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Toém tét - Bai bao trinh bay phwong phap thuc nghiém xd Iy va
nang cao chét lwong truyén dan tin hiéu Internet trén mang truyén
hinh cap HFC (Hybrid Fiber Coaxial) st¢ dung ky thuat OFDM
(Orthogonal Frequency-Division Multiplexing). Ky thuat nay chia
kénh truyén thanh N kénh con, bién di ludng di¥ lieu téc d6 cao
thanh cac ludng di¥ liéu song song. Sau dd, tac gia khdo sat mo
hinh mang truyén hinh cap HFC trén thuc té, tir d6 dé xuat phwong
phép tinh toan xt ly cac thong sé nhw cong suét tin hiéu internet
trng kénh dwa vao tuyen théng sb suy hao cua cac phan te tich
cuc tuong &ng v6&i s lwgng kénh khac nhau. Két qua nay cé thé
dwoc str dung trong cong tac thiét ké tuyén nham nang cao dung
lwong ma van dam bao chét lwong tin hiéu truyén dan.

Tl khéa - mang truyén hinh cap; HFC; GPON; OFDM; CMTS;
QAM; chat lwgng tin hiéu internet.

1. Dit van dé

FTTx GPON la dich vu sir dung cong nghé bang thong
rong méi nhat trén thé gi¢i ma cac nha cung cép dich vu dang
hudng toi nham dap Gng xu thé nhiéu dich vu trén mot két
néi. FTTx GPON c6 thé hd tro da dich vu trén mot duong
day duy nhit véi biang thong dén mdi thué bao c¢6 thé 1én dén
2,5 Gbps, dap g hoan toan cac nhu cau phat sinh ctia khach
hang trong tuong lai nhu: VoIP, Video On Demand, IPTV,
truyén s6 liéu, MPLS,... Dich vu FTTx GPON khéng bi suy
giam chat lwong tin hiéu theo khoang cach khach hang co
thé ludt web va sir dung nhiéu dich vy truyén hinh véi toc
d6 kha cao trén cong nghé Cable Modem.

Sau khi di khao sat va nghién ctru mot mo hinh truyén
hinh cap thyc té (tai Cong ty Truyén hinh cap Séng Thu),
trong d6 dich vu truyén hinh va internet dugc truyén di trén
hai duong truyén dung cap HFC nhung hoan toan doc 1ap voi
nhau, nhom tac gia da d& xuit ghép  chung hai duong truyén
tin hiéu nay trén cung mét duong dan truyén hinh cap HFC,
kém theo viéc d& xuét phuong phép tinh toan xir ly nhdm nang
cao chét luong truyén dan tin hidu internet trén timg kénh dua
vio tuyén, can chinh tin hiéu thu va phét ¢ cac cp khuéch dai
twong tmg vai s6 luong kénh khac nhau, nhdm phuc vu cho
khach hang sir dung mot dudng truyén gdm ca hai dich vu la
truyén hinh va internet c6 chét lugng tot nhat.

2. Co'sé'vé truyén din OFDM duvgc 4p dung vao mang HFC
2.1. Diéu ché va gidi diéu ché tin higu OFDM trong mién
RF [3]

Trong qua trinh phét tin ctia tin hiéu OFDM dau vao 1a
dong dir liéu {dl} dugc chia thanh dong dir liéu song song
voi toc do dir liéu giam di N 1an thong qua bg chuyén doi
noi tiép/song song. Dong bit trén moi luong dir liéu {di,k}
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dugc anh xa thanh tin hi¢u phirc {ci,k}, véi k 1a chi s song
mang con. Cac tin hi¢u phirc nay dugc dua vao ngd vao ctua
bo IFFT (Invert Fast Fourier Transform). Ng6 ra b6 IFFT
chinh Ia tin hiéu OFDM trong mién thoi gian, tin hi¢u nay
sau do duoc chuyen dbi tir song song sang nbi tiép, chén
khoang bao vé. Phan thuc va phdn 4o cua tin hiéu phic
duge chuyén thanh tin hiéu tuong ty théng qua bd chuyén
d6i s6 twong tw DAC (Digital to Analog Converter), sau
cung mdi phan thuc va phan ao dugc dua vao hai bo didu
ché quang MZM (Mach-Zehnder-Modulator) dé chuyén
thanh tin hi€u quang.

