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(54) THIET BI THU TiN HIEU VA PHUONG PHAP XU LY TIN HIEU PUQC THUC
HIEN TREN THIET BI THU TiN HIEU

(57) Sang ché dé cap dén thiét bi thu tin hiéu va phuong phap xtr Iy tin hiéu dugc thuc hién
trén thiét bi thu tin higu, trong d6 thiét bi thu tin hidu c6 it nhat mot bo xir 1y dugc tao cau
hinh dé diéu khién hodc thuc hién: bd gidi ma diéu bién ma hoa dan xen bit (Bit-
Interleaved Coded Modulation, BICM) thtr nhét duoc tao cdu hinh dé tao ra tin hiéu dau ra
thir nhat twong tmg véi tin hidu ¢ ting cao hon bang cach xir 1y tin hiéu dau vao tht nhat
c6 tin hiéu ma hoa chdng chap duoc tao ra & thiét bi truyén tin hiéu bang cach chong chap
tin hiéu & téng cao hon va tin hiéu ¢ t?mg thép hon; bd tao bit chin 1é duoc tao cau hinh dé
tao ra it nhat mot bit chin 1é dua vao két qua xu ly tin hiéu dau vao thtr nhat bﬁng bo giai
ma BICM thtr nhat; va bd giai ma BICM thu hai dugc tao c4u hinh dé tao ra tin hiéu dau ra
thtr hai twong tng voi tin hiéu ¢ ting thap hon bang cach xir Iy tin hiéu dau vao thtr hai
duoc tao ra bﬁng cach sir dung bit chin 1é duoc tao ra bé“mg bo tao bit chan 1é.
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Linh vue k§ thuat dwoc dé cap

Sang ché dé cap dén thiét bi thu tin hiéu va phuong phap xir Iy tin hiéu duge thuc
hién trén thiét bi thu tin hiéu, va cu thé hon, sang ché dé cap dén thiét bj thu tin hidu dugc
tao cAu hinh d thu tin hiéu duoc tao ra béng cach mi hoa chéng chép va xt ly tin hiéu

nay, va phuong phép xur ly tin hiéu dugc thyc hién trén thiét bi thu tin hiéu.
Tinh trang ky thuit ciia sang ché

X4 hoi cong nghé thong tin & thé ky thir 21 dang chuyén sang ky nguyén sb ho4,
phan phdi qua nhiéu kénh, mé réng dai tin s6, cung cép cac dich vu chit lugng cao. Cu
thé, sy phan bd ngdy cang ting 1én hién nay cua thiét bi thu tin hiéu truyén hinh
(Television, TV) ky thuat sb chét lugng céo, cac thiét bi di d6ng, thiét bi cAm tay phat lai
ndi dung da phuong tién (Portable Multimedia Player, PMP), thiét bj phat rong cAm tay
doi hoi phai c6 ngay cang nhiéu phuong phap thu nhan tin hidu khac nhau ding cho céc
dich vu phét rong k¥ thuat sé.

Vi du, thiét bi thu tin hiéu khi xt ly tin hiéu m& hoa chéng chdp str dung tin hi€u &
tang cao hon c6 cong suit twong dbi 16n, d& thu tin hiéu & tdng co ban c6 cong suét twong
d6i nhd.

Do d6, vi thoi gian xir Iy tin hiéu & tang cao hon ting 1én, cho nén thoi gian xtr 1y
tin hidu & tAng co ban ciing tdng lén.

Vi dy, vi tin hidu & ting cao hon duoc gidi ma dé thu dugce tin hidu & ting co ban,
cho nén thoi gian xir Iy tin hiéu & ting co ban ting 1én khi thdi gian giai ma tin hiéu &
tang cao hon ting 1én.

Ban chit k§ thuat ciia sang ché

Céc phuong 4n 1am vi du thuc hién sang ché c6 thé khic phuc c4c nhuge diém duge
néu & trén va céc nhuoc didm khac khong dwoc néu & trén. Tuy nhién, sang ché khong
nhét thiét phai khéc phuc céc nhugc diém duoc néu & trén, va phuong an 1am vi du thuc

hién sang che cé thé khong khac phuc cac nhuge diém duge néu & trén.
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Muc dich k¥ thuat ctia sang ché 13 nhdm d& xuét thiét bi thu tin hiéu tao ra bit chin
1¢ dwa vao két qua giai ma duoc thuc hién dé tao ra tin hiéu thr nhat, vi du, tin hiéu &
tang cao hon, clia tin hiéu ma hoa chdng chép, trong d6 bit chin 1¢ nay duoc sit dung dé
tao ra tin hiéu s& duoc giai ma dé tao ra tin hiéu thi hai, vi du, tin hiéu & ting thip hon,

va phuong phép xtr Iy tin hiéu duoc thuc hién trén thiét bi thu tin hiéu.

Theo phuong 4n 1am vi du thuc hién séng ché, sang ché @& cap dén thiét b thu tin
hidu c6 it nhat mot bg xir Iy duge tao cAu hinh dé diéu khién hogic thuc hién: bd giai ma
diéu bién mi hoa dan xen bit (Bit-Interleaved Coded Modulation, BICM) thtt nhat duoc
tao cu hinh dé tao ra tin hiéu dAu ra thr nhét tuong Umg véi tin hiéu & téng cao hon bﬁng
céch xir Iy tin hidu d4u vao thir nhét c6 tin hiéu ma hoa chdng chép duoc tao ra & thiét bi
truyén tin hidu bing cach chdng chép tin hidu & tAng cao hon va tin hiéu & ting thdp hon;
bd tao bit chin 1é dugc tao ciu hinh dé tao ra it nhét mot bit chin 1¢ dua vao két qua xur ly
tin hiéu dau vao thtr nhit bang bd giai ma BICM thir nhét; va b giai ma BICM thir hai
duoc tao cdu hinh dé tao ra tin hiéu dAu ra thir hai tuong Umg véi tin hi¢u & téng thép hon
bang cach xir Iy tin hiéu diu vao tht hai dugc tao ra bang céch str dung bit chin 1& duoc
tao ra bing bd tao bit chin 1é.

Bo gidi md BICM thi nhit ¢6 thé bao gdm: b giai ma kiém tra chin 1é mat do thip
(Low Density Parity Check, LDPC) dugc tao c4u hinh dé giai ma LDPC cho tin hiéu dau
vio thr nhat ¢ khéi phuc tir thong tin LDPC va bit chén 1¢ LDPC; va b giai ma Bose,
Chaudhri, Hocquenghem (BCH) duoc tao cAu hinh dé giai ma BCH cho tir thong tin
LDPC dugc khoi phuc bing cach giai ma LDPC dé tao ra tin hiéu dAu ra tht nhit. Trong
d6, bd tao bit chin 1é c6 thé tao ra bit chin 1¢ dua vao két qua cta it nhat mot thao tac giai
mé trorig s thao tac giai md LDPC va thao tic giai ma BCH.

Sau khi xir 1y tin hiéu dau vao thi nhét, bo giai ma BICM thir nhét c6 thé khéi phuc
bit chin 1¢ LDPC tuong tmg v6i ma trdn con chén 1é c6 c4u triic ma trén hai dudng chéo,
ma tran nady la mdot phﬁn clia ma tran kiém tra chin 1¢ dugc st dung d& ma hoa LDPC dé
tao ra tin hiéu déu vao th nhat & thiét bi truyén tin hiéu.

B6 giai md LDPC hoic b tao bit chin 1& ¢ thé xac dinh xem c6 16 trong it nhét
mot trong sb tir thong tin LDPC va bit chén 16 LDPC dugc khoi phuc bing cach giai ma
LDPC hay khong, va dap lai trudng hop x4c dinh rang c6 13i trong it nht mot trong sé tir
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thong tin LDPC va bit chin 1¢é LDPC dugc khoi phuc béng cach giai ma LDPC, b tao bit
chin 1 c6 thé con x4c dinh xem c6 13i trong tir thong tin LDPC dugc khoi phuc bing

cach giai md LDPC hay khong, dua vao két qua giai ma BCH.

Dép lai trudng hop x4c dinh ring khong c6 151 trong tir thong tin LDPC dugc khoi
phuc bing cach giai ma LDPC, bd tao bit chin 1 c¢6 thé tao ra bit chin 1¢ ¢6 bit chin 18
LDPC méi tuong ting véi tir thong tin LDPC dugc khdi phuc bing cach giai ma LDPC,
dwa vao biéu thirc kiém tra chén 1é pilaﬁm thong tin (Information Part Parity Check, IPPC)
13 mot phén cia biéu thirc kiém tra chn 1é 1ién quan dén ma trin kiém tra chén 1& duoc

str dung d& ma hoa LDPC & thiét bi truyén tin hidu dé tao ra tin hiéu diu vao tha nhét.

Dép lai truong hop xéc dinh ring c6 13i trong tir thong tin LDPC duogc khéi phuc
béng cach giai ma LDPC, bd tao bit chin 1& c6 thé xac dinh vi tri cia bit tao ra 18i trong
tir thong tin LDPC dugc khdi phuc bing cach giai md LDPC dwa vao két qua giai ma
BCH, hiéu chinh 15i bang céch 14t gi4 tri cta biéu thiic IPPC tuong tng vdi bit tao ra 13i,
va tao ra bit chin 1& c6 bit chin 1¢ LDPC méi twong tng véi tir thong tin LDPC d4 hiéu

chinh 181, dya vao gia tri d4 14t cua biéu thic IPPC.

Trong d6, bd giai ma LDPC c6 thé khoi phuc tir thong tin LDPC, céc bit chin 1¢
'LDPC thit nhét twong tmg véi ma tran con chén 18 thir nhit ¢6 cdu triic ma tran hai dudng
chéo, va céc bit chin 1¢ LDPC thi hai tuong tmg v6i ma trin con chén 1& tht hai ¢6 ciu
tric ma tran don vi. Trong d6, ma trén con chén 16 LDPC tht nhit va ma trin con chén 1é
LDPC thi hai 13n luot 14 cic phin ciia ma trin kiém tra chén 16 tht nh4t va ma trin kiém
tra chin 1¢ thir hai tao nén ma trin kiém tra chén Ié dugc sir dung dé ma hod LDPC dé tao
ra tin hiéu dAu vio thi nhit & thiét bi truyén tin higu.

Dép lai trudng hop xac dinh ring khong c6 15i trong it nhit mét trong sé tir thong
tin LDPC va bit chin 16 LDPC thtt nhét dugc khoi phuc béng cach giai ma LDPC, bd tao
bit chén 1& c6 thé tao ra bit chin 1é ¢6 bit chin 16 LDPC thi hai méi tuong Gng véi tir
thong tin LDPC va bit chin 1¢ LDPC th nhat duge khoi phuc bing cach giai ma LDPC,
dua vao biéu thirc IPPC 13 mot phén ctia biéu thirc kiém tra chin 1é lién quan dén ma tran
kiém tra chén 1é thit hai.

Diép lai trudng hop xac dinh ring khong c6 13i trong it nhit mot trong s tir thong
tin LDPC va bit chin 1¢ LDPC thit nhat duoc khoi phuc bang cach giai ma LDPC, bd tao
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bit chén 1& ¢ thé con tao ra bit chin 1é LDPC thir nhit méi tuong Ung véi tir thong tin
LDPC duoc khoi phuc bing cach giai ma LDPC, dya vao biéu thiic IPPC thir nhét 13 mét
phin cua biéu thirc kiém tra chin 1é lién quan dén ma trin kiém tra chén 1¢ thir nhat.
Trong d6, biéu thirc IPPC 13 mot phan cia biéu thirc kiém tra chén 1é lién quan dén ma

tran kiém tra chén 1¢ thit hai 14 biéu thtc IPPC tht hai.

Ngoai ra, dap lai trudng hop xé4c dinh ring c6 18i trong it nl;ét mdt trong sd tir thong
tin LDPC va bit chiin 1é LDPC thir nh4t dugc khéi phuc bang cach giai md LDPC, b tao
bit chén 16 c6 thé xac dinh xem c6 13i trong tir thong tin LDPC dugc khoi phuc bang cach
giai ma LDPC hay khéng, dua vio két qua giai ma BCH. |

Dép lai truong hop xac dinh ring c¢6 16i trong tir thong tin LDPC dugc khdi phuc
béng céch giai ma LDPC, bd tao bit chin 1é ¢6 thé xé4c dinh vi trf clia bit tao ra 1i trong
tir thong tin LDPC duoc khdi phuc bing cach giai mad LDPC dua vao két qua giai ma
BCH, hiéu chinh 13i bang cach 14t gi tri cta biéu thirc kiém tra chiin 18 phén théng tin
(IPPC) thir nhat twong Gmg vdi bit tao ra 11, va tao ra bit chin 1& c6 bit chén 16 LDPC tha
nhét méi twong tmg vé6i tir thong tin LDPC d3 hiéu chinh 18i dua vao gia tri da 14t cla
bidu thirc IPPC thir nhét. Trong d6, biéu thirc IPPC thi nhét 13 mét phan cia biéu thirc

kiém tra chdn 1¢ lién quan dén ma trén kiém tra chin 18 thir nhat.

Trong d6, bd giai md LDPC hoic b tao bit chén 1& c¢6 thé so sanh bit chin 16 LDPC
thr nh4t méi véi bit chin 16 LDPC tht nhét dugc khoi phuc bang cach giai ma LDPC,
xé4c dinh xem c6 16i trong bit chin 1¢ LDPC tht nhét duoc khdi phuc bang cach giai ma
LDPC hay khéong dua vao két qua so sanh, xac dinh vi tri ctia bit tao ra 15i trong bit chin
1¢ LDPC thir nhét dugc khéi phuc bang cach giai ma LDPC, hiéu chinh 15i bang cach 14t
gi4 tri ctia bidu thire IPPC thtt hai tuong tmg véi bit tao ra 18i trong bit chin 1é LDPC tht
nhit duge khdi phuc bang cach giai md LDPC, va tao ra bit chin 1é LDPC thtr hai m&i
tuong Gng véi tir thong tin LDPC d4 hiéu chinh 18i va bit chin 1¢ LDPC tht nhét, dua
vao gi4 tri d4 14t ctia biéu thic IPPC thit hai.

Thiét bi thu tin hiu nay c6 thé con bao gdm bd ma hoa BICM duogc tao ciu hinh dé
thu va xir Iy tir ma LDPC gdm c6 tir thong tin LDPC & trong tin hiéu dau ra thit nhét va

‘bit chén 1& dugc tao ra & bd tao bit chin 18, dé tao ra tin hidu s& duoc diung d8 tao ra tin
hiéu ddu vao tht hai.
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Thiét bi thu tin hiéu nay cé thé con bao gém bd phén loai bo tin hi€u dugce tao ciu
hinh d& loai b6 tin hiéu duoc tao ra bing bd ma hod BICM ra khéi tin hiéu diu vao thi

nhat dé xuat ra tin hiéu dau vao tha hai.

B6 giai ma BICM tht nhit c6 thé bao gdm: bd giai ma LDPC dugc tao cAu hinh dé
giai ma LDPC cho tin hidu d4u vao thir nhat dé khoi phuc tir théng tin LDPC va bit chén
1¢ LDPC; va by giai ma kiém du vong (Cyclic Redundancy Check, CRC) dugc tao cu
hinh @ giai ma CRC cho tir thng tin LDPC dugc khdi phuc bing cach giai md LDPC dé
tao ra tin hiéu dau ra thu nhét, trong d6 bo tao bit chin 1& ¢6 thé tao ra bit chﬁn 1& dua vao
két qua cua it nhit mot thao tac giai ma trong s6 thao tac giai ma LDPC va thao tac giai

ma CRC.

B6 giai md LDPC hoic b tao bit chin 1& ¢6 thé x4c dinh xem c6 13i trong it nhét
mdt trong s tir thong tin LDPC va bit chin 16 LDPC dugc khéi phuc bang cich giai ma
LDPC hay khong. Pép lai trudng hop xé4c dinh ring c¢6 16i trong it nhit mét trong sd tir
théng tin LDPC va bit chin 1&¢ LDPC dugc khoi phuc béﬁg cach giai md LDPC, nhung
khong c6 151 trong tir théng tin LDPC duoc khéi phuc bing cach giai ma LDPC, dwa vao
két qua giai ma CRC, b tao bit chin 1¢ c6 thé tao ra bit chin 1é ¢6 bit chén 16 LDPC méi
cho tir thong tin LDPC dugc khoi phuc bing cach giai ma LDPC, duya vao biéu thirc kiém
tra chin 1é phin thong tin (IPPC) 1a mét phin cta biéu thirc kiém tra chin 18 lién quan
dén ma tran kiém tra chén 16 duoc sir dung dé ma hod LDPC & thiét bi truyén tin hiéu dé

tao ra tin hi€u dau vao thir nhat.

B6 giai md LDPC c6 thé khdi phuc tir thong tin LDPC, céc bit chin 1é LDPC thir
nhit tuong Umg véi ma tran con chin 1é thi nhit c6 cdu tric ma tran hai dudng chéo, va
céc bit chin 16 LDPC thi hai twong tng v6i ma tran con chin 1é thi hai ¢6 cu tric ma
tr4n don vi. Trong d6, ma trin con chin 1é LDPC thtr nh4t va ma trin con chin 1é LDPC
tht hai 1an luot 13 cac phén clia ma trin kiém tra chin 1¢ thir nhét va ma trin kiém tra
chén 1& tht hai tao nén ma trén kiém tra chin 1¢ dugc st dung dé ma hoa LDPC & thiét bi
truyén tin hiéu dé tao ra tin hiéu diu vao tht nhét.

Pép lai trudng hop x4c dinh ring c6 15i trong it nhdt mot trong s6 tir thong tin
LDPC va bit chén 16 LDPC thtt nhét duoc khoi phuc bing cach giai ma LDPC, nhung
khéng c6 13 trong tir thong tin LDPC, dua vao két qua giai ma CRC, bd tao bit chin 1é c¢6
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thé tao ra bit chin 1¢ c6 bit chin 16 LDPC tht nhit méi cho tir thong tin LDPC dugc khoi
phuc bing cach giai md LDPC dua vao biéu thirc IPPC thtr nhAt.

Sau khi tao ra bit chin 1&é LDPC thtr nhat méi, bd tao bit chin 1& c6 thé tao ra bit
chin 1é¢ LDPC tht hai méi twong tmg véi tir thong tin LDPC duge khéi phuc bing cach
giai ma LDPC va bit chin 1¢ LDPC thtr nhit méi, dua vao biéu thirc IPPC tht hai 1a mot

phan ctia biéu thic kiém tra chin 1@ lién quan dén ma tran kiém tra chin 1é thit hai.

Thiét bi thu tin hidu nay c6 thé con bao gdbm: bd ma hod BICM dugc tao cAu hinh
dé thu va xir Iy tir ma LDPC gdm c6 tir thong tin LDPC & trong tin hiéu dau ra thir nhét
va bit chin 16 dugc tao ra & bo tao bit chin 1é dé tao ra tin hiéu s& dugc diung d8 tao ra tin
hiéu dau vao thtr hai; va bd phan loai bé tin hiéu duoc tao cdu hinh d& loai bé tin hiéu
dugc tao ra bing bd ma hod BICM ra khoi tin hiéu dau vao thit nhat dé xuét ra tin higu

dau vao thir hai.

Theo phuong 4n 1am vi du thuc hién séang ché, sang ché dé cap dén phuong phap xu
ly tin hiéu duge thyc hién trén thiét bi thu tin hidu c6 it nhat mét bd xir Iy. Phuong phap
nay c6 thé bao gdm céc bude: tao ra tin hiéu dau ra thi nhét tvong ing véi tin hidu & ting
cao hon béng cach xtt 1y tin hidu diu vao tht nhét ¢6 tin hiéu mai hoa chéng chép duogc
tao ra & thiét bi truyén tin hiéu béng cach chéng chap tin hi¢u & téﬁng cao hon va tin hi€u &
tAng thap hon; taé ra it nhit mot bit chin 1é dua vao két qua xir Iy tin hiéu dau vao thu
nhét; tao ra tin hidu dau vao tht hai béng cach st dung bit chin 1é; va tao ra tin hidu dau
ra thd hai tvong tmg véi tin hidu & tdng thip hon bing cach xir ly tin hiéu ddu vao thu

hai.

Budc tao ra tin hiéu dau ra thit nhét c6 thé bao gém cac budc: giai ma LDPC cho tin
hiéu diu vao thtr nhét dé khoi phuc tir thong tin LDPC va bit chén 16 LDPC; va giai mé
BCH cho tir théng tin LDPC dugc khéi phuc bang cach giai ma LDPC dé tao ra tin hiéu
dau ra thir nhét.

Budc tao ra tin hiéu dau ra thir nhit c6 thé bao gdm budc khéi phuc bit chin 1
LDPC tuong mg v6i ma tran con chén 1& c¢6 cdu tric ma tran hai dudng chéo, ma tran
nay la mot phz‘?ln clia ma tran kiém tra chin 1& dugc sir dung d& ma hoa LDPC d8 tao ra tin

hiéu dau vao thir nhét & thiét bj truyén tin hiéu.
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Budc tao ra bit chin 1 ¢6 thé bao gdm cac budce: xac dinh xem c6 131 trong it nhat
mot trong s tir thong tin LDPC va bit chin 1é LDPC duoc khoi phuc bang cach giai ma
LDPC hay khong; va dap lai trudng hop x4c dinh ring c6 13 trong it nhat mét trong sb tir
thoéng tin LDPC va bit chin 1é LDPC duoc khdi phuc bing cach giai ma LDPC, xac dinh
xem c6 13i trong tir thong tin LDPC dugc khdi phuc bang cach giai ma LDPC hay khong,
dua vao két qua gidi ma BCH.

Pip lai truong hop x4c dinh rang khéng c6 13i trong tir thong tin LDPC dugc khoi
phuc bing cach giai ma LDPC, tao ra bit chén 1& ¢6 bit chin 1é LDPC méi twong tmg véi
tlr thong tin LDPC duogc khoi phuc bing cach giai ma LDPC, dya vao biéu thic kiém tra
chén 1¢ phan théng tin (IPPC) 14 mot phan cua biéu thic kiém tra chén 18 lién quan dén
ma tran kiém tra chén 1& dugc st dung dé& m3 hoa LDPC & thiét bi truyén tin hidu dé tao
ra tin (hiéu dau vao thi nhét.

Ngoai ra, budc tao ra bit chén 1 c6 thé bao gdm cac bude: dép lai trudng hop xac
dinh‘ rang c6 16i trong tir théng tin LDPC dugc khéi phuc bang cach giai ma LDPC, xéc
dinh vi trf ctia bit tao ra 15i trong tir théng tin LDPC duoc khéi phuc bing cach giai ma
LDPC, dua vao két qua giai md BCH; hiéu chinh 13i bang céch 14t gié tri ctia biéu thirc
kiém tra chén 1¢ phan thong tin (IPPC) twong tmg véi bit tao ra 16i; va tao ra bit chin 1¢
c6 bit chin 1é LDPC méi twong tng véi tlr thong tin LDPC d3 hiéu chinh 13i, dua vao gia
tri da 14t cta biéu thic IPPC.

