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Ngay nay hé thong thong tin s6 tai Viét nam cung cap nhiéu loai hinh
dich vu nhu: Truyén hinh s6 mat dat theo cac tiéu chuan DVB-T (Dig-
ital Terrestial teleVision Broadcasting), DVB-T2; Truyén hinh s6 cho
cac thiét bi cam tay DVB-H (Digital Television Broadcasting to Hand-
helds), truyén hinh s6 qua mang cap DVB-C (Digital Cable teleVision
Broadcasting), DVB-C2, Truyén hinh s6 qua vé tinh DVB-S, DVB-S2
(Digital Satellite teleVision Broadcasting), cac dich vu truyen di liéu,
tiéng noi, truyen hinh qua mang Internet IPTV (Internet Protocol based

TeleVision),... nhu moé ta trong hinh 1.
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Hinh 1: Mo hinh tong qudt hé thong truyén hinh so

Céc dich vu trén mang vién thong gia ting khong ngting trong khi
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nguon tai nguyén cila mang vién thong 1 hitu han nén viéc khai thac
nguon tai nguyen clia mang vién thong mot cach hiéu qua l1a yéu cau
tien quyét trong thiét ké he thong vién thong s6. Khi di lieu thong tin
s6 dugc truyen qua kénh truyén dan co6 tap nhiéu, dic biét 1a moi trudng
truyen dan c6 can nhiéu pha dinh viéc truyen dan s6 sé xay ra 16i. Dé
stta 161, nhiéu phuong phéap, nhiéu loai ma stta sai da dude ap dung trong
mo hinh truyén dan s6 nhu ma chap [1], Ma Reed-Solomon [2], ma BCH
(Bose-Chaudhuri-Hocquenghem BCH codes) [3] [4], m& Turbo [5], ma c6
ma tran kiém tra mat do thip LDPC (Low Density Parity Check) [6].
Cac mo hinh tich hgp gitta cadc ma trong va ma ngoai duge ap dung lam
tang cuong kha ning sita 16i ctia hé théong nhu cac mo hinh truyén hinh
s6 theo tieu chuan DVB-T, DVB-C, DVB-S st dung mé hinh tich hop
gitta ma chap doéng vai tro ma trong stta 16i bit va ma Reed-Solomon
déng vai tro ma ngoai stta 161 khoi.

Dé tang kha ning stta 16i, cac hé thong truyen hinh s6 tieu chuan thé
hé thit 2 nhuw DVB-T2, DVB-C2, DVB-S2 st dung cac mo hinh tich hop
ma LDPC v6i ma BCH c¢6 do phiic tao cao hon thay thé cho ma chap
va ma Reed-Solomon.

Trong qué trinh thiét ké bo ma kénh can xem xét ki ludng cac yéu
t6 dé phit hop véi timg mo hinh. Méi yéu t6 sé quyét dinh mot mit cla
ma kénh va gitta cac thong s6 nay c6 moi quan hé rang budc chit ché
v6i nhau nhu dé cap trong hinh 2. Viéc thay ddi bat ci yéu t6 nao trong
nhitng yéu t6 nay sé dan dén sy thay doi kha ning sita 16i ctia ma. Vi duy,
gidm ti 1é ma sé lam giam ti 1é 16i bit BER (Bit Error Rate), nhung viéc
nay ciing gidm thong luong ctia hé thong. Mat khac, tang do dai ctia tir
ma dé dat duoc ti 1é BER t6t hon sé tang do tré cho cac qua trinh ma

hoéa, gidi ma, dong thoi lam tang do phic tap tinh toan va bo nhé dem
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Théng hong kénh truyen

Kénh truyén dan Tilé lii bit
Do phite tap M Kenh bo tang ich
Tre Kha néng sita loi Cac yeu to khac

Hinh 2: Cdc yéu to dnh hudng dén khd ndng cia ma kénh

clia thiét bi ma va giai ma.

Bén canh d6 viéc xem xét chdng 16i trong cac kénh truyén cé tap
am Gauss phan b chuan AWGN (Additive White Gaussian Noise) 1
kénh pho bién v6i dusng truyen cap; keénh Rayleigh 1a cac kénh pho bién
v6i dudng truyen vé tinh, mit dat véi dic trung tin hiéu truyen tai dit
liéu bi can nhiéu, gay méo G phia thu; kénh x6a Binary Erasure Channel
(BEC) 1a mo6 hinh mang Internet, trong d6 cac goéi dit lieu c6 thé bi that
lac, mat trong qua trinh truyén dan. Gan day xu huéng sit dung cdc ma
khéi trong cac mo hinh tich hop truyén hinh s6 1a rat pho bién. Hai loai
méa LDPC va Turbo dudc song song phat trién, trong dé6 ma LDPC c6
lgi thé khong bi 4nh hudng ctia hién tugng san 16i (Error Floor), hién
tuong nay lam ti 1& 16i bit phia dau ra (BER) khong thé gidm xudng gia
tri bang khong mic du ti s6 E,/Ny dude ting len t6i vo cuing. Khi do
dai tit ma tang lén thi do phtc tap tinh toan ctia ma Turbo cao hon so

v6i LDPC va do vay yéu cau thiét bi phai c6 bo vi xit 1y ¢6 cau hinh cao
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dé dap tng téc do tinh toan trong thoi gian thuc, dan dén lam cho gia
thanh thiét bi tang len.

Do d6 viéc xay dung, thiét ké ma LDPC c6 kha nang stta 161 t6t hon
cling véi viec dua ra cac moé hinh tich hgp ma LDPC dé ting kha nang
stta 161 ctia hé thong ma van dam bao do phtc tap ctia hé thong 1a van
deé c6 tinh khoa hoc,thuc tién vi cip thiét. Xudt phdt t& cdc cdn ci@
néu trén, trong luan an, nghién ciu sinh da lva chon hudng
nghién ciu vé ma LDPC va xdy dung cic hé thong tich hop
méa LDPC nham gép phan bé sung cdc gidi phdp cho vin dé
mang tinh thoi sy nay.

Cho dén nay, dang c6 rat nhiéu huéng nghién ciu, xay dung, phat
trien cau tric ma tran kiém tra clia ma nham tang cuong kha ning chéng
16i ctia ma LDPC dugc phat trién béi Mackay [7], Chen [8], Zhang [9], cac
nghién citu vé t6i u thuat toan gidi ma ctia Narayanan [10], Fossorier [11]
va cac hé thong tich hgp duge nghién cttu bdi Hanzo [12,13] va nhicu
nha khoa hoc khac. Qua trinh phan tich cac cong trinh nghién cttu khoa
hoc da cong bd ciing cac mo hinh thit nghiém, tac gid nhan thay trong
quéa trinh xay dung, thiét ké ma LDPC va hé théng tich hop c¢6 ba van

dé quan trong can giai quyét la:

e Lam thé nao dé tdi uu thuat toan giadi ma LDPC dé tang kha nang

stia 161 ciia ma, hodc giam do phitc tap cia qua trinh gidi ma?

e Lam thé ndo dé xay dyng mot ma LDPC cé kha nang sia 16i t6t
nhat, véi do phic tap clia qua trinh ma hoéa, giai ma co thé chap

nhan dugc?

e Lam thé nao dé xay dung, t6i wvu nhitng mo hinh tich hop ma LDPC

c6 kha nang choéng 16i t6t nhat ma do phic tap ciia hé thong co
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thé chap nhan duge?

Noi dung luan an sé tap trung vao viéc gidi quyét hai bai toan thi hai
va thit ba tng dung mo phéng trong cac kénh truyeén dan cé can nhiéu
nhu AWGN, pha dinh.

Muc dich nghién ctiu

e Nghién cttu, xay dung cdc ma tran sinh va ma tran kiéem tra cua

ma LDPC dé tang kha ning chéng 15i ciia mé;

e Nghién cttu va dé xuat cadc mo hinh tich hop ma LDPC, gidi quyét

cac bai toan vé do phiic tap va kha nang chong 16i ciia hé thong.

P6i tuong nghién ciu

e Céc kenh truyén dan c6 can nhiéu tap am phan b6 AWGN, pha
dinh Rayleigh;

e (C4c he thong phan tap khong gian, thoi gian: V-BLAST, Alamouti;

e Hé thong Internet sit dung giao thic Internet ARQ va lai ghép
H-ARQ);

e Cic mod hinh hé théng tich hop ma URC, LDPC, anh xa.

Phuong phap nghién ctu
St dung phuong phap nghién cttu so sanh, moé phong, so sanh cac
két qud thi nghiém hoat dong ctia ma LDPC thu dugc trén cac kénh
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truyén dan bang cic chuong trinh mo phéng viét trén ngon ngit C++.
BO CUC LUAN AN

Luan an dudc chia thanh 3 chuong chinh véi bd cuc nhu sau:

Chuong 1: MA SUA SAT CO MA TRAN KIEM TRA MAT DO
THAP LDPC- Noi dung ctia chuong nay dé cap dén cac van de veé su
hinh thanh va phat trién ctia ma kénh, phan tich cau tao cac ma kénh
nhu méa chap, ma chap dé quy, ma Turbo, ma LDPC, cac phuong phap
giai ma MAP, MAX-log MAP.

Chuong 2: XAY DUNG MA TRAN SINH VA MA TRAN KIEM
TRA CUA MA LDPC- Noi dung cua chuong nay tap trung xay dung
moi quan hé gita ma tran sinh va ma tran kiém tra, cac ham phan bé
ngau nhién cho hang va cot clia ma tran thanh phan ctia ma tran kiém
tra dé xay dung mot loai ma LDPC méi c¢6 kha nang stta 16i t6t hon loai
ma LDPC pho thong. Kiém dinh bing cdc mé phéng so sanh két qua
BER va Ej,/N, gitta ma thiét ké v6i ma LDPC déu va khong déu, danh
gid quan hé gitta do dai tit ma véi do tang ich ctia ma duge thiét ké. Noi
dung ctia chuong 2 lien quan dén cong trinh nghién citu s6 1 da dugc
cong bo.

Chuong 3: XAY DUNC CAC HE THONG TICH HOP MA LDPC-
Noi dung cua chuong nay la xay dung, phan tich cac mo hinh tich hgp
ma LDPC da dé xuat véi hai hé thong V-BLAST va H-ARQ, nham ting
kha nang chdng nhiéu, ting thong luong ctia hé théong thong tin. Mo
phong, tinh toan, phan tich, danh gia, cac két qua thu duge. Trén co sé
d6 so sanh mo hinh heé thong dugce dé xuat trong luan an v6i cac mo hinh

hién hanh vé kha ning sita 16i, thong luong va do phiic tap ctia hé thong



MG DAU 21

thong qua cac chuong trinh mo phéng méi quan hé BER va FE,/Ny. Két
qud ctia mo hinh V-BLAST- LDPC dé xuat dat dugc do tang ich len
t6i 5 dB so véi cac hé thong V-BLAST tich hgp ma URC, trong khi do
phtic tap ctia hé théng chi tang khodng 3 lan. Ciing trong chuong nay,
he thong H-ARQ — LDPC dugc thiét ké c6 do 1gi cao hon t6i 4 dB so véi
hée théng tich hgp ma LDPC khong st dung co ché ARQ vé6i cling mot
diéu kien truyeén dan. Noi dung ciia chuong 3 lién quan dén cong trinh

nghién citu s6 2 va s6 3 da dugce cong bo.



Chuong 1

MA SUA SAI CO MA TRAN KIEM TRA MAT DO THAP
LDPC

1.1. M6t s6 ma stta sai thong dung

Nam 1948 Claude E. Shannon da phat hanh nhing cong trinh nghién
cttu ve 1y thuyét toan hoc trong cong nghé truyen thong. Trong cic cong
trinh nay Shannon phat trién cac mo hinh thuat toan cho phép giai quyét
cac van dé co ban trong truyen dan tin hieu.

Nguon tin: 1 noi tao ra tin M, véi xac suat 1a fy; (M = m). Entropy

AL M 1. A u w1 1a ,
Neontm | ) Mihoangwon | |  Mihoa kenh X

Y

Keénh truyen
dan

M ‘
u

Notohgn tin |, | Giaimd hoanguon || Giai md hoa kénh |,

Hinh 1.1: M6 hinh hé thong truyeén tin so

22
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cua M duogc xac dinh nhu sau:
H(M) == fu(m).logy far(m) (1.1)

M3 héa Nguon: Bo ma héa nguon loai bé nhitng thong tin du thita
ctia chudi thong tin dau vao.

Ma hoéa kénh: Bo ma hoa kénh ghép thém thong tin du thua vao
chuéi di lieu dau vao. Muc dich ciia viéc ghép thém thong tin du thita
vao nham tang kha nang tai tao lai dit lieu khi tin hiéu bi can nhiéu &
phia dau thu.

Kénh: Ham x4c suat truyen dan ctia kénh duge dinh nghia la fy)x (Y/X)
nhu trong mo hinh thuat toan kénh 1.1. Trong d6 kénh truyén dan 1a
kénh khong nhé.

C6 hai dong ma stia sai chinh dé 1a ma chap va ma khoi:

X Y
fr|x(ylx) ——

A 4

Hinh 1.2: M6 hinh todn hoc kénh truyén dan

e Ma chéap thuc hién trén nhiing dong bit hoac dong symbol c¢6 do
dai tuy ¥. Ma nay thuong dudc gidi ma bang thuat toan Viterbi,
doi khi mot s6 thuat toin khac cling duge sit dung. Thuat toan
gidi ma Viterbi cho phép hiéu qua giadi ma t6i wu khi tang do dai
tit ma, tuy nhién do phtc tap giai ma ciing tang theo do dai tit ma.
Ma chap ciing c6 thé tréd thanh ma khéi néu duge thiét ké bing
phuong phap "gan bit duoi".
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e M3 khoi thyc hién trén goi dit lieu chita mot khoéi bit hay symbols
c6 kich thude da duge xac dinh. Thoi gian gidi ma khoi 1a ham da
thitc thoi gian phu thudc vao kich thude khdi ciia né.

Ma chap dé quy

Ma chap dé quy la truong hop méa chap thong thuong c6 mot duong
hoi tiép ve dau vao. Ma chap dé quy (RSC) ¢6 cac bit thong tin duge
thé hién trong tit ma & dau ra, vi vay ma RSC con dudce goi 1a ma he
théng. Mat khac c¢6 thé coi bo ma RSC 1a mot bo loc dap tng xung vo
tan (IIR). Qua trinh gidi ma chap c6 thé thyc hien bang phuong phéap
gidi ma bit ciing va gidi ma bit mém dya trén thuat toan Viterbi. Thuat
toan gidi ma bit mém gidi ma xac suat thong tin hau nghiem cuc dai
(MAP) muc dich 1a tim xac suat Plu(t) = 1|y] va xac suat Plu(t) = 0|y]
tai mdi thoi diém ¢, déi v6i mdi bit w(¢) nhan duge & phia thu, khi mot

bit y dudc truyén qua kénh c6 nhiéu.
Thuat toan MAP

Thuat toan nay tuan tu thuc hién cac bude sau:

e Dan nhan cidc nhanh ctia gidan do luéi bang xac suat chuyéen trang

th{ll ’Yi,j (t),

e Quét toan bo theo huéng thuan ciia gidn do luéi dé tinh toan xac

suat bat dau tai moi nat cta gian do ludi a;(t);

e Quét toan bo theo huéng ngugc lai ciia gian do ludi dé tinh toan

xac suat két thic tai mdi nat cia gian do luéi 5;(1);
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e Tinh toan gia tri logarit ti s6 xac suat LLR ctia bit thong tin tai
mdi doan gidn do luéi nhu sau:

Plu(t) = 1|y]

Plu(t) = 0[y]

25581 it = 1)y ()85 (t)

D508, um0 it — 1) (1) B;(¢)

At) =

= log (1.2)

e Thuat toan MAP con duge goi 1a thuat toan "xudi-nguge" (For-
ney).

Thuat toan MAP c6 thé duge tinh toan trong mién logarit bang cach

lay logarit hai vé ta dugc:

7i,i(t) = log P(Si(t — 1) — S;(t)[y(¢)) (1.3)
ai(t —1) = log P(Si(t — Dy, y2. -+ s yi-1) (1.4)
ﬁj(t) = logP(Sj(t)|yt+1,--- , YLtm) (1.5)

Ma Turbo

Ma Turbo dugc cau tao bdi hai bo ma hoa chap dé quy (RSC),
tai dau vao gitta hai bo ma RSC sit dung bo trao ngau nhién cic bit ma
dau vao. Qua trinh gidi ma Turbo 1& quéa trinh lap gidi ma gitta hai bo
mé hoéa RSC, thong tin trich xuét tai dau ra bo ma 1 duge chuyén dén
dau vao bo méa hoa 2 sau khi da dua qua bo giai trao (ngugc véi qua
trinh trao ¢ phia bd ma héa) va nguge lai. Bo ma héa Turbo c¢6 nhiing

uu, nhuge diém sau:

e Bo ma hoéa Turbo c6 kha nang sta 16i tot v6i mic ti s6 tin hieu

trén tap nhiéu S/N rat thap. Kha nang gidi ma ctia bo ma Turbo
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Bit thong tin tai dau ra

Bit thong tin vao RSC l

" e
> MUX —T

Cac bit ldem
fra tai dau a

w

h

RC | -
#)

w
I

Bo trao

Hinh 1.3: So do bo ma Turbo

c6 the tién sat dén gidi han Shannon 14 do c6é rat nhiéu tit ma dau

ra bo ma Turbo ¢6 ham trong nho.

e Tuy nhién ciing vi ¢6 nhiéu tit ma ham trong nhé, ma Turbo c6
hién tugng san 16i (tai dai gia tri rat nho BER khong tang khi tang
S/N trong mot khoang nhat dinh).

e Kh4 ning stta 16i clia ma Turbo tang theo do dai khéi bit ma hoa
va hién tuong san 16i sé suy giam khi kich thuéc khung ctia bo trao
tang len. Tuy tang kich thude khdi bit ma hoa khong gay them do
phitic tap ctia bo gidi ma, nhung sé gay ra hién tugng tré trong qua
trinh giadi ma, diéu nay sé doi héi bo nhé déem ctia bo gidi ma phai

tang theo.

e D06 phiic tap ciia ma Turbo Kpe va bo ma RSC Keq¢ ¢6 cung do
dai rang budc L dugc tinh nhu sau:
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Lrc ~ 2+ Lo + log(S6 1an 1dp gidi ma)

Qua trinh giai ma ctia bo ma Turbo dugce thuc hién theo thuat toan giai
ma lap céac gia tri clia bit mém vao ra gitta hai bo ma RSC (SISO-MAP)
nhu hinh duéi day.

— 7&“’ 0

Nl,i

h 4

B0 giai ma

SISO - MAP

v

—> KCMO

Kc,i

Hinh 1.4: Thudt todn gidi ma SISO-MAP

e Dau vao bo giai ma la:
— Céc ti s6 xac suat LLR \“' cia cac bit thong tin dén ti bo
giai ma thi hai.
— Cac ti s6 xac suat LLR X' cia cac bit ma dén tit kénh truyén.
e Dau ra bo giai ma la:
— Céac ti s6 xac suat LLR \*“° cua cac bit thong tin truyén qua
bo giai ma thit hai.
— Cac ti s6 xac suat LLR \“° clia cac bit ma khong dugc bo

giai ma thi 2 st dung .

Cau tric gidi ma Turbo duge mo ta trong hinh 1.5.
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(X Gidi
(Z)— chep

b

b

B0 giai mi
MAP tign

26108 —»
)

G
ghep

w

B0 gai mi
MAP dréi

Trao

w

Giiitrio —4—> f — I

1

Hinh 1.5: Cau tric gidi ma Turbo

Cac xac suat dau vao A“' bo ma hoéa trén ban dau dugc gan gia tri

"0". Bo giai ma trén sé thuyc hién giai ma trudc sau dé bo giai ma dudi

sé thyc hién gidi ma dya vao cac thong tin tir kénh truyén va tir dau ra

b6 giai ma trén.

Cac bo ma hoa Turbo gan day dudc st dung trong cac hé thong

thong tin vé tinh [14,15], trong hé thong Wimax [16], hay hé thong vién
thong phan chia truy cap theo ma CDMA2000 [17].

Ma3a c6 ma tran kiém tra mat do thap LDPC

Nam 1963, Gallager [6, 18] phat minh ho mé& c¢6 mat do ma trén
kiem tra thap LDPC (Low Density Parity Check) trong qui trinh lam
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luan vin tién si cia minh tai hoc vien MIT. Tai thoi diém lic d6, ma
LDPC c6 rat it &nh hudng dén hoi dong nghién citu ma kénh truyén dan,
do khé nang stia 161 ctia ho ma nay kém hon nhiéu so v6i ma Turbo [5],
trong khi dé do phiic tap clia ma cao. Vi vay, trong hon mot thap ki tiép
theo ho ma nay khong dugc tiép tuc phét trién. Do phiic tap clia méa
LDPC duge danh gia béi Zyablov va Pinsker nam 1975 [19], trong khi
d6 Tanner [20] dua ra phuong phap thiét ké cau tric lap cho ma tran
kiém tra (Parity Check Matrix) va biéu dién ma tran nay dudi dang do
thi. Sipser va Spielman [21] gi6i thiéu ma tran kiém tra st dung cac do
thi md rong.

Tuy nhién, trong nhiing nam cta thap ki 1990, sy quan tam cua
hoi dong nghién citu ma kénh truyén doi véi ma LDPC duge khoi phuc
lai. Nhu tong két trong bang 1.1, cic ma LDPC da trd thanh dé tai
néng bong doéi véi hoi dong nghién citu ma kénh truyén dan. Mackay va
Neal [22,23] thuc nghiém v6i ma LDPC ¢6 tit ma 16n va da chiing minh
rang cac ma LDPC c6 kha nang stta 16i cao hon so vé6i cadc ma turbo, khi
truyen dan qua cac kénh truyén c6 phan bé tap am trang kieu Gauss
AWGN (Additive White Gaussian Noise). Bi thu hiut béi kha nang siia
16i cia ma LDPC, ho da tiép tuc nghién citu nhiéu thuoc tinh khéc cia
ho ma LDPC. Thuat toan tién trién ham mat do DE (Density Evolution)
duge phat minh béi Richardson va cac dong nghiép cho phép tinh toin
tiém can hiéu qua ctia cac ma LDPC duge st dung trong siia 16i da lieu
qua kenh truyéen AWGN.