56 sang tuong (y DAC

Anh xa chom sao
Chén khodng béo vé GI

Hinh 1. So do qud trinh phat tin cua mot hé thong OFDM
trong mién RF [2]

Trong qua trinh thu tin cta tin hi¢u OFDM, qua trinh
thuc hién nguogc lai so vdi phia phat tin tin hiéu OFDM. Céc
thanh phan thyc va ao (1/Q) sau khi dwoc do bai bg tach song
quang, s& duoc chuyén vé dang sb nho cac by chuyén doi
twong tu sang sb (ADC). Hai thanh phﬁn thuc va a0 nay dugc
ghep lai thanh mot s6 phirc duy nhét. Dong tin hiéu sau d6
dwoc chuyén tir ndi tiép sang song song nho st dung b dém
(buffer). Tin hiéu dugc bo khoang bao vé, dua vao ngd vao
b FFT (Fast Fourier Transform). Tin hi¢u sau b FFT la tin
hiéu roi rac & mién tan s6, dwoc giai diéu ché & bang tan co
s& va chuyén chudi bit nhan dugc vé dang ndi tiép nho bd
chuyén d6i song song sang ndi tiép. Chudi bit nhan dugc &
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dang nbi tiép nay chinh 1a chudi bit & phia phat (dit liéu).
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Hinh 2. So do qud trinh thu tin ciia mgt hé thong OFDM
trong mién RF [2]
2.2. So @6 khéi ciia EoC
So d6 khdi EoC duoc ding trong hé thong truyén dan
internet trong mang HFC sir dung trong nghién ctru cua tac
gia dugc trinh bay trén Hinh 3 [2]:
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Hinh 3. So do khoi EoC (EM90)

EMO90 14 mot thiét bi két ndi truy cap dir liéu bang thong
rong trén ha ting truyén hinh cap CATV, n6 c6 4 cong tin
hiéu RF d4u vio va 4 cong tin hiéu RF dau ra. Cac cong RF
vao s& 1a noi nhan tin hiéu CATV (87MHz dén 1000MHz)
tr node quang CATV, tin hi¢u nay s€ dugc tron tirng d61 mot
bang cac mach tron véi ludng tin hidu tin so thap (tir SMHz
dén 30MHz) duoc phat ra tir module Master. Khi d6 tin hiéu
liy ra tir 4 cong RF ra (gdm tin hiéu mot chiéu CATV va tin
hiéu hai chiéu internet) s& di vé 4 nhanh tin hiéu trong hé
thong mang CATV. Ngoai ra EM90 con c6 mot khéi truy
cap dit liéu Ethernet quang (hodic RJ45) va mot khdi chuyén
d6i ngudn AC (60V) sang DC (12V).

Hé théng giai mi tin hiéu s& truyén cac dir liéu tur
Internet tai xuéng PC (Downstream data) vi tin sé 6 MHz.
Do véy trén dudng truyén cac dit liéu nay giéng hét cac tin
hiéu TV, n6 dugc xem nhu mét kénh riéng biét. Cac dir licu
duoc gui tu PC 1én Internet (Upstream data) doi hoi bang
thong hep hon, chi 2 MHz, diéu nay giai thich cho viéc toc
d6 tai xudng (Download) luén nhanh hon tai 1én (Upload).
Dé truyén tai ca cac dir lidu 1én va xubng trén ciing duong
cap TV doi hoi hai thiét bi riéng biét: Giai ma cap cho phia
nguoi st dung va Cable Modem Termination System
(CMTS) cho phia nha cung cap.

