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Bai gidng: H¢ théng vién thong 2

Chwong 1.LY THUYET THONG TIN

Hé théng thong tin duoc dinh nghia 13 hé thong chuyén tai tin tirc tir ngudn phat tin dén noi
thu nhan & mot khoang cach nao d6. Néu khoang cach thong tin nay 16n hon so véi kich thude
cia thiét bi (cu ly thong tin xa), ta c6 mot hé théng vién thong. Hé thong thong tin cd thé
dugc thyc hién giita mot hay nhiéu ngudn phat tin dong thoi dén mot hay nhiéu noi nhan tin,
do d6 ta co kiéu thong tin mot dudng, da duong, phuong thire thong tin mot chiéu, hai chiéu
hay nhiéu chiéu. Mbi truong thong tin c6 thé & dang hitu tuyén hodc vo tuyén, chiang han
dung dy truyén song, cable truyén tin hodc song dién tir vo tuyén.

Kénbh tin

:

+ La tap hop céc tin HT® ding d€ 14p cdc ban tin khdc nhau trong sy truyén.

Nguén tin Nhan tin

A 4
A 4

° Nguﬁn tin:

+ Ngudn tin dugc mé hinh hod todn hoc bing bén qua trinh sau:
- Qua trinh ngiu nhién lién tuc.
- Qua trinh ngiu nhién roi rac.
- Day ngiu nhién lién tuc.
- Day ngiu nhién roi rac.

e Kénh tin: 13 ndi di€én ra sy truyén lan cia tin hi¢u mang tin va chiu tic dong ctia
nhiéu.

So(t) = N Si(t) + Na(t)
+ Si(t): Tin hiéu vao & Sy(t): tin hiéu ra cta kénh tin
+ Nn (t), Na(t) : déic trung cho nhiéu nhan, nhiéu cong.

e Nhén tin: 13 ddu cudi ciia HT® 1am nhiém vu khéi phuc tin tdc ban diu.

Nguén tin Nhan tin
Mai héa ngudn Giai ma ngudn
Ma héa kénh Giai ma kénh

B¢ diéu ché& Giai diéu ch¢&
l A
Phit cao tin | —> Kénh tin —>»| Thucao tin

He¢ théng truyén tin sé (roi rac)
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e Hai van dé co ban cta hé thong truyén tin:

+ Van dé hi¢u suit, néi cach khac 1a toc do truyén tin ciia hé thong.

+ Van dé do chinh x4c, néi cach khac 1a kha ning chong nhiéu ctia hé théng.

1.1

PO LUONG THONG TIN VA MA HOA NGUON

1.1.1 Luwogng do tin tirc

Ngudn A c6é m tin hiéu ding xdac xuit, mot tin do ngudn A hinh thanh la mot day n
ky hiéu a; bat ky (a; € A).

Lugng tin chita trong mot a; bat ky:

I(a;)=logm 1)
Lugng tin chifa trong mot day x gom n ky hiéu:

I(x) = n.log m 2)
Don vi lugng do thong tin thudng duge chon 1a co so 2.

Khi m ky hiéu ciia ngudn tin cé xdc xud't khac nhau va khong doc lap thong ké
véi nhau thi

I(xi) = log (1/p(ay)) 3)
Lug¢ng tri riéng:
I(x;) = -log p(xi) 4)

La lugng tin ban ddu dugc xic dinh biing xac xuit tién nghiém.

Lugng tin con lai cia x; sau khi da nhan dugc y; duge xac dinh biing xdc xuit
hiu nghiém.

1%,/ y,) = ~log p(=1) 5)
Yi
Lu¢ng tin tueng h:
P
L(X /y,)=1(x)=1(x/Yy,)=log— (6)
p(X;,
DPic tinh cua lugng tin:
+ I(x) 2 I(xi 5 yi) (7)
+ I(x)) >0 8
+ I(xiyd) = I(xi) + L(yi) - I(xi5 yi) 9
Khi cip x;, yj doc 1ap thong ké véi nhau thi I(x;; yi) =0
Ta c6:
I(xi; yo) = I(xi) +1(yi) (10)

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 2
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e Lugng tin trung binh: 1a lwgng tin tifc trung binh chifa trong m ky hiéu bat ky
ctia ngudn da cho.

1(x) ==Y p(x)log p(X) (11)
e Lugng tin tuong hd trung binh:
P(X/y)
1(X,Y)= X,y)log ——= (12)
(X,Y) ;p( y)log (%)

e Ludgng tin riéng trung binh cé diéu kién:

LY /X)) ==>"p(x, y)log(y/X) (13)

1.1.2  Entropy va téc d thong tin

Entropi ngudn rdi rac: 13 mét thong sé thong ké cd ban ciia nguéon. Vé § nghia
vat 1y @6 bat ngd va lugng thong tin trai ngudc nhau, nhung vé sé do chiing biing

nhau:
H(X)=1(X)==)_ p(x)log p(x) 1)
¢ Dic tinh cia Entropi H(X):
+ HX)>0

+ H(X) = 0 khi nguén tin chi c6 mét ky hiéu
+ H(X)max khi xdc sud't xud't hién cac ky hiéu ciia ngudn bing nhau.

e Entropi dong thoi: 1a do bat dinh trung binh ciia mot cip (x,y) bat ky trong
tich XY.

H(XY)==>" p(x, y)log p(X,Y) 2)

-XY
e Entropi cé diéu kién:

H(X/Y)==>" p(x,y)log p(x/y) A3)

-XY
e Toc do thi€t 1ap tin ciia ngudn:
R=ng.H(X) (bps) (D
+ H(X); entropi ciia ngudn.
+ ny : s6 ky hiéu dugc lap trong mot don vi thdi gian

e Thong lugng cia kénh C 1a luwgng thong tin t6i da kénh cho qua di trong mot
don vi thoi gian ma khong gay sai nham. C(bps)

e Thong thuong R < C, d€ R tié€n tdi gan C ta dung phép mi hoa thong ké tdi uu
d€ ting Entropi.

+ Thong lugng kénh rdi rac khong nhiéu:
Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 3
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C= Rmax = Io. H(X)max (bPS) (2)
Po du cia ngudn:
ro1o HO 3)
H (X )max

Dung phuong phap ma héa téi vu d€ giam do du ctia ngudén d&n khong hoic
st dung d¢ du ciia ngudn d€ xay dung mi hiéu chéng nhiéu.

+ Théng lugng kénh rdi rac c6 nhiéu:
R =n,I(X;Y) = no[H(X)-H(X/Y)] (bps) 4
Toc d6 lap tin cye dai trong kénh cé nhiéu:

C = Rmax = no[H(X)-H(X/Y)]max (bps) 3)

1.1.3 Ma héa ngudn roi rac khong nhé

Khi mot ngudn rdi rac khong nhd tao ra M ky tu gan nhu bang nhau, R = rlogM, tt ca cac
ky tu déu chira ciing mot lwong tin va viéc truyén tinh hiéu qua c6 thé thyc hién ¢ dang
M-ary véi toc d6 tin hiéu béng voi téc do ky tu r. Nhung khi cac ky tu c6 xac suét khéc
nhau, R = rH(X) < rlogM, viéc truyen tin hiéu qua doi hoi qua trinh ma hoa nguon duoc
thuc hién dua trén luong tin bién d6i cua mdi ky tu. Trong phan nay ta s& xét dén viéc ma
hod nhi phan.

B ma hoa nhi phan, chuyén cac ky tu dén tir nguon thanh nhiing tir ma chtra cac chir s6
nhi phan dugc tao ra véi tdc do bit ¢d dinh r,. Xét & ngo ra, b0 ma hoa giéng nhu mot
ngudn nhi phan véi entropy Q(p) va toc do thong tin r,Q(p) < 1y log2 = rp. RS rang, ma
hoa khéng tao ra thong tin thém va va ciing khong huy hoai thong tin dé cho ma hoan toan
c6 thé giai doan duoc. Do vay, thiét 1ap phuong trinh vé toc do truyén tin giita ngd vao va
ngo ra cua bd ma hoa, ta c6:R = rH(X) = r,Q(p) < 1, hay ry/r > H(X).

Dai luong ry/r 1a mot théng sé quan trong duoc goi 1a d6 dai ma trung binh. V& mit vat 1y,
d6 dai ma trung binh 14 s6 chir s6 nhi phan trung binh trén mdi ky tw ngudn. V& mit toan
hoc ta ¢6 trung binh thong ké:

. M
N=> PN,
i=1

Pinh Iy mi ho4 ngudn ctia Shannon phat biéu ring gia tri cuc tiéu cia N ndm trong
khoang:

H(X)<SN<H(X)+¢
Trong d6 € 13 mot dai lwong mang ddu duong.

. R =rH(X 1.O(p) < 1
Nguon roi rac X) _| Bo ma hoa nhi b2(p) <1o

khong nhé - phan

v
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1.2 TRUYEN TIN TREN KENH ROI RAC

1.2.1 Luwong tin twong hd
Xét hé théng t}ruyén tin nhu trong hinh bén. M6t ngudn roi rac chon cac ky tu tir bang chir
cac X d€ truyén qua kénh. Ly tuong, kénh truyén phai tai tao tai dichky tu duge phat tai
nguon. Tuy nhi€n, nhiéu va cac suy hao truyén khac lam khac di ky tw nguén va két qua la
thu duoc bang ky tu Y tai dich. Ta muon do Iugng tin truyén di trong trudng hop nay.
Nhiéu loai xac suét ky tu khac nhau duoc sir dung lién quan dén hai ngudn trén, mot sd
duoc dinh nghia nhu sau:
P(x;) 14 x4c sudt ma ngudn chon ky tu truyén x;
P(yi) la xac suét ky tu yi dugc nhan tai dich.
P(xiyi) 1a xac suat dé x; dugc phat va y; dugc nhén.
P(xi/yi) 1a xé&c suat co diéu kién khi tmyén di x; va nhan dugc y;
P(yi/xi) 1a xé&c suat co diéu kién khi y; dugc nhan va ky tu truyén di la x;.
Luong tin tuong hd duoc dinh nghia nhu sau:
P(X 1Y)
P(X;)

I(X;;Y;) =log bit

Luong tin twong hd thé hién luong tin truyén di khi phat x; va thu duoc y;.

Ngoai ra, nguoi ta con dinh nghia lugng tin twong hd trung binh. Pai luong nay dic trung
cho luong tin ngudn trung binh dat dugc trén moi ky tu dugc nhan.

H(XY) =D POy I3 y))

Qua mot vai phép bién ddi ta dugc:
I(X5Y)=H(X)-H(X|Y)
Trong do:
1
H(X[Y)= > P(xy;)log———
Zj TP LY

La lugng tin mét di trén kénh nhiéu.

1.2.2 Dung lugng kénh thong tin roi rac

Dung luong kénh dugc dinh nghia 1a lugng tin cuc dai dugc truyén qua trén mdi ky tu
kénh:

C, = rg%au); I(X;Y) (bit/symbol)

Xi

Ngoai ra, nguoi ta con do dung lugng kénh theo toc do tin. Néu goi s 1a tbe do ky tu toi da
cho phép boi kénh thi dung luong trén moi don vi thoi gian dugc tinh nhu sau:

C = sC; (bit/sec)
Dinh 1y co ban ctia Shannon ddi vdi mot kénh truyén c6 nhidu dugc phat biéu nhu sau:

Néu mot kénh c6 dung lugng kénh C va mot ngudn co tde do tin R < C thi ton tai mot hé
thong ma hod dé ngd ra cta ngudn cé thé dugc phat qua kénh voi mdt tan s6 161 rat nho.
Nguoc lai, néu R > C thi khong thé truyén tin ma khong c6 161.
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1.3 MA HOA NGUON TIN

1.3.1 Mi hi¢u

1) Ma hiéu va cdc thong sé cd ban ciia ma hiéu:

e (o sd cia ma (m) 1a s6 cac ky hiéu khiac nhau trong bang chit ctia ma. Déi véi
ma nhi phin m= 2.

e Do dai cia ma n 1a sé ky hiéu trong mot tir ma. Nén do dai cdc tf ma nhu nhau
ta goi 1a ma déu, ngugce lai 1a ma khong déu.

e D{ dai trung binh cia b ma:

n=> p(x)n, (M

+ p(xi): x4c sudt xudt hién tin x; cia nguén X dugc ma héa.
+ n; : do dai ti ma tuong wng vdi tin x;.
+ N: Tong so tif ma tueng Wng véi tong sé cac tin cha x;
e Téng hop cic td hgp ma c6 thé cé duge: Np=2"., néu:
+ N<Nj ta goi la ma véi.
+ N>Nj ta goi 1a ma day

2) Piéu kién thi€t 1ap ma hiéu:

e Diéu kién chung cho cic loai mi la quy luit dim bao sy phan tich cic té hop
ma.

e Diéukién riéng cho cic loai ma:

+ P4 véi ma thong ké t6i vu: do dai trung binh t8i thi€u ctia ma.

+ D4i v6i ma sita sai: kha niing phat hién va sita sai cao.

3) PHUONG PHAP BIEU DIEN MA.

a- Cdc bang ma:

Tin a a as P} as

Tuema |00 01 100 1010 1011

Mt tao do ma:
by =Y o2 (1)
K=1

ok =0 hay 1;
K: s6 thif tu ciia ky hiéu trong tir ma
b- D6 hinh ma:
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Cay ma

Do hinh két cdu
a0 a1011)

c- Ham ciu tric cia ma:
2 Khin;=2
G(ny) = 1 Khin=3

2 Khi n; = 4
4) Piéu kién d€ ma phan tiach dugc :

e Ma c6 tinh Préphic

- Bat ky day cac t& ma nao ctia b ma ciing khong dugc trung véi mot day tur
ma khic ciia cung by ma.

- MaA c6 tinh préphic néu bat ky t§ hgp ma nao ciing khong phai la préphic cta
mdot td hgp nao khic cung bd ma. Piéu kién dé ma c6 tinh préphic:

D 27G(j)<1
j=1

e Mai hé thong c6 tinh phéphic duge xdy dyng tif mot ma préphic nao dé bing
cich 14y mot so t6 hgp clia ma préphic géc 1am té hgp s¢ ding va cic td hgp
con lai 1am t3 hgp cudi. Ghép cac td hgp so ding v6i nhau va ndi mot trong
cac td hgp cudi vao thanh t6 hgp ma méi goi 1a ma hé thong cé tinh préphic.

e Vidu: Lay bd ma préphic 1,00,010,011
- Céc td hgp so dang: 1,00,010
- Mot td hgp cudi: 011
e Goi:
- ny, Ny,..., ;12 d9 dai cac td hgp so dﬁng
- My A2pery i 12 @0 dai cdc t6 hop cudi
- S8 ¢6 thé ¢ duge cac diy ghép bing cic t8 hgp so dang cé do dai n; bing :
g(ny = g(nj-my) + g(njrm) + .+ g(ny-m) - (1)
Trong dé: n; >1;g(0)=1; g(nj<0)=0
e N&u chi diing mot té hgp cudi A, ham cdu triic ma sé& la:

G(ny) = g(nj- 1) (2)
Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 7
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+ Tu (1) va (2) ta c6 cong thic truy chifng tinh G(n;)
G(ny) = G(nj-ny) + G(nj-ny) + ..+ G(nj-n;) A3)
Trong d6: n; > A+1; G(nj=1A) =1; G(nj<1) =0
+ Tu (1) ta c6: ny=1, n,=2, n3=3 va A =3
= g(my) = g(ny-1) + g(n;-2) + g(n;-3)
g(n=1)=g(0) +g(-1) +g(-2)=1—>cé 1day1
g(nj=2) = g(1) + g(0) + g(-1) =2 — ¢6 2 day: 00 va 11
g(n;=3) = g(2) + g(1) + g(0) =4 — c6 4 day: 111, 100, 001, 010
+ Tu (3) ta co:
G(n) = G(nj-1) + G(n;-2) +G(n;-3)
Trong d6: n=2 +1=4 ; G(n;=3) =1 ; G(n;<3) =0
G4)=G3)+G2)+G(1) =1—> c6 1day 1011
GO =G4 +GQ3)+G(2) =2 —> cb 2day: 11011 va 00011
G(6) =G(S) + G4) + G(3) =4 — c6 4day: 111011, 100011, 001011, 010011
G(7)=G6)+GOB)+G4) =7
+ Ta c6 thé tim G(n;) tit cong thifc (2) :
G(ny) = g(n;-3)
G4 =g4-3) =g =1
G(5)=g(5-3)=g(2)=2
G(6) = g(6-3) =g(3) =4

e N&u ding nhiéu té hgp cudi dé ghép Ay, Az, ..A5, cdch ghép cic diy td hgp so
diing vdi mét trong cic td hgp cudi cé nhiéu cich.
G(ny) = gmj- A1) + g(nj - 1) + ...t gy - Ai)  (4)
- Vidu: V6ibd ma & trén ta lay
+ Hai té hgp so dfmg : 1,00 = n=1,n=2
+ Hai td hgp cudi: 010,011 = 1, =1, =3
+ Tit (1) ta tinh dugc s6 c6 thé c6 duge cac diy ghép biing cic té hop so dang c6 do
dai n; biing:
g(ny) = g(n; —1) + g(nj-2)
Trong dé n;j>1,g(0)=1,g(0)=0
g)=g0)+g(-1)=1= 1day :1
g2)=g1)+g0)=2=2day:11 va 00
g(3)=g(2) + g(1) =3 = 3 day :111, 100, 001
g(4) =g(3) + g(2) =5 = 5day :1111, 0000, 1100, 0011, 1001
+ Tu (2) ta co:
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G(n;) = 2g(n;-3) trong do6 n; >4; G(3) =1; G(<3) =0
G4)=2g(1)=2x1=2=1010 va 1011

G(5) =2g(2) =2x2 =4 = 11010, 00010, 11011, va 00011

G(6) =2g(3) =2x3 =6 = 111010, 100010, 001010, 111011, 100011, va 001011
G(7)=2g4)=2x5=10

1.3.2 Cac loai mi théng ké t6i wu (TKTU)

1) Mot so dinh 1y co ban cia ma TKTU

Pinh Iy gi6i han vé& d dai trung binh cda ti¥ ma: n
H(U) < n <H(U) +1 (1)
= mai thong ké c6 hai dic di€ém sau:
Céc ky hiéu khac nhau ciia bo chit phai dong xac suat.
Xd4c suat xuit hién cdc ky hiéu trong tir ma khong phu thudc s c6 mit cia cic
ky hiéu ra trudc.
Tiéu chudn ma kinh t& t6i vu:

p= M (2) H(U): Entrépi ctia nguén

n

n :do dai trung binh ciia tif ma.

=> p cang ti€n tGi 1 tinh kinh t& ctia ma cang cao.

Ma théng ké cé tinh prephic.

2" <pu) Q& if"‘ <1 “4)

2) Ma Thong ké téi vu Sannon:

Céc bugce thuc hién ma thong ké t8i vu Sannon:

Buéc 1: Liét ké cdc tin ctia nguon U; va cdc xdc sudt p; tuong ing theo xac suit

giam dan.

Budc 2: Ung véi mdi hang u;, p; ghi mot s& P; theo bi€u thic:

Pi = Pp1 + p2 +....+ Pi1

Budc 3: Poi cac so thap phan P; thanh cic s6 nhi phian
Buéc 4: Tinh do dai tu ma:

27" < pu) <2 (2)

Budc 5: Tit ma (nj, by sé 1a n; ky hiéu nhi phan (k& tir s6 1é tré di) ciia sé nhi
phan P;

Vi du: 14p ma cho nguén U cé so d6 théng ké:

Ui U; U, Us Uy Us Us U
pi 0,34 0,23 0,19 0,1 0,07 0,06 0,01

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 9
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U; pi P; So nhi phan P; n; T ma

U; 0,34 0 0,0000 2 00
U, 0,23 0,34 0,0101 3 010
Us 0,19 0,57 0,1001 3 100
Uy 0,1 0,76 0,1100 4 1100
Us 0,07 0,86 0,11011 4 1101
Usg 0,06 0,93 0,11101 5 11101
Uy 0,01 0,99 0,1111110 7 1111110

+ P; dugc tinh theo buéc 2:i=1->P;=py=0
i=2>P,=p;=0,34
i=3->P;= P1+PpP2= 0,57

+ DP3i P; sang s& nhi phan:

P; = 0,34 P; = 0,86
_ x2 _ x2
0,68 —> 0 1,72 > 1
_ x2 -1
1,36 > 1 0,72
-1 _ x2
0,36 1,44 > 1
_ x2 -1
0,72 >0 0,44
_ x2 _ x2
1,44 > 1 0,88 —> 0
Khi do P; = 0,34 _ x2
— 0,0101 1,76 > 1
1
0,76
x2
1,52 >1
Khi dé P; = 0,86 — 0,11011

+ Tinh n; theo (2)

n;=1=2"=0,5> p;=0,34 = bi loai

n =2 = 27%=0,25 < pi=0,34 < 3'2=0,5 = théa min = vay ta l4y n; = 2 suy ra tir

ma: 00

ni=3 = 27 = 0,125 < p;=0,23 <0,25 = 18y n; =3 = 010

e Tinh kinh t& ciia ma:

7
HU)=-> plog, p; =-[0,34log, 0,34 +...+ 0,01log, 0,01] ~ 2,37

i=1
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_ 7
n=> pn =(0,34x2)+(0,23x3)+...+(0,01x7) = 2,99
i=1
S e HU) 237
n 299

=0,81

3) Ma thong ké toi uu Fano:
Céc budce thuc hién ma hoa ma théong ké toi vu Fano:

Buéc 1: Liét ké cdc tin n; trong mot cot theo thi tu p; gidm dan.

Buéc 2: Chia 1am 2 nhém cé tong xac sudt gan biing nhau nhat. Ky hiéu mi ding
cho nhém diu 1a 0, thi nhém thi 2 1a 1.

Buéc 3: Mdi nhém lai chia thanh hai nhém nhé cé x4c suit gan bing nhau nhat
(ky hiéu 0 va 1). Qua trinh cif ti€p tuc cho dén khi chi con mot ky hié¢u thi két

thuac.
U; Pi 1 2 3 4 5 T ma
U 0,34 0 0 00
U, 0,23 0 1 01
Us 0,19 1 0 10
Uy 0,1 1 1 0 110
Us 0,07 1 1 1 0 1110
Us 0,06 1 1 1 1 0 11110
U; 0,01 1 1 1 1 1 11111

e Thuc hién buéc 2:

- CadchlI:

pi+ p2 = 0,34 + 0,23 = 0,57
P3+ Pa + Ps+ P + p7 = 0,43
Do chénh léch : 0,14
- Cdch 2:
P1t+p2+ P3 = 0,76
P4 + Ps+ Pe + pr= 0,24
Do chénh léch: 0,52
Vay cach chia thd nha't cé xac suit gan bing nhau hen cich chia thi hai, nén
ta chon cach chia thi nhat. Qu4 trinh cif thé ti€p dién.
e Thyc hién buédc 3:
- Cach 1:
ps = 0,19
P4 + Ps+ ps + p7= 0,24
Do chénh léch : -0,05
- Cdch 2:
p3+ps = 0,29
Ps+ P+ p7=-0.14
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Po chénhléch: 0,15
VAy ta chon cich thd nhat.

_ 7
n="> p;n =(0,34x2)+(0,23x2)+(0,19x2)+(0,1x3)
i=1

+(0,07x4)+(0,06x5)+(0,01x5) = 2,41
HU) _237
no 241

p= = 0,98

= ¢6 thé v& cAy ma cho TKTU Fano.
e Nhan xét vé ma thong ké toi vu Fano:

Uu: Véi cach chia nhém dong xac suit, sy 1dp ma TK t6i vu dong thdi ciing 1a ma

préphic.
Khuyét: Khong cho phép lap ma duy nhit, nghia la ¢é nhiéu ma tuwong duong vé
tinh Kinh t&.
Vi du: ddi véi ngudn tin duéi day it nha't c6 hai cach chia c6 tinh kinh t& nhu sau:
U; pi Cach chia Tu ma Cach chia 2 | Tuw ma
1
U, 0,19 00 00 000 000
U, 0,19 010 010 001 001
Us 0,19 011 011 01 01
Uy 0,19 10 10 10 10
Us 0,08 110 110 1100 1100
Us 0,08 1110 1110 1101 1101
Uy 0,08 1111 1111 111 111

_ 7
n, :zpini =(0,19x2) + (0,19x3) + (0,19x3) + (0,19x2) + (0,08x3) + (0,08x4) +
i=1

(0,08x4) = 2,46

o 7
n, :Z p;n, =(0,19x3) + (0,19x3) + (0,19x2) + (0,19x2) + (0,08x4) + (0,08x4) +

i=1

(0,08x3) = 2,46

Cung mot bo ma nén H(u;) = H(uy) suy ra p; =p2.

e D& khic phuc nhuge diém ctia ma thdng ké tdi vu Fano ta nghién ciu ma
thong ké toi vu Huffman.

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM
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Cdch chia 2 us ué

Cdch chia 1

uéb u7

4) Ma TK tdi vu Huffman:

P A 2 A A ~ . 2 A [ ERRN ~ 4 nle o A VN A N
Theo Hopman dé c6 mot b0 ma Prephic co d) dai tor ma toi thiéu, dieu ki€én can
va di 1a théa man 3 tinh chat sau:

1- Tinh thi ty do dai cac tif ma: p; > p; véii <j thin; <n;

2- Tinh nhitng tit cudi: c6 do dai bing nhau, chi khiac nhau vé trong sé cua ky
hiéu cudi cung.

3- Tinh lién hé giita nhitng tif cudi va ti trude cudi.

e Céc buéc thyc hién ma héa TK toi wvu Hopman.

Buéc 1: Cac ngudn tin dugc liét ké trong cot theo thif ty xdc sud't xuat hién giam

dan.

Budc 2: Hai tin cudi cé xdc suat bé nhat dugc hgp thanh tin phu méi cé xac suat

biing tdng xdc suit cic tin hgp thanh.

Budc 3: Céc tin con lai (N-2) vé6i tin phu méi dugc liét ké trong cot phu thif nhat

theo thif ty xdc sui't giam dan.

Buéc 4: Qua trinh cif thé ti€p tuc cho d&n khi hgp thanh mét tin phu cé xdc suat

xué't hién bing 1.

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 13
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u; Pi Tw
ma

u, | 034 0,5§ 0o

w, |023|0 |04 I 10

w; | 0191 11

0] 0,24
u, | 0,10 1, 011
ug | 007 0} 0,14 0100
1
g | 00605007 ” 01010
w; |00LLLly 01011

e Tit ma dugc doc nguge tir diu ra vé ddu vao. Ciing c6 thé diing cAy ma dé xac

dinh ma Hop nam:

ul(0,34)

u5(0,07)

u6(0,06)

e Tinh kinh t&: p = 0,98

Miic di1 t6i vu hon so véi ma Sannon va Fano, nhung khi b mi ngudn cé nhiéu tin
thi b ma tré nén cong kénh. Khi 6 ngudi ta ké't hgp 2 phudng phap ma héa: Ma

Hop man + ma déu.

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM
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n P, LE Hép man L& | Tirmi
1
déu
w, |05 IRE 0
u; 0,25 ] A G,Slk 10
5 0,D3J.iL l l a0 11000
uy 00315 G.lﬁ: 1 11001
us 0,031 0 10 11010
g 0,051 11 11011
u; 00,0157 0,25 Qoo | 111000
ug 00,0157 oo 111001
g 00157 ol 111010
g O0L57 | 0,125 011 111011
I;-H
n 005G | 1 oo | 111100
11
2 00156 101 111101
g3 00,0155 110 | 111110
=
g4 00155 111 111111

4
H(u) = - > p;log, p;, =

i=1

-[0,510220,5 + 0,2510g,0,25 + 0,12510g,0,125] =

_ 4
n=>" pn; =(0,5x1) +(0,25x2) + ((0,125x5) +0,125%6 = 0,5 +0,5+0,625+0.75=2,375
i=1

:H(u)_

p — =
n 2,375

1.4 MA HOA KENH TRUYEN (MA PHAT HIEN VA SUA SAI)

1.4.1 Khai niém ma phat hién va sira sai
e Dang sai lam ctia mi hiéu dugc truyén tuy thudc tinh chat théng ké ciia kénh:
- sai ddc 1ap din dé&n sai ngiu nhién: 1 hoic 2 sai.
- Sai tudng quan din dé&n sai chum (sai cum)
= Ngudi ta thong ké: sai ngiu nhién x4y ra 80%, sai chum xay ra 20%.
e Xdc suit xudt hién mét tif ma n ky hiéu c6 t sai bat ky:
p(n,t) = Co'ps'(1-py)™* 1)
1) Cd ché phat hién sai ciia ma hiéu

e S& ty ma c6 thé c6: Ny =2"

e SO tif ma mang tin: N = 2%,

Trwong Dai hoc Giao Thong Vin Tai Tp.HCM 15
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e SO ti mi khong ding dén: 2" -2" (s6 té hop cam)

e D& mach c6 thé phat hién hét i 16i thi phai théa min diéu kién:
2n

1+ E

2k <

(2)
2

Trong dé EZ =Ei+Ex+...+E; 3

Ei, E,, .. E;la tap hgp cdc vector sai 1,2 . . .i 16i.

e D& phat hién va sita hét sai 115i ta c6:

2k < 2
n+1

4)

2) Kha ning phat hién va sita sai:

e Trong s6 Hamming ctia vector t: ky hiéu, w(t) dugc xdc dinh theo so cdc thanh
phan khac khong cia vector.
Vidu:t;=1001011 = w(t)) =4
e Khoang cich giita 2 vector ty, t;. ky hiéu, d(t;, t;) dugc dinh nghia 1a s& cac
thanh phan khac nhau giita chiing.
Vidu:t;=010001 1= d(ty, t;) =3 chiing khac nhau ¢ vitri 0,1 va 3
e Khoang cich Hamming giita 2 vector mi t;, t, bing trong so ctia vector tdng
t1D Dty
d(ty, t2)=w(t;® Dty).
t;=1001011
@©t,=0100011
t:©t,=1101000 = w(t;® tz) =3 =d(ty, t2)

e Piéukién d€ mot ma tuyén tinh c6 thé phat hién dugc t sai:

d>t+1 &)
vidu: [ t=1—>d>2;t=2—>d>3
t=5—->d>6

e Piéu kién d€ mot ma tuyén tinh c6 thé phat hién va sia dugc t sai: d > 2t + 1
(6)
t=1->d>23t=2->d>5t=5—>d=>11

3) Hé so sai khong phat hién dugc:

Vi du: d6i v6i bé ma (5,2) c6 trong s6 Hamming w =2 ta xdc dinh dugc hé s sai
khong phat hién dugc:

p’ = C2'paCs' pg’ + Cr'p’Cs’p’q (7

néu p =107 = p’ ~ 6p* = 6.10°° nghia 1a c6 10° bit truyén di, 10° bit bi sai thi c6 6 bit
sai khong phat hién dugc.

4) Phuong trinh dudng truyén —Vector sai — cd ché sita 16i:

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 16
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Goi tf ma phatdila T.
Goi tir ma nhin dugce la R
Goi tif ma sai do dudng truyén gy ra la E.

= phuong trinh dudng truyén: R = T® ®E

T=R® ®FE 8)

E=T® ®R
Doi v6i ma nhi phan 3 phuong trinh trén twong duong nhau.
Vector sai: E = (e, ey, ..., €,) 9)
Vidu:E=(1001010) > saiGvitri0,3,5

Trong cic hé thong truyén so liéu cé 2 co ché sita 16i:

Co ch& ARQ: co ché yéu cdu phat lai s6 liéu mot cach ty dong (khi phat hién sai)

. ¢¢ ch& nay c6 3 dang co ban:

Cd ché ARQ dirng & chd (stop and wait ARQ)
Co ch& ARQ quay ngugce N vector (N go back ARQ).
Co ch& ARQ chon lya viét Lip lai.

Cic co ch& nay da dugc hoc trong moén “Truyén sé liéu”.

Co ch& FEC (Forward Error Control): phat hién va tu sita sai sit dung cac loai
ma sifa 16i.

Khi cé sai don (1 sai) ngudi ta thudng dung cac loai ma nhu: ma khéi tuyé&n
tinh, ma Hamming, ma vong...

Khi ¢6 sai chum (> 2 sai) nguoi ta thuong dung cac loai ma nhu: ma BCH, ma
tich chap, ma Trellis, ma Tubor, ma Tubor Block, ma tong hgp GC...

1.42 Mai khéi tuyén tinh

1) Dinh nghia:

Khi cic bits mang tin va cdc bits ki€m tra dugc phan thanh titng khdi tach
bach, sy mi héa & gidi mi cé th€ ti€n hanh theo tirng khdi bing cdc ti ma
riéng ré & st dung cac phép tinh cua dai s6 tuy&n tinh.

DPinh nghia: ma khdi d§ dai n & k bits mang tin dugc goi 1A ma khdi tuyé&n tinh
C(n,k) n€u va chi né€u 2" tit ma 1ap thanh khong gian vector n chiéu 2" trén
trudng Galois so cAp GF (2)

2) Phuong phdp tao ma khéi tuyén tinh:

Vi ma khéi tuyé&n tinh C(n,k) cé khong gian con tuyé&n tinh k chiéu ctia khong
gian vector n chiéu, nén ton tai k tit ma doc lap tuyén tinh gy, g, ..., 8.1 trong
C, sao cho mbi tir ma trong C 1a t§ hgp tuyé&n tinh cia k tit ma d6:

t= Upgo + U181+ ... +Uk-18k-1 (1)

Trong d6 u;=0hoac1véil < i< k-1

Trwong Dai hoc Giao Thong Vin Tai Tp.HCM 17



VIENTHONGOS5.TK

Bai gidng: H¢ théng vién thong 2

¢ Goi G la ma tran sinh:

-~ N
2o goo Sor.-- £0,n-1

G(k,n) = g1 = | 810 811... S1,n-1 (2)
N~ 8r1 1,0 8k-1,1++ o Sk-1,n-

Trong do: gi = (gioy ity ---es Cin-1,) VO 0 < 1< k-1

¢ Goiula thong bao can ma héa:

U= Up 5 Ugge ooy Uk-1

3)

Véiui=0hoaclva0< i< k-1

e Goitla tu ma phat di: t =ty t; ...t 4)
Véitj=0hodac1lva0< j< k-1

e Khi bi€t ma tran sinh G ta c6 thé tao dugc tir ma phat di:

€))

'gkfl

T ma phat di t tr (5) chua phai 1a ma khéi tuy&n tinh.

e Ma khdi tuyé€n tinh hé thong c6 ciu tric:

n-k bits ki€m tra

K bits mang tin

< PO dai to ma :

n

= Khi dé ta can tim ma trin sinh dang chinh tic G:

G(k,n) =

Trong dé p;j=0hodc 1 va

G(k,n) = [p(k,n-k),Ik} (7)

2o
21

k-1

Poo Por ...
P10 P ..

