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TRUYEN THONG SO VA MA HOA

I. Truyén tin sb va truyén tin tuong tu

1. Sw khdc biét vé tin hiéu va vé hé thong

Truyén tin tuong tu Truyén tin sO
Tin ,
hiéu - V06 s0 dang song - Hiru han dang séng
- Khoang thoi gian ctuia dang song la - Khoang thoi gian ctuia dang song 1a gioi
khong gi61 han han
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Sowrce Syimbel W forms t=kT

Analog commnic ation systems

Digital Communication Svstems

- DPon gian
. - Phtic tap hon
- Dat ban tin 1€n s6ng mang, ré1 qua . , . .
. - Can c6 by Mapping symbol (Anh xa to
kénh truyén lay bang cach nhan véi . \
hop bit vé1 dang song) va bén thu can
bd Local Oscillator _ , - .
c6 bd Sampling (Lay mau) va Decision

(Quyét dinh)
- Bén thu c6 bd quyét dinh 13 do ta biét

- B0 thu tin hi¢u tuong ty bi anh

huong bdi nhiéu nhiéu hon

trudce cic gia tri ndm xung quanh gia tri
bao nhiéu nén khi truyén tin, du c¢6
nhiéu, c4c gia tri sau khi bi dinh nhiéu
vao ciing van ludn nam xung quanh cac

gia tri do, tur do xac suét lua chon ding
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s€ cao hon. Vi vay b0 thu tin hi¢u so it

anh huong béi nhiéu hon

2. Uu nhwoc diém moi logi

II. TRUYEN DAN BANG CO SO

1. Cdch rit ra tiéu chuan Nyquist chong ISI

a, Khai niém:

ISI (Interface Symbol Interference) 1a hién tugng cac dang soéng dai dién cho
cac to hop bit khi guri di thi tach biét 1an luot, song khi nhan duoc lai ¢6 phan
chdng 14n 1én nhau gay kho khan cho viéc nhan dién dang séng & bén thu

Nguyén nhan:

Dang song so gidi han trong mién thoi gian thi cling vo han trong mién pho
Kénh truyén thuong c6 bing thong (bandwidth) gidi han, nén khi dang song
truyén qua phd ctia nd bi cat con gi6i han

Pho gidi han c6 nghia 1 dang song xoai rong ra vo han dan dén trong l4an 1én
dang song tiép theo

Tac hai;

ISI gan lién véi viée truyén tin s6, gdy nén hau qua cac dang séng c6 phan
chong 14n 1én nhau & bén thu, khién cho gia tri ldy mau & bén thu sai léch, tir d6
quyét dinh sai

b, Cach xay dung tiéu chuan chdng ISI theo quan diém cua Nyquist

Do tinh chit vat 1y ctia kénh truyén va ban chét gii han ctia dang song sd trong
thoi gian, nén hién tugng ISI 14 khong thé tranh khoi. Tuy nhién trong truyén tin
s6 bén thu chi quan tam td1 tin hiéu nhan lai tai thoi diém léy mau nén néu co
cach nao tao lai dang tin hiéu trude khi 14y mau dé tai cac thoi diém ldy miu
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khong xay ra ISI(hay 14 ISI zero) 1a dat yéu cau, con cac thoi diém khac chong
14n nhau khong sao.

Giai bai toan trong mién tan sd ctia dang séng mong mudn. Nyquist di dén tiéu
chuan tao dang trong mién tan sé:

i " oy 1, =k
Mién thoi gian p(t) X X 8(t—nT) =ps() = p(T, — kT,) = {0 FE
n=-o ’

) = Ps(f)=R, Z P(f —nRy)

s > 1 = n
Mientanss P(f) + — E ( .
I f T s(f T

n=-c

Tinh truc tiép qua bién déi Fourrier: chi khdc 0 taii=k

o

Ps(f) = fp(in — kT,)exp(—j2nt)dt = [ : p(0)é(t)exp(—j2nt)dt = p(0)

Cong thire dién ta: chong chép cac phién ban dich cua P(f), tirc 1a pho cua dang
song mong mudn bang 1 hing s6. Co thé thiy rang tiéu chuan nay c6 nhiéu
nghiém thdéa man

2. Bdc diém bé loc ly twong va bo loc Cosin tang

Nghi¢m ly tudng Nghiém cosin ting

Pho c6 dang hinh chit nhat Phé dugc mé rong theo dudng cong
cosinthém 1ty ¢ [1, B = W(1+[]) vai
0<[<1

Dang song trén mién thoi gian tat Dang song trén mién thoi gian tit

cham nhanh

Doi hoi do chinh xac 1dy mau 1a 1y Khi 14y mau du c6 xé dich nho thi chi

tudng, mot diéu ma khong dat dugc mot sO it dang song lién ke cong thém

trong thuc té vao, dang song ¢ xa khong tac dong
dang ké nén co6 thé ap dung duoc
trong thuc té

3. Vai tro bg loc phit hop doi véi tap ém (Matched filter)

B loc phit hop 1 bo loc nham cuc dai ty s6 SNR tai thoi diém ldy mau &

bén thu, nham giam anh huong ciia tap am.