3. Pic diém Ky thuét truy cip EoC (Ethernet over
Coaxial)

Day la cong nghé truyén dan tin hiéu internet hai chidu
dua vao mang truyén hinh cap HFC c6 nhitng tinh nang va

uu diém nhu sau:

e Ap dung tiéu chuan Home Plug, sir dung trén mang
HFC véi dai tan tr SMHz — 30MHz.

¢ St dung ky thuat OFDM (Orthogonal Frequency
Division Multiplexing), c6 kha nang chong nhicu giao thoa
cao, tan dung toi da hi€u qua v¢ bang thong [4].
e Kha ning dap ung tdc d6 truyén din cia mdi
module chinh 1a cao hon so v6i cong nghé CMTS.
_® Sudung mang truyén hinh cap HFC c6 sin, khong
can thict phai xay dung mang moi.
e Thiét bj ddu cudi khong can phai cau hinh.
e (6 thé phu hop véi cac mang HFC ¢ chit luong
khéc nhau, phat trién kinh doanh nhanh chéng.
e Chi phi gia thanh thiét bj thap.
e Thuc hién du an trién khai hé théng nhanh choéng,
don gian.
_® Phu hop v6i mang dir liéu duoc cung cip béi cac
dau ndi quang, hodc thiét bi ONU.

4. So' @6 khoi truyén din internet trong mang HFC va
cac ket qua kiém chirng tir thwe te [2]
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Hinh 4. M6 hinh mang HFC CATV [2]
4.1. Mang truyén hinh cip HFC dwoc khdo sdt v nghién
ciru trong thuc té
Mang truyén hinh cap HFC ma nhom tac gia khao sat va
nghién clru trong thuc té cho thay c6 mdt so ton tai nhu sau:

e Hé thong mang truyén hinh cap HFC dang hoat
dong da phat trién hon 10 nam, duoc cai tao thuong xuyén,
nhung do diéu kién vé dia hinh nén viéc quy hoach mang
lu6i chua duge tdi wu.

e Thiétké mang ban dau chua tinh dén viéc phat trién
thém mang EoC, nén phai mat nhi€u cong suc cai tao dé
dap tng cong nghé.

e Cac node quang ludn & trang thai qua tai vi s6 luong
khach hang ngay cang tang, viéc st dung rat nhi¢u b chia
trén nhanh truc va nhanh r& (2-Way, 3-Way, 4-Way) sé lam
tang thém d¢ suy hao cua tin hi€u, khoang cach gitta cac
bd khuéch dai va gifta cac dau ndi mat can bang, cling tao
ra nhi€u cap suy hao tin hi¢u va mgt luong nhicu nhiét lon
gay nhicu kho khan cho viéc can chinh tin hiéu EoC.

e Ngudn nudi chi cung cap cho cic nhanh va cac node
quang, khong du dé cung cap cho mang EoC.

4.2. Xir Iy va ning cao chit lwong dwong truyén trén cic
nhdanh tin hi¢u

Trudce khi xtr 1y chat lugng truyén dan trén cac nhanh
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tin hi¢u, ching ta phai dam bao két ndi tir EM90 1én hé
thong GPON 14 binh thudng, cong suit phat ra cia EM90
la di. Theo nha san xuat, cong sudt phat ra caa EM90 la
110dBpV, nhung thuc té rat nhidu EM90 c6 cong suit phat
ra 105dBuV (Hinh 5):

[RETURN PATH ) (R1-FLAN A
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Hinh 5. Phé tan phat ra ciia EM90

