndi t6i

ONU.
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Hinh 2.1 Kién triic mang GPON

= OLT (Optical Line Terminal): thiét bi két cudi cap quang tich cuc
lép dat tai phia nha cung cap dich vu thuong dugc dat tai cac dai tram.

= ONT (Optical Network Terminal): thiét bi két cudi mang cap quang
tich cuc, két ndi OLT thong qua mang phan phdi quang (ODN) dung cho
truong hop cung cap két ndi quang toi nha thué bao (FTTH).

= ONU (Optical Network Unit): thiét bi két cubi mang cap quang tich
cuc, két n6i v6i OLT thong qua mang phan phdi quang (ODN) thuong ding
cho trudng hop két ndi t6i buiding hodc t6i cac via hé, cabin (FTTB, FTTC,
FTTCab) [10].

= B chia/ghép quang thu dong (Splitter): Dung dé chia/ghép thu dong
tin hi€u quang tir nha cung cap dich vu dén khach hang va nguogc lai gitp tan

dung hiéu qua soi quang vat ly. Splitter thuong duoc dit tai cac diém phan
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phdi quang (DP) va cac diém truy nhip quang (AP). BO chia/ghép quang s&
c6 2 loai, mot loai dit tai cac nha tram vién thong sir dung cac ti kiéu indoor,
loai thir 2 s& 1a loai thiét bi dwoc boc kin c6 thé mé ra dwoc khi can thiét va
dit tai cac diém mang xong.

= FDC - Fiber Distribution Cabinet: Tt phdi quang

= FDB - Fiber Distribution Box: Hop phan phdi quang loai nho.

2.1.3. Thong so ki thugt

=  Budc song hoat dong

- Puong xudng

Dai budc song hoat dong cho duong xudng sir dung mot soi quang
la 1480-1500 nm. (thuong goi la budc song quanh 1490nm).

Ngoai ra, khi tin hi¢u analog CATV duogc ghép trén cung 1 soi quang,
CATV sé& dudng truyén theo hudng tir xudng ONTSs bang dai budc song
quanh 1550 nm (1535-1600 nm)

- DPuong 1én

Dai budc song hoat dong cho duong 1én 1a 1260-1360 nm (thuong got
chung 1a budc song quanh 1310 nm)

= Toc d bit

GPON dinh nghia nhitng dang téc do bit nhu sau:

Puong 1én 155 Mbit/s, duong xudng 1.25 Gbit/s;

Puong 1én 622 Mbit/s up, dudng xudng 1.25 Gbit/s;

Puong 1én 1.25 Gbit/s up, duong xudng 1.25 Gbit/s;

Puong 1én 155 Mbit/s up, dudng xudng 2.5 Gbit/s;

Puong 1én 622 Mbit/s up, dudng xudng 2.5 Gbit/s;

Puong 1én 1.25 Gbit/s up, dudng xudng 2.5 Gbit/s;

Pho bién nhat hién nay 1a dudng 1én 1.25 Gbit/s up, duong xudng 2.5
Ghit/s;
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=  Khodang céach logic

Khoang cach logic 12 khoang cach 16n nhat gitta ONU/ONT va OLT
ma chua tinh dén cac yéu t gay suy hao cong suat quang trén tuyén. Trong
mang GPON, khoang cach logic 16n nhat 1 60 km.

= Khoang cach vat Iy

Khoang cach vt Iy 1a khoang cach vat 1y 16n nhat gitta ONU/ONT va
OLT. Trong mang GPON khoéang cach vat Iy toi da 1a 20 km.

= Khoang cich soi1 quang chénh l¢ch

La khoang cach giita soi quang ngan nhat va xa nhat. Trong mang
GPON khoang cach soi quang chénh 1éch 12 20 km. Thong s6 nay ¢ anh
huong dén kich thude ving phit mang va can twong thich véi tiéu chuan ITU-
T Rec. G.983.1.

= Til¢ chia cua splitter

Pbi voi nha khai thac mang thi ti 16 chia cang 16n cang tot. Tuy nhién ti
1& chia 16n thi doi hoi cong sut quang phat cao hon dé hd trg khoang cach vat
1y 16n hon. Ti 1€ chia 1:64 1a ti 1€ 1y tuwdng cho 16p vat Iy véi cong nghé hién
nay. Tuy nhién trong cac budc phat trién tiép theo thi ti 18 1:128 c6 thé duoc
st dung.

2.2. KY THUAT TRUY NHAP VA PHUONG THUC GHEP KENH

Cong nghé truyén din da truy nhap 13 cac k¥ thuat chia sé tai nguyén
hitu han cho mot luvgng khach hang. Trong hé théng GPON, tai nguyén chia
s¢ chinh 1a bang tan truyén dan. Nguoi st dung cling chia sé tai nguyén nay
bao gém thué bao, nha cung cép dich vy, nha khai thac va nhiing thanh phén
mang khac. Tuy khong con 12 mot linh vieec méi mé trong nganh vién thong
trén thé gidi nhung cac k¥ thuat truy nhap ciing 1a mot trong nhiing cong nghé
doi hoi nhitng yéu cau ngay cang cao dé hé thdng thoa man duoc cac yéu cau

vé do 6n dinh cao, thoi gian xtr 1y thong tin va tré thap, tinh bao mat va an
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toan dir li€u cao.

2.2.1. Ky thuat truy nhagp

Phuong thtrc truy nhap dugc st dung phd bién trong cac hé thong
GPON hién nay la da truy nh@p phan chia theo thoi gian (TDMA) [10].

TDMA 1a k¥ thuat phan chia bang tan truyén dan thanh nhitng khe thoi
gian ké tiép nhau. Nhitng khe thoi gian nay co6 thé duge an dinh trude cho mdi
khach hang hodc c6 thé phan theo yéu cu tuy thudc vao phuong thirc chuyén
giao dang st dung. Hinh 2.2 duéi day 1a mot vi du vé viée sat dung TDMA
trén GPON hinh cay.Moi thué bao dugc phép giri s6 liéu dudng 1én trong khe
thoi gian riéng biét. B tach kénh sap xép s lidu dén theo vi tri khe thoi gian
ctia n6 hodc thong tin dugc gui trong ban than khe thoi gian. S6 liéu duong
xubng ciing dugc gui trong nhitng khe thoi gian xac dinh. Hai budc song

dugc dung la: hudng 1én A1=1310nm, huéng xudng A2=1490nm.

\r’&l e

Hinh 2.2 :TDMA GPON
GPON sir dung ky thuat TDMA c6 wu diém rat 16n d6 1a cac ONU co
thé hoat dong trén cing mot bude song, va OLT hoan toan c6 kha ning phan
biét dugc luu luong ciia ting ONU. OLT ciing chi can mot bo thu, diéu nay
s& dé dang cho viéc trién khai thiét bi, giam duoc chi phi cho cic qua trinh
thiét ké, san xuat, hoat dong va bao dudng. Ngoai ra, vi¢c st dung k¥ thuat
nay con c6 mot vu diém 1a c6 thé lap dat dé dang thém cac ONU néu ¢6 nhu
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cdu nang cap mang.

Mot dic tinh quan trong cia GPON st dung TDMA 1a yéu cau bat
budc vé dong bod cua luu luong duong 1én dé tranh xung dot sd liéu [10].
Xung d6t nay s& xay ra néu hai hay nhiéu géi dit liéu tir nhitng thué bao khac
nhau dén b ghép cing mot thoi diém. Tin hiéu nay d¢ 1én tin hiéu kia va tao
thanh tin hiéu ghép. Phia dau xa khong thé nhan dang duoc chinh xac tin hiéu
t6i, két qua 1a sinh ra mot loat 15i bit va suy giam thong tin dudng 1én, anh
huong dén chat luong ciia mang. Tuy nhién cac van dé trén déu dugc khic
phuc véi co ché dinh ¢& va phan dinh bing thong dong cia GPON ma chung
ta s& dé cap ¢ phan sau.

2.2.2. Phuwong thirc ghép kénh

Phuong thic ghép kénh trong GPON la ghép kénh song hudéng.Cac hé
thong GPON hién nay str dung phuong thirc ghép kénh phén chia khong gian.
Pay 1a giai phap don gian nhat ddi voi truyén dan song hudng. N6 dugc thyc
hién nho sir dung nhitng soi riéng biét cho truyén dan duong 1én va xubng.Su
phan cach vat li caa cac huéng truyén dan tranh dugc anh hudng phan xa
quang trong mang va ciing loai bo van dé két hop va phan tach hai hudng
truyén dan. Piéu nay cho phép ting duoc quy cong suit trong mang. Viéc sir
dung hai soi quang 1am cho viéc thiét ké mang mém déo hon va lam ting do
kha dung boi vi chung ta c6 thé mé rong mang bang cach st dung nhitng bd
ghép kénh theo budc song trén mdt hoac hai sgi. Kha nang mé rdng nay cho
phép phat trién dan dan nhitng dich vu mdi trong tuong lai. Hé thong nay sé
st dung cung budc song, cung bd phat va bo thu nhu nhau cho hai huéng nén
chi phi cho nhiing phan tir quang-dién s& giam.

Nhuoc diém chinh ctia phuong thirc nay 1a can gap d6i sd luong soi,
mdi han va connector va trong GPON hinh cay thi sé lwong bo ghép quang

cling can gap ddi. Tuy nhién chi phi vé soi quang, phan tir thu dong va k¥
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thuat han ndi van dang giam va trong twong lai nd chi chiém ty 1& nho trong
toan bo chi phi hé thong.

2.2.3. Phwong thirc dong goi dir liéu

GPON dinh nghia hai phuong thic dong goit ATM va GEM (GPON
Encapsulation Method).Cac ONU va OLT c6 thé hd trg ca T-CONT nén
ATM hoac GEM.

Phuong thirc dong goi dit ligu GPON (GPON Encapsulation Method -

GEM) sir dung dé dong goi dir liéu qua mang GPON.GEM cung cip kha ning
thong tin két ndi dinh huéng twong tw ATM. GPON cho phép hd tro nhiéu
loai hinh dich vu khach hang khac nhau.Khach hang ATM duoc sap xép trong
sudt vao khung GEM trén ca hai huéng.Khach hang TDM dugc sap xép vao
khung GEM sir dung thi tuc dong g6i GEM. Cac géi dir liéu bao gom ca cac
khung Ethernet ciing duoc sap xép str dung tha tuc dong goi [10].

GEM. GEM ciing hd tro viéc phan manh hodc chia nhé cac khung 16n
thanh cac phan manh nho va ghép lai & dau thu nham giam tré cho cac luu
luong thoi gian thuc. Luu luong dit liéu bao gém cac khung Ethernet, cac goi
tin IP, IPTV, VoIP va céc loai khac gitip cho truyén dan khung GEM hiéu qua
va don gian. GPON sir dung GEM mang lai hiéu qua cao trong truyén dan tai
tin IP nho sir dung téi 95% béng thong cho phép trén kénh truyén dan.

2.2.4. Binh ¢& va phén dinh bang tan déng

=  Thu tuc dinh c& cu li (Ranging):

Pé mot ONU c6 thé hoat dong trong mang PON n6 phai duoc xac dinh
cu ly gitta ONU va OLT. Cu ly t6i da ctia mang PON hién quy dinh 1a 20km.
Khoang cach tir OLT t6i ONU 1a khac nhau v&i mdi ONU va do d6 tré khi
hdéi RTD (Round Trip Delay) tir mdi ONU t6i OLT la khac nhau. Trir phi tré
kht hdéi RTD duoc xac dinh chinh xac thi dinh thoi truyén dan sé khong thé

thuc hién.Vi vay néu c6 mot ONU mdi két ndi véi mang thi trude hét can do
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RTD. Beng Iénh ctaa hé théng van hanh, OLT ty dong tao ra ctuia s6 dinh ¢& cu
li pht hop dé do tré va xac dinh cho ONU dé truyén tin hiéu cho phép do tré.
Chiéu dai cua cira s6 dinh c& cu li duoc thiét 1ap tuy theo khoang cach giita
OLT va ONU.

Co hai cach xac dinh ONU cho qua trinh dinh c¢& cu li. Mot phuong
phap xac dinh duy nhat ONU d3 ding ky va phuong phap khéac xac dinh tat ca
cac ONU chua ding ky.Trong phuong phap thir nhat, mot ONU véi sb ID
riéng dugc xac dinh trong hé théng van hanh.Trong phuong phap thtr hai
OLT khoéng biét s6 ID riéng ctia mdi ONU, khi d6 s& c6 vai ONU c6 thé
truyén tin hiéu cho qué trinh do tré dién ra lién tyc. Mot bién phap giam xung
dot trong qua trinh dinh ¢d cu li 1a truyén tin hiéu cho qua trinh do tré véi mot
khoang thoi gian cho ngdu nhién, gan gidng nhu phuong phap dugc s dung
trong Ethernet (CSMA/CD). Tham chi néu c6 xdy ra xung dot ngay budc dau
thi van c6 thé tién hanh do tré bang cach lap lai qua trinh truyén dan hai hay
ba lan.

Ranging window

data#1

oLT data#2 | | 3 .

1 Time
(2) Serial_number '

(1) ONU halt request (4) Assign ONU-ID

ONU#1 .
Time

ONU#2 - .
Time

M) (3) SN transmission

New ONU 4 1 —

Random delay —** Time

Hinh 2.3: GPON dinh ¢ cu li giai doan 1
Vi dit liéu thué bao khong dugc truyén trude khi qua trinh ranging két
thiic nén s& khong lam ting tré truyén dan dit liéu [10]. Ngoai ra thoi gian cho
ngau nhién duoc st dung dé chdng xung dot khong duoc bao gdm trong phép
do tré khur hoi RTD.

Thu tuc dinh ¢& cu li cua GPON dugc chia thanh 2 giai doan. O pha
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thir nhat dang ky s6 séri cho ONU chwa ding ky va cap phat ONU-ID cho
ONU di thuc hién. Sé séri 1a ID xac dinh ONU va phai 1a duy nhat, déng thoi
ONU-ID duoc st dung dé diéu khién, theo doi va kiém tra ONU.