Tac dung : gidm anh hudng cua tap am
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Vai tro cua bd loc phu hop tuong tu nhu bd loc cong hudng trong
truyén tin twong ty. Khi do dai trong Radio, ta thay d6i gia trj tu C dan
dén thay doi tan s riéng cong hudng fo. Khi tan sb riéng nay tring véi
tan sb dai nao can thu s& cong hudng (pht hop) véi dai d6 dan dén ting

SNR con cac tan sb dai khac khong duoc cong hudng s€ bi triét nho di.

4. Vitri cac bo loc trén trong so do hé théng

5. Cach tinh ty I¢é 16i bit voi diéu ché nhi phdn trén kénh tap am
Gia su
() = +A4 + w(t), symbol 1 was sent
T -A+w(), symbol 0 was sent

The pdf of noise is:

AT

0.€ - Tb TbNO
fry) = T p[ 26] ' a: = Tf f —é‘(t—u)dtdu
i

0.4

(y—A)Z]

1 (y+4)?
fr(710) = Z=mmexp| = No/Tb] KO = \/_N /Ty p[ No/Th

Pé tiép tuc xir Iy can chon [ thich hop. Lua chon nay yéu cau biét xac suat
trude cua 0 va 1, ki hiéu tuong tng 1a po va p1 voi

Pot+pi=1
Khipo=p1=1/ztaCéD=O.
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P10 = P(y > A|symbol 0 was sent) = f fy(y|0)dy
2

— 1 oo _{)r+,=1]|2
~ VNo/Tp f‘l exp( Nﬂfr,,)dy
_y+A
VNo/Tp
L= 1 A+
P10 = _f exp(—z)?dz = —erfc | ——
0 Vi (A+2)//No/Th 2 KND/Tb
iti 2 (® s (—11)2
O Definition  erfew) = — L exp(—z)2dz < PXF\J/(EJ)
O Analogy
= exp(—2)7d 1erfc(A_A)
Po1 = —F= —z)%dz ==
G (A=2)/{No/T 2 vV No/Tp

O When p, = p1o=po1,4 =0

. 1 A
O Def.: Energy/bit p. =erfc ( m) 107

Ep = AT, Lot N
o
1 Eb E_ 10 6 -
P, = —erfc| [— 5
€2 ( 'ND) 3
§ 1078 - -
2
exp(—E,/Ny) £
b<—/—— 10101 -
2J7E, /Ny
. . a2l 1 R B
0 Approximation W0 —— 0 5
exp(—2) 2T E Ey/Ny B
P, = 2 fiz 221 zZ= N_o = N_D Probability of error in a PCM receiver.

Xéc sut trung binh 15i xung trén bd thu phu thudc vao Eu/No

[11. KHONG GIAN TIN HIEU

1. Co 56 cuia thiét ké truyén dan hang M

2. Chom sao tin hiéu va y nghia

- Trong so do, moi chom sao tin hi¢u 1a dai dién cho mdt tin hi¢u duoc
di€u ché, no6 hién thi cac tin hi€éu nhu mdt diém trén khong gian hai chiéu
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xy. GOc ciia mot diém duoc do nguoc chiéu kim déng hd so véi truc
hoanh, biéu thi pha cta tin hiéu. Khoang cach ciia mot diém tinh tir gbc
toa d6 thé hién bién d6 hodc cong suét cua tin hiéu.

- Trong hé théng diéu ché k§y thuat s6 , thong tin duoc truyén dudi dang
mot chudi cic miu , mdi maiu chiém mot khoang thoi gian thdng nhat.
Trong mdi miu, séng mang c6 bién d6 va pha khong ddi , duoc gi6i han
0 mot trong mot sO gia tri hiru han. Vi viy, mdi mau ma héa mot trong
mot s lwong hiru han "ky hiéu", 1an luot dai dién cho mot hodc nhiéu
chir s6 nhi phan (bit) cua thong tin. Mdi ky hiéu dugec ma héa nhu mot sy
két hop khac nhau cua bién do va pha ctia sdng mang, vi vy mdi ky hiéu
dugc biéu dién béng mot diém trén biéu d6 chom sao, dugc goi la diém
chom sao. Cac tin hi¢u dugc ma hoa theo ma Gray (ma Gray c6 dac
diém 1a 2 gia trj lién tiép nhau chi khac nhau mot bit)

3. Quyét dinh MAP va quyét dinh ML

- Quyét dinh MAP ( X4c suit hiau nghiém):
Xac suat 16i quyét dinh duoc tinh 12 :

P,(m;|x) = P(m,; not sent|x) = 1 — P(m; sent|x)

Ta biét tiéu chuan quyét dinh 13 13i tbi thiéu hay quy tic quyét dinh toi wu
1a Chon m = m; néu
P(m; sent|x) = P(m,, sent|x) forall k # i
: “ k=1,2,3,...M
Quy tac cuc dai sau xac suét ( xac suét hau nghiém , MAP) chira dung
cac xac sudt trude( xac suat tién nghiém) cia tin hiéu phat va ham hop 1y.