Chung ta c6 cac phan doan xur Iy sau: R0 rang khi truc
chinh cua nhanh tin hiéu c6 van dé thi sé lwong thué bao
chiu anh huéng 1a kha nhidu. Theo tiéu chuan ciia nha san
xuét thi thiét bi EM90 chi c¢6 thé dap ung dich vu t6t nhat
v6i nhanh tin hiéu c6 s6 bo khuéch dai nho hon 3. Véi thue
té mang c6 nhiéu bo khuéch dai thi EM90 khong thé déap
ung nhu cau dich vu cho tit ca cac dau cudi trong nhanh tin
hidu. Dé ¥ t6i cac bd chia 2-Way, 3-Way va 4-Way dang
dung trén ha tang, 16 rang v6i mirc suy hao tir 4.6dBuV dén
10dBpV cua cac bd chia nay thi chung phai twong tng véi
mdt cap khuéch dai [1]. Vi cang nhiéu cap khuéch dai, tin
hiéu EoC dwong nhién s& suy giam cong sudt, nhung mot
anh huéng nghiém trong khac 13 v6i sw c6 mit ctia nhiéu
phan tir tich cyc nay s& lam cho lugng nhiéu nhiét, nhiéu
do pho1 hop tro khang tang 1én, cong suit dién ciia b
ngudn nudi qua tai, lam anh huong 16n toi pham chat ciia
tin hiéu, lam giam ti s6 SNR (Signal to Noise Ratio). Theo
1y luan nhur trén, thi nguyén tic xir 1y tin hidu trén tryc chinh
1a diéu chinh sao cho s6 cap khuéch dai giam nhiéu cang
tét, nhung van can béng duoc tin hiéu va dam bao duoc
chit lugng dich vu CATV. Dé thyc hién diéu nay, tén kha
nhiéu thoi gian va cong sirc, nhung dé dam bao dich vu
EoC dugc sir dung v6i chét luong t6t nhat nén chiing ta bt
budc phai lam. Hau hét cac node tin hiéu cua mang HFC
déu c6 trén 15 bo khuéch dai, twong tmg v6i mdi nhanh c6
trén 4 bo khuéch dai (day 1a chua ké cac bo chia). Vi vay
diéu tién quyét dau tién, la phai thuc hién viéc chia tach cac
node nay, sao cho sé cip khuéch dai phai nho hon 3 [1].

Noi dung dudi day trinh bay viéc can chinh theo ting
cap khuéch dai tir cAp ther 1 dén cAp thir 2 rdi dén cip the
3 (v6i gia thiét 3 bo khuéch dai ndi truc tiép véi nhau,
khong qua b chia).

Can chinh tin hiéu & cip khuéch dai thi nhit: Nhu da
n6i ¢ trén, trudce khi can chinh tin hiu trén nhanh, can dam
bao muc cong suat phat ra cua EM90 xap xi ngudng 105
dBpV. Ngoai ra cin nim cac thong s6 suy hao ciia cac phan
tir tich cuc, so do thyc té cua ha ting mang, thong so cta
céc loai cap ddng truc (Iuu ¥ trén truc chinh ctia nhanh tin
hiéu tt nhat 1a chi dung loai cap QR540).

Trudce hét tien hanh do kiém dau ra cua bo khuéch dai,
nhan dugc thong so do 1a murc cong suat cua tin hiéu thu
duoc, gid str1a A;.

P A

Hinh 6. Cdp khuéch dai thir nhdt ciia EM90
Tir cong suit d6 va theo so dd nhu trén Hinh 6, tién
hanh ngugc cong sudt vé phia dau noi l1a dau ra cia EM90
theo cong thie (1) [2] va gia su cong suat c6 dugc tai diém
nay la Bi:

A1+7+(h1

100)+15 =B, (1)

trong do:

h; 14 khoang cach tir EM90 dén bd khuéch dai thir nhét.

ZdB la mac suy hgo tin hiéu intgrnet khi qua mot b(f)
khuéch dai (vi bd khuech dai chi khuéch dai tin hi¢u truyén
hinh cap ¢ tan s6 80MHz dén 1000MHz, con tin hiéu
internet 0 tan s6 SMHz dén 30MHz lai bi suy hao 7dB) [2]

) 1,2/100 14 mtre d6 suy hao (1,2dB) cua tin hi€u c6 tn
s0 30MHz qua 100m cap QR540

1,5dB 1a tong mirc do suy hao trén 3 d4u ndi trén tryc
chinh cua cap QR540, tir dau ra RFcua EM90 t6i dau ra RF
cua b khuéech dai thtr 1 (moi dau noi cé mire suy hao 0,5dB).

