Bai giang: Truyén s6 liéu Chuong 8: Ghép kénh (Multiplexing)

Chwong 8: GHEP KENH (MULTIPLEXING)

8.1 Khai niém va phan loai

+ Khai niém: Ghép kénh la tip cic ki thuit cho phép truyén dong thoi nhiéu tin
hi¢u trén mot dwong két noi dir li¢u.
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Hinh 8.1
. Tropg hé théng ghép kénh, n thiét bi chia sé dung lweng ciia mot duong két
noi.
e B0 ghép kénh: MUX
e B0 phan kénh: DEMUX
e Phan loai: C6 3 ky thuat ghép kénh co ban.
FDM: Ghép kénh phan chia theo tan sb.
TDM: Ghép kénh phan chia theo thoi gian. TDM gom:
0 TDM ddng b (con duoc goi 1a TDM).

0 TDM khéng ddéng bd, con goi 1a TDM théng ké hodc tip trung
(concentrator).

- WDM: Ghép kénh phan chia theo budc song.

Multiplexing

Frequency- division Time- division Wave- division
multiplexing (FDM) multiplexing (TDM) multiplexing (WDM)
|
Synchronous Asynchronous

Hinh 8.2

8.2 GHEP KENH PHAN CHIA THEO TAN SO (FDM)

+ Khéai niém: Ghép kénh FDM la k¥ thuat twong tw duoc dung khi bang thong cuaa
dwong truyen 16n hon bang thong t0 hgp cia cac tin hi¢u cin truyen

+ Dic diém:
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Bai giang: Truyén s6 liéu Chuong 8: Ghép kénh (Multiplexing)

Tin hi¢u do moi thi€t bi phat tao ra dugc dicéu ché vai céc tan s6 sobng mang khac
nhau.

Céc tin hiéu sau khi diéu ché duogc t6 hop thanh mét tin hiéu hdn hop dé truyén
qua két noi.

Tan sé séng mang dugc phan chia thianh cic bang thong thich hop véi cac kénh
truyén.

Céc tin hiéu sau khi diéu ché duoc phan cach bdi mot dai tan bao vé (bang bao v¢:
dai bao v¢€), bao dam tin hi¢u khong bi trung tan so, khong gy nhicu.
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Hinh 8.3
8.2.1 Qua trinh ghép kénh FDM:
Multiplexer
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Hinh 8.4

Multiplexer
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Sending Bandwidth

Hinh 8.5

Hinh trén minh hoa ¥ niém ghép kénh FDM trong mién tan sd. Chu ¥ 1a truc hoanh do
trong trudng hop nay 1a truc tan s6. Trong FDM, céc tin hiéu nay duoc diéu ché voi cac tan sd
song mang riéng (f1, f2 va f3) dung diéu ché AM hay FM. Tin hiéu hdn hop c¢6 khd song gip
ba lan tan s6 mdi kénh cong voi cac dii phan cach bao vé (guard band).
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Bing thong hé thong FDM: BWepy= n.BW; +(n-1)BWis, 1
BWpgpnm: Bang thong hé théng FDM;

BW; : Bang thong ngd vao

n: s6 ngd vao

8.2.2 Phan kénh:

Demultiplexer
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Hinh 8.6

Receiving Bandwidth

B6 phan kénh 1a céc bo loc nham tach cac tin hiéu ghép kénh thanh cac kénh phan biét.
Céc tin hi¢u nay ti€p tuc dugc giai diéu ché va dugc dua xudng thiét bi thu twong Ung.

8.3 GHEP KENH PHAN CHIA THEO BUOC SONG (WDM)
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Multiplexing Demultiplexing

Fiber-optic cable A/

Multiplexer Demultiplexer

Hinh 8.7
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Bai giang: Truyén so li¢u

Chuong 8: Ghép kénh (Multiplexing)

Ghép kénh ding phuong phép phan chia theo budc song vé ¥ niém la tuong ty nhu
FDM, trir tin hiéu 14 4nh sang va moi truong 1a cap quang. Didu tuong ty & day 1a hai phuong
phap déu dung cac tan s6 khac nhau cho cac tin hiéu khac nhau.

8.4 GHEP KENH PHAN CHIA THEO THOI GIAN (TDM)

+Khai niém: Ghép kénh phén chia theo thoi gian 13 qua trinh s6 dugc dung khi méi
truwong truyen cé toc d¢ dir liéu lo6n hon yéu cau cia thiéet bi thu va phat.
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Hinh 8.8

TDM c6 hai dang: TDM dong bo va TDM khong dong bo.
oTDM déng bd (con dugce goi la TDM).

0 TDM khéng dong
(concentrator).

8.4.1 TDM ddng bo:

bo, con goi la TDM théng ké hodc tip trung

TDM Ddng bd duge hiéu 1a bd ghép kénh:

e Phan chia cac khe (slot) cho timg ngd vao (source: ngudn) véi thoi gian bang

nhau.

e Ngd vao nao khong co dit liéu truyén thi khe d6 bo trong.

e S6 khe thoi gian bang s6 ngd vao.

e Chiéu dai cua khung bang so6 ngd vao.

e Cac ngd vao c6 cung toc do bit.

g 5 inputs \
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Number of inputs:5
Number of slots in each frame:5

frame n frame 2 frame 1

LD DD |[LDCDCD] [ DCDLD]

Hinh 8.9
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Bai giang: Truyén s6 liéu Chuong 8: Ghép kénh (Multiplexing)

Frame (Khung): Céc khe (slot) thoi gian dwge nhém thanh khung (frame). Mdi frame
gdm mot chu ky day da cac khe thoi gian, bao gdm mot hay nhiéu slot dwoc gan cho ting
thiét bi goi. Trong mot hé théng c6 n duong day, mdi frame c6 it nhat 1a n slot, trong d6 mdi
slot dugc dung dé mang thong tin cta ting ngd vao. Khi tat ca cac thiét bi ngd vao ding
chung dudng truyén dé goi véi cung toc do bit mdi ngd vao cé mot slot trong frame thoi gian.
Tuy nhién, phuo’ng phép nay ciing ¢6é thé cho phép truyén véi cac toc do truyen bit khac
nhau. Khi truyén véi hai slot trong mot frame s& nhanh hon mot khe mdi frame. Mdi khe thoi
gian danh cho thiét bj dé tao thanh kénh truyén cho thiét bi nay.

Chuyén vi (Interleaving): Phuong phap TDM ddng bd c6 thé xem nhu mot chuyén
mach xoay rat nhanh. Chuyén mach nay di chuyén tur thict bi nay sang thiét bi khac theo thir
tu va toc do khong doi. Qui trinh nay dugc goi la chuyén vi (interleaving).