Sau d6 Chung va cac dong nghiép ctia minh [30,41] da don gidn hoa
thuat toan DE. Thuat toan DE ngay nay dudc st dung rong rai dé du
doan tiém can hiéu qua st dung cac ma LDPC trong kénh AWGN va

n6 duge sit dung béi nhiéu nha nghién cttu nhu Fossorier, Chen va céc
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Bing 1.1: Cdc moc phat trién chinh trong nghién ciu ma LDPC

1948 | Gidi han ctia Shannon [24];

1962 | Cac ma LDPC dugce phat minh bdi Gallager [18];
1975 | Tinh toan do phtc tap cta cac ma LDPC

bdi Zhang [19] ;

1983 | D6 thi Tanner cho cac ma LDPC ctia Tanner [20];
1997 | Hieu qua ciia ma LDPC gan gidi han Shannon,
duge thue hién bdi Mackay [22];

1998 | Ma LDPC béat nhi phan duge phat minh

béi Davey [25];

Ma LDPC khong déu duge thiét ké bdi Luby [26];

Richardson phat minh thuat toan giai

ma dya trén thuat toan FFT nham gidm do tinh

toan phitic tap ctia qua trinh giai ma LDPC;

Thuat toan tién trién ham mat do duadc

phat minh bdi Richardson;

1999 | Lentmaier phat minh ma LDPC tong

hop G-LDPC [27)];

2001 | Kou va dong nghiép thiét ké ma tran kiém tra
cia LDPC c¢6 dang hinh hoc hitu han [28];

Giai ma LDPC bang phuong phap ddo bit dugc
thuc hién bdi Kou ;

Ten Brink phat minh do thi EXIT [29];

Chung phéat minh phuong phap tién trién mat do

xap xi ham Gauss [30];
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2002

Ma LDPC dua trén thuat toan BIBD ducc
thuc hién béi Ammar [31];

Phuong phap gidi ma bang thuat toan
giai ma Bootstrap dugc phat minh béi Nouth [32];

Heé thong LDPC-MIMO ba 16p nhi phan
dugc thiét ké bdi Meshkat [33];

2004

Zhang cai tién thuat toan giadi ma

dya trén phuong phap déo bit [34];

Guosen thiét ké hé thong LDPC-MIMO
ba 16p Symbol [35];

Guo cai tién thuat toan gidi ma bang

phuong phap dao bit dya tren ti sd do tin cay [36];

2010

Huang xay dung cidc ma tran thanh phan

clla ma tran kiém tra ma LDPC bat nhi phan nham
tang kich thudc cac vong trao doi thong tin gitta céc
ntt kiém tra va nit bién [37];

Ahn thiét ké mo hinh tich hop ma LDPC va bo
diéu ché khong déu [38].

2012

Wang phat triéen ma LDPC bat nhi phan

v6i qua trinh xit I hidu qua cac nit kiém tra [39];
Arabaci xay dung mo hinh tich hgp ma LDPC
bat nhi phan véi bo diéu ché [40];
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dong nghiép [42,43], Narayanaswani [44], Anastasopoulos [45] va Ku-
mar [46]. Bién gi6i han hiéu qua cia ma LDPC dugc nghién cttu béi
Burshtein va ciac dong nghiép trong [47,48]. Ho ma LDPC dugc sit dung
trong rat nhiéu mo hinh hé théng khac nhau nhu cdc mo hinh hé théng
OFDM [12,49], hé thong ma héa MIMO va phan tap theo thoi gian-
khong gian (MIMO Space-Time coding System) [50], trong cac mo6 hinh
kénh x6a nhi phan BEC (Binary Erasure Channel) [51,52], trong cdc mo
hinh kénh dap ting cuc bo [53,54] va rat nhiéu mo hinh khac [55,56]. Hieu
suat st dung bang tan ctia cac mo hinh diéu ché c6 ma hoéa st dung cac
mé LDPC dugc nghién citu trong [57-59]. Hon nita, cac ma LDPC ciing
dugc st dung trong nhiéu ting dung khac nhu ghi tir [60-62] dugc nghien
cttu béi Song va cac dong nghiép, trong truyén dan anh va trong huu trit
béi Zhang [63]. Rat nhiéu cac thuat toan duge phat minh cho thiét ké
ma LDPC dbéi v6i cac ting dung phan ciing, vi du nhu cac ki thuat dugc
ung ho béi Zhang [64,65], Rupp [66], Hocevar [67], Thorpe [68], Lu [69]
va Shanbhag [70]. Bén canh nhiing nghién cttu vé danh gia hi¢u qué va
cac khia canh ting dung ctia ma LDPC, cac nha nghién citu ciing c6 gang
tang cuong hiéu qua ciia ma LDPC bang cach cai tién cac thuat toan
va t6i uu cau tric ma tran kiem tra. Cac ma LDPC bat nhi phan dugc
phat minh bdi Davey [25,71,72], trong mot s6 trudng hop c6 hieu qua
cao hon so v6i cac ma LDPC nhi phan. Thuat toan c¢6 do phic tap thap
duoc st dung cho cadc ma LDPC bat nhi phan duge phat minh bdi Bar-
nault [73]. Ho ma LDPC bat nhi phan cting duge ap dung bdi Song [60],
Nakamura [74] va Li [75]. Bang céch thiét ké ciu trac ma tran mat do
phan bé khong dong déu cho cac ma LDPC [7,26,76-79], hieu qua st
dung ma LDPC c6 thé dat tdi gidi han Shannon [80]. C4c phuong phéap

tao cau tric ma tran khac nhau ctia ma LDPC c¢6 ham phan bd mat
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do khong dong déu duge thyc hién trong [78,79,81,82]. Tang do dai cac
chu ky ngin nhat trong ma tran kiém tra ciia ma LDPC ciing 1a mot ki
thuat tang hiéu qua ctia ma LDPC va lam suy giam hién tugng san 10i.
Moura [83-86], Lin [8] va Williamson [8] thiét ké nhiéu cau tric ma tran
kiém tra nham muc dich loai céc chu ki ngén trong ma tran kiém tra.
Lentmaier phat minh ma LDPC tong hgp (G-LDPC) [87], bang céch
thay céc hang trong ma tran kiém tra bang ma Hamming. K¥ thuat nay
thu hat duge su chi § ctia Zhang [88,89], Hirst [90,91] va Boutros [92].
Bén canh viéc ting kha ning stta 16i ctia cac ma LDPC, cac nha nghién
cttu khac ciing ¢ gang lam gidm do phic tap ciia cic ma LDPC. Mackay
va Neal [22] chiing minh réng bang cach thiét ké ngau nhién ciu truc
ma tran kiém tra ctia ma LDPC, hiéu qua stta 16i cia ma LDPC ciing
c6 the dat dudc gan so véi giéi han dung luong kénh truyen. Kha nang
stia 161 ctia cac ma LDPC ¢6 cAu tric ma tran kiém tra theo cac luat
khac nhau 1& nhu nhau néu st dung qué trinh ma héa c6 do phtc tap
gidm bang cich st dung cac thanh ghi dich. Vi du nhu phép tiép can
phan tich dinh dang hinh hoc hitu han ctia Kou [93-97] cho cau tric ma
tran kiém tra ctia cac ma LDPC. K¥ thuat nay ciing dude st dung béi
Pados [98] va Vasic [99,100]. Honary [31,101] stt dung ky thuat thiét ké
khong toan khdi can bang BIBD (Balanced Incomplete Block Design)
cho cau trtic ma tran LDPC theo phuong phap can can bang cac chu ky.
Mot loat cac nghién cttu vé cau tric ma tran kiem tra ctia ma LDPC
duge thye hién bdi Vontobel [102], Ahn [103] va Okamura [104]. Tat ca
cic mo hinh nay déu dat dude hiéu qua tot nhu cac ma LDPC c6 cau
tric ma tran kiém tra ngiu nhién, trong khi do phiic tap ctia méa thap
hon nhiéu. Thuat toan gidi ma dya trén thuat toan FFT duge phat minh
béi Richardson va Urbanke [105,106] va thuat toan gidi ma tuyén tinh
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ctia Spielman [107], duge thuc hien nham muc dich lam gidm do phiic
tap clia cac bo gidi ma LDPC. Hon nita, c6 rat nhieu cac thuat toan
khac nham muc dich suy gidm do phtc tap ctia ma LDPC dudgc phéat
minh béi Pothier [108], Narayanan [10] va Fossorier [109].

Ngoai thuat toan can téi wu Tong —Tich SPA (Sum-Product Algo-
rithm) duge phat minh cho cac ma LDPC con c¢6 thuat toan gidi ma
dua trén phuong phap ddo bit c6 do phiic tap thap dugce thiét ké bdi
Kou va cac dong nghiep [93]. Thuat toan nay dudc tiép tuc phat trién
bdi Zhang [109]. Thuat toan giai ma dao bit Bootstrap duge thuc hién
béi Nouth [110]. Thuat toan gidi ma dya trén ti s6 do tin cay duge phat
trién bdi Guo [36]. Tat ca cic thuat toan gidi ma c6 do phiic tap thap
duge hinh thanh dé hd tro cho thuat toan SPA trong cac tng dung cé
do phtic tap ctia hé thong bi giéi han nghiém ngit.

So sanh v6i ma Turbo ciing dang dudc phat trién song song, ma
LDPC ¢6 1¢i thé khong bi d4nh hudéng ctia hién tugng san 16i (Error
Floor), hién tugng nay lam ti 1é 16i bit phia dau ra (BER) khong thé
gidm xudng gia tri cyc nhé mac du ti s6 E,/Ny duge tang len kha nhiéu.
D6 phiic tap tinh toan ctia ma Turbo cao hon so véi LDPC khi do dai
tit ma tang len. TU viéc phan tich lich st phat trién ctia cac ma LDPC
va so sanh v6i cac dong ma tién tién khac nhu Turbo, ngoai ra xem xét
do phiic tap cia ma LDPC khong 16n nén c6 thé 4p dung cho cac thiét
bi truyén hinh dan dung nhu cac dau thu sé vé tinh tiéu chuan DVB-S2
(Digital Video Broadcasting- Satellite 2).

T nghién ctu tong quan va phan tich nhu da trinh bay & trén, c6
thé nhan thay viéc nghién cttu, phét triecn ma LDPC la mot dé tai co

tinh thoi sy, can thiét va cap bach cho ting dung trong truyeén hinh s6.
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1.2. Tong quan ma LDPC

Ma LDPC thudc ho méa khéi [6,18], quan hé gitta ma tran sinh G va ma
tran kiém tra H dugc biéu dién bang phuong trinh sau:

Hy v .Gho e = Onrok, (1.6)

trong d6 N 1a s6 bit ma, K 1a s6 bit thong tin va M = (N — K) 1a 86
bit kiém tra trong mot tit ma. Gia st mot chudi bit thong tin Sixx 6
dau vao bo ma hoa LDPC, ¢6 kich thude 1a K bit. O diu ra bo ma héa
LDPC nhan dugc mot tit ma Cqxy , ¢6 do dai tt ma la N bit ma. Qua
trinh ma hoéa chudi bit thong tin dau vao Six x dude thuc hién bang cach
nhan véc to chudi bit nay véi ma tran sinh Gg.y cua bo ma LDPC.

Qué trinh nay duge tién hanh nhu sau:

Cixn = Sixx-Grxn. (1.7)

Tinh hop 1é ctia mot tit ma duge kiém tra bang phuong trinh kiém

tra tit ma sau [18]:
Syndromey, s = CrunHiy s (1.8)

Néu tir ma nay 1a tit ma hop le, thi véc to Syndrome 14 mot véc to
0. Truong hgp tit ma khong hgp 1é véc to Syndrome la mot véc to khac
0. Ma tran kiém tra H ctia ma LDPC bao gdm céc phan tit s6 nhi phan
‘0’, ‘1’ dé kiém tra phan théng tin ctia tit ma. Hinh 1.6 minh hoa ma
tran kiém tra cia ma LDPC. Ma tran kiém tra ciia ma LDPC c¢6 thé
duge biéu dién bing cac thong s6 sau (N, we, wr), trong d6 N 1a do dai
tt ma, we, wr la cac ham trong Hamming trung binh cua cac cot va

hang tuong tng trong ma tran kiém tra. Néu ma tran kiém tra ctia ma
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Cac bit Cac bit
kiém tra Thong tin

1 00 1110 X=Xy TX5TXs
H=|[010 1101 Xo=Xy X5t
OO0 1 1 01 1 X3=X4TX6TX7

Hinh 1.6: Ma tran kiém tra cia ma LDPC
LDPC c¢6 hang day du', ti lé ma r dugc xac dinh nhu sau:

r= (1.9)

Quan hé giita s6 bit kiem tra va do dai tit ma dude thé hién nhu sau:
M.w, = N.aw,. (1.10)

Vi vay ti 1é ma r ciing c6 thé tinh nhu sau:
r=—=——=1-—. (1.11)

Hinh 1.7 1a vi du cu thé vé mot ma tran kiém tra ctia ma LDPC.
Qua trinh tinh todn ma tran sinh tit ma tran kiem tra dugc tién hanh

nhu sau. Gia si:
ClxN - SlXK-GKXN7 (1-12)

La tit mot tit ma LDPC chia véc to chudi bit thong tin S 6 phan

cudi clia tit ma nay va phan dau tit ma la véc to P chita céc bit kiem

Ma tran kiém tra ctia ma LDPC dugc goi la ma tran hang day di, khi cac hang clia ma tran nay

13 doc lap tuyén tinh véi nhau
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tra. Tt ma C c6 thé viét lai dusi dang sau:

Cixn = (P1xwm|Sixk)- (1.13)

123456789101112131415
=~ 101110001001 000°0
D 000LT0TT0T00000
w 100000100001 0T1]1
2 [ 110001001100000

H=| » [L00001001000110
o 00001000101 010°0
20000001001 01001
o 000001000000 T1T11
C101111000000000°0
S 1001000010011000

Hinh 1.7: Ma tran kiém tra H ¢6 N = 15, wc = 3, wr = 4,5, M =
N—-K =10, r=1/3.

Ma tran kiém tra Hjy;.y c6 thée viét lai dudi dang hai ma tran lien
ké (Anrxar| Burxx), trong d6 ma tran thanh phan A 1a ma tran doc lap
tuyén tinh. Tit phuong trinh kiém tra tinh hop 1é clia tit ma (1.6), ta c6

thé viét lai nhu sau:
CH' =C .(AB)Y = PAT+sB" =0. (1.14)

Ma tran A 1a doc lap tuyén tinh, cho nén ta cé thé tinh duge ma tran
dao (AT)~!. Tit phuong trinh (1.14) suy ra :

P=S.(B".(A")™). (1.15)
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Tit phuong trinh (1.15), ta ¢6 thé suy ra ma tran sinh ctia ma LDPC

nhu sau:

Grxy = [(BT.(AT) D rwarTrxx].

12345678910(11 1213 14 15
— 1110100001010 0 00
Y 1010001101 1(00 0 0
“10010001000(01 0 1 1
= 11010100101100 0 0 0
H~= w |0010100100(00 1 1 0
> 10000010100(10 1 00
94 |[000000100 101 0 0 1
© [0000100000f00 1 1 1
o | 1101010000100 0 0 0
5000100001 0(1 1 0 00

(1.16)

Hinh 1.8: Ma tran chuyén vi H, tu ma tran kiém tra H trong hinh 4.

Ma tran H, bao gom hai ma tran thanh phan A va B.

Tuy nhién dé tim dugec mot ma tran A c¢é thé nghich dao dugce, ton

. ~ '/‘Z . ‘//\ N 7 . 7 ~
tai trong ma tran kiem tra H, ta phai tién hanh hoan vi cac cot cia ma

tran H va tién hanh kiém tra tinh doc lap tuyén tinh ctia ma tran A

bang phuong phap toin hoc Gauss. Sau khi thiic hién hoan vi céc cot

ctia ma tran H dugc ma tran A 13 doc lap tuyén tinh, ma tran H trd

thanh ma tran kiém tra méi H,..

Nhu vay ma tran sinh ciia ma LDPC la ma tran sinh G duge tinh tu

ma tran hoan vi H, va phuong trinh kiém tra ti ma hop 1é phai dua

trén hai ma tran mdi nay. Thong thuong viéc tinh toan ma tran sinh G
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ctia ma LDPC tit ma tran kiém tra H, 1a phtc tap, vi can kiém tra tinh
doc lap tuyén tinh ctia cdc cot nhiéu lan (sau mdi lan hoan vi) va chiém
nhiéu phép tinh cho qua trinh tinh toan ma tran ddo. Ma tran chuyén
vi H, clia ma tran kiém tra H dugc cho trong hinh 1.8. Tich ctia hai
ma tran BT.(AT)_1 duge stt dung dé tinh ma tran sinh ctia ma LDPC,

dugce cho trong hinh 1.9.

123456780910
1 (1110001111
210101001000
310010101101
410000101001
311110100001

BT_(}\T)—I =

Hinh 1.9: Tich hai ma tran thanh phan trong hinh 1.8 dugc st dung dé

tinh ma tran sinh.

1234567 8910[1112131415
1111000111 1[1 0 0 0 O
2010100100 0{01 000

G = 3]001010110 1|00 100
4000010100 1|00 010
51111010000 1(0 0 0 0 1

Hinh 1.10: Ma tran sinh G cia ma LDPC dugc tinh to ma tran kiém
tra H,.
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1.3. Cac phuong phap giai ma LDPC

Cé6 hai phuong phap gidi ma ciia LDPC d6 la: gidi ma theo xac suat
(Probability Decoding) hay con goi 1a gidi ma bang thuat toan truyen
ba do tin cay BPA (Belief Propagation Algorithm) hodc gidi ma bang
thuat toan tich-tong (Sum-Product Algorithm). Thuat toan nay dudc
dé xuét trong céc tai lieu nghién citu ctia Gallager [6,18]. Phuong phap
gidi ma thtt hai dya trén thuat toan trao doi thong tin MPA (Message
Passing Algorithm) gifta cac nit kiém tra (Check Nodes) va nit bién
s6 (Variable Nodes), trong ma tran kiém tra ctia ma LDPC [111]. CAc
thuat toan gidi ma nay uéc luong thong tin hau nghiem dau ra bo giai
ma dura trén cac thong tin tien nghiém ciia chudi bit ma thu dugce, phan
thong tin ctia chudi bit duge tao ra tit bén trong bo gidi ma va thong tin
ctia kénh truyén dan (Channel Information)?. Mo hinh uéc luong thong
tin cac bit dau ra bo gidi ma dugce cho trong hinh 1.11.

1.3.1. Phuong phap giai ma dua theo xac suat

Phuong phap gidi ma dua theo xac suat ctia Gallager duge thuc hién
nhu sau. Cé hai yéu t6 can can nhic trong qua trinh gidi ma chudi bit
nhan duge. Thi nhat, bit thong tin thu duge bi sai léch do anh hudng
ctia kénh truyén nhu thé nao. Thit hai la cac bit du thita duge ding dé
kiém tra bit thong tin nay c6 thé dugc coi la hoan toan khong 16i hay
khong? Tu d6 ta c6 thé tinh toan xac suat c6 diéu kién ciia symbol thu

duge 13 ‘0’ hay ‘1’ dya trén céc gia tri bit mém (Soft output) y bi 4nh

2Thong tin hau nghiém ctia chudi bit dau ra bo gidi ma la téng thong tin ciia kénh truyén, thong
tin tién nghiém ctia chudi bit va thong tin ctia chudi bit ngoai lai dugc tinh toin bén trong bo giai

ma.
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Thong tin tién Thong tin tién
nghiém chuoi bit nghi¢m chuoi bit
dau vao dau vao
Thong tin
hau
Théng t nghiém

o - T

B¢ giai md nizl;ﬁ- f;il cua chudi

= bit dau ra

bd giai ma

Thong tin Thong tin

cia kénh truyen ctia kénh truyen

Hinh 1.11: Thong tin ngoai lai dugc b gidi ma tao ra tu thong tin tién

nghiém cta chudi bit dau vao va thong tin kénh truyen.

huéng ctia kénh truyén, tai dau ra ciia bo dieu ché va dieu kién sy kien
S khi bit thong tin nay thoéa man tat ca cac phuong trinh kiém tra chin
1é w, chita n6. N6i mot cach khac, xac suat cé diéu kién nay ducc viét
lai nhu sau:
Plx; = 1|y, S]. (1.17)
Dat P/ la xac suat gia tri nhi phan ‘1’ dugc truyen tai vi tri j =
(1,---,N), dya trén gia tri bit mém tai dau ra bo giai diéu ché va Pllj
,N) va
i=(1,---, M), trong ma tran kiém tra ctia ma LDPC. Gallager da dua

13 xac sudt gia tri nhi phan ‘1’ tai vi tri bit tht j = (1,---

ra cong thitc tinh toan ti s6 xac suat gitta gia tri nhi phan ‘1’ va ‘0’ dudc

truyen tai cac vi tri bit 7 = (1,--- , N) nhu sau:

(1.18)

P[:Uj — O‘ya S] o 1— le H [1 + Hle{(]j},l;éj(l - 2le,l)

P[%‘ =1y, 5] a le ie{R;} 1 - qucy},z;ej(l - 2Pil,l)



1.3.1. Phuong phap giai ma dua theo xac suat 42

trong d6 C; 1a tap cac chi s6 cot clia cdc thanh phan khac ‘0’ trong
hang thi i va R; 1a tap céc chi s6 hang ctia cac thanh phan khac ‘0’
trong cot thi j clia ma tran kiém tra chuyén vi nhu trong hinh 1.8. Vi
dy, trong hinh 1.8 ta c6 tap cac cot Cy = 2,6,7,9,10, va tap cac hang
Ryp = 3,7,10. Hon nita, tap cdc hang R; cho biét cac chi s6 hang cla
cac bit thi j nhu trong hinh 1.8. Ti s6 x4c suat thong tin hau nghiém
dau ra ctia bit thit j v6i diéu kién thong tin bit mém dau ra kénh truyén
y va théa man cac phuong trinh kiém tra tit ma chia bit thit j. Xac suat
nay dugc tinh dya trén thong tin noi tai ciia bit thi j lay dugc tit thong
tin mém y; dau ra ctia kenh truyén va xéc suat clia cdc thanh phan khéc
‘0’ ki hiéu la P;; trong phuong trinh (1.18).
Ti s6 hop lé duge xac dinh bang cong thic sau:

I+ Theqopyan (1 — 2131'11).