Khi d6 t = u.G s& 1a ma héa khéi tuy&n tinh.

e Theo 6 & 8 ciac so hang cua t la:

Truwong Dai hoc Giao Thong Vin Tai Tp. HCM
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tn-k+i = Uj vei 0 <i<k-1 (9)
tj = WoPo;j + WPy + U2P2j + ...+ Uk-1Pk-1, (10)

T (9) ta thay k bits bén phai ciia tif ma t trung véi k bits thong tin ug, uy, ..., uxq
va (n-k) bits bén traila cac bits kiém tra.

Vi du: xét ma khéi tuyén tinh C(7,4)cé thong bdo cAn ma héa u = (uy, uy, uz, uz)
& tir ma phét di tu’o’ng li’ng t= (to, t1, tz, ts, ty, ts, t6)

e Cho G(4,7) dang khéong chinh tic ta di tim G(4,7) dang chinh tic:

1101000 | (1) 1101000 =1
0110100 | (2) 0110100 =2
G@,7)= (0011010 | 3)= G(4,7)= 1110010 3=1+3

0001101 @ 101:0001 4=1+2+4

e Cho tin cAn phat di: u = (ug, uy, uy, uz) = (1 0 1 1) ta tim t ma phat di theo 2
cong thic 5 & 8 tir d6 rit ra nhian xét
1101000
t =u.G = (ug, uy, Uz, U3) 0110100
- 1110010
1010001

to=up. 1+ .0 +m0+u3.0=uy=1

ti=wp vl + w0+ uw0=u+uy=1+0=1
tL=u0+wl+wml+uwl=u+wmu=0+1=1
t=uwl+ul+ml+wl=np+mw+uw=1+1+1=1
ts=u0+ul +wm0+uwl=u+uw=0+1=1

ts =up.0 + .0 + L.l + w0 =w=1

te=10.0 +u.0 + .0 +uz.1=u3=1
VAay ta c6 ti ma phatdit=(1111111)Kkhéng c6 dang ma khéi tuyén tinh.

1101000
t =u.G =(ug, uy, Uz, U3) 0110100
S 1110010
1010001

to=udl+u0+wml+wl=v+uwm+u; =1+1+1=1
ti=wl+wml+wml+w0=+uy+uw=1+0+1=0
tL=wl+wml+ml+wl=uy+m+u3=0+1+1=0
tz=uwl + 0.0+ m0+u.0=uy=1

ts=u.0 + .l +w.0+u3.0=u,=0

ts =up.0 + .0 + .l + w0 =w=1

tg = 110.0 + ll1.0 + ll2.0 + ll3.1 = uz= 1
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Vay ta c¢6 tif ma phatdi: t =(1001011)cé dang ma khéi tuyén tinh.

Chou=0000— 1111 tasélap duge td hgp 16 ma phat di tuong @ng véi cac
tin can phat.

V6i moi ma tran G(k,n) véi k hang doc 1ap tuyé&n tinh sao cho moi vector thujc
khong gian ¢é ¢d s6 1a hang cia G tryc giao véi H va ngugc lai, nghia 1a G.H"
=0 (11). H chinh 14 ma tran ki€m tra.

= Pinh I§: Vector t gdm n s hang 1a mét ti mi ctia ma khéi tuyén tinh C(n,k)
sinh ra béi H néu va chi néu t.H" = 0 (12)

Khi @6 ma tran H dang chinh tic sé c6 dang:
10---0p00---Pk-1,0

01...0p01...pk_1,1
Hln-kxn]=[1,PT]=| ..... (13)

00...1po nk1-Pr-tsnk1

T ma phat di twong Wng dang ma khdi tuyén tinh sé la:
t= [to t1 cee tn-k-l UoUg... llk.1] (14) nén tw (12) ta co:

tj + WoPe;j + WPy + . . - + Uk-1Pk-1,j = 0
v6i 0 < j<n-k-1 (15)
Vi du: tir G(4,7) ta hoan vi hang thanh cét ta sé dugc ma tran ki€m tra dang
chinh tic:
1001011
H[3,7]= 0101110
0010111

Két lugn: d€ ti€n hanh tao ma khdéi tuyé&n tinh gdém 2 buéc:

BuGc 1: Xac dinh ma tran sinh G hoic P, hoic ma tran ki€m tra H hoiic ma
tran P,

BuGc 2: Dya vao cong thitc t = U.G hoiic t.H' = 0 d€ thi€t 1ap cdc tit ma tuong
ng véi cac thong bio u da biét.

Ta c6 so @6 ma héa ma khdi tuyén tinh dya trén phuong trinh 9 va 10 nhu sau:
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~o_

dén kénh truyén
2

: B cong Modulo K
dau vao

@ : Thanh ghi dich
. pij =1 : Ngdn mach

pij =0 : hd mach

So do khoi ma héa khéi tuyén tinh cé cdu triic hé thong

Thong bao u = (uy uy . . . ux.1) dugc dich vao thanh ghi thong bao dﬁng thoi dugc
dua d&€n kénh truyén ( khéa K & vi tri 1 trong K nhip). Sau khi thong bio dugc
dich toan bd vao thanh ghi thong bdo, (n-k) bits ki€m tra ciing dudc tao ra tir ngé
ra cia (n-k) bé cong modulo —2 nhiéu diu vao. Sau d6 & nhip thit (k+1) khéa k & vi
tri 2, nén cdc bits ki€m tra ciing dugc dich ndi ti€p theo cac bits thong bio ra kénh
truyén. Phifc tap ctia bd ma héa ty 1& voi do dai cia tir ma. Mach ma héa khdi
tuy&n tinh C(7,4) nhu sau:

R Py pry

3) Phuong phdp gidi ma ma khdéi tuyén tinh:
+ Goituyma phatdi :t=(tot;....ts1) §))
+ Goi t ma thu duge: r=(rory....rnq) 2)

+ Vector sai te=(epey1...€n1) 3

Trong d6 e;=1néutizr;vae;=0néuti=r;

e Dé& phat hién sai ta dung thuit todn thit Syndrome:
S=r.H =(sos1---.Snk1) (4
gdm n-k thanh phan

+ S=0 né&u va chi néu r 1a tir ma phat (r = t) hoic 1a t6 hgp tuyén tinh cla cic tir
ma (goi la vector sai khong phat hién dugc).

+ S # 0 thi r khong phai 1a tit ma phat di (r = t) va do dé c6 sai (e = 0)

e T ma tran ki€m tra H(n—k,n) thanh phin cia Syndrome nhu sau:
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So =ro + r'nkPoo + 'n-k-1P10 + « « « + IneiPk-1,0

St =r1+ rnkPor + Fnk-1P11 + « « « + FniPie1,1

............

)

Sn-k-1 = Inek-1 + FnkPonk-1 + Fn-ksiP11 + o+ TneiPk-1,n-k-1
Tu (5) tuwong ty nhu mach ma héa, ta c6 mach tinh Syndrome nhu sau:

In-1 f——

k-1,1

/9 Po,n-k-1

\I Pk-1,nk-1

Sn-k-1

Vi du: Tinh Syndrome ctia ma khéi tuyé&n tinh C(7,4) v6i ma tran H da cho véi
vector thu

r=(roriryryrqrsre)

S=r.H'= (rori rar3ryrs

Ie)

100
010
001
110 = (S0 81 S2)
011
111
101

S() = 1'0.1 + 1‘1.0 + 1'2.0 + 1‘3.1 + 1‘4.0 + 1'5.1 + 1‘6.1 =ro+r3+rs+rg

Si=rp0+ri.l +r2.0 +r3.1 +rgl +r5.1 +1r6.0 =r1+ r3+rg+r;s

S =rp.0+r1.0 +r2.1 +r3.0 + rg.l +rs.1 +r6.1 =r2+r43+rs5+r6

g

o

(o

L ehEhle

@

So

Y%/

S1

\%E/I

Mach tinh Syndrome ciia ma hé thong tuyén tinh C(7,4)

Khi xdc dinh dugc mét gia tri Syndrome S = (Sg, Si. . . . Sn.k1) ta c6 dén 2* vector
sai tuong Wng, nhung ta chi chon cdc vector sai nao c6 trong so nhé nhit la vector
sai c6 nhiéu kha ning nhat. Trong thuc t& khi tim dugc Syndrome ta thay S triing
v6i cot nao ciia ma tran ki€m tra H thi cé sai & vi tri tuong wng. Vidu: “111”
trung véi cot thit sdu tinh ti trdi sang cia ma tran H, ta két ludn vector nhian
dugc r sai 6 vi tri rs. ta chi viéc d6i tri s ciia rs tir 0 sang 1 hosic ngugc lai 1a dugc
vector nhan dugc ding (r=t)
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r=1001001
®© e=0000010
t=10010i1

dao bit tairs
P¢€ gidi ma khdi tuyé&n tinh khi nhian dugc vector thu r ta ti€n hanh 3 buéc:
Buéc 1: Tinh Syndrome S = r.H"
BuGce 2: Tim phan t& din e; trung véi r.H' , phin td din nay dugc gia thiét 1a
vector sai gay b&i kénh truyén.
BuéGce 3: Giai ma tin hi¢uthiér:t=r+e

' —— B¢ dém cho cdc vector thit r

o r I'n-1

Mach tinh Syndrome

So St . e Sn-k-1

Mach t6 hop tinh vector sai

eo €1 r n-1
o r n-1

to

Bo giai mi tdng quat cho ma khdi tuyé&n tinh

143 MA HAMMING
M3 hamming 13 16p ma khdi dau tién nhim vao viéc sita sai ma khdi va cac bién
thé ciia né dugc st dung rong rai trong viéc truyén thong sé héa va luu trir sé
liéu.
Véi moi s6 nguyén dueng m > 3, ton tai ma Hamming véi cac thong sé sau:
- Chiéudai tr ma:n=2"-1.
- Chiéu dai phan tin: k =2" - m - 1.
- Chiéu dai phan ki€m tra: m = n -k
- Kha ning sita sai: t = 1 (dpin =3)
- Ma tran ki€m tra H véi cac cot 1a mot vector m chiéu khac khong.
e Duéi dang ciu tric hé thong H = [1,,.Q]

Trong d6 I, 12 ma tran don vi mxm va ma tran Q gém 2™ - m — 1 cot, mdi cot
12 vector m chiéu cé trong sé 1a 2 hoic 16n hen. Vi du: véi m = 3, ma tran ki€m tra
ciia ma (7,4) dugc viét dudi dang.
Truwong Dai hoc Giao Thong Vin Tai Tp. HCM 23
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1001011
H(@3,7) = 0101110 (1)
0010111
e Trong thyc t& dé€ viéc tao va gidi ma Hamming mot ciach don gian ngui ta doi
vi tri cdc cft trong ma tran H. Khi @6 cac bit ki€m tra xen ké véi cdc bit mang
tin chit khong con tinh cha't khoi, ti (1) ta c6:
0001111
H = 0110011 @)
1010101
o D& viéc tao ma don gian ta chon céc bit kiém tra x, y, z § cdc vi tri tuong ng 2'
v6ii=0,1,2,..., nghiala cdc vi tri thif nhit, thit hai & thi tu cia cac ky hiéu
t ma:
t= (Xs Y, U, Z, Uy, Uy, u3) 3)

A’) ~
e Dé tao ma:

001
010
011
t.H'= (x, y, ug, Z, Uy, Uz, U3)X 100 =0
101
110
111

X.0 +y.0 +u9.0 +z.1 + us.1 + uz.1 + uz.1 =0
=Sz=u+u+u
x.0 +y.1 +up.1 +z.1 + ur.0 + wz.1 + uz.1 =0
=S>y=u+u+u;
x.1 +y.0 +ug.1 +z.1 + us.1 + v2.0 + uz.1 =0
=X=Uy+ U+ U3

Vi du: Tin can phat di:
U= u,umuz)=(1011)
X=uw+wm+u3=1+0+1=0
y=w+wm+uz=1+1+1=1
Zz=w+uw+u3=0+1+1=0

= Vay td ma phatdisé la: t=(011001 1) khong c6 dang ma khoi.
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e So d6 tao md Hamming (7,4) tuong ty nhu so d6 tao ma khdi tuyé&n tinh (7,4)
nhung don gian hon.

Tin cdn phit

RO maty

+j/ + +

So do tao ma Hamming (7,4)

e Gidi ma Haming ciing giong nhu gidi ma khdoi tuyén tinh nhung don gidn hen
nhd st dung ma tran ki€m tra H c6 dang 2. Khi d6 viéc xac dinh vi tri ky hiéu
sai tuong déi thuan tién.

Vi du: Phi thu nhian dugc ti ma: r = (ry, ry, I'2, I'3, I'g, I's, I'g) ta tinh Syndrome:
001
010
011
s=r.H" =(r,r,r,r,.r,,1,1)100(=(S,,S,,S,)
101
110
111

So = 1‘0.0 + 1’1.0 + 1‘2.0 + 1'3.1 + 1'4.1 + 1‘5.1 + 1‘6.1= r3+rq4+rs+rg
$1=rp0+ri.l +r3.1 +1r3.0 +r4.0 + r5.1 + 1. 1=11 + 12 + 5 + I
Sy = 1'0.1 + 1'1.0 + 1‘2.1 + 1‘3.0 + 1‘4.1 + l'5.0 + 1‘6.1= ro+r+rg+rs
Khi d6 ta c6 so do gidi ma haming (7.4) nhu sau:

Tin hiéu
thu r

%mW”W:M”WEHHTm?
, |

+ +

s S1 So

| mach chuyén déi s6 nhi phan ra thdp phan |

i R Y
1 2 3 4 5 6 7

So do gidi ma Hamming (7,4)

Vi du: tin hiéu thu dugc:
r = (1, I'y, I'2, I'3, I4, I's, T6)
@o0110101
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Khi dé
So=r3+I4+7rs+re=1+0+1+1=1
S1=Tr1+ 712+ 75+ re=0+1+1+ 1=1
S =Tg+ Iz + g4 + r5=0+1+0+1=0

S=( 11 0), n€u ddi ra thap phan la 6. ta nhan thiy S trung véi cét sd 6 ciia ma
tran H ciia ma tran H, cé nghia ky hiéu sai 1a ky hiéu thi 6(r) dau ra thi 6 cta so
d6 gidi ma sé cé i=1. Ta chi cAn ddo bit thif 6 theo thuit toin:

r=ir®ir (3

r={ r néui=1

r néui=0

r=1

(da ddo bit)
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CHUONG 2
MANG VA CHUYEN MACH

2.1 Nhap mén vé ki thuat chuyén mach:
2.1.1 Pham vi va muc tiéu

Thong qua chuong nay sinh vién c6 thé ndm bit dugc nhiing van dé lién quan dén mang
chuy&n mach trong mang vién thong nhu sau:
e Téng quan vé mang chuyén manh va cong nghé chuyén mach.
e Ky thuat chuyén mach kénh
Ky thuat chuyén mach goi
He thdng chuyén mach trong mang Vién thong

2.1.2 Gi6i thi¢u tong quan vé mang chuyén manh va cong nghé chuyén
mach:
Heé thong thong tin hay mang vién thong thuc hién qud trinh truyén dan céc tin hiéu t ngudn

dén dich. C4c thanh phan co ban ciu thanh hé théng vién thong dugc minh hoa trén hinh
H2.1 dugi day:

TBDC CMTD TD CM TD ™ CM TBDC
= Thué bao Trung K& [@] Trung K& [@ Thué bao
~ Kenh TT CD Kénh TT Kénh TT Kénh TT
Cha giai:
TBDC: Thiét bi dau cudi CM: hé théng chuyén mach
TD: Thiét bj truyén din Kénh TT: Kénh thong tin

Hinh 2.1 Khai trién tuyén truyén tin.

He thong vién thong 1a tdng hgp cac phuong tién ky thuat danh cho muc dich truyén tin trong
pham vi cGia mang. Cac thanh phan co ban cau thanh mang bao gom cac thiét bi dau cudi,
cac kénh thong tin va cdc hé théng chuyén mach (t6ng dai). Chic ning clia hé thong vién
thong 1a truyén tdi thong itn t thi€t bi dau cudi phét (ngudn) t6i thiét bi dau cudi (dich).
Thong tin dugc truyén dua theo tuyén truyén tin ma né cdu thanh t tap hgp cac phuong tién
ky thuat ddm bdo cho viéc truyén tin cho trudc. Trong tuyé&n truyén bao gom cac thanh phan:
thiét bi dau cudi phat, thiét bi thu, cadc kénh thong tin két ndi gitia cac diém dau cudi voi nit
cting nhu két ndi cdc nat ma chiang dugc trang bi cac hé thang chuyén mach nham két noi
céc kénh yeéu cau trong thoi gian can truyén dua thong tin ti nguon dich.

Kénh thong tin 1a mot tap hop céc phuong tién ky thuat nhu mang dudng day va trang thiét bi
ndi & hé thong chuyén mach can thiét cho viéc truyén tai tin gidia hai diém riéng biét cta
kénh. Kénh c6 thé 1a kénh vat ly hay kénh ghép kénh (kénh logic). Tuy thudc t6c do dong bit
(hay do rong bang tan trong mang anologue) ma kénh c6 thé dugc phan thanh hai loai kénh
la kénh bang hep (<=2Mb/s) va kénh bang rong (>2Mb/s).



Chuong 2: Mang va chuyén Mach

Tuyén ndi la mot tap hop cac kénh thong tin va thiét bi chuyén mach ddm bdo cho viéc két
ndi gitta cac thiét bi dau cudi phat va thu tin.

He thong chuyén mach (t6ng dai, node chuyén mach) la thiét bi c6 chic nang thu, xi ly va
phan phdi cac thong tin chuyén t6i. Hé thong chuyén mach dugc dit & vi tri nat mang. Hé
thong chuyén mach bao gdm tap hgp cac phuong tién ky thuat dé thuc hién viéc thu, x ly va
phan phdi cic thong tin chuyén t6i ti cac kénh thong tin két ndi cdc hé thang chuyén mach.
Nhu vay khé ning ctia hé thdng chuyén mach bao gom tat ca céac kiéu nat duge st dung trong
mang vién thong vi du nhu: cac téng dai ca quan, t6ng dai ndi hat, tdng dai lién tinh va tong
dai qudc té....

Can chi rd ring véi chic ndng cla hé thong chuyén mach trong mang vién thong, n6 da tré
thanh mot thanh phan phic tap nhat, tap trung cao nhat ham lugng cong nghé hién dai, ham
lugng chat xam va ham lugng cac chic nang x{ ly thong tin.

Ky thuat chuyén mach va cong nghé chuyén mach xuat hién ngay sau khi A.Gbell phat minh
ra may dién thoai vao nam 1876. Trén hinh H.2.2 minh hoa truong hgp néu viéc két ngi N
may dién thoai (Né&u c6 y chi mdy dién thoai cuing véi con Nguoi st dung thi goi la thué bao)
thuc hién cho phuong phap két ndi cach trc ti€p tiing cdp thi can phai c6 N(N-1)/2 duong
day.

Hinh 2.2 K&t ndi tiing cap truc ti€p

Khi N [a mot s6 da 16n thi thuc t€ khong thé thuc hién dugc phuong an trén. S6 lugng dudng
day c6 thé gidm dugc t6i N néu st dung khai niem hé théng chuyén mach nhu minh hoa trén
hinh H2.3

Hinh 2.3 K&t ndi qua hé thong chuyén mach

He thong chuyén mach c6 kha ning ti€p thong t6i tat ca cac thué bao va ddm bdo kha nang
n6i mach tao kénh lién lac cho thué bao theo yéu ciu clia ching. Cung doan duong day
(kénh) két noi gidia thiét bi dau cudi thué bao vai hé thong chuyén mach goi la mang day thué
bao hay ngay nay hay goi la mang truy cap. Khi c6 nhu cau két ngi gitia cac thué bao & cac
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vung dia ly tuong d6i xa nhau thi sé t6t hon néu trong mdi viing tao ra mot hé théng chuyén
mach va goi la tong dai dau cudi noi hat. Cac tong dai noi hat 1an can két ndi véi nhau bang
mang trung k& nhu hinh H2.4 minh hoa.

Trung k&

Hinh 2.4 Nguyén tic phan khu mang

D€ nang cao hiéu qud kinh t&€ cho viéc 6 chic xay dung mang vién thong trong dia ban rong
I6n st dung céc hé thong chuyén mach chic nang khac nhau nhu tén dai lién tinh, t6ng dai
mién, tong dai qudc t& v.v...

Nham nang cao hiéu qud kinh t€ va do tin cay clia mang vién thong, cau tric mang vién
thong c6 thé duoc xay dung theo cau tric két hgp phan I6p va hinh sao, trong dé tap hop céac
nat thap hon trong cau tric phan cdp lién két véi mot nat cao trong do6 tap hgp céac nit thap
hgp trong cau tric phan cdp lién két véi mot nidt cao. Tuy vay mot sd ndt riéng biét thudng
dugc két ndi v6i cac nat khac nhau trong ciing mot méc cdu trac phan cap hay trong mot s6
truong hgp con két ndi véi mot nat cao hon nham phan bd luu lugng truyén tin mot cach c6
hiéu qud hon, cac duong trung ké d6 goi la diiong st dung cao HU (High Usage Line). Nhu
vay trong mdt mang vién thong thuc t€ c6 mdc lien két khong day da.

Hinh H2.5 du6i day minh hoa vi du vé c4u tric Mang vién thong qudc gia téng quat dugc xay
dung theo cau tric phan cap:

Capl Téng dai quéc t&
HU
Cap2 Tdng dai chuyén tiép
qud’c gia
HU

Cip3 CO @ Téng dai tandem ndi hat

hoic ndi tinh
HU

Cap4 Téng dai ndi hat

Cép 5 @ @ @ @ Téng dai khu vue

Hinh 2.5 Cau triic Mang Vién Théng Quéc Gia.
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2.1.3 Cac nguyén tic chuyén mach vé chuyén mach sé:
2.1.3.1 Gié6i thiéu chung

So do téng quét cla trudng chuyén mach SW bat ky dugc biéu dién trén hinh vé H2.6, trong
dé:

| 1a tap hgp cac dau vao 1....N

O la tap hgp cac daura 1..M

SW trudng chuyén mach

R(a, B) 1a tin hiéu diéu khién hay ham dia chi

T so d6 H2.6 mo td cau tao chic niang trén day ta c6 thé xay dung mo hinh todn hodc téng
quét clia trudng chuyén mach nhu sau:
Oj=li(0,8) v6i moi R(a, B) sao cho:
1 Né&u i=a va j=B
R(a, B)=
0 Trong cac trudng hgp

Hoat dong chiic ndng cta cac tridng chuyén mach SW cé thé mo t4 tdng quét nhu sau:
0 trang thai ban dau khi khong c6 kénh vao nao yéu cau két ngi mot kénh ra nao dé thi hé
thong hoan toan hd mach. Khi c6 yéu cau két ngi mot kénh vao li nao nao dé (i=1...N) ra mot
kénh bat ky Oj (j=1....M) thi hé thong can tao ra tin hiéu diéu khién R(a, R) dé diéu khién
truong chuyén mach véi dia chi yéu cau dé két ndi cho qua trinh a=I va B=j. K&t qua tac dong
diéu khién cla tin hiéu kénh dau vao li t6i kénh dau ra Oj qua tridng chuyén mach SW thiét
lap dudng két ndi xuyén tir kenh dau vao li t6i kénh dau ra Oj qua triong chuyén mach.
Cac ddc trung co ban SW:

e Kich thu6c truong chuyén mach NxM

e Do ti€p thong

e So6day chuyén mach

e Tinh dan dién 2 hudng

e Chat lugng truyén dan

e Chat lugng dich vu

Trudong chuyén mach dugc st dung trén co sd cac phan ti chuyén mach, tuy thudc vao phan
ti chuyén mach st dung ma ta c6 cic cong nghé tuong Gng-chuyén mach nhan cong, chuyén
mach Role, chuyén mach ngang doc va chuyén mach dién t&, chuyén mach ATM, chuyén
mach quang..v.v...Trong gido trinh nay sé chd yéu dé cap t6i trudng chuyén mach dién t so.
Tuy vay trudc khi khdo st chi tiét két cdu va hoat dong cta tridng chuyén mach s§ hay xem
xét sd bo va tdng quan vé PCM.

Cau tric khung PCM

Cau tric khung PCM30 theo G.732 cta ITU-T st dung trong hé théng truyén dan va chuyén
mach 30/32 kénh hinh v& H2.6 minh hoa cdu tric khung tin hiéu:

125 microsecond frame, 256 bits

— -

Time Chanrels 1-15
siot = 0 [ 1 |2 | and 17-31 carry 16 30| 31
A Speech A
Synchronisation Signalling
and Alarm Channel Channel

Hinh 2.5 Cau tric khung PCM
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He thong 30/32 kénh c6 chu ky khung 1a 12.5psec bang tan s 1y mau 8 khz va chu ky chia
thanh 32 khe thoi gian. Cac khe thai gian TS dugc danh s6 to TS#0 dén TS#31. T6 hop ma
nhi phan st dung 8 bit. Trong s6 32 khe thoi gian TS#0 st dung muc dich dong b hod va
dugc ma hod bd t ma dong chi khung FAW (Frame Alignment Word). Khe thoi gian TS16 st
dung cho muc dich truyén tin hiéu bdo hiéu phuong thic ting kénh két hgp CAS (Channel
Associated Signalling) con lai kénh TS#1-TS#15 mang thong tin am thoai ctia cac kénh 1-15
va cac kénh TS#17-TS#31 cla khung mang thong tin am thoai clia cac kénh 16-30. Nhu vay
trong 32 khe thai gian dung 30 khe dé mang tin khach hang con lai 2 kénh cho cac muc dich
nghiép vu, do vay hé théng c6 tén goi PCM 30/32 (toan hé thong c6 32 kénh, trong d6 30
kénh dung cho khach hang) hay PCM 30 (hé 30 kénh thoai).

2.1.3.2 S0 db tong Model trudng chuyén mach sé va trao ddi khe thgi gian:

D6i v6i hé théng chuyén mach phan kénh theo thai gian TDM qua trinh chuyén mach luon
lubn yéu cau thuc hién chuyén mach gitia cac khe thoi gian v6i nhau ciing nhu gitia cac
dudng vat Iy v6i nhau. D& hiéu ro bdn chit clia qua trinh ta hay khao sat mo hinh téng quan
trinh bay trén hinh vé H.2.7:

Frame

(I
1 —> /> 1
2 ——P : : > 2

1 1

1 1

i | Frame

]

M —p A M

Hinh 2.7 Model hé chuyén mach truong TDM

Model hé chuyén mach TDM bao gom M dudng TDM phia dau vao, N dudng TDM dau ra,
mdi duong TDM thuc hién ghép n kénh (khe thoi gian) theo thai gian. Thiét bi chuyén mach
SW ddm bdo co ché& chuyén mach giia 1 kénh vao t6i 1 kénh ra bay ky. Gid st qué trinh ndi
mach cho kénh 3 cGa dudng TDM th nhat phia dau vao ndi dén kénh 17 cGia duong TDM
cudi cung phia dau ra. Cudc ndi dugc chi ra bao gom thong tin chuyén tGi vao khe thai gian
tha ba cGia dudng thi nhat phia dau vao dugc chuyén t6i khe thoi gian thi 17 cta dudong vat
ly ra cudi ciing.

Luu y rdng doi véi dién thoai thuong yéu cau kénh song hudng, do vay qua trinh sd hoa tiéng
néi von bao ham hoat dong clia kénh 4-day, trong d6 2-day cho huéng thuan va 2 —day cho
huéng ngugc lai. Cudc ndi theo hudng ngugc lai yéu cau va dugc thuc hién nho su chuyén
ti€p thong tin ti khe thai gian 17 cGa dudng TDM cudi t6i khe thi 3 cia dudng TDM tha nhat.
Nhu vay mdi cudc ndi yéu cau 2 qua trinh chuyén ti€p thong tin, trong d6 mdi qué trinh bao
gom su chuyén dich theo thoi gian c6 y nghia ly thuyét va thuc tién quan trong. Du6i day ta
hay xét ky co ch& nay.

Tin hiéu s& phia dau vao xudt hién va ton tai trong thoi gian clia cac khe thoi gian trong khung
clia Format tin hiéu. D€ thiét 1ap kénh thong tin, cic s6 liéu trong cac khe thoi gian phai dugc
chuyén tai (chuyén mach) t phia dau vao t6i phia dau ra theo yéu cau cla cudc ndi. Moi
kénh thoi gian trong hé phdi c6 khe thoi gian xac dinh cho mot dong tin hiéu so riéng biét va
nhiém vu cla trudng chuyén mach 1a chuyén dich khe thai gian tf mot dong tin hiéu s& vao
mot khe thoi gian torng dong tin hiéu s6 cho tric phia dau ra. Qua trinh dé goi 1a qua trinh
trao ddi khe thai gian.
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Hinh v& H2.8 bdn chat mo ta ctia qua trinh trao d6i khe thoi gian.

BO nhé dém
0
“Ghi” 1 Frame
Frame )
Cédc khe TS ra
Cac khe TS vao
“Poc”
n
T=125us
Ghi vao TS 0123456 n
| \/\/\
Pocra 0 123456 n

Hinh 2.8 Trao ddi khe thoi gian

Tin hiéu s& trong cac khe thai gian phia dau vao chuyén t6i dugc ghi dém vao by nhg dem dé
luu tam thoi. Nhu hinh vé H2.8 trén day biéu dién, cac khe thai gian vao dugc danh s& tha tu
t 1 dén N trong khung ctia dong tin hiéu s6 dau vao, tin hiéu trong cac khe thoi gian nay
dugc luu trong bd nhé t dia chi 1 dén N. Noi dung s6 liéu TS#1 ludn luon duge dém vao dia
chi 6 tha nhat, s6 lieu to TS#2 ludn luon duge dém vao dia chi 6 tha 2. Tuong td nhu vay déi
v6i cac 6 nhd con lai. Buong nhién rang s6 lieu maéi sé dugc ghi de trong khung ti€p theo.
Chic nang trao déi khe thai gian ddm bdo viéc chuyén sg liéu tir TS bat ki phia dau vao t6i TS
bat ki dau ra. Vi du nhu hinh vé da biéu dién TS#1 dau ra chia tin clia TS#4 phia dau vao,
TS#2 chda ndi dung clia TS#7,v...vv Muc dich ctia bo nhé dém bay gio da r6 la dé luu tam
thai s6 liéu trong khe thai gian ctia chu ki ma né c6 thé chuyén tir mot TS dén (N-1) khe thoi
gian khdc phu thudc vao quan hé xac dinh gitia kénh vao va kénh ra trong bat ki thai gian
nao.

2.2 Ky thuat chuyén mach kénh
2.2.1 Gié6i thiéu chung

Hién nay c6 nhiéu ky thuat chuyén mach dugc 4p dung trong thuc t& tuy thudc tinh chat cta
céc hinh loai dich vu yéu cau. Trong s6 cac ky thuat hién nay phd bi€n nhat la ky thuat
chuyén mach kénh va ky thuat chuyén mach géi. N6i chung viéc thiét k& va Gng dung hai hé
thong chuyén mach nay cé nhiéu uu di€m chung. Tuy vay trong pham vi chuong nay ta sé
chd trong hon ky thuat chuyén mach kénh.
Chuyén mach kénh dugc dinh nghia la ky thuat chuyén mach ddm bdo viéc thiét lap cac
dudng truyén dan danh rieng cho viéc truyén tin clla mot qué trinh thong tin gitia hai hay
nhiéu thué bao khac nhau. Chuyén mach kénh dugc Gng dung cho viéc lién lac mot cach tdc
thdi ma & dé qud trinh chuyén trinh chuyén mach dugc dua ra mot cach khong c6 cam giac
vé sy cham tré (thoi gian thuc) va do tré bién thién gidia noi thu va noi phan phdi tin hay 4
bat ky phan nao cltia hé théng truyén tin. Mang dién thoai cong cong la mot vi du vai Gng
dung ky thuét chuyén mach kénh, trong d6 von dau tu dugc phan ba xap xi nhu sau:

e T hiét bi chuyén mach xap xi 25%

e Cdp ngoai vi xap xi 29%

e May lé xdp xi 20%

e Thiét bi truyén dan xap xi 15%
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e Nha xudng, dat dai va cac phuong tién khac xap xi 11%

Chuyén mach kénh tin hiéu s6 la qua trinh két ndi, trao ddi thong tin cic khe thai gian gita
mot s6 doan clia tuyén truyén din TDM s6. C6 hai co ché thuc hién qué trinh chuyén mach
kénh tin hiéu s6. Co ché& chuyén mach khong gian s6 va co ché chuyén mach thoi gian s6.
DuGi day s&é mo td nguyén tic ciu tao hoat dong clia cac tang chuyén mach theo co ché&
khong gian ciing nhu thai gian, trén co s¢ do, xay dung truong chuyén mach két hgp bdo dam
kich thudc I6n bat ky theo yéu cau.

2.2.2 Tang chuyén mach khéng gian sé

Tang chuyén mach khong gian s6 (Space swicth Stage) cau tao t ma tran chuyén mach kich
thugc N dau vao va M dau ra vat ly. Luu y rang day 1a hé thong TDM-s8, do d6 mdi duong vat
ly chdia n kénh thai gian ma ching mang cac tin hiéu PCM. Nhu vay dé két ngi mot khe thoi
gian bat ky nao trong mot duong PCM bat ky phia dau vao ctia ma tran thi mot diém chuyén
mach can phai hoat dong trong suét thoi gian clia TS# d6 va lap lai v6i chu ky T=125psec
trong sudt qua trinh tao kénh. Trong cdc thoi gian khic, van di€m chuyén mach dé c6 thé st
dung cho céc qud trinh ndi khic. Tuong td nhu vay déi véi tat cd cac diém chuyén mach
khéc ctia ma tran c6 thé dugc st dung dé thiét 1ap kénh ndi cho céc cudc goi khac nhau.

Chuyén mach khong gian tin hiéu TDM-sg thuong thiét l1ap dong thoi mot s6 lugng 16n cac
cuoc két ndi qua ma tran véi toc do tac thi trong mot khung tin hiéu s6 lugng 16n cac cudc
ndi qua ma tran véi téc do tdc thi trong mot khung tin hiéu 125 psec, trong d6 ndi cudc ndi
ton tai trong thai gian ctia mot khe thai gian TS. Mot cudc goi dién thoai c6 thé kéo dai trong
khodng thoi gian nhiéu khung tin hiéu PCM (thdng thtiong khodng 1,2-2 triéu khung va tuong
Ging vGi khodng t 3-5 phat). Do vay mét diéu khién theo chu ky don gidn cho mau ndi la can
thiét. Diéu nay dé dang dat dugc nho mot bo nhé RAM diéu khién cuc bo lién quan t6i ma
tran chuyén mach khong gian. | | | --m-------

Local controller

1o OO9
SNe[ele
S Nele[e

I 1 1
DEC
C-Mem
0
Add. 1
= - 2
|§P]Pr‘tnr| n
Clk J Data
TS
count
[P -
CC

Hinh 2.9 Nguyén ly chuyén mach tang S



Chuong 2: Mang va chuyén Mach

Hinh H2.9 minh hoa nguyén tic cdu tao va hoat dong cGia mot tang chuyén mach khong gian
S. Chuyén mach tang S cu tao ti 2 thanh phan co bdn- Ma tran chuyén mach va khéi diéu
khién chuyén mach cuc bo.