Chuyén vi ¢6 thé duge thuc hién cho tung bit, ting byte, hay ting don vi dir liéu. Noi
khéc di, bd ghép kénh s€ lay mdt byte cua thi€t bi nay, va byte khac tir thiét bi khac. Trong
cung mdt hé thong, cac don vi chuyén vi nay thuong c6 cung kich thudc.
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Hinh 8.10

Demultiplexer
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Hinh 8.11

Tai may thu, bo phan kénh tach mdi frame ra timg lugt mot. Trong phuong thirc gan
cho mdi kénh moét slot, ta thiy c6 nhiing slot trong néu cac kénh chua hoan toan hoat dong.
Trong hinh trén, chi c6 ba frame du tién 1a c6 dit litu déy du, cac frame con lai ¢o cac slot
tréng, thi du nhu ta c6 6 slot tréng trén tong sd 24 slot, 1a mdt sw ling phi dung lwong kénh
truyen.

Rrpw = n X Ry Rypm: Toe do bit cia dir liéu sau khi ghép kénh TDM;

Rpi: Toc d§ cua dir liéu ngd vao.
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n: s6 ngd vao.
RFrame = Rpi/m; m: s0 bit chira trong 1 khe.

+ Ghép kénh TDM c6 cac bit ddng bd (Cac bit tao khung -framing bits):

AlO||D Al1[[DC A|O|[DCBA]|1 DCBA|O| |[DCBA|1

0o 1 o1 0 1

Synchronization pattern

Hinh 8.12

Do cac slot trong phuong phap TDM dong bo du:orc sdp xép theo thir ty, nén ta khong
can thay ddi gi tir frame nay sang frame khac, nén can rét it thong tin overhead(dan duong)
cho moi frame Nham muc dich cho bd phan kénh biét phai chuyén cac slot di dau, nén nhat
thiét phai c6 van dé dinh dia chi. Nhiéu yéu t6 co thé lam cho viéc ding thoi tré nén khong 6n
dinh, nhu thé can thém mot hay nhiéu bit déng bd, dugc thém vao diu mdi frame. Céc bit nay
con dugc goi 1a cac bit tao khung (framing bits), di theo tmg mau, tir frame sang frame, cho
phép bo phan kénh dong bd voi ludng dir liéu dén nham chia cac slot duge chinh xac. Trong
hiu hét cac trwong hop, cic thong tin dong bd gdm mot bit trén mdi frame, lién tiép
giira 0 va 1 (010101010101) va tiép tuc.

RTDM(c(’) tir dong bg) — N X Rhi + Rmee; RTDM: Téc df:) bit caa dir lléll sau khi ghép kénh
TDM;

Ryi: Toc do cia dir li€éu ngo vao.
n: sO ngo vao.
RFrame = Rpi/m; m: s0 bit chira trong 1 khe.

Vi du: Cho 4 nguon vao c6 toc dd 2000bps (250 ky tu/s) dugc ghép kénh TDM dong
bd c6 str dung mau ddng bo. Hay tinh téc d6 bit ludng dir liéu sé sau khi ghép kénh. Biét ring
hé thdng ghép kénh theo byte.

Vi ghép kénh TDM ddng bo c6 st dung mau ddng bd nén tdc do bit ludng dir lidu sb
sau khi ghép kénh la:

R1pM(es tir ddng by) = N X Rpi + Rrrame

n: s6 ngd vao, n=4;

Ryi: Toc dd ciia dir liéu ngé vao. Ry= 2000bps.

RFrame : Toc do frame; Rgyame = Rpi/m; m: s0 bit chira trong 1 khe.
Vi hé théng ghép kénh theo byte nén m=8

Suy ra Rgrame = Rpi/m=2000/8=250 frame/s

Suy ra Rrpwmces tir adng bg) = N X Rpi + Rprame= 4.2000 +250= 8250 bps.
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8250 bps = 250 frames/second x 33 bits/frame
or
8250 bps = 4 x 2000 bps + 250 synchronization bps

8
O
@ 250 frames/second
Each device sends \ M Ijl Ijl Ijl‘
250 characters/s or U »
2000 bps . X
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§ |
S
Hinh 8.13

Gia sir ta ¢c6 bén ngudn vao trén m()t duong truyén TDM dong bo, trong do co su
chuyén vi (interleaving) cac ky tur. Néu mdi nguon tao ra 250 ky tu trong mdi gidy, va moi
frame mang 1 ky tu cia mdi ngudn, dudng truyén c6 thé mang 250 frame/gidy.

Néu ta gia str mdi ky tu gdm tam bit, nhu thé mdi frame dai 33 bit: 32 bit ding cho bdn
ky tu va mdt bit tao khung. Nhin vao quan hé bit, ta théy mdi thiét bi tao ra 2000 bps (250 ky
tu/ 8 bit méi ky ty) nhung duong diy phai din dén 8250 bps (250 frame voi 33 bit mbi
frame): 8000 bit dir li¢u va 250 bit overhead.

Bit nhdi (bit stuffing): Ta c¢é thé cho phép cac thiét bi dwoc truyén tin hiéu véi cac
toc do khac nhau trong TDM dong bd. Thi dy, thiét bi A dung 1 khe thoi gian, trong khi
thiét bi B nhanh hon dung hai slot. $6 hmng slot trong frame va cac duong vao dung céc slot
nay trong hé théng thuong du’orc giit ¢b dinh, tuy nhién tc do truyen c6 thé didu khién duoc
s6 luong céc slot nay. Chu ¥ rang, do dai thoi gian trong mdi slot 1a khong doi. Bé cho
phuong phép nay hoat dong duoc, cac toc do bit khac nhau phai 1 boi s6 nguyén cia nhau.
Thi dy, ta c¢6 thé cho mot thiét bi c6 tdc do nhanh hon 5 1an so véi thiét bi khac bang cach
cung cap cho thiét bi nhanh 5 slot va thiét bj con chi dung 1 slot, tuy nhién, ta khong thé cho
van hanh véi truong hop mot thiét bi co tdc dd nhanh 5,5 1an vi khong thé cung cdp nam va V5
slot dugc trong phuong phéap truyén dong bo nay.

Ta c6 thé giai quyét truong hop trén dung phuong phap goi 1a bit nhdi (bit stufﬁng)
Trong phuong phap nay, mot ghép kénh cong thém maot s bit thém vao dong bit truyén. Thi
du, khi c6 mot thiét bi 6 tde do truyen gap 2,75 1an so voi cac thiét bi khéc,ta thém vao mot
sO bit dé tdc dd co boi s 1a 3 1an so véi cac thiét bj khac. Cac bit thira nay (0,25 1an) s& duge
bd phan kénh nhéan ra va loai di.