LR;; = —:v6i =1, Mg =1, , N
T 1 =Tleqoy0s(1 = 2PY)
(1.19)
va ti s6 xac suat PR dudc tinh nhu sau:
| _ p!
PRij=—5+ ] LR (1.20)
I ke{Ri)} ki
va
1— P} .
PR(z;) = TJ I] LRijivéij=1,--- N (1.21)
I ie{R;)

Phuong trinh (1.21) 14 phuong trinh cap nhat thong tin ti s xac
suat PR cla cac thanh phan trong ma tran kiém tra H. Ti s6 hop le
LR; ; trong phuong trinh (1.19), v6iéi=1,--- ,M; j=1,--- /N latiso
xac suat co6 dieu kién gitta xac suat bit ma thit j c6 gia tri 1a ‘0’ v xéc
suat n6 c6 gia tri 1a ‘1’ va phu thuodc vao tich ciia cac xac suat thong tin

mém P;; trong phuong trinh (1.19) ctia cic thanh phan khac ‘0 trong



1.3.1. Phuong phap giai ma dua theo xac suat 43

hang thit 7 clia ma tran kiem tra H va thanh phan c6 chi s6 j hién dang
xét nhu trong phuong trinh (1.19). Ti s6 xac suat PR, ; trong phuong
trinh (1.20) cing tuong tu nhu ti s6 LR, ; trong phuong trinh (1.19), chi
khac 1a thong tin mém cap nhat cho ti s nay 1a clia tat cd cac thanh
phan khéc ‘0’ trong cot thit j ctia ma tran kiém tra H. Ki hieu PR(x;)
trong phuong trinh (1.21) 1a t{ s6 xac suat hau nghiém tong ctia bit ma
thitj . Ki hieu PR(x;) la thong tin noi tai t1 s xac suat ciia bit ma tha
.

Qué trinh gidi ma LDPC dugc thuc hién bing céc trao ddi thong
tin theo cd chiéu ngang va doc clia ma tran kiem tra H trong méi lan
lap gidi ma. Qua trinh trao doi thong tin dugce thuc hién bing cach tinh
toan va cap nhat lap di lap lai cac ti s6 PR;; va LR;; trong phuong
trinh (1.19) va (1.20). Vi du ching ta xem xét cac thanh phan khac ‘0’
trong ma tran kiém tra H, cho trong hinh 1.8 tai vi trf (3,3) cho qua
trinh tinh todn xac suat LR;; cla phuong trinh (1.19). C6 bon thanh
phan khac ‘0’ ndm trong cuing hang thi 3 clia ma tran H,, tuong ting
v6i vi trf (3,3), d6 1a cac diem giao clia hang thit 3 véi cac cot thit 7, 12,
14 va 15. Do d6, gia tri LR;; cta thanh phan khéac ‘0’ tai vi trf (3,3)
sé cap nhat thong tin ngoai lai tit cic thanh phan khac ‘0’ trong hang
thit 3 clia ma tran kiém tra theo phuong trinh (1.19). Cu thé hon nita,
dya trén phuong trinh (1.19) thong tin ngoai lai xac dinh x4c suat gia
tri cia bit thit 3 1a ‘0’ dua trén xac suat clia tat ca cac bit lien quan dén
tap phuong trinh kiém tra tit ma dung ctia ma LDPC. Ngugc lai, gia tri
PR;; ctia phuong trinh (1.20) duge tinh bang cach tong hop tat ca cac
thong tin cap nhat tit cac vi tri (4,3) va (5,3), tuong tng trong hinh 1.8.
Trong qua trinh lap cap nhat cac phuong trinh (1.19), (1.20) va (1.21)
cac gia tri PR trong phuong trinh (1.20) va (1.21) dugc st dung hai lan.
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Gia tri ti s6 x4c suat cia moi bit PR(x;) dude tinh nhu trong phuong
trinh (1.21) sau moi lan lap. Dua trén ti sd xac suat PR(z;) nay, bo
gidi ma LDPC dua ra quyét dinh cting cho chudi bit tuong ting sé dudc
kiém tra bang cac phuong trinh kiém tra tit ma hop 1é ctia ma tran kiém
tra. Néu qué trinh kiém tra nay khoéng théa man thi bo giai ma LDPC
sé tiép tuc lap lai qua trinh giadi ma dé dat duge tit ma hop l¢, cac gia
tri PR;j, v6ii=1,--- ,M;j =1,--- N cta mdi thanh phan khac ‘0’
trong ma tran kiém tra sé dugc tinh bang phuong trinh (1.20). Sy khéc
biet gitta gia tri ti s6 xdc suat PR;; clia cac thanh phan khac ‘0’ trong
ma tran kiém tra trong phuong trinh (1.20) va PR(z;) clia bit & trén la
t1 86 xac suat PR(x;) cla bit dang xét trong phuong trinh (1.21) quan
hé chit ché véi thong tin dude cung cap bdi tat ca cac thanh phan khac
‘0’ tai cac cot tuong tng lien quan v6i bit thit j clia ma tran kiém tra.
Trong khi d6 ti s6 PR;; clia mot thanh phan khéc ‘0’ cia ma tran kiém
tra dugc tinh duya trén tat ca cidc thanh phan khac ‘0’ trong cac cot ,
ngoai trir gia tri cia ban than thanh phan dang xét, nhu trong phuong
trinh (1.20).

Cac budéc mo td phuong phap gidi ma dua theo xac suat ctia Gal-
lager [6,18]:

1. Gid st kénh truyén dan 1d kénh Gauss. Dua trén cac gia tri bit
mém (soft-bit) y; clia chudi bit dau ra bo gidi dieu ché, ti so xac
suat ciia bit thit 7 thu dugc gitta hai gia tri nhi phan ‘0’ va ‘1’ dudc
tinh nhu sau [112,113]:

1 —w+?

¢ 2 1.22
s (1.22)

1 —(y;—1)?

e 2 1.23
s (1.23)

P} = P(ylz; =1) =

P} = P(y;lz; = 0) =
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trong d6 y; va p tuong ting la gid tri bit mém thi j thu duge tai
dau ra bo giai diéu ché va do lech chuan ctia dau ra kénh truyen

dan.

2. Dat Ple 1a x4c suat gia tri nhi phan ‘1’ tai vi tri bit ma hoéa thi j,
ma tai hang thi ¢ ciia ma tran kiém tra H, cac phan ti kiem tra tir
ma la khac 0, trong d6 j =1,--- ,N)va (i =1,--- ,M). Céc xéc
suat nay ban dau duge gan céc gia tri P; 6 phuong trinh (1.22).

3. LR;; 1a t1 s6 x4c suat bit ma thit j ¢6 gid tri nhi phan 1a ‘0’ trén
xac suat bit d6 c6 gia tri nhi phan 1a ‘1’, ma xac suat nay duya trén
cac xac suat thong tin clia cac bit ma thi [ (véi [ # j), tuong tng
v6i cac phan tit khac ‘0’ ndm trong hang thi ¢ clia ma tran kiém

tra H. Cac xac suat LR;; dugc cap nhap bang phuong trinh 1.19.

4. PR;; 1a ti sd xdc suat cap nhap cho cac phan tit khac ‘0’ tuong
tng v6i hang thit ¢ trong ma tran kiem tra H | tit xac suat thong
tin clia cac phan tit khac ‘0’ thit & thuoc cot thi j trong ma tran
H. Ti s6 xac suat nay duge cap nhat bang phuong trinh 1.20.

5. Doi v6i moi bit ma, ti s6 xac suat PR(x;) clia bit z; ¢6 gié tri gitta

‘0’ va ‘1’ dugc cap nhat bang phuong trinh 1.21.

6. Gia tri clia xac suat P tuong tng véi cac phan tit khac khong
trong ma tran kiém tra H dugc cap nhat bang (HP—lRM), trong do
gia tri PR;; 1a gia tri dudgc cap nhat ¢ budc 4.

7. Dya trén gia tri xac suat PR(xz;) duge cap nhat trong bude 5, bo
gidi ma tam thoi thuc hién gidi ma bit cing (hard-bit) va nhan véi
ma tran kiém tra da duge chuyén vi Hz, dé kiém tra tinh hop le

clia tir ma.
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8. Néu nhu véc to két qua clia phuong trinh kiém tra tit ma hop le
bang 0, thi Qua trinh lip gidi ma sé dimg lai va dau ra bo giai
ma 1a chudi bit da duge gidi méa cé gia tri nhi phan tuong ing véi
buée 7.

9. Trong truong hop phuong trinh (1.8) khong duge théa man, dong
thoi s6 1an 1ap gidi ma da dat dén mic cao nhat, thi qua trinh gidi
ma dugc coi 1a khong hoan thanh va chudi bit dau ra bo gidi ma

cling tuong tng véi chudi bit & bude 7.

10. Trudng hgp phuong trinh (1.8) khong duge théa man, ma s6 lan
lap van chua vudt qua muc cao nhat, thi qua trinh gidi ma dudc

lap lai tit bude 3.

1.3.2. Phuong phap truyén gia tri théng tin LLR

Phuong phap gidi ma nay dya trén viéc truyén qua lai cac thong tin LR
gitta ntit kiém tra (Check Nodes) va nit bién s6 (Variable Nodes) thuoc
dd thi song phuong (Bipartite graph) ctia ma LDPC. Hinh 1.12 biéu dién
do thi song phuong ciia ma LDPC. D thi nay dugce bieu dién bing cac
cot va hang ctia ma tran kiém tra H |, tuong tng v6i cac nit bién sé
(Variable nodes) va cac nit kiém tra (Check nodes) [30,76,106,111,114].

Hinh 1.12 1a do thi song phuong ctia ma LDPC, phia bén tay trai 1a
cac nat bién s6, bén tay phai la cac nit kiém tra. Q7 ; 1a xéc suat truyen
tit nit bién s6 thit j sang nat kiém tra thi i, trong dé nit bién s6 dang
§ trang théai a € (0,1),5 = (1, ..., N) tuong tng vdi cic nat bién s6 bén
trai ctia do thi song phuong, i = (1,--- , M) tuong ting vdi cc nit kiem
tra ctia do thi song phuong. Ngugc lai, cac thong tin xac suat R, dugc

truyen tit cac nat kiém tra thi ¢ sang céc nut bién sé thi j, xac dinh
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Xy

X3

Hinh 1.12: Do thi song phuong ciia ma LDPC

luong gia tri xac sudt clia nat kiém tra thi ¢ dya trén xac suat cla tat
cd nat thanh phan c6 quan hé véi nat kiém tra thi ¢, ngoai trit nit j,
¢ trang thai a. Cac gia tri Qf; va R}; dudc luu trong cac thanh phan
khac ‘0’ ctia ma tran kiem tra H. Tai thoi diém dau tién clia qué trinh
giai ma lap, cac gid tri xac suat Qf; dudc gn céc gia tri xdc suat voi
xédc suat noi tai (intrinsic probability) P tuong ting v6i symbol thi j
duge truyen véi gia tri nhi phan la a. Rf; udc lugng xac suat tuong tng
clia nat kiem tra thi ¢, khi symbol tht j & trang thai a, Xac suat nay
c6 thé tinh bang cong thic sau [33]:

RY ;=2 e —a P27 = 01C) [ Lieoy g @il (1.24)
Voii=1, M;j=1, N

Cac ki hieu ¢; va C; trong phuong trinh (1.24) duge st dung chi bit
thtt j clia tit ma C va tap chi s6 cot ctia hang thtt j clia ma tran kiem
tra tuong tng. Phuong trinh (1.24) 1a phuong trinh cap nhat gia tri cua
Ry ;. Xac suat c6 dieu kien P(z; = 0|C') = 1 khi va chi khi phuong trinh
kiém tra tit ma hop lé théa man, trong trudng hgp phuong trinh nay

khong théa man, xac suat c¢6 diéu kien & trén sé c6 gid tri bang 0. Q¢ 1a
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xAc suat clia ntt bién s6 thi k tai trang thai gidi ma ¢; doi v6i phuong
trinh kiém tra tht i. Cudi ciing, C; 1a tap cac chi s6 cot ciia tat ca cac
thanh phan khac ‘0’ trong hang tht ¢ cia ma tran kiém tra. Viéc cap

nhat xac suat Q7 ; duge thuc hién bing phuong trinh dudi day [33]:

L=t ][ RY (1.25)
ke{R;} ki

trong d6 R; 1a tap cac chi s6 hang chita cdc thanh phan khac khong
trong cot j;j = 1,--- , N clia ma tran kiem tra. Gia tri P la xéc suat
noi tai lien quan dén thong tin dau ra ctia kénh truyén dan véi gid thiét
C; & trang thai a, he s6 a;; duoce st dung dé ddm bao tong xac suat
> Q?,j = 1. Qua trinh gidi ma LDPC dugc thuc hién bang cach lap lai
céc qua trinh cap nhat gia tri cho cac xac suat Rf; va Qf ;. Sau mdi lan
cap nhat gia tri cho hai xac suat nay, bo gidi ma LDPC dua ra quyét
dinh cting dé xac dinh dau cta tich hai thanh phan R}, va xac suat noi

tai cia moi symbol, vi du nhu:

P(cyy=r; [ Ri; (1.26)
ke{R;}

Symbol nhi phan ¢6 xac suat cao hon trong tap hai symbol dang xét
sé dugc gitt lai. Néu nhu quyét dinh ciing dua ra tit ma hop lé théa man
cac phuong trinh kiém tra tinh tit ma ddng clia ma tran kiém tra H,.,
thi qua trinh gidi ma sé két thic va tit ma tuong tng sé dugc xuat ra
tai dau ra bo gidi ma LDPC. Ngudc lai, bo gidi ma LDPC sé tiép tuc
qué trinh cap nhat gia tri cho cac xac suat R} ; va ()} ; theo cac phuong
trinh (1.24) va (1.25) cho dén khi tim dugc mot tit ma hop 1@ hodic s6
lan lap dat gia tri 16n nhat da dugc xac dinh tir truée. Qua trinh giai
ma lap cua bo ma giai ma LDPC dugce cho trong hinh 1.13.
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Théngtin fium Q&
b gidi i P Gan gia tri 2% CapnhitRY;
' cho Q; *
[ R
1' j!_.
Tinhtoan giatn
meémetacac [%
sytabol
Cap nhat Q;
A g i
PTliémtra
thoa min
Duara quyét
dmhetngva Buara
Chua kiémtra bing trma
ma tran PCAM
Réi PT kidmtra

:{iém_tra 30 dd
dats0 lan lap
lon nhat chira

Dimg qua trinh 13p g1t khong théa min
i va théng bao qua

trinh giai ma hong

Hinh 1.13: Lugc do gidi ma ldp cia b6 ma LDPC

1.4. Két luan chuong 1

Trong chuong 1 da tién hanh nghién cttu, phan tich kha ning sta 16i
ciing nhu do phtc tap ctia cac bo ma héa dang dudgce st dung pho bién
trén thé giéi nhu ma: chap, ma RSC, ma Turbo, ma LDPC.

Dé c6 cong cu danh gia kha ning sita 16i clia céc loai ma, trong
chuong nay da tién hanh xay dung chuong trinh mo6 phéng bang ngon
ngtt C++. Cac két qud mo phong danh gia kha nang stta 16i clia ma
LDPC va cac yéu t6 anh hudéng dén kha ning stia 16i ciia ma LDPC

dugce trinh bay trong phu luc A ctia Luan an.
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Qua phan tich, danh gia cac két qua thu dugce ta nhan thay ma LDPC
c6 kha nang stta 16i tot, san 161 hau nhu khong c6 va do phiic tap tuong
d6i nhé so véi ma Turbo khi st dung tit ma ngén, vi vay c6 the dua ra
khang dinh riang ma LDPC hoan toan phi hgp véi thiét ké chip, RAM
clia cac thiét bi ma hoéa va gidi ma trong truyeén hinh. Tuy nhién, ma
LDPC ciing ton tai mot s6 nhudgc diém nhu ¢6 do tinh toan gidi ma phic
tap, phu thudc vao do dai tit ma. Viéc xay dung ma tran kiém tra H va
tinh toan ma tran sinh G tit ma tran kiem tra H 1a rat phic tap.

Ma tran kiém tra quyét dinh kha nang stta 16i ciia ma LDPC. Viéc
xay dung quan hé v cau tric ma tran sinh, ma tran kiém tra dé ting
kha nang siia 161 va gidm do phic tap tinh toan tai tao ma tran sinh tu
ma, tran kiém tra I3 yéu t6 quan trong trong thiét ké ma LDPC.

Ma LDPC da va dang dudc phd bién rong rai trong hé thong ticu
chuan truyen hinh s6 mat dat DVB - T2, DVC-2 va truyen hinh s6 qua
vé tinh DVB-S2. Vi vay, trong cac chuong tiép theo, luan an sé dé xuat
phat trién mot moé hinh méi, thiét ké va mo phéng moé hinh ma LDPC
md&i, phan tich, danh gia so sanh, v6i cac mo hinh lai ghép H-ARQ véi
ma LDPC, V-BLAST st dung ma LDPC nham cai thién kha ning sita
16i ctia ma LDPC va giam do phiic tap ctia hé thong lai ghép véi ma
LDPC, gitup dua hé théng lai ghép ma LDPC c6 kha ning ap dung vao
thuc té trong cac hée thong thu phat truyén hinh s6, nhat 1a cac bo may
phat, dau thu settopbox.



Chuong 2

THIET KE MA TRAN SINH VA MA TRAN KIEM TRA
CUA MA LDPC

Mé dau

Ham phan b6 roi rac cho cac ham trong cot clia ma tran kiém tra hay
cac hang tuong ting clia ma tran sinh quyét dinh tinh doc lap tuyén tinh
clia cac cot trong ma tran kiém tra. Diéu nay quyét dinh do dai nhiing
vong lap trao doi thong tin gitta bit ma va bit thong tin, tinh can déi
miic wu tién gitta cac bit thong tin trong tit ma. Day ciing chinh 1a yéu
t6 quyét dinh kha ning sta 16i cia ma LDPC va do phitc tap clia ma
LDPC nhu phan tich trong [9,115]. Noi dung ctia chuong nay la xay
dung ham phan bd roi rac cho cac cot clia ma tran sinh thanh phan va
cac bac ctia bit théng tin cho ma LDPC dé tao ra mot loai ma LDPC
v6i nhitng thong s6 vuot troi. Cac két qua mo phéng sé cho phép danh

gia tinh uwu viet ciia phuong phap dé xuat.

ol
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2.1. Xay Dung cac ham phan bé

Trong chuong nay cic ma tran sinh va ma tran kiém tra ctia ma LDPC
sé dugc thiét ké bang cac ham phan bd mat do roi rac ding [116-118],
muc dich ctia thiét ké nay nham cai thién kha nang stta 16i cia ma LDPC
tai dai gia tri C'//N thap. Ma tran kiém tra H ctiia ma LDPC dugc thiét
ké dua trén cac ham phan b6 mat do cho nit thong tin va nat kiém tra
trong ma tran kiém tra. Ma tran sinh G ctia ma LDPC dugc tinh toan
tit ma tran kiém tra H bing phuong phap thuat toan rat gon Gauss.
Trong chuong ndy, luan an di sau vio viéc phan tich va thiét ké ma tran
sinh G v ma tran kiém tra H ctia ma LDPC theo quan hé da dugc dé

cap trong [6,18]:

Gixn = Ikxk|Akxm];

T .
men — Amxku’mxm] )

= Grwp -HL = 04 (2.1)

Trong dé k,n,m lan luct 14 s6 bit thong tin, do dai tit ma va s bit
kiém tra trong mot tt ma LDPC; Ipyk, Iywm 1a cac ma tran don vi co
kich thuée la (k x k) va (m x m). Kha ning sita 16i cia ma LDPC dugc
thiét ké theo phuong phap nay phu thuoc hoan toan vao cau tric ma
tran Ajy,,. Dé cac cot trong ma tran Ay, ¢6 khoang cach trung binh
13 16n, thi ham phan bé mat do clia cac cot thuoc ma tran nay phai la
mot ham phan bo roi rac [119-121]. Céc cot clia ma tran nay tuong tng
v6i cac bit ma kiém tra trong tit ma LDPC, vi vay chiing khong nhiing
can chita day du thong tin kiém tra cac bit thong tin ctia tit ma, ma con

phai théa man tinh rdi rac, khong lap lai gitta ching. Dé lam dude diéu
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nay luan an da dua ra khai niém ham phan b6 chuan roi rac giéi han
déi v6i cac cot clia ma tran thanh phan Ay, cia ma tran sinh G va

ham phan b6 tuong doéi déu cho cic hang clia ma tran nay, ¢ dudi day.