Ma tran chuyén mach vudng kich thich NxN, trong d6 hang dung cho cac dudng PCM phia
dau vao va cot dung cho cac PCM phia dau ra. Tai giao diém ctia hang va cugc dau ndi diém
chuyén mach va thong thuong dé goi la cdng logic AND hay céng logic ba trang thai. Cha y
rang AND hay c6ng logic ba trang théi Ia mach logic khong nhé, do vay chuyén mach cho
cting mot khe thoi gian giia dau vao va dau ra ctia phan ti chuyén mach. Céc diém chuyén
mach trong mdi cot dugc diéu khién bdi mot b nhé C-mem.

Kh&i diéu khién cuc bo bao gom bd dém khe thoi gian TS-counter, bo chon dia chi selector va
bd nhé diéu khién C-mem dé thuc hién chic niang diéu khién cuc bo ma tran chuyén mach
tuong Gng véi cac khe thoi gian TS trong khung tin hiéu da cho.

Ma dia chi nhi phan dugc gan cho mdi di€ém chuyén mach trong mot cd. Moi dia chi thich
hop sau d6 sé dugc st ddung dé chon mot diém chuyén mach yéu cau dé thiét 1ap cudc ndi
gitta mot dau vao va véi mot dau ra clia ma tran chuyén mach. Céc dia chi chon nay dugc
nhd trong bd nhé diéu khién C-Mem theo thd ty khe thoi gian tuong Gng véi bi€u do thai gian
k&t ndi hién thoi.Nhu vay doi véi cot 1, dia chi cta diém chuyén mach sé dugc thong mach
trong thai gian TS#0 sé dudc nhé trong 6 nhé cla dia chi 0 cta C-mem cho cot dia chi 1.
Tuong tu nhu vay déi v6i tat c& cic dia chi khac trong tang chuyén mach.

Do nhé clia cac 6 nhé C-mem dugc xac dinh trén co s dia chi nhi phan clGa cdc diém
chuy&n mach trong cot, nghia 1a c6 IdN (s6 nguyén 6n hon nho nhat) bits, con s6 lugng 6 nhé
clia C-Mem bdng sd lugng khe thai gian TS c6 trong mot khung tin hiéu cla dudng TDM sd.
Ngay sau khi bd nhé diéu khién C-mem dugc nap s6 liéu cac dia chi clia cac diém chuyén
mach trong cot thi qua trinh diéu khién chuyén mach c6 thé thuc hién bang cach doc cac noi
dung ctia mbi 6 nh6 C-Mem trong thai gian thich hgp tuong Ging vé6i khe thoi gian yéu cau st
dung céc so liéu dia chi d6 dé chon diém chuyén mach can thiét ma né sé thong mach trong
thoi gian ctia TS néu trén. Qua trinh nay sé dugc ti€p tuc I3p lai cho t6i khi tat cd cac 6 nhé
ctia C-mem dyoc doc va cac diém chuyén mach dugc diéu khién mot cach thich hgp. Tiép
theo thii tuc nay sé dugc lap lai véi s6 chu ky T=125 psec, bdt dau vé6i 6 nhé dau tién cla C-
Mem. Mdi chu ky 1a mot khung ctia Format tin hiéu s6 st dung va trong thoi gian d6 t6 hgp
ma tin hiéu PCM tf mdi khe thoi gian dau vao c6 thé sé dugc chuyén mach t6i mot khe thai
gian thich hgp tai mot dau ra xac dinh.

Trén hinh H.2 9 ta c6 thé nhan thay ring mdi C-mem chi diéu khién mot cot clia ma tran va
do d6 céch trang bi nay goi la diéu khién dau ra. T4t nhién ciing c6 thé trang bi diéu khién
theo dau vao.

Khéo sat phan tich ciu tao va hoat dong clia chuyén mach s6 tang S trén day da chi r6 rang
chuyén mach tdng S c¢6 van dé nghiém trong do hién tugng vuéng noi tam (blocking) gay ra vi
xac xuat tranh chdp 16n khi c6 hai hay nhiéu cudc goi cing xuat hién & cac dau vao khéac
nhau nhung cing muén chi€m cting mot khe thoi gian trong lubng PCM dau ra clia ma tran
chuyén mach. Hién tugng blocking c6 thé dugc khdc phuc bang cach tim chon cac khe thoi
gian rbi khac nhau, diéu nay c6 thé thuc hién dugc bdi vi vé nguyén tic, bat ky khe thoi gian
rbi nao trong huéng da cho ciing c6 thé dung cho cudc goi xac dinh. Ngoai ra dung két hgp
gitia chuyén mach tang S v6i chuyén mach tang T (Time Switch Stage) vira c6 thé phat trién
dung lugng khéi chuyén mach vira gidm dugc hién tugng blocking.

Vi du mo ta hoat dong cla ting S phuc vu cho mét cudc ndi gitta TS#0 cla ludng tin hiéu
PCM1 dau vao TS#0 clia ludng tin hiéu PCM1 phia dau ra.

Can cl vao yéu cau chuyén mach cu thé da cho, trugc hét hé thong diéu khién trung tam CC
(Central Control) clia t6ng dai sé tao cac so lieu diéu khién dé nap vao vao bd nhg C-mem
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clia tang S. TU hinh v& H2.9 r6 rang diém chuyén mach duy nhat c6 thé ddm bdo cho yéu
cau két noi PCM1 phia dau vao véi PCM1 phia dau ra [a AND11 do d6 CC tao ma dia chi nhi
phan 0 tuong Gng ciia C-mem. Cdc sb liéu co bdn da c6 CC nap dia chi nhi phan AND11 vao
6 nhG 0 clia C-mem tang S, xong n6 giao quyén diéu khién cho khai diéu khién cuc bo diéu
khién tryc ti€p qua trinh ti€p theo. D& ddm bao cho tang chuyén mach S hoat dong chinh
xac, yéu cau tin hieu dong ho phdi hoan toan dong bo véi thai diém bt dau clia mbi khe thoi
gian TS trong khung tin hiéu PCM dugc st dung.

Nhu thé, bit ddu mot khung tin hiéu PCM tin hiéu dong ho tha nhat tac dong vao bo dém khe
thoi gian TS-counter lam cho by dé€m bay thiét 1ap trang thai 0 c6 ma nhi phan tuong Gng vai
dia chi 6 nhé 0 ciia C-mem, nhd bd chon dia chi Selector ma trang thai nay dugc dua t6i BUS
dia chi ctia bo nh6 C-mem. Bong thai véi viec tao ma dia chi, Selector tao ra tin hiéu diéu
khién doc dua t6i C-mem do d6 ndi dung chic trong 6 nhé 0 dugc dua ra thanh ghi-gidi ma.
Vi ndi dung nay lai chinh la dia chf cGia phan t& chuyén mach AND11, do d6 da tao dudc tin
hieu diéu khién diém chuyén mach nay, nha do tin hiéu PCM chda trong khe thai gian TS#0
clia PCM1 phia dau vao chuyén qua phan t chuyén mach AND11 dé huéng t6i PCM1 & phia
dau ra cia ma tran chuyén mach S, téc la da thuc hién chic nang chuyén mach.

K&t thiac thoi gian ctia TS#0, xung dong hd thi hai tdc dong vao TS-counter lam né chuyén
sang trang thai 1 ¢6 ma nhi phan tuong tng vao dia chi 6 nhé 1 ctia C-mem. Nhu vay két
thac viéc tao tin hiéu diéu khién cho AND11 déi véi qua trinh chuyén mach cho TS#0 theo
yéu cau. Tuong Gng nhu vay doi véi cac khe thai gian ti€p theo va thi tuc dugc 1ap v6i chu ky
T=125 psec trong sudt qua trinh thiét 1ap ndi cho cudc goi dang xét.

Khi cudc goi két thic CC nhan biét va né sé gidi phong cudc néi mot cich don gidn bang
hoat dong xoa s6 liéu da ghi vao C-mem nhu da néu khi b3t dau cudc goi. Trong cic tang
chuy&n mach S thuc t€&, cac bits tin hiéu PCM thudng dugc ghép kénh tao lubng tdc do cao va
bién d6i thanh dang song song trudc khi qua tang S. Vi du nhu ludng tin hiéu s6 PCM32 véi
t6c do truyén bit ndi ti€ng la 2,048Mbit/s dugc mang trong doi day don dua t6i by bien déi
ndi tiép-song song.

2.2.3 Tang chuyén mach thgi gian s

Nhu ching ta da thay ro trén day, cau tao va hoat dong clia chuyén mach tang S chi thuc
hién cho céc qua trinh chuyén mach c6 cung chf s6 khe thoi gian gitia dudng PCM vao va
dudng PCM ra. Trong trudng hgp t6ng quat c6 yéu cu trao ddi khe thoi gian gitia dau vao va
dau ra khac nhau thi phai Gng dung tang chuyén mach thoi gian T (Time Switch stage).
Trén hinh vé H2.10 du6i day minh hoa qué trinh trao ddi khe thai gian gidia TS#3 va TS#8
cho hai khung lién ti€p nhau gitta dudng PCM vao va PCM ra cla tang chuyén mach T.

T=125us T=125ps
0123456 n|0123456 n
Cac dusng SHW vao 15| | | [| ][] LU |
Ciac dubng SHWra TS | |||||| | | |||||| |
0123456 nl0123456 n
SHW vao SHW ra
Tr& 3TS
R | i 1 |
l0123456 nl l0123456 nl

Hinh 2.10 Trao déi khe thdi gian
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Vi céc khe thai gian TS dugc sdp x€p lién ti€p nhau theo thi tu ting dan do vay dé trao ddi
thong tin gitia cac khe thai gian TS#3 va TS#8, tin hiéu PCM trong TS#3 can phai dugc luu
tam thoi tai tang T trong khodng thai gian 5TS trong cing mot khung, sau dé vao khe thai gian
clia TS#8, tin hiéu PCM dugc dua ra dudng PCM phia dau ra cta tang chuyén mach.

Truong hgp néu can chuyén mach gitia khe thoi gian ¢ dau ra véi khe thai gian c6 chi s§ l6n
hon & dau vao, vi du TS#8 vaTS#3 nhu minh hoa trén hinh vé H2.11 thi tin hiéu khong thé tré
trong ciing mot khung va phai tré t6i khung ti€p theo. Cu thé 1a (n-6+2) khe thai gian.

Nhu vay, vé nguyén tic ddi véi tin hiéu s6 co ché dé tao do tré thoi gian theo yéu cau song
v6i nhiing tinh nang uu viét clia cong nghé vi mach hién dai vé toc do va gia thanh, ngay nay
bd nhé RAM dugc st dung trong tat cd cdc he thong chuyén mach DSS (Digital Switching
system).

T=125ps T=125ps
0123456 0123 n
caeammgsiwao 1s_|LLLLLLL LV ]
Cac duong SHW ra TS|||||||| ||||||||| ||
0123456 n0123456 n|

SHW vao SHW ra
Tré (n-642)TS

l0123456 nl 0123456 nl

Hinh 2.11 Nguyén ly chuyén mach thgi gian

Nguyén ly cdu tao cta chuyén mach tang T bao gdm 02 thanh phan chinh la bo nhd tin S-
mem (Speak memory) va bo nhé diéu khién C-mem nhu hinh H2.11 minh hoa du6i day. Chic
ndng co badn cta S-mem la dé nhé tam thoi cac tin hiéu PCM chia trong mdi khe thoi gian
phia dau vao dé tao do tré thich hgp theo yéu cay ma né c6 gia tri nhd nhat 1a 1TS t6i cuc dai
la (n-1)TS.

Né&u viéc ghi cac tin hieu PCM chda trong cac khe thoi gian TS phia dau vao clia tang chuyén
mach T vao S-mem dugc thuc hién mdt cach tuan tu thi cé thé si dung mot bo dém nhi phan
Module(n) cting vé6i bo chon rat don gidn dé diéu khién. Luu y rdang khi dé tin hiéu dong ho
phai hoan toan dong bo véi cac thoi di€ém dau cda TS trong khung tin hiéu PCM dugc st dung
trong hé.

Bo nhé C-mem c6 chiic nang dung trong dé diéu khién qud trinh doc thong tin da luu dém tai
S-mem. Ciing nhu C-mem trong chuyén mach tang S, bo nhé C-mem ctia ting T cliang c6 n 6
nhé bang s6 lieu khe thai gian trong khung tin hiéu PCM st dung. Trong thai gian mdi TS, C-
mem diéu khién qua trinh doc mot 6 nhg tuong Gng thich hgp trong T-mem. Nhu vay hiéu
qud tré clia tin hiéu PCM clia T-Mem dugc xac dinh mot cach ré rang ranh mach bdi hiéu s6
gitta cac khe thai gian ghi va doc tin PCM & bd nhé S-mem. That 1a thd vi t co ché chuyén
mach néu trén ta nhan thdy riang tang chuyén mach T hoat dong khong binh thudng trong
cach phan chia thai gian. Cing mot bé nhé C-mem, cac 6 nhé dugc st dung mot cach doc
quyén cho mdt cudc goi xac dinh trong sudt thai gian ctia cudc ndi. Nhu vay ching ta c6 diéu
nghich |y rang chuyén mac h khéong gian S dugc phan chia thoi gian trong khi d6é chuyén
mach thaoi gian T lai dugc phan chia theo khong gian.

10
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Nguyén ly hoat dong ctia chuyén mach thoi gian T sé dugc trinh bay sdng t theo vi du sau
day:

Gid st c6 yéu cau chuyén mach phuc vu cho cudc ndi gitta TS#5 clia ludng tin hiéu PCM dau
vao vGi TS#9 cla ludng tin hiéu PCM dau ra ctia chuyén mach tang T nhu minh hoa trén hinh

vé H2.12: Add. 0

1

2

R/W
— TS
n
Read |Write
—> Chu Trinh R/W
SHW ra
Selectar Local controller
R
w
Clk
TS —T C-Mem 0
count
Add. 1
‘|EID H ?
R/ ata
| Selectar | n
R ﬁw ﬁ

N |_|

Hinh 2.12 Chuyén mach tang T.
Can cl yéu cau chuyén mach, hé thang diéu khién trung tam CC cla tong dai sé tao cac s6
lieu diéu khi€n cho tang T. D& thuc hién diéu nay CC sé nap s8 liéu vé dia chi nhi phan 6
nhé 5 cGia T-mem vao 6 nhé s6 9 ctia C-mem, sau d6 CC giao quyén diéu khién cuc bo cho
chuyén mach tang T truc ti€p thuc hién qua trinh trao déi khe thdai gian theo yéu cau chuyén
mach.
Ti€p theo dé cho qué trinh md td dugc hoan toan xac dinh va dé theo doi, ching ta khéo st
tt thoi diém b3t dau TS#0 cla khung tin hiéu PCM. Qua trinh ghi thong tin PCM chia trong
céc khe thoi gian phia dau vao bo 6 nhd S-Mem dugc thuc hién TS-Counter va b chon dia
chi Selector 1. Cu thé 1a khi bit dau khe thoi gian TS#0, tin hiéu dong hd tac dong vao TS-
Counter lam n6 thiét 1ap tran thai 0 dé tao t6 hgp nhi phan 6 nhé 0 ctia S-mem. Bo chon dia
chi Selector1 dugc st dung dé diéu khién doc hay ghi nhd S-mem. Bo chon dia chi Selector1
dugc st dung dé diéu khién doc hay ghi bo nhé S-mem (RAM), trong trudng hgp nay né
chuyén ma dia chi nay vao bus dia chi Add cGia S-mem. Két thac thoi gian TS#0 cing la bt
dau TS#1 song dong ho lai tac dong vao TS-Counter lam cho né chuyén trang thai 1 dé tao
dia chi nhi phan cho 6 nhg s6 1 ctia S-mem. Selector1 chuyén sg liéu nay vao Bus dia chi clia
S-mem, nhd s6 1 clia S-mem. Selector1 chuyén s liéu nay vao bus dia chi cia S-mem, dong
thai tao tin hiéu diéu khién ghi W do d6 t6 hgp ma tin hiéu PCM trong khe thoi gian TS 1 clia
lubng s6 dau vao dugc ghi vao 6 nhé 1 clia S-mem. Qua trinh xdy ra tuong tu ddi véi cac khe
thoi gian TS#2, TS#3, TS#4, TS#5 va ti€p theo cho tGi khe khe thai gian cudi ciing TS#n cua
khung. Sau d6 ti€p tuc lap lai cho cdc khung tiép theo trong su6t qua trinh thiét lap cudc ndi
yéu cau.
Poéng thai véi qua trinh ghi tin hiéu vao S-mem, C-mem thuc hién diéu khién qud trinh doc
céc 6 nh6 clia S-mem dé dua tin hiéu PCM ra ludng s6 PCM vai cac khe thai gian can thiét
hop tuong Gng theo yéu cau.

11
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Cu thé dién bién qua trinh xdy ra nhu sau:

Bat dau khe thai gian TS#9, tin hiéu dong ho tac dong vao TS-counter lam né chuyén trang
thai tao ma nhi phan tuong tng dia chi 6 nhé s6 9 ctia C-mem. Bo chon dia chi Selector2
chuyén s6 liéu nay vao Bus dia chi ciia C-mem ddng thai tao tin hiéu diéu khién doc R cho bd
nhé C-mem, két qud 1a ndi dung chda trong 6 nhé s6 9 ca C-mem dugc dua ra ngoai huéng
t6i Bus dia chi doc phia dau vao cta Selector1. vi noi dung cia 6 nh6 s6 9 C-mem la dia chi
nhi phan cia 6 nhé s6 5 clia S-mem dugc dua ra ngoai vao khodng thoi gian yéu cau cho
tride. Qud trinh ti€p tuc 13p lai nhu trén vé6i chu ky 125psec véi cdc khung ti€p theo cho t6i
khi két thac cuoc ndi.

Co ché hoat dong ctia chuyén mach tang T nhu da trinh bay trén day 1a qud trinh ghi tin hiéu
PCM vao S-mem dugc thuc hién mot cach tuan ty, con qué trinh doc tinhiéu PCM tif S-mem
ra dugc thuc hién theo yéu cau theo céch tuan tu, con qud trinh doc tin hiéu PCMtd S-mem ra
dugc thuc hién theo yéu cau theo cach ngiu nhién. Ch& do lam viéc nhu vay clGa chuyén
mach tang T goi 1a “ ghi tuan ty doc ngau nhién” viét tit SWRR (Sequencial Write Random
Read). Ngoai ch&€ do SWRR trong thuc tién con phai st dung ché& do “ghi ngau nhién doc tuan
tu” “RWSR (Random Write Swquencial Read)” ma ching ta sé khdo sat khi mo ta cau tric va
hoat dong clia tang chuyén mach s ghép kénh két hgp T-S-T sau nay.

2.2.4 Cau tric khdi chuyén mach sé dung lugng I6n
2.2.4.1 Gié6i thiéu chung

Trong cac Gng dung thuc t€ cta cac khoi chuyén mach tin hiéu sé ta thuong phdi gidi quyét
hai van dé la chat lugng phuc vu QoS (Quality of Service) va dung lugng can thiét ctia khdi
chuyén mach yéu cau. Chat lugng phuc vu chi y&u phu thudc vao hién tugng blocking
(Vuéng noi) da trinh bay trong muc 2.2.2 va hién tugng nay véi xac sudt kha I6n khi chi st
dung cac chuyén mach ting S. B&i véi tang T nhu da mo ta trén day né c6 thé bdo ddm chiic
nidng chuyén mach khong blocking cho tat cd cic khe thoi gian trong ludng cao tin hieu PCM
ma n6 dam nhiém phuc vu. Vi du véi hé théng 32 PCM 30/32 dugc ghép kénh s6 thanh mot
lubng cao toc do PCM 1024 TS huéng t6i chuyén mach tang T don 1& thi tdt cd 1024 TS, c6
thé dugc két ndi mot cach tu do ma khong gay hién tugng blocking. N&u mdt truong chuyén
mach dugc xay dung bang mot tang T nhu vay thi dung lugng thuc t€ ctia n6 1a 512 TS dé
thuc hién két ndu cac kénh PCM theo cd hai chiéu thu/phét. Tuy vay, trong cac Ging dung thuc
t€ & tong dai noi hat, trudng chuyén mach ngoai viéc tao kénh cho kénh thoai con phai tao
kénh cho bao hiéu vadiéu khién. Do dé véi mot tang T don thi triiong chuyén mach chi bao
dam dugc khdong 450 thué bao nghia la dung lugng t6ng dai qua nhé.

Ngoai ra doi véi cong nghé ché tao khi kich thugc tang S ting én thi s6 lugng chan ra clia vi
mach ciing sé rat I16n gay khé khin ché& tao vi mach. Con viéc ting dung lugng clia chuyén
mach tang T thi han ch& bdi cong nghé ché& tao vi mach nhé RAM va cic mach logic diéu
khién lién quan. Nhu vay viéc tang dung lugng truong chuyén mach sb dé ddm bdo cho so
lugng thué bao va trung k& 16n tuy y theo yéu cau chi con céch phdi xay dung trudng chuyén
mach st dung két hgp chuyén mach T va S tiéu chudn. C6 rat nhiéu phuong an ghép két hop
gitia cac chuyén mach Sva T, vi du nhu T-S, S-T-S, T-S-T, T-S-S-T v...v

Do c6 kha nang tiép thong hoan toan va khong cé hién tugng blocking nén ngudi ta mong
mudn chi st dung mot ting T. Tuy vay mot tang T chi dung lam khéi chuyén mach khong
blocking c6 dung lugng t6i da 1024 TS. V6i cdu trac hai ting TS va ST chi thich hgp cho cac
tang chuyén mach dung lugng nhd va viia. Nhung véi phuong dn nay sdc xuat blocking sé
tdng nhanh cing véi sy ting dung lugng clia chuyén mach T. Do vay & céc téng dai dung
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lugng viia va I6n nham muc tiéu gidm blocking va tang dung lugng khdi chuyén mach ngudi
ta thuong dung cau tric ba tang.

TruGe day, cdu tric S-T-S dugc st dung nhung t cudi thap nién 70 tr lai day cdu trac T-S-T
chi€m uu th& hon va ngay nay cau trdc nay st dung rong rai nhat. Sé di truGc day ngudi ta st
dung S-T-S 1a vi trinh do cong nghé lic d6 tranh chi phi I6n cho téc do hoat dong cao cla vi
mach. Ngay nay cac uu diémva t6c do cao ctia RAM da bu lai dugc vvé chi phi gia thanh cho
cd hai cong nghé chuyén mach Sva T do dé cau tric T-S-T dugc ua chudng hon.

Trong cac téng dai dung lugng cuc 16n, cac chuyén mach tang S c6 tac dung chia nhd truong
chuyén mach thanh mot s¢ tang thanh phan nham han ché kich thu6c cta ching do dé cac
cdu tric 4 va 5 tang T-S-S-T hodc T-S-S-S-T da dugc Gng dung. Luu y ring viéc st dung cau
trdc chuyén mach tang S da tang gidm dugc téng chi phi gia thanh nhung tang chi phi dé giai
quyét van dé blocking.

Thei ly thuy&t cdu trdc chuyén mach T-S-T c6 hé s6 tap trung 1a 1:1 c6 thé bdo ddm khong
xdy ra blocking néu s6 lugng khe thoi gian ndi bo qua tang chuyén mach S a 2n-1 trong d6 n
la s6 lugng khe thai gian & trong cac lubng PCM vao va ra clia tang chuyén mach T ngoai vi.
Tuy vay tham chi la c& khi ma s6 lugng khe thai gian trong va ngoai bang nhau thi chat lugng
phuc vu QoS van rat t6t (khodng 3.10" cho kénh c6 luu lugng 0,7Erl va sé tang lén t6i
4,7.10°® khi luu lugng kénh 1a 0.8Erl). Hon nita, do khong phdi tat ca céc khe thai gian ngoai
§ ludbng PCM dugc st dung dé truyén tdi luu lugng ma s6 khe thoi gian noi thuong luon luon
c6 sdn cho viéc dinh tuyén luu lugng qua chuyén mach tang S va luu lugng khe thoi gian TS
gnoai, nhd d6 ma tham chi cé vé6i nhiing kénh Iuu lugng cao 0,8Erl chat lugng dich vu QoS
clia T-S-T van c6 thé gia tri 10° dén 107°

Tom lai viec lya chon cdu tric cu thé phu thudc vao nhiéu yéu t6 nhu do phdc tap, kich thugc
truong chuyén mach, luu lugng phuc vu, kich thuéc Module, kha nang kiém tra do tht bdo
dudng, mé rong dung lugng v...v

Do cac tinh ch&t quy bau nhu trinh bay trén day, cdu trac T-S-T dugc si dung rong rai nhat
va né dugc thiét k€ dudi dang cac Module cé kich thuéc phti hop v6i cong nghé, Gng dung
thuc t&€ va dé phat triién, dé van hanh va bao dudng.

2.2.4.2 Mang chuyén mach T-S-T

Kh&i chuyén mach s§ cau trac T-S-T cdo tao tif 3 tang chuyén mach T1, S va T2 két ndi véi
nhau nhu minh hoa trén hinh vé H2.13

Incoming bit stream Qutgoing bit stream
Incoming Internal Internal Qutgoing
time slots time slots Space time slots time slots
? 0 switch [V me—
E 1 I I
Line system A : || Time 2 Time _% Li
switch [~ 7 switch ine system A
n kil
0
i ?
2 Time Ti 2
i _— ime :
Line system B switch [ 23 switch [ Line system B
n h 31—
0
1 Space
. Time switch Ti .
Line system C switch controller g“:ir{':h — Line system C
N

Hinh 2.13 Truong chuyén mach T-S-T
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Tang chuyén mach thdi gian T1 phia dau vao két ngi khe thoi gian vao véi mot khe thoi gian
roi nao do trong duong Bus dan t6i dau vao cla tang chuyén mach khong gian S. Trong khi d6
tang chuyén macch thai gian T2 phia dau ra két ndi khe thai gian da dugc chon ti chuyén
mach tang S t6i khe thoi gian ra yéu cau. Nhu vay cudc goi dugc két ndi qua triong chuyén
mach c6 thé dugc dinh tuyén qua tang S v6i bat ky khe thoi gian thich hgp nao.

Phu hgp véi tinh chat va Gng dung cta cac ludng ghép kénh s cao t6c PCM tif bén ngoai
vao/ra kh&i chuyén mach khéi chuyén mach T-S-T, cdc chuyén mach thoi gian T2 nguogc lai
lam viéc theo ch& do RWSR. Ngoai ra uu diém clia ché do hoat dong dugc lya chon trén day
lam cho viéc diéu khién noi bo khdi chuyén mach tré ra nén rd rang, don gidn va dé thuc
hién hon. Thong thuong dung lugng clia cdc chuyén mach thoi gian T khodng 1024TS, con
kich thudc clia ma tran chuyén mach D la 8x8, 16x16 va 64x64 dudng cao HW (HighWay)
D€ giai thich qua trinh thuc hién nhiém vu chuyén mach cta khdi chuyén mach s§ cau trac
T-S-T trén hinh vé H2.13 da chi rd qué trinh chuyén mach phuc vu cho cudc néi gitia khe
thoi gian TS#2 cda ludng s6 dau vao 2 véi khe thoi gian TS#31 cda luong tin hiéu PCM dau ra
B khe thoi gian trung gian TS#7 & tang chuyén mach khong gian S.

Dua vao nguyén tic cau tao va hoat dong clia cdc chuyén mach tang S, tang T da trinh bay
ky trong cdc muc 2.2.2 va 2.2.3 ban doc hay tu khdo sat va md td cho qué trinh thuc hién
nhiém vu chuyén mach néu trén.

2.2.4.3 P§ an toan va tin cay cia khdi chuyén mach s6

Cac khdi chuyén mach s6 hién dai c6 dung lugng khéng 15, do d6 ban than ching cling cac
thiét bi diéu khién lién quan can phai dugc ddm bado do an toan tin cay cao bdi vi mot héng
hoc nhd c6 thé gay ra hau qud nghiém trong cho toan bo hé thong. Cac hé théng chuyén
mach dau cudi cong cong hién dai yéu ciu thai gian héng binh quan trong chu ky 20-40 nam
phu thuoc vao cac tinh nang qudn ly. Vi rang chi c6 mot trong s6 cac cau kién cla hé thong,
kh&i chuyén mach tu n6 can phai ddm bao chi mot phan nhé trong ty sudt hdng hoc bat ky
nao &nh hudng manh hon mot phan nhd mach dién. Diéu nay yéu cau phdi xem xét can
nhic than trong van dé ddm bdo do tin cdy cao cla cac khdi chuyén mach s6 bdi vi dung
lugng kénh clia chang khéng 16 va khai lugng cau kién phan cing 16n. Vi du nhu néu héng
héc phan cing & mot Bus luong PCM ndi bo gitia ting T va tang S c6 thé sé lam t6n that 1024
kénh truyén dan.

Bdo vé an toan mot cach c6 hiéu qud va don gidn nhat cho truong chuyén mach s6 c6 thé
thuc hién bang hai gidi phap: thiét k& ché tao theo Module va trang bi du phong.

Theo phuong an du phong kép nghia la khdi chuyén mach dugc thiét k& ché tao ti hai nia
kh6i hoan toan nhu nhau va moi nta khéi goi la mot “mat” (Plane hay Side). Mdi cudc ndi sé
dugc thiét lap dong thai véi hai kénh dan song song dong nhdt qua cac mit A va B cta khdi
chuy&n mach, trong d6 mot mat lam viéc thuc su (mat tich cuc) dé két ndi kénh vao/ra phuc
vu cudc goi, con mat kia la dé du phong sao cho néu mat tich cuc c6 van dé thi né sé tu dong
thay thé.

D€ gidi quyét van dé nhu néu trén, b8 sung vao khdi chuyén mach an toan can phai c6 co
ché& giam sét, phat hién sai 16i va héng héc sao cho c6 thé co lap dugc b phan thiét bi khi
xay ra sai 16i. D8i v6i phuong phap trang bi kép doi c6 thé st dung gidi phap ki€ém tra tinh
chdn 1& don gidn ca hai kénh song song tich cuc/dy phong dé chi ra mat bi sai 16i, cu thé la
bit chdn dugc bd sung vao t6 hgp ma tin hieu PCM 8bit trong hudng phét tai mdi ludng két
dau cudi vao cla khdi chuyén mach. Ludng tin hiéu 9 bit sau d6 dugc nhan déi va dua t6i
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chuyén mach tang T dau vao tuong Gng cla cd hai mat cGa khai chuyén mach. Phia dau thu
mdi t6 hop ma PCM 9 bit 0 cd hai sé dugc ki€m tra tinh chdn dé phat hién c6 sai 16i hay
khong. Né&u phat hién thay 16i & mat nao thi 1ap tic mat d6 sé bi c¢o 1ap khéi khdi chuyén
mach mot cach tu dong hoan toan. Ngoai phuong phap trang bi du phong kép dugc st dung
rdt phd bi€n néu trén c6 thé st dung phuong phap tap hon vi du nhu dy phong theo module
N+1 hay du phong “N trong M” v..v

2.3 Ky thuat chuyén mach géi:

Ky thuat chuyén mach géi ngay nay da tré thanh mot ky thuat rat c6 tiém nang va quan trong
trong linh vuc vién thong bdi vi né cho phép cac ngudn tai nguyén Vién thong s dung mot
céch hiéu qud nhat. Chuyén mach géi c6 thé thich tng vé6i dién rat rong cac dich vu va yéu
cau cta khach hang. Trén thé gi6i ngay nay, mang chuyén mach goi ciing dang thé hién
hiéu qud va tinh hadp dan cta né cho cac dich vy vién thong khac nhu dién thoai. Video va
cac dich vu bang rong khac.

Quan diém cta chuyén mach géi dua trén khd ning cGia cdc may tinh s6 hién dai t6c do cao
tdc dong vao ban tin can truyén sao cho c6 thé chia cit cac cudc goi, cac ban tin thanh cic
thanh cac thanh phan nhé goi 1a “Géi” tin. Tuy thudc vao viéc thuc hién va hinh thic cda
thong tin ma c6 thé c6 nhiéu mdc phan chia. Vi du mot cich thuc hién phd bién dugc ap
dung clia chuyén mach géi hién nay la ban tin clia nguoi st dung dugc chia thanh céc
Segments va sau d6 cdc Segments lai dugc chia ti€p thanh cac goi (Packet) cé kich thudc
chudn hod. Hinh vé H.2.14 minh hoa giao thic cit goi theo nguyén tic néu trén.

Cac segments sau khi dugc chia cdt ti ban tin clia khach hang sé dugc xd ly chudn hoa ti€p
bang cach dan “DPau” (leader) va “Du6i” “Trailer”, nhu vay ching chida ba truong s6 liéu
la:Dau chia dia chi dich cung cac thong tin diéu khién ma mang yéu cau vi du nhu sd thy tu
clia Segment#, ma kénh logic dé tach cac thong tin khach hang da ghép kénh, danh dau
segment dau tién va segment cudi cung clia ban tin va nhiéu thong tin khac lien quan t6i
chic nang quén ly va diéu khién tif “Dau cudi-t6i-Bau Cudi”.

Segment#1| Segment#2 Segment#n
Ban tin

BaAn tin | s o doé dai L

Truong Tin c6 do dai téi M bit
Segment PAu|Trudng Tin| CRC (M>=N)
Tao khung k&t thiic

Tao khung bt dﬁu\
Géi Tiéu dé | Téi tin (T6i N bit) | CRC

Hinh 2.14 Nguyén ly cit manh va tao Géi

D6i v6i cac goi tin truyén qua mang Chuyén mach géi con phéi chia cac mau tao khung dé
danh dau diém dau va diém cudi cla mdi géi. Tiéu dé (Header) clia géi tuong tu nhu dau
clia Segment, ngoai ra n6 con c6 thém cac thong tin ma mang chuyén mach yéu ciu dé diéu
khién sy truyén tdi clia cac g6i qua mang, vi du nhu thong tin can bé sung vao tiéu dé cta géi
la dia chi Ngudn, dia chi Bich, s6 thy tu ctia géi va cac khdi so lieéu diéu khién dé chéng
vong lap, quan ly QoS, suy hao, lap goéi v...v
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Truong s6 liéu diéu khién sai 16i CRC cho phép hé théng chuyén mach goi phét hién sai 16i
x4y ra trong g6i néu c6, nho d6 ddm bao yéu cau rat cao vé do chinh xac truyén tin.
Cac goi tin sé dugc chuyén qua mang chuyén mach géi tr Node chuyén mach nay t6i node
chuyén mach khac trén co s6 “luu dém va phat chuyén ti€p”, nghia Ia mdi node chuyén
mach sau khi thu mot géi sé tam thai luu gitt mot ban sao clia géi vao b nhé dém cho t6i khi
co hoi phat chuyén goi t6i node ti€p theo hay thiét bi dau cudi clia ngudi dung dugc ddm béo
chdc chan. B&i vi moi qua trinh thong tin dugc cdt nhé thanh cac géi giong nhau nén cac ban
tin du dai hay ngdn déu c6 thé chuyén qua mang véi sy dnh hudng 1an nhau it nhat va nho sy
chuyén tdi céc goi qua mang gan nhu nhau dugc thuc hién trong thoi gian thuc nén chuyén
mach c6 thé dap Gng dugc yéu cau hoat dong mot cach nhanh chéong ké cd khi c6 sy thay ddi
mau luu lugng hodc c6 sy héng hoc mot phan hay nhiéu tinh hang khac cta mang.
Hinh v& H2.15 minh hoa nguyén tic hoat dong clia mang chuyén mach goi.