- Quyét dinh ML:
Theo quy tic Bayes ta ¢6 nhu sau :
Quyét dinh 13 m; néu
PiSx M) o aximum for k = i
fx(x)
Trong d6 px 13 x4c sut trude, fi(X|my) 1a ham kha nang (kha ning thu
duoc khi mk dugc phat, xac suat do kénh 6n gy nén) va fi(x) 1a ham mat
dd xac suat lién két khong diéu kién cta vector x. Do mau sb doc 1ap véi
tin hiéu phat nén néu mudn xac suit trudc 1a bang nhau thi:
Quyét dinh 1a m; néu fi(xmy)1a cuc dai khik = i
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IV. PIEU CHE SONG MANG

-1. Ky thuat BPSK, BFSK, QPSK: Dang song, chom sao, thiét ké so do, ty lé 16i.
So sdnh wu nhwoc diém giita chiing

*BPSK
a) Dang song:

4.2. Ky thuat diéu ché ddng bd nhj phan

4.2.1. Khod dich pha co sé 2 (nhj phdn) BPSK (Binary Phase Shift Keying)

Trong ky thudt nay pha cia séng mang la dai lugng mang thong tin. C3p tin hiéu (ing
voi 1 va 0 la:

s,(t)= 2By cos(2nft) s, (t)= 25 cos(2nf t+ m) =~ s cos(2xf t) 4.1)
T, ’ T, T, '

Gd0<t< Ty va Ep 12 nadng lugng tin hiéu (ng véi mt bit. Déng thoi, thoi gian
truyén mdi bit phai dam bao chira mdt sé nguyén chu ky ciia séng mang nén tan sé f. duoc
chon bﬁng ne/Ty (hay Ty/T¢ = ne) véi n 1a mét s6 nguyén ¢6 dinh. Néu dat:

) = Ti cos(2nf.t) (4.2)

b

la ham co s¢ ¢6 nang lugng don vi:

T
]¢=mdt =1 (4.3)
o

thi: s(0=JE, o) 0<t<T, (4.4)
s,(0=-JE,¢() 051<Ty (4.5)

Dua trén ly thuyét vé khong gian tin higu thi hé nhj phan PSK (viét tit 1a BPSK) dong
bd ¢6 khong gian tin hiéu mét chiéu (N = 1) va hai diém béo hiéu (dang song béo hiéu)
(M = 2). Toa dd cia hai diém bdo hidu twong tmg véi 1 va 0 sé la:

Ty Ty
s, = Islft)d}(l}dt =+JE_I: Sy = !Siﬂ}ﬂt}d‘l = _JE—b (4.6)
a Q

b)Chom sao:
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-
L

oL

Constellation diagram example &
for BPSK

N6 str dung hai pha cach nhau 180 °
¢) Thiét ké so do:

So dd phét séng PSK va tach tin hidu nhu (hinh 4.1):

Day dif ligu B§ ma héa B& diéu ché Tin hidu PSK
nhiphan  — ™ micNRZ tich — nhi phan
8,0 = \fZ costzrsty
a)

Chon néu x,> 0
Chon néux,<0

x(1)

&(1) Ngudng = 0

b)

Hinh 4.1. So d6 khéi: a) B$ phat BPSK; b) B§ thu BPSK ddng bd

d) Ty 1& 16i:
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Bin quy#t dinh
: Do di qua kénh &n nén tin hiéu sau khi
i tach s& la:
" T
. —
Mién Z5 -—;—- Mién Z; %= Jx“}ﬁt}dt (4'?}
! DPé quyét dinh ta chia khing gian
'1@; 1 '\iiu o,  thanh hai ving va quyét dinh theo quy tic
T 1 - . .
Biém ban tin 2 i Diém ban tin 1 gan (hinh 4.2):
: 1. Ving gﬁn +JE_h
Hinh 4.2. So 46 khéng gian tin higu cho : Ao —
hé théng BPSK ddng bd 2. Vung gin -/E,

do ving quyét dinh ky hiéu 1a 1 (tin hiéu s,(t)):
Ly <<
O 86 x(t) 12 tin hiéu thu duoce sau kénh. Toa dé x, ¢6 him xéc suft didu kién 1a-
1

