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Bai 8: Ma hoa chap
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Introduction

e Trong ma hoa khoi, bo ma héa dua vao timg khoi thong tin
K-bit va phat ra ttr ma n-bit = duya trén xir ly ttrng khoi

e BO mi hoa can phai ¢ bo dém toan bo khéi dir liéu va phat
ra tr ma

e Trong khi bit dit liéu t6i thudng 1a noi tiép hon 1a song song,
nén viéc st dung bo dém la kh6ng mong muon

e Ma hoa chap
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Definitions

Bo ma hoa chap: mot may trang thai hiru han gdom M tang
thanh ghi dich, n bd cdng modulo-2

Chudi thong tin L-bit sinh ra mot chudi n(L+M) bi
Toc d6 ma:
L
r =
n(L+M)

(bits/symbol)

L>>M, vay

. =% (bits/symbol)
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Definitions

e Chieu dai rang bugc (Constraint length (K)): so dich cua mot
bit don anh huong dén ngo ra

e Thanh ghi dich M tang: can M+1 dich cho mot bit tirng ltc
bat dau dén t61 ldce ra khéi mach

o K=M+1
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Example

e Ma hoa chap (2,1,2)
— n=2: 2 bd cong modulo-2 va 2 ngo ra
— k=1:1ngd vao
— M=2: 2 tang thanh ghi dich (K=M+1=2+1=3)

Path 1

Input
[

02<0—> Output

\ 4
\ 4

Path 2
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Example

e Ma hoa chap (3,2,1)
— n=3: 3 bd cong modulo-2 va 3 ngo ra
— k=2: 2 ngo vao
— M=1: 1 tang ctia thanh ghi dich (K=2)

:m @
v—7< ° e——— OQutput
Input
@
:W L
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Generations

e M4 chap l1a ma hda khong d6i xting

e MOoi duong két ndi vai ngd ra vai ngd vao bai mot dic tinh dap
ung xung ( hay da thuc sinh)

o (9y.9,9:7,95”) ky hiéu ctia dap tng xung cua dudng thi i

e Da thuc sinh duong thir i :

g”(D)=g¥D" +..+9"D* +g"D+g{"

e D ky hiéu ctia bién do tré = khac véi X ctia ma vong

e MO mi hoa chap hoan chinh dugc dién ta boi tap da thire sinh
{ 9" (D),g“(D),....g" (D)}
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Example(1/8)

e Xet truong hop (2,1,2)
e Diap urng xung cua duong thwr 1 la (1,1,1)
e Da thic sinh twong tng la
g¥(D)=D*+D+1
e Dap urng xung cua duong thir 2 la (1,0,1)
e Da thir sinh twong tng la
g'”?(D)=D*+1
e Chuoi thong tin:  (11001)
e Trinh bay da thuc: m(D)=D*+D®+1

Faculty of Electronics & Telecommunications



Example(2/8)

e N(gO ra da thirc cua duong thur 1.
¢ (D)=m(D)g" (D)
=(D*+D’+1)(D* + D +1)
=D°+D°+D*"+D°+D*+D°+D*+D+1
§ =D°+D*+D*°+D+1
e Chuodi ra ciia duong tha 1 (1001111)
e NQO ra da thuc ctia duong 2:
¢*?(D)=m(D)g”(D)
=(D*+D°+1)(D* +1)
=D*+D*+D°+D°*+D*+1
e Chuoi ra cua duong thr 2 (1111101)
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Example(3/8)

e m=(11001)

o c(M=(1001111)

o c?=(1111101)

e Chudi dd mi hoa c=(11,01,01,11,11,10,11)
e Chiéu dai thong tin L=5bits

e Chiéu dai ngd ra n(L+K-1)=14bits

® Mot chudi cudi K-1=2 zeros duoc thém vao cac bit
ng0 vao de khoi phuc gia tri khéi tao cho thanh ghi
dich
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Example(4/8)

e Cach khac dé tinh ngd ra:

e Duong 1:

m 111 output

001001 |1 1

0010011 0

0010|011 0

001 | 001 1 1

001100 |11 1

0/010 |011 1

001 |0011 |1

ch=(1001111)
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Example(5/8)

e Duong 2

m 101 output

001001 |1 1

0010011 1

0010|011 1

001001 |1 1

00|100 |11 1

0/{010 (011 |O

001 |0011 |1

c@=(1111101)
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Example(6/8)
e Xet truong hop (3,2,1)
:m @,
,; ; ° o—— Qutput
Input
:W L J

® ¢V =(g%.9% .00 Ky hiéu cho dap ung
xung duong thir j trong trng véi ngo vao th |
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Example(7/8)

._________::;;7<<;’____.F___’ ) o— Qutput

Input

0, =(11)= g,°(D)=D+1
g;’ =(01) = g,°(D) =1
9;” =(01) = g;”(D) =1
g;” = (10) = g;”(D)=D
0;” =(11) = g;”(D) =D +1
g;” =(10)=g;"(D)=D
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15
Example(8/8)

= e ASSUme that.