Cac budc trong giai doan thir nhat [10]:

1. OLT xac dinh tat ca cac ONU hi¢n dang hoat dong dé cho dung
qua trinh truyén dan (cac ONU ngumg truyén dan - (1) ONU halt)

2. OLT xé4c dinh ONU khong c6 ONU-ID dé yéu cau truyén sb séri
(ban tin yéu cau sb séri - (2) serial_number request)Sau khi nhan dugc yéu
cau truyén s séri, ONU khong ¢ ONU-ID sé truyén so séri (qua trinh truyén
s6 séri - (3) SN transmission) sau khi chd mot khoang thoi gian ngiu nhién
(t6i da 50ms).

3. OLT chi dinh mot ONU-ID t&é1 ONU chua dang ky ma OLT da
nhan duoc sé séri (ban tin chi dinh ONU-ID - (4) assign ONU-ID).

Trong giai doan tiép theo RTD dugc do cho mdi ONU di dang ky mdi.
Thém vao do6 giai doan nay ciling dugc ap dung cho cac ONU bi mat tin hiéu

trong qua trinh théng tin.

Ranging window

RTD of new ONU f .‘ I‘_’*‘ml

data#2
OLT e ] »
(5) ONU halt Time
(8) Ranging (8) Ranging_time
raquest massage
ONU#1 - - =~ —o
Time
ONU#2
Time
7] (7) Ranging transmission
New ONU «

{9) Delay Time
equalization

Hinh 2.4: GPON dinh co cw li giai doan 2
Céc budc trong giai doan thir hai bao gom:
4. OLT xéc dinh tat ca cac ONU dang thong tin dé cho dimg qua trinh
truyén dan ludng 1én (cac ONU ngimg truyén dan - (5) ONU halt)
5. Sir dung céc s6 séri, OLT xac dinh mot ONU nhat dinh va chi ONU
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d6 duoc truyén tin hiéu cho qua trinh do tré (ban tin yéu cu dinh c& cu li -(6)
ranging request)

6. ONU c6 s6 séri trang v6i sd séri OLT d3 xac dinh sé& truyén tin hiéu
cho qua trinh do tré (qua trinh truyén dinh ¢& cu li - (7) ranging transmission),
bao gdm ca ONU-ID d chi dinh trong giai doan 1.

7.0LT do RTD phu thudc vao thoi gian ma tin hiéu str dung cho phép
do tré duoc thu. Hon nira, sau khi x4ac nhan sy két hop gifra sb séri va ONU-
ID 1a dung, OLT thong bao tré can bang (Equalization Delay = Teqd - RTD)
toi ONU (ban tin thoi gian - (8) Ranging time message). Trong do Tepd la
héng s6 va gia tri RTD 16n nhat dugc xac dinh trong mang PON. Vi du véi
khoang cach toi da 20km thi Teqd = 200ms.

8. ONU luu gia tri tré can béng va tao tré dinh thoi cho chudi dit liéu
truyén dan ludng 1én véi gid tri ndy.

=  Phuong thirc cAp phat biing thong

Tai hudéng 1én bang thong dugc st dung béi cac ONU khong chi phu
thudc vao bdi canh luu lugng tai cac ONU co6 lién quan ma déng thot lién
quan dén luu luong tai cac ONU khéc trong mang. Vi st dung moi truong
chia sé bang thong nén luu luong truyén boi mdi ONU c6 kha ning bi xung
dot va qua trinh truyén lai lam giam hiéu suat. Do d6 hudng 1én GPON sir
dung phuong thuc cap phat bang thong dong DBA (Dynamic Bandwidth
Assignment). Cac khung truyén din hudng 1én duoc chia thanh 5 loai I dén V
[10].

- TCONT (Transmission Container) sit dung dé quan 1y viéc cap
phéat bang thong hudng 1én.

- Dich vy loai I - TCONT trén co s& duoc cip phat bang théng cb
dinh hay 1a dich vu yéu cau bang thong ¢b dinh, khéng duoc phuc vu bai

DBA.
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- Loai I - TCONT cho dich vu c6 toc dd bit thay ddi vai yéu cau vé
tré va jitter nhu truyén hinh va VolP.

- Loai III - TCONT cho céc dich vu dugc dam bao vé tré.

- Loai IV -TCONT cho luu lugng best-effort.

- Loai V - TCONT la két hop cua hai hay nhiéu loai x - TCONT &
trén.

B4o cao mau luu luong giri t6i OLT boi mdi ONU bao gdm mau cua
mdi loai TCONT va chd su cip phat tir phia OLT. OLT s& dua vao loai
TCONT dé ra quyét dinh cap phét bang thong hudng 1én cho ONU.

T-CONT — i

Upstream map -

oNU2 ([l
F /
-
OLT —

ONUN |1l

Hinh 2.5: B&o c&o va phan bé béng thong trong GPON

Thi tyc cap phat ndi chung gom céc budc sau:

1. ONU luu dir li€u thué€ bao cho luu lugng hudéng 1én vao bd dém.

2. Khoi dit liéu chira trong by dém duogc bao té1 OLT nhu mdt yéu cu
tai mot thoi diém quy dinh boi OLT.

3. OLT xé4c dinh thoi gian bit diu truyén dan va khoang thoi gian
truyén cho phép (1/4 cira sb truyén dan) téi ONU nhu mét su cap phép.

4. ONU nhan sy cap phép va truyén khdi dir liéu da xac dinh.
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Hinh 2.6: Thii tuc cdp phdt bing théng trong GPON

2.2.5. Bdo mdt va md héa sira 16i

= Bio mit: Do mang GPON la mang diém - da diém nén dir liéu
huéng xudng co thé duoc nhin boi tat ca cac ONU. Cong nghé GPON sir
dung bio mat hudng xudng voi chuan mat ma tién tién AES (Advanced
Encrytion Standard).Dit liéu thué bao trong khung ludng xudng duoc bao vé
thong qua lugc do mat ma héa AES va chi phan tai luu lugng trong khung
dugc mi hod.V4i hudng 1én xem nhu lién két diém - diém va khong sir dung
ma hoa bao mat.

=  Sira 16i hwéng thuan FEC (Forward Error Correction): Cong nghé
GPON st dung phuong phap stra 15i tién FEC. FEC mang lai két qua ting quy
duong truyén 1én 3-4dB (do lgi ma hoa) vi vay cho phép tiang téc do bit va
khoang cach giita OLT va cac ONU ciing nhu hd tro ti s6 chia 16n hon trong
mang. FEC dugc tiy chon sir dung trong ca hudng 1én va huéng xudng, ding
ma Reed Solomon thuong 1a RS (255,239).

2.2.6. Kha nang cung cdp bang thong

a. Huéng xudng:

Yéu cau bang thong cua céac dich vu co ban:
m Bing thong yéu cau ciia mot kénh HDTV = 18 Mbit/s.
m Bing thong yéu cau ciia mot kénh SDTV = 3 Mbit/s.

m  Truy cédp Internet tbc do cao = 100 Mbit/s trén mdi thué bao véi ty
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1€ dung chung 20:1.

= Voice IP téc do 100 Kbit/s.

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

b. Huwdéng lén:

ITU G 984 GPON khong nhimng c6 kha nang hd tro tat ca cac yéu cau
vé hé thong mang ma con cung cip mot co ché QoS riéng cho 16p PON vuot
ra ngoai cac phuong thitc Ethernet 16p 2 va phan 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 mdi trudng chia sé trén nén TDMA. Tuy
nhién, cac co ché CoS ¢ 16p 2 va 16p 3 chi c6 thé dat mirc toi da 1a QoS & 16p
truyén tai. Néu 16p truyén tai c6 do tré va dung sai 1on thi viéc phan chia murc
uu tién dich vu khong con ¥ nghia [10]. Péi véi TDMA PON, dung luong
cung cap QoS hudng 1én s& bi han ché khi tit ca cac ONU ctia PON sir dung
hét bang thong hudng 1én va uu tién ctia né trong TDMA. Hudng 1én GPON
c6 théng luong dén 1,25 Gbits/s.

GPON str dung bang théng ngoai bing dé cip phat ban d6 voi khai
niém khdi luu luong (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 vu duogc dong goi vao cac khung theo nguyén ban cia n6é thong qua qua
trinh mo hinh déng goi GPON (GEM). Giéng nhu trong SONET/SDH,
GPON cung cap kha niang chuyén mach bao vé véi thoi gian nho hon 50ms.
Diéu co ban lam cho GPON c6 tré& thip 1a do tat ca luu luong hudng 1én

TDMA tir cic ONU duoc ghép vao trong mot khung 8 KHz. Mdi khung
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huéng xudng bao gdbm mot ban dd cap phat bang thong hiéu qua duoc gui
quang ba dén tat ca cac ONU va c6 thé hd tro tinh ning tinh chinh cap phat
bang thong. Co ché ngoai bang nay cho phép GPON DBA hd tro viéc diéu
chinh cap phat bang thong nhiéu 1an ma khong can phai sip xép lai dé tdi uu
hoa tan dung bang thong.

c. Bang thong hiru ich:

Cong nghé¢ GPON hd tro tbe do 1én téi 1,25 Gbit/s hodc 2,5 Gbit/s
hudéng xudng, va hudéng 1én, hd tro nhidu muc tdc do trong khoang tir 155
Mbit/s dén 2,5 Gbit/s. Hiéu suat sir dung bing thong dat trén 90%.

2.2.7. Khd ning cung cap dich vu

a) Pic_diém dich vu: GPON dugc trién khai dé dap ung ti 16 dung

luong dich vu/chi phi khi so sanh véi mang cap dong/DSL va mang HFC c6
dung lugng nho va cac mang SDH/SONET cling nhu giai phdp quang
Ethernet diém - diém c6 chi phi cao. Vi vdy né phu hop véi cac ho gia dinh,
doanh nghiép vira va nho, chinh pht va cac co quan cong s¢ [10].

- Céac dich vu b ba danh cho ho gia dinh: GPON dugc phat trién dé
mang dén céc dich vu thé hé méi nhu IPTV, truyén hinh theo yéu cau, game
truc tuyén, Internet tc do cuc cao va VoIP véi chi phi hi¢u qua, bang thong
16m va chat luong dam bao cho céac thué bao ho gia dinh.

IP quang b4 qua cau hinh diém - da diém cho phép mot ludng video co
thé truyén t6i nhiéu thué bao mot cach dong thoi.

Kha ning cap phat biang thong dong va phuc vu qua tai cho phép cac
nha cung cip dich vu t6i uvu héa bing thong quang, tao ra nhiéu lgi nhuin
hon. Bang thong 16n va dich vu linh hoat cia GPON giup cho GPON tré
thanh mot sy lua chon hoan hao cho viéc cung cap dich vu t6i nhiéu ho thué
bao MDU (Multiple Dwelling Units) nhu cac toa nha, khach san, chung cu.
GPON ONU c6 thé phuc vu nhu cac DSLAM VDSL2.
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- Vi cac doanh nghié¢p vira va nhé: GPON la su lya chon hoan hao
cho cac doanh nghiép vira va nho co yéu cau vé thoai, truy nhap Internet,
VPN va céc dich vu T1/E1 véi chi phi hop ly. GPON c6 bang thong du 16n va
c6 tinh ning QoS cho phép cac dich vu 16p doanh nghiép c6 thé dugc cung
cap trén cling co so ha ting nhu cac dich vu ho gia dinh nham loai trir yéu cau
xay dyng co so ha ting méi.

- V6i Chinh phu, Gido dyc va 'Y té: Thi truong cac co quan chinh
phu yéu cau cac dich vu dit liéu va thoai co cht luong cao va bing thong 16n
v6i chi phi thiap. Kha nang cia GPON cho phép phuc vy hiéu qua mot sb
luong 16n thu€ bao & cac khu vuc trung tam van phong chinh phu, cac truong
hoc, bénh vién cling nhu cac khu vui choi giéi tri, khu cong nghiép. Chinh
quyén mot s6 quoc gia da thiét 1ap mang GPON dé cung cép céac dich vu thoai
va di lidu téc d6 cao cho luc luong canh sat, van phong chinh phu, toa an va
cac luc lugng ctru hda, dac nhiém dé nang cao chat luong phuc vu cong déng.
GPON la cach tét nhat dé mang dén cac truong hoc Internet toc do cao va cac
dich vu bang rong khac.

b) Khodng ciach OLT - ONU: Gidi han cu ly cia cong nghé GPON

hién tai duoc quy dinh trong khoang 20 km va cung cép ti 1& chia 1én t6i
1:128 (hién tai thuong stir dung ti I¢ 1:32).

c) Cdc ung dung co bdn trong mang:

GPON duoc tng dung chu yéu trong cic mang sau:

m GPON duoc ung dung trong cic mang truy nhap quang FTTx dé
cung cap cac dich vu nhu IPTV, VoD, RF Video (chéng lan), Internet tdc do
cao, VoIP, Voice TDM véi toc d6 dit lidu/ thué bao c6 thé dat 1000Mbps, hd
tro QoS day du.

m Giai tri - CATV, HDTV, PPV, PDVR, IPTV - H¢ théng dudng 1én
Video hoan thién cho modem DOCSIS va dich vu Video tuong tic, truyén
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hinh v¢ tinh; tat ca cac dich vu trén cap quang GPON.

m Thong tin lién lac - Cac dudng thoai, thong tin lién lac, Truy cép
internet, intranet toc do cao, Truy cap internet khong day tai nhimg dia diém
cong cong, Buong bang thong 16n (BPLL) va lam backhaul cho mang khong
day.

m Bdo mat - Camera, Bao chay, bdo dot nhap, Bdo dong an ninh, trung
tam diéu khién 24/7 v6i kha nang giam sat, backup di liéu, SAN.