2.1.1. Xay dung ham phan bé cho ma tran thanh
phan

Trong phan thiét ké nay, muc dich clia tac gid luan an 1 tao ra ma tran
thanh phan Aj.,, clia ma tran sinh khong chia cac cot c6 ham trong
14 1 dé tranh hién tugng khong doc lap tuyén tinh giita cac cot clia ma
tran sinh hay tang kha ning chia cac thong tin ciia cac bit nguon trong
cac bit ma LDPC, thiét ké cac cot ma tran thanh phan cia ma tran sinh
khong chita cac ¢ot ¢6 ham trong bang 1 (Do ma LDPC 1a ma hé thong,
nén ma tran sinh da chita ma tran don vi thanh phan c¢6 ham trong ciia
cac cot bang mot). Gia st ma tran thanh phan Ay, c6 s6 hang la K
tuong ing v6i K bits thong tin, dugce thiét ké vdi cac cot c6 ham trong
bé nhat bang 2, ta c6 thé thay xac suat dé cot thit hai duge tao ra ngau
nhién ma khong tring lap véi cot thit nhat 1a (1 — 2175) tuong tu xAc
suat dé cot thi ba duge tao ra ngau nhién ma khong trung lap véi cot
thit nhat va thit hai 1a (1 — 227%), cit nhu vay ta c6 thé nhan thay xac
sudt dé toan bo cac cot clia ma tran thanh phan khong tring lap nhau
dugc tinh bang (1 —275).(1 —2275)....(1 —1/8).(1/4). v6i K tuong dbi
16n xac xuat nay tré nén cuc nhd, cu thé véi K > 10, gia tri xac suat nay
vao khoang 0,125. Xac suét dé cac cot clia ma tran thanh phan khong
trung lap dudc tao ra bang (1 — §), trong d6 ¢ 1a xac suat cac cot cla
ma tran thanh phan dugc tao ra la trung lip nhau va xac suat nay dugc

gidi han béi gia tri 6(K) < 27% véi diéu kien K > 1. Khi ta ting ham
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trong cila cac cot ma tran thanh phan lén, thi xac suat trung lip ciing
tang cao, hay noi cach khac xac suat cac hang clia ma tran khong tring
lap 1& gidm. Tuy nhién, dé tang ducgc ham trong cic cot clia ma tran
A}, ma han ché sy suy gidm xac suat cac cot clia ma tran thanh phan
ducc tao ra doc lap tuyén tinh v6i nhau, ta thyc hién ham phan bd xéac

suat cho cac cot c6 ham trong bé nhat bang 2 bang gia tri p(2) sau:

1

p(2) = ?;
p(i) = ﬁ.v@i 1=3,4,--- | K (2.2)
Nhu vay gia tri ham trong trung binh cac cot cia ma tran Agx,, lac
nay 1a bang InK . Tuy nhién, viéc phan bd xac suat tao ra cic cot co
ham trong nhé nhat bang 2 phai ddm bdo mobi lien két gitta cac cot ¢
ham trong ndy va cic cot ¢ ham trong cao hon, dong thoi cling dam
bao tranh trung lip gidng nhau gitta cac cot ¢c6 ham trong tuong tng,
dé dam bao lugng thong tin ciia cac bit nguon cé trong bit ma la l6n
nhat thi s6 lugng cac cot c6 ham trong bé nhat, cu thé & day 1a bang 2
phéi bing S = c.In(K/§)VK). Trong d6: ¢ 1a mot s6 duong rat nhé va
bé hon 1, § 1a x4c suat da deé cap 6 trén, K 1a s6 bit nguon thong tin,
In 13 logarit co s6 tu nhién. Dé phan bé c6 gisi han ham trong la dimg,
& day ching ta st dung mot ham phan b6 chin trén duge xac dinh nhu

sSau. )
51 voii=2, ..., 2 — 1
(i) = § 2log(2) véii = &, (2.3)
.. 2.K
(0 VOl 1 > ==,
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trong do6 gia tri (%) dam bao mdi bit ma dudc tao ra tu it nhat hai bit
nguon thong tin ngau nhién, hay ham trong bé nhat clia cac cot trong
ma tran thanh phan A;,, bang 2.

Tong hop tat cad phan bé trén ta dude phan bé chuan rdi rac cé gidi
han trén cho cac ham trong ctia ma tran thanh phan Ay, hay néi cach
khac 1& phan b6 chuan rdi rac gi6i han trén cho cac bac ciia cac bit kiém
tra nhu sau: ' ‘

\d) = M, (2.4)
trong d6, Z = >_. p(i) + 7(i) 1a thanh phan chuan héa dé ddm bao phan
b6 tong A(7) luon nhé hon hodc bang 1.

Khi ting ham trong t6i thiéu cac cot clia ma tran thanh phan Ay,
lén 16n hon 2, ta nhan thay xac suat dé cac cot clia ma tran khong triing
lap nhau, hay xac suat dé lugng thong tin trong cac bit kiém tra la l6n
nhat bi gidm di ro rét. Mat khac, gia tri trung binh ham trong céc cot
cua ma tran nay cling tang lén, vi vay gia tri trung binh bac cac bit
kiém tra sé ting lén va diéu nay sé lam s6 lugng phép tinh gidi ma cla
ma LDPC tang, hay noéi cach khac do phtc tap ctia qua trinh giai ma
LDPC tang ti 1é v6i ham trong cuc tiéu cia ma tran Aj.,,. Kha ning
stia 161, cing nhu s6 lugng phép tinh trong qué trinh giai ma LDPC sé
ducc phan tich ki trong phan so sanh hoat dong ctia cac ma LDPC c6
ham trong trung binh ciia cdc cot ma tran thanh phan khic nhau trong
phan phan tich hoat dong ctia ma LDPC bang do thi EXIT chart cia
phan nay.

Trong trudng hop tong quat, néu ching ta thiét ké ham trong bé
nhat clia cdc cot ma tran thanh phan la ¢, c6 thé viét lai ham phan bé

2 N ) 2 . s , ~ 2 ~ . ~
chuan roi rac c6 giéi han cho cac cot cia ma tran Ay, thudéc ma tran
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sinh ciia ma LDPC nhu sau:

1[, S b1 s 1
Mz) = — |1+ af L A
(©) Z[ +K] DY Z[i.(2_1)+K i
i=24, (55t -1) t
S S 1 o
2 ln——i——]-x. 25
Z-K { po (51 29

Trong d6 ¢ 1a s6 nguyen duong, (0 < § < 1), S =c-VKIn(¥) va
cudi cing Z 1a phan sé chuan héa dam bao tong xac suat ctia ham phan
b6 luon bang 1. Haim phan b6 trong phuong trinh (2.5) ¢6 bac 16n nhat
clia cot 1a £ dé ddm béo méi bit thong tin duge kiém tra it nhat bang
t cac bit kiém tra, ma vAn dam bao khoang cach cuc tieu clia cac cot

trong ma tran sinh thanh phan 1a 16n nhat.

0.6

<
N

o
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I

Xac suatphin bd

0 20 40 60 80 100
Trong s6 cua cac cot

Hinh 2.1: Phan bo mat do chuan roi rac ham trong cia cac cot ma tran

kiém tra thanh phan.

Hinh 2.1 1a phan bd chuan roi rac ham trong cua cac cot thudc

ma tran sinh thanh phan, theo phuong trinh (2.5). Qua viéc phan tich
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phuong trinh (2.5), ta nhan thay xac suat p(t, K — t) khi mot bit kiém
tra cia ma LDPC dugc tao ra ma van ton tai (K — ¢) bit thong tin
khong lien quan dén bat ky bit kiém tra nao da dugc tao goi la xac suat
tao bac ham DRP (Degree Release Probability). Xac suat nay duge tinh

nhu sau:

e p(i,L)=1khi L= K—tvai= t

. i(i—1)- LT[, (K—(L+1)—j)
b p(lu L) — T (k) !

trongdéz':2-t,3-t,---,%VQL:K_Z'JFL...J;

e DOI v6i tat ca cac gia tri ¢ va L khac ta c6 p(i, L) = 0.

Trong dé L la s6 cac bit thong tin dau vao vAn chua duge st dung dé
tao cac bit kiém tra dau ra. Do d6, véi ham phan bd mat do 1a \(z)
trong phuong trinh (2.5), xac sudt ciia sy kien khi mot bit kiém tra
ctia ma LDPC dudc tao ra ma van ton tai L bit thong tin chua c6 mat
trong bat ki bit kiem tra nao thuoc tit ma LDPC dang xét la bang
P(i, L) = X x) - p(i, L), trong d6 p(i, L) 1a DRP ctia bit kiém tra c6 bac
bang 4 thuoc tit ma LDPC dang xét.

Gia tri bac trung binh @ ctia cac bit kiém tra thuodc tit ma LDPC

dugce xac dinh bang cong thitc sau:

0= Zi Mz (2.6)

Dit e 1a mot s6 thuc rat nhd 16n hon 0 va e dude xac dinh nhu sau:

4
K-t
4+ L1

€E =

(2.7)
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Chiing ta c6 mdi quan he gitta p trong phuong trinh (2.5) va € trong
phuong trinh (2.6) nhu sau:

N}

p (2.8)

T 1€’
Xac suat By, ., cla su kién mot bit thong tin la lan can ctia L bit

kiém tra, dudc xac dinh nhu sau:

()G 05 e

trong do: n 1 s6 bit ma trong mot tit ma LDPC, a dudc xac dinh trong
phuong trinh (2.6).
Ham sinh ctia ham phan bd mat do cac bit thong tin trong ma tran

sinh ctia ma LDPC dugce xac dinh bang cong thic dudi day:

()@ R

Qua trinh gidi ma lip ctia ma LDPC dugc thiét ké theo kicu nay la
quéa trinh trao doi cdc thong tin logarit hop lé (LLRs) gitta ntt kiém
tra va nit thong tin cia ma tran kiém tra H. Dit Q vi R 14 cac thong
tin LLRs chuyén tit cac nat thong tin sang nit kiem tra va tit cac nit
kiém tra sang cac nut thong tin. Cac thong tin LLRs R truyén tit cac

nit thong tin sang cac nat kiém tra dudge xac dinh nhu sau:

Q= Z R;, (2.11)

trong d6 gia tri ban dau gan cho cac nut bién s6 dude 1ay tit kénh truyen
va {R;; v6ii=1,....d, — 1} 1a thong tin LLRs truyén tit cac nit kiém

tra sang nut thong tin, ngoai trit nit kiem tra cé thong tin Q dudc truyéen
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dén; d,, 1a bac ctia nut thong tin.
Cac thong tin LLRs () truyen tit cc nit kiém tra sang cac nit thong
tin dugc xac dinh bang biéu thic sau:

tanh( > Htanh( > (2.12)

trong do d,. 1a bac clia ntat kiém tra, tanh 13 ki hiéu ctia tang hypecpol,
{Qi;i=1,...,(d. — 1)} 1a cac thong tin LLRs dén tit cac nat thong tin,
ngoal trit ntt thong tin ¢6 thong tin LLRs R duge giii dén. Dat mg, mg,
va mg la cac gia tri trung binh ctia R, Ry va (). T phuong trinh (2.11)
ta co:

my = mp, + (dy — 1) -my ", (2.13)

trong d6 j 1a vong lap gidi ma thi j va (mp, = 4 - NEO), véi E 1a ning
luong bit dude truyen va Ny 1a mat do pho cong suat mot phia ctia tap
nhiédu. Gia st R dugc phan bé theo ham Gauss, mp dudc cap nhat nhu
sau [85]:

mpy = JUI(X; RY)), (2.14)

trong do J(mpg) dugc xac dinh nhu sau:

j—m

e T (1 —logy(1+e7))dj. (2.15)

J = I X; RJ
(mp) = JF

Thong tin tuong ho gitta dau ra va dau vao I(X; R;) dugde xac dinh

nhu sau [85]:
I(X;R) = B(T3H)% ! 2.16
trong do:
. +1 942 _ (n(4E)-mg)?
i(mo) = E(TF) = e me o dt. 2.17
oilm) = BUE) = [ s (2.17)
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Cudi cung ta di dén cac phuong trinh m¢ va mp nhu sau:

my = mp, + (dy — 1)mly

mp, = J_1<lr}2,§::2i(2il— 1)[E(Tfiié)])' (2.18)

=1

Dua trén phuong trinh (2.17) ta dua dén phuong trinh trao doi thong
tin EXIT cho cac nut thong tin nhu sau:

IEU:I<X7Q) = ](X;R()aRl:"' 7Rd 71)

m

= JU(X; Ro);s I(X5 R)| = f(Len; 1a,). (2.19)

Tuong tu nhu vay, tit phuong trinh (2.16) ta ¢6 phuong trinh trao
ddi thong tin EXIT ctia cAc nit kiém tra nhu sau [85]:

I, = I(X5R) =1(X;Qq,- - ,Qa—1) = fU(X;Q))

= ) = o5 Sl ), (2:20)

trong d6 I, = 1(X; Rp) 1a lugng thong tin trung binh dau ra ctia kénh
truyen, 4, = I(X; R) 1a lugng thong tin tién nghiém trung binh ctia cac
nit thong tin tai dau vao bo gidi ma va I, la lugng thong tin ngoai lai
trung binh ctia cdc nit thong tin tai dau ra bo gidi ma. Cudi cling chiing
ta di dén cac phuong trinh trao doi thong tin EXIT clia cac nit thong

. < P - 2
tin va nut kiém tra nhu sau:

e Ham trao ddi thong tin EXIT clia nit thong tin:

I, = [, Ia,) = T[T (Ln + (5 = 1) (1a,))): (2.21)
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e Ham trao déi thong tin EXIT ctia nit kiem tra:

dc
]Ec - f(]A(') - Z deIECj
j=2

cmax

Dé tang kha nang stta 16i ctia ma LDPC dugc thiét ké trong chuong nay,
ching ta can phai xem xét dén ham phan b6 mat do v(z) cho cac bit
thong tin trong mot tit ma LDPC. Phan b6 tan suat xuat hién cic bit
thong tin trong cac bit kiém tra ctia tit ma LDPC quyét dinh kha nang
stta 161 ctia ma LDPC. Néu cac bit thong tin duge phan bdé khong dong
déu trong céc bit kiém tra, diéu nay c6 nghia 1a mot sé bit thong tin
duge uu tien chong 16i hon s6 khac. Khi cac bit thong tin it xuat hien
trong cac bit kiém tra bi anh huéng ctia tap nhiéu kénh truyen, thi kha
nang khoi phuc lai nhitng bit nay 1& thap hon nhiéu so véi cac bit thong
tin c6 mit nhiéu hon trong cac bit kiem tra ctia tit ma. Didu nay sé gay
nén hién tugng san 161 trong do thi quan hé ti s6 161 bit BER va Ej,/Ny,
lam suy gidm khé nang sita 16i ctia ma LDPC trong ting déai E,/Ny nao
d6. Do dé, dé tranh hién tugng nay ching ta sé phan bd mat do clia cac
bit thong tin cau tao nén cac bit ma, hay néi mot cach khac 1a bac cia
cac bit thong tin, 1a dong déu. Dé phan tich théem vé van dé nay ching
ta chuyén sang phan tao ham phan bé dong déu cho cac bit thong tin

trong muc 2.1.2 dudi day.
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2.1.2. Xay dung ham phan bd cho cac bit théng tin

Thong thuong cac ham tao chudi s6 nguyén ngau nhién duge biéu dién

bang cong thitc sau [117]:
Ij+1 = (a : Ij + C) mod M, (223)

trong d6 M 1a s6 co s6 clia ham cong modulo duge st dung, a va ¢ 1a
cac s6 nguyen dude goi la s6 nhan va s ting tuong tng. Dé dat duge
ham phan b6 mat do dong déu doi véi cac bit thong tin, dudi day ta ap
dung hai phuong phap tao chudi ngau nhién [118,122]:

e Phuong phap thit nhat 13 tao mot s6 nguyén ngau nhién tir phép
dich tong hai s6 nguyén bat ki trong chudi s6 nguyén sau khi da
duoc lay modulo 20, trong d6 2b tuong tng véi s6 phan ti nhé cia
thanh ghi dich. Ham tao chudi s nguyén bang phuong phap thi
nhat dugc xac dinh nhu sau:

I, = [(Ln—j + In—x) mod 2b] rot r, (2.24)

trong do6, rot 1a ki hiéu ctia ham quay (hay ham dich). Céc bit
dai dien cho céc s6 nguyen [(I,—; + I,—x) mod 2b] duge dich quay

vong r cac vi tri bit.

e Phuong phap thu hai 1a phuong phap dich truée cac bit dai dién
cho s6 nguyen I,,_; va I, di tuong tng r; va 7o vi tri, trude khi
thire hién cong modulo 2. Ham tao chudi theo phuong phép thu
hai dugc xac dinh nhu sau:

I, = [(I,—; rot r1 + I, rot r3)] mod 2b, (2.25)
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trong dé I, la s6 nguyén ducc bieu dién bang b bit va ki hieu
(I,,—; ot r1) ¢6 nghia la cac bit clia s6 nguyen I,,; dich sang phai
ry vi tri, vi du {000011115 rot 3 = 111000015}.

Hai phuong phap tao chudi ngau nhién trén dude ap dung ciing véi dieu

kién ctia bac cac bit thong tin nhu sau:

dym < Dy

P = [—L(d.~ 1)) (2.26)

-
trong d6 d,, 1a bac clia céc bit thong tin, D,, 1a bac trung binh clia cac
bit thong tin va d, 14 bac trung binh clia céc bit kiém tra thudc tit ma
LDPC.
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Bic cna cac bit thong tin

Y Tao chudi s6 nguyén bang ngdn ngit C.

Tao chubi s6 nguyén bang hai phuong phap dich bit.

[] Tao chudi so nguyén bang hai phuong phap dich bit co dp
dung diéu kién véi bac ciia bit thong tin

Hinh 2.2: Phan bo mat do cho cdc bit thong tin

Hinh 2.2 14 do thi Histogram phan bé mat do bac ciia cac bit thong

tin stt dung cac phuong phap tao chudi s6 nguyén ngau nhién khac nhau.
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Nhu c6 thé nhan thay trong hinh 2.2, chudi sé nguyén dudc tao ra bang
ham ngau nhién trong ngon ngit lap trinh C c6 phan b rai rac ti 1
dén 12, trong khi dé chudi s6 nguyeén dudc tao ra bang hai phuong phap
dich bit c¢6 phan bé trong khodng hep hon tit 2 dén 6. Khi 4p dung hai
phuong phéap dich bit néi trén véi diéu kien ddi véi bac clia cac bit thong
tin thoa man phuong trinh (2.26), thi két qua chudi sé nguyen dau ra c6
phan bé tap trung quanh gia tri 4. Diéu d6 c6 nghia 1 viéc sit dung hai
phuong phap dich bit phéi hop véi dieu kién trong phuong trinh (2.26)
cho phép tao ra ham phan bdé mat do dong déu cho cac bit thong tin
trong tit ma LDPC. Hay néi cach khac, viéc sit dung hai phuong phap
nay dem lai phan b6 ham trong dong déu cho cac hang trong ma tran

sinh thanh phan.

2.2. Phan tich ma LDPC bing dd thi EXIT

Do thi EXIT ctia ma LDPC c¢6 ham phan bd mat do cac cot thudc ma

tran sinh thanh phan cho trong phuong trinh (2.5) véi cac tham s6 sau:

Cac bit ma kiém tra ctia tit ma dudc san sinh bang ham phan bo

méat do cho trong phuong trinh (2.5).

S6 bit kiém tra gap doi s6 bit thong tin, c6 nghia I ti lé mé r =
1/3.

Chi s6 t trong phuong trinh (2.5) tuong ting bang 1, § = 0.5 v&
c= 0.1.

S6 bit thong tin dude st dung dé mé phoéng 1a 5 - 10° bit.
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Phan tich ma LDPC bing dd thi EXIT

2.2.
Két qua do thi trao doi thong tin EXIT ctia ma LDPC dugce thé hién

trén hinh 2.3 va 2.4.
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Hinh 2.3: Do thi trao doi thong tin EXIT ciua ma LDPC ¢6 ham mat do

cho trong phuong trinh (2.5)
Trong hinh 2.3 v& 2.4 ta c6 thé nhan thay tai gia tri ti 6 Ey/Ny = 1

dB, dudong cong EXIT ciia cac ntt thong tin va nit kiem tra giao nhau

gan diém hoi tu hoan toan (1,1) ctia do thi EXIT.
Do d6, ma LDPC nay khong thé dat duoc ti s6 16i bit BER cuc thap

¢ dau ra bo gidi ma tai gia tri ti s6 nang lugng bit trén tap nhiéu £,/Ny
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= 1dB.
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Hinh 2.4: Do thi trao doi thong tin EXIT cia ma LDPC ¢6 ham mat do
cho trong phuong trinh (2.5)

Ngugce lai, tai gia tri ti s6 E£,/Ny =6 dB, dau ra bo gidi ma LDPC
nay hoi tu tai diém (1,1) ctia d6 thi EXIT sau khodng 10 lan lap giai
ma. Khi thong s6 ¢ ting lén 2 phan bo c¢6 mat do trd nén day dac hon
va nhu vay, s6 phép tinh cho qu4 trinh giai ma LDPC nay tang len. Hay
n6i cach khac do phic tap ctia ma LDPC ti lé thuan vé6i thong sb ¢ trong
phuong trinh (2.5). Tuy nhién, bu lai kh& ning ciia ma LDPC ¢6 ham
phan b6 mat do nhu trong phuong trinh (2.5) va thong s6 ¢ cao hon ciing

tang len. Cu thé tai day ching ta phan tich kha ning stta 16i clia ma
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LDPC c6 ham phan bd mat do cho trong phuong trinh (2.5) va thong
s6 t =2, 3 bang phuong phap phan tich do thi trao ddi thong tin EXIT.
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Bac cta cac bit ma thude te ma LDPC

Hinh 2.5: Do thi Histogram ctia ma LDPC c¢6 ham phan bo mat do
trong 2.5 va thong so t= 2

Hinh 2.5 13 mot vi du vé do thi Histogram ctia ma LDPC c6 ham
phan bé mat do cho trong phuong trinh (2.5) va t= 2 . D6 thi EXIT
cua ma LDPC c6 t = 2, 3 dugc vé trong hinh 2.6 va 2.7.