1
f (x,]0) = J;N—ﬁﬂp[-'ﬁ:lfx. —51.}’] (4.8)
=J::ITJ':“P[_NL“{“' +JE, 1’-‘] | (4.9)

Tix d6 x4c sudt 13i loai 1 (phat 0 lai quyét dinh 14 1 tai noi thu) 1a; -

- 1 I
P(0) = 0 = -—— : :
 (0) a[f'ﬂ{xJ )x, 7= Jexp[ Nu<x,+JET; :|dx, (4.10)
Dbi bién tich phan: z= Q'IN_{K' T JE_h] (4.11)
Ta dugc: 1=;__(m=j‘; [ exp{—z’}dz:%erl‘c[ %] (4.12)
Ejy Ny o

Tuong ty ¢6 thé tinh duge x4c sudt 16i phat 1 ma quyét dinh thu dugc 1a 0 cling ¢6 gia
tri nhu viy. ' '

*BFSK:

a) Dang song:
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4.2.2, Khod dich tin nhj phdn BFSK (Binary Frequency Shift Keying)

Trong k¥ thudt nay dai luong mang thong tin 1, 0 1a hai tin s6 f) va f; cla séng mang,
Ciip séng sin bigu dién duge mé 1a la:

2E ‘.
—_ 2 A = 1
(0= , T cos(2aft) 0<tsT, véii=1,2 (4.13)

] con lai
Tén s6 séng mang phai thoa man:
n_+1i '
f = =t .
ST (4.14)

vi ne 1a mdt gid tri nguyén duong, tic 13 Ty/'T; = ne + i nhim lam chu ky ky hiéu bing béi
lﬁl_n chu ky séng mang. Ngodi ra hiéu hai tin s6 séng mang duge tinh 1a f;— f; = 1/T, bing
tan so bit.

Tin hiéu FSK mé ta & ddy 12 tin hiéu pha lién tuc vi khi chuyén bit, séng mang tir tin
6 nay chuyén sang tan s6 khac ma khéng c6 sy nhay pha vi chu k¥ bit ludn 1a bdi cia chu
k¥ song mang (déy la trudng hop riéng cia dich tin pha lién tyc — CPFSK). Tip ham co s&r
& day sé la:

VT,

2
Mi)ﬂ[ Ecos{?.nflﬁ 0<t=T, véii=1,2 (4.15)
L 0 con lai

b) Chom sao:

¢) Thiét ké so do:
d) Ty 1¢ 16i:
*QPSK vs Qam

la do rong phé caa QAM hep hon QPSK. Hon nira, BER (Ty lé 16i bit) cia QAM cao hon
QPSK. Truéc day, dé truyén dir lieu sé6 ching ta s dung phwong tién truyén dan tuong
tu. Do d0, chlng t6i yéu cau mét cong nghé cé thé chuyén d6i dir lieu ky thuat sé thanh
tin hiéu twvong ty, chang han nhuv dugc s dung trong mang dién thoai. Vi vay, dé thyc
hién tac vu d6, modem (bé diéu ché& / gidi diéu ché&) duoc sir dung dé diéu ché va giai
diéu ché tin hiéu.

Piéu ché& yéu cau suv thay déi bat ky ddc diém nao trong ba dgc tinh (tic la bién d6, tan sé
va pha) cGa séng mang. Diéu nay lam nady sinh sy phat trién cta cac ky thuat ma héa hoac
diéu ché& dugc dat tén la PSK, FSK, ASK, QPSK va QAM, dé chuyén d6i dir liéu sé thanh
tin hiéu twong tu. Trong sé cac k§ thuat diéu ché nay, chdng ta s& so sanh hai ky thuat,
QAM va QPSK.

QPSK rat giéng véi PSK, diém khéac biét duy nhat gitta PSK va QPSK la trong PSK co
ban, sy dich pha xay ra & méi 180 ° d6 trong khi trong QPSK, sy dich pha xay ra theo boi
s6 90 °. Mit khac, QAM la mdét nhém cda ASK va PSK.

BER la ty 1& phan trdm caa cac bit bi 16i trén téng s6 bit dwgc truyén, nhan va x& ly trong

moét khoang thei gian nhat dinh, twong dwong véi ty 1& tin hiéu trén nhiéu trong hé théng
twong ty.
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Biéu dd so sanh

Co sé& dé so sanh QAM QPSK
Viét tat cua Diéu ché bién dé cau phwongPhim dich chuyén pha vudng goc
Chiéu réng quang phé  Hep Réng
Sé lwgng bit dugc truyénPhuy thudc vao loai chand 2 bit
Hiéu suat Trung binh céng T6t hon
Ty & 16i bit Cao Thap
Dinh nghia cia QAM

QAM (Piéu ché bién @6 cdu phwong) 1a sy két hop cua phuong phap diéu
ché tuong ty va k¥ thuit sé. Pé truyén hai tin hiéu ban tin twong ty / hai
luff)ng bit k¥ thuat s0, né diéu chinh bién do cua hai song mang va4i sy tro
gitip cua khoa dich chuyén bién d6 (ASK).

