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(57) Sang ché dé cap dén thiét bi va phuong phap ma hoa va giai ma ma kiém tra chin 1é
mat d6 thap (Low Density Parity Check, LDPC). Thiét bi mi hoa ndy bao gébm bd mi héa
LDPC dé thuc hién buéc ma hoa LDPC trén cac bit dau vao dua trén ma tran kiém tra chin
1é dé tao ra tir ma LDPC c6 64.800 bit, trong d6 ma tran kiém tra chin 1& bao gém ma tran
con tr thong tin va ma tran con chin 1¢, ma trin con tir thong tin dugc tao nén tir mot nhoém
gém nhiéu khdi cot, mdi khoi cot co 360 cot, va trong d6 ma tran kiém tra chin 1é va ma
tran con tir thong tin dugc xac dinh theo nhiéu bang biéu dién vi tri ctia cac gia tri mot (1)
trong moi ¢t thir 360.
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Linh vire k¥ thuit dwoe dé cip

Séng ché dé cép dén thiet bi va phuong phdp mi hod va giai md mi kiém tra chan 1é
mét d6 thap (Low Density Parity Check, LDPC), v cu thé hon, sang che d2 cap dén thiét
bi va phuong phdp md hod va gidi m3 mia LDPC thyc hién budc mi hod vi giai mi

LDPC dua trén ma tran kiém tra chan 12.
Tinh trang k¥ thuat clia sdng ché
Trong hé thong truyén thong/phat réng, hidu suir lidn két c6 thé suy giam dang ké

do céc loai tap nhiéu, hién tugng fadin va nhidu lién ky hidu (Inter-Symbol Interference,

r‘);

ISI) cua kénh. Vi vay, dé st dung cac hé ?:héng ’[ﬂi}’é‘i‘i thong/phat réng k§ thuat 36 tée do
cao can c6 nang sudt truyén dit liéu cao va d6 tn cav cac nhu cic hé thé ruyén thong
di dong thé hé ké ’tié'p, hé théng phat rong ky thudt s6, vi mang internet dung cho cdc
thiét bi cam tay, thi phai phét trién cdc k¥ thult khic phuc duoc tinh trang tap nhiéu,

fadin va nhi€u lién ky hiéu. Mét trong s6 nhiing cdng trinh nghin ciru nham khic phuc

tinh trang tap nhiéu, v.v., 12 cong trinh nghién ctu di dwoc thue hién tich cuc rong thii

D
gian gan d&y lién quan dén mi sira 161, d6 13 phwong phip nang cao dé tin ¢ &y cua cic hé

théng truyén thong bzng cdch khé1 phuc ¢6 hiéu gua nnftng thong tin bi 161.

M2 LDPC di duge Gallager gidi thidu 1dn dau tién vao nhiing ndm 1960, nhung lai
bi lang quén trong mdt thoi gian rat dai vi nd phirc tao nén khd cé thé dp dung duge véi
trinh d§ cOng nghé vao thoi d6. Tuy nhién, vi hiéu sudt cia cdc mi turbo duoc Berrou,
Glavieux va Thitimajshima d& xuft vio nim 1993 gan dat dén dung lwong kénh Shannon,
cho nén cé nhiéu cdng trinh nghién ciu di dugce thire hisn lién quan dén k§ thudt md hod
kénh dwa vao phwong phdp gidi ma lip va 46 thi mi hod bing cich thure hign nhidu | hép
dién dich khdc nhau dya trén hiéu suét va dac trung cua cdc mi turbo. Vi vy, khi ma

LDPC dugc nghién ctru trd lai vao cudi nhting ndm 1990, va khi céc m& LDPC duge giai

z

m3 bang cich dp dung phuong phip gidi m3 14p dya trén thult todn tong-tich cho cdc ma

N

LDPC trén d6 thi Tanner twong \ing v&i cdc m@ LDPC, thi d4 chén thy rin ng hidu sudt

s

clia cdc m3 LDPC gan dat d4n dung lreng kénh Shannon.



39555

Cé4c mi LDPC thudng dugc xdc dinh dwa trén ma trén kiém tra chin 12 va duoce bidu

din biang cach sit dung dd thi hai phia thudng dugc goi la do & thi Tanner.

Phan mé ta sdng ché dudi ddy s& mo ta tir ma LDPC dya vao Fig.1. Cdc ma LDPC
dugc mi hoa LDPC bano cch thu tir thdng tin 102 ¢6 Ky, bit hoke k¥ higu dé tao ra t
ma 100 c6 Ny, bit hodc ky hitu. D4 cho d& hiéu, dudi day s& gia sit rang tir ma 100 ¢6
Nigpe bit dugce tao ra bang cdch thu tir théng tin 102 ¢ K, bit. Tte 1a khi tir thong tin

I=[iy.1,0, 0, ] 102 duoc tao nén tir Ky bit dau vao dugc ma hod LDPC, thi o
mi c=[cy,¢,¢,,C5,,C 1 100 dwoc tao ra. Nghia 13, tr ma@ 12 mot chudi bit gom
e

nhidu bit vi mdi bit cua tir mi 13 mdi bit tac nén tr mi. Ngoai ra, tr thong tin 12 mot

)(

chudi bit gdm nhiéu bit va md: bit cia tir thong tin 1& mdi bit tzo nén tir thong tin. Trong

trudong hop nhu vdy, doi vdi md c¢6 hé thong, tor mi dugc a0 nén

C ‘—--[co,cl5.:‘2,---,CNW_I]:[io,;il,iz,-~<517k,w_1 Do D P:“"vp‘N,L,,,,-K,“;,,,—xZ bit.  Trong ds,
P= [po’pl’Pz""’pN.up,—f»’,dm.—l] la phéj chin 18 104 va 36 bit chin 1é Npariy duge xéc dinh
nhu sau:

Nparir_v =N, ldpc_Kldpc-

M3z LDPC 1 mot loai ma khéi tuyén tinh vi cé phuong phip xdc dinh tr ma dap

ung cac didu kién theo biéu thirc todn hoc 1 dwdi day:

N —
Nigpe =

H.CT:[hO h, h, - hNMp‘_ﬁl]-c‘: > ¢ -h =0 (D

trong 46 c=[c,,¢,,C5,..Cy, ]

Trong biéu thitc todn hoc 1 néu trén, H 12 ma trdn ki€ém tra chin 1é, c At mi, ¢; 12
bit thw i ctia tir m&, va Ny, 1a 40 dai tr mé. Trong 46, #; 12 ¢ ot thir i clia ma tran kicm tra

chén 1é H.

f\'!; Pl

Ma trén kiém tra chan 1& H dwoc tao nén tlr Ny, cot diing béng s6 lwong bit cua tr

U‘C?

ma LDPC. Biu thtrc todn hoc 1 cho thay rang, vi téng cua tich cua cft thix /- cua ma
tran kiém tra chin 1& va bit thit i ¢; clia tr mi phai bamf~ ‘07, cho nén cbt thr i /1; ¢6 quan

!

hé véi bit thit i ¢; cda tir ma.
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Trong khi d6, hiéu suat ctia cdc ma LDPC c6 thé duge xdc dinh dya trén ma tran

A

kiém tra chn 1&. Vi vy, cén phai thiét k& ma tran kiém tra chin 1& sao che cdc mi LDPC

j

¢6 hiéu suat caoc hon.
Ban chat ky thuit clia séng ché

Mot hoic nhiéu phwong 4n lam vi du thuc hién sdng ché ¢ thé khac phuc dugc cdc
nhuoc diém d3 duoc néu & trén va céc nhuge diem khéc khong duge néu ¢ trén. Tuy
nhién, cdc phuong 4n nay khéng nhat thiet phai khic phuc cdc nhurgc diém néu trén va 6

thé khong giai quyét dugc van dé nao trong s6 cc van dé néu trén.

>~

-

Theo mét hodc nhiéu phwong an lam vi dy, sdng ché tzo ra fphuong phéap va thiét bi

<

ma ho4 va gidi ma ma LDPC ¢4 kha nang nang ceo hiéu sudt md hod va giai ma LDPC.

Theo khia canh cua phuong 4n lam vi dy, sang ché dé xuat thiét bi m3 hod c6 thé
bac gbém: bd mi hod LDPC dugc tao ciu hinh dé thyc hién budc i hod LDPC trén cic

bit du vao dya trén ma tran kiém tra chin 1& ¢é tao ra tr ma LDPC cé 64.800 bit, trong

12

d6 ma trén kiém tra chan 1€ bao gdm ma trén con tix théng tin va ma trn con chin I¢, va

z e

trong d6 ma trdn con tir thdng tin duoc tao nén W nhidu khéi cdt, mai khéi ¢t ¢6 360 cot,

[

va dugc xdc dinh trong béang biéu dién vi trf cle cdc gid tri mot (1) trong « mdi cot thir 360.
B6 mi hod LDPC ¢6 thé thuc hién bwéc mi hod LDPC bin 1g cach st dung ma trdn
kiém tra chén 1é dwoc x4c dinh trong mdt bang ahw bang 17 khi tv 18 mi bang 6/15

B m2 hod LDPC c6 thé thuc hién budc mi hod LDPC bang céch st dung ma tran

kiém tra chin 1 dwoc xéc dinh trong mét bang nhu bang 14 khi t718 mi b ban ng 8/15.
B& mi hoda LDPC c6 thé thurc hién bwdc mi hod LDPC bfmg céch st dung ma trin
kiém tra chin ¢ dwgc x4c dinh trong mdt bang nhw bang 18 khi t7 18 mi bang 10/15.

B6 mé hoda LDPC c6 the thyc hién budc mi hod LDPC bang cach su dung ma trin

A

kiém tra chin 1é dwoc x4c dinh trong mot bang nhu bang 16 khi ty 18 mi bang 12/15.

Theo khia canh ctia phuong 4n lam vi dy khdc, sing ché @& xuét phirong 'phép ma
hod c6 thé bao gdm budc: tao ra tir md LDPC ¢6 54.800 bit béng cach thic hién budc mi
hod LDPC trén céc bit dbu vao dya trén ma trdn kiém tra chin 1¢, trong dé ma tran kiém
tra chan 1é bao gdm ma trdn con tir th: ng tin va roa trAn con chin 12, v trong d6 ma trin

con tir thdng tin dugc teo nén tr nhicu khoi cot, modi khoi cot cb 360 cot, va duwoe xac



39555

dinh trong bang biéu dién vi trf clia céc gia tri mér (1) trong moi ¢t thr 360.

Trong khi tao ra tt md LDPC, budc mi hod LDPC ¢ 6 thé duoc thuce hién
st dung ma trén kiém tra chin lé dugc xdc dinh trong mdt bang nhuw bang 17 khi ty 1€ mA
bang 6/15.

Trong khi tao ra tr ma LDPC, budc mi hod LDPC ¢6 thé duroc thuc hién b?ang cach
st dung ma ran kiém tra chin 1¢ dwoc xdc dinh trong mot bang nhw bang 14 khi ty 16 ma

bang &/15.

Trong khi tao ra tr md LDPC, budc mi hod LDPC ¢6 thé diroc thue hién :an; cach
st dung ma fran kiém tra chin lé dwoc x4c dinh tro g mét bang nhw bang 18 khi ty [€ ma
bang 10/15.

Trong khi tao ra tr m3 LDPC, budc ma hod LDPC ¢ thé duoc thue hitn kzéﬁg cach

st dung ma tran kiém tra chan 1€ dugce x4c dinh trong m&t béng nhw bang 16 khi ty 1€ ma
bang 12/15.

Theo khia canh cua phuong én iﬁm /i du khéc pita, sdng ché dé xudt thiét bi giai md

)4

c6 thé bao gém: bd gidi mi LDPC dwoc tao ciu hinh & thuc hién budce gidi mid LDPC
trén tr ma LDPC ¢6 64.300 bit diza trén ma tran kiém tra chin 12, trong A6 ma tran kifm
tra chin 1é bao gbém ma trin con tir théng tin va ma trin con chan 18, vi rong d6 ma trin
con tir théng tin dugc tzo nén nhiéa khéi cot, mdi khéi c6t ¢d 360 cbt, va dwroc x4c

\

dinh trong bang biéu didn vi trf cia cd ¢ gid tr1 mot (1) trong moi cbt thir 360.

B6 gidi ma LDPC c¢6 thé thue hién bwde gidi ma LDPC bing cdch st dung ma tran

kiém tra chin 1é dwoc x4c dinh tr ong mot bang nhu bang 17 ki tv 18 mi bing 6/15.

B¢ giai md LDPC c6 thé thuc hién budce giai ma LDPC biang cédch st dung ma trin
ki€m tra chdn 1€ dugc xédc dinh trong mdt bang nhu bang 14 khi t7 1€ mi bing 8/15.

B0 giai ma LDPC c6 thé thue hién bude ziai mi LDPC ba ng cach st dung ma trén

kiém tra chin 1é dugc x4c dinh trong mdt bang nhuw bang 18 khi tv 1 ma bap 10/15.

B6 g1 md LDPC c6 thé thuc hién bwde gidl ma LDPC bang céch st dung ma trin
ki€m tra chan 1€ dugc xdc dinh trong mét bang nhu bang 16 khi t7 16 mi bang 12/15.

Theo khia canh cta phwong dn 1am vi du khdc aira, sdng ch dé xuér phuong phap
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gidgi mi c6 thé bao gdm bude: thuc hién budc gidi mi LDPC tén tr mi LDPC c6
64.800 bit dua trén ma tran kiém tra chin Ié, trong d¢ rna tran kiém tra chin 1& bao g!ﬁm
ma trdn con tur thong tin va ma trin con chin &, va trong 46 ma trdn con tir théng tin
duwoc tao nén tur nhiéu khéi cot, mdi khdi cot ¢é 360 cbt, va duge xdc dinh trong bang

biéu dién vi trf ctia c4c gid tri mot (1) rong mdi ¢dt thi 360.

Trong khi thye hién budce gidi mi LDPC, budce gidi ma LDPC ¢ 6 thé duoc thire hién
bang cich sir dung ma trdn kiém tra chan 1€ duoc xdc dinh treng mot bang nhu bang 17

khi ty 18 mi bing 6/15.

Trong khi thyc hién bude gidi ma LDPC, budce gidi md LDFC ¢ 6 thé dw rgc thire hién

2

bang cach st dung ma trdn kifm tra chin 1é dugc xdc dinh trong mot bang nhu bang 14

khi ty 16 mi bang 8/15.

Trong khi thyuc hién budc gidi ma LDPC, budc gidi md LDFC c6 thé duge thue hién
bang cich st dung ma trdn kiém tra chin 1é dwgc xdc dinh trong mdt bang nhu bang 18
khi ty 1€ ma bang 10/15.

Tmng khi thirc hién bude gidi ma LDPC, bude gidi md LDPC c6 thé duge thize hién
bang cach st dung ma tran kiém tra chin 1é dwoc xdc dinh trong mdt bang nhu bang 16

khi ty 18 mi bang 12/15.

r
A

Theo cdc phuong dn lam vi du néu irén, ¢ thé nlng cao hifu sudt mi hod va giai

ma LDPC.

Céc khia canh va wu diém bd sung va'hoidc cac khia canh vi vwu diém khéc cua ¢
s o <

[SoN

C

.
A

phuong én lam vi du thyc hién sdng ché s€ duge md td mt phén trong phin mb 3 sang
ché dudi day va s& duoc hidu 16 mot phan sau khi xem ban mé 4 sdng ché ndy, hoic cé

the dugce bict 18 hoan toan sau khi thyc hién cdc phuong an dé.
Mo ta van tit cdc hinh vé

e
ESS LWl

Céc khia canh néu trén va/hoZc cdc khia canh khdc cua séng ché sé dugc hidu 8
hon sau khi xem phin md ta mét sb phuong 4n thyc hiée sdng ché két hgp véi cac hinh

v€ kem theo, trong dé:

Fig.1 12 50 d6 thé hién tir m3 clia md LDPC <6 hé théng;
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Fig.2 14 so @5 thé hién ma trfn kicm tra chan 1& va do thi nhén ti cia cAc mi thong

thwong (8, 2, 4).

Fig.3 1a so d6 thé hién ma trén kiém tra chan 1é theo phuong dn lam vi du thuc hién
sang ché;

Fig.4 13 so d0 thé hién ma trdn ki¢m tra chan le dugc tao ra bang cach hoén vi hang
v cot ciia ma tran kiém tra chén 1€ trén Fig.3 theo phwong 4n lam vi du thye hién sang

cheé;

Fig.5A va Fig.5B 1a céc so d6 thé hién nit kiém tra va mit thay doi dung d€ giai mi
LDPC theo cdc phuong én 1am vi du thirc hién sdng ché;

e

Fig.6 12 so d6 khoi thé hién ciu hinh cua thiét b md hod theo phuong 4n lam vi du
thue hién séng che;

Fig.7 1a 30 d6 khdi thé hién cdu hinh cua thist bi truyén tin hiév theo phueng 4n 1am
vi du thurc hién séng ché;

Fig.8 12 so @6 khoi the hién cau hinh cta thiét bi giai mi theo phuong an lam vi du
thuc hién sdng ché;

Fig.9 12 so d6 khoi thé hién thiet bi giai md theo phuong an 1am v{ du thuc hién
sang che;

Fig.10 12 so @6 khéi thé hién ciu hinh cia thist bi thu theo phwong an lam vi du
thuc hién sdng ché;

z

Fig.11 va Fig.12 1a céc su d4 thé hién hiéu qua dat dugce khi thue hién budc md hod

LDPC theo cic phuong én 1am v{ du thue hién sang ché;

Fig.13 12 Ivu @6 thé hién phwong phdp md hod theo phuong 4n lam vi du thuc hién

sang ché; va

Fig.14 1a luu @ thé hién phuong phép gidi mi theo phwong 4n 1am vi dy thyc hién

séng ché.
M5 t4 chi tiét sang ché

Céc phuong dn lam vf du thyc hién sdng che s& dugc mb ta chi tiét dudi day dua
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e

va0 c4c hinh v& kém theo. Ngoai ra, trong phan md ta cdc phuong an 1am vi dy thue hién

sdng ché s& khong md ta chi tiét cdc chirc ning hoic cau triic 44 bict d€ tranh lam mo gial

phdp k¥ thuét cia sdng ché vi nhitng chi tiét khong cén thiét.

K5 thuat mi hod va giai m3 LDPC trong hé thong truyen thong/phat ring theo cic
phuong 4n 1am v{ du thyc hién sing cheé s& duoc mo ta dudi day.

Trong phan md ta cic phuong 4n 1am vi du thuc hién sdng ché dudi diy cd st dung

céc tén goi va thuét nglt dugc x4c dinh trong hé thong theo tidu chuan truyén hinh phét

rong k§ thuit s6 trén mit dat thé hé thi hai (Digital Video Brozdcasting the Second
Generation Terrestrial, DVB-T2), ddv & mdt trong s6 cdc t u chuén phér ring k¥ thudt

sb ca chiu Au, va hé thong theo tiéu chuén truyén hinh phdt rong k¥ thuét s& cua khu

vuc Bac Mi"/; Advanced Television Systems Committee (A"L SC) 3.0, dang dwge xay dyng

goi va thuét ngtt do, sang, ché c6 thé duge dp dung twong tw cho cdc hé thong khic.

o

Db thi biéu dién phuong phdp mZ hod va gidi m3 mi LDPC s duge md 2 dua vao
Fig.Z.

Fig.2 12 so d6 thé hién vi du v€ ma trén kiém tra chan 1¢ H, cta cac md LDPC duoc
tao nén tir bén (4) hang va tdm (8) c¢0t. Ma tran kiém tra chin 1é H; duoc bizu dién bang

I\

d6 thi Tanner. Dwa vao Fig.2, ma irdn kiém tra chén 1€ H,; ¢o tém (8) va do d6, tr ma

<

c6 do dai bé‘ﬂg tdm (8) dugc tao ra. Cic mi dugce tzo ra dya trén ma trin H; 13 cdc mid
LDPC, vA mdi c6t clia ma tran H; twong tmg véi tam (8) bit ma hod.

Duva vao Fig.2, dd thi Tanner cho cic mi LDPC dwoc mi hoé vi gidi ma dua trén
ma trin kiém tra chin 1& H, duroc tao nén tir tdm (8) nit thay doi, a6 1a
206, x4 208, x5 210, x¢ 212, x5 214 va %3 216, va bon nit kiém tra 218, 220, 222 v 224,
O day, cot thir i va hang thi j ctia ma trdn ki tra chin 16 H, clia cdc mi LDPC 12n
twong Gmg v6i nat thay doi x; v nit kidm tra thi j. Ngoai ra, gid tr1 mdt (1) & giao diém
cua cft thir 1 va héﬁg thlr j cia ma trg 1 kim tra chin 1é H; cta céc mi LDEC, tic 1a gia
tri khdc khong, chi bdo ring c6 canh néi gifta nit thay dbi x; va niit kiém tra thit j trén db

thi Tanner nhu dugc the hién trén Fig.2.

BAc ctia nit thay dbi va nit kidm tra trén dd thi Tanner cta céc mid LDPC biéu thi
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r
~

s0 canh dwgc ndi v6i mdi nit, s6 canh nay ding ba:g s& lowong my

~

mot hang hodc mot ¢t twong ung voi nut iwong ung trong ma tran

cac ma LDPC. Vi du, trén Fig.2, bdc cta cac nut thay ; 361 x; 202, x5 204, x5 206, =4 208,
X5 210, xg 212, x7 214 v& X3 216 lan lzot b%‘_ng 4,2,3,3 2, 2, 2va?2, con bac cua ciac nit
kiém tra 218, 220, 222 vA 224 lin luot bing €, 5, 5 va 5. Ngoai ra, s6 lwong muc khic
khéng trong mdi cot ciia ma trén kiém tra chin 1é H; trén Fig.2 twong Gng v6i cac nn
thay ddi trén Fig.2 14n twot phit hop véi cdc bic 4,3,3,3,2,2,2va 2, va s& Iwong muc
khéc khong trong mdi hing ciia ma rin kiém tra chin 1é H, trén Fig 2 rrong (m
nut kiém tra trén Fig.2 1an lwot phit hop véi cac bac 6.5, 5 va 5.

¢ m& LDPC ¢é thé duee gidgi md bing céch 4p dung phirong phép gidi i
vao thuat todn iéng-’&i@h trén 60 thi hai phia duge thé hién trén Fig.2. O diy, thuif toan
tong-tich 13 mot loai thuat todn truyén thong béo, va thudt todn truyén théng béo 14 thudt
todn trao d6i céc thong bdo qua cic canh néi trén db thi hai phia va tinh cc thdng bdo

xuét ra bang cach sir dung cdc thong bdo nhdp vao & cic nut thay 61 hodc cac nit kién

tra dé cip nhat théng bio.

O day, gid tri ctia bit ma hod thi i ¢d thé dugce x4c dinh dya vao théng bdo cla nit
thay déi thur i Quyét dinh mém va quyt dinh ctmg ¢6 thé duoc thuc hién trén gid i cia
bit mi hod th{ i. Vi viy, hiéu sudt cda bit thir i ¢; cua v m3 LDPC tyong Umg véi hidu

suat cua mit thay déi tht 1, higu sudt nay o6 thé duge x4c dinh dua vao vi i va sb frong

“

cua cdc gia tri mdt (1) trong ¢t th 1 clia ma tra n kiém tra chin 1é. Tizc 13 hiéu sudt cua

Nigpe bit cta tir mi duoc xdc dinh dya vao vi i va s s6 Irgng ctia cac gid tri mbt (1)

ma tran kiém tra chan 1é.

Céc dic trung cha ma tran kiém tra chén 16 cha cdec mi LDPC ¢6 « cAu triic cy thé s&
dugc md ta dudi ddy dya vao Fig.3

Fig.3 thé hién ma trdn kidm tra chin 1€ ¢6 cau tric theo phuong én iam vi du thuc
hién sing ché. Ma trén kiém tra chin 1& dwoc thé hién trén Fig.3 ¢ ciu tric ¢6 thé mi

hod va gidl mi md ¢6 hé thong, wong 46 o mi chiva ti théag tin goc. Ma trin ki

chén 1é theo phuong dn 1am vi du thire niga sang ché s& dirge mé ta dudi day dya trén ma

tran kiém tra chan 1€ trén Fig.3, twy nhién pham vi 4p dung cia sdng ché khong bi gisi

b]

han & ma trén kigm tra chin 1é nhw dwoc thé hién trén Fig 3

¥
e s

e

N
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Trén Fig.3, Nigpe 12 d6 dai cta tr ma LDPC va X idpe 1a @6 dai cha tr thong tin. Do
dai cua to mi hodc do dai cua tlr théng tin 13n lugt bidu thi s6 lwong bit ¢6 trong tlr mi
hoi#c tlr thong tin. M 14 khoang 1dp lai cua mot méu cét trong ma trin con 310 (dudi day
duoc goi 1a ma trdn con tr thong tin) twong ng véi tir thdng tin va Qgp. & khoang cacl
dich chuyén tudn hoin ctia m&i cft trong mea trdn con tir thong tin 310, tro 6 gia tri
ctia s6 nguyén M va Qg duoc xéc dinh theo bidu thiic Qiape = Migpe—Kigpe /M. 3 ¢ day,
Kigpe/M cling 1a s6 nguyén. Gi tri cta M vA Qyepe €6 thé thay d6i tuy thude vao d6 dai cua
tu ma va ty 1& ma (hodc ty 1€ mi hod).