D6 thi EXIT ctia ma LDPC(1200,3600) c6 ti lé ma r= 1/3, thong s6
t = 2 duge vé trong hinh 2.6. Ta c6 thé nhan thiy dudng cong do thi
EXIT ctia céc nit thong tin giao duong cong do thi clia cac niat kiem
tra tai gia tri ti s6 Fj,/No= 0 dB. Diéu d6 c6 nghia la tai F,/Ny= 0 dB
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chudi bit dau ra bo gidi ma LDPC khong thé dat gia tri ti s6 16i bit BER

cuc nho.

lgyslac

—  Cac mit kifm tra
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Hinh 2.6: Do thi trao doi thong tin EXIT cua ma LDPC co6 ham mat do
cho trong phuong trinh (2.5) vit = 2

Ngugc lai, tai gia tri ti s6 Ey/Ny = 1,5 dB cac duong cong ciia do
thi EXIT giao nhau & diém (1,1) va dudng hoi tu c6 cic dinh ndm tron
trén cac duong cong do thi cac nut thong tin va duong cong do thi céac
nit kiem tra. Do d6, tai gia tri £,/Ny = 1,5 dB chudi bit  dau ra bo
giai ma LDPC dat dugc gia tri ti s6 BER cuc nhé sau khoang 20 lan lap
giai ma. Trong khi do, tai gia tri Ey/Ny = 2 dB bo gidi ma LDPC chi
can 12 lan lip gidi ma dé dat dugc gia tri ti s6 16i bit BER cuc nhd 6
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chudi bit dau ra bo giai ma.
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Hinh 2.7: Do thi trao doi thong tin EXIT cia ma LDPC c¢6 ham mat do
cho trong phuong trinh (2.5) va t =3

Khi ting dan gia tri thong so ¢ tit 2 lén 3 va 4, thong qua do thi
EXIT ctia cac ma LDPC c¢6 thong s6 ¢ 16n hon 2 trong hinh 2.7 c¢6 thé
nhan thay khé nang stta 16i ctia ma LDPC ¢6 ham phan b6 mat do cho
trong phuong trinh (2.5) v6i céc thong s6 ¢ 16n hon 2, bi suy gidm manh.
Nguyén nhan ctia hién tugng nay 1a do khi tang thong s6 t lén cao hon
2 thi mat do clia ma tran kiém tra H tré nén day dac, khoang cach
Hamming giita cac cot trong ma tran kiem tra H gidm déang ké va chiing

gay ra 16i tich lity khi thuc hién trao doi thong tin gitta cac nit trong
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qué trinh gidi ma lap. Qua quan sat cac do thi EXIT ctia ma LDPC
trong hinh 2.3, 2.4, 2.5, 2.6 c6 ham phan b6é mat do tong quan cho trong
phuong trinh (2.5), ta di dén két luan d6i véi ma LDPC(1200,3600) &
trén thi gia tri t= 2 1& gia tri t6i vu cho kha nang sia 16i clia ma. 0
phan tiép theo sé phan tich cac két qua mo phong ctia ma LDPC c¢6 ham
phan bé mat do cho trong phuong trinh (2.5) véi cac thong s6 ¢ khac

nhau.

2.3. Mo phong, danh gia ma LDPC dudc
thiét ké

Bang 2.1 1a cac thong s6 mo phéng ma LDPC ¢6 ham phan bé mat do
cho trong phuong trinh (2.5) véi t=2.

Hinh 2.8 14 két qud mo phong kha nang stta 161 khac nhau clia ma
LDPC(1200,1800) sit dung cting ham phan b6 mat do cho cac bit kiem
tra cho trong phuong trinh (2.5) va cac ham phan bd mat do cho cac
bit thong tin khac nhau & trén. Cac thong s6 ctia ma LDPC cho trong
phuong trinh (2.5) la: § = 0,5; ¢=0.1; t = 2.

C6 the thay kha nang sita 16i ctia ma LDPC(1200,1800), khi st dung
bo tao chudi s6 nguyén ngau nhién bang phuong phap dich bit két hop
véi dieu kien doi véi bac clia cac bit thong tin trong phuong trinh (2.26),
t6t hon han so véi cac phuong phap khéac. Cu thé, ma LDPC(1200,1800)
dat BER< 107° tai E,/Ny =3,8 dB, tuong ting v6i dudng cong do thi c6
hinh © ctia ma LDPC(1200,1800) loai IIT khi st dung bd tao chudi ngau
nhién bang phuong phap dich bit két hop vdéi dieu kien dbi véi bac cia
céc bit thong tin cho trong phuong trinh (2.26).
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Bdng 2.1: Cac thong s6 mo phéng ma LDPC c¢6 ham phdan b6 mat do

cho trong (2.5) va thong so t=2.

Kénh tap nhiéu

AWGN

Céc thong s6 trong Phuong trinh (2.5)

§=05c=01t=2

Tong s6 bit thong tin

10° bit

Ti lé ma 1/3
Kiéu diéu ché QPSK
S6 lan lap giadi ma 0,2,4,6

Ma LDPC stt dung ham phan bd bac
céc bit thong tin trong phuong trinh (2.23)

Ki hiéu la LDPC loai I

Ma LDPC stt dung ham phan bd bac
cac bit hong tin trong cac phuong
trinh (2.23) va (2.24)

Ki hiéu la LDPC loai II

Ma LDPC sit dung ham phan bd bac

cac bit thong tin trong cac phuong trinh
(2.23), (2.24) cung véi diéu kién bac trung
binh cua cac bit thong tin trong phuong
trinh (2.26)

Ki hiéu la LDPC loai III

Trong khi d6 duong cong do6 thi ¢6 ki hiéu hinh ¢ tuong tng v6i ma
LDPC(1200,1800) loai IT stt dung bo tao chudi s6 nguyén ngau nhién cho
cac bit thong tin bang phuong phéap dich bit, dat BER< 107° tai E,/N
=5,3 dB. Ciing vdi ti s6 16i bit BER nhu trén, duong cong do thi cé ki
hi¢u O tuong tng v6i ma LDPC(1200,1800) loai I doi héi ti s6 Ej/Ny
cao hon 3 dB so v6i LDPC(1200,1800) loai III, vao ¢d khoang 7 dB nhu
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trong hinh két qua mo phdéng 2.8.

O ---- Designed- LDPC(1200,1800)I, QPSK, AWGN
@ -~ Designed- LDPC(1200,1800)II, QPSK, AWGN
Q ---- Designed- LDPC(1200,1800)III, QPSK, AWGN
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Hinh 2.8: Mo phong khda nang sta 101 khdc nhau cia ma
LDPC(1200,1800), st dung cung ham phan b6 mat do doi vdi cdc bit
kiém tra cho trong phuong trinh (2.5) va s dung cdc ham phan bo mat
do khdc nhau cho cac bit thong tin trong tw ma LDPC.

Nhu vay ma LDPC ¢6 ham phan bé mat do cho cac bit thong tin
stt dung phuong phap tao chudi s6 nguyén dugc thiét ké nhu da trinh
bay trong muc nay, c6 kha nang stta 16i tét hon nhiéu so vdi cac phuong
phéap thong thuong khéac.

Kha ning stia 16i ctia ma LDPC(1200,3600) c¢6 ham phan b6 mat do
cho trong phuong trinh (2.5) va ¢ > 1, phu thuoc vao s6 lan 1ap giai ma.
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Bang 2.2: Thong s6 ma LDPC duge si dung trong mo phéng .

Cac thong s6 trong phuong trinh (2.5) =05 ¢=0.1
Tong s6 bit thong tin 1200 - 1000 bit
Ma LDPC(1200,2400) c6 1=2
Ma LDPC(1200,3600) co t=2
Ma LDPC(1200,1800) c6 t=3
Ti lé ma LDPC tuong tng 1/3,1/2,2/3
S6 lan lap cuc dai 20
Kiéu diéu ché QPSK
Kénh truyén AWGN, pha dinh Rayleigh
khong tuwong quan

Vi du gitta s6 lan 1ip gidi ma 1a 4 va 6, khoang cach gitta hai gia tri ti s6
Ey/Ny yéu cau dé dat duge gia tri BER & dau ra < 1077 1a 1 dB. Hay
noi cach khac, véi 6 lan 1ap giai ma, ma LDPC(1200,3600) 1gi hon 1 dB
gia tri By/Ny so véi sit dung 4 1an 1ap gidi ma. Ta c6 thé thay véi thong
s6 t =2, ma LDPC(1200,3600) dat gia tri BER=10"" tai Ey/Ny = 3,5
dB.

Khi ting kich thuéc ma tran sinh va ma tran kiém tra ctia ma LDPC
len dén LDPC(12.000, 36.000) c6 thé thay kha nang stta 16i ctia ma LDPC
ciing tang lén. Nhu c6 thé nhan thay trong hinh 2.10, ma LDPC(12.000,
36.000) dat ti s6 161 bit BER< 1077 tai gia tri E,/Ny=2,8 dB loi 0,7 dB
so v6i ma LDPC(1200,3600) c6 kich thudc ma tran sinh va ma tran kiem

tra nho hon.
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0O — Designed- LDPC(1200,3600),0 iters
B ---- Designed- LDPC(1200,3600),2 iters
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Hinh 2.9: Ma LDPC(1200,3600) c6 ham phan b6 mat do cho trong
phuong trinh (2.5) va t =2

Phan tich kha nang stta 16i ctia ma LDPC ¢6 ham phan bé mat do
cho trong phuong trinh (2.5) v6i cac thong s6 ¢ > 1 va céac ti 1¢ ma khac

nhau cho trong bang 2.2.
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m] Designed- LDPC(12000,36000),0 iters
B ---- Designed- LDPC(12000,36000),2 iters
<& === Designed- LDPC(12000,36000),4 iters
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Hinh 2.10: M6 phdng kha nang sita 101 ctiia ma LDPC khi tang kich thudc

. N A . 2 PN PN
ma tran sinh va ma tran kiém tra lén 10 lan

Hinh 2.11 1& m6 phong so sanh khé nang stta 16i cua cac ma LDPC
¢6 ham phan bd mat do cho trong phuong trinh (2.5) vd ma LDPC c6
ham phan bé mat do clia ma tran sinh 1a dong déu. Qua quan sat két
quad mo phoéng trong hinh 2.11, véi kénh truyén chiu tac dong tap nhiéu
AWGN, stt dung kiéu diéu ché QPSK ta c6 thé nhan xét: Cac ma LDPC
c6 ham phan bd mat do cho trong phuong trinh (2.5) ¢6 dudng cong
do thi quan h¢ BER va E,/Ny la dudng cong lién nét nhu trong hinh
vé 2.11, dat gia tri ti e 16i bit BER < 107° tai Ej/Ny thap hon khodng
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1 dB so v6i ma LDPC ¢6 ham phan b6 mat do dong déu c6 duong cong
do thi 14 duong dit nét.

A - - Regular-LDPC(1200,1800),20 iters
A — Designed-LDPC(1200,1800),20 iters
® - - Regular-LDPC(1200,2400) 20 iters

q @ — Designed-LDPC(1200,2400),20 iters
10" < O = = Regular-LDPC(1200,3600),20 iters
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Hinh 2.11: So sdnh khd nang sta 10i cia ciac ma khi truyén qua kénh
AWGN, st dung kiéu dieu ché QPSK

No6i cach khac ma LDPC c¢6 ham phan bé mat do cho trong phuong
trinh (2.5) ¢6 kha ning stta 16i t6t hon so v6i ma LDPC ¢6 ham phan
bé mat do dong déu, khi truyén trong kénh c6 tap nhiéu AWGN. Tuong
tu nhu vay ddi véi kénh tap nhiéu pha dinh Rayleigh khong tuong quan,
cac ma LDPC ¢6 ham phan b6 mat do cho trong phuong trinh (2.5) dat
ciing gia tri BER < 107° & cac gia tri BER thap hon so véi ma LDPC
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c6 ham phan bd mat do dong déu, nhu duge vé trong hinh 2.12.

A - - Regular-LDPC(1200,1800),20 iters
A — Designed-LDPC(1200,1800),20 iters
@ - — Regular-LDPC(1200,2400),20 iters
D € — Designed-LDPC(1200,2400),20 iters
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Hinh 2.12: So sanh khd ndang sita 167 ciia cac ma khi truyén qua kénh

Rayleigh khong tuong quan, st dung kiéu diéu ché QPSK

2.4. Két luan chuong 2

Ma LDPC ¢6 ham phan b6 A(z) va v(z) tuong ting véi cot va hang clia
ma tran sinh thanh phan G dugc thiét ké trong chuong nay, c6 kha ning
stta 16i tot hon 1 dB so v6i ma LDPC c¢6 ham phan b6 mat do dong déu
duge thiét ké trong [115,123].

Hon nita ma LDPC dugc thiét ké c6 ma tran sinh dugc suy true tiép
ti ma tran kiém tra cia ma, ma khong can thiét phai thuc hién céc phép

tinh toan phic tap dé tinh ma tran sinh tit ma tran kiém tra nhu déi
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v6i cac ma LDPC thong thuong.

Kha nang stia 16i ctia ma LDPC dugc thiét ké trong chuong 2 sé dugc
thé hién ro6 hon khi n6 duge st dung trong cac hé théng thong tin tich
hop ma. Trong chuong 3, sé xay dung cac hé thong tich hop ma LDPC
c6 ma tran sinh vd ma tran kiem tra dudgc dé xudt va thiét ké trong
chuong 2 va thyce hién phéan tich va so sanh véi cac mo hinh tich hop ma

khéc dé lam 16 nhitng uu diém ctia phuong an dé xuét.



Chuong 3

XAY DUNG CAC HE THONG TiCH HOP MA LDPC

MéS dau

o) chuong 2 luan an da tién hanh xay dyng ma LDPC c6 kha ning
stia 161 tot hon so véi cac ma LDPC thong dung khac khi hoat dong
doc lap. Dé danh gia duge kha nang stta 16i ctia ma LDPC trong cac hé
thong tich hop mé, dong thoi dé xay dung, t6i wu cdc mo hinh hé théng
thong tin tich hop ma nham tang cao hiéu ich ctia hé thong khi st dung
ma LDPC da dudc thiét ké trong chuong 2, tac gid dé xuat hai hé thong
tich hgp ma LDPC d6 la he thong V-BLAST va hé thong lai ghép hoi
dap H-ARQ.

3.1. Heé théng théng tin

3.1.1. Hé théng thu phat phan tap MIMO

He théng MIMO c6 thé duge phan chia lam hai loai tang ich:

79
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e Tang ich ghép kénh theo khong gian: cung cap thong lugng! truyen

dan cao nhéat.

e Ting ich theo phan tap: muc dich t6i thiéu xac suat 16i P., cho
phép chong lai pha dinh va ting kha nang do tin cay, chat luong
dich vu QoS ctia hé thoéng.

Ty thuoc vao muc dich thiét ké, ta c6 thé xay dung cac hé thong thoa
man mot trong hai tiéu chi hay phdi hgp hai hoa gitta hai tiéu chi.

3.1.1.1. M6 hinh hé théng phan tap

e MOoi cap ang ten thu va phat tao ra mot duong truyén dan théng
ti may phat dén may thu. Bang cach gli cing mot thong tin trén
nhiéu dudng truyen dan thang gitta may phat va thu khac nhau,
nhd d6 may thu c6 thé thu duge nhidu ban sao ctia symbol dit lieu
bi can nhiéu pha dinh béi kénh truyén khac nhau. Vi vay do tin
cay thu tang lén.

e Néu do tang ich phan tap 1a d c¢6 nghia la trong khoang ti s6 S/N

cao, xac suat 161 suy gidm véi toc do 57N S0 VOi toc do suy gidm

S/N

(S/N) ctia he thong don may thu-phat SISO.

e Do tang ich phan tap cuc dai d,,., 12 s6 cac duong tin hieu doc lap
tuyén tinh ton tai gitta may phat va may thu.

e Mot hé théng (Mp, M7) sé c6 tong s6 duong truyén dan tit may
thu dén may phat 1a Mp. M7, vé6i diéu kién:

IThéng lugng c6 ich duge dinh nghia la ti s6 gitta cac bit thong tin ding trén téng sb cac bit duge

truyen.
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1 < d < dpee = Mp. My (3.1)

e Mot hé thong c6 do tang ich phan tap cang 16n thi xac suat 161 P,

cang nho.

3.1.1.2. Mo hinh hé théng ghép kénh theo thdi gian

Gia st cac kénh truyén don ctia heé thong MIMO My, Mg tao ra m =
min(Mr, Mg) kenh truyén dan doc lap tuyén tinh SISO giita may phéat
va may thu. Ching ta c6 thé truyen mot lugng m symbols dit lieu khéac
nhau tai bat cit thoi diém nao.

Hé thong V-BLAST [124] 1a mot mo hinh cu thé ctia he théng da dau
vao ra (MIMO) bao gom nhiéu bo thu phat ¢6 dng ten rieng biet duge
thiét ké trén cac 16p khac nhau trong cting mot hé thong truyen dan. Mo
hinh nay ban dau dugc thiét ké trong phong thi nghiém ctia tap doan
Alcatel [124]. Muc dich ctia he thong V-BLAST nham tang kha nang
thong luong kénh truyén bang cach phan chia dong dit lieu dau vao he
thong thanh M dong di lieu thit cap va moi dong dit licu nay dugec ma
héa thanh cic symbol, sau dé cac symbol nay dugde truyén dén cac may
phéat tuong ting nhu biéu dién trong hinh 3.1. Cac may phét tit 1 dén
M phat trén cac kenh ké nhau, v6i toc do symbol 1a 1/T symbols/sec,
trong do6 1" la thoi gian hitu ich ctia mot symbol. Cac may phat nay duge
dong bo thoi gian v6i nhau. Méi may phat dude coi 14 mot may phat
diéu ché pha bién do thong thuong (QAM). Gié st ché do diéu ché cho
cac dong dit lieu thit cap t6i cidc may phat 14 nhu nhau va c6 kich thuée
1a L symbols. Cong suat ciia moi méy phat trong hée thong 1a 1/M, dieéu

nay c6 nghia I3 tong cong suat ctia hé théng khong phu thuoc vao sb
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luong may phat trong hé thong.

Y rx
a; N ¥
TX RX
. , 37 . S
Bo ma L= TX Keénh 7 30 U tin higu
X noa cac g - Truyen 1;\JF‘-B}L}\LST: RY
- i = & hrong
]E)}r vec to 3 P Y dan V Clac symbol Dit
héu - @ vh gidl mi hiéun
o Vel
\. J RX
Véc to symbol az(nl.nl.a3-d4)T

56 may phat - M
Sé maythu - N

Hinh 3.1: Heé thong V-BLAST

Tong s6 1 — N méay thu la cidc may thu QAM tieu chuan. Cac may
thu nay ciing hoat dong trén cac kénh lién ké. Méi may thu thu M tin
higu tit cdc may phat. Ma tran ham kénh truyen H" ¥ trong d6 h,, 1a
do loi kénh truyén tit may phat thit ¢ sang may phat thi p va M < N.
Phia may thu st dung ki thuat tach séng tin hiéu V-BLAST nham gidm
thiéu can nhiéu giita cac kénh ké phia phét, thu va tap nhiéu pha dinh

do kénh truyén gay nén.

3.1.1.3. Ki thuat tach s6ng V-BLAST

Trong ki thuat nay, qua trinh tach séng moét véc to symbol co ban duge
coi nhu 14 qua trinh rdi rac héa theo thoi gian, v6i gia thiét cac véc to

symbol dong bo véi may thu tuyet doi vé thoi gian va toc do 1y mau.
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Goi véc to a = (a1, as, -+ ,ap)! 14 véc to symbol dugde truyen, & phia
thu véc to symbol thu duge tuong ting la:
r(vx1) = Hvxan@arxi) + Y(vx1) (3.2)

trong dé v la tap am. Mot phuong phap dé thuc hién qué trinh tach
song 1a ki thuat st dung méang #ng ten thu thich nghi (AAA). Céc gia
tri uwdc luwong dau ra bo tach séng y;. dudse quyét dinh nhu sau:

k= Q(Yr,) (3:3)

trong do Q(.) la lugng tt hoa.

3.1.1.4. M6 hinh phan tap Alamouti

La he thong c¢6 cau tric he dng ten phan tap (2, Mg) [125], trong d6 tin

hiéu phat duge ma hoa theo qui luat sau:
Ty —x5
Ty X
trong d6 x* la lién hop phtic ctua .

e Mo hinh thu phat nay dé thyc hiéen.

e Mo hinh phan tap khong gian thu phat vi s6 phan tit ang ten phat
bang 2 va mo hinh phan tap ve thoi gian vi khoadng thai gian truyen
dan 16n hon 2 lan chu ki symbols.

e Miy thu st dung ca hai phuong phap tach séng két hop va uwde
luong ti s6 cuc dai logarit xac suat LLR.

e M6 hinh nay dudgc sit dung rong rai trong hé théng CDMA 2000,
WCDMA va [EEE 802.16-2004 OFDM-256 [126-128]
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3.1.2. Hé théng thong tin hoéi dap ARQ

Song song vdi viec st dung ma kénh trong cidc hé théng thong tin so,
mo6 hinh st dung hé théng ARQ da duodc thuc hién trong cac hé thong
mang thong tin Internet tit nhiing nam 1984 [129]. Trong giao thiic mang
ARQ [130,131], nguon tin hi¢u duge chia thanh nhiéu goi dit lieu, moi
g6i dit lieu chia thong tin phan dau H, nhu vé trong hinh 3.2. Cac gobi
dit lieu thu dugc 6 phia thu sé dugce kiém tra bang mo hinh kiém tra méa
du thita c6 chu ki CRC (Cyclic Redundancy Checking), dé phat hién céc
16i trong g6i thu duge. Khi may thu phat hién 16i, n6 sé gui tin hiéu qua

kénh hdi tiép dén may phat dé yéu cau may phat phat lai goi bi 18i.

File dit Liéu
Gai H Goi H Gol H

clit lién clit lién dlit lién

Hinh 3.2: M6 hinh hé thong thong tin héi ddp ARQ

C6 ba mo6 hinh ARQ co ban st dung cac giao thic khac nhau, do
la: Diing va chd [132], Quay lai N buée [133] va giao thic lap c6 lua
chon [130].