C6 hai song mang hinh sin khong cung pha v&i nhau thé hién su khac biét
90 ° va do d6 dugc goi 1a séng mang vudng goc hodc thanh phan vudng
gbéc. Cac song dugce diéu ché dugc hop nhat va dang song két qua 1a dang
két hop cua ca ki thuat PSK (Chia khoa dich chuyén pha) va ASK (Chia
khoa dich chuyén bién d9) hoic PM (Piéu ché pha) va AM (Piéu ché bién
do) (trong truong hop tuong tu).

Trong truong hop QAM k¥ thuat sd, mot sd luong xac dinh toi thiéu cua hai
pha va it nhat 14 hai bién d0 duoc su dung. Do bién d§ cua song mang duogc
diéu ché nhat quan nén viéc thiét ké bo diéu ché PSK st dung céc nguyén
tic QAM nhung khong duoc coi 1a QAM.

So do diéu ché QAM duoc sir dung nhiéu trong cac hé théng vién thong ky
thuat sb. Dé dat dugc nhiéu hiéu qua phd hon trong QAM, kich thudc chom
sao phu hop dugc c6 dinh va han ché bai tinh tuyén tinh cta cac kénh
truyén thong va mirc d6 nhidu. Piéu ché QAM c6 nhiéu Grng dung khac
nhau nhu trong hé théng soi quang khi toc d6 bit duoc ting cudng, va QAM
16 va 64 c6 thé dugc mod phong quang hoc voi giao thoa ké 3 dudng.

Dinh nghia cua QPSK

QPSK (Phim dich chuyén pha vudng géc) La mot loai Giai doan chuyén
doi keying. O day cau phuong dugc thém vao PSK tiéu chuan trong do6 2
bit dugc diéu ché cung mot lic bang cach chon mot trong bon dich chuyén
pha séng mang c6 thé xay ra (0, 90, 180 hodc 270 dd). N6 c6 thé mang
thong tin kép nhu PSK ti€u chuan str dung cing mot bang thong. N6 chu
yéu duogc stir dung dé truyen qua v¢ tinh video MPEG 2, modem cap, hoi
nghi truyen hinh, hé thong dién thoai di dong va cac loal hinh truyen thong
k¥ thuat s6 khac qua nha cung cip tan sd vo tuyén.

Co nhiéu tén goi khac nhau caa QPSK nhu PSK bac bon, PSK Quadriphase,
4-PSK hoac 4QAM. Biéu d6 QPSK duoc xdy dung bing cach sir dung bén
diém trén biéu d¢d chom sao, dugc dat voi khoang cach bang nhau xung
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quanh vong tron. St dung bén pha, mé hoa trong QPSK bao gdm 2 bit trong
moi ky hiéu véi ma hdéa mau xam dé€ giam ty 1¢ 161 bit (BER).

Phan két luan

Ca hai ky thuat diéu ché QAM va QPSK déu dwoc danh gia trén co s& hiéu suat nguon,
16i t&c do bit, hieu qua bang théng va mot s6 y&u té khac. Tuy nhién, trong trweong hop cu
thé nay, hiéu suat cda QPSK tét hon QAM & mét sé khia canh.

2. Ky thudt DPSK, MSK, QAM. Néu sy khdc biét voi nhitng ky thudt trén
3. Nhitng théng tin cé thé rit ra tir gian dé chom sao

4. Bai tap

V. MA KHOI

1. Khdi niém md va gioi han Shannon cua kénh voi AWGN

Ma khéi duoc tién hanh theo ting khoi bit thong tin. Chang han ctr k bit thong tin
dugc bo sung thém n-k bit kiém tra (con goi 1a bit kiém tra chin 1é vi cac phép tinh
theo modulo-2) tao nén mot tir ma n bit. Trong mot tir ma, thr tu k bit thong tin
gilt nguyén thi goi 1a ma hé théng. Ma 1ap lai 1a t/h dic biét ciia ma khdi.

Ma khéi tuyén tinh

Céc bit kiém tra dugc tao ra bang mot td hop tuyén tinh cac bit ban tin thi ta ¢ ma
khdi tuyén tinh.