8.4.2TDM khong dong bo:

e Phén chia céc khe (slot) cua ting tin hiéu vé6i thoi gian bang nhau.
e S6 khe thoi gian nho hon s6 ngd vao.

e Khong c6 khe tréng.
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5 inputs
\ Number of inputs : 5
Number of slots in each frame : 3
%@ frame n frame 2 frame 1l
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Hinh 8.14

Phuong phép ghép kénh bang cach phan chia theo thoi gian khong dong bo hay phuong
phéap ghép kénh phén chia theo thoi gian dung phuong phap thong ké, duoc thiét ké dé tranh
ling phi ndy. Tir khéng dong bd thwong c6 nhiéu nghia khac nhau khi dung trong ky
thuét ghép kénh va truyén din, trong trudong hep nay, tir nay dwoe hiéu 1a mém déo va
khéng c6 dinh.

Tuong tu nhu trong TDM dong bd, TDM cho phép mot sd cac ngd vao co toc do thip
dugc ghép kénh trong mot dudng truyén téc do cao. Khac voi truong hop ding TDM dong
b, tong sb téc d6 cua cac dudng vao co thé 1on hon kha ning cua dudng truyén. Trong hé
TDM ddng bo, néu ta c6 n ngd vao, frame phai gdm mot s khong doi vai it nhat 1 n slot.
Trong hé khong dong bd, néu ta cé n duwong vao thi frame khong chira nhiéu hon n slot.
TDM khong dong bod hd tro cing sb lugng ngd vao nhu truong hop TDM ddng bd nhung
dung luong duong truyén thip hon. Hay trong cting mét duong truyén, TDM khéng dong b
c¢6 thé hd tro nhiéu thiét bi hon so véi trudng hop dong bd.

S6 lugng cac slot trong frame TDM khong dong bo dua trén cac phan tich thong ké vé
sd ngd vao truyén dan trong cing mot dorn vi thoi gian. Céc slot khong dugc phan trudc, ma
phuc vu cho ngd vao nao c6 dit lidu can truyen Bo ghép kénh quét cac ngd vao, chap nhén
mot phan dit liéu cho dén khi frame duoc lap ddy, va goi frame nay trén duo’ng truyen Néu
khong du dir liéu dé 1ap day tit ca cac slot trong frame, frame chi chuyén di phan da day; nhu
thé kénh c6 thé khong s dung hét 100% kha ning ctia minh. Tuy nhién tir kha ning cho
phép thiét 1ap cac slot mot cach ning dong hon, ghép ndi mot phan nho céc slot ciia ngd vao,
da giam thiéu duoc lang phi trén dudng truyén.

Hinh bén duéi minh hoa mot hé théng v6i 5 may tinh chia xé dudng truyén ding TDM
khong ddng bo. Trong thi du nay , kich thudc cta frame 1a ba slot. Hinh vé& cho thay bo ghép
kénh di xtr Iy ba mirc luu thong khac nhau. Trong trudng hop dau, chi c6 ba trong nim méy
tinh c6 dir liéu gdi (do 1a truong hop trung binh, da cho phep chon ba slot trong mot frame).
Trong trudng hop thir hai, bon ngd vao truyén dit liéu, nhiéu hon mot slot trong frame. Trong
truong hop thtr ba (thdng ké cho thay it khi xay ra), tit ca cac ngd vao déu goi dir liéu. Trong
tat ca cac truong hop, bo ghép kénh quét qua theo thu tu, tir 1 dén 5, 1ap ddy céc slot dé goi
dir lidu di.
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1 _AAAAAA ™~
Y |A1A1 | | E5C3A1 | | E5C3A1 | |E503A1 | | E5C3A1 |
3 ccee| | .-
4 — X a. Case 1: only three lines sending data
EEEE

|
1 __AAAAAA ™~
e Y | A1A1E5 || D4C3A1 || E5D4C3 ||A1E5D4| | C3A1E5 || D4C3A1 |
3 ceec | | .
4 —DDDD | X b. Case 2: only four lines sending data
5 EEEE

|

Hinh 8.15

Trong truong hop dau, ba ngd vao tac dong tuong ung véi ba slot trong mdi frame.
Trong bén frame dau, cac ngd vao dugc phan phdi ddi xtimg doc theo tit ca cac thiét bj thong
tin. Tai frame thtr 5 , thiét bj 3 va 5 da truyén xong, nhung thiét bi 1 con hai ky tu phai goi.
Bo ghép kénh chon A tir thiét bi 1, quét xudng dudong diy ma khong tim thiy thiét bi can
truyén tin, va trd vé thiét bi 1 dé 1y ky tu A cudi. Khong con thong tin cho slot cudi cung, bd
ghép kénh goi frame thir 5 di véi chi co hai slot ¢6 dit liéu. Trong TDM dong b, can séu
frame véi 5 slot mdi frame can dé truyén tat ca cac dir liéu, nhu thé 1a can 30 slot. Nhung chi
6 14 trong s6 céc slot nay duoc sir dung.. Trong hé TDM khong dong b, chi c6 mot frame 1a
dugc chuyén di khong day du. Trong thoi gian con lai , toan kha ning cta duong truyén dugc
su dung.

Trong truong hop thi hai, c6 mét slot thiéu, nhung bd ghép kénh quét tir 1 dén 5, rdi 1ap
day trudce khi chuyén di. Frame dau goi dir liéu tir thiét bi 1, 3 va 4, cht khong phai 5. Bo
ghép kénh tiép tuc quét va thiy con sot mot, nén dua dir liéeu ciia 5 vao slot du tién cua
frame ké, roi quét tro lai 1én trén dé dua phén dir liéu thtr hai cua 1 vao slot thir 2, va tiép tuc.
Nhu thé, khi sd cac thiét bi goi khong bang sb slot trong frame,, cac slot khong duoc lap day
mét cach ddi xtng . Thi du thiét bj 1, chiém slot 1 trong frame dau, nhung lai chiém slot 2
trong frame ké.

Trong trudng hop thir ba, cac frame dugce 1am day nhu trén, nhung lai c¢6 nam thiét bi
can truyén dir lieu. Tu do, thiét bi 1 chiém slot 1 trong frame dau, slot 3 trong frame 2, va
khong c6 slot nao trong frame 3.

Trong thi du 2 va 3, néu toc d6 duong diy bang ba lan toc do truyén cua timg kénh, dir
liéu s& dugc truyén nhanh hon kha nang van hanh cua by ghép kénh. Nhu thé nhat thiét phai
c6 thém mot bd nhd dém (buffer) nham luu trir dit liéu, chd dén khi bo ghép kénh ¢ thé giai
quye€t.