2.3 MOT SO VAN PE THIET KE HE THONG THONG TIN
QUANG

2.3.1 Anh huéng ciia suy hao

Ngoai trir cac tuyén cu ly ngan, suy hao soi quang co vai trd quan trong
trong thiét ké hé thong. Xét mot may phat quang la c6 kha nang phat mot
cong suat trung binh P.. Néu may thu cé kha ning phat hién tin hiéu véi cong
suat trung binh nho nhat tai téc do bit By la P;, khoang céach truyén dan 16n

nhit duoc gidi han boi:

10 P 21
L= ﬂf_f logg (Fi) [km] (

)

Trong d6 oy 1a hé s6 suy hao trung binh cua soi quang - tinh theo don vi
dB/Km bao gom ca suy hao duong truyén quang, suy hao tai cac mdi han va
tai cac bd gép ndi quang. Su phu thudc caa chiéu dai L vao toc do bit 1a do sy
phu thudc tuyén tinh cua Pr theo téc do bit Br. Chl y ring B, = N,B; h.f
trong d6 hf 1a nang luong photon, N, | s6 lwong photon trung binh/bit doi hoi
boi may thu.

Luu ¥ rang: Tich caa khoang cach truyén dan va toc do bit - theo Ii
thuyét c6 gia tri dugc giéi han xac dinh boi biéu thuc (2.2).
8¢ 2.2)

2
nA

B.L <
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Trong d6 ¢ = 3.108 m/s 1a tbc @6 truyén anh séng trong chan khong, ny
1a chiét suat 16i soi quang con A 1a do léch chiét suat ty ddi giira 16i va vo. dic
trung cua tich B.L véi cac soi quang da mode va don mode duoc biéu dién
bang hinh 2.7.

10 g

1 £ SQWM

-—

Téc d6 bit - B (Gbis)
[=]
T
/
/

0.01 — .
E ""‘*--j.‘_,§ofi quang chi s& nhay bac

—

0.001

p 5 10 20 50 700
Khoang cach, L (km)

Hinh 2.7: Gidi han téc do bit - khodng céch sei quang véi n;= 1.5,
A=0.01va a=2

Trong gigi han cua hé sé suy hao thuc té, khoang céch L gitta may phat
va may thu giam di theo ham logarit khi Bt tang tai mdt budc song hoat dong
cho trude. Cac duong lién trén hinh 2.7 chi ra su phu thuoc cia L theo Bt
cho céc séng hoat dong phd bién tai A= [0,85um; 1,3um va 1.55 um ] voi oy
= [2,5dB/km ; 0,4dB/km va 0,25 dB/km] twong ¢ng khi céng suét phat 1a P,
=1mW ¢ ca ba budc song, trong khi d6 Np=300 tai A = 0.85 pum va Np=500 &
A=1,3 va 1,55 um.

Theo hinh 2.7, gia tri L 1a nho nhat d6i véi cac hé théng thé hé thar nhat
hoat dong & budc séng A= 0,85 pm do suy hao soi quang twong dbi 16n xung
quanh budc song ndy. Khoang cach tram Iap cua cac hé théng nay gioi han tir
10 @én 25 km, phu thudc vao téc do truyén dan va gia tri chinh xac cuaa suy
hao. Nguoc lai, khoang cach tram lap c6 thé hon 100km ddi véi hé thong hoat

dong & vung cira 6 A=1,55 um. Hinh 2.7 con so sanh giéi han suy hao hé
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théng thdng tin quang hoat dong & budc séng A=0,85um voi hé théng thong
tin dwa trén cap dong truc.

1000

600 = 1.55um (quantum limit) Single-mode fiber

400 Dispersion shifted

= fiber
& 200 Vs
3 100 - ST R \\\
(&) —
&0 ig - TAT-9 .\;rAT-ﬁ\ \
ﬁ - 0.85},1111 FT-G N 5
S L T~ T—e—— N AN
Tl ~
“ AN ~~._ FT-3Cs NN
10 N e \\ SO N
6 - Coaxial ~~- . VAN 5
4 VN cable . ., Conventional _»‘ ™
. S . -
. Multimode N Multimode \\\smgle mode fiber
Step-index fiber ™ Graded-index Fiber -
1 | N | | I I
0.0001 0.001 0.01 0.1 1 10 100

Tée d6 (Gbit/s)
Hinh 2. 8: Sir phu thugc ciia khodng cach véi téc dé bit
vdi cac loai sei quang
Puong chidm cham trong hinh 2.8 chi ra su phu cua L thudc tbc do bit
cho cho cap dong truc khi gia dinh suy hao ting ti I¢ véi Br. Khoang cach
truyén din d6i véi cap dong truc 1a tét hon & téc do bit nho (Br< 5Mb/s),
nhung hé théng cép quang lai vuot troi khi tée do bit 16n 5Mbs.

2.3.2 Anh hudng cia tén sdc

Trong mot sgi quang, nhiing tan sé anh sang khac nhau va nhitng mét
khac nhau can thoi gian khac nhau dé truyén mot doan tir A dén B. Hién
tuong ndy goi 12 tn sic va gay ra nhiéu anh huong khac nhau. N6i chung, tan
sac dan dén sy gidn xung trong truyén dan quang, gay ra giao thoa giira cac ky
tu, tang 151 bit & may thu va dan dén giam khoang cach truyén dan [10].

Tén sic trong soi quang don/da mode c6 thé bao gom nhiéu loai tan sic
bac mot khac nhau nhu tan sic vat liéu Dy, tan sac éng din séng D, cac
thanh phan tan sic D,... Tan sic tong cong trong soi quang don mode Dt

dugc tinh bsi biéu thac: Dy = Dy, + D, + D,. Cac hé so tan sic trong soi
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quang duoc tinh theo don vi [ps/(nm.km)]. Hai nguy&n nhan tan sic gay gian
xung chu yéu trong s¢i quang 1a:

a) Gidn xung do tan sic vat liéu (hay tan sic mau) xay ra khi van téc
pha ctia mit phang trryén song trong mdi trudng dién moi thay déi tuyén tinh
buéc s6ng hay chiét suat cua vat liéu silica st dung ché tao soi quang thay doi
Voi cac tan s6 quang o khac nhau tac 1a dn/ dA* + 0. Xét do tré nhom z,
trong soi quang gay ra bsi van téc nhom v, duge dinh nghia tai bicu thic

(2.3).

df 1 dn,
‘s =E=E(”1_"E)

Vi n, 1a chiét suat vat liéu 16i. Do tré xung do tan sac vat liéu 7, trong

(2.3)

soi quang c6 chiéu dai L 1a;
L d
Ty = —(nl — /ﬂ) (2.4)

Déi v6i ngudn sang co do rong pho 1a o, va budc séng trung binh A thi

d6 gian xung do tan sic vat lidu g,,, c6 thé thu dugc:

dt,, L] d®n, (2.5)
Ty RO, —— =0,—| 4 = g,.L.D
m r d;’f_ .f.-C d}az r 1":!
Hé sd tan sic vat liéu Dy duge xac dinh bai:
Ald*n, (2.6)
Dy =— 2
cldd
g
E Xung quang ra
;5: l Soi quang don mode _A,
JL01 . e - } l
Chiét suat n(i)
7\12 Vi >

Hinh 2.9 Hién fuong tan sdc

b) Gién xung do tan sic 6ng dan song.
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Hé s tan sic 6ng dan song co thé dugc xac dinh bai biéu thuc:

5 2m A [n}, Vd?(Vb) dn,, d(Vb) (2.7)
2 |nyw  dv? dw dV

Trong d6 nyq la chiét suat nhom cua 16p vo soi quang [10]. Tan sic 6ng

dan song cling co thé tao nén tan sic mau do c6 sy thay d6i van toc nhom véi
budc séng tai mode khi d2g/dA? = 0. Tham sé tan sic 6ng dan séng phu
thudc vao cac tham sé V cua soi. Do ca hai dao ham bac mét va bac hai theo
V déu 1a duong, biéu thirc (2.7) cho Dy am trong toan viing buéc séng truyén
thong (tor Om cho téi 1,6 m).

Hinh 2.10 biéu dién d6 thi caa hé s tan sic vat liéu Dy va hé s tan sic
dng dan séng Dw trén toan bo viing cira s6 budc song truyén thdng. Hé sé tan
sac tong cong cua soi quang D = Dy + Dw [ps/(nm-km)] cta soi don mode
dién hinh. Ta thay rang hé sé tan sic vat liéu Dy am khi A < Azp = 1,276 0m
va duong khi khi A > Azp. Nhu vay, tn sac 6ng dan song da dich Azp mot
khoang 30-40 nm sao cho Azp ~ 1,31 Om. N6 ciing lam giam gi4 tri tan sic
tong cong D (do D = Dy + Dy) trong khoang buéc song 1,3-1,6 Om duogc
quan tam bai cac hé théng truyén thdng quang. Gia tri tiéu biéu caa D trong

khoang 15-18 ps/(km-nm) gan bugc song 1,55 mm.

30 | I T | 7
-~
20 DM -~ —
= _///
E -~
£ 10} A5 -
E -~
= s
= s
E 0..____,_______"‘r —
"§ 4 Dy ——
s =10 // Az
= V7
207 S
-30 | | I | I
1.1 1.2 13 1.4 L5 1.6 1.7

Bwéc song (um)

Hinh 2.10: Tan sdc tong cong D lién quan dén Dy va Dy
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Tan sic 6ng dan séng Dw phu thudc vao cac thong sé soi quang nhu
ban kinh 151 a va d6 1éch chiét suat 15i vo A, do vay ngudi ta c6 thé thiét ké
cac sgi quang ma Azp ~ 1,55 mm, soi quang loai nay goi la soi dich tan sac
(DSF). Ngudi ta cling c¢6 thé diéu chinh sy dong gop cia 6ng dan séng nhu
vay ma hé s tan sic tong cong D 13 twong ddi nho trén mot dai budc song
rong kéo dai tir 1,3-1,6 mm va soi quang loai nay goi 12 soi tin sic phang.

Hinh 2.10 cho thay sy phu thudc ctiia D vao budc song va tan sic tong
cong D lién quan dén Dy va Dyw. Tan sic dng dan song Dw c6 thé duoc sir
dung d¢é tao ra soi quang giam tan sic trong d6 GVD giam doc theo chiéu dai
soi. Mot loai so1 quang dugc goi la soi bu trir tan sdc sao cho budc song
truyén thong tai A < Azp c¢6 hé s6 tan sic am.

Thudng ngudi ta chi quan tam dén do trai rong xung trén mot km, va cd
don vi 1a [ns/Km], hodc [ps/Km]. Ngoai ra c¢6 don vi [ps/nm-km] dé danh gia
d6 tan sic chat liéu trén mdi km chiéu dai soi tng véi do rong pho quang 1a
1ns.

2.3.3 Anh huéng ciia quy cong sudt

Muc dich ctia qily cong suat 1a bao dam céng suat du phong caa may
phat sao cho khi dén may thu du 16n dé duy tri hoat dong tin cay trong suét
thoi gian séng cua hé thong. Cong suat trung binh nho nhat doi hoi bai may
thuduoc goi 1a do nhay caa may thu, ky hiéu 1a P,. Thuong ta luén biét duoc
cdng suat phét trung binh P; ctia may phat. Qiiy cong suat thudng duoc tinh
theo don vi decibel (dB), con cong suat quang duoc biéu thi theo don vi dBm.
Cu thé hon.

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

Trong d6 A, suy hao kénh téng cong, Ms 1a do du phong hé théng.
Muc dich cua do du phong hé thong 1a dé danh mot luong cong suét nhat dinh
cho trudong hop céc nguon suy giam cong suét cd thé gia ting trong thoi gian
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sbéng cua hé thdng do sy xubng cap cua linh kién hoac céac su kién khdng biét
trude duoc. Khi thiét ké nguoi ta thuong cho do du phong khoang 4-6 dB.
Suy hao kénh A tinh dén tt ca cac ngudn suy hao cé thé c6, bao gom ca suy
hao cacconnector va suy hao cac méi han. Néu as 1a suy hao trung binh cua soi
quang (dB/km), A, c6 thé viét nhu:
Ap = apl + Qg + opiine (2.9)
V6l 0con VA asplice 12 SUY hao cac tai cac b gép quang (connector) va suy
hao cac mbi han doc theo tuyén soi quang. Str dung cac cong thic (2.8) va
(2.9) d& dang udc lugng khoang cach truyén 16n nhat twong (ngvéi cac linh
Kién cho trudc.
Theo chuin G.984.2 - Quy suy hao cong suat quang trong G-PON

dugc tinh bu dap xéc dinh quy suy hao cong suat va dugc mo ta nhu sau:

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

Bang 2.1: Bang xéac dinh quy hao cong suét

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

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

- Suy hao khi di qua bo chia quang Splitter.

- Suy hao mdi han (Splice Attenuation) (phu thudc sé méi han).

- Suy hao giic ndi (Adapter Connectors Attenuation) (phu thudc s6
connectors).

Pé dam bao tdc do bing thong thi khoang cach tir OLT dit tai tram
(POP) dén ONT/ONU dit tai nha khach hang va suy hao duong truyén phai
dap (g yéu cau caa cong nghé GPON (ITU-T G984.2) cu thé nhu sau:
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- Khoang céch vt ly téi da tir OLT dén ONU/ONT: <=20km.

- Suy hao duong truyén tir OLT dén ONU/ONT: <=28dB.