Budc tao ra bit chin 1é c6 thé bao gbm cac bude: dap lai trudng hop xac dinh ring
khong c6 16i trong it nhat mot trong s tir théng tin LDPC va bit chén 1é LDPC thi nhéit
dugc khoi phuc béng cach giai ma LDPC, tao ra bit chan 1é c6 bit chin 1&¢ LDPC thit hai
m&i twong tmg véi tir thong tin LDPC va bit chin 16 LDPC thir nhét dugc khoi phuc bing
cach giai ma LDPC, dua vao bidu thirc IPPC 12 mét phdn ctia biéu thirc kiém tra chin 1¢

lién quan dén ma tran kiém tra chin 1 thit hai.

Budrc tao ra bit chin 1& c6 thé con bao gdm budc, dap lai truong hop x4c dinh ring
khong c6 13i trong it nhat mét trong sb tir thong tin LDPC va bit chén 1é LDPC thir nhit
dugc khdi phuc bang cach giai md LDPC, tao ra bit chin 1é LDPC thﬁ nhét méi twong
ung vdi tr thong tin LDPC dugc khéi phuc béng cach gidi ma LDPC, dua vao biéu thirc

IPPC thr nhét 13 mot phan cua biéu thirc kiém tra chin 1é lién quan dén ma tran kiém tra

-8



32390

chén 1 thtr nhét. Trong d6, biéu thirc IPPC 13 mdt phan cua biéu thic kiém tra chén 1é

lién quan dén ma tran kiém tra chin 1é th hai 13 biéu thirc IPPC tht hai.

Budc tao ra bit chin 1é c6 thé con bao gdm bude, dap lai trudng hop xac dinh ring
¢6 181 trong it nhit mét trong sb tir thong tin LDPC va bit chin 16 LDPC thi nhit dugc
khoi phuc bang cach giai ma LDPC, x4c dinh xem c6 15i trong tir théng tin LDPC dugc
khoi phuc bang c4ch gidi ma LDPC hay khéong, dwa vio két qua giai ma BCH.

Budc tao ra bit chin 1& ¢6 thé con bao gdm bude: dap lai trudng hop xac dinh ring
c6 131 trong tir théng tin LDPC dugc khdi phuc bing cach giai ma LDPC, xac dinh vi tri
ctia bit tao ra 16i trong tir thong tin LDPC dugc khdi phuc bing cach giai md LDPC dya
vao két qua giai ma BCH; hiéu chinh 18i bing céch 14t gié tri ciia biéu thirc kiém tra chin
1¢ phén thong tin (IPPC) thit nhét tvong tng véi bit tao ra 18i; va tao ra bit chin 1é c6 bit
chén 1é¢ LDPC tht nhét méi tuong Ung voi tir thong tin LDPC dé hiéu chinh 16i dua vao
gid tri d3 14t cta bidu thie IPPC thir nhét, trong d6 biéu thirc IPPC thir nhat 13 mdt phan

ctia biéu thirc kiém tra chén 1é lién quan dén ma tran kiém tra chin 1é thir nhét.

Budc tao ra bit chin 1 ¢6 thé bao gdm cac budc: so sanh bit chin 1¢ LDPC th nhat
méi v6i bit chin 16 LDPC thir nhit dugce khoi phuc bing cach giai ma LDPC; x4c dinh
xem c6 181 trong bit chin 1é LDPC thit nhit dugc khoi phuc bang cach giai ma LDPC hay
khong dua vao két qua so sanh; xé&c dinh vi tri cua bit tao ra 16i trong bit chin 1&é LDPC
thir nhat dugc khoi phuc bang cach giai ma LDPC; hidu chinh 15 bang cach 14t gié tri ctia
bidu thirc IPPC th hai tuong tmg vi bit tao ra 181 trong bit chin 1é LDPC thi nhét duge
khoi phuc bing cach giai ma LDPC; va tao ra bit chin 1¢ LDPC thit hai méi tuong tng
v6i tir théng tin LDPC d4 hiéu chinh 181 va bit chén 1é¢ LDPC thi nhét, dua vao gi tri d4
1at cia biéu thirc IPPC thir hai.

Trong d6, budc tao ra tin hiéu dau vao thi hai ¢6 thé bao gém cac budc: tao ra tir
ma kidm tra chin 1é m4t d6 thdp (LDPC) gdm c6 tir théng tin LDPC & trong tin higu dAu
ra thir nhit va bit chin 1&; va xtt Iy tir ma LDPC d& tao ra tin hi¢u dAu vio th hai.

Bude xir 1y tir m3 LDPC c6 thé bao gdm budc loai bo tir ma LDPC di duoc xir Iy ra
khéi tin hiéu dAu vao tht nhét.

Budc tao ra tin hiéu dau ra thi nhat c6 thé bao gém cac budce: giai ma LDPC cho tin
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hiéu du vao thtr nhét; va gidi ma CRC cho tin hiéu da dugc giai ma LDPC dé tao ra tin
hiéu dAu ra tht nhét, trong d6 budc tao ra bit chin 1é duoc thuc hién dua vao két qua ctia

it nhat mot thao tic giai ma trong sb thao tac giai ma LDPC va thao tic giai ma CRC.

Budc tao ra tin hiéu dAu ra thir nhat c6 thé bao gdm cac budc: giai ma LDPC cho tin
hiéu d4u vao tht nhit d& khoi phuc tir théng tin LDPC va bit chin 1¢ LDPC; va gidi ma
CRC cho tir théng tin LDPC duoc khoi phuc bing cach giai ma LDPC dé tao ra tin hiéu
déu ra tht nhét, trong d6 budc tao ra bit chin 1& bao gé)m cac bude: xac dinh xem c6 16i
trong it nhit mot trong s tir théng tin LDPC va bit chin 16 LDPC dugc khoi phuc bing
cach giai md LDPC hay khong, va dép lai truong hop xé4c dinh ring c6 16i trong it nhat
mot trong sb tir thong tin LDPC va bit chin 1¢ LDPC duoc khéi phuc bang céch giai ma
LDPC, nhung khéng c6 16i trong fir thong tin LDPC dugc khoi phyc bang cach gial ma
LDPC, dya vao két qua giai ma CRC, tao ra bit chin 1¢ ¢6 bit chin 16 LDPC méi cho tir
thong tin LDPC dugc khoi phuc br?lng cach giai ma LDPC, dua vao biéu thuc kidm tra
chéin 1é phan thong tin (IPPC) 12 mot phan cua biéu thirc kiém tra chin 1¢ lién quan dén
ma trin kiém tra chin 1& dugc sir dung d& ma hoa LDPC & thiét bj truyén tin hiéu dé tao

ra tin hiéu dau vao thir nhat.

Budc tao ra tin hiéu du ra thi nhat c6 thé bao gdm cac bude: giai ma LDPC cho tin
higu dau vao thir nhat dé khoi phuc tir thong tin LDPC, céc bit chén 16 LDPC thtr nht
twong ng v6i ma tran con chan 1é thir nhit ¢6 cAu tric ma trin hai duong chéo, va cic
bit chin 1é LDPC thir hai twong Gng v6i ma tran con chén 1é thi hai ¢6 cdu tric ma trén
don vi; va giai ma CRC cho tir théng tin LDPC dugc khoi phuc bing cach giai md LDPC
d8 tao ra tin hiéu dau ra th nht, trong d6 ma trdn con chén 1é¢ LDPC thr nhit va ma tran
con chin 1¢ LDPC thi hai 14n lugt 13 cac phin ctia ma tran kiém tra chén 1é thi nhat va
ma trin kidm tra chn 1¢ tht hai tao nén ma tran kiém tra chén 16 duoc st dung dé rﬁé hoa

LDPC & thiét bj truyén tin hiéu dé tao ra tin hiéu du vao tha nhét.

Budc tao ra bit chin 18 c¢6 thd bao gdm cac bude: x4ac dinh xem c6 151 trong it nhét
mot trong sb tir thong tin LDPC va bit chin 16 LDPC thir nhat duoc khdi phuc bang cach
giai ma LDPC.hay khong; va dap lai trudng hop xéc dinh riang c6 15i trong it nhat mot
trong sb tir thong tin LDPC va bit chin 1é LDPC thit nhat dugc khoi phuc bang cach giai

 ma LDPC, nhung khéng c6 15i trong tir théng tin LDPC duoc khdi phuc bang cach giai
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mi LDPC, dua vao két qua giai ma CRC, tao ra bit chin 1& ¢6 bit chin 1&6 LDPC thir nhét
méi cho tir théng tin LDPC dugc khéi phuc bing cich gidi md LDPC dua vao biéu thic
IPPC thr nhét 13 m6t phan cta biéu thirc kiém tra chin 16 lién quan dén ma tran kiém tra

chén 1é thi nhét.

Buéc tao ra bit chin 1é ¢6 thé con bao gdm bude, sau khi tao ra bit chin 16 LDPC
thir nhat mai, tao ra bit chén 1¢ LDPC tht hai méi tuong Gmg véi tir thong tin LDPC duoc
khdi phuc bing céch gidi ma LDPC va bit chin 16 LDPC thtt nhét méi, dya vao biéu thitc
IPPC thi hai 12 m6t phan ciia biéu thtrc kiém tra chin 1& lién quan dén ma tran kiém tra

chén 1¢ thi hai.

Budc tao ra tin hidu dau vao thir hai c6 thé bao gdm cac budc: thu va xir Iy tir ma
LDPC gdm c6 tir thong tin LDPC & trong tin hiéu dau ra thir nhit va bit chin 1&; xu 1y tir
ma LDPC d& tao ra tin hiéu s& dugc sir dung d tao ra tin hidu ddu vio thit hai; va loai bo,
ra khoi tin hidu ddu vao tht nhét, tin hiéu dugc tao ra bang cach xir 1y tir ma LDPC dé

xuat ra tin hiéu dau vao thi hai.

Theo phuong 4n 1am vi du thuc hién sang ché, sang ché dé cap dén thiét bi thu tin
hiéu c6 it nhit mot bd xr Iy dugce tao cAu hinh dé didu khién hodc thyuc hién: bd giai ma
thi nhat dé giai ma tin hiéu ma hoa chdng chap dé tao ra tin hidu & tng cao hon, tin hidu
mé hod chdng chép dugc tao ra & thiét bi truyén tin hiéu bing cach chdng chép tin hiéu &
tﬁng cao hon va tin hiéu & ting thép hon; bo tao bit chin 1& d8 tao ra it nhat mot loai bit
chin 1¢ bang cich st dung it nhit mét trong s nhiéu phuong phap tao ra bit chin 18, dua
vao tin hi€u & t?lng cao hon duogc tao ra & bd gidi ma thi nhét; va bd gidi ma tho hai dé
gidi ma tin hiéu dugc tao ra b?mg cach sir dung bit chin 1é dugc tao ra & bo tao bit chin 1¢,
dé tao ra tin hidu & tﬁng thép hon. B6 tao bit chin 1& ¢6 thé tao ra ¢6 chon loc it nhit mot
loai bit chin 1¢ trong sé nhidu loai bit chin 1é trong g véi tin hidu & ting cao hon, tuy
thudc vao it nhdt mot trong sb cac loai théng tin: vi tri ca 13i trong tin hiéu ma ho4
chdng chép; va phuong phap ma ho4, trong sé nhiéu phuwong phap ma hoa, dugc sir dung
dé giai ma @8 tao ra tin hidu ma hoa chong chép & thiét bi truyén tin hiéu. Trong do6, bd
~ giai ma tht nhét c¢6 thé 13 bd giai ma LDPC dé giai ma LDPC cho tin hiéu ma hoa chdng
chap @ khoi phuc tir thong tin LDPC va bit chin 1é LDPC. C4c phuong phap ma hod c6

thé bao gdm: phuong phap ma hod thir nhét st dung ma tran kiém tra chén 1é don gian
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gdm c6 ma trin con tir théng tin va ma trin con chin 1é c6 cAu tric ma trin hai duong
chéo; va phuong phép mé hoa thit hai sir dung ma tran kiém tra chin 1& phtic tap dugc tao
nén bdi: ma tran kiém tra chin 1¢ thi nhit gdm c¢6 ma trén con tir thong tin thi nhét va
ma trin con chdn 1é tht nhat c¢6 ciu triic ma tran hai duong chéo; va ma trén kiém tra
chin 1¢ thir hai gdm c6 ma tran con tir thong tin th hai v4 ma tran con chén 1¢ th{ hai c6
cAu tric ma tran don vi. Ngoai ra, cac phuong phap tao ra bit chin 1& c6 thé bao gbm céc
bude: ap dung biéu thie kiém tra chin 1é lién quan dén ma tran kiém tra chén 1¢ dugc st
dung d8 ma hoa LDPC d8 tao ra tin hidu ma hoé chdng chép & thiét bi truyén tin hidu; va
&p dung gia tri cua biéu thire IPPC duge Ivu trit & thiét bi thu tin hiu va biéu thic IPPC
‘nay la mot phdn cta biéu thirc kidm tra chin 1é lién quan dén ma trén kiém tra chin 18,
ma khong can st dung biéu thirc kim tra chin 1 hodc ma trin kiém tra chén 1.
Theo c4c phuong 4n 1am vi du thuc hién sang ché, c6 thé riit ngén thoi gian gidi ma
tin hiéu & tAng cao hon, nh&r d6 cho phép khdi phuc tin hidu & ting co ban nhanh hon.
MBO ta viin tit cac hinh vé
C4c khia canh néu trén va/hodc cac khia canh khéc ctuia sang ché s& tré nén ro rang
hon sau khi xem phin mo ta c4c phuwong 4n 1am vi du thuc hién sang ché dua vao cac
hinh v& kém theo, trong do:
Fig.1 12 so dd khdi thé hién thiét b truyén tin hiéu theo phuong 4n 1am vi du thuc
hién séng ché;
Fig.2A va Fig.2B 14 c4c hinh v& thé hién tir ma LDPC theo c4c phuong 4n 1am vi du
thuc hién séng ché;
Fig.3 13 hinh v& thé hién chom diém cua tin hiéu ma hoa chdng chép theo phuong
an lam vi du thuc hién sang ché;
Fig.4 12 hinh v& thé hién vi du v& cong suét cia tin hiéu ma hoa chdng chép theo
phuong an 1am vi du thuc hién sang ché;
Fig.5 va Fig.6 12 c4c hinh v& ding dé md ti ma tran kiém tra chin 1¢ theo céc
phuong 4n 1am vi du thuc hién sang ché;
Fig.7 12 so dd khdi ding d& mé ta cdu hinh ctia thiét bi thu tin hiéu theo phuong an

lam vi du thyc hién sang ché;
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Fig.8A va Fig.8B 1 céc so dd khéi ding d& moé ta cAu hinh chi tiét cta bo giai ma
BICM thir nht theo cac phuong 4n 1am vi du thuc hién sang ché;
Fig.9 dén Fig.29 1a c4c hinh v& ding & mé ta cdc phuong phép tao ra bit chin 1

theo cac phuong 4n 1am vi du thyc hién sang ché;

Fig.30A va Fig.30B 1a c4c so dd khdi ding @& mé ta cAu hinh chi tiét cua thiét bi

thu tin hiéu theo cac phuong 4n 1am vi du thuc hién sang ché; va

Fig.31 13 Ivu d6 ding d mé ta phuong phép xir Iy tin hidu theo phuong 4n lam vi

du thyc hién sang ché.
M3 ta chi tiét sang ché
Céc phuong an 1am vi du thuc hién séng ché s& dugc mo ta chi tiét dudi day dua

vao cic hinh vé kém theo.

Trong phin mb ta sang ché duéi day, cac sb chi din gidng nhau dugc ding dé thé
hién c4c bo phan gidng nhau trén cac hinh v& khic nhau. Nhiing thong tin chi tiét duogc
néu trong phdn md ta sang ché, nhu cdu triic va cac bd phan chi tiét, dugc ding dé giup
cho ngudi ¢6 hiéu biét trung binh vé linh vuc k¥ thuat twong Gmg hiéu rd vé cc phuong
an lam vi du thuc hién séang ché. Vi vay, rd rang 13, cac phuong 4n lam vi du co thé dugc
thuc hién ma khong cin dung dén nhimg thong tin chi tiét cu thé d6. Ngoai ra, trong séng
ché s& khong mo ta chi tiét cac chirc ning hosc cu triic da biét do s& 1am md& cac phuong

an lam vi du thyc hién séng ché vi nhiing chi tiét khong can thiét.

Theo phuong an lam vi du thyc hién séng ché, thiét bi thu tin hidu c6 thé thu tin
hiéu, 13 tin hiéu m& ho4 chdng chép, dugc tao ra béng cach ma hoé chdng chép & thiét bi
truyén tin hiéu, va tao ra (tirc 12 khdi phuc) tin hiéu trudc khi ma hoa chdng chép tuong
ung.

Thuét ngt “ma hoa chdng chdp” nhu dugc sir dung trong séng ché ding dé chi
phuong phap ma hoa dé chdng chap hoic xép chdng céc tin hidu chira dit lidu giéng nhau
hodc khac nhau véi cong suét khac nhau. Vi dy, tin hiéu c6 cong sult tuong dbi 16n c6
thé tao nén téng cao hon, trong khi tin hi€u cé cong suét tuong dbi nhé c6 thé tao nén
tdng co ban.

Thiét bi truyén tin hiéu dé tao ra va truyén tin hiéu méa hoa chéng chap cé thé dugc
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biéu dién nhu dugc thé hién trén Fig.1.

* Dya vao Fig.1, thiét b truyén tin hiéu 100 c6 thé bao gbm b ma ho diéu bién ma
hoa dan xen bit (BICM) thtr nhit 110 gdm cé bd ma hoa thi nhat 111, by dan xen thir
nhit 112 va bd 4nh xa th nhat 113 (hodc bd 4nh xa chom diém) dé ma hoa va dan xen
dong tin hidu A, va sau d6, 4nh xa dong tin hiéu da dugc mé hod va dan xen A 1én cﬁc
diém trong chom diém. Thiét bj truyén tin hiéu 100 ciing c6 thé bao gbém bd mé hoa
BICM thir hai 120 gff)m c6 bd ma hod thir hai 121, b dan xen tht hai 122 va by anh xa
thtt hai 123 d& ma hoa va dan xen dong tin hiéu B, va sau d6, 4nh xa dong tin hiéu da

duoc mi hoa va dan xen B 1én céc diém trong chom diem.

Trong vi du néu trén, mbi bé ma hod trong s6 bd ma hoa tht nhét 111 va bd mﬁ hoa
‘tht hai 121 ¢6 thé .cc') bd ma hoa Bose, Chaudhri, Hocquenghem (BCH) (khong dugc thé
hién trén hinh vé&), bd ma hoa kiém du vong (CRC) (khéng dwgc thé hién trén hinh v&) va
b6 ma hod kiém tra chin 1é mat d6 thip (LDPC) (khéng dugc thé hién trén hinh v&) dé
14n lugt thuc hién thao tic m3 hoa BCH, thao tic ma hoa CRC va thao tdc m& hoa LDPC.
Theo lia chon, mbi b ma ho4 trong s6 bd ma hod tht nhét 111 va b m4 ho4 thi hai 121
¢6 thé chi c6 mot bd ma hoa trong s6 bo ma hoa BCH va b mé hoa CRC, ngoai bo ma

ho4 LDPC.

Trong do, gia st réng mi BCH, ma CRC va ma LDPC 1a mi c6 hé théng, ttr thong
tin (con duge goi 1a “céc bit tir thong tin” hodc “cc bit thong tin) ¢6 thé nim & trong tlr

mi tuong ung.

Co nghia 13, bd ma hod BCH c6 thé thuc hién thao tdc ma hod BCH trén céc bit dau
vao (tirc 13, c4c bit (hoic phin dit liéu hiru ich) du dinh s& dugc truyén bing thiét bi
truyén tin hiéu 100 & dang dong tin hiéu A va dong tin hiéu B trong vi du dugc thé hién
trén Fig.1) du6i dang 1a tir thong tin BCH d& tao ra bit chin 1é BCH (hodc c4c bit chén 18),
va xuét ra tir mad BCH gdm c6 tir thong tin BCH va bit chin 1¢ BCH dé cung cp cho bd
ma hod LDPC (khéng dugc thé hién trén hinh v&).

Theo cach khac, b6 ma hoa CRC cé thé thuc hién thao tdc ma hoa CRC trén céc bit
du vao dudi dang 13 tir thong tin CRC dé tao ra bit chén 18 CRC (hodc céc bit chin 18),
va xuét ra tir md CRC gdm c6 tir théng tin CRC va bit chén 1¢ CRC d& cung cp cho bd
ma hod LDPC (khéng duoc thé hién trén hinh v8).
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Bd ma hoa LDPC c¢6 thé thyuc hién thao tdc ma hod LDPC trén tir ma BCH hoic tir
ma CRC duéi dang 1a tr thong tin LDPC dé tao ra bit chén 16 LDPC, va xuét ra tir ma
LDPC gdm c6 tir thong tin LDPC va bit chin 1¢ LDPC & cung cdp cho bd dan xen thi
nhét 112 hodc bd dan xen thi hai 122.

T md LDPC duoc tao ra bing cach ma hoa nhu di néu trén c¢b thé duoc biéu dién

nhu dugc thé hién trén Fig.2A va Fig.2B.

Vi du, tir ma LDPC c6 thé & dang 1a c4c bit diu vio c6 bd sung thém bit chin 1é
BCH va bit chén 16 LDPC, nhu duogc thé hién trén Fig.2A, hodc & dang 14 c4c bit du vao
c6 bd sung thém bit chin 16 CRC va bit chin 16 LDPC, nhu duoc thé hién trén Fig.2B.

Trong d6, thong qua bd didu khién hé sb khuéch dai & ting co ban 130, thiét bi
truyén tin hiéu 100 c6 thé didu chinh hé sé khuéch dai (tirc 13, cong sult) cta tin hiéu
dugc xuét ra tir bd ma hod BICM thi hai 120, va sau do, chéng chép tin hiéu dugce chdng
~ chap nay Ién tin hiéu dugc xuét ra tir bd ma hod BICM tht nhit 110 dé tao ra tin hiéu ma

ho4 chdng chap.

Ngoai ra, thong qua bd diéu khién hé sb khuéch dai 140, thiét bi truyén tin hiéu 100
c6 thé diéu chinh hé s khuéch dai ctia tin hidu m4 hod chéng chép, va sau do, dan xen
cac diém trong chom diém (tac 13, cac 6), ma tin hiéu ma hoa chéng chép dugc anh xa
1én @6, 6 bd dan xen theo thoi gian 150, 4nh xa cac 6 da dan xen & bd truyén tin hiéu don
kénh phén tan tryc giao (Orthogonal Frequency-Division Multiplexing, OFDM) 160, va
truyén két qua thu dugc dén thiét bj thu tin hidu 1000 (khong dugc thé hién trén hinh vé).