DPinh dia chi (addressing) va overhead:

Truong hop 2 va 3 néi trén da minh hoa dugc yéu diém ctia TDM khong dong bd. Nhu
thé bo phan kénh lam thé nao dé biét duoc la slot nao 1a cua kénh nao? Trong TDM dong bd,
thiét bi c6 dir li¢u trong slot phu thudc vao vi tri thoi gian cua slot trong frame. Nhung di€u
nay khong dung voi truong hop TDM khong dong bd. Nhu thé trong TDM khong ddng bod
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nhat thiét phai c6 phuong phéap dinh dia chi gitip bd phan kénh thyc hién ding chic ning cua
minh. Pia chi nay chi dung mét cach cuc by, dugc bd ghép kénh dinh kém theo khi goi va
dugc bd phan kénh loai di sau khi doc xong.

Khi thém cac bit dia chi vao mdi slot lam gia ting overhead cta hé khong déng bo va
lam giam hiéu ning ciia hé thong. Pé giam thiéu yéu té nay, dia chi thuong chi gdm mot s it
bit va c6 thé rat gon lai bang cach chi truyén toan bd dia chi trong phan dau truyén dén, cac
phan con lai chi truyén di dia chi dang rit gon.

Nhu cau dinh dia chi lam giam hiéu qua cia TDM khong dong bo khi chuyén vi céc bit
hay byte. Gia st khi chuyén vi bit ma phai mang thém bit dia chi; thém mot bit dit liu, ba bit
dia chi. Nhu thé can thém bdn bit dé truyén mot bit dit liéu. Nhu thé cho di ¢6 tan dung hét
cong suit cta kénh truyén di nira thi chi c6 mot phan tu ning luc cia dudng truyén duoc ding
cho viéc truyén dit liéu, phan con lai 14 overhead. Tir d6, TDM khong dong bé chi thuc sw
higu qud khi kich thuéc cdc slot trong frame phdi twong déi lon.

Ciac khe c6 d9 dai thay ddi (Variable-length Tome slot): TDM khong dong bd c6 thé
cho phép truyén dir liéu véi cac téc do khac nhau bang cach thay d6i kich thude cua cac slot
trong frame. Tram phat véi toc dd cao c6 thé dugc cung cip slot c6 kich thude dai hon. Viéc
quan 1y truong c6 do dai thay doi doi hoi phai thém vao cac bit diéu khién tai phan dau cua
mdi slot nhdm cho biét do dai cta phan dir liéu dang dén. Cac bit thém nay ciing 1am gia ting
overhead ctia hé thong va mot 1an nita, c6 kha nang lam giam hiéu sudt ctia hé thong va hé
thdng chi hiéu qua véi cac frame c6 kich thude cac slot 16n hon.

8.4.3 GHEP KENH NGHICH:

1 1
2 2
3 3
MUX » DEMUX
n ———— a. Multiplexing ———————n
1
2
3
Inverse Inverse
MUX ' DEMUX

b. Inverse multiplexing

Hinh 8.16
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Nhu tén goi, day 1a ddi ngiu véi truong hop ghép kénh. Ghép kénh nghich ding luong
div liéu tir mgt dwong toc dp cao va chia cat ra thanh nhiéu phan dé co thé truyén dwgc
dong thoi trén dwong toc do thap, ma khong bi ton that vé toc do dii ligu.

Tai sao lai can ghép kénh nghich?

Thur xét truong hop ta muon truyen dir li€u, thoai va video, vdi cac toc do truyén khac
nhau.

Pé goi voice, ta can két nbi 64 Kbps.

Goi dit liéu, can 128 Kbps

Video c6 khi can dén 1,544 Mbps= 64 Kbps x 24.
Nhu thé ¢6 hai lua chon:

Thué mot kénh 1,544 Mbps tir cong ty dién thoai va rat it khi dung toan dung lugng
kénh truyén va rat lang phi.

Thué nhiéu kénh riéng c6 téc do truyén thap hon 64 Kbps.

Dung mdt phuong thirc duoc g01 1a khd song theo yéu cau (bandwidth on demand)
nham dung cac kénh truyén khi co yeu cau dung kénh. Dit liéu hay tin hiéu video c6 thé duoc

ché nho va gai di trong hai hay nhiéu kénh hon. Néi cach khac, tin hiéu div li¢u va video co
thé dwoc ghép kénh nghich diing nhiéu dwong truyén.

8.5 UNG DUNG CUA GHEP KENH: HE THONG PIEN THOAI

Hinh 8.17

Ghép kénh ludn 1a cong cu chu yéu trong cong nghiép dién thoai, trong d6 da ung dung
ca FDM va TDM. Hién nay, trén thé gidi c6 nhiéu h¢ thong khac nhau. Trong trudong hop nay,
ta thir khao sat hé thong Bic My.

8.5.1.Dich vu séng mang chung va phéin cap (common carrier services and hierarchies):

Services
| Analog services I | Digital services I
Hinh 8.18

Ban dau céc cong ty dién thoai chi c6 thé dung dich vu analog trong mang analog. Hién
nay, cong nghé da cho phép thuc hién cac dich vu va mang so.
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8.5.1.1.DICH VU ANALOG:

C6 hai dich vu cho thué bao 1a: dich vu chuyén mach (switched services) va dich vu

thué (leased services).
| Analog services I
| Switched I | Leased I

Hinh 8.19

Dich vu chuyén mach analog (analog switched service) La dich vu goi méy (dial up) thong
thuong dung tal nha. Dung hai day (hay trong mot sd tru:ong hop, dung bbn day) 1a cap doi
xoan dé két ndi may dién thoai voi mang thong qua tong dai. Két ndi nay duoc goi 1a mach
vong (local loop). Mang duoc két ndi nay doi khi con duoc goi 1a PSTN (public switched
telephone network)

Tin hiéu trong mach vong 13 analog, va bang thong thuong 1a tir 0 dén 4000 Hz.

Trong duong chuyén mach, khi c¢6 tin hiéu goi dén, cudc goi duoc dua dén chuyén
mach, tai tram chuyén mach. Cac chuyén mach chuyén két néi véi nguodi duge goi. Chuyén
mach da két n6i hai may trong thoi gian cudc goi.

Telephone network

AWA
UV

Hinh 8.20

Dich vu thué kénh analog (analog leased service): cung cdp cho thué bao co hoi dé thué
duong day, doi khi con goi 1a dedicated line, tic 14 két ndi thuong truc voi thué bao khac.
Mic du két ndi van phai dung chuyén mach ctia mang dién thoai, thué bao xem nhu 1a mot
day riéng do chuyén mach luén dugc dong, khong can goi may (dialing).