Giao thitc Dung va cho [132] duge xay dung nhu sau:

e Giao thitc Ding va cho la giao thitc chinh ctia giao thic Internet
nguyén ban [131], trong dé bén phéat phat mot goéi dit lieu tai mot
thoi diém va bén thu gii tin hieu x4c nhan ACK (ACKnowledg-

ment), bat ki khi nao né nhan dugc mot goi dit licu dung. Ben
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phat sau do sé phat lai goi dit lieu vira phat sau mot khoang thoi
gian mic dinh, néu nhu né khong nhan dudc tin hieu ACK tit may
thu ngoai vi, nhu c6 thé thay trong hinh 3.3.

e May phéat st dung céc s6 thit tir SN (Sequence Numbers) dé danh
s6 cac goi dit lieu phat va may thu sit dung cic s6 yéu cau ReqN
(Request Numbers) dé giam sat cac géi thu duge. Vi du, may thu
yéu cau phat lai goi dit lieu thi (k — 1) bang cach gui thong tin
RegN = k t61 may phat.

e May phat sé tam ngimg dé chd tin hisu ACK, nhu cé thé thay
trong hinh 3.4.

e Giao thic nay khong yéu cau bo nhd cho viéc luu trit cac goi dit

liéu.

e Tuy nhién, giao thitc nay tré nén khong hiéu qué, khi thoi gian tré
tich liy dai hon thoi gian mot goi dit lieu.

e Hicu qua E cla giao thic nay bi giéi han béi dudng tré hinh tron
va c6 thé biéu dién bang cong thic tit hinh 3.4 nhu sau:
Drp

B==r (3.4)

trong d6 [S = Drp + 2.D, + Dr4) 1a thoi gian tré tuong d6i, Dy
12 khoang thoi gian truyen thong tin ACK va Dpp 1a khodng thoi

gian truyen mot goéi dit lieu.
Giao thic quay lai N buée duge moé té nhu sau [133]:

e Giao thiic nay st dung co ché dua trén ctta so thoi gian, trong dé

may phat gii cac géi dit lieu trong mot ciia s6 thoi gian, cho phép
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Thii gian dimg

Ga10 o1l (812 G613

AE-1 ACK-2 NoACK ACK- 3

Hinh 3.3: Giao thic Dung va cho

May phat

My thu

I
Drp Dp | Dy Dp

Hinh 3.4: Thoi gian phdan bo trong giao thic Dung va cho

truyen nhitng géi dit lieu mdi trude mot s6 cac goi dude xac nhan.

Hinh 3.5 vé quéa trinh truyén dan ciia giao thiic quay lai N budc.

e Néu kich thuéc clia cita s6 thoi gian 13 N goi, thi may phat khong
thé phéat géi thit [ + N, cho dén khi n6 nhan dugc ACK ciia goi
tha [.

e May thu hoat dong nhu trong giao thitc Diung va chd va né khong
chap nhan cac géi nam ngoai chudi trat tu ban dau. Khi may thu
gtii thong tin yéu cau RN = (I + 1), thong tin nhan biét nay dugc

gli dén tat ca cac goi ndm trong ciia sO thoi gian nay.

e Giao thic quay lai N buéc yéu cau kich thude ciia sd thoi gian
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la N tuong doi cao dé cho phép qua trinh truyén dan la lien tuc,
trong khi cho dgi thong tin ACK cho géi thu ding trong khoang

thoi clia cita so, trong d6 N phai thoa méan:

N > S/DTP. (35)

e Giao thitc quay lai N budc duge vé trong hinh 3.5.

e Trong truong hgp khong tinh dén 161 truyen dan, hiéu qua cua giao
thitc Quay lai N budc dugce tinh nhu sau:

E =min{l, N x Drp/S}. (3.6)

e Giao thiic ndy khong yéu cau bo nhé dém céac goi dit lieu tai may

thu.

e MAy phét phai luu trit dem dén N goi dit lieu trong khi chd thong

tin ACK cua cac goi nay.

e Khi x4y ra 16i, may phat phai phat lai tat ci cac goi trong khoang

thoi gian ¢ dinh ctia ciia s6 thoi gian.

e May thu chi nhan cac goi dit lieu theo ding trat tu ban dau cta
chiing. N6i cach khéc, may thu khong thé nhan goéi dit lieu thi
(I + 1) trude goi dit lieu thu .

Cudi ciing giao thiic phat lai c6 Iya chon duge mo ta nhu sau [130]:

e M4y phat chi c6 géng phat lai cac géi bi mat do 16i.

e M4y thu phai chap nhan thu cac géi khong theo thi tu ban dau.
Do dé, doi hoi may thu phai ¢6 bo nhé dém.
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May phat  [——C{asd thigan —™

G0 |G 1 [Gaz (G633 |G&d |G [GhE |GET |GHE (G Y
Il thu \ \ A / /
ACK-1|ACK-2 | ACK- 3|ACK- 4 |ACK-5 |ACK-6 |ACK-T |ACK-2 |ACK- 9
Hinh 3.5: Giao thic quay lai N budc
Nx D) .
: i T 5= Drpt2Dpt Dy
|
May phat Packet | Packet | Packet | Packet
May thy
Dy | AK |
Drp |  Drp

Hinh 3.6: Phan bo thoi gian trong giao thic quay lai N budc

e May thu sé gii thong tin xac nhan cho tung géi thu duge khong bi

161, cac goi dit lieu khong duge xdc nhan trude trong khoang thoi

gian xac dinh dugdc coi 14 bi mat hodc bi 16i.

e May phat c6 thé giti thong tin khong nhan duge NAK dé yeu cau

may phat phat lai tung goéi dit liéu.

e Giao thiic dua trén cita so thoi gian gidng nhu giao thic quay lai

N buéc va do rong clia so 13 W,

e Trong truong hop Iy tudng, chi ¢6 cac gbi thu duge ma bi 16i sé
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dugc phat lai, do d6 hieu qua ctia giao thitc nay 6 thé tinh nhu sau:

E=1-P; (3.7)

trong dé P 1a xac suat 161 goi.

3.2. Heé théng tich hop ma héa LDPC — V-
BLAST

M6 hinh hé théng tich hop V-BLAST va ma LDPC dugdc vé trong
hinh 3.7 dué6i day. He thong nay gom c6 boén dng ten phat va bon dng
ten thu. Tai phia phat, cac bit thong tin dudc ma héa bang ma LDPC
thiét ké trong chuong 2, sau dé dugc anh xa thanh cac symbol QPSK
tai bo diéu ché sit dung ché anh xa phan doan [134]. Cac symbol nay
sau d6 dugec ma hoéa bang bo ma hoa V-BLAST va truyén dan bing 4
ang ten qua kénh tap nhiéu Rayleigh bang hep c6 tuong tac va tan sé
Doppler chuan héa bang 0,01. Tai phia may thu, cac tin hiéu thu duge
duge gidi ma bang bo gidi ma V-BLAST. Dau ra bo gidi ma V-BLAST
duge chuyén sang bo giai diéu ché QPSK, bo nay dong thoi nhan thong
tin tién nghiém tit bo giai ma LDPC. Cac gia tri LLRs tai dau ra bo
giai dieu ché QPSK sau do lai dugc chuyen t6i bo gidi ma LDPC va
ducc coi 1a thong tin tien nghiem. Qué trinh gidi ma LDPC dugc ho trg
béi khéi kiém tra tit ma hop 1é nhu vé trong hinh 3.7. Cac gia tri LLRs
dau ra ctia bo gidi ma LDPC tuong ting véi cac gia tri thong tin ngoai
lai LLRs dau ra, khi va chi khi bo kiém tra tit ma ding ciia bo gidi méa
LDPC xéac dinh tit ma C la hop 1é bing phuong trinh kiém tra moi quan
hé [S = C - H' = 0]. Tuy nhién, néu gia tri S # 0 , thi cac LLRs dau
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ra ctia bo giai ma LDPC khong con tiép tuc dugdc coi 1a thong tin ngoai
lai LLRs nita. Thay vao d6, ching déng vai tro la thong tin ngoai lai,
dugce tinh toan bang hiéu gitta thong tin dau ra ngoai lai va thong tin

tien nghiém dau vao.

M
M
J g
Bo ma hoa - . Bomahoa T
EE— LDPC »/ B0 anhxa QPSK »  V-BLAST
phan doan
Rxy
B giai ma /LZ/
LDPC N
. A . Hori LIR.p
A posteriori Kiem tra tix ALIEII{O T J = AL e
LLR: mé hop 1& o o | B0 giai ma hoa R
Bé gai ?!lﬂl xa QPSK V-BLAST
. phan doan
Quyet dinh Quyét dinh
cung LLR:
LLR:
Cac bit da

duge giai ma

Hinh 3.7: M6 hinh tich hop ma LDPC va hé thong V-BLAST

Nhu trong hinh 3.7, cic gia tri LLRs dau ra bo giai ma LDPC dugc
hoi tiép ve dau vao bo giai dieu ché QPSK va dugce coi 1a thong tin tien
nghiem LLRs. Qua trinh giai ma dugc thuce hién bang cach lap hoi tiép
lien tuc cac thong tin ngoai lai gitia hai bo giai ma LDPC va bo gidi diéu
ché QPSK, cho dén khi tat ca tit ma LDPC thu ducgc 1a hgp 1é hoac s6
lan lap dat gia tri cuc dai da duge xac dinh tir trude. Trong lan lap cudi
cung, cac gia tri LLRs & dau ra bo gidi ma LDPC dugc truyen dén khoi
quyét dinh ciing dé khoi phuc lai cac bit thong tin tién nghiém.
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Hinh 3.8: M6 hinh tich hop ma RSC-URC va hé thong V-BLAST

Mo hinh tich hop méa kénh khac va hé théng V-BLAST dugc dé cap
trong chuong nay 1a mé hinh wu viét [124,135,136], d6 1a mo6 hinh tich
hop méa chap dé quy RSC dugce st dung lam méa ngoai va ma co6 ti 1é ma
bang mot URC déng vai tro 1a ma trong, nhu vé trong hinh 3.8. Lgi ich
cua viéc st dung ma RSC tich hgp v6i ma URC la dap ting xung ctia hé
thong c6 mot phan tit nhé vo han, né sé ho trg hé thong khai thac mot
cach hieéu qua cac thong tin ngoai lai, tham chi khi sit dung hé théong
trao c6 thoi gian tré cyc ngan. Trong hé thong wu viét ndy, cac bit thong
tin tien nghiém duge ma bang bo ma hoéa chap va bo ma héa URC,
trude khi duge anh xa bang bo diéu ché QPSK bang phuong phap anh
xa Gray va cudi cing duge phat di bang hé théng V-BLAST nhu trong
so do tich hgp véi ma LDPC trén hinh 3.7. May thu ctia hé thong nay
thuc hién qua trinh giai ma lap gitta bo giai ma RSC va bo giai ma URC.
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Hinh 38.9: Do thi EXIT ciia hé thong tich hop ma LDPC va V-BLAST
vt do dai trao L=2.400 bit

Trong so do hé thong tich hgp ma LDPC va V-BLAST vé trong
hinh 3.7, bo ma hoa LDPC déng vai trdo bdo ma ngoai va bo diéu ché
QPSK véi phan bo theo kiéu phan doan dong vai tro bo ma trong. Qua
trinh gidi ma lap duge thuc hién bang cach trao doi thong tin ngoai lai
LLRs gitta bo giai ma LDPC va bo giai diéu ché tai may thu. Do thi
EXIT ctia hé théng nay dude thé hien trong hinh 3.9. Nhu trén hinh 3.9,
do thi EXIT ciia hé thong bao gom cac duong cong do thi EXIT ngudc
ctia ma LDPC va cac duong cong do thi EXIT ctia bo gidi diéu ché tai
cac gia tri E,/Ny khac nhau. Do dai trdo ctia he thong la 2400 bit. Do
dai trao ctia hé thong 1a 2400 bit. Kenh dan EXIT nam gitta duong cong
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do thi ctia bo giadi diéu ché va ma LDPC la tuong ddi rong tai gia tri
Ey /Ny, khi chiing ta sit dung bo 4nh xa v6i kiéu phan bd phan doan,
nhung cac bac ciua duong cong hoi tu khong trung khit véi cac duong
cong do thi EXIT ctia bo giai dieu ché va bo giai ma LDPC. Sy khong
trung khit nay xdy ra 1a do do dai trdo qua ngan, diéu d6 c6 nghia la
phan bé ctia cac LLRs khong phéi 1a phan b6 Gauss [82,137]. Vi vay,
gia tri 161 bit BER ctia hé thong khong trung hop véi dy doan ciia do thi
EXIT. Ngugc lai, duong cong hoi tu hoan toan trung khit véi cac duong
cong EXIT khi gia tri E,/Ny > 6 dB. Qua quan sat hai do thi EXIT
ctia ma LDPC dugc vé trong hinh 3.9, mot duong do thi dude vé bang
nét lien va mot duge vé bang nét dut. Duong do thi vé bang nét dit
tuong ing véi do thi EXIT ciia ma LDPC khong st dung khéi kiém tra
tit ma hop lé nhu da vé trong hinh 3.7. Dudng thit hai tuong ting véi do
thi EXIT ctia ma LDPC c6 stt dung bo kiém tra tit ma hop 1é. N6i cach
khéc, viec st dung khéi kiém tra tit ma hgp lé trong bo giai ma LDPC
lam kha nang stta 16i ctia hé thong tang len va kich thudc viing md S
ctia do thi EXIT nhu vé trong hinh 3.9 dic trung cho do tang ich BER
dat dugc.

Dé tang kha nang stta 16i ctia hé théng tich hop LDPC va V-BLAST,
chiing ta tang do dai trao len 24.000 bit. Hé thong ltc nay cé thé dat
hoi tu tai gia tri Fy/Ng = 5 dB sau 2 lan lap, nhu vé trong hinh 3.10.
Viéc tang do dai trdo sé lam tang kha ning stia 16i ctia he théng, nhung
bén canh d6 do phic tap clia hé thong cling tang lén, diéu nay sé dugc

phan tich trong muc tiép theo.
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Hinh 3.10: Do thi EXIT ctia hé thong tich hop ma LDPC va V-BLAST
vdi do dai trao L=24.000 bit

Phan tich kha ning stta 16i ctia hé théng

Trong muc ndy, tdc gid so sanh kha ning sta 16i clia hé thong
tich hop ma LDPC véi cac hé théng tich hop ma RSC-URC thé hien
trong hinh 3.8. Hé thong tich hop ma RSC-URC st dung ma RSC c6
hai phan tt nhé tf 16 ma 1/2 , ma RSC c¢6 céc da thiic sinh biéu dién
bang heé bat phan G, = 7 va G = 5, trong d6 G, 13 ki hiéu cho da thiic
sinh ham hoi tiép, con G 1a ki hiéu da thic sinh ham truyen dat. Ma
URC c6 bo nhé 1a 1. Tat ca cac thong s6 mo phong dudc liet ké trong
bang 3.1. Hinh 3.11 1a cac do thi quan he BER va Ej/N; ctiia hé thong
V-BLAST tich hgp ma LDPC va hé théng tich hgp ma RSC-URC, khi
do dai trao bang L= 2.400 bit va L= 24.000 bit. Khi st dung do dai
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Bdng 3.1: Cdc thong s6 mo phong hé thong tich hop V-BLAST

Céac thong s6 ham phan bé mat do | 6 = 0,5;c= 0,1;t = 2
cua ma LDPC cho trong phuong
trinh (2.5) cta chuong 2

Tf le ma LDPC 1/2

S6 lan lap cuc dai cia ma LDPC | 30

Thong s6 ma RSC G.=7,G=5

Kiéu diéu ché cho hé théng QPSK- anh xa phan doan
V-BLAST tich hgp ma LDPC

Kieu diéu ché cho hé théng QPSK- Gray

V-BLAST tich hgp ma RSC-URC
Thong s6 hé théng V-BLAST

S6 ang ten phat 4
S6 ang ten thu 4
Do dai trao 2.400 bit; 24.000 bit

trao L = 2.400 bit, he théng V-BLAST tich hgp ma LDPC dat ti s6
BER < 107% tai E,/Ny = 6,5 dB, trong khi d6 hée théng V-BLAST tich
hop ma RSC-URC yéu cau ti s6 Fj,/Ny hon 11 dB dé dat dugc cuing ti
so 161 bit BER. Khi tang do dai trao len 24.000 bit, nhu quan sat trong
hinh 3.11, dudng cong quan he ti 1¢ 161 bit BER va E,/Nj ctia hé thong
V-BLAST tich hop ma RSC-URC dudc cai thién nhicu hon so v6i he
thong V-BLAST tich hgp ma LDPC, tuy nhién hé thong V-BLAST tich
hop ma RSC-URC van doi héi ti s6 Ey/Ny cao hon 5 dB dé dat dugc
ti s6 161 bit BER dau ra < 107°%. Trong khi d6, hé théng V-BLAST tich
hop ma LDPC chi yéu cau ti s6 E,/Ny = 4,5 dB dé dat dugc cing ti 1¢
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Hinh 8.11: M6 phdng quan hé BER va Ey/Ny ciia cdc hé thong V-BLAST

tich hop cac ma kénh khac nhau

St khac nhau vé do phic tap ctia hai hé thong nay cht yéu la do hai
bo gidi ma LDPC va bo gidi ma RSC-URC, khi tinh todn bang phuong

phap da dugc dé cap trong [138]. O day, da st dung thuat toan gidi ma

Maxlog-MAP [139] cho céc bo gidi ma RSC-URC va thuat toan truyén
thong tin gitta cac nut kiém tra va nit thong tin cho ma LDPC. Ching

ta hay xem xét vé6i truong hgp do dai trao L = 2.400 bit, ti 16 ma cua

cd ma LDPC va ma RSC la bang 1/2. S6 lan lap gidi ma ngoai cyc dai

he thong V-BLAST tich hop ma RSC-URC bang Irsc—_vrc

max

= 10 lan,
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trong khi d6 m; = 2, me = 1 la cac bo nhé tuong ting véi cac bo ma
RSC va URC. Céac thong s6 i = 8 va j = 9 1a s6 cac phan tit khac 0
trong hang va cot ctia ma tran kiem tra ma LDPC, st dung ham phan
b6 mat do cho trong phuong trinh (2.5) dugc néu trong chuong 2. S6
lan lap gidi ma cuc dai ctia ma LDPC 13 I,00—inner = 30 va s6 lan lap
ngoai 13 I1ppco—outer= 3. D0 phiic tap Arppc clia ma dude tinh bang s6
phép tinh toan hoc Cong-so sanh- lya chon ASC (Add-Compare-Select)
nhu sau [138]:

ALDPC’ - ILDPC’fouter X (Imao:finner X4 X1+ Imaxfinner X ] X L)
= 3 X (30 x 4 x 8 x 2400 + 30 x 9 x 2400)
= 8.856.000 ACS. (3.8)

Do phic tap ctia hé thong V-BLAST tich hop ma RSC-URC, ki hieu 1a
Agsc_vre duge tinh nhu sau [93]:

Arsc—vrc = Irsc—vrCuter X L X (10 x 2™ 4 10™2 42 x 4 x 2™ +
+2 X 2™ 42 x 4 x 2™ 4 4™ — 2 4 4™ — 2)
= 10 x 2400 x (10 x 2* +10 x 2" +2 x 4 x 2% +
+2x4x2' +4x22—2+4x2-2)
= 3.072.000 ACS. (3.9)

Tt cac phuong trinh (3.8) va (3.9) ching ta c6 thé tinh ti s6 phtic tap
Avario gitta cac he théng V-BLAST tich hgp ma LDPC va hé théng V-
BLAST tich hop ma RSC-URC nhu sau:

Arppc 8.856.000
Apso—vre  3.072.000

= 2,88 (3.10)

Aratio —

S6 lan lip giai ma st dung cho ma LDPC dé dat duge ti s6 BER
< 107° phu thudc vao ti s6 Ey/Ny va qué trinh kiém tra tit ma hop le.
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N6i cach khéc, khi ti s6 Fj/Ny tang s6 lan 1ip gidi ma yéu cau cho méa
LDPC dé dat dugc tit ma hop 1é gidm. Do d6, thuc té do phiic tap cta
hé théng tich hop ma LDPC Arppc < 2,8 X Arsc—vre-

Thong qua viéc mo phong so sanh hai hé thong tich hgp ma & treén,
chiing ta c6 thé thay hé théng tich hgp ma LDPC dugc thiét ké trong
chuong 2 t6t hon han hé théng tich hop ma RSC-URC da dugc biét
dén trong [116,140-143]. Cu thé, v6i do dai trdo ngan L = 2.400 bit
hé thong tich hgp LDPC lgi hon 5 dB so véi cac hé thong tich hgp ma
RSC-URC v6i L = 24.000 bit doé tang ich nay vao khoang 0,5 dB. Khi
truyen dan tin hieu qua kénh can nhiéu tuong quan MIMO st dung céc
thong s6 trong bang 3.1, do phic tap ctia hé thong V-BLAST tich hop
ma LDPC cao hon 2,88 lan do phic tap ciia hé thong V-BLAST tich
hop ma RSC-URC. Duéi day tac gia thiét ké mot he thong thong tin Lai
ghép- Ty dong yéu cau phat lai, goi tat 1a H-ARQ (Hybrid- Automatic
Repeat reQuest) tich hop v6i ma LDPC dugce thiét ké trong chuong 2.

3.3. Hé théng H-ARQ tich hop ma LDPC

Trong muc nay, dé xuat thiét ké mo hinh H-ARQ dya trén giao thic
phat lai c6 diéu kien két hop v6i ma stta 161 truée FEC. C6 hai loai mo
hinh H-ARQ co ban, d6 1a mo hinh H-ARQ loai I va mo hinh H-ARQ
loai IT [129,144]. M4y phét ctia mo hinh H-ARQ loai I phat lai c& phan
thong tin va phan thong tin du thita dé stra 16i clia cac géi dit lieu bi 18,
khi may phat nhan dugc thong tin yéu cau phat lai tit may thu ngoai vi.
Qua trinh nay dugce thuc hién & 16p diéu khién truy cap thong tin MAC
(Media Access Control). Thong thuong, viéc phat lai cd4 phan bit thong

tin va bit kiém tra sé gay ra su suy giam hiéu qua thoéng luong truyéen
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dan. Do d6, he thong H-ARQ loai I [129] thuong dugc thay thé bang he
thong H-ARQ loai II [144]. Trong he thong H-ARQ loai II, phan thong
tin va phan kiém tra dugc phat di lan th@ nhat. Tuy nhién, trong lan
thit hai truyén dan chi c6 phan bit kiém tra dugc truyén thém. May thu
sé sit dung phan kiém tra trong tat cd cac qua trinh truyén dan dé sta
16i thong tin thu duge.