PSWs

Hinh 2.15 Mang chuyén mach géi

Cac ban tin ctia khach hang tif may chd goi A sé khong dugc gdi mot cach tic thi va tron ven
qua mang tGi may bi goi nhu trong mang chuyén mach ban tin, ma sé dugc cét va tao thanh
céc gobi chudn & Node chuyén mach goi nguon PSWs. Mdi gbi sé dugc phat vao mang mot
céch riéng ré doc 1ap va ching sé dich chuyén vé Node chuyén mach géi dich PSWd theo
mot duong fan khd dung t6t nhat tai bat ky thoi diém nao dong htdi mdi goi sé dugc ki€ém tra
giam st 15i trén doc hanh trinh. Tai PSWd cdc géi sé tai hop lai dé tao thanh ban tin nguyén
ven ban dau rdi gli t6i thué bao B. Uu diém déc sdc clia chuyén mach goi la kénh truyén dan
chi bi chiém dung trong thai gian thuc su truyén goi tin, sau d6 kénh sé trd thanh rdi va kha
dung cho mot ban tin c6 thé dugc truyén mot cach dong thoi va c6 thé theo cac tuyén hoan
toan c4c tinh nang truyén dan cla he thong.

Nguyén tic co ban cda truong chuy&n mach g6i dugc minh hoa trén hinh vé H.2.16 sau day:

S6 liéu vao R Buffer
> Bo Nhé
Va ciac odi PK A
Controller
i
i
1
I
S6 liéu vao R Buffer
> B& Nhé
Va ciac odi PK A
Controller

Bus S liéu Bus diéu khién

Hinh 2.16 Nguyén tac truong chuyén mach géi.
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S6 lieu dén va cac goi diéu khién dugc phan phéi vao cac bo dém ma tai d6 ching dugc
kiém tra, gidm sat 16i. Sau d6 ching dugc tam thai luu tri lai d€ sdn sang chuyén vao Bus s6
lieu hodc dugc dién gidi bai bo diéu khién Controller dé tao ra cac tdc dong diéu khién. Goi
s6 liéu vao c6 thé dugc truyén vao Bus so liéu dang ndi ti€p hodc song song va sau dé dugc
chuyén t6i bo dém dau ra béi b diéu khién ma né xac nhan dugc dia chi clia goi chda trong
truong dinh huéng

2.4 Hé théng chuyén mach trong mang Vién thong
2.4.1 Gi6i thiéu tong quat vé hé thong chuyén mach sé

Ngay nay cac tdng dai s dungtrong mang vién thong trén toan cau chd yéu la téng dai dién
t 6. Hinh vé H.2.17 thdy r6 t6ng dai cdu thanh i 3 khdi chdc nang:

Khdi tap trung thué bao Khéi chuyén mach trung tim

Khién TB V
ﬁ 1

| 1
I 1

| 1

| 1

I 1

. AT :

| Khéi TK |€» :

B N .
“ 4P| SLC €9 T Khoi [T ! Chuyén DT |
cls | | Tap > MF ) — l

: A [V 7| Trung ' Mach P :

C Thué ! < MF I

<P Bao Tones : nhém :

I 1

; < CAS |

| 1

| 1

I 1

| 1

! <+«—>» CCS |

I 1

Bo didu ! |
! |

| 1

| 1

I 1

I 1

| 1

1

1

1

1

1

Hinh H.2.17 So db khdi tong dai so.

Kh&i tap trung thué bao (subscriber Concentrator) bao gdm giao dién mach dién duong
thué bao SLC (Subsciber Line Circuit), bd gan khe thdi gian TSAC (Time Slot
Assignment Circuit), bd thu tin hiéu ma da tan MF (MultiFrequency Receiver), may
phat tin hiéu am tan (Tones)va bo diéu khién mach dién duong day thué bao (Bo diéu
khién TB).

Kh&i chuyén mach trung tam cau tao thanh t kh&i chuyén mach nhén, module giao
dién trung k& Analogue TK véi cac dudng trung ké anologue AT (anologue Trunk), giao
dién trung k& s6 v6i cac duong trung k& s6 DT (Digital Trunk), bo thu phat tin hiéu ma
da tan MF (Multifrquency Send/Receiver), thiét bi bdo hiéu tiing kénh chugn CCS
(Common Channel Signalling). Cd hai khéi chic nang trén déu c6 trudng chuyén
mach s8, trong d6 tridng chuyén mach cta khdi tap trung thué bao thuong 1a chuyén
mach tang T dung lugng 1024 TS dung dé két ndi cho cac cudc goi tr 1024 dudng day
thué bao véi luu lugng thdp véi cac dudng trung k€& ndi bo c6 s6 lugng it hon (thong
thudng véi ti 1é tap trung 1/16-1/10) nhung véi luu lugng cao hon va huéng t6i khai
chuyén mach nhém. B6i véi khdi chuyén mach nhom vi 1a tridng chuyén mach sg
dung lugng I6n nén thudng dugc xay dung t cac tdng chuyén mach S va T két hop
nhu da trinh bay .
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e Hé thong diéu khién tdng daila mot hay mot mang may tinh dién t& s thuc hién cac
chiic ndng diéukhién chung moi hoat dong ctia hé thong. DEé trg gidp cho nhan vién
ky thuat diéu hanh hé théng Operator, trogn tong dai dugc trang bi cac thiét bi giao
ti€p Ngudi-Mdy nhu man hinh, ban phim, may in v....v

Téng dai s6 c6 nhiéu tinh nang uu viét cho cong tac quan ly, khai thac va cung cap céc

dich vu

2.4.2 Phan tich cudc goi va bao hiéu

Dién tién qud trinh phuc vu mot cudc goi ndi dai theo 10 budc co badn nhu minh hoa H2.18:
Thué bao Chu goi A Thué bao Bi goi B

I\" N e
1. Thué bao A nhic may Tong dai

A 4

. ) ; 2. Xéc dinh thué bao chi goi
An mdi quay s

d
<

3. Cp phit b nh..
4. Thué bao quay s6 DN

A 4

5.Phén tich s6 DN

6. Chuyén mach tao kénh

Hbi 4m chudng ., N Dong chudng
< 7. Cap chudng va hoi am »
chudng
Ct tin hiéu chuong va hdiam | 8. B nhic mdy trd 15i
chuong [

“_ ABnéichuyén . . A,B néi chuyén e
% 9. Gidm sat cudc ndi va thué =
bao A, B néi chuyén
A dat may B dit may

10. Giai phéng cudc noi

A
v

A
A 4

A 4
A

Hinh 2.18 Tién trinh x{t ly cudc goi

1. Tin hig¢u yéu cau cudc goi (thué bao nhac may)

Khi thué bao muén thuc hién cudc goi thi thué bao d6 chi viéc nhac may. Thao tac nay sé
tao ra tin hiéu bao hiéu khéi dau cudc goi (Off-hook signal). Diéu nay c6 nghia la thué bao
thong béo cho t6ng dai chudn bi xi 1y, diéu khién qud trinh thiét lap nd phuc vu cho cudc
goi. Thuc chat khi thué bao nhac may khdi tao cudc goi, mach vong thué bao véi téng dai
kin mach. Mot mact, dong dién mot chiéu téng dai cap cho méy dién thoai. Mt khac cac
thiét bi & t5ng dai sé dugc hoat hod va cdc tin hiéu sé dugc gli téi cac bo phan thich hop
lien quan cla t6ng dai. N&u ldc nay ma thué bao &n khoa dit t6 hop hay dit mdy thi dugc
coi nhu la bdo hiéu cho t5ng dai biét rang cudc goi két thac (on-hook signal) va mach
vong thué bao sé hd mach va viéc cap dién mot chiéu cho may dién thoai khong can nia.

2. Xac dinh thué bao chi goi

Cudc goi tif thué bao chli goi s& dugc phat hién bdi mach dién dudong day thué bao & téng
dai, sau dé bo diéu khién mach dién thué bao sé& xac dinh s§ thiét bi EN (Equipment
Number) ctia thué bao chi goi. En la s6 can thiét cho viéc bién dich thanh danh ba DN
(Directoty Number) ctia thué bao. D& phuc vu cho nhiém vu nay yéu cau cic bang bién
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dich dic biét ma § cac thé he t6ng dai co dién chang dugc thuc hién duéi dang mang
dién Logic cing bdi cac Ro Le, con ¢ cac tong dai s6 chanh luu tri trong cac bo nhd cla
may tinh diéukhién tong dai. Trén co s6 két qua bién dich néu trén, téng dai sé c6 dugc
nhiing thong tin quan trong ohuc vu cho céc cudc goi hién hanh, nhu quyén lién lac, kiéu
mady dién thoai, trang thai ban/rdi, cac dich vu cla thué bao v...v..

He thong diéu khién cla téng dai can xac dinh dugc cac thudc tinh, s liéu cla thué bao
cht goi dé dung cho cac muc dich khac nita nhu dé tinh cudc cudc goi hay xac dinh
quyén lien lac duong dai, lién lac quoc t&€ clia thué bao v...v Cac thong tin can thiét dé
quan ly thué bao dugc luu tri trong ban ghi thué bao (Subscriber Record) thudc co s di
lieu cta tdng dai.

3. Cap phat bd nhé va két ndi thiét bi dung chung

Mot torng cac chiic nang chd yéu cla tdng dai 1a diéu khién. Mot sd logic can dugc dién
gidi cac su kién xdy ra trong ti€n trinh cudc goi va trén co sé dé dua ra cac quyét dinh can
thi€t va hoat hoa cac tac dong tuong Gng. Khi téng dai nhan dugc tin hiéu yéu cau khai
tao cudc goi (Off-hook signal), thiét bi diéu khién sé cap phat thiét bi chung va cung cap
kénh thong cho thué bao chl goi. Vi du nhu trong qua trinh x Iy cudc goi, tdng dai cap
mot ban ghi cudc goi (Call Record)- mot viing bo nhé can cho suét tién trinh cudc goi,
trong do luu trr moi chi ti€t lien quan. Mot vi du khac vé thiét bi dung chung trong tng
dai dé 1a cac may thu/ phét va bd nhé dé luu trii s6 danh ba DN clia thué bao bi goi, cac
chii s6 nay khong chi can dé xac dinh thué bao bi goi ma con dé cung cdp nhiing thong
itn can thiét khac lién quan téinhiém vu dinh huéng cho cudc goi qua mang.

4. Thu va luu trif cac chit s6 DN

Sau khi nhan dugc tin hiéu moi quay sd, thué baocht goi sé tién hanhphat cac chii s6 DN
clia thué bao bi goi bang cach an s6. Cac chii s6 nay sé dugc téng dai thu va luu tri vao
mot vung nhé trong bd nhé

5. Phan tich so

Sau khi thu dugc cac chii s6 DN cla thué bao bi goi, hé théng diéu khién can phai phan
tich céc chi s6 nay dé xac dinh huéng clia cudc goi hién hanh. Néu cudc goi két cudi tai
t6ng dai, nghia la cudc goi noi dai- khi ca thué bao chli goi va thué bao bi goi cung trong
mot téng dai thi chi duy nhdt mot mach dién cudc goi dugc dinh huéng t6i-d6 la mach
dién dudng day thué bao bi goi va khi d6 néu day thué bao bi goi “ban” thi cudc goi
khong thé ti€p dién thanh cong va t6ng dai sé phét tin hiéu bao ban cho cho thué bao
chti goi. Ngugc lai néu cudc goi két cudi tai mot téng dai khac & xa thi n6 sé dugc phat va
ti€p theo s& dugc tuy chon trong mot huéng kha tuyén. Trong triong hgp nay néu trong
huéng thich hgp khong c6 mot mach dién trung k& kha dung thi tng dai sé gli tin hiéu
bao ban cho thué bao chl goi va cudc goi sé bi huy bé. Néu c6 mach dién trung k& kha
dung cho cudc goi hién hanh thi t(?;ng dai s& chon va chi€ém mot mach cho cudc goi dang
xét. Mach dién da bi chi€m dung va khod thi sé thuc hién bang cich dit 4p danh dau
diéu kién con trong tdng dai thong tin vé mach dién luu tri trong ban s& liéu trong co s8
di liéu dudi dang ma trang thai ctia mach dién.

6. Chuyén mach tao kénh

bén thoidiém nay, hé théng diéu khién t6ng dai da xac dinh dugc ré cd hai mach dién
thué bao chti goi va thhué bao bi goi.Nhiém vu tiép theo la chon dudng két noi gitia hai
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thué bao quatruong chuyén mach cta tdng dai. Trong hé thong diéu khién cta tdng dai c6
céc thuat toan chon dudng thich hgp. Mdi diém chuyén mach trong dudong két ndi da
chon can dugc kiém tra dé bdo ddm rang n6 chua bi chiém dung sau dé chi€m va khod
dudng.

7. Cap dong chudng va tin hi¢u hdi am chuéng

D6i v6i cac cudc goi noi dai, sau khi thuc hién cadc nhiém vu trong budc 6, tong dai sé
phat tin hiéu chudng cho thué bao bi goi dong thoi gli tin hiéu hdi am chudng cho thué
bao goi. Bang cach dé t6ng dai thong bdo cho cac thué bao cudc goi da duge x{ ly thanh
cong va cac thué bao c6 thé tién hanh cudc néi chuyén.

8. Thué bao bj goi nhac may tra loi

Khi thué bao nhac may téng dai sé thu dugc tin hiéutrd 10i cla thué bao bi goi. Kénh ndi
da dugc lya chon gitia hai thué bao hinh thanh va céac thué bao bit dau néi chuyén qua
tong dai. Lic nay dong chudng va tin hiéu hoi am chudng phai bi cit khdi kénh ndi gitia
hai thué bao, dong thai viéc tinh cudc dugc kich hoat.

9. Giam sat cudc noi
Trong khi cudc két ndi dién ti€n, chiic ndng giam sat dugc thuc hién nham xéac dinh viéc
tinh cu6c dugc kich hoat.

10. Giai phong cudc noi

Két thic cudc ndi cac thué bao dat may , t6ng dai nhan dugc tin hiéu gidi phong. Thiét bj
diéu khién sé gidi phong tat cd cac thiét bj va bo nhd da tham gia phuc vu cho cudc goi
hién hanh, sau cting dua cac thanh phan ké trén vé trang thai kha dung cho cudc goi tiép
theo.

Doi véi mang vién thong hién dai ddm bao cho cong tac qudn ly va khai thac bdo dudng
mot cach c6 hiéu qua thi viéc thu nhap céc s6 liéu yéu cau quan ly clia mdi cudc goi rat
quan trong. Thong tin vé cac cudc goi bi t6n that do hdng héc thiét bi téng dai hay do c6
céac thiét bi kh3 dung la cac s6 liéu can thiét cho bdo dudng va quy hoach mang. Giam
sat chat lugng dich vu can dé quan ly thong ké ciing nhu bdo dudng. Cac s6 liéu vé cac
cudc goi thanh cong yéu cau cho viéc tinh cuéc thanht oan dich vu. D6 1a cac chtc
nangquéan ly quan trong trong cong ty dién thoai. Cac s0 liéu quan ly va bdo dudng néu
trén dugc thu nhap va duy tri trong phdn mém téng dai. Viéc x ly cac s liéu nay dugc
thuc hién bdi mdy tinh trong hay ngoai tdng dai tuy thudc vao tinh chat va phuong phap
X ly cla t6ng dai cu thé.
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1) Trinh bay céc thanh phan c&u thanh mang vién thong va cac chic nang co ban clia
céc thanh phan
) Nguyén ly trao ddi khe thoi gian
) Nguyén tic cau tao va hoat dong chuyén mach tang S
) Nguyén tic cau tao va hoat dong chuyén mach tang T
5) Mo td cho qud trinh thyc hién nhiém vu chuyén mach T-S-T.
)
)
)

6) Phan tich cac dac diém cltia chuyén mach kénh va chuyén mach goi
7) Trinh bay tién trinh thuc hién cudc goi.
8) Liét ke tén clia mot so thi€t bi chuyén mach dang st dung trong mang vién thong Viét

Nam.
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CHUONG 3
HE THONG THONG TIN DI PONG

3.1 GIGI THIEU VE HE THONG THONG TIN DI DONG TE BAO
3.1.1 Giéi thiéu:

Thong tin di dong dugc Gng dung cho nghiép vu canh sat tif nhiing ndm hai muoi & bang tan
vO tuyén 2MHZ. Sau thé chién Il méi xuat hién thong tin do dong dién thoai dan dung. 1946,
v6i ky thuat FM (diéuch& tan s6) & bang s6 150MHZ, AT&T dugc cap gidy phép cho dich vu
dién thoai di dong thuc su & St.Louis. 1948, mot hé thong dién thoai di dong c6 dai thong tan
s6 30kHz v6i ky thuat FM & bang tan 450 MHz dua hiéu sudt st dung phé tan s6 ting gap 4
1an so v6i cudi thé chién 1.

Nam 1996, mot phan mudi ngudi My cé dién thoai di dong, con hé thong dién thoai cong sé
vO tuyén da bao gdm 40 trieu mdy, trén 60 triéu dién thoai kéo dai dugc dung, dich vu PCS
thuong mai dugc ap dung & Washington. Trong thoi gian 10 ndm qua, cdc may dién thoai di
dong (thiét bi dau cudi) da gidm kich thudc, trong lugng va gia thanh 20% mdi nam.

Quan niém “cellular” bt dau tif cudi nhiing ndm bdn mugi vé6i Bell. Thay cho m6 hinh quang
ba vGi mdy phat cong sudt I6n va anten cao 1a nhiing cell dién tich be”c6 may phat BTS cong
sudt nhé; khi céc cell & cach nhau di xa thi ¢6 thé st dung lai cing mot tan s6. Thang 12-
1971 heé thong cellular tuong ty ra doi , FM, & ddi tan s6 850 MHz. Tuong Gng 1a sdn pham
thuong nghiép AMPS (tiéu chudn) ra doi name 1983. D&n dau nhiing ndm chin muoi, thé hé
dau tién ctathong tin di dong cellular da bao gom hang loat hé théng & cac nuéc khac nhau:
TACS, NMTS, NAMTS, C ... Tuy nhién, cac hé théng nay khong thda man dugc nhu cau ngay
cang ting, trudc giao nhau khong di rong nhu mong mudn (ra ngoai bién gi6i). Nhiing van dé
trén dat ra cho thé hé thad hai thong tin di dong cellular phai gidi quyét. Mot su lua chon dugc
dat ra: ky thuat tuong tu hay ky thuat s6. Cac t6 chic tiéu chudn hoa chon ky thuat sé.

Trugc hét ky thuat s6 ddm béo chat lugng cao hon trong moi tridng nhiéu manh va kha ning
tiém tang vé mot dung lugnng 16n hon.

Cac heé thong thong tin di dong s6 cellular c6 nhiing uu di€ém can bén sau day:

e S dung ky thuat diéu ch& s6 tién ti€n nén hiéu suat s dung phd tan cao hon.

e Ma hoa s6 tin hiéu thoai vé6i t6c do bit ngay cang thap, cho phép ghép nhiéu kénh
thoai hon véi dong bit téc do chudn.

e Gidm ty |é tin tlc bédo hiéu, danh ty Ié I16n hon cho tin tléic ngudi s dung.

e Ap dung ky thuat ma héa kénh va ma hoa ngudn cla truyén dan sg.

e Heé thong s6 chéng nhiéu kénh chung CCI (Cochannel Interference) va nhiéu kénh ké
ACI (Adjacent-Channel Interference) hiéu qud hon. Piéu nay cudi cung tang dung
lugng hé théng.

e Diéu khién dong trong viéc cdp phét kénh lién lac 1am cho s dung phd tan s3 hiéu
quan hon.

e Cé6 nhiéu dich vu méi: nhan thuc, s6 liéu, mat ma hod, két ndi ISDN.

e Diéu khién truy cap va chuyén giao hoan hdo hon. Dung lugng ting, dién tich cell
nhd di, chuyén giao nhiéu hon, b&o hiéu tat bat déu dé dang x{ ly bang phuong phap
Jof
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He thong thong tin di dong cellular thé hé tha hai c¢6 3 tiéu chudn chinh: GSM, 1S-54, JDC,
trong d6 1S-54 bao gdm trong né tiéu chudn AMPS. Thé& hé thi ba bit diu ti nhiing ndm sau
ctia thap ky 90 sé la ky thuat s6 véi CDMA va TDMA céi tién.

Chuang ta chiing ki€n mot sy that 1a ngdy cang nhiéu ngudi can dén thong tin di dong, ty lé
mdy dién thoai di dong so véi mdy ¢ dinh ngay cang tang Ién, cung vdi nhiéu dich vu di
dong phi cellular, nhan tin, may vo tuyén cd nhan, hé thong thong tin di dong qua veé tinh thé
hé ct va méi, may tinh cd nhan di dong, ching ta sé tién tGi hé thong thong tin cd nhan trén
pham vi toan cau, véi kha nang trao déi moi loai tin tic du ngudi dung vao bat ky lac nao, &
bat ky dau, mot cach nhanh chéng, tién lgi.

3.1.2 Pham vi va muc tiéu:

Thong qua chuong nay, sinh vién sé hiéu dugc nhiing thuat ngi lién quan dén hé thong thong
tin di dong va nhiing kién thic co ban sau day:

e Khéi niém vé mang thong tin di dong

e Nguyén ly hoat dong cia mang thong tin di dong

e Nguyén ly vé hé thong GSM

e Ky thuat trdi phé CDMA

3.2 Nguyén ly mang thong tin di dong té bao
3.4.1 Cau tric mang thong tin di dong t& bao:

Cell hay con goi 1a t€ bao la don vi nhd nhat clia mang. Trén so do dia ly quy hoach mang,
cell c6 hinh dang mot t6 ong hinh luc gidc. Trong mot cell c6 mot t6ng dai BTS (Base
Transceiver Station). BTS lién lac vo tuyén vGi tat cd cdc mdy thué bao di dong MS (Mobile
Station) c6 mat trong cell. Dang cell dugc minh hoa nhu sau:

Hinh 3.1 Khai niém vé bién giéi cta cell.

Trong hinh 3.1, hinh tron a biéu thi viing phl s6ng clia mét anten vo huéng phat ddng huéng,
dudng bién tuong Ging véi quy tich cac vi tri c6 cung cu ly dén vi tri anten ma tai d6 cuong do
tin hiéu da suy gidm dén gid tri t6i thiéu yéu cau clia mdy thu. Hinh b biéu thi tinh hudng hai
anten vo hudng giong nhau dugc thiét [ap & khodng cach thich hgp. Khi d6 , hai vong tron
giao nhau, ma day cung chung cta vung giao nhau la quy tich cac vi tri cudng do tin hiéu
anten bang nhau. Hinh c biéu thj tinh huéng phti song clia mot anten vo huéng c6 toan bo
duong bién bi giao nhau véi viing phli séng 6 anten tuong tu didt cdch déu xung quanh. 6 day
cung tao thanh hinh luc gidc déu, biéu thi vinh phd séng ctia mot cell; khi MS chuyén dong
ra ngoai vung dé, n6 phdi dugv chuyén giao dé lam viéc véi BTS ctia mot cell khac lién ké
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ma né hién dang trong viing pht séng. Hinh luc gidc trd thanh ki hiéu cell trén ban dé quy

hoach mang (hinh d).

Mang thong tin di dong s cell ma gido trinh nao dé cap, thuc chat la mang di dong mat dat
cong cong PLMN (Public Land Mobile Network). N6i mot céach t6ng quat, thi PLMN hgp tac
vGi cac mang c6 dinh dé thiét 1ap cudc goi, PLMN cung c&p cho cho céc thué bao (nguoi
dung) kha ning truy cap vao mang thong tin toan cau t MS va dén MS.

)

HE THONG CHUYEN
MACH

BSS
BSC

<
@
@]

BTS

" HE THONG TRAM GOC

Truyén dan tin tic

K&t ndi cudc goi va truyén dan tin

tlic

Céc ky hiéu:

AUC (Authentication Center): Trung tdm xac thyc.
CSPDN: Mang chuyén mach s§ cong cong theo mang
BSS (Base Station Subsystem): Hé théng tram goc

BSC (Base Station Controller): Dai diéu khién tram goc.
BTS (Base Transceiver Station): Dai vo tuyén goc

EIR (Equipment Indentity Register): Thanh ghi nhan dang
thiét bi

ISDN: Mang sd liéu lién két da dich vu

HLR (Home Location Register): Bo ghi dinh vi thuong tra.

MS (Mobile Station): My di dong

MSC (Mobile services Switching Center) : Téng dai di
dong

OMS(Operation Maintenance subsystem): Heé théng
van hanh, gidm sat va b3o dusng nhiing thanh phan
mang cla hé théng.

PSPDN: Mang chuy&n mach cong cong theo goi
PSTN: Mang chuyén mach dién thoai cong cong

SS (Switching subsystem): Hé thang chuyé&n mach.
VLR (Visistor Location Register): Bd ghi dinh vi tam
trd

PLMN: Mang di dong mit dat cong cong

Hinh 3.2. M6 hinh hé thong thong tin di dong t& bao.

Hinh 3.2 gigi thieu mo hinh hé thdng thong tin di dong cellular. Hé théng nay bao gom phan
hé chuyén mach SS (Switching System) va phan hé tram g6c BSS (Base Station Subsystem).
Trong mdi BSS, mot bo diéu khién tram géc BSC (Base Station Controller) diéu khién mot
nhoém BTS vé cac chiic nang nhu chuyén giao va diéu khién cong sut.
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a) Hé théng con SS:

Heé théng con chuyén mach bao gém céc chiic ning chuyén mach chinh cGia mang cting nhu
cac co sG di lieu can thiét cho s6 liéu thué bao va quan ly di dong clia thué bao. Chdc nang
chinh ctia SS la quan ly thong tin gitia nhiing ngudi st dung mang di dong véi mang khac.

MSC:

Trong mdi SS, mot trung tdm chuyén mach clia PLMN, goi tit la t6ng dai mang di dong MSC
(Mobile services Switching Center), phuc vu nhiéu BSC, hinh thanh cap quén Iy lanh thé goi
la vaing phuc vu MSC, bao gom nhiéu vaing dinh vi. Hinh 3-3 bi€u thi phan cap cau trac dia
ly cia mang mang di dong cellular, vi du GSM.

Ving phuc vu GSM (t4t c& cac nuGe thanh vién)

Vang phuc vu PLMN (m6t hay nhiéu viing § mot nugc)

Vaing phuc vu MSC (Vung diéu khién bai mot MSC)

Vung dinh vi (ving dinh vi va tim goi)

Cell
(Vaing c6 tram goc riéng)

Hinh 3-3.Vi du vé phan cip ciu tric dia li clia mang di dong cellular (GSM).

Ngoai ra MSC giao ti€p v6i cac mang ngoai. MSC lam nhiém vu giao ti€p vao mang ngoai
goi 1a MSC cdng (gateway). D€ két n6i MSC vGi mot s6 mang khac can phai thich Gng cac
dadc diém truyén dan ctia mang di dong v6i cac mang nay. Cac thich ¢ing nay dugc goi la cac
chiic ndng tuong tac. Cac chiic nang tuong tac (IWF:Interworking Function) bao gom thiét bj
dé thich Gng giao thic va truyén dan. N6 cho phép két ndi véicic mang: PSPDN (Packect
Switched Data Network), n6 cting ton tai khi cdc mang khac chi don thudn la PSTN hay
ISDN. IWF c¢6 thé dugc thuc hién trong cting chiic ning MSC hay c6 thé & thiét bj riengm &
truong hop hai giao ti€p gitia MSC va IWF dugc dé mé.

HLR:

Ngoai MSC, SS bao gébm céc ca s dii lieu. Cac thong tin lién quan dén viéc cung cap cac
dich vu vién thong, dugc luu gitt & HLR khong phu thudc vao vi tri hién thai ca thué bao.
HLR cting chia cdc thong tin lién quan dén vi tri hién thoi cta thué bao. HLR cling chia céac
thong tin lién quan dén vi tri hién thoi cda thué bao. Thudng HLR 1a mot mdy tinh ding riéng
khong c6 khd nang chuyén mach nhung c6 kha ning quan ly trdm ngan thué bao. Mot chic
nang con clia HLR la nhan dang trung tam nay qudn ly an toan s6 liéu clia cac thué bao dugc
phép.

VLR:

VLR 12 co s6 dii liéu tha hai trong mang di dong. N6 dugc ndi v6i mot hay nhiéu MSC va c6
nhiém vy luu git tam thoi s liéu thué bao cla cic thué bao hién dang nam trong viing phuc
vu cllia MSC tuong Ging va dong thoi luu gitt s6 liéu vé vi tri cGia cac thué bao néi trén & mic
d6 chinh xac hon HLR.

Céc chdic nang VLR thudng dugc lien két véi cac chic nang MSC va dugce cap nhat t dong.
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b) Hé thong con BSS

C6 thé n6i BSS la mot hé thong céc thiét bi dic thu riéng cho céc tinh chit t6 ong vo tuyén
cGia mang di dong.

Trung tam nhan thuc AUC (Authentication Center) c6 chic ndang cung cdp cho HLR cac thong
tin s6 nhan thdc va cac khod mat ma. Méi MSC cé mot VLR.

Khi MS di dong vao mot viing phuc vu MSC méi, thi VLR yéu cau HLR cung cdp céc s8 lieu
vé vi khdch MS méi nay, dong thai VLR ciing thong bdo cho HLR bi&t MS néi trén dang &
viing phuc vu MSC nao. Vay VLR c6 tat cd thong tin can thiét dé thiét 1ap cudc goi theo yéu
cau ngudi dung. Mot MSC céng (gateway) dugc PLMN giao cho chic nang két noi gitia PLMN
vGi cdc mang c6 dinh. Vi du, dé thiét 1ap mot cudc goi dén MS, thi MSC cdng hdi HLR vé vi
tri hién thdi ctia MS thudc vé ving MSC nao dinh vi clia MS xét. Tiép theo la sy thong bdo
quang ba tim goi MS xét dugc thuc hién.

May di dong gom 2 phan: module nhan dang thué bao SIM (Subscriber Identity Module) va
thué bao thu, phét, bao hiéu ME (Mobile Equipment).

Trong phan hé chuyén mach SS can c6: thanh ghi nhan dang thiét bi EIR (Equipment
Indentity Register) chic s6 lieu phan cing cta thiét bi — EIR dugc ndi v6i MSC qua mdt duong
bao hiéu, nhd vay MSC c6 thé kiém tra sy hgp ly cla thiét bi.

Ngoai ra con c6 phan OMS (Operation and Maintenance Subsystem) van hanh, quan Iy va bdo
dudng nhiing thanh phan mang cta hé théng.

Trén co sé nhiing diéu trinh bay trén nay, ching ta tri6c hét can biét dén nhiing khac biét
I6n trong mang di dong va mang ¢6 dinh.

Trong mang c6 dinh, thiét bi dau cudi ndi két c6 dinh v6i mang. Do dé. Téng dai mang c6
dinh lién tuc giam sat duoc trang thai nhac — dit (t6 hgp may dién thoai) dé phat hién cuoc
goi dén t thué bao, dong thai thiét bi dau cudi luon ludn sdn sang ti€p nhan chudng (c6 cudc
goi dén thué bao xét). Nhung trong mang di dong, vi s6 kénh vo tuy€n qud it so vGi s6 thué
bao MS, nén kénh vo tuyén chi dugc cdp phat theo ki€u dong. Hon nia, viéc goi dugc va
thiét 1ap cudc goi doi véi MS cting khé hon. Khi chua c6 cudc goi, MS phai 1dng nghe thong
bao tim goi n6 nhd mdt kénh dac biét, kénh nay la kénh qudng ba (chung vung dinh vi).
Mang phdi xac dinh dugc MS bi goi dang & ciing dinh vi nao.

Mot cudc goi lién quan t6i MS yéu cau hé thang cho phép MS truy cap dén hé thang dé nhan
dugc mot kénh. Thi tuc truy cap dugc thuc hién trén mot kénh dac biét theo huéng ti MS
dén tram gdc. Kénh nay va kénh quang ba déu la kénh chung vi né déng thoi phuc vu nhiéu
MS trong cell. Kénh ma MS dugc cap phat dé thuc hién mét cudc goi la kénh danh riéng. Vay
MS c6 2 trang thai chinh:

e Trangthai chd: MS lang nghe kénh quang ba

e Trang thdi truyén tin: MS dugc cap phat kénh truyén tin song cong dé truyén

tin song cong.
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Thu tuc truy cap la mot chic ning ctia MS cho phép né chuyén ti trang thai chd (idle mode)
sang trang thai truyén tin (dedicated mode).

Khi MS & trang thai truyén tin, MS c6 thé di dong t cell nay sang cell khac, doi héi phai
chuyén déi kénh danh rieng va sy phuc vu tuong Gng t mang ma khong anh hudng gi dén
cudc goi dang ti€n hanh. Qua trinh d6 goi la chuyén giao, viec chuyén giao doi héi hai diéu:
mang phdi phat hién nhu cau chuyén giao, mang phdi cap phat va chuyén mach dén kénh
danh riéng méi.

Su hop tac gitia cac mang thong tin tao diéu kién dé MS dugc chuyén giao trong pham vi bat
ki. Nguoi ta da chi dinh giao dién vo tuy&€n chung dé MS c6 thé truy cap dén tat ca cadc mang.
MS c6 bd phan ME day dd phan cliing phan mém can thiét dé phdi ghép véi giao dién vo
tuy&€n noi trén. Phan SIM c6 nhiéu tinh ndng can néi rd thém. Trugc hét, SIM 1a mot cai khoa
cho phép MS dugc dung. Nhung dé la mot cai khoa van ndng, hién nay cho phép cai khoa
nay gin chat véi ngudi dung trong vai tro mot thué bao duy nhat, c6 thé lam viéc véi cac thiét
bi ME khé&c nhau, tién cho phép thué, mugn cdc ME tuy y thué bao. SIM ciing c6 cac phan
cting phan mém can thiét v6i bo nhé c6 thé luu tri hai loai tin tdc: tin tdc c6 thé dugc doc
hodc thay ddi bgi nguoi duing va tin ttic khong thé va khong can cho ngudi dung biét. SIM st
dung mat kh&u PIN (Personal Indentity Number) dé bdo vé quyén s dung clia ngudi s hiu
hop phap. SIM cho phép ngudi dung st dung nhiéu dich vu va cho phép ngudi dung truy cap
vao cac PLMN khac nhau (nhd tieu chudn hod giao dién SIM-NE).