Telephone network

Hinh 8.21

Conditioned lines: Telephone carrier cling cung cép mdt dich vu goi 1a conditioning, tic 1a
cai thién chat lugng dudng day do nhiéu lam nghe khong 16, méo dang tin hiéu va nhiéu do
tré. Piéu kién duong day nay 1a analog, nhung chét luong cho phép dung duoc véi thong tin
di liéu sb néu duoc két ndi véi modem.
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Phén cip mang analog (analog hierarchy):

D¢ tang hiéu qua cia ha ting, cic cong ty dién thoai c6 xu hudéng ghép kénh. Truong
hop analog dung FDM.

Mot trong nhitng hé thong phan cip do AT&T dé thiét 1ap cac nhom, siéu nhom, nhoém
chi va nhom jumbo.

| 48KHZz

» 4 AKHZ 12 voice channels
2 A N
g p AKHZ / 240KHz
_g §—> I'::) Grodp ‘\ 60 voice channels 2.52MHz
‘S . M / 600 voice channels
s - a8 F
p 3 — ™ D Supper group, 16.984 MHz
ﬁﬂ'&m’ S—> M = 3600 voice channels
w —_— Master grou
/ — Jumbo

group

10 supper

6 master groups

Hinh 8.22

Trong phuong phép phan cip nay, 12 kénh thoai dugc ghép thanh mot duong c6 bing
thong rong hon, tao thanh nhom (group). (Pé duy tri bing thong, AT&T dung ky thuat diéu
ché loai bé song mang va bién dudi cua tin hiéu, va phuc hoi chung khi phan kénh). Mai
nhém nhu thé 1a 48 KHz va hd trg 12 kénh thoai.

Trong cip ké, nim nhom dugc ghép thanh mot tin hiéu hdn hop dugc goi 13 siéu nhém
(supergroup), c6 bang thong 240 KHz va hd trg dén 60 kénh thoai. Siéu nhom c6 thé duoc
ghép tir 5 nhém hay 60 kénh thoai riéng biét.

Tiép dén, 10 siéu nhom duoc ghép thanh nhom chii (master group), c6 bang thong 2,40
MHz va do can co6 cac dai bao v€, nénthuc té la 2,52 MHZ. Nhém chu hd tro dén 600 kénh
thoai.

Cudi cung siau nhom chu két hop thanh mét nhém jumbo, c6 15,12 MHz (6 x 2,52
MHZ) nhung ting dén 16,984 MHz do can biang bao vé giita cac nhom chu.

Tuy c6 nhiéu bién thé cta phép phan cip nay (ITU-T ga dong ¥ mot hé thong khac dung

cho chau Au). Tuy nhién do hlen nay cac hé thong analog dang dan duoc thay thé bang cac
mang s, nén ta chi gidi han van dé & day.

8.5.1.2. DICH VU SO

Digital services

I |
Switched/56 DDS DS

Hinh 8.23

Hién nay, cac dich vy s6 dan duge cung cép cho thué bao. Mot trong nhiing uu diém
cta dich vu s 1a tinh khang nhiu t6t hon nhiéu so vé6i analog. Trong hé thdng analog, do dir
liéu va nhiéu déu 1a analog nén kho phat hi¢n va triét nhiéu, con trong dich vu s6 dir lieu la sb
(chi ¢6 hai mirc), nhidu van 1 analog nén qua trinh phat hién va triét nhiéu don gian hon.
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a.Dich vu chuyén mach/56: day la dang s ctia diy chuyén mach. La dich vu chuyén mach
s6 cho phép toc do dir liéu 1én dén 56 Kbps. Dé thong tin trong dich vu nay, hai bén déu phai
dang ky. Mot ngudi goi dung dich vu dién thoai théng thuong khong két ndi duoc véi dién
thoai hay may tinh ding chuyén mach/56 Kbps ngay ca khi ding modem. Néi chung, cac dich
vu analog va sb biéu dién hai linh vuc khac nhau trong dién thoai.

Telephone network

Hinh 8.24

Do duong day ding dich vu chuyén mach/56 tu than di 1a s6, nén thué bao khong can
dung modem dé truyén dir liéu s6. Tuy nhién, phai can mot thiét bi don vi dich vu s6 DSU
(digital service unit). Thiét bj nay thay déi tbc do dit liéu s6 do thué bao tao ra thanh 56 Kbps
va mé héa dit liéu pht hop voi nha cung cip dich vu.

Piéu khong may 1a DSU lai dic tién hon modem, nhu thé tai sao thué bao lai chip
nhéan. Ly do 1a duong day s6 cho phép co toc dp nhanh hon, chat lwgng tot hon va chong
nhiéu tot hon so v4i duong analog.

Biing thong theo yéu ciu (Bandwidth on demand): Chuyén mach/56 hd trg khd song
theo yéu cau, cho phép thué bao c6 toc dp cao hon bang cich dung nhiéu hon mét dwong
day (xem phan ghép kénh nghich). Chon lua nay cho phép chuyén mach/56 hd trg hoi thao
truyén hinh, fax nhanh, multimedia, va truyén dit liéu nhanh, va cac chic ning khac.

b.Dich vu dir liéu s6 (DDS: Digital Data Service): 1a dang khac ctia duong thué bao analog;
tuc la duwong thué dang so voi toc do truyén toi da la 64 Kbps.

Twong ty nhu chuyén mach/56, DDS can ding DSU, trudng hop nay, ding DSU ré hon
chuyén mach/56, tuy khong can dung cac phim.

Telephone network

Hinh 8.25

c.Dich vu tin hiéu sé (DS: Digital Signal service) sau khi cung cap chuyén mach/56 va dich
vu DDS, céc cong ty dién thoai thdy can phat trlen viéc phan cap dich vu s rat glong nhu hé
thng analog. Bu6c ké tiép la dich vu tin hi¢u sé (DS), 1a phan cip cua cac tin hiéu sb.
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64 Kbps

DS-0

—.’

1.544 Mbps
kg bl 6.312 Mb
. ps
/ 4 DS -1 or 96 DS-0 44.376 Mbps
T 7 DS-2 or 28 DS-1
D M y or 672 DS-0
! DS -2 274.176 Mbps
v = 8552
M T DS-3
—
—> D
E— M DS-4
ﬁ
— >
Hinh 8.26

Dich vu DS-0: tuong tu nhu DDS, d6 chinh 1a cac kénh s6 v6i 64 Kbps.