Heé théng H-ARQ c6 thé két hop duge ca ki thuat phét lai va cac
thuat toan sia 161 hay phat hién 16i nham muc dich ting hiéu qua hoat
dong ctia ciac hé thong thong tin vo tuyén trong cac kénh truyén bi anh
hudng tap nhiéu [145,146]. Dé dat dugc gia tri BER thap, cic hé théng
H-ARQ ¢6 sy trg gitp cua diéu ché duge thuyc hieén trong [147, 148],
nhiing hé thong nay lien quan dén nhicéu ky thuat diéu ché [149-151].
Qua trinh giai ma lip dudc thuc hién bang cach trao doi thong tin gitta
bo giai ma FEC va bo giai anh xa bit sang symbol ctia bo giadi diéu ché.

Cac bo ma LDPC ctia chuong 2 da tang dang ké kha nang sita 16i
cho qua trinh truyén dan qua cd kénh nhiéu va pha dinh. M6 hinh dugc
dé xuat va thiét ké sau day sé c6 kha niang stta 16i tot hon cac mo hinh
H-ARQ tich hgp ma stia sai khac da duge thuc hién trong [152,153]. O
day da tién hanh cai tién phién ban hé thong H-ARQ loai II da ting
biét [154]. Trong hé thdong H-ARQ loai II nguyén ban, may phat thuc
hién qua trinh phat lai bang cach loai bé mot s6 bit trong phan kiém
tra va sau do tir tit phat lai cac mau thong tin kiém tra nho, bat cit khi
nao may phat nhan dudc yéu cau gui them thong tin du thita kiém tra
tit may thu. May thu sau dé sé stt dung ca phan thong tin kiém tra da
thu duge truée do va phan thong tin kiém tra hieén tai dé tiép tuc lai
qué trinh gidi méa, dé c6 co hoi giai khoi phuc thanh cong dit lieu ban

dau. Néu nhu may thu van khong thé khai phuc hoan toan phan thong
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tin dugc truyen, qué trinh phat lai sé duge lap lai dén khi nao s6 lan lap

vugt qua gia tri mac dinh.
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Hinh 3.12: So do khoi bo H-ARQ tich hop LDPC c6 trg giip cia bo dieu

Z
A

ché

Mo hinh H-ARQ tich hop ma LDPC dé xuat trong luan an dudgc thuc
hién nhu sau: May thu duge tich hop k¥ thuat kiém tra tit ma hop le.
Khi dau ra bo giai ma LDPC 1a mot tit ma khong hop 1é, may thu sé yéu
cau may phéat phat lai mot phan thong tin kiém tra ctia tit ma khong
hop 1&. Bo gidi ma LDPC van gitt cac gia tri LLRs clia cac bit thong
tin dugc tao ra tit qua trinh trao déi thong tin giita phan théng tin va
phan kiém tra truéc d6 ctia ma tran kiém tra H. Phan thong tin kiém
tra mdi clia ma tran kiem tra H tiép tuc thuc hién thuat toan trao doi
thong tin v6i sy trg giap cua cac gia tri LLRs da duge cap nhat trude
do, cho dén khi dat dugc tit ma hop lé hodc s6 lan phat lai dat gia tri

cuc dal mac dinh.
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Cau trac hé théng H-ARQ tich hop ma LDPC

Nhu trong hinh 3.12 va 3.13, dit lieu nguon dugc déng goi tai bo déng
gbi giao thiic mang Internet tai may phat [53], trude khi dua t6i khoi ma
hoa LDPC. Mot khung cta K géi IP duge luu tai bo dém va sau dé dua
qua bo ma héa LDPC. Thuc té, do s6 cac bit trong phan dau goi IP 1a
it hon rat nhieu so véi phan dit liéu, vi vay tac gid sit dung ma LDPC c6
ti 16 ma thap dé bao vé phan thong tin dau nay, ma khong lam thay doéi
nhiéu kich thuéc phan dau. Mot tit ma LDPC bao gom K bit ciia goi IP
va, M bit kiém tra. Cac tit ma LPDC tai dau ra bo ma héa LDPC dugc
thuc hién trao bang bo trdo c6 do dai trao bang n bit va sau d6 dudc
dua t6i bo anh xa 4 bit cho mot symbol ctia bo diéu ché 16-QAM, trong
dé n 1a do dai tong cia tit ma LDPC. Tac gia goi moé hinh ndi tiép nhu
trén la mo hinh H-ARQ tich hgp ma LDPC c6 st dung giai ma lap gitta
bo anh xa va bo giai ma LDPC.

Bo anh xa ctia bo diéu ché 16-QAM c6 cac kieu anh xa khac nhau,

D% dai phin thdng tin ddu  (Kr m3 32 bit)

Loa.i;dich —_ Eich thidc ciia phin théng tin dau wva div ligu
i , 15 / 31
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S5 céac hops 4 |pHL| ToS 16 bit 4& dau tSrEg 1~ chia cac doan thong
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Hinh 8.13: Cau tric géi IP

do6 1a anh xa theo ma Gray va &nh xa theo ting phan doan [142,155],
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nhu c6 thé thay trong hinh 3.14a va 3.14b. Cac bo anh xa dudc thiét
ké v6i muc dich dé dat dugc khoang cach Euclid cuc tiéu 16n nhat gitta
cac diem pha c6 khoang cach Hamming bang 1 va gié tri trung binh nhé
nhat s6 cac diém tin hiéu lan can [143]. Quan sat do thi chom sao, gia
tri trung binh s6 cac bit N,,;, khac nhau gitta hai diém c6 pha gan nhau

trong do thi chom sao duge tinh nhu sau [143]:

1 /
N,in = TN Z Z dr(s,s) (3.11)

seS s’

trong d6 s ki hiéu pha dang duge quan sat trong tap tin hiéu S trong
toa do hai chieu, s’ ki hieu pha clia cac tin hiéu lan can nhau trong tap
tin hiéu con S;, L = 2m ki hiéu sé diém pha trong do thi chom sao, véi
m 13 s6 cac bit tuong ting véi mot symbol trong do thi chom sao va cudi
cting dg(s,s') ki hieu khodng cach Hamming gitta s v s'. S6 cac diém

pha lan can gan nhat véi dieém pha dang xét dugce tinh nhu sau:

1
No =+ Z N, (3.12)

seS
trong d6 N, la s6 cac diém pha gan diém pha dang xét s nhat, vi du
nhu déi véi kicu anh xa ma Gray trong hinh 3.14a, s6 diém pha trong
tap con 14 N, = 1. Mdi diém trong do thi chom sao tuong tng véi 4
bit. May phat cling dugc tich hgp may thu tin hiéu ACK tit may thu
dit liu phat tré lai. May phat ACK tai phia may thu dit lieu dugce diéu
khién béi bo giai ma LDPC va bo kiém tra tit ma hop lé trong hinh 3.12.
Khi mot tit ma khong hgp 1é bi phat hién tai dau ra bo gidi ma LDPC,
bo gidi ma LDPC sé gii tin hiéu diéu khién s. dén may phét tin hieu
ACK dugc tich hgp trong may thu du liéu, may phat nay sé gui tin hiéu
NACK dén may thu tin hieu ACK dugc tich hop trén may phat di lieu

dé yéu cau may phat phat lai mot phan thong tin kiém tra ctia tit ma
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khong hop 1é.
D61 v6i moéi symbol QAM = = f(b), trong d6 b 1a chudi m bit b =

(bg, b1, -+ ,bm_1), tuong ting véi cac gia tri LLRs tit LLR(by) cho dén

LLR(b,,1), ching ta di dén [139]:

P =1)

LLR(b;) = log [m

Tin hiéu thu duge y; duge biéu dién nhu sau [139]:

Yk = Qg * T + N, (3.14)

trong d6 ny 14 bién ngiu nhién phiic ¢6 gia tri trung binh 0 ctia tap
nhiéu phan bd theo ham Gauss c6 phuong sai binh phuong theo méi
chiéu. He s6 a;, ki hieu do tang ich pha dinh bién thién theo thai gian c6
tri s6 phtc va z;, ki hieu symbol QAM dugc phat. Ham phan bd mat do
(PDF) ctia tin hiéu y thu duge c6 thé tinh nhu sau [139]:

P(ylz,a) = (WLN() oL Rret] (3.15)

Lay logarit hai phia phuong trinh (3.15), chung ta di dén xac suat dudi
dang logarit [139]:

1 E E
In P(y‘.’l}', CL) = 1117_‘_—]\/,0 — FO‘ZUF - ‘Cl|2ﬁo(y1$1 + yQLUQ), (316)

trong d6 cac thanh phan ciing pha va vudng géc ciia tin hiéu truyen
x va tin hiéu thu dugc y c6 thé duge biéu dién tuong tng nhu sau
T =x1+ Jjrg,y = y1 + jyo va Es/Ny la ti s6 nang luong trén nhiéu cla
symbol duge diéu ché. Néu tat ca cac bit b; trong chudi bit b 1a doc lap,

chiing ta co:

log P(x) = log P(b) = log P(by)P(b1) - - P(bm-1), (3.17)
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Tu cdc phuong trinh (3.15) va (3.17), ching ta c¢6 thong tin bit mém
dau ra clia bo gidi anh xa c6 thé bieu dién theo cic gia tri LLRs [139]:

LLR(b;) = log _L:)] (3.18)

J—

Z by ellog P(y|z,a)+log P(z)]

be:l el(y,)]
S g €W

Zx e ellog P(y|z,a)+log P(x)] ]

trong d6 uéc luong x cua may thu duge ki hiéu la  va ching ta c6
b= (o, ,bm_1) , trong d6 ki hieu y(y, z) duge bidu dién nhu sau [139]:

m—1

V(y,%)z—\&l2 le2+2\al—(y1x1+waQ )+ > _bj- LLR(b;). (3.19)
7=0

Thong tin ngoai lai dau ra duge tinh nhu sau [53]:
LLRg(b;) = LLR(b;) — LLR(b;). (3.20)

Thong luong cia mo hinh H-ARQ tich hgp ma LDPC dugc ki hiéu la C,
khi truyén dit lieu qua kenh AWGN va st dung kiéu diéu ché 16-QAM,
ching ta c6 [149]:

1621 %9) 162/ P(ylz)log, é(‘))d (3.21)

€16 €16

trong do I(x;y) ki hiéu cho thong tin tuong tac gitta tin hiéu thu duge y
va tin hieu duge truyen dan z, trong d6 P(y|z) duge cho trong phuong
trinh (3.15) va a 1a hang so.
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Hinh 3.14: a) Do thi chom sao clia kiéu dnh za ma Gray b) Do thi chom

sao cua kiéu dnh xa phan doan

Trong so do khéi ciia hé thong H-ARQ tich hgp ma LDPC vé trong
hinh 3.13, bo giai anh xa dong vai tro bo giai ma trong, trong khi dé bo
giai ma LDPC déng vai tro bo gidi ma ngoai. Tiép sau bo gidi trdo cac
thong tin ngoai lai LLRs dau ra bo gidi anh xa dudc dua vao dau vao
bo giai ma LDPC. Cac LLRs nay duge xu 1y trong bo giai ma LDPC.
Thong tin ngoai lai LLRs tai dau ra bo gidi ma LDPC dugc hoi tiép vé
dau vao bo gidi anh xa sau khi duge thuyce hién trdo nhu trong hinh 3.13.
Néu khéi kiém tra tit ma hop lé ctia bo giai ma LDPC phat hien dau ra
bo gidi ma 14 mot tit ma khong hgp 16, né sé gii tin hiéu diéu khién sc
mdé may phat ACK. Tin hieu NACK dudc giti dén may phat, yéu cau
may phat phat théem phan thong tin kiém tra. Sau khi nhan dugc them
phan thong tin kiém tra méi may thu tiép tuc qua trinh giadi ma lap.
Qua trinh phét lap phan thong tin kiém tra duge lap lai cho dén khi dau

ra bo gidi ma 14 mot tir ma hgp 1é, hosic s6 lan phat lap dat gia tri cuc
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dai da dugce dat tu ban dau.
Phan tich hoat dong ctia hé théng bang dé thi EXIT

Trong muc nay tac gia sit dung do thi EXIT trong [156,157] dé phan
tich hoat dong ctia hé thong H-ARQ tich hgp ma LDPC. Do thi EXIT
ctia mo hinh nady bao gom 3 dudng cong trong hinh 3.15 va 3.16, d6 1a
duong cong do thi bo giadi ma trong, duong cong do thi ciia bo gidi ma
ngoai va duong cong hoi tu dya trén mo phong cia Monte-Carlo. Duong
cong do thi ctia bo gidi ma trong dugdce sinh ra do bo gidi anh xa, dudng
cong do thi ctia bo gidi ma ngoai duge sinh ra do bo gidi ma LDPC va
duong cong hoi tu dugc sinh ra do qua trinh trao doi thong tin ngoai lai
gitta bo giai ma LDPC va bo giai anh xa.

Duong cong ciia b giai ma trong trong hinh 3.15 va 3.16 la quan
hé gitta thong tin tién nghiem I Amep VA thong tin ngoai lai ctia bo giai
anh xa. Ngugc lai, duong cong do thi EXIT ctia bo gidi ma LDPC trong
hinh 3.15 va 3.16 thé hien méi quan hé giita thong tin dau vao bo giai
ma Iy, va thong tin dau ra bo giai ma LDPC Ig,, . . Néu khong ¢6 qua
trinh phat lai xay ra gitta may thu va phat trong moé hinh H-ARQ tich
hop ma LDPC, thi thong tin tién nghiém LLRs cia bo gidi dieu ché
LDPC khong thay doi gitta hai lan lip, béi vi thong tin LLRs ctia bo
giai diéu ché khong thay doi. Do d6, dusng cong hoi tu ciia mé hinh nay
thé hién méi quan hé giita thong tin tién nghiem LLRs tai dau vao bo
giai diéu ché va thong tin ngoai lai LLRs tai dau ra bo giai ma LDPC
sau 1 1an lip gidi ma. Thong tin tuong tac hai chiéu dau ra tuan theo
ham dudi day [157]:

Ty, = FIyp T, (3.22)

trong d6 T4, = I(X; R) la gia tri trung binh thong tin tién nghiem tai

dau vao cac nut thong tin va R la thong tin LLR t6i tit cic nit kiém
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tra cua bo giai ma LDPC. Khi ¢6 qua trinh phat lai gitta may phat va
thu ctia m6 hinh, thi phuong trinh duong cong hoi tu la ham cia ca cac
thong tin tuong tic dau vao ctia bo giai anh xa va cac thong tin tuong
tac dau ra cta bo gidi ma LDPC va ca thong tin tuong tac I, . . tai
dau vao bo gidi ma LDPC. Lugng thong tin I, ,  tai dau vao bo giai
ma LDPC phu thuoc vao sb lan phat lap dugce thyuc hien. Hinh 3.15 biéu
dién cac duong cong do thi EXIT va duong cong hoi tu clia mo hinh
H-ARQ tich hgp ma LDPC tai E,/Ny = 4 dB, khi sit dung b anh xa
ma Gray va diéu ché 16-QAM. Duong do thi c6 nét cham gach 1a duong
do6 thi EXIT nguyén ban ctia bo anh xa tai Fj,/Ny= 4 dB, trong khi d6
duong dam nét va lien tuc 1a duong do thi EXIT ctia bo anh xa ma Gray
trong mo6 hinh hé théng H-ARQ tich hgp ma LDPC. Ban dau, may thu
ctia mo6 hinh H-ARQ tich hop ma LDPC c¢6 gang giai ma tit ma thu dugc
bang cach lip lai qua trinh trao doi thong tin gitta bo giai ma LDPC va
bo giai anh xa. Tuy nhién, dudng hdi tu bi chin béi giao diém cia cac
duong do thi EXIT, sau chi mot lan lap, diém nay dugc danh dau bing
hinh tron nhu trong hinh 3.15. Trong truong hop c6 16i tai dau ra bo giai
mé LDPC, may phat sé dudc yéu cau phat lai phan théng tin kiém tra
clia tit ma 16i. Tai thoi diem nay, duong cong do thi EXIT ctia bo anh xa
sé chuyén lén trén va duong EXIT nay dude biéu dién bing dudng cong
dam, nhu c6 thé thay trong hinh 3.15. Thong tin tién nghiém LLRs tai
dau vao bo gidi ma LDPC duge gan bang gia tri LLRs tai dau ra bo
giai ma LDPC ciia lan lap truée d6. May thu tiép tuc gidi ma tit ma thu
duge va do d6 dudng hoi tu bay gio dat duge dén diém (0,64 , 1) sau
mot 1an lap gidi ma, nhu thé hién trong hinh 3.15.
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Hinh 3.15: Do thi EXIT cia mo hinh H-ARQ tich hop ma LDPC st
dung bo anh xa ma Gray (Mo hinh 2) trong hinh 3.1}

Duong cong do thi EXIT ctia bo gidi ma LDPC c6 ti lé ma bang 0,5
c6 hinh dang d#c biét, nhu trong hinh 3.15 va sau chi 4 1an lap gidi ma,
hé thong H-ARQ tich hop ma LDPC dat dugce gia tri BER < 107° tai
gia tri Ey/Ny = 4 dB, nhu c6 thé thay trong hinh 3.17 va 3.18.
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Hinh 3.16: Duong cong do thi EXIT va duong hoi tu ciia moé hinh hé
thong H-ARQ tich hop ma LDPC st dung b6 dnh za phan doan (Mo
hinh 1) cia hinh 3.14

Bay gio ta cai thien kha nang stta 16i ctia hé thong nay bang cach tao
ra cac dang duong cong EXIT c6 lgi cho bo giai anh xa véi sy trg giap
ctia k¥ thuat anh xa phan doan. D6 thi EXIT ctia hé théng H-ARQ tich
hop ma LDPC st dung ky thuat anh xa phan doan dudc thé hién trong
hinh 3.16. Duong do thi EXIT nguyén ban cia bo anh xa phan doan
duge thé hién bang duong cham gach, trong khi d6 dusng do thi EXIT
clia bo anh xa phan doan sau khi thuc hién liap mot lan duge thé hien

bing dusng nét lién dam, nhu c¢é thé thay trong hinh 3.16. Néu khong



3.3. Heé théng H-ARQ tich hop ma LDPC 110

c6 sy trg gitp ciia qué trinh phat lap, thi hé thong nay khong dat dugc
gia tri BER ciic nhé nhu mong muén sau 4 lan lap gidi ma, vi sau bon
lan lap duong héi tu dimg tai diém dugc danh dau biang hinh hoa thi
trong do thi 3.16. Dé dat dugc gia tri BER < 107°, mAy thu phai thuc
hién gidi ma lap dén 8 lan.

Qua viéc quan sat do thi EXIT trong hinh 3.15 va 3.16 ta c¢6 nhan
xét sau. Mo hinh hé thong H-ARQ tich hop ma LDPC stt dung bo anh
xa kiéu mé Gray doi héi s6 lan lap giai ma thap hon so véi khi st dung
kiéu 4nh xa phan doan, dé dat dugc ti s6 BER < 107°. Ngudc lai néu hée
théng st dung bo anh xa kiéu phan doan c6 diém giao giita cac dudng
cong do thi EXIT va dudng hoi tu gan véi diém (1, 1) hon khi st dung
s6 lan ldp gidi ma cao, diéu do6 ching to tai cuing gia tri Ej,/Ny néu su
dung s6 lan lip 16n, hé théng st dung bo anh xa phan doan c6 BER
thap hon so v6i hé thong st dung bo anh xa kiéu ma Gray.

Két qua mod phong

Cac thong s6 mo phong duge st dung trong Mo hinh 1, Mo hinh 2,
M6 hinh 3, M6 hinh 4, M6 hinh 5 va M6 hinh 6 duge dua trong bang 3.2.
Hinh 3.17 va 3.18 biéu dién quan hé BER va Ej,/N; clia cAc mo hinh
he théng H-ARQ stt dung cac thong s6 khac nhau trong bang 3.2. Truc
do thi thing ding beén trai la cac gia tri BER, trong khi d6 truc toa do
thang ding bén phai 13 thong luong chuan héa clia hé théng va truc do
thi ngang la truc gia tri Ey/No.

Céc gia tri chuan héa théng lugng dude tinh toan bing cach chuan
hoa thong lugng (Trong hinh thong lugng 1a Throughtput) c6 ich véi
thong luong? ctia hé thong H-ARQ tich hop ma LDPC, ghi tai gia tri
E}/Ny cao, vi du nhu khi truyén khong c6 161 xay ra. Bo ma LDPC cua

2Théng luong cé ich duge dinh nghia la ti s6 gitta cac bit thong tin ding trén t6ng s6 cac bit duge

truyen.
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Bdng 3.2: Cdc thong s6 mo phéng

Ti lé ma r cia ma LDPC
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Loai kénh AWGN

'2 Jd
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« 2 ~
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H-ARQ loai II

Mo hinh hé théng H-ARQ tich hop
méa LDPC st dung kiéu anh

xa phan doan va c6 gidi ma lap

gitta bo giai ma LDPC va bo anh xa

Ki hiéu 1a M6 hinh 1

M5 hinh hé théng H-ARQ tich hop
mé LDPC sit dung kiéu anh xa
ma Gray va c¢6 giai ma lap gitta
bo giai ma LDPC va bo anh xa

Ki hiéu la Mo hinh 2

M5 hinh hé théng H-ARQ tich hop
ma LDPC khoéng thuyc hién giai ma lap
gitta bo giai ma LDPC va bo anh xa

Ki hiéu la Mo hinh 3

Mo hinh hé théng ARQ
khong c6 ma sita sai

Ki hiéu 14 Mo hinh 4

Mo hinh hé théng LDPC c6
giai ma lap gitta bo anh xa st dung kiéu
phan doan va bo giai ma LDPC

Ki hiéu la M6 hinh 5

Mo hinh hé théng chi sit dung ma LDPC

Ki hiéu la Mo hinh 6
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he thong c6 ti lé ma r=0.,5, do d6 thong luong cuc dai cia mo hinh he
thong H-ARQ tich hgp ma LDPC- M6 hinh 2 1a 2 bit/symbol, gia tri

nay duge st dung lam hé s6 chuan hoa.