Dua vao Fig.3, ma trdn kiém tra chin & 300 dugc phén chia ra thinh ma trdn con or

thong tin 310 (hoic ma trin tir théng tin) twong Gng véi tir thong tin va ma trn con chan

DY
A

1¢ 320 (hoic ma tran chan 1&) twong Ung v4i phan n chén 1&. Ma trén con tiy théng tin 310
¢ Kigpe €0t va ma trén con chin 1€ 320 ¢6 Ny = NigpeKigpe cot. 84 lwgng hang cua ma
tran kiém tra chin 1& 300 va s8 lugng ¢it ciia ma tréin con chan 1é 320 b:fmg Nigpe—K gpe-

P "‘!\-

Vi trf cta cdc muc ¢6 gid tri 1, tic 1a gid tri mét (1) c¢é mit trong ma trdn con chan

1é 320 gbm c6 céc cot tr cOt thir Kjgp. dén c6t the (N Nlape—1) cua ma trén kiém tra chin 18
300 ¢6 cau tric hai dudng chéo. Vi vy, trong s cdc ¢dt ¢b mit trong ma trdn con chin 1&
320, tat ca c4c bac (& diy, bac 12 s6 luyng gid i mot (1) ¢b trong moi cor) cua cac cft

T

con lai trir ¢dt thir (Njgpe—1) déu ban» ai (2), con béc cia cot thir (Nigp—1) thi barn

().

=
aQ
L;;>
QO
=

Trong khi d6, céu tric cia ma trén con tir théng tin 310, tirc 12 ma tran con gbm ¢

4
s A A 7 1A <

céc ¢bt tr cdt th khong (0) dén cot thi (Kjape—1) tuln theo quy téc nhw sau.

Thir nhét, Kigpe €0t twong rng v&i tr théng tin trong ma rin kiém tra chin 16 300
phén chia ra thanh nhiéu nhém cot, mdi nhém cbdt ¢é M cbt, va ma trin con i thong tin
310 duoc phin chia ra thanh tdng cong 13 Kigpe/M rhdm c6t. Trong céc c§t thude cling
mot nhém ¢dt, vi tri cia cdc hang ¢6 chwra gid tri mét (1) ¢6 mdt mbi quan hé, theo dé
hang c6 chira gid tri mét (1) duge dich c:huyén v&i khodng cidch Qygpe 50 V31 hang lién

i

Trong d6, Quape ©6 thé 12 86 nguyén 162 hon hodc bang mot

o

trude cé cing gia tri mot (1).
(1).

Thit hai, néu gia str rang béc ctia cit thl khdng (0) thude nhdm bt thir 1 1=0, 1, ...
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1 3 5w e AT Rinn o a4 ahive o felomAF (1) 18 RO pdl n(D-1)
Kiape/M—1) bang D; va vi trf cua mo: hang ¢o chiva gid tri mét (1) 12 R, ~(J -~,R}i0’

s

thi chi s6 R*' cia hang c6 chira gid tri 1 thit k, cire 1a gid ori mot (1) thir k, rong gt thix

[}
{2
=
O~
£y
jas)
~

j ctia nh6ém ¢t thir i duoce xdc dinh dya vao biéu thire todn hoc 2

x

R(k) R l(] D "'Ozdp )InOd(Nu; f]ldm) (2)

Trong biéu thirc toén hoc 2 név trén, k=0, 1, 2, ..., D; -1,i=0,1, ..., Kjgp/M-1, va
j=1,2, .., M-1.

Biéu thttc todn hoc 2 néu trén ¢é thé dugce biu dien dudi dang biéu thirc todn hoc 3
dudi day:

&) _ fri) PRI S 1,1‘;1 FETEY 3 e

R® =1RY +(jmod M )x (3, ymodiN,, - K, (3)

Trong biéu thirc toén hoc 3 néu wén, k=0, 1, 2,...D-1,1i=0,1, ... Kg/M-1,va
ji=1,2, .., M-1.

Trong céc biéu thirc todn hoc néu trén, R 14 chi s6 ctia hang cd chira gid tri 1 thiy

k trong cot thiz j cia nhém ¢t thit 1, Nigye 18 40 dai cia tir m8 LDPC, Kygpe 12 30 dai cia or

C;))‘

thong tin, D; 12 bac cta cdt tht khong (0) thude nhém cot thir i, va M la s

As
TO’ g Cot

thudc mot nhém cdt.

hi biét gid tr1 R* io » thico thé biét duoc

U»\

Theo céc biéu thirc todn hoc néu trén, néu

(]

chi s6 ctia c4c hang ¢ chira gid tri 1 thi k trong nhém cdt thit i. V1 vay, khi gid tri chi 3H
ciia cic hang c6 chlra gid tri [ tht k trong ¢t thir khdng (0) cua mdi nhém c6t duge hru
trit, thi ¢6 thé hiéu réng vi trf clia ¢6t va hang ¢é chira gid tri | rong ma rgn k dém tra
chn 16 300 (tirc 13- ma trdn con (I thong tin 310 cta ma (rdn kidm tra chin 1 300) <6 cdu

tric duoc thé hién trén Fig.3

Theo cic quy tac néu trén, tit cé cdc bic cia céc cft thudc nhém cot thir 1 1a Dy
Theo cic quy tic néu trén, cic md LDPC trong d6 lru trit thong tin vé ma trén kiém tra
chan 1€ 300 c6 thé dugc biéu dién theo cich don gian nhwr sau.

Xét mét vi du cu the, khi Nyg,. bang 30, Kigpe bang 15, va Quape oang ba (2), thi thdng

)
1

tin vi trf cua cdc hang cé chia gid i | trong ¢t thi khdng (0) cia ba nhém cdt co th

D>

dugc bieu dién bang cac didy duge xdc dinh dya vao bigu thic toén hoc 4 dudi d2y. Day

-11-
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duogc bidu dién bang biéu thic todn hoc 4 ¢é thé duoc goi 12 diy vi trf cia gid tri 1

=Y

W1 PD = 3 _g p®W 10
R =L R =2,k =8 R =10,

R}y =0, R =9,R =13, (4)
M . @)
Ry =0,R;, =14
Trong biéu thic todn hoc 4 néu trén, F,‘k 13 chi s6 cua céc hang c6 chira gid i 1
thi k trong cdt tht j cua nhém cdt thir i.
Céc day vi trf ctia gid tri 1 dugc xdc dinh dya vao biéu thirc todn hoc 4 néu trén,

Pl

biéu thitc todn hoc nay biéu dien chi 56 cua céc hang o6 chira gid tri mét (1) trong cdt thix

te=)

khong (0) ciia mdi nhém cdt, ¢6 thé duwoc bidu diln theo cich don gidn nhu rong bang 1

dudi day:
Bang 1
12810
0913
014

ma trén kiém tra chin 1¢, trong d6 déy vi trf clia gid tri 1 thir 1 duge

Bang 1 trén day the hién vi uf cua cac myc cé gid trl 1, thc 1a gid i mot

ctia cdc hang ¢ chira gid tri 1 trong cot thir khong (0) cia rthém cot thir i

Khi ¢4t va hang cia ma tran kiém tra chin 1é 300 trén Fig.3 dugc hodn vi

hidu difn bang chi 56

(Lt

m7

O

theo biéu

thitc todn hoc 5 (hodn vi hing) va biéu thirc todn hoc & (hodn vi ¢it) dudi ddy, thi ma trdn

kiém tra chin 18 300 wén Fig.3 cé thé dwoc thé hién dwdi dang ma trin kiém tra chdn 18

400 trén Fig.4.

Ope 1+ =M - ]+z(0\z\f4 -\}\1<(uldp},z.ﬂ~,{ ) Si< K,

Ky + 0y k+1= Ky + M 1+k (0<k<M,0<1<Q

Wm/

Trong phan trinh bay trén day, paép hodn vi hang cd nghia 1a thir ty cac

~

hang cua

ma trin kim tra chan 1¢ 300 thay d6i dya vac biéu thirc todn hoc 5 néu rén. Ngoii ra,

phép hodn vi cbt c6 nghia 1a thir tw cdc cft cua ma irén kiém tra chin 18 300 thay d6i dua

vao biéu thirc todn hoc 6 néu trén.

Phurong phép thue hién phép hodn vi dga vao céc bi iéu thirc todn hoc 5 va 6

-12-
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13 nhw sau. Trong trudng hop niy, phép hodn vi cbt droc dp dyng theo aguysn 1V gidng
nhu phép hoén vi hang, ngoai trix viéc phép hodn vi cot chi duoce dp dung cho ma wan con
chin 18 320 vé&i i=i (0<i<K e ). Phén hodn vi hang d& 1am vi du minh hoz s& dugc

md ta dudi day.

Dbi v6i phép hodn vi hang, i v ; ddp tmg digu kién X = Qugexi+j cho hang o X

duoc tinh, va gid wi i va j tinh duoc s& durge thé vao hidu thitc Mxj+ dé tinh hang dugc

hoan vi véi hang thir X. Vi dy, v6i hang thi by, 1 vi j ddp ing difu kién 7 = 2xi+] 12 i

(:"‘l
T
()
i
.
o

bing 3 va j bang 1, do d6 hang thi béy duge haén vi vél hang thir mudi ba (1
Khi hang va ¢t cha ma rin kitm tra chan 12 trén Fig.3 diroc hoén vi duz vao cic

biéu thirc todn hoc 5 va 6, thi ma trén kiém tra chin 18 26 thé duoc thé hidn dudi dang ma

trin kiém tra chin 18 trén Fig.4.

Dua vio Fig.4, ma trin kiém tra chin 1& 400 cha cdc m3 LDPC c6 chu triic trong d6
toan bd ma tran kiém tra chin 1& 400 duge phén chia ra thinh phién khoi thanh phan va
mdi khéi thanh phin twong g véi rdt ma iran tua t 150 hoan WM.

Ma trdn kiém tra chan 18 400 trén Fig.4 duge teo ra theo don vi 1 ma irén tua tuén

hoan MxM, va do d6, M ¢t ¢6 the duoc got 13 mdt knoi ¢ft (hodc nhém cbi) va M

¢6 thé durgce goi 1a mot khoi hang (hodc nhom hang). T0c¢ 1a ma trin kiém tra chin 1¢ 4

1)

¢6 céu tric dugc thé hién trén Fig.4 ding trong phuong dn lam vi du ndy duoc fac g

=}

Nae_cotma = Nigpe/M Khi 0t V2 Moo ov, = Npry/M khéi hang.

o

Céc ma trdn MXM tao nén ma trén kiém tra chin 1é 400 ¢ cau tric duge thé hién

trén Fig.4 s& duge md ta chi tiét dudi day.

Tht nhat, ma tran MxM 440 cia & chdi cht thir (Nge_coumn—1) trong céc khoi hang thir

khong (0) ¢6 dang nhu dugce xéc dinn dwra vao bifu thive todn hoc 7 cuoi diy:

13-
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0 O { 0
0 * 0

A: O } 0 (f)
0 0 1 0]

Trong ma trAn MxM dugc xdc dinh dwa vao biéu thirc todn hoc 7 néu trén, tat cé cdc

gid tri cia hang th khong (0) va ¢t thir M-1 déu bang ‘0°. Véi 0 <i< (M-2), hang thir

C

(i+1) ctia cOt thir i bang ‘17 va tét ca cdc gid ] con lai d&u bing ‘0.

Thi hai, trong ma tran con chan I& 420 cta ma tran kiém tra chin 18 400 wén Fig.4,

v 0 <1 < (Nigpe—Kigpe)/M—1, kb6 himg tink 1 ca céc kh 81 cor tit (Kigp/ M) duroc tao
N dpe idpc = dpc
nén tir cdc ma tran don vi Ly 460. Ngoai ra, véi § <1< (Nigpe—Kigpe)/M-2, khdi hang

thtt (i+1) clia cdc khoi cdt thir Koo/ M+ durgc tao nén tir cic ma trén don vi Lysay 460.

2
A

Thtt ba, ma trdn con tr thong tin 410 ¢ thé ¢6 clu tric rong d6 ma trédn P thu

N
o ~ A

duoc beng cach dich chuven ruén hofn ma trin tia udn hoar P, hodc ma wrin tua tudn

N

hoan Pvama trdn P“ thu dugc bing cich dich chuyén tuan hoan ma trdn tya tuén hoan
P duoc ket hop vdi nhau.

g .

Ma trdn twa tuan hoan P dugc bigu di€n béng bi éu thic todn hoc 8 dudi day:

0 1 0 0
0 0
P= (8)
0 0 0
10 0 0]

Ma trén tyra tudn hoan P theo biéu thirc todn hoc § néu trén 12 ma trin vudng ¢ kich

s 1 7 o N ~

thudc MxM va 1a ma trén ¢ cdc béc twong ung cua M hang va cdr

=
o
O
)
b
=
I

]
=
i
o~
—
0>
s}
Yo
I

tudn hoan P bing mot (1).

Néu chi sb trén a;j cua ma tran tea tudn hodn P baﬁo 0, thi ma trin tua wén hoan B0

\'\

1a ma trn don vi Iypqu, COD néu chi s6 wén a;

jj Cla ma trin tua tudn hoan P bang oo, thi ma

-14-
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tran tya tuan hoan P 1a ma trin khong. Mhu dwoc thé hién trén Fig.4, rong toan b6 ma
tran kiém tra chan 1é cua cdc mi LDPC, tong sH cbt bang Ngpe = MXNge_column V2 £00g SO

hang bang Npary = MXNge row- Ttc 13 ma rin kiém tra chan 1¢ 400 nhu duoc the hign trén

Fig.4 dugc tao nén tr Ngc_corum: khoi cft va Ngc oy khi hang.

hé hién trén Fig.4 dugc bifu didn bang cic

ED

Ma tran kiém tra chan 1& 400 nhu dwgc t

vi trf ctia ma trin twa tuan hodn khic khéng va cdc gid tr] i chi 80 & cdc vi trf twong Ung.

o

Po6i véi cac ma LDPC, hiéu suit cue tir ma duoc xdc dinh dya irén ma rln kidm tra
chén 1&. Cu the, hiéu suat cua tu ma ¢6 thé dugc xdc dinh theo si phén 't b trong sO v su

»~ s

phan bo tuan hoan ca cdc cft va cic hang.

A

Sw phan bd trong & ctia céc cbt bidu thi 12 ¢d bao nhigu cft cb gid i mor (1) va cd
o /

\

e

bao nhiéu gid tri mot (1) trong mdi cfr trong 86 Nygpe €0t N go'w ra, su phin b trong s6
cua cac hang biéu thi 12 ¢6 bao nhiéu hang ¢6 gid wi mot (1) va ¢ bao nhiu gid tr1 mot

(1) trong mdi hang trong s6 N jape—Kigpe hang. N gocu ra, trong s6 hoZc bic clia gid tri mft
1) biéu thi s6 lwgng gid tri mot (1) cua mbi ¢Ht va hing.
o ¥ =]

O day, sy phan bo trong sd clia cic cot va cdc hang cd thé duge xéc dinh dua vao

phuong phip duogc goi 12 phwong phép trién khai mat &6 (xem tai liéu: Richardson, T., va

URBANKE, R.: “The capacity of low-density parity-check codes urder message-passi

UJ
UC)

decoding’, IEEE Trans. Inf. Theory, 2001, 47, (2), trang 599-61 g

Cu théb, trong trudng hop dp dung phuong phip trién khai mét d6, khi bude mi
hod/giai m3 LDPC duoc thye hién dya wén ma (rén kiém tra chin 1& c6 so dd phin bé bic
cho trude, cé thé wéc tinh duoc 12 cén 1&p lai bao nhiu 14n d8 x4c sudt xuirt hién 161 mi
hod bang ‘0’ vol moi ty sd tin hiéu/tap nhify ( (Signal to Noise Ratic, SNR). Péi véi
phuong phip trién khai méat d6, vi 43 udc tinh xem liéu ¢6 dat duge xdc suAt xudt hién 13i
mi hod bang ‘0’ hay khéng véi didu kiér
khong xdc dinh dugc so dd phén b béc cua me trin kiém tra chén 1& néu chi dua vao
phuong phép irién khai mAt dé khi ma tr4n kiém tra chiin 1¢ cho cdc mZ ¢6 d6 dai hitu han

duoc thiét ké.

Ngoai ra, sb lwgng gid tri mot {1) phy thudc vio so db phén b6 béc clia ma trin
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1

kiém tra chin 1é anh hudng dén mure d6 phtc tzp cia phwrong phap ma hod/gidi mi, va do
d6 can phai thiét k€ ma trén kiém tra chan ¢ dya wén hiéu su 40 clia mi dwec kidm tra

khong chi dua vao phuong phép 1y th uyét dwoc goi 1a phuong phap trién khai mat d§ ma

Y

con dya vao muic d9 phurc tap ¢lia phuong phdp mi hod/gial mi thyc 1€ vi ma trin kiém

tra chin 1é duge thiét ke.
Phwong phap thiét k& ma trén kiérm tra chn 1¢ s& dwgc mo ta chi tiét duwdi day.

Ma trin kiém tra ch3n 1& c¢6 thé c6 rat nhiéu dang khac nhau, nhung sdng ché chi
nhim thié ké ma trin kidm tra chin 1& ¢6 cdu tric cu thé nhu dwoc thé hién wén Fig.3.
Ngoai ra, ma trén kiém tra chan 1€ xdc dinh so do phin bo béc, trong d6 hé s6 téng ich ma

hod ¢6 thé dat dugc gid trj tol ¢a, dya vao phuong phédp trién khai mét dé va phuong phap

7
ALS

loai bé dinh ky, hién twong san 16i xuat hién trong ving ¢d gid ri BER/FER thip. Nhu d3
néu trén, ma trén kiém tra chin 1& 300 ¢4 cdu tric dvoe thé hién trén Fig.3 chuyén thanh

ma trin Kiém tra chén 1¢ 400 c6 cAu triic dugc thé hién trén Fig4db in céch hodn vi bt
va hang. D4i véi cu triic trén Fig.4, ma trén Xiém tra chin 1& 6 thé duoc thiét ké dua
trén ma trin MxM, va do dé c6 thé thidt ké dé ¢ cang. Vi vy, theo ohuong 4n 11r_4 vi du
thyc hién sang ché, ma tran kiém tra chin 1& duoc thidt k2 dudi dang me trén | Kitm tra
chin 1¢ 400 ¢6 cdu tric dwoc thé hién trén Fig.4, v sau d6, ma trén kiém tra chin 1& 300

~

c6 cau tric dugce the hién trén Fig.3 dugc thiét ké bang cach hodn vi hang va cft.

Phwong phip ihlet ké ma trin kiém tra chin 18 theo Uhhmo én lam vi dy thuc hién

re

sdng ché s& dwgc mo ta chi tiét duwdi day.

Budc 1) Xéc dinh kich thudc Ny, va K, va gid tri cia M va Qua,e o1z ma trin

kiém tra chan 1é cén thiét ke.

Theo phuong 4n lam vi du thuc hién sdng ché, cic thong s& néu trén cta ma trin

kiém tra chan i€ c6 thé dwgc xéc dinh trong bang 2 dudi diy:

-16-



9 1A ~ b WY w A i ! W T I A
Ty i¢ ma Nigpe Koo N ity M Cidpe Nyc_column | Ny

| ldpe pusity b C Qg Jc_row
6/15 64800 25620 38EE( 260 : 108 180 108
8/15 64800 34560 40240 260 84 180 84
10/15 64800 43200 21600 260 | 50 180 60
12/15 | 64800 51840 12960 260 36 180 24

2 7
A - ~

Pbi v6i ma tran kiém tra chian 18 400 o6 28u tric duge thé hign trén Fig.4, ma trédn

con chin 1€ 420 1a ¢b dirth, va do 4o, chi cAn xéc dirh vi trf va su phén bo cta gid ri adt

i AULL

(1) trong ma tran con v thing tin 410. Mgoai -

14 trl mbt (1)

U\?

trong ma trén con tir thong tin 410 duoge 120 ra theo dom vi 1a ma trén tua tufn hoin M, A,

LLgii

v do d6. sé lwong va vi tri ctia ma trén fua rdn hoan, khong phai 1a ma win khong, va

] g,
ac gié tr1 khoang c4ch dich chmfan tudn hodn, tirc 1a gid tri chi sC ctia cic ma trdn tya
tuan hoan, dwoc xdc dint.
Dudi diy, ¢ budc 2, s luong ma tedn tya tude hoan, khéng phai 1a me trin khong

dugc xéc dinh.
Bude 2) Xac dinh so @6 phén bo t Ac ctia ma tdn kiém tra chin 1¢ 1 L,ar; phuong
phép trién khai mat d9.
Nhu d& néu trén, sy phin bé cia g1 i mét (1) trong ma trdn ki & tra chin 18

r
2

phéan chu yéu vao hiéu suat cua cac ma LDA C. Vi vay, theo phuong 4n 1am vi du thuc

hién sing ché, sy phin b6 cta gid tri mdt (1) trong ma trAn kiém tra chin lé dwoc xac
dinh bang phuong phip trién khai médr 30, Tkc (& so @0 phin bo bic cb kha néng c20 nhét

» P

xdy ra truong hop 1a x4c suat xuat hién 16i héi o

2

hién phwong phdp giai mi 13p vdi s6 1an bang s6 14n dinh owde, the 12 so d0 phin bd bic

cé ty 1¢ SNR thdp nhat, dwgc chon trong si

s
Q;»
[
o
(@)
Qn
(]
w
Q
[N
Q>
e
pe
oy
=
o
€
w3
&
(@]
@)
[®N
i
D>
O
[

Trong truomg hop nay ¢é cdc dicu kién han ché nhw sau:

CA e TA bgar A (AN ey e A gy "‘(m % FA e fav
1) S6 lwong gid w1 mot (1) wong wdHt mi LOPC anh nwdng Cén muc 4§ phic tap

han ché sb leong gia trt mét (1),

2) Neu so lrgng gia tri mdr (1) rong mdt ¢ét 13 khac nhay, thi mic dj phic tap cla

4 - Py
<& v e AT

gid i mot

Q'n(

phuong phép giai ma cd thé tiag 3n, va do d6 phai han ché céc loai 6 luong
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(D).

3
7 - A

Trudc het, tat ca cac so 5 phin b béc (cdc danh sich) co thé ¢ duoc x4c dinh dua

trén ma trén kiém tra chan 18 ¢6 céc thong s6 nhu dugce thé hién trong bang 2 néu trén ¢

r
A

xem xét den céc diu kién han ché néu trén. 'Fle§ theo, sau khi gid tri SNR dich cho méi
ty 16 ma dwgc xdc dinh, khi cdc mi duge ma hod/gidi mid LDPC dya trén ma trén kiém tra
ch&n 1& véi céc so @6 phan b bic ¢6 trong dank séch dat dwge gid i SNR dich bing
phurong phép trién khai mat d6 duge gidi mi, thi s& x4c dinh dugc 12 can 13p lai bac nhiéu

14n dé cho xdc sult xuat hién 161 hoi tu dén mét gié tri dinh rudce.
Trong tredng hop ndy, véi moi so dd phin bd bic 6 trong danh séch, khi xéc suflt

13p 7t hon mgt gid i1 cu the,

@]
Q¢
(]
W
Cire
fu—
=
=
[—

xuat hién 16i d3 hoi tu dén mét gid tri dinh trwde

-
Ne AN

thi gid tri SNR dich s& dugce digu chinh thip xudng va phuong phip il ién khai m 14t 46 doi
vdi so d6 phéan bo béc duge thyre hién thém 14n nta.

Tuy nhién, khi gid tri thu duge o phirong phép widn khai mét 46 dbi véi tat ca cdc

~
A

so dd phan b6 bac khong héi ta mic dis s6 1an 13p nhiéu hon gid tri cy thé, thi gid tri SNR
duoc didu chinh cao 1én v3 phuong phdp trién khai mét d6 d6i véi so dd phan bd bic
dwoc thwce hién thém 1&n nira.

Z

Trong s6 tit ca cdc so d6 phan bd béc ¢é trong danh sich, so ) phén bo bic

A

¢é Xac
suat xuat hién 161 hoi tu dén g!a tri dinh triedc hoic ¢ hap hen gid tri dinh trwde vé gid i

SNR théap va s6 1an gidi ma kf%p {t (trc 12 85 1an 13p it) duge chon 1am két qua cia bude 1.

Budc 2) Xéc dinh vi tri clia ma trdn khdc khdng tua tudn hoan dua vio so &5 phan
bd bic dugce x4c dinh & budce 2

,

O budc nay, vi trf cia ma irdn khic khong tua tudn hoan duge xdc dinh dua vao
thuét todn PEG d3 biét (xem tai liu: X.-Y. Hu, E. Bleftheriou, va D.-M. Arnold,
“Regular and irregular progressive edge-growth tanner graphs”, IEEE Trans. Inf. Theory,
vol. 51, no. 1, trang 386-398, Jan. 2005). Trong trudng hop nhu véy, céc diéu kién han
ché bd sung ¢ugc d& xuit theo sdng ché nay 12 nhim tac ra sé luong gid iri 1 trong mdi

hang sao cho déng déu nhat.

r

Budc 4) Cén phai diéu chinh chi sé clia cdc ma rin twa tudn hoan dé ngan khoéng

cho x4y ra hién twgng san 15i.
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O budc n2y, ma trin con chdn 1€ 1a khdng ¢ cén xem xét. Trong ma

tran con tir thong tin, chi can thay ddi gid tri chi 80 ctia cde ma irAn khdc khong tua tudn
hoan nim trong mdt hing dinh trude tir it ¢6 bac thép nhat.

O budc nay, tat ca cdc chi 56 cia cdc ma (rén khdc khdng tua tudn hoan, trir ma trén

-

con chin 18 420, nidm trong cling moét hang cin phéi ¢é cdc gid tri khdc nhau.