Suy hao cdng suat quang lién quan dén chang loai bo chia quang do
hdng nao cung cap, sé luong méi han, connector va chiéu dai cap quang tir
OLT dén ONU/ONT.

e Cac tham s¢ suy hao

Suy hao céc thanh phan:

Mo ta Suy hao (dB)

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

Bang 2.2: Bang Suy hao céc thanh phan

Suy hao cua spliter:

Hang Vissem Hang Kexin
Ty 1€ chia cuaa Spliter Suy hao (dB) Ty 1€ chia caa Spliter Suy hao (dB)
1:2 <4 dB 1:2 <3.5 dB
1:4 <7.4 dB 1:4 <7.5dB
1:8 <10.7 dB 1:8 <10.5 dB
1:16 <14 dB 1:16 <13.5 dB
1:32 <17.2dB 1:32 <17.5 dB
1:64 <21.5dB 1:64 <20.5 dB

Bang 2.3: Bang Suy hao cua spliter
Suy hao cac loai connector:

Loai Connector Suy hao

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

SC 0,3 dB

SC/APC 0,3 dB

LC 0,2 dB

Bang 2.4: Bang Suy hao cac loai connector
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Cha y: Khi dat mot bo chia quang vao hé théng cho du chua dung hét
s6 cong cua bo chia quang nhung gia tri suy hao van tinh bang gia tri suy hao
téng cua bo chia quang d6. Vi du: bo chia 1:64 12 19.7 dB.

e COng thic tinh toan suy hao toan tuyén

Trong qua trinh thiét ké mang FTTx-GPON, can phai tinh toan suy
hao cong suat quang trén toan tuyén tir tram OLT dén vi tri lap dat ONU/ONT
xa nhat theo du Kién (trudng hop chua lap dat cap quang thué bao cé thé su
kién chiéu dai cap quang thué bao trong khoang tir 50 - 350m theo ting nha
mang nham dap ung cac thong sé ky thuat cia mang ODN. Nhu vay phuong
an thiét ké 2 tang bo chia quang duoc tinh nhu sau:

Téng suy hao (dB) = [Suy hao sgi quang x (chiéu dai cap quang)] +
Suy hao bg chia + [Suy hao méi han x (téng sé méi han)] + [Suy hao
connector x (tong so connector)]+ Suy hao virot + Dir phong (4-6dB).

2.3.4 Anh hudng cia quy thoi gian lén

Muc dich ctia quy cua thoi gian 1én 12 bao dam rang hé thong co kha
nang hoat dong diing & téc do bit mong mubn. Tham chi néu dai thong cua
cac thanh phan riéng lé cua hé thong vuot qua téc do bit, van co thé xay ra
truong hop toan hé thong c6 thé khong hoat dong duoc & toc do bit 6. Khai
niém thoi gian “ting suon xung” (thodi gian 18n) dwoc s dung dé phan bo dai
théng giira cac thanh phan khac nhau. Thoi gian 1én T, cia mot hé théng
tuyén tinh duoc dinh nghia 1a thoi gian trong khoang d6 xung dap tng tang tir
10 dén 90% cua gia tri ngd ra cudi cung khi ngd vao bi thay d6i dot ngot.

Thoi gian Ién tong cong duoc Xap xi nhu sau.

_ |2 2 2 (2.10)
T = \{Trra:rt + T_fz'.EJ + Tmr

Trong d6 Toyan, Tr, VA Tee, 12 thoi gian 18n cia cac thiét bi phat, soi
quang va thiét bi thu quang. Thong thuong, thoi gian Ién cua thiét bj phét
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T,ran Va thiét bi thu T,,, da biét trude trong hé thdng va dugc xac dinh thir cac
thanh phan mach dién tt trong hé thdng va cé gia tri théng thuong khoang 0.1
nsec.Thai gian thu c6 thé dugc xac dinh théng qua mdi quan hé gitra bang tan
(tai bang tan sb cat 3dB) va T,,, (mién dién cua may thu) boi biéu thirc sau.

o 2.2 :ﬂ.35 (2.11)
T 2mB, B,

Thoi gian 1én T, cua soi quang gay do do tan sic mode va tan sic van
téc nhom do d6 dugce xac dinh bai biéu thirc.

(2.12)
Teip = Tifmd + Tr."?m

Tén sic mode trong soi quang da mode 1am ting thoi gian 1én duoc Xéac

dinh boi biéu thic.

L nj ;A (2.13)
Tmoa =— — A=DyL N L—
mad c nz M c

Trong d6 L 1a chiéu dai soi quang, n, va n, la chiét suat I8i va vo soi
quang con A 1a do léch chiét suat ty déi gitra 16i va vo, con D,, dugc goi la he
s6 tan sic mode. Tan sic van tbc nhom giy gidn xung quang, 1am ting thoi
gian 1én soi quang cd thé dugc xac dinh boi biéu thic:

d2p (2.14)

Tovp = L—— Aw = LF;Aw = DgypLAL
GVD 2w B GVD

Véi B 1a hang sé lan truyén song anh sang trong soi quang, §, 1a dao
ham bac hai cta B theo tan s6 song anh sang va Dy, dugc goi 1a hé sé tan sic
van téc nhém (GVD). Pdi voi sgi quang don mode T,,, =0 do do
Ttin = Tovp-

Nhu vay, thoi gian I18n cua sei quang Tx;, phu thuoc chi yeu vao do dai
soi quang va do rong phd ngudn sang trong soi quang. Xét hé thdng hoat

dong tai ving budc séng A=1.3um, khi khoang cach truyén 1a L= 50km, do
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rong phd ngudn sang AL = 2 Nm Va Dgyp = 3-—.nm thi Ty, = 0.3 nsec. Nhu

VAy T, lam anh huong dén téc do truyén cua soi quang - biéu thuc (2.11)
lam cho coi quang khéng thé truyén dan voi toc d6 1 Gb/s trong diéu kién

nay.

2.3.5 CAc véu té khac anh hueéne dén hé thong thdng tin guang
e Nhiéu mode

Nhiéu mode lién quan t&i soi da mode va da duoc nghién ciru sau trong

nhitng nam 1980. Ngudn gbc cua né co thé duoc hiéu nhu sau: Giao thoa giita
cac mode lan truyén khac nhau trongsoi quang da mode tao ra mot mau dém
tai bo tach quang. Su phan bé cudng do khong déu lién quan téi mau dém nay
s& vd hai cho chinh né boi vi chat luong cua may thu duoc quyét dinh
boicong suat tong cong lay trén toan bo viing tach quang. Tuy nhién, néu mau
dém d6 dao dong theo thoi gian, nd s& dan dén sy dao dong trong cong suat
thu vi thé 1am giam SNR [9,10].

Sy dao dong cong suat thu dugc xem nhu 14 nhidu mode. Chdng ludn
Xay ra trong soi quang da mode do céc rdi loan co hoc khi soi quang dao dong
va ubng cong nho. Hon nita, cac mdi han va connector quang hoat dong nhur
cac bo loc khong gian. Bat ky su thay doi theo thoi gian nao trong bo loc
khéng gian duge duoc chuyén thanh cac dao dong d6m va lam ting 1én nhidu
mode. Nhiéu mode bi anh huéng manh béi do rong pho ngudn quang Af ké
boi vi do giao thoa mode chi xuat hién chi khi néu thoi gian két hop (T =1/Af
) 16n hon thai gian tré giira cac mode T,,,,, duoc cho béi phuong trinh (2.13).
Péi véi cac may phat sadung LED khi ma Af da 16n (Av =~ 5THz) thi diéu
kién nay khong duoc thoa man. Phan 16n cac hé théng thdng tin quang sir

dung soi da mode ciing sir dung LED dé tranh cac van dé nhiéu mode.
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Mait khac nhiéu mode (nhiéu giira cac mode trong soi da mode) trd nén
nghiém trong khi cac laser ban dan duoc sir dung doi hoi giam trir cong suat
ting v6i BER = 1022 duoc tinh cho hé théng thdng tin quang véi A=1.3 um,
tbc d6 140 Mb/s. Soi quang chiét suat tuan tu co6 duong kinh 16i 50 um va hd
tro 146 mode. Do giam trir cdng suat phu thudc vao suy hao ghép chon lra
mode xay ra tai cd&c mdi han va cac connector. N6 ciing phu thuéc phé mode
doc cua laser ban dan. D& thay, su giam trir cong suat giam khi sb luong mode
doc tang thoi gian két hop (time coherence) cua anh sang phat ra giam [9].

Nhiéu mode ciing c6 thé xuat hién trong cac hé thong don mode néu cé
cac doan nho soi quang gitra hai connector hay méi han c6 khi qua trinh sira
chtra hoic bao dudng thong thuong. Mot mode bac cao o thé dugc kich thich
tai diém gidn doan soi cap xuat hién tai méi han dau tién va sau d6 duogc

chuyén d6i tro lai mode co ban tai connector hay moi han thu hai.

4

Power penalty (dB)
N

Mode-selective loss (dB)

Hinh 2.11: Sir gidm trir cong sudt do nhiéu mode theo suy
Bai vi mot mode bac cao khéng thé truyén di xa tir diém kich thich, nén
van dé nay c6 thé khiac phuc bang cach bao dam khoang cach gitta hai bo gép
connector hay hai méi han phai 16n hon 2m.

o  Nhiéu phin chia mode ( Mode-Partitiin Noise MNP)
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Cac laser da mode tao ra nhiéu phan chia mode (MPN). Hién tuongnay
xay ra do sy twong tac giira 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 vé cuong
d6 16n mic du téng cuong do 1a khong thay ddi. MPN 1a vo hai khi khdng tan
sac trong soi quang, bai vi tat ca cac mode van duogc duy tri ddng bo trong
suét qua trinh truyén dan va tach séng. Trong thuc té, cdc mode khac nhau s&
khéng ddng bo khi ching di chuyén nhe & cac tc ¢ khéac nhau bén trong soi
cap do tan sac van téc nhom. Do két qua caa su tai dong bo héa ndy, cuong
d6 bo chira tao thém dao dong,va SNR quyét dinh & mach thu tré nén toi té
hon khi khéng c6 nhidu ché @6 ting phan . Mot cong suat phat (thém) can
phai cung cap dé cai thién SNR dat dugc cling gia tri ma can thiét dé dat duoc
BER nhu yéu cau. Anh huéng ciia MPN dén qua trinh hoat dong cua hé théng
da duoc nghién ctu rong réi cho ca lade ban dan da ché d6 1an lase ban dan
don mode.

e Nhiéu phan xa

Trong hau hét cac hé thdng thong tin quang, mot vai tia sang duoc ubn
nguoc tro lai boi hién tugng khdc xa. Hiéu tng cua cac hién tuwong nay dugc
nghién ctu rong réi vi nd co thé 1am giam hiéu nang caa hé théng [8]. Tham
chi mot luong twong ddi nho cua hiéu tng c6 thé anh hudong dén hoat dong
cua hé thong laser ban dan va sé giy gia tang nhiéu trong tin hiéu & dau phat.
Tham chi khi ta phén cach gitra bo phan phéat va soi quang, hiéu tmg da khtc
Xa S& Xay ra mat cat va cac méi néi, gay ra nhiéu noi va han ché qua trinh
nhan tin hiéu.

Hau hét moi hién tuong phan xa trong soi quang déu c6 ngudn gbc tir
bé mit giao dién giira thuy tinh va khdng khi, su thay doi chiét suat lam khic
xa &nh sang va hé sb khic xa cia cac moi trudng ndy dugc tinh theo cong
thirc:
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_ l:nJf — nn)z _ (nf — 1)2 (2-15)
(ny+1n,) (np+1)°

R¢

Trong d6 n¢ 1a chiét suat cua vat liéu 1am nén soi quang. Vi soi quang
vat liéu silicat, Ry = 3.6% (-14.4 dB) khi n; =1.47. Gi4 tri nay cd thé tang lén
5.3% d6i véi soi co day tron vi do tron co thé tao ra bé mat mong hon véi
chiét suat khoang 1.6. Trong truong hop di phan xa xay ra giira hai mat cat va
mbi néi, hdi tiép phan xa cd thé ting 1én mot cach dang ngo vi hai bé mit
phang hoat dong nhu mét cai gwong giao thoa Fabry-Perot. Khi d6 hién tuong
cong huong xay ra, sy phan xa tang 1én dén 14% ddi voi bé mat khong tron
lang va trén 22% véi bé mat tron lang. R rang, mot phan nho tin hiéu truyén
c6 thé dugc phan xa trg lai trir phi can phai can nhac trong viéc lam giam hoi
dap quang.

Mot ky thuat phd bién dung dé l1am suy giam hdi dap phan xa 12 sir
dung dau hay gel c6 chiét suat tuyét doi gan véi chiét suat tuyét doi cua thiy
tinh -khéng khi. Thinh thoang dinh cua soi quang dugc udn cong hoic cét ¢
mot goc dé su phan xa anh sang léch khoi truc quang. Str dung cong nghé nay
c6 thé 1am hoi dap phan xa giam con 0.1%.Ban dan laser dac biét nhay cam
véi hoi tiép quang.Cong suat hoat dong cua né cd thébi anh huéng bai hdi
tiép c& 80dB.Yéu to anh huong nghiém trong nhat trong viéc phan xahoi dap
la bé rong cua duong truyén laser, nd ¢ thé thu hep hoic mé rong boi cac
yéu t6 duogc sap dit trudge, nd phu thude vao do xac cua vi tri bé mat, ngudn
g6c cua sy phan hai tin hiéu.

Li do gian tiép c6 thé 1a su lién quan giita do nhay va pha phan xa cua
anh sang cd thé 1am dao 16n hoan toan phase cua tia laser mac du muc hdi dap
yéu. Nhiing thay doi ctia pha phan xa bt loi cho cac hé thong truyén thong tin
c6 két ndi chit ch& véi nhau. Hé théng song anh thuong bi anh huéng cua
nhiéu noi hon 1a nhiéu phase.
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2.4 CAC MO HINH TRIEN KHAI FTTX TREN NEN GPON
Can cur vao d6 vuon xa cua cap quang tr OLT téi ONT/ONU ma chia
thanh 4 md hinh trién khai FTTx dién hinh: FTTH, FTTB, FTTO, FTTC [4].

Feeder optical cable 3
Distribution optical cable ‘(\ < — s

Drop optical cable g ==
e g ,

Hinh 2.12: Fiber to the home “Cdp quang noi tdi tirng nha”
2.4.1 M6 hinh trién khai FTTH-GPON (Fiber to the home).
e M@ hinh thiét bj

BB service plafam

TL1/CORBA |
a— IS TRy in g
: =)
'Mdclmre

Ebmsr's 08s.  EaNRIEARE TR

E sl P Core | »
gﬂ:u: _QL]'_: S~ w ﬁ
Softswitch

BA8 Server
';A' ;’

Hinh 2.13: Cdu triic mang FTTH-GPON

e Dobi twong khach hang va cac dich vu trién khai:

Giai phap FTTx cung cap truy nhap mé cac dich vu truyén hinh, thoai
va truy nhap Internet toc d6 cao tir ONT dén OLT dén khéch hang Ia cac ho
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dan cu. Khach hang c6 thé lya chon RSPs tly theo nhu cau thuc té dé cung
cap céc dich vu twong @ng.