Trong d6, chom diém cua tin hidu ma hoa chdng chap c6 thé dugc biéu dién nhu

duoc thé hién trén Fig.3, theo phuong 4n 1am vi du thuc hién sang ché.

Fig.3 13 hinh v& thé hién vi dy trong d6 tin hiéu twong tmg véi tdng cao hon dugc
didu bién theo phuwong phap diéu bién dich pha vuéng géc (Quadrature Phase Shift
Keying, QPSK), va tin hiéu twong tmg véi tAng co ban duoc didu bién theo phuong phap
didu bién bién d6 vubng goc cb 64 mic (64-level Quadrature Amplitude Modulation,
64-QAM). |

Dua vao Fig.3, cac diém trong chom dieém cuta tin hi€u tuong Umg véi tdng co ban

c6 cong suat tuong doi nhé duge chong chép 1én cac diém trong chom diém cua tin hiéu
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tuong tng véi ting cao hon c6 cong suét trong ddi 16n.

Trong d6, xét v& mit cong sut, tin hiéu ma hoa chdng chap c¢6 thé dugc biu dién
nhu dugc thé hién trén Fig.4.

Dua vao Fig.4, cAn luu ¥ ring tin hiéu tvong tmg vé6i ting cao hon c¢6 cong sudt cao
hon so véi tin hiéu twong Gng vé6i tng co ban khoang 5 dB, trén dai thong cta kénh tan
s6 vo tuyén (Radio Frequency, RF).

Trong d6, cac bd ma hod 111, 121 cua thiét bi truyén tin hiéu 100 thuc hién thao tic
mé hod LDPC 12 quy trinh tao ra bit chin 16 LDPC thoa man biéu thirc H-CT = 0 dbi véi
tr thong tin LDPC. Trong do6, H 14 ma trén kiém tra chin 1é, va tt ma LDPC 14 C = (cos €1,
v ON 25 ON,- ), trong d6, Nigp. 12 d6 dai ctia tr ma LDPC. Do d6, quy trinh nay 1a
dé tao ra bit chin 16 LDPC trong d6 tdng cua tich cuia cac ¢t twong Umg trong ma tran
kiém tra chin 1¢ nhan véi cac bit tir md LDPC trong tr m& LDPC (¢; (i=0, 1,
Nigpe—1)) tao ra vecto ‘0°. Thuét ngit “téng” nhu dugc st dung dudi day dung dé chi phép
toan nhi phan. Theo phép toan nhi phén nay, 1®1 bing 0, 100 bang 1, 091 bang 1, va
090 bing 0.

Dbi v6i quy trinh néu trén, thiét bi truyén tin hidu 100 c6 thé luu trit tir trude thong
tin vé cac dang khéac nhau ctia ma tran kiém tra chin 1é, béng cach st dung by nhd

(khdng dugc thé hién trén hinh v8).

CAu tric ctia ma tran kiém tra chin 1 theo céc phwong 4n 1am vi du thuc hién séng
ché s& dugc mé ta dudi day dua vao céc hinh v€ kém theo. Trong ma trén kiém tra chén
1¢ dugc md ta dudi day, cac phan tir néu khong phai 13 ¢6 gid tri bang 1 thi ddu c6 gia tri
bang 0.

Vi du, ma tran kiém tra chin 1¢ theo phuong 4n lam vi du thyc hién sang ché c6 thé

¢6 cAu trac nhu dugc thé hién trén Fig.s.

Duya vao Fig.5, ma trén kiém tra chin 1& 10 c6 thé gém c6 ma tran con tir thong tin
11 1a ma trén con tuong tng véi tr thong tin LDPC, va ma tran con chin 1& 12 13 ma trdn

con tuong tmg véi bit chin 1¢ LDPC.
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Sb lugng cdt cia ma tran kiém tra chén 1& 10 béng do¢ dai Ny, cuia tr md LDPC, sb
lugng cft cia ma tran con tr thong tin 11 béng do dai K4y cua tir thong tin LDPC, va )
lugng ct cia ma trén con chén 1& 12 ba“mg do dai (Nparity = Nigpe — Kigpe) cia bit chén 1&
LDPC. Trong d6, sb lugng hang ciia ma trin kiém tra chin 1¢ 10 bang s lugng cot cta

ma tran con chin 1é 12.

Trong d6, ma trén con tr thong tin 11 12 ma tran cé Kgpe cOt (tirc 13, Kigpe cOt tir cot

thtr 0 dén cot tha (Kygpe—1)) va tuln tha cac quy téc sau day. .

Thir nhét, Kigpc cOt ctia ma trdn con tir thong tin 11 duoc phén chia ra thanh céc
nhém cé M cét, tire 13, dugce phén chia ra thanh téng sb Kigpo/M nhom cot. Cac cot thude
cung mot nhom cdt cé modi quan hé sao cho mdi c6t so véi cot lién trude hodc cdt lién sau

s& c6 khoang cach dich chuyén tuin hoan bang Qjgpc.

Nhu dugc st dung trong sang ché, M 1a khoang 1ap lai cta mau c6t trong ma tran
con tir thong tin 11, va Quap 12 khodng céch dich chuyén tudn hoan ctia mdi cot hoic 13 sd
hang trong ma tran con tur thong tin 11. M 1a uéc sb chung ctia Nigpe va Kygpe, va duoc xac
dinh sao cho thod méan biéu thirc Qidpe = MNigpe — Kigpe)/M. Nhu dugce sir dung trong sang
ché, M va Qigpe 12 céc sb nguyén, va Kjq,o/M cling 1a s6 nguyén. Trong d6, M va Qjgy 6
thé c6 cac gia tri khac nhau tuy theo d6 dai ctia tir mad LDPC va ty 16 m& hoa.

Th@ hai, néu bac cua cdt thi 0 trong nhém cot thir i® i=0,1, ..., Kjgp/M-1) (trong
do, “bac” 1a sb luong gid tri 1 c6 médt trong cdt, va tAt ca cac cot trong cuing mdt nhom cot
déu c¢6 ciing mot bac) 13 Dy, va vi tri (hodc chi s6) clia cac hang ¢ chira gié tri 1 trong cot

(D;-1)

thtr 0 ciia nhém cot thir i 1a R{Y,RYLK,R{F™, thi chisé R ctia hang c6 chira gid

i,
tri 1 thir k trong cot thir j ctia nhém cot thir i duge xéac dinh theo biéu thirc dudi day:
k k
Ri(, j) = Rg,(}-n + Qigpe MOd (Njgpe — Kygpo) D
trongdok=0,1,2,...,D-1;i=0,1, ..., Kjpo/M-1;j =1, 2, ..., M-1.

Trong d6, biéu thic todn hoc 1 ¢6 thé duge biéu dién tuong dwong dudi dang biéu

thure toan hoc 2 dudi day:
Rgﬁ) = (RSB) + (J mod M) X Qldpc) mod (Ninner - I<1dpc) (2)

trong d6 k=0, 1, 2, ..., Di-1;1=0, 1, ..., KigpyM-1; j=1, 2, ..., M-1. Vij=1,
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2, ..., M—1, cho nén trong biéu thirc toan hoc 2, (j mod M) c6 thé dugc coi 12 bang j.

Trong céc biéu thic toan hoc néu trén, Ri(,lj-) 12 chi sb cta hang c6 chua gia tri 1
tht k trong c6t thit j ctia nhém ¢t thir i, Nig,e 1a 0 dai ctia tir ma LDPC, K4y 1a 40 dai
cua tir théng tin (tic 1a, cac bit thong tin), D; 1a bac cua cac cft thudc nhém cdt thir i, M
12 s§ Iugng cot trong mot nhom cft, va Qg 12 khoang cach dich chuyén tudn hoan cua
mdi cot hodc sb lugng hang.

Do d6, dua vao c4c bidu thirc todn hoc néu trén, néu biét gia tri R{Y, thi c6 thé x4c

dinh duoc chi sé R{¥) ctia hang c6 chira gid trj 1 thit k trong ¢t tht j ctia nhém ¢t thit i.
Vi véy, khi d3 Iuu trir gia tri chi s6 ctia hang c6 chira gid tri 1 thit k trong cot tht 0 cia
céc nhém cot tuong tng, thi c6 thé xac dinh dugc vi tri clia cac cdt va cac hang c6 chita
gia tri 1 trong ma tran kiém tra chin 1& 10 v&i chu trac nhu duge thé hién trén'Fig.S (ttc
13, trong ma tran con tir thong tin 11 cua ma tran kiém tra chin 1¢ 10).

Vi du, khi d6 dai Nyg, clia tir md LDPC bang 16200, ty 1¢ ma hoé bang 9/15, va M
bang 360, thi chi s6 cia cic hang c6 chira gia tri 1 trong cdt thit 0 clia nhém cdt thi i

trong ma trén con tr thong tin 11 dugc xac dinh nhu sau.
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Bang 1

i Chi s6 ctia cac hang c6 chira gia tri 1 trong cot thit 0 ctia nhém ¢t thir i

0 | 711478 1901 2240 2649 2725 3592 3708 3965 4080 5733 6198

1 393 1384 1435 1878 2773 3182 3586 5465 6091 6110 6114 6327

2 160 1149 1281 1526 1566 2129 2929 3095 3223 4250 4276 4612

3 | 2891446 1602 2421 3559 3796 5590 5750 5763 6168 6271 6340

4 |-947 1227 2008 2020 2266 3365 3588 3867 4172 4250 4865 6290
533243704 4447

6 1206 2565 3089

7 5294027 5891

8 141 1187 3206

9 1990 2972 5120

10 | 752796 5976

11 | 112923774030

12 | 60776108 6231

13 16110531781

14 | 282041095307

15 | 2088 5834 5988

16 | 372539454010

17 | 10812780 3389

18 | 6592221 4822

19 {3033 6060 6160

20 | 756 1489 2350

21 | 33503624 5470

22 | 357 18255242

23 | 5853372 6062

24 | 56114172348
25 | 971 3719 5567

26 1005 16752062

Khi da xac dinh dugc vi tri cia cac hang c6 chira gia tri 1 trong cdt thr 0 cia nhéom
¢t th 1 nhu dugc the hién trén day, thi c6 thé xac dinh dugc vi tri cia cac hang c¢6 chura
gia tri 1 trong cdc cot khac ciia mdi nhém cot bang cach dich chuyén tudn hoan véi
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khoang cach Qgpc.

Vi du, dua vao bang 1, trong cOt thir 0 clia nhom c6t thi 0 trong ma trdn con tir
thong tin 11, gid tri 1 ndm & cac hang 71, 1478, 1901, va v.v..

Theo vi du nay, Qigpe = Nigpe — Kigpe)/M = (16200 — 9720)/360 = 18, cho nén chi s6
cua cac hang cé chua gia tri 1 trong cot thit 1 cua nhom cot thi 0 s€ 1a 89 (=71+18),
1496 (= 1478+18), 1919 (= 1901+18), ..., va chi s ctia cac hang c6 chira gi4 trj 1 trong
cot thtt 2 cia nhém cot tht 0 c¢6 thé 1a 107 (=89+18), 1514 (=1496+18), 1937
(= 1919+18), va v.v..

Chi sb cua cac hang c6 chira gia tri 1 trong tAt ca cac hang clia cac nhém cbt tuong
ung co thé dugc x4c dinh theo cach néu trén.

Trong d6, ma tran con chin 1& 12 13 ma trén con c6 Nigpe — Kigpe €0t (tre 13, tir cot
thtr Kigpc dén cot thu (Nigpc—1)), va co cAu triic ma tran hai duong chéo hodc dang bac
thang. Do d6, bac cua céc cdt con lai trir cot cudi cung (tuc 1a, cot thir Njg,—1) trong sb
céc cOt & trong ma trin con chén 1& 12 déu bang 2. Bac ctia cot cubi cliing bang 1.

Do d6, bd ma hod LDPC (khéng dugc thé hién trén hinh v€) cla thiét bi truyén tin
hiéu 100 c6 thé tao ra tir md LDPC béng cach thuc hién thao tac ma hod LDPC dya vao
_ma tran kiém tra chén 1é nhu dugc thé hién trén Fig.5.

Theo vi du nay, trong tt ma LDPC C =(c,, ¢y, ..., CNygpe=2 * chdpc—l) = (lg, 115 «ees
iK]dpc-2’ ‘iKmpc—l’ Po> Pis +oos PNy Kpp2> PNy Kyl ), tir thong tin LDPC (iy, i, ...,
iKld s ichlp _;) tuong Ung véi ma trdn con tir thong tin 11 va bit chan 1&¢ LDPC (pq, pi,

pc c
covs PNyKiye 2> PNy Ky,-1) tUONg Umg Vi ma trén kiém tra chin 1¢ 12.

Trong d6, Nigy. 1& d6 dai cta tir ma LDPC, Kygpe 12 0 dai cua tir thong tin LDPC, va

Nigpe — Kigpe 12 @ dai clia céc bit chin 1¢ LDPC.

Vi du khac, ma trin kiém tra chin 1& theo phuong 4n 1am vi du thuc hién séng ché

c6 thé c¢6 chu truc nhu dugce thé hién trén Fig.6.

Duya vao Fig.6, ma trén kiém tra chin 16 20 c6 thé gdm c6 ndm ma trdn con A, B, C,

Z va D. Cau truc ctia cidc ma trdn con tuong ung s& dugc mo ta dudi ddy dé biét rd cau
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tric ciia ma tran kiém tra chan 1é 20.

Truée hét, cac thong sb lién quan dén ma tran kiém tra chin 1é 20 nhu duoc thé hién
trén Fig.6, tic 1a, M, M,, Q; va Q, ¢6 thé dugc x4c dinh theo do dai cta tir ma LDPC va
ty 16 ma hoa bing nhidu cach khac nhau. Vi dy, khi do dai N cta tir ma LDPC béng
16200, va ty 16 ma ho bing 4/15, thi c6 thé xac dinh dugce 12 M; = 1080, M, = 10800,
Q;=3,vaQ,=30.

Céc ma tran con A va C 13 ma trin con c6 céc phan tir ma trén tuong Ung véi tir
théng tin LDPC cta tr m& LDPC. Ma trén con A ¢6 thé 13 ma trdn con tir thong tin thir

nhét va ma trin con C c6 thé 1a ma trin con tir thong tin thit hai.

Cu thé, ma trin con A gdm c6 K cot va g hang, va ma tran con C gbm c6 K+g cot
va N-K—g hang, trong d6, K 1a d¢ dai cua tir thong tin LDPC (céc bit thong tin LDPC),
va N 13 d6 dai cua tir ma LDPC. Ngoai ra, g 14 d6 dai cta cac bit chin 1é LDPC thir nhét,
va N-K—g 14 d6 dai ciia c4c bit chin 1é LDPC tht hai.

Trong do, chi sd cuia cac hang c6 chira gi4 tri 1 trong cot the 0 clia nhém ¢t thir i
trong cac ma trdn con A va C cé thé dugc x4c dinh, vi du, dua vao bang 2 duési day.
Trong vi du nay, sb lugng cdt trong cing mdt nhom cot, tie 13, khoang 1ap lai cua mau
cdt trong cic ma trén con A va C tuong ung, c6 thé bang 360.

Vi dy, khi d6 dai N cua tr ma LDPC béng 16200, va ty 1€ ma hoa bé’mg 4/15, thi chi
s6 clia cac hang c6 chua gid tri 1 trong ¢t thit 0 ctia nhém ¢t thit i trong cac ma trén con

A va C c6 thé duge xac dinh nhu sau.
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Béang 2
i Chi s6 ctia cac hang c6 chira gid tri 1 trong cot thir 0 cia nhém cot thir i
0 19 585 710 3241 3276 3648 6345 9224 9890 10841
1 181 494 894 2562 3201 4382 5130 5308 6493 10135
2 150 569 919 1427 2347 4475 7857 8904 9903
3 1005 1018 1025 2933 3280 3946 4049 4166 5209
4 | 420554778 6908 7959 8344 8462 10912 11099
5 1231506 8594478 4957 7664 7731 7908 8980
6 179 537 979 3717 5092 6315 6883 9353 9935
7 147 205 830 3609 3720 4667 7441 10196 11809
8 | 6010211061 15544918 5690 6184 7986 11296
9 | 145719 768 2290 2919 7272 8561 9145 10233
10 | 388590852 1579 1698 1974 9747 10192 10255
11 | 231343 485 1546 3155 4829 7710 10394 11336
12 | 4381 5398 5987 9123 10365 11018 11153
13 | 2381 5196 6613 6844 7357 8732 11082
14 | 1730 4599 5693 6318 7626 9231 10663

Trong do6, mac du vi du trén day thé hién d6 dai cta tr ma LDPC béng 16200 va ty
16 ma hod bang 4/15, nhung day chi 13 mot trong sé nhidu vi du khac nhau. Do d6, chi s6
cua cac hang c6 chira gia tri 1 trong cdt thtr 0 cia nhém cdt thir i trong cdc ma trén con A
va C ¢6 thé dugc xac dinh theo nhidu cich khac nhau khi d6 dai cua tir md LDPC bang
64800 hodc khi ty 1€ m& hoa cé gia tri khéc.

Vi tri ¢6 chira gid tri 1 trong c4c ma trdn con A va C s& duoc mé ta dudi day dé 1am
vi du dua vao bang 2.

Trong bang 2, d6 dai N cta tir md LDPC bang 16200 va ty 1& ma ho4 bang 4/15,
trong truong hgp nhu vy, ma trén kiém tra chén 1& 20 c6 thé c6 M; = 1080, M, = 10800,
Q; =3, vaQ, =30.

Trong do, Q; 1a khoang cach dich chuyén tuan hoan ctua céc cft trong cung mot
nhom cdt trong ma tran con A, va Q, 1a khodng cach dich chuyén tuan hoan cua céc cot

trong cing mdt nhém cdt trong ma trén con C.
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Ngoai ra, Q1 =M,/L, Q;=My/L, M; =g, M =N-K—g, va L la vi du vé khoang lap

~ lai (vi du bang 360 cdt) ctia mau ot trong mdi ma trén con A va C.

Trong @6, trong mo6i ma trdn con A va C, chi s0 cua cac hang c6 chira gid tri 1 ¢6

thé dugc x4c dinh dya vao M;.

Vi du, cin ct trén thuc té 13 M; = 1080, vi tri cta céc hang c6 chua gid tri 1 trong
cdt thr 0 cda nhdm cdt th i trong ma trén con A ¢b thé dugc x4c dinh dua vao céc gia tri
nhé hon 1080 trong sb cac gié tri chi sb trong bang 2, va vi tri cia c4c hang c6 chira gia
tri 1 trong cot thit 0 cia nhém cdt thir i trong ma tran con C ¢6 thé duge xac dinh dua vao

céc gié tri bang hodc 16n hon 1080 trong sb cac gié tri chi s trong bang 2.

Cu thé, day “19, 585, 710, 3241, 3276, 3648, 6345, 9224, 9890, 10841” twong ting
v6i nhém cdt thtr 0 trong bang 2. Do d6, trong cft thir 0 clia nhdém ¢t thi 0 trong ma trén
con A, giatri 1 ¢6 thé 1an lugt nérﬁ 0 hang thr 19, hang thir 585, hang th 710, va trong
cdt thir 0 cda nhdm ¢t thir 0 trong ma trén con C, gid tri 1 c6 thé 14n lugt ndm & hang thu
3241, hang thtr 3276, hang thir 3648, hang thir 6345, hang thir 9224, hang thir 9890, va
hang tht 10841, tinh tir hang th{r 0 trong ma tran con A.

Trong do, trong vi du vé ma trin con A, khi d3 x4c dinh dugec vi tri cua céc gia tri 1
trong cot thir 0 ctia mdi nhém cdt, thi ¢ thé x4c dinh duoc vi tri cia cac hang c6 chira gia
tri 1 trong cac cdt khac cﬁa m&i nhém ¢t dua vao khoang cach dich chuyén tudn hoan Q.
Trong vi du v& ma trén con C, khi d4 x4c dinh dugc vi tri cia céc gia tri 1 trong ct th 0
ctia m&i nhom cdt, thi c6 thé xac dinh duoc vi tri cia cdc hang c6 chira gia tri 1 trong cac

cdt khac cia moi nhém cft dua vao khoang cach dich chuyén tuan hoan Q.

Trong vi du néu trén, trong cdt thr 0 cia nhém cot thir 0 trong ma tran A, gia tri 1
¢ thé nim & hang th 19, hang thtr 585, va hang th 710. Trong vi du nay, Q; =3, cho
nén chi s6 ctia cac hang ¢6 chtra gid trj 1 trong cot thir 1 cta nhdm cot thi 0 ¢6 thé 1a 22
(= 19+3), 588 (= 585+3), va 713 (= 710+3), va chi sb ctia cac hang c6 chura gié tri 1 trong
cdt thir 2 ctia nhém cot thir 0 ¢6 thé 13 25 (= 22+3), 591 (= 588+3), va 716 (= 713+3).

Trong d6, trong cot thir 0 ctia nhém cdt thir 0 trong ma tran C, gid tri 1 ¢6 thé nim &
hang thtr 3241, hang thr 3276, hang thir 3648, hang thtt 6345, hang thtt 9224, hang thi
9890, va hang th 10841. Theo vi du nay, Q, =30, cho nén chi s cia cac hang c6 chtra
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gid tri 1 trong c6t tht 1 cia nhém cot thtt 0 c6 thé 1a 3271 (=3241+30), 3306
(=3276+30), 3678 (=3648+30), 6375 (=6345+30), 9254 (=9224+30), 9920
(= 9890+30), va 10871 (= 10841+30), chi s cia cac hang ¢ chira gia tri 1 trong ¢4t thix
2 ctia nhém cdt thit 0 ¢6 thé 13 3301 (= 3271+30), 3336 (= 3306+30), 3708 (= 3678+30),
6405 (= 6375+30), 9284 (= 9254+30), 9950 (= 9920+30), va 10901 (= 10871+30).

Theo cach dugc mo ta trén ddy, vi tri clia cac hang ¢ chira gié tri 1 trong tit ca cac
nhém cdt trong ma tran con A va ma trén con C c6 thé dugc x4c dinh.

Trong d6, mdi ma tran con B va D 13 mo6t ma trin con tuong Gng vdi céc bit chin 1é
LDPC thir nhét va thit hai. Ma trdn con B ¢6 thé dugc coi 12 ma tran con chin 1& thi nhét
va ma tran con D ¢6 thé dugc coi 13 ma trin con chin 1¢ thit hai.

Cu thé, ma trin con B, c6 ciu triic ma tran hai dudng chéo hodc dang bac thang, c6
g c0t va g hang, va ma tran con D, 1a ma tran don vi (tic 13, ma trdn con D 13 ma trdn don
vi), c6 N-K—g cot va N-K—g hang.

Ngoai ra, ma trén con Z, 14 ma tran khong, c6 N-K—g cot va g hang.

Do d6, cAu tric ctia ma tran kiém tra chén 16 20 nhu duoc thé hién trén Fig.6 c6 thé
dugc xéc dinh dya vao cac ma tran con A, B, C, D va Z.