DS-1 1a dich vu 1,544 Mbps; 1,544 13 24 lan cua 64 Kbps cong vdi 8 Kbps cua
overhead. C6 thé duoc ding trong mot dich vu truyén 1,544 Mbps, hay c6 the
dung de ghép kénh 24 DS-0 dé mang bat ky cac thong tin nao ma user yéu cau
trong tam dung luong 1,544 Mbps.

DS-2 1a dich vu 6,312 Mbps; 6,312 Mbps 1a 96 lan 64 Kbps cong véi 168
overhead. Co thé dung dé truyén mét dich vu 6,312 Mbps hay dung ghép 4
kénh DS-1, 96 DS-0, hay két hop cac dich vu trén.

DS-3 1a dich vu 44,376 Mbps; 44,376 Mbps la 672 lan 64 Kbps cong 1,368
overhead. Co6 thé dung truyén mdt dich vu 44,376 Mbps hay 7 kénh DS-2, 28
kénh DS-1, 672 kénh DS-0, hay két hgp céc dich vu trén.

DS-4 la dich vu 274,176Mbps; 274,176Mbps tirc la 4032 nhan v6i 64 Kbps
cong voi 16,128 Mbps overhead. Co thé dugc dung dé ghep 6 kénh DS-3, 42
kénh DS-2, 168 kénh DS-1, 4032 kénh DS-0, hay két hop cac phuong phap
trén.

T-lines: DS-0, DS-1 va tiép tuc 1a tén cac dich vu. Dé thiét 1ap cac dich vu nay, cac
cong ty dién thoai dung day T (T-1 hay T-4). Cac dudong day nay thich hgp mdt cach chinh
xéc voi téc do dit liéu cua dich vy tir DS-1 dén DS-4.

Service Line Rate (Mbps) | Voice Channels
DS-1 T 1.544 24
DS-2 T-2 6.312 96
DS-3 T-3 44.736 672
DS-4 T4 274176 4032

T-1 dugc dung dé thiét 1ap DS-1, T-2 duoc dung dé thiét 1ap DS-2, v.v,....

Trong bang,

ta thay 1a DS-0 thuc sy khong phai 1a dich vy, nhung duoc dinh nghia dé dung lam co so tham
chiéu. cac cong ty dién thoai hy vong la khach hang cua minh thay la cac dich vu cua DS-0

thay thé dugc DDS.
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T line dung cho truyén din analog:

Sampling at 8000 samples/second
Using 8 bits per sample

4KHz 64.000 bps

T-1 LINE 1.544 Mbps
24x64 Kbps+8 Kbps overhead

24 voice channels

Hinh 8.27

Frame T-1: nhu di noi trén, DS-1 cén 8 Kbps lam overhead. Dé hiéu duoc cach tinh
overhead nay, ta can xem xét format ctia frame 24 kénh thoai.

Sarpple n
|
|
Channel Channel | | Channel
| 24 2 1
/\ 1 bit_8 bits 8 bits 8 bits
=4 ; < 1 frame = 193 bits

Frame

Frame
n

Frame
8000 | 1

T-1: 8000 frames/s = 8000 x 193 bps...1.544 Mbps

Frame |

Hinh 8.28

Frame dung cho ddy T-1 thudng 1a 193 bit chia cho 24 slot/8bit va thém mét bit dong
bd (24 x 8 +1 = 193). N6i khac di mdi slot chira mét doan tin hiéu tir mdi kénh; 24 segment
duoc chuyén vi thanh mot frame. Néu T-1 mang 800 frame, toc do dit liéu 1a 1,544 Mbps (193
x 8000 =1,544 Mbps), la dung luong cua duong day.

Fractional T line: nhiéu thué bao c6 thé khong dung hét toan dung luong cua T line.
Dé phuc vu céac thué bao ndy, cong ty dién thoai da phat trién dich vu fractional (phan doan) T
line, cho phép thué bao duoc chia s¢ mot dudng truyén bang cach da hop cac truyén din.

.
i

Hinh 8.29

DSU/CSU T-1line

Thi dy, mot doanh nghiép nhoé c6 thé chi can ¥4 dung lugng duong T-1. Néu bén doanh
nghiép co tru so trong ciing tda nha, ho c6 thé chia duong T-1. Pé thuc hién, ho hudng cac
duong truyén cua ho qua mot b phan goi 14 DSU/CSU (digital service unit/channel service
unit). Thiét bi ndy cho phép ho chia dung luong kénh truyén thanh bén kénh chuyén vi
(interleaving).
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E-Lines: cac dang T line dung tai chau Au thi goi 14 E line. Vé nguyén tic, hai h¢ thong
nay tuong tu nhau, nhung dung lugng khac nhau.

Line Rate (Mbps) Voice Channels
E-1 2.048 30

E-2 8.448 120

E-3 34.368 480

E-4 139.264 1920

8.5.2 Cac dich vu ghép kénh khac:

Ta da khdo sat phuong phap ghép kénh trong mdi truong cép, nhung ghép kénh con co
thé dung duoc trong ca mdi trudng trai dat 1an vé tinh. Ngay nay cic nha cung cap dich vu
dién thoai da dua ra mot dich vu rat manh, nhu ISDN, SONET, va ATM déu phu thudc vao
phuong phéap ghép kénh.

8.6.DUONG DAY THUE BAO SO (DSL)

Puong day thué bao sé (DSL: Digital Subscriber Line) 1a mot cong nghé méi dugc
dung trong cac mang dién thoai hién dai nhu mach vong (local loop) dién thoai, cho phép thuc
hién vi¢c truyén voi toc do cao div li¢u, voice, video, va da phwong tién (multimedia).

DSL 1a mét ho cac cong ngh¢: nam trong s6 d6 la: ADSL, RADSL, HDSL, VDSL va
SDSL.

8.6.1.ADSL.: (asymmetric digital subscriber line)

Céc cong ty dién thoai da thiét 1ap mang s6 dién rong toc do cao dé duy tri thong tin
glua cac tong dal Két ndi giira thué bao va mang, lai Van con la analog (mach vong). Nhu thé
can c6 két ndi s - mot day thué bao s6 - ma khong can phai thay d6i mach vong hién hitu.
Mach vong 1a cap doi xoan c6 bang thong 1 MHz hodc 16n hon.

ADSL la khong d6i xtmg, tirc 1a cung cap téc do bit cao theo chiéu downstream (tir tong
dai dén thué bao) cao hon so voi toc o upstream (tir thué bao dén tong dai). P6 1a diéu ma
thuc té cac thué bao déu can, ho mudn download nhiéu dit liéu tir Internet nhanh va khi gdi
chi chuyén dir liéu dung luong thip (email).