Thit ty ctia cdc hang ¢d gid tri chl s& thay do1 6 the 1a khéc nhau. Vidc thay doi gid
tri chi s6 dugc 13p lai cho dén khi gié tuAn hoan nhé nhit khong ting 1&n nita hoic s0
lugng nit thay d6i c6 gid tri tuan hoan aho nhir khong cai thién thém nita. C d2y, budc 4

duoc goi 1a budc nang

trén Fig.4 thanh chu triic nhu tréa Fig 2 bing phép hodn vi hin

Trong trudng hgp nay, phép hodn vi hang ¢6 thé dugc thuc hidn dya vao biéy thic

toan hoc 9 va phép hodn vi cft ¢ thé ¢uoc thuc hidn dua vao biéu thitc todn hoc 10 dudi

day:
. ,«‘ ] b AN
M i+j= Q4 j+i02i<0,, 0 j<M) i=i 0= Ko (%)
] ; ) it o<y < i< A (10
Km“ﬂfk+u4ﬁw;%%w%+kW§K\%Mﬂ§£\ﬁ) (10)

Phuong phap thiét k& ma trén kiém tra chan 18 dua vio truong hop ty 16 ma bang
10/15 (= 2/3) @€ 1am v{ du minh hoa s& duge mo & chi tiét duéi d
Budc 1) Xac dinh céc thdng s6 Nigye va Kigp. lién quan d€n kich thudc va gid i cua

M va Qjgp. ch1a ma trén kiém tra chin 1& cin thist k& nhu duoc tha hién trong béng 3 dudi

day:
Bang 3
Ty 16 ma Nldpc Kldpc 1\\Tpm—ity M l Qldpc It‘Jqc__co'!l_m’zn | N gqc_row
10/15 64800 43200 21600 3606 | o0 180 50

Buéc 2) Xdc dich so d6 phén b0 bic cia ma trdn ki€ém tra chin 1& bing phu

Q
-
U]

phdp trién khai mat d.

Nhu d% néu trén, su phin bé cida gid tri mét (1) trong ma trin kiém tra chin ié gép
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phan chu yeu vao hiéu suat clia cic md LDPC. Vi vay, theo phuong an lam vi du thuc

hién sdng ché, sy phin bd cua 2id iri mét (1) trong ma trén kiém ira chén 1é duoc x4c

T A A

dinh bing phuong phap trién khai mat d6. Ttc 12 so d6 phén b6 bac ¢6 kha ning cao nhét

A
e

x4y ra triedng hop 12 xéc suat xuét hién 101 hoi ty dén mét gid tri dinh trrde sau khi thuce
hién phwong phép gidi ma [3p véi s6 1an bang €0 lan dinh trwdc, the 12 so @6 phén bd bic
cé ty 1€ SNR thip nhét, duoc chon trong o tt cd cde so d6 phin bo bac b the co.

I3 ~
2 AL N

Cic so d6 phan bo ma trong d6 xdc suat xuét hién 161 ¢6 nhiéu kha ning bing mdt

gid tri dinh trudce vdi gid tri SNR thép nhat sau khi thye hign phuong phép trién khai mét

d6 s& duogc chon trong s6 tat ca cdc so 46 phan b6 bas ¢f the ¢d. Vi du, d6i véi cac so do

i€ dat duogc gid

[aeT

phan bé dwoc chon, kkhi gié tri SNR = 2,6 dB, 1k s& thu duoc 36 18n izp
tri BER = 10~ bing phwong phap rifp Khai mat 66, Céc se dd phin bd dwoc chon v s
1an 1ap thu duoc dwa vao phuong phép trién khai mét &6 4p dung cho céc so dd phan b
duoc chon dugc thé hién trong bang 4 dudi diy. Trong bang 4, N(x)) 12 sé Trong nhém

c6t hodc khdi ¢t c6 béc x;.

' l
1 16 | 23 4 2 3 .95 2 60 55 |
2 6 | 23 | 4 | 13 3 84 2 | s 55
3 17 20 4 31 | 3 69 2 60 73
4 17 19 4 42 1 3 59 2 | 60 94
5 15 26 4 0 3 94 2 60 52 |
6 16 24 4 0 | 3 96 2 60 53

Budc 2) X4c dinh vi tr clla ma tran khéc kadng twa tudn hoan dua vio so do phin
b6 bac dugce x4c dinh ¢ budc 2

Theo phuong 4n 1am vi dy thws hién séng ché, so d6 phin b b6 béc cho truomg hop 6
trong bang 4 néu trén duge chon. Ngoii ra, dé d4p tng so db phin bd bac dwoc chon, vi

tri ctia cadc ma trin khédc khdng twra tuén hoin droc xac dinh.

Ly do chon truong hop 6 12 vi, nhur 43 néu trén, 6 lugng gid tri mdt (1) phu th

[
>
O

vA0 5o dd phan b bac cia ma tran kidm rra chdn 12 anh hudng d&n mirc &6 phic tap cla
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i

phuong phdp ma hod/gidi ma, v2 do d¢ can phat thi

hiéu suar cta mi khodng chi dua va

Bude 4) Can phai diéu chinh chi 88 cha cdc ma trén tra tufn hodn d€ ngdn khong
b

cho xay ra hién tugng san 161.

Béng 5 dudi day thé hidn vi i v

t=4

ma trdn kiém tra chan i¢ 400 cé cau

phuong phép néu trén.

(xemb bude 4 trén ddy)

Chi s6 clia cdc nhér cdt of chitra me trdn khac khdng

tya tuén hoan cta bang thir i

0]36121415233461 8187108129175 1350 |
1|14910131938497983 106120121 | 31315
2135152022234462789199 121 122 21533
3] 081216212328569398117 122123 12113 |
4 178916192046 55 64 101 123 124 L 10428
50231213182024 5480112114 124125 i
6168 141617344074 102107 125 126 | Z
7] 481012152035 37 4875 103 126 127 ‘
8041417212333 65788298 127 128
9| 56131819212241 6776 109 128 12¢ |

I ] ]
10112551113142560691 103 112 129130 ' L
1116781115212338

7 1
12 | 4111920212225478G 111 115 131 132 i
1313571415171837698

1411471014 15172028 5277 38 133 134

15104568183%437179 104 13413

16 1145182122406038497 118 135136
17 166914212223275%75 110 136 137
18 1 141118212331 66737751 137 138

191 381217182247 6550 102 117 138 135

I
~1

20 2111315222442497588 139140

21 105791216174551 84 108 117 140 14]

22 1251011 151732342 597287 141142

2316781013171923

24 14111317 19224070 88 100 113 143 144 ' J
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25127121516 173254 6899 104 144 145 5'1?7298-’5313172443j312118823298lﬁ

26 | 37 141620223848 8598 100 145 146 ‘ 21076 19627 126 248728762138 171 00

27 159102021 232752679094 146 147 215 238252 154354 147 25422225337 100

28 | 23471214164258 829597 147 148 21313 1541021232422901261373 19800

291029 10182129556989 102 148 149 192 26 268 101 49 13315233 16131021900

30 | 138910172043 6376100 149 150 225532564250265344 15726532400

3110279212232476192116 150151 2513294144203 1359013724221571090

32 13812151619233564 73106 151 152 75953305210 763162782544119400

331 01568912365272105112 152153 193 289 122 345 268 45 252 14242 244 261 216 C 0

34 1236111314305383109119 153 154 198 238 102316125311 215304 1712332500 |

35105717192324637896118 154 155 | 32521228134546 101151 172236 1385100 ‘

36 12591012151926566671 107 155156 1 551223799228 150213 1049125192131 00

37 | 1461822232951 618596 156 157 21C 300236 46 341 2333314 1076034200 '

38 128111416181939547382119157 158 ’ 110225 136154222 15550273 159622407500 J'
39 291315162023364986 101 158 159 ) 125324179352 157 31141 213 260 215 2240 C

40 | 1'3612181931579295114 159 160 03 265202 21515265 100118 275280 10C 0 C (

411 047912204150647496 160 161 | 255328 353334393 305316 28257341 292 00

42 114141519202832868%2110 161 162 | 74 103 45 205 151 222 156 106 358 170 294 0 0 X

43 131011 16 182122455358 111 162163 | 14860 91 137330224338 144 1286528400

44121011 1213141524 576768 115 163 164 , ZU7720651849316€ 125322962104 00

45101910 1320265930106 113 164 165 ’ 310 173346 83 239 206 327 198 262 64 28300 0 ;

46 | 257815161941 44 7085 105 165 165 250 147 233254 8792243 266 1322222729000

47 1 14612222339535564 116 166 167 110 124212 137 199 102 123 136 13228623100 t

48 | 671012152122 4866 8797 167 168 1 133207 254348289340 18935 113273900

49 1 451011162330516290101 168 165 52i31827i8231 245419264 206311 00

50 1 3514181922255789 105119 169 170 ] 304 29§ 25632909 110263 181 24634013 0 ¢

5111891314 1618427181 1€9170171 ;1829011{)33 30310193272501735930C0 ‘

52101011 13 1620354486 108 115171 172 l 255 356 84 303 323 200 351 49 287 307 200 0 0

531211 17212223316293104 113172173 | 74127272 61 163 349 261 183 12559 117 0 0

541056911134546657081 173174 35530277 163 179218 178 256 85 286 327 0 0

5512681720232637627695174175 230887185126 193300 25261340 120C0

56 136810192136506093 116175176 | 728924039250 214 2252217688251 00

571467911 1215336369 107 176 277 373655[}8&‘ 33233 2732254232600

581 0371415171827467992 118 177178 12439 149 116 100 145240290 57 304 105 136 0

591 1121718202130507799 111 178 179 31735 148534132347 1432634223700 !

60 | 36121415233461 8187108120179 350 1227290310344 85 245 10 12930359

61| 14910131938497983 106 12C 121 313 156 22582272455 1172805621100 K

62 | 35152022234462789159 121 122 ? 21935262344 1182505 2383522301200 0 |

631081216212328569398117 122 123 | 211302 339 64 228 247 147 13 38 143 2470 0

641 17891619204655064 101123 124 104 289301 304 5 17024439 185268 C 0

6512312131820245430112 114124125 535530593 30688962882252 12400

66 | 168141617344074 102107 125 126 | 309348 241 9841 833 143 140 102227 0 C

67 | 481012192035374875103 126 12 : 108 341 333 17 211 187 104 239 140 284 1375 0 i

68 | 04141721233365768298 127 128 ! 32 165219233 270282 €3 281 26422520950 1

69| 5613181921224167 76109 128 129 ; 8207200 148 234 33 307 100 202 162540 0 |
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70

12351113142960091 103 112129 130

71

67811152123385837274 130 131

72

41119202122254780 111 115131132

73

3571415171837698384 110132133

74

1471014151720285277 88133 134

75

0456818394371 79 104 134 155

14518212240608497 118 135 136

77 1 069 14212223275975 110136 137 301518 119
78 | 141118212331667377S1 137133 %73222‘3173433222& 293 15972681700
79 | 381217 1822476590 102117 138 129 l 11730282 1482827299 1224221231100
80 | 02111315222442497588 139 140 18186278 1309 186572942552936700 ;
811 05791216174551 84 108 117 140 141 141342 4527083272333 19 105153214 13400 |
821251011 1517334339 7287 141 142 23099 183 227 276391 28845 156 17334 0 0
83| 67810131719255694 103 114 142 143 | 248 36 200 344 59 183 1 86 341 16324925200
841 41113171922407088 100 113 145 144 214 302 90 221 3 359 263 29549 77 250 0 O
85| 27121515 1732546899 104 144 145 : 127 208 45313 17244310122 18323288 0 l
86 | 37 14 16202238 48 3598 100 145 14€ 21076 196 27 126 24372 876213817100
87 | 591020212327 52679054 146 147 | 215238 252 154 354 147 25422225837 100
88 | 23471214164258 829597 147 148 E 21313154102 123242290126 1373 193800
80 | 02910182129555983 102 148 149 192 26 265 101 45 133 15233 161 310216 0 C ‘
90 | 138910 1720436376100 149 150 22555256 42 53 265 344 15726532400 ‘
91 10279212232476192116 150151 , 2513294 144 203 13590 1372422157100
92 | 38121515619233564 73106 151 152 1 7595330521976316278264 4119400
93 101568912365272105112 152153 | 193280 122 345 268 45 252 142 42 244 261 216 0 0
04 12361113143053383109119 153 154 198238 102316 125311 215304 1712332500
95 | 65717192324637396118 154 155 325212281 34546 101 151 172 236 13851 00
96 1259101215 1926566671 107 155156 ' 531223799228 150213 1049129192131 C0
97 | 1461822232951 618596156 157 210200236 46 341 2333214 1076034200
68 | 2811 141518193934 7382116 157 158 t 110 225 136 154 222 158 50 273 155 62 24076 0 0
99 | 2913 15162023 36 49 86 101 158 159 1252324179352 157 311 41 213 26021522400
100 | 13612181931579295 114 159 160 09265 202 21013 265 100 118275280 100600
101 | 0479 1220415064 7496 160 161 266228 333343 93 3053162825734129200
102 | 1414 151920283286 89110 i61 162 74 103 435 205151 222156 106358 170284 0 C
103 | 31011 161821224553 58 111 162 163 | 148 60 91 137 230 224 338 144 128 65 28400
104 | 210111213 141534576768 115 163 164 1217720651 849216 12532296210400
105 019101320265930 106113 164 165 } 310 173346 83 230206 327 1982626428000 5
106 | 257815161941 447085 165 165 164 | 250 147 233 254 87 92 243 200 12 22222729300
107 | 14612222339 535594116 166 167 110124217 137 199 102 123 186 13328023100 E
108 | 07 101216212248 658757 167 168 133 207 254 348 289 340 18935 113273500
109 | 451011 162330516290 101 168 169 25901827 1823172484 19294206311 0C
110 | 3514 181922255739 105118 165 178 304 298256320 00 110253 181 249340 1200 |
111 1189131416184271 81109170171 [ 10290110343 5803101632725017358300 1
112 | 01011 131620354486 108 115171172 ‘ 259 356 §4 303 323 200 351 49 287 307 2000 C
113 1 21117212223316293104 113172173 ' 74127 27261 163 349 261 183 12559 11760
1141 056911134546657081 173 174 135330277 163 179 218 178 286 85 286 327 00
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1151268 1720232637627695174 175 ! 280 8 87 185 136 193 300 25261 340120C 0

116 | 368 10192136506093 116175176 7289724039 250214 2252217688291 00

117 | 4679111215336869 107 176 177 © 7365 150801232332732284232600

118 | 037 1415171827467992 118 177 178 | 12439 145 116 100 145 240 290 57 204 105 1300
119 | 11217182021 30507799111 178 179 31735 148 634132347 1432634223700

Bude 5) Can phai chinh stra ma trén kiém tra chin 1é dwoc thict ké o

N

trén Fig.4 thanh ciu tric nhw trén Fig.3 bang phép hodn vi hang va phép hodn vi cor.

Vi du v& ma trin kiém tra chin 1 dwoc thiét ké bang phwong phép thiét ké ma tran
kiém tra chan 1é néu trén s& dugc md 1@ dudi day.

~

P4 biét rang mei ma tran kifm tra chén 16 H, déu frong durong véi ma rén kidm tra
~ chan 18 H, thu dugc bing cdch thuc hidn phép hodn vi hang va hodn vi cdt rén me iran
kiém tra chin 18 H . Toe 1a moi ma tridn ki€m tra chan & ¢6 chu tric dugc thé hién wén

Fig.3 déu twong duong véi ma {rin kiém tra chin 16 ¢6 cdu tric dwoc the hidn trén Fig 4

thu dugc bang cich thyc hién phép hodn vi hang va hodn vi ¢6t wén ma trd
chan 1é trén Fig.3

Ngoai rz, ma trén kiém tra chin 1é cd chu tric duwoc thé hién wén Fig.3 vi ma trén
kiém tra chin 1& ¢d thir tir cia cdc nhém bt cia ma wan kidm tra chan 18 wén Fig.3 thec
phuong dn lam vi du nay cling titong dwong voi nhau. Ngoai ra, kind gid tri chi s0 cuz cic

hancr c6 chira gra tri mot (1) trong ¢t thix r\hgug (0) ctia nhém ¢t thiz 1 12 !

duong vdi nhau néu nhu gid tri chi ¢4 cia cdc hang cd chua gid o1 mot (1)

khong (0) thudc nhém cbt thir i dugce thycn thinh (K401, xy) mod (Wigp—Kigpe)

(I £k <m). Qigpe bang Nigpe—Kigpe)/M nhr d2 néu irén, trong 46 M 1a s6 lugng cot thude
mdt nhém cft. Ngoai ra, v 12 hdng s6 bat ky.
Xét mot vi du cu thé, khi IV, idpe 0@ng 30, Ky béng 15, va U bang 3, thi thong tin

vi trf clia céc hang ¢ chia gid tri 1 tong cbt thir khong (0) clia ba nhém cdt diwge thé

Ou

hién trong bang 6 dudi day:
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12810
0913
014

Khi y bing 2,
vi 1 — (143x2) mod 15 =7
2 — (243x2)y mod 15 =8

8 — (8+3%2) mod 15 = 14
10 — (104+3x2) mod 15 = |
0 — (0+3%x2) mod 15 =6
9 — (9+3%2) mod 15 = 0
13 — (13+3x2) mod 15 =

N
o

0 — (0+3x2)mod 15=06

14 — (14+43%2ymod 15 =5

cho nén cac ma tran kiém tra chin I¢ tuong duong véi nha 1 néu nhur théng tin vi o
cua hang ¢6 chita cdc gid tri 1 trong cic c6t thit khong () cia ba nhom cdt duge x4c dinh

trong bang 7 dwdi day:

Baag 7

78141
604
65

Ngoai ra, cdc ma tran kiém tra chin 1& tuong duong véi nhau néu nhw thir ny cia cic
nhém cét dwgc thay d6i, va do d6, cAc ma trin Kiém tra chin 1& duge x4c dinh trong bang

8 dudi day cling twong duwong véi nhau.

063
014
12810

r
A

Ngodi ra, d6i v6i ma trdn kiém tra chin & ¢6 can tric
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~

phuong dn 1am vi du n2y, khi cac gid ui chi sé clia céc ma trén tya tudn hodn c6 mit
trong cling mét nhém cgt hoaﬁ khdi bt d‘:;@f@ cong thém hoic trr bét ¢l ng mot 51& tri, thi
ma trin kidm tra chin 1& ndy ¢6 thé gidng véi ma irda kiém tra chin 1é trudc. Ngodi ra,
céc ma trin kiém tra chin 1& ma trong &6 thir tw cua cdc khéi ¢t 6 thay d6i thi fwong
dwong vdi nhau.

Vi du vé ma trdn kiém tra chén 1€ 6 cAu tric dugc thé hién trén Fig.3 dugc thiét ké
bang phuong phip thiét k& ma tran kiém tra chin 12 theo phuong 4n 1am vi du thuc hién

sdng ché s& dwgc md ta dudi day.

. bang 6/15, M biang 360 va

Vi du, néu d6 dai cia tir ma N, dpe
Qugpe bang 108, thi chi s cta cde hang cb chia gid tr] mdr (1) trong cdt thi khong (0) cia
nhém cdt thiy i trong ma trin kiem tra chan 1& ¢6 ciu trde trén Fig.3 duge the hign trong

bang 9 dudi diy:

L

Bang 9

i Chi s6 cua céde hang cé chia gi4 tri 1 trong o6t thit O clia nhém cgt thit i
0 | 891 2309 3515 5472 8525 10308 11096 11503 11553 12420 13258 15489 15883 17561 21293 23132 25133

28163 30811 31810 24215 34584 36541 38410

1 | 3290 5479 5596 6546 7021 7566 9274 9303 10047 10278 10956 12393 18309 19755 15790 20828 22690
2523526853 31571 31893 36500 36772 37536

2 | 10314765 5011 5200 6189 8985 12056 12366 14439 15482 16521 18338 19165 19476 21455 220096 22585
23699 23858 24649 20113 31490 31960 34564

3 | 1619 2364 2889 3409 7278 7384 8220 11204 11694 12064 16087 16722 19633 21525 24373 25817 29614
31392 33508 34329 34352 37006 37080 38444

4 | 36125474 6202 8521 11153 12202 12213 12962 13868 14359 14385 13072 15375 18156 18308 26375
28004 28905 29697 30000 30686 32819 34407 38683

29249 30830 32607 35202 38303 38402

5 | 14412527 3103 3297 6303 6421 7233 8011 82350 8909 10358 12855 14652 17508 17810 21259 22423 23264

6 | 45151864 6876 7245 7371 919G 11814 13748 15774 20161 21526 24462 24884 25737 26251 27266 29957
34779 35082 36664 37354 37516 37637

7 | 368 4867 6985 7663 15368 13947 16235 16544 17466 18835 21544 21903 22422 23080 25411 25938 26128
29554 29847 31845 22714 36101 37324 38004

8 | 11252843 3161 3172 6296 8216 9506 9222 10005 11455 12555 12915 13814 13872 17916 19481 22046
23394 26020 32002 25467 36616 38306 38784

9 | 803 1133 1439 4618 5708 7048 8114 8195 9089 10238 12403 12520 14005 14104 16527 19186 20343 22595
27314 30851 35338 36223 36754 38504 :

10 | 988 1723 2736 2849 3827 7076 12613 12989 13268 14323 13 20703 20872 21170 25384 28187 29524
29693 30028 30948 32598 32733 32506 34536

11 | 6085 8070 8611 108¢C 11848 13126 15737 19744 21503 21572 21598 224568 23444 23753 26698 26722
29679 29599 31803 32206 33479 34221 36608 38731
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12

1410 1790 3290 7470 9833 10001 10966 11262 11687 12155 12807 16606 17295 20105 23354 23405 27107
28277 29386 30326 32151 32641 33649 36765

13

817 2791 2937 3886 5881 9637 10675 10815 L1924 13044 16160 19321 19557 24463 26365 28182 29386
31428 31708 33113 33975 34626 36265 36650

14

1393 6471 7153 7266 7647 11124 13430 16396 21033 21227 23273 24502 25273 27868 29107 30726 31551
3168732757 33126 33764 35951 36021 36264

5003 10529 15986 32408

1236 75663 14599 24745

10824 16168 16783 29318

6834 29474 29608 29779

2709 8594 20859 23739

6014 11516 14715 36702

2784 6493 27798 35084

1044 5892 13056 18720

2875 19737 21893 32447

11358 17502 34706 36472

11527 23325 28196 33428

24282597 3177 3905

29269 33353 33791 37487

204 14925 222590 26279

18959 19007 24212 27094

13813 14631 17097 31294

11523 17559 30617 37966

14821 22942 28281 28353

3440 8417 8534 24133

10186 20333 24737 34733

12388 31132 33131 36927

7311 16914 19363 30528

16762 23990 30952 36068

1872 9840 33270 37616

14047 17094 18244 24107

1903 21121 22616 38860

5979 16278 27327 34238

7644 10438 25622 36526

1243 2701€ 31393 38210

179 1944 5719 15315

17318 24311 37325

1528 10135 33640

1321 15978 25776

16957 21572 26719

14349 15799 29164

574 5582 20145

8814 14785 31081

667 7530 25659

7823 23615 37483
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54 | 12766 30755 35656

55 | 4302 11660 36217

56 | 7393 11724 20441

57 | 864 13910 22924

58 | 5500 10085 31057

59 | 5399 13946 32583

60 | 1364 12425 36203

61 | 123562495 § 32026

62 | 1089433813 38525

63 | 15456 15794 28350

64 | 6603 25570 33797

65 | 8709 19457 38831

66 | 330 9502 24362

67 | 12579 15733 34408

68 | 2844334954 37293

69 | 3123 8513 19702

70 | 1697622876 26384

71 | 2039929971 33952

Nhu vy, vi tri cua cdc hang ¢ chlra gid tri mdt (1) trong cot thir khdng (0) cua mbi
nhém c6t c6 thé dugc xdc dink dwa vio chi sé caa céc hang cb chira gid tri mét (1) rong
c6t thir khdng (0) ctia nhdém cot thir 1 Cuge thé hién trong bang 9 néu trén, va, bing cicl
dich chuyén hang c6 chira gid tri mdt (1) trong cét thir khong (0) cia m 18i n
khoang céch dich chuyén Qidpe, thi €6 thé xdc dinh duge cdc hing cé chira gid i mot (1)
trongvcéc c6t con lai ciza nhém cft. :

Trong vi du néu trén, vi Quap. = (64800~ 3920)/36@ = 108 vA chi s6 ciia cdc kﬂ‘g:@
chira gid tri mot (1) trong c6t thir khéng (8) cta nhém cdt thir khong (0) bing 891, 2306,
3615, ..., nén chi s8 cua cdc hing c6 chira gid tri mdt (1) trong cit thu nhét clia nhém c6t
thir khong (0) ¢6 thé bang 999 (= 891+108), 2417 (= 2309+10
va chi s cla céc hang ¢6 chira gid tri mdt (1) trong cét thir hai cda nhém cft thir khon

(0) c6 thé bing 1107 (= 999+108), 2525 (= 2417+10%), 3831 (= 3723+108)

Ma trén ki€m tra chin 1€ cling ¢4 the duge xdc dink bing phwong phip duoc mé ta

dwa vao bang 9 néu trén theo phurong 4n lam vi du thye hi€n sang ché.