Do d6, bd ma hod LDPC (khéng dugc thé hién trén hinh v&) cta thiét b truyén tin
hiéu 100 c6 thé tao ra tir md LDPC béng cach thuc hién thao tdc ma hod LDPC dua vao

ma tran kiém tra chén 1é 20 nhu dugc thé hién trén F ig.6.

Theo vi du nay, trong tt md8 LDPC C=(cg, ¢y, ..., C N2 Cn-1) = (o, 115 ---s

iK—Za iK_1, Pos> P15 «-+5 Pg2> Pe-15 P0"s P15 +++5 PN-k-g-2> PNkg-1), CAC bit chin 1¢ LDPC tht
nhét (Pos D1 --+» Pe—2> Pg-1) tONE Umg v6i ma trén con chén 1¢ tha nhét (ttc 13, ma tran con
B), va cac bit chén 1¢ LDPC thi hai (Po’, P1’5 -+ +» PN-k-g—2> PN-kg-1) tONg Ung v6i ma tran
con chin 1¢ thi hai (tGc 13, ma trin con D). |
Trong d6, ma tran kiém tra chin 1& 20 c¢6 c4u triic nhu duge thé hién trén Fig.6 c6
thé dugc coi 1a dang két hop cua cac ma tran kiém tra chén 1é véi hai cdu tric khac nhau.
Cé nghia 13, ma tran kiém tra chin 1& 20 c6 thé duoc coi 1a dang két hop ctia ma trén

kiem tra chan 1& thir nhat gom c6 cac ma trén con A va B va ma trdn kiém tra chan 1¢ thi
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hai gom c6 cac ma tran con C va D. No6i céach khac, ma tran kiém tra chin 1& 20 c6 thé
gdm c6 ma tran con chin 1é 1a ma tran hai dudng chéo, va ma trin con chin 1& 1a ma trin

don vi.

Trong d6, thiét bi thu tin hiéu theo phuong 4n 1am vi du thuc hién sang ché c6 thé
thu tin hiéu ma hoa chdng chap néu trén, va tao ra tin hidu thir nhét va tin hiéu thi hai tir
tin hiéu ma hoa chdng chdp nay. Tin hiéu thi nhit twong tmg vdi ting cao hon, va tin

hiéu thir hai twong tmg v6i tAng co ban nhu d& néu trén.

Fig.7 14 so d6 khdi ding d& mé ta cAu hinh ctia thiét bi thu tin hiéu theo phuong an

lam vi du thuc hién sang che.

Dua vao Fig.7, thiét bi thu tin hiéu 1000 c¢6 thé bao gém bd giai ma BICM thir nhit
1200, bd tao bit chin 1& 300 va bd giai md BICM thi hai 400.

B6 giai mad BICM thu nhét 200 c6 thé xir ly tin hi€éu ma hoa chéng chdp va tao ra tin

hiéu tht nhét. Trong d6, tin hiéu thir nhét c¢6 thé twong tmg véi tAng cao hon.

Nhim muc dich nay, nhu duoc thé hién trén Fig.8A, bd giai md BICM thir nhét 200
c6 thé bao gdm bo khir 4nh xa thir nhit 210, bd khir dan xen thir nhat 220, b gidi ma
LDPC thtr nhét 230 va bd giai ma BCH thir nhat 240, hodc nhu duoc thé hién trén Fig.8B,
bd giai ma BICM thtt nhét 200 c6 thé bao gdm bd khir 4nh xa thir nhat 210, bo khir dan
xen thir nhit 220, bd gidi ma LDPC thi nhét 230 va b giai ma CRC thi nhét 250.

Bo khtr 4nh xa thi nhét 210 thuc hién thao tac giai diéu bién trén tin hiéu ma hoa

chdng chap.

Cu thé, bo khir 4nh xa thir nhit 210 giai diéu bién cho tin hiéu m hoa chdng chap
dé tao ra gia tri ty s6 hop 1y dang loga (Log Likelihood Ratio, LLR), va cung cip gia tri
LLR nay cho bd khir dan xen thir nhét 220.

Trong vi du néu trén, by khir &nh xa th nhét 210 c6 thé thuc hién thao tic giai didu
_bién trén tin hidu ma hoé chdng chdp dya vao phuong phép diéu bién dugc ap dung cho
tin hiéu tht nhit tvong ing v6i tAng cao hon. Vi du, khi thiét bi truyén tin hiéu 100 diéu
bién tin hiéu thir nhét twong tmg véi ting cao hon bang phuong phap diéu bién QPSK, thi
bd khir 4nh xa thtr nhit 210 c¢6 thé giai didu bién cho tin hiéu ma hoa chdng chap bing
phuong phép diéu bién QPSK.
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Trong d6, gia tri LLR c6 thé 1a gi4 tri loga cta ty sb gifta x4c suét dé cho bit duoc
truyén tir thiét bi truyén tin hiéu 100 bing 0 va xé4c suit dé cho bit d6 bang 1. Theo cach
khac, gia tri LLR c6 thé 1a gia tri tiéu biéu duoc x4c dinh theo phr:in ¢ x4c suidt ma bit

truyén tir thiét b truyén tin hiéu 100 c6 gié tri bang 0 hay 1.

B6 khir dan xen thir nhat 220 khir dan xen cho tin hiéu ddu ra tir bd khir 4nh xa thi
nhét 210.

Cu thé, bd khir dan xen thr nhit 220 c6 c4u hinh trong tng véi cAu hinh ctia b dan
xen thtr nhit 112 trong thiét bi truyén tin hiéu 100’ dé dao nguoc thao tac dan xen da
duoc thuc hién & bd dan xen thi nhét 112, nhd d6 dé khir dan xen gia tri LLR va cung
cép gia tri LLR da dugc khir dan xen cho bd gidi ma LDPC thu nhét 230.

B6 giai mi LDPC thir nhét 230 giai md LDPC cho tin hiéu dAu ra tir bd khr dan xen
thi nhét 220.

Cu thé, b giai ma LDPC thir nhit 230 ¢6 cdu hinh twong tmg véi ciu hinh cia bd
m3 hoa LDPC (khéng duoc thé hién trén hinh v&) ctia bé ma hod BICM thir nhit 110
trong thiét bi truyén tin hiéu 100, dé thuc hién thao tac giai ma LDPC bing cich sir dung
gia tri LLR d& duoc khir dan xen, nhd d6 dé khéi phuc tir thong tin LDPC va bit chin 1¢
LDPC (céc bit chén 18).

Trong vi du ndy, bd gidi md LDPC thir nhét 230 c6 thé thuc hién nhiéu phuong
phép khéc nhau dé giai ma LDPC. Vi dy, bd giai ma LDPC thi nhit 230 ¢6 thé thuc hién
thao tic giai ma LDPC theo phuong phép giai ma l3p dua vao thudt toan tong-tich dé xac
dinh céc gi4 tri bit bing phuong phép quyét dinh ctimg va khoi phuc cac bit thong tin
LDPC cuta tor md LDPC.

Trong d6, bo giai md LDPC thir nhét 230 ¢6 thé thuc hién thao tac giai md LDPC
dura vao ma tran kiém tra chin 16 d& dugc sit dung & bd ma hod thir nhét 111 dé ma hoa
LDPC.

Vi dy, néu ma tran kiém tra chin 1& c6 cdu tric nhu dugc thé hién trén Fig.5 da
dugc st dung khi ma hod LDPC, thi bd giai ma LDPC thi nhét 230 ¢6 thé thuc hién thao
tac gidi ma LDPC dya vao ma tran kiém tra ch8n 1é 10 ¢4 cAu trac nhu dugc thé hién trén

Fig.5, nho d6 @ khoi phuc tir thong tin LDPC. C6 nghia 13, bd giai ma LDPC th nhat
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230 c6 thé khoi phuc tir théng tin LDPC trong g v6i ma tran con tir thong tin 11 va bit

chén 1&¢ LDPC twong tmg véi ma trén con chin 1 12 ¢6 cu triic ma tran hai dudng chéo.

Ngoai ra, néu khi ma hod LDPC da s dung ma tran kiém tra chén 1& 20 c6 cAu tric
nhu dugc thé hién trén Fig.6, thi bd gidi md LDPC thir nhit 230 c6 thé khoi phuc tir
thong tin LDPC bang céach thuc hién thao tic giai ma LDPC dya vao ma trin kiém tra
chin 1& 20 c6 céu tric nhu duge thé hién trén Fig.6. C6 nghia 13, bd giai ma LDPC thw
nhét 230 c6 thé khoi phuc tir thong tin LDPC twong tmg v&i ma trin con tir thong tin, céc
bit chin 18 LDPC thir nhit tvong tmg véi ma trin con chin 1é thr nhét c¢6 cAu tric ma
tran hai dudng chéo, va céc bit chin 1é¢ LDPC thi hai twong tmg v6i ma trin con chin 1é
thir hai.

Trong d6, thong tin vé ma trin kiém tra ch8n 1¢ da duogc st dung khi m& hoa LDPC
c6 thé dugc luu trir tr trude & thiét bi thu tin hiéu 1000 hoic dugc cung cép tir thiét bi

truyén tin hiéu 100.

Ngoai ra, nhu dugc thé hién trén Fig.8A, bd giai ma LDPC thir nhit 230 c6 thé xuét
ra tir théng tin LDPC dugc khoi phuc bang cach gidi ma LDPC dé cung c4p cho bd giai
mi BCH thir nhit 240 hoic, nhu duge thé hién trén Fig.8B, b giai ma LDPC thir nhAt
230 ¢6 thé xuét ra tir théng tin LDPC dugc khoi phuc bing cach giai ma LDPC dé cung
cép cho bo giai ma CRC thi nhét 250.

B giai ma BCH tht nhét 240 gii ma BCH cho tin hiéu d4u ra tir bd giai ma LDPC
th nhit 230 va tao ra tin hidu thi nhit. Trong do6, bd giai ma BCH th nhit 240 c6 cdu
hinh twong ting v&i cdu hinh ctia bd ma hoa BCH (khong duoc thé hién trén hinh vé) cia
b6 ma hoa BICM thit nhit 110 trong thiét bi truyén tin hiéu 100.

Cu thé, vi thong tin LDPC dugc xuét ra tir bd giai ma LDPC thir nhét 230 gdm c6 tir
thong tin BCH va bit chin 1é BCH, cho nén bo giai ma BCH tht nhét 240 c6 thé khoi
phuc tr théng tin BCH bang cach hiéu chinh 18i trong tir md BCH st dung bit chin 18
BCH dugc xuit ra tir by giai ma LDPC thi nhét 230.

Trong d6, bo giai ma CRC thir nhit 250 giai md CRC cho ihang tin dugc xut ra tir
bd gidi ma LDPC thtr nhét 230 va tao ra tin hiéu thir nht. Trong d6, bd giai ma CRC thir
nhit 250 ¢6 ciu hinh tuong tmg v6i cAu hinh ciia bd ma hod CRC (khong duge thé hién
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trén hinh v&) ctia bd ma hoa BICM thi nhét 110.

Cu thé, vi tir thong tin LDPC duoc xut ra tir bd giai ma LDPC thir nhit 230 gbm c6
tir thong tin CRC va bit chén 16 CRC, cho nén bd giai md CRC thir nhét 250 c6 thé xé4c
dinh sy xuét hién 151 trong tir ma CRC bang cach thuc hién thao tac giai ma CRC sir dung

bit chén 1¢ CRC dugc xuét ra tir bd giai mad LDPC tha nhét 230.

Trong d6, tir thong tin BCH va tir thong tin CRC 1a céc bit tao nén dong tin hiéu,
tuc 13, cc bit du dinh s& dugc truyén bang thiét bi truyén tin hiéu 100, va cac bit ndy c6
thé tao nén tin hiéu thir nht trong g véi tAng cao hon. Vi dy, bd giai ma BCH thir nhat
240 va bd gidi ma CRC thir nhét 250 c¢6 thé xudt ra cac bit tao nén dong tin hiu A trén
Fig.1.

Quay lai Fig.7, bd tao bit chin 1& 300 c6 thé tao ra bit chin 16 @ su dung khi giai
ma & bo giai md BICM thir hai 400 dua vao két qua giai ma & bd giai ma BICM tht nhét
200.

Trong vi du nay, bd tao bit chin 1é 300 c6 thé tao ra bit chin 1¢ dya vao ma trdn

kiém tra chén 1é d dugc str dung khi ma hoa LDPC & bd ma hod thir nhat 111.

Trudce hét, khi bd ma hod tht nhét 111 trong thiét bj truyén tin hiéu 100 di thuc
hién thao tdc ma hoda LDPC dua vao ma tran kiém tra chin 1& 10 c6 c4u tric nhu dugc thé
hién trén Fig.5, thi b6 tao bit chén 1& 300 c6 thé tao ra bit chin 1¢ theo phuong phép nhu
s& dugc mo ta dudi ddy. Trong do, bit chin 1é dugc tao ra bing bd tao bit chin 1 300 13
bit chin 1¢ méi, khong phai bit chin 1é dugc khdi phuc bang bo gidi ma BICM thir nhat
200, nhu s& dugc mo ta dudi day.

B6 tao bit chén 1& 300 c6 thé x4c dinh xem c6 13i trong tir thong tin LDPC dugc
khéi phuc bang cach giai md LDPC & bo giai md LDPC thit nhit 230 hay khong dua vao
két qué giai md BCH & b giai ma BCH thir nhét 240, khi tir ma LDPC c6 16i.

Nhém muc dich nay, bd giai ma LDPC tht nhét 230 c¢6 thé x4c dinh xem c6 15
trong tir m& LDPC hay khong, va cung cip két qua x4c dinh cho b6 tao bit chin 1¢ 300.

Cu thé, bd giai ma LDPC thir nhat 230 c6 thé x4c dinh su xuét hién 15i trong it nhét

~mot trong s tir thong tin LDPC va bit chén 16 LDPC dugc khoi phuc bang cach giai ma
LDPC, str dung ma tran kiém tra chén 1& d3 duoc sir dung khi ma hod LDPC & by ma hoa
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thir nhat 111.
Nhu da néu trén, thao tac ma hoa LDPC 1a thao tac tao ra tir ma LDPC sao cho thoa

man biéu thitc H-CT = 0.

Do d6, khi khong c6 13i trong tir théng tin LDPC hoic bit chin 1é LDPC dugc khéi
phuc bing cach giai ma LDPC & bd giai ma LDPC tht nhét 230, thi tich ctia phép nhan
tir thong tin LDPC va bit chin 1é LDPC duoc khdi phuc bang cach giai ma LDPC véi ma

tran kiém tra chin 1¢ d4 duoc str dung khi ma hoa LDPC, s& phai bang ‘0’.

Do d6, bd gidi ma LDPC thit nh4t 230 nhan tir thong tin LDPC va bit chin 1¢ LDPC
duoc khoi phuc bang cach giai ma LDPC véi ma trin kiém tra chén 1¢ di duoc st dung
khi m4 hod LDPC, va c6 thé x4c dinh xem c6 13i trong it nh4t mot trong s6 tir théng tin
LDPC va bit chin 18 LDPC dugc khdi phuc bing céch giai ma LDPC hay khong bing
cach xé4c dinh xem tich ctia phép nhan nay c6 ding 14 bang ‘0> hay khong.

Trong 4o, H-C'=0 gém c¢6 céc biéu thuc trong do téng cua cac tich thu dugc khi
nhan mdi cOt cia ma tran kiém tra chin 1& v6i céc bit tir ma LDPC ¢6 gia tri béng ‘0.
Trong d6, mdi biéu thirc duge goi 1a ‘biéu thirc kiém tra chin 1&’, va gid tri ciia phan bén
tréi cia biéu thirc kiém tra chin 1é dwoc goi 13 “gid tri tridu chimg LDPC” (hay gi4 tri

tridu chimg kiém tra chin 18).

Do d6, @ xac dinh xem c6 15i trong it nhat mét trong s6 tir thong tin LDPC va bit
chin 1¢ LDPC dugc khdi phuc bing cich giai md LDPC hay khong, thi tir thong tin
LDPC va bit chin 1é LDPC dugc khéi phuc bang cach gidi ma LDPC dugc nhin véi ma
tran kiém tra chin 1& di dugc st dung khi ma hod LDPC, va x4c dinh xem tich ctia phép
nhan nay c6 dung 12 bang ‘0° hay khéng. Trong d6, quy trinh x4c dinh nay cé thé duogc
goi 14 quy trinh x4c dinh xem gié tri triéu chimg LDPC c6 dung 13 bang ‘0’ hay khéng.

Nhu d4 néu trén, bd giai ma LDPC tht nhét 230 ¢6 thé xac dinh xem c6 131 trong it
nhit mot trong sb tir thong tin LDPC va bit chin 1¢ LDPC duge khoi phuc bing cach giai
ma LDPC hay khong va cung cép két qua x4c dinh cho bo tao bit chén 1& 300. Do d6, bd
tao bit chin 1é 300 ciing c6 thé xac dinh xem c6 13i trong it nht mot trong sb tir thong tin
LDPC va bit chin 1é¢ LDPC dugc khéi phuc bang cach giai ma LDPC hay khéng, dua vao
két qua x4c dinh duge cung cép tir bd gidi ma LDPC tht nhat 230, ’
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Trong 6, bd giai ma BCH thit nhét 240 c6 thé cung cdp cho b tao bit chin 1& 300

thong tin vé sy xuét hién 151 trong tr thong tin LDPC va vi tri ctia céc bit c6 15i.

Thong thudng, trong khi giai md BCH, c6 thé biét chinh xé4c vi tri cta cac bit da
duoc hidu chinh 13i, néu giai md BCH thanh cong va viéc hiéu chinh 13i ¢6 thé thuc hién
duogc. Vi du, trong vi du vé hé théng truyén hinh k¥ thuat s mat dat thé hé tha 2 (Digital
Video Broadcasting-Terrestrial version 2, DVB-T2), trong d6 kha ning hiéu chinh 158i
trong thao tac giai ma BCH 14 12 bit, viéc hiéu chinh 15 c¢6 thé thyuc hién duge véi tdi da
1a 12 bit, va con c6 thé biét duge vi tri cia cac bit d& duoc hiéu chinh 151, tirc 13, bit

duoc bit nao c¢6 16i.

Do d6, b giai ma BCH thir nhit 240 thuc hién thao tic giai ma BCH trén tir théng
tin LDPC va x4c dinh xem tir thong tin LDPC c¢6 15i hay khéng va, néu c6 13i, thi xac
dinh vi tri cta cac bit tir théng tin LDPC (dudi day goi 1a “cac bit thong tin LDPC”) tao -

ra 18i, va cung cép thong tin vé vi tri d& x4c dinh cho bd tao bit chin 1é 300.

Do d6, bo tao bit chin 1& 300 x4c dinh xem tir thong tin LDPC c¢6 15i hay khong va,
néu c6 18i, thi x4c dinh vi tri ctia céc bit théng tin LDPC tao ra 131, dwa vao thong tin

dugc cung cap tir b gidi ma BCH thir nhat 240.

Két qua 13, bo tao bit chin 18 300 c6 thé xac dinh xem c6 15i trong tt ma LDPC
duoc khéi phuc bang cach giai ma LDPC hay khong dua vao thong tin duge cung cip tir
b6 giai ma LDPC tht nhét 230, va, néu x4c dinh ring tir ma LDPC c6 16, thi c6 thé x4c
dinh xem tir thong tin LDPC c¢6 18i hay khong va xac dinh céc bit thong tin LDPC tao ra
18i, dwa vao thong tin dwgc cung cép tir bo giai mad BCH thir nhét 240.

Trong d6, bo tao bit chén 1& 300 c6 thé tao ra bit chin 1é LDPC bang cach sir dung
céc bidu thirc kiém tra chin 1¢ phan thong tin (IPPC). Trong d6, bit chén 1&é LDPC dugc
tao ra bang bd tao bit chin 1& 300 dugc phan biét véi bit chin 16 LDPC dugc khdi phuc
bang céach gidi md LDPC & bd giai ma LDPC 230. C4c bit nay c6 thé 13 gibng nhau hodc
khac nhau.

Céc biéu thirc IPPC 13 mot phin cta céc biéu thirc kiém tra chén 18. Céc biéu thirc
IPPC, va phuong phép tao ra bit chin 1¢ LDPC sir dung céc biéu thirc IPPC tuy thude vao
trudng hop c6 15i trong tir thong tin LDPC hay khong s& dugc m6 ta cu thé dudéi day.
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Fig.9 14 so d6 ding d mé ta biéu thirc IPPC theo phuong 4n lam vi du thuc hién
sang ché.

Dua vao Fig.9, khi ma tran kiém tra chin 1¢ 13 ma trn H 910, c4c bit chin 16 LDPC
thoa mén biéu thirc H-C" =0 v6i (ig, i1, 1o, I3, i is) 13 (Pos P1s P2s P3» Pas Ds)s VA theo két

qUé mé hod LDPC: tr ma LDPC C (= iOa ila i2: i3= i49 i55 Pos P1> P2, P35 P4s p5) (920) co thé

duoc tao ra.
Trong d6, cac biéu thitc twong tmg tao nén biéu thirc ma trén H-C' =0 13 céc biéu
thire kiém tra chén 1¢ 930.

Trong d6, vi ma tran kiém tra chin 1é¢ H 910 gém c6 ma tran con tir thong tin 911 va
ma trin con chén 1é 912, cho nén cac biéu thirc kiém tra chin 1 930 c¢6 thé gdm c6 cac
biéu thtic dugc tao ra dya vao ma trin con tir thong tin 911 va céc biéu thitc duoc tao ra

dya vao ma tran con chin 18 912.

Theo vi du ndy, trong cc bidu thirc kiém tra chén 1& 930, cac biéu thic dugce tao ra
dwa vao ma tran con tlr thong tin 911 ¢6 thé dugc x4c dinh 13 c4c biéu thirc IPPC 940. C6
nghia 13, cdc biéu thic IPPC biéu didn cac tng tuong tmg clia cac bit thong tin LDPC,

tuong ung véi céac cdt cd chira gid tri 1, trong cac hang cia ma tran con tir thong tin 911.

Vi dy, trong hang thir 0 cia ma trén con tir thong tin 911 c6 chira gié tri 1 & cft thir

0 va cot thi 3 trong s6 cac cot tir cot thir 0 d&én cot thir 5, bidu thirc IPPC cho hang th 0
clia ma trin con tir thong tin 911 sé& 14 tdng (10®is) clia cac bit thong tin LDPC tuong tng
v6i cot thit nhat va cot thi tu.

Ngoai ra, trong hang th 1 clia ma trin con tir thong tin 911 ¢6 chira gid tri 1 & cot
th 2 va cot thir 5, biéu thire IPPC cho hang thtr 1 clia ma trén con tir thong tin 911 s& la
tdng (i,®is) clia cac bit thong tin LDPC tuong tmg v6i cot thir 2 va cot thit 5.