- HDTV@50M

- Dich vy thoal

- Dich vu dix liéu

e Ké hoach va thiét ké mang:

- Ké hoach VLAN (Virtual Local Area Network)

- Ké hoach dia chi IP

- bam bao QoS

2.4.2 M6 hinh trién khai FTTB/FTTC - GPON (Fiber to the
building/Fiber to the curb).

e MO0 hinh thiét bi

Giai phap FTTB duoc tng dung cho cac toa nha doanh nghiép hoac

nhitng cin ho ma c6 mat do vira nhitng ngudi sinh séng. Trong mot giai phap
FTTB, OLT duoc két ndi bang cac soi quang dén cac ONU dugc lap dit trong
hanh lang toa nha va cac ONU duoc két ndi vai tat ca cac thiét bi dau cudi
ctia ngudi ding bai cac ddi cap xodn, dé cung cap cac dich vu thoai, dit liéu
va video cho nguoi st dung trong toa nha.

Giai phap FTTC duoc ap dung cho cac khu céng nghiép, hoac cac can
ho nam rai rac. Trong mot giai phap FTTC, OLT duoc két néi bang cac soi
quang hoc dén cac ONU duoc lip dit trong cac hop phan phéi cap o 1é
duong, cac ONU duoc két ndi véi tat ca cac thiét bi dau cudi cua ngudi ding
bang cap xoian doi, dé cung cac dich vu thoai, dir liéu va céc dich vu video

cho nguoi stir dung trong can hd/cong vién.
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ONU

Hinh 2.14: Cdu hinh mang FTTB/FTTC

e Doi tiwrong khach hang va cac dich vu trién khai:

Giai phap FTTB duoc tng dung cho cac toa nha doanh nghiép hoac
nhitng cdn ho ma c6 mat do vira nhitng ngudi sinh séng, con giai phap FTTC
dugc ung dung cho cac khu céng nghiép hodc cac can ho nam rai rac. Giai
phap FTTB / FTTC c6 thé cung cap dich vu truy cap Internet VDSL2 téc do
cao, dich vu thoai va dich vu truyén hinh d6 nét cao 50 Mbit /s cho nguoi

dung.Hinh 2.4 minh hoa tng dung dich vu cho nguoi dung gia dinh.

CATV Server

IPTV Server

Optical
anu Spliiter
\\f"‘- :

“=_Le gy

p——— . - -l
Combiner

Softswitch

Phone

Hinh 2.15: Cdc dich vu cung cdp trong mé hinh FTTB/FTTC
- Dich vu thoai
- Dich vu dir liéu
- Dich vu truyén hinh (IPTV, CATV)
e Kéhoach VLAN

Thong thuong c6 hai co ché duoc st dung cho ké hoach VLAN cua
mang FTTB/FTTC, la ché d6 da canh dya trén mdi thué bao mdi dich vu va
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mdi VLAN (PUPSPV) va co ché don canh trén mdi thué bao mdi VLAN
(PUPV).
- PUPSPV multi-edge mode
- Co ché don canh VLAN (PUPV)
+ K& hoach QoS
+ Bdo mat va do tin cay
+ MDU truée khi trién khai
+ Thiét 1ap kénh quan 1i cho MDU
2.4.3 M6 hinh trién khai FTTO - GPON (Fiber to the office)
e M hinh thiét bi
HW5626 déng vai trd nhu SBU va OLT 1a hai thiét bi chinh trong

mang FTTO, dugc md ta nhu trong hinh.

. 2 ,*\I‘\
@j Wirg
SBU

POTS gRro 4
s 1 I I! ifl
P~ Optical -~ ~ & :
[l Spliter P Enterprise
‘J— ! = GENOGE
eBU 4, network .@
PEX W SRG Lnd
E il | TM-1/E1
n erpnsew 6L

router

Hinh 2.16: M6 hinh trién khai FTTO

- C4c tinh nang ctia mang FTTO:

- St dung cong nghé PON dé hd tro cac dich vu véi khoang cach xa
ma cong nghé truy nhap cap d6i khong thé dap tmg.

- Cung cép giao dién E1 dé dap tmg yéu cau dich vu truy nhap TDM
cung cip boi cac thiét bi c6 sdn nhu PBX.

- Hb tro cac giao dién FE/GE dé cung cép dich vu dir liéu cho cac
doanh nghiép va thyc hién lién két ndi gitra cac doanh nghiép.

e Doi tirong khach hang va trién khai dich v doanh nghiép
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M6 hinh FTTO dugc 4p dung chii yéu cho cac co quan, doanh
nghiép.
- Dich vu thoai
- Dich vu dir liéu
e Kéhogch va thiét ké mang
- Ké&hoach VLAN va dia chi IP

- Pam bao chit luong dich vu QoS
2.5 Két luan
Cong nghé GPON chiu anh huong béi mot sé dic diém chu yéu
sau:

e Tan sac anh huong toi chat luong cua mang GPON

e Can co quy du phong vé cong suat, nhiéu va thoi gian Ién cia xung
dé tinh toan thiét ké mang c6 tinh thuc té.

e Céac md hinh trién khai GPON thuc té, hudng téi mang cung cap
dich vu day du, hd tro ca cac dichva TDM va Ethernet véi hiéu suét sir dung
bang thong cao.

Cong nghé GPON don gian nhung van dam bao giai quyét cac van dé
co ban vé ki thuat caa mang truy nhap bang rong toc do cao, dap ng cac yéu
cau ki thuat caa dich vu, diéu d6 khién cho GPON la cong nghé st dung bang

théng hiéu qua nhat trong céc loai cdng nghé PON hién c.
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Chuong 3:
TRIEN KHAI MANG FTTx-GPON TAI BAC NINH

3.1 PAT VAN PE

e Bai toan duoc xay dung mang GPON cho mét khu vuc ¢ thanh phé
Bac Ninh. Thong tin truyén dan quang dén cac ho gia dinh (FTTH) theo topo
mang dang hinh cay vai cac b chia tin hiéu quang thu dong.

e Tur tram phan phdi, cac tuyén truc chinh cap quang qua cac duong
Ly Thai T4, Nguyén Trai, Nguyén Van Ctr, Nguy&n Quyén. Tir cac truc chinh
nay, tuyén cap quang duoc ré nhanh dén cac ngd lén, ngd con va dén cac ho
gia dinh qua cac b chia thu dong.

e Tdc d6 truyén dan yéu cau: buong Ién (Uplink) 1,5Gb/s va duong
xuéng (Downlink) 2,5Gb/s. Toc d6 cip cho thué bao trung binh dudng 1én 8
Mb/s, duong xubng 12 Mbl/s.

Trén co s6 md hinh mang, tinh toan thiét ké hé théng thdng tin soi
quang sir dung céng nghé GPON cho khu vuc thanh phé Bac Ninh.

3.2 KHAO SAT THIET KE

3.2.1 Danh gia hién trang

2 {07205}
Ban do
Dia hinh
Den Ba Chua Kho
3 REDY
il 712958 |
ga Thi Cau & (1]
ri2as |
aLis | tp. Bac Ninh
s
loLisl
 oL18 B
R g
S 14
EED
Go gle Dir lidu ban d5 ©2016 Google Digu khodn sirdung  Bdo cdo mét 18i ban d5

Hinh 3.1: Bén dé thanh phé Bdc Ninh
Dan s cua thanh phd Bac Ninh ndam 2016 14 164.370 ngudi chiém

14,7% dan s6 cua ca tinh Bic Ninh, bao gom.
52



- 3 xa: Hoa Long, , Kim Chan, Nam Son.

~ 16 phuong: Pap Cau, Thi Cau, Vil Ninh, Subi Hoa, Ninh X4, Tién
An, Vé An, Van An, Kinh Béc, Pai Phuc, V5 Cuong, Van Duong, Hap Linh,
Phong Khé, Khic Xuyén, Khic Niém.

Cac x4, phuong dugc phan bd theo dia li nhu trong hinh 3.1

Hién tai khu vuc nay chwa c6 ha ting mang cap quang, hé thong mang
cha yéu 1a ADSL cua nha mang Viettel, FPT Telecom, nhu cau sir dung mang
internet tbc do cao, chia sé dit liéu, dich vu giai tri cua to chirc, cong ty, ngudi
dan,...dang ngay cang 16n ma téc do va dich vuy trén ha tang ADSL khdng thé
dap tmg duoc nhu cau do.

Phuong an mang cap quang hoa cho toan khu vuc quy hoach, giai phap
kién tric mang FTTH (Fiber to the Home) la thich hop nhét. Tat ca cac cap
chinh va céap phdi déu Ia cap quang. Thiét bi diu cudi mang quang dat tai nha
khach hang. Pay 1a giai phap mang cho toc do cao, bang thong truyén sir lidu
l6n va do tré thdng tin rat it. Trong cau hinh nay, cac bo chia quang thu dong
duoc tap trung tai cac tu quang cap 2, cip 3 hoic cac mang x6ng dat ngam
gan khu vuc nha khach hang. Mdi don vi cia mang GPON phuc vu tryc tiép

cho méi vung, khu vuc phuc vu caa no.

= -~
Mang L&i VIO HINH M/’I:G GPON i 3 i
Core Network " A A -
AR —
Modem quang -
GPON ONT 3
e y ’ Central Office )
:'I| ,l" BO chia quang
lll |l’l Spilittet
l“l ".x Splitter I =
'l,' ‘|1l — R [
) I e —g i— =
1 . =
y ‘l:: i | — Modem quang g
gt A= - = GPON ONT
Ny 4
GPON OLT !
Puong internet
Pudng truc cap quang -
Pudng truyen hinh — = o
Pudng dién thoai Modem quang {
GPON ONT 7e

Hinh 3.2: Vi du vé kién tric mang FTTH moi GPON
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Hé théng thdng tin sir dung cdng nghé truy nhap mang quang thu dong
theo cdng nghé GPON chac chian c6 thé dap tmg duoc cac nhu cau sir dung
mang, bao gém cac dich vu internet, truyén hinh theo yéu cau.,, dén tung
khéach hang st dung.

3.2.2 Yéu cdu ky thudt cho tuyén cdp

a. Tén hao trong sei quang thap nhat.

Tin hiéu quang truyén trong soi quang tir vi tri phat dén vj tri thu bi suy
giam bién do theo dang ham mii . Néu c6ng suét trung binh dau vao soi quang
la Pp, soi quang c6 do dai L thi cdng suat trung binh dau ra soi quang Pt duoc
tinh nhu sau :

B =Py e

Trong d6: o 1a hé sé suy hao riéng cua soi quang, L 1a chiéu dai soi
quang va Py cong suat quang 16i vao.

Trong khi tinh toan thiét ké tuyén, ngoai suy hao soi quang ta con phai
Xét tGi suy hao tir cac méi han, cac bo ndi va con du phong suy hao cho soi
quang trén 1 Km chiéu dai caa soi. Suy hao trung binh cua soi quang trén 1

Km soi 13 a5 trong thiét ké dugc tinh nhu sau :

ap
(s = Qp + Qg + 7~

Trong do6 :

~ 0512 suy hao trung binh cua sgi quang do nha san xuat dit ra.

- o la suy hao du phong cho sgi quang.

~ opla suy hao cac mdi han trén toan tuyén.

Do dai téi da cua soi quang véi quy cong suat Py cho trude duoc Xac
dinh bi.
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Khi thiét ké ta luén mong sao L dat cuc dai, vi vay Pt s& 1a cong suét
trung binh nho nhat ¢ dau vao may thu véi tc do bit truyén B mong mudn,
ma Pt =Np,.y.h. B.

Trong d6

— N, la sb photon trung binh trén bit.

— Hlahang sé Planck.

- vy latan sb s6ng anh sang.

Nén L s€ giam theo ham logarit khi B tang.

T thyc té ta thay :

- Vi bude song A= 0,85um : thi L khong vuot qua 40 Km véi moi
gia tri caa B.D4i voi yéu cau B<100Mb/s thi ta cd thé dung soi GI-MM
nhung L chi dat 20-30 Km. D6i véi B>100 Mb/s thi nguoi ta khéng st dung
budc song nay.

~  Véi budc séng A=1,3um : thi c6 thé dat L vuot 100 Km khi
B<1Gb/s do c6 anh huéng cua suy hao 16n. Nén su dung loai soi SM dé ¢
thé dat L I6n hon.

~  V6i budc séng A = 1,55um : thi c6 thé dat L > 200 Km khi B t6i 5
Gb/s, véi toc @6 bit B 16n hon thi L giam rat nhanh do anh huéng cua tén sac
soi quang. Nén sir dung loai soi SM dé dat duoc L 16n hon, néu ¢6 sgi SM tan
sac dich chuyén thi ca B va L cung dugc nang lén nhiéu .

Chuong trinh mé phong tinh toan do dai tuyén va cac tham sé anh
huong suy hao mang GPON duoc md ta trong hinh 3.3 dya trén phan mém
Opticsystem. Trong mé hinh nay, tuyén hinh cdy véi hai nhanh duoc gia dinh.
Chiéu dai tuyén véi so nhanh con caa mdi nhanh, sé luong thué bao cua hai

nhanh 1a khac nhau duoc gia dinh thong qua b6 suy hao quang.
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Hinh 3.3: Sor d6 md phong mang quang FTTX
Chuong trinh mo phong chi ra trong hinh 3.3 dua ra mét cach don gian,
rit gon mé ta phuong thirc xac dinh duoc cac tham sé suy hao tuyén, lya chon
tham s6 truyén dan dam bao téc do truyén dan cho truéc cho thué bao véi toc
d6 bit 16i chap nhan dugc.
Két qua BER duoc chi ra trong hinh 3.4 cta hai nhanh déng déu nhu
nhau hinh dudi day cho thady mé hinh hoat dong 6n dinh.