V1 du khéc, néu d¢ dai cda tir 2 Nigp, bidng 64800, ty 1€ md R bamg &/15, M b%mg
360 va Qugpe bang 84, thi chi sH cta cdc hang ¢b chia gid tri mdt (1) trong cit thit khéng
(0) cua nhdém cOt thir i trong ma irén ki tra ¢adn 18 ¢6 céu tric wén Fi g.3 duge thé hién
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trong bang 10 dudi day:

i Chi s0 ctia cac

0 | 575 3480 5049 7421 9300 10191 1)34 126 62 13287 13328 15934 17773 17905 18805 20237 22049 23922
25842 26477

30082 30160

21 4600 5990 11592 11782 1215
26379 27208 28674

3| 727 4247 4937 8089 15745 1383
28935 29822

41 2596 2687 3647 5652 77057 17416 18970 19791 22614 23204

23504 2867

5 | 1056 34335 6648 7544 8363 10425 13131 13342 17063 16076 20152 23804 29730 25575 26464 28435 28540

29504 3005

25965 30023

957 983 1450 3635 4332 5169 5906 8105 10530 L1404 13286 14847 15216 15238 15705 21328 21952 23068
26520

(2]

9 | 465 2753 4029 5584 6&!
30125

[}
(@)
~J
N
[}
)
~J
(@)}
[e5]
[&5]
20
(€]
N

10 | 2018 3017 5775 7512 8926 10258 11871 13762
29283 29504

11 | 1686 2538 3165 3716 10989 11643 13764
23820 25148 26498

12 | 983 2443 3139 8694 3930 11798 12540 {3629 14445 165C2 13391 18452 19745 23125 24267 247672 25491
25899 26702

13 | 744 4121 4252 9936 10475 13103 13185 (4142 15345 15352 13445 17573 21329 21750 21879 23791 23840

858 26362

14 | 1468 4635 4903 6223 7505 TT4R 7985 9273 11609 11821 13188 18694 19231 20890 21722 23933 25493
26809 29300

15 | 295 5207 5830 5967 9076 9476 10287 14553 14863 16497 16877 17122 17132 21298 23456 23941 24040
25165 29292

16 | 62196354 6512 6678 7214 7568 9600 15508 13635 17351 17825 18054 18545 21172 21604 25265 28503
29776 29957

17 | 1399 1866 4118 6022 6498 8718 8929 10364 10908 11588 13431 17426 19049 20238 23750 25217 25437
27795 30143

18§ 1263 1603 3107 522% 3522 7461 7484 6205 10185 11651 12614 112955 15109722915 24383 26051 27802
27882 29485

19 | 684 1033 2283 3002 4245 4663 @887 9758 12403 14252 16792 18157 18826 21931 22730 25789 25975

20 | 2377 18147 29547 25698
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3083 4540 5201 17778

468 9283 14739 24011

4848 12149 14672 26446

8851 9315 12511 18952

14327 21539 22753 28982

169 5297 12557 15108

8941 20588 23889 26192

17157 1741824573 26133

7756 8650 28174 28806

8550 12638 19454 274384

15398 23410 25520 26808

7634 15554 19352 27115

6090 13925 17827 29331

1845 2352 5982 19601

471 1464 3191 3634

17099 18086 23525

3397 15058 30224

4864 25330 26268

1096 4775 7912

1314 3259 17301

2481 8396 15132

17825 28119 28676

2343 8382 23840

18374 20929 27051

1290 8786 15916

1481 4710 28846

2185 3705 27086

5496 15681 21854

12697 13407 22178

12788 21227 228%4

2854 6232 3609

2289 18227 27458

1965 21635 23001

3836 7081 12282

1976 18845 23135

497 9717 25670

22046 27327 30067

12068 28045 23950

2023 10933 16444

19566 23905 25186

13303 13834 28813

10572 20305 21388

14093 18024 24286

3612 2138323582

50 11267 12288
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771 565227795

16131 20047 25649

13227 23055 24450

4839 13467 27488

2852 4677 21481

71 | 2504 4680 15664

72 | 12518 14518 24267
73 | 1222 2213 11859
74 | 9660 15774 18261

75 | 232 6424 29978

9750 11165 16295

2706 4894 28439

3301 14110 28612

2128 14436 15883

6274 17243 21989

© 81| 13202 18006 22517

82 | 1115916111 21608

83 | 3719 11563 22100

756 2020 18861

85 | 20913 29473 30103

15091 26976 27173

87 | 82179114 12963

88 | 539518516 28235

3859 17909 23051

5733 16513 18373

91 | 19353492 8437

11903 16760 29914

6091 10469 25997

2895 22370 29958

95 | 1827 12296 20070

Vi du khéc, néu d6 dai cia tlr ma Ny, bang 64800, ty 1€ md R bang 10/15, M bang

-

360 va Qyqpe bang 60, thi chi s6 cua cdc hang ¢ chira gid tri mot (

(0) cia nhém cot thix i trong ma trén kiém tra chin 1& ¢
trong bang 11 dudi day:

Eang 11

4

4 céu tric trén Fig.

o

1) trong ¢t thit khong

T FAypeen F A 1 A
g.0 cugl tae 12

i Chi s0 cua céc hang 6 chira gid tri 1 trong cdt thiy C ¢t

114 2135 3045 4635 5512 5681 6571 8943 10053 10109 13161 1366% 14218 17

2639 2821 3066 4293 5350 8130 9037 11265 12556 15047 15364 15531 15700 16938 17202

= O

1891 4150 4822 4855 6646 9754 10460 14005 14139 15028 17213 18336 20

069 20384 21305 21

305 600 2410 5170 5740 7354 8462 9026 12763 17132 17336 17653 18450 193

18 2084

W

:8
1961 3637 4249 4694 8298 8784 8336 11708 12241 14172 14207 15127 15462 17277 20415 20848
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1101 3770 7816 8727 8890 8915 §953 115655 12826 14313 15682 19622 19854 20565 20916 21129

726 933 3015 5034 6431 6743 7477 8927 9185 952
123

2092 983 1627 6121 6408 6494 6507 10642 15569 15696 16665 17024 18043 1862019316 20029

2598 2674 3504 4931 4940 8002 9284 10729 10914 13478 13677 14633 15010 15912 1

618
19 768 1263 3305 6513 7677 7956 9040 13427 16641 17280 18452 18584 18925 19559 20587

1071 3472 7305 7981 8574 9609 10899 14134 15508 15665 15683 16061 186224 16604 18160 21560
4

2074 5834 5290 8468 9866 11177 12398 14248 14698 15726 16200 16810 16851 18372 18942 21104

519 2684 2713 2845 3000 3080 3332 4682 5062 5277 9342 10811 12636 14714 15658 16426

2272 2629 3051 4308 5301 7108 8318 8492 11305 12219 13423 16126 17763 18304 191456 2

=

006

935 1093 1641 3562 4699 5333 5730 7628 8364 8414 10343 10553 12779 12958 16626 13985
1038 1333 1843 1910 3245 7258 7875 12098 12725 12739 16635 18689 183877 20 2

51 0
574@ 6656 5901 7066 7569 8356 8947 12582 13462 12710 17072 18638 18724 18875 21444 21563

962 990 1199 2979 3341 8322 9285 % 10387 11404 12387 15495 14066 16325 16514 18732
387 1248 2298 3376 5408 7817 7923 8203 8815 9451 11292 12643 14251 17995 19629

84 1177 1353 3185 4699 6746 9707 10308 10460 10992 11873 13531 13696 14522 15050 20717
713 960 2672 4683 6602 6769 6783 10075 12807 14411 15527 15575 191 7

12575 15845 18200

5870 6972 16463

2025 3655 15396

27

4258 6387 14477

28

12282 12783 13274

29

1657 10810 12509

30

839 8734 21409

31

4038 5993 15640

32,

3025 15282 16231

33

4342 7977 17828

34

14144 16500 21426

35

592 4952 15367

36

8156 8859 13113

37

7267 9133 20155

38

17111 17306 21301

39

2655 5258 14267

490

5844 13026 18796

41

2681 5686 15609

42

2031 3980 4228

43

75 18922 20730

44

18712 20866 21302

45

10974 13003 20481

46

4494 6964 18238

47

3679 12972 13411

48

13207 16406 19548

6039 6320 14381
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50 | 4721 20336 20819
S1 | 2797 15321 20500 a '
52 1 8307 8774 19113 - E
53 | 3394 10437 13963

54 | 4325 12098 14305 B

55 | 13667 19264 19649

S6 | 1163 16176 20823

57 | 2324 10790 14560

58 | 12791 14068 17743

59 | 9765 12262 20117

60 | 1456 11096 13570

61| 69007111 15217
62 | 4009 5995 7322 -
63| 10673 1131517310 ' | ) |
64 | 5792 10504 18221 h - |
65 | 4748 14299 16554 B B . o
66 | 4176 14858 20718 _ - " |
67 | 6147 9429 158384
68 | 0044 10345 21417
69 | 7737 7873 11960 N |
70 | 3024 4494 8326 B

71 | 5535 6651 16116

72 | 11 6993 20502 : |
73 | 15798 17918 19172
74| 1181 11171 13206

75 | 4040 4567 18197

26 | 1255 11889 17750 N

77 | 2099 5532 14774 o

78 | 482 5758 7475 R

79 | 3418 4801 20715

80 | 5925 16632 20285 B |
81 | 2034 11271 21000
82 | 7238 8108 20848 |
83 | 193 11374 15841

84 | 5056 9573 12441 B

85 | 8026 17996 18037

86 | 162 4432 8739

87 | 1582 5263 20880

88 | 3494 17600 18684

89 | 3029 6710 11442
90 | 9289 19099 19407
91 | 7802 9130 20598 i
07 | 51408731 15358

93 | 14153 16376 19323

94 | 4847 11843 21567
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95 | 4840 14455 17248

96 | 1117 4061 13355

97 | 7636 9748 21108

98 | 9068 13023 13346

99 | 1139 14402 20245

100 | 2190 11356 17004

101 | 2989 5524 8199

102 | 8489 8399 15486

103 | 6683 6970 13387

104 | 3745 9975 15713

105 | 1250 4246 5973

106 | 8941 9992 17805

107 | 7986 13776 21297

108 | 2781 3232 16020

109 | 7654 15969 16071. -

110 | 4002 13035 19217

111 | 4603 7439 9152

112 | 1390 8673 18485

113 | 4845 6024 14633

114 | 6083 14165 15640

115 | 9652 13452 21404

116 | 41967787 17371

117 | 2959 6783 13581

118 1 11596 18575 20878

119 | 17078 20134 20870

Vi du khéc, néu d6 dai cha r mi Nyg,e bing 64300, ty 1§ md R ’t‘an: 12/15, M bén

QQ

\
o

L5 A
f,ﬁu Laon

u»

360 va f)ldp( bang 36, thi chi s0 cua cdc hang ¢d chia gid tri mot (1) treng ¢

ae

.

(0) ctia nhom c6t thir 1 trong ma frén kiém tra chdr 1& ¢6 chu tric tén Fis 1g.3 dugce thé hién

trong bang 12 dudi diy:

Bang 12

i Chi 6 ciia cac hang cd chia gif iri 1 wrong cOt tak § cte nhém bt th |
@£

57 3127 3324 3362 3471 4108 4850 5588 5721 6436
651 893 1879 2641 2807 4123 4406 5364 6346 8530 ¢

= O

1925 2592 2655 4108 4433 4544 4614 7081 7234 7759 7156121 9453 1051

718 1559 1859 2697 3739 3948 4506 49232 6893 7410 7569 824% 10840 12075

21 1387 1645 1980 4188 4751 6148 7864 8498 8647 9715 10513 11114 12910

1082 2045 2395 3663 4597 4727 7055 8123 8189 8618 8782 11114 11716 122

312 951 2259 2569 4320 4972 5803 5815 6406 6861 8277 8358 9349 10815

20 1833 2300 4962 5257 5653 6215 7098 7424 7508 9235 10331 10731 11060

OO0 ||| |W

594 1091 1743 1809 2686 3065 6 5351 5927
1065 1236 1716 2628 4585 5164 52069 6502 77
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10 | 1799 2952 3959 4196 4351 4358 5015 5128 3840 6154 6061 G323 10530 11440
11 | 29823133 4612 4776 4986 6276 6992 7372 7589 7821 §109 €619 11594

12 | 282 3140 3300 4219 4459 5139 5525 6753 8154 8522 2931 9073 10019 10654
13 | 298 1137 3973 4000 7328 7923 8602 §724 8792 9419 9748 9588 10200 1098

14 | 1142 1639 1997 3951 4388 4638 5676 6478 6738 6927 8643 €793 11523 11949

4
15 | 629 17353072 3268 3585 3838 4491 4622 5294 6817 5829 3C03 9930 1042¢
16 | 486 1200 1594 2713 3273 3440 4667 5247 7304 7901 8302 8576 9014 10180

17 | 2377 2471 3742 5186 7137 9518 9798 10029 10060 11052 12108 12660 12716

18 | 17512422118 4101 4130 6252 6598 7272 7342 7334 7859 7524 10940 11022

19 | 550 1349 2360 2373 2895 3442 5258 5695

851
20 | 1791 2788 4958 5573 5917 5952 6195 73767

21 | 639 1000 2387 2429 3548 3659 4186 6741 T49(

22 | 523 1269 2262 2987 3073 3811 42227 5028 £18! 8471 5712 9421 8508 11871

23 | 117 266 505 1967 2620 3188 5282 7194 119 £251 8290 10432 12174 12337

24 | 896 3196 3714 4979 5258 ‘55‘? 59435 71427715 9745 27389 11252 13230 11845
25 | 864 2383 2594 3398 5969 6116 6418 6649 7199 7

1242 3169 9221 9740 G850

26 | 1334 1487 12881

27 | 1447 4633 11032

28 | 273 1257 10453

29 | 5102 10999 12496

30 | 7578 9743 10513

31 | 7156 10286 10546

32 | 3199 7365 7824

33 | 2354 7674 8569

34 | 3687 9478 12663

35 | 2997 9418 9581

36 | 65198061 11229

37 | 9894 9899 11254

38 | 69344 11731

39 | 9612 12630 12776

40 | 353 10896 11643

41 | 945 2537 9804

42 | 2915 8984 11098

43 | 2353 4884 7436

44 1 6003 8924 11646

45 | 349 748 8625

46 | 4799 7204 12240

47 | 2464 8952 11020

48 | 19152903 12358

49 | 2246 3032 12531

50 | 2594 12742 12914

51 | 2002 10995 12079

52 | 853 1040 5022

53 | 4142 4301 6413

54 | 914 3882 12047
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55

5479 10413 11225

228 6874 11182

57

2836 9737 10728

58

1795 9981 12734

59

2641 2844 11779

60

1245 9983 12804

61

6002 8612 9704

62

1237 1760 7504

63

844 1485 5869

64

2657 4461 5642

65

2423 4203 9111

66

244 18556131

67

5318 6371 11430

68

391 1617 10126

69

1762 9259 10603

70

2604 4335 5702

71

4381 5486 8045

72

7667 8875 11451

1968 4023 6911

74

4630 10134 11357

SN

75

6582 12348 12769

76

3840 6302 7383

77

14197 5358

78

12653153 11352

79

2504 7180 10044

80

19805027 9717

81

5699 6899 9663

82

1432 2803 3314

1237 8473 5642

84

829 6745 7923

85

325 1931 5575

86

1067 6367 7257

87

4744 5559 7835

88

109 6756 12238

&9

2814 5237 11153

90

1592 10656 10749

91

2252293 6260

646 21707578

93

6466 8222 9838

94

44 6574 12160

95

1755 2734 12780

1249 8264 8318

97

5789 6622 9481

98

5666 8581 8744

99

123 5803 9291
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100 | 3750 7919 91€7 e
101 | 1064 2848 12753

102 | 2142 8656 9244

103 | 6193 7219 11732

104 | 7356 7819 9928

105 | 4780 5937 11993 B

106 | 5092 7186 9141

107 | 1238 3840 12360

108 | 1649 2095 2587

109 | 5560 5903 12899

110 | 1134 4341 8330

111 | 1645 9495 10041 B
112 | 9585 11565 12912 N o
113 | 8748 10646 11894 -
114 | 457255 5074 ""_'P*fwnmﬁ'__mmfﬂj"
115 | 1051 2594 5188 o
116 | 622 3450 8394

117 | 3598 46232 9025 -

118 | 1218 3540 1284

119 | 4938 8698 12423

120 | 1766 3635 11427

121 | 5177 6706 9127

122 | 943 3590 10245

123 | 48647394 11117

124 | 5852 6042 10421

125 | 8285 10775 12349

126 | 7877171 7866

127 | 718 4688 12224

128 | 728 2353 10667 B

129 | 3629 4592 5485

130 | 2880 5157 11466

131 | 2606 10220 11796

132 | 4243 5440 10907

133 | 5262 7543 12303

134 | 4440 7779 10940

135 | 2515 584

136 | 4684 8874 10586

137 | 2270 7197 8652

138 | 7190 7870 8317

139 | 1158 10456 12909

140 | 1583 7669 10781

141 | 8141 11209 12555 -

142 | 3181 3903 7832 o

143 | 2428 4467 8074 '
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Trong phwong phdp thiét ké m#, quy trinh thuc hién bwdc 4 4p dung phuong phép
nang cé xem xét dén cc dic trung tuan hoan. Khi xem xét thém cdc dic trung dai s6 va

ca cic dic trung tudn hoan, thi cing ¢6 thé thiét ké duoc cdc mi cd hi€u suat cao hon.

N6i chung, vi hiéu suit ctia cdc md LDPC anh hwong dén so d6 phén bo bic cling
nhw cdc dic trung tudn hoan, cho nén cd thé thiét ké duoc cdc ma ¢ hiu suét cao hon

khi xem xét ca hai dac trung nay.

Theo phuong dn 1am vi du thuc hién sdng ché, céc thdng sO c6 thé duge xdc dinh
tuy thudc vao cdc chu ky ¢6 d dai ngdn nhat va s luong nit thay doi ¢d trong cac chu
ky d6 va c6 bic cu thé, va diy ¢6 thé dugc xdc dinh tuy thude vao quy tic dugce xdc dinh

dwa vao cac thong s0 trong phuong phép néing.

V1 du, khi phuwong phdp ning duge dp dung cho mdt nhém cdt ¢6 bac 12 A va B, thi
c6 thé chi xem xét mét chu ky ma trong d6 sb lwong ndt thay ddi c6 bac 13 A trong s céc
nit thay di c6 trong chu k¥ d6 khi phwong phdp ndng dugce thuc hién cho nhém cot cé

7

béc 12 A bang hodc nho hon x; va gia tri cia cdc nit thay doi (s6 lugng nut thay doi co

9

bac 12 A + sb luong nit thay d5i cé bac 1a BxC) ¢ trong chu ky d6 khi phuong phdp
nang dugc thire hién cho nhém ct cd bacla B bﬁng hoic nho hon x,.

Tuy nhién, tit ca céc chu ky déu duge xern xét khi phuong phép nang dugc 4p dung

cho cdc nhém cét c6 bac khong phadila AvaB.

O day, A 1a s6 nguyén duong bang hoac 1én hon hai (2), B 12 s6 nguyén duong 16n
hon A vi nhé hon bac 16n nhét ctia ma trdn kiém tra chin 1&, va C 13 hé s6 trong sé va c6
gid tri nguyén duong.

N
~

Ngoai re, tat ca cic chu ky déu dugc xem xét ma khdng cén tdch ra mdt chu ky cu

o
thé khi phwong phép nang duge 4p dung cho cac nhém cdt ¢6 bac khong phai 12 A va B.
Xét moét vi du cu thé, truomg hop A =3, B =4 va C =2 s& dugc md ta dudi day.
Vi du, trong phwong phap ning, phuong phip ring dugc thire hién khi chi xem xét
nhitng chu ky ma trong @6 s6 lwong nit thay d6i (s6 lrong nit thay dbi twong duong voi
sO Iwgng cdt) cd bac bang ba (3) trong 0 cdc nit thay dbi c6 trong céc chu ky dé khi

phuong phidp nang dugc thyc hién cho céc nhém cbt c6 bic 'béng ba (3) béng hodac nho
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hon x; va (sb lugng nut thay dbi c6 bac 12 4x2 + s6 lu@ng nit thay d6i 6 béc bang ba (3))

~

trong b cac nit thay ddi c6 trong céc chu ky d¢ khi phuong phdp ning dugc thuc hién
cho cdc nhém c6t ¢ bic 1a bon (4) bang hodc nho hon x,.

s

Tic 12 khi cdc gid tri chi s6 ¢6 thay d6i trong phuong phdp néng, thi phwong phap

nang dwoc 1ap lai cho téi khi sé lwgng niit thay doi c6 céc chu ky kKhong céi thién thdm
nita, dé thay d6i cdc gid iri chi 5 tuy thu¢c vao béc cua mdi nit thay d6i kbi chi xem xét

nhitng chu ky twong tng véi cic diéu kién nay.

Thong thuong, trong phueng phip ndng don gidn, ma wén kiém tra chan le dugc

thiét ké sao cho s6 lugng chu kv giZm xudng. Trong phuong phip nay, ma rén ki i8m tre

o

A

chin 1& duoc thiét ké sao cho sé lwong chu ky ddp tng cdc diev kién néu wén giam

xubng.

Ly do tai sao cic didu kién néu trér anh hudng dén vise thiét ké cdc ma LDPC c6

S

hiéu suét cao hon 12 vi cdc chu k¥ v cdc so dd phin b4 béc anh héng ¢4n cic ma LDP

!

duogc xem xét trong cac diéu kién néu trén.

Vi du vé céc mi LDPC duoc thiét ké cé xem zét dén céc didu kién b sung nay
duoc thé hién trong céc bang dudi diy rir bang 13 dén bang 18. Dé tham khio, 46 dai va
ty 18 ma gidng v6i do dai va ty 16 ma cua cdc mi LDPC duge thé hidn trong cdc bang trén
day tir bang 9 dén bang 12 ﬁtfc's Ehiétv ké, cic gid 1 (%), %) DEL ng (4 5) duoc xem xét
trong bang 13, cic gid tr1 (X, %o) ba,m (4, 5) dxoc xem xét trong bang 14, cic gid i
(X1, X2) bang (3, 4) dugc xem xét trong bang 15, va cdc gid tri (X, Xp) ‘oﬁmg (3, 4) duoc
xem xét trong bang 16. Ngoai rz, cac gid i (%, %3) béng (8, 8) dugc xem xét trong béng

17 va céac gid i (X1, X,) banff (3, 4) duge xem xét trong bang 18.

Trong vi du vé cdc md LDPC dugc thiét ké ¢6 xem xét dén cde didu ! kién bo sung
néu trén, néu 6 dai cta tr m2 N, bang 64800, ty 1& mi R bing 6/15, M bing 360,
Qudpe bang 108, thi chi sé ctia cAc hang ¢6 chia gid tr1 mot (1) trong cdt thir khong (0) cuia
nhém cdt thir i trong ma trén ldém tra chin 1 ¢6 cdu tric mrén Fig.3 dugc thé hién trong

| bang 13 dudi day:
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s

Eang 13

A

Chi s cua céc hang c6 chira gid tri 1 trong cdt thir 0 cua nhém cit thix i

253 1553 2024 4493 5350 5664 6351 8553 8803 9576 9936 11995 12166 13193 13412 17088 21893 22167
22478 22673 23735 35313 36981 37527

1238 1701 2316 3621 7222 8387 9190 10178 10599 10744 11743 18176 22465 23562 23820 26493 28168
28515 28940 29982 31196 32946 33687 34305

[39)

1475 1874 2994 3168 3381 3988 7646 9309 11199 12856 15025 16586 20113 23155 24030 27491 28235
29392 30885 32896 33656 33785 34685 38713

0
b2
~
(@)
-

1393

512 721 1813 3144 3276 6198 13540 14353 15017 15548 16120 17449 19101 19763 24180 2562
29682 30910 32038 35346 36607 36836 57876

333 1124 3269 4236 4920 5207 6154 7041 7282 7979 8472 9302 10033 14295 15388 15485 18963 24572
26642 27516 30242 31209 3200C 33259

2528 4425 4656 6631 8875 10621 12590 13334 14011 1€406 16537 18942 20315 24078 24889 27298 28555
30123 30513 33101 33403 32787 36651 37975

14721 898 2093 3813 8358 9316 11235 12032 12568 14339 14908 15390 19210 19450 22689 22840 28044
31218 35042 35348 35863 37611 37837

979 3559 4988 6900 7254 7491 11518 12297 12628 14894 15473 16179 16667 17744 20983 22854 24913
25640 28792 29536 30428 32284 33732 34523

353 1877 2171 5080 7140 7878 8762 11558 14336 15000 15513 16490 17423 18943 21094 22348 23394
24182 26203 28328 32408 34284 38061 38259

142 1961 5219 5816 9355 10358 10675 15251 15716 16079 20566 21470 23007 25419 27130 28000 28693
30742 30862 33209 3347233851 35546 36115

10

1388 4346 5764 6052 7940 9207 13401 13603 14233 14411 16310 16558 22524 22824 26535 27965 28433
30605 31984 34241 35730 36139 37261 37720

11

106 1441 3892 4300 5026 7207 2648 14012 15828 17007 19400 22942 26363 28363 28306 29351 20722
33033 35204 35315 35824 37901 38036 38643

12

2607 5309 5506 9122 9318 9889 10322 12074 13373 14058 15341 15774 18154 18749 21949 27387 29885
31294 31487 32769 22890 37983 38403 38879 : k '

13

2154 4374 10366 10605 11179 15994 18855 20342 23936 24777 25768 26371 26745 27049 27324 27493
27985 29781 30148 33240 33673 3444} 35057 35731

14

3054 6385 5561 6755 7795 9366 10392 12042 12837 14851 16187 17441 18536 20967 21792 24084 24505
26677 28167 28334 35199 36745 37533 37736

15

2735 3833 10268 17606

16

559 9607 17652 34573

17

9528 12135 14306 38416

18

11978 17094 25891 30040

19

14811 15531 27333 31274

20

12926 28602 32103 35600

21

8616 14917 18992 23478

7416 8568 10248 36672

23

3611 15521 17793 32467

24

4662 7908 8894 32722

25

8156 28077 32840 35719

26

977 17949 23380 26181
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27

76559515 12185 17821

1107 8520 16782 23241

29

16942 19784 22031 22955

30

1054 23163 23793 37789

31

8509 17981 22306 33327

32

2253 11397 16225 30826

33

23654 30073 31421 33140

34

18286 19445 29945 38405

35

7535 8608 21915 38260

36

11082 13972 17895 18931

37

8114 25376 25660 33718

38

33805946 20124 37272

39

10159 18322 22456 29291

40

15289 18016 18512 27303

41

18471 19326 27834 28119

42

15326 28272 36142 37826

43

12277 20646 22411 22658

44

12199 23328 35495 36055

45

17318 24311 29009

46

1528 32815 33640

47

15978 19141 25776

48

8683 11960 16957

49

15799 26329 29164

50

574 5582 20145

51

8814 18673 31081

52

8394 25659 36739

53

23615 32879 37483

54

12766 30755 35696

55

4302 18788 25093

56

13205 14424 33529

57

864 16070 22924

58

7120 10085 31057

59

5399 13946 32583

60

1364 12423 19355

61

12356 2495 8 32026

62

11997 25582 36581

63

6074 9516 18414

64

7102 22587 33797

65

8709 19457 38831

66

9502 10266 24362

67

1801 12579 34408

68

471 34954 37293

69

1666 3123 8513

70

9160 11576 26384

71

14311 20399 33952
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Trong v du khic vé céc ma LDPC dir FCC ¢ k& o6 xem xét 4én cic didu kién

sung néu trén, néu d6 dai cua tir mi Nchc bang 54800, ty 1&¢ m& R bang &/15, M "céz 360,

s

va Qgpc bang 84, thi chi s6 cla cdc hang c6 chia gid tri mot ( (1) trong ¢t th khdng (0)

cua nhém ¢4t thi i trong ma trdn kiéra tra chin 1& ¢6 céu tric wén Fig.3 dugc thé hién

o

trong bang 14 dudi day:

EBang 14

i Chi 6 cua céc hang 6 chira gid tri 1 trong cbt thir 0 ctia nhdm c6t thir i

0 | 2768 3039 4059 5856 6245 7013 8157 9341 9802 10470 11521 12083 16610 18361 20321 24601 27420
28206 26788

1| 27398244 8891 9157 12624 12973 15534 15622 16915 18402 13780 19834 20220 20543 22306 25540
27478 27678 28053

(2]

1727 2268 5246 7815 9010 9556 10134 10472 11380 14559 15719 16204 17342 17666 18850 22058 25575
25860 29207

3 | 28 1346 3721 5565 7019 9240 12355 13109 14300 1604C 16839 17369 17631 19357 19473 19891 20381
23911 29683

4 | 869 2450 4386 5316 6160 7107 10362 11132 11271 13145 16397 16532 17113 19894 22043 22784 27383
28615 28804

5 | 508 4292 5831 8559 10044 10412 11283 1431C 15838 17243 17538 15903 20528 22090 22652 27235 27384
28208 28485

6 | 389 2248 5840 6043 7000 9054 11075 L1760 12217 12565 13587 15403 19422 19528 21493 25142 27777
28566 28702

7 | 10152002 5764 6777 9346 9629 11039 11153 12690 13068 13950 16841 17702 200271 24106 26300 29332
30081 30196

8 | 14803084 3467 4401 4798 5187 7851 11368 12323 14325 1434¢€ 163060 17158 18010 21333 25612 26556
26906 27005

9 | 6925 8876 12392 14529 15253 15437 19226 16950 20321 23021 23651 24353 24653 26668 27205 28269
28529 29041 29292

10 | 2547 3404 3538 4666 5126 5468 7695 8799 14732 15072 15881 17410 18971 19609 19717 22150 24941
27908 29018

11 | 888 15812311 55117218 9107 10454 12252 13662 15714 15394 17025 185671 24304 25316 25556 28489
2897729212

12 | 1047 1494 1718 4645 5030 6811 7868 8146 10611 15767 17632 18391 22614 23021 23763 25478 26491
29088 29757

13 | 59 1781 1900 3814 4121 8044 8906 9175 11156 14841 15789 16033 16755 17292 18550 19310 22505 29567
29850

14 | 1952 3057 4359 947¢ 10171 10769 11325 11569 15002 19501 20621 22642 23452 24350 25109 25290
25828 28505 29122

15 | 2895 3070 3437 4764 4905 6670 9244 11845 13352 12573 13973 14600 15871 17996 19672
25327 27958

5\)
(=)
(e
3
=)
[\
<
(W3
\)
O

16 | 612 1528 2004 4244 4599 4926 5843 7634 10122 10443 12267 14368 18413 19058 22935 24257 26202
26596 27399
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17

13612195 4146 6708 7158 7538 9138 6998 14362 15359 16075 18925 21401 21573 22503 24146 24247
27778 29312

18

52296235 7134 7655 9139 13527 15408 16058 16705 18320 19909 20501 22238 22437 23654 25131 27550
28247 29903

19

697 2035 4887 5275 6909 9166 11805 13338 16381 18403 20425 20688 21547 24590 25171 26726 23848
29224 29412

5379 17329 22659 23062

11814 14759 22329 22936

24232811 10296 12727

8460 15250 16769 17290

14191 14608 29536 30187

7103 10069 20111 22850

4285 15413 26448 25069

548 2137 9189 10928

4581 7077 23382 23549

3942 17248 19486 27622

8668 10230 16922 26678

61589980 13788 28163

12422 16076 24206 29887

8778 10646 18747 22111

21029 22677 27150 28980
7918 15423 27672 27803

3
5927 18086 23525

3397 15058 30224

24016 25380 26268

1096 4775 7912

3259 17301 20802

129 8396 15132

17825 28119 28676

2343 8382 28840

3907 18374 20939

1132 1290 8786

1481 4710 28846

21853705 26834

5496 15621 21854

12697 13407 22178

12788 21227 22894

629 2854 6232

2289 18227 27458

7593 21935 23001

3836 7081 12282

7925 1844023135

497 6342 9717

11199 22046 30067

12572 28045 28990
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59 | 12402023 10933

60 | 19566 20629 25186

61 | 644213303 28313

62 | 476510572 16180

63 | 552 19301 24286

64 | 678218480 21383

65 | 11267 12288 15758

66 | 771 5652 15531

67 | 16131 20047 25649

68 | 13227 23035 24450

69 | 4835 13467 27488

70 | 28524677 22993

71 | 250428116 29524

72 | 12518 17374 24267

73 | 122211859 27522

74 | 9660 17236 18261

75 | 232 11296 29978

76 | 9750 11165 16295

77 | 4894 9505 23622

78 | 10861 11980 14110

79 | 2128 15883 22336

80 | 6274 17243 21989

81 | 10866 13202 22517

82 | 11159 16111 21608

83 | 3719 18787 22100

84 | 1756 2020 23901

85 | 20913 29473 30103

86 | 2729 15091 26976

87 | 44108217 12963

88 | 539524564 28235

89 | 385917909 23051

90 | 5733 26005 29797

91 | 19353492 29773

92 | 11903 21380 29914

93 | 6091 10469 29997

94 | 28585 8930 15594

95 | 1827 10028 20070

Trong v du khic vé cdc mi LDPC duoc thiét ké ¢6 xem xét dén céc diéu kién bd
sung néu trén, néu G6 dai ciia tir ma Ny, bing 64300, ty 18 md R bang 10/15, M bing 360,
VA Qygpe bang 60, thi chi s6 ciia cic hang ¢6 chira gid tri mot (1) trong cdt thi khéng (0)
ctia nhém cot thit i trong ma trin kiém tra chin 1& ¢6 clu tric wén Fig.3 duoc thé hién

trong béng 15 dudi day:
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-
¥

Bang I3

1 Chi s6 cua céc hang c6 chira gid trj 1 trong cdt thir § clia nhém cft thi i
0 | 501 1533 5943 9232 10258 10428 10965 11934 14081 14708 15506 17251 18380 19815 20075 20237
1| 753 1266 2017 3107 4210 4770 6520 10861 11594 13191 14116 18342 18604 18825 19398 21479
2 | 23793029 3140 3398 4528 6562 8575 9593 11196 11583 12931 13064 13825 15886 20854 21010
3| 733 1262 2250 4910 8165 8374 8698 10543 10930 12940 14520 14936 15752 16879 19226 20188
4 | 20562341 4237 4807 6469 7708 8895 9548 13274 13404 13481 14082 15647 17712 19377 19638
5 | 28823081 3633 4047 4755 5094 5580 6709 12526 12710 12910 13342 14196 17836 20353 21095
6 | 34309 1187 3000 3097 3246 6280 6873 7074 8935 (2515 13517 14363 16317 19856 20591
7 | 21812381 3551 6904 6995 8248 9023 9348 9433 11097 12914 17326 17671 18658 19585 20846
8 | 915 2036 2104 2790 3606 4763 6319 7807 8918 9311 13431 15723 19933 20935 21092 21286
9 | 192121312321 3114 4589 5133 5477 8255 9891 13941 14404 15777 17310 17787 18399 20916

10 | 16123502 3696 5084 6421 741C 7723 8467 8737 9434 1.516 14329 14505 17723 19229 19308

11 | 29003311 3430 3984 4843 5422 6049 7374 7572 11057 15112 15173 17144 20378 20718 20854

12 | 46854896 77129120 10019 11988 12637 12907 13113 13516 14384 15347 16180 17125 19923

13 | 189 2543 5548 6001 8979 9224 12641 13404 13505 13674 16011 16234 16820 17230

14 | 788 6540 7724 9898 13150 13817 15313 15554 15928 16118 17734 18170 18385 19422 2010

15 | 4779 4964 6722 8474 9298 10620 11326 11471 12897 13482 15805 17076 18193 18260 20122 21392

16 | 385 2524 3486 4503 6708 7712 8632 8908 9283 10826 12081 12699 16551 16846 19058 20749

17 | 1405 1748 3058 4219 9053 9906 10581 11242 11515 14910 15143 16499 18395 18853 19454 21264

18 | 18752716 5358 6878 7089 8758 9659 11909 12290 12657 14631 17200 18305 18973 19159 21583

19 | 683 1564 1718 3350 3940 5672 6189 9351 11347 11915 13236 15946 16404 18372 21116 21282

20 | 962 4602 5035 5827 8007 10139 11524 11970 13475 13586 16061 18532 18705 19152 195625 20054

21 | 497 1698 1976 2383 2823 3479 7527 9948 11839 13649 14491 15431 16868 17232 13316 20452

22 | 1029 6199 8477 9707 10400 10913 11617 11923 12482 14690 14988 15795 16104 19272 20426 20731

23 | 95953 1208 1818 5640 5797 8852 9399 9595 10877 11087 13129 15122 16631 17643 18367

24 | 12575 12680 15845

25 | 58706972 16463

26 | 20253655 7716

27 | 4258 6387 14477

28 | 12282 13274 18603

29 | 1657 10810 12509

30 | 839 8734 21409

31 | 4038 5993 15640

32 | 14005 15282 18931

33 | 43427977 17828

34 | 14144 16500 21426

35 | 592 4952 13747

36 | 8156 8859 18093

37 | 5995 7267 9133

38 | 5581 17111 17306

39 | 3218 7635 14267

40 | 5844 13026 18796

41 | 5686 12821 15609
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39804228 7731

75 18922 20730

18712 20866 21302

10674 13003 20481

1914 6964 18238

12972 13411 21559

13207 16406 19548

40216039 6320

472120336 20819

2797 15321 20509

81878774 19113

3634 10487 13963

3205 4325 12098

1444 4405 13667

1163 5856 7623
73

2324 10730 14560

1468 12791 17743

9765 12262 20117

1456 4150 11096

69009631 15217

4009 5995 7322

10673 11315 17310

5792 10504 18221

4748 14299 14994

4176 14868 20718

6147 15884 19749

9044 10345 20757

58177873 11965

31143924 8326

55356651 16116

7642 16391 17673

15798 17918 19172

11815291 17166

42204567 18197

1255 17730 19449

2099 5538 14774

6542 7475 17228

3418 4801 20715

11454245 16632

2034 11271 21000

7238 8103 15208

193 11374 15841

1333 5056 12441

8026 17906 18037

162 4432 8739
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87 | 47625268 8940

88 | 3494 6384 17600

89 | 3029 6710 11442

90 | 919 9289 195407

91 | 9130 17762 20598

92 | 514017911 20878

93 | 14153 16376 19323

94 | 3863 4847 21567

95 | 2608 4840 14455

96 | 11174061 5255

97 | 13468 14536 14628

98 | 9068 13023 13346

99 | 1139 14402 15445

100 | 2190 17004 17906

1101 | 2989 5524 12399

102 | 8489 8899 15486

103 | 6683 6970 13387

104 | 3745 9975 17753

105 | 12504246 17193

106 | 9992 19441 19965

107 | 5796 7986 21297

108 | 2781 3232 16020

109 | 6891 7654 15969

110 | 4002 13033 19217

111 | 74399192 13183

112 | 1390 8673 18485

113 | 24 4845 14633

114 | 6083 14765 15640

115 | 9652 13452 21404

116 | 7787 10616 17371

117 | 28596783 13581

118 | 11596 18575 20878

119 | 8318 14614 20870

Trong vi du khic vé& cdc mi LDPC dwge thiét ké ¢ xem xét dén céc didu kién bd
sung néu trén, néu d6 dai cua tr mi Nyg,e bang 64300, ty 1¢ md R} bing 12/15, M | é?g 360,
va Qygpc | oanGr 36. thi chi s6 cua cic hang 6 chira gid tri mdt (1) trong cdt thi khong (0)

2

ctia nhém cdt thi i trong ma tran kiém tra chin 1& ¢6 céu tric

(.))

&n Fig.3 dugce thé hién

trong béang 16 dudi day:

-47-




39555

bBang 16

Chi s6 ctia céc hang c6 chiva gid tri 1 rong cft thir O cia nhdm ¢

ot th 1

0 | 584 1472 1521 1867 3338 3568 3723 4185 5126 5889 7737 8632 8940 9725
1 | 221 445 590 3779 3835 6939 7743 8280 8448 8491 9367 10042 11242 12917
2 | 46624837 4900 5029 6449 6687 6751 8684 9936 11681 11811 11886 12089 12909
3 | 24183018 3647 4210 4473 7447 7502 9490 10067 11092 11139 11256 12201 12383
4 | 2591 2947 3349 3406 4417 4319 5176 6572 3498 8865 9201 11294 11376 12184
5 | 27 101 197 290 871 1727 3911 5411 6676 8701 9350 10310 10798 12439
6 | 1765 1897 2923 3584 3901 4048 6963 7054 7132 9165 10184 10824 11278 12669
7 | 21833740 4808 5217 5660 6375 6787 8219 8466 9037 10353 10583 11118 12762
§ | 73 1594 2146 2715 3501 3572 3639 3725 6959 7187 8406 10120 10507 10501
9 | 240 732 1215 2185 2788 2830 3499 3881 4197 4991 6425 7061 9756 10491
10 | 831 1568 1828 3424 4319 4516 4639 6018 5702 10203 10417 11240 11518 12458
11 | 20242970 3048 3638 3676 4152 5284 5779 3926 9426 9945 10873 11737 11837
12 | 1049 1213 1651 2328 3493 4363 5750 6483 7613 8782 9738 5803 11744 11937
13 | 1193 2060 2289 2964 3478 4392 4756 6709 7162 8231 8326 11140 11908 12243
14 | 978 2120 2439 3338 3850 4589 6567 8745 9656 9708 10161 10542 10711 12639
15 | 2403 2938 3117 3247 3711 5593 5844 5932 7801 10152 10226 11498 12162 12041
16 | 17812229 2276 2533 3582 3951 5279 5774 7930 9824 10920 11038 12340 12440
17 | 289 384 1980 2230 3464 3873 5958 8656 8942 9006 10175 11425 11745 125
18 | 155 354 1090 1330 2002 2236 3559 3705 4922 5958 6576 8564 9972 12760
19 | 303 876 2059 2142 5244 5330 6644 7576 8614 9598 10410 10718 11033 1295
20 | 3449 3617 4408 4602 4727 6182 8835 8928 9372 9644 10237 10747 11635 12747
21 | 8112565 2820 8677 8974 9632 11069 11548 11839 12107 12411 12695 12812 12890
22 | 972 4123 4943 6385 6449 7339 7477 8379 9177 9359 10074 11709 12552 1283
23 | 842 973 1541 2262 2905 5276 6758 7099 7894 8128 8325 8663 8875 10030
24 | 474791 968 3902 4924 4965 5085 5908 6109 6329 7931 5038 9401 10563
25 | 13974461 4658 5911 6037 7127 7318 8678 8924 9000 9473 5602 10446 12692
26 | 13347571 12881
27 | 1393 1447 7972
28 | 633 1257 10597
29 | 48435102 11056
30 | 3294 8015 10513
31 | 1108 10374 10546
32 | 53537824 10111
33 | 3398 7674 8569
34 | 7719 9478 10503
35 | 2997 9418 9581
36 | 5777 6519 11229
37 | 1966 5214 9899
38 | 64088 5827
39 | 8369248 9612
40 | 4837229 7548
41 | 7865 8289 9804
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291511098 11900

6180 7096 9481

1431 67806 8924

748 6757 8625

3312 4475 7204

18528958 11020

1915 2903 4006

6776 10836 12531

25949998 12742

159 2002 12079

853 3281 3762

52015798 6413

3882 6062 12047

4133 6775 9657

228 6874 11183

7433 10728 10864

77358073 12734

2844 4621 11779

39097103 12804

6002 9704 11060

5864 6856 7681

3652 5869 7605

2546 2657 4461

2423 4203 5111

20
244 1855 4591

1106 2178 5371

391 1617 10126

250 9259 10603

3435 4614 5924

1742 8045 9529

7667 8875 11451

4023 6108 6911

8621 10134 11650

6726 10861 12348

3228 6302 7388

111375358

3812424 8537

3256 7508 10044

1980 2215 4569

2468 5652 10219

2803 3314 12808

8578 9642 11533

829 45857923

59 329 5575

1067 5709 6867
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11754744 12219

109 2518 6755

210510626 11153

5192 10696 10749

62607641 8233

29983094 11214

3398 6466 11494

6574 10448 12160

2734 10755 12780

10287958 10825

8545 8602 10793

392 3398 11417

66396291 12571

10677919 8934

1064 2848 12753

6076 8656 12690

55046193 10171

19517156 7356

4389 4780 7889

526 4804 9141

1238 3648 10464

25875624 12557

55605903 11963

11342570 3297

10041 11583 12157

1263 9585 12912

37447898 10646

459074 10315

1051 6188 10038

2242 8394 12712

3598 9025 12651

22953540 5610

1914 4378 12423

1766 3635 12759

51779585 11143

943 3590 11649

4864 6905 10454

58526042 10421

6095 8285 12349

207067171 8563

718 12234 12716

512 10667 11353

3629 6435 7040

2880 8865 11466

445010220 11796
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132 | 54408819 9102

133 | 52627543 12411

134 | 516 7779 10940

135 | 25155843 9202

136 | 4684 5994 10586

137 | 573 22703324

138 | 7870 8317 10322

139 | 6856 7638 12509

140 | 1583 7669 10781

141 | 8141 9085 12555

142 | 3903 5485 9992

143 | 4467 11998 12904

Trong vi dy khic vé cac ma LDPC duge thict ké ¢6 xem xét dén cic dié éu kién bd

u

sung néu trén, néu d6 dai ctia tr mi IV, lipe bang 64800, ty 1€ mi R bang 6/15, M bang 360,
va Quape bang 108, thi chi sb ctia cdc hing c6 chiva gi tri mét (1) trong <4t tha khing (0)
ctia nhém cot thir i trong ma trin kiém tra chan 1€ ¢ clu tric rén Fig.3 dugc th hign

trong bang 17 dudi déy:

i Chi s0 cta cdc hang c6 chira

.:. Df)

0 | 1606 3402 4961 6751 7132 11516 12360 1248 ]
26836 31799 34173 25462 36153 36740 37085 37152 37468 37658

4621 5007 56910 8732 9757 11508 13099 15512 16335 18052 19512 21319 23663 25628 27208 31333 32219

—

33003 33259 33447 36200 36473 36938 37201 37283 37495 38642
16 1094 2020 3080 4194 5093 5631 6877 7889 8237 9304 10C67
20199 24522 26172 28666 30386 32714 36390 37015 37162

S}

3 | 700 897 1708 6017 6490 7372 7825 9546 10393 16605 13561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 26687 33938 34520 34858 37056 38297

41 159 2010 2573 3617 4452 4958 5556 5832 6481 8227 9924 10836 14954 15594 156623 18065 19248 22354
22677 23408 23731 24076 24776 27007 28222 30343 38371

5| 31183545 4768 4992 52277 6732 8170 9397 10522 11508 15536 202
31014 32027 33685 34378 35867 36323 36728 36870 38335 28623

6 | 1264 4254 5936 9165 9486 9950 10861 11653 13697 13661 151564 15665 18444 15470 20313 21189 24371
26431 26999 28086 28251 25261 31981 34015 35330 36129 27186

-

111 1307 1628 2041 2524 5358 7968 191 10322 11905 12919 14127 15515 15711 17061 19024 21195
22902 23727 24401 24608 25111 25228 27338 35393 37794 28166

i
N

8 | 961 2035 7174 7948 13355 13607 14971 18185 18335 18665 18875 19142 2041
24745 25349 25982 27583 30006 31118 32106 36465 36533 237920

)

) 21135 21

[¥8)

3366

C
(Y]

1309 21758

9 | 2990 3549 4273 4808 5707 6021 6509 7456 8240 10044 12262 12660 13085 14750 15680 16049 21587
23997 25803 28343 28693 34393 34860 35490 36021 37737 28296

10 | 9554323 5145 6885 8123 9730 11840 12216 19194 20313 23055 24248 24830 25268 26617 26801 28557
29753 30745 31450 31973 32839 33025 33296 35710 37366 37509
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11

12

23769 24123 24966 27866 32457 34011 34499 36620 37526

10106 10637 10906 34242

1856 15100 19378 21848

943 11191 27806 29411

45756359 13629 19383

4476 4953 18782 24313

54416381 21840 35943

9638 9763 12546 30120

0587 10626 11047 25700

4088 15298 28768 35047

2332 6363 8782 28863

46254933 28298 30289

135414918 18257 31746

122125233 26757 34892

8150 16677 27934 30021

8500 25016 33043 38070

7374 10207 16189 35811

611 18480 200064 38261

25416 27352 36089 38469

1667 17614 25839 32776

411812481 21912 37945

5573 13222 23619 31271

18271 26251 27182 20587

14690 26450 26799 34355

13688 16040 20716 34558

2740 14957 23436 32540

34561 14365 14681 36858

4796 6238 25203 27854

1731 12816 17344 26025

19182 21662 23742 27872

6502 13641 17509 34713

12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 259358 31085

619 3690 19648 37778

9528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874
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54 1 475 1729 34100

55 | 734832277 38587

56 | 182 16473 33082

57 | 38659678 21265

58 | 444720151 27618

59 | 6335 14371 38711

60 | 704 9695 28858

61 | 48569757 30546

62 | 1993 19361 30732

63 | 756 28000 29138

64 | 382124076 31813

65 | 4611 12326 32291

66 | 7628 21515 34995

67 | 1246 13294 30068

1 68 | 646633233 35865

69 | 14484 23274 38150

70 | 21269 36411 37450

71 123125 26195 37653

Trong vi du khdc v€ cdc md LDPC C dugc thiét ké ¢ xem xét dén céc didu kién bd

sung néu trén, néu ¢6 dai cta tir ma Nigpe bing 64800, ty 186 md R bang 10/15, M ning 360,

Ju v

va Qe bang 60, thi chi s & cta cic hang c6 chira gid tri mdt (1) trong cot thir khédng (0)

ctia nthém c6t th i trong ma trdn kiém tra chan 1€ ¢6 céu taic wén Fig3

trong bang 18 dudi day:

R 1o
T
bang 1s

3 dugc thé hién

i Chi 50 cua céc hang c6 chira gid tri 1 trong ¢t thr O clia nhdm ¢

Gtind i

979 1423 4166 4609 6341 8258 10334 10548 14008 14514 17051 17333 17653 17830 17990

2559 4025 6344 6510 9167 9728 11312 14856 17104 17721 18600 18781 15079 19657 19340

| O

3243 6594 7950 10530 12042 13233 13638 14752 16449 16727 17025 18297 18796 19400 21577

2723574 5341 6722 9191 10807 10957 12531 14036 15580 16651 17007 17309 19415 13845
155 4598 10201 10975 11086 11296 12713 15364 15978 16365 17542 18164 18451 18512 20617

1128 1995 3926 4069 5558 6085 6337 8386 10693 1245C 15438 16223 16370 17208 18634
718402 21502

2408 2929 3630 4357 5852 7329 8536 8595 10603 11002 14304 14937 1376
8

199 3066 6446 6845 3973 9536 10452 12857 13675 15912 16717 17654 158072 20115 21579

312 870 2095 2586 5517 6196 6757 7311 7368 13046 15384 18576 20340 21424 21587

Wl [N || & W

73
985 1591 3248 3509 3706 3847 6174 6276 7864 9033 13618 15675 16446 18355 1884%

—
=]

975 3774 4083 5825 6166 7218 7633 9 10103 13052 14240 17320 18126 19544 20208

—
fu—

1795 2005 2544 3418 6148 8051 9666 9725 10676 10752 11512 15171 17523 20481 21059

—
[3e]

167 315 1824 2325 2640 2868 6070 6597 7016 8109 9815 11608 16142 17912 19525

e
w

1258 1896 3039 4303 4690 8787 12241 13600 14478 15462 16602 17115 17913 19466 2

—
N

568 3695 6045 6624 2131 8404 2550 9059 $245 11570 14336 18657 18941 19212 21506
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15

228 1889 1967 2299 3011 5074 7044 7595 7689 9534 10244 10687 11691 17902 21410

16

13301579 1739 2234 3701 3865 5713 6677 7263 11172 12143 12765 17121 20011 21436

17

303 1668 2501 4925 5778 5985 9635 10140 10820 11776 11849 12058 15650 20426 20527

18

698 2484 3071 3219 4054 4125 5663 5935 6928 7086 8054 12173 16280 17945 19302

19

232 1619 3040 4901 7438 8135 91179233 10131 13321 17347 17436 13193 18586 19929

20

12 3721 6254 6609 7830 8139 10437 12262 13928 14065 14149 15032 15694 16264 18883

21

16
482 915 1548 1637 6687 9338 10163 11768 11970 15524 15695 17386 18787 19210 19340

22

12912500 4109 4511 5099 5194 10014 13165 13256 13972 15409 16113 16214 18584 20998

23

8
17614778 7444 7740 8129 8341 8931 9136 9207 10003 10678 13959 17673 18154 20990

24

30603522 5361 5692 6833 8342 8792 11023 11211 11548 11514 13987 15442 15541 19707

25

13222348 2970 5632 6349 7577 8782 9113 9267 9376 12042 12943 16680 16970 21321

26

678511960 21455

27

1223 15672 19550

28

5976 11335 20385

28189387 15317

" 30

27633554 18102

31

5230 11489 18997

32

5809 15779 20674

33

262017838 18533

34

30259342 9931

37285337 12142

36

2520 6666 2164

37

12892 15307 20912

38

10736 12393 16539

39

1075 2407 12853

40

49215411 18206

41

5955 15647 16838

42

6384 10336 19266

43

42910421 17266

44

4880 10431 12208

2910 11895 12442

46

7366 18362 18772

47

43417903 14994

48

4564 6714 7378

49

4639 8652 18871

50

15787 18048 20246

51

3241 11079 13640

52

1559 2936 15881

53

2737 6345 10881

54

10394 16107 17073

55

8207 9043 12874

56

7805 16058 17905

57

11189 15767 17764

58

582312923 14316

59

11080 20390 20924
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60

568 8263 17411

61

18453557 5562

62

2890 10936 14756

63

9031 14220 21517

64

352912955 15902

65

413 6750 8735

66

6784 12092 16421

67

12019 13794 15308

68

12588 15378 17676

69

8067 14539 19304

70

1244 5877 6085

71

15897 19349 19993

72

1426 2394 12264

73

3456 8931 12075

" 74

13342 15273 20351

9138 1333220798

76

70317626 14081

77

42804507 15617

78

4170 10569 14335

79

38397514 16578

80

4688 12815 18782

81

48617853 9435

605 5445 12912

83

22804734 7311

84

6668 8128 12638

373310621 19534

86

13933 18316 19341

&7

1786 3037 21566

88

2202 13239 16432

89

4882 5808 9300

50

4580 8484 16754

91

14630 17502 18269

92

6889 11119 12447

93

8162 9078 16330

94

6538 17851 18100

95

17763 19793 20816

96

2183 11907 17567

97

6640 14428 15175

98

877 12035 14081

99

1336 6468 12328

100

5948 9146 12003

101

3782 5699 12445

102

1770 7946 8244

103

7384 12639 14989

104

1469 11586 20959

-55-




39555

105 | 7943 10450 15907

106 | 5005 8153 10035

107 | 17750 18326 21513

108 | 47258041 10112

109 | 3837 16266 17376

110 | 11340 17361 17512

111 | 12694611 4774

112 | 232210813 16157

113 | 16752 16843 18959

114 | 70 4325 18753

115 | 31658153 15384

116 | 160 8045 16823

117 | 14112 16724 16792

118 | 42917667 18176

119 | 5943 19879 20721

O day, can lwu ¥ ring, néu ma win kiém tra chan 1& ¢ thir tu cha céc chi s
mot diy cho mdbi nhém cot thit i trong mdt bang bat ky trong 56 cdc bang tir bang 9 dén
bang 18 néu trén da thay doi, thi ma trn kiém tra chin 1& 43 rthay d6i ciing o6 the dugc 4ar

dung cho cdc mi giéng nhu ma trén kiém tra chan 1& ban dau

thay‘déi 122135, 8943, 4535, 114, 3045, 10109, 13161, 21140, 5681, 6571, 5512, 19328,
14218, 13668, 17417, 10053, thi ma trdn kidm tra chin 18 c6 day d4 thay d6i vin c6 thl

duoc ap dung cho cdc md do.