Ngodi ra, trong hang thir 2 clla ma tran con tir théng tin 911 c6 chira gia tri 1 & cot
tht 0 va cot tha 4, bidu thire IPPC cho hémgthl'r 2 cua ma tran con tir thong tin 911 s€ 1a

tdng (1,®is) cua cac bit thong tin LDPC tuong tng véi cot thir 0 va cot thi 4.
Ngoai ra, trong hang thtr 3 cia ma trén con tir thong tin 911 c6 chia gid tri 1 & cot
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thi 1 va cot tht 2, biéu thite IPPC cho hang thir 3 ciia ma tran con tir thong tin 911 s& 13

téng (i;®i,) cia céc bit théng tin LDPC tuong tmg vé6i cot thir 1 va cdt thir 2.

Ngoai ra, trong hang thir 4 ctia ma trén con tir thong tin 911 c6 chua gid tri 1 & cot

~ thr 3 va cdt tht 4, biéu thie IPPC cho hang thir 4 clia ma trdn con tr thong tin 911 s€ 1a

tdng (1;@1) clia céc bit thong tin LDPC twong tmg vé6i cot thit 3 va cot thir 4.

Ngoai ra, trong hang thir 5 ctia ma trén con tir thong tin 911 c6 chura gia tri 1 & cot

thtr 1 va ¢t thi 5, biéu thirc IPPC cho hang thir 5 ctia ma tran con tr thong tin 911 s€ 1a

tdng (1;®is) clia céc bit thong tin LDPC twong Gmg véi cot thir 1 va cdt thit 5.

Trong d6, bd tao bit chén 1& 300 c6 thé tao ra bit chin 16 LDPC béng cach sir dung
cac biéu thirc IPPC dudi dang 13 céc biéu thic IPPC 940.

Nhim muc dich nay, thiét bi thu tin hidu 1000 c6 thé Iuu trit tir trude thong tin v&
cac biéu thuc IPPC tuong Ung véi ma tran kiém tra chin 16 910 hodc 1010. Do d6, bd tao
bit chén 1& 300 c6 thé tinh cac gia tri ciia cic biéu thirc IPPC bang cach thay thé céc bit
théng tin LDPC dugc khoi phuc bing cach giai md LDPC hoic céc bit théng tin LDPC
duogc hiéu chinh 18i bing cach giai ma BCH cho cac biéu thirc IPPC.

Trude hét, khi céc bit thong tin LDPC dugce khdi phuc bing cach giai ma LDPC
khong c6 131, thi b tao bit chin 1é 300 c6 thé tao ra bit chin 1é LDPC twong Ung véi cic
bit théng tin LDPC duogc khéi phuc bing cich gidi ma LDPC, dua vao cic bidu thirc
IPPC.

Cu thé, gia str ring ma tran con chin 1¢ 912 13 ma tran hai dudng chéo, bo tao bit
chéin 16 300 c6 thé tao ra bit chin 1¢ LDPC bang cach cdng céc bit chin 1&6 LDPC dugc
khoi phuc bang cach giai md LDPC ¢ b giai ma LDPC 230 v6i céc gia tri cua cac biéu
thirc IPPC theo thir ty 14n luot.

Phuong phdp néu trén duoc goi 1a “phuong phédp ma ho4 dwa vao phép cong sir
dung biéu thirc IPPC (hay goi tit 1a phuong phap mé hoa IPPC dya vao phép cong)”,
phuong phap nay s€ dugc mo ta chi tiét dudi day dua vao Fig.10.

Fig.10 1 so d ding ¢ mo ta phuong phép tao ra bit chin 1¢ LDPC bang cach sir
dung céc biéu thirc IPPC, theo phuong 4n 1am vi du thyc hién sang ché.
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Duya vao Fig.10, dé cho dé hi€u, gid st rang ma tran ki€m tra chédn 1é va cac bicu

thire IPPC dugce xé4c dinh nhu duge thé hién trén Fig.9.

Nhu d3 néu trén, cac biéu thic kiém tra chin 1& duoc biéu dién bang tong cia cac
bicu thirc (tc 1a, cac bicu thic IPPC) dugc tao ra duya vao ma tran con tir thdng tin va cac

biéu thtrc dugc tao ra dua vao ma trin con chén 18.

Trong d6, gia sir ring ma trin con chin 1é 14 ma trn hai dudng chéo, céc bit chin 1¢
LDPC c¢6 thé dugce tinh bing cach cong gié tri cta biu thirc IPPC véi (cac) bit chin 1é
LDPC da dugc tinh tir trude.

Vi du, dua vao Fig.lO, biéu thirc kiém tra chin 1& 1031 dugc tao ra béng cach nhan

hang thr 0 ciia ma trdn kiém tra chin 1¢ 1010 véi céc bit tr md LDPC 1020 1a
190®i3@po = 0, cho nén bit chin 1¢ LDPC Po €O thé duge tinh duc'ﬁ dang 1a po = 1®is.
Trong d6, gia sir rang i,®i; 12 biéu thic IPPC 1041 duoc tao ra bang cich nhan hang tht
0 ctia ma tran con tr thong tin véi céc bit thong tin LDPC, bd tao bit chin 1& 300 c6 thé
tao ra bit chin 1¢ LDPC p, bang gia tri cua biéu thic IPPC t,=i®is. Do d6, po=to
(1051).

Ngoii ra, bidu thirc kiém tra chin 1& 1032 dugc tao ra bing cach nhén hang tht 1
clia ma tran kiém tra chin 1& 1010 véi cac bit tir ma LDPC 1020 13 1,®is®p,®p; = 0, cho
nén bit chin 1é LDPC p; c¢6 thé duoc tinh dudi dang 13 p; = i,®is®p,. Trong do, gia sir
réng 1,®is 1a biéu thirc IPPC 1042 dugc tao ra béng cach nhan hang thir 1 cia ma tran con

tir thong tin véi céc bit thong tin LDPC, bd tao bit chan 1é 300 ¢6 thé tao ra bit chin 1é

LDPC p; béng c4ch cdng (tirc 13, cong nhi phan) bit chén 16 LDPC p, véi gid tri ctia biéu
thire IPPC t; = 1,®is. Do d6, p; =1,®p, (1052).

’Ngoéi ra, biéu thic kiém tra chin 16 1033 dugc tao ra bang cach nhan hang th 2
clia ma tran kiém tra chin 1& 1010 v&i cac bit tir ma LDPC 1020 1a 10®@14®p®p, =0, cho
nén bit chin 1&¢ LDPC p2 ¢6 thé dugc tinh dudi dang 1a p, = io@i4®p1. Trong do, gia su

réng i,®i4 12 bibu thuc IPPC 1043 dugc tao ra béng cach nhan hang thr 2 cda ma trdn con
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tlr thong tin v6i cac bit thong tin LDPC, bd tao bit chin 1& 300 c¢6 thé tao ra bit chin 1¢
LDPC p, bing cach cong bit chin 1¢ LDPC p; véi gia tri ctia bidu thirc IPPC t, = iy®i,.
Do do, p, =t,®p; (1053).

Ngoai ra, biéu thirc kiém tra chin 1¢ 1034 dugc tao ra bing cach nhin hang thi 3
cua ma tran kiém tra chin 1é 1010 v&i cac bit tir ma LDPC 1020 1 1;@1,@p,@p; =0, cho
nén bit chin 1¢ LDPC p; c6 thé duoc tinh dudi dang 13 p3 =1;®1,@p,. Trong d9, gia st
' réng i;®i, 13 biéu thire IPPC 1044 duogc taora béng cach nhan hang thir 3 clia ma trdn con
tlr thong tin vé6i cac bit thong tin LDPC, bd tao bit chin 1& 300 c6 thé tao ra bit chén 1é
LDPC p; bing cach cong bit chin 1¢ LDPC p, véi gié tri cta biéu thirc IPPC t; = i;®i,.
- Do a6, p; = t;®p, (1054).

Ngoai ra, biéu thtrc kiém tra chén 16 1035 duoc tao ra béng cach nhan hang tha 4
clla ma tran kiém tra chin 1& 1010 v&i cac bit tir ma LDPC 1020 1a 13@14@p;®Pp, = 0, cho
nén bit chan 1¢ LDPC P4 O thé dugc tinh dudi dang 13 ps = 3014@p;3. Trong do, gia s
ring i3®i, 14 biéu thirc IPPC 1045 dugc tao ra bang cach nhan hang thir 4 cia ma tran con
tr thong tin vé6i cac bit thong tin LDPC, bd tao bit chin 1& 300 c6 thé tao ra bit chin 1é
LDPC p, bang cach cong bit chin 1¢ LDPC p; v6i gié tri ctia biéu thic IPPC t, = i;®i,.

Do d6, ps = t4®p; (1055).

Ngoai ra, biéu thirc kiém tra chin 1¢ 1036 dugc tao ra bing cach nhan hang thr 5
cia ma trin kiém tra chin 1& 1010 vé&i céc bit tir ma LDPC 1020 14 1;®i5@p4®@ps = 0, cho
nén bit chin 16 LDPC ps c6 thé dugc tinh duéi dang 13 ps = i;®is®p,. Trong do, gia st

rr?mg i,@is 1a bidu thire IPPC 1046 dugce tao ra bﬁng cach nhéan hang th 5 cia ma tran con
tlr thong tin v6i cac bit thong tin LDPC, bb tao bit chin 1& 300 c6 thé tao ra bit chin 1é
LDPC ps bing cach cong bit chin 1& LDPC ps V6i cac gia tri cta biéu thuc IPPC

5= 11@15 Do dé, Ps= t5@p4 (1056)
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Nhu da néu trén, gia s rﬁng ma trin con chén 1& 13 ma tran hai dudng chéo, bd tao
bit chin 1& 300 c6 thé tao ra bit chin 1&¢ LDPC béing cach cong céc bit chin 1é LDPC tao
nén bit chin 1¢ LDPC dugc khéi phuc béng cach giadi ma LDPC & bd giai ma LDPC 230,
Vi céc gid tri clia cac biéu thirc IPPC.

Trong d6, khi c6 13i trong tir théng tin LDPC duoc khéi phuc bing cach gidi ma
LDPC, thi bd tao bit chén 1& 300 c6 thé x4c dinh, dua vao két qua giai ma BCH, vi tri cia
bit tao ra 15i trong tir théng tin LDPC dugc khdi phuc bing cach giai ma LDPC, hiéu
chinh 181 bng céch 14t gi4 tri cta bidu thirc IPPC tuong tmg vd&i bit tao ra 18i, va tao ra bit
che:u_l 1é LDPC tuwong tmg véi tir thong tin LDPC d4 hiéu chinh 16i dua vao gia tri d3 14t
ctia biéu thirc IPPC.

Trong vi du néu trén, bo tao bit chin 1& 300 ¢ thé x4c dinh vi tri cua bit tao ra 13i
trong tir thong tin LDPC, dwa vao théng tin vé vi tri ciia bit tao ra 13i trong tir thong tin
LDPC dugc cung cip tir bd giai ma BCH thir nhét 240.

Trong 46, gia su ring céc bidu thic IPPC dugc bidu dién bing tong cla cac bit
théng tin LDPC, sy xuét hién 18i trong tir thong tin LDPC duoc khdi phuc bing cach giai
m3 LDPC c6 thé dugc hidu 1a su xuét hién 13i trong cac biéu thirc IPPC. Do d6, khi tir
théng tin LDPC ¢6 16, thi khong thé tao ra bit chin 16 LDPC chinh x4c néu khong thuc
hién riéng thao tac hiéu chinh cho cac biéu thirc IPPC.

Do d6, bo tao bit chin 1¢ 300 c¢6 thé tao ra cac bit chin 16 LDPC bang cach 14t gia tri
ctia biéu thirc IPPC lién quan dén bit tao ra 15i trong tir théng tin LDPC, va cdng céc bit
chén 1&6 LDPC véi gia tri dé 14t ctia biéu thic IPPC theo thi tur 1an luot, nhu s& duoc mb
ta chi tiét dudi day dua vao Fig.11.

Fig.11 13 so d6 ding dé mé ta phuwong phép tao ra bit chin 1é LDPC bang cach st
dung cac biéu thirc IPPC theo phuong an 1am vi dy thuc hién séng ché.

Trén Fig.11, & cho d& hiéu, gia st rdng ma trin kiém tra chin 1& va c4c bidu thic
IPPC duoc x4c dinh nhu duogc thé hién trén Fig.9.

'Khi tir théng tin LDPC c¢6 131, thi bd tao bit chin 1& 300 c6 thé 14t gié tri cia biu
thtrc IPPC lién quan dén bit thong tin LDPC tao ra 13i.

Trong d6, biéu thirc IPPC lién quan dén bit thong tin LDPC tao ra 15i ¢6 thé 1a biéu
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thirc IPPC duoc tao ra dya vao bit thong tin LDPC tao ra 13i.

Noi cach khac, vi bidu thirc IPPC duoc tao ra béng céach nhan cac hang cia ma tran
con tir thoéng tin véi céc bit thong tin LDPC, cho nén biéu thirc IPPC c6 thé duge bidu
dién duéi dang 13 téng cua cac bit thong tin LDPC dugc nhan véi cac cdt ¢ chira gié tri
1, trong cac hang cia ma tran con tir thong tin.

Trong d6, biéu thirc IPPC tuong tmg véi hang c6 chira gid tri 1 trong c6t duoc nhan
v6i bit thong tin LDPC tao ra 181 duoc goi 12 bidu thirc IPPC lién quan dén bit thong tin
LDPC tao ra 16i.

Vi du, gia st ring c6 15i trong bit thong tin LDPC i,, nhu duge thé hién trén Fig.11.

Trong vi du nay, bit thong tin LDPC i, dugc nhan véi cft tht 2 trong ma trén con tur
thong tin 1110 khi ma hod LDPC, cho nén céc biéu thic IPPC tuong ung véi céc hang c6

chtra gia tri 1 trong cot thit 2, ¢6 nghia 13, biéu thirc IPPC (i,®is) tuong tmg véi hang thi

1 va bidu thirc IPPC (i;®i,) twong tmg vé6i hang thir 3 ¢6 thé lién quan dén bit thong tin
LDPC tao ra 15i i, C6 nghia 13, cac biéu thitc IPPC c6 bit thong tin LDPC i, ¢6 thé 1a cac
biéu thizc IPPC lién quan dén bit thong tin LDPC tao ra 13i iy,

Trong d6, bd tao bit chin 1& 300 c6 thé 14t cac gia tri cla cac biéu thic IPPC lién
quan dén bit thong tin LDPC tao ra 13i i, va cdng cac bit chin 1é LDPC véi gia tri da 14t
ca biéu thirc IPPC theo thit ty 1an lugt, nhd d6 dé tao ra bit chén 16 LDPC.

Vi du, nhu dugc thé hién trén F ig.11, khi gia tri cta biéu thitc IPPC t; = i,®is tuong
{mg v&i hang thtr 1 ctia ma tran con tir théng tin 1110 bang 0, thi b tao bit chin 18 300 c6
thé 14t gié tri t; d¢ hiéu chinh gi4 tri cta bicu thirc IPPC tuong tmg véi hang thir 1 thanh
giatri 1 (=t,°).

Ngoai ra, khi gia trj ctia biéu thire IPPC t; = i,®i, tuong tng v6i hang thtt 3 clia ma
trdn con tir thong tin 1110 biing 1, bd tao bit chén 1& 300 ¢6 thé Iat gia tri t; d& higu chinh
gia tri cia biéu thirc IPPC tuong Gmg v6i hang thir 3 thanh gia tri 0 (= t3°).

Sau d6, bd tao bit chin 1& 300 c6 thé tao ra cac bit chin 16 LDPC dua vao cac gia tri

da hiéu chinh cta céc biéu thirc IPPC.
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Trong vi du nay, gia st réng ma tran con chén 1& 13 ma tran hai dudng chéo, bd tao
bit chén 1& 300 c6 thé tao ra mdi bit trong s cac bit chin 1¢ LDPC bang cach cong gia tri
ctia biéu thire IPPC véi bit chén 16 LDPC da duogc tinh tir trude. Khi d6, néu céc gia tri
ctia biéu thitc IPPC duogc hiéu chinh do 13i dugce tao ra trong céc bit thong tin LDPC, thi
cac gia tri da hiéu chinh cta cac biéu thire IPPC ¢6 thé duge sir dung.

Phuong phap tao ra céc bit chin 1é LDPC trong vi du ndy gidng véi phuong phép
dugc thé hién trén Fig.10 ngoai trir viéc st dung céc gia tri cua cac biéu thic IPPC da
hiéu chinh.

Vi dy, dya vao Fig.11, vi gia tri cua biéu thire IPPC tuong tmg v&i hang thir 1 cta
ma trdn con tir thong tin 1110 dugc hi€u chinh thanh gia tri t;’, va gié tri cua biéu thuc
IPPC tuong mg véi hang thir 3 cia ma trén con tr thong tin 1110 dugc hiéu chinh thanh
gi4 tri t3°, cho nén bd tao bit chin 1& 300 c6 thé tao ra cac bit chin 1¢ LDPC py (= to)
(1121), p1 Et’®po) (1122), p, (=6Bp1) (1123), p3s (=t°Spy) (1124), ps (=t:Dps3)
(1125), va ps (= ts@py) (1126).

Nhu d3 néu trén, c6 thé giam muic do phirc tap ctia phuong phép tao ra bit chin 1é
LDPC so véi phuong phap st dung biéu thirc H-C" =0, vi céc gié tri cia cac biéu thic
IPPC dugc luu trit tir trude va duoc sir dung dé tao ra bit chin 1¢ LDPC.

Fig.12 13 lvu d6 ding dé mé ta phuong phap tao ra bit chin 1é LDPC theo phuong
an lam vi dy thuc hién sang ché.

Duya vao Fig.12, & budc S1210, thao tac gidi ma LDPC & téng cao hon dugc thuc
hién trén tin hiéu dau vao nhu tin hiéu ma hoa chdng chép dé tao ra tin hiéu & tAng cao
hon. O bude S1220, trude tién 13 xac dinh xem gié tri tridu chimg LDPC c6 phai 12 bing
0 hay khéng dya vao két qua cua thao tac giai ma LDPC & tAng cao hon dugc thyc hién &
bu6e $1210. C6 nghia 13, tin hiéu ma hod chdng chap duge giai ma LDPC, va sau d6 xac
dinh xem c6 13i trong it nhit mot trong s6 tir thong tin LDPC va bit chin 1¢ LDPC dugc
khéi phuc bang cach giai md LDPC & ting cao hon hay khong. ‘

O budce S1220 theo nhanh dung, khi x4c dinh ring gié tri triéu chimg LDPC béng 0,

thi & budce S1230, thao tic gidi ma LDPC & téng co ban duge thyuc hién dé tao ra tin hidu
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& tAng co ban dya vao tir thong tin LDPC va bit chin 1é LDPC dugc khoi phuc bing cach

giai ma LDPC. Thao tac giai m3 LDPC & ting co ban s& dugc mé ta chi tiét dudi day.
Trong d6, & budc S1220 theo nhéanh sai, khi gia trj tri¢u chimg LDPC khong phai 1a

bang 0, thi & bude S$1240, thao tac giai ma BCH dugc thuc hién trén tir thong tin LDPC

duoc khoi phuc bing cach giai ma LDPC & ting cao hon.

Sau d6, dua vao két qua giai ma BCH, x4c dinh xem tir thong tin LDPC c6 16i hay
khong. C6 nghia 13, & bude S1250, xac dinh xem sb lwong 15i trong céc bit thong tin

LDPC cua tir thong tin LDPC c¢6 phai 13 bang 0 hay khéng.

G bude S$1250 theo nhanh dung, khi x4c dinh ring s lugng 13i trong céc bit thong
tin LDPC béng 0, thi & budc S1260, phuong phap ma hoa IPPC dua vao phép cong duoc
thuc hién. C6 nghia 13, khi tir thong tin LDPC khéng c6 16i, thi cac gié tri clia cac bidu
thirc IPPC d3 luu trit tir trude duoc st dung dé tao ra cac bit chin 1é LDPC bing phuong
phap ma hod IPPC dua vao phép cong. Sau d6, dua vao thong tin chi béo vé viéc céc bit
thong tin LDPC khong c6 15i va céc bit chin 1¢ LDPC dugc tao ra biang phuong phap ma
hoa IPPC dya vao phép cong, thao tac gidi mad LDPC & téng co ban duge thuc hién dé tao

ra tin hidu & tAng co ban & bude S$1230.

Trong do, & budc S1250 theo nhanh sai, khi xéc dinh réng ) lugng 15 trong céc bit
thong tin LDPC khong phai 1a béng 0, thi & budc S1260, xac dinh xem 151 d6 c6 thé hidu
chinh dugc bing cach giai ma BCH hay khong. C6 nghia 13, cin x4c dinh xem c6 thé
hidu chinh duoc 131 trong céc bit thong tin LDPC bing c4ch giai ma BCH hay khong.

O budce S1270 theo nhéanh sai, khi xac dinh ring viéc hiéu chinh 131 khong thé thuc
hién duge bing cach giai md BCH, thi & bude S1280, tin hiéu & tAng cao hon duge bd
qua bang cach khong xir 1y.

G bude $1270 theo nhanh ding, khi x4c dinh ring viéc hiéu chinh 13i ¢6 thé thuc
hién duoc béng céch giai ma BCH, va do d6, 16i duoc hiéu chinh, thi & budc S1290, cic
gi4 tri cua céc bidu thirc IPPC dugc hiéu chinh, va & budc S1260, phuong phdp ma hod
IPPC dya vao phép cong dugc thuc hién dua vao cac .gié tri da hiéu chinh ctia céc biéu
thic IPPC. Sau d6, dua vao céc bit thong tin LDPC d3 hiéu chinh 18i va cac bit chin 16

LDPC dugc tao ra bang phuong phap ma hoa IPPC dya vao phép cong, thao tic gidi ma
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LDPC & ting co ban duoc thuc hién dé tao ra tin hiéu & tAng co ban & budce S1230.

Trong d6, theo vi du néu trén, bit chén 1¢ LDPC (ttrc 13, céc bit chin 18 LDPC) ¢6
thé dugc tao ra bang phuong phép mi hoa IPPC dua vio phép cong, nhung cic phuong
an lam vi du thyc hién sang ché khong chi giéi han & vi du néu trén. Do d6, bit chin 1é
LDPC c6 thé duge tao ra bing céc phuong phép khac, ngoai phuong phép mi hoa IPPC
dua vao phép cong, nhu dugc thé hién trén Fig.13 va Fig.14.

Fig.13 1a Iuu d6 ding d& mé ta phuong phép tao ra bit chin 1¢ LDPC theo phuong

an lam vi du khac dé thuc hién sang che.

| Duya vao Fig.13, & buée S1310, thao tac giai ma LDPC & tr?mg cao hon, dé tao ra tin
hiéu & ting cao hon tir tin hiéu mi hoa chéng chép thu dugc, dugce thuc hién. O bude
S1320, x4c dinh xem gi4 tri triéu chimg LDPC c¢6 phai 1 bang 0 hay khong. C6 nghia 12,
tin hiéu ma hoa chéng chap dugc giai ma LDPC, va x4c dinh xem c6 13i trong it nhét mot
trong s6 tir thong tin LDPC va bit chin 1¢ LDPC dugc khoi phuc bing cach giai ma
LDPC & ting cao hon hay khéng.