E Signal Index;|0 E
T
B BER Analyzer Auito St |
w
nz i & D& 1 [~ Show Eve Diagram
= o
Analysis ‘
Max. Q Factor 11.9308
Min. BER 3.95605e-033
‘DT' = Eye Height 0.000154337
' Threshold 0.000147257
& Decision Inst. 0.53125
m
s [ lrwert Colors
mD
2 54 =] [ Color Grade
E
a4 &= Patterns
WAL L bt Pattern 1 fe-0H2
02 0.4 06 03 1 Pattern 2 1e-011
Time (bit period) Pattern 3 fe-0H0
QFactor_}, Min BER ;| Threshold j}i Height }i BE) Pattern 4 16-009
rra— =

Hinh 3.4: Phan tich BER truyén ddn FTTx
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b. B¢ tan sdc cua sei quang .

Gidi han truyén théng bi anh huong bai do tan sic, trong d6 tich sd
giira téc do truyén B va @6 dai tuyén quang L (BxL) 1a mot dai lugng khong
d6i dugc dung dé danh gia anh huong cua tan sic, lua chon loai sgi quang khi
thiét ké tuyén thong tin quang. Tan sic trong soi quang da mode giy ra cho
tuyén thdng tin quang bao gom tan sic mode Doge, tan Sic vt liéu Dy va tan
sic dng dan song Dw. Tuy nhién do tan sic mode 16n hon nhiéu so véi cac tan
sac con lai nén véi soi da mode thuong chi chi ¥ dén tan sic mode. Con d6i
Vvéi soi don mode thi khong ¢ tan sac mode Duoge Va do vay chi co tan sac
vat liéu Dy , tan sac mau Dy, va tan sic cau tric goi 12 tn sic mau bao ham ca
tan sac vat liéu 1an tan sac 6ng dan song.

Soi quang don mode c6 hé s tan sac tong cong

D = Dy + Dy

Tén sac gay ra gian xung, do gidn xung do tan sac vat liéu D,, co thé
thu duoC o, = D,,.L.AZ va d6 gidin xung do tan sac 6ng dan séng bang thuc
nghiém c6 thé thu dugc: gy, = 0.44L /B,

Véi: - L 1a do dai tuyén soi quang

~ By la dai thdng gisi han bai tan sac mode

— D la hé s6 tan sac vat liéu cia 1 Km soi quang

—  AML1a d6 rong phd ngudn quang

Vi cac loai sgi da mode khac nhau (s¢i Sl, Gl ) thi cach tinh céch tinh
dd gian xung twong tng theo cong thuc :

n

T, =—AL
Sl C
n
Ty =2 .AL
°8c
Véi: - n4,m- la chiét suat 16i, vo soi quang
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— A chiét suat twong ddi gitra 18i va vo soi quang

Do tan sic cua tuyén 1am gidi han vé khoang céch truyén dan L va téc
d6 bit B. Mi loai soi quang khi toc do bit ting qua mot ngudng nao do thi do
anh huong cua tan sic ma L giam rat nhanh. Do anh huéng cua tan sic mode
c6 gia tri L va B rt nho hon soi don mode, anh huéng cua tan sic con cang
duoc giam nira néu str dung soi don mode dich tan sic khi nay cu ly truyén
dan L va téc do bit B dat gia trj 1n.

Viéc lya chon cac loai soi quang vai cac tham s6 soi quang dugc tinh
toan dua trén chuong chinh mé phong OptiSystem. Co hai cach xem xét.

i) Can ctr vao loai soi quang duoc cip, nguon laser ¢ ma tinh toan
chiéu dai tuyén quang sao cho d6 gi&n xung chap nhan duogc, dam bao bang
thong tuyén truyén dan.

i) Can cu vao khoang céch truyén dan, ngudn laser dé lua chon loai
soi quang c6 tham sé phi hop sao cho do gidin xung chap nhan duoc, dam

bao bang thong tuyén truyén dan.

__________ P
4 Optical Spectrum Anshyzer_1
o101 ey M
" ) T Oiptical Time Domain Visualzer
! Optical Fiber
Bit Sequence Generator Optical Gaussian Pulse Generator Length = 18.436 km
Eit rate = Bit rate Bits/s Freguency = 153.1 THz
Power = 270 mW
e[V
. Owptical Time Domain Visuslzsr 1
|

Owpticsl Spectrum Anshyzer
Hinh 3.5: M@ hinh kho sét hé sé tdn sdc soi quang
Vi du trong mé hinh 3.5 trén day st dung soi quang c6 hé sb tan sac
16.75 ps/nm/km vai chiéu dai soi quang 18.75 km va AA chuan héa bang don

Vi.
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Do gidn xung thu duoc hinh 3.6 dudi day rat 16n. Do rong xung 16i vao
ATin~ 20 ps, nhung do rong xung 16i ra gap 12 1an (ATeuw= 230 ps). Néu ching
ta lwa chon soi quang véi céc tham sé phil hop, véi do réng budc séng quang
cua laser cho trudc ta s& c6 do gidn xung chap nhan dugc, nhidu gitra cac biéu

tuong (IS1) thap.

. . - . 7 P : P Signal Index: |0 :I
_ Elptlcal Time Domain Visualizer_1 | - @ptlcgl T|me.Doma|n Vlsulallzer =1
= Dbl Click On Objects to open properties. Move Obj 05_; Dbl Click On Objects to open properties. Move Auto Set
' 0 100p 200p 300p  400p o 8 10dp 200p 300p 400p Time
o N : : Tk 2 .
§ . = Urits: |5 -
i [ ubomatic range
gl E £ | E| & & || centee[Tseni
= =3 =1 3
4 Ll s Stat [19%8=011 s
gl 5
] !g ; - 'g Stop: (41983010
) = [P E E
= 5 S = |8 o =] )
S =] —] - T Amplitude
) ] Units: | hd
) ) v Automatic range
=] o =] = Max: |0.027517 i
a 100p 200p 300p 400p 0 100p 200p 300p 400p T
Time (s) Time (s) Wiy 00073104
Powerl.'(' Power X .}‘. Power Y I.-r Power ."{. Power X .}'\ Fower ¥ I.-"
L [Ty

Hinh 3.6: Bé réng xung l6i vao & ldi ra
c. Tap am bg thu
Tap am trong céc linh kién thu quang duoc thé hién dudi dang dong
dién tap 4m. Hai co ché on co ban: On nd va 6n nhiét dan dén c6 su bién dong
vé dong dién 156i ra may thu quang ngay ca khi cong suat quang dén la khong

ddi. Goi I,

= %P, la dong thu trung binh tir photodiode, Pi, la cong suat
quang dén va . 1a tham sb chuyén ddi quang dién.
o On nd
On nd 1a biéu hién cua dong cac dién tir dugc tao ra tai thoi diém ng'flu
nhién va lan dau tién duoc nghién ctru bai Schottky vao nam 1918. Dong

photodiode dugc tao ra do mét tin hiéu quang khong ddi c6 thé duogc viét:

I(t) =1, + i,(t)
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Trong d6 i (t) 1a dong thing giang do 6n nd. V& mit toan hoc, i (t) 1a
mot tién trinh ngdu nhién véi phan bd Poisson. S6 photon trung binh t6i

photodetect trong khoang thoi gian t dugc xac dinh boi.

. Bt
N=Jt=
hv

Trong d6 » 1 hiéu suat luong tr. Phuong sai dong (cong suat 6n nd)
thu dugc bang biéu thuc:

ol =1 = 2qBI,

Vi B 1a bang thong cta photodetect. Vay SNRs cuia photodetect la

E_ fp ??Pin
13

SNR, = =
: 2qB  2hvB

- Xét truong hop photodetect ¢ bo tién khuéch dai va cac mach RC
phu tro. Goi Hr(f) 1a ham truyén ciia cac thanh phan nay thi thing giang dong

khi ¢6 ca ham truyén Hr(f) dugc xac dinh boi biéu thic.

oo

0

Do d6 bang théng cua photodetect lién quan dén ham truyén cta no boi
B= J."|H;(f)?df Mat khac dong tdi l4 ciing gy ra 6n nd do vay on né tong
cong duoc xac dinh bai:

r:r:_,2 = 2q (Ip + Id)B

e Onnhiét

O nhiét d6 hitu han nao d6, cac dién tir chuyén dong ngau nhién trong
d6 dan bat ky. Su di chuyén cua cac dién tr mot cach ngau nhién do nhiét do
trong mot dién tré lam dong dién thdng gidng cho du khong cé dién ap dat
vao nd. Céc thanh phan on cong thém nay duoc goi 1a 6n nhiét hay on

Johnson hay 6n Nyquits. On nhiét c6 thé duoc cong vao biéu thac nhu sau:
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1) =1, + i, () + iz (e)
Véi i, (t) 1a dong thang gidng dugc sinh ra boi on nhiét. V& mit toan
hoc, i, (t) dugc moé hinh hoa véi tién trinh ngiu nhién phan bd Gauss, cb mat

d6 phd S-(f) phu thudc vao tan s6 véi f~ 1THz (dugc coi 14 On trang) xac

dinh boi biéu thirc.
2kgT
sp(f) = R,

Véi kg 13 hang s6 Bolzmann, T 14 nhiét d6 tuyét ddi va Ry 1 trd tai ca

photodetect. Tuong tu nhu céch tinh trén day.

o0

== [ se(Pf =

—

4k T
B B,
Ry

Trong d6 B; 1a bang thong 6n hiéu dung va gidng nhu bang thong co
trong 6n nd. Chu y 1a o khong phy thudc vao dong I,

Phuong trinh trén ddy 1a 6n nhiét tao ra trong cac dién tré tai. Trén
thuc té thiét bi thu quang con c6 nhiéu thanh phan dién khac (nhu cac bo
khuéch dai dién..) 1am bo sung thém 6n. S6 lugng on thém vao phu thudc vao
thiét ké va cac loai khuéch dai dugc str dung. Pac biét, nhiing tiéng on nhiét
la khac nhau cho hiéu ung truong va bong ban dan ludng cuc. Mot phuong
phap don gian 1a dua thém vao F, duoc goi 1a on khuéch dai va sira phuong
trinh trén nhu sau:

4kyT

n H'T
RL

o2 =

V& ban chét vat ly, F, 12 hé s6 6n nhiét ting thém bai mang dién tro
duoc mac cho cac bo khuéch dai.

On tong cong trong photodetect duoc xac dinh bai biéu thic:
2

4k, T
a0 =cr;2~-|—crz=[ g

=

Et+zq(%—rgj]5
L
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3.2.3 Tinh toan nhu cau théng tin
3.2.3.1 Xay dung chi tiéu tinh toan
Chi tiéu tinh toan nhu cau thong tin cin ct vao ting loai nha véi bang

tinh toan nhu sau:

Loai hinh Chitiéu Don vi

Nha lién ké 1-2 Thué bao/nha

Biét Thu 1-2 Thué bao/hd

Cong vién cay xanh  2-5 Thué bao/cbng vién
CTCC 20 Thué bao/ha san

Bang 3.1: Chi tiéu tinh toan nhu cau

3.2.3.2 Xay dung cbng thuc tinh toan

*) Tinh toan nhu cau thng tin (M) cho khu nha lién ké va biét thy:

M = N x Po (thué bao)

Trong d6: N 1a Sb can ho va Py 14 chi tiéu nhu cau théng tin sinh hoat
(thué bao/can ho)

*) Tinh toan nhu cau théng tin cho khu cong céng:

M = F X Po (thué bao)

Trong d6: F 1a Dién tich khu dat va Py la chi tiéu nhu cau thong tin
(thué bao/ha).

3.2.3.3 Tinh toan du b&o nhu cau si dung

Pé dé dang trong viéc tinh toan ciing nhu trién khai tu phan phéi cap s&
chia ban v& ra thanh 3 khu vuc giéng phan khu quy hoach mang dién ty 1¢
1/500.

Tinh dién hinh cho khu I:

e LOB6goMN=32nhaliénké. S thué bao P = NxPy = 32x2 =
64 thué bao.
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e L6 B3gdém N = 39 nha biét thy.

78 thué bao.

e L6 B7gdom N =48 nhalién ké.

96 thué bao.

e Cong trinh cbng cong:

S6 thué bao P = NxPy = 39x2 =

S thué bao P = NxP, = 48x2 =

Truong mau gido, dién tich san 1a 1.06ha, chi tiéu (20 thué bao/ha san).
-> S6 thué bao P = NxFx1 = 15x1.06x1 = 15.9 thué bao.

e CO0ng vién cay xanh: chon 5 thué bao/cong vién.
Tong s thué bao khu I (tinh dén du phong 10%):
P=1,1x (64+78+96+15.9+5) = 284.59 (thué bao)

Tinh toan twong ty nhitng khu con lai ta c6 duoc bang tong hop nhu

cau thdng tin sau:

LO

BANG TONG HQP NHU CAU THONG TIN

CHUC NANG

QUY MO
SO LUONG

DON VI

CHI TIEU

DON VI

NHU CAU
(thué bao)

I B6 NHA LIEN KE 32 CANHO | 2 |thué bao/ cin ho
2 B7 NHA LIEN KE 48 CANHQ | 2 |thué bao/cin ho 96
ity |3 B3  [NHABIETTHU| 39 CAN HQ 2 [thué bao/cin ho 78
4 CV9 CV-CX ] CONG VIEN| 5 [thué bao/ cv 5
5 M MAU GIAO 1.06 HA 15 thué bao/ha 159
TONG NHU CAU KE DEN 10% DU PHONG 284.79
I BI3 NHA LIEN KE 45 CANHO 2 |[thuébao/canhd | 90
3 | THUOC BI3 [NHA BIET THY l CANHO | 2 [thué bao/cin ho 2
KHUIL| 4 CV10 CV-CX I CONG VIEN| 5 [thué bao/ cv 5
5 T TiEU HOC 2.74 HA 20 [thué bao/ha 548
TONG NHU CAU KE DEN 10% DU PHONG 166.98
I B10 NHA LIEN KE 40 CANHO 2 |thuébao/cinhd | 80
2 Bl NHA LIEN KE 62 CANHO | 2 [thuébao/cinho [ 124
ko =3 BI2 NHA LIEN KE 15 CAN HO 2 |thuébao/canho | 30
4 CV11 CV-CX l CONG VIEN| 5 |thué bao/ cv 5
5 TH THCS 274 HA 20 [thué bao/ha 548
TONG NHU CAU KE DEN 10% DU PHONG 323.18
TONG 775

Bang 3.2: Théng ké téng hop nhu cdu thong tin
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3.2 MANG FTTH TAI KHU VUC NGUYEN TRAI

Xét vi du trién khai mang FFTH tai khu vuc Nguyén Trii Béc Ninh dén
cac tuyén Ly Thai T6, Nguyén Vin Cir, Nguyén Quyén.