Ngoai ra, néu mot diy chi s6 ctia nhém ¢t nay duge thay doi thanh diy chi s6 cia

~

nhém c§t khac va ngugc lai, tic 13 d&y chi s6 cia nhém ¢t

2

khéc duogce thay &bi thanh day
chi s6 ctia nhém cft thit nhét, trong cic bang tr bang ¢ dén bang 18 néu trén, thi cdc dic
trung dai s6 nhu cdc dic trung tun hoan va cic so o b phén b béc trén 46 thi cia cdc ma

9
A

van khong thay d6i. Vi vy, trzong hop thay ddi cac ddy chi 50 gitta cdc nhém ¢t cia ma

o A
b5

train kiém tra chin 1é 13 mdt phuong 4n 1am vi du khéc cia sdng ché.

V1 duy, trong bang 11 néu trén, d v chi s& 114, 2135, 3645, 4635, 5512, 5681, 6571,
8943, 10053, 10109, 13161, 13663, 14218, 17417, 19328, 21140 ctiz nhdm cit thi khong

(0) va ddy chi sb 19, 768, 1263, 3305, 6513, 7677, 7956, 9040, 13427, 16641, 17280
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18452, 18584, 18925, 19559, 20587 nhém cét thir mudi hai ¢6 thé ducc thay &4 sao
cho diy cia nhém ¢t thir khdng (0) duoc chuvun thanh 19, 768, 1263, 2305, 6513, 7677,

7956, 9040, 13427, 16641, 17280, 13452, 18584, 18925, 19559, 20587, va diy cho nhém

10053, 10109, 13161, 13668, 14218, 17417, 19328, 21140, 1

dugc hoan doi gifta nhdm cdt thir kho

tudn hoan, cdc so d6 phan b bicvac

2
AL (4L

cdc m3 van khong thay ¢6i (thuc 1€ (2, vi vige hodn d61 céc diy chi 6 gifra cdc nhom ¢t
twong tng cd hiéu qua giong nnw viéc chi thay d61 thiz v sip xép cia céc nhém cot trong

ma tran kiém tra chan 1&, cho nén cac ddc trung dal 30 co bdn van khdng thay déi).

Ngoa2i ra, ma trdn kiém [ra ct & mdt oéi 55 ngoyén l4n cha Quape Quoe chng
vao tat ca cdc chi s6 cia moi nhém cdt trong cdc bang tr bang 9 dén bang 18 néu trén cé

thé van dat duoc cdc dic trung dai sb giong nhu cdc dic trung tvén hodn va cdc so dd

phén b6 béc lién quan dén do thi cia cdc m3 theo phuong én lam vi du thuc hién séng che.

Vi du, nfu mdt boi sé nguyén lan cia 60 (the 12 Qrape = MNigpe—Kigpe)/ M = 60) duge
cong vao tit ca cdc chi s6 12575, 15845 va 18200 ciia nhom ¢t thi 24 trong bang 11 néu

trén, tic 12 cdc chi s6 duoc chuyen thanh 12635 (= 12575+60;
18260 (= 18200+60), thi céc d&c trung dai s6 nhw cdc dic trun
phan bd bic lién quan den do thi ¢l cfc md van khong thay do

,

dugc sau khi cdng mdt bdi s6 nguysn 1an cta Qaye vA0 trong nhdm

r

nhuw khi chi sap xép lai thit tw cia céc ¢t irong nhém ¢bt, cho nén cic dic mmg dai s6 co

ban van khéng thay d6i).

O day, can Iuu ¥ ring, trong trudng hop gid tri chi s thu duge sau khi con

(IQ
©
(@)
[@)3
it

A

s0 nguyén lan cia Qyqp. vao mét diy chi s6 cho trude bang hodc 16n hon gid tri Nig, —Kie,

thi gid tri chi s6 ¢6 thay d6i va dugce 4p dung cho gié irl thu dwoc bing cich thue hién

phép todn mdduld cho gia tr] Njg—Kigpe.

Vi duy, vi két qua cta phép cOng khi chi cdng o

(@
\)¥]
e
2SN
rd
-
[0

3

15845 va 18200 cua nhém cdt thi 24 trong bang 11 néu irén s& 12 16175, 19445 v& 21800

Vi Nigpe—Kigpe = 21600, cho nén diy di thay ddi cb thé 12 16175, 19445
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200, 16175 va 19445 néu 4p dung phép roan méduld-21600 cho két qua ciia phép cong

1

khi chi cong moi bdi so nguyén lan cta Qe vao diy néu trén.

P 9

Quy trinh m3 hod cdc md LDPC bing cich st dung ma trin kiém ira chan & ¢ 4u

O\
(")

tric duoc thé hién trén Fig.3 & dugc md td dudi ddy. Nhu dd néu trén, quy trinh mé hod
c4c mi LDPC 13 dé x4c dinh tr mi C ddp ng hé thirc: ma trén kidm tra chin 18 Xt m3 =

y < ~ ~ P ~ -~ ~ P s <A « X M A Lv o7 T T ~
0. Tttc 12 phuwong phdp mi hod md LDPC c6 thé duoc biéu dién bing h§ thec H-C =0. 0O

day, H 12 ma trén kiém tra chan 1é va Cl1a tr m& LDPC
NEu gia st rang céc bit cia tlr théng tin dwge md hod LDPC 12 (4g,i.-,0, ) va
céc bit cta tr md LDPC ¢duge tao va san khi mi hod LDPC 1a (¢, c,+-,cy _), T

ta dudi day.

@1
b
()
(_))

phuong phép tinh cdc bit cua tir mé LDPC ¢
Trudce tién, vi m3 LDPC 1a mi ¢6 hé thong, nén ¢, véi 0 <k < Ky, —1 duge thiét iap

giong nhu i;. Ngoai ra, cdc bit con lzi cia tir mi dwgc thi€t 14p dudi dang p, =c, . . d

(ST
day, pr 12 cdc bit chan 1€ va ¢d thé dugc tinh theo phwong phép nhu duwge md ta dudi dy.

-

Theo phuong 4n lam vi du thuc hién séng ché, vi ma tran kiém tra chin 1é dwoc x4c
dinh trong cdc bang tir bang 9 dén bang 18 néu trén, nén phuong phip duoc md 2 dudi

day ¢6 thé dugce dp dung trong trirong hop ma trén kiém tra chin 1€ duwoc xéc dinh rong

cac bang ti bang 9 dér bang 18 néu trén.

Trudce hét, néu gia st rang mdt muc nam & vi trf thr j cia hang thir 1 frong céc bang

tir bang 9 dén bang 18 néu trén 1 ¢, j,0)=g(@, j,0)+Q

= ldpc

Fomndl N N s
| MJ‘OJ(_V lpe TS e VO

0 <1< 360. O day, dau ‘+ diung d€ chi cac phép cdng theo quy dinh trong truong Galo

LudaE Lk

L#)

(Galois Field, GF) (2) (trc 1& cdc phép cong trong GF (2)). Ngoa: ra, Cyp., 12 Khodng
c4ch dich chuyén tudn hoan ctia mdi ¢t trong ma trin con tir thong tir, ¢6 thé 13 gid tr

dugc x4c dinh twong (mg trong céc bang tir bang 9 dén bang 18 néu trén.

N

Khi ¢(i,j,0) va ¢(i,j,{) dugc xéc dinh nhw 4% néu wén, thi phuong phép tinh
céc bit chan 1é dwoc thuc hién nhu sau.

2

Budc 1) Thiét 14p gid tri ban dau cho céc bit chdn 18 bing ‘0’. Thc 18 pp =0 véi

O<k< Nldpc_—;{ldpc-
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~

Buéc 2) Thiét 14p gid tri i va [ sac chio i=

F\.')\

k1360] va 1=kmod360 véi moi

; % 2 14 £ £ I P S P 7En lér A p
tri k nam trong khoéng 0 < k < Kjy,,. Trong dd, L_@ 12 gid tri 88 nguyén [én nhat tr

cdc sé nguyén khong 16n hon x. Vi dy, |1,2]=1. Szu @6, i duge cdng vao p,,, Vol

Q)/
(@]
o
an
O

moi gid tri j dwoc xdc dinh duwa va gid tri ¢ va [ da thiéc lap. Vi du,
Daion = Pygon T Pyian = Paaay T Pouon = Puion Theo oo Poovi-1n = Pgtastn-1ny Tk

dugc tinh.

X

Trong d6, w(i) 12 s0 luorg gl cla hang thi { wong céc béng tr ban;

18 néu irén va biéu thi s Iwgng gid tro wdt (1) wong ¢t twong dmg vol §; rong ma |

kiém tra chan 18. Ngoai ra, g(, j.0}, Ia muc ndm & vi of thit § otz harg thd i trong cdc

bang tir bang S dén bang 18 néu wén, 12 chi s6 cua bir chin (& vi bidu thi vi trf cha hang

=

c6 chira gid tri mot (1) trong cét trong dng véi i, wrong ma tran ki 2m tra chin 1.

=

Bude 3) Tinh p, =p, +~p,., vOimoi gid tri k dép tng dién kign 0 <k < Vy,—K|

Y ldpe

dé tinh céc bit chan 18 py.

[SupEN
e

Céc bit chan 1é duoc tinh bang phuong phdp néu trén, sao cho ¢d thA tinh droc th
gL 8] :

ca cac bit cia tr mad LDPC ¢;.c,---,c,,

Ndpe

-1

. Phuong phdp ma hod LDPC nhw 43 néu wén chila vi du minh hoa. Vi pm g phap
mi hod LDPC 13 phuong phép tinh tx md LDPC C thod mén hé thtic H-C* = (, cho nén

c6 thé c6 nhidu phwong phdp mZ hod ke nhau &6i véi mét ma trédn kiém tra chin 16 cho

trudc.

Vi duy, so 46 dugc ap dung theo tiéu chuan DVB-T2 ciing cé thé dugc 4p dun
truong hop ma trdn kiém tra chan 1€ dugce xdce dinh trong céc bang oir bang 9 dén bang 18
néu trén. Phuong phdp md hod LDPC cua trén so d6 dwoc quy dink theo tiéu chuan

DVB-T?2 s& dugc mo ta so lwge dudi diy bang céch st dung vi du ron

<

d6 ma trén kiém

e

tra chin 1& dugc x4c dinh trong bang 11 néu trén.

Trudc tién, néu gid su ring céc bit tr thdng tin cé &6 dai bing Kigpe 12

N

[z’o,il,iz,m,iKMW_I] va cac bit chan 1¢ c6 d6 dai bing NigpeEKype 12
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[Py> Pis Pas s Py —x. 1), thi budc mi hod L.DPC ¢d thé duoc thuc hign theo phs
= ldpc ldp.

phép nhu sau.
Budc 1) Thiét lap giéd tri ban dau cho céc bit chan ¢ bang ‘0. Tic 12

Pe=P =P =" =Py, gy =0

-3

Budc 2) Cong bit thi khong (0) i cia tiy thong tin vao bit chin 1& ¢6 dia chi cua bit

chin 1& ndm & hang thir nhét (e 12 hang ¢6 i = 0) trong bang 11 néu trén d& 12m chi s0

cho bit chin 1. Budc nay c6 thé duge bisu dien bing cdc biéu thirc todn hoc 11 du

P = Dae D Provss = Prouss €1,

Poi3s = Pass ®i Proos = Pipoo B

pzmé S Psos D1 Praa = P B

Dugss = Pagss Dy Prasss = Pisses D4 (11)
Pssin = Pssin D Prns = Puzis Plgg

Pseat = Psest Dl Piran = Dy DL

Pesn = Pesn Dy Proms = Proms D1,

Pros = Proas @1 Do = Pavia Dl

Trong biéu thic todn hoc néu rén, i 12 bit thir khong (0) cla tr thoéng tin, p; 12 bit
chin 1& thir i, va @ 13 phép todn nhi phin. Trong phép todn nhi phin, | @; bang 0, ;9

bﬁmg 1, ¢®, bing 1, va (&8, b?mg 0.

Budc 3) Cong 359 bit con lai i, (m=1, 2, ..., 359) cla t thong tin vac cic

(\
o5
=4
«
L
o

o
3

1¢. O day, céc bit con lai cua tir thdng tin ¢é thé 13 cdc bit tir théng tin thude cling mbt
nhém cdt v&i bit §. Trong treomg hop nay, dia cal cle céc bit chin 1é ¢6 the dwoc x4c

dinh dya vao biéu thuc todn hoc 12 duroi dy:

(x+ (mmod360)xQ,, Jmod(N,, ~ K, ) (1

&
T
N
¥
B
p——g

lipc

Trong | hiéu thic todn hoc 12 néu i‘én, x 12 dia chi cua ving chia bit chan 1€ twong

‘O

Q
A

By

(e
aacs
.E:
[@)
)
DJ’

ung vdi bit iy cia tir théng tin, va Oy, 12 khodng cich dich chuyén cia mbi ::t

Kt qua 1a, moi bit i, (m=1,2,...,35

\O
N
\)

cuz tir thdng tin duge céng véi méi bit

chin 1é ¢6 dia chi ctia bit chin 1 d roc tinh dira vio bidu thirc todn hoc 12 néu trén 4é 1am
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Py = Py @1 Piors = Pions @3
Pares = Pares D Pioes = Proes DIy
Paios = Pajes @ Pz = Pian D4
, — ; — - @ 5
Disos = Paeos ® Y Pisis = Prams @ b PN
. B o o (13)
Pssin = Pssn @ Priog = Proms ©h
Ps11 = Psiu @l P = Py @i
. — : —_ @
Pesst = Pessi @ Proses = Proags D1,
— Ang - — i S
Pooss = Poors D3 Poiaon & Pange T
‘Trong biéu thuc todn kge néu tréx, i; 1a bif thi rhét cia tr th 18ng tin, p; 1a bit chin [
thir 7, va ® 12 phép todn nhi phin. Trong phép toan nhj phin, (@, biang 0, 1P, bang 1, @,

béng 1, va (D, b%mg 0.

Buéc 4) Cong bit thit 360 i3y clia tlr théng tin vio bit chan 1& ¢ dia chi ¢lia bit chan

1é ndm & hang tht hai (tkc 12 hang cé i = i} trong ban

g ng 11 néu trén 4& 1am chi sb cho bit
24

chén 1é.

N

Budce 5) Cong 359 bit ¢dn lai cia tr théng tin thude cling mét nhém v bit iz

')
350 €4

,
N
o

tir thong tin vio bit chin 18. Trong trudmg hop rav. dia chi cha bit chin 12 5 thé duoc xdc
dinh dya vao biéu thirc todn hoc € nén wén. Tuy nhién, trong trudng hop nay, x 13 dia chi

ctia viing chita bit chan 18 twong tng vl bit i3e, cia tir théng tin.

Buéc 6) Lip lai viéc thys hién bud

o Frdie 5 A trdn FA 7/ T WA
Vo ougcC O neu e 401 voi tal £a cac nhom

K.J

cOt trong bang 5 néu rén.

Budc 7) Két qua 12, tinh dwoc bit chin 1€ p; dira vio biéu thirc todn hoc 14 dudi ddy.

Trong d6, i dwoc thiét 1ap gid tri ban ddu bing mét (1)
=p, @ P i=1L2, ﬂ]\]zd;n =Ky 1 (14)

Trong bigu thitc toén hoc 14 néu irén, p; 14 bit chin 1& thir i, Ny, 13 «

LDPC, K 12 46 dai ctia tir thdng rir trong or mi LDPC, vi

Trong phép tedn nhi phén, ;®; bang {, @, bang 1, ¢® bang 1, v
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Theo phwong phép néu wén, cé the tinh dugce cic bit chin le.
Bia chi clia cdc bit chin 1é ¢6 mit trong thi khéng {0) cia nhom cot tha  dung
bang chi b cia hang ¢6 chira gid i mt (1) wong cot thir khong (0) cua nhd

Vi vay, chi s6 cia céc hang ¢6 chira gia tri mdt (1) trong cdt thir khong (0) cua nhom cbt
thtr 1 trong cac, bang tir bang 9 dén bang 18 néu trén duoe biéu dién dudi dang dia chi cia
cdc bit chin 1 trong phuong phap mi hod. Vi véy, cdc bang tr bang 9 dén bang 18 néu
trén c6 thé biéu dién “diz chi ciiz cdc viing chiva bit chin 187,

n

-

—~

Nhu d2 néu trén, theo cédc phuong dn lam vi du, phwong phap méi hod LDPC ¢

{he

C) N

dugc thuc hién bang cach stir dung nhiéu so d6 khic nhau dé tao ra tr mZ LDPC.

-

v

Khi d6, cdc m& LDPC c¢6 theé dwge gidl md bing cich dp dung shuon

+
k)

13p dwa vao thudt todn tong-tich rén 46 thi hai phia duoc the hé

thudt todn tong-tich 12 mot loat thuit todn Ju"ed théng bao.

Thuét todn truyén tadéng bdo thiong ding d¢ gidl mi LDPC sé duge md t4 dudi ddy
dwa vao Fig.5A va Fig.5B.
Fig.5A va Fig.5B thé hién thudt todn truyén thong béo gifta moi nit kiém tra vi ndt

thay d6i dé giai ma LDPC theo phuong 4n lam vi du thire hién sdng ché.

Fig.5A thé hién mdt mit kidm tra m 500 va ahiéu nut thay d6i 510, 520, 53 va 540
-dugc noi voi nit kiém tra m 500. Ngoai ra, Ty, Sugc theé hién rén Fig SA 'bi?‘*u thi duong

LW Ul

truyén thdng bdo tr nit thay d6i i’ 510 dén nit kiém tra m 500, vi B, ,, biéu thi dudng

truyén thong bao tir niit kiém tra m S00 dén nit thay ddi n 530. O ddy, tip hop gdm tt ca
céc nut thay d6i dwge ndi véi nit kiém tra m 500 dxge ky higu 12 N(m), va tdp hop d3

loai trir nit thay d6i n 530 ra khoi tap hop N(m) duge ky hige la

)ﬂJ
/}_\
\/
///
=

Trong trudng hop ndy, quy tic cip nhét thong bdo dua vio thudt toan tong-tich ¢d

thé dugc biéu dién bang cic bieu thire todn hoc 15 dudi day:

E

n,m

=o volr, nf)}

n'eN(m)\n

Sign(g, )= []Sien(T.,, )

n'eNim)\n

N
[,
Cay

—’

Trong biéu thirc todn hoc 15 néu wén, Sign(E, ) 12 déu ciz thdng béo B, ., v2 E
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13 d6 16n cia thong bdo B, . Khi d6, ham $(x) ¢ the duge biéu dién b

hoc 16 duoi diy:

@(x)=~10g(ianh(—§ :[ (16)

Fig.5B thé hién mdt wit thay déi x 550 va nhiéy nds kiém tra 560, 570,
duoc ndi véi nit thay d6i x 550. Ngoai ra, By, duge the hién trén Fig.5B bicu thi dudng
truyén thdng bdo tir nit kiém wa y* 560 dén nit thay déi x 550, v Ty, bicu thi dudng
truyén thong bdo tlr ndt thay doi x 550 dén nat kiém tra y 580. O d4y, tép hop gdm tat ca

g3 A

céc nut kiém tra duwgce ndi véi mit thav 36i x 550 duge kf hi€u 13 M(x), va t8p hop 44 loai
trir nidt kiem tra v 580 ra khoi fAp hop M(x) duge ky hidu 1a M(x) \y. Trong trudng hop

7

niy, quy tic cAp nhit théng béc dya vao tudt todn tdng-tich ¢6 thé duoc bidu 4

biéu thirc todn hoc 17 dudi day:

— 5 n /9
T,v.x _Ex g ? }/ il

i EM(X \y
Trong biéu thirc todn hoc 17 néu trén, E, 12 gié tr1 thdng bio ban diu cua nut thay
doi x.
Ngoai ra, khi gi4 tri bit ciia ndt x dwge quyét diah, thi gid i nay ¢ thé duge bidu
dién bing bifu thirc todn hoc 18 dudi diy:

P.=E + ZE)".X {(18)

y'el (x)

r

Trong trudng hop nay, bit mi hoa twong tng vai nit x cé

vao gid i P..

Trén Fig.5, phuong phap néu trén 12 phwong phip gidl mi théng thuong, va do dé
s& khong duge md ta chi tiét trong sdng ché. Tuy nhién, ngoai phvong phiap duge md ta
dwa vao Fig.5, cling c6 the 4p dung cdc phwong phip khic dé x4c dinh céc gié tri thon
béo truyén & nit tha y d6i va niit kidm tre (xem t3i liéu: Frank R. Kschischan g, Brendan J.
Frey, va Hans-Andrea Loeliger, “Factor Graphs and the Sum-Product Algorithm”, TEER
TRANSACTIONS ON INFORMATION THEORY, VOL. 47, NO. 2, FEBRUARY 2001,
trang 498-319).
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Fig.6 12 so d6 khéi thé hien chu hinh cua thidt bi md hod theo phwong 4n lam vi du

~ ~ A

thue hidn sdng ché. Thiét bi m2 hoz 600 ¢ thé thuc hién buée mz hod LDPC ! trén.

Nhu dugce thé hién trén Fig.6, thiet bi mi hod 600 bao gém b¢ md hod LDPC 610.

”

A

Bo mi hoa LDPC 610 ¢6 thé thuc hién budc mi hod LDPC trén céc bit ddu vao dua trén
LDPC.

Tir m3 LDPC c6 thé ¢6 64800 bit. Tixc 12 d6 dai cua t mi LDPC ¢6 thé bang 64300.

Y

i ma

o
=
\')(

> T

O

ma trin kiém tra chan 1¢é dugc tao ra theo phuong phip néu trén 4 ta

/

O day, ma tran kiém tra chin 1é ¢6 thé ¢ cdu mic gidng nhv ciu tric cla ma trdn

kiém tra chin 1é 300 duoc thé hién trén Fig.3.

Cu thé, ma tran kiém tra chin 1é bao géxr rea trn con tir théng tin va ma tran con
- chin 1é néu trén.
O day, ma trén con tir thong tin dwgc tao nén tl nhiéu nhém ct, mobi nhém cht c6

M cét va cé thé dugce xdc dinh bing bang bicu dién vi trf cta céc gid tri mdt (1

ji=]

cdt thi: M. © day, M, 12 khoang 13p lai cla cic mau ¢ét rong ma trdn con th théng tin, cd

thé bang 360. Ngoai ra, ma trén con chan & ¢ thé c6 cau tric hai dudng chéo.