& bude S1320 theo nhanh dung, khi x4c dinh ring gi4 tri triéu chimg LDPC bang 0,
thi thao tac giai ma LDPC & tﬁng co ban duge thuc hién @ tao ra tin hiéu & tAng co ban
dua vao tir thong tin LDPC va bit chin 1¢ LDPC dugc khdi phuc bang cach giai ma
LDPC 6 ting cao hon.

Trong d6, & budc S1320 theo nhanh sai, khi x4c dinh rang gié tri triéu ching LDPC
khong phai 13 bang 0, thi & budc S1340, thao tic giai md BCH dugc thuc hién trén tir
thong tin LDPC duoc khoi phuc bing cach giai ma LDPC & ting cao hon.

Sau d6, dua vao két qua giai ma BCH, x4c dinh xem tir thong tin LDPC c6 15i hay
khoéng. C6 nghia 13, & bude S1350, x4c dinh xem sb luong 16i trong cac bit thong tin
LDPC cua tir thong tin LDPC c6 phai 1a bang 0 hay khong.

O bude S1350 theo nhanh ding, khi x4c dinh ring sd lwong 13i trong cac bit thong
tin LDPC béng 0, thi & bude S1360, phuong phép ma hoé IPPC dya vao phép cong dugc
thuc hién. C6 nghia 13, khi tir théng tin LDPC khéng c¢6 15, thi bit chin 1¢ LDPC dugc
tao ra bing cach str dung céc gia tri cua cac biéu thizc IPPC da luu trit tir trude. Sau do,

dua vao thong tin chi bdo v& viée céc bit thong tin LDPC khong c6 16i va céc bit chén 18
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LDPC duogc tao ra, thao tac giadi ma LDPC & tﬁng co ban dugce thyc hién d tao ra tin hiéu

& tAng co ban & bude S1330.

Trong d6, & budc S1350 theo nhénh sai, khi x4c dinh ring sb lwong 18 trong cac bit
thong tin LDPC khéng phai 12 bang 0, thi & budc S$1360, x4c dinh xem 181 d6 c6 thé hiéu
chinh duoc bing cach giai mad BCH hay khéng. C6 nghia 13, cAn xdc dinh xem c6 thé
hiéu chinh duoc 131 trong c4c bit thong tin LDPC bang céch giai ma BCH hay khong.

O budc S1370 theo nhanh sai, khi x4c dinh ring viéc hiéu chinh 181 khong thé thuc
hién duogc bing cach giai ma BCH, thi & bude S1380, tin hiéu & ting cao hon dugc bd

qua bang cach khong xr Iy.

Trong d6, & bude S1370 theo nhanh ding, khi x4c dinh rang viéc hiéu chinh 16i ¢6
thé thuc hién duge, va do d6, 16i duge hiéu chinh, thi & budc $1390, thao tic ma hoi
LDPC duoc thyc hién dua vao céc bit thong tin LDPC d3 hiéu chinh 16i. Nho thao tac ma
hoa LDPC nay, bit chén 16 LDPC dugc tao ra bing phuong phap sir dung biéu thirc
H-C" =0, khic véi thao tic ma hod bing phuong phép st dung céc gia tri cia cac biéu
thirc IPPC. C6 nghia 13, bd tao bit chin 1é 300 nhu duoc thé hién trén Fig.7 tao ra cac bit
chén 1¢ LDPC thoa mén biéu thtc kiém tra chin 16 H-C' =0 dya vao c4c bit théng tin
LDPC c6 16i d& duoc hiéu chinh bing cach giai md BCH. Trong vi du niy, ma tran kiém
tra chin 1& H c6 thé 13 ma tran kiém tra chin 1 d3 dugc st dung khi ma hod LDPC & thiét
bi truyén tin hiéu 100, va théng tin v& ma tran kiém tra chin 1é nay c6 thé duoc cung cip
tir thiét bi truyén tin hiéu 100 dén thiét bi thu tin hiéu 1200 cung véi tin hiéu ma hoa
chdng chap. O bude S1330, thao tic gidi ma LDPC & tdng co ban duoc thuc hién dwa vao
cac bit théng tin LDPC d3 hiéu chinh 15i va cé4c bit chin 1¢é LDPC duoc tao ra bé’mg cach
ma hod LDPC dé tao ra tin hiéu & tﬁng co ban.

Fig.14 13 luu d dung & moé ta phuong phap tao ra bit chén 1é LDPC theo phuong
4n 1am vi du khac dé thuc hién sang ché.

Dua vao Fig.14, truée tién, & bude S1410, thao tac giai mad LDPC & ting cao hon dé
tao ra tin hiéu & téng cao hon duogc thuc hién trén tin hi€u ma hoa chéng chap dau vao. O
budc S1420, xac dinh xem gia tri tridu ching LDPC c6 phai 13 bang 0 hay khong. C6

nghia 13, tin hiéu ma hoa chéng chap duoc giai ma LDPC, va x4c dinh xem c6 16i trong it
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nhit mot trong sd tir thong tin LDPC va bit chin 1é LDPC dugc khoi phuc bang cach giai
ma LDPC hay khong.

G budce S1420 theo nhanh dung, khi x4c dinh ring gié tri triéu chimg LDPC bing 0,
thi & budc S1430, thao tac giai ma LDPC & tﬁng co ban dugce thuc hién dya vao tir ma

LDPC dugc khéi phuc béng cach giai ma LDPC, dé tao ra tin hiéu & té‘lng co ban.

Trong dd, & budc S1420 theo nhénh sai, khi xac dinh ring gié tri triéu chimg LDPC
_ khong phai 1a béng 0, thi & budc S1440, thao tac giai ma BCH dugc thuc hién trén tir

thong tin LDPC duoc khéi phuc bang céch giai ma LDPC & tAng cao hon.

Sau d6, dua vao két qua giai ma BCH, & budc S1450, x4c dinh xem 151 trong céc bit
thong tin LDPC c¢6 thé hiéu chinh dugc bing cach giai ma BCH hay khéng. C6 nghia 13,
x4c dinh xem c6 thé hidu chinh duoc 18i trong c4c bit théng tin LDPC bing cch giai ma

BCH hay khong.

0 budc S1450 theo nhanh sai, khi x4c dinh ring viéc hiéu chinh 18i khong thé thyc

hién duogc, thi & bude S1460, tin hiéu & téng cao hon dugc bd qua béng cach khong x1r ly.

Trong d6, & budc S1450 theo nhanh dung, néu xac dinh réng viéc hiéu chinh 151 ¢c6
thé thuc hién ’duqc, va do d6, 18i dugc hiéu chinh, thi & budc S1470, thao tic ma hoa
LDPC duoc thuc hién dua vao cic bit thong tin LDPC d3 hiéu chinh 15i. Sau d6, dua vao
c4c bit thong tin LDPC d4 hiéu chinh 18i va bit chén 1é LDPC dugc tao ra bang thao tac
ma hoa LDPC nay, thao tac giai ma LDPC & t?mg co ban duge thuc hién dé tao ra tin hiéu

& ting co ban, & bude $1430.

Trong d6, theo vi du néu trén, c6 thé xac dinh xem gié tri triéu chimg LDPC c6 phai
1a bang 0 hay khong, va néu khéng phai 13 bing 0, tic 13, néu c6 15i trong tir md LDPC
duoc khdi phuc bang cach giai ma LDPC, thi thao tac giai mad BCH c6 thé dugc thyuc hién,

nhung day chi 12 mét trong s6 cac phuong 4n 1am vi du thuc hién séng ché.

Do d6, ¢6 thé thuc hién thao tac giai md BCH trén tir thong tin LDPC dugc khoi
phuc bing cch giai ma LDPC va tao ra bit chin 1¢ LDPC dya vao két qua giai ma BCH,
ma khéng can thyuc hién riéng budc xac dinh xem gi4 tri triéu chimg LDPC c¢6 phai 1a
bang 0 hay khong. Theo cach khéc, ngay ca khi gié tri triéu chimg LDPC bing 0, thi van
¢6 thé thuc hién thao tac gidi ma BCH trén tir thong tin LDPC dugc khéi phuc bé‘mg cach
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giai ma LDPC, va vin ¢6 thé tao ra bit chén 1¢ LDPC dua vao két qua giai ma BCH.

Trong dd, khi b méa hod thir nhét 111 d& thuc hién thao tdc ma hod LDPC dua vao
ma tran kiém tra chén 16 c6 cdu triic nhu duge thé hién trén Fig.6 (tuc 13, ma tran kiém tra
chén 1& 20), thi bd tao bit chin 1& 300 c6 thé tao ra bit chin 1é LDPC theo phuong phép

nhu s& dugc mo ta dudi day.

Trudc tién, khi c6 131 trong it nhit mot trong sd tir théng tin LDPC va bit chén 1é
LDPC thit nh4t dugc khdi phuc bang cach giai md LDPC, thi dya vao két qua giai ma
BCH, c6 thé x4c dinh xem c6 18i trong tir thong tin LDPC dugc khdi phuc bang cach giai
ma LDPC hay khong.

Nhim muc dich nay, bd giai ma LDPC tht nhét 230 c6 thé xac dinh xem c6 15i
trong it nhat mot trong s tir thong tin LDPC va bit chén 1&é LDPC thir nhit duoc khoi
phuc bing cach giai ma LDPC hay khéng, va cung cép thong tin vé su xuét hién 13i cho

b0 tao bit chin 1é 300.

Cu thé, b6 gidi ma LDPC thir nhit 230 c6 thé x4c dinh xem c6 15i trong it nhat mot
trong s6 tir théng tin LDPC va bit chin 1é LDPC th nhit dugc khéi phuc bang cach giai
ma LDPC hay khong, bing cch sir dung ma trén kiém tra chén 1¢ thir nhét (tic 13, ma
tran kiém tra chin 1& gdm c6 c4c ma trin con A va B trén Fig.6) da dugc sir dl_lng khi ma

hoa LDPC & bo ma hod thir nhat 111.
Nhu d3 néu trén, mi hod LDPC 14 thao t4c tao ra tir md LDPC thoa mén biéu thirc

H-CT=0.

Do d6, khi khong c6 15i trong tir théng tin LDPC va bit chin 1¢ LDPC tha nhét duoc
khoi phuc bing cach giai mad LDPC, thi tich ctia phép nhan tir thong tin LDPC va bit chin
1¢ LDPC thr nhét dugc khoi phuc bing cach giai ma LDPC v6i ma tran kiém tra chin 1é
thtr nhét da dugc st dung khi ma hod LDPC, s& phai bang “0°.

Do d6, bd giadi ma LDPC tht nhat 230 c6 thé nhan tir thong tin LDPC va bit chin 1¢
LDPC th nhét dugc khoi phuc bang cach giai ma LDPC véi ma tran kiém tra chin 1é thir
nhét da dugc su dung khi ma hoa LDPC, va x4c dinh xem c6 15i trong it nhét mot trong
s6 tir théng tin LDPC va bit chin 1é LDPC thtr nhit dugc khéi phuc bing cach gidi ma
LDPC hay khong, bang cach x4c dinh xem tich ctia phép nhén nay cé dung 13 bang ‘0’
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hay khong.

Trong vi dy nay, gia tri ctia phan bén trai cta bidu thirc kiém tra chin 1& duoc tao ra
dya vao ma trin kiém tra chin 1& tht nhét c6 thé dugc goi 1a gia tri triéu chung LDPC dbi

v6i ma tran kiém tra chin 1& th nhét.

C6 nghia 13, bd giai ma LDPC tht nhdt 230 c6 thé nhan tir thong tin LDPC va bit
chén 1¢ LDPC thir nhét dwoc khdi phuc bang cach gidi ma LDPC vé&i ma tran kiém tra
chén 16 thir nhit d& duoc st dung khi ma hod LDPC, va xé4c dinh xem c6 151 trong it nhét
mdt trong sb tir théng tin LDPC va bit chén 1é LDPC thit nhit dugc khoi phuc bang cach
giai md LDPC hay khong, bing cééh xac dinh xem tich cua phép nhén ndy c6é dung la
bang ‘0’ hay khong.

Nhu 43 néu trén, bo gidi ma LDPC thu nhét 230 c6 thé xac dinh xem c6 161 trong it
nhit mét trong s tir thong tin LDPC va bit chin 1é¢ LDPC thtr nhat dugc khdi phuc bang
cach giai ma LDPC hay khong, va cung cép thong tin vé su xudt hién 16i cho bd tao bit
chin 1& 300. Do d6, bd tao bit chin 1& 300 c6 thé xac dinh xem c6 15i trong it nhit mot
trong sb tir théng tin LDPC va bit chin 1é LDPC tht nhit dugc khéi phuc bing cach giai
m3 LDPC hay khéng, dua vao thong tin dugc cung cip tir bd giai ma LDPC thtr nhét 230.

Trong d6, bd giai ma BCH thir nhét 240 c6 thé cung cép cho b tao bit chin 1é 300
théng tin v& viée tir théng tin LDPC ¢6 18i hay khong, va thong tin vé vi trf cia bit ¢6 13i.

Thong thudng, thao tac giai md BCH c6 thé cung cip thong tin chinh x4c vé vi tri
ctia bit d3 duge hiéu chinh 161, néu viée giai ma thanh cdng va viéc hiéu chinh 16i cé thé
thuc hién duoc.

Do do, b gidi mad BCH tha nhét 240 thuc hién thao tac gidi ma BCH trén tir thong
tin LDPC va x4c dinh xem tir thong tin LDPC ¢6 131 hay khong, va néu c6 131, thi x4c
dinh vi trf ciia c4c bit thong tin LDPC tao ra 181, va cung cp cac thong tin nay cho bd tao
bit chén 1é 300.

Do d6, bd tao bit chin 1é 300 xac dinh xem tir thong tin LDPC c6 18i hay khong, va
néu c6 161, thi x4c dinh vi tri cta cac bit thong tin LDPC tao ra 16i, dwa vao thong tin
~ duogc cung cdp tir bd giai ma BCH thir nhét 240.

Két qua 13, b tao bit chin 1 300 c6 thé xac dinh xem c6 13i trong it nhat mét trong
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s6 tir thong tin LDPC va bit chén 16 LDPC thir nhit dugc khoi phuc bang cach giai ma
LDPC hay khéng dua vao théng tin duge cung cip tir bo giai ma LDPC thtr nhét 230, va
khi x4c dinh rang it nhat mot trong sd tir thong tin LDPC va bit chin 1é LDPC thi nhat ¢6
151, thi c6 thé x4c dinh xem tir théng tin LDPC c6 16i hay khong va x4c dinh c4c bit thong
tin LDPC ¢6 181, dua vao thong tin dugc cung cp tir bd gidi ma BCH thir nhat 240,

Trong d6, bo tao bit chin 1& 300 c6 thé tao ra bit chin 1é LDPC bing cich st dung
c4c biéu thire IPPC. Nhu d3 néu trén, bit chin 1é LDPC duoc tao ra bang b tao bit chin
1¢ 300 duoc phan biét v6i bit chin 16 LDPC duogc khdi phuc bang cach giai md LDPC &
bd giai ma LDPC 230. Céc bit nay c6 thé 13 gibng nhau hoic khéc nhau.

Céc bidu thirc IPPC 14 mdt phin cta bibu thire kiém tra chin 1& va c6 thé gdm co
cac bidu thirc TPPC thtr nhét va cdc biéu thic IPPC thtr hai. Céc biéu thic IPPC va
phuong phép tao ra bit chin 1¢ LDPC sir dung céc biéu thic IPPC tuy thudc vio trudng
hop c6 16i trong tir thong tin LDPC hay khong s& dugc md ta chi tiét dudi day.

Fig.15A va Fig.15B 1 c4c so @6 ding dé mo ta cac biéu thirc IPPC theo phuong 4n

lam vi du thyc hién sang ché.
Dua vao Fig.15A va Fig.15B, khi ma trédn kiém tra chin 1& 1a ma tran H 1510, céc
bit chin 1&¢ LDPC thoa mén biéu thire H-CT = 0 véi céc bit théng tin LDPC (iy, iy, iy, 13, 14,

is) 12 (po, P1> P2> P3> P4> Ps> Po’> P1’> P2’ P3’ P4’ Ps°), cho nén tir m& LDPC 1520 C (= do, iy,
iy, i3, i4, is, Pos P> P2» P3s Pas Ps Do’ P1’> P2’» P’ P4’ Ps’) €6 thé duoc tao ra bing cch ma
hoa LDPC. Trong do, mdt phén clia céc bit chin 16 LDPC gém ¢ (Po> P1> P25 P3s> P4s P5)
duoc goi 12 “cac bit chin 16 thir nhat”, va phin con lai cac bit chin 16 LDPC gdm c6 (py’,

P’ P2’ P37, P4’s Ps’) duoc goi 1a “cac bit chn 1& thir hai”.

Trong do, céc biéu thirc tao nén biéu thirc ma tran H-CT=0 12 c4c bidu thic kiém
tra chén 1& 1530.

Trong d6, vi ma tran kiém tra chdn 16 H 1510 gdm c6 ma trdn con tir thong tin thi
nhét 1511, ma trdn con tir thong tin th hai 1512, ma trdn con chin 1é thi nhét 1513 va
ma trin con chdn 1& tht hai 1514, cho nén cac biéu thirc kiém tra chin 1& 1530 c6 thé gdm
¢6 cé4c biéu thie duge tao ra dua vao ma trin con tir thong tin thir nhét 1511 va ma tran
con tir thong tin thir hai 1512, va céac biéu thirc duoc tao ra dua vao ma tran con chin 1&
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tht nhét 1513 v ma trén con chén 1€ tht hai 1514,

Trong vi du ndy, mot phin ciia cac biéu thirc kiém tra chin 1é 1530 dugc tao ra dya
vi0 ma tran con tir thong tin thi nhét 1511 c6 thé dugc goi 14 cic bidu thic IPPC thtr
nhit 1541. C6 nghia 13, mbi bidu thire IPPC thir nhat 13 tong ctia c4c bit thong tin LDPC
tuong Gng véi cac cot ¢ chira gia tri 1 trong mdi hang clia ma tran con tir thong tin thir
nhat 1511, |

Ngoai ra, phin con lai ciia cac bidu thirc kiém tra chén 18 1530 dugc tao ra dua vao
ma trén con tir thong tin thir hai 1512 ¢6 thé dugc goi 12 céc biéu thitc TPPC thit hai 1542.
C6 nghia 13, m&i bidu thirc IPPC th hai 13 tng ciia c4c bit thong tin LDPC va céc bit
chén 1¢ thir nhét tuong tmg véi cac cot ¢6 chira gié tri 1 trong mbi hang ciia ma trin con
tir thong tin thir hai 1512.

Vi dy, trong hang thir 0 cia ma trén con tr thong tin thu nhét 1511 ¢6 chira gi4 tri 1
trong cot thir 2 va cot thir 5 trong s céc cot tir cot thir 0 dén cot thit 5, biu thire IPPC thu
nhét cho hang thtt 0 ciia ma tran con tir théng tin thir nhét 1511 13 i,®is, d6 1 téng cua
cac bit théng tin LDPC tuong tng véi cft thir 2 va cdt thir 5.

Ngoai ra, trong hang thir 1 cla ma trén con tir thong tin thi nhét 1511 ¢6 chua gia
tri 1 trong c6t thur 1 va ¢t tha 4, biéu thirc IPPC tht nhét cho hang thr 1 cia ma trén con
tir thong tin thir nhét 1511 13 i;®i,, d6 13 tong ciia cac bit thong tin LDPC twong Ung véi
cOt th 1 va cdt thi 4.

Ngoai ra, trong hang thtr 2 ctia ma trdn con tlr thong tin thu nhat 1511 ¢ chira gia
tri 1 trong c6t thr 0 va cdt thir 2, bidu thic IPPC tht nhét cho hang th{r 2 cila ma trén con
tir thong tin th nhéit 1511 14 i,®i,, d6 13 téng cua cac bit théng tin LDPC tuong ung véi
cOt thr 0 va cot tha 2.

Ngoai ra, trong hang thr 3 ctia ma trdn con tr thong tin thi nhét 1511 c6 chua gia
tri 1 trong ¢t thir 3 va cét thu 4, biéu thuc IPPC tht nhét cho hang tht 3 ctia ma trin con
tir thong tin thir nhat 1511 13 i3®i,, d6 13 tdng ciia cac bit thong tin LDPC tuong (mg véi
cOt thr 3 va ¢t tha 4.

Ngoai ra, trong hang thir 4 cia ma trén con tur thong tin thi nhét 1511 c6 chira gia
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tri 1 trong ¢4t thtr 0 va ¢t thi 5, biéu thirc IPPC thi nhét cho hang thr 4 ciia ma trdn con
tir thong tin thir nhét 1511 13 i®is, d6 13 tdng ctia c4c bit thong tin LDPC tuong tmg véi
coOt thir 0 va ¢t tha 5.

Ngoadi ra, trong hang tht 5 cua ma trén‘con tir thong tin thi nhit 1511 c6 chia gia
tri 1 trong cot thir 1 va cot thi 3, bidu thirc IPPC thit nhét cho hang tht 5 clia ma trén con
tir thong tin thir nhdt 1511 12 1,®i;, d6 13 téng ciia cac bit thong tin LDPC tuong tmg véi
o6t thit 1 va oot thit 3. |

Trong do, trbng hang thir 0 cia ma trén con tir thdng tin thi hai 1512 c6 chira gid tri
1 trong c6t thir 2, cft thir 5, cot thir 6 va cot thir 9 trong s6 cac cot tir cot thi 0 dén cot tha
11, biéu thirc IPPC thi hai cho hang tht 0 clia ma tréin con tir thong tin thit hai 1512 1a
1,@i5@pPps, 46 la téng cta céac bit thong tin LDPC va céc bit chén 1& LDPC thir nhét
tuong ing véi cft thir 2, cot thir 5, cdt thur 6 va cot thir 9.

Ngoai ra, trong hang thi 1 ciia ma trdn con tlr thong tin thir hai 1512 c6 chira gia tri
1 trong cdt thi 1, cft thr 2, cdt thi 6 va cot thir 10, biéu thirc IPPC thi hai cho hang thtr
1 clia ma trdn con tir thong tin thtr hai 1512 13 1;®1L,®pe®ps, d6 12 tdng ctia cac bit thong
tin LDPC va c4c bit chin 16 LDPC thi nhét tuong Umg vai cdt tht 1, cot thu 2, cot thir 6
va cot thir 10.

Ngoai ra, trong hang thr 2 cia ma trin con tr thong tin thir hai 1512 ¢6 chua gié tri
1 trong c6t th 1, cdt thr 5, cdt thr 9 va cot thir 10, biéu thic IPPC thir hai cho hang thir
2 ciia ma trdn con tir thong tin thir hai 1512 13 i;®@i;®p;Dps, d6 12 téng cua cac bit thong
tin LDPC va c4c bit chin 1& LDPC th nhét twong ung vai cdt tha 1, cot thir 5, ot thir 9
va c¢dt tha 10.