Tir cac hé sb cua biéu thuc to hop tuyén tinh ta xdy dung dugc ma tran sinh G.
Theo do vector k bit ban tin chi viéc nhan vé1 ma tran sinh ta duoc tir ma ¢

Tir ma tran sinh ta cling xdy dung dugc ma tran kiém tra H theo d6 tir ma ¢ nhan
v6i ma tran kiém tra phai bang bang vecto 0 néu dudng truyén khong giy nén 13i
Nhan xét: Viéc bo sung thém cac bit du lam khoang cach giita cc tir ma xa hon
trong khong gian cac bit biéu dién. Vi du véi khdi 4 bit thong tin chi ¢6 2% t6 hop
thong tin, khoang ciach Hamming t6i thiéu giita cac t6 hop 1a 1. Khi thém 3 bit
kiém tra vao ta van chi c6 24 tir m3, song ltic nay sb bit biéu dién 1a 7 nén cac tir
mi ndy ndm trong khong gian biéu dién c6 27 t6 hop bit. Khi thiét ké hop 1y,
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khoang cach Hamming giita c4c tir ma s& xa nhau hon trong khong gian biéu dién
nén chong nhiéu tot hon, hay ma lam cho ty 1¢ 16i giam

2. Ma Hamming, biéu dién ma tran sinh va ma tran kiém tra

Vi du:

Ma Hamming: L4 mét loai ma khéi tuyén tinh (n,k) véi dang:
D4 dai khéi n=2"-1,
S6 bit bén tin k=2"-m-1
S6 bit chan lé m=n-k vdim >3

Xét md Hamming (7,4) ¢6 m = 3. Gia sir chon ma trén sinh la (theo nguyén tc céc
hang cta G phai ddc ldp tuyén tinh)

1 10 1000
¢c11 0100
G=[P,I1,1]=
L= 0010 (3:16)
T 01 00 01
1 001011
Tuong img s& c6: H=(I,,P"]=[0 1 01 1 10 (9.17)
0010111

V6ik = 4 s& c6 2* = 16 tir ban tin khéc nhau (xem bang). Vi mi tir ban tin 4p dung
phuong trinh (9.1) ta c6 duge 16 }ir ma. Trong bang ciing liét ké trong s6 Hamming cua céc
tir m@ trong mé (7,4). Tir d6 ta thiy trong s6 nhé nhét khac khong 14 3.

Céc tir m tao tir ma tréin sinh ndy ¢6 dmis = 3 nén c6 kha ning sira 1 bit 13i. Céc miu
13i 1 bit va cic dic trumg gidi ma nhu sau:
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Béang 9.1. Tir ma cia b ma Hamming (7,4)

Tir bén tin Tir ma Trong sb Tirbantin |  Tioma Trong sb
cla tir ma cla tr ma
0000 0000000 0 1000 1101000 3
0001 101000 1 3 1001 0111001 4
0010 1110010 4 1010 0011010 3
0011 0100011 3 1100 1011100 4
0100 0110100 4 1101 0001101 3
[ 0110 1000110 3 1110 0101110 4
0111 0010111 4 1111 1111111 7
Mau 131 dai biéu Dic trumg s
0000000 000
1000000 100
0100000 010
0010000 001
0001000 110
0000100 011
0000010 111
0000001 101

Tir ddy tir ma nhdn duge sau dudmg truyén duge nhén véi ma trdn kiém tra H dé tinh
dac trumg s. Tir gia tri s nhin duoc theo bang trén ta tim dugc vi tri bit 16i.

3. Ma Hamming biéu dién da thirc
4. Giai ma Syndromer

Khi duong truyén gay 15i bit trong tir ma, tir nhan dugc nhan véi ma tran kiém tra
cho két qua khac 0. So sanh két qua nay véi két qua tir bang cac mau 15i ta c6 thé
xac dinh 18i nam & vi tri ndo trong tir ma. Két qua nay chi chinh xéac khi s6 18i <
(dree-1)/2, & d6 diree 12 khoang cach nho nhit giira cac tir ma trong khéng gian biéu
dién. Néu sé 15i trong tir ma >(dfree-1)/2 s& vuot qua kha nang hiéu chinh ctia ma
va gdy nén 15i khong khac phuc duoc. Tuy nhién ty 1& xay ra diéu nay nho hon
nhiéu so véi ty 1& 16i ma khong thuc hién ma hoa. Su khac biét nay tinh theo don
vi logarit goi 1a gain ma.
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Giai ma ding ddc trumg (syndrom):
Gid sir tir ma ¢ giri trén dudmg truyén mic 13i e, vécto thu duge tai bd thula r

‘ r=c+e (9.12)

Trong d6 & =0 néu ¢, gibngr, (i=0, 1,... , n-1), con néu khéc thi e, = 1

Ta dinh nghia: s=rH" (9.13)
12 dfc trung cla gidi ma (dung ma trin H nhin vio dé kiém tra). Dac tnung giai mi co
nhing tinh chit sau:

— s chi phy thude mau 13i ma khéng phu thude tir ma:

Thit vay:

s=(c+e)H =cH" +eH" =eH" (9.14)

suy ra cdc miu 13i khic nhau mét tir ma sé& o cling dic trung s.