— m=(101)=mWB(D)=D?+1
— m@=(011)=mWB(D)=D+1

e OQutputs are:

o CcO=MD*g,M+m@*g, M
= (D*+1)(D+1)+(D+1)(1)
=D3+D2+D+1+D+1=D3%+D2=¢1=(1100)

o cA=mD*g,@+m@*g, (@
= (D?+1)(1)+(D+1)(D)
=D?+1+D?+D=D+1 =c(®=(0011)

o cO=MD*g,O+m@*g,O)
= (D*+1)(D+1)+(D+1)(D)
=D3+D2+D+1+D?+D=1=D3+1 =¢®)=(1001)

e Output c=(101,100,010,011)
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State diagram

Xet ma chap (2,1,2) state | Binary
description
a 00
b 10
C 01
d 11

e 4 trang thai co thé

e MaJdindi c6 2 nhanh dén va 2 nhanh
di

e M0ot chuyén trang thai tung ting voi
ngo vao 0 tung trng vdi duong lien
nét, va 1 tuong tmg voi duong dit
nét

e NgO0 ra dugc gan nhan trén duong
truyén

. o/00 =
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e Chuoi bit 11001
e Bit dau trang thai a

e Di theo gian do trang thai dé
co dir liéu ngo ra

Input 1 0

State @ 01

d C
Output 11 01 01
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Trellis(1/2)

c=01e

d=11e

-

Level j=

3
N~
)

+1

+2
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Trellis(1/2)

e Mot ludi chira (L+K) murc

e Duoc gan nhan j=0,1,...,L,... .L+K-1

e Mirc dau tién (K-1) twong ing véi bd ma hda ba9it
dau tir trang thai khoi tao a

e Mirc cudi cing (K-1) tuong Gmg v4i bo ma hoa tra vé
trang thai a

e Do6i voi mic thr j nam trong khoanK-1<j<L, tat ca
cac trang thai co thé dén

Faculty of Electronics & Telecommunications



20

e Message 11001 Example
Input 1 1 0 0 1 0 0
a=00 o 0/00 0/00 00 g
N N
\}/ S
2\
7N\
b=10e
c=01e
d=11e
Level j=0 7
11 01 01 11 11 10 11
Output
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Maximum Likelihood Decoding of
Convolutional codes

e m Ky hiéu la vector thong tin

e C ky hiéu vector ma tuong irng

e 1 ky hiéu vector nhan

e Khicdr, bd giai ma yéu cau udc lu’qngAvector thong tin m
tuong ing véi uoc luong vector tir ma C

e M=m onlyif ¢ =C néukhong, s& xuat hién 16i

o Qui ludt gidgi ma duogc goi 12 toi vu khi x4c xuat 16i 12 t6i thiéu

° BQ giai ma cuc dai kha nang hoac qui luat quyét dinh duoc
dién ta nhu sau:

— Chon uédc lugng €, voi ham cuc dai kha nang logp(r/c)
dat cuc dai

Faculty of Electronics & Telecommunications



22 Maximum Likelihood Decoding of
Convolutional codes

e K&nh nhj phan d6i xtmg: ca ¢ va r 1a chudi nhi phan c6
chiéu dai N

IO(I’IC)=H p(r 1)

— log p(r|c) =Z|09 p(r; [c)

_ P if r.#c
with  p(r;|¢) =

1-p if r. =c,
e rkhac véicla dvitri, hoac d la khoang cach Hamming
gilra I va C
= log p(r|c)=dlog p+(N —d)log(1- p)

=d Iog(ij+ N log(1- p)
1-p
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23 Maximum Likelihood Decoding of
Convolutional codes

e Qui luat giai ma phat biéu lai nhu sau:
— Chon uéc luong ¢, ma téi thiéu khoang céach
Hamming gitra vector nhan r va vector truyén

e Vector nhan r thi so véi moi vector mé tuong tng
C, va cal gan nhat voi r dugc chon nhu la vector
tor ma truyén da stra 10i

e Chon mot duong trong ludi ma chudi ma khac véi
chuoi nhan ¢ it nhat cac vi tri khac nhau
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The Viterbi algorithm

e Thuit toan hoat dong bang cach tinh toan khoang
cach mdi duong trong ludi

e Sodola | khoang cach Hamming gitra chudi mi
duogc dién ta bang cac dudng va chu01 nhan

e Do6i vdi mdi node, hai duong di vao mot node,
duong thap nhat duo’c song Sot Nhitng cai khéc
loai bo

e Tinh toan lap lai moi muec j trong khoang K-1<
J<L

e S0 song SOt mdi mirc <2K-1=4
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2> The Viterbi algorithm

e c=(11,01,01,11,11,10,11),r=(11,00,01,11,10,10,11)

Input

c=01e

d=11e

Code
Output 1 1 0 0 1 0 0
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