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MO PAU

B ma hoa va giai md Turbo cho chat luong rét cao va duoc tng dung
rong rai trong thong tin di dong. N6 cho phép tién gan gidi han Shannon.

Pé di dén khai niém vé ma Turbo, ta nghién cau toi nhitng khéi niém
c6 lién quan 1a nén tang dé xay dung nén cau tric bo ma hoa va giai ma. Do 1a
nhitng khéi niém vé ma chap, ma ké,va cac khai niém toan hoc vé xac suat,
cac qué trinh ngau nhién caa mot thdng ké kiém tra: Xéac suat hau nghiém, xac
suat tién nghiém. ham mat d6 xac suat.Va dic biét 1a nhitng khai niém : Dai
sb log-hgp 18( log-likelihood), théng tin ngoai lai,...Théng qua vi du vé ma
nhan chung ta thay tac dung cua bo giai ma SISO.

Sau khi c6 duoc nhitng khai niém co ban dé. chiing ta tim hiéu vé cau
tric bd ma hoa va giai ma lap dua trén thuat toan MAP vé6i bo giai ma SISO
( Soft Input - Soft Output).Tim hiéu vé thuat todn giai ma Turbo. Sau d6 1a
cac tng dung cua ma héa Turbo trong hé thong thong tin di dong.

Cubi cung la chuong trinh mé phong viéc ma hoa va giai ma Turbo
trong hé thong thong tin di dong CDMA 2000 qua d6 thay duogc chat luong
ctia ma Turbo va céc tng dung to 16n ciia ma Turbo trong doi séng khoa hoc
k¥ thuat.

Ngi dung dé &n gom 5 chwong :

e Chuong 1: Ma chap, ma ké.

e Chuong 2 : Cac khai niém vé ma Turbo.

e Chuong 3 : Cau trdic ma Turbo va bo giai lip. Thuat toan giai

ma Turbo.

e Chuong 4 : Ung dung ma Turbo trong thong tin di dong.

e Chuong 5 : Chwong trinh mé phong ma Turbo trong hé théng
thong tin di dong CDMA 2000 va rdt ra nhan xét.
Phuc luc md phong biang Matlap
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DANH MUC CAC CHU VIET TAT

Product Code Ma& nhan
Extrinsic Likelihood Hop 1€ ngoai lai
Metric Sb do
A priori Théng tin tién nghiém
Extrinsic Thong tin ngoai lai
Survivor Puong ton tai

3G Third Generation Cong nghé truyén thdng
technology thé hé thir 3

4G Fourth Generation Cong nghé truyén thong
Technology thé hé tha 4

APP A posteriori probability | X&c suat hau nghiém

ATM Asynchronous Transfer | Ché do truyén khong dong
Mode bo

AWGN | Additive white Gaussian | Nhiéu cong trang chuan
noise

BER Bit error rate Ty s6 16i bit

Bps bits per second Bit trén giay

BPSK Binary phase shift keying | Khéa dich pha nhi phan

BSC Binary symmetric channel | Kénh d6i xting nhi phan

CDMA Code Division Multiple Da truy cap phéan chia theo
Access ma

CRC Cyclic Redundancy Code

DS non— | Direct Spreading — non Don song mang khong st

OTD Orthogonal Transmit dung phan tap phat truc giao
Diversity

DS OTD Direct Spreading Pon song mang véi phan tap
Orthogonal Transmit phat truc giao
Diversity

FEC Forward Error Correction | Sta 16i huéng téi truéc

Trang 5
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FER Frame error rate Ty s6 16i khung

GIS Geographic Information Hé thong thong tin dia ly
System

GSM Global System for Mobile | Hé thong thong tin di dong
Communications toan cau

HCCC Hybrid Concatenated Két ndi hon hop cac bo ma
Convolutional Code tich chap

ISI Inter-symbol interference | Xuyén nhiéu giitra cac ky

hiéu

LLR Log-likelihood ratios Ty s6 log-hop 18

LSB Least Significant Bit Bit trong s6 thap nhat.

MAP Maximum a posteriori Thuét toan cuc dai hau

nghiém

MC Multicarrier Da song mang

MCC Multimedia Truyén thong da phuong
Communication tién

ML Max Log MAP Kha ning xay ra 16n nhat

MLSE Maximum likelihood Chudi hop 18 t6i da
sguence estimation

Mp Multiplexer Bo ghép

MPSK M-ary phase shift keying | Khoa dich pha da murc

MSB Most Significant Bit Bit 0 gia tri cao nhat

PCCC Parallel Concatenated Két noi song song cac ma
Convolutional Code tich chap

pdf probability density Ham mat do xac suat
function

QAM Quadrature Amplitude B diéu bién bién do
Modulation vudng goc

QPSK Quaternary phase shift Khoa dich pha bon muc
Keying

RS Reed Solonon M4 tuyén tinh

Trang 6
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RSC Recursive systematic M4 chap hé thdng hoi quy
convolutional

sccc Serial Concatenated Két noi ndi tiép cac ma
Convolutional Code tich chap

SER Symbol error rate Ty 18 16i ky hiéu

SISO Soft input, soft output L6i vao mém-Loi ra mém

SNR Signal-to-noise ratio Ty s6 tin trén tap

SOVA Soft output Viterbi Thuat toan Viterbi 16i ra
algorithm mém

TC Turbo Code M& Turbo

TCM Trellis coded modulation | Diéu ché ma luéi

VA Viterbi algorithm Thuat toan Viterbi

VOD Video-On-Demand Video theo yéu cau

wWC Wireless Communication | Truyén théng khong gidy
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Chuong 1
MA CHAP, MA KE

1.1 GIOI THIEU

Pé di dén khai niém vé ma Turbo, ta nghién cau téi nhitng khai niém
c6 lién quan 1a nén tang dé xay dung nén cau tric bo ma hoa va giai ma. Do 1a
nhitng khai niém vé ma chap, ma ké.

V6i ma khoi, chudi thong tin duoc chia doan trong timng khéi va duoc ma
hoa doc 1ap vai dang cia chudi ma nhu 13 mot day ké tiép caa chiéu dai cac tur
ma doc 1ap ¢b dinh. M4 chap thi khac, n bit dugc bd ma chap tao ra tuong ung k
bit thdng tin phu thudc vao k bit dit liéu va cac khung dit ligu trude d6. Vano la
bo ma hoa cé bo nho.

M4 chap khéc xa so vai ma khéi, trén phuong dién vé cau tric, céng cu
phan tich va thiét ké. Dic tinh dai s6 1a quan trong trong cau tric caa mot bé ma
khéi t6t va nang cao hiéu suat thuat giai cia bo giai ma. Nguoc lai, cac bo ma
chap tot hau nhu déu duoc nhan ra qua viéc nghién ctu tinh toan toan dién, va
hiéu suat cac thuat giai cua viéc giai ma xuat phat truc tiép tir ban chét trang théi
chudi cua cac bd ma chap hon 1a tir tinh chat dai s6 cuia ma.

Trong phan nay, ta s& bat dau tim hiéu cau tric cua ma chap,céch biéu
dién ma chap théng qua c4c gian do : hinh cay, hinh ludi, va trang théi.

Trong phan tiép theo ciia chuong ta s& dé cap tdi ma ké ( concatenated
codes),

Khai niém da duogc gisi thiéu lan dau tién bai Forney (1966) tir d6 ma tim
ra nhiéu pham vi rong réi trong cac tng dung.

1.2 CAU TRUC MA CHAP VA GIAN PO BIEU DIEN
1.2.1 Cau tric ma chap

M4 chap duoc tao ra bang cach cho chudi théng tin truyén qua hé thong
cac thanh ghi dich tuyén tinh c6 sé trang thai hitu han. Cho sé luong thanh ghi
dich 1a N, mdi thanh ghi dich c6 k 6 nhé va dau ra bo ma chap c6 n ham dai sd
tuyén tinh. Téc d6 ma 1a R = k/n, s6 & nhé caa bo ghi dich 1a Nxk va tham sé N
con goi 1a chiéu dai rang budc(Contraint length) ctia ma chap (xem hinh 1.1)

Sv. Hoang Hizu Hiép
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Gia thiét, bo ma chap 1am viéc vai cac chir s6 nhi phan, thi tai mdi lan
dich s& c6 k bit thong tin dau vao dugc dich vao thanh ghi dich thir nhét va trong
tng ¢6 k bit théng tin trong thanh ghi dich cudi cing duge day ra ngodi ma
khong tham gia vao qua trinh tao chudi bit dau ra. Pau ra nhan dugc chudi n bit
ma tir n bo cong modun-2 (xem hinh 1.1). Nhu vay, gia tri chudi dau ra kénh
khong chi phu thudc vao k bit thong tin dau vao hién tai ma con phu thudc vao
(N-1)k bit truée d6, cau thanh 18n bo nhg v 2 (N — 1)k va duoc goi 1a ma chap
(N, KN).

|e———— N>k trang thai

Chudi thong tin

dau vao k bit

Pén bé diéu ché

Hinh 1.1 So do tong quét bé ma chdp

Gia str u 1a vécto dau vao, x 13 vécto twong tmg dugc ma hod, bay gio
chiing ta md ta cach tao ra x tir u. D& md ta bo ma hoa ching ta phai biét su két
ndi gitra thanh ghi dau vao vao dau ra hinh 1.1. Cach tiép can nay c6 thé gidp
ching ta chi ra sy twong tur va khac nhau ciing nhu 13 voi ma khéi. Diéu nay co
thé dan téi nhiing ky hiéu phtc tap va nham nhan manh céau tric dai s6 ciia ma
chap. Piéu d6 1am giam di tinh quan tdm cho muc dich giai ma caa ching ta. Do
vay, chling ta chi phéac hoa tiép can ndy mot cach so luge. Sau 6, mo ta ma hoé
s& duoc dua ra véi nhitng quan diém khéc.

Pé mo ta bo ma hoa hinh 1.1 chling ta sir dung N ma tran bo sung G, G,
...,Gx bao gom k hang va n cot. Ma tran G; mo ta sy két ndi giira doan th i cua
k 6 nha trong thanh ghi 16i vao véi n 6 caa thanh ghi 16i ra. n 16i vao caa hang
dau tién cua G; mo ta két ndi cia 6 dau tién ciia doan thanh ghi dau vao thi i voi
n 6 caa thanh ghi 16i ra. Két qua 1a “1” trong G; nghia 14 c6 két ndi, 1a “0” nghia
la khong két ndi. Do d6 chung ta c6 thé dinh nghia ma tran sinh cia ma chap :

Sv. Hoang Hizu Hiép
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Gl GZ GN
G, G, Gy
Gl — Gl GZ GN (11)
G, G, ..
. Gy

Va tat ca cac céc 16i vao khac trong ma tran bang 0. Do d6 néu 16i vao
1a vécto u,twrong img vécto ma hoa la : x = uG,, (1.2)

Bo mé chap 1a hé théng néu, trong mdi doan cua n chit s6 duoc tao, k sb
dau 12 mau cua céc chit so dau vao twong (ng. N6 ¢6 thé xac dinh rang diéu
Kién na twong duong c6 cac ma tran k x n theo sau :

1 0 0 0
0 1 0 = 0

G,=|l0 0 1 - 0|P (1.3)
0 0 0 1

Va

1 0 0 0
0 1 0 0

Gi=|0 0 1 ofP (1.4)
0 0 0 1

Chung ta xét mot vai vi du minh hoa :

Vi du 1: Xét ma chap (3,1,3). Hai gian d6 twong dwong cho bd ma hoa dugc chi ¢
hinh 1.2:

u u i mi-1 mi-2

o T

X X

Hinh 1.2 : Hai gidn dé twong dwong cho bg ma chdp (3,1,3)

Sv. Hoang Hizu Hiép
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Bo thur nhét st dung thanh ghi véi 3 6 nhd, nguoc lai, bo thir hai si
dung 2 6 nhé, mdi 6 coi nhu 1 bd tré don vi. Lbi ra thanh ghi duoc thay thé
boi bo tinh toan doc dugc chudi 16i ra cia 3 bo cong. Bo ma hoa dugc quy
dinh boi 3 ma tran b sung ( trong thyc té 1a 3 vécto hang do k=1)

Gi=[1 1 1]
G,=1[0 1 1]
G;=1[0 0 1]

Do d6, ma tran sinh tur (1.1) la:

111 011 001 000 ---
— (000 111 011 001 000

000 000 111 011 o001 O2°
Tir (1.2) ta c6 thé suy ra : Néu chudi thong tin vao u=( 11011...) duoc
ma hoa thanh chudi x=( 111100010110100...). B ma hoa la hé théng. Chl y
rang chudi ma hoa c6 thé duoc tao bang tong modul-2 cac hang cua G, tuong
rng vé&i “1” trong chudi thong tin.
Vi du 2 : Xét ma (3,2,2). B6 ma hoa duoc chi trong hinh 1.3.Bay gio

ma dugc dinh nghia thong qua 2 ma tran:

101 001 000

010 001 000

000 101 001 000

G, =000 010 001 000

000 000 101 001 000
000 000 010 001 000

Chudi thong tinu =( 11011011...) dugc ma héa thanh chudi ma

x = (111010100110...)

Sv. Hoang Hizu Hiép
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X

Hinh 1.3 : Bg ma chdp (3,2,2).

Mot cach tuong tu ta ciing co thé biéu dién ma tran sinh G =
(Gq, G,,..., Gy), Nhu vay y nghia cia ma tran sinh la n6 chi ra no chi ra phai
str dung cac ham tuong tmg nao dé tao ra véc to dai n mdi phan tir c6 mot bo
cong moédun-2, trén mdi véc to cd Nxk tham sé biéu didn ¢ hay khdng cac
két ndi tir cac trang thai cua bd ghi dich téi bo cong modun-2 d6. Xét véc to
thar i (gi, n > 1> 1), néu tham s6 thtr j cua G; (Lxk >j > 1) c6 gia tri “1” thi
dau ra thu j twong @ng trong bo ghi dich duoc két ndi téi bo cong modun-2
thir i va néu c6 gid tri “0” thi dau ra tha j twong ung trong bo ghi dich khong
duoc két ndi téi bo cong modun-2 thir i

Vi du 3: Cho bo ma chap c6 chiéu dai rang budc N = 3, s 6 nhé trong
mdi thanh ghi dich k = 1, chiéu dai chudi dau ra n = 3 tirc 1a mi (3,1,3) va ma
tran sinh caa mé chap cé dang sau:

91

g 100
G=|"|ec|101|=63457) (1.5)
9 111
C6 thé biéu dién dudi dang da thirc sinh Ia:
G(D)=1[D* 1+D? 1+D+D?] (1.6)

Do d6 so dd ma chap duoc biéu dién nhu sau :

Sv. Hoang Hizu Hiép
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Pau vao . Diura

Hinh 1.4 : So @6 bé ma chdp véi N=3, k=1, n=3 va da thirc sinh (1.6)
1.2.2 Biéu dién ma chap

C6 ba phuong phap dé biéu dién ma chap d6 1a : so do ludi, so d6 trang
thai va so do hinh cdy. Dé lam rd phuong phap nay ta tap trung phan tich dua
trén vi du 3

* So do hinh cay :

Tur vi du 3, gia thiét trang thai ban dau cua céac thanh ghi dich trong bo
ma déu |2 trang thai “toan 0”. Néu bit vao dau tién 1a bit “0” (k = 1) thi dau ra
ta nhan duoc chudi “000” (n = 3), con néu bit vao dau tién 1a bit “1” thi dau ra
ta nhan dugc chudi “111”. Néu bit vao dau tién 1a bit “1” va bit vao tiép theo
1a bit “0” thi chudi th nhat 1a “111” va chudi tha hai 1a chudi “001”. Véi
cach ma hoa nhu vay, ta c6 thé biéu dién ma chap theo so do c6 dang hinh cay
(xem hinh 1.5). Tir so do hinh cay ta c6 thé thuc hién ma hoa bang cach dya
vao cac bit dau vao va thuc hién lan theo cac nhanh cua cay, ta s& nhan duogc
tuyén mé, tir d6 ta nhan duogc day cac chudi dau ra.

Sv. Hoang Hizu Hiép
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000
000 a: 00
a: 00 11
000 b: 01
001
0 111 c: 10

A b:01 110
] d: 11
v 011
001 a: 00

1 ¢ 10 | 100
L11 b: 01
010
110 c: 10

d:11 |__101
d: 11

Hinh 1.5 : So d@6 hinh cay véi N=3, k=1,n=3 (vi du 3)

*So d6 hinh ludi

Do dic tinh caa bd ma chap, cu trdc vong lip duoc thuc hién nhu sau:
chudi n bit dau ra phu thudc vao chudi k bit dau vao hién hanh va (N-1) chudi
dau vao trudc d6 hay (N-1) x k bit dau vao trude do. Tur vi du 3 ta c6 chudi 3
bit dau ra phu thudc vao 1 bit dau vao 1a “1” hodc “0” va 4 trang thai c6 thé co
cua hai thanh ghi dich, ky hiéu 1a a = “00”; b = “01”; ¢ = “10”; d = “11”. Néu
ta dat tén cho mdi nut trong so dd hinh cay (hinh 1.5) twong ¢ng véi 4 trang
thai cua thanh ghi dich, ta thay rang tai tang thir 3 ¢4 2 nit mang nhan a va 2
nat mang nhan b, 2 nat mang nhén ¢ va 2 nat mang nhén d. Bay gio ta quan
sat tat ca cac nhanh bit ngudn tir 2 nhanh c6 nhén gidng nhau (trang thai
gidng nhau) thi tao ra chudi dau ra gidng nhau, nghia 14 hai nut c6 nhan gidng
nhau thi c¢6 thé coi nhu nhau. Vi tinh chat d6 ta c6 thé biéu dién ma chap
bang so do c6 dang hinh ludi gon hon, trong d6 cac duong lién nét dugc ky
hiéu cho bit dau vao 1a bit “0” va dudng dut nét duoc Ky hiéu cho cac bit dau
vao 1 bit “1” (xem hinh 1.6). Ta thay ring tir sau tang tht hai hoat dong cua

lugi On dinh, tai mdi nat c6 hai dudng vao nut va hai duong ra khoi ndt.
Trong hai dudng di ra thi mot ung véi bit dau vao 1a bit “0” va duong con lai
g v&i bit dau vao 1a bit “17.
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Chubi thu

Hinh 1.6: So' d6 hinh lwéi bé ma chdp vi du 3. Trang thdi ban dau toan bang
«”
*Sor d6 trang théi :

So db trang thai dugc thuc hién bang cach don gian so d 4 trang théi
c6 thé c6 cua bo ma (a, b, ¢ va d twong tng vai cac trang thai 00, 01, 10, va
11)va trang thai chuyén tiép c6 thé duoc tao ra tir trang thai nay chuyén sang
trang thai kha qué trinh chuyén tiép co thé la:

aSaascboaboccobeoddobdod (L7)

Ky hiéu @ — B 1a qua trinh chuyén tiép tir trang thai o sang trang thai p

V6i bit dau vao 1a bit <17,
Két qua ta thu dugc so d6 trang thai trong hinh 1.7 nhu sau:

b
o 01 100
]
001
a 111 p
__________________________ o
000 00 ‘
010
sl d 110
.. 101
Ceee 11

Hinh 1.7: So d6 trang thai cia bé ma chdp trong vi du 3.

Sv. Hoang Hizu Hiép
Trang 15



GVHD Ths. Poan Hiru Churc

Tir so dd trang thai hinh 1.7, cac dudng lién nét dugc ky hiéu cho bit
dau vao 1a bit “0” va dudng dit nét duoc Ky hiéu cho cac bit dau vao 12 bit
“1”.

So Vi so @6 hinh ludi va so d6 hinh cay thi so do trang thai 1a so do
don gian nhét.

1.2.3 Phan bo trong ma chap

Phan bé trong s6 cua ma chap 1a mot tham sé quan trong dé tinh chat
luong ciia né. Chung ta dinh nghia Ai 13 s6 lugng cac chudi cé trong sé i
trong ludi ma n6 phan ky khoi tuyén “toan 0” tai mot diém nao d6 va hoi qui
lan dau tién tai diém nt sau do.

Tap hop :{Adree: Adtree+1: Adfree+2:--- Adtree+i--} dUoC goi 12 phan bd
trong so6 cua ma chap.

Phan b trong s6 ¢ thé tinh bang cach cai tién so d6 chuyén doi trang thai
cua mad. So do trang thai cai tién co thé nhan duoc bing cach trién khai tir
trang thai ban dau “toan 0” 1a Sy hay con goi la Si, cho dén trang thai két thlic
Sout cling 13 trang thai “toan 0”. Mdi tuyén trong so do trang thai dugc két ndi
bat dau trang thai Si, va két thiic vé trang thai S, biéu dign moét chudi ma phan
ky va hdi qui vé trang thai “toan 0” dung mot lan. Trong sé chudi ma A; biéu
dién sb luong cac chudi ma phan ky tir chudi “toan 0” tai ciing mot diém nat va
hoi qui lan dau tién tai cac nat tiép theo. NGi cach khac A; bang sb lwong cac
tuyén co trong so i trong so d6 chuyén doi trang thai ma rong dugc ndi tir
diém dau dén diém cudi.

Goi X la bién vo dinh lién quan dén trong sé Hamming caa chudi ma
hoa dau ra i, Y la bién vo dinh lién quan dén trong s6 Hamming cua chudi
thong tin j, va Z 1a bién v6 dinh lién quan dén ting nhanh. Mai nhanh trong
so d6 chuyén doi trang thai dugc danh sé X'Y/Z. So d6 chuyén doi trang théi
dugc danh sé nhu trén duoc goi 1a so dd chuyén doi trang thai mé rong. So dd
chuyén ddi trang thai duoc danh sé nhu trén duoc goi 1a so dd chuyén doi
trang thai ma rong

Phan b trong sé c6 thé nhan duoc tir ham truyén dat cua so d6
chuyén d6i trang thai ma rong. So dd chuyén doi trang thai ma rong cd thé xem
1a d thi duong di cua tin hiéu va ham truyén dat c6 thé nhan duoc theo qui luat
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cua Mason. Ham truyén dat c6 thé nhan duoc tir mot tap cac phuong trinh mé ta
su chuyén ddi trang thai trong so dd chuyén doi trang thai mé rong

*Vi du Vvé so o chuyén doi trang thai mg réng

Chiling ta xem xét bo ma chap (2,1) va so dd chuyén d6i trang thai
tuong tng cua nd trong hinh 1.8.