ME la phan cing dé thué bao truy cap mang. ME ¢6 s6 nhan dang la IMEI (International
Mobile Equipment Indentity). Nho ki€m tra IMEl ma ME bi mat cdp sé khong dugc phuc vu.
SIM la card dién t& thong minh cdm vao ME, dung dé nhan dang thué bao va tin tdc vé loai
dich vu ma thué bao dang ky. S6 nhan dang thué bao di dong quoc t€ IMSI 1a duy nhat va
trong subt vGi ngudi dung. Nha cung cap GSM sé ban SIM cho thué bao khi dang ky. GSM
thi€t 1ap duong truyén va tinh cudéc dya vao IMSI.

3.4.2 Nguyén ly da truy cap:

0 giao dién vo tuyén, MS va BTS lién lac vé6i nhau bang song vo tuyén. DE tai nguyén tan s6
c6 han c6 thé phuc vu cang nhiéu thué bao di dong, ngoai viéc st dung lai tin s&, trong moi
cell, s6 kénh tan s6 dugc dung chung theo ki€u trung ké.
Hé thong trung k& vo tuyén 1a hé thong vo tuyén c6 s6 kénh sdn sang phuc vu it hon s6 nguoi
dung khd di. X Iy trung k& cho phép tat cd ngudi dung si dung cho mot cach trat ty s6 kénh
c6 han. Ching ta biét ch3c rang xac sudt moi thué bao ciing lic can kénh la rat thap. Phuong
thic dé sit dung chung cac kénh dugc goi la da truy cap.; ngudi dang mot khi c6 nhu cau thi
bdo ddm vé su truy cap vao trung k&. Hé thng di dong 1a mot hé thong trung k& vo tuyén vi
n6 c6 s6 kénh it hon s6 thué bao kha di cting ldc mudn st dung hé théng:
e FDMA (Frequency Devision Multiple Access):da truy cap phan chia theo tan s6. Phuc
vu cac cudc goi theo kénh tan s6 khac nhau.
e TDMA (Time Devision Multiple Access): da truy cap phan chia theo thgi gian. Phuc
vu cac cudc goi theo cac khe thdgi gian khac nhau.
e CDMA (Code Devision Multiple Access): da truy cap phan chia ma. Phuc vu céc cudc
goi theo cac chudi ma khac nhau.
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O phuong phap FDMA méi tram di dong dugc danh riéng mot kénh véi mot cip tan s6 dé
tham nhap dén tram gbc (BTS), 6 phuong phdp TDMA céc tram di dong st dung chung mot
kénh tan s8 nhung chi dugc tham nhap dén tram géc & céc khodng thai gian khac nhau, &
phuong phdp CDMA cac tram di dong déu ding chung mot bang tan nhung st dung cac ma
khac nhau dé tham nhap dén tram géc. Vi du GSM st dung két hop céc phuong phap FDMA
va TDMA.

Tan s6
Tram Géc
N
2
1
»
L
FDMA Thoi gian
Tan s6
b) Tram Goéc
TDMA Thai gian
Ma
- A
c) Ma Tram Goc

#i Téin 56
Tan so /

K9 Thoi gian

N >

»

CDMA Thoi gian

Hinh 3.4 Nguyén ly da tham nhap

a) Da tham nhap chia theo tan s& (FDMA)
b) DPatham nhap chia theo thsi gian (TDMA)
c) Datham nhap phan chia theo ma (CDMA)
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3.3 Mang thong tin di dong GSM:
3.3.2 Kénh vat ly-cum-kénh logic:
3.3.1.1 Cac kénh vat ly:

Kénh vat ly dugc t6 chidc theo quan diém truyén dan. Kénh logic dudc t6 chic theo quan
diém noi dung tin tic. Kénh logic dugc dit vao cac kénh vat ly.
Cac kénh vat ly 1a mot khe thoi gian & mot tan s6 vo tuyén danh dé truyén tdi thong tin &
duong vo tuyén ctia GSM.
GSM st dung bang tan sau:

890-915 MHz cho dudng lén (MS phat).

925-960 MHz cho dudng xudng (MS thu).

Hé théng DCS 1800 bang tan dugc st dung la:
1710-1785 MHz dudng lén.
1805-1880 MHz dudng xudng.

Khodng cach gitia cdc séng mang la 200kHz.

n2 DDWHLINK

35M 900
JCS 16800

Hinh 3.5. Phan bd kénh vat ly trong hé thong di dong GSM.

P& dam bao céac quy dinh vé tan s6 bénngoai bang phai c6 mot khodng béo vé gitia cac bién
Ga bang (200kHz). Vi th€ GSM 900 ta c6 174 kénh tan s6 vo tuyén bt dau tr 890.2MHz va
DCS 1800 ta c6 374 kénh tan s6 vo tuyén bat dau tt 1710,2MHz.

Mbi kénh tan s6 vo tuyén dugc t6 chiic thanh cac khung TDMA c6 8 khe thoi gian. 8 khe thoi

gian c6 do lau gan bang 4,62ms:

LT ES FLiMA

Hinh 3.6 Phan bd kénh truyén vo tuy&n trong khung TDMA.
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Pa khung, siéu khung, siéu siéu khung:

Vé mit thoi gian cac kénh vat Iy § mot kénh tan s§ dugc t6 chic theo cau trac khu G, da
khung, siéu da khung, siéu siéu khung nhu hinh 3.7. Cac khung TDMA dugc danh s6 FN
(Frame Number: s6 khung) trong siéu siéu khung tir 0 d€n 2715647. Mot siéu siéu khung dugc
chia thanh 2048 siéu khung. Mbi siéu khung dugc chia thanh cidc da khung. C6 hai loai da
khung:

e Da khung 26 khung (51 siéu khung trén mot siéu siéu khung) chiia 26 khung TDMA.

Cac do khung nay dugc st dung cho cac kénh TCH, SACCH va FACCH.

Da khung 51 khung (26 siéu khung trén mot siéu siéu khung) chiia 51 khung TDMA. Da khung
nay st dung cho cac kénh BCCH, CCCH va SACCH.

1 siéu siéu khung = 2048 siéu khung= 2715648 khung TDMA (3gio 28 phiit 53 gidy 760ms)

»
»

| 2044 |704'§ |7046 |7047 |

| 2044 |204 '§|2046 |2047

| 24 |2'5

_-- N

1 da khung (51 khwmg)-:‘silzhung TDMA (3060/1 3r;1§1

’ S S
,"1 da khung (26khung)=26khung TDMA (120ms)_

P | - a
/‘ r\ - _ - - LN
el b

~ --"
i _-= -

1 khung TDMA =8 Khe thoi gian (120/26=4.615ms)

Lot [o s [als [e] |

1 khe thoi gian =156,25bit (15/26=0.577ms)

A
A

B 57bit Chud huéng dan F 57bit B | GP
3 Pugcmat ma hoa 1 26bit 1 Pugcmat ma hoa 3 8,25

-

Cum binh thudng (c& F chi tuong ting vé6i TCH)

TB 142 bit ¢6 dinh TB | GP

Cum hiéu chinh tin s6 F

B 39 bit Chubi dong bo 39 bit B | GP
3 Pugc mat ma hoa 64 bit Pugc mat ma hoa 3 8,25

Cum dong bp (SB)

TB Chudi déng bo Céc bit dugc mat ma TB GP
3 41 36 3 68,25

Cum tham nhdp

B Cac bit hén hgp Chudi huéng dan Cac bit hén hgp B | GP
3 58 28 bit 58 3 8,25

Cum gia (SB)

Hinh 3.7 T6 chiic cum va khung
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3.3.1.2 CAu tric cac cum:

Khe thoi gian 577ms tudng ting véi do lau clia 156,26bit la ndi dung vat ly clia mdt cum. Tém
lai bon dang cum khac nhau trong hé théng. So dd t6 chic cdc cum nay cho & hinh 3.7. Y
nghia clia cac cum nay nhu sau:

e Cum binh thuong (NB:Normal Burst): cum nay dugc st dung dé mang cac thong tin vé
cac kénh luu lugng va cac kénh kiém tra. B6i v6i kénh lugng TCH cum nay chda
114bit dugc mat ma, ba bit dudi (0,0,0) dau va cudi, 2 bit cd 18y cdp (chi cho TCH), 26
bit huéng dan va khodng thoi gian bdo vé c6 do lau 8,25bit. NB dugc st dung cho TCH
va cac kénh diéu khién trii RACH, SCH va FCCH.

e Cum hiéu chinh tan s§ (FB: Frequency Correction Burst): cum nay dugc st dung dé dong
bo tan s& cho tram di dong. Cum chida 142 bit ¢6 dinh bing 0 dé tao ra dich tan s6
+67,7kHz trén tan s6 danh dinh, ba bit duoi (0,0,0) dau va cudi va khodng bao vé 8,26
bit. FB dugc s& dung cho FCCH.

e Cum dong bd (SB: synchronization Burst): cum nay dugc st dung dé dong bo thoi gian
cho tram di dong. Cum chida 78 bit dugc mat ma hoa dé mang thon gtin vé FN cla
TDMA va BSIC, ba bit dudi dau va cudi,chudi huéng dan kéo dia 64 bit va khodng bédo
vé 8,25 bit. SB dugc st dung cho SCH.

e Cum thdm nhap (AB: Access Burst): cum nay dugc st dung dé tham nhap ngau nhién
va tham nhap chuyén giao (Handover). Cum chdia 36bit thong tin, 47 bit dong bo (bit
huéng dan, 8 bit dudi cudi, 3 bit dudi cudi va khodng bdo vé 68,25ms). S§ di can
khodng bdo vé dai can bdo vé dai vi khi MS tham nhap 1an dau (hay sau handover) né
khong biét trude thai gian, khodng nay danh cho khodng cach 35km. AB dugc s dung
cho RACH va TCH.

e Cum gid (DB: Dummy Burst): cum gid dugc phat di t& BTS trong mot s truong hop.
Cum khong mang thong tin. Cum ¢6 cdu tric gidng nhu NB nhung cac bit mat ma dugc
thay thé bang cac bit hén hgp.

3.3.1.3 Kénh vat ly:

Cac kénh logic duoc dic trung bdi thong tin truyén BTS va MS. Cac kénh logic nay dugc dat
vao cac kénh vat ly noi trén.
C6 thé chia cac kénh logic thanh hai loai t6ng quat: cac kénh luu lugng (TCH: Traffic
channel) va céc kénh bao hiéu diéu khién. Cac kénh luu lugng gébm hai loai dugc dinh nghia
nhu sau:
e BM hay TCH toan t6c (TCH/F), kénh nay mang thong tin ti€ng hodc so lieu & t6c do
khodng 22,8kbit/s
e Lm hay TCH bén t6c (TCH/H), kénh nay mang thong tin ¢ t6c do vao 11,4kbit.s. Cac
kénh bao hiéu diéu khién dugc chia thanh ba loai: cac kénh diéu khién dugc chia
thanh ba loai: cac kénh diéu khién chung va danh riéng. Pic tinh cla cac kénh diéu
khién dugc mo td duéi nay.
Cac kénh diéu khién quang ba:
e Céc kénh hiéu chinh tan s& (FCCH): mang thong tin hiéu chinh tan s6 cho cac tram MS.
FCCH chi dugc s dung
e Kénh dong bd (SCH) mang thong tin dé dong bd khung cho tram di dong MS va nhan
dang BTS. SCH chi st dung cho dudng xudng.

10
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e Kénh diéu khién quang ba (BCCH): phét quang ba céac thong tin chung vé 6. Cac ban
tin nay goi la thong tin hé thdng. BCCH chi st dung cho dudng xudng.

Current location
D4 network,
BCH: Germany
cell identity: 262041422 Cell 22

Hinh 3.8 Vi du vé BCH

Cac kénh diéu khién chung (CCCH):
e Kénh tim goi (PCH): kénh nay dugc st dung cho dudng xudng dé tim tram di dong.
e Kénh tham nhap ngdu nhién (RACH): kénh nay dugc MS st dung dé yéu cau danh cho
mot kénh SDCCH.
e Kénh cho phép tham nhap (AGCH): kénh nay chi dugc st dung & dudng xudng dé chi
dinh mot kénh SDCCH cho MS.

the M5 requests a dedicated control channel from
the BSCwia a commaon contral channel, the Random
Access Channel (RACH).

i
DIECH provided

The BSC assigns a DCCH to the MS again via a
CCCH, the Access Grant Channel [AGCH).

Hinh 3.9 Vi du vé kénh diéu khién chung CCCH.

Cac kénh diéu khién danh riéng (DCCH):

e Kénh diéu khién danh riéng ding mot minh (SDCCH): kénh nay chi dugc st dung
danh riéng cho bao hiéu v6i mot MS. SDCCH dugc st dung cho cac thi tuc cap nhat
va trong quéa trinh thiét 1ap cudc goi trude khi &n dinh kénh TCH. SDCCH st dung cho
cd dudng xudng lan duong lén.

e Kénh diéu khién lién két cham (SACCH): kénh nay lién két v6i mot TCH hay mot
SDCCH. Pay la mot kénh s6 liéu lién tuc dé€ mang cac thong tin lién tuc nhu: cac ban

11
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bdo cdo do ludng, dinh tru6c thoi gian va diéu khién cong suat. SACCH st dung cho cd
dudng lean lan duong xudng.

e Kénh diéu kjién lién két nhanh (FACCH): kénh nay lién két véi mot TCH. FACCH lam
viéc & ch& do 1ay cip bang cach thay ddi luu lugng ti€ng hay s6 lieu bang béao hieu.

i ///-

DCCH
contlol information

Yiathe DCCH, all of the signaling for connection setup
is exchanged (e.g. authentication, transmission of
dialling information digits, traffic channel provision).

TCH

ACCH

wontrol infarmation

Hinh 3.9 vi du kénh DCCH

Kénh quang ba t& bao (CBCH)
e Kénh CBCH chi dugc s dung & dudng xudng dé phéat quing ba cac ban tin ngdn
(SMSCB) cho céc té& bao CBCH st dung cting kénh vat ly nhu kénh SDCCH.

3.3.3 Bado hiéu GSM

Trong phan nay ta sé xét trao d6i bao hiéu s6 7 gitia cAc phan t clia mang dé thuc hién quan
ly MS va quén ly cudc goi:

e Cap nhat vi tri e Cudc goi két cudi 6 tram di dong
e Ding ky 1an dau e Cudc goi quic t& dén tram di dong.
e Tim goi e Chuyén giao

e Cudc goi khdi xuéng tii tram di dong
3.3.2.1 Cap nhat vi tri

Dai v6i thué bao di dong viéc thay d6i vi tri xdy ra lién tuc. Do d6 viéc cap nhat vi tri rat
quan trong. Trong mang di dong, mot sd cell tao thanh vang dinh vi LA (Location Area). Va
moi viing LA dugc xac dinh &i thong sd LAl (Location Area Identifier).

3 hinh 3.10 ta thay cap nhat vj tri xay ra khi tram MS di chuyén tr mot vaing dinh vi dugc xac
dinh b&i mot s6 nhan dang viing (LAI) nay sang mot vaing dinh vi c6 s6 nhan dang khac. Ton
tai hai dang cap nhat vi tri:

12
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e MS chuyén t cell 3 thuoc LA2 sang cell 4 thuoc LAT. Ca hai vi tri déu thuoc cang mot
t6ng dai MSC. Trong trudng hgp nay cap nhat vj tri khong can thong bao dén HLR vi
HLR chi quén ly vi tri cia MS dén t6ng dai MSC phu trach MS.

e MS chuyén ti cell 3 sang 5 c6 LA3. hai 6 nay tryc thuoc hai téng dai MSC khac nhau.
Vi thé cap nhat vi tri phai dugc thong bdo cho HLR dé n6 ghi lai vi tri méi cla tdng dai

quan ly MSC. T

MSC

L BSC

VLR
MSC

Hinh 3.10 cac truong hgp cap nhat vi tri.

Thong tin dé thuc hién cap nhat vi tri dya trén LAl trén dugc thong bdo thudng xuyén BCCH
clia mdi 6. Ta thdy céc trao ddi bdo hiéu can thiét khi thuc hién cap nhat vi tri :
1. MS nhan dugc thong bao vé LAl méi 6 kénh BCCH.
2. Thiét lap két ndi RR:
2a. Ms yéu cau kénh béo hiéu
2b. MS nhan dugc mot kénh diéu khién danh rieng (SDCCH).
3. O kénh nay MS sé& yéu cau dich vu cap nhat vi tri
4. Nhén thuc:
4a. Néu VLR khong c6 thong s6 nhan thuc. MSC 18y thong s6 nay to HLR
4b. Thong s6 nhan thuc dugc gdi dén MS, sau d6 MS trd 16i nhan thuc cho MSC.
5. Cap nhat vi tri dugc thuc hién & VLR va ¢ cd HLR néu MSC la MSC méi:
5a. VLR cap nhat LAl méi
5b. HLR cap nhat LAl néu MS chua dugc MSC biét.
6, 7a, 7b: Gidi phong kénh bao hiéu.

VLR MSC

1 1
2a
ﬂ (:2_” @ BSC MsC VLR
(3)

(4b) <

v

N
2
v

<
<

A
e

(7b)

Hinh 3.11 Cap nhat vi tri, kiéu binh thuong.

13
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3.3.2.2 Pang ky lan dau

Khi MS méi bat ngudn né phai thuc hién dang ky lan dau dé nhap mang. Qua trinh nay dugc
thuc hién nhu sau:
e TruGc hét tram MS quét dé tim dugc tan s6 ding (FCCH).
e Sau d6 tim dén kénh dong bo SCH dé nhan dugc s6 khung TDMA cho dong bo.
e Cu6i cung né thuc hién cap nhat vi tri dé€ thong bao cho VLR phu trdch va HLR vé vi tri
mGi clia minh. Cac co s6 di liéu nay sé chi LAl hién thoi cia MS. Gidng nhu & cap nhat
vi tri binh thudng thong tin vé LAl dugc MS nhan t kénh BCCH.
Bat dau t gid MSC/HLR cong nhan 1a MS tich cyc va danh ddu co “tham nhap vi tri tich cuc”
vao truong di liéu ciia minh. Cd nay gan véi IMSI.

VLR 3

MSC BSC

Ky hiéu: (1) Cap nhat vi tri (LAl méi).
(2) Yéu Cau cap nhat vi tri (IMSI 6 MSC méi)
(3) Chap nhan cap nhat vj tri
(4) Cong nhan cap nhat vij tri

Hinh 3.12 Pang ky lan dau
3.3.2.3 Tim goi

Khi c6 mot cudc goi t6i tram MS, MSC/VLR sé& gli bdn tin tim goi d€n MS (xem hinh). Ban tin
nay sé dugc thong bdo trén tat cd cic 6 thudc vang dinh vi (LA) dang c6 MS. MS dang di
dong trong LA nay sé nghe thdy ban tin nay & CCCH va trd 16i ngay lap téc.

VLR

MSC BSC

BSC 01 %

Hinh 3.13 Tim goi myt MS & LA2.

3.3.2.4 Cudc goi khéi xuéng G tram MS (MOC: Mobile Original Call)

Khi tram MS & trang thai tich cuc va da dang ky & MSC/VLR phu trach cell, MS c6 thé thuc
hién cudc goi. Qua trinh thuc hién cudc goi dugc cho § hinh 3.14. nhu sau:
e Bing kénh thAm nhap ngdu nhién MS gli yéu cau kénh bao hiéu d&én BTS (1)
e MS thong bdo rang né thiét 1ap cudc goi (2). S6 nhan dang tram di dong dugc phan tich
va MS dugc danh dau ban & VLR
e Qua trinh nhan thuc dugc thuc hién (3).

14
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e Qua trinh mat ma hoa dugc thuc hién (4).

e MSC nhan dugc ban tin thiét lap tr MS c6 chta thong tin vé loai dich vu ma MS yéu
cau, so thoai bi goi B (5). MSC kiém tra 1a MS khong c6 cac dich vu c&m goi ra (dich vu
nay c6 thé kich hoat hodc bdi thué bao hodc bdi nha khai thic). Néu khong bi cAm goi
ra qud trinh thiét 1ap cudc goi dugc ti€n hanh. Gittia MSC va BSC dudng truyén dugc
thi€t 1ap va kénh luu lugng dugc chi€m. MSC gii yéu cdu dén BSC dé an dinh mot kénh
luu lugng cho vo tuyén.

e BSC ki€m tra néu c6 kénh luu lugng rdi n6 an dinh kénh nay cho cudc goi va yéu cau
BTS kich hoat kénh nay. BTS gui trd 16i cong nhan khi viéc kich hoat kénh luu lugng da
hoan thanh (6). BSC thong kbao cho MSC vé hoan thanh nay. Hé thdng con diéu khién
luu lugng sé phan tich cac chii s6 cla thoai B va thiét [ap két ndi dén thué bao bi goi.
Cudc goi dugc ndi thong qua chuy&n mach nhém.

e Bao chudng sé dugc gli dén tram MS (7) cho thdy ring phia bi goi dang dé chudng.
Tong chudng dugc tao ra & t6ng dai phia thué bao B va dugc glii qua chuyén mach
nhém dén MS. Nhu vay tong chudng dugc gli qua dudng vo tuyén chd khong tao ra &
MS.

e Khi thué bao B trd 13i mang gli ban tin két ndi dén MS thong bao rang cudc thoai dugc
chdp nhan (8). MS trd 15i bang cong nhan két ndi, nhu vay thiét [ap cudc goi da hoan
tat.

Qua trinh thiét 1ap cudc goi khdi xudng ti tram di dong dugc trinh bay & trén 1a cho cudc goi
MOC khong c6 OACSU (Without Off Air Call Set UP: thiét lap sém). Thiét lap sém c6 nghia la
mang cap phét kénh luu lugng cho MS trudc khi né khéi dau thiét 1ap cudc goi mang cd dinh.
Cang ¢6 thé c6 tuy chon v6i OACSU (With Off Air Call Set UP: thiét lap thiét 1ap muon) &
giai doan sau ctia GSM (xem hinh 3.15). Ldc nay mang sé quyét dinh khi nao thi cap phat
kénh luu lugng. Cap phat dugc thuc hién & thoi diém bat ky sau khi da khéi dau thiét lap
cudc goi & mang c6 dinh. Cuc diém nhat la mang c6 thé cap kénh luu lugng sau khi thué bao
B da trd 1oi cudc goi.

Ban tin bao chudng sé dugc géi dén MS khi dé chudng & phia bi goi. Su khac nhau & nay so
véi trudng hop thiét lap s6m (without OACSU) la thong béo hiéu chudng dugc tao ra ngay &
MS vi kénh luu lugng van chua dugc cdp phat. Khi thué bao B trd 16i, mang khdi xudéng thu
tuc &n dinh dé cap phat kénh luu lugng.

(1b)
Ky hiéu:
1a < 1a,1b: Thiétlap két ndi RR
L VIR 2: Chi thj dich vy
BSC MSC : Nhan Thuc
3

v

3
4: Thiét lap ché& d§ mat ma hoa
) o 5: Khéi dong cudc goi
< — 6: An dinh kénh TCH
P (4) 7: khéng dinh cudc goi
> 8: chap nhan cujc goi
< (5)
< (6)
P (7)
< (8)

»
»

Hinh 3.14 Thiét lap cudc goi khdi xudng tir MS khong c6 OACSU (MOC without OACSU)
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3.3.2.5 Cudc goi két cudi 6 MS (MTC: Mobile Terminating Call):

MTC phtc tap hon MOC vi phia goi khong biét hién thdi MS dang & dau. Qud trinh bao hiéu
cho cudc goi nay dugc cho § hinh H.3.16.

Phia chd goi quay s8 thué bao di dong bao gdm: s6 mang dich vu sd lién két clia thue
bao di dong MS (MS ISDN)(1). Néu cudc goi dugc khdi dau t mang c6 dinh PSTN thi
t6ng dai sau khi phan tich sg thoai sé biét ring nay la cudc goi cho mot s6 thuébao
GSM

Cuoc goi dugc dinh tuyén dén t6ng dai GMSC gan nhat (2), nay la mot téng dai c6 kha
ndng héi va dinh lai tuy&€n. Bang phan tich MSISDN t6ng dai GMSC tim ra HLR noi MS
dang ky.

GMSC hdi HLR (3) thong tin dé c6 thé dinh tuyén dén MSC/VLR dang qudn ly MS.
Bang MSISDN tim ra IMSI va ban ghi cta thué bao. IMSI 1a s6 cla thué bao chi st dung
& trong mang bao hiéu, dia chi cia VLR nai MS dang dang ky tam thoi dugc luu gid
cung vdi IMSI trong VLR.

HLR giao ti€p véi VLR dé€ nhan dugc so luu dong thué bao (MSRN:Mobile Subscriber
Roaming Number) (4), day 1a mot s6 thoai thong thuong thudc téng dai MSC.

VLR glii MSRN dén HLR, sau d6 HLR chuyén s nay dén GMSC (5)

Bang MSRN GMSC c6 thé dinh tuyén lai cudc goi dén MSC tuong tng (6). GMSC gui
bdn tin nhan dugdc t&f PSTN dén MSC.

D€ gidm t3i thiéu gia thanh, c6 thé st dung PSTN dé dinh tuyén lai cudc goi dén tat ca
cac BSC dang quan ly viing dinh vi nay (7). G mang GSM tn tai hai kha ning: hoac
thong tin vé céc cell truc thugc mot vang dinh vi duge luu gitt & MSC, hodc thong tin
nay dugc luu gitr & BSC.

MSc gli LAl (nhan dang viing dinh vi) xu6ng cadc BSC va BSC phan phat ban tin tim
goi dén cac BTS (8).

D€ tim goi MS, IMSI dugc st dung (9). C6 thé st dung s6 nhan dang tam thoi TMSI dé
ddm bdo bi mat.

Ngay sau khi nhan dugc bdn tin tim goi MS gui yéu cau kénh bao hiéu.MSC c¢6 thé
thuc hién nhan thuc va khdi dau mat ma hod nhu da xét & phan trén. MSC c6 thé gui
dé&n MS thong tin vé cac dich vu dugc yéu cau: tiéng, o liéu, Fax...

Bdy gi¢ BSC sé ra lénh cho BTS kich hoat kénh TCH va gidi phéng kénh bao hiéu, bdo
chudng dugc gli di tf MS cho thdy rdng tong chudng dugc tao ra § MS.Tong chudng
cho thué bao cht goi dugc tao ra dén MS.

J day ciing ton tai hai phuong thic: c6 OACSU (cdp phat TCH muén) va khong c6 OACSU
(c&p phat tin hiéu s6m). Sy khac biét gitta hai phuong phap nay dugc chi ra & hinh H3.. 0 &n
dinh TCH mudc bdo chudng khdi dau ngay khi thué bao dugc cudc goi, con mang &n dinh
TCH & moi dém sau khi bao chudng da dugc khéi dau.
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%! 12 e
: Local GMSC [¢7777~ FLR
W 5
6
| /,','I,, 4
mscnve K

Hinh 3.15 Thiét 1ap cudc goi khéi xuéng tir dién thoai c6 dinh dén di dong

3.3.2.6 Cudc goi quic t& MS:

TU trude dén nay ta chi xét cac cudc goi trong nudc, cudc goi quoc t&€ dén mot MS hién nay
rdt khong kinh t&. Ta xét cudc goi nay (xem hinh H3.16) d6i v6i mang di dong GSM da thuc
hien hién chuyén mang qudc té. Ta xét thi du mot ngudi Viét Nam cong tac tai nu6c Thdi Lan
t mang c6 dinh goi dén cho “sép” ctia minh & mang di dong GSM. Gid s 6ng “sép” nay
hién thai cing & Thai Lan va nguoi goi khong biét dugc viéc nay. Qué trinh goi xdy ra nhu

Sau:

Nguoi Viet Nam & Thai LAn quay s6 cho sép (1).

Téng dai noi hat clia Thai LAn sau khi phan tich s§ thoai nhan ra ring day la cudc goi
qudc t& vé Viét Nam nén n6 chuyén cudc goi nay dén téng dai quoc té (2).

Téng dai quoc t&€ clia Thai Lan s6 dién thoai cta thué bao B, tim ra nudc clia thué bao
nay, dinh tuy&n cudc goi tong dai Qudc T€ cta Viét Nam (3)

Sau khi phan tich téng dai qudc t€ Viét Nam dinh tuyén dén tdng dai GMSC gan nhat
(4)

Téng dai GMSC c6 chic nang hdi, n6 phan tich s§ thoai va nhan ra HLR clia MS.
GMSC héi HLR nay (5)

HLR lién hé véi VLR nai thué bao MS dang tam thoi dang ky (6).

HLR nhan s3 luu dong cia MS (MSRN) (7) ti VLR.

MSRN dugc chuyén dén GMSC (8).

Nhd s6 nay GMSC dinh tuyén cudc goi dén téng dai quoc té€ Viét Nam (9).

o) t6ng dai qudc t€ nay lai thuc hién sy phan tich méi sau d6 chuyén ngugc cudc goi trd
vé tong dai qudc té€ ctia Thai Lan (10).
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e Cudi cung thi cudc goi dugc chuyén dén téng dai MSC clia Thai LAn (11).

e MSC nay phan phdgi bén tin tim goi dén cdc BSC tuong ting (12) dang quan ly vaing dinh
vi c6 MS.

e Cudi cing thi MS dugc tim thay (13)

P > D\ 3 — 1 el
e Local [ g5 ¢ cs [ cMmsc |* LR
8-
SW 10 9
11 Respons I\_/I‘SRN;?f—‘:"x
JUSTss il 6 Request
MSCIVLR
MSRN

Thailand VietNam

Hinh 3.16 Thiét lap cudc goi khdi xuéng tir dién thoai quéc t& c6 dinh dén di dong VN
dang di chuyén sang cliing nuéc véi dién thoai c6 dinh.

3.3.2.7 Chuyén giao (Handover)

Chuyén giao la qud trinh xdy ra khi luu lugng ctia MS dugc chuyén tf mot kénh TCH nay
sang mot kénh TCH khéc trong qua trinh goi. C6 hai loai chuyén giao:
e Chuyén giao bén trong cell (Intracell Handover)
e Chuyén giao gitia cac cell (Intercell Handover)
Chuyén giao gitia cac cell dugc phan loai thanh:
e Chuyén giao gitia cac cell thupc cuing mot BSC: chuyén giao nay do BSC diéu hanh
e Chuyén giao gitia cac cell thuoc hai BTS khac nhau: chuyén giao nay thudc lien quan
dén cac téng dai MSC quén ly hai BTS.
e Chuyén giao gitia hai cell thudc hai téng dai MSC khac nhau: chuyén giao nay lién quan
dén ca hai t6ng dai phu trach cic cell néi trén
Trong trudng hop chuyén giao nhiéu 1an hai cell thuoc hai MSC khac nhau, t6ng dai MSC dau
tien phu trach MS dugc goi 1a t6ng dai qua giang vi cudc goi ludn ludn dugc chuyén mach
qua téng dai nay. Lan chuyén giao gitia hai cell thudc hai tdng dai khac nhau thi nhat dugc
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goi chuyén giao gitia cac 6 thudc hai t6ng dai 1an dau, con céac 1an sau dugc goi la chuyén
giao gitia cac cell thuoc hai t6ng dai tiép theo.

3.4 Nguyén ly Cellular CDMA:

CDMA st dung ky thuat trdi ph6 nén nhiéu ngudi st dung c6 thé chi€m cung kénh vo tuyén
dong thai ti€n hanh cac cudc goi. Nhiing ngudi s dung noéi trén dugc phan biét 1an nhau nho
dung mdt ma dac trung khong tring véi bat ky ai. Kénh vo tuyén CDMA tdugc dung lai § moi
cell trong toan mang, va nhiing kénh nay ciing dugc nhau nho ma tai phé gid ngau nhién:

Ban tin

Ngudn dii lieu A
B6 didu ché & & Maythuva =) p N
C N ) bo gidi dieu Ban tin goc
va may phat €
ché oc phuc
hoi

B E oi
Phit PN J

A: DU ligu goc | |

Phit PN

B: Ma tri phé PN L LT LT L1 |

& may phat

—> 14— Chip

C va D dif liéu pEpE g e A

dugc ma hoa

E Ma PN gidng L 1L L |_|_|J L |

hét & may thu dé
nin phd

F phuc hoi di Iiéu| |—|—|

Hinh 3.17 Nguyén ly phat va thu CDMA

Mot kenh CDMA rong 1,23MHz véi hai ddi bién phong vé 0,27 MHz, téng cong 1,77MHz
dugc phan phdi cho nha khai thac. CDMA dung ma trdi phd c6 t6c do cit (chip rate) 1,228
MHz. Dong dii liéu goc dugc ma hoa va diéu ché téc do cit. Toc do nay chinh la t6c do ma
dau ra (ma trdi phd gid ngdu nhién, PN) clia may phat PN. Mot cit la phan di lieu goc dugc
ma hoa qua XOR (cdng hodc tuyét doi).

Mbi qudc gia c6 nhiing qui dinh riéng vé gidi tan s6 cdp phép cho mang cellular CDMA. Vi

du:
D&i tan huéng xuéng: 869MHz-894MHz
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D4&i tan huéng lén: 824MHz-849MHz
Téng quan sdp x&p kénh trong CDMA:

0 day thuat ngit kénh dé chi séng mang 1,228MH, vi mdi séng mang CDMA c6 thé phuc vu
nhiéu duong lién lac nén y nghia thua ngi khac GSM.

Khodng cach t6i thi€u 1,25MHz cho phép mot phan nang lugng & ngoai bién lot vao dai tan
clia séng mang khac, gay ra tap am, phi tuyén..v...v c6 thé€ dan dén gidm dung lugng.