Trong tredng hop nay, bd mi hod LDPC 610 ¢f the : thize hién bude mi hod LDPC

bang cich st dung céc ma trin kidm tra chin 1& Guge x4c dinh véi nhiéu dang khéc nhau
tuy thudc vao ty 1€ mi (tirc 1a ty [ mi cta cdc mid LDPC).
: Vi dy, b6 mi hoa LDPC 610 ¢d thé thus hién bude mi hea LDPC bang cach s

g
dung cac ma trin ki€ém tra chan 1é dugc xdc dinh trong mft bang nhu bang 9, bang 13 va

z s

bang 17 néu trén khi t¥ 16 mi bang 6/15, vi thic hién budc mi hod LDPC bing cich sir
dung cdc ma trin kiém tra chin 1é dwoc xdc dinh trong mdt bang nhu bang 10 v2 bang 14
néu trén khi ty 16 ma bang 8/15. Ngoai ra, bd md hod LDPC 610 ¢6 thé thuc hién budc
méi hoa LDFPC bﬁng cach st dung céc me trén kim tra chin 1é dwoc xéc dinh trong mbt
bang nhu biang 11, bdng 15 va vang 18 néu wén khi oy 1€ mi bing 10/15, va thuc hién
budc mi hoda LDPC bing céch sir dung cdc ma trin kié‘m tra chan 1¢ dugc x4c dink trong
mot bang nhur bang 12 va béng 16 néu trén khi ty 12 ma béng 12/15.

Phwong phép thuc hién budc ma ho4 LDPC d3 duge md ta chi tiér & tvi én, va do ds

¢ day s€ khong mé ta lai nia.

Thiét bi m& hod 609 ¢4 thé cor bao gom bé nhe (khéng dwoc thé hidn wén hinh vE)



trong d¢ théng tin vé ty 18 mi,

LDPC dugc lou ¥ tir trude, va bd mi hod LDPC 610 ¢4 the thye hign bude mi hod

LDPC bang c4ch st dung thong tin aay. J ddy, thong tin v€ ma trdn kism tra chin 1& ¢6

thé 12 thong tin vé ma trdn con tir thdng tin duge @ ' nhém cdt, mdi nhdm

=

=

¢t ¢6 M cot va bang biéu dién vi trf ctia cac gid tri mét (1) trong mdi ¢t thir M.

Fig.7 12 50 d0 khoi thé hién cau hinh cua thi€t b1 tru y%n tfn hiéu theo phuong 4n lam
vi du thirc hién sdng ché. Nhw duge € hign
bao g@m bd mi hod Bose, Chaudhuri, Hocquenghem (BCH) 710, bé ma hod LDPC 720

bd dan xen 730 va bo dié &u bidn 740.

Bd ma hod BCH 710 thyc higr bude mi hod BCH wén cac bit dauv vao va cung « m
tor m3 BCH duogc tao ra sau khi m# hod BCH cho ¢ mE hod LDPC 720.

Cu thé, bd mid hoéz BCH 710 thurc hién budce mi hod BCH trén cac bit ddu vao

L={ly,l,, L, 1, d€ tao ra Ny, —Kp,, bit chan 1& BCH va tao ra tr m& BCH

) . . 5 A SN T —F: : T 13 e A - A= nA
Dpe =ligs iy sl 1. T m& BCH 7, =i, i 112 t& thong tm d€ mi hod

LDPC cho b6 mé hoa LDPC 720

Fx 1

Phwong phdp mi hod BCH la phurong bép da biét va d2 duge md {a trong cac tai
liéu: “Bose, R. C.; Ray-Chaudhuri, D. K. (March 1860), “On A C of Brror F:} recting

Binary Group Codes”, Information and Control 3 (1): 68-79, ISSN 0850-54 017, , VA

P

do d6 s& khdng dugc md ta chi tiét irong sdng ch

Khi d6, cé thé lya chon ¢6 hodc khong st dung bd mi b

trong mét s6 trudmg hop, bé mi hod BCH 710 ciing c6 thé khong duoc st dung.

B¢ mi hod LDPC 720 thuc hién budc mi hod LDPC trén 1 m3 ECH duoc %t ra

[SBNN

hoé
tr b0 mi hod BCH 710 va cung cip tr mi LDPC dugc tao ra sau khi mi hod LI

bé dan xen 730.

Cu thé, bd mi hod LDPC 720 thyuc hifn bude m?

L. =ligsty, 51, ] duges xudt ra tir bd mi hod BCH 710 dusi

ldpe

18 Nigpe—Kigpe bit chin 18 LDPC va taora th maA LDPC O =[c,,c..c. 1.
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Tuy nhién, khi b0 m3 hod BCH 710 khéng dwoc sir dung, thi b6 mi hod LDPC 720

cd the thuc hién budc mé hod LDPC trén céc bit Gau vao.

LDPC 610 d‘uctyc mé ta dira vao Fig.6. Tic 14 b mi hod LDP
mé hod LDPC bang cach sit dung ma trén kiér tra chin 1€ trong 46 ma trén con tir thong
tin dugc xac dinh trong cic bang tir bang 9 dén t bang 18 néu trén tuy thudc vao ty 1&€ ma

v ma tran con chin 1& ¢é céu triic hai dudng chéo.
Dé lam duoc diéu nay, thiét bi truyeén tin hiéu 700 ¢6 the cé bé nhd (khdng duge the
hién trén hinh v&) dé lwu trd thang tin vé ma trén kifm tra chin lé. Trong treomg hop nky,

ma tran kiém i ra chén ié ¢6 the ¢c6 nhié: 3 dang khdc nhen tuy thude vac iy 1€ mé va ¢ the

I

dwoc xdc dink frong mot bang rong s¢ cac bang t bang 9 dén bing 18 néu rén aé lam vi

du minh hoa. O ddy, théng tin vé ma trin kiére tra chin 1€ ¢4 thé 1a

R

con tir thdng tin dugc tao nén tr cdc nhém cft, mdi nhém ¢t cd M cdt va bang b

vi tri cua céc gid tri mot (1) trong moi cft thir M.

B6 dan xen 730 thuc hién bude dan xen tr3n tr m3 LDPC dugc xuat ra ox bo mi

hod LDPC 720 va cung cip céc bit dan xen cho bd diéa bién 740.

Trong truong hop ndy, bé dan xen 730 thu chudi bit tir m& LDPC dugc xudt ra tir bd

méd hod LDPC 720 dé thuc hién budc dan xen bzm:r cach st dyng mot so dd dan xen dinh
true. So d6 dan Xen ¢ thé ¢6 nhién dang khéc nhau vi ¢6 thé Tza chon o6 hoic khong

st dung bo can xen 730.

B diéu bién 740 diéu bién chudi bit duge xudt ra tir by dan xen 730 v ruyén chudi

bit da diéu bién dén thiet bi thu (vi dy, thiét bi thu 1000 trén Fig.10).

Cu thé, bd didu bién 740 6 thé phirn kénh cic bit duoc xuét ra 6 ©6 dan xen 730 va

1N

anh xa céc bit d2 phan kénh vao chom diém.

N

Nghia 12, b9 diéu bién 740 ¢

; Y Y Y A A s
¢ bign déi céc bit dwge xuat ra tr bd dan xen 730

O\

2 r
A A

theo so do ‘oién doi ndi t'é; thanh song song d¢€ tao ra céc 6 gdm mdt s0 lugng bt ﬂgnh
hé

trude. O day, sb lrong bit tzo nén mdi 5 co t

([)\q
o
gw
(}'t
w
O
jomrnd
S
]
[en
o
—
w8
(@]
i)
>
=
«Q
\
T‘
d
g
[
D>
[
S
—
[P
[

bién duoc drh xa vao chom diém.

Tiep theo, b6 diéu bién 740 cd thé dnh xa cdc bit d3 phan ké&nh vao chdm diém.
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Nghla 14, bd didu bién 740 didu bién cdc bit §4 phin kénh bang cich s dung céc so do

y

diéu bién khdc nhau nhu QPU“ i m-uAM, 54-QAM, 256-QAM, 1024-QAM va

céc diém tron g chdm didm. Trong trudng hop nldy, cac bit d& phin kénh tao ¢
twong ing véi cac ky hi€u didu bién, va do d6, mdi & co thé duwoc 4nh xa tudn oy 180 cdc
diém trong chom diér.

N

Ngoai ra, b didu bién 740 c6 thé didu bién cic tin hidu duge dnh xa vao chom didm
va truyén cdc tin hiéu d3 didu bién dn thiét bi thu 1000. Vi du, bb didu bién 740 c6 thé
anh xa céc tin hiéu, dugc anh xa vao chiém didm, 18a khung OFDM bang cach st dung so
d6 ddn kénh phan tin truc giso (Orthogonal Frequency Divisicn Multiplexing, CFDIM)
va truyén Cac un hiéu di duoc anh xa dén thiér bi thu 1000 qua kénh duge phin dinh.

Thiét bi truyén tin hiéu 700 cb thé luu trit trude nhidu thong 86 khac nhau duogc

dﬁng dé ma hoé, dan xen vi didu bidn. O 43y, cic thdng <6 iug dé mZ hod co thé [a

mi vi ma trin kiém tra chin 1& cua céc i LDPC. Ngoai ra, céc thon
xen ¢6 thé 12 thdng tin vé quy tic dan xen va céc thong s6 ding 42 dicu bién ¢d the 1a
théng tin vé cdc so dd didu bién. O day, thdng tin v& ma trén kiém tra chin 1é ¢6 thé 1a

thong tin vé ma trén con t’bf thong tin dugc tao nén tr cdc nhdm cft, moi nhdm cét o M

cdt va bang biéu dién Vl tri cia cac gid tri mdt (1) trong modi ¢ot thir M.
Trong treong hop nhv vy, mdi bd phin ciu thinh thiét bi trayén tin hidu 700 cé

thé hoat ddng bfing cach str dung cic thong ) Tav.

Mic du khoéng duge thé hién wén hinh v&, nhung thiét bi truyén iin hidy 700 ¢6 thé

Q

con bao gém bé didu khién (khong dwoc thé hién trén hinh vE) 48 diéu khién hoar don

Y

ctia thiét bi truyén tin hiéu 700.

Trong trudmg hop ndy, bé didu khitn (khéng dwoc thé nidn wén hinh vE) o6 thé

~

cung cap théng tin v€ ty 1§ mé v

e

or mi ciz cdc md BCH cho b0 mZ hod BCH 710

v cung cép théng tin v3 tv 18 mf, 64 dai tr md, ma whn kidm ¢ x

LDPC cho b¢ mé hod LDPC 720. 1\‘»‘3@1 ra, bd ditu khién (khong duoc ';:hé hién trn hinh

i

V&) 6 thé cung cip thong tin vé céc so dd dan xen cho bé dan xer 730 va thong tif

7
A

cdc so d6 didu bién cho bg didu bidn 740. G a5y y, thong tin v& ma trén kiém tra chin 18 ¢6-
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the la thong tin v& ma trdn con tr théngz tin dwoc tao nén tir cic nhdm cot, méi nhém ¢
c6 M cot va bang biéu difn vi trf cia céc gid tri mét (1) trong moi cdt thuy M.
Fig.8 12 so d6 khoi thé hién ¢ chu hinh cia thift bi giai mi theo phuong 4n lam vi du

thue hién sdng ché. Nhu dvgc thé bisn wen Fig.3, thiét bi giai mi 800 bao gdm

ma LDPC 31 @L

f‘\")
oy

G.‘

C
- o

B6 gidi md LDPC 810 thyc hién bude gial ma LDPC trén tr md LDPC dua trén ma

tran kiém tra ch3n 1&. O day, tir ma LDPC ¢6 thé c6 54800 bit. Tuc 1a d6 dii cia tr mi
LDPC ¢6 thé bang 64800.

' Vi du bé gidi ma LDPC 810 tim ra cdc gié tri ty s0 hop 1y dang loga (Log

"leehhood Ratio, LLR) o ng wng v cde tit cte tr mE LDPC ban

phuong phép gidi mi 13p d€ thue hién bude gial mi LDPC, nhd 36 t30 ra cdc bit tir thong

tin.
O dfy, cdc gid tri LLR ¢§ thé dugc biéu difn bang cic gid iri kénh
céc bit ctia tir m& LDPC bang nhiéu phuong phip khdc nhau.

Vi du, cdc gid tri LLR c6 thé dugc bicu dién bang cdc gid tri thu dugc sau khi 1dy

logarit trén ty so gilta x4c suat ma céc bit truyén qua kénh ¢ phia thist bi truyén béang

jaSZg
(@]

¢
fauiN

813

h)

khong (0) va X4C suat ma céc bit d6 bang mdt (1). Ngoai ra, cdc gid ir1 LLR ¢cd th

e

gid m bit duqc xé4c dinh bang phwong phap quyét dinh mém Vé. cling couth«a 12 gid tri 1ié

-

biéu duwoc xdc dinh tuy thudc vao phan cé xéc suét ma céc bit truyén tix phia thiét bi

truyen bang khong (0) hay bing mot (1)

2

Trong triedng hop niy, phia thist bi truyén ¢4 thé st dung bd mi hod LDPC 610 nhu

duoc thé hién trén Fig.6 dé tao ra tir m3 LDPC.

Khi d6, ma trin kidm tra chiin 1& ding @ gidi m3 LDPC c6 thé ¢é cfu tric gibng
v&i ma tran kiém tra chin 1 300 duoc thé hién rén Fig.3.

-\

Cu thé, ma trén kiém tra chin 18 bao 5um ma trin con tir théng tin va ma trdn con
chan le.

O day, ma trin con tir thdng tin dwge tao nén tr nhiéu nhdém cbt, méi nhém cbt b
M cét va dugc xdc dinh bing bang biéu dién vi of cha cic gig wi (1) trong A cbt

th M. O ¢4y, M, 1a khoang 13p lai clia cAc mau céi trong ma triin con tir thong tin, ¢b thé
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bang 360. Ngoai ra, ma trdn con chin e ¢d thé 6 cav wic hai dudmg chéo.

Trong trudong hop ndy, bo gidi ma LDPC 810 ¢6 the thyc hién bude gidi md LDPC

bang cich str dung céc ma trén ki
tuy thudc vao ty 1€ ma (tdc 1a ty 1€ mé cla cac md LDPC).

n

Vi du, b0 giai ma LDPC 810 <6 thé thyue hién bude giai m2 LDPC bang cach s
dung céc ma trén kiém tra chin 1& dugc xdc dinh rrong mot bang nhu bang 9, bang 13 va

M P

bang 17 néu trén khi ty 1€ mi bang 6/15, va thuc hién budc giai md LDPC bing cach st

é duge xac dinh trong mSt bang nhw bang 10 v bang 14

g\aa

dung cic ma trén kidm tra c

néu trén khi ty 1

~

giai md LDPC bang cach st dung mz trén Kidm tra chao le duge xéc

béng nhw bang 11, bmg IS5 vi oéng

budc giat md LDPC bang cdch str dung cac ma trén kiém wa chin e duge xac

mot bang nhu bang 12 va béng 16 néu twén khi cy 1€ md bang 12/15.

Nhir 42 néu trén, bd giai mi LDPC 810 cé theé thyc hién budce giai mi LDPC bing
cach dp dung phuong phép giai mi [&p. Trong tredng hop nay, bd gidi ma LDPC 810 ¢4

thé ¢6 chu hinh nhu dwoc thé hién trén Fig.9. Tuy nhién, thudt todn gisi mi 13p 12 44 biét,

va do d6, ciu trifc dugce thé hién chi tiét ir3n Fig.S chi la mét vi du

Nhw duoc thé hién trén Fig.9, thiét b1 gidi mi 900 pe

by
A

bd nhé 212, bd diéu hanh it thay d6i 213, bs didu khidn ¢

915 va bd xir 1y ddu ra 916.

Bd xt 1y déu vio 911 luu tri gid tri dau véo. Cu the, b xi

Iy tr cde gid tri LLR cua céc tin higu thu duge qua Kéob khong

7
2 3

B6 diéu khién 914 xéac d‘inL 50 lugng gid tr1 dugc nhép

d6i 913, gid tri dia chi trong bé nhé 912, 56 lwgng gié tr1 dwge nhdp vao b dieu hanh :

1

kiém tra 915, gid tr1 dia chi trong bd nhg 912, va cdc thdng tin trong tr khic, dua vao

kich thudce (e 12 @6 dai cia tiy m¥) cia mét khéi tn hidy thu duoc quz
va ma trén kiém tra chan 1é rwong Grg véi (¥ 18 mi.

Theo phurong dn lam vi dy, chi s0 cta cdc hang ¢d cara gid tri mdi (1) trong cbt thiy

9

khong (0) cua nhéra cft thl i <6 thé thue hién bude giai md dwa vio cdc ma rén kié
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chin 1&é duge xdc dinb trong cdc bang tir bang ¢ dén bang 18 néu rén.

Bo6 nhé 912 luu trix dit litu ddu vao va dit liéu diu ra cla bg difu hanh ndt thay abi

913 va b diéu hanh nit ki€m irz 915.

B6 diéu hanh nit thay ddi 913 thu dit lida @r bd nhé 912 cua vao théng tin < vé dia
chi cua dir liéu dau vao va thong tin vé sb hegng dit lidu dAu vio thu duoc tr bd didu
khién 914 @& thue hién hoat déng cta wit thay dAi. Tibp theo, b didu hanh nit thay 46
913 luu trit cdc két qua hoat ddng cia ndt thay &A1 vao bd nhé 912 dua vio thong tin vé
dia chi cua dit liéu dhu ra va thong fin v vé 36 lwong dir Lidu d3u ra thu ducc ti bd didu
khién 914. Ngoai ra, b6 didu hanh it thay doi 913 nhap céc %ét qua hoat déng cia nit
thay déi vao b xtr 1y daura 916 due vio dit Léu thu dage o v Iy & déu vio 911 v bd
nh¢ 912. O déy, hoat ddng cla nidi thay d¢ 1 &5 drge rab té dua vao Fig.s.

A

B6 diéu hanh ndc kiém tra 915 thu dit lidu o b nhé 912
chi cua di liéu dau vac va thong tin ve 30 lugng dit liéu diu v

-

khién 914 d& thuc hién hoat d6rng cua niit thay déi. T ép theo

915 luu trir céc két qua hoat ddng clia nit my dhi vao bs nhé 917 dura vio thong tin va

dia chi coa dit liéu dau ra va théng tin v& s6 lugng dif licu d4u ra thu dugce tir bO dign
khién 914. C d4y, hoat ddng cua niit ki¢m tra di dwge md t8 dua vao Fig.5.
B& xr 1y dau ra 916 thyc hién quyét dinh mém ddi véi viée cc bit tir t Ong fin cua

tir md & phia thiét bi truyén c6 gid tri bang khong (0) hay bing mat (1) dira vio G hui
thu dugc tir bo didu hanh ntt thay d6i 913 va sau d6 xuit ra cée két qua quyét dinh mém,
sao cho gid tr1 dau ra cua bd x¢: 1y GAu ra 916 ¢5 thé 13 gid tri duoc gidi m3 cudi cling.
Trong truémg hop ndy, trén Fig.S, gu er dinh mém o6 thé duge thue hién duea vao oid it

(=] o

thu duoc sau khi cong tat ¢ cic gid i thdng béc (gid tri thong bdo ban d4u va cdc gid i

-

thong bdo khic dwoc nhép vao tr niit kiem tra) dwge nhép vao mét nit thay « abi.

duge luu tlt 1 trude, va b6 gidi md LDPC 810 ¢b thé thuce hién budec m2 hod LDP
bing céch sit dung thong tin nay. Tuy nhién, d&y chi 1a mdt vi du minh hoa, va d
thong tin twong Ung c6 the duoc cung cAp tir phia thiét b truyén. O day y, théng tin vé ma

tran ki€ém tra chan 1€ c6 thé 3 thdng tin vé ma trén con ty théng tin dwoc tzo nén tir nhidu
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1

nhém ¢dt, mo6i nhém cot ¢6 M cot va droe xdc dinh bin:

Q0

o bang bidu difn vi torf cia cic gi
tr1 mét (1) trong mdi cdt thir M.
Fig.10 12 so d0 khdi thé hién cdu hinh cla thigt bi thu theo phuong an lam vi du

thyre hién sdng ché. Nhu dugc thé hién tréa Fig. 10, thiét bi thu 1000 bao gbm bo gidi didu

bién 1010, bd giai dan xen 1020, b6 giéi ma LDPC 1030 va bé gidi md BCH 1040.

B& giai dieu biér 1010 thu va giai diéu bién tin hiéa duge trw /en ol thiét bi truyeérn

tin hiéu (vi dy, thiét bi truyén tin hiéu 700 trén Fig.7). Cu thé, bb gidi diéu bién 1010 ¢

thé giai didu bién tin hiéu thu dugc dé tao ra gid tri trong dng véi tr mi LDPC v cung

cap gid tri d tao ra cho b giai dan xen 1020.

Trong trudng hgp ndy, gid ta tuong dng voi tr md LDPC <6 thd duge bidu dién

bang gid tri kénh d6i véi i hiéu thu duge. O d8y, phuong phap xac dinh

~

thé cé nhiéu dang khac nhau vi phuong phép xéc dina zid tri LLE ¢6 thé 13 mét vi du.
as 5 | 5 &

5

B6 giai dan xen 1020 cé thé thye hign budc gidi dan xen twrin cic gid ]
bd giai diéu bién 1010 va cung cip cdc gid wi dau ra d2 gidl dan xen cho bg giai mi

LDPC 1030.

Cu thé, bd giai dan xen 1020 12 bd phén twong ¥mg véi bd dan xen 730 cia thist bi

truyen tin h i8u 700 va c6 thé thuc hkr hoat d¢ng twong

bo giai dan xen 1020 c¢6 thé 4p dung &ao ngugce s¢ 46 dan xen d duogc 4p dung ¢ bd dan

xen 730 d€ giai dan xen cho céc gid tr1 LLR dugc xudt ra i b gidi diéu bien 1010.

Tuy nhién, trong mgt s6 truong hop, khi b¢ dan xen 730 khéng dwgce st dung trong

thi€t bi truyén tin hiéu 700, thi bg gidi dan xen 1020 cling ¢6 thé khdng duge st dung.
B6 giai m3 LDPC 1030 c6 thé st dung céc gid tri dau ra cla bd gia: dan xen 1020
dé thuc hién budc gidi ma LDPC v cung cép cdc bit gidi ma LDPC cho bd giai mé BCEH

1040. O &4y, cac bit giai md LDPC ¢6 thé 13 tr m3 BCH.

01y 1A

Cu thé, b giai md LDPC 1030 12 bo phén twong fng v&i b mi hod LDPC 720 cua
thiét bi truyén tin hi¢u 700, va co thé thue hisn bwdc gidi mid LDPC dya trén ma trdn
kiém tra chin 1&. BY giai mi LDPC 1030 trén Fig. 10 ¢6 thé dwge dung 1am bo izl mi
LDPC 810 dugc md td dua vac Fig.8. Tiac 12 bd giai md LDPC 1030 ¢¢ thé thuc hisn

budc gidi mad LDPC bang cdch siv dung ma trén kiém tra chin 1 trong d6 ma trin con fir

& i
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tho*lg tin dwge xdc dinh trong cdc bang tu béng dén bang 18 ndu trén wy thudc vac oy

C:A

ke 1
I

1é m3 va ma trdn con chin 18 ¢6 cév mic hai dlIOTi’“ chéo.

B6 gidi ma BCH 1040 c6 thé thuc hién budc giai mad BCH trén cdc gid tri duge ;iﬁé;i
ra tir bo giai ma LDPC 1030.

Cu thé, bd gidi md BCH 1040 12 b& phén twong ung véi b4 mi hod BCH 710 cia

P

thiét bi truyén tfn hiéu 700 va c6 thé thyre hién burde gidi ma BCH tén tir mi B

xuét ra tit b6 giai ma LDPC 1030 dé tzo ra céc bit duge truyén thidt bi truyén tin hidu
700. Tuy nhién, trong mot sd trudng hop, khi bd mi hod BCH 710 khéng dugc sz dung
trong thiét bi truyén tin hidu 700, thi bé giai md BCH 1040 cling c6 thé khong éjgc si¥
_dung.

Thit bi thu 1000 ¢6 thé fwy trit trude nhidu théng s8 khac nhau dxge ding dé gigi
mé va giai dan xen. O day, cdc théng sé ding d2 giai ma ¢6 thé 12 thong tin v& 1716 mi va
d6 dai tr mi ciia ma BCH va théng tin vé ty 1& ma, 46 dai tr mi va ma trdn kiém tra chin

\

Ié cia ma LDPC. Ngoai ra, cdc thong &b S ding d€ giai dan xen ¢6 thé 1a thong tin v€ quy
tic giai dan xen. O diy, thong tin v& ra trédn kiém tra chin 12 ¢6 thé 13 thong tin vé ma
trAn con tir thong tin dugc tao nén i nhiéu nhém co, mbi nhém ¢t ¢6 M cdt va duoc

x4c dinh bing bang bifu dién vi tri cta céc gid trl mdt (1) rong moi cft thl M.

=t

Trong truong hop nhu vay, mot b phin chu thinh thiét bl thu 1000 c6 thé hoa
déng bang cach st dung céc thong sb nay.

Mic di khong dwge thé hidn trén hinh vE, nhung trong mét s6 tredng hop, bt b
thu 1000 ¢6 thé con bao gdm bo diéu khién (khong dwge thé hién twén hinh vE&) Gé dléJ

khién hoat ddng cta thié: bi thu 1000.