3.3.1 Nguyén tac trién khai

e Ngudn cip: Ngudn cap théng tin cho khu vuc 1a OLT duoge cip tir
nha POP 128 Nguyén Trai.

e Cap chinh: Tuyén cap chinh FO12 hoic FO24 kéo tir tong dai
OLT vé khu quy hoach dau ndi vao ta FDH (ti phdi quang cép 1).

e T phoi quang cip 1: Tu phdi quang FDH dugc dat trén via hé &
cac tuyén duong truc chinh nhu Ly Thai T, Nguyén Van Cir, Nguyén
Trai,.. . Pay 1a nhiing vi tri thich hop gan trung tim khu quy hoach, tiét kiém
chiéu dai cap phdi dén cac tu phdi quang cap 2 va cép 3 nhét. Bén trong ti
phbi FDH chita bo chia quang (1:4, 1:8, 1:16 hodc 1:32) va dan phdi quang
ODF (Optical Distribution Frame) dé dau ni voi cap phéi.

e Cap phoi: Tur ta phoi quang cap 1 kéo ra cac tuyén cap phdi dé cap
nguodn cho céc ti phdi quang cap 2 va cap 3.

e Tu ph(”')i quang cfip 2, cfip 3: Tai cac tu nay s€ dat cac bd chia 1:8,
1:16 hodc 1:32 sao cho quy suy hao cong suat 13 nho nhat va bang thong 13
16n nhét (s6 bo chia s& phu thudc vao dung luong cta ta). Cac ti phdi ndy s&

duoc dat trén cac cot dién, via he...
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e Luwa chon bd chia quang Spliter : Do thanh phé Bic Ninh c6 mat
d6 thué bao 16n va nhiéu toa nha cao tang, cé thé trién khai mang FTTH theo
giai phap lap dat splitter 2 cap. Giai phap nay c6 nhiéu wu diém, hé sb suy hao
nho, thuan loi trong viéc kiém tra va bao dudng mang cép quang, cau hinh
cap quang linh hoat va c6 thé trién khai trong khu vuc rong nhu khu thuong
mai ciing nhu khu vuc thué bao khong tap trung. Véi giai phap nay, cong suat
quang bi chia tach hai lan, tat ca cac dich vu cua khach hang duoc truyén tai
thong qua hai cap Splitter.

e Day thué bao quang (Optical Drop Wire): duoc kéo tir diém truy
nhap (AP) hoic tu phan phdi (FDT) dén hop két cudi dat tai nha thué bao
(ATB-Access Terminal Box/Outlet). Day thué bao quang c6 dung Iwong 2 Fo,
4 Fo. Mot sb truong hop dic biét, véi cac khach hang nhu Vian phong, Nha
may, Trung tdm Thuong mai, tram BTS,... co thé sir dung cap quang thué bao
c6 dung luong 8 Fo/12 Fo.

3.3.2 Mé hinh trién khai thuc té
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OLT Nguyén Tréi

Huyén Quang

12Fo - 400m /""] 100 - 200m L
Ly Cao Tén Splitter 1- 8
L+ Thii Té 24F o - 450m s
) 150 - 200m ONT
Splitter 1:1 -
. ~/12Fo - 850m MNguyén Cao
Qpliter 14 16Fo 100-300m =
24Fo - 600m ONT
Splitter 1:16
Cho Nhdén
___—"| sFo 200-500m K
Nguyén Van Cir Splister 1. 8
24Fo - 1Km __— | 20Fo 200-400m £
Splitter 1:32
12Fo
24Fo Nguyvén Quyén

27Fo 300-500m 27 Bénh vién da khoa

24Fo 500-700m \\\d ONT | tinh Béc Ninh
Splitter 1: 32
12Fo Phong kham da

HoO Pac Di khoa Hoan M

b
=]

Hinh 3.7: So' d6 thiét ké mang quang thu déng GPON Bdc Ninh.
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3.2.3 Tinh toan lira chon thiét bi
Nhu cau st dung da duoc tinh todn ¢ Bang 1, & day chi chon dung
luong cap gbc, cap phdi, ti phdi quang, tap diém va bo chia quang dua trén
nhu cau d tinh toan: Khu quy hoach dugc chia 1am 3 khu:
e Khul-Ly Thai T6 (F-01)
e Khu Il - Nguyén Vin Cir (F-02)
e Khu lll - H6 Pac Di, Nguyén Quyén (md rong thém)

Tinh dién hinh khu I:
Pit 2 ti phdi quang cap 2: (F-01 va F-02)
Tu F-01 phuc vu mot nwra khu B3,B7 va B6:

e Khu biét thy B3 nhu ciu st dung 78TB, tu F-01 phuc vu mdt ntra
nén nhu cau thué bao can cung cip 1a 39TB, chon 2 tip diém véi dung luong
mdi tap diém 1a 24FO.

e Khu nha lién ké B6 nhu cau sir dung 1a 64TB, chon 3 tap diém véi
dung luong mdi tap diém 1a 24FO.

e Khu nha lién ké B7 nhu céu st dung 12 96TB, ti F-01 phuc vu mot
ntra nén nhu cau thué bao cin cung cép 1a 48TB, chon 2 tap diém vé6i dung
luong mdi tap diém la 24FO.

>Tong thué bao = 2x24 + 3x24 + 2x24 = 168TB

Vay chon ti phdi quang cap 2 (F-01) véi dung lugng 288FO.

+ Chon b0 chia 1:32:

=86 bo chia =288/32 =9 (bo)

+ Dung luong cap phdi dén tii phdi quang cap 2 F-01 1a 12FO.

Tu F-02 phuc vu mot niea khu B3,B7, cong vién cay xanh va truong

madu gido:
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e Khu biét thy B3 nhu ciu st dung 78TB, tu F-01 phuc vu mdt ntra
nén nhu cau thué bao can cung cip 1a 39TB, chon 2 tap diém v6i dung luong
mdi tap diém 1a 24FO.

e Khu nha lién ké B7 nhu cau st dung 12 96TB, ti F-01 phuc vu mot
ntra nén nhu cau thué bao can cung cip 1a 48TB, chon 2 tap diém véi dung
luong mdi tap diém 1a 24FO.

e (Cong vién cdy xanh nhu ciu sir dung thong tin 1a 5TB nén chon
mot tap diém vé6i dung luong 12FO.

e Truong mau giao nhu cau sir dung thong tin 1a 16TB nén chon mot

tap diém vai dung luong 24FO.

>Téng thué bao = 2x24 + 2x24 + 1x12 + 1x24= 132TB
Vay chon ti phdi quang cap 2 (F-02) voi dung lugng 144FO.
+ Chon b0 chia 1:16:

=86 bo chia = 144/16 =9 (bo)

+ Dung luong cap phéi dén tii phdi quang cap 2 F-02 1a 12FO.

Tinh toan twong ty voi cac khu con lai ta dugce bang thong ké:
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Bang 3.3: Thong ké dung lweng cap phoi, bd chia
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3.2.4 Lwa chen thiét bi OLT va ONT

So sanh thiét bi OLT gitta c4c nha cung cip nhu Alcatel, Huawei,

Hitachi, ZTE.
Hang san _ ZTE _ _
i Alcatel Huawei Hitachi
xuat - Tén ZXA10
) 7342 5600T AMN1220
thiét bi C300
Khoang
cach OLT - 20Km 30Km 32Km 20Km
ONT
, Triple Play | Triple Play | Triple Play | Triple Play
Cung cap ] _ ) _ )
(Voice (Voice (Voice (Voice Video
dich vu ) ) )
Video Data) | Video Data) | Video Data) Data)
4 port
_ 2 port 10Gb,
Port Uplink | 10Gb, 4 2 port 10Gb | 2 port 10Gb
2 port 1Gb
port 1Gb
Dung lwgng
thué bao
trén 1 port 64 128 32 32
PON

Bang 3.4 So sanh Iwa chon thiét bi OLT

*) Thong $6 OLT:

- Noi xuat xt: Trung Quéc

- Nhén hiéu: Huawei
- Model: MA5600t

- Kich thudc: 442mm x 263.9mm x 283.2mm
- C6ng suat phat: Polt = 7dBm
- Do nhay: -24dBm
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*) Thong s6 ONT:

- Noi xuat xa: Trung Quédc

- Nhan hiéu: Huawei

- Model: HG8346R

- Kich thuéc: 176mm x 138.5mm x 28mm

- C6ng suét phét: Pont = 5dBm

- Do nhay: -27dBm

3.2.5 Tinh toan bdang thong va do suy hao cua splitter quang

Vé ban chit bo chia quang 13 mot bo chia céng suat. C6 nhiéu loai
splitter quang, c6 loai thi cong suit & cic ngd dau ra giéng nhau nhung ciing
c6 loai thi cong suat dau ra theo cac ti 16 1:4, 1:8, 1:16....Hon thé nita n6 cling
1a bd chia bang thong.

o Gia s, tbe do hudng xudng cta hé thdng GPON Thanh phd Bic
Ninh v6i OLT dit & Nguyén Tréi 1 2,5Gbps, hé sb chia cua splitter cap 1 1a
1:4 thi bang thong ti da danh cho cac user huéng xudng la:

Bing thong USER = (Téc dd hwéng xudng / hé s6 chia ciia splitter)

=2,5:4=0,625 Gbps hay la 625Mbps
e D03 suy hao cua splitter dugc tinh theo cong thire:
Suyhaospiitter = 10L0g(1/N)

Vi du: dung b chia 1:32 => 10Log(1/32) = 15dB.

3.2.6 Toc d¢ bit va cong sudt

Khi téc do bit cang cao thi ti 1¢ 18i bit cang cao, cho nén can cong suét
phét cling phai cao hon va bd thu ciling phai c6 do nhay cao hon. Dudi day la

cong suit phat theo tiéu chuin khuyén nghi caa ITU-T984.
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R Cong sudt phit nhé nhat Cong sudt phét 16n nhat
TOc do bit = E
(Mb/s) (dBm) (dBm)
G A B C A B C
24416 .
oo 4 ! 5 1 6 9
(down)
2488.32
') 0 5 8 4 9 12
(down)
155.52 -6 -4 -2 0 2 4
622.08 -6 -1 -1 -1 - -
124416 -3 -2 2 2 3 )
2488.32 -2 -2 2 - 5 7
Luu y ¢6 3 mUc suy hao ODN :A: 5-20 B: 10-25 C: 15-30(dB)

Bang 3.5 Cong suat phat theo tiéu chuén ciia ITU-T984

3.3 MANG FTTH - GPON THANH PHO BAC NINH

Hoat dong mang FTTH-GPON da trién khai tai Biéc Ninh

e Luu luong str dung mang FTTH-GPON d4 trién khai tai Bac Ninh

Hoat dong cua mang FTTH-GPON da trién khai, da cung cép duoc trén
115 thué bao cho khach hang. Vi kha niang cung cap dich vu bang thong
rong tbc d6 cao, khach hang c6 thé sur dung cac dich vu Internet két hop cac
dich vu kém theo nhu IPTV, VOD, Video Conference, IP Camera...viéc st
dung nhiéu dich vu internet nhu vay khién luu luong thuc té sir dung ctia mét
thué bao trung binh 1a 120GB/Thang, ta suy ra dugc luu lugng trung binh sur
dung cta mang FTTH-GPON d4 trién khai tai Bic Ninh 1a 13800GB/Théng,
va luu luong trung binh trong mdt nam la: 165600GB/Nam.

e Do 6n dinh biang thong (tbc do thué bao)

Trén thyuc té nhu cau sir dung cac dich vu mang cua cac khac hang la
khac nhau, nén toc do bing thong cta cac thué bao 1a khac nhau. V&i mang
FTTH-GPON d3 trién khai tai Bic Ninh, dé da bao cac dich vu trén ha téng

bang thong cao, tdc d6 nhanh, muot ma cho khach hang. Ttr d6 nha mang dua
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rac cac goi thué bdo c6 bang thong tir 10 Mbps, 16M bps, 22 Mbps... tdi 45
Mbps. Trén thuc té muc d6 on dinh bang thong hay tdc d6 thué bao cua ha
tang cung cp cho khach hang trung binh 1a 22Mbps trén mot thué bao.

e Ldi (hong hoc) nam (thang)

Trong qua trinh hoat dong hé thong mang FTTH-GPON di trién khai
tai Bac Ninh, ciing c6 rat nhiéu 16i hong hoc nhu: Ldi xay ra trén cap giita
khach hang va vi tri splitter gan nhat, 16i xay ra véi thiét bi ONT, 13i xay ra tai
cap di trong nha khach hang, 13i tai b chia cudi cung, 15i trén soi quang gitta
2 b chia, I5i trén thiet bj OLT...

Trén thyc té thong ké tai hé thong mang FTTH-GPON d4 trién khai tai
Bic Ninh, thi ti 18 say ra tat ca c4 15i trén trung binh 13 3 sy ¢d trén 1 thang,.
Tir cac 16i trong nha khach hang dén cac 16i trén hé théng mang ngoai vi va
cac 16i do thiét bi hay tac dong bén ngoai, ngoai ¥ mudn.

e Kha ning du phong mo rong hé thong mang FTTH-GPON d4 trién khai.

Theo nhu cau thuc té ctia khach hang thi sé luong dudng truyén cung
cap cho dia ban 1a 115 thué bao 1a khong du. Véi nhu cdu sir dung cua khach
hang ting cao thi mang FTTH-GPON di trién khai tai Bic Ninh cin dugc
nang cap mé rong dé dap tmg di nhu cau thuc té cua khach hang.