\ 1,25MHz
“ ’ Y, “ | Y,
Y Y
Kénh CDMA thG nhat Kénh CDMA thd hai
1,23MHz 1,23MHz

Hinh 3.18 Khoang cach tdi thiéu vé tan so : 1,25MHz.
Gidi thiéu cac thuat ngii cia CDMA:

Actie set: Nhom pilot hoat hod gan véi kénh luu lugng huéng xuéng dang dugc ding cho
cudc goi xét (nhém chi)
Ma s6 kénh CDMA: mot ma s6 CDMA: mot ma s6 11 bit dé kchi tan sg trung tam gidi tan
kénh CDMA.
Kénh ma Walsh: Kénh CDMA hudng xudng c6 64 kénh ma Walsh. Ching phan biét véi
nhau bdi ma walsh
Kénh ma walsh 0: Kénh Pilot
Kénh ma walsh 1:7: kénh nhdn tin hodc kénh luu lugng
Cac kénh ma Walsh khac: kénh luu lugng
Code symbol: ky hiéu ma & dau ra bo ma hod stia 16i.
Dim va Burst: bao hiéu thay thé& thoai hay chén vao khodng ngniing cd thoai.
Khung: chu ky x{ 1y tin hiéu clia hé thong. Khung clia kénh tan truy cap, kénh nhdn tin,
kénh Iuu lugng dai 20ms. Khung ctia kénh dong b dai 26,66m:s.
Ky hiéu diéu ché&: ¢ dau ra bo diéu ché& so trugc khi gidi ph6. Co 64 ky hiéu déu ché &
kénh huéng lén dé dung diéu ché truc giao 64 phan, ci 6 ky ma tuong Ging mot ky hiéu
diéu ché.
G kénh luu lugng hudng xudng, mdi ky hiéu ma (t6c do 9600bit/s) [a mot ky hiéu diéu ché.
Vi du: O kénh huéng len

6 ky hiéuma 110101 tuong Ging ham Walsh 53

O kénh hudng xudng

1 ky hieu ma=1 ky hiéu diéu ché&
Lua chon khép kénh va quy dinh thanh phan dugc ghép
Lp con ghép kénh: Mot 16p chic nang cGa hé thong ddm trach ghép va phan kénh cho
luu lugng so cdp, luu lugng thid cap, luu lugng bao hiéu.
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G W N =

Mode lién tuc: MS lién tuc theo d&i kénh nhin.

Kénh nhdn tin: 1a mot kénh ma huéng xudng c6 cau tric khe thoi gian 200ms dé truyén tin
ttic diéu khi€n va tin nhdn cho MS.

Bit diéu khién cong suat” Bit nay diéu khién ting gidm cong sudt phat cia MS; bit nay
dugc phét & chu ky 1,25ms ( dugc ghép kénh vao kénh luu lugng huéng xudng)

Kénh CDMA sa cap: MS thu thap tin tic hé théng & tan s8 tién dinh nay(phuc vu truy cap)

Kénh nhan tin so cap: Kénh ma Walsh 1 dung cho nhin tin

Luu lugng so cap: luu lugng chii yéu trén kénh luu lugng

Kénh luu lugng huéng lén: t MS dén BS

Dt lieu bdo mat vé thué bao SSD: 128 bit di liéu luu giti § MS.

Kénh CDMA th( cap: tuong tu kénh CDMA so cdp, mot trong hai kénh dugc MS dung dé
thu thap tin tdc hé théng & tan s6 tién dinhh (phuc vu truy cap).

Luu lugng tha cdp: luu lugng phu thém vao trén kénh luu lugng

Mode khe: MS lang nghe kénh nhdn tin chi & nhiing khe thoi gian chon.

Kénh dong bo: kénh ma Walsh 32 huéng xuéng truyén ban tin phuc vu dong bd MS véi he
thong

Kénh Pilot: mdi tram gdc lién tuc truyén di tin hiéu chudi truc ti€p dudi dang khong diéu
ché& dé truyén tin tic dinh thoi kénh huéng xudng, dé cung cdp tham chiéu cho giai diéu
ché& tuong can, va dé cho MS so sanh cudng do tin hiéu Pilot gitta cac tram goc (phuc vu
chuyén giao)

BAI TAP

Trinh bay cdu trdc mang di dong?

Trinh bay nguyén ly da truy cdp ciia GSM va CDMA?

Trinh bay cac quéa trinh chuyén giao trong mang di dong GSM

Trinh bay tién trinh thuc hién cudc goi gitta nhiing thué bao di dong?
Trinh bay tién trinh thuc hién cudc goi gitta ¢ dinh va thué bao di dong?
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CHUONG 4
THONG TIN SOl QUANG

4.1 Gi6i thiéu veé thong tin quang
4.1.1 Pham vi va muc tiéu:

Thong qua chuong va théng tin sgi quang, sinh vién ndm bt dugc nhiing vdn dé nhu sau:

e Khéi niém veé thong tin quang

e Cac dinh nghia lién quang dén sgi quang

e Cac ky thuat ghép kénh quang

e Mang thong tin quang cling nhu cac cau tric mang quang Gng dung trong thuc tién.
e Cdc chiic nang can thi€ khi quan Iy mang quang.

4.1.2 Khai niém chung

Vao nam 1960, viéc phat minh ra Laser dé lam ngudn phat quang da mg ra mot thai ky mdi
c6 y nghia rat to l6n trong lich st cGa ky thuat thong tin st dung ddi tan s6 dnh sang. Theo ly
thuyét thi n6 cho phép con ngudi thuc hién thong tin vé6i lugng ghép kénh rat 16n vugt gdp
nhiéu 1an cac hé thong vi ba hién c6. Hang loat cac thuc nghiém vé thong tin trén bau khi
quyén dugc ti€n hanh ngay sau d6. Mot s6 két qua ban dau da thu dugc nhung ti€c rang chi
phi cho cdc cong viéc nay ton kém, kinh phi tap trung cho viéc sdn xuat cac thanh phan thiét
bi dé vuot qua dugc cac cdn trd do diéu kién thoi ti€t (suong mu, tuyét, bui...v.v.) gay ra la
con s6 khéng 16. Chinh vi vay, chua thu hat dugc su chd y cia mang ludi.

Mot hudng nguyén ctu khac cting thoi gian nay da tao dugc hé thong truyén tin dang tin cay
hon huéng thong tin qua khi quyén & trén la sy phat minh ra sgi dan quang. Cac sgi dan
quang lan dau tién dugc ché tao mac du c6 suy hao rdt 16n (t6i khodng 1000dB/km), da tao ra
dugc mot mo hinh hé théng c6 xu huéng linh hoat hon.Ti€p sau d6, ndm 1996 Kao, Hockman
va Werts da nhan thdy rang suy hao cla sgi dan quang chd yéu 1a do tap chat c6 trong vat
lieu ché tao gay ra. Ho nhan dinh rang c6 thé lam gidm dugc suy hao cta sgi quang va chic
chdn sé ton tai mot diém nao dé trong dai budc song truyén dan quang c6 suy hao nhd.
Nhing nhan dinh nay da dugc sang té khi Kapron, Keck va Maurer ché tao thanh cong sgi
thuy tinh c6 suy hao 20dB/km tai Corning Glass vao nam 1970. Suy hao nay nhé hon nhiéu so
v6i thai diém dau ché tao sgi va cho phép tao ra cu ly truyén dan tuong duong véi cac hé
thong truyén dan bang cap dong. Véi su c6 ging khong ngting clia cac nha nguyén ciu, cac
sgi dan quang c6 suy hao nhé hon 1an lugt ra doi. Cho t6i dau nhiing ndm 1980, cac hé théng
thong tin trén sgi dan quang da dugc phd bi€n kha rong véi ving budc séng lam viec
1300nm. Cho t6i nay, sgi dan quang da dat t6i mdc suy hao rdt nhd, gid tri suy hao
0,154dB/km tai bugc séng 1550nm cho thdy sy phat trién manh mé clia cong nghé sgi quang
trong hon hai thap nién qua. Gid tri suy hao nay da gan dat t6i tinh toan ly thuyét cho quang,
sgi dan quang da tao ra cac hé théng thong tin quang v6i nhiéu uu diém troi hon han so véi
cac hé thong thong tin cap kim loai:

e Suy hao truyén dan rat nhd e (6 kich thu6c va trong lugng nhé
e Bang tan truyén dan rat l6n e Sgi c6 tinh cach dién tot
e Khong bi &nh hudng cta nhiéu dién tu e Tin cay va linh hoat

C6 tinh bdo mat tin hiéu thong tin e Soi dugc ché tao tif vat liéu rat sdn co
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Do c6 uu diém trén ma cac hé thong thong tin quang dugc ap dung rong rdi trén mang lugi.
Chang ¢6 thé dugc xay dung lam cac tuyén dudng truc, trung k€, lién tinh, thué bao kéo dai
cho t6i ca viéc truy nhap vao mang thué bao linh hoat va dap Gng dugc moi moi trudng 13p
dat ti trong nha, trong cac cau hinh thiét bi cho t6i xuyén luc dia, vugt dai duong vv... Cac hé
thong thong tin quang cling rat pht hgp cho cac hé thong truyén dan s6 khong loai trd tin
hiéu dusi dang ghép kénh nao, céc tiéu chudn Bic My, Chau Au hay Nhat Ban, xem bang
4.1

Bang 4-1 Toc d¢ truyén dan tiéu chudn & Bic My, Chau Au va Nhat Ban

Phan | Khoi Bic My Khdi Chau Au Nhat Ban

cap Toc do bit | S6 kénh | T6c do bit | SO kénh | T6c do bit|S6  kénh
Mbit/s thoai Mbit/s thoai Mbit/s thoai

1 1,544 24 2,048 30 1,544 24

2 6,312 96 8,448 120 6,312 96

3 44,736 672 34,368 480 32,064 480

4 274,176 4032 139,264 1920 97,728 1440

5 - - 565,148 7680 396,200 5760

Ngoai cac tdc do trén, c6 mot tiéu chudn méi phat trién goi la SDH (Synchronous Digital
Hierarchy), t6c do truyén dan & day cé hoi khac chit it, né xac dinh cdu tric khung dong bo
dé gti luu lugng ghép kénh sd trén sgi quang. Khdi cau tric co bdn va mac dau tién cta phan
cdp tin hiéu SDH goi l1a “tin hiéu truyén dong bd cdp 1”7 STM-1 (Synchronous Transport
Module) va c6 t6c do 155Mbit/s. Cac tin hiéu SDH cdp cao hon 1a tin hiéu STM-N. Tin hiéu
STM-N c6 toc do truyén gap N lan tin hiéu STM-1. Hinh 4.1 1a ghép kénh ti PDH thanh
SDH theo chudn ITU-T:

139 264 kbit/s

C-4 (Note)

]

-1 VC-3
44 736 kbit/s
C-3 | 34 368 kbit/s
(Note)
6312 kbit/s
1Yve? (Note)
2 ointer processing .
2048 kbit/s
«——— Multiplexing 3 ve2 €12 | (Note)
D REEERIEEE Aligning .
11 1544 kbit/s
Mapping ---1 VC-11 C-11 (Note)

T1517950-95
C-n  Container-n

NOTE - G.702 tributaries associated with containers C-x are shown. Other signals, e.g. ATM, can also be accommodated (see 10.2).

Hinh 4.1 Ghép PDH lén SDH theo ITU-T.

Hién nay cdc hé thong quang thong tin quang da dugc Gng dung rong rai trén thé giGi, ching
dap Ging cd cac tin hiéu tuong tu (anolog) va sé (digital), chdng cho phép truyén dan tat ca cac
tin hiéu dich vu bang hep va bang rong, dap tng day di moi yéu cau clia mang s& hoa lién
két da dich vu (ISDN), ADSL. S& lugng cap quang hién nay dugc ldp dat trén thé giGi véi s
lugng rdt 16n, & dd moi toc do truyén dan véi cac cu ly khac nhau, cac cdu tric mang da
dang. Nhiéu nugc 1ay cdp quang la moi truong truyén dan chinh trong mang lugi vién thong
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clia ho. C4c hé thong thong tin quang sé 1a mai dot pha vé t6c do, cu ly truyén dan va cau

hinh linh hoat cho cdc dich vu vién thong cap cao. M x 15552
STM-N Mbit/s

25
STM-1E Ghités

622,08
155,52

5TM-1 Mbit/s

Y

base signal

Hinh 4.2 1a phan cap tin hi¢u ciia SDH
4.1.3 Cau tric va thanh phan chinh ciia tuy&n truyén din quang

Quan niém vé cac hé thdng thong tin quang ngay nay khong con la cac hé théng thong tin
mdi ndia, n6 da trdi qua nhiéu ndm khai thac trén mang Iu6i dudi cau trac truyén khic nhau.
Nhin chung, cac hé théng thong tin quang thudng pht hgp hon cho viéc truyén dan tin hiéu
s6 va hau hét cac qué trinh phét trién cta hé thoong thong tin quang déu di theo huéng nay.
Theo quan niém thdng nhat nhu vay, ta c6 thé xem xét cau tric cla tuyén thong tin quang
bao gém céc thanh phan chinh nhu hinh H4.3 dudi day:

Tin hiéu dién vao Bo phat quang BO ndi M&i ndi
l — T/ \______-i quang quang
i+ Mach Ngudn phat _:—_Ij I
1| diéukhién quang : Soi
1 N ~
Tramldp dan
Rt LEEE ; quang
' Thu T
' f quang !
1
: . | Cac thiét bi
' Mach dién ! khac
| :
- Phat |
| quang |
e ! Bo thu quang
I_ ______________________________ 1
Khuéch ' ba andai |1
_ bau thu Chuyén doi |,
dai quang :HI: quang ’I>—' tin hiéu :—’
| 1
Khuéch dai

Hinh 4.3 Ca¢ thanh phan chinh ctia tuyé&n truyén dan quang.

Cac thanh phan chinh cta tuyén gdm c6 phan phat quang, cép sgi quang, va phan thu quang.
Phan phét quang dugc cau tao ti ngudn phét tin hiéu quang va cac mach dién diéu khién lien
két v6i nhau. Cap sgi quang gdm c6 cac sgi dan quang va cic l6p vd boc xung quanh dé bao
vé lhéi tac dong c6 hai t moi tridng bén ngoai. Phan thu quang do bo tach song quang va
cac mach khuéch dai, tai tao tin hiéu hgp thanh. Ngoai cdc thanh phan chi yéu nay, tuyén
thong tin quang con c6 cac bo ndi quang-connector, cac mai han, cac bo ndi quang, chia
quang va cac tram |3p; tat ca tao nén mot tuyén thong tin quang hoan chinh.
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Tuong ty nhu cap dong, cap sgi quang dugc khai thic véi nhiéu diéu kién 13p dadt khac nhau.
Chuang c6 thé treo ngoai troi, chon tryc ti€p dugi dat, kéo trong cdng, dit dugi bién. Tuythudc
vao diéu kién 13p dat khdc nhau ma do dai ché tao cta cap ciing khac nhau, c6 thé dai ti vai
tram mét tdi vai kilomet. Tuy nhién doi khi thi cong, cac kich ¢ ctia cap ciing phu thudc tiing
diéu kién cu thé, chang han nhu cép dugc kéo trong cong sé khong thé cho phép dai dugc,
cap c6 do dai kha lon thuong dugc dung cho treo hodc chon truc ti€p. Cac mai han sé két ndi
cac do dai cap thanh do dai tdng cong cta tuyén dugc 1&p dat.

Tham s6 quan trong nhat clia cap sgi quang tham gia quyét dinh do dai clia tuyén la suy hao
sgi quang theo bugc séng. Dic tuyén suy hao cla sgi quang theo budc song ton tai ba vung
ma tai d6 c6 suy hao thdp 1a cac vang c6 bugc sé6ng 850nm, 1300nm, va 1500nm. Thai ky
dau cta thong tin quang, budc song 850nm dugc st dung. Nhung sau nay do cong nghé ché
tao sgi phat trién manh, suy hao & cac viing bugc séng 1300nm, 1500nm rat nhd cho nén cac
hé thong thong tin ngay phat trién manh, suy hao sgi & hai budc s6ng 1300nm, 1500nm.
Ngudn phat quang & thiét bi phéat c6 thé st dung diot phat quang LED hodc Laser ban dan
(LD). Tin hieéu dién & dau vao thiét bi phat & dang s6 hodc doi khi & dang tuong tu. Thiét bj
phat sé thuc hién bién ddi tin hiéu nay thanh tin hiéu quang tuong Ging va cong sudt quang
dau ra sé phu thudc vao su thay déi ctia dong diéu bién cudng do dnh sang.

Tin hiéu sang da dugc diéu ché tai ngudn phat quang sé lan truyén doc theo sgi dan quang dé
t6i phan thu quang, Khi truyén trén sgi dan quang, tin hiéu dnh sang thuong bi suy hao va
méo do cac yéu t6 hap thy, tdn xa, tadn sic gay nén. Bo tach song quang & phan thu thyc hién
ti€p nhan anh sang va tach 1y tin hiéu ti huéng phat t6i. Tin hiéu quang bién déi thanh tin
hiéu dién.

Khi khodng cach truyén dan kha dai, t6i mot cy ly nao do, tin hiéu quang trong sgi bi suy hao
kha nhiéu thi can thiét phai c6 tram lap dat trén tuy&€n. C4u trdc clia tam lap quang gdm c6
thié€t bi phat va thiét bi ghép quay phan dién vao nhau. Thiét bi thu & tram Idp sé thu tin
quang yéu rdi tin hiéu quang yéu roi tién hanh bién ddi tin hiéu dién, khuéch dai tin hiéu
nay, stia dang va dua vao thiét bi phat quang. Thiét bi quang thuc hién bi&€n ddi tin hiéu dién
thanh tin hiéu quang roi lai phét ti€p vao duong truyén.

4.2 Ly thuyét chung vé sgi quang
4.2.1 Cau triic cap quang
4.2.1.1 Sgi da mode va don mode

Mot mode séng l1a mot trang théi truyén 6n dinh clia anh sang trong soi. Khi truyén trong soi
anh sang di theo nhiéu dudng, trang thai 6n dinh clia cdc dudng nao dugc goi la nhiing mode.
C6 thé hinh dung gan ding mot mode Gng véi mot tia sang. Sgi c6 thé truyén dugc nhiéu
mode dugc goi 1a si da mode va sgi chi truyén mot mode dugc 1a sgi don mode.

S6 mode truyén dugc trong sgi phu thudc vao céc thong sé clia sgi, trong dé thiia s& V:

V=2x .a. NA=K.a.NA

A
Trong do6:
a: ban kinh 16i sgi A : buéc song
K=2m/A : thiia s& s6ng NA: kh&u do s6ng
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Mot cach tong quat, s6 mode N truyén dugc trong sgi dugc tinh gan ding nhu sau:

Vi oog
N ~ X
2 g+2
Trong do6:
V: thtia s6 V g: s6 ma trong ham chiét suat

S¢i da mode:
Sgi da mode c6 dudng kinh 16i va khdu do s 16n nén thira s6 V va s6 mode N ciing I6n.
Céc thong s6 cla loai sgi da mode thong dung (50/125um) la:
buong kinh 16i: d=2a=50 pm
buong kinh 16p boc: D=2b=125 pm
e Khau dd so: NA=
e Chiét sudt nhay bac g->
S6 mode truyén dugc sgi chiét suat nhdy bac (Sl)véi g->

N=V?*/2
Véi sgi chiét suat gidm dan (Gl) c6 g=2 thi s6 mode:
N=V?/4

Multimode Step Index

s e

Multimode Graded Index

B e —— 125

Single Mode

Hinh 4.4 Cac mode ctia quang

Sgi don mode:
Khi gidm kich thugc 16i sgi dé chi c6 mot mode song co ban truyén dugc trong sgi thi sgi goi
la don mode. Trén ly thuyét, sgi lam viéc & ch€ do don mode thi thita s6V, V=2,405.
Vi chi c6 mot mode song truyén trong sgi nén do tan sic do nhiéu dudng truyén bang khong
va su don mode c6 dang phan ba chiét suat nhdy bac (SI) véi g->
Cac thong s6 cla loai sgi don mode thong dung la:

e DBudng kinh [6i: d=2a=9pm +10pm

e DBudng kinh [6p boc: D=2b=125 pm

e Khiu dd so: NA=
Do tan sic cla sgi don mode nhé hon nhiéu so véi si da mode, dic biét & budc song
=1300nm do tan sdc cla sgi da mode rat thdp (~0). Do d6 dai thong clia don mode rat rong.
Song vi kich thuéc 16i sgi don mode qua nhé nén doi héi kich thu6c ctia cac linh kién quang
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cting phdi tuong duong va cac thiét bi han ndi sgi quang phai c6 do chinh xac rat cao. Cac
yéu cau ngay nay déu c6 thé dap Gng do do sgi don mode dang dung phé bién.

4.2.2 Cau tric cap quang

4.2.2.1 CAu tric sgi quang

Thanh phan chinh cla sgi quang gdbm 16i (core) va céac I6p boc (cladding). Trong vién thong
dung loai sgi c6 cd hai I6p trén bang thuy tinh. Loi dé dan anh sang va |6p boc dé git dnh
sang tao trung trong |6i nho su phan xa toan phan gita 16i va 16p boc.
D€ bdo vé sgi quang, tranh nhiéu tac dung do diéu kién bén ngoai sgi quang con dugc boc
thém mot vai I6p nia:
e LG6p pht hay 16p vé thi nhat (primary coating):
o Chong lai sy thAm nhap ctia hai nuéc
0 Tréanh su trdy su6t gy nén nhiing vét nat
o Gidm &nh hudng vi udc cong
e LGp vo thd hai (secondary coating)
0 Tang cudng stic chiu dung clia sgi quang truéc tac dung co hoc
0 Tang cudng stic chiu dung cla sgi quang truc tac dung cla su thay déi nhiét
do.

l_ Plastic coating

Cladding
lr (lower refractive index)

— Core
(higher refractive index)

Hinh 4.5 CAu tric sgi quang:

4.2.2.2 Cau triic cap quang:

CAau tric cla cap phdi thod yéu cau chinh la bdo vé sgi quang trudc cac tac dung co hoc clia
diéu kién bén ngoai trong qua trinh thi cong 1&p dat va cd qua trinh st dung lau dai. Cac luc
co hoc c6 thé lam ddt sgi quang tic khic hodc lam ting suy hao va lam gidm tudi tho cla sgi
quang.

Cap quang cling dugc ch& tao pht hgp v6i muc dich st dung clia vién thong, bao gom: cap
treo, cap chon, cap thd cong, cap thd bién, cap trong nha. Mdi loai c6 vai chi tiét dic biét
ngoai cau tric chung cla cap.

C4u triic tdng quat clia cap quang bao gom:

V6 cép (nhya PE)

Thanh phan chiu lyc ngoai
Lép dém (nhya PE)

Bang quan Plastic

Thanh phan chiu luc trung tam

6ng dém léng
Soi quang

Hinh 4.6 ciu tric tong quat cla cap quang
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Sgi quang: cac sgi quang dugc boc I6p phd va I6p vo sdp x€p theo mot tha tu nhat
dinh.

Thanh phan chiu lyc: bao gdm thanh phan chiu lyc trung tdm va thanh phan chiu lyc
bao bén ngoai

Chat nhoi: lam day rudt cap

Vé cép: dé€ bdo vé rudt cap

Lép gia cudng: dé bdo vé sgi cap trong nhiing diéu kién khic nghiét.

Theo muc dich st dung chia cap quang thanh 3 loai:

Cap ngoai troi: cap treo, cap chon truc ti€p hodc cap kéo trong cong. Cap ngoai trai
thudng c¢6 vé nhua PE mau den. Sgi quang trong cap dugc dat trong ciac dng dém
l6ng, mdi 6ng dém 1dng chdia mot sgi quang hay nhiéu sgi quang tuy theo s8 lugng sgi
quang trong cap. Cap ngoai troi binh thudng khong can 16p gia cuong, chi can I6p kim
loai (thudng la nhom) boc rudt cap.

V6 céap (nhua PE)

Thanh phan chiu lyc ngoai
Chat nhéi

Thanh phdn trung tim bing chat dién moi

6ng dém léng
Sgi quang

V6 cap (nhya PE)
Thanh phan chiu luc ngoai
Chat nhoi

a)

Thanh phan trung tam bing chat dién mai
Bang nhdi 16i cap

10 Sgi quang trong 6ng dén ldng

L 6p nhom chdng &m

Hinh 4.7 Cap ngoai troi
a) Ong dém ldng chita mot sgi quang- khong c6 thanh phan kim loai
b) Ong dém 18ng chda nhiéu sgi quang

Cap trong nha: Cap trong nha va ngoai trdi khdac nhau vé cu trdc va vat liéu lam 16p
vé nhung sgi quang bén trong phdi c¢6 dac tinh truyén dan giong nhau. Cap trong nha
c6 vb PVC, la vat lieu kh6 chdy, dugc nhom mau (thudng mau xdm) vi khong can
ngdn cac biic xa nhu cap ngoai troi. Tuy theo muc dich st dung, s6 lugng cdp quang
torng nha c6 thé tr mot d&€n vai chuc sgi. Trong dé loai mot sgi dugc dung nhiéu nhat
dé lam cap phan phdi, cap nhay.

Vé cap PVC
Thanh phan chiu lyc ngoai

Thanh phan trung tam
v 4‘ [)—6ng dem 16ng
[ ]

Sgi quang c6 vé dém khit

Hinh 4.8 Cap quang thong dung trong nha
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e Cap dac biét: Bao gobm nhiing loai cdp quang dung trong nhiing moi truong dac biét
nhu: cap quang dung trong day dién luc, cadp quang dung trong dé 13p dit trén tau
bién, trén mdy bay, cap quang tha song, bién v...v. Trong tiing mdi truong cu thé, cap
quang dugc ché tao véi nhiing dic diém khac nhau dé thich hgp véi diéu kién cla
moi tridng nhu: khong chda cac thanh phan kim loai, cuc nhe, két cdu co hoc chic
chdn, chiu dugc rung dong co hoc, chiu dugc nhiét do cao, khd ndng ngan dm tét...

_-PVC tubes

(gel filled)
Petroleum—{# | "B\ _lonerjacket
jelty | ~ FvC .
jelly ( ) Protective
—————__ stainless steel
i wire armaour
AN _ (optional)
Outer jackst Steel or plastic

ipolyethelens) (strength member)
Wrapping tape

Hinh 4.9 Cép quang tha bién

4.2.3 Thong so cua sgi quang

Cong suat quang truyén trén sgi cling gidm dan theo cy ly véi quy luadt ham s ma tuong tu
nhu tin hiéu dién. Biéu thic t6ng quat clia ham sd truyén cong sudt c6 dang:

P(z)=P(0)x10"*"

Trong d6: P(0): cong sudt & dau sgi (z=0)
e P(2): cong suat & cy ly z tinh ti dau soi
a: hé s6 suy hao

P1=P(0) P2=P(L)
) L (lﬁ—P z

Hinh 4.10 Cong suat truyén trén sgi quang.

Do suy hao cla sgi dugc tinh bdi: A(dB)=10lg P1
P2

Trong d6: P1=P(0): cong suat dua vao dau sgi
P2=P(L): cong suat § cudi sgi

4.2.3.1 Cac nguyén nhan gay suy hao quang:

Cong sudt quang truyén trén sgi bi that thu do sy hdp thu cda vat liéu, su tdn xa anh sang va
su khidc xa qua ché bi uén cong.
Suy hao do hap thu:

e Su hap thu cla tap chat kim loai: cac tap chat kim loai trong thuy tinh la mét trong
nhiing ngudn hap thu ning lugng anh sang. Cac tap chat thudng gap la Sit (Fe), Pong
(Cu), Mangan (Mn). Méc d§ hap thu cla tting loai tap chat phu thudc vao nong do tap
chat bugc s6ng truyén qua no.

e Su hdp thu clia ion OH: Sy c6 mat cGia cac ion OH trong sgi quang ciing tao ra mot do
suy hao hap thu dang ké.
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Su hdp thu bang cuc tim va hong ngoai: ngay ca khi sgi quang dugc ché tao ti thuy
tinh c6 do tinh khiét cao sy hap thu van xdy ra. Bdn than thuy tinh khié€t cang hap
thu dnh sdng trong viing cuc tim va ving hong ngoai. Su hdp thu trong viing hong
ngoai gdy tré ngai cho khuynh huéng st dung cac buéc dai trong thong tin quang.

Suy hao do tan xa:

Tan xa Rayleigh: khi s6ng dién tif truyén trong moi triong dién gdp chd khong dong
nhat sé xdy ra hién tugng tan xa. Nhiing chd khong déng nhat trong sgi quang do cach
sdp x€p clia cac phan t thuy tinh, cac khuyét tat ctia bot khong khi, cac vét ndit,...Khi
kich thugc clia viing khong dong nhat vao khodng mot phan mudi budc séng thi ching
tr§ thanh nhiing ngudén diém dé tan xa. Cac tia sang truyén qua nhing chd khong
dong nhat nay sé tod ra nhiéu huéng. Chi mot phan ning lugng anh sing tiép tuc
truyén theo hudéng cd; phan con lai truyén theo cac huéng khac, tham chi truyén
nguoc vé phia ngudn quang. O budc séng 850nm suy hao do tan xa Rayleigh clia sgi
silica khodng 1 d&n 2dB/km va & budc séng 1300nm suy hao chi khodng 0,3dB/km. O
budc song 1500nm suy hao nay con thdp hon nia.

Tan xa do mat phan cach gitia 16i va 16p boc khong hoan hdo: khi tia sang truyén dén
nhiing chd khong hoan hdo gitia 16i va I6p boc tia sdng sé bi tan xa. Lic d6 mot tia tGi
s& c6 nhiéu tia phdn xa v6i cc goc t6i han sé khic xa ra I6p boc va bi suy hao dan.

Suy hao do sgi bi uon cong:

Vi udn cong: khi sgi quang bi chén ép tao nén nhting chd uén cong nhd thi suy hao
cla sgi cing tang lén. Su suy hao nay xudt hién do tia sang bi lénh truc khi di qua
nhiing chd vi uon cong dé. Mot cach chinh xdc hon, su phan bg trudng bi xao tron khi
di qua nhiing chd vi uén cong va dan t6i sy phat xa nang lugng ra khdi 16i sgi.

Udn cong: khi sgi ubn cong véGi ban kinh uén cong cang nhé thi suy hao cang tang. Di
nhién khong thé tranh dugc viéc udn cong sgi quang trong qua trinh ch& tao va ldp
dat. Song néu giti cho ban kinh udn cong I6n hon mot ban kinh t3i thiéu cho phép thi
suy hao do uén cong khong dang ké&. Ban kinh t6i thi€u do nha sdn xudt dé nghi, thong
thudng 30mm dén 50mm.

4.2.3.2 Tansic:

Tuong tu nhu tin hiéu dién, tin hiéu quang truyén qua sgi quang cting bi bién dang. Hién

tugng nay dugc goi la tan sdc. Su tan sdc lam méo dang tin hiéu analog va lam xung bi chong

|dp trong tin hiéu digital. Sy tdn sdc lam han ch& dai thong clia dudng truyén dan quang.

Cac nguyén nhan gay tan sic:

Téan sdc mode (modal dispersion): do nang lugng clia 4nh sdng phan tan thanh nhiéu
mode. Mdi mode lai truyén véi van t6c nhém khac nhau nén thoi gian truyén khéac
nhau.

Téan sic thé (chromatic disperation): do tin hiéu quang truyén trén sgi khong phdi la
don sdc ma gdbm mot khodng budc séng nhat dinh. Mdi budc séng lai c6 van toc
truyén khac nhau nén thoi gian truyén ciing khac nhau. Tan sic thé bao gom tan sic
chat liéu va tan sic dan song

Sgi quang da mode c6 day di cac thanh phan tan sic
Sgi quang don mode chi c6 tan sic thé.
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4.3 Ky thuat ghép kénh quang

Muc tiéu ctia ghép kénh quang nham tao ting dung lugng lénh truyén dan. Ngoai y nghia d6
viéc ghép kénh quang con tao ra khd nang xay dung cac tuyén thong tin quang c6 tdc do rat
cao. Trong phan nay, ta sé khao sat ba ky thuat ghép kénh la ghép budc séng quang (WDM-
Wavelength Division Multiplexing), ghép phan khéong gian SDM (Space Devision
Multiplexing), va ghép kénh quang theo thai gian (OTDM-Optical Time division Multiplexing)

Truyén dan ghép phan khéng gian SDM (Space Devision Multiplexing): don gian
khong gian va khong can sy phat trién cong nghé, chi don thuan 1a ting so lugng soi
quang, toc do truyén dan van gid nguyén. Ta c6 thé chon SDM néu trén tuyén truyén
dan can ting bang thong da c6 sdn s6 lugng soi quang chua dung va khodng céch
tuyé&n truyén dan la di ngdn dé khong can dung céc bo 1dp. Néu khodng cach la xa,
khi d6 chi phi sé vut ting do mdi hé théng 1dp thém déu can mot s6 lugng bo lap, b
khuéch dai....nhu hé thong ca.

Truyén din ghép phan thoi gian TDM (Time Devision Multiplexing): ting toc do
truyén dan lén sgi quang. Khi ti€p tuc dung phuong thic truyén thong nay, trén phai
xem xét d&€n 2 van dé: trudc va khi truyén trén sgi quang. Tru6c khi chuyén thanh tin
hiéu quang dé truyén di, cac linh kién dién ti c6 kha nang x Iy véi toc do t6i da la
bao nhiéu? Thyc t€ hién nay cho thay, & da s6 cac mang truyén dan, linh kién dién ti
c6 khad ning dép tng t6t doi véi cac dong tin hiéu & téc do 2,5Gbps hodc 10Gbps.
Nhu vay thi chua gidi quyét tron ven bai todn tang bang thong. Trong phong thi
nghiém da cho céc linh kién hoat dong & t6c do 40 Gpbs hodc 80Gpbs. D& TDM c6
thé dat dugc nhiing t6c do cao hon, cac phuong phép thuc hién tadch/ghép kénh trong
mién quang, dugc goi 1a phan kénh thai gian trong mién quang (Optical Time Devision
Multiplexing-OTDM) dang dugc tich cuc trién khai. Cac két qud nghién ciu trong
phong thi nghiém cho thdy OTDM c6 thé ghép dugc cac lubng 10Gbit/s thanh ludng
250Gbit/s. Nhung khi d6, truyén trén sgi quang sé vap phdi cav van dé nghiém trong
dnh hudng dén chat lugng truyén dan: tan sic,....Tom lai khong thé 1a gidi phép
truyén dan cho tuong lai.

Truyén dan ghép phan buéc song WDM (Wave Devision Multiplexing): ghép thém
nhiéu budc song dé co thé truyén trén mot sgi quang, khong can ting toc do truyén
dan tréen mot buge song. G ddu phat, nhiéu tin hiéu quang c6 budc séng khac nhau
dugc t6 hgp dé dugc phan gidi ra (tdch kénh), khoi phuc lai tin hiéu goc roi dua vao
céc dau cudi khac nhau.

Nguyén ly co bdn cta ghép buéc séng quang dugc minh hoa nhu sau:

Tx1(A1) Truyén tin hiéu trén sgi quang RxT(A1)
;o (@) 1 MUX
1 |_ | 1 1 1
1 === 1
EDFA EDFA .
Txnn) Khuéch dai tin hiéu Khuéch dai tin hiéu Rxn(An)
Phat tin hiéu Ghép tin hiéu Tach tin hiéu Thu tin hiéu
EDFA: Eribium Doped Fiber Amplifier MUX: Muxtiplexer

Hinh 4.11 So dé chiic niang hé thong WDM.