1/10
Ny N\
0/01 (XZ) /11 (X°Z) ‘®

Hinh 1.8: Sor d6 trang thai mé réng
Vi du chuyén d6i tir trang thai Si, — S,, ta c0 trong s6 Hamming dau ra
cia nhanh d6 1a 2 khi dau vao 1a 1 (twong tng véi 1/11), nén nhanh nay
duoc gan 1a X? YZ. Nhanh tir S, — S, ta c6 0/01 nén nhén caa né 1a XZ... Ta
¢ hé cac phuong trinh mé ta sy chuyén giao trang thai trong so d6 trang thai

S\ V1L(XYZ) o
00 -

Mo rong nhu sau:

S, =YZS, + X*YZS,;, (1.8)
S, = XZS, + XZS, (1.9)
Sy = XYZS, + XYZS, (1.10)
Sout = X?ZS, (1.11)
Giai Sz tur (1.10), ta co:
XYZS,
5 = 10Xy
(1.12)
Thay thé (1.12) vao (1.9), ta co:
XZS,
S =————
1-XYZ
(1.13)

Thay thé (1.13) vao (1.8), ta co:
_ (1 —-XYZ)X?YZS,
27 1 —XYZ-XYZ2

Sv. Hoang Hizu Hiép
Trang 17



GVHD Ths. Poan Hiru Churc

(1.14)
Ngoai ra, thay thé (1.13) vao (1.11), ta co:
. xS,
out T 1 —-XvZ
(1.15)

Cubi cung, thay thé (1.14) vao (1.15), chiing ta ham truyén dat cua T(X,Y,Z)
la
Sout X°v7z3
TXY.2) = = T xvz(i+ D)
(1.16)
Cudi cing, thay thé (1.2.7) vao (1.2.8), ching ta ham truyén dat cua T(X,Y,Z)
la:
T(X,Y,Z) = X°YZ3 + XOY2Z* + (X°Y2 + X"Y3)Z> + (2X7Y3 + X8y*)Z¢
+ (X7Y3 +3X8Y* + X°Y>)Z7 + (3X8Y* + 4X°5 + X10y%)z8
+ e
Cha y rang, khoang cach ty do cuc tiéu déi voi ma nay 1a 5 va s luong
cuia C4c tir ma tai khoang céach nay 1a A5 = 1. Chudi thdng tin tao ra tir ma nay
c6 trong sé6 Hamming bang 1 va chiéu dai doan khac “0” gdbm 3 nhéanh. C6
mot chudi thong tin khac co trong sb bang 2, tao ra tir ma co trong sé bang 6,
v61 4 nhanh khac “0”.
Néu chlng ta bo qua chiéu dai cia nhanh bang cach dat Z = 1, ham
truyén dat sé& tro thanh:

T(X,Y) = XY +2X6Y% + 4X7Y3 + 8X8Y® + .. (1.17)

Ngoai ra, phan bd trong sé Ai c6 thé nhan dugc bang cach dat Y = 1.
T(X)=X°>+2X°+4X7 +8X8 + - (1.18)
Tong sé caa cac chudi thong tin khac 0 trén tat ca cac tuyén co trong s6

Hamming j c6 thé nhan dugc bang céch lay dao ham mot phan cua T(X,Y,Z)
theo Y:
ST(X,Y,7)

=X>+4X0 +12X7 + -
57 + + +

Y=1,7=1
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(1.19)

1.3 MA KE ( Concatenated code)
1.3.1 Cau triic va nguyén ly

M4 ké dugc gidi thiéu vao nim 1966, véi muc dich 13 tim ra 16p ma ma
X4c suat 13i s& giam theo ham mil & toc d6 bé hon dung luong, trong khi viéc
giai ma phuc tap s& ting vé tinh chat dai s6. N6 da thuc day cac nha nghién
ctu ly thuét quan tam, cac ma ké da tao ra su chuan hoa cho nhiing tng dung
ma cac yéu té nhu do ting ich ma hoa cao, va diéu kién phuc tap 1a can thiét.
Khai niém ma ké duoc giai thich trong hinh 1.9, hai hay nhiéu bo ma héa
duogc sap xép thanh cac tang dua trén nguyén tac rat don gian: 16i ra cua bo
mi hoa dau tién ( outermost) duoc dua téi 16i vao cia bo ma hoa thu hai, va

Ci nhu vay.

——3 Mahoa »  Mahoba?2 o Mahdéan |--—-—-__. .
Dit liéu vao

) Kénh truyén
Dt liéu ra y :
1] Giaimal | Giaimad 2 | Giaimian |le---_-.

Hinh 1.9: Nguyén ly ciia ma hoa ké

Gi sir bo ma hoa 1 1a ma khdi ( ny, ko), va bo ma hod 2 1a ma khéi
(n;, k;), Tham s k; va n, phai 1a boi cua nhau. Thong thuong n0 16n hon ki,
bai vay :

ne = mk; m 1a s6 nguyén (1.3.1)

Do d6, tir ma cua bd ma hoa 1 1a mbt s nguyén lan so véi tir dir lidu
cua bo ma hod 2. Ky hiéu R?, R? 1a tbc do méa hoa cia ma 1 va ma 2, khi dé
toc d6 toan bo cua ma ké 1a

ko __ ko Mo

R, =—2>=-2—=ROR! (1.3.2)

mn; ng mn;

Nhu vay téc d6 toan bo cua ma ké bang tich tbe d6 cua hai mad cau
thanh.
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Loi ich cha yéu caa cac ma ké 1a ching bé sung céach thirc giai ma ting
giai doan 1am mit di tinh pharc tap caa viéc giai ma (mni, k0) trong tang cua
hai ma don gian (n;. k;) va n,. k,. NOi cach khac, b6 ma hoa 2 duogc giai ma
dau tién, va sau d6 1a bo ma 1. C6 mét vai cach thie thuc hién viéc giai ma
tang, cai ma phu thudc vao ban chat cua bo giai diéu ché va hoat dong caa bo
giai ma 1. Léi ra bo giai diéu ché co thé 1a ca quyét dinh cing 1an quyét dinh
mém, va bo ma hod 2, 1an luot ¢6 thé cung cap nhiing dénh gia ciing hay mém
tGi bo ma hoa 1 cua ky hiéu ma 1. Forney ( 1966) da chi ra cach tét nhat dé
hoat dong giai ma tang yéu cau d6i véi bo ma hoa 2 1a danh gia xac suat hau
nghiém cta ky hiéu ma hoa 1 duoc cho bai chudi kénh nhan. Thu tuc téi vu
nay y&u cau hoat dong mém bo giai diéu ché va bo giai ma 2.

Pon gian, chién thuat gan t6i wu ma bo giai ma 2 chi tao ra nhiing
quyét dinh ky hiéu cing, bo ma hoa 1 xem nhu 13 tuong duong kénh truyén
duoc thiét 1ap boi tang cua bdo ma hoa 2, bo diéu ché, kénh truyén, giai diéu
ché, va bo giai ma cang 2. Kénh truyén tuong dwong nay duoc dic trung boi
x4c suat 15i ky hiéu ps - phu thudc vao ty sé tin trén tap qua kénh vat ly, gian
d6 diéu ché, va dung luong stra ding 15i cua bo ma hod 2.

Déi v6i bo ma hod (ng, ke, t) RS ( Reed Solonon) st dung K- bit ky
hiéu, va gia sir xac suat 15i bit 1a p, ¢ 16i vao bo giai ma RS, khi d6 ching ta
c6 thé danh gia xac suat 15i bit

No
2K 1 & j+1[ng]
Po@) S 5= D S ||l —pome
Par=P L L

(1.3.3)

Nhu vay, qua khai niém nay ta thay no hai diém bat loi : Tha nhat 13,
16i vao cua céc bo giai ma la quyét dinh cang, ching khong thé thuc hién giai
ma quyét dinh mém. Do d6, viéc giai ma toan bo khong thé co hop 18 t6i da (
maximum likelihood). Thir hai, 16i giai ma toan bd ma hoa trong co xu huéng
tang su Xuat hién 15i, ma bo ma ngoai khdng thé khac phuc.

Pé tranh it nhat 12 hai van dé trén, ngudi ta dua ra so ¢6 mé hoa va giai
mi nhu so d6 sau
1.3.2 So do ma héa
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n

Xao tron
— | Mdhoal | > (7). ika M3 hod 2

n

<«—] Giaima 1 |.I X?O)tf‘?“ $k,, | Giaima2 |
guall

Hinh 1.10. M& ké véi bé xao tron noi tiép

u | : Ma khéi C,
k Bit _— (n[._ k) — X

u

Xao tron i
N=mk |
: Ma khéi C, |

k Bit > (02, k) — > X2

Hin 1.11 So d6 ma ké song song
O so @6 hinh 1.10- ma ké ndi tiép thi bo ma hoa 1 12 ma RS ( Reed -
Solonon) con b ma hoa 2 1a ma chap. TacCiing c6 thé ding cac bo ma khoi
dé thay thé cac bo ma hoa trén. Con & so dd hinh 1.11 - ma ké song song thi
thong thuong ca hai bo ma hoa thuong 12 bo ma khoi.
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Khi ta thay thé hai bo ma khdi nay bang hai ma chap hé théng dé quy (
Recursive System Convolutional Code - RSC) va thuat toan giai ma lap va
céu triic d6 goi 1a ma Turbo s& duoc dé cap ¢ chuong sau.

*Bg x40 trén ( ky hiéu 1a = ) hay con goi 1a bo ghép xen 1a mét tién
trinh thuc hién hoan vi trat tu sip xép caa chudi goc theo mot quan hé xéc
dinh mot - mot. Nguoc lai, bo giai xao tron thuc hién tra lai chudi thu duoc
theo dung trat tu sap xép caa chudi géc.

Bo x40 tron dong vai trd rat 16n trong viéc nang cao kha nang sua 15i
cia ma, n6 dugc su dung rong rai trong cac so dd ma kénh khi trén kénh
truyén thuong xay ra I8i cum, vi du kénh pha dinh da duong, kénh ghi tur
...K¥ thuat x&o tron duoc thuc hién ngay giira khéi ma kénh va kénh truyén
véi muc dich 1am thay doi trat tu sap xép cua chudi dau vao dé tao ra mot
chudi méi co trat ty sap xép khac di dé truyén trén kénh. Tin hiéu dau thu
nhan duogc cling vai 18i cum Xay ra trén kénh duoc bo giai xao tron sap xép lai

vé ding trat ty ban dau, qua trinh ndy da lam phan tan 15i cum ra thanh céc 16i
don hay néi cach khacla 18i xuat h ién doc 1ap, ngau nhién véi ma, nho d6 van
dé stra 181 tro nén don gian hon. Mot loi ich nita 12 nhd x4o tron 1am giam
duoc d6 twong quan cua cac chudi dau vao cac bo ma thanh phan, do d6 khi
dua qua qua trinh giai ma nhiéu trang thai s& lam ting chat luong ma ho4 1én
rat nhiéu so vai qua trinh giai ma duy nhat mét trang thai.

Ta gia str cd chudi bit goc : va vi tri c4c bit 15i 1a lién ké nhau nhu sau:

¢ = (€4,€2,€3,€4,Cs, Cg, €7, Cg,),

va chudi x4&o tron

Pt

c = {C| 0C54C3,C4,C5,C¢,Cq,Cq :JZ(CE& C4, Cy, Cg, C3, Cg, Cs, CT)

Sap xép trong bo x&o tron

C: ¢ C € C C C C Cs

¢ GC C C C C C G
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Nhu thé gia sir bit C, C,, Cs bi 161 khi d6 sau khi qua b x40 tron thi cac
bit 15i phan bé ngau nhién doc 1ap nhau (hinh vé dudi )

Bit 10i
e

C: ¢ € €3 Cy4 C5 Cyp C7 Cy

T A
Chuoi ban dau

Bit 16i

Cr C4 € € €C3 Cg C5 Co

o

T6m lai, chuong vira rdi d trinh bay vé vai trd ma kénh trong hé thdng tin
$6, gidi han Shannon va phan tich vé hai loai ma cd chat lugng cao trong hé
thdng vién thdng : ma chap va ma ké 1a co sé dé nghién ctu tiép vé ma Turbo.
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Chwong 2
CAC KHAI NIEM VE MA TURBO

Gian d6 ma ké lan dau tién dugc dé xuat boi Forney nhu 13 phuong
phap dé nang cao ma hoa bang cach két hop 2 hay nhiéu khdi don gian lién hé
véi nhau hay cac ma thanh phan (d6i khi con duoc goi 1a cac ma cau thanh).
Két qua 12 cac mi c6 kha nang sira 181 16n hon rat nhiéu so voi cac méa sua 19
khac, va chung duoc cung cap véi cau tric cho phép lién hé dé dang cho viéc
giai ma phuc tap tro nén nhe di. Mot chudi ma ké hau hét thuong duoc sir
dung cho hé théng gisi han cong suat nhu cac bd phat trén cac dau do khong
gian (deep-space probes). Pho bién nhat cua cac gian d6 nay bao gom méi
Reed-Solomon ¢ ngoai (&ng dung luc dau, di chuyén cudi) di theo sau 1a ma
chap trong ( ap dung cudi, di chuyén lac dau). Mot ma Turbo co thé duoc
xem nhu sy chon loc hoan hao cua cac cau tric ma ké thém véi thuat toan lap
cho viéc giai ma két hop voi diy ma.

Cac ma Turbo lan dau tién duoc gidi thiéu vao nam 1993 ( bai Bernou,
Glavieux, va Thitimajshima) dua ra gian do vé xac suat 1di nhu 1a ham cua
Eb/NO va sé lan lap. O day gian do da duoc md ta nhiing thanh tuu cia chlng
véi xac suat 15i bit 1a 10-5, sir dung & toc d6 ma 1/2 qua kénh nhiéu tring
(AWGN- 12 kénh c6 mat d6 pho cong suat trai déu, tirc khong doi) va diéu
ché BPSK c6 ty sb E;, /N, dB. Cac ma dugc tao nén bang cach st dung 2 hay
nhiéu ma thanh phan theo cach Iip khac nhau caa cing mot chudi théng tin.
Trong khi d6, d6i v&i cac ma chap budc cudi cling cua bo giai ma tao ra quyét
dinh cang giai ma cac bit (hay mot cach tong quat, cac ky hiéu duoc ma hod),
d6i véi gian d6 ma k&, nhu ma Turbo, hoat dong thich hop, thuat toan giai ma
c6 thé khdng gisi han ban than n6 vuot qua quyét dinh cing trong cac b giai
ma. Thong tin can ding nhat duoc biét tir mdi bo giai ma, thuat toan giai ma
c6 anh huong l1an nhau ddi voi quyét dinh mém hon 1a cac quyét dinh cang.
Péi véi hé théng ¢ hai ma thanh phan, khéi niém sau : giai ma Turbo 1a qua
cac quyét dinh cang & 16i ra cua bo giai ma nay lai 1a dau vao caa bo giai ma
khac, va qué trinh nay 1ap mot s lan cho dén khi tao ra nhitng quyét dinh

dang tin cay.
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Dé di dén tim hiéu cau tric caa ma Turbo va b giai 13p ching ta xem

xét cac khai niém toan hoc lién quan.
2.1 CAC KHAI NIEM VE MA TURBO
2.1.1. Cac ham hop lé ( LIKELIHOOD FUNTIONYS)

Nhitng thiét 1ap toan hoc vé kiém chang cac gia thuyét dya trén dinh ly
Bayes. Ddi vai ki nghé thong tin lién lac, cac tng dung c6 lién quan téi kénh
AWGN 1a diéu ddng quan tdm hon ca, tac dung 16n nhat cua dinh ly Bayes
mo ta x&c suat hau nghiém (APP- a posteriori probability) cia mot quyét dinh
trong cac s6 hang cua bién ngau nhién lién tuc x 12 :

P(x|d =i)P(d =1i)

P(d=ilx) = 00
2.1)
Va
P() = ) p(xld = DP(d =)
(2.2)

Trong d6 P(d = i|x) 1a APP,va d=i biéu dién di liéu d thudc vé 16p tin
hiéu th i tir tap hop M 16p. Hon nita, P(d = i|x) biéu dién ham mat do xac
suat (pdf) cua tin hiéu nhiéu cong dit liéu co gié tri lién tuc duoc nhan X, voi
diéu kién trén 16p tin hiéu d=i. Ciing vay, P(d = i) dugc goi la x&c suat tién
nghiém ( a priori probability), 1a xac suat xay ra & 16p tin hiéu tha i. x dién
hinh 1a sy ngau nhién quan sat hay 1a mot thong ké kiém tra duoc tao ra & 16i
ra cia bo giai diéu ché hay ¢ bo vi xir Iy khac. Do d6, p(x)la ham mat do xac
suat pdf cua tin hiéu nhan x, tao ra thong ké kiém tra trén toan bo khong gian
cua cac lop tin hiéu.

Phuong trinh (2.1), cho quan sat dic biét, p(x) 1a hé sé chia ké tir khi n6
duoc sinh ra bai lay trung binh qua tat ca cac 16p cia khdng gian. Chir thuong
p duoc sir dung dé chi rd ham pdf caa bién ngau nhién lién tuc, va chit hoa P
duoc sir dung dé chi xac suat ( tién nghiém va APP). Xac dinh APP cua tin
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hiéu nhan duoc tir phuong trinh (2.1) ¢d thé duoc xem nhu 1a két qua cua thi
nghiém. Trudc khi thi nghiém, néi chung c6 ton tai (hodc cé thé ude luong
dugc) mot xac suat tién nghiém P(d=i). Thi nghiém bao gém str dung phuong
trinh (2.1) cho tinh toan APP, P(d = i|x),c6 thé xem nhu 1a “loc lya tinh t&”
tin tic trude d6 vé dit lidu, xay ra bai qué trinh kiém tra tin hiéu nhan x.
2.1.2 Truong hop hai 16p tin hiéu

Déi véi cac phan tir logic nhi phan 1 va 0 dwgc biéu dién bing cac muc
dién thé dién tu twong ung 1a +1 va -1. Bién d duogc st dung dé biéu dién bit
dir liéu dugc phat, mdi khi xuat hién, né xem nhu 1 dién thé hoic phan tu
logic. Poi khi theo mét cach dinh dang la tién loi hon dinh dang khac ; ching
ta c6 thé nhan ra su khéac nhau trong tirng hoan canh. Bit nhi phan 0 ( hay muc
dién thé -1) 1a phan tir khdng trong phép cong. Boi vai viéc phat tin hiéu qua
kénh AWGN, Hinh (1.10) chi ra ham pdf c6 diéu kién, am chi nhu 1a ham hop
1& (likelihood funtions). Ham bén phai p(x|d = +1) chi rd ham pdf cua bién
ngau nhién x véi diéu kién d=+1 dang duoc phat. Ham bén tréi p(x|d = —1)
gial thich twong ty,la ham pdf cua bién ngiu nhién x véi diéu kieén d = —1
dang duoc phat. Hoanh d6 biéu dién toan bo mién gia tri c6 thé cua théng ké
Kiém tra x duoc tao tai b nhan. Trén hinh (1.10), véi gié tri quy dinh x,, duoc
biét, & day chi s6 chi ra khoang thoi gian quan sat thi k. Mot duong thang tir
x;, cat hai ham hop 18 sinh ra 2 gia tri hop 18 I, = p(xx|d, = +1) va I, =
p(xx|d, = —1). Vai tro cua quyét dinh ctimg duoc biét goi 1a hop 16 tbi da,
lya chon dit liéu d;, = +1 hay d,, = —1 két hop véi gia tri I6n trong hai gia
tri bi chan hay tuong tmg. Dbi vi mdi bit dir liéu o thoi diém k, diéu nay
tuong dwong viéc giai ma dj, = +1 néu x, nam & bén phai cua duong quyét
dinh dat tén la y,,nguoc lai la giaimd d;, = —1

So d6 ham hop 1é duoc biéu dién nhu sau:
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Likelihood of d = —1 Likelihood of d = +1
(x|d = -1) (x|d = +1)

Hinh 2.1: Ham hop I¢é

Nguyén tic quvét dinh trong tw. duoc goi 1a t0i da hau nghiém (
maximum a posteriori -MAP), ¢6 thé durge xem nhirla nguyén tic t6i thidu xac
suat 16i (minimum - probability - of- error rule), danh gia téi xac suat tién
nghiém cua dirliéu. Biéu thirc tong quat chonguyén tic MAP trong thuat ngit
APPs la:

Hy
P(d=+1)|x z P(d = —1|x) (2,3)
Hg

Phwong trinh (2.2) cho thay ching ta cé thé Irra chon cac gia thiét H1,
(d = +1) néu APP, P(d = —1|x) 16n hon APP, P(d = —1|x) Nguoc lai. hra
chon gia thiét H2, (d = —1). St dung dinh Iy Bayes vao phurong trinh (2.1),
APPs trong phuong trinh (2.3) c6 thé dwgc thay thé bai cac bigu thikc twong
duong, sinh ra:

Hy
P(xld=+1)P(d=+1) 2 P(d =—1)P[d=-1)  (24)
Hg

G day, pdf p(x) xuathién & ca 2 vé cuabat phwong trinh (2.1) nén da bi
khtr. Phuong trinh (2.4) dwroc biéu dién trong thuat ngir vé ty s0. tao ra goi la
kiém tra tv so hop 1é ( loglikelihood ratio test ) nhur sau:

plld =+1) % P(d = —1)
p(xld =-1) > P(d =+1)
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Hay

p(x|d = +1)P(d = +1) "
p(xld=-1DP(d=-1) 7

(2.5)
2.1.3. Ty s6 log- hgp 1é ( LOG-LIKELIHOOD RATIO)

Bing cach dua ra thuat todn vé ty sé hop 18 duoc phat trién trong phuong
trinh (2.3) dén phuong trinh (2.5), chling ta tao ra dugc metric c6 ich goi 1a ty s6
log-hop 18 ( Log-Likelihood Ratio — LLR). N6 la s6 thuc biéu dién 15i ra quyét
dinh cing caa b tach sdng (detector), dugc dinh nghia :

P(d = +1|x) p(x|d = +1)P(d = +1|x)
P(d = +1[x) g[p(xld = —1)P(d = +1x)

L{d|x) = log[

(2.6)
Do vay

Ldlx) = log |20 = +1>] +log [P(d = +1%)

p(x|d = —1) P(d = +1|x)

(2.7)

Hay :

L(d|x) = L(x|d) + L(d) (2.8)

O day L(x | d) 13 LLR cua thong ké kiém tra x tao ra boi phép do cua 16i ra
kénh x dudi diéu kién lan luot 1a d = +1 hay d = —1 ¢6 thé da duoc phéat, va
L(d) 12 LLR tién nghiém cua bit dit liéu d. Pon gian ky hiéu, Phuong trinh (2.8)
duoc viét ;

L'(d)=L.(x) + Lyg (2.9)

O day, ky hiéu L.(x) nhan manh rang toan hang LLR nay la két qua cua
phép do kénh truyén tao & bo nhan. Phuong trinh (2.1) ti (2.9) duoc phét trién
v6i chi mot bo tach song dir liéu trong tu duy ctia ching ta. Tiép theo, su gidi
thiéu vé bo giai ma s& sinh ra nhiing loi ich théng thuong cua viéc tao quyét
dinh. Cho ma hé théng, 16i ra LLR(16i ra mém) cua bo giai ma bang :
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L(d)=1(d) + L.(d) (2.10)

O day, L'(d) 14 LLR cua bit dix li¢u & 15i ra ctia bo gidi dicu ché (16i vao
ctia bo giai md ), va L,(d) duoc goi la LLR ngoai lai, bicu dién thong tin bo
sung dugc vay muon tir qué trinh giai ma. Chudi 16i ra caa bo giai ma hé théng
duoc cau thanh cac gia tri biéu dién cac bit dit liéu va cac bit chan I, Tir phuong
trinh (3.9) va (3.10) 16i ra LLR cua b gial ma bay gio dugc viét nhu sau :

L(d) =L.(x) +L(d) + L.(d) (2.11)

Phuong trinh (2.11) cho thay 16i ra LLR cua bd giai ma hé thong co thé
duoc biéu dién nhu 13 ¢6 ba phan tir LLR - mot phép do kénh truyén, mé théng
tin tién nghiém vé dir liéu,va LLR ngoai lai xuat phat duy nhat tir bo giai ma.
Cudi cling tao ra L(d) méi LLRs riéng cd the dugc cong thém vao phuong trinh
(3.11), vi 3 56 hang deu la théng ké doc 1ap. Loi ra b gial ma mém nay L(d) la
mot s6 thyuc cung cap mot quyét dinh ciing - Gid tri duong ctia L(d) quyét dinh
rang d=+1, va gié tri am quyét dinh d = +1. Do lon cia L(d) thé thién d¢ tin
cay cua quyét dinh d6. Thong thuong gid tri cia L,(d) ddi véi viéc giai ma co
cuing ky hiéu nhu 1a L. (x) + L(d) va do d6 hoat ddng nham cai thién d¢ tin cay
cia L(d).