POTS  Upstream Downstream
0-25 25200 250-1000
KHz KHz KHz

Hinh 8.30

ADSL chia bing thong ciia ddy cap xoan (1 MHz) thanh ba dai tan. Dai tan 1, thuong la
tr 0 dén 25 KHz, duoc dung cho dich vu dién thoai théng thwong(plain old telephone
service: POTS). Dich vu ndy chi can bang théng 4 KHz, phan con lai ding 1am bing bao vé
dé phan cach kénh thoai voi kénh dir lidu. Bing thw hai, tir 25 dén 250 KHz, dugc ding dé tao
upstream. Bang thtr ba, tir 250 KHZ dén 1 MHz, dugc dung cho downstream. Mot s6 thiét lap
cho phép trung lip dong upstream va downstream dé cung cip thém bang théng cho
downstream.
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K§ thuat didu ché: Hau hét cac thiét 1ap dau tién cia ADSL déu dung k¥ thuat diéu ché
dugc goi 1a CAP(carrierless amplitude/phase ), tiép dén la dung phuong phap diéu ché khac
duoc goi la discrete mutitone (DMT) 1a chuan duoc ANST dé ra.

CAP: (Carrierless amplitude/phase) 1a k¥ thuat diéu ché twong tw QAM, nhung c6 mot
diém quan trong 14 bo séng mang. Ky thuat nay trong thuc té phtc tap hon QAM va chua
duoc chuén hoa.

DMT: (discrete multitone technique) két horp QAM va FDM, cic bang thong cho mdi
huéng duoc chia thanh timg kénh 4 KHz, véi cac tin sd song mang riéng.

bit 1 OAM
Blocks of | Serial- .
N bits to- bt2 ™ oam
———{ parallel FDM

convert '
er , :

bit N QAM

Hinh 8.31

Hinh v& trén minh hoa y niém DMT dung 4 kénh. Cac bit tir ngudn dugc di qua bd
chuyén doi ndi tiép/song song, trong d6 cac block a bit duoc chia thanh 4 kénh truyén, mbi
kénh mot bit. Tin hiéu QAM duogc tao ra tir mdi kénh duogc ghép theo tan s6 FDM dé tao tin
hiéu chung trén dudng truyén.

Upstream: 64 Kbps to 1 Mbps
Downstream: 500 Kbps to 8 Mbps

Voice L%
To TELCO FDM Upstream
Local loop DMT o e
DMT l é
Downstream
ADSL modem
Hinh 8.32

Chuan A4 SI dinh nghia téc do mdi kénh 4 KHz 1a 60 Kbps, tic 1a diéu ché QAM véi
15 bit/baud.
o Kénh upstream thudng chiém 25 kénh, tirc 13 tbe d6 bit 1a 25 x 60 Kbps, hay 1a

1,5 Mbps. Thong thuong téc do theo hudng nay thay doi tir 64 Kbps dén 1
Mbps.
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o Kénh downstream thuong chiém 200 kéqh, tire 1a toc do bit 1a 200 x §0 kbps,
hay 12 Mbps. Tuy nhién thong thuong tdc do theo hudng nay thay doi tir 500
Kbps dén 8 Mbps do anh hudng ctia nhicu.

Hinh trén minh hoa ADSL, té¢ d¢ bit theo cac chiéu.

8.6.2.RADSL: (rate adaptive asymmetrical digital subscriber line) 1a cong nghé dua trén
ASDL. Cho phép nhiéu cap toc d9 dir li¢u khac nhau tiy theo dang théng tin: thoai, dit
liéu, multimedia, v.v,... Cac toc d6 khac nhau nay c6 thé dugc cip cho thué bao theo yéu cau
vé bang thong. RADSL c6 loi cho ngudi ding hon do chi phi dua trén toc d6 dit liéu can thiét.

8.6.3.HDSL:(high bit rate digital subscriber line) dugc Bellcore thiét ké (hién nay la
Telecordia) 1a mot dang khac ciua 7T-line (1,544 Mbps). Day T-1 dung phuong phap ma hoéa
AMI, thudng nhay cam véi suy hao tai tin sé cao. Piéu nay lam giéi han chiéu dai ciia T-1
chi ¢6 1 km. Dé c6 cu ly xa hon, can co repeater, nhu thé 1a gia ting chi phi.

HDSL dung phuwong phap mi hoa 2B1Q, tirc 13 it nhay cam véi suy hao hon. Tc do dir
liéu c6 thé 1én dén 2 Mbps ma khong can repeater voi cu ly 1én dén 3,6 km. HDSL dung hai
d6i day xoan dé truyén full-duplex.

8.6.4.SDSL.:(symmetric or single-line digital subscriber line) twong tw nhw HSDL nhung chi
dung mdt doi diy xoin, phu hop cho hau hét cac thué bao tai nha, véi cung téc do dit licu
nhu HSDL. Dung mot k¥ thuat dugc goi 1a triét tieng ddi (echo-cancellation) dé truyén full-
duplex.

8.6.5.VDSL.:(very high bit rate digital subscriber line); 1a dang khéc cua ADSL, dung cap
dong truc, cap quang hay cap diy xoin dé truyén cu ly ngin(300 dén 1800 met) Dung k¥
thuat diéu ché DMT voi tdc d6 bit tir 50 dén 55 Mbps cho downstream va 1,5 d&én 2,5 Mbps
cho upstream.

8.7.FTTC (fiber to the curb) :

Cip quang cé nhiéu wu diém, véi yéu té chong nhiéu va biang thong rong . Tuy nhién,
khi so sanh voi cac dang cap khac thi dac tién. Cac cong ty dién thoai va truyén hinh cap da
cai thién bang cach dung phuwong phéap goi 1a FTTC, cho phép dung cip quang véi chi phi
thip. Cap quang duoc dung lam moi trudng truyén tir cac tong dai véi nhau hay tir tong dai
dén 1& duong (curb). Tir 1& duong dén thué bao dung cac méi trudng it tn kém hon nhu cap
ddng truc hay cap xoan.

FTTC trong mang dién thoai:

Fiber M Qéccﬁ
Ul
. X Twisted-pair local loop
High-bandwidth Fiber
fiber M .
To TELCO ——— u .
x  Fiber nt mte.. ¥
Fiber M OOOJ
u
X Twisted-pair local loop
Hinh 8.33

Hé thong dién thoai dung cap quang dé két ndi va ghép kénh nhiéu kénh thoai. Day
dong xoan doi tur tirng ngoi nha (premise) duge ghép kénh trong hdp ndi va chuyén thanh tin
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Bai giang: Truyén s6 liéu Chuong 8: Ghép kénh (Multiplexing)

hiéu quang. Cac tin hiéu quang nay duoc ghép kénh tai tong dai chuyén mach, ding WDM dé
tao bang thong tin hi¢u rong hon.