Vé mat ly thuyet thi cong sudt phat ra s& ding bang
cong suit cua dau n6i cudi trong nhanh cong vdi cac suy
hao trén duong npyen va cac dqu ndi thanh phan cua nhanh
d6 [2], do vay néu B; xap xi bang muc cong suat P ¢ dau
ra cﬁ‘a EMO0 thi tin hiéu nhan duqc la @i, con nho hon P
thi can thyc hié€n budc cén chinh ti€p theo.

Thuc nghiém do dugq theo Hinh 7 duéi day: Tai daura
cua b khuech dai thir nhat, tin hi¢u thu dugc khong du, véi
h;=150m nhung gia tri A; ¢ day chi ¢ mirc 51.2dBuV, cho
nén theo cong thire (1) thi cong suat Bila 61.5dBuV, thap
hon tin hi¢u céng suat vao P 1a 100.5dBuV (Hinh 5), dleu
ndy chimg minh rang tin hiéu internet trén dudng truyén
khong t6t.
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Hinh 7. Pﬁé tan tin hiéu do dwoc tai dau ra ciia
bo khuech dai thir nhat co chat luong kém
Bude tiép theo, tién hanh do kiém dau vao cia bo
khuéch dai va nhan dugc thong so6 do 1a mirc cong suat cia
tin hiéu thu dugc, gia sir 1a A].
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Hinh 8. So do tinh céng sudt truée cap khuéch dai thir nhat
cua EM90

Tir cong sut d6 va theo so dd nhu trén Hinh 8, tién
hanh tinh nguoc cong sudt vé phia déu noi la dau ra cua
EM90 theo cong thuc (2) [2] va gid su cong sudt c6 dugce
tai diém nay 1a By:

, 1,2 _

A+ (hyx22) +1=B; @)

trong do:

Ajla gia tri cong suat thu dugc tai dau vao cia bo
khuyéch dai thtr nhat;

1dB 14 tong muc do suy hao trén 2 dau nc‘)‘i trén truc
chinh cta cap QRS540 tir dau ra cuia EM90 t6i dau vao cua
bo khuéch dai thr 1 (mo6i dau n6i c6 mirc suy hao 0,5dB)

Vé mat ly thuyet thi cong sudt phat ra s& ding bang
cong suat ctia dau noi cudi trong nhanh cong voi cc suy
hao trén dudng truyén cua nhanh d6 [2], do vay néu B1 xap
xi P thi mire thu 1a du, khi do ta s& kiém tra bo khuéch dai,
con néu B} nho hon P-2 (dBuV) thi chéc chén chat lwong
cua doan cap QR540 da bi hong. Luc do, ching ta tim cach
xu ly cép hodc thay bang cap mdi.

‘Sau khi can chinh xong tin hi¢u & cép khuéch dai th
nhat, thi ltc nay B; da xap xi bang P va v6i cach lam tuong
tu ta phai dam bao sao cho cac bd khuéch dai tiép theo ciing
dap tng theo cong thirc sau:

+(hy xZ) +1=B, 3)

+(h1x%)+1=B2 &)