3.1.4 Nguyén ly cua giai ma lap

Trong bo nhan thong tin thong thuong, bo giai diéu ché thuong duoc thiét
ké dé tao ra nhitng quyét dinh mém va réi dugc truyén toi bo giai ma. Viéc cai
thién chat luong (hiéu suat) —1di ( error- performance ) sir dung hé thong nhur
quyét dinh mém so sanh véi quyét dinh cimg duoc danh gia gan 2dB trong
AWGN. Nhu b6 giai ma c6 thé duoc goi 12 Bo giai ma 16i vao — mém / 16i ra-
mém (soft- input / soft — output), béi vi qua trinh giai ma cudi cing & 16i ra cua
bo giai ma phai két thic trong céc bit ( Cac quyét dinh cting). Voi ma Turbo, &
day, sir dung 2 hay nhiéu ma thanh phan, va viéc giai ma bao ham tir mot bo giai
ma 14 16i vao cho bd cing s& khong dugc thich hop. D6 1 nguyén nhan cic
quyét dinh cang trong bo giai ma 1am giam bét chat lwgng hé thong ( so sanh
Vvéi cac quyét dinh mém). Do d6 nhitng gi can thiét cho viéc giai ma caa céac
ma Turbo 1a bo giai ma 16i vao - mém / 16i ra- mém. Viéc giai ma lap dau tién
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cua bo giai ma 16i vao -mém / 16i ra- mém duoc giai thich trong hinh (2.2),
Tong quét ta gia st rang dir liéu nhi phan c6 kha ning 1a nhu nhau, tao ra gia
tri LLR tién nghiém ban dau L(d) = 0 tng véi sé hang thi ba trong phuong
trinh (2.7). Gia trj LLR kénh truyén L, (x) duoc do boi viéc lap logarit cua ty
sb gia tri 1, va I, cho quan sat riéng biét x ( Hinh 2.1), xuét hién & s6 hang tht
hai ctia phuong trinh (2.7). Léi ra L(d) ctia by giai ma trong hinh 2.2 duoc
tao thanh LLR tir b tach song L'(d) va 16i ra LLR ngoai lai L (x), biéu dién
thong tin vay muon tur qua trinh giai ma. Nhu giai thich trong hinh 2.2, viéc
giai ma lap, hop 18 ngoai lai, dugc phan héi toi 16i vao (cia bo giai ma thanh
phan khac) dé tao ra su loc lua tinh té xac suat tién nghiém cua dix liéu cho bd
lap tiép theo.
Ta s& minh hoa bd SISO cho ma hé théng :

Phan hdi cho viéc lap tiép theo

L(d) giatri
tién nghiém

L.(d) giatri

B tach séng gia tri .
ngoai lai ra

LLR tién nghi¢m ?6 giai ma
L’(&) = L.(x) Lol vao —mém

L6i ra—mém
GiatriLLRra
L(d) =L'(d) + L.(d)
L.(x) giatri L'(d)giatrira
Vao kénh tién nghiém

Hinh 2.2 B$ gidi ma 16i vao — mém / 13i ra — mém

( cho m& hé thong)
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2.2 PAI SO LOG - HOP LE ( LOG - LIKELIHOOD ALGEBRA)

Dé giai thich sy phan hoi lap tét nhat caa 16i ra bo giai ma mém, ching
ta s& dung khai niém Dai s6 Log- hop 1&. B6i vai dix lidu doc lap théng ke d,
téng cua hai ty sb log - hop 1é (LLRs) dugc dinh nghia nhu sau :

1+ eL(d1) eL(dz)

L(d,) HL(d;) = L(d,® d,) = log,

(2.12)
~ (=1) x sgn[L(dy)] x sgn[L(d,)] x min(|L(d4)], |L(d;)])
(2.13)
Ta s& chitng minh cdng thirc (2.12). That vy, xuat phat tir dinh nghia
vé L(d,) ching ta co:
P(d =+1) P(d=+1)
Pd=-1)|" %¢1—pPd=+1)

L(d) = log, [

Do do:

i _ |_Pd=+D
T |1=-P(d=+1)

el@ — el@p(d = +1) = P(d = +1)
el =p(d = +1)(1 + !@)

eL(d)

P(d=+1)=m

Mat khac :
P(d = —1) = 1—P(d = +1) =m
O day d,va d,, 1a cac bit dix liéu doc 1ap théng ké biéu dién cac thé +1 va -
1 twong ung voi mac 16gic 1 va 0. Theo cach nay, thi d; @ d, sinh ra -1 khi d,
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va d, c6 cac gia tri nhu nhau (cung 1a +1 hay -1) va sinh ra +1 khi d, va d, co
gia tri khac nhau
Do do:
P(d,®d, =1)
eP(d1 @d, =-1)
Ogep(dl =+Dp(d, =—-1) + P(d; = —-Dp(d, = +1)
P(d; = +1)p(d, = +1) + P(d; = —1)p(d; = —1)
el(d1) 4 oL(dz)

(1 + eL(dl)eL(dz))

=1

=log

Ta s& tim hiéu y nghia cac ky hiéu trong cong thic : & day logarit tu nhién
duoc sir dung, va ham sgn(.) biéu dién “ham dau”. C6 3 phép cong trong phuong
trinh (2.12). Dau + duoc sir dung cho phép cong thong thudong. Dau @ duoc st
dung dé chi tong modul-2 cua dit liéu duoc biéu dién dudi dang cac s6 nhi phan.
Dau [ chi phép cong log-hop 18, tuong dwong véi phép toan dugc mé ta trong
phuong trinh (2.12). Tong cua hai LLRs ky hiéu boi toan hang H dugc dinh
nghia 14 LLR cua tong modul-2 ciia cac bit dir lieu doc lap théng ké co so.
Phuong trinh (2.13) liy gan dung véi phuong trinh (2.12) va s& rat c6 loi trong vi
du vé sb ma ta s& xét sau nay.

Téng cua LLRs, nhu dugc mé ta & phuong trinh (2.12) hay (2.13) sinh ra
mét sb két qua dang quan tim sau khi ma LLRs 1a rat 16n hay rat nho:

1. L(d) H o =—-L(d)

Va
L(d)E0=0

2.Gial ma hang ngang va su dung phuong trinh (2.11), tao ra LLR ngoai

lai ngang
Len(d) = L(d) — Lc(x) — L(d)

3.Dit L(d) = Ly, (d) cho viéc gidi ma doc & buéc 4

4. Giai md doc, va sur dung phuong trinh (2.11), chdng ta tao ra LLR
ngoai lai doc

Loy(d) = L(d) — Lo(x) — L(d)
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5. Dat L(d) = L,,(d) cho viéc giai md doc & budc 2. Roi lap budc 2 t6i
budc 5

6. Sau khi lap du ( Lap tir bude 2 t6i 5) dé tao ra quyét dinh dang tin cay,
chuyén toi budge 7.

7. Léiramémla:

L(d) = Le(x) + Lop(d) + Len(d)

Phan tiép theo, ta s& lay vi du d&& minh hoa tng dung cua thuat giai déi véi
ma nhan don gian.
2.2.1. Ma chan Ié - don hai chiéu(Two-Dimensional Single — Parity Code)

Tai bo ma hod, cac bit dix liéu va bit chic 1é déu c6 méi lién hé giira bit dit
lieu va chan 1é trong hang hay cot riéng biét dugc dién ta dudi dang cac s6 nhi
phan (1,0)

d; Hd; = pjj (2.15)
Va
d; =d; Hp;j ije{(1,2), (B4), (13), (24}
(2.16)
Dau @ 1a phép cong modul-2. Cac bit phat duoc biéu dién dudi cac chudi
dy, dy, ds, dg, P12, D) P13, P24

O 16i vao b nhan, cac bit nhiéu — sai dugc bicu dién bai chudi {x;}, {x;;},
& day x; = d; +n cho mdi bit dit liéu nhan, x;; = p;; + n cho mai bit chan I¢,
va n bieu dién phan phdi nhiu, nd Ia théng ké doc 1ap véi ca d; va p;;. Cac chi
s6 i va j biéu dién vi tri trong mang 16i ra b ma hod. Tuy nhién, s& tién loi hon
khi ching ta biéu dién chudi nhan dudi dang {x,,} & day k Ia chi s6 thoi gian. Ca
hai quy udc sé duoc str dung. Ching ta st dung i va j khi trong tm vao mai lién
hé vé vi tri trong ma nhan, va sir dung k khi trong tdm trén khia canh chung vé
tin hiéu lién quan thoi gian ( Time — related signal ). Str dung mdi quan hé dugc
suy ra tir phuong trinh 2.7 dén 2.9, va gia sir ciing kiéu nhiéu AWGN, LLR cho
phép do kénh truyén cua tin
hiéu x;, nhan dugc & thoi diém k, duoc viét 14 :
p(xldy = +1)]
p(xxldx = —1)

L.(x;) = log, [ (2.17a)
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Nhu vay, ching ta di tim hiéu co s¢ 1y thuyét vé ty s6 log-hop 1¢ (
LLR),mot khéi niém 1a nén tang dé xay dung nén so d6 cau tric giai maTurbo.
Bay gid dé thay rd tac dung cua thuat todn trén, ching ta xét trén vi du vé ma
nhan (tre ma duoc xay dung trén co sé khong gian hai chiéu)

2.2.2 Mia nhan (PRODUCT CODE)

Xem xét ma hai chiéu ( ma nhan) dugc md ta trén hinh 2.4. Cau trdc c6
thé dugc mo ta nhu 1d mot mang di liéu tao boi k4, hang va k., cot. k, hang chta
cac tir ma tao bdi k, bit dit liéu va (n, — k,) bit chan Ié. Do vay, mdi k, hang
biéu dién mot tir ma tir ma (n, — k,) Tuong tu, k, cot chira cac tir ma tao boi
k, bit dit liéu va (n, — k,) bit chan I¢. Do vay, mdi k, cot biéu dién mot tir ma
tir ma (ny, kq). Ty 1& khac nhau cta cau trac dugc dat tén d cho dit liéu, py, cho
chén 1é ngang ( huéng theo cac hang ), va p,, cho chén I¢ cot ( husng theo céc
cot). Két qua 1a, khdi (k; x k) bit dit liéu dugc ma hod véi hai ma -ma ngang (
horizontal code) va ma doc ( vetical code ).

Ngoai ra, trong hinh 2.4 c6 céc khdi duoc dat tén 1a L,, va L,, chira cac
gia tri LLR ngoai lai duoc biét tir cac budc gai ma ngang va doc, tuong tng. Cac
méa stra 18i n6i chung cung cap mot vai cai thién vé chat lugng. Ching ta s& xem
xét rang, LLRs ngoai lai miéu ta phép do cta viéc cai thién d6. Cha y rang, ma
nhan nay 1a mét vi du don gian cho ma ké&. Cau tric ciia n6 chira dung 2 budc
ma hod riéng biét — ngang va doc. Chlng ta xem lai quyét dinh giai ma cudi
ciing cho méi bit va diém mau chét dang tin cdy cua n6 trén gia tri cia L(d),
nhu da chi ¢ phuong trinh 2.11. Véi phuong trinh nay, thuat toan sinh ra LLRs
ngoai lai ( ngang va doc) va L(d) cudi cing ¢ thé duoc mo ta. Déi véi ma
nhan, qué trinh cua thuat toan giai mé lap nhu sau :

Pit LLR tién nghiém L(d) = 0 ( Trur phi xac suét tién nghiém cuaa cac bit
dit liéu khdng c6 kha ning bang nhau)
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k, cot n, — k, cot
k, hang
d Py Lep
ny — kq hang Py Ngoai lai ngang
Ngoai lai doc

Hinh 2.4 Tich nhan hai chiéu

d1:1 d2=0 p12:1
d3:0 d4=1 p34:1

P13 =1 pya =1

Hinh 2.5a Céc chi s6 phan
16i ra bo ma hoa

LC(Xl) == 15 LC(XZ) == 01 Lc(xlz) - 25

LC(X3) - 02 LC(X4_) == 03 Lc(x34_) - 20

Lc(x13) = 6.0 | L.(x24)

Hinh 2.5.b Ty s6 log-hop 1€ 16i vao b giai ma
Hinh 2.5 Vi du tich nhan
1 1 /x, — 1\1?
—=exp|-5 (%)

2
= [-2 (5

L.(x) = log,

(2.17b)

Sv. Hoang Hizu Hiép
Trang 35



GVHD Ths. Poan Hiru Churc

1/x, — 1\ 1/x,+1\> 2
=30 3 e
2 o o2

(2.17¢c)
Thoéng thudng thi nhiéu ¢ varian o2 = 1, do d6 ta c6
Loy = 2xy (2.18)

Ta xét chudi dit liéu dy, d,, ds, d, 13 céc chit s6 nhi phan 100 1.

Bang céch sir dung Phuong trinh (2.15), va chudi chan 1é lan luot
la P12, P34, P13, P24 NhAN cac gidtrinhiphanlal 11 1.

Do d6, chudi phat la :
{dypj}=10011111 (2.19)

Khi céc bit dit liéu dugc dién dat dudi gia tri 1a thé ludng cuc +1 va -1
tuong Gng véi cac mirc logic 1 va 0, chudi phat s& 1a

{dippij}=+1-1-14+1+1+4+1+1+1

Gia str rang nhiéu phat thay doi chudi dit liéu chan I¢ thanh chudi nhan

duoc la:
{x;,x;;} = 0.75,0.05,0.10,0.15,1.25,1.0,3.0,0.05
(2.20)

O day céc phan tir cua {x;},{ x;;} twong ung vi tri bit di liéu va chan l¢
{d;}{p;;} duoc phat. Do do, trong thuat ngit ky hiéu vi tri, chudi nhan cé thé
dugc ky hiéu nhu sau :

{Lc(x;), Le(x;)} = 1.5,0.1,0.20,0.2,2.5,2.0,6.0,1.0

Céc gié tri nay duoc chi rd trong hinh 3.5b 1a cac phép do 16i vao bo giai
ma N6 cho thay, s& bang xéac suat tién nghiém ddi voi dir liéu phat, néu quyét
dinh cing duoc dua trén co s& cac gia tri {x, },hay {L.(x;)} & trén, qua trinh sé
cho két qua vai 16i, tir khi d; va d, s& duoc sip xép khong ding nhu 1a bit 1.

Nhu thé ta di chi ra dugc gi tri phép do kénh truyén Lc(x), nhiéu,.. va
viéc quan trong cudi cung la ta phai tinh gia tri LLR ngoai lai ( ngang va doc).
2.2.3. Hop lé ngoai lai (Extrinsic Likelihood)

Déi véi vi du ma nhan trong hinh 2.5, chling ta sir dung Phuong trinh
(2.11) dé md ta 16i ra mém ddi vai tin hiéu nhan twong Gng vai dix lidu d;

L((’i:) = Lc(x1) + L(dy) + ([Lc(x2) + L(dy) B L (x12)])
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(2.22)

O day sb hang : [L.(x;) + Lg(x;) B L. (x;2)] biéu dién LLR ngoai lai
duoc phan phdi bei ma ( twong wng viéce thu dit liéu d, va x&c suét tién nghiém
cua no, két hop véi viéc thu ma chan 1é twong tng py,). Tong quéat 16i ra mém
L(d;) dbi véi tin hiéu nhan duge twong tmg dit ligu d; 1a :

L(d,) = L () + L(d) + ([Lc (%) + L(d;) B Le(i)])
(2.23)
O day L.(x), Le(x;), Lc(x;;) 1a cac phép do LLR kénh truyén cia viéc
thu twong tng d (x;), d(x;), p(x;;)

L(d;), L(d); 1a LLRs ciia xac suat tien nghiém cua d; va d; tuong tng.
Va: [L.(x;) + Ly(x,) B L.(x1,)] 12 phan phdi ngoai lai tir cac ma. Gia st cac
tin hiéu c6 kha ning nhu nhau, 16i ra mém L(d;) duoc md ta béi bo tach song
phép do LLR cua L.(x;) = 1.5 cho viéc thu twong (ng dix liéu d,, gia tri duong
LLR ngoai lai [L.(x,) = 0.1] H L.(x;,) = 2.5 vay muon tur dir liéu d, va
chan I¢é p;, bai vay cung cap thong tin vé dit liéu d; nhu trong phuong trinh
(2.15) va (2.16). Bay gio ta sé tinh toan cac gia tri LLR ngoai lai
2.2.4 Tinh toan hop 1¢é ngoai lai
Van xét vi dy trong hinh 3.5, ta s tinh toan L, (d) va L,,(d) :

Leh(dAl) = [Lo(xz) + L(d3)] EH Lc(x12) (2.24q)
Lev(a;) = [Lc(x3) + L(d3)] EH Lc(x13) (2.24b)
Leh(a;) = [Lc(xq) + L(dy)] H L (x12) (2.25a)
Lev(dz) = [Lc(xa) + L(dg)] B L (x54) (2.25b)
Len(ds) = [Lc(xa) + L(ds)] B Lc(x34) (2.26a)
Lev(a;) = [Lo(x1) + L(d;)] H L (x34) (2.26b)
Leh(a;) = [Lo(x3) + L(d3)] H Lc(x34) (2.279)
Lev(?il) = [Lo(xz) + L(d3)] H Lc(x24) (2.279)

Céc gia tri LLR chi trong hinh 2.5 dugc dua vao biu thic L., (d) trong
cac phuong trinh (2.24) t6i (2.27), va, gia st la cac tin hiéu cd kha nang nhu
nhau, C4c gid tri L(d) ban dau duoc dit bing 0, do d6 tao ra :
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Len(dy) = (0.1 4+ 0) H 2.5 = —0.1 = L(d,) méi (2.28)
Len(dy) = (1.5+0) @ 2.5 ~ —1.5 = L(d,) méi (2.29)
Len(ds) = (0.3 +0) E 2.0 ~ —0.3 = L(d3) méi (2.30)
Len(dy) = (0.2 +0) @ 2.0 ~ —0.2 = L(d,) méi (2.31)

O day phép cong log-hop 1¢ da duoc tinh todn mot cach gan dung, tic ta
ldy xap xi trong phuong trinh (2.13). Tiép theo, chlng ta tién hanh tao ra tinh
toan hang doc dau tién, st dung bicu thic L., (d) trong Phuong trinh (2.24) t6i
(2.27). Bay gio, cac gia tri caa L(d) co thé duoc tinh toan nhanh chéng bang
cach str dung nhitng gia tri méi L(d) vay muon tir viéc tinh toan ngang dau tién,
chi trong phuong trinh (2.28) t6i (2.31). Do la :

Ley(dy) =[0.2 = 0.3] @ 6.0 = 0.1 = L(dy) méi (2.24b)
Ley(d;) =103 —0.2] H 1.0 = —0.1 = L(d,) moéi (2.24b)
Ley(ds) = [1.5—0.1] EH 6.0  —1.4 = L(d3) méi (2.24b)
Ley(dy) =[0.1— 1.5] EH 1.0 = 1.0 = L(d,) méi (2.24b)

Nhu vay, két qua cia phép lap dau tién trong hai budc giai ma ( ngang va

doc) nhu sau :

1.5 0.1 -0.1 -1.5
0.2 0.3 -0.3 -0.2
0.1 -0.1 Leh(a) sau giai ma ngang dau tién
-14 1.0 L., (d) sau giai ma doc dau tién

M®i budc giai ma cai thién LLRs ban dau cai ma chi dua trén cac phép do kénh
truyén. Piéu nay duoc thay qua béi viéc tinh toan LLR 16i ra cia bo giai mé, st
dung phuong trinh (2.14). LLR ban dau duong, LLRs ngoai 1¢ dwong tao ra
duoc su cai thién (& day ta khong dé cap téi thuat ngit vé ngoai lai doc) :
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LLR duoc cai thi¢n déi voi L,,(d)

1.4 -1.4

-0.1 0.1

LLR ban dau duong ddi véi ca hai LLR ngoai Ié ngang va doc tao ra duoc
su cai thién nhu sau :
LLR duoc cai thién dbi V6i Lep(d) + Ley(d)

1.5 -1.5

-1.5 1.1

Déi véi vi du ndy, co thé thay rang, thong tin vay muon tir viéc giai ma
ngang don 1¢ 1a du dé tao ra quyét dinh ctimg ding dan & 16i ra cua bo giai ma,
nhung ddi véi céc bit dit liéu d; va d,, thi do tin cay Ia rat thap. Sau khi két hop
LLR ngoai lai doc trong bo gial ma, gia tri LLR méi dua ra muc d6 cao hon vé
d6 tin cay. Ching ta s& tiép tuc thuc hién thém phép l13p giai ma ngang va doc dé
xéac dinh xem c6 sy thay d6i nao dang ké & két qua thu duoc.

Chung ta lai sir dung mai lién hé chi trong phuong trinh (2.24) ti (2.27)
va thyc hién véi viéc tinh toan 1an hai d6i Vi L, (d), st dung L(d) méi tir
nhitng tinh toan hang doc, chi 6 phuong trinh (2.32) t6i (2.25), Do vay :

Lon(dy) = (0.1 —0.1) @ 2.5 = 0 = L(d,) méi (2.36)
Lon(dy) = (1.5+0.1) H 2.5 ~ —1.6 = L(d,) méi (2.37)
Len(ds) = (0.3 + 1.0) EH 2.0 ~ —1.3 = L(d3) méi (2.38)
Len(dy) = (0.2 — 1.4) B 2.0 = 1.2 = L(d,) méi (2.39)

Tiép theo, chling ta thuc hién tinh ton déi véi Lev(d ), sir dung L(d) méi
tir nhiing tinh todn ngang tha hai, chi trong Phuong trinh (2.36) t6i (2.39) ta co :

Ley(dy) =[0.2 - 1.3] H 6.0 ~ 1.1 = L(d,) m6i (2.40)
Ley(d;) =03+ 1.2] H 1.0 = —0.1 = L(d,) méi (2.41)
Ley(d3) =[1.5+ 0] @ 6.0  —1.5 = L(d3) méi (2.42)
Loy(ds) =[0.1— 1.6] H 1.0 = 1.0 = L(d,) méi (2.43)
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Nhu vay, viéc 13p 1an hai giai ma ngang va doc, tao ra gié tri trude do, két
qua trong LLR 16i ra mém duoc tinh lai tir Phuong trinh (3.14), dugc viét dudi
dang :

L(d) = Lc(x) + Lop(d) + Ley(d) (2.44)

LLR ngoai lai ngang va doc ciia phuong trinh (2.36) dén (2.43) va két qua
LLR bo giai ma duoc thdy rd. Trong vi du ndy, lap ngang va doc lan hai dua ra
su cai thién dang ké so voi 1ap lan mot. Két qua chi ra sy can bang cua gia tri
dang tin cay trong s bon quyét dinh dit liéu.

Céc phép do L, (x) ban dau

1.1 -1.0 0 -1.6

-1.5 1.0 -1.3 1.2

L., (d) sau giai ma doc lan 2

2.6 -2.5

-2.6 2.5

L.,(d) sau giai ma ngang lan 2

Loi ramém L(d) + Lex(d) + Ley(d), sau tat ca 4 1an 13p 6 gid tri nhu sau :

1.5 0.1

0.2 0.3

Nhu thé, ta ¢6 thé nhan xét thay rang ta c6 thé quyét dinh dung dan vé 4
bit dir liéu va dic biét mac @6 tin cay cua quyét dih 1a rat cao. Vi du minh hoa
tiéu biéu dyoc nguyén 1y giai ma Turbo.
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Chuong 3

CAU TRUC MA TURBO VA BO GIAI LAP

THUAT TOAN GIAI MA TURBO

3.1 GIOI THIEU

M4& Turbo duoc gigi thiéu dau tién vao nam 1993, bao gdm hai ma chap
hé thong dé qui ( Recursive Systematic Convolution Code - RSCC) két ndi song
song két hop bo xao tron va thuat toan giai ma lap.Cac thuat toan giai ma Turbo
thudng c6 dac tinh giong nhau duoc két hop giita thuat toan giai ma lapva cac
kiéu giai ma thanh phan vai 16i vao mém, 16i ra mém ( Soft Input/ Soft Output-
SISO). C6 hai kiéu giai ma thanh phan phé bién cho ma Turbo 12 giai ma udc
luong theo chudi ( Sequence Estimation) nhu SOVA ( Soft Out Viterbi
Algorithm) va thuat toan udc lugng theo ky hiéu (Symbol by Symbol) nhu
MAP( Maximum a posteriori), cing nhiing cai tién ctia ching.

Thuat todn giai ma VA va MAP co ban Ia khéc nhau vé chi tiéu téi uu.
Thuat toan giai ma VA 1a thuat toan tim kiém chudi trang thai ¢ kha nang 16n
nhat § vai chudi tin hiéu thu y.