~ Do ban tin ¢6 k bit chi ¢6 2* tir mi khéc nhau, nén véi mdi dic tnmg c6 2* vécto 15i
khac nhau:

e=eteq i=0,1,.2%1] (9.15)

Tép céc vécto 16i img voi mot dic trung tao nén tdp con trong tdp cdc tir ma. Va mi
khoi tuyén tinh c6 2" * tdp con nhu viy khéng chdng ldn nhau va phit hét khong gian tir ma.
Do (9.10) 1& mjt hé n—k phuong trinh tuyén tinh cé thé cho théng tin phat hién 13i. Song né
khéng di: xdc dinh vécto 13i (n phén tir) hay chinh xéc hon x4c dinh duy nhét vécto 1i: s&
6 2" mau 18i thoa man. Tuy nhién thdng tin cta dic trung s gitip phép dd tim 18i d tir 2°
kha ning xudng con 2" kha nang,

Quy trinh giai ma s& dugc tién hanh nhu sau:

1. Déi véi vécto nhan duge r tinh dic tnmg: s = rHT

2. Trong tip ddng cdu dic trung béri s xdc dinh dai bidu (tire 13 mAu 15i c6 kha nang
xdy ra lém nhét) goi 14 ep

3. Tinhvéctom3 e=r+e
Quad trinh trén goi la giai ma dung dic tnmg,

5. Sor d6 véi ma dich vong

M dich vong 1a mot 16p con trong ma khéi tuyén tinh. Ma nay cé dic diém dac
biét 1a hoan vi vong quanh clia mot tir mi ciing sé 14 tir ma. Tinh chét ndy gan lién
v6i cAu trac toan hoc 13 truwong va dic biét co thé biéu dién dudi dang da thirc
trong d6 da thirc sinh (c6 thé kiém da thirc kiém tra) 1 nhan tir ctia X"+1.

From (¢,—1, ¢, ..., Cn—z) €an have

(CT[—]_! Coy ey CT!—Z);
(CTJ_—ZJ Cn—l’ reey Cn—3):

(clf CZJ e Cn—l’ CO)

Viéc thuc hién tao ma nhu sau: Léy da thtrc ung voi khdi thong tin nhan véi X"
sau d6 chia cho da thirc sinh dé tim da thirc du. Pa thic bi chia sau do trir (cong
modulo-2) di da thtrc du tao nén tir md tng véi da thire chia hét cho da thirc sinh.
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O bén thu s& kiém tra lai tinh chia hét nay. Néu c6 phan du ching t6 dudng truyén
s€ gay nén 16i va dua theo phén du cu thé s& dinh vi duoc vi tri 13i trong tur ma.

To develop the algebraic properties of cyclic codes Codeword,
Co, €1, -, Cn—1 IS Mapped to code polynomial.

cX)=co+ X+ 4 Xm0

(b, by, -, by_g—q, Mg, My, .., My_y)

n—k paritv bits k message bits

c(X) = b(X) + X" *m(X)

Ma Cyclic ¢6 mot dac diém thuén loi 1a d& thuc hién trén mach dién tir béng cac
thanh ghi dich: Phép chia ching qua 1a cac phép cong dich khi tinh toan theo
modulo-2. Ngoai ra hiéu chinh 15i don gian bang cach cong véi da thirc du & bén
thu. C6 thé so sanh sy khac biét vé mach dién thuc hién cia Cyclic va ma khéi
tuyén tinh & phan trén.

6. Bai tdp

VI. MA CHAP
1. M6 ta va biéu dién theo dap vmg xung, da thirc
- MBb ta : Ma chap khac biét voi ma khdi ¢ nhitng diém sau :
M3 tién hanh lién tuc nhip theo dong dir liéu vao ma khong theo timg
khdi dit liéu vao. Li ra ma phu thudc ca vao dir li¢u vao hi¢n tai va dir

liéu qua khir thong qua cac thanh ghi luu trtr.

Céu triic nhu sau : La mdt may trang thai chira M thanh ghi va n bd cong
logic ( modulo-2 adder) va mét khéi hop kénh & 16i ra. Khi d6 ddy ban tin
L tai nén n(L+M) bit 16i ra. Ty 18 ma 13

R = L/(n(L+M)) ~ 1/n khi L >> M
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Do dai rang budc 1a s6 bude dich ma qua d6 mot bit don c6 thé anh hudng

1én 16i ra. Thanh ghi dich c6 M tang nén d6 dai rang buéc K =M + 1

M stages

a1 2]=] 2 rT—“*'[i ]
bits ‘_\/J>< J S L/

- Biéu dién theo da thic :

Mdi 16i vao vao bd hop kénh dugce coi 1a 16i ra mot kénh don
ma két qua 1a chap gitra dap tmg xung cta kénh nay va dir liéu
lidu vao. Pap tmg xung 13 két qua 16i ra kénh khi 16i vao chi cap

1 xung don vi.
gO®) = g3’ + gD +g7" D? + - +g) D™

Phép chap chuyén sang mién da thirc s& chuyén thanh phép

nhan dai s6 thong thuong.