Do dung thém céac bd chia 2-Way, 3-Way va 4-Way nén
cac mirc cong suat thu ky vong qua cac tang khuéch dai s&
khong dat dwoc. Thong thuong vdi cac nhanh ha tang c6
chit luong kha tdt thi cac gia tri 4; cia nhanh thir nhat s&
thay doi tir 90dBpuV dén 95dBuV, 4, cuia nhanh thi hai sé
thay ddi tir 87dBuV dén 90dBuV, 45 ciia nhanh thir ba s&
thay ddi tir 79dBpV dén 83dBuV. Co mét chi sb rit quan
trong 1a SNR/carrier, vi trén tryc chinh ctia nhanh tin hi¢u
mirc cong suat dang & gid tri cao nén nd c6 thé 1an at ca
nhiéu, vi thé SNR/carrier luén 16n hon hodc biang 18dB [5].
Nhung khong vi thé ma chang ta chu quan, néu thuc sy co
ngudn nhidu, thi ching ta phai loai bo ngay, vi voi nhidu
cong don sé tac dong rat 16n ¢én phdm chat cua tin hiéu khi
di vé cac nhanh va di vé cac dau cubi. Nhu vi du & trén
Hinh 7, mtc cong sudt cta tin hiéu do dugc ¢ dau ra RF
clia by khuéch dai thir nhit khong di do phdi hop tré
khéng, nhung trén Hinh 8 ltic nay do mirc cong suét tin hiéu
1a kha cao nén ta c6 thong tin vé tin hiéu rat tich cyc nhu
sau: SNR/carrier c6 gia tri 21,11dB, diéu nay chimg t6 rang
& cAp khuéch dai thir nhat it chiu tac dong boi nhiéu.

Quaé trinh xur ly chét luong tin hi¢u trén truc chinh va
céc tuyén r& & nhanh tin hiéu, dam bao tin hiéu dén bo chia
¢6 thé cung cap dugc dich vu. Dé c6 thé cung cap duoc
dich vu tét nhét thi tin hiéu do dugc & b chia c6 mitc cong

suat 16n hon 50dBuV, ti s6 SNR 16n hon 12dB (dwa vao
thye tidn do kiém va chat lugng dich vu thuc té). Cac hinh
do dugc dudi day biéu hién chit lwong tin hiéu EoC ma
khach hang c6 thé st dung t6t dich vu.

Hinh 8. Théng tin vé dwong truyén do tai ddu ra ciia
b khuéch dai thir nhat (dwong tmyen 6 chat liwong kém)
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Hinh 9. Phé tan tin hiéu thu dwoc tai phia khach hang

Hinh 10. Thong tin vé deong truyén tin hiéu tuong img voi
Pho tan tai phia khach hang
Tom lai cong tac xur 1y trén truc chinh cutia nhanh tin
hiéu 1a t6i quan trong, nd anh huong rat nhiéu dén chét
luong cua tin hi€u toi dau cudi thiét bi, nén phai thyc hién
chuén x4c va véi tinh hop 1y cao nhat.

Kiém tra do dac va chinh sira chét luong cua tin hiéu &
trude va sau bo khuéeh dai, sao cho tin hiéu phai dugc dam
bao ca vé cong sult, ti s SNR/carrier, s6 bits/carrier (cac
thong s6 nay hién thi trén may do DS2500E).

5. Két luan
Bai bao da danh gi4 va nang cao chét luong truyén dan
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tin hiéu internet trén mot hé théng truyén hinh cap HFC c6
trong thyc té, cung cép cho 5000 thué bao ma nhom tac gia
da khao sat va nghién ctru. Tuy viéc do dac, kiém tra chi méi
duoc thuc hién trén cac truc chinh cua nhéanh tin hiéu, nhung
két qua do dac va xir Iy chat luong truyén dan da cho ra cac
két qua kha quan, cho thay phuong phap xr ly va nang cao
chét luong truyén dan duoc nhom tac gia dé xudt mang tinh
thyc tidn cao. Ngoai ra, phuong phap nay ciing c¢6 thé ap
dung cho toan h¢ thong gom nhiéu nhanh tin hidu véi hang
tram ngan thué bao (16n hon), phu hop voi xu thé mo rong
ctia hé thong, dap ng nhu cau vé thong tin cho nguoi sir
dung dich vu. Cac két qua dat dugc sé gitp cho cac nha thiét
ké céc hé thong truyén hinh, dic biét 1a hé théng truyén hinh
cap HFC cho tda nha cao tang hodc cac khu chung cu d&
dang chon dugc cac tham s thich hop cua hé théng, thiét bi
dé dat duoc chét luong dich vu theo yéu cAu.
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