10
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Nhu minh hoa trén hinh, dé ddm bdo viéc truyén nhan bu6c séng trén mot sgi quang, hé
thong WDM phai thuc hién cic chic nang sau:

e Phét tin hiéu: trong hé th6ng WDM, ngudn phét quang dugc dung la Laser. Hién tai
da c6 mot s6 loai nguon phat nhu: Laser diéu chinh dugc budc séng (Tunable Laser),
Laser da budc song (Multiwavelength Laser)...Yéu cau d6i v6i ngudn phat laser 1a phdi
c6 do rong phd hep, budc séng phét ra 6n dinh, mac cong suat phat dinh, budc song
trung tam, do rong phd, do rong phdi nam trong giGi han cho phép.

e Ghép/tach tin hiéu: ghép tin hieu WDM la su két hgp mot s6 ngudn sang khac nhau
thanh mot ludng tin hiéu anh sang téng hop dé truyén dan qua sgi quang. Téach tin
hieu WDM la su phan chia ludng anh sang tong hgp dé thanh cac tin hiéu anh séng
riéng ré tai mdi cong dau ra bo tach. Hién tai da c6 cic bo tach/ghép tin hieu WDM
nhu: bo loc mang méng dién moi, cach i ragg sgi: cach ti nhiéu xa, linh kién quang
t6 hgp AWG,...khi xét dén cac bo tach/ghép cta cac kénh budc song, budng séng
trung tdm clGa kénh, méc xuyén am gitia cac kénh, tinh déng déu cla kénh, suy
hao, ...

e Truyén dan tin hiéu: qua trinh truyén dan tin hiéu trong s¢i quang, chiu sy dnh hudng
clia nhiéu yé&u t3: suy hao sgi quang, tan sic... Mdi van dé ké tren déu phu thudc rat
nhiéu vao yéu t6 sgi quang (loai sgi quang, chat lugng sgi...)

e Khuéch dai tin hiéu: hé thong WDM hién tai chd yéu st dung bo khuéch dai quang
sgi EDFA. C6 3 ch& do khuéch dai: khuéch dai cong suat, khuéch dai duong va tién
khuéch dai. Khi diing bd khuéch dai EDFA cho hé théng WDM phéi ddm bdo cac yéu
cau sau:

0 Do khuéch dai dong déu doi vai tat cd cac kénh budc séng (mic chénh leach
khong qua 1dB)

0 Su thay d6i s6 lugng kénh bugc séng lam viéc khong dugc gay dnh hudng dén
méc cong sudt dau ra ctia cac kénh.

0 Co6 khd ndng phat hién su chénh leach mic cong suat dau vao dé diéu chinh
lai cac hé s6 khuéch dai nham dadm bdo dic tuy&n khuéch dai 1a bing phing
doi vai tat ca ca kénh.

e Thu tin hiéu: thu tin hiéu trong cac hé théng WDM ciing s dung cac bo tach séng
quang nhu trong hé thdng thong tin quang thong thuong: PIN, APD.

Cong nghé WDM c6 thé mang dén gidi phap hoan toan thién nhat trong diéu kién cong nghé
hién tai. Thd nhat n6 van git t6c do x ly clia cac linh kién dién t& & mic 10Gpbs, bdo ddm
thich hgp v6i su quang hién tai. Thay vao dé, cong nghé WDM tiang bang thong bang cach
tan dung clia s6 lam viéc cta sgi quang trong khodng bu6c séng 1260nm dén 1675nm.
Khodng budc séng nay duoc chia lam nhiéu bang séng hoat dong nhu bang 4.2. Thoat tién,
hé thdng WDM hoat dong & bang C (do EDFA hoat dong trong khodng bang song nay). Vé
sau, EDFA c6 kha niang ¢ cd bang C va bang L. Né&u theo chuan ITU-T, xét khodng gitia cac
kénh budc song la 100Ghz (ddm bdo kha nang chéng xuyén nhiéu kénh trong diéu kién cong
nghé cong nghé hién tai), sé c6 32 kénh budc s6ng hoat dong trén mdi bang. Nhu vay, néu
van gitt nguyén toc do bit trén mdi kénh truyén, ding cong nghé WDM ciing di lam tang
bang thong truyén trén mot sgi quang lén 64 1an.
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Bang 4.2 Su phan chia cac bang séng

Bang song Mb ta Pham vi buéc ségn (nm)
Bang O Original 1260dén 1360
Bang E Extended 1360 dén 1460
Bang S Short 1460 dén 1530
Bang C Conventional 1530 dén 1565
Bang L Long 1565 dén 1625
Bang U Ultra-long 1625 dén 1675

4.4 Mang thong tin quang
4.4.1 Phan I6p trong mang quang

C4au trdc mang vién thong hién dai khong ngiing phat trién.Nhiing yéu t6 nhu Gng dung mdi
va cach truyén tai thong tin...khién cho cau trdc mang ludn ludn thay ddi. Tuy nhién, ta c6
thé khao sat mang mot cach tdng quat nhat dua trén nhiing yéu t6 co ban: cong nghé truyén
dan, khodng cach, tGng dung...Nhu vay nhin t géc do vat ly, kién trdc mang c6 thé dugc
phan lam 3 |16p nhu trén hinh:

e Mang duong dai: mang truyén dan duong dai (long-haul network) 1a phan 16i clia toan
thé kién tric mang, két ndi nhiéu mang do thi MAN lai v6i nhau. Ung dung cia mang
nay la truyén tdi. Do vay, van dé quan tAm nhat mang dudng dai la bang thong.

e Mang db thi MAN (Metropolitan Area Network): déng vai tro chuyén ti€p gidia mang
dudng dai va mang truy nhap. N6 c6 nhiéu tinh giong nhu mang truy nhap (tinh da
dang va t6c do kénh truyén). D€ ddm bdo dugc chic ning chuyén ti€p, mang MAN
phai c6 khad niang dap Gng nhu cau ting bang thong truyén dan clia mang duong dai,
mat khdc, n6 ciing dép Gng doi hdi yéu cau gia tang so lugng két ndi va ky thuat truy
nhap khong ngling clia mang truy nhap.

e Mang truy nhap: mang truy nhap (access network) ding vé phia khach hang va nam &
bién clia mang do thi MAN. N6 dugc ddc trung bdi tinh da dang giao thic, kién tric
mang va tai rong trén nhiéu téc do truyén dan khac nhau

SDHF.I'I.'I:IM

f"ﬁEgiu nal +
Metropolitan Metwork

Hinh 4.12 Toan thé ki€n tric mang.
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4.4.2 Cac ciu tric mang quang:

Bus sgi quang: ciu hinh mang bus da dugc xaydung trén cap dong. Cau tric nay c6
uu diém 1a tao ra moi truyén dan hoan toan thu dong va dé dang tao dugc cac nhanh
trén duong cap ma khong gay ra xdo tron cau hinh cting nhu gian doan viéc khi thac
mang. Nhung khi phét trién cau tric bus trén cap quang thi khé thuc hién; ly do 1a &
chd viéc truyén hai huéng trén cac nhanh kho thuc hién, cic tin hiéu vao va ra ¢
duong dan chinh thuan lgi nhu & cdp dong. C4u trdc bus dugc mo ta nhu & hinh 4.13:

Thiét bj Thiét bj
dau xa dau xa

Cap sgi quang

Tong dai

Thiét bi
dau xa

Hinh 4.13 Cau tric Bus sgi quang.
Trong cdu trac bus chi c6 mot dudng truyén dant i tng dai noi hat t6i cac thiét bi dau
xa RT hodc RU (Remote Terminal hodc Remote Unit). Nhu vay cau trac hinh bus sé st
dung chung thié€t bi mang, tuy nhién n6 khong c6 tinh bdo mat thong tin. Cdu hinh
nay pht hgp véi viec phan b céc dich vu vi cac thué bao c6 thé nhan chung cung
mot tin hiéu

Cau tric hinh sao: trong cau tric hinh sao, tat cd cac nat mang déu dugc ndi vé mot
diém chinh goi la ndt trung tam. NGt trung tdm c6 thé 1a tram chda cac thiét bj tich
cuc hodc thy dong. Moi  trudng turyén dan doi ciu hinh nay c6 thé la cac doi day
kim loai, cdp dong truc hodc sgi quang. Cau hinh sao c6 thé la ciu hinh sao don hodc

cdu hinh sao kép: 0
O
Thué bao O
Tong dai o Tong dai
O
O
a) b) O

Hinh 4.14 Cac cau tric hinh sao

3 cdu hinh sao don, ti ndt trung tam turyén tin hiéu thdng t6i cac thué bao, nhu vay
c&u hinh nay don gidn, cho phép thuc hién turyén dung lugng kénh, thiét bi mang
khong phtc tap va ching tach rdi nhau, thuan Igi cho viéc bdo dudng va khai thac.
Tuy nhién, cau trdc hinh sao don lai s dung nhiéu cdp, ddi véi cdp soi quang thi lai
khong tan dung c6 hiéu qud bang tan (vi bang tan cla sgi quang la rat 16n), diéu nay
dan t6i ton kém chi phi dau tu. Cau hinh nay chi mang lai hiéu qua kinh té& cao khi gia
thanh cap thap. B&i vai cau tric hinh sao kép, ngoai ndat trung tdm 1a cac téng dai
con ¢6 cac thiét bi dau xa. B&i véi cau tric hinh sao kép, ngoai ndt trung tim la cac
t6ng dai con c6 céc thiét bi dau xa. TU ndt trung tam t6i cac thiét bi dau xa c6 cau
tric hinh sao,va ti nat dau xa t6i cac thué bao cling ¢6 cdu trac hinh sao, nhu vay tao
thanh hinh sao kép. Cau trac hinh sao kép cho phép st dung c6 hiéu qué cép vi moi
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mot nhanh ¢6 thé st dung cho nhiéu cho nhiéu thué bao. DPay ciing la mot cau tric
hdp dan dé dam bdo két hgp cac dich vu chuyén mach va cac dich vu phan bo. Bén
canh cac uu diém 1a st dung it sgi quang, n6 cing c6 nhugc diém la do st dung cac
thiét bi dau xa ma doi hdi thém vé chi phi 13p dit bdo dudng thiét bi, cdu hinh phic
tap s& lam gidm do tin cay, kh6 phat trién cac dich vu bang rong.

Céac cdu trac hinh sao dugc ap dung rat linh hoat khi két hop cd st dung céap dong va
cap sgi quang. C6 thé thuc hién cau tric hinh sao nay nhd céac giao dién mang quang
(ONI-Optical Network Interfaces) didt & cac bé cdp trong mang thuc t€. C4u hinh két
hgp nay vtra linh hoat, viia st dung mot cach c6 hiéu qué bang tan cla cac loai cap
dugc dat. Hinh 4.15 13 vi du mot cau trdc hinh sao 1ép st dung cac phan ti ghép thu
dong & trén va con goi la mang thu dong (PON-Passive Optical Network). Theo cau
trdc nay, cac luong tin hiéu 2Mbit/s i tong dai dugc dua dén thiét bi ghép kénh tao ra
lubng c6 téc do cao hon chidng han nhu 34Mbit/s. Laser LD & thiét bi phat quang sé
thuc hién bién déi dién-quang dé chuyén ludng tin hiéu dién thanh tin hiéu quang
trén duong truyén, Bo chia quang thu dong sé chia tin hiéu nay thanh cdc tin hiéu
nhanh.Nhu vay § cac clia ra cia bd chia quang, tin hiéu quang sé dugdc dua vao cac
sgi dé di t6i cac bé cdp. Tin hiéu ti cac thué bao truyén jvé phia tdng dai cling dugc
truyén trén cling sgi quang nhd cac b ghép budc séng quang, va lic nay cac bo chia
lai lamviéc chic nang ghép (coupler) dé két hgp cac tin hiéu ti cac bé cap dua t6i.

Thué Bao

Sai cAn auane

B6 chia quang

1
1
1
1
1
:
1
PIN [& '
1
1
1
1
1
1

Ta cap

Hinh 4.15 Cau tric sao két hgp cap quang va cap dong.

e C&u hinh ring: c4u hinh ring 1a mot cdu hinh st dung hiéu qud va pha hgp véi tinh
chat bdo ddm thong tin trong mang vién thong. Trong cdu hinh ring, cac nat mang
lién nhau dugc ndi voi nhau bang tuyén diém-diém va cd nhu vay tat ca cac nat dugc
ndi véi nhau tao thanh vong ghép kin. Thong tin dugi dang cac géi di liéu (tin hiéu
mang thong tin va cac bit dia chi) dugc gli di ti nGt no sang nut kia theo vong ring,
v6i moi tridng truyén dan hodc doi day, hodc cap dong truc hodc cap sgi quang.

Node “%— Node — Node
g B e C

Backup flbred

. ”
Node """“'““"“ Node <= Node

D o— E ——» F

L
....."r..""

Warking
—= Fibres

Hinh 4.16 Cau tric Ring
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Khi thuc hién xay dung mang cdu hinh ring can phéi xem xét ky moi chi ti€t co lien
quan. Tru6c hét phdi dua dugc toan bo cic nat vao ring. Khi thém ndt méi, thi dudng
truyén dan phai dugc dat gitta nat nay va hai nat k& bén. Nhu vay rat khé c6 thé 13p
dat truée cac dudng cap cho tram du dodn sé st dung trong tuong lai. Hon niia,bat ky
mot doan cdp nao dat, tram nao hdng hodc khi I3p dat tram méi cing sé lam gian
doan thong tin trén mang. Trudc tinh hinh nay, ngudi ta st dung ky thuat dé khic
phuc nhiing su c6 gidn doan thong tin trén tuyén. Cac bién phap ky thuat di vong va
ndi mach “loopback” dugc st dung dé két noi véi cac cap khic. Cac ky thuat nay rat
pht hgp ddi v6i cau tric ring st dung truyén dan phan cap s6 dong bo SDH
(Synchronous Digital Hierachy).

4.5 Quan ly va diéu khién mang quang:
4.5.1 Cac phan tf cia mang quang:

Trong phan nay ta sé khdo sat ciu tao va chdic nang clia cac phan ti ndt mang trong hé théng
quang. Mang gém:

e B0 dau cudi quang LT (Line Terminal)

e B0 ghép tach/ghép OADM (Add/drop Multiplexer)

e B0 ké&t ndi chéo CC (Crossconnect)

e B0 khuéch dai quang LA (Line Amplifier)

Trong d6 thong thudng dugc két hop chic nang khuéch dai chung véi CC, LT va ADM dé bu
suy hao.

cC

— g 1.6 Other carrier
’=
Trunk
Exchange Core Router
WDM / SDH s
(0) (¢}

Vo

’ CcC

/ ’ SDH-ring ADM
WDM/SDH ADM
/- ’ 2R
I Local Exchange _ \
Po ’ SDH-ring
2.5 Gb/s
155Mh/s ’—/

Hinh 4.17 Cac thanh phan clia mang quang trong thuc t&
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Bo dau ghép cudi LT (Line Terminal):

LT 1a thi€t bi kha don gidn trong mang truyén dan. LT ¢c6 md hinh diém-di€m, thuc hién ghép
tin hieu & dau phat va truyén di trén sgi quang, tich ¢ dau thu va chuyén tin hiéu thanh phan
dén phia dau cudi khich hang.

Bo chuyén doi tin hiéu thuc hién chuyén tin hiéu dén tr mang khach hang véi nhiing toc do,
bu6c séng va giao thiic khdc nhau sang thanh tin hiéu chudn SDH theo chudn cta ITU-T. Véi
nhiing tin hiéu khac nhau, bo chuyén déi cung cdp céc giao ti€p khac nhau.

Optical Line ..&-— S5TM-1 [ S5TM-4
Terminal

ITrlnutary[

STM-1
140 Mbit's
34 Mbitls
2 Mbit/s

Hinh 4.18 So d6 Gng dung cla bd ghép dau cudi.

Bo tach/ghép kénh ADM:

Cac bo tach ghép kénh thuong dugc dung trong cac mang quang do thi va
mang quang dudng dai vi n6 cho hiéu qud kinh t€ cao, dic biét trong cau tric
vong hodc chudi nham dé dang truy xudt cac ludong s6 cia PDH va SDH.

Chdc ndng cta bd tach/ghép 1a n6 duge cdu hinh dé tach/ghép mot s6 ludng
PDH/SDH, mot s6 kénh budc song, cac ludng con lai dugc cau hinh cho di
xuyén qua.

: Add/drop ;
STM-1/ STM-4$ multiplexer Sos STM-1/ STM-4
("West line”) ("East line”)

ITributaryI

STM-1
140 Mbit/s
34 Mbit/s

2 Mbitfs

Hinh 4.19 So dé ting dung bd tach/ ghép kénh.

Bo ghép kénh Cross-connect:
Bo ghép kénh c6 thé dugc dung nhu cac ndt mang nhd véi cac két ndi ludng so- ludng s6,

hodc cho vai két ngi trong mang vong SDH.

Il

Cross-connact
multiplexer

iTrilhuta wI

STM=1/STh-4
140 Mbitfs
34 Mbit's

2 Mbilfs

Hinh 4.20 S d6 Ging dung cta ghép kénh.
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4.5.2 Cac chiic nang quan ly mang:

Quan Iy mang la mot thanh phan quan trong trong mang vién thong. Chi phi cho van hanh
va quan Iy mot mang I6n la thuong xuyén va nhiéu khi con vugt troi cd chi phi trién khai cac
thi€t bi mang ban dau. Do vay, bén canh mdi quan tdm vé chi phi trién khai cac thiét bj
mang ban dau, cdc nha cung cdp dich vu hién nay dic biét quan tdm dén viéc gidm thiéu
cac chi phi thudng xuyén nay.

Mot hé thong quan ly mang bao gdm nam chic nang chinh:

e Quan ly chat lugng: lién quan dén giam sat va quan ly cac thong s6 chat lugng.
Qudn ly chat lugng la chdc nang t6i can thiét gidp nha cung cap dich vu ddm béo
chat lugng doi véi khach hang va ngugc lai phia khach hang tuan theo céc yéu cau
do nha cung cdp dich vy dit ra trugc. Chic ndng nay ciing dua ra cac thong s6 dau ra
cho cac thong s6 dau vao cho céac chic ning quan ly khic, dic biet 1a chic nang
qudn 1y su c§ dé phét hién cdc tinh trang bat thuong xdy ra trén mang.

e Qudn ly sy cd: lien quan dén phat hién hu héng trén mang va géi canh béo tac thi
dén hé thong giam sat. N&u mot thong s6 dang dugc giam sat c6 gia tri ngoai tam,
phan t mang sé& cdnh bao. Quan ly su cd bao gdm ca viec khoi phuc lai dich vu khi
c6 su cO xay ra.

e Quan ly cdu hinh: lién quan t6i viéc thiét lap cac chic nang dugc quan ly trong
mang. Chic ning co ban la quan ly thiét bi, bao gdm viéc dua vao hodc loai bd thiét
bi, dinh tuyé&n lai luu lugng, qudn Iy phan mém...Mdt khia canh khac cta quan ly cau
hinh 1a quan ly két ndi, bao gdm cai dat, xod va do dudng két ndi trong mang. Chc
ndng nay co thé thyc hién trén hé thdng qudn ly tap trung hodc trén cic hé diéu
khién mang phan bd. Phan bg diéu khién mang la can thiét khi khéi lugng cai dat
két ndi thudng xuyén xdy ra va cdu hinh mang qua 16n va phdc tap.

e Quén ly an toan trén mang: Bao gdbm chic ning quédn tri nhu xac nhan ngudi st
dung, cai dit thuoc tinh cho phép doc va ghi tuy cap ngudi st dung. Vé phuong dién
bdo an, mdt mang thuong dugc phan chia thanh tting mién (domain), theo chiéu
ngang va doc. Phan chia theo chiéu doc c6 nghia mot s6 ngudi chi dugc phép truy
cap vao mot s6 phan t& mang nao dé va khong dugc truy nhap vao nhiing phan td
khac. Chdng han, mot ngudi truy cap tai chd chi cé thé truy nhap vao nhiing phan td
thudc quyén quan ly ctia minh. Phan chia theo chiéu ngang c6 nghia la mot s6 nguoi
st dung cho phép truy nhap vao nhiing thong sé lién quan moi phan t& mang. Tinh
bdo an trén mang con bao gdm cd chic ning bdo mat di liéu clia ngudi st dung
bang cdch ma hod di lieu trude khi truyén di va cung cap khd niang gidi ma cho
ngudi dung hop phap.

e Quan ly k& todn: lien quan dén viéc ghi lai thoi gian truy nhap, gia thué duong truyén
cting nhu du toan dé duy tri va phét trién mang lugi.

D6i v6i mang thong tin quang,mot van dé dugc xem xét thém l1a quan ly an toan khi ti€p xic
véi tin hiéu quang:

e Cac lasersban dan dung trong hé thong thong tin quang la nhing thiét bi c6 mia
cong sudt thap. Tuy nhién, tin hiéu phat c6 thé gay ra dnh hudng nghiém trong dén
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mat, mu vinh vién hodc hu mit. Nhin cang gan cang tén thuong dén mit, vi giac
mac trong sudt véi cac budc song nay.Trong diéu kién binh thuong, cac hé thong
quang hoan toan déng kin va tia laser truyén dinh huéng khong phat ra ngoai. Can
cha y khi [3p dat, xt ly hay bdo dudng.bit biét khi d& day quang ra ngoai can cha y
lubn gitt méc quang c6 thé nguy hiém dugi tdm khuyé&n cdo cla ciac hé théng. An
toan quang can chd y dén cong suat phat tdi da di vao sgi quang. Cac hé théng lam
viec mot minh (khong c6 bo khuéch dai quang) c6 mdc phat di nhé (-3 dén 0dBm)
khong can chd y nhiéu vé an toan quang. Tuy nhién véi cac hé thong dung bo
khu€ch dai quang can phdi cin than trong sudt qua trinh thao tac. Phuong phap an
toan 1a dung 14 chdn tai cac dau quang (connector) va chf can cin than déng 14 chdn
khi m& dau connector quang.

e Tuy nhién van khong ngan cdn dugc lase phat ra tir thiét bi. Thiét bi an toan quang c6
thé dung céc ch& do ALS. Theo ch& do nay dau thu khi phat hién mat tin hiéu thu sé
kich huéng phat (card phét va bo khuéch dai) cGia né nglting phat laser. Va chi phat
thou vai gidy theo chu ky da cai sdn nham khong gay dnh hudng dén cac nhan vién
XU ly cap quang.
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Bai t

o”)

p

Trinh bay chdc ndang cia mang quang?

Trinh bay t6c do truyén dan trén mang quang?

C4u trdc co ban clia mang quang?

Trinh bay cdu tric cla sgi quang, cap quang?

Trinh bay ky thuat ghép kénh WDM?

Trinh bay cdc phan I6p trong mang quan?

Trinh bay cdc cau tric mang quang va Gng dung trong thuc tién?
Khi qudn Iy mang quang luu y nhiing van dé gi?

O N O U1 N =
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CHUONG 5
HE THONG THONG TIN VIBA VA VE TINH

5.1 Mé dau:

Thong qua chuong nay sé ndm rd nhiing phan sau:
- Téng quan vé Vi ba va Ve Tinh.
- Cac thanh phan v6 tuyén clia ViBa
- Phan B6 tan so trong vi Ba
- Thongtin Vé Tinh
- Da Truy Cap

V6 tuyén chuyén ti€p la mot phan rat quan trong trong mang thong tin. Thong
tin vo tuyén s dung khodng khong gian lam moi truong truyén dan. Nguyén ly hoat
dong clia hé thong: phia phat bic xa cdc tin hiéu thong tin bang séng dién ti, phia
thu nhan s6ng dién ti phat qua khong gian va tach 14y tin hiéu géc. Trong cac mang
vO tuyén thuong st dung vo tuyén chuyén tiép tdm nhin thing (Iight of sight). Mot
tuy&€n vo tuyén chuyén ti€p néi chung bao gdm cac tram dau cudi (terminal) va céc
tram l3p (repeator). Poan gitia bat ky 2 attenna dugc goi la mot chiang hop/S

=],
- .

Tram dau cudi Tram l3p Tram lap

Tram dau cudi

Tram lap

Hinh 5.1 So do tong quat cia mot tuyén vo tuy&€n VIBA chuyén tiép

Thuong thi cac mang viba dugc ndi v6i cac tram chuyén mach, 1a mot bo phan
cia mang trung k& qudc gia hoic trung k& rieng. Ung dung khac 1a cac tuy&n nhanh
xudt phat t& cac trung tam thu nhap thong tin khac nhau dén truc chinh hodc tuyén
bang rong tai thong tin da thu nhap dén mot hodc nhiéu trung tam x{ Iy chinh. Viba
s6 bang tan 2GHz dugc xay dung va st dung phd bién lam tuyén dan hodc tuyén
nhanh cho viba s6 c6 tai cao hon bang tin 6Ghz va 11Ghz.

Sau day 1a mot vai loai mang viba s6 dang dugc st dung phé bién:

5.1.1  Viba s6 di€ém noi da diém:

Dang vi ba nay tr§ thanh phé bi&€n trong mot s6 ving ngoai 6 va nong thon.
C4u truc mang nhu hinh 5.2. Tram trung tdm phat trén mot anten dang huéng phuc
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vu cho mot s6 tram ngoai vi bao quanh. Cac tram ngoai vi nay dat trong pham vi
chuyén ti€p don tif tram trung tdm dén tram ngoai vi hodc khodng cach gitia cac tram
ngoai vi I16n hoan mot ching chuyén ti€p don, phai dung tram Idp. Sau dé tram ldp
dugc phan phdi cho cac tram ngoai vi. Thiét bi tram ngoai vi c6 thé dit ngoai troi
troi, trén dinh cot, v..v hodc dat trong hop dat biét. Mdi tram ngoai vi c6 thé lap dat
thi€t bi cho 15 hodc nhiéu trung k& Cac tram 1dp c6 thé st dung dé chuyén tiép
nham mé rong pham vi clia viing phuc vu hodc st dung nhu diém dau tién trong mot
nhénh ré cta tuyén trung ké s6 hién dai.

Thiét bi dugc thiét k& dé hoat dong trong cac bang tan 1,5GHz; 1,8GHz va
2,4GHz st dung mot séng mang cho hé thong hoan chinh c¢6 trung ké PCM 64kbit/s
cho dién thoai va/hodc cho so liéu t6c do thap. Hoan toan sdn sang cho moi trung k&
trong hé thdng. Ky thuat da truy nhap phan chia thai gian dugc st dung lam phuong
tien lien lac. Tram trung tdm phat dén tat cd tram ngoai vi theo phuong phao
ghép/tach theo thai gian TDM lién tuc. Mdi tram ngoai vi dugc ndi dén hé thong va
phat dén tram trung tdm mot hodc nhiéu xung RF dugc dong bd nho tram trung tam
sao cho moi tram chiém mot khe thoi gian khong tring nhau da danh sdn trong
khung da truy nhap phan chia thai gian TDMA. Tram trung tam kiém tra 1an lugt cac
dudong day thué bao dé xac dinh mot thué bao nao dé c6 yéu cau mot trung ké hay
khong va néu co, sé danh trung k& cho duong day thué bao c6 nhu cau.

Tram ngoai vi

Tram ngoai vi /\/ k

Tram trung tAm

. Tram ngoai vi
Tram ngoai vi

Hinh 5.2 Hé thong viba diém-néi da diém.

5.1.2 Vi ba s6 diém noéi diém:

Vi céc cd quan vién thong 1ap k& hoach va bit dau thuc hién cac chuong trinh
chuyén ddi thanh hé thang s6 nhu 1a mot cong cudc hién dai hoa mang, nén nd luc
thay thé mang duong dai bang cap sgi quang va cé thé trong quy mo nhé hon viba s6
dung lugng cao. Hinh 5.3 so d6 khdi ctia cac thanh phan trong mot hé thong viba s6.
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh

Am tuong tu Ma hoa A/D ’_E Bo ghép s6 | May phat i

Ngudn sd

buong Truyén i

Ma hoa A/D Bo ghép s6 |4 May phat J

A

Am tuong tu

A

Ngudn s

Hinh 5.3 Mot mé hinh cia hé thong Viba so diém-diém

5.2 Cac thanh phan trong mang Viba

DS IF RF RF IF DS RR
BB | l
—>>L M T R[1 RM [| T R p) J—é’
1f ff 1f f r
YV
CF /(/(? CFi - CF /(/(? CF /(/(?
YV /N /7 /7
c &D c c {r.]# c
YV
CF /(/(? Cri - CF /(/(? CF %
/N N N i
DS IF ! ! f f IF NS RR
g | |
<—>L N R T RM [1R T M J—é*
Tram ddu cudi  Ching viba Tram Lip Ching viba  Tram dau cudi
BB: Tin hiéu bang tﬁng goc RM: Modem tram lap
M: B0 diéu ch& DS: Giao tiép tin hiéu s6
D: Bo gidi diéu ché& IF: Tin hiéu trung tan IF
T: mdy phat RF: Tin hiéu vo tuyén dugc diéu ché s&
R: Mdy thu f,f’: TAn s6 vo tuyén & bang thap hay bang cao
CF: Bo loc phan kénh c: Bo xoay vong

Hinh 5.4 m6 ta mot tuyé&n vi ba chuyén ti€p véi hai tram dau cudi va mot tram lap.

Tai phia phat ctia tram dau cudi: tin hiéu bang goc (baseband) dugc dan t6i bo
diéu ché& (M) va dugc diéu ché thanh séng mang trung tdm tan (IF). Tai day han ché&
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bang tan truyén dan, cac dang diéu ché dic biét dugc ap dung nhu diéu pha s (PSK),
diéu bién cau phuong (QAM), hodc SSB. May phét (T) sau d6 bi&én déi tin hiéu nay
thanh tin hiéu vo tuyén (RF) va khuyéch dai dé€n mdc phat chudn. Biang tan vo tuyén
dugc gidi han trong khodng 40MHz dén 22GHz.

TU may phét tin hiéu RF dugc chuyén qua bd loc phan kénh (channel
branching filter) gom bo loc bang thong va bo xoay vong (circulator). Bd xoay vong
dugc st dung dé chia huéng phat va huéng thu. Tin hiéu sau d6 dugc dan dén anttena
thong qua bd loc dai thong, bo xoay vong va cap anttena (cap dong truc suy hao thap
hay 6ng dan song).

Néu khodng céch gitia cac tram dau cudi 16n hon 50km (hodc nhé hon tuy theo
tan s6 vo tuyé&n st dung), can phai lap dat tram l3p gitia cac tram dau cudi nay.

Anttena thu & tram 13p sé chuyén tin hiéu thu dugc qua bo loc bang thong va
bd xoay vong clia bo loc phan kénh dé€n may thu (R). May thu khuéch dai tin hiéu nay
va bién ddi n6 thanh tin hiéu trung tan IF. TU tin hiéu IF, b gidi diéu ché (M) sé tai
tao lai tin hiéu bang goc ban dau va by diéu ché sé diéu ché no lai thanh tin hiéu IF.
Giong nhu tram dau cudi, tin hiéu IF lai mot 1an nia duge chuyén dén may phat (T)
roi qua bo loc phan kénh, bo xoay vong dén antena bic xa.

Tai tram dau cudi, tin hiéu biang goc dugc khoi phuc & bo gidi diéu ché& va
dugc dan t6i bo phan kénh. Tai day tin hiéu dugc phan kénh hoan toan.

Thong tin vo tuyén khong chi dong khung trong pham vi cGia mot qudc gia vi
th& doi héi c6 tieu chudn qudc t€ cho né. T6 chic qudc t€ chiu trach nhiém vé van dé
nay la Hiép Hoi Vién Thong Qudc Té ITU (International Telecommunication Union).
ITU bao gom CCITT (International Telephone and Teleghraph Consultative )va CCIR
(International Radio Consultative Commitee). CCITT chiu trach nhiém vé cac khuyén
nghi cho toan bo giap ti€p gitia ngudi st dung dén ngudi st dung (user to user) va cac
giao tiép trén duong truyén dan. CCIR chiu trach nhiém vé cic khuyé&n nghi cho vo
tuy&€n chuyén ti€p vi du nhu phé...Nho cic tiéu chudn nay ma mang vién thong clda
céc nud¢ khac nhau cé thé giao ti€p v6i nhau tao thanh mang vién thong toan cau.

5.2.1  May phat

May phét thudng bao gdm nhiing khéi sau:
- Mach bang goc phat

- Khéi xt Iy s6 lieu bang goc

- Bo diéu ché&

- B0 loc va khuéch dai IF mdy phat

- Bo déi tan trén

- Bo khuéch dai va bo loc nhanh RF
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___________________________________________________________

i RF RF ra
! Dao dong N\
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L Giao tiép »| Gid ngau Ma hoa |

buong day Nhién hod :

Hinh 5.5 So do khoi may phat dién hinh.

5.2.1.1 Mach bang goc may phat

Tin hiéu bang goc thu nhan hodc phéat dén cap dong hodc cap dong truc, dau
tién phai dugc x ly sao cho tin hiéu thich hgp véi hé théng. Hinh 5. minh hoa so do
kh&i clia b diéu ché-giai diéu ché 16-QAM, MDAP-140MB, NEC.

Bo chuyén doi ma duong:
Thiét bi nay gom c6 khéi chuyén déi ma duong CMI-NRZ, khoi nay 14y tin
hiéu ¢ dau ra khai ghép kénh cap E4 139,264Mbit/s va chuyén déi ludng bit ma CMI
thanh ludng bit nhi phan NRZ.

Khoi xa ly so liéu:

Mot khi da ti€n hanh chuyén ma, tin hiéu t khéi chuyén ddi CMI-NRZ di vao
khung x{ ly s6 lieu (TX PDU), & day tin hiéu NRZ dugc ngau nhién. Toc do bit clia E4
tang lén do dua vao cac bit thong tin vé khung, bit kiém tra chdn 1& nhu cac kénh
giam sat BER, khe thai gian cho tin hiéu kénh nghiép vu s6 tuy y, va cac bit nhan
dang kénh RF. D& han ché& do rong bang RF, viéc ting téc do bit t6ng thuong khong
vugt qua 4% toc do danh dinh 139,264Mbit/s.

5.2.1.2 B diéu ch&

Bo diéu ché theo nguyén Iy diéu ché& bién do cau phuong : 4PSK (hay con goi
la QPSK hay 4QAM) hodc 16 QAM. Vi du & day do6i véi hé thong viba 140Mbit/s, st
dung diéu ch& 16 QAM.

Bo diéu ch€ 16 QAM ngoai viéc chuyén ddi ndi ti€p-song song. B bién dai
ndi ti€p/song song sé bién ddi tin hiéu bang goc thanh 4 tin hiéu a,b,c,d c6 t6c do
35Mbaud roi tif 4 tin hiéu nay thanh 2 tin hiéu | va Q bon trang thai, bo giao dong
noi tai tan 140MHz va diéu ché thanh 2 thanh phan cau phuong clia tai tan va 6 hop
ti€p tuc dé dugc tin hiéu 16-QAM. Trong bo diéu ché ti€p theo céac tin hiéu | va Q
diéu ché hai song mang IF tuong Gng. Hai séng mang da dugc diéu ché& dugc cong lai
theo nguyén tic vector dé hinh thanh tin hiéu 16QAM. Ngoai ra con c6 bo loc IF &
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dau ra ctia by diéu ché& han ché& phé tin hiéu khong mong mudn. Viéc tao tan s6 dao
dong noi IF T40MHz dugc thuc hién qua bd dao dong khoa pha PLL.