A

Trong trudng hop nay, bé didu khién (khéng duwge thé hidn tén hinh v&) ¢ thé

cung cap thong tin vé ty 16 mi va &b dai tr md ctia cdc ma BCH cho bd gidi mi BCH
1040 va cung cip thong tin vé ©v 1& mi, d6 dai tr mi, ma trén kiém tra chin 18 ctia cic mi

LDPC cho b6 giai md LDPC 1030. Ngoai ra, bg digu Khién (khong dugc thé hién twén
hinh v&) cfing c6 thé cung cip thdng tin vé so
day, thong tin v& ma trdn kiém tra chin 1é c6 thé 13 théng tin v& ma trén con tir thong tin

’
O

o

dugc tao nén tr cac nhém cot, mdi nhém cot ¢é6 M cdt va duoc xde dinh bi;l.ng bang biéu
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dlen vitri ctia cac gid tri mot (1) trong mo1 ot thir M.

2 EY

Fig.11 va Fig.12 12 cac so 4o

lam vi du thuc hién séng ché.
Fig.11 12 so d6 thé hién hidu suét BER cda cdc m3 LDPC theo phuong dn lam vi du
thwe hién sang ché. Cu thé, mfi dudng con g bitu didn mét hide suét BER theo Es/No khi

budc ma hoéd LDPC dvoc thye hién dua vao cic bang

Fig.12 12 sg d6 thé hiéa kigu suat FER cua cac i du
thue hién séang ché. Cu thé, méi duong cong bicu dién mét hiéu suat FER theo Es/No khi

budc ma hed LDPC c’h,o*e thye hién dira vao céc ang tw bang 9 d8n bang 13 néu trén.

Nhur d2 néu trén khi tudc mi hoa LDPC durgc thure hién dua rén ma rén ki
chan 1 dugc x4c dinh theo cdc phuwong an lam vi du néu (rén, thi ¢6 thé nhin thay ring

hiéu suat BER/FER dugc néng cao.

Fig.13 14 luu do thé hién phuong phio mi hod theo phuong én lam vi du thuce hién
o I “E o 4 <

sang che. Cu the, Fig.13 12 so 46 md té phuong phédp mi hod cua thiét bl ma hod dé thuc
hién budc mi hod kifm tra chin 1é mét 46 thip (LDPC
Trude titn, bude ma hoé LDPC duge thuc hién irén céc bit dau vao dus trén m:

tran kiém tra chan Ie de tao T2 wma L P (51310). Trong trwdng hop nay

cé the cd 64300 bit. Tie 13 d¢ dzi cua tlr 12 LDPC ¢6 thé bing 64800

Khi @6, ma tran kiém tra chin 1¢ c6 thé c6 céu tric gidng v4i ma trin kiém

1¢ 300 dugc thé hién trén Fig.3

Cy thé, ma trn ki€m fra chin 12 bao gom ma tran con tr ¢

chan 1¢é néu rén.
O day, ma trdn con tir thong tin droc tac nén oy nhiée nhém ¢, méi nhém cdt b

M cdt va 6 thé duge xac dinh bing bang bifu difn vi trf clia céc gid tri mér (1

.:j

cot thir M. O day, M, 1a chodng 12p lai cia cdc man ¢dt trong ma tran con tir thong tn, ¢b

thé bang 360. Ngoai ra, ma irén con chan 1& c6 thé ¢d cu triic hai dudng chéo.
Trong tradng hop nay, & budc S1310, budc mi hed LDPC ¢6 thé dugc thuc hién

bang cdch sir dung cac ma tran ki A tra chin 18 dugc xéc dinh véi nhidu dang khéc nhan
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2.

tuy thudc vao ty 1€ mi.

+

Vi du, budc mi hod LDPC ¢6 thé duwoc thuc bién bang cich s dung cic ma trdn

3

kiém tra chin 1é dugc xdc dinh trong mét bang nhw bang 9, bang 12 va bang 17 néu wén

Py il
khi ty 18 mi bang 6/15 v bu¢c mi hod LDPC cd the dwgc thyc hign bang cach su dung

1

cdc ma trn kiém tra chin 1& dugc xéc dinh trong mét bang nhw bang 10 va bang 14 néu

C'f‘

5o
ang

trén khi ty 16 ma bang 8/15. Ngoai ra, budc md hod LDPC c6 the dugc thyc hién

cach su dung cic ma trin kiém tra chin 1é duogc x4c dinh trong mét bang nhu bang 11,

thure hién Toé:ng cdch sit dung céc me trin kifro tra chin 1¢ diroc xdc dinh trong mdt bang

Phuong phép thuc hién budc mi hod LDPC d3 dugc md té chi tigf & trén, va do d6

¢ day s€ khong mo t4 lai nita.

“l‘

Fig.14 12 luu d6 thé hién phuong phdp gidl mi ¢

o

1eo phuong én lam vi dy thuc hién

"C}

séng ché. Cu thé, Fig.14 14 so d6 md t& phuong phép gidi mi cua thift bi gi2i ma

hién buéce giai mi kiém tra chin I¢ mar 9 thap (LDPC).

Trude tién, budc gidi ma LDPC dugce thuc hién trén tr m8 LDPC dua rén ma

kiém tra chin 18 (S1410). O day, tir mi LDPC ¢6 il hé ¢6 64800 bit. Tire 13 d6 dai cla o
mi LDPC ¢6 thé bang 64800. o o

tuwong ng v4i cac bit cia tir ma LDPC dya vao phwong phdp gidl m3 18p d€ tao ra cdc bit

E Uiy =)

tir thong tin.

O day, cdc gid tri LLR ¢6 thé dugc biéu didn bing cic gid i kénh wong fng véi

=

cac bit cua tr ma LDPC | 3ang rhiéu ohuong phidp khédc nhau.

Vi du, céc gid tri LLR c6 the duoc bibu

)
~

&n bing céc gid tri thu duoe sau khi ldy
logarit trén ty s6 gifta xdc sudt ma cdc bit truyén qua kénh & ;
khong (0) va xéc suét ma céc bit d6 b ng mot (1‘ N godi ra, cac gid i LLR ¢6 ihé 12 cic

gid tri bit dugc x4c dinh bing phuong uhap quvét dinh mém vi ciing ¢ th 13 gid i tiéy

biéu dugc xac dinh tuy thudc vio phén cé xéc sudt mi céc bit truyén ¢ phia

t..rl

truyén bang khong (0) hay bang mot (1).
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2

Trong trudmg hop nay, phia thidt bi ruyén ¢é the st dung bo ma hod LDPC 610 nhu
duoc thé hién trén Fig.6 dé tac ra va tru /w ter ma LDPC.

P ~

Khi d6, ma tran kiér tra chiin 1é 6 the ¢6 ciu trtic gidng v&i ma trdn kiém tr3

1& 300 duoc thé hién trén Fig.3

Cu thé, ma trén kiém tra chin 1& bao gdm ma trdn con tir théng tin va ma trin con
chan 1 nhu d4 néu trén.

O day, ma trin con tir thdng tin dugce tao nén t 1 nhiéu nhém cdt, moi nhém cbt cb

M c6t va cé thé dugce xdc dinh bing bang bidu dién vi tri ctia céc gid tri mdi (1) trong mo1
3 =} o >

cot thir M. O day, M, 12 khoang l4p iai cda cdc mau cit trong ma twédn con tir thdng tin, ¢d
thé bing 360. Ngodi ra, ma trdn con chin 1& ¢6 thé ¢6 cdu trdc hai dudng chéo.
Trong rudng hop nay, & bude S1410, bwde gidi md LDPC ¢d thé dugce thuc hien

i

bing cich st dung cdc ma tran kidm tra chin 1é dugc x4c dinh v&i nhiéu dang khéc nhau
tuy thudc vao ty 1€ mi R.
Vi du, budc giai mi LDPC ¢6 thé dwge thire hién bing cich st dung cac ma trdn

kiém tra chan 1é dugc xéc dinh trong mot bang naw bang 9, bang 12 va bang 17 néu trén

khi ty 16 mi bang 6/15 va budc giai mi LDPC ¢6 thé dwoc thyce hién omg cach st dung

céc ma tran ki€m tra chan 1€ dugc xdc dinh trong mét bang nhw béng 10 va bang 14 néu
trén khi ty 18 ma bang 8/15. Ngoai ra, bude giai mi LDPC co thé dwge thuc hign bang
cach st dung cdc ma trén kiém tra chan i¢ dwge xdc dinh rong bang nhw bang 11, bang

15 va bang 18 khi ty 16 m3 bang 10/15 va bude gisi ma LDPC ¢ thé duoc thuc hién bing
cach st dung cdc ma trdn kiém tra chan 1 dugc x4c dinh trong bang nhw bang 12 va bang

16 khi ty 18 ma bang 12/15

Phwong phép thuc hién budc giai mi LDPC di duge md t4 chi tigt ¢ trén, va do dd

¢ day s&€ khong mo ta lai nira.

Séng ché cé thé de cdp dén var ghi bat kha bidn doc duge bing miy tmh trong dd

b phép gidi ma

k

Iuu trlt cac chuong trinh 18n Iwot thye hién phuong phép mi hod va phuon

Q]

theo cdc phuong an lam vi du néu trér

Vat ghi bat kha bién doc dugce uag mdy tinh khong phéi 12 phuong 1én nhu thanh

1a

s

Qe

(S

ghi, b§ nhd tdc dong nhanh, va bd nhd cd thé v ol dir ligu trong thot gian ngan, m
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r
A 7z X

phwong tién c6 thé luu trit i lidu & dang bén ¢ dinh va c6 thé doc duoc bang mdy tinh.

. .

Cu thé, nhiéu ¢mg dung ho#ic chwong trinh nhu di néu tén cé ¢ hé duge hru trit va cung

@)

cap trén vat ghi bat kha bién doc dwoc bang may tinh nhu dia cormpa

gy

(Compact Disc

-

CD), dia da nang k¥ thuit so (Digital Versatile Disc, DVD), dia cimg, dia Blu-ray, bd

N

nhé theo giao tinrc bus noi tiep da ning (Universal Serial Bus, USB), thé nhd va b nhd

chi doc (Read-Only Memory, ROM).

Ngoai ra, mic du trong cac so 45 khéi néu trén thé hién thiét bi mé hod, thiét b

A

mi, thiét bi truyén tin hidu va thiét bi thu khéng thé hién bus, nhung sy lién ket |

.

oy f‘.;f\
13a €ac

O”Q

bd phén trong thiét bi ma hod, thiét bi gidi mé, thiét bi truyén tin hidu v 3 thidt bi thu cé
thé dugc thyc hién thong qua bus.

A

Céac b6 phén, phan tir hoic don vi duge bidu thi & dang k khéi nhw duge

céc hinh v& tir Fig.6 dén Fig.10 ¢ thé duoc thuc hién dwsi dang céc céu triic phé‘ﬁ cling,
phén mém va/hoic phéﬂ sun dé thue hién cdc chic ning twong ng néu trén theo cic
phuong &n larn vi du thuc hién sing ché. V1 duy, cic bb phdr, phé‘ﬁ s hodc don vi ¢ thé
st dung cAu tric mach truc [iép, nhix b ahd, khéi x 1y, mach logic, bang tra ctiu, v.v.,

dé c6 thé thue hién céc chire ning tuong vmg theo sy diéu khién cia mot hodc nhi iéu bd vi

(D N

duoc thé

C‘D)

xtt 1y hodc cdc thiét bi didu khién khéc. Cdc bd phin, phan tir hogc don vi ¢6 1 thé
~ hién & dang cu thé baﬂg moéun, chuong trinh hodc doan m3, chira mét hoZc nhifu lenh
A

. Wgoai ra, it nhat mgt trong s&

("D>

thi hanh duoc dé thyc hidn cic chirc ning logic cu th

&)
<

bd phén, phan tr hodc don vi néu trén ¢d thé con ¢6 bé xi 1y nhu bd xi 1§ trung tim
(Central Processing Unit, CPU) d¢ thyc hién cac chiic ndng twong tng, bd vi xr 1y, hodc

cac thiét bi tuwong ty khéc.

Nhur d3 néu trén, theo cic phuong 4n lam vi du thye hign séng ché, ¢d the ning cao

hiu sudt ma hod va gidi ma LDPC.

Mac dit céc phuong 4n lam vi du thire hién sdng ché d2 dwoc thé hién wén cic hinh
v& va dugc md ta trén d4y, nhung pham vi cla séng ché khong bi gidi han & céc phuong
4n 1am vi du néu trén va cin phai hién 16 13 ¢6 nhidu phurong 4n céi bién c6 the duogc

nguoi cé hiéu biét frung binh v& linh virc k¥ 7 thufit nay tim ra dya trén cac phueong dn 43

P A pd s . LA s R AL PRI T R T ST S ATy
dugce md ta trong sang che ma van khdng bi coi 12 ném ngoi pham vi cla séng ché, nhu

dugc xéc dinh bang cidc diém yéu c¢Zu béo hd km theo, vi cdc phuong 4n céi bifn d6
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YEU CAUBAO HO

1. Phuong phép truyen tin hi€u phét rdng Lruyea hinh (Television, TV) cia thi ét bi 'tmyén

tin hiéu phat rong TV dé truyén dit liéu phét rong TV, bao gém céc budc:

mi hod céc bit diu vao dé tao ra cdc bit chin 1& 3@&4 cach str dung ma trén;

3
A - RN

dan xen tir m& bang céch st dw ng thw tur den xen, tr ma n2y c6 cic bit d
céc bit chan 1é;

4nh xa cic bit cua tr ma da duo*c dan xen 1én cac diém trong chdm diém;

(=

tac ra tin hiéu phér réng TV dua vao cdc diém trong chom di€m di duoc dnh xa

.bang céch sw dumb quy “rinh xw 1V 41 kérh phin tén trye giac (Orthogonal Fregquency
Division Multiplexing, CFDM); v3
truyén tin hiéu phét réng TV d4 tao ra,
trong d6 cic bit dau vao 13 dya tréa dit liéu phat réng TV,
trong d6 ma trdn dugc thu nhén dya vao c¢éc chi sé cnia céc bit chin 15 clia m3 kifm

tra chin 1& mat d6 thap (Low Density Parity Check, LDPC) ¢ tv 1€ m2 bang 6/15 va dé
dai ma bang 64800 bit,

trong d6 tht tw dan xen dugc thu r<han dwa vao tv 1€ mi bang 6/15 va dd d2i mi
bang 64800 bit,

trong d6 céc diém trong chora diém duwge xdc dinh dya vao it nhit mdt gid tri wong
s6 ty 18 m3 bang 6/15 hoic thi t diéu bién dé énh xa, va

~

trong d6 céc chi s6 cuie céc bit chan & dwge thé hign trong bing dudi ddy:

1606 3402 4961 6751 7132 11516 12300 12482 12592 13342 12764 14123 21576 23946 24533 25376 25667
26836 31799 34173 35462 36153 3674C 37085 37152 37468 37558

4621 5007 6910 8732 9757 11508 13099 15515 16335 18052 16512 21319 23663 25628 27208 21333 32219
33003 33239 33447 36200 36473 36938 37201 37283 37495 538542

16 1094 2020 3080 4194 5098 5631 6877 7859 €237 9804 10067 11017 11366 13136 13354 15379 18934 20199
24522 26172 28666 30386 32714 36390 37015 37162 i

700 897 1708 6017 6490 7372 7825 9546 10398 16605 18561 18745 21625 22137 23693 24340 24966 25015
26995 28586 28895 29687 33938 34520 34858 37056 38297

159 2010 2573 3617 4452 4958 5556 5232 6481 8227 9924 10836 14954 15594 165623 18065 1924
22677 23408 23731 24076 24776 27007 28222 30343 38371

O
[Re]

2394
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31183545 4768 4992 5227 6732 8170 9397 1§ 5

32027 33685 34378 35867 36323 36728 36870 38335 38623

1264 4254 6936 9165 9486 9950 10861 11633 13697 13961 (5164 15565 18444 19470 20313 21180 24371
26431 26999 28086 28251 29261 31981 34015 35850 36129 37136

111 1307 1628 2041 2524 5358 7988 8191 10322 11905 12619 14127 15515 15711 17061 15024 21195 22902
23727 24401 24608 25111 25228 27338 35398 37754 38196

961 3035 7174 7948 13355 13607 14971 18189 18339 18665 18875 19142 20615 21136 21309 21758 23366
24745 25849 25982 27583 30006 31118 32106 36459 36583 37320

2990 3549 4273 4808 5707 6021 6509 7436 8240 10044 12262 12660 13085 14750 15680 16049 21587 23997

25803 28343 28693 34393 34860 35490 36021 37737 38296
055 4323 5145 6835 8123 9730 11840 12216 19164 20313 23036 24248 24830 25268 26617 26801 28557
29753 30745 31450 31973 32839 33023 33296 35710 37366 37509

264 605 4181 4483 5156 7238 8863 10939 11251 12954 16254 17511 20017 22395 22818 23261 23422 24084

26329 27723 28186 30434 3195¢ 33971 34372 36764 38123
520 2562 2794 3528 3860 4402 5676 6563 &6 0186783 11933 16336 17163 17320 13025 20506 23579
23769 24123 24966 27866 32457 34011 3449¢ 0
10106 10637 10906 342472
1856 15100 19378 21848
943 11191 27806 29411
4575 6359 13629 19383
4476 4953 18782 24313
5441 6381 21840 35943
9638 9763 12546 30120
0587 10626 11047 25700
4088 15298 28758 35047
2332 6363 8782 28863
4625 4933 28258 30289
35414918 18257 31746
122125233 26757 34892
8150 16677 27934 30021
8500 25016 33043 38070
7374 10207 16189 35811
611 18480 20064 38261
25416 27352 36089 38469
1667 17614 25839 32776
4118 12481 21912 37945
5573 13222 23619 31271
18271 26251 27182 30587
14690 26430 26799 34355
13688 16040 20716 34558
2740 14957 23436 32540
3491 14365 14681 36858
4796 6238 25203 27854
1731 12816 17344 26025
10182 21662 23742 27872
6502 13641 17509 34713
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12246 12372 16746 27452

1589 21528 30621 34003

12328 20515 30651 31432

3415 22656 23427 36395

632 5209 25958 31085

619 3690 19648 37778

0528 13581 26965 36447

2147 26249 26968 28776

15698 18209 30683

1132 19888 34111

4608 25513 38874

475 1729 34100

7348 32277 38587

182 16473 33082

| 3865 9678 21265
444720151 27618

6335 14371 38711 i

704 9695 28858

4856 9757 305456

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 30068

6466 33233 35865

14484 23274 38150

21269 36411 37450

23129 26195 37553 .

SN

(@)

2. Phuong phap truyén tin hiéu phét rdng TV theo diém 1, trong &6 ma trdn ¢6 chu trd

tuan hoan.
3. Phwong phdp truyén tin hidu phét réng TV theo diém 1, trong 46 s lwong dinh trude

duoc thiét 18p khac nhau theo ty 1€ i va d6 dai md a4 108 khi ty 14 ma 12 6/15 v& d6 d&i

ma 1a 64800 bit.

4. Phuong phap ‘i;ruyén tin hidu phat réng TV theo diém 1, trong d6 cic bit chin 1é duoc
tao ra bang cdch thiét 14p gi4 tri ban du cho bit chin 12, cdng céc bit dau
bit chin 1& d3 dwoc thidt 1ap gis toi bar @Téu dua trén ma trén, va thyc hién phép toan nhi
phan dwa trén bit chin 1é 43 cong c¢6 chi sb ctia bit chin 16 x va bit chin 1& 42 cong c6 chi

e

s6 ctia bit chin 1& x—1 d8 xuft ra bit chin 1& c¢6 chi s8 cia bit chin & x,
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trong d6 x 12 mdt gid tri trong s6 cdc gid tri 1én hon O va nho hon 8 lwgng bit chan

5. Phuong phép truyén tin hiéu phat réng T

’

dién bang g(i,j,]) dugc tao ra da vao quan hé dudi day

qG, j,1) = q(i, j,0)+ 0y, xI(mod M, ) v6i0 << 360

e
A

trong d6 Oy 1a thong s6 mi hod dugce xéc Cinh dea vao

:(
’r'l?
o
SA)
o
ol
Qo
5
ot
-
=
e
®!
<
Qo

dd dai ma cua mid LDPC, M., 12 s6 lugng bit chan 1¢, g(i,j,0) 1a chi s cia bit chan ¢
duoc bidu difn bang muc ndm & vitf ¢ j iz hing thiri trong bang, 118 ¢hi 0 cua hing

trong bang, va j ChL 56 ctia muc rong hang.

6. Phuong phip truyén tin hiéu phét réag TV thes didm &, tro

cOng véi cdc bit chan 18 d3 dwgc thiét 12p gid o] ban d&u dya va

P it n = Py win, n+ Sio

trong do s 12 bit ddu vao thi k trong s0 cic bit

q(i, w(i), ) rong s6 céc bit chén 1¢ 64 duoc thiét | ap

s6 cac gid tri 16n hon hojc bing G vé. nhé hon

l—k(mud 360), va w(i) = .

N
A

7. Phuong phép thu tin hiu phét rfng truyen hinh bao gdom cic budc:

thu tin hiéu tir thiét bi ?:ruyén;

gidi diéu bién tin higu dé tao ra cac gid tri;

«

giai dan xen cho céc gid tri; va

giai m# cac gia tri d4 dwge gidn dan xen dwa vao mi kiém tra chan 1é mat dd thap

(LDPC) ¢ty 18 ma b é ng 6/15 v 46 da mi bing 64800 b

trong d¢6 tin hiéu nay dwgce tao ra dwa vac cac bit dau vao va cdc bit chén I& dugce tao

3

c,,»

ra dwa vao quy trinh mi hod cac bit dau vao,

trong 46 quy trinh mi hod dugc thuc hién dua trén ma tran duge thu rhén

cac chi s6 cua céc bit chan 12 ¢da mi LOPC, va

-81-



39555

A

trong 46 céc chi sb ciz céc bit chin 1é duge thé hién trong bang dwsi ddy:

1606 3402 4961 6751 7132 11516 12300 12482 12592 13342 12764 14123 21576 23946 24533 25375 25687
26836 31799 34173 35462 36153 36740 37085 37152 37468 37558

4621 5007 6910 8732 9757 11508 13099 15513 16335 18052 19512 21319 23663 25628 27208 21333 32219
33003 33239 33447 36200 36473 36938 37201 37283 37495 38542
16 1094 2020 3080 4194 5098 5631 6877 7€39 8227 9804 10067 11017 11366 13136 13354 15379 13934 20199
24522 26172 28666 30386 32714 36390 27015 371462

700 897 1708 6017 6490 7372 7825 9546 10398 16605 18561 183745 21625 22137 23693 24340 24566 25015
26995 28586 28895 29687 33938 34520 34858 37056 33297

159 2010 2573 3617 4452 4958 5555 5332 6481 8227 5924 10835 14954 15594 16623 18065 19249 22394
22677 23408 23731 24076 24776 27007 28222 20343 38371

3118 3545 4768 4992 5227 6732 8170 $397 10522 11508 1553¢ 20213 21921 28598 29445 29758 29963

32027 33685 34378 35867 36323 36728 36870 36335 385623

1264 4254 6935 9165 9486 9950 10361 11633 13697 13961 15164 15555 18444 1847C 20313 21189 24371
26431 26999 28086 28251 29261 31981 34015 35850 36129 37136

111 1307 1628 2041 2524 5358 7983 8191 10322 11905 12919 14127 15515 15711 17061 16024 21195 22502
23727 24401 24608 25111 25228 27338 25398 37794 38196

061 3035 7174 7948 13355 13607 14971 18189 18339 18665 18875 19142 20615 21136 21309 21758 23386
24745 25849 25982 27583 30006 31118 32106 36469 36583 37920

2990 3549 4273 4308 5707 6021 6509 7456 8240 10044 12262 12660 13085 14750 15680 16049 21587 23997
25803 28343 28693 34393 34860 35490 36021 37737 38296

055 4323 5145 6885 8123 9730 11840 12216 19154 20313 23056 24248 24830 25268 26617 26801 28557
29753 30745 31450 31973 32839 33025 33296 35710 37366 37509

264 605 4181 4483 5156 7238 8863 10939 11251 12564 16254 1 20017 22395 22818 23261 23422 24064
26329 27723 28186 30434 31956 33571 34372 36764 38123

520 2562 2794 3528 3860 4402 5675 6963 §655 9018 9783 11933 16336 17183 17320 19035 20606 23579
23769 24123 24966 27866 32457 34011 34499 26520 37526

10106 10637 10906 34242

1856 15100 15378 21848

943 11191 27806 29411

4575 6359 13629 19383

4476 4953 18782 24313

5441 6381 21840 35943

9638 9763 12546 30120

9587 10626 11047 25700

4088 15298 28768 35047

2332 6363 8762 28863

4625 4933 282598 30289

3541 4918 18257 31746

1221 25233 26757 34892

8150 16677 27934 30021

8500 25016 33043 38070

7374 10207 16189 35811

611 18480 20064 38261

25416 27352 36089 38469

~1
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1667 17614 25839 32776
4118 1248121912 37945
5573 13222 23619 31271
18271 26251 27182 30587
14690 26430 26799 34355
13688 16040 20716 34558
2740 14957 23436 32540
3491 14365 14681 36858
4796 6238 25203 27854
1731 12816 17344 26025
19182 21662 23742 27872
6502 13641 17509 34713
12246 12372 16746 27452
1589 21528 30621 34003
12328 20515 30651 31432
3415 22656 23427 36395
632 5209 25958 31085 '
619 3690 19648 37778
9528 13581 26965 36447
2147 26249 269568 28776
15698 18209 30683

1132 19888 34111

4608 25513 38874

475 1729 34100

7348 32277 38587

182 16473 33082

3865 9678 21265

4447 70151 27618

6335 14371 38711

704 9695 28858

4856 9757 30546

1993 19361 30732

756 28000 29138

3821 24076 31813

4611 12326 32291

7628 21515 34995

1246 13294 300683

6466 33233 35865

14484 23274 38150
21269 36411 37450
23129 26195 37653 1

8. Phurong phdp thu tin hiéu phét réng truyén hinh theo diém 7, rong &6 ma trén cd ciu

tric tuan hoarn.
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Fig. 4
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Fig. 11
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Fig. 13
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