Ngoai ra, trong hang thit 3 ctia ma trén con tir thdng tin thit hai 1512 ¢6 chira gia tri
1 trong ¢t thir 0, cot thir 3, ¢t thir 7 va cot thu 9, biéu thitc IPPC tht hai cho hang thir 3
clia ma trdn con tir thong tin th hai 1512 13 i(®i;@p;Dps, d6 13 tdng clia céc bit thong tin
LDPC va céc bit chdn 1¢ LDPC tht nhét tuong ing véi ¢t thr 0, cot thir 3, cft tht 7 va
cot th 9.
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Ngoai ra, trong hang thlt 4 cia ma trén con tlr thong tin thir hai 1512 c¢6 chua gia tri

1 trong cdt thi 0, cot thu 4, cdt thu 8 va cot thir 9, biéu thirc IPPC thi hai cho hang tht 4
clia ma trin con tir thong tin thi hai 1512 12 i¢@i;®p,Dp;, do6 1a téng cua cac bit thong tin

LDPC va céc bit chin 1¢ LDPC thit nhat trong Gng véi cot thir 0, cot thi 4, ¢t thir 8 va
cdt tha 9.

Ngoai ra, trong hang thit 5 clia ma trén con tr thong tin thi hai 1512 c¢6 chura gia tri
1 trong ¢t thtr 3, ¢4t tht 5, cot thir 8 va cot thu 11, biéu thirc IPPC tht hai cho hang thir
5 clia ma trin con tir thong tin thir hai 1512 13 ;®1,®p,®ps, d6 13 tbng clia cc bit thong

tin LDPC va céc bit chin 1¢ LDPC tht nhit twong tmg vdi cot thi 3, cot thir 5, cot thir 8

va cot tha 11.

Trong do, bd tao bit chén 18 300 c6 thé tao ra bit chin 1&¢ LDPC béng cach st dung
c4c bidu thitc IPPC nhu biéu thirc IPPC tht nhét 1541, biéu thire IPPC th hai 1542.

Nhim muc dich nay, thiét bi thu tin hidu 1000 c6 thé luu trix tir trude cac bidu thic

IPPC twong Gmg v6i ma tran kiém tra chin 1¢ 1510.

Do do, bd tao bit chin 16 300 ¢6 thé tinh c4c gia tri ciia cac biéu thirc IPPC thi nhat
bing cach thay thé céc bit tir théng tin LDPC dugc khdi phuc bang cach gidi ma LDPC
hodic c4c bit tir thong tin LDPC d3 hiéu chinh 18i bang cach giai ma BCH cho cac bidu
thitc IPPC tht nhét. Ngoai ra, b tao bit chin 1& 300 c¢6 thé tinh cac gi tri ciia cc biéu
thitc IPPC tht hai bing cch thay thé cac bit tir théng tin LDPC dugc khoi phuc bang
cach giai ma LDPC hoic cac bit thong tin LDPC d hiéu chinh 18i va céc bit chén 1é
LDPC tht nhit bing cach giai ma BCH cho céc biéu thirc IPPC thit hai.

Trudc tién, khi khong c6 15i trong céc bit théng tin LDPC va bit chin 1¢ LDPC tht
nhit dugc khéi phuc bang cach giai ma LDPC, dua vio céc biéu thic IPPC, bd tao bit
chdin 1& 300 c6 thé tao ra bit chin 1¢ LDPC thit hai twong tmg v&i céc bit thong tin LDPC
va bit chin 1é LDPC thr nh4t dwoc khoi phuc bang cach giai ma LDPC. Trong d9, bit
chin 1¢ LDPC tht hai dugc tao ra b??mg bd tao bit chin 1é 300 dugc phan biét véi bit chin
1¢ LDPC tht hai dugc khoi phuc b%lng cach gidi md LDPC & bd giai ma LDPC 230. Cac '
bit nay c6 thé 13 giéng nhau hoic khac nhau.

Cu thé, vi ma trdn con chin 1¢ thtt hai 1514 13 ma tran don vi, cho nén bd tao bit
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chin 18 300 c6 thé tao ra bit chin 1é LDPC thi hai bang cach sir dung cac gié tri cla céc
biéu thirc IPPC thit hai.

Phuong phép tao ra bit chin 1é¢ LDPC thir hai dua vao cac gia tri cia cac biéu thirc
IPPC thtr hai s& dugc mé ta chi tiét dudi day dua vao Fig.16.

Fig.16 13 so d0 ding d& mé ta phuong phap tao ra bit chin 16 LDPC tht hai dya vao
céc gi tri clia cdc biéu thirc IPPC thit hai, theo phuong 4n 1am vi du thuc hién séng ché.

Khi mé ta phuong 4n 1am vi du thuc hién sang ché dya vao Fig.16, dé cho d& hiéu,
gia sir ring ma trén kiém tra chin 16 va céc bidu thirc IPPC thit hai dugc x4c dinh nhu

duoc thé hién trén Fig.15A.

Vi ma tran con chin 1é thr hai 1614 13 ma tran don vi, cho nén céc gia tri cua céc
biéu thirc IPPC thi hai 13 céc bit chin 1& LDPC thir hai tuong {mg véi ma trin con chin
1é thi hai.

Vi du, dua vao Fig.16, vi biéu thirc kiém tra chdn 1é 1631 dugc tao ra béng cach
nhan hang thit 0 ctia ma trén kiém tra chén 1é tht hai 1610 véi cac bit tir ma LDPC 1620
12 1,®is®pe@ps®po’ =0, cho nén bit chin 1¢ LDPC Po’ cb thé dugc tinh dudi dang 1a
po’ = 1,@isPp@ps. Trong do, vi i,PisPpPp; 12 biéu thuc IPPC th hai 1641 duoc tao ra

bang cdch nhan hang thr 0 clia ma trin con tir thong tin th hai 1612 véi cac bit tir thong
tin LDPC va céc bit chin 1é LDPC tht nhit cua tir ma LDPC 1620, cho nén bo tao bit
chin 1 300 c6 thé tao ra bit chin 1&¢ LDPC p,’ ¢6 gia tri cua biéu thic IPPC tha hai

o = 1L,PisPpe@ps. Do d6, py” = sp (1651).

Ngoai ra, vi biéu thirc kiém tra chin 1¢ 1632 duoc tao ra bing cach nhan hang thir 1
clia ma trin kiém tra ch8n 1&¢ the hai 1610 v&i céc bit tr md LDPC 1620 la
i;®1,®po@ps®p;” =0, cho nén bit chin 1&é LDPC p;’ cé thé dugc tinh duéi dang 1a
p1’ = 1;®i,®po@ps4. Trong do, vi i;Pi,@p,@Pps 13 bidu thire IPPC thir hai 1642 dugc tao ra

~ bang cach nhan hang th 1 ctia ma trén con tir théng tin tht hai 1612 v6i c4c bit tir thong

tin LDPC va c4c bit chin 1¢ LDPC tht nhit, cho nén bd tao bit chin 1& 300 c6 thé tao ra

bit chin 18 LDPC p,’ c6 gia tri cta biéu thirc IPPC thtt hai s; = i;®i,@®po@ps. Do d6,
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p1’ =s; (1652).

Ngoai ra, vi biéu thirc kiém tra chin 1& 1633 duoc tao ra bing cich nhan hang thir 2
cla ma tran kiém tra chin 1& tht hai 1610 véi cac bit tr md LDPC 1620 1a
i;®is®ps®ps®p,’ =0, cho nén bit chin 1& LDPC p,’ ¢ thé duoc tinh dudi dang 13
P2’ =1;Pi5@p3@p4. Trong do, vi 1;PisPp;Dp, 12 biéu thirc IPPC th hai 1643 duoc tao ré

bing cach nhan hang thtr 2 ctia ma trin con tir thong tin thi hai 1612 véi cac bit thong tin

LDPC va céc bit chin 1&6 LDPC thtr nhat, cho nén bd tao bit chan 1& 300 c6 thé tao ra bit
chin 16 LDPC p2’ ¢o gié tri cua biéu thirc IPPC tht hai s, = 1;Pi5@p3@p4. Do 46, pr’ =,
(1653).

Ngoai ra, vi biéu thirc kidm tra chin 1& 1634 dugc tao ra béng céch nhén hang tha 3
cia ma trin kiém tra chin 1& th® hai 1610 v6i cdc bit tr mad LDPC 1620 1a
i0@i3®Pp;@ps@p;° =0, cho nén bit chdn 16 LDPC ps’ ¢b thé duogc tinh dudi dang 1a
p3’ =1pDi3@pPp;. Trong do, vi iy@isPp;Sps 1a biéu thirc IPPC tht hai 1644 dugc tao ra

bang cach nhan hang thit 3 clia ma trén con tir thong tin thi hai 1612 v6i c4c bit thong tin

LDPC va céc bit chén 1¢ LDPC thir nhét, cho nén b tao bit chin 1¢ 300 ¢4 thé tao ra bit
chin 1é¢ LDPC p;’ c6 gié tri cia biéu thitc IPPC th hai s; = 10@i13@p;Dps3. Do do, p;” = s3
(1654).

Ngoai ra, vi biéu thtrc kiém tra chin 1& 1635 duoc tao ra bing cach nhan hang thi 4

cla ma trn kiém tra chin 1& tht hai 1610 v&i cac bit tr md LDPC 1620 1a
ioC-Bi4(-Bp2®p3@p4’ =0, cho nén bit chdn 1&¢ LDPC p,’ ¢ thé duoc tinh dudi dang 1a
pa’ = 1oDi,Pp2@p;. Trong do, vi iy@i4Pp,Dps 1a biéu thirc IPPC thit hai 1645 dugce tao ra

bing c4ch nhan hang thir 4 ctia ma trén con tir thong tin thi hai 1612 véi cac bit théng tin

LDPC va cac bit chin 1¢ LDPC thir nhat, cho nén bo tao bit chén 1¢ 300 c6 thé tao ra bit
chﬁn 1¢ LDPC p,’ c6 gia tri cia biéu thirc IPPC tht hai s4 = 10®@14@p,@p3. Do db, ps” =54
(1655).

Ngoai ra, vi biéu thtrc kiém tra chin 1& 1636 dugc tao ra bang cach nhan hang thi 5

cla ma trdn kiém tra chin 1& th@ hai 1610 v6i cac bit tr md LDPC 1620 1a
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ig@i4®p2@p5@p5’ =0, cho nén bit chin 1¢ LDPC ps’ cb thé dugc tinh dudi dang 12

ps’ = 13014@p,Pps. Trong d6, vi 1;014,Pp,Pps 1a biéu thirc IPPC thit hai 1646 duogc tao ra
béng cach nhan hang thr 5 ctia ma trin con tir théng tin thit hai 1612 véi cac bit théng tin
LDPC va c4c bit chén 16 LDPC tht nhét, cho nén b tao bit chén 1¢ 300 c6 thé tao ra bit
chin 1¢ LDPC ps’ c6 gié tri ctia biéu thirc IPPC thtt hai s5 = i;®i4@p,®ps. Do d6, ps’ = ss
(1656).

Theo cach dugc mé ta trén ddy, vi ma trin con chin 1é thit hai 1614 13 ma trén don
vi, cho nén bo tao bit chin 1¢ 300 c6 thé tao ra cac bit chin 1é LDPC thi hai bing cach sir

dung cac gi tri cia céc biéu thirc IPPC thit hai.

Trong d6, theo phuong 4n 1am vi du thuc hién sang ché néu trén, bit chin 1¢é LDPC
th hai twong tmg véi tir théng tin LDPC va bit chin 1¢ LDPC thtt nhit dugc khéi phuc
béng cach gidi ma LDPC duogc tao ra dua vao cac biéu thirc IPPC, khi khong c6 16i trong
tir théng tin LDPC va bit chin 1¢ LDPC th&r nhét dugc khéi phuc bing cach giai ma
LDPC. Tuy nhién, phuong 4n néu trén chi 13 mét trong sé cac phuong an 1am vi du thuc

hién séng cheé.

Do d6, b tao bit chin 1 300 c¢6 thé tao ra bit chin 1¢ LDPC thir nhét tuong tmg véi
tir thong tin LDPC dugc khoi phuc bing cach giai ma LDPC, dya vao cac biéu thizc IPPC
thir nhét, va tao ra bit chin 1¢ LDPC thi hai twong Gmg véi tir thong tin LDPC va bit chin
1¢ LDPC thtt nhét duoc khdi phuc bing cach giai ma LDPC, dwa vao cac biéu thirc IPPC
thi hai.

Trong d6, phuong phép da duge mo ta trén ddy dua vao Fig.16 c6 thé &p dung cho
phuong phép tao ra bit chin 1& LDPC thir hai bing céch thay thé cac bit chin 1¢ LDPC
thtr nhit duge tao ra dua vao céc biéu thire IPPC thi nhét va tir théng tin LDPC duogc
khéi phuc bang cach giai ma LDPC cho cac biéu thirc IPPC thi hai.

Phuong phép tao ra cac bit chin 1¢ LDPC thir nhit dua vao cac gié tri cia cac biéu
thizc IPPC thir nhit s& duge mo ta chi tiét dudi day dwa vao Fig.17.

Fig.17 14 so db ding ¢ mo ta phuong phép tao ra bit chin 1é LDPC thit nhét béng

cach st dung céc biéu thirc IPPC thir nhét, theo phwong 4n 1am vi du thuc hién séng ché.
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Trén Fig.17, @ cho d& hidu, gia sir ring ma tran kiém tra chén 1& va cac biéu thirc
IPPC thir nhat duoc x4c dinh nhu duge thé hién trén Fig.15A.

Vi ma trin con chin 1¢ thi nhit 1713 12 ma trin hai dudng chéo, cho nén bb tao bit
chin 1¢ 300 c6 thé tao ra bit chin 1¢ LDPC tht nhét bing cach cong cac bit chin 1¢ LDPC
thi nhét véi cc gid tri cta cac bidu thire IPPC thir nhit theo thi tyr 1an luot.

Trong d6, vi ma tran con chin I¢ thi nhét 1713 cia ma tran kiém tra chin 1& 1710
¢6 cAu tric ma tran hai dudng chéo gibng nhu ma trin con chn 1¢ 12 cta ma tran kiém
tra chén 1& 10 duoc thé hién trén Fig.5, cho nén phuong phép di dugc mo ta trén day dua
vao Fig.10 c6 thé 4p dung d& tao ra cac bit chin 1é LDPC thi nhit dyua vio céc gid tri cla

céc bidu thtrc IPPC thi nhit.

C6 nghia 13, vi ma trin con chén 18 thir nhét 1713 12 ma trin hai dudng chéo, cho
nén bit chln 1¢ LDPC tht nhit ¢6 thé duoc tinh bing cach cong gia tri cua bidu thic
IPPC thtr nhéit véi bit chin 16 LDPC tht nhit di dugc tinh tir trude.

Vi dy, trén Fig.17, vi biéu thic kiém tra chin 1& 1731 dugc tao ra béng cach nhan

hang tht 0 ctia ma trén kiém tra chin 1& thir nh4t 1710 véi cAc bit tir md LDPC 1720 1a
1,®isPpy = 0, cho nén bit chén 1& LDPC Po 6 thé dugc tinh dudi dang 13 py = 1,®Dis.
Trong 46, vi i,®is 1a biéu thirc IPPC tht nhét 1741 dugc tao ra béng cach nhan hang thu

0 ctia ma tran con tir thong tin thir nhét 1711 véi cac bit thong tin LDPC, cho nén bd tao

bit chin 18 300 c6 thé tao ra bit chn 16 LDPC p, c6 gi tri ctia biéu thirc IPPC thir nhét
to = 1,@is. Do do, py =t (1751).

Ngoai ra, vi biéu thirc kiém tra chin 1& 1732 dugc tao ra bang cach nhan hang thir 1
clia ma trAn kim tra chdn 1& tht nhit 1710 v&i cic bit tr md LDPC 1720 1a
il@i4®p0@p1 =0, cho nén bit chin 1& LDPC p; c6 thé duoc tinh dudi dang 13
p1 = 1;®1®po. Trong d6, vi i;®i, 12 bidu thirc IPPC thir nhit 1742 dugc tao ra bing cach

nhan hang thir 1 ctia ma trn con tir thong tin thir nhat 1711 véi cac bit théng tin LDPC,

cho nén bd tao bit chn 1& 300 c6 thé tao ra bit chin 1¢ LDPC p1 b'fmg cach cong bit chin

1¢ LDPC p, véi gia tri cua biéu thire IPPC thir nhét t; = i;®i,. Do do6, p1 =t®@po (1752).
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Ngoai ra, vi biéu thirc kiém tra chin 1é 1733 dugc tao ra bang cach nhan hang th 2

cla ma trAn kiém tra chin 1& the nhit 1710 v&i cac bit tr md LDPC 1720 la
i0®i,®p®p, =0, cho nén bit chin 1& LDPC p, cb thé dugc tinh dudi dang 1a
D2 = 1¢®1,®p;. Trong do, vi i¢®i, 13 bidu thirc IPPC thir nhit 1743 duoc tao ra bang cich

nhan hang thir 2 ciia ma trén con tir thong tin thir nhat 1711 véi céc bit théng tin LDPC,

cho nén b6 tao bit chén 1¢ 300 c6 thé tao ra bit chin 16 LDPC p, bing cach cong bit chin
16 LDPC p; véi gia tri ciia bidu thirc IPPC thir nhét t, = iy®i,. Do d6, p, = t,®p; (1753).
Ngoai ra, vi biéu thirc kim tra chén 1& 1734 duogc tao ra béng cach nhan hang thir 3
cla ma trAn kiém tra chdn 1& thi nhit 1710 v6i c4c bit tr md LDPC 1720 1a
13@14@p,®p; =0, cho nén bit chdn 16 LDPC p; c6 thé dugc tinh duéi dang 1a
1;®1,®p,®p; = 0. Trong d6, vi i3®i, 13 bidu thirc IPPC thir nhit 1742 dugc tao ra bing

cach nhan hang thtr 3 cia ma trén con tir thong tin thr nhét 1711 véi céc bit thong tin

LDPC, cho nén bd tao bit chén 1& 300 c6 thé tao ra bit chin 1&¢ LDPC ps béng céach cong
bit chén 1¢ LDPC p, véi gié tri ctia biéu thitc IPPC thir nhat t; = i3®i,. Do d6, ps = t:®p,
(1754).

Ngoai ra, vi biéu thirc kiém tra chin 1é 1735 duge tao ra bang cach nhan hang tht 4

cla ma trdn kiém tra chin 1& th@ nhit 1710 véi cac bit tr md LDPC 1720 1a
10@is@p3@ps =0, cho nén bit chin 1¢ LDPC pPs cb thé dugc tinh dudi dang la
ps = 10®isDps. Trong do, vi i@is 1a biéu thirc IPPC th nhéit 1735 duge tao ra bang cach

nhan hang thr 4 ctia ma trin con tir thong tin thir nhit 1711 véi céc bit thong tin LDPC,

cho nén bd tao bit chin 1& 300 c6 thé tao ra bit chén 1é LDPC p4 bang cach cdng bit chin

1¢ LDPC ps véi gia tri cta biéu thirc IPPC tht nhat t, = i¢®is. Do d6, ps = t,®ps (1755).

Ngoai ra, vi biéu thtc kiém tra chén 1& 1736 duogc tao ra b:;'mg cach nhéan hang th 5

cla ma trdn kiém tra chdn 1& tht nhit 1710 véi cac bit tr md LDPC 1720 1a
i;®i;®ps®ps =0, cho nén bit chin 1& LDPC ps cb thé dugc tinh dudi dang 1a

ps = 11Pi3@p4. Trong do, vi i;Pi; 1a biéu thic IPPC tht nhét 1746 dugc tao ra béng cach
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nhén hang th® 5 cia ma tran con tir théng tin thi nhit 1711 véi céc bit thong tin LDPC,

cho nén bd tao bit chin 1¢ 300 c6 thé tao ra bit chin 1é LDPC ps bing cach cong bit chin

16 LDPC p,4 véi gid tri ctia biéu thire IPPC thtt nhét ts = i;®i5. Do 6, ps = ts®p4 (1756).

C6 nghia 13, vi ma tran con chén 1& thu nhét 1713 13 ma trin hai duong chéo, cho
nén bo tao bit chin 1& 300 c6 thé tao ra bit chin 1¢ LDPC thi nhét bing cach cong cac bit
chén 1¢ LDPC thir nhét véi céc gid tri ctia cac bidu thirc IPPC thir nhét.

Két qua 13, bd tao bit chin 1& 300 c6 thé tao ra bit chin 1é¢ LDPC thi nhit bang cach

st dung cac gié tri cia cac biéu thire IPPC thir nhit.

Trong d6, khi c6 18i trong tir thong tin LDPC dugc khoi phuc bing céch giai ma
LDPC, thi bd tao bit chdn 1& 300 c6 thé xé4c dinh vi tri cta bit tao ra 15 trong tir thong tin
LDPC dugc khéi phuc béng cach gidi md LDPC dya vao két qua gidi m& BCH, hiéu
chinh 131 bing c4ch 14t gi4 tri ctia biéu thic IPPC thtr nhét trong tmg véi bit tao ra 13, va
tao ra céc bit chin 1¢ LDPC thit nhét twong tmg véi céc bit théng tin LDPC d4 hiéu chinh

161 dya vao gia tri d4 14t cia bidu thirc IPPC thi nhit.

Trong vi du nay, dua vao thong tin v& vi tri ctia bit thong tin LDPC tao ra 15i dugc
cung cip tir bo giai ma BCH thtr nhét 240, b tao bit chin 1& 300 c6 thé x4c dinh vi tri

ctia bit tao ra 16i trong tir thong tin LDPC.

Trong d6, gia sir ring céc biéu thirc IPPC tht nhit duoc biéu din dudi dang 13 tong
ctia céc bit théng tin LDPC, sy xuét hién 18i trong céc bit thong tin LDPC duoc khdi phuc
béng cach gidi ma LDPC c6 thé duge hidu 13 sy xuit hién 15i trong cac biu thirc IPPC
th nhit. Do d6, khi tir théng tin LDPC ¢6 131, thi khéng thé tao ra bit chin 1¢ LDPC thi
nhét chinh xé4c néu khong thyuc hién riéng thao tac hiéu chinh cho céc biéu thie IPPC tht
nhét.

Do d6, bd tao bit chén 16 300 c6 thé tao ra céc bit chén 1é LDPC thi nhit bing cich
14t gia tri cta biéu thirc IPPC thi nhit lién quan dén bit tao ra 13i trong tir thong tin LDPC,
va cOng céc bit chin 16 LDPC thi nhit véi gid tri da 14t ctia bidu thire IPPC thir nhét theo
tht tu 14n luot.