5.2.1.3 B bi€n ddi tan trén, bo khué&ch dai va bd loc clia may phat

Tin hiéu IF ra t bo loc di vao tii cdc mach d&i tan trén dé tao tin hiéu ra & tan
s0 s6ng mang RF

Bo dao dong noi (LO): tao ra séng mang RF dé diéu ché tin hiéu IF thanh tin
hiéu c6 tan s6 vo tuyén mong muon. D& dam bdo tinh dn dinh cao cta by dao dong
ndi, ngudi ta thuong st dung vong khod pha (PLL) hay cdc bd dao dong ndi hdc cong
hudng dién moi (DRO). Theo phuong phap thd nhat, bd dao dong tui do dugc ghép
thanh mot mot boi s6 clGa tan s6 cGa thach anh bang vong khod pha PLL. Do d6 c6
thé hiéu chinh may phét dén cac vo tuyén khac nhau bang cach thay tinh thé thach
anh cta bd dao dong noi. Trong bo DRO, tan s6 dao dong dugc xac dinh bdi mot
phan t& dién méi. Tan s6 dao dong ndi trong tridng hop nay rdt 6n dinh trong dai tan
GHz cho nén yéu cau vé mach tré nén don gidn hon. Tuy nhién, cac bo DRO khong
thé chinh dé&n cac tan s vo tuyén khac nhau.

Bo bién doi tan trén (up converter): sii dung tan s6 LO dé diéu ché& tin hiéu IF
thanh tin hiéu RF. San pham tai ngd ra clia b diéu ché sé la:

- Béng IF dU’dI tﬁn 56 LO: (fLO' f|F)
- Bang IF trén tan s6 LO: (fio + fip)

- Tan sb ctia chinh bd LO:fio

B khuéch dai cong suat:

B0 loc sau bo bién déi tan trén dé loai trit nhitng bang khong mong mudn va
song mang LO. Bang con lai dugc dua vao bo khuéch dai cong sudt cao tan. Diot tach
song 1y tin hiéu ra dé giam sat véi méc cong sudt du tinh qua mot bo ghép mot
hu6ng. Tin hiéu cao tan RF & dau ra cia bo ghép mot huéng dugc dua vao bo khuéch
dai cong suat. Thuong c6 hai loai khué€ch dai cong sudt: mot loai dung transistor hiéu
ang truong
(GaASFET) cho cong sudt ra trung binh & nhanh ra 25dBm, va mot loai diing dén séng
chay (TWT) cho cong sudt ra 1a 33 dBm. Phan cong suat lay ra qua bo ghép mot
huéng va diot tdch séng con dung dé do cong sudt, cdng bdo, giam st.

B loc nhanh: mot bo phan mach dinh huéng vong phan cach bo khuéch dai
cong sult vGi bo loc nhanh va bo loc thap, d6 1a nhiing bo loc bang héc cong hudng
ghép trong 6ng dan séng dua ra anten. S6 héc cong hudng tuy theo thiét ké bo loc
trung tan IF.
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5.2.2  May thu:

Céac mach bang géc trong mdy phat va mdy thu déu 1a mach so logic, thuc
hién viéc xi ly tin hiéu yéu cau gitia giao tiép duong day va modem. Khéi giao tiép
dudng day tai tao tin hiéu thu dugc o dudng day va thuc hién chuyén déi ma gitta ma
dudng va ma xung nhi phan don cuc dung trong qué trinh xt ly; néu can phong vé
qud &p va can bang suy hao dung cic doan céap dai hon. C4c thao tac chuyén déi déu
chinh xac v6i luong bit d&€n hodc di ctia khdi bang goc thu hodc bo gidi diéu ché bang
goc. Néu toc do bit phat di khong phdi la toc do bit duge tao ra do cau trac ghép
kénh phan cap da chap nhan, can c6 mot khai ghép kénh. Trong truong hgp nay cac
lubng bit thukhong dong bo (thuong 1a hai) déu dugc ghép lai dé tao mot ludng bit c6
toc do bit cao hon mot it so v6i tdng hai tdc do bit cda hai ludng. Nhiing bit thong tin
thém vao dugc cong sao cho phia thu c6 thé phan kénh dugc dang. Khi thiét k& bo
loc phdi luu y dén dic tinh cta tin hiéu RF. Vé phia may phét, yéu ciu chd yéu
thuong 1a tao dang phd, trong khi d6 vé phia may thu, viéc thiét k&€ bo loc Rf it chat
ché vi tap trung bd loc IF. B loc IF quyét dinh do chon loc clia may thu. May thu bao
gbm:

- Cac mach thu RF

- Céc mach bang géc may thu

I RF .
%4 : P Dao dong i
AvalE noi i

e

| IF |

i > % > I} > GI?I bieu [ i

: v ché |

I s . ' RR

! o Giai .| Gia ngau o Giaotiep |1y

i ma Nhién hoa Puong day | !

Hinh 5.6 So d6 khdi may thu.
5.2.2.1 Cac may thu RF

Tin hiéu cao tan dén ti anten di vao phan thu RF ctia may thu.

B dao dong noi (LO) dé tao séng mang vo tuyén dung cho viéc déi tan xudng
clia tin hiéu vo tuyén. Tan s6 vo tuyén nay khong dugc khac véi tan sé cdc may thu.

Bo ddi tan s6 (down converter): st dung tan s6 LO dé diéu ché tin hiéu vo
tuyé&n thu dugc thanh trung tan. Sdn phdm diéu ché& gom:

- fir= fre1 - flo -

- fir=frr2 + filo .
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Do do6 sé& c6 hai tan s6 vo tuyé&n (frer va frea) roi vao dai IF: mot la tan s6 mong
mudn va thanh phan con lai [a tdn s6 dnh. Sau mdi bo khué&ch dai RF, c6 bd loc chan
bang dé han ché& bang tap 4m &nh sinh ra.

Bd khuéch dai IF khué€ch dai tin hiéu IF dé€n mdc cd dinh cho truéc rdi dua dén
bo gidi diéu ché&. Bién do tin hiéu IF & ngd ra cia bo ddi tan xuéng phu thudc vao
mdc tin hiéu thu do d6 bién do tin hiéu IF cho bo gidi diéu ché phdi dugc can bang
bo khuéch dai AGC. biéu khién AGC cung lic c6 thé st dung dé hién thi dién ap
clia mdc thu.

[N /TN | A

fir fre1 flo frr2 f

A

Hinh 5.7 Tan sé anh bij loai bé bang b loc kénh.
May thu cho phan tap khong gian:
Trong phan tap khong gian, tin hiéu RF dugc thu ti hai anten & hai vi tri khac

nhau. Tuy theo thiét k&, ngo ra cla tin hiéu bang goc BB c6 thé 1a tin hiéu t6t nhat tu
hai tin hiéu trung tan hodc |a t6ng cla hai tin hiéu nay:

b RF IF1 BB
— Rx DMD

|, BBU
|
: ~I— BBour
IF2 BB T
;v >L RxD DMD
Rx: May thu DMD: Bo gidi diéu ché&
RxD: Mdy thu phan tap BBU: BO chuyén mach bang goc

Hinh 5.8 Phan Tap khong gian véi phuong phap chuyén mach tin hiéu bang géc

b > RF IF1
Rx

Z IF1+IF2| DMD L BBo

IF2
/ >L RxD

> :BoconglF

Hinh 5.9 Phan Tap khong gian véi phuong phap cong IF
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5.2.2.2 Cac mach biang géc may thu

Muc tiéu chinh la:

- Gidi diéu ché tin hiéu IF,

- Can bang bang goc thich nghi va téi tao s6 liéu

- X ly bang goc gdbm gidi ma vi sai va chuyén déi song song-ndi ti€p

- Phan kénh t6 hgp thanh céc tin hiéu bang goc chinh va tin hiéu nghiép
vu

- Giam sat BER

Gidi diéu ché& nhan dugc bang cach anh xa tin hiéu PAM nhiéu muc trén hai truc
vudng goc. Sau khi loc va tai tao bang goc, ta dugc bon ludng nhi phan 35Mbit/s. Qua
gidi ma vi sai va chuyén ddi song song — ndi ti€p ta c6 ludng 140Mbit/s. Dong thoi
chuyén tin hiéu s6 NRZ nhi phan ludng cuc thanh tin hiéu s6 ma CMI, sdn sang
truyén di ra moi truong bén ngoai.

5.3 Nhiéu va phan bo tan so:

Viéc lya chon tan s6 cho mot tuy&én vo tuyén phdi thod man cac khuyén nghi vé
phan bd tan s6 clia CCIR dong thai phai quan tam dén van dé can nhiéu gitia cic
tuyé&n vi ba trong viing. Trong phan nay sé gi6i thiéu cac khuyén nghi vé phan bé tan
s6 va ctia CCIR dong thoi cting khai quét hoa cac nguyén tic vé viéc phan bé tan s6
cho mot tuyén viba.

5.3.1  Nhiéu tan so

Nhiéu gitta cac kénh vo tuyé&n:
Nhiéu gitia cdc kénh vo tuyén trong mot bang tan s6 dugc minh hoa trén hinh
5.10.

Kénh ké& can cuing phan cuc

/I CHIH) | L CH2H) |
CH.1(v) \\ CH.2(v)

Kénh k& can
Xuyén phan cuc

Pong kénh xuyén
Xuyén phan cuc

Hinh 5.10 Nhiéu giita cac kénh phan cuc
Nhiéu nay c6 thé 1a nhiéu dong kénh (cochannel) hay nhiéu kénh k& can.

Nhiéu do kénh k& can ciing chia lam hai loai: xuyén phan cuc (cross-polar) va dong
phan cuc (copolar). Nhiéu dong kénh chi c6 thé 1a nhiéu xuyén phan cuc.
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Do véi cac kénh k& can, nhiéu dong phan cuc c6 thé loai trii bang cac bo loc
kénh, nhiéu xuyén phan cuc khong con la van dé d6i véi cic anten hién nay vi cac
bo loc phan cuc thudng c6 do phan biét phan cuc trén 30dB.

Nhiéu giiia cic ching vo tuyén

Nhiéu nay c6 thé la: nhiéu do bic xa ra sau, nhiéu ¢ cdc diém ndt va nhiéu
vugt qua. BE danh gia dnh hudng cta cac loai nhiéu nay, ngudi ta thuong st dung ti
s6 s6ng mang/nhiéu C/I. Ti s6 nay dugc xac dinh bdi s6 léch goc gita cac anten va c6
thé gidm di khi c6 fading.

Nhiéu do biic xa truéc ra sau:

Hinh 5.11 gidi thich loai nhiéu. Nhiéu nay chi c6 dnh hudng khi st dung cac
anten nhé hoat dong & tan so thap. D€ tranh loai nhiéu nay, cic tan s6 vo tuyén cho
cac chang ké can phdi dugc thay déi tuan tu.

Ti s6 C/I c6 thé tinh nhu sau:

C/1= a, + 20log(d:/dw)

VGi a,: su léch goc gitia hai anten dau lung

di, dy: khodng cach dudng truyén mong muén va duong truyén nhiéu tuong
ang

\ < ]

O =

Hinh 5.11 Bic xa trugc sau.

Nhiéu 6 diém nit:

Hinh 5.12 gidi thich loai nhiéu nay, can c6 su thay ddi tan s6 va phan cuc phu
hop dé gidm anh hudng cla loai nhiéu nay khi goc léch gitia hai anten nho:

Ti s6 C/I dugc tinh nhu sau:

C/1= a, + 20log(d:/dw)

Véi aq: su léch goc gilia hai anten

di, dy: khodng cach duong truyén mong mudn va duong truyén nhiéu tuong
ang b

b
Hinh 5.12 Nhiéu 6 diém nat.
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh
Nhiéu tf cac hé théng bén ngoai:

Nhiéu nay c6 thé xuat phat t:

1. Cac hé théng vé tinh

2. Radar

3. Cac hé thong vo tuyé&n khac st dung ciing mot bang tan s6
Can luu y rang nang lugng xuat phat phan bg déu trong bang. N6i mot cach
khac, nang lugng séng mang c6 thé trdi dai ra khdi bang. Trong khu d6 nang
ligng s6ng vo tuyén tuong tu chi tap trung gilia bang. Diéu nay c6 nghia la vo
tuyén tuong tu dé bi dnh hudng clia nhiéu ti cac tuyén viba sé hon.

5.3.2  Phan bd cac kénh v tuyén

Séng vo tuyé&n thuong khong chi 1a lan truyén trong pham vi mot quéc gia. Vi
thé viéc phan bs kénh vo tuyén doi hdi phdi dugc tieu chuan hoa trén toan thé gigi
dé bdo ddm cho viec két ndi cac tuy€n vo tuyén gitia cac nu6c lang giéng dong thoi
dadm bdo khong c6 van dé xuyén nhiéu gitia cic kénh vo tuyén.

CCIR phan chia cac kénh vo tuyén theo nguyén tic nhu sau:

- Mot bang tan dugc chia thanh hai bang nhé (sub band): bing cao (upper
band) va bing thdp (lower band). Tan sd bién gigi gidia hai bing nhé nay goi la
tan sO trung tam (center frequency). Khodng cach gitia hai bang goi la khe trung
tam (center gap).

- TA&t ca céac tan s6 vo tuyén trong bang déu cach déu nhau mot khodng
goi 1a khodng cach kénh (channel spacing). Khodng cach nay dugc t6i uu hoa dé
mot mdt bdo ddm duge dung lugng t6i da clia bang dong thoi tranh dugc van dé
xuyén nhiéu gitra cac kénh.

- Trong mot bang st dung ca hai phan cuc: ding va ngang. C4c tan so
trong mot bang c6 thé tuan ty thay d6i phan cuc: mot tan s6 phdi c6 phan cuc
khac véi hai tan s6 k& can né (tru6c va sau) hodc st dung cing mot tan sd cho cd
hai phan cuc.

Tinh dai thong cia mjt kénh vé tuyén:

Néu M 1a s6 méc diéu ché&, n 1a so bit cho mot ky ty thi :
M=2" hay n=logoM;
Toc do ky tu sé la
Rs=Rpi/n , vGi Ry la toc do bit
Do rong dadi thong RF sé la:
AB=(1+r)Rs . v6i r 1a hé s6 roll-off

Tinh khoang cach gitta cac kénh vé tuyé&n trong mét bang:
Khodng céch gitia cac kénh vo tuy?s  F
AF~(1,5+2,2\ B
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh

Vi du: D6i vai hé thdng 140Mbit/s, 16 QAM hoat dong bang tan 6,7GHz khodng
cach giia cdc kénh cho ché do kénh la 80 MHz va la 40 MHz cho ché do phan cuc
gita hai kénh k& can. Hiéu qua st dung dai thong sé la 3,5bit/s.

VH 1 2 3 4 5 6 7 o2 345 67
R .
PhancuciL;;;;;+i;;;;;;;;
V(H) | PR ;
———  Bang Thap > BangCao T ™
| Khe trung tam E Lo
800 MHz o
Khodng cach kénh
Tan so trung tam 80MHz
Gi6i han dugi cia bang 3900 MHz Gi6i han trén clia bang
3600MHz 4200MHz

Hinh 5.13 Minh hoa nguyén tic phan bo kénh vé tuy&€n cho mgt bang tan so.

N\

Hinh 5.14 D§ rdng giai thong cia mot kénh RF

Rs
N\
| AR |

NP,

DPdéng phan cuc

Xuyén phan cuc

Hinh 5.15 Khodng céach gitta cac kénh vé tuyén
Hinh 5.16 cho ta nhiing con s6 vé cdc bang tan cho phép va dung sai cho
phép cta tan s6 mang v.v...Bdo céo 497-2 cung cap chi ti€t vé phan kénh vé phan
bd kénh vo tuyén RF ddi véi nhiing hé thdng s6 dung lugng trung binh lam viéc trong
bang 13 GHZ. Khuyé&n nghi 387-3 CCIR cho chi tiét vé cac hé théng dung lugng nhd
va trung binh lam viéc trong bang tan dén 11GHz.
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VIENTHONGO5.TK

Chuong 5: Hé thdng thong tin ViBa va Vé Tinh

Dai vGi cac hé théng s6 dung lugng trung binh va cao, bdo cdo 934 CCIR (bang
dugi 1T0GHz), bao cdo 782-1 (bang 10,7 dén 11,7GHz), bao cdo 607-2 (bang 10,5-
10,68GHz va 11,7-15,35GHz), va bdo cédo 935 (dén 200Mbit/s trong biang 4GHz)
déu dé cap dén. Khuyé&ng nghi 595 CCIR ciing dé cap dén sy phan b kénh vo tuyén
RF doi véi hé thong viba s trong bang tan 17,7-19,7GHz. Trong khuyén nghi nay
cting c6 nhiing thong tin can thiét dé thiét 1ap k& hoach tan s6 cho hé thong viba, c6
tinh dén nhiing cdp tan s, tic la cap tan s6 phét va thu, va bang phong vé yéu cau
gitia ca kénh ké nhau va bang ké nhau.

Biang 11GHz Bang 13GH/Z
CCIR Khuyé&n nghi 387.3 CCIR Khuyén nghi 497.2
389.2
10700-11700 MHz 12750-13250 MHz
H v H Vv
(V)*  (H)* (MH2) 10795 (V)*  (H)* (MHz)
A
1 E 10715 .t 1 F 12765 A
2 10755 REMH7 2 [ 12793 RL\AH7
3 .10795 3 E] 12821 Y
LT
4 [4 10835 4 [§ 12849
5  [F1 10875 5 ] 12877
6 [ 10915 6 4 12905
7 Bl 12933 266MHz
- MH
- HF 10955 530 A o |
8 [ 10995 - fa 1290~ 7£1MH,
9 E1 11035 17 E1 11035 l v
10 @ 11075 2’ 4 12793
T H 11s 3° F] 13087
4 [ 131158
12 [4 11155 ,
a 9dMH: 5 F112877 500MH;Z
- fo 11200 6 4 13071
1" E 11245 v 7 E] 13199
2’ 3 11285 8 4 13277 il
3 ] 11325
4 [4 11365
5 EJ 11405
6’ [ 11455 1000MHz
7 11485
8 [4 11525
9"  E] 11565
~ = 1100
U LT —TO00D
117 [E] 11645
12’[4 11685
A 4

Hinh 5.16 Phan bd kénh vé tuyé&n cho cac bang tan khac nhau
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh

Vi du:

Xét bang tan 13GHz dugc chon cho hé thdng sé trong dé dung lugng c6 thé
lén dén 480 kénh thoai (34Mbit/s). St dung thong tin trong khuyén nghj 497-2 CCIR,
c6 thé phan b tan s6 vo tuyén vdi dic tinh dudi day:

Phan dudi cua bang: fo= (fp-259+28n) (MHz)

Phan trén cia bang: ',= (fo+7+28n) (MHz)
trong dé n=1,2,3,4,5,6,7 hodc 8.
fo: tan sO goc (MHz) gan trung tam bang 12,75-13,25GHz.
fo: tan s6 trung tdm (MHz) cia kénh RF & ndia phan dudi cia bang.

f'n: tan s6 trung tam (MHz) cGia kénh RF & nda phan trén ctda bang.

Néu tan s6 trung tdam chon 1a f,=12996MHz, thi trong vi du nay cdp tan sé thu va

phét (hodc cap phat va thu) déi véi kénh 6 (n=6) theo bi€u thic sé la:
f6=(122996-259+28%*6)=12905 MHz

f6=(122996+7+28*6)=13171 MHz

5.3.3  Lap cau hinh tan s6 cho mét tuyé&n viba

Dé tranh cac van dé nhiéu tan s6, viéc 1ap ciu hinh cho mot mang viba can

phdi theo nguyén tic sau:

1. Phai c6 k& hoach phan bd tan s6 tri6c cho toan mang. K& hoach nay

khong chi tin dén cac yéu cau hién tai ma con phai tinh dén sy phét trién

clia mang trong tuong lai.

2. Phai xac dinh truéc khodng cach gitta cac kénh vo tuyén va phan cuc

ching

3. T4t c& cac mdy phat cia mot tram vo tuyén chuyén ti€p st dung chung

mot anten (thong qua cdc bd loc phan nhanh) phai hoat dong trén ciing

mot bang nhd: hodc 1a bang cao hodc la bang thap. Viéc thay ddi bang cao

va bang thap phai thay déi tuan ty qua tiing tram.

4. Ché& do dong kénh chi st dung trén cac duong cé su khac biét vé goc

trén 100°.

5. Viéc thay d6i phan cuc trén ching thi 3 phai tinh dén kha nang c6

nhiéu vuot qua.

6. G nhiing nat c6 goc nhd nén s dung ché do hoat dong bén ké can.

5.4 Thong tin vé tinh
5.4.1 Chon quy dao cho vé tinh

Quy dao ch@ia vé tinh 1a mot hinh Ellipse ¢6 truc di xuyén qua tam trai dat va
tuan theo cic dinh luat van vat hap dan theo Kepler. Cac dinh luat nay cho phép xac
dinh chu ky quay T cGa vé tinh quanh trdi dat tuy theo ban kinh truc I6n o cla quy
dao Ellipse va do cao h=a-R ctia vé tinh (R la ban kinh trai dat):
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VIENTHONGO05.TK

Chuong 5: Hé thdng thong tin ViBa va Vé Tinh
T=2 n (a*/GM)"?= 2x ((h+R)/GM)"%;

Trong dé6 M= 6x10”*%kg- |a khai lugng trai dat.
G=6,67x10-11Nm*kg-la hing sd trong lugng.
R=6378km- la ban kinh trung binh trai dat.

Vi vé tinh dia tinh, can c6 sy can bang gitia chu ky quay ctia vé tinh va chu
ky quay cla trai dat (1ngay=23h56'4""), ta rt ra:
h=35.768km

Ngoai ra, quy dao cla vé tinh dia tinh cting phai 1a hinh tron, cting chiéu quay
vGi trai dat, dé git van toc géc khong ddi va co vi tri tuong doi ¢ dinh so v6i Mt
Ppat. Vé tinh dia tinh c6 cac uu diém sau:

- B4o phti khodng 1/3 dién tich mat dat lién tuc tai moi thoi diém

- Viéc thu séng tf cdc anten mat dat 1an viéc theo bat vé tinh dé dang

- Thoi gian che t6i anh sang Mat Troi bdi Trai Dat, khong cho dnh séng dén vé
tinh sé ngdn hon, dé tranh nhiing dot bi€n nhiét do trén vé tinh va duy tri nang lugng
anh sang cap ngudn cho vé tinh

- Khong c6 hiéu ting Doppler khi c6 séng phat tir trai dat, va dugc chuyén vé i
vé tinh
Tuy nhién, nhugc diém cta vé tinh dia tinh gdn lién véi do cao ctia no:

- Vi vé tinh qué cao, nén suy gidm cuia séng trong khong gian rat nhiéu

- Thai gian cho séng di va vé Trai Dat-vé tinh 1a 240+275ms, kha 16n khién tai
ta cdm gidc dugc su cham pha khi dam thoai, dong thdi can c6 cac bo phan chong
ti€ng doi

- Can thiét bi diéu chinh tu dong tinh vi dé git quy dao vé tinh khong déi so véi
mat dat.

- Qua trinh phong vé tinh lén quy dao rat phic tap

5.4.2 Tan s6 lam viéc vé tinh

Theo quy udc ctia CCIR, da s6 cac tram mat dat hién nay st dung hai viing tan
s6 song phéi dugc gidm thiéu t6i da.

Theo quy uéc CCIR, da s6 tram mat dat hién nay st dung hai ving tan so
6GHz va 4GHz cho phét va thu:

Phat tr Mat dat-ve Tinh: fom= 5,925 +6,425 GHz

Thu tor Vé Tinh-Mat bAat: foa= 3,700 +4,200 GHz

V6i bang thong B=500MHz cia mbi chiéu (bing C)

Viéc dung hai viing tan s6 phét thu cdch xa hdn nhau s& cho phép tach céc
song thu va phét véi cac mic cong suat hoan toan khac biét nhau trén cling mot
anten. Tuy nhién, vé tinh phai lam nhiém vu dich chuyén phd tan mot quang
2.225GHz
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh
Ngay nay, do nhu cau ngay cang tang cla thong tin vé tinh, cdc dai tan thu

phat khac dang bat dau dugc khai thac
12,5/18 GHz vé6i bang thong B=500MHz (bang ku)
18/26,5 GHz vé6i bang thong B=3500MHz (bang K)

Vé Tinh

chuyén ti€p, trong dé vé tinh déng vai trdo clia mot tram chuyén tiép.
_’f
pd

5.4.3 Cau tric ctia mdi lién két vé tinh
Mot dudng thong tin vé tinh cling tuong tu nhu thong tin viba mat dat véi hai doan
fm

Hinh 5.17 Vé tinh déng vai tro chuyén ti€p
Thong tin truyén di dugi dang s& hay tuong tu, véi cac phuong thic diéu ché& khac
- Truyén tuong ty: diéu ch&é FM
- Truyén s6: diéu ch& DPSK, MSK véi cac phuong phap ma hoa phic tap.

nhau.
Thong tin vé tinh gdp nhiéu khoé khan so véi thong tin viba mat dat & cac diém sau:
- Khodng céch gitia hai tram chuyén ti€p viba mat dat khodng 50km, trong khi

khodng cach clia mdi doan chuyén ti€p cta thong tin vé tinh la tr 36000km dén

41000km (la ban kinh chd dao cta vé tinh).
- Cong sudt phat tr vé tinh xudng trai dat bi gidi han

5.4.5 Thiét bi dit trén vé tinh
Anten: N,
vé Tinh =E“<Wma Mat phéng xich dao
17°24
'S
_ -36000km Trai gé’t

Hinh 5.18 Géc nhin tu trai dat.
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh

G6c nhin trai dat ti vé tinh 13 17°24’. Néu tinh dén chiéu cao anten mat dat,
géc nhin dugc tinh 12 17°18".

Cac loai anten sau c6 thé dugc st dung dat trén veé tinh.

Anten ding hudng: khong c6 huéng tinh trong khong gian ty do.

Anten chdn td: c6 huéng tinh cuc dai theo mit phdng thang goéc vai truc chinh
anten. Mt phang nay cla anten trén vé tinh phai dugc huéng vé trai dat, én dinh
bang chuyén dong tu xoay spin ctia vé tinh quay truc song song vdi truc chinh cla
chan td.

Anten loa: v6i géc mé triing v6i goc nhin tif vé tinh vé trai dat (17°). Do loi
anten chiing 20dB, nhung anten phai ludn huéng vé trai dat.

Anten parabol: véi huéng tinh rat (spot beam). Ving bao pht séng cla anten
chi gi6i han trong mot dia luc, mot viing hodac mot quéc gia, do lgi anten sé ti Ié
nghich véi goc mé§ cla tia sang

B6 chuyén tiép:

Nhiéu bo chuyén ti€p giong nhau (chdng han 20 bo trong chuyén tiép torng hé
Intelsat IV A) dugc phan b6 trén ddi bang 500MHz, mbi bd chuyén ti€p cho mot bang
thong 36MHz, c6 do khuéch dai mdc tin hieu G=100dB va chuyén tan s6 mang chiéu
lén (6GHz) thanh tan sd chiéu xudng (4GHz) bang phuong phéap diéu ché& SSB.

Néu mot bo chuyén ti€p trén vé tinh dugc dung cho nhiéu s6ng mang dong
thoi (phan kénh da tan s8), n6 phai thod man cac doi héi khit khe vé do tuyén tinh
dé tranh hiéu Gng nhiéu hai tan.

Piéu khién va do tir xa:

Nhiéu chiic bang cta vé tinh dugc diéu khién xa tir Mat Dat (chang han, diéu
khién do lgi ctia bo chuyén ti€p, chinh hudng tin anten, chinh quy dao vé tinh...).
Dong thoi, cac thong s6 ky thuat cting dugc do va gidm sat t mat dat.

Cac thong tin diéu khién nay dugc thuc hién thong qua céch diéu ché gidn
doan PSK ctia moét song mang phu, ghép kénh thdi gian.Ngoai ra, vé tinh con phat
thudng truc mot tin hiéu “beacons” cho phép chinh theo dbi theo clia cac anten Trai
bat

Cap nguon cho Vé Tinh:

Nang lugng Mat Trai [a ngudn niang lugng chl yéu cho vé tinh. Cac phan tl
quang dién dugc dat trén nhiing tdm chdn hay than cGa vé tinh huéng phia Mat troi.
Cong sudt thu trung binh 1400w/m3, nhung hiéu suit chuyén déi thanh dién 10%.
Cong sudt dién can thiét cho vé tinh & mdc vai tram watts va ting cuong hon véi cac
thé hé vé tinh méi.

Khi vé tinh qua viing che bong bdi Trai dat, phdi c6 bo du tri nang lugng.

Trang 17



Chuong 5: Hé thdng thong tin ViBa va Vé Tinh
Do tin cdy cla Vé Tinh:

Do tin cay cta vé tinh phai dugc dat 1én hang dau, bdi cac ly do sau:
- Vé tinh lam viéc trong diéu kién khic nghiét; chiu thay déi nhiét do dot ngot,
chiu cac bdc xa khong gian, chiu su va cham cta thién thach v...v
- V@& tinh trong céc trudng hop thuc t&€ [a cac bo phan khong thé stia chiia dugc
- Tudi tho va thai gian hoat dong t6t khong chi phu thudc vao xac sudt hu hdng,
ma con dua vao cac ngudn ndng lugng méi dé diéu chinh quy dao vé tinh. Ngay nay,
tudi tho trung binh clia vé tinh 1a 5 ndm dén 7 nam.

5.4.6 Tram mat dat
Chon vi tri tram mat dat:

Viéc chon lya vi tri Tram Mat DAt rat phic tap, phai xét dén cac diéu kién sau:

- TAm nhin dé&n vé tinh rd, & cd hai phia chan troi.

- It kha nang bj nhiéu loan séng viba & cling dai tan s8, du ching & cach dén
hang tram km va huéng cac tram khac nhau.

- Vi tri cach xa cac vung cé cuong do dong dién 16n (viing cong nghiép, cac
tram bié€n dién...)

- It bi &nh hudng bdi séng vo tuyén clia cac dudng hang khong thong thusng

- C6 thé dén tram dé dang va quy mo cla tram c6 thé mé rong dén pham vi
chung quanh

- Dé bdo vé, canh phong

Anten
Cac anten M3t D4t can c6 kich thugc 16n (cho cd thu va phat) vi cac ly do sau:

- Do lgi anten cao (khodng 60db) dé tang cong suat phat va ting cong sudt tin
hiéu thu

- Anten dugc huéng thuong truc dén vé tinh, véi do chinh xac cao (do léch goc
chting vai phat); cung véi khdi lugng rat I16n clia anten, ctng véi diéu kién gi6, khi
hau cGia moi truong, can phai c6 bo ty diéu chinh co khi dé dai theo tu dong.

5.5 Pa Truy cap
5.5.1 Uu di€m ctia da truy cap

Mbi b chuyén ti€p trén vé tinh, v6i dai bing 36MHz va 972 kénh thoai, c6
thé cho phép thong tin mot chiéu gitta mot tram Mdt DAt nay va tram khac. Tuy
nhién, vi s6 tram mat dat can lién lac rdt nhiéu hon s6 chuyén ti€p trén vé tinh va
thém vao dé, mdi bo chuyén tiép c6 thé chuyén tai nhiéu tin hon |a chi cho hai tram
mat dat v6i nhau, do do6, can thiét phai lap qua trinh ghép kénh vé tan s6 (FDM) hodc
vé thoi gian (TDM).
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Chuong 5: Hé thdng thong tin ViBa va Vé Tinh

K&t cau clia cac kénh da truy cap khong anh hudng gi dén hoat dong clia vé
tinh, c6 thé dugc thay déi khi vé tinh da dugc lén quy dao.

Su khéc biét gitia da truy cap véi ghép kénh la thay vi ghép tiing kénh roi rac
thi da truy cap x{ ly trén tiing nhom kénh da dugc ghép kénh va thudc duong truyén
dén mot dich.

5.5.2 Pa truy cap phan kénh theo tan sé

Nguyén ly clia da truy cap phan kénh theo tan s6 gdm cac phan sau:

- DUing n s6ng mang tai tin trong mot dai bang clia vé tinh

- Mbi s6ng mang dugc dung cho tram Mat Dat cd dinh dé phat dén cac tram
Mat DBat khac.

- Vé tinh ¢6 nhiém vu phét tat cd n s6ng mang dén tat cd cic tram Mat Dat.

- Tram Mdt D4t thu tat c n séng mang, gidi diéu ché va tach riéng cac kénh
tin c6 dich la tram Mat Dat dé.

Nhu vay, mdi tram Mat D4t sé gom mot by diéu ch€ FM, mot mach phét véi
séng mang tuong Gng tram do; gdbm nhiéu bo thu va gidi diéu ché€ FM va bo tach cac
kénh tin c6 dich 1a tram dé.

5.5.5 Da truy cap phan kénh theo thai gian: TDMA

Pa truy cap phan kénh theo thoi gian cho phép giti nguyén dac tinh clda hé
thong (vé cong sudt phat cho mdi kénh, ti s6 S/N), nhung kéo theo viéc kho khan vé
dong b hoa cac tram. TDMA c6 cac déc tinh sau

- Phat tting g6i cung tuan hoan va c6 dong bo tif cac tram Mat Dat (diéu ché
PSK trén s6ng mang fom 1a chung cho tat ca tram Mat Dat).

- T6 chiic phat tiing géi xung nay dén tram vé tinh sao cho cac goi xung & cac
tram Mat Dat dén Vé Tinh tuan ty theo thoi gian ma khong chdng 1én nhau. Viec
dong bd nay rat phc tap, doi hdi viéc dinh thoi gian rat chinh xac va tinh dén thoi
gian truyén khac nhau tif cac tram Mat Dat khac nhau dén Ve Tinh.

- Mdi g6i xung dugc bao hiéu bang doan tin dau (preamble) ghi s6 noi xudt phat
va noi dén cta go6i xung dé.

- Vé tinh thu nhan céc géi xung & tan s6 fpm, roi phat trd lai xuéng tat cd cac
tram Mat dat véi tan so fpd.

- Phan kénh theo thoi gian tranh dugc cac nhiéu tron hai tan va cho phép phat
toan by cong suat tii vé tinh cho mdi lan phat. Hiéu suat st dung clia hé bj gidm chut
it khi chura 1€ thoi gian (time margin) gitia cac goi xung dé tranh cac bat 6n hodc dong
bo khong chinh xac.
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