FTTC dung trong truyén hinh cap:

Hé thdng truyén hinh cap ding cap quang dé két ndi va ghép kénh nhiéu kénh truyén
hinh cap. Céac cap dong truc tir cac ngdi nha riéng biét duoc ghép énh tai hop ndi va chuyén
sang tin hiéu quang hoc. Céc tin hiéu quang nay dugc ghép kénh tai tong dai chuyén mach,
ding WDM dé tao bang thong tin hiéu rong hon.

ﬁ ﬁ...ﬁ

Fiber | Junction l l L
box

Coaxial cable

High-bandwidth

To cable <L
company

: (Iﬁ (I—ﬁooom

Fiber | Junction L
boX  [Coaxial cable

xcZ

Hinh 8.34

Ciu héi:
1. Trinh bay k¥ thuat ghép kénh va phan kén FDM.
2. Trinh bay k¥ thuat ghép kénh TDM khong dong bo.
3. Trinh bay k¥ thuat ghép kénh TDM dong bo.

Bai Tap:
1. Cong thure tinh bang thong tin hi¢u FDM.
2. Cong thire tinh téc d bit TDM dong bd, TDM khong dong bo.
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TU KHOA VA Y NIEM
analog hierarchy
analog leased service
analog service
analog switched service
asymmetric digital subscriber line
(ADSL)
asynchronous
multiplexing
bandwidth
bandwidth on demand
bit stuffing
carrierless amplitude/phase
channel
common carrier
conditioning
demultiplexer (DEMUX)
digital data service (DDS)
digital service unit (DSU)
digital service unit/channel service unit
(DSU/DCU)
digital signal service (DS)
digital sibscriber line (DSL)
discrete multitone technique (DMT)
E-lines
fiber to the curb (FTTC)
fractional T line
framing bit
frequency-division
(FDM)
group
guard band
high bit rate digital subscriber line
(HDSL)
interleaving
inverse multiplexing
jumbo group
local loop
master group
multiplexer (MUX)
multiplexing
overhead
path
rate adaptive asynnetrical digital
subscriber line (RADSL)
statistical time-division mutiplexing
supergroup
switched/56
symmetrical digital subscriber line
(SDSL)

time-division

multiplexing

synchronuos time-division mutiplexing
T lines T-1lines T-2lines T-3
lines T-4 lines

time division multiplexing (TDM)

very high bit rate digital subscriber line
(VDSL)

wave-division multiplexing (WDM)

TOM TAT

% Ghép kénh 1a qua trinh truyén dong
thoi nhiéu tin hiéu qua mot duong
truyén di liéu

% Co6 hai dang ghép kénh la FDM
(phan chia theo tin sé) va TDM
(phan chia theo thoi gian)

X/

¢ Trong FDM, mdi tin hiéu duoc
diéu ché voi cac tan sd séng mang
khac nhau. Cs2c tin hiéu diéu ché
nay duoc t6 hop thanh mt tin hiéu
moi va goi di trén dudng truyén

% Trong FDM, b ghép kénh diéu ché
va to hop tin hiéu con b phan kénh
tach tin va giai diéu ché.

¢ Trong FDM, dai phan céch gilt cho
céc tin higu diéu ché khong bi tring
lap va gay nhiéu qua lai

% Trong TDM cac tin hiéu sd tir n

thiét bi dugc chuyén vi 1an nhau,

tao nén khung (frame) dir li€u (bit,

byte, hay cac don vi dit li¢u khéc).

<+ TDM duogc chia thanh TDM dé}ng
bd va TDM khong dong bd (thong
ke).

< Trong TDM dong bo, mdi frame
chta it nhat mét slot dugc dung
cho mdi thiét bi. Thir ty chuyén dix
liu cua céc thiét bi 1a khong thay
ddi, néu mot thiét bi khong goi dir
lidu thi goi di slot trong.

X/

« Trong loai TDM déng bd, c6 thé co
mot bit tai doau frame nham gitr
dong bo.
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Trong TDM khéng dong bo, thir tu
cac slot phu thudc vao thiét bi nao
co dir liéu can goi.

TDM khong dong bd thém dia chi
thiét bi vao moi slot thoi gian.

Ghép kénh nghich chia dong dur
liél{ tr mot dug‘rng t()c,dcf) cao thanh
nhiéu duong toc do thap.

Dich vu dién thoai c6 thé dung
analog hay so.

Dich vu chuyén mach analog can
c6 goi chudng (dialing), chuyén
mach, va cac két ndi tam thoi chi
dinh.

Dich vu thué analog 13 duong két
nodi thuong tryc gitra hai thué bao.
Khong can goi chudng.

Cong ty dién thoai dung ghép kénh
dé t6 hop cac kénh thoai thanh
nhom du 16n dé truyén hiéu qua
hon.

Dich vu chuyén mach/56 1a dang sb
tuong duong cua duong day
chuyén mach analog. Can cé don vi
dich vu s6 (DSU) dé bao dam tdc
do dir liéu 56 Kbps.

Dich vu dit liéu s6 (DDS) 1a dang
tuong duong cua duong thué kénh

(leased line). DDS ciing can c6
DSU.

DS 1a dang phan cdp cia cac tin
hi¢u TTTTDM.

X/
L X4

X/
L X4

X/
°e

X/
°e

X/
L X4

T line (tir T-1 dé T-4) 1a cac thiét
1ap cua DS. Mot kénh T-1 c6 24
kénh thoai.

Dich wvu fractional T-1 cho phép
nhiéu thué bao chia x¢ mot duong
bang cach ghép kénh tin hi¢u.

T line dugc dung & BécA My, con E
line dugc dung ¢ Chau Au.

Puong day thué bao sé (DSL:
digital subscriber line) l1a cong nghé
dung mang thong tin hién hiru vao
viéc truyén tbc do cao nhu: dit
liéu, voice, video, va multimedia.

Ho DSL bao gom ADSL, RADSL,
HDSL, SDSL va VDSL.

Bang thong downstream trong
ADSL thuong la 4,5 lan 16n hon so
v&1 upstream.

ADSL dung ca k¥ thuat carrierless
amplitude/phase (CAP) va discrete
multitone modulation (DMT).

WDM tuong ty FDM , tuy nhién
truong hop nay 1a anh sang.

Truyén hinh cdp va mang dién
thoai dung ky thuét cap quang dén
1& dudng (FTTC: fiber to the curb)
dé giam thiéu sd luong cap quang
can thiét.

KV thuat DMT (discrete multitone
modulation) 13 két hop cac phan tir
ciia QAM va FDM dé cho phép cé
bang thong rong hon trong dong
downstream.
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