Trong do, gia st réng ma trn con .chfn 1& thit nhat 1713 cia ma tran kiém tra chin
1é thtr nh4t 1710 12 ma trin hai dudng chéo gidng nhu ma tran con chén 1é 12 ctia ma trin
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kiém tra chén 1& 10 nhu dugc thé hién trén Fig.5, phuong phap di dugc mo ta trén day
dua vao Fig.11 ¢6 thé 4p dung khi bit chin 1é LDPC thir nhit dugc tao ra bing cach 14t
gié tri ca biéu thirc IPPC thit nhét trong tmg véi bit tao ra 16i, nhu s& duoc md ta chi tiét
dudi day dua vao Fig.18.

Fig.18 13 so d ding d& mé ta phuong phép tao ra bit chin 1¢ LDPC th nhat st
dung cac biéu thire IPPC tht nhét, theo phuong an lam vi du thuc hién sédng ché.

Trén Fig.18, dé cho d& hiéu, gia sir ring ma trin kiém tra chin 1é va cac biéu thic
IPPC thir nhit duoc x4c dinh nhu dugc thé hién trén Fig.15.

Khi tir théng tin LDPC c¢6 151, thi bd tao bit chin 1& 300 c6 thé 14t gia tri ciia biéu
thirc IPPC thit nht lién quan dén bit théng tin LDPC tao ra 13i.

Trong d6, biéu thirc IPPC thir nhit lién quan dén bit thong tin LDPC tao ra 15i c6
thé 13 bidu thirc IPPC thr nhat dugc tao ra dwa vao bit théng tin LDPC tao ra 13i.

C6 nghia 13, vi céc biéu thirc IPPC thtr nhAt dugc tao ra bang cach nhan cac hang
clia ma trén con tur thong tin thir nhét vé6i céc bit thong tin LDPC, cho nén céc biéu thire
IPPC thir nhit ¢6 thé dugc biéu dién dudi dang 13 tdng clia céc bit thong tin LDPC dugc
nhan véi céc cot c¢6 chira gid tri 1 trong cic hang ctia ma tran con tir théng tin thir nhét.

Trong d6, céc biéu thirc IPPC thir nhit tuong vmg véi cac hang c6 chia gia tri 1
trong céc cdt duoc nhan véi bit thong tin LDPC tao ra 13, c6 thé 13 cac biéu thirc IPPC
thr nhit 1ién quan dén bit thong tin LDPC tao ra 16i.

Vi du, gia sir rang c6 18i trong bit théng tin LDPC i, nhur dwoc thé hién trén Fig.18.

Trong vi du nay, vi bit thong tin LDPC i, dugc nhan véi cdt thr 2 cia ma trén con
tir thong tin thtr nhit 1811 khi ma hoa LDPC, cho nén céc biéu thirc IPPC thir nhét twong
ung véi cac hang cé chira gia tri 1 trong ¢t thi 2, tuc 1a, biéu thirc IPPC tht nhét 1,®is
trong tmg v6i hang thir 0 va biéu thire IPPC thi nhét i0®i, twong Gmg v6i hang thi 2 ¢b
thé 1a cac bidu thic IPPC thlr nhét lién quan dén bit thong tin LDPC tao ra 15i i,. C6
nghia 13, cdc biéu thitc IPPC thtr nhét c6 bit thong tin LDPC i, ¢ thé 13 cac biéu thic
IPPC thi nhét lién quan dén bit théng tin LDPC tao ra 16i i.

Trong vi du ndy, bd tao bit chin 1& 300 tao ra cac bit chin 16 LDPC thir nhét bing

-54-



32390

cach 14t cac gid tri clia cac biéu thirc IPPC thir nhét lién quan dén bit thong tin LDPC tao
ra 18i, va cong céc bit chin 1é LDPC thw nhét véi cac gia tri d4 14t ca cac bidu thire IPPC
thr nhét theo thi tw 14n luot.

Vi dy, nhu dugc thé hién trén Fig.18, khi gid tri ctia biéu thic IPPC thir nhét
to = 1,®is twong tmg v&i hang thir 0 cia ma trén con tir théng tin thir nhét 1811 bang 0, thi
b tao bit chin 1& 300 co thé 14t gia tri d& hiéu chinh gi4 tri cta cc biéu thic IPPC thir

nhét t, twong tmg véi hang th 0 thanh gid tri 1 (=ty).

Ngoai ra, khi gié tri cua cac biéu thirc IPPC tha nhét t, = i®i, tuong Ung v4i hang
thir 2 clia ma trén con tir thong tin thi nhit 1811 bing 1, thi bo tao bit chin 1& 300 ¢ thé
1at gié tri d& hiéu chinh gi4 tri ctia cac bidu thic IPPC thi nhét t, tuong tng v6i hang thi
2 thanh gia tri 0 (=1,’).

Sau d6, bo tao bit chin 1& 300 co thé tao ra cac bit chén 1¢ LDPC thtt nhit dira vao

cac gia tri da dugc hi€u chinh cta céc biéu thirc IPPC thit nhét.

Trong vi du nay, vi ma trdn con chén 1¢ thir nhét 13 ma trin hai duong chéo, cho nén
bd tao bit chin 1& 300 c6 thé tao ra cac bit chin 1é LDPC thtr nhét bing cach cong bit
chin 1¢ LDPC thtr nhit d4 dugc tinh tir truéc véi gid tri cua biéu thiue IPPC thir nhét.
Trong d6, khi gid trj cia biéu thitc IPPC tht nhdt dugc higu chinh vi ¢6 16i duge tao ra
trong bit thong tin LDPC, thi gia tri cua biéu thirc IPPC tht nhét da duoc hiéu chinh c6

thé dugc sir dung.

Trong do, phuong phéap tao ra cac bit chén 1¢ LDPC thtr nhét gidng véi phuong
phép duoc thé hién trén Fig.17 ngoai trr viéc st dung céc gia tri 48 dugc hiéu chinh cia
cc biéu thirc TPPC thtt nhét.

Vi du, dua vao Fig.18, vi gia tri ctia biéu thizc IPPC thr nhit tvong tng v6i hang
thtt 0 cia ma tran con tir thdng tin thir nhét 1811 dugc hiéu chinh thanh gié tri ty’, va gié
trj ctia biéu thirc IPPC thir nhit tvong g v6i hang thi 2 ciia ma trén con tir thong tin thir
nhét 1811 dugc hiéu chinh thanh gia tri t,°, cho nén bd tao bit chin 1& 300 c6 thé tao ra

céc bit chin 16 LDPC thtt nhit (p (= to*) (1821), p1 (= t;®po) (1822), ps (= t,’®py) (1823),
ps (= :©p2) (1824), ps (= t4®ps) (1825), va ps (= ts®pa4) (1826)).
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Trong d6, bd tao bit chin 1& 300 ¢ thé x4c dinh vi tri cta bit tao ra 15i trong bit
chiin 1¢ LDPC thit nhét dugc khoi phuc bing céch gidi ma LDPC, khi so sanh bit chin 1&
LDPC tht nhit duoc tao ra dua vao gid tri da 14t cua cac biéu thirc IPPC tht nhat voi bit
chén 1¢ LDPC tht nhét dugc khdi phuc bang cach giai md LDPC, hiéu chinh 15i bing
céch 14t gia tri cta biéu thic IPPC thtr hai tuong Ung véi bit tao ra 16i, va tao ra bit chin
1é¢ LDPC thir hai tuong tmg véi tir thong tin LDPC d3 dugc hiéu chinh 181 va bit chin 1&
LDPC tht nhat dyua vao gié tri d3 14t cta biéu thirc IPPC thir hai.

C6 nghia 13, vi c4c biéu thic IPPC thir hai dugc bidu difn dudi dang 13 tdng cua cac
bit thong tin LDPC va cac bit chin 1¢ LDPC thi nhat, cho nén khi c6 16 trong it nhét mot
trong s6 tir thong tin LDPC va bit chin 16 LDPC thtr nhét dugc khoi phuc bing cach giai
ma LDPC, thi ¢ thé hiéu ring ciing c¢6 151 trong céc biéu thire IPPC thi hai. Do d6, khi
c6 16i trong it nhit mot trong sb tir théng tin LDPC va bit chin 16 LDPC tht nhét, thi
khong thé tao ra cac bit chén 1é LDPC thit hai chinh x4c néu khéng thyc hién riéng thao
téc hiéu chinh cho céc biéu thizc IPPC thir hai.

Trong d6, viéc c6 13i trong tir thong tin LDPC hay khong, va vi tri cda bit thong tin
LDPC tao ra 15i ¢6 thé duoc x4c dinh dya vao két qua giai ma BCH.

Tuy nhién, vi thao tac gidi ma BCH duogc thuc hién trén tir thong tin LDPC, cho nén
su xuét hién 16i trong bit chin 1¢ LDPC tht nhét dugc khoi phuc béng cach gidi ma
LDPC, va vi tri clia bit tao ra 16i trong bit chin 1¢ LDPC th& nhét khong thé dugc xac
dinh bing cach giai ma BCH.

Do d6, khi so sanh bit chin 1é LDPC thr nhit duge tao ra dua vao gia tri da 1at caa
céc bidu thitc IPPC thir nhit véi bit chin 1&é LDPC thir nhit dugc khéi phuc bing cach
giai md LDPC, bd tao bit chin 1¢ 300 x4c dinh xem c6 13i trong bit chin 1¢ LDPC thu
nhit duoc khoi phuc bang cach giai ma LDPC hay khong, va vi trf cta bit tao ra 18i trong
bit chén 1é LDPC tht nhét.

C6 nghia 13, bd tao bit chin 1& 300 c¢6 thé x4c dinh xem bit chén 1¢ LDPC thir nhét
dugce tao ra dua vao gid tri d4 14t clia cac biéu thirc IPPC th nhit c¢6 phit hop véi bit chin
1¢ LDPC thtt nhét duoc khoi phuc bing cach giai ma LDPC hay khéng, va néu khong phu
hop, thi ¢6 thé xéc dinh ring c6 18i trong bit chén 1¢ LDPC thtr nhét duoc khdi phuc béng
cach giai ma LDPC, va xé4c dinh rang c6 18i trong mdt trong sé cac bit chin 1¢ LDPC thir
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nhét c6 gié tri khéc.

Vi dy, gid st rf?mg céc bit chén 1&¢ LDPC thit nhit nhu (Po» P15 P25 P35 P2 P5) = (1, 0, 0,
1, 0, 1) duoc tao ra dua vao gi tri da 14t cua cac biéu thirc IPPC th nhat, va gia st ring
céc bit chin 1é LDPC tht nhét nhu (Po> P15 P25 P3> P1» Ps) = (1, 0, 0, 1, 0, 0) dugc khdi
phuc béng cach giai ma LDPC.

Trong vi du nay, gia s réng cac bit chén 1¢ LDPC thi nhét dugc tao ra dua vao gia
tri da 14t cua céc biéu thic IPPC thir nhit khong phit hop véi céc bit chin 1& LDPC thu
nhét duoc khdi phuc bing cach giai ma LDPC, bd tao bit chin 1& 300 c¢6 thé xac dinh
rang c6 181 trong céc bit chin 16 LDPC tht nhit duoc khoi phuc bing cach giai ma LDPC,
va x4c dinh ring c6 16i trong bit chin 1¢ LDPC thir nhét ps c6 gié tri khéc.

Sau d6, b tao bit chan 1é 300 c6 thé 1t gid tri clia biéu thie IPPC tht hai twong
tmg v6i bit théng tin LDPC va bit chin 1é LDPC thir nhét c6 181, va tao ra céc bit chin 1&
LDPC thtr hai ¢6 céac gia tri da 14t cia cac biéu thirc IPPC th hai, nhu s& dugc mé ta chi

tiét dudi day dwa vao Fig.19.

Fig.19 1a so 46 dung _dé mo ta phuong phap tao ra bit chin 1é¢ LDPC thit hai sir dung

cac biéu thirc IPPC thit hai, theo phuong &n 1am vi du thuc hién sang ché.

Trén Fig.19, @ cho dé& hiéu, gia sir ring ma trin kiém tra chin 1é va cc biéu thirc

IPPC tht hai duge x4c dinh nhu duge thé hién trén F ig.15.

Khi ¢6 13i trong tir thong tin LDPC va bit chén 1¢ LDPC thi nhat, thi bd tao bit chén
1¢ 300 c6 thé 14t gia tri ctia biéu thirc IPPC thir hai lién quan dén bit thong tin LDPC tao
ra 18i va bit chén 1¢ LDPC thir nhat.

Trong d6, biéu thirc IPPC thi hai lién quan dén bit théng tin LDPC tao ra 18i va bit
chén 1¢ LDPC th& nhét c6 thé 13 biéu thirc IPPC th hai dugc tao ra dua vao bit thong tin
LDPC tao ra 131 va bit chin 1¢ LDPC thtr nhét.

C6 nghia 13, vi biéu thirc IPPC thtr hai duoc tao ra bang cach nhén céc hang ciia ma
tran con tlr thong tin thit hai 1912 véi c4c bit thong tin LDPC va céc bit chin 1¢ LDPC
thtr nhit duoc khoi phuc bang cach giai ma LDPC, cho nén cac biéu thic IPPC thtt hai c6
thé duoc bidu difn dudi dang 12 tdng cuia cac bit théng tin LDPC va cac bit chén 1é LDPC
thtr nhat duge nhan véi cac cot ¢6 chira gid tri 1 trong cic hang clia ma trin con tir thong
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tin tha hai 1912.

Trong d6, céc biéu thirc IPPC tht hai tvong tmg véi cdc hang ¢ chira gié tri 1,
dugc nhéan véi céc bit thong tin LDPC tao ra 18i va céc bit chin 1¢ LDPC thi nhit, ¢ thé
1a cac biéu thire IPPC lién quan dén céc bit thong tin LDPC tao ra 15i va c4c bit chin 1&
LDPC tht nhat.

Vi du, gid sit ring c6 18 trong bit théng tin LDPC i, v& bit chn 1é LDPC thir nhét
ps, nhu dugc thé hién trén Fig.19.

Trong vi du ndy, vi bit thong tin LDPC i, dugc nhan véi cdt thi 2 trong ma trdn con
tir thong tin thr hai 1912 khi m& hoa LDPC, cho nén biéu thitc IPPC thit hai tuong tng
véi hang c6 chira gid tri 1 trong ¢t thir 2 cila ma trén con tir thong tin th hai 1912, tic 13,

bidu thirc IPPC thit hai 1,®is®p,®p; twong tmg véi hang thir 0 va bidu thirc IPPC thir hai

1,91,®p ®ps4 tuong tmg v6i hang thir 1 ¢6 thé 13 cac bidu thic IPPC thit hai lién quan dén
bit thong tin LDPC tao ra 18i i,. C6 nghia 13, céc biéu thirc IPPC tht hai c6 bit théng tin
LDPC i, c6 thé 12 cac biéu thirc IPPC thit hai lién quan dén bit thong tin LDPC tao ra 16i
ip.

Ngoai ra, vi bit chdn 1é¢ LDPC tha nhét ps dugc nhénrvéi cot thir 11 cia ma trdn con
ttr‘théng tin thi hai 1912 khi m& hoa LDPC, cho nén biéu thirc IPPC thir hai twong Gmg
véi hang ¢6 chua gid tri 1 trong cdt thtr 11 cla ma tran con tir thong tin thir hai 1912, tic
13, biéu thic IPPC tht hai i;®i,®p,®ps tuong tmg v6i hang thir 5 c6 thé 13 bidu thic
IPPC thir hai lién quan dén bit tao ra 18i trong bit chin 16 LDPC thi nhit ps. C6 nghia lé,
biéu thirc IPPC thit hai c¢6 bit chin 1é LDPC thi nhét ps c6 thé 13 bidu thirc IPPC thtr hai
lién quan dén bit tao ra 15i trong bit chin 1&é LDPC thi nhét ps.

Trong vi du ndy, bd tao bit chin 1 300 c6 thé 14t cac gia tri cua cac biu thic IPPC
thir hai lién quan dén céc bit th6ng tin LDPC tao ra 15i va bit chin 1¢ LDPC thir nhat, va

tao ra céc bit chin 1&¢ LDPC thit hai ¢6 cac gia tri da 1at cda cac biéu thtrc IPPC thit hai.

Vi du, dua vao Fig.19, khi gia tri ctia biéu thic IPPC tht hai sy = 1,PisPpeDps3
tuong Ung v6i hang thir 0 ctia ma tran con tir thong tin thir hai 1912 bang 1, thi b tao bit

chin 1& 300 c6 thé 14t gia tri d hiéu chinh gié tri ctia biéu thirc IPPC thi hai s, tuong tmg
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v6i hang thir 0 thanh gid tri 0 (= s¢”).

Ngoai ra, khi gia tri ctia biéu thirc IPPC thit hai s; = i;®i,®p,®p, twong Gng véi
hang thir 1 cilia ma tran con tr thong tin thir hai 1912 bing 1, thi bd tao bit chin 1& 300 c6
thé 14t gi4 tri d& hiéu chinh gia trj ctia biéu thirc IPPC thit hai s, tuong Gng véi hang tht 1
thanh gia tri 0 (=s;’).

Ngoai ra, khi gia tri cla biéu thtc IPPC thir hai ss = i;®1,®p,Pps tuong tmg véi
hang thtr 5 cia ma trén con tir thong tin thit hai 1912 bang 0, thi b tao bit chin 1& 300 c6
thé 14t gi4 tri d& hiéu chinh gia tri ctia biéu thirc IPPC thit hai ss tuong ng v6i hang thi 5
thanh gid tri 1 (= s5). '

Sau d6, bd tao bit chdn 1& 300 c6 thé tao ra bit chin 16 LDPC thir hai dua vio cac

gia tri d3 dugc hi€u chinh cta cac biéu thirc IPPC thir hai.

Trong vi du ndy, vi ma trdn con chin 1¢ tht hai 1914 12 ma tran don vi, cho nén bd
tao bit chin 1& 300 ¢6 thé tao ra bit chin 16 LDPC thit hai c6 gié tri ctia biéu thirc IPPC
thir hai. Trong d6, khi gia tri cia biéu thirc IPPC thir hai duge hiéu chinh vi ¢6 16i duoc
tao ra trong bit théng tin LDPC va bit chin 1¢ LDPC tht nhét, thi gia tri dd dugc hiéu
chinh cua biéu thirc IPPC thit hai c¢6 thé duoc sir dung.

Trong d6, phuong phép tao ra bit chin 1é LDPC thi hai giéng véi phuong phép
duoc thé hién trén Fig.16 ngoai trir viée st dung gia tri d3 duge hidu chinh ctia biéu thirc

IPPC thtr hai.

Vi du, dua vao Fig.19, vi gia tri ctia biéu thic IPPC thit hai trong tmg vé6i hang tha
0 ctia ma tran con tir thong tin th hai 1912 dugc hiéu chinh thanh gia tri sy’, gid tri cla
biéu thirc IPPC thir hai tuong tmg v6i hang thir 1 clia ma tran con tr thong tin thu hai
1912 dugc hiéu chinh thanh gia tri s;’, va gia tri cua biéu thitc IPPC thi hai twong tng
vGi hang thir 5 clia ma trén con tir thong tin th hai 1912 duogc hi€u chinh thanh gi4 tri ss’,
cho nén bd tao bit chin 1& 300 c6 thé tao ra cac bit chin 1¢ LDPC th hai (py’ (= so’)
(1921), pi’ (=s1°) (1922), p’ (=s2) (1923), p3* (=553) (1924), ps’ (= 84) (1925), va ps’
(=ss”) (1926)).

Trong d6, nhu d& néu trén, mot phuong phdp c6 thé duge thuc hién dé tao ra bit
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chén 1¢ LDPC thir hai bing cach 14t cic gia tri ctia cac biéu thirc IPPC thi hai, khi c6 16
trong tir thong tin LDPC va bit chin 1é LDPC thir nhét, nhung d6 chi 12 mdt trong sb cac

phuong 4n 1am vi du thyc hién sang ché.

Do d6, khi ¢6 16i chi & trong tir thong tin LDPC, thi c6 thé tao ra bit chin 1¢ LDPC
thtr hai bing cch 14t gia tri cua biéu thirc IPPC thit hai twong tmg véi bit thong tin LDPC
tao ra 18i, hodc khi ¢6 151 chi & trong bit chin 16 LDPC thi nhét, thi c6 thé tao ra bit chin
1¢ LDPC tht hai bing céch 14t gia trj ctia biéu thirc IPPC thir hai twong tng véi bit tao ra
16 trong bit chén 1¢ LDPC thi nhét.

Nhu d4 néu trén, c6 thé giam mirc d6 phirc tap clia phuong phép tao ra bit chin 1é
LDPC so v6i phuong phép st dung bidu thue H-CT =0, vi céc gid tri cia cac bidu thirc
IPPC duogc luu trit tir trude va dugc sir dung dé tao ra bit chén 1¢ LDPC.

Fig.20 13 luu db ding dé mo ta phuong phép tao ra bit chin 1é LDPC theo phuong

an lam vi du thyc hién sang che.

Dua vao Fig.20, & budce S2010, thao tac gidi mad LDPC & tz“mg cao hon dugc thyuc
hién trén tin hiéu dau vao nhu tin hiéu mé hoa ch?)ng chéap d8 tao ra tin hiéu & téng cao
hon. O budc $2020, x4c dinh xem gid tri triéu chimg LDPC ctia ma trin kiém tra chin 1¢
thir nhit c6 phai 1a bang 0 hay khong dua vao két qua cia thao tac giai md LDPC & ting
cao hon dugc thuc hién ¢ bude S2010. Trong d6, ma tran kiém tra chin 16 thi nhét 1a cac
ma trdn con A va B tao nén ma trin kiém tra chin 1é nhu duoc thé hién trén Fig.6. Co
nghia 13, thao tic giai mad LDPC & tdng cao hon dugc thuc hién trén tin hiéu ma hoé
chdng chap, va sau d6, xac dinh xem c6 18i trong tir thong tin LDPC va trong bit chén 1é
LDPC thir nhit duge khoi phuc bing cach giai ma LDPC & tang cao hon hay khong.

0 bude 820.20 theo nhanh dung, khi x4c dinh ring gi4 tri triéu chimg LDPC ctia ma
tran kidm tra chén 1¢ thi nhét bang 0, thi & budc S2030, cac bit chin 1é LDPC thi nhét va
thir hai dugc tao ra bang cach thyc hién phuong phap ma hoa IPPC dua vao phép cong.

Trong vi du ndy, bit chin 1é LDPC thit hai tuong Gng véi tir thong tin LDPC va bit
chdn 1¢ LDPC tht nhit dugc khoi phuc bing c4ch gidi md LDPC & ting cao hon c¢6 thé
duge tao ra bang cach sir dung cac biéu thirc IPPC thit hai. Luu y ring bit chin 1¢ LDPC
thtr nhit va bit chin 16 LDPC tht hai tuong Gng véi tir thong tin LDPC dugc khdi phuc
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béng cach giai m& LDPC & tAng cao hon ¢6 thé dugc tao ra bing cach st dung cac bidu
thtre IPPC tht nhéit va céc bidu thirc IPPC thi hai tuong tmg. Vi cac biéu thirc IPPC tht