102 4 g
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3 o)

10 =4

10° —— ‘ >0 ‘ O 10"
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& —— H-ARQ-LDPC-set-partioning-Model 1, I outer =4

[0 — LDPC-Set-partioning-Model 5, I outer =4

O —— LDPC-Model 6

’ - =+ Throughput H-ARQ-LDPC-Model 1, I outer =4

B - - - Throughput LDPC-Set-partioning-Model 5, I outer =4
@ - - Throughput LDPC-Model 6

Hinh 3.17: Khd ndng hoat dong ctia cac mo hinh hé thong 1,5 va 6, khi
diéu ché 16-QAM va kénh truyén la AWGN

Nhu c6 thé thiy trong hinh 3.17 va 3.18 céc duong lién nét duge
danh dau bang hinh thoi réng bieu dién quan he BER va E,/Ny ctia mod
hinh hé théng H-ARQ tich hgp ma LDPC c6 st dung lip gidi ma gita
LDPC va bo anh xa, Mo hinh nay dat gia tri BER < 107° tai gia tri
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Ey/Ny ¢ 3,8 dB. Néu he théng nay khong sit dung ché do phat lip va
hoi tiép, thi dé dat duge ti s6 BER < 107°, né yéu cau ti s6 Ey/No= 5
dB, nhu duge biéu dién bang dusng lien nét duge danh dau biang hinh
vuong rong trong hinh 3.17. Mot mo hinh hé théng khac dudge mo phong
& day 1a mo hinh hée théng khong thuc hién giadi ma lap gitta bo gidi ma
LDPC va bo anh xa, dusng cong do thi duge biéu dién bing duong lien
nét danh dau bang hinh tron réng, nhu thé hién trong hinh 3.17. Khi so
sanh kha nang stra 16i va thong luong co6 ich clia cac hé théng trén, ta
c6 thé thay moé hinh hé théng H-ARQ tich hgp ma LDPC dudc tac gia
thiét ké c6 do tang ich trén 4 dB va thong luong 16n hon so v6i hai hé
thong con lai, nhu trong hinh 3.17.

Tiép tuc phan tich két qua mo phéng trong hinh 3.18. Trong hinh
nay ching ta so sanh kha nang hoat dong ciia hé thong H-ARQ tich hop
ma LDPC c6 stt dung giai ma lip gitta bo giai anh xa kieu phan doan va
bo gidi ma LDPC véi cac mo hinh hé thong ARQ thong thuong va mo
hinh hé théng chi c6 ma stta sai LDPC. Nhu c6 thé thay trong hinh 3.18,
cac duong cong ki hiéu bing hinh tam giadc biéu dién mo hinh hé théng
c6 ma LDPC doc lap v6i bo anh xa ctia bo diéu ché 16-QAM. Cudi clung,
dudng cong ki hieu bang hinh tron cé dau cong & gitta bicu dién hé théng
ARQ khong sit dung ma stta sai, véi mo hinh nay thong lugng ¢6 ich ctia
hé théng 1 4 bit/symbol. O dai ti 6 tin trén tap rat cao, he théng ARQ
c6 thong luong 16n hon hé théng ma héa LDPC. Ngudc lai, trong viing
ti s6 tin trén tap thap, thong lugng chuan hoéa ctia hé théng ARQ vao
khodng 0,33, bdi vi tai viing ti so tin trén tap thap may thu khong thé
dat gia tri BER thap nhu mong muén, do d6 né yéu cau phat lip nhiéu
nhat. He thong H-ARQ tich hgp ma LDPC khong stt dung lap gidi ma

gitta bo gidi ma LDPC va bo giai anh xa yéu cau ti s6 Ej,/Ny cao hon 3
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dB so véi hée thong H-ARQ tich hop ma LDPC c6 st dung lap gidi ma
gitta bo gidi ma LDPC va bo giai anh xa kiéu phan doan, dudng cong
do thi tuong tng duge thé hien bang duong lién nét ki hieu bang hinh
tam giac trong hinh 3.18. He thong ARQ khong stt dung ma kénh yéu
cau ti s6 /Ny cao hon 18 dB dé dat dugc ti s6 BER < 1075,

I N NN, N B 1
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’ - =+ Throughput H-ARQ-LDPC-Model 1, I outer =4
A--- Throughput H-ARQ-LDPC-Model 3
@ - - Throughput ARQ-Model 4

Hinh 3.18: Khd ndang hoat dong ctia cdc mo hinh hé thong 1, 3 va 4, khi
diéu ché 16-QAM va kénh truyén la AWGN

Cudi cung, trong hinh 3.19 ching ta so sanh kha nang hoat dong ciia
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hai mo6 hinh hé thong H-ARQ tich hgp ma LDPC st dung bo anh xa
kiéu ma Gray va kiéu anh xa phan doan. Qua quan sat, c6 thé thay mo
hinh hé théng st dung kieu anh xa ma phan doan c6 kha nang sta 16i
va thong luong ra ctia hé thong tét hon so véi kiéu anh xa Gray khi chi
dung 2 lan lip gidi ma gitta bo gidi ma LDPC va bo giai anh xa clia bo
didu ché 16-QAM.
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Hinh 3.19: Khd nang hoat dong ctia cdc moé hinh hé thong 1va 2, khi
dieu ché 16-QAM va kénh truyen la AWGN
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3.4. Két luan chuong 3

Cac mo hinh tich hgp ma LDPC trong chuong 3 ¢6 kha nang hoat dong
t6t hon so v6i cac mé hinh hé théng co ban hién c6. Cu thé hé thong
V-BLAST tich hgp ma LDPC cho ta thay khi nang vuot troi clia ma
LDPC da dugc thiét ké trong chuong 2 so v6i cac ma thuoc ho ma Turbo
tien tién dudce thiét ké tit bo ma tich hop RSC-URC. Dac biét v6i do dai
trao ngan mo hinh hé théong V-BLAST tich hop ma LDPC c6 do ting
ich trén 4 dB so v6i mo hinh hé théng V-BLAST tich hop ma RSC-URC.
Trong chuong 3 cling dé xuat thiét ké mot he thong H-ARQ tich hop
ma LDPC da dugc thiét ké trong chuong 2. Kha niang hoat dong ctia hé
thong H-ARQ trd nén vuct troi hon so v6i cac hé thong thong tin khéc
ké ca ve kha ning stia 161 BER va thong lugng dau ra hé thong.
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Thuyc hién muc tiéu dé ra luan vian da tién hanh nghién citu, xay dung
ma tran sinh v ma tran kiem tra ctta ma LDPC, nhim t6i uwu kha nang
stta 161 cia ma LDPC, da xay dung, t6i uu héa cac mo hinh tich hgp
gitta ma LDPC vdi cac hé thong thong tin nham tang khi nang chéng
16i ctia he thong v6i do phiic tap phit hop, dat duge muc tieu dé ra. Dé

tai da dat dudce cac két qua nghién cttu va déng gép chinh sau day:

1. Xay dung mdi quan heé truc tiép giita ma tran sinh va ma tran kiém
tra cia ma LDPC, nham gidm do phtc tap trong qua trinh tinh
toan xay dyng ma tran sinh ctia ma LDPC truyén thong. Ma tran

sinh ctia ma LDPC dudc suy truc tiép tit ma tran kiém tra.

2. Xay dung cau tric ma tran thanh phan ctia ma tran sinh bang céac
ham phan b6 ngau nhién cho hang va cot, hiéu qué ctia qua trinh
xay dung nay la lam tang kha nang sta 16i ciia ma LDPC so véi
cac ma LDPC pho thong tit 0,5 dB dén 1 dB, tity theo ting dicu

kién cu the.

3. Xay dyng mo hinh tich hgp gitta ma LDPC va hé thong V-BLAST,
nham tang cuong kha nang sita 16i ctia hé thong tét hon dén 5 dB
so v6i mo hinh tich hgp ma URC vd V-BLAST, t6i uu céc thong
s6 trong he thong dé giam thiéu do phic tap ctia hé théng so véi
hé théng URC-VBLAST.

4. Xay duyng mo hinh lai ghép gitta ma LDPC va H-ARQ, nhiam tang
cuong kha ning chéng 161 do can nhiéu ciia duong truyen va thong

luong ctia hé théng. Nhu da phan tich trong chuong 3, hé théng
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lai ghép LDPC va H-ARQ c6 do tang ich 16n hon 4dB so véi cac
hée théng H-ARQ khac va hon 10dB so véi hé thong ARQ khong
stt dung ma stta sai, v6i cting ti lé bit 16 BER< 107°.

Phuong huéng nghién citu tiép theo

e Vé mit 1y luan nghién ctu: T6i wu cac ham phan bd chuan dé tao
ra ma tran kiém tra c6 kha nang lam tang kha nang stta 15i clia

ma LDPC trong viung E,/Ny thap.

e V& mat thyc hanh nghién cttu: Nghién citu phat trién, t6i wu cac
mo hinh tich hgp ma LDPC v6i ma BCH tng dung trong cac hé
thong truyén hinh theo tiéu chuan DVB-T2, DVB-C2, DVB-S2.
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Phu luc A

MO PHONG PANH GIA MA LDPC

Anh hudng ctia sb lan lap giai ma LDPC

Bang A.1 14 cac thong s6 ctia ma LDPC dugc stt dung trong phan mo
phéng nay. Dit lieu duge thyc hién diéu ché va giai diéu ché BPSK.
Tuong tu nhu cdc ho ma Turbo, kha nang sta 16i cia ma LDPC sé tiang
len khi ta ting sb lan lip trao doi thong tin gitta cac nut bién sb va nit
kiém tra trong do thi Bipartite cia ma LDPC, nhung dong thai diéu nay
¢6 nghia la do phtc tap tinh toan cta bo giai ma LDPC clng tang 1én.
Trong phan mo phéng nay ching ta sit dung cac ma LDPC c6 cling toc
do bit R, nhung ¢6 do dai tit ma khac nhau. Ham trong ctia cac cot trong
ma tran kiém tra tuong ting bang 3. Dé tién theo déi ching ta st dung
ki hieu G va UR viét tat cho cac kenh AWGN va pha dinh Rayleigh
khong tuong quan tuong ing.

143
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Bdng A.1: Céc thong so ciia ma LDPC cho mo phdng dnh hudng cia s6

lan lap cuc dai téi khd nang sia 10i ciia ma LDPC

Ma LDPC Kénh S6 lan lap giai Ham trong
ma cuc dai cua cac cot
trong ma tran
kiém tra
(500,1000) AWGN 2,4, 8, 20, 50, 100 3
(250,500) AWGN 2,4, 8, 20, 50, 100 3
(100,200) AWGN 2,4, 8, 20, 50, 100 3
(500,1000) | Pha dinh Rayleigh | 2, 4, 8, 20, 50, 100 3
khong tuwong quan
(250,500) | Pha dinh Rayleigh | 2, 4, 8, 20, 50, 100 3
khong tuwong quan
(100,200) | Pha dinh Rayleigh | 2,4,8,20,50,100 3
khong tuwong quan

Hinh (A.1- A.5) minh hoa ti s6 16i bit BER (Bit Error Ratio) theo
nang lugng bit trén nhiéu E,/Ny khi sit dung cdc ma LDPC c¢6 thong

s6 nhu trong bang 5 va kénh truyen 13 AWGN va Rayleigh khong tuong

quan. Nhu trong cac két qua mo phong, ta c6 thé thay kha nang sia 161
cia cac ma LDPC(100,200), LDPC(250,500) va LDPC(500,1000) phu
thuoc vao s6 lan lap giai ma cyc dai. Vi du ma LDPC(100,200) chi yéu
cau ti s6 E,/Ny vao khoang 4,3 dB dé dat dudc ti s6 16i bit BER> 107°
v6i s6 lan lap gidi ma cyc dai 1a 20, khi truyén dit lieu qua kenh AWGN.

Trong khi d6, ciing v6i ma nay can ti b Ej/Ny dén 9,8 dB dé dat dugc

cing ti s6 BER nhu trén khi s6 1an lip gidi ma cyc dai 1a 2, khi truyén

dit lieu qua kénh AWGN. Céc két qua phan tich tuong tu cho cic ma
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LDPC(250,500) va LDPC(500,1000). Tt cac hinh minh hoa mé phéng
trén ta cling nhan thay kénh truyén dan Rayleigh khong tuong quan can
nhiéu nhiéu hon dén dit lieu truyen so v6i kenh AWGN.

Do tang ich ctia 3 ma LDPC c6 thong sé cho trong bang A.1

o 2 iterations
] 4 iterations
x 8 iterations
© 20 iterations
i 50 iterations
L 100 iterations
-------- uncoded
—— LDPC coded
]
~,
e
7 8 < 10

Hinh A.1: Anh hudng cia so lan lap cuc dai téi khd nang sia 161 cia ma
LDPC(100,200), khi truyen di lieu qua kénh AWGN, dieu ché BPSK.

tai BER= 107*, phu thudc vao s6 lan lip gidi ma cuc dai nhu vé
trong hinh A.7. Tt hinh A.7 ta c6 the thiy 3 ma LDPC(100,200),
LDPC(250,500) va LDPC(500,1000) c6 do tdng ich dat bdo hoa sau
khoang 20 lan lip. Vi vay kha nang stta 16i ctia ba ma LDPC nay dat
ducc ti s6 BER nhé nhat tuong ting véi so6 lan lap gidi ma cuc dai bé
nhat 1& 20 1an. Sau 20 lan lip gidi ma kha ning sia 16i ctia 3 ma LDPC
khong tang, trong khi d6 s6 luong phép tinh tang len. Vi vay so6 lan lap
gidi ma cyc dai t6i uu cho ba ma LDPC & trén 1a 20 lan.

So sanh ba duong cong thé hién hiéu qua st dung so6 lan lip khac
nhau ctia ba ma LDPC c6 thong s6 cho trong bang A.1, duge vé trong
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o 2 iterations
& 4 iterations
x 8 iterations
Q 20 iterations
i 50 iterations
. 100 iterations
- uncoded
LDPC coded
W TR ]
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Hinh A.2: Anh hudng ciia s6 lan lap cuc dai tdi khd ndng sia 167 cia ma
LDPC(250,500), khi truyen di lieu qua kénh AWGN, dieu ché BPSK.

® -~ axO0

2 iterations

4 iterations

8 iterations
20 iterations
50 iterations
100 iterations

- uncoded

LDPC coded

el

\

& 5 6
Ey/No(dB)

10

Hinh A.3: Anh hudng cia so lan lap cuc dai tdi khd ning sia 167 cia ma
LDPC(500,1000), khi truyen di lieu qua kénh AWGN, diéu ché BPSK.
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Hinh A.4: Anh hudng ciia 5o lan ldp cuc dai tdi khd ndang sia 167 cia ma
LDPC(100,200), khi truyen di liéu qua kénh pha dinh Rayleigh khong
tuong quan, diéu ché BPSK.

——————

h —- e
- 2 iterations
e 4 1terations
Y . .
} 8 iterations
3 : 20 1terations
- Q Q% i 50 1iterations
s 100 iterations
5 i
x : E,¥, e uncoded
2 : —— LDPC coded
5 @ )

Y I | T

e
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o
(5]
.
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Hinh A.5: Anh hudng ciia s6 lan lap cuc dai t6i khé ning sia 16i ciia ma
LDPC(250,500), khi truyen di liéu qua kénh pha dinh Rayleigh khong
tuong quan, diéu ché BPSK.
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Hinh A.6: Anh hudng cia s6 lan lap cuc dai téi khd nang sia 161 cia ma
LDPC(500,1000), khi truyén di liéu qua kénh pha dinh Rayleigh khong

tuong quan, diéu ché BPSK.

—— AWGN
------ uncorrelated Rayleigh
0 o LDPC code(200. 100)
o LDPC code(500. 250)
3 x LDPC code(1000, 500)
a
= o C— N _
= Y S S — P S— 82
g 25
]
o=
S 20
)
=
=0 15
=
=
< 10
=
5 8 & 8
0
0 20 40 50 20 100

Sé 1an lap cyc dai

Hinh A.7: Do tang ich cia 3 ma LDPC ¢6 cdc thong so trong bang A.1
tai BER= 10"%, khi d@ liéu dugc diéu ché BPSK va kénh truyen dan la

AWGN wva Rayleigh khong tuong quan.
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Bdng A.2: Yeéu cau ti s6 Ey,/Ny vdi s6 lan ldp gidi ma cuc dai khdc nhau
dé dat dugc ti s6 BER= 107" tuong ing vdi 8 ma LDPC cé thong so cho
trong bang A.1, khi truyén di lieu qua kénh AWGN wva kénh pha dinh
Rayleigh khong tuong quan.

Ma S6 1an 1ap | Ti s6 Ey/No | Tiso Ey/Ny
LDPC cuc dai yéu cau yéu cau
(AWGN) | (Pha dinh Rayleigh
khong tuong quan)

(dB) (dB)

(100,200 2 5,765 11,050
1 1559 8,353

8 4,059 7,294
20 3794 7.050
50 3.676 6,745
100 3588 6,589

(250,500) 2 5.647 10,824
4 4118 7647
3 3.265 6,500

20 3,000 5,647
50 2,824 5.353

100 2,735 5,294

(500,1000) 2 5588 10,706
1 3.941 7.412
3 2,882 5,529
20 2,470 4941
50 2,324 4,764
100 2,201 1,706

Khong st dung ma 8 8,47 34
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110

100 |

0
o

80

— AWGN

—eeeees uncorrelated Rayleigh
(¢] LDPC code(200, 100)
o LDPC code(500, 250)
x LDPC code(1000, 500)

0 20 40 60 20 100
Sé 1an lap cuwce dai

Hiéu qua ctia so lan lap (%)

Hinh A.8: Hiéu qud so lan lap gidi ma khdc nhav doi voi 8 ma LDPC
c6 thong so trong bang A.1, khi truyén di lieu qua cdic kénh AWGN va
pha dinh Rayleigh khong tuong quan.

hinh A.8, ta c6 thé nhan thay kha nang stta 16i clia cd ba ma c6 doi dai
tir ma khac nhau nay déu tang khi s6 lan 1ap gidi ma cic dai ting. Theo
nhu hinh A.8 véi s6 1an lap gidi ma cuc dai 1a 8 1an, cd ba ma LDPC
déu dat do tang ich ma trén 90%, ddi véi kenh AWGN va 95% ddi véi
kénh pha dinh Rayleigh khéng tuwong quan.

Anh huéng ctia do dai tit ma LDPC

Duéi day ching ta nghién citu anh hudng ctia do dai tit ma dén kha
nang sia 16i ctia ma LDPC, khi truyén di lieu qua cac kenh AWGN
va pha dinh Rayleigh khong tuong quan, st dung kiéu di¢u ché BPSK.
Thong s6 ciia 4 ma LDPC c6 ti lé ma % , 0 do dai tit ma khac nhau
trong phan mo phéng nay dude cho trong bang A.3. Mo phéng nay dugc
thuc hién bang céch so sanh ti 1¢ 161 khung (hay tit ma) FER (Frame

Error Ratio) theo ti 6 Ep/Ny cia cac ma LDPC ¢6 thong s6 cho trong
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bang A.3.

Bdng A.3: Céac thong s6 ma LDPC dugc s dung trong moé phdng dnh

hudng ciua do dai tw ma dén khd ndng sta md.

Ma LDPC Keéenh | S6 lan lap giai S6 tit ma
ma cuc dai dugce st dung
cho m6 phong
LDPC(25,50) | AWGN 25 10000
LDPC(50,100) | AWGN 25 10000
LDPC(100,200) | AWGN 25 10000
LDPC(250,500) | AWGN 25 10000
LDPC(25,50) | Rayleigh 25 10000
LDPC(50,100) | Rayleigh 25 10000
LDPC(100,200) | Rayleigh 25 10000
LDPC(250,500) | Rayleigh 25 10000

Hinh A.9 va A.10 1a két qud mo phong anh hudng cia do dai tit ma
dén kha nang stia 161 khung FER ctia cac ma LDPC ¢6 thong s6 cho trong
bang 6, khi diéu ché BPSK va kénh truyén dan tuong ting 12 AWGN va
pha dinh Rayleigh khong tuong quan. Nhu trong hinh A.9 va A.10 do
tang ich ctia ma LDPC tang dén 3 dB trong kenh AWGN va 5 dB trong
kénh Rayleigh khi sit dung ma LDPC(25,50) va LDPC(250,500) tuong
ung.

N6i tom lai kha nang stta 16i cia ma LDPC tang khi do dai tir ma
tang la do khoang céch cuc tiéu giita cac cot trong ma tran kiém tra ctia
ma LDPC tang khi do dai tit ma LDPC tang lén, khi va chi khi ham

trong clia cac cot trong ma tran kiém tra khong vugt qué 3.
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Hinh A.9: Anh hudng cia do dai tic ma dén khd nang siia 161 FER cla 4
ma LDPC theo ti s6 Ey/Ny c6 thong so cho trong bing A.3, khi truyén
dit lieu qua kénh truyén AWGN va st dung kiéu dieu ché BPSK.

1 Exact FER
- ---—-- Detected FER
s o code(500. 250)
=Y ° code(200. 100)
S e - code(100, 50)
= = , code(50. 25)
o~ - '
(107 2? S
[ & 5 l; x '\s 3—-"——'&:
3 & LY
s &1 S\ X
. \CSel N
s 3 = —
!-l\ “'-
s 1}\ N
9% 2 n é 8 10 12 14
E,/No(dB)

Hinh A.10: Anh hudng ciia do dai tw ma dén khd nang sia 161 FER ciia
4 ma LDPC theo ti s6 Ey/Ny c6 thong so cho trong bang A.3,khi truyén
dit lieu qua kénh truyén pha dinh Rayleigh khong tuong quan va st dung
kiéu diéu ché BPSK.