(gD (D), g?@ D), ..., g™ (D)}

Do d6 dé dic trung mot ma chap chi can biét cac da thuc

sinh Uig vé1 dap g xung cua cac kénh don.

2. Mad va giai md theo so do cay va so do luoi
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So dd cay: Biéu dién dai sb thun tién cho nghién ctru toan hoc song khong
thuan tién cho viéc ma va giai ma. So dd cay la mdt cach thuan tién cho thuc
hién. Theo d6 ca bén phat va thu dau c6 cay ma giéng nhau. Mdi nut cdy r& sang
2 nhanh di 1én hay di xudng tng vé6i 161 vao mi 1a bit 1 hay 0. Trén lung cua

nhanh cay la két qua 161 ra ma x4c dinh theo mot so dd ma chap cu thé.

Thuc hién ma héa theo so do cay sé rat nhanh bang cach khi c6 nhoém bit
thong tin dudng di trong ciy s& theo qui tic chi dan trén va iy tit ca két qua trén
lung cac nhanh ma né di qua s€ dugc tir ma. Giai ma thyc hién 1au hon do phai
do tim cac duong di tir gbc dén nhanh cudi cing xem dudng di ndo gan nhat
(tinh theo khoang cach Hamming) véi tir mad nhan duoc. Tong cong ¢ 2% duong

di tir gbc dén ngon, tirc 1a s& co 2% phép do tim.

So @6 lwdi: So do cay theo thoi gian s& phat trién 16n vé khong gian, khong
thuan tién cho bd nhd. So d6 ludi dua thém thong tin vé cac trang thai c6 dugc &
cac thanh ghi. Theo d6 dudng di trong ludi vira cho biét két qua 16i ra khi biét bit
vao vira cho biét bo nh¢ da chuyén sang trang thai nio tir trang thai trude do. So
d6 1udi cho phat trién theo thoi gian ma khong ting khong gian nhé (khong gian
chi phu thudc tong s trang thai ctia thanh ghi). Do tinh tuin hoan 13p lai, so do
ludi co thé duoc rat gon bang so d6 rit gon hay so d6 twong duong. So dd
tuong duong dung dé giai quyét bai toan tinh khoang cach t6i thiéu gitta cac

duong di cua tir ma theo ham dap g, tinh dugc tir cac phuong trinh mang ludi.

3. Tinh d¢ loi cua ma (Asymptotic code gain)

So sanh 16i khi khong c6 ma ~ exp(-Ex/No) va khi c6 ma chap ~ exp(-
dfreerEb/Z NO)

Ta c6 d6 loi ma trén kénh truyén BSC (kénh d6i xtng nhi phan) 14 :

d, r
G, =10log, (——)
(dB)
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Pdi vé6i kénh binary-input AWGN (stir dung khoang cach Euclide cai thién duoc
3dB)

G, =10log,,(d,..
, =10log,,(d,,..1) (dB)

4. Thudt toan Viterbi va y nghia

Bén giai ma sé& ton thoi gian hon bén ma hoa do phai do tim dudng di ndo trong ludi
c6 khoang cach Hamming nho nhét véi tir nhan duoc. Co tong cong 2K phép do tim.
Khi k 16n thoi gian cho do tim sé& 16n va khong dap tmg viéc truyén tin thoi gian thuc
(real-time). Thudt toan Viterbi d rut ngan tinh toan do tim d bién tng dung ma chap
kha thi trong thot gian thuc. Thuat toan nay dya trén nhitng 13p luan nhu sau:

- Puong di tir A—B c¢6 khoang cach vai tir nhan dugc 1a ngan nhat khi tat ca cac
phan duong nay tinh tir A 13 c6 khoang cach vdi phan tir nhan duoc tuong tng

ngan nhat.

- Do d6 néu co6 2 duong di vao 1 nit trong ludi, thi dudng di ndo c6 khoang cach

16n hon chic chian khong phai 13 phan cua duong di ngan nhat

- Tién hanh loai bo duong cé khoang cach 16n hon & tat ca cac nit ¢ 2 16i vao
trong ludi, chi dé lai 1 duong sdng sot. Cudi cing sé duong soéng sot chi bang sb
trang thai ctia thanh ghi. Tién hanh so sanh giita cic dudng nay, chon ra duong co
khoang cach nho nhat.

- Sau d6 di nguoc lai dudng cudi cling ngay ta tim ra s6 bit thong tin can giai

5. Bai tap
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