Viéc nang cip mo rong cua hé théng mang cuc ky ré dang. Mudn nang
cap thém thué bao ciing c6 nhiéu phuong an dé nang cap. Vi du nhu co thé
nang cp bang cach tach core tir hop thué bao gan nhit 1 core co thé cung cap
dugc cho 128 thué bao, Hay c6 thé kéo cap mdi tir cac bo chia cap 1 hodc cp
2, hodc c6 thé nang cap thé truc tiép tir nguon cap, nha POP 128 Nguyén Trai
roi kéo cap chinh kéo tir tong dai OLT vé khu quy hoach du néi vao ta FDH
(ta phdi quang cap 1)...
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3.4 KET LUAN CHUONG 3

Chuong 3 ndy di néu ra diy du cac budc lya chon khao sét, tinh
toan sé luong nhu cau thué bao, tinh todn lua chon thiét bi dé c6 thé thiét ké
xay dung hé théng mang GPON cho mét khu vuc nhit dinh caa Thanh ph
Bac Ninh.

Bang céach tinh toan 1i thuyét, sit dung md phong tinh toan cic tham
sb mang quang nhu suy hao, tan sic, on... dé chon cac vat tu linh kién quang
phtl hop véi mang quang FTTH-GPON Bic Ninh sao cho vira dap tmg duoc
cac nhu cau ki thuét, vira c6 tinh kinh té dé gia thanh dich vu thép, canh tranh
va dugc nguoi dung chap nhan.

Mang FTTH-GPON tai Bic Ninh da duogc trién khai va di vao hoit
dong theo ding yéu cau ki thuat. Mic du con nhiéu van dé nay sinh khi van
hanh nhu bao dudng, mé rong dich vu ... nhung nhin chung mang hoat dong

tt, 6n dinh.
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KET LUAN

Mang truy nhap quang dugc xem la co s¢ ha tang tét nhat cho cac dich
vu bang rong. Viéc nghién ciu hinh thai Mang truy nhap quang mdi van
dang nhan duoc Sy quan tim dic biét. Muc tiéu huéng ti 1a mém déo, giam
gia thanh va nang cao hiéu qua st dung bing tan soi quang.

Mang truy nhap quang thu dong GPON la giai phap hop ly cho ca ba
muc tiéu trén; thir nhat khdng phai thay doi cau hinh hoac xay lip mai tuyén
cap quang, chi can dat bo chia tai diém tap trung cap; tha hai, giam dugc chi
phi nho su chia sé méi trudng truyén dan giira nhimg nguoi st dung; thi ba
phU hop véi moi loai hinh chuyén giao théng tin nhd bang tan rong cua soi
quang.

Véi phuong thirc chuyén giao thong tin mém déo linh hoat hiéu qua su
dung bing tan soi quang sé& ting dang ké, day ciing 1a mot yéu té 1am giam
chi phi. Céng nghé GPON ra doi chinh 1a nham muc dich két hop cac diém
manh cua truyén tai TDM két hop véi co sé ha tang 1a Mang cép soi quang
chi phi thap, két nbi diém-da diém, hd trg ca dich vu TDM va Ethernet. Day
la cdng nghé hira hen s& giai quyét duoc cac van dé tit nghén bang thong,
cho phép xay dung Mang truy nhap noi hat nhu 1a mot Mang s6 hoa, bang
rong va co tinh tuong tac cao.

Str dung k¥ thuat truy nhap TDMA két hop véi cac phuong thire dinh
co va phan dinh bang tan dong 1a mot trong nhimg diém nodi bat cua
cdng nghé GPON gilp giai quyét vin dé bang thong, tic ngh&n trong truyén
tai tbc do cao. GPON sur dung phuong thirc dong goi dir liéu GEM hd tro cho
ca cac goi dir lieu TDM va Ethernet. Cac ky thuat do cho phép GPON hd tro
nhiéu loai hinh dich vu khac nhau véi toc d6 truy nhap va chat lugng cao.

Hién nay, tiéu chuan GPON di duoc ITU chuan hoa, diy s& la giai
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phap cdng nghé thich hop nhét cho cac khu cdng nghiép, khu cdng nghé cao,
khu thwong mai, chung cu cao cip, ngan hang, v.v... GPON hoan toan phu
hop v&i yéu cau thuc té cua thi truong Viét Nam dang trong giai doan phat
trién manh mé cac khu vuc kinh té ké trén.

Huéng phat trién tiép theo cua em la nghién ctu di sdu hon nita vé
chuan GPON nay theo huéng: Tiéu chuan hoa viéc lap dat cac thiét bi cua
mang phan phdi quang ODN nham dam bao chat lwong dich vu mang GPON
va nghién ctru mang truy nhap WDM-PON.
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PHU LUC

1. Nhirng nguy@n nhan gay ra 16i trong hé théng cap mang

Khi tién hanh do kiém chat lugng hé théng mang FTTH-GPON Bic
Ninh, viéc xac dinh nguyén nhan gay ra 16i dé c6 cach khic phuc hiéu qua,
kip thoi thi tiéu ton khéa nhiéu thoi gian ciia ngudi thi cdng. Bang tom tit dudi
day sé& liét ké ra cach xac dinh nguyén nhan gay ra mot sé 18i phd bién cho hé
théng cap mang.

1.1 Léi vé déiu ddy

Két qua Nguyén nhan co thé gay ra 10i

e Day dan bi hu hong do uén cong tai
nhitng diém két ndi.

Thao tac bAm dau chua chinh xac

Pau connector bi hong

L6i he mach - Open C4p bi dut (cap khong dat tiéu chuén)

Day din két néi sai chan tai dau
connector.

e Sir dung sai d6i day cho tng dung cu
thé (Ethernet chi sir dung 2 cap la 12 va
36)

e Bam dau khong diing cach

e Dau connector bi hong

Lbi ngan mach - Short e 2 day dan dua vao cung mot khe trong
dau connector khi thuc hién thao tac bam
dau.

e Cép bi dut (cap khong dat tiéu chuan)

e Sur dung sai d6i day cho nhiing wng




dung cu thé

Loi ddo nguoc doi day - Align

Reversed Pair

e Day din két ndi sai chan tai dau
connector (hai day dan trong cting mot doi
day dugc két ndi nham vi tri tai dau

connector).

L&i chéo d6i day - Cross Pair

e Nham Ian giita bAm dau theo hai chuan
568A va 568B.
e Vi tri doi day 12 va 36 bi chéo nhau.

L3i tach doi day - Split Pair

e Mot day ciia d6i day nay nham vi tri V6i

mot day cua doi day khac.

1.2 Loi vé chiéu dai cap

Két qua

Nguyén nhén cé thé gay ra 16i

Ldi vé chiéu dai cap - Length

Exceeds Limits

e Cap sur dung cho mot dudng truyén
qua dai (vi du gi6i han cho chiéu dai
1 duong cap ngang la khong vuot qua
90m, dé dam bao viéc truyén tin hiéu
trén duong day).

e Viéc cai dit thong sé6 NVP trude
khi tién hanh do kiém khong chinh
xac. (NVP la tbc d6 danh dinh cua tin
hiéu truyén trén mot soi cap. Voi mdi
loai cép thi c6 mot thong s6 NVP
nhét dinh.

Lo1 vé chi€u dai cap do dugc ngan

hon chiéu dai cap thuc té kéo khi thi

e (Céap bi dut doan ¢ gitra trén duong

kéo cap.




cong

Mot hoac nhi€u doi day cé chiéu dai

ngan hon chiéu dai cép

e Cap b1 dat trén duong di cap

e Két noi xau

Chu y.: Chiéu dai cdp sé duwoc tinh bang chiéu dai cua doi ddy co chiéu

dai ngdn nhdt trong cdp.

1.3 Léi tré truyén

Két qua

Nguyén nhén cé thé giy ra 16i

Vuot quéa giéi han cho phép -

Exceeds Limits

e Duong di cap qué dai

e Cap khong dat tiéu chuan (chit
lifu cdu tao nén soi cap khong
nguyén chat va khac nhau giira timg

doi day)

1.4 Suy hao

Két qua

Nguyén nhén cé thé gay ra 16i

Vuot qud giéi han cho phép -
Exceeds Limits

e Duong di cap qua dai

e Cap khong dat tiéu chuan (d6 xodn
cua cac doi day khong dat,...)

e Su dung loai cap khong phu hop
(vi du dung cap cat3 cho tng dung
danh cho cat5 tr& 1én).

e Viéc cai dat cac thong sb trudce khi

tién hanh do kiém khong chinh xAc.




1.5 Léi vé nhiéu dau gin va tong nhiéu dau gin (NEXT and

PSNEXT)

Két qua

Nguyén nhén cé thé gay ra 16i

Fail, *Fail or *pass

e Théao xodn qua muc khi thuc hién
thao tac bAm dau.

Patch Cord khong dat tiéu chuan

Dau connector khong dat chuan

Cép gia

Ldi tach d6i day trong qud trinh
bam dau cap.

e (Cac do1 day bi nén qua chat do 16p
v boc nhya cua cép.

e Cap dit canh ngudn gay nhiéu 16n

1.6 Nhiéu dau xa, tong nhiéu

ELFEXT & PSELFEXT):

diu xa (ACR-F & PSACR-F hoiic

Két qua

Nguyén nhén cé thé giy ra 16i

Fail, *Fail or *pass

e Qui tic chung: phai khic phuc 15i
vé NEXT trude. Vi NEXT thuong 1a
nguyén nhan gay ra FEXT.

e Cap bi bo chit trong qua trinh thi

cong




3.7.7 Dién tro

Két qua Nguyén nhén cé thé gay ra 16i

e Duong di cap vuot qua gidi han
cho phép.

e Diu connector kém

Fail, *Fail or *pass e Su tiép xuc giita cac doi day véi
dau connector kém

e Cap khong dat chuan

e Lua chon sai loai path cord

1.7 Suy hao phdn xa nguwoc (Return Loss)

Két qua Nguyén nhén cé thé giy ra 16i

e Tré khang cua Path Cord khong dat,
vuot qua 1000hm.

e Path Cord st dung khong ding cach lam
cho tr¢ khang vuot qua.

e Thao tac khi tién hanh thi cong cap (viéc
thao xoan cac doi day).

e Chura doan day du qua dai tai outlet
(khuyén cdo nén chi dé lai doan diy du
khoang 30cm).

e Diu connector khong dat tiéu chuan

Fail, *Fail or *pass e Tro khang trén soi cap khong dong déu

e Tro khang trén soi cap vugt qua/khong
dat 1000hm.

e Tré khang khac nhau gitra path cord va

cap ngang tai di€ém dau noi.




Két qua Nguyén nhén cé thé gay ra 16i

e Tinh twong thich gitta dau connector va
jack kém

e Stur dung cap c6 tré khang 1200hm

e Lua chon ché do test tu dong khong
chinh xac.

e Sai x0t trong viéc lya chon Adapter.

Nam dugc nhitng nguyén nhan c6 thé gay ra 18i cho hé thong mang
khong nhimg giup ngudi thi cong tiét kiém duoc thoi gian trong khau giai
quyét, khac phuc 15i hé thong mang, ma ngoai ra con han ché dugc nhiing sai
s6t trong qua trinh trién khai thi cong, dé c6 mot hé thong mang hoan chinh

va dat tiéu chuan.




Phu luc 2 Quy trinh k¥ thuét thi cdng mét tuyén cap thué bao

2.1 Huéng din di diy va chot day cap thué bao

\\: g Lchor 447 =

rea Ol cot—-
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! <

! o vaeo,.ID.
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| o il
‘ o'c 3: Thixong)i 14

o \/i tri chét day chdt vao gong, xa di 1ap san trén cot theo quy dinh.
eDiém chét phai day dam bao 1a diém téi wu cho hudng di day vé phia
nha khach hang va huéng di day xuéng tap diém.
eDiém chét day :
«  Chét dung tiéu chuan trén xa E ,G(néu c6 )
«  Khéng chét vao day dién, cap gdc, cap thué bao ciaa minh hoaic
don vi vién thong khéc.
Yéu cau: Phai dam bao khdng 1am anh huéng téi day cua don vi dién
luc hay cac don vi vién thdng khac hoic anh huéng téi day thué bao cua cic
hop d6ng khéc.



2.2 Pi cap tir dinh cot xudng tap diém

e Cap duoc thi cong theo nep st cd san xudng tap diém hoic thi cong
theo phuong an tdi Gtu nhat da dinh san khi thi cong.

eCap duogc ludn theo sat cot, dam bao 1a ludn vao bén trong tat ca céc
day, khéng ludn dé hodc chén 1én cac day khac, khong duge di cat mat cong




e T4t ca c4c soi cap xudng tap diém phai duoc ludn ddng nhat 1 cach
theo nep sit, 6ng nhya hoic tano di theo phuong an téi wu nhat da dé ra.

o Cap thué bao khong nhat thiét ludn theo cap goc. Néu cap gbe di xudng
tap diém khong dung tiéu chuan ky thuat.

e Ludn cap theo cép ha tang néu cap ha tang di dung tiéu chuan ki thuat
thi cong.

e Khong bo cap thué bao vao cap goc tranh anh huang khi sy ¢b cép goc
Xay ra.
2.3 Thi Cong cap vao tap diém

e Cap duoc thi cong theo dung tiéu chuan va quy dinh vé KTTC.

eCo cO cua cap thi cong vao tap diém phai duoc thi cong dung tiéu
chuan ky thuat thi cong da quy dinh.



«Cap thi cong bén trong tap diém phai dung tiéu chuan, quy dinh vé
KTTC.
2.4 Hoan thién viéc thi cong

o Cép thi cong tir dinh cot xudng tap diém duoc bé gon gang tir dinh cot




eDiu day duoc ghi ddm, rd rang, ghi ding sd hop ddng , danh diu dung

theo quy dinh.

«Don dep Vé sinh gon gang khu 1am viéc sau khi hoan tat cong viéc

«Kiém tra tinh trang va chat lugng thi cong sau khi xt ly hoan tat.

eDong va khoa tap diém can than sau khi thi céng theo quy dinh cua
cong ty.
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