S=arg {mSaXP[sly]}

Thuat toan giai ma MAP khéc véi thuat toan VA 1a xac dinh ting trang

thai 5, cu thé cd kha nang 16n nhat véi chudi tin hiéu thu y
s =aryg {msaxP[sily]}

Piém khéc nhau vé ban chat giita ching la trang thai dugc udc lugng boi
thuat toan VA phai c6 dang tuyén dugc két néi qua ludi, trong khi d6 cac trang
thai duoc udc lwong boi thuat toan MAP thi khong can phai két ndi thanh tuyén.

Khi ung dung vao cac hé thdng truyén dan sb, thuat toan VA cho phép
cuc tiéu xac suat 16i khung FER. Trong khi d6 thuat toan MAP cho phép cuc tiéu
x4c suat 16i bit BER. Do cau tric ma Turbo gom hai bo ma chap thanh phan két
ndi song song , Vi vay qua trinh giai ma c6 thé dugc xem nhu gdbm hai qué trinh
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uéce luong chudi Mardkov( xem phu luc) ( Mdi qua trinh twong tng Vi mot bo
ma thanh phan). Do ca hai qu4 trinh nay dugc thyc hién vai cing mot chudi di
liéu nén viéc wée lugng cb thé chia sé thdng tin véi nhau dudi dang lip. Nhu
vay, dau ra cua bo giai ma nay cd thé sir dung lam théng tin biét truéc cho b
giai ma kia. Néu dau ra caa mdi bo giai ma c6 dang quyét dinh cing ( ¢6 st
dung bo luong tir ) thi hiéu qua cua viéc chia sé thdng tin sé khéng cao. Tuy
nhién, néu dau ra 1a udc luong mém thi c6 thé cai thién dugcechat lwong mot
cach dang ké.

Ta c6 thé mo ta so qua vé thuat toan MAP véi qué trinh giai ma SISO :
Ta can xac dinh :

s =arg {msaxP[Sily]}
Theo cong thiic X4c suat thanh phan :
P(sily) = P(ylsp)P(s;) _ flsf(s)
P(y) P(y)

O day P(s;|y) 1a x&c suat hau nghiém f(y|s;) 1a ham pdf, f(s;) la xac suat
tién nghiém, thong thuong ta gia st rang ban dau & 16i vao thi

f(s; = M = hing s6 )= L(d) = 0
Do d6 xac dinh s; twong duong véi xac dinh :

ax {f(ﬂ&')f(%)} o max{f(y|s;))

P(y)

Thay gia tri cia y vao ham f(y|s;) ta tinh duoc max{f(y|s;)} tr do
=s; = f(s;)

Va thay rang ldc nay £(s;) # M khi d6 f(s;) s& duoc dua t6i 16i vao cua bo giai
ma SISO khac va né dong vai tro la thong tin ngoai lai.

M3 Turbo cd chat lugng kiém soat 15i trong khoang vai phan muoi dB
tinh tir gioi han Shannon. Su tang 1én mot cach dot ngot vé chat luong duoc dua
trén kham phé va bo sung céc két qua ciia Golay ma 6ng ta di dua ra lan dau tién
tir nam 1950. Ngay sau d6, chat luong da duoc tang 1én khoang 2dB nho vao két
qua viéc diéu khién trong ma Turbo. Thanh tyu to Ién d6 dugc khuyén nghi tng
dung vao hé théng théng tin vo tuyén dién khi ma doi hoi vé& do rong bang tan
ngdy cang ting do nhu cau dich vu truyén sé liéu
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Bomi 1 »| Kénh I_’ Bo giai ma 1
két Lap
y hop A
Bo ma 2 > » BO giai ma 2 >

Nhu vay, Ma Turbo cd hai phan quan trong. P6 13, mi xoan két ndi song song va
giai ma lap.
3.2 CAU TRUC BO MA HOA VA GIAI MA LAP

M3& Turbo c6 cau tric gom it nhat hai ma RSC duoc két ndi song song két
hop vai bo xé&o tron va thuat toan giai ma SISO:

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

»| BO ma chap

hé thong =
i lié 5 mi D = o
Dt liéu P Bomal LRSCL_J! 2% | Chudima
o |y =y R=1/3;
A : B6 mi Chflp 3 -EJZ' (..SP,P,SP P:§.)
: ' ' R=1/2;

W SPSPSPSPs )

(RSC 2)

Hinh 3.1 So @6 mé hoéa ma Turbo
Nhu vay, chudi dit liéu hé théng dau vao S dugc dua truc tiép téi bo ma
chap RSC1 tao ra cac bit kiém tra C;, C, va dua qua bd x4o tron téi RSC2 tao ra

C,. Céc bit hé théng va kiém tra C;, C, duoc dua tdi bd luoc bo va ghép kénh dé
loai bo bét cac bit kiém tra dé tang toc d6 ma hda. Néu ta loai bo xen k& C; va
C,, C, ta dugc tbc d6 ma tdng cong 1a 1/2, con khdng loai bo thi toe do tong
cong 1a 1/3. Tin hiéu dau ra bo ma hoa duoc diéu ché va truyén qua kénh nhu
hinh 3.1 Hinh 3.2 1a vi du vé so dd ma RSC, trong do chudi dau vao duge dua
ngay t6i dau ra goi 1a chudi bit hé théng. So d6 trang thai va so db ludi cua vi du
trong hinh 3.2 duoc biéu dién trong hinh 3.3:
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Hoi tiép Hé thong
Péu vao ,u O
A +l R % "

Kiém tra.c_

|

-
Hinh 3.2 Ma RSC

[unacn]

00
N ‘\
> (>
A V4
(a) 0/0 n- 101 n (b)

Hinh 3.3 So dé trang théi(a) va so @6 luéi cua ma chdap (b)

Tai bo gai ma, bo tach kénh sé& tach ra cac bit hé théng va kiém tra tuong
g véi cac bo giai ma SISO.Bo SISO 1a thiét bi giai ma véi 16i vao mém, 16i ra
mém, trong d6 dau vao 1a do tin cay kénh (L.(x)), thong tin tién nghiém L(d).
Dau ra gom théng tin hau nghiém L(d ), théng tin hé théng du (Le (ci)) con goi
la théng tinh ngoai lai ( extrinsic information ). Van dé nay chung ta da xét &
chuong 2.

Do dau phat st dung bo x40 tron, nén trong bo giai ma c6 cac bo x4&o tron
gidng hét ¢ dau phat va cac bo giai x&o tron tuong Gng. Bo giai ma dung thuat
giai ma lap nén thong tin du duoc st dung 1am thdng tin tién nghiém cho bo giai
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ma SISO ( RSC1) khéc. Pé nang cao chét luong giai ma nguoi ta ting s lan lap
n, s6 1an 1ap c6 thé duge quy dinh trude hoic ty dong dung theo nhiéu bién phép

danh gia.

Do vay b giai ma 13p c6 ciu tric nhu sau

A 4

RSC1

A 4

A 4

RSC2

A 4

Kénh
sp [N

Chudi bit hé théng
thu duoc by,

A 4

Bo giai xao tron

A

P/S

" Bs giai Dau ra ngoai
— > « —> tur bo giai ma
Chudi bit kiém tra » mal — ' g
L tho 1
cua ma tha 1 thu
duoc ¢35 + Dau ra ngoai
T 1k Bo x40 tron .
tu bo giai
ma 2
—_~ \ 4 —> A e
Tr N Bo gial >
B0 xao tron [ N >+
ma 2 > |
Cor Bo giai xao tron

Hinh 3.4 So do gidi ma lap

Nhu vay, chudi ma tai dau ra caa bo ghép kénh s& dugc dua téi bo phan
kénh thong qua kénh truyén. Do do, tai 16i ra cua bo phan kénh chta bit hé
thdng, hai chudi bit kiém tra ( bit dugc ma hda) va cac chudi bit nay sé& bi 15i do
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anh huong cua kénh truyén. Gia su chudi bit hé théng dau vao 1a by, hai chudi
bit ma hoa la Cy;, va Cy

Chudi bit hé thdng va kiém tra thu dugc qua kénh truyén tuong tng 1a
by, Ciier Cax
Theo hinh 3.4 thi dau tién cho chudi bit hé thdng by, va C;, qua bo giai ma 1 khi
d6 ta thu dugc chudi bit,gia st by,. Ca hai chudi by, b), cho qua b x40 tron va
sau d6 két hop voi chudi C,,, dua téi 16i vao caa bd giai ma 2,nhu thé 16i ra cua
bo giai mé s& 1a chudi b; Dé thu dwgc chudi thong tin hé théng ban dau can phai
cho chudi b}’ qua b giai xao tron.

Thuc ra trong so d6 trén thi cac bo giai ma chinh 1a bo giai ma SISO.
O day thong tin ngoai lai dugc dua vao bd giai ma dé tao nén qua trinh 1ap.Qua
trinh 13p cho dén khi ndo ma xéc suat 15i bit ciia chudi hé théng la cuc tiéu dicu
nay tuong duong véi Viéc lap cho dén khi khdi phuc duoc chudi dau vao.
3.3 THUAT TOAN GIAI MA TURBO

Phdn nay sé trinh bay hai thudt toan gidi ma Turbo dé la :

Thugt toan gidi ma MAP
Thugt toan giai ma SOVA

3.3.1 Tong quan vé cac thuat toan giai ma

Ngoai su két ndi cac bo ma tich chap cung viéc sir dung mot thanh
phan dic biét 1a cac bo chén, con mét thanh phan quan trong khac trong chat
lwong Turbo 1a qui trinh giai md mém duoc thyuc hién lap di 13p lai va do phic
tap chi ting tuyén tinh theo kich thudc khung. Ma PCCC c¢6 cau tric ma hoé
két ndi song song tuy nhién qua trinh giai ma PCCC lai dua trén so d6 giai ma
két ndi ndi tiép. Ma Turbo sir dung bo giai ma két ndi néi tiép vi so d6 két ndi
ndi tiép c6 kha ning chia xé thong tin gitra cac bo giai ma két ndi, trong khi
d6 cac bo giai ma co so dd két ndi song song chi yéu giai ma doc 1ap nhau.
Cac thdng tin nay nho dic tinh mém, duoc trao di, khai thac nhiéu lan qua
cac vong lap sé 1am ting dang ké chat luong giai ma.

Trong khi thuc hién mot vong lap giai ma cac théng tin mém duoc trao
d6i gitra cac bo giai ma thanh phan, Forney da ching minh duoc rang ngd ra
mém tdi wu cho bo giai ma phai 1a xac suat a posteriori (APP) la xé4c suat cua
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mot bit nao d6 duoc truyén dya trén tin hiéu nhan duoc. Vi do phuc tap cua
cac ma TC cha yéu 1a do bd giai ma lip nén diéu can thiét trude nhat 1a tim
hiéu cac thuat toan giai ma va tim ra cach tot nhat dé giai ma ma khéng lam
giam chat luong.

Phat trién céac thuat toan giai ma hiéu qua 1a méi quan tam hang dau khi
cai tién md TC. Hinh 3.5 trinh bay cai nhin tong quan vé c&c ho thuat toan
giai ma dua trén so d6 trellis.

Céc thuat toan giai méa
dua trén Trellis

Viterbi MAP
Y A 4
SOVA Max-Log-MAP
A 4 A 4
SOVA cai tién Log-MAP

Hinh 3.5 : Téng quan cac thugt toan giai ma

Ho thir nhat 1a ho cac thuat toan MAP con goi la thuat toan BCJR
(Bahl-Cocke- Jelinek-Raviv, t&n bon nguoi di tim ra thut toan nay). Thuat
toan nay lién quan dén cac thuat toan giai ma kha ning xay ra 16n nhat (ML)
nham lam giam téi da xac suét I3i bit. Ho ndy bao gém cac thuat toan symbol-
by-symbol MAP, 1a phwong phéap tdi wu dé tinh cac thong tin APP, day la
thuat toan dang tich, do phuc tap rat cao. Trong ho nay con cé hai loai thuat
toan 1am gan dang thuat toan MAP dé tro thanh thuat todn dang tong do phirc
tap it hon ma chat lugng giai ma gan nhu twong duong 1a Log-MAP va phién
ban gan dung cua Log-MAP 1a Max-log-MAP. Mét ho thuat toan giai ma
khac 1a mét ho thuat toan dua trén viéc sta ddi thuat toan Viterbi (VA) ¢ sir
dung thém metric b6 sung vi VA truyén théng khong tinh céc thong tin APP,
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metric bd sung lam diéu d6. Ho thuat toan giai ma nay bao gdom thuat toan noi
tiéng 1a thuat toan Viterbi ngd ra mém (SOVA) va thuat toan it duoc biét dén
hon 1a thuat todn Viterbi ngd ra liét ké ndi tiép (SLVA). Ngoai hai ho thuat
toan giai ma nay con c6 mot sb ky thuat giai ma lap khac.

Tuy cung la cac thuat toan ngd ra mém dua trén so d6 trellis nhung
khac véi VA 1a mot thuat toan giai ma trellis ML va giam thiéu xéac suat 15i tur
m4, thuat todn MAP lai nhdm t6i giam téi da xac suat 13i bit. MAP 1a mot
phuong phap t6i uu dé udc doan céac trang thai va ngd ra cua cac qua trinh
Markov trong diéu kién nhiéu trang. Tuy nhién MAP it kha niang duogc tng
dung thuc té bai cac kho khin vé sé hoc lién quan dén viéc biéu dién xac suat,
cac ham phi tuyén cting mot s cac phép nhan va cong khi tinh todn cac gia tri
nay.

Log-MAP Ia mot bién thé cia MAP, chat luong gan nhu twong duong
ma khéng gap tré ngai trong viéc tng dung trong thuc té. Log-MAP duoc
thuc hién hoan toan trong mién logarit, nho ¢6 phép nhan chuyén thanh phép
cong va ta co dugc mot ham twong d6i dé thyc hién hon.

Max-Log-MAP va SOVA la thuat toan gan t6i uu dung dé giam bt do
phtic tap tinh toan nhung trong kénh nhiéu Gauss thi chat lugng hai loai nay
cling khong cao, dic bié trong ving SNR thap. Max -Log-MAP hau nhu
gidng voi Log-MAP chi ¢ duy nhat mot diém khac 1 st dung mot ham don
gian hon rat nhiéu. Cac nghién cau cho thay Max-Log-MAP lam giam chét
lugng khoang 0.5 dB so véi MAP/Log-MAP trong kénh nhiéu Gauss.

Céc khéc biét trong viéc thuc hién gitra cac thuat toan giai mé nay co
thé gilp giai thich duoc su khéc biét vé chat luong. Tai mdi budc th k trong
moét trellis, MAP/Log-MAP chia tit ca cac duong ra thanh hai tap ; mot tap
cac duong khi bit thong tin ngd vao bang 1 va mot tap cac duong khi bit
thong tin ngd vao bang 0. MAP/Log-MAP s& tinh ti s6 xac suat log (LLR) cua
hai tap nay theo cong thirc. Nguoc lai Max -Log-MAP s& tim trong tat ca cac
duong dé chon cac duong thich hop, mot duong c6 kha niang 16n nhat cho bit
thong tin ngd vao bang 0. Ngd ra mém cua Max-Log-MAP 1a LLR cua hai
duong nay.
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Con SOVA thi b sung vao VA mét s gié tri thue va luu gitr. Thuat
toan nay chi im duong “tdn tai” va mot dudng cach tranh véi duong “ton tai”
d6. V& ban chat, SOVA s dung ciing mét loai metric va ¢ quyét dinh cting
nhu Max-log- MAP. Mic di, SOVA 1udn tim duong c6 kha nang 16n nhét
nhung duong canh tranh tét nhat c6 thé bi loai ra truéc khi két hop véi duong
ML. Két qua 1a ngd ra mém caa SOVA cd thé bi sai dudng so véi ngd ra mém
cua Max-Log-MAP va chét lwong cua bo giai ma lap SOVA kém hon Max -
Log-MAP.

Mic di thuat todn MAP tét hon thuat todan SOVA nhung né ¢o cau tric
phan ctng va qua trinh tinh toan giai ma lai phic tap hon nhiéu.

3.3.2 Giai thuat MAP

Bo giai ma 1a su két hop cua nhiéu bo giai ma (thuong 13 hai bo giai
m4) va giai ma lap (interatively). Phan 1én tap trung ¢ giai thuat Viterbi cung
cap gié tri ra mém (soft output or reliability information) cho mét bo so sanh
gia tri ra mém duoc dung dé quyét dinh bit ngd ra. Mot giai thuat khac ciing
duoc quan tdm la symbolby- symbol Maximum A Posteriori (MAP) cta Balh
duoc cong bd
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Hinh 3.6: B¢ giai ma lap MAP
Gial thuat giai ma duoc thuc hién nhu sau:

1.Téch tin hiéu nhan ra thanh 2 chudi tuong ung cho bo giai ma 1 va bo
giama 2

2.0 vong lap dau tién,thdng tin a priori (thdng tin tién nghiém) caa bo
giai ma 1 dugc dua vé 0. Sau khi bo giai ma 1 dwa ra dugc thdng tin extrinsic
( théng tin ngoai lai )thi s€ dugc chén va dua téi bo giai ma 2 dong vai tro 1a
théng tin a priori cua bo giai ma nay. Bo giai ma 2 sau khi dua ra thong tin
extrinsic thi vong lap két thiic.Théng tin extrinsic cia b giai ma thir 2 s&
duoc giai chén va dua vé bo giai ma 1 nhu 1a thong tin a priori.

3. Qué trinh giai ma giai ma ct lap lai nhu vay cho dén khi thyc hién
da s lan lap da qui dinh.

4. Sau vong lap cudi cung, gia tri udc doan co duoc tinh bang cach giai
chén théng tin ¢ bo giai ma thi 2 va dua ra quyét dinh cing.
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3.3.3 Nguyén Iy cua bo giai ma Viterbi ngoé ra mém

Déi véi cac mé tich chap thi thuat toan Viterbi cho ra chudi ngd ra ML.
Con ddi véi cac ma Turbo, ching ta gap hai tro ngai khi st dung céc b giai
mi Viterbi thong thuong. Thi nhat, bo giai ma Viterbi bén trong cho ra mot
loat 16i bit lam giam di viéc thuc hién cua cac bo giai ma Viterbi bén ngoai.
Thi hai, bo giai ma Viterbi bén trong cho ra cac ngd ra quyét dinh cting 1am
ngin chan bo giai ma Viterbi bén ngoai nhan dugc céc loi diém caa cac quyét
dinh mém. Ca hai tré ngai nay cé thé dugc khac phuc va viéc thuc hién giai
ma 6 thé duoc cai tién mot cach dang ké néu cac bo giai ma Viterbi co thé
cho ra céc gia tri tin cay. Cac gia tri tin cay nay di qua cac bd giai ma Viterbi
tiép sau do va dugc xem nhu la mdt thong tin vu tién nham dé cai tién viéc
thuc hién giai ma. Bo giai ma Viterbi bd sung nay duoc tham khao nhu 13 b
giai ma thuat toan Viterbi ngd ra mém (SOVA)

y Up u
SOVA SOVA
L= L, L,

vV V
A 4
N

A 4
v

Hinh 3.7 B$ gidi ma SOVA két néi
Trong hinh trén y biéu dién cac gia tri kénh nhan duoc, u biéu didn cac
gia tri ngd ra quyét dinh cting, L biéu dién céc gia tri tin cay lién két.
3.3.3.1 Po tin cay cua bo giai ma SOVA tong quat
Do tin cay trong giai md SOVA duoc tinh toan tir biéu do trellis nhu
hinh 4.8
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Hinh 3.8: Cdc dwong survivor va dwong canh tranh dé wée dodn do tin

cay

Trong hinh 3.8 trinh bay biéu do Trellis 4 trang thai. Puong lién nét
chi ra duong survivor (gia thiét & day 1a mot phan cua duong ML) va duong
duat nét chi ra duong canh tranh (xay ra dong thoi) tai thoi diém t doi véi trang
thai 1. Pé don gian thi cac dudng survivor va canh tranh cho cac nit khac
khong duoc vé ra. Nhan Sy, biéu dién trang thai 1 tai thoi diém t. Ciing vay,
cac {0,1} duoc viét trén mdi duong chi ra quyét dinh nhi phan duoc udc doan
cho cac duong. Mot metric tich Iy V(Sy) gan cho duong survivor doi véi
mdi nut va metric tich lily V(Sy1;) gan cho duong canh tranh d6i voi mdi nit.
Thong tin co ban cho viéc gan gié tri tin cay L(t) ¢én duong survivor caa nit
S1.1a gia tri tuyét d6i cua 2 metric tich liy.

L(t) = [Vs(S,t) —Ve(S1.H)] (3.1)

Gia tri nay cang I6n thi duong survivor cang dang tin cdy. Dé tinh toan
do tin cay nay, gia thiét metric (s6 do)tich liiy cta survivor thi ludn ludn lén
hon metric tich liiy ctia canh tranh. Dé giam do phuc tap, cac gia tri tin cay
chi can dugc tinh cho dwong survivor ML va khdng can thiét tinh cho cac
duong survivor khac bai vi ching sé dugc bo qua sau nay.

Pé minh hoa ré hon khai niém do tin cay, hai vi du sau diy dugc dua
ra. Trong cac vi du nay, thuat toan Viterbi chon duong survivor nhu la duong
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c6 metric tich lily nho nhat. Trong vi du dau tién, gia thiét tai nat S(1,t) c6
metric survivor tich Iy 1a Vs(S1,t) = 50 va metric canh tranh tich Iy la
Vc(S1,t) = 100. Gia tri tin cay lién két d¢én viéc chon duong survivor nay la
L(t) = |50 - 100| = 50. Trong vi du thir hai, gia thiét metric survivor tich lity
khong d6i Vs(S1,t)= 50 va metric canh tranh tich lity 1a Vc(S1,t) = 75. Két
qua gia tri tin cay la L(t) = |50 - 75| = 25. Mac du trong ca hai vi du nay,
dudng survivor c6 cing metric tich lity, nhung gia tri tin cdy duoc lién két voi
duong survivor thi khac nhau. Gid tri tin cay trong vi du dau tién c6 nhiéu tin
tuéng hon (gap 2 1an) trong viéc chon dudng survivor hon 1a gia tri trong vi
du thr hai. Hinh 3.9 minh hoa van dé sir dung tri tuyét dbi giita cac metric
survivor va canh tranh tich lity nhu 1a phép do do tin cay caa quyét dinh.
Trong hinh, cac duong survivor va cac duong canh tranh tai S1,t tach ra
tai thoi diém t-5. Cac dudng survivor va cac dudng canh tranh cho ra cac
quyét dinh nhi phan udc doan dbi 1ap tai cac thoi diémt, t - 2 vat - 4 nhu cac
chit in dam & trong hinh. Bé minh hoa, ching ta gia thiét cac metric tich liy
cua survivor va canh tranh tai S1,t 1a bang nhau, Vs(S1,t) = Vc(S1,t) = 100.
Piéu ndy c6 nghia 1a ca hai dudng survivor va dudng canh tranh c6 cing xac
suat 1a duong ML. Hon nita ching ta gia thiét 1a metric tich lily survivor thi
t6t hon metric tich liiy canh tranh tai thoi diémt - 2 va t - 4 duoc trinh bay
trong hinh. D& giam bét do phuc tap cua hinh vé, cac duong canh tranh nay
tai cac thoi diém t - 2 va t - 4 khong dua ra. T gia thiét ndy, ching ta thay
rang gia tri tin cay gan cho dudng survivor tai thoi diém t 1a L(t) = 0, diéu nay
c6 nghia 12 khong c6 do tin cay lién két véi viec chon dudng survivor. Tai cac
thoi diémt - 2 vat - 4, cac gié tri tin cay gan cho dudng survivor thi 16n hon 0
(L(t-2) = 25 va L(t-4) = 10) nghia 1a két qua cac metric tich liy “t5t hon” cho
duong survivor. Tuy nhién, tai thoi diém t, duong canh tranh ciing c6 thé 1a
duong survivor bai vi ching cé ciing metric. Vi vay c6 thé c6 cac quyét dinh
nhi phan dugc udc doan trai nguoc nhau tai cac thoi diém t, t- 2, t - 4 ma
khéng lam giam cac gia tri tin cay lién két subt doc theo duong survivor.
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Hinh 3.9 : Vi dy trinh bay viéc gdn dg tin cdy bang cach si dung céc
gia tri metric truc tiep

Pé cai tién cac gia tri tin cay cua duong survivor, mot phép tinh truy
nguoc dé cap nhat cac gié tri tin cay duoc gia thiét. Thu tuc cap nhat nay duoc
tich hop vao trong thuat toan Viterbi nhu sau :

* i voi nlt Sy, trong biéu db trellis (dap tmg dén trang théi K tai thoi
diém t),luu L(t) = | Vs(Swy) — Ve(Si))l.

* Néu c6 nhiéu hon mot duong canh tranh, thi sau dé nhiéu gia tri tin
cay phai duoc tinh va gia tri tin cay nho nhat duoc Iy 13 L(t)

* Khoi tao gid tri tin cay Sy, bang + (tin cay nhat)

* So sanh cac con duong survivor va canh tranh tai Sy va Iuu lai cac
cap d6 nhd (MEM) trong d6 cac quyét dinh nhi phan duoc udc doan cua hai
con duong la khac nhau.

* Cap nhat cac gia tri tin cay tai cic MEM nay véi thu tuc nhu sau :

+ Tim MEM thap nhét 16n hon 0, coi nhu 14 MEM,,, Ma gi4 tri tin cay
cua no khong duoc cap nhat.

+ Cap nhat gia tri tin cay cia MEM,q,, L(t-MEM,q,) bang cach gan gia
tri tin cay thap nhat gitta MEM = 0 vd MEM = MEM
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3.3.3.2 So do khéi cua bo giai ma SOVA

Bo giai ma SOVA c6 thé duoc thuc hién theo nhiéu cach khac nhau.
Nhung c6 1& theo khuynh huéng tinh toan thi dé dang thuc hién bo giai ma
SOVA cho cac mi c6 chiéu dai bat buoc K 16n va kich ¢& khung dai bai vi su
can thiét cap nhat tit ca cac duong survivor. Do thi tuc cap nhat chi co y
nghia cho duong ML, nén viéc thuc hién cua bo giai ma SOVA chi thuc hién
thu tuc cap nhat déi véi duong ML dugc trinh bay trong hinh 3.10

» Thanh ghi
L(u) ,  SOVA chudi 1 > L),
uol rang,
Ly | Knong oo [ ey SOVA v,
thu tuc >
» Thanh ghi

Hinh 3.10: So do khai bé gidi ma SOVA

B6 giai ma SOVA lay ngd vao la L(u) va Lcy, la gia tri tin cay va gia
tri nhan dugc d qua can bang twong Umg, va cho ra u’ va L(u’), twong ung la
c4c quyét dinh bit udc doan va cac thong tin a posteriori L(u’). Viéc thuc hién
bo giai mad SOVA nay bao gom hai b giai ma SOVA riéng biét. Bo giai ma
SOVA dau tién chi tinh cac metric ciia dudng ML va khong tinh (giit lai) cac
gia tri tin cay. Cac thanh ghi dich duoc sir dung dé dém cho cac ngd vao trong
khi bo giai ma SOVA diu tién dang xt Iy duong ML. Bo giai md SOVA thu
hai (c6 thong tin dwong ML) tinh lai duwong ML va ciing tinh va cap nhat cac
gia tri tin cay. Ta thay rang phuong phap thuc hién nay lam giam d6 phuc tap
trong tién trinh cap nhat. Thay vi truy nguoc va cap nhat 2m duong survivor,
thi chi c6 duong ML can dugc xir ly.

Mét so d6 chi tiét cia mot bo giai md SOVA lap duoc trinh bay & hinh
3.11
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Hinh 3.11: B¢ gidi ma SOVA lap

Bo giai ma xu ly cac bit kénh nhan dugc trén mot khung co ban. Nhu
duoc trinh bay trong hinh 3.11, céc bit kénh nhan duoc tach thanh dong bit hé
théng y; va 2 dong bit parity y, va y; tir cac bo ma hoa 1 va 2 tuong tng. Cac
bit ndy dwoc can bang boi gié tri tin cay kénh va duoc Iy ra qua cac thanh ghi
CS. Cac thanh ghi trinh bay trong hinh duoc sir dung nhu cac bo dém dé luu
trir c4c chudi cho dén khi ching ta can. Cac khoa chuyén dugc dat ¢ vi tri mo
nham ngin nglra cac bit tir cac khung ké tiép doi xtr 1y cho dén khi khung
hién hanh dugc xtr ly xong.

B giai ma thanh phan SOVA cho ra théng tin a posteriori L(u;’) va bit
dugc wéc doan u; (¢ thoi diém t). Thong tin a posteriori L(u;’) dugc phan
tich thanh 3 s6 hang

L(u’)=L(u) + Leyrs + Le(ur) (3.2)

L(u,) la gia tri a priori va dugc sinh ra boéi b giai ma thanh phan
SOVA trude do.

Loy:1 12 gid tri kénh hé théng nhan dugce di qua can bang.

Le(u’) 1a gia tri extrinsic duwoc sinh ra boi bo giai ma thanh phan
SOVA hién tai. Tin tirc di xuyén qua gitra cac bo giai ma thanh phan SOVA
la gia tri extrinsic.
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Le(ue)=L(u’) — Leyr1— L(uy) (3.3)

Gia tri a priori L(uy) duoc trir di tir s6 bi trir 1a thong tin a osteriori
L(u’) dé ngan ngira tin tac di nguoc lai bo giai ma ma tir d6 sinh ra né. Ciing
vay, gia tri kénh hé thong nhan duogc da qua can bang Ley;, duoc trir di nham
dé x0a tin tic “thong thuong” trong cac bo giai ma thanh phan SOVA. Hinh
4.11 trinh bay bo giai ma ma PCCC Ia su két ndi theo thu ty vong kin cua cac
bo giai ma thanh phan SOVA. Trong so d6 giai m& vong kin nay, mdi mot bo
giai ma thanh phan SOVA uéc doan chudi tin bang cach sir dung dong bit
parity dd qua can bang. Hon nita, bo giai md PCCC thuc hién giai ma lap
nham cho ra cac udc doan a priori /do tin cdy dang tin tuong hon tir 2 dong
bit parity dd qua can bang khac nhau, véi hy vong thuc hién giai ma tét hon.
Thuat toan ma Turbo lap vai lan lap tha n nhu sau:

1. Bo giai md SOVAL c6 ngd vao la chudi Lgyi(hé thong), Ly,
(parity), va cho ra chudi Le(u’). Di véi lan lap dau tin, chudi Ley(u’)=0 boi
vi khdng c6 gia tri a priori (khéng co gia tri extrinsic tr SOVA2). Thong tin
extrinsic tir SOVA1 dugc tinh bang

Lei(u’)= Li(u’) - Lea(u)- Leys (3.4)

Eb
N, x rate

2. Cac chudi Ley; va Ley(u’) dugce chén 12 1{(Ley)} va I{Ley(u ),

3. Bo giai ma SOVA2 c6 ngd vao la cac chudi Ly, (hé théng), va
I(Loys)(parity da duoc chén ¢ bo giai m&) va I1{Ley(u’)} (thdng tin a priori) va
cho ra cac chudi I{L,(u’)} va I{u’}.

4.Théng tin extrinsic tr SOVA2 duoc lay 1a:

HLeo(u')} = I{Lo(u’)} - HLer(u)} - 1(Leyn)

Cac chudi {Ley(u’)} va I{u’} dugc giai chén va la Le(u’) va u’.

5. Lea(u’) duoc hoi tiép vé SOVAT1 nhu 1a thong tin a priori cho 1an lap

trongdo :Lc = 4

ké tiép va u’ 1a ngd ra caa cac bit dugce ude doan cho lan lap thi n.
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Chuong 4

UNG DUNG MA TURBO TRONG HE THONG THONG TIN
DI PONG

4.1 GIOI THIEU CHUONG

Trong linh vuc vién théng thi hai hé théng gay nhiéu kho khan nhat la
truyén théng khdng day (Wireless Communication) va truyén thong da phuong
tién (Multi Media Communication - MMC) do mot s diém dic thu caa hai loai
hé théng nay gay nhiéu kho khin cho viéc truyén thdng. Ma Turbo ra doi da thic
day mot qua trinh tim toi, phat trién méi nho nhitng dic tinh wu viét cua no.
chuong nay trinh bay cac ung dung chung cia ma Turbo trong hé thong truyén
thdng va trinh bay chi tiét ung dung trong hé théng thong tin di dong CDMA
2000
4.2 CAC UNG DUNG TRUYEN THONG PA PHUONG TIEN

Ung dung trong truyén thong da phuong tién 1a dé tai méi duoc nghién
cru gan day. Vi thé c6 mot sb nét chinh vé cac van dé gap phai va mot sé dé
nghi khi ang dung TC trong truyén thong da phuong tién.
4.2.1 Cac han ché khi ing dung ma Turbo vao truyén thong da phuong
tién

Céc tng dung MMC gap phai cac rang budc sau day :
4.2.1.1. Tinh thoi gian thuc

Mot han ché quan trong nhat cua cac wng dung MMC 4 thoi gian eo
hep. Vi du nhu xét mot atng dung MMC la Video-On-Demand (VOD), may
cha VOD truyén di liéu phim dén céc khach hang. Mdi khung dir liéu co thé
la théng tin vé mét khung hinh cua b phim. Néu cac dit liéu phim dén cham
thi khach hang s& c6 cam giac chat lugng phim khéng tot, phim khong dugc
chiéu tron tru. Tir ddy ta c6 thé thay dir liéu multimedia c6 ban chat thoi gian
thuc, su cham tré caa dir liéu s& 1am mat gié tri cua thong tin. Van dé thoi
gian chinh la mét rao can I6n trong cac tng dung MMC.
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Trong khi TC can phai c6 mét cau tric giai ma lap dé ting chét luong
thi tinh thoi gian thuc qua 1a mét thach thac khi phai giai quyét mau thun
gitra thoi gian dap tng va ti 1¢ 16i bit (BER). Pac tinh thoi gian thuc nay cho
thay c4c ma Turbo ng dung trong MMC khdng thé cé sé vong lap on.
4.2.1.2. Khéi lwgng dir liéu lén:

Mot dic tinh khac caa cac tng dung MMC la cac khéi dit liéu 16n. Chi
can mot hinh anh trong bo phim ciing can téi ¢& hang Megabit dé bidu dién.
Cong vai dic tinh thoi gian thyuc thi mot s6 luong 1on céac dir liéu s& phai duoc
xu Iy trong mot khoang thoi gian gisi han va rat ngan, néu khong hé théng sé
gay 15i. Két qua 12 yéu cau ddi véi cac bo ma hda va giai M Turbo rat cao.
4.2.1.3. Biang thong gi¢i han:

Bing thong 1a van dé luén dugc quan tim hang dau, nhét Ia trong céac
tng dung thuc tién trong thoi gian gan day vi luong thong tin con ngudi
mong mudn dugc truyén tai ngay cang 16n ma mét tai nguyén quéc gia nhu
bang thong khong thé ting. Bing thong sir dung trong cac tng dung MMC rét
I6n (vi du nhu VOD thuong sir dung ATM), tuy nhién do khéi luong dir ligu
can truyén 16n nén bang thong 16n (o véi cac tng dung trong hé thng khéc)
van tro thanh mot gidi han cho cac ung dung MMC. Két qua la cac ma tée do
thap s& khong hiéu qua.
4.2.1.4. Tim hiéu cac dic tinh caa kénh truyén:

Céc dac tinh cta cac kénh truyén trong MMC don gian va bat bién hon
nhiéu so v4i moi truong khdng day. Vi vay ta cd thé tim hiéu dugc cac dac
tinh caa kénh truyén va dwa ra cac giai phéap thich hop cho ting hé thong. Mot
phuong phap dé tim hiéu cac dic tinh cua kénh truyén Ia ding mang Bayes.
Céc phuong phap thuc hién c6 thé tom lugce nhu sau :

* Dit liéu duoc truyén qua kénh truyén va sir dung nhiéu loai mé hinh
Ma Turbo véi cac théng sb khéac nhau.

* Ghi lai cac gia tri BER

* Thanh 1ap mot mang Bayes voi cac d6 chinh xac caa ma két qua va
cac yéu té anh huong 1a cac nGt mang. Mot dudng ndi truc tiép s& di tir cac
yéu té dén cac do chinh xac cia ma két qua.

* Sir dung cé4c gia tri BER ghi nhan dé thir cho mang nay.
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* Tim ra mot tap hop cac thong sb dé tdi wu hoa céc su diéu chinh
4.2.2 Cac dé xuat kKhi ing dung ma Turbo vao truyén thong da phuong
tién
4.2.2.1.Kich thwoc khung lon:

Nhu di dé cap o trén, mot dic tinh quan trong caa ung dung MCC Ia
khéi dir liéu 16n. Tir day goi ra y tuang sir dung kich thudce khung Ién cho ma
Turbo. Kich thuéc khung Ién dong nghia véi kich thudc bo chén 16n va s&
lam tang dang ké chat lugng cua ma Turbo.

Véi mot bang thong 16n nhu cia MMC thi mot khéi luong dit lidu 16n
c6 thé truyén voi mot do tré chap nhan dugc. Véi kich thudc khung l16n nay
d6 loi ma cua TC ¢6 thé tang bang c4c cach sau :

* Giam BER cua kénh truyén

* Tang thoi gian dap tng bang cach giam sé l1an lap giai ma hay s
dung mot so cai tién giai ma trinh bay dudi day.
4.2.2.2.Cai tién qua trinh giai ma:
4.2.2.2.1 Giai ma dong:

Phuong phap giai ma dong goi gon trong hai diém sau :

* Pat mot ngudng vong lap, tac 1a s6 1an 13p tdi da cho mot khung.

* S6 vong lap thuc su dé giai ma mot khung s& nhé hon hay bang gia tri
ngudng nay va phu thudc vao két qua giai ma. Piéu kién dé ngung qua trinh
giai ma 1a khung d3 hét 15i. Trong qué trinh giai ma, két qua gia tri udc luong
cua vong lap giai ma trude duge luu lai va so sanh voi két qua cua vong lap
giai ma ké tiép. Néu hai két qua giong nhau thi hét 15i va tiép tuc giai ma cho
khung ké tiép.

Y tuong & day 1a mot s6 khung chi can sé vong lap rat it (chi khoang 2
hay 3 vong) di loai bo hoan toan I8i sai, trong khi mot sé khung khéac rat
nhiéu 13i thi can sé vong l3p giai ma nhiéu hon dé dat dugc chat luong cao
hon. Vi thé s vong lap thay d6i s& anh huong truc tiép dén viéc giam do tré
va cd thé con 1am tang chat luong. Vi du nhu mot hé théng sir dung sé 1an lap
giai ma c6 dinh 1a 10. Khi sir dung hé théng nay véi phuong phap giai ma
dong c6 sb vong lap tbi da 1a 15 thi sé vong lap giai ma trung binh s& giam rat
nhiéu, chi khoang 5 -7 vong. Nhu vay ta da tiét kiém dugc rat nhiéu thoi gian,
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tang thoi gian dap wng cua hé théng. Tham chi ¢ mot sé khung nhiéu 15i sai
thi giai ma lap dén 15 vong cd thé s& cho chit lugng cao hon chi lap 10 vong
cd dinh.

4.2.2.2.2 Giai ma wu tién:

Khéi dit liéu duoc truyén ngoai dic tinh 1a c6 sé lugng bit 16n con ¢o
maot s6 dic tinh khac nhu :

* Dit liéu nhan khdng can chinh xac 100%. Vi du nhu trong VOD, néu
mot s6 phan nao d6 cua cac khung nhan bi I8i thi cd thé gay ra mot sé suy
giam chat luong trén mot vai phan nao d6 trong hinh anh b phim. Nhung néu
nhitng su suy giam nay kha nho thi mat ngudi ciing kho nhan biét hoic dé
dang chap nhan. Piéu d6 c6 nghia 18 MMC c6 thé chap nhan mot mac 15i
nhat dinh.

* Céc dir liéu truyén c6 tam quan trong khac nhau. Ciing xét vi du trén,
néu cac 16i xay ra trong & ving trung tdm cua hinh anh thi khach hang co thé
phat hién d& dang. Nhung néu céc 16i gay su suy giam chét luong ¢ cac ving
lan can bién caa hinh anh thi khd gy su cha y hon. Diéu d6 c6 nghia 1a cac
dir liéu c6 tam quan trong thap s& chap nhan muc 16i cao hon.

Cac dac tinh nay lam nay sinh thém mot y tuéng la giai ma theo muc
vu tién. Cac ung dung MMC sé& thém cac thdng tin vé d6 uu tién vao trong
khung tly theo tam quan trong caa khung. Sau khi nhan dwgc chudi tin tur
kénh truyén, bo giai ma s& giai ma tim céac tir ma. Sau vong lap dau tién bo
giai ma c6 thé nhan dugc thong tin vé mac do wu tién cua khung va sé quyét
dinh s6 vong lap (hay phuong phap 13p) phi hop véi khung.

Theo mé hinh giai ma nay, luong thoi gian tiét kiém duogc tir cac khung
c6 do wu tién thap s& dugc dung dé :

* Giam BER cua cac khung ¢6 d6 uu tién cao

* Tang toc d6 dap tng cua hé théng nho giam duoc s6 vong lap cho cac

khung c6 d6 uu tién thap.

Mo hinh nay khéng lam ting chat lugng trung binh cua hé théng. Ti s6
BER ¢4 thé I6n hon hay nhé hon so véi cac phuong phap giai ma khac nhung
hiéu qua thyc té thi hon han. Vi du nhu trong trudong hop cu thé trén thi hinh
anh s& duoc khach hang danh gia 1a tét hon.

Sv. Hoang Hizu Hiép
Trang 61



GVHD Ths. Poan Hiru Churc

4.3 CAC UNG DUNG TRUYEN THONG KHONG DAY

Truyén thdng khdng day ngay cang tré nén thdng dung nhd nhitng uu
diém nhu sb lugng dich vu 16n, kich thudc thoai nho va gia ca teong dbi chap
nhan duogc so véi nhitng loi ich cia no. Khéng nhu cac tién b vuot bac vé ky
thuat trong kich thudc thoai va sé luong dich vy, cac giao thuc hién nay nhu
GSM, CDMA van sir dung cdc mo hinh don gian nhu cidc ma tich chap. Vi
tbc do phat trién nhu hién nay, cac thanh phan nay sé duogc thay thé bang loai
ma chat luong hon nhu m3 Turbo ma gan day nhat 1a cac hé thdng théng tin
thé hé thir ba (CDMA 200).

Dic biét trong truyén thong khdng day con phai ké dén truyén théng vé
tinh hay thdm hiém vil try. Hién nay di c6 xu hudng gia tang ca vé sé luong
Ian chat lugng cac loai hinh thdng tin vé tinh ciing nhu thong tin vil tru do
khoa hoc k¥ thuat da tién bo & rat nhiéu nuéc. Cac hé théng tiéu biéu cho
thong tin vé tinh 1a hé thong dinh vi toan cau (GPS), hé thong thong tin dia ly
(GI1S), hé théng truyén hinh qua vé tinh.

4.3.1 Cac han ché khi iing dung ma Turbo trong truyén thong khong day
4.3.1.1.Kénh truyén:

Déi véi nhiéu kénh truyén thi md hinh kénh AWGN vai nhiéu tinh rat
thich hop. Tuy nhién, trong moi truong khong day thi thuong khong tinh do
c6 fading cua cac tin hiéu truyén. Fading 1a hau qua ban chat vat ly cua kénh
truyén véi do ting bién do 1a mot qua trinh ngau nhién bidu dién bai mot ham
mat d6 X&c suat va mot ham tu twong quan.

Trong kénh AWGN, céc bit chi bi tac dong bai nhiéu :

Y, = ax, + ny vdi n, 1a nhiéu va a = 1 d6i véi kénh AWGN

Trong fading Rayleigh, cac tir ma bi tac dong bai ca nhiéu va fading
bién doi theo thoi gian trong kénh vo tuyén di dong.

Vi = axe + Ny Vi ng 1a nhidu va a 1a mot bién ngau nhién caa phan bé
fading Rayleigh.

Phan bé fading Rayleigh thuong duoc st dung dé mé ta ban chat thay
d6i theo thoi gian theo théng ké caa duong bao nhan dugc cua mot tin hiéu
fading phang, hay duong bao cia mot thanh phan riéng 1é trong hé thong da
duong. Phan bé Rayleigh 1a mot ham mat do xac suat cho bai :
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7,.2

P(r) = ;e_ﬁ voir <0

P(r)=0véir=0

Kénh truyén trong truyén thong khéng day c6 muc nhidu cao hon & mai
truong truyén day. Vi thé cac ma kénh phai co da kha niang duong dau voi
muc nhidu 16n. Dac biét néu dung trong cong tac nghién ctu vii tru thi mic
nhiéu con cao hon nira.

Pé triét fading thi con cd nhiéu cach khac nhau vi dy nhu trai pho. Khi
da triét duoc mot phan fading va sir dung thém ma Turbo nita thi chat luong
dat duoc s& rat cao.

Ngoai ra, moi truong truyén con ludn lubn bién d6i. Vi du nhu mot
thué bao dién thoai di dong cé thé vira dam thoai vira di chuyén, méi trudng
truyén xung quanh ciing bién d6i, théng sé6 mdi truong ciing thay d6i. Chinh
vi su bat on dinh caa kénh truyén ma viéc tim dugc mot loai ma thich hop 1a
mét viéc rat kho khan. Va day chinh 1a linh vuc Gng dung chu yéu caa TC
nho cac dac tinh wu viét.
4.3.1.2. Han ché vé thei gian:

Ciing nhu cac tng dung thoi gian thuc khac, truyén thong khdng day
cling c6 nhitng yéu cau vé thoi gian rat khat khe. Nhat [a cac théng tin thoai
yéu cau phai dap tng nhanh. Théng tin thoai ma dap tng cham s& tré nén vo
gia tri.
4.3.1.3. Kich thwéc khung nhé:

Trong truyén thong khong day thi kich thudc khung truyén khong duoc
I6n vi:

* Kénh truyén khong tin cay, néu truyén khung I6n thi ti 1¢ 15i trong
khung s& cao hon. Néu khung bi mat hay khéng thé khdi phuc thi dit liéu tai
dau nhan s& bj mat.

* Do dic tinh thoi gian thuc nén khdng chap nhan do tré 16n khi truyén
mot khung c¢o kich thuac 1on.
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Nhu vay, vai kich thudc khung nhé thi khdng tan dung dugc cac dac
tinh uvu viét cua TC.
4.3.1.4. Bang thong gi6i han:

Truyén théng khong day chi st dung mét khoang phé tan sb da dugc
phan, mdi cong ty dién thoai di dong lai chi duoc phan cho mét khu vuc trong
khoang nay dé cung cap dich vu cho khach hang. Nhu vay bang thong rat han
ché 0co nghia 13 mé hinh md hoa phai ¢d cang it bit redundant cang tét, tac 1a
doi hoi toc d6 ma cao.

4.4 MA HOA TURBO TRONG CDMA 2000

B6 ma hda turbo thuc hién ma hoéa sé liéu, chi thi chat lugng khung
(CRC) va hai bit danh truéc cho ma Turbo va cong chudi dudi ma hoa dau ra.
Néu tong céc bit s lidu, cac bit chat luong khung va céc bit danh trudc 1a
Nuwrbo, thi bd ma hoa tao ra Numo/R cac ky hiéu sb liéu cung véi 6/R céac ky
hiéu dudi ¢ dau ra, trong d6 R 1a ty 16 ma bang 1/2, 1/3 hay 1/4. B ma hoa
turbo sir dung hai bo ma hoa tich chap hé thdng, dé quy mac song song két
hop véi bo chén, trong d6 bo chén ding trudc bo ma tich chap thir hai, hai ma
tich chap dé quy nay duoc goi cac ma thanh phan cia ma Turbo. Cac dau ra
ctia c4c bo ma hoa thanh phan dugc trich bo va duoc lap dé dat duoc (Nuwrbo
+6)/R cac ky hiéu ra
4.4.1 Cac by mé hoa turbo ty 1€ 1/2, 1/3, 1/4 -

M6t ma thanh phan chung duoc sir dung cho cac ma Turbo ty 1é 1/2,
1/3, va 1/4. Ham truyén dat ctia ma nay c6 dang sau:

G(D)=[1 " (D) ”1(D)} (3.1)

d(D) d(D)

Trong d6: d(D) =1 + D*+ D°, ng(D) = 1+D + D*va ny(D) = 1 +D + D?
+ D®. bo tao ma Turbo ndy s& tao ra chudi ky hiéu dau ra gibng nhu chudi
dugc tao ra boi bo méa cho ¢ hinh 4.1
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Hinh 4.1
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Khoi dau cac trang thai cua cac thanh ghi dich trong cac bo ma hoa
thanh phan duoc dat vé “0”. Sau do, cac bit dugc dich vao cac bo mi hoa
thanh phan theo vi tri cua cac chuyén mach trén hinh v&. mach thay d6i chu
ky tung bit s6 liéu va bit dudi.

Céac ky hiéu ra cua sb liéu sau mé hoa duogc tao ra bing cach dich cac
bo ma hoa thanh phan Ny 130 khi céc khoa & vi tri trén va trich bo cac dau
ra theo nhu quy dinh & bang 4.1. <0’ & mau trich bo c6 nghia 1a ky hiéu nay sé
bi x6a va ‘1’ ¢6 nghia 1a ky hiéu nay dugc cho qua. P6i véi mdi bit vao, dau
ra ciia cac bo 1ap ma thanh phan sé duge dat vao chudi X, Yo, Y1, X, Yo', Y1’
Trong qué trinh tao ra cac ky hiéu tir s6 liéu vao ma héa s& khdng thuc hién
lap
4.4.2 Két cudi ma Turbo:

Bd ma hoa turbo tao ra 6/R cac ky hiéu duoi dau ra tiép sau cac ky hiéu
cta cac bit s6 liu dugc ma hoa. Chudi ky hiéu dudi dau ra ciing gidng nhu
chudi dugc bd ma hda tao ra ¢ hinh 4.1. Cac ky hiéu ra dugc tao ra sau khi
Nuwrbo bit duoc dich vao cac bo ma hoa thanh phan véi cac khoa & vi tri trén.
3/R ky hiéu duoi ra dau tién duoc tao ra bang cach dich bo ma hoa thanh phan
3 lan véi khoa twong tng ¢ vi tri dudi va dong thoi trich bo cling nhu 1ap cac
ky hiéu ra cia bo ma hoa thanh phan nay. 3/R cac ky hiéu duéi ra nhan duoc
bang cach dich bo ma hoa thanh phan 2 ba lan véi khoa twong tng cia nd & vi
tri dudi qué trinh nay két hop véi trich bo va lap cac ky hiéu dau ra cua bo ma
hoa thanh phan nay. Cac dau ra cia cac bo ma hoa thanh phan déi voi ting
chu ky bit dudi s& dugc dit vao chudi X, Yq Y1, X°, Yo, Y1 V6i X ra trudc.

Mau trich bo va Iap ky hiéu ra cia bo ma héa thanh phan duoc quy
dinh & bang 4.2. Trong mau trich bd, ‘0’ nghia 1a ky hiéu bi x6a con ‘1’ nghia
la ky hiéu duoc cho qua. P6i ma Turbo 1/2, céc ky hiéu dudi ra dbi véi 3 chu
ky bit dudi dau tién s& 1a XY, con cac ky hiéu dudi ra ddi véi ba chu ky bit
con lai s& 1a X’Y’,. Dbi voi ma Turbo 1/3, cac ky hiéu dudi ra dbi voi 3 chu
ky bit dudi dau tién s& 1a XXY, con cac ky hiéu dudi ra ddi véi ba chu ky bit
dudi con lai s& 12 X’X’Y . Dbi véi ma Turbo 1/4, cac ky hiéu dudi ra déi voi
3 chu bit dudi dau tién s& 1a XXY,Y; con cac ky hiéu dudi doi voi 3 chu ky
bit con lai s€ 1a X’X’Y’,Y 1.
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4.4.3. Cac bo chen Turbo:
B6 chén turbo la mét bo phan caa bé mé hoa turbo ¢6 nhiém vu chen
khdi cho s liéu, chi thi chat lugng khung (CRC) va cac bit danh truéc nhan

duoc & dau vao caa bd ma hda Turbo.

Bo chén turbo hoat dong nhu sau. Toan bo chudi bit dau vao cua bo
chén turbo dugc viét vao ma tran nhé 1an luot theo mot trinh tu cac dia chi va
sau d6 toan bd chudi nay duoc doc ra tir bd nhé theo maét trinh tu cac dia chi

duogc xac dinh theo thu tuc trinh bay dudi day

Ty lg¢ mé
Pau ra 1/2 1/3 1/4
X 11 11 11
Y 10 11 11
Y, 00 00 10
X’ 00 00 00
Y’ 01 11 01
Y’y 00 00 11

Bang 4.1. Mdu trich bé cho cac chu ky cua bit sé liéu

Luu ¥ : B4i véi ting ty 16 ma bang trich bo s& duoc doc tir trén xudng dudi

sau do tur trdi sang phai

Ty l6 ma
Pau ra 1/2 1/3 1/4
X 111000 111000 111000
\Z 111000 111000 111000
Y, 000000 000000 111000
X’ 000111 000111 000111
Yo 000111 000111 000111
Y’y 000000 000000 000111

Bdng 4.2. Mdu trich bé cho céc chu ky bit dudi
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Luu ¥: Di v6i ma Turbo 1/2, bang trich bé duoc doc tir trén xudng dudi
sau do tir trai sang phai. Déi véi cac ma Turbo 1/3 va 1/4 bang trich bo dugc
doc tir trén xudng dudi dong thoi vai lap X va X’ sau d6 doc tir trai sang phai

Gia str trinh tu cua cac dia chi vao 1a tir 0 dén Nyo-1, trong d6 Niymo 12 56

cac ky hiéu ¢ bo chén sé duoc xac dinh theo thu tuc dugc cho ¢ hinh 5.2 nhu

sau:
/_n _, Co\:l:l N bit s [ ia chi
(ih+4. . .15 » Nhan > Xoba tiep
chon n va néu theo cua
chon n n bit LSB; dau _'déura
Bo Tra | nbit LSB (-0 vao bo chen
dém » cuu g Nuwbo | (N+5)
(n+5< bang
) hit
Danh
o trudc 5 bit
\(i4...i5 " bit (io.. i

Hinh 4.2 Thui tuc tinh todn dia chi dau ra b chén xen turbo

1.  Xac dinh théng sé bo chén: n, trong d6 n 13 sb nguyén nho nhat dé
Nuwro < 2™ . Bang 5.3 cho cac thong s nay.

2. Khoi dau bo dém (n+5) bit vao “0”.

3. Lay ra n bit trong sb cao nhat (MSB) tir bo dém va cong 1 dé duoc
gia tri mai. Sau d6 xoa tat ca trir n bit trong sé thap nhat (LSB) cua
gia tri nay.

4. Tra ctu bang 3.4 theo dia chi doc ban nam bit trong s6 thap nhat
(LSB) cua bo d¢ém. lwu ¥ rang bang nay phu thudc vao gia tri n.

5. Nhan c4c gi4 tri nhan duoc ¢ budc 3 va 4 rdi xda tat ca trir n bit trong
s6 thap nhat (LSB).
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7. Tao dia chi ra thi véi cac bit trong sé cao (MSBs) nhan duoc & budc

6 va céc bit trong s6 thap (LSB) nhan duoc & budc 5.

8.  Tiép nhan dia chi ra thir nay néu nd khdng 16n Nume, nguoc lai xoa

bo.

9. Tang bo dém va 1ap lai cac budc tir 3 dén 8 cho dén khi nhan duoc

tAt ca Nymo dia chi ra cho bd chen.

Kich thugc khoi cua bo chén Turbo

TUI‘bO (Nturbo)

Thong s6 cia bo chén Turbo n

378

570

762

1.146

1.530

2.298

3.066

4.602

6.138

9.210

1.282

O©| ©| O 0| N N| o o o1 o1 b

20.730

[y
o

Bdng 4.3. Théng sé cia b chén turbo

Bang chiso | n=4 n=5 n=6 n=7 n=8 n=9 n=10
0 5 27 3 15 3 13 1
1 15 3 27 127 1 335 349
2 5 1 15 89 5 87 303
3 15 15 13 1 83 15 721

Trang 69

Sv. Hoang Hizu Hiép




GVHD Ths. Poan Hiru Churc

4 1 13 29 31 19 15 973
5 9 17 5 15 179 1 703
6 9 23 1 61 19 333 761
7 15 13 31 47 99 11 327
8 13 9 3 127 23 13 453
9 15 3 9 17 1 1 95
10 7 15 15 119 3 121 241
11 11 3 31 15 13 155 187
12 15 13 17 57 13 1 497
13 3 1 5 123 3 175 909
14 15 13 39 95 17 421 769
15 3) 29 1 5 1 5 349
16 13 21 19 85 63 509 71
17 15 19 27 17 131 215 557
18 9 1 15 55 17 47 197
19 3 3 13 S7 131 425 499
20 1 29 45 15 211 295 409
21 3 17 5 41 173 229 259
22 15 25 33 93 231 427 335
23 1 29 15 87 171 83 253
24 13 9 13 63 23 409 677
25 1 13 9 15 147 387 717
26 9 23 15 13 243 193 313
27 15 13 31 15 213 57 757
28 11 13 17 81 189 501 189
29 3 1 5 57 51 313 15
30 15 13 15 31 15 489 75
31 S) 13 33 69 67 391 163

Bdng 4.4. Quy dinh bang tra cizu cho bg chen Turbo
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4.4.4. Phdi hep toc @ trong hé théng CDMA 2000:

Phéi hop téc do co nghia 1a 1ap hoic trich bo cac ky hiéu & kénh truyén
tai (viét tat 1a TrCH) dé dat duoc tdc d6 ky hiéu nhu nhau cho céc kénh c6 toc
d6 bit khac nhau & cac kénh vé tuyén khéac nhau. Lép cao sé 4n dinh thudc
tinh caa phéi hop téc do cho tirng TrCH. Thudc tinh nay 1a ban ¢ dinh va chi
c6 thé thay d6i theo thong béao cua I6p cao. Thudc tinh phéi hop téc d6 duoc
st dung dé tinh sd bit can 1ap hoac trich bo.

Trong hé théng CDMA 2000, I3p ky hiéu va trich bé ky hiéu duoc thuc
hién & sau bo ma hoa kénh. MAau Iap va trich bo phu thudc vao cau hinh vé
tuyén (RC: Radio configuration). Dudi day ta xét mot so thi du vé lap va trich
bo ky hiéu & CDMA 2000

Lap ky hiéu ma

Cac ky hiéu md & dau ra cua bo ma héa hiéu chinh 18i thuan s& dugc
lap theo quy dinh & bang 4.5

Ki&u kenh S6 ky hiéu_ ma s;jlu lap/ ky
hiéu ma
Kénh truy nhap (chi cho toc do trai pho mot) 2
4 (9600 bit/s)
Kénh truy nhap cai tién 2 (19200 bit/s)
1 (38400 bit/s)
4 (9600 bit/s)
Kénh diéu khién chung duong Ién 2 (19200 bit/s)
1 (38400 bit/s)
Kénh diéu khién riéng duong lén 2
8 (1200 hay 1800 bit/s)
A ) o 4 (2400 hay 3600 bit/s)
Kénh co ban duong Ién RC 1 hay 2 i
2 (4800 hay 7200 bit/s)
1 (9600 hay 14400 bit/s)
RC 3,4,5hay 6 | 16 (1500 hay 1800 bit/s)
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8 (2700 hay 3600 bit/s)
4 (4800 hay 7200 bit/s)
2 (9600 hay 14400 bit/s)

Kénh ma b6 sung duong

RClhay2) |1
lén ( y?2)

Kénh bo sung duong | 1

Bang 4.5 Quy dinh bang tra cuzu cho bo dan xen turbo
4.4.5. Cheéen trong CDMA 2000:

Chén thuong di voi ma hoa kénh dé ting hiéu qua cua sua 16i. trong
thong tin di dong do pha dinh sau, cac bit thuong xay ra ting cum dai. Tuy
nhién ma hoa kénh dic biét 1a ma tich chap chi hiéu qua nhat khi stra cac 16i
ngau nhién don 1& hodc cac cum 151 khong qua dai. Bé dbi pho véi van dé nay
nguoi ta chia khoi ban tin can gui thanh cac cum ngan rdi hoadn vi cac cum
nay Vaéi cac cum cua cac khoi ban tin khac, nho vay khi xay ra cum 15i dai
mdi khoi ban tin chi mat di mot cum nho va phan con lai caa khoi ban tin van
cho phép cac dang ma hda kénh khdi phuc dugc khdi dung sau khi da sap xép
lai c&c cum cuaa khéi ban tin theo thtr tu nhu phia phat. Chang han ta ¢6 4 khdi
ban tin hinh 4.3 ta chia mdi khéi thanh 4 cum va danh sé cho cac cum nay tir
1 dén 4, sau d6 hoan vi cac cum véi nhau bang cach ghép chung céc cum 1
vao mot khéi va cum vao mét khoi... gia s & phia thu cac cum 2 bi mac 16i,
sau khi sip xép lai cac khdi ban tin cac cum 1, 3, 4 con lai s& cho phép ma hda
kénh khai phuc lai khéi ding
4.4.5.1. Chén khéi:

Péi vai kénh dong b, cac kénh tim goi, cac kénh quang ba, kénh an
dinh chung, kénh diéu khién va cac kénh luu lwong dudng xudng, tit ca cac
ky hiéu sau 1ap va trich bo (néu c6) s& dugc chén khoi.

Cac ky hiéu dau vao lan lugt duoc viét vao bo dan xen theo dia chi tir 0
dén kich thudc khéi (N) trir mot. Céc ky hiéu sau dan xen duoc doc ra theo
trinh tuy hoan vi tur dia chi Ajnhu sau:

A= 2"(i mod j) + BRO ([i/j]) (4.2)
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Trong do6 :
i=0dén N-1
[X] biéu thi s6 nguyén Ién nhat nho hon x va BROy(Y) biéu thi gia
tri m bit dao cua y (chang han BRO3(6) = 3).
Céc khdi ban tin dugc
phéan thanh 4 cum nho

11234

i

/]

.« Cac khdi ban tin sau

dan xen va phat

?‘4\\ 4 3“

34'_13:34

Cac khéi ban tin thu sau khi giai dan xen
|_‘ Cum bi téc dong x4u bdi pha dinh X: 14 cum bi hong

w" 7

Hinh 4.3. Nguyén ly dan xen
Cac thong s cua bo dan xen: m va j dugce quy dinh & bang 4.6 hinh 4.4

cho thay cau hinh cta bd dan xen dbi voi cac ché do DS non — OTD (direct
spreading — non Orthogonal Transmit diversity: don séong mang khong su
dung phan tap phét truc giao), DS OTD (don séng mang véi phan tap phéat
truc giao) va MC (Multicarrier: da song mang).
4.4.5.2. Chen da khung:

Khi sb bit cua kénh bo sung duong xudng 1a 360 hay 16n hon, BS phai
cho phép dan xen kénh b6 sung & hai hodc khung lién tiép theo quy dinh duoc
xac dinh béi MULTI_FRAME_LENGTH.

Sv. Hoang Hizu Hiép
Trang 73



GVHD Ths. Poan Hiru Churc

CAu tric cua bo chén khéi n khung (n=2 hay 4) gidng nhu cau trdc cua bo
chén don khung. Thong sd dan xen cho bd chén n khung dugc quy dinh &
bang 4.7

Kich thudc dan m ] Kich thudc dan m J
xen xen
48 4 3 144 4 9
96 5 3 288 5 9
192 6 3 576 5 18
384 6 6 1.152 6 18
768 6 12 2.304 6 36
1.536 6 24 4.608 7 36
3.072 6 48 9.216 7 72
6.144 7 48 18.432 8 72
12.288 7 96 36.864 8 144
72 3 9 128 7 1
Bdng 4.6 Céc thong so chén
TTI S6 ¢cot Cy Cac mau hoan vi giira cac cot
10 ms 1 {0}
20 ms 2 {0,1}
40 ms 4 {0213}
80 ms 8 {0,42,61,53.7}

Bdng 4.7. Cac mdu hoan vj giira cac cot
4.45.3. Chén OTD:
Khi st dung ché ¢6 OTD, bd dan xen khdi s& phan ludng cac ky hiéu
vao thanh hai luong. Mdi ludng duoc dan xen theo thi tuc duoc trinh bay ¢
trén. Khéi tha hai duoc dich vong N/4 ky hiéu sau d6 hai khéi dugc ghép
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chung. Dich vong duogc thuc hién bang cach dich 3N/4 ky hiéu dén cudi khi
nay va N/4 ky hiéu dén dau khdi nay. Thu tuc dich vong dugc cho ¢ hinh 4.4
4.4.5.4 Cheén MC:

Déi véi ché do MC, bo dan xen khdi s& phan ludng céc ky hiéu dau vao
thanh ba khéi N/3 ky hiéu.

Cac ky hiéu vao k b dan xen khéi (k = 0,1,2) lan luot duoc ghi vao bo
nhé & cac dia chi tir 0 &én N/3 — 1. cac ky hiéu sau dan xen duoc doc ra theo
trinh tu hoan vi tur dia chi A; nhu sau:

A; = 2"((i+[kN/9]mod J) + BRO([(i+[KN/S)/J]) (4.3)

Trong do:

i=0dén N/3-1

[X] chi thi s6 nguyén 16n nhat nho hon hay bang x va BRO(y) chi thi
gia tri m bi dao vi tri ( chang han BRO3(6)=3).

Sau d6 ba dau ra cua cac khdi dan xen ghép chung véi nhau. Qué trinh
dan xen khéi MC duoc thuc hién dong thoi cho ca dan xen khéi va dich vong
khéi nhu & hinh 4.4

Cacky __ | Bochenkhéi | »Cacky
hiéu vao (N ky higu) hi¢ura

a) Ché dg DS Non — OTD

Bo chén .
» khéi(N/2 i
o hia
o Vhigu) Céacky
Cacky DEMUX MUX _]'ﬁéu ra
hiéu vao .| Bochén Dichvong| _
"| khoi(N/2 N/4ky hiey
kv hiéu

b) Ché dg DS OTD
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Bo chén
, kho1 (N/3 ky

hiéu

h 4

Bo chén Dichvong Cacky
v > khoi (N/3 s [N/9]ky > MUX higura
Caeky ) DEMUX ky hiéu hiéu '
1€u vao
Bo chén Dichvong
o khoi(N/3 |l [N/9]ky >
ky hiéu) higu

¢) Cac ché do MC

chic nang cuia DEMUX 1a phéan phéi lan luot cac ky hiéu vao cho
duong trén va duong dudi.

chtrc ning cua MUX 1a két hop lan luot cac ky hiéu vao tir duong trén
va duong xudng dudi.

Hinh 4.4. cau tric cac bg dan xen khoi N ky hiéu
4.5 KET LUAN:

Qua chuong nay ta biét duoc nhitng tng dung caa ma Turbo vao trong
truyén thong da phuong tién va truyén thong khong day, cu thé 1a tng dung
trong CDMA 2000. Nhiing kho khan khi thuc hién dé tim ra nhiing cach khac
phuc nhiing nhuoc diém d6 nham mang lai nhitng tién ich hon nita cua cong
nghé CDMA d6i véi cudc séng con nguoi. Bo ma st dung trong CDMA 2000
s& duoc md phong trong chuong tiép theo gidp ta hiéu sau hon vé né.
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Chuong 5

CHUONG TRINH MO PHONG MA TURBO TRONG HE
THONG THONG TIN DI PONG CDMA 2000

5.1 GIOI THIEU CHUONG

Trong chuong nay trinh bay chuong trinh mé phong bd ma turbo s
dung trong hé théng thong tin di dong thé hé 3 theo chuan CDMA2000.
Chuong trinh dugc viét bang ngdn ngir Matlab, théng qua chuong trinh mo
phong gilp ta kiém tra lai Iy thuyét va hiéu sdu hon vé ma turbo,cling nhu kha
nang ng dung cia ma turbo khi tbc do bit cao Qua dé cho ching ta danh gia
dugc nhiing dac diém nhu kha ning sta 16i...ma cac loai ma hoa kénh khac
khong c6. Trong chuong trinh md phong ta nhap céc bit sb liéu vao khac
nhau, sb 1an 13p giai ma khac nhau, cling nhu sb bit khung dé thu duoc két

qua giai ma, BER khéc nhau. Bo ma nay c6 ham truyén nhu sau:

G(D)=|1 ny(D) ny (D)
d(D) d(D)

Trong d6 d(D) = 1+D*+D?, ny(D) = 1+D+D°® va n,(D) = 1+D+D?*+D’
5.2 LUU PO THUAT TOAN
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5.2.1 Luu do thuat toan chuong trinh ma héa theo bit

A 4
nhap bit vao input, nhap
ma tran trang thai state

g =[1011;1101;1111]
=1

A 4

Output(i)=g(i,1)*input

I=i+1

=i+l

State= [input,state(1:2)

Trang 78
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5.2.2 Luu do thuat toan ma hoéa chuoéi diru liéu dau vao

Nhap chudi di liéu
can ma hda X

v

g =[1011;1101;1111]
state = zeros (1,3)

|

=1

d

"—’S < icrg>

d k=rem

d_k = X(1,i)

(g(1,2:K)*state’, 2) l

v

goi ham ma hoa bit [output_bits, state] = encode_bit( a_k,
state);output_bits(1,1) =d_k;y(3*(i-1)+1:3*i) = output_bits;

a_k =rem( g(1,:)*[d_k state]', 2);

=i+l

b

'

@
l S

Xuit y

C B>
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5.2.3. Lwu d6 thuit todn tinh cac ma tran caa trang thai Trellis:

A 4

g =[1011;1101;1111]

i=1
trang théi i

»
>

A 4

Tinh cac ma tran:

i —i+1 | [Next_out: dau ra khi dau vao Ia bit 0/1 ang véi thanh ghi ¢ trang
thai hién tai i

Last_out:dau ra truéc khi thanh ghi chuyén dén trang thai hién
tai i

Next_state: trang théi thanh ghi tiép theo khi dau vao 1a bit 0/1
va thanh ghi dang ¢ trang thai i

Last_state: trang thai thanh ghi truéc khi chuyén dén trang théi
hién tai i

1<8

Next_out
Last_out
Next_state

Trang 80
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5.2.4 Luu d6 thuat toan giai ma Turbo

\ 4
Nhap s6 lan lap
Chudi dit liéu nhan
duoc o bénthuy

P\ 4

y

-Dya vao so dd trellis tinh cac metric
I =i+1| | di vao tirng nut

'y -So sanh cac metric dé tim ra duong

s6ng

j=1+1

I <length(y)

j<lan lap

Pua ra cac bit giai ma

End
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5.2.5. Lwu d6 thuit toan tinh 15i bit va 16i khung:

- nhap thuat toan giai ma
- nhap kich thuac khung
- nhap s6 lan lap

- nhap ty 1€ nang luong

P 4

Ma hoa

cong nhiéu

|

giai ma

!

déem loi

l

dém 15i <
gidi ha

BER
FER
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5.3. Giao dién va két qua chwong trinh md phéng:

TRUONG DAI HOC DAN LAP HAI PHONG
KHOA: BIEN TU — VIEN THONG

PO AN TOT NGHIEP

MA HOA TURBO

GVHD: Th.s Podn Hfu Chiic
SVTH: Hodang Hiiu Hiép

Hai Phong Thang 6 Nam 2009
EXIT & & CONTINUE

Khi chon “Exit ” chuwong trinh s€ thoat con chon “continue” chuong

trinh s& tiép tuc cho ra trang nhap théng sé vao
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) INFRPSTHONG SO = W

NHAP THONG SO NGO VAO

Nhap chudi dir liéu vao: | 10001110

Ty Ié tin hiéu trén nhiéu: | 3 dB
Nhap s6 lan lip: | 5
Chon ty 1& ma: | 13 j

BACK | EXIT | ENCODE |

Ta nhap chudi dit liéu vao, ty 18 tin hiéu trén nhidu, s6 1an lap giai mé,
ty 16 ma truyén di cd 3 ty Ié 1a 1/2, 1/3, 1/4. chon “ENCODE” dé tiép tuc toi

trang ma hoa
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( J INHRP THONG SO = ‘
MA HOA TURBO )
/L Yo
ﬁ I
| Y g
10001110 — ‘ @ \Jl I le I }\Jl I
. »
interleawver 4\ 7o
| —
00100111 1 Yy
| 7
S =
BACK | EXIT CONTINUE

xuat hién bo ma hod Turbo CDMA2000 chudi dir liéu dua vao sau khi qua bo
chén hoan vi ngau nhién cho ra chudi mai dé dua vao bo ma hoa thanh phan
thr hai. Ta chon “CONTINUE” dé dua ra két qua ma hoa.
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Két qud ra sau khi ma hod

chudi dit liéu vao : 10001110

X:| 10001110111 X :| 00100111000
Yi:| 11111001001 Y1:| 00111001000
Y2:| 11010100011 Y2:| 00110011000
Chudi tin truyén di : 110010011011111100100011110110111000000000

BACK | EXIT CONTINUE

Ta thu duoc két qua ma hoa nhu trén hinh va dua ra chudi tin can
truyén di phu thudc vao viéc chon ty 16 ma trudc. chon “BACK” dé quay vé
trang trudc, chon “EXIT” dé thoét, chon “CONTINUE” dé tiép tuc dén trang

sau.
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SO PO GIAI MA SOVA

state
000
100
010 RESULT
110 BACK |
001 EXIT |
101
011
111
0 1 2 3 4 5 G 7 8 g m N time
Bit vao 0
"""""" Bit vao 1

Chudi tin truyén x: ‘110010011011111100100011110110111000000

Chudi tin nhan y: ‘ 110010011011110100100011110110110000001

Chudi tin gidi mi v | 10001110

Xuat hién so dd lugi dung dé giai ma, tién hanh giai ma chudi tin
nhan dugc y chudi ndy c6 mot sb bit 16i khac vaéi chudi truyén. ta tiép tuc
chon “RESULT” dé dua ra két qua giai ma.
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KET QUA GIAI MA TURBO

Chuoi dir liéu vao : | 10001110 Chiéu dai chudi dir J_iéu:’T
chudi dif liu truyén di: [1100100110111111001000111101 S6 bit bi nhiu: 5
chuéi dir liéu nhin dlr(_:ic|1 100100110111101001000111101 s6 bit gidi ma sai: ’T
chudi gidi ma duoc: | 10001110 s6 lan lap gidi ma: ’T

BACK | EXIT | TINH LOI

ta tiép tuc chay chuong trinh tinh ty I¢ 13i bit va 15i khung khi nhap cac théng
s dau vao khéc nhau thi ta thu duoc nhiing gia tri 15 bit va 16i khung khac
nhau. Va c6 d6 thi khac nhau
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X

[ J INHAPSTHONG SO ING I CECOTB TP VA TY CE COFREUNG : E

Thuit todn gidi ma logisova(ﬂfl):‘ 1
Chon kich thudc khung: 300

Chon ty sé niing ludng :

|
S6 lan lap : |
|
|

chon sé khung bi 16i :

BACK EXIT VEDOTHI
_BACK_ | _ExiT |

Sau khi tinh 16i xong n6 s& dua két qua dén dé vé do thi

0 |
(]
X

( 2 THIENSTRTFRET QUATING 0T BT VA TOTRHUING

0.4

0.3

o
[
o

ty le loi bit
ty le loi khung
(]
[N}

=
—-
m

0.1

—— | 50 lan lap e | s0 lan lap e |
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Ta chay chuong trinh md phong nhiéu lan ta dua ra mot sé nhan xét
nhu sau:

+ Khi s6 1an lip tang tir thi ti 18 161 bit cling nhu ti 18 16i khung déu
giam. viéc thyc hién méd Turbo dugc cai tién nhiéu, diéu nay Ia do sau khi
thong tin duoc chia sé& giita cac bo giai ma c6 nhiéu thdng tin vé ngd vao va vi
viy dua ra quyét dinh chinh xac hon Khi sé lan lap ting 16n hon 2 thi viéc
thuc hién cua ma Turbo ciing duoc cai tién. Tuy nhién,mac do cai tién khong
duogc cao, diéu nay la do sau lan lap,cac bo giai ma da 1ay duoc hét thong tin
ctia ma ngd vao va do dé : khdng cho ra ¢ ngd ra céc gié tri bién doi nira nhu
trong lan Iap tha nhat.Vi vay, c6 thé noi viéc thuc hién cia ma Turbo s& dat
dén muac ngudng sau vai lan 1ap Néu sé 1an lap ting hon mirc ngudng thi viec
thuc hién ma Turbo sé& bi giam xuéng, sau muc ngudng thi céac lan lap sau
khong dem dén thong tin khac hon dén cac bo giai ma

Nhu vay,viéc thuc hién ma Turbo ting khi s6 lan lip ting va thoi gian
st dung giai ma ciing tang tuyén tinh theo s6 lan 1ap.Vi vay,nguoi thiét ké
phai diéu chinh sé lan 13p sao cho phi hop gitra viéc thuc hién cuia ma va thoi
gian giai ma.

Tuy nhién,trong qué trinh giai ma,thuat toan SOVA phai chiu 2 loai
méo Méo thtr nhat I1a cac ngd ra mém vuot qua tbi wu thudng dugc bl bang hé
s6 chia mac Méo tha hai 1a su twong quan giita thong tin bén ngoai va bén
trong hay su twong quan gitra ngd ra mém caa moi bo giai ma twong Gng Voi
c4c bit kiém tra chan 1& caa nd va chudi dir liéu ngd vao théng tin

+ Néu s6 lugng khung dua vao cang 16n thi BER va FER cang thap

+ M4 s& hoat dong tt khi ta lua chon kich thudc khung 16n.

+ Ti 1 161 khung(FER) thudng Ién hon ti Ié 16i bit(BER) nhung 1an lap
cang lon thi BER~FER
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PHU LUC MO PHONG BANG MATLAP
b a
FiLe main.m
b a
function main
h0 = figure('Units',"points',...

'‘Color',[1 0.819607843137255 0.941176470588235],...
'MenuBar','none’,'Name',CHUONG TRINH MO PHONG,...
'NumberTitle','off,...
'PaperPosition’,[18 180 576 432],...
'PaperUnits','points’,...
'Position’,[0 25 600 400.5]....
"Tag','Figl',"ToolBar','none");
h1 = uicontrol('Parent',h0,...
'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close;',...
'FontName','vni-times', 'FontSize', 16.,...
'ListboxTop',0,...
'Position’,[0 0 83.25 24.75]....
‘String','EXIT", "Tag','Pushbuttonl’);
h1 = uicontrol('"Parent’,h0, Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontName','vni-times',...
'FontSize',16,'ListboxTop',0,...
‘callback’,'close all;inputl',...
'Position’,[510 0 90 25],...
‘String',CONTINUE','Tag','Pushbutton2');
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h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235]....
'FontName','vni-times', 'FontSize',16,...
'ListboxTop',0,...
'Position',[96.75 363 392.25 31.5],...
‘String', ',...
‘Style','text', 'Tag','StaticTextl");
h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName',"'VNI-TIMES','FontSize',16,...
'ListboxTop',0,...
'Position',[95.25 342.75 392.25 31.5],...
‘String', TRUONG DAI HOC DAN LAP HAI PHONG’,...
‘Style','text',"Tag','StaticText2");
h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','VNI-TIMES','FontSize',16,...
'ListboxTop',0,...
'Position’,[88.5 322.5 392.25 31.5]....
‘String', KHOA DIEN TU-VIEN THONG,...
‘Style','text', 'Tag','StaticText3");
h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','VNI-TIMES','FontSize',25,...
'FontWeight','bold','ListboxTop',0,...
'Position',[92.25 243.75 392.25 31.5],...
‘String',DO AN TOT NGHIEP,...
‘Style','text',"Tag','StaticText4");
h1 = uicontrol('Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
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'FontName',"'VNI-TIMES','FontSize',18,...
'FontWeight','bold','ListboxTop',0,...
'Position',[92.25 145.5 395.25 56.25],...
‘String', MA HOA TURBO ',...
‘Style','text','Tag','StaticText5'");

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235]....
'FontName','vni-times','FontSize',13,...
'FontWeight','bold','ListboxTop',0,...
'Position',[339 95.25 222.75 19.5],...
'horizontalalignment','left',...
‘String','GVHD: Th.S DOAN HUU CHUC’,...
‘Style','text',"Tag','StaticText6');

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times','FontSize',13,...
'FontWeight','bold','ListboxTop',0,...
'Position',[339 73.5 222.75 19.5],...
'horizontalalignment','left',...
‘String','SVTH: HOANG HUU HIEP.,...
‘Style','text',"Tag','StaticText7");

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','VNI-TIMES','FontSize',18,...
'ListboxTop',0,...
'Position’,[110.25 5.75 392.25 31.5]....
'String',Hai Phong Thang 07 Nam 2009',...
‘Style','text',"Tag','StaticText4");

if nargout > 0, fig = hO;

end;
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s B S o

File inputl.m

s B S o

clear;

h0 = figure('Color',[1 0.819607843137255 0.941176470588235],...
'NumberTitle','off,...
'MenuBar','none','/Name','NHAP THONG SO',...
'PaperPosition’,[18 30 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
'Tag','Figl',"ToolBar','none");

h1 = uicontrol('Parent',h0,...
'Units','points’,...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times','FontSize',20,...
'FontWeight','bold','ListboxTop',0,...
'Position’,[ 147 350.25 305.25 27.75],...
'String’, NHAP THONG SO NGO VAO.,...
‘Style','text',"Tag','StaticTextdau');

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',195,...
'Horizontal Alignment','left',...
'Position’,[12.75 225.25 158.25 18.75],...
'String','Nhap chudi dit liéu vao :,...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent’,h0, Units',"points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[171.75 222.75 105 22.5],...
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‘String',",...
‘Style','edit',"Tag','EditTextldlv',...
‘callback’, 'dauvao');

h1 = uicontrol('Parent',h0,...
'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times',...
'FontSize',15,...
'Horizontal Alignment','left',...
'ListboxTop',0,...
'Position’,[12.75 204.10 170.5 18.75],...
'String','Ty 1& tin hiéu trén nhiéu:',...
‘Style','text','Tag','StaticText2");

h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times',...
'FontSize',15,...
'Horizontal Alignment','left',...
'ListboxTop',0,...
'Position',[280 204.10 20.5 18.75],...
‘String','dB",...
‘Style','text',"Tag','StaticText2");

hra = uicontrol('Parent’,h0,...
'Units',"points',...
'‘BackgroundColor',[1 1 1]....
'FontSize',13,...
'ListboxTop',0,...
'Position',[171.75 201.75 105 21],...
‘String',",...
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‘Style','edit','Tag','EditText13nangluong',...
‘callback’,'tyso_EbNo");

h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times',...
'FontSize',15,...
'Horizontal Alignment','left',...
'ListboxTop',0,...
'Position’,[12.75 182.25 112.5 18.75],...
'String','Nhap s& 1an lip:',...
‘Style','text',"Tag','StaticText3");

h1 = uicontrol('Parent',h0,...
‘Units','points',...
'‘BackgroundColor',[1 1 1]....
'FontSize',13,...
'ListboxTop',0,...
'Position',[171.75 180 105 21.75],...
‘String',",...
‘Style','edit','Tag','EditText3solan’,...
‘callback’,'solan_lap');

h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'FontName','vni-times',...
'FontSize',15,'Horizontal Alignment','left',...
'ListboxTop',0,...
'Position',[12.75 160 112.5 18.75],...
'String','Chon ty 1€ ma:',...
‘Style','text',"Tag','StaticText5");
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h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 1 1],'FontName','vni-times',...
'FontSize',14,'ListboxTop',0,...
'Position’,[171.75 161.25 105 16.5]....
‘String'," 1/2 1 1/3 1 1/4,...
‘Style','popupmenu’,...
"Tag','PopupMenultylema’,'Value',1,...
‘callback’,'tyle_ma');
h1 = uicontrol('Parent',h0,...
'Units','points’,...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close’,...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[270.75 3.25 72 21],...
‘String','EXIT",'Tag','Pushbutton1’);
h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontName','VNI-TIMES',...
'FontSize',15,'ListboxTop',0,...
'"Position',[510.25 3.25 84.75 21],...
'callback’,'close all ; mahoa2',...
'String','ENCODE','Tag','Pushbutton2');
h1 = uicontrol('Parent',h0,...
'‘Units','points’,...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
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'Callback’,'close all ; main',...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[4.75 3.25 72 21]....
‘String', BACK','Tag','Pushbutton3');
if nargout > 0, fig = hO; end
s e o S SO
File mahoa2.m
s e o S SO
h0 = figure('Color',[1 0.819607843137255 0.941176470588235]....
'NumberTitle','off,...
'MenuBar','none','Name',NHAP THONG SO/,...
'PaperPosition’,[18 30 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
"Tag','Figl',"ToolBar','none");
axis([0 18 0 16]);
axis off;
hold on;
grid;
text(3,16.5, MA HOA TURBO','fontname’','vni-times','fontsize',24,'color','b");
% bo ma hoa 1
pl=line([13.4 14.6 14.6 13.4 13.4],[9.5 9.5 10.5 10.5 9.5],'color','b");
p2=line([10.9 12.1 12.1 10.9 10.9],[9.5 9.5 10.5 10.5 9.5],'color','b");
p3=line([8.4 9.6 9.6 8.4 8.4],[9.5 9.5 10.5 10.5 9.5],'color','b");
plot(6.5,10,'ob",'markersize’,12);
plot(6.5,10,'+b");
plot(11.5,8.5,'ob",'markersize',12);
plot(11.5,8.5,'+b");
p4=line([6.9 8.4],[10 10],'color’,'d");
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pS=line([8.1 8.4 8.1],[10.2 10 9.8],'color’,'b");
p6=line([9.6 10.9],[10 10],'color",'b");

p7=line([12.1 13.4],[10 10],'color','b");
p8=line([10.6 10.9 10.6],[10.2 10 9.8],'color",'b");
p9=line([13.1 13.4 13.1],[10.2 10 9.8],'color",'b");
plot(11.5,11.5,'ob','markersize',12);
plot(11.5,11.5,'+b");
plot(11.5,13.7,'ob','markersize',12);
plot(11.5,13.7,'+b");

p6=line([14.6 15.5],[10 10],'color','d");

p6=line([10 10],[10 13],'color’,'d");

p6=line([15.5 15.5],[8.5 13.7],'color','b");
p6=line([13 13],[9 11],'color','b");

p6=line([7.5 7.5],[10 13.7],'color','b");

p6=line([7.5 15.5],[13.7 13.7],'color','b");
p6=Iline([10.8 11.2 10.8],[13.9 13.7 13.5],'color’,'d");
p6=line([12.2 11.9 12.2],[13.9 13.7 13.5],'color’,'d");
p6=line([10 11.2],[13 13.4],'color’,'d");

p6=line([11 11.2 11.1],[13.5 13.4 13.1],'color",'b");
p6=line([7.5 15.5],[11.5 11.5],'color','b");
p6=Iline([10.8 11.1 10.8],[11.7 11.5 11.3],'color’,'d");
p6=line([12.2 11.9 12.2],[11.7 11.5 11.3],'color’,'d");
p6=line([13 11.7],[11 11.3],'color’,'d");
p6=line([11.9 11.7 12],[11.1 11.3 11.4],'color','b");
p6=line([11.5 11.5],[14 14.7],'color','b");
p6=line([11.5 16],[14.7 14.7],'color','b");
p6=line([15.7 16 15.7],[14.9 14.7 14.5],'color','d");
p6=line([10 11.2],[10.5 11.3],'color’,'d");
p6=line([10.8 11.2 10.9],[11.4 11.3 10.8],'color','d");
p6=line([11.5 11.5],[11.8 12.5],'color",'b");
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p6=line([11.5 16],[12.5 12.5],'color’,'d");
p6=line([15.7 16 15.7],[12.7 12.5 12.3],'color’,'b");
p6=line([13 11.8],[9 8.7],'color','d");

p6=line([5 6.2],[10 10],'color','b");

41,[10.25 10.25],'color",'b");

[
[
[
[
p6=line([2
[4 4],[9.75 8.5],'color','d");
[
[
[
[
[
[

p6=line(
p6=line([4 15.5],[8.5 8.5],'color’,'d");

p6=line([6 6.2 6],[10.2 10 9.8],'color",'b");

p6=line([5.5 5.5],[10 15.3],'color','b");

p6=line([11.95 11.8 12.1],[8.9 8.7 8.6],'color','b");

p6=line([5.5 16],[15.3 15.3],'color’,'d");

p6=line([6.5 6.5],[8.5 9.6],'color','b");

p6=line([4 5],[10.25 10],'color','d");

p6=line([4.2 4 4.2],[10.4 10.25 10.05],'color",'b");

p6=line([6.3 6.5 6.7],[9.3 9.6 9.3],'color’,'b");

p6=line([15.7 16 15.7],[15.5 15.3 15.1],'color",'b");

p6=line([12.2 11.9 12.2],[8.7 8.5 8.3],'color','d");

plot([5 5.5 7.5 7.5 10 13 15.5 6.54 4 10 10 15.5],[10 10 10 11.5 10 10 10 8.5
10.259.75 10.5 13 11.5],".b','markersize',12);

% bo ma hao 2

pl=line([13.4 14.6 14.6 13.4 13.4],[1.5 1.5 2.5 2.5 1.5],'color','b");
p2=line([10.9 12.1 12.1 10.9 10.9],[1.5 1.5 2.5 2.5 1.5],'color','d");
p3=line([8.4 9.6 9.6 8.4 8.4],[1.5 1.5 2.5 2.5 1.5],'color','b");
plot(6.5,2,'ob',' markersize’,12);

plot(6.5,2,'+b");

plot(11.5,0.5,'ob",'markersize',12);

plot(11.5,0.5,'+b");

p4=line([6.9 8.4],[2 2],'color','b");

pS=line([8.1 8.4 8.1],[2.2 2 1.8],'color','b");

p6=line([9.6 10.9],[2 2],'color','b");
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p7=line([12.1 13.4],[2 2],'color','b");
p8=line([10.6 10.9 10.6],[2.2 2 1.8],'color','b");
p9=line([13.1 13.4 13.1],[2.2 2 1.8],'color','b");
plot(11.5,3.5,'ob",'markersize',12);
plot(11.5,3.5,'+b");
plot(11.5,5.7,'ob",'markersize',12);
plot(11.5,5.7,'+b");

p6=line([14.6 15.5],[2 2],'color','b");
p6=line([10 10],[2 5],'color",'b");

p6=line([15.5 15.5],[0.5 5.7],'color','d");
p6=line([13 13],[1 3],'color','b");

p6=line([7.5 7.5],[2 5.7],'color','b");
p6=line([7.5 15.5],[5.7 5.7],'color','b");
p6=line([10.8 11.2 10.8],[5.9 5.7 5.5],'color','d");
p6=line([12.2 11.9 12.2],[5.9 5.7 5.5],'color','d");
p6=Iline([10 11.2],[5 5.4],'color','b");
p6=line([11 11.2 11.1],[5.5 5.4 5.1],'color','d");
p6=line([7.5 15.5],[3.5 3.5],'color','b");
p6=line([10.8 11.1 10.8],[3.7 3.5 3.3],'color','d");
p6=line([12.2 11.9 12.2],[3.7 3.5 3.3],'color','d");
p6=line([13 11.7],[3 3.3],'color’,'b");
p6=line([11.9 11.7 12],[3.1 3.3 3.4],'color’,'d");
p6=line([11.5 11.5],[6 6.7],'color','b");
p6=line([11.5 16],[6.7 6.7],'color','b");
p6=line([15.7 16 15.7],[6.9 6.7 6.5],'color','b");
p6=line([10 11.2],[2.5 3.3],'color",'b");
p6=Iline([10.8 11.2 10.9],[3.4 3.3 2.8],'color’,'d");
p6=line([11.5 11.5],[3.8 4.5],'color','d");
p6=line([11.5 16],[4.5 4.5],'color’,'d");
p6=line([15.7 16 15.7],[4.7 4.5 4.3],'color','d");
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p6=line([13 11.8],[1 0.7],'color','b");

p6=line([5 6.2],[2 2],'color','b");

p6=line([3 4],[2.25 2.25],'color','b");

p6=line([4 4],[1.75 0.5],'color','d");

p6=line([4 15.5],[0.5 0.5],'color','b");

p6=line([6 6.2 6],[2.2 2 1.8],'color','d");
p6=line([5.5 5.5],[2 7.3],'color','b");
p6=line([11.95 11.8 12.1],[0.9 0.7 0.6],'color','b");
p6=line([5.5 16],[7.3 7.3],'color','b");

p6=line([6.5 6.5],[0.5 1.6],'color','b");

p6=line([4 5],[2.25 2],'color','d");

p6=line([4.2 4 4.2],[2.4 2.25 2.05],'color’,'d");
p6=line([6.3 6.5 6.7],[1.3 1.6 1.3],'color’,'b");
p6=line([15.7 16 15.7],[7.5 7.3 7.1],'color','d");
p6=line([12.2 11.9 12.2],[0.7 0.5 0.3],'color','b");
plot([55.57.57.510131556544101015.5],[2223.52220.52.251.752.5
5 3.5],".b',)markersize',12);

% bo chen

p6=line([1.54.54.5 1.5 1.51,[5 57 7 5],'color','d");
p6=line([3 3],[10.25 7 ],'color','b");

p6=line([3 3],[5 2.25],'color','d");
text(1.9,6,'interleaver’,'fontsize',11.5,'color’,'r'");
text(14.5,15.7,'X",'fontsize',12,'color",'r'");
text(14.5,14.2,"Y",'fontsize',12,'color",'r'");
text(14.9,14.1,'0",'fontsize',8,'color','r");
text(14.5,12,"Y",'fontsize',12,'color’,'r'");
text(14.9,11.9,'1','fontsize’,8,'color','r");
text(14.5,7.7,'X’",'fontsize',12,'color’,'r'");
text(14.5,6.2,"Y"",'fontsize’,12,'color','t");
text(14.9,6.1,'0','fontsize",8,'color','r");
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text(14.5,4,'Y’",'fontsize’,12,'color’,'r');
text(14.9,3.9,'1','fontsize',8,'color','r");
uicontrol('Parent’,h0,...
'‘BackgroundColor',[ 0.917647058823529 0.658823529411765
0.917647058823529 ],...
'FontName',"VNI-TIMES',...
'Callback’,'close all;ketqua_mbh;',...
'FontSize',13,...
'Position’,[700 8.25 100.75 21.75],...
‘String','CONTINUE',...
"Tag','Pushbutton3’);
uicontrol('Parent',h0,...
'‘BackgroundColor',[ 0.917647058823529 0.658823529411765
0.917647058823529 ]....
'Callback’,'close all; inputl;',...
'FontName','VNI-TIMES',...
'FontSize',13,...
'"Position',[8.75 8.25 80.25 21.75],...
‘String','BACK,...
"Tag','Pushbutton4');
uicontrol( 'Parent',h0,...
'FontSize',13, 'Horizontal Alignment','center’,...
'‘Backgroundcolor','w','Position',[ 100 335 90 30],...
'String',vao,...
‘Style','edit','Tag','EditText");
uicontrol('Parent’,hO0,...
'‘BackgroundColor',[ 0.917647058823529 0.658823529411765
0.917647058823529 ],...
'FontName','VNI-TIMES',...
'Callback’,'close all;',...
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'FontSize',13,...
'Position’,[380 8.25 81.75 21.75],...
‘String','EXIT',...
"Tag','Pushbutton3’);
[kgchen,n_nh,dodai]=chen(vao);
uicontrol( 'FontSize',13, 'HorizontalAlignment','center’,...
'‘Backgroundcolor','w','Position’',[ 160 160 90 30],...
'String',kqchen,...
‘Style','edit',"Tag','EditText8sc');
o L B o e
File ketqua_mh.m
o e
h0 = figure('Color',[1 0.819607843137255 0.941176470588235],...
'NumberTitle','off,...
'MenuBar','none','Name',' KET QUA MA HOA',...
'PaperPosition’,[18 30 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
"Tag','Figl',"ToolBar','none");
h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times','FontSize',20,...
'FontWeight','bold','ListboxTop',0,...
'Position',[147 350.25 305.25 27.75],...
'String','K&t qud ra sau khi ma hod',...
‘Style','text',"Tag','StaticTextdau');
[y,yl,y2]=mahoa_turbo(vao);
y2=num?2str(y2);
yl=num2str(y1);
y=num2str(y);
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[x,x1,x2]=mahoa_turbo(kqchen);

x2=num?2str(x2);

x1=num?2str(x1);

x=num?2str(x);

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position',[12.75 225.25 30.25 18.75],...
‘String','X :',...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points’,...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[50 222.75 200 22.5],...
‘String',y,...
‘Style','edit',"Tag','EditText6");

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[12.75 200.25 30.25 18.75],...
‘String','Y1 ...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent',h0,'Units',"points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[50 198.75 200 22.5],...
‘String',y1,...
‘Style','edit',"Tag','EditText5');
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h1 = uicontrol('"Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[12.75 178.25 30.25 18.75],...
‘String','Y?2 :',...
‘Style','text','Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points’,...

'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,'Position',[50 175 200 22.5],...

‘String',y2,...
‘Style','edit',"Tag','EditTextl");

h1 = uicontrol('Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[350 225.25 35.25 18.75],...
‘String','’X” :,...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points',...

'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,'Position',[390 222.75 200 22.5],...

‘String', x,...

‘Style','edit','Tag','EditText");

h1 = uicontrol('"Parent’,h0, Units','points',...

'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...

'FontName','vni-times', 'FontSize',15,...
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'Horizontal Alignment','left',...
'Position’,[350 200.25 35.25 18.75]....
‘String','Y’1 :',...
‘Style','text','Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points’,...

'‘BackgroundColor',[1 1 1],'FontSize',13,...
"ListboxTop',0,Position',[390 198.75 200 22.5],...

‘String',x1,...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('"Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255

0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[350 178.25 35.25 18.75],...
‘String','Y’2 :',...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent',h0,'Units',"points',...

'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position’,[390 175 200 22.5]....

‘String',x2,...
‘Style','edit',"Tag','EditTextl");

y=str2num(y);

yl=str2num(y1l);

y2=str2num(y2);

x=str2num(x);

x1=str2num(x1);

x2=str2num(x2);

dodai=length(vao);

out=chuoi_truyen(y,yl,y2,x,x1,x2,tyle,dodai)
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for i=1:length(out)

tr(i)=num?2str(out(i));

end

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[20 130.25 130.25 18.75]....
'String','Chudi tin truyén di :',...
‘Style','text','Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points’,...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position’,[ 150 128 400 22.5]....
'String',tr,...
‘Style','edit',"Tag','EditTextl");

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'"Position',[80 270 150.25 18.75],...
'String','chudi dit liéu vao :',...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units','points’,...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[200 268.75 115 22.5],...
'String',vao,...
‘Style','edit',"Tag','EditText1");

h1 = uicontrol('Parent',h0,...
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'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close;',...
'FontName','vni-times', 'FontSize',16,...
'ListboxTop',0,...
'Position',[260 0 83.25 24.75],...
‘String','EXIT', "Tag','Pushbuttonl");
h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontName','vni-times',...
'FontSize',16,'ListboxTop',0,...
‘callback’,'close all;sdgm_turbo3',...
"Position',[510 0 100 25],...
‘String','CONTINUE','Tag','Pushbutton2');
h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontName','vni-times',...
'FontSize',16,'ListboxTop',0,...
'callback’,'close all;mahoa?2’',...
"Position',[0 0 80 25]....
‘String', BACK','Tag','Pushbutton2');

L o L e e e L L

File sdgm_turbo3.m
++++++++

n=dodai;
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h0 = figure('Color',[1 0.819607843137255 0.941176470588235],...
'MenuBar','none’, 'Name','SO DO GIAI MA TURBO',...
'‘NumberTitle','off", 'PaperPosition’,[ 18 180 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
"Tag','Figl',"ToolBar','none");

h1 = uicontrol('Parent',h0,...

'Units','points’,...

'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times',...

'FontSize',25,...

'ListboxTop',0,...

'Position’,[148.5 366.75 317.25 36]....

'String','SC PO GIAI MA SOVA'...

‘Style','text',...

"Tag','StaticTextl");

h2 = uicontrol('"Parent’,h0, 'Units','points',...

'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times', 'FontSize',13, 'ListboxTop',0,...
'Position',[18 65.25 114 21.75],’String',‘Chu5i tin truyén x:...
‘Style','text',"Tag','StaticText4");

h1 = uicontrol('"Parent’,h0, 'Units','points',...

'‘BackgroundColor',[1 1 1],'FontSize',15,'ListboxTop',0,...
'Position’,[132.75 58.5 300 27],'String',tr,...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('"Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255 0.941176470588235]....
'FontName','vni-times','FontSize',13,'ListboxTop',0,...
'Position',[18.75 36.75 112.5 19.5], 'String','Chudi tin nhan y:',...
‘Style','text', "Tag','StaticText5");
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h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235]....
'FontName','vni-times','FontSize',13,'ListboxTop',0,...
'Position’,[18.75 7.5 113.25 21],'String','Chudi tin gidi ma u:',...
‘Style','text',"Tag','StaticText6');

h1 = uicontrol("Parent’,h0, Units',"points', 'BackgroundColor',[1 1 1],...
'FontSize',15,'ListboxTop',0, Position',[ 132 8.25 78 21],...
'String',vao,'Style','edit', Tag','EditText5");

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontSize',15,'ListboxTop',0,...
'Position',[505.5 272.25 76.5 18],'String', RESULT",'Tag','Pushbutton2’',...
‘callback’,'close ;ketqua_giaima');

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontSize',15,'ListboxTop',0,'Position',[S07 241.5 76.5 20.25],...
‘String', BACK', 'Tag','Pushbutton4',...
‘callback’,'close ;ketqua_mbh');

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontSize',15,'ListboxTop',0,'Position',[S07 211.5 76.5 20.25]....
‘String','EXIT", "Tag','Pushbutton4',...
‘callback’,'close all');

h1 = axes('Parent’,h0, 'Box','on','CameraUpVector',[0 1 0]....
'‘CameraUpVectorMode','manual’,'Color',[1 1 1]....
'‘NextPlot','add','Tag','Axes1','Visible','off",’XColor',[0 0 0],...
'XGrid','on',’XLim',[-1 5+n],'XLimMode','manual’,...
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"YColor',[0 0 0],"YGrid','on',"YLim',[0 13],"YLimMode','manual,...

'ZColor',[0 0 0],'"ZGrid','on");
plot([0 3],[11 11],'b.-',[0 1],[11 10],'r.:");
plot([1 2],[11 10],'r.:");
plot([1 2],[10 9],'b.-',[1 2],[10 8],'r.:");
plot([2 3],[11 10],'r.:");
plot([2 3],[10 9],'b.-',[2 3],[10 8],'r.:");
plot([2 31,[9 7],'r.:",[2 31,[9 6].,'b.-");
plot([2 3],[8 5],'r.:",[2 3],[8 4],'b.-");
for i=3:3+n-1
plot([ii+1],[11 11],'b.-[11+1],[11 10],'r.:");
plot([ii+1],[10 9],'b.-',[1 1+1],[10 8],'r.:");
plot([ii+1],[9 7],'r.:",[1 i+1],[9 6],'b.-");
plot([11+1],[8 5],'r.:",[11+1],[8 4],'b.-");
plot([11+1],[7 11],'r.:",[11+1],[7 10],'b.-");
plot([11+1],[6 9],'r.:",[11+1],[6 8],'b.-");
plot([11+1],[5 7],'b.-',[1 i+1],[5 6],'r.:");
plot([11+1],[4 5],'b.-',[1 1+1],[4 4],'r.:");
end;
text(-1,11,'000",'fontsize’,13,'color','k");
text(-1,10,'100','fontsize',13,'color",'k");
text(-1,9,'010','fontsize’,13,'color",'k");
text(-1,8,'110','fontsize’,13,'color','k");
text(-1,7,'001','fontsize',13,'color",'k");
text(-1,6,'101','fontsize’,13,'color",'k");
text(-1,5,'011','fontsize’,13,'color",'k");
text(-1,4,'111','fontsize',13,'color",'k");
plot([3 4.5],[2.5 2.5],'b.-");
plot([3 4.5],[2 2],'r.:");

text(4.7,2.5,'Bit vao 0','fontname’,'vni-times','fontsize',15,'color','k");
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text(4.7,2,'Bit vao 1','fontname’,'vni-times','fontsize',15,'color','k");

text(-1,12,'state’,'fontsize’,15,'color','k");

for i=0:3+n

text(i,3.5,num?2str(i),'fontsize',10,'color','k");

end

text(4+n,3.5,'time’,'fontsize',15,'color’,'k");

nhan=chuoinhan(y,y1,y2,x,x1,x2,tyle,dodai,EbNO);

for i=1:length(nhan)

ch_nh(i)=num2str(nhan(i));

end

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 1 1],'FontSize',15, 'ListboxTop',0,...
'Position',[132.75 32.25 300 24.75],'String',ch_nh,...
‘Style','edit',"Tag','EditText4");

R B o s

File ketqua_giaima.m

R B o s

h0 = figure('Color',[1 0.819607843137255 0.941176470588235],...
'NumberTitle','off,...
'MenuBar','none','Name',' KET QUA GIAI MA,...
'PaperPosition’,[18 30 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
"Tag','Figl',"ToolBar','none");

h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[1 0.819607843137255 0.941176470588235],...
'FontName','vni-times','FontSize',20,...
'FontWeight','bold','ListboxTop',0,...
'Position',[ 147 350.25 305.25 27.75],...
'String'’, KET QUA GIAI MA TURBO.,...
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‘Style','text',"Tag','StaticText4");

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[5.75 225.25 130.25 18.75],...
'String','Chudi dit liéu vao :,...
‘Style','text','Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points',...

'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,Position’,[155.75 222.75 105 22.5]....

'String',vao,...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[5.75 200.25 160.25 18.75],...
'String','chudi dit liéu truyén di:,...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points',...

'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,'Position',[ 155.75 197.75 215 22.5]....

‘String',tr,...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('"Parent’,h0,'Units','points',...
‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
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'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[5.75 175.25 160.25 18.75],...
'String','chudi dit liéu nhan dugc:',...
‘Style','text',"Tag','StaticText1");

hdl = uicontrol('Parent’,h0,'Units',"points’,...

'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,Position’,[155.75 172.75 215 22.5]....

‘String',ch_nbh,...
‘Style','edit','Tag','EditText4");

h1 = uicontrol('"Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[5.75 150.25 160.25 18.75],...
'String','chudi gidi ma dugc:',...

‘Style','text',"Tag','StaticTextl");

h1 = uicontrol('Parent’,h0,'Units','points',...

'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',195,...
'Horizontal Alignment','left',...
'Position’,[375 225.25 160.25 18.75]....
'String','Chiéu dai chudi dit liéu:',...

‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent',h0,'Units',"points',...

'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,'Position',[525 222.75 40 22.5],...

‘String',num2str(dodai),...
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‘Style','edit',"Tag','EditText3");

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[375 200.25 160.25 18.75],...
'String','S& bit bi nhiéu:/,...
‘Style','text','Tag','StaticTextl");

loi=xor(nhan,out);

s=0;

for i=1:length(loi)

s=s+l0i(1);

end

s=num2str(s);

hdl = uicontrol('Parent',h0,'Units',"points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...

'ListboxTop',0,'Position',[525 197.75 40 22.5],...

‘String',s, ...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
"Position',[375 175.25 160.25 18.75],...
'String','s6 bit gidi ma sai:',...
‘Style','text',"Tag','StaticTextl");

kq = gaima_turbo(vao,EbNO,lan);

for i=1:dodai
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vao(i)=str2num(vao(i));

end

s=0;

v=xor(vao,kq(1:dodai));

for i=1:dodai

ketqua(i)=num?2str(kq(1));

s=s+v(i);

end

loi=num?2str(s);

hdl = uicontrol('Parent’,h0,'Units',"points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[525 172.75 40 22.5],...
'String',loi,...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position',[375 150.25 160.25 18.75]....
'String','sd 1an lip gidi ma:',...
‘Style','text',"Tag','StaticTextl");

hdl = uicontrol('Parent',h0,'Units',"points’,...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[525 147.75 40 22.5],...
‘String',lan,...
‘Style','edit',"Tag','EditText3");

h1 = uicontrol('Parent’,h0,...

'‘Units','points',...
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'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close all ;sdgm_turbo3',...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[4.75 3.25 72 21]....
‘String', BACK','Tag','Pushbutton3');
h1 = uicontrol('Parent',h0,...
'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close all,...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'"Position',[260 3.25 72 21]....
‘String','EXIT",'Tag','Pushbutton3');
hdl = uicontrol('Parent',h0,'Units',"points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[155.75 147.75 105 22.5]....
‘String' ketqua,...
‘Style','edit',"Tag','EditText3");
h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close all;tinhloi',...
'FontName','vni-times',...

'FontSize',15,...
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'ListboxTop',0,...

'Position’,[520 3.25 80 21]....

‘String','TINH LOI','Tag','Pushbutton3');
B o e o L
File tinhloibit_loikhung.m

e L L L B o

function [ber,fer]|= tinhloibit_loikhung(EbNOdb,dec_alg,L_total,niter,ferrlim)
EbNOdb=str2num(EbNO0db);

% Frame size

L_total=str2num(L_total);
dec_alg=str2num(dec_alg);
niter=str2num(niter);
ferrlim=str2num(ferrlim);

g=[111;1011];

[n,K] = size(g);

m=K-1;

nstates = 2m;

%puncture = 0, puncturing into rate 1/2;
puncture = 0;

% Code rate

rate = 1/(2+puncture);

% Fading amplitude; a=1 in AWGN channel
a=1;

en = 10N(EbNOdb/10); % convert Eb/NO from unit db to normal numbers

L_c =4*a*en*rate; % reliability value of the channel
sigma = 1/sqrt(2*rate*en); % standard deviation of
AWGN noise

% Clear bit error counter and frame error counter

errs = zeros(1,niter);
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nferr = zeros(1,niter);

nframe = 0; % clear counter of transmitted frames

while nferr(niter)<ferrlim

nframe = nframe + 1;

x = round(rand(1, L_total-m)); % info. bits

[temp, alpha] = sort(rand(1,L_total)); % random interleaver mapping

en_output = encoderm( x, g, alpha, puncture ) ; % encoder output (+1/-1)

r = en_output+sigma*randn(1,L_total*(2+puncture)); % received bits

yk = demultiplex(r,alpha,puncture); % demultiplex to get input for decoder 1
and 2

% Scale the received bits

rec_s = 0.5*%L_c*yk;

% Initialize extrinsic information

L_e(1:L_total) = zeros(1,L_total);

for iter = 1:niter

% Decoder one

L_a(alpha) = L_e; % a priori info.

if dec_alg==0

L_all = logmapo(rec_s(1,:), g, L_a, 1); % complete info.
else

L_all = sovaO(rec_s(1,:), g, L_a, 1); % complete info.
end

L_e=L_all-2*rec_s(1,1:2:2*L_total) - L_a; % extrinsic info.

% Decoder two

L_a =L_e(alpha); % a priori info.
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if dec_alg ==

L_all = logmapo(rec_s(2,:), g, L_a, 2); % complete info.
else

L_all = sovaO(rec_s(2,:), g, L_a, 2); % complete info.
end

L_e=L_all - 2*rec_s(2,1:2:2*L_total) - L_a; % extrinsic info.

% Estimate the info. bits
xhat(alpha) = (sign(L_all)+1)/2;

% Number of bit errors in current iteration
err(iter) = length(find(xhat(1:L_total-m)~=x));
% Count frame errors for the current iteration
if err(iter)>0

nferr(iter) = nferr(iter)+1;

end

end %iter

% Total number of bit errors for all iterations

errs(1:niter) = errs(1:niter) + err(1:niter);

end Yowhile
ber=errs/nframe/ (L_total-m );

fer=nferr/nframe;

+++++++++H+

File encoder_bit.m
I o o o e D o o o o o S TR N S S S A A

function [output, state] = encode_bit(g, input, state)
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[n,k] = size(g);
m = k-1;

for i=1:n

output(i) = g(i,1)*input;

forj=2:k

output(i) = xor(output(i),g(i,j) *state(j-1));
end;

end

state = [input, state(1:m-1)];
++++++++

File encoder.m
++++++++++

function y = rsc_encode(g, X, terminated)

[n,K] = size(g);
m=K-1;

if terminated>0
L_info = length(x);
L_total = L_info + m;
else

L_total = length(x);
L_info =L_total - m;

end

% 1initialize the state vector
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state = zeros(1,m);

% generate the codeword

fori=1:L_total

if terminated<O0 | (terminated>0 & i<=L_info)
d_k =x(1,1);

elseif terminated>0 & i>L_info

% terminate the trellis

d_k =rem( g(1,2:K)*state', 2 );

end

a_k =rem( g(1,:)*[d_k state]', 2 );

[output_bits, state] = encode_bit(g, a_k, state);

% since systematic, first output is input bit

output_bits(1,1) =d_k;

y(n*(i-1)+1:n*1) = output_bits;

end

B o L

File tinhloi.m

B o L

h0 = figure('Color',[1 0.819607843137255 0.941176470588235],...
'NumberTitle','off,...
'MenuBar','none','Name', NHAP THONG SO TNH TY LE LOI BIT VA TY
LE LOI KHUNG',...
'PaperPosition’,[18 30 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
"Tag','Figl',"ToolBar','none");

h1 = uicontrol('"Parent’,h0,'Units','points',...
‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
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'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[50 300 300 18.75],...
'String','Thudt todn gidi ma log/sova(0/1):',...
‘Style','text','Tag','StaticTextl");

hdl = uicontrol('Parent’,h0,'Units',"points’,...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position’,[260 298 105 22.5]....
‘String',",...
‘Style','edit','Tag','EditText1thuattoan',...
‘callback’, 'thuattoan');

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'"Position',[50 275 158.25 18.75],...
‘String’','Chon kich thudc khung:',...
‘Style','text',"Tag','StaticTextl");

hd2 = uicontrol('Parent',h0,'Units','points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[260 273 105 22.5]....
‘String',",...
‘Style','edit',"Tag','EditText2kthuoc',...
‘callback’, 'kichthuoc');

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...

'Horizontal Alignment','left',...
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'Position’,[50 250 158.25 18.75]....
'String','S6 1an 1dp :',...
‘Style','text','Tag','StaticTextl");

hd3 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,Position’,[260 247 105 22.5],...
‘String',",...
‘Style','edit',"Tag','EditText3lanlap',...
‘callback’, 'lanlap');

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...
'Position’,[50 225 158.25 18.75],...
'String','Chon ty s0 ning lugng :',...
‘Style','text',"Tag','StaticTextl");

hd4 = uicontrol('Parent',h0,'Units','points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position’,[260 223 105 22.5]....
‘String',",...
‘Style','edit','Tag','EditText4nangluong',...
‘callback’, 'nangluong');

h1 = uicontrol('"Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 0.819607843137255
0.941176470588235],'ListboxTop',0,...
'FontName','vni-times', 'FontSize',15,...
'Horizontal Alignment','left',...

'Position’,[50 200 158.25 18.75],...
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'String','chon s6 khung bi 16i :',...
‘Style','text','Tag','StaticTextl");

hdS = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[1 1 1],'FontSize',13,...
'ListboxTop',0,'Position',[260 198 105 22.5]....
‘String',",...
‘Style','edit',"Tag','EditTextSsokhunglot',...
‘callback’, 'khungloi');

h1 = uicontrol('Parent',h0,...
'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close’,...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[270.75 3.25 72 21],...
‘String','EXIT",'Tag','Pushbutton1’);

h1 = uicontrol('Parent’,h0,'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'FontName','VNI-TIMES',...
'FontSize',15,'ListboxTop',0,...
'"Position',[510.25 3.25 84.75 21],...
'callback’,'close all ;vedothi',...
‘String','VEDOTHI','Tag','Pushbutton?2");

h1 = uicontrol('Parent',h0,...
'‘Units','points’,...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
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'Callback’,'close all ; ketqua_giaima',...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[4.75 3.25 72 21]....
‘String', BACK','Tag','Pushbutton3');

B T O e o

File vedothi.m

o o S o

h0 = figure('Color',[1 0.819607843137255 0.941176470588235],...
'MenuBar','none', 'Name', HIEN THI KET QUA TINH LOI BIT VA LOI
KHUNG.,...
'‘NumberTitle','off", 'PaperPosition’,[ 18 180 576 432],...
'PaperUnits','points','Position’,[1 29 800 553],...
"Tag','Figl',"ToolBar','none");

axis([0 18 0 16]);

axis ;

hold on;

grid off;

[ber,fer]= tinhloibit_loikhung(EbNOdb,dec_alg,L_total,niter,ferrlim);

niter=str2num(niter);

x=(1:1:niter);

subplot(1,2,1);

plot(x,ber);

xlabel('so lan lap');

ylabel('ty le loi bit');

subplot(1,2,2);

plot(x,fer);

xlabel('so lan lap');

ylabel('ty le loi khung');
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h1 = uicontrol('Parent',h0,...
'Units','points’,...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close all',...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[520 3.25 72 21]....
‘String','END','Tag','Pushbutton3");
h1 = uicontrol('Parent',h0,...
'Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close all;tinhlot',...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[0 3.25 72 21],...
‘String', BACK','Tag','Pushbutton3');
h1 = uicontrol('Parent',h0,...
'‘Units','points',...
'‘BackgroundColor',[0.917647058823529 0.658823529411765
0.917647058823529],...
'Callback’,'close all',...
'FontName','vni-times',...
'FontSize',15,...
'ListboxTop',0,...
'Position',[260 3.25 72 21]....
‘String','EXIT",'Tag','Pushbutton3');
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KET LUAN

Nhu vay, Ma Turbo (hay ma 15¢) 1a mot ki thuat ma hoa sta sai (FEC).
Turbo Codes thuoc ho ma ludi (ma hoa theo Trellis) va dugc xay dung dua
trén 1 méa chap (Convolution Codes).

So di goi 1a ma Turbo (16¢c xo0dy) vi cau tric giai ma duoc thuc hién
theo giai thuat vong lap (iteration) va sau mdi vong lip, ty sé tin hiéu trén
nhidu SNR sé& dugc tang dan.Ma Turbo 1a bo ma co chat lugng tét nhat so voi
cac bo ma da biét tir trude téi nay véi do phuc tap caa bd mi hoa ciing nhu bo
giai ma chap nhan duoc.

Luan van voi dé tai “ Nghién cizu ma Turbo” d néu duoc vai tro cia mé
kénh trong hé théng tin so, Iy thuyét ciia Shannon va cac bd ma thudng duoc sir

dung dé nang cao chat luong cia hé théng nhu mi chap, ma ké. Cac chuong
cling d4 phan tich duoc cau trdc va nguyén ly ciia ma Turbo théng qua qué trinh
ma hoa va giai ma lap. Dé tai da néu 1én hai thuat toan giai ma Turbo do 1a thuat
todn MAP va thuat todn SOVA. Noi dung caa dé tai néu Ién cac ung dung va
han ché ctia m& hda Turbo trong hé thong thong tin di ddng CDMA 2000.

Va cudi cung 1a chuong trinh mé phong bang Matlab vé tng dung cua ma
hoa Turbo trong hé thong thong tin di dong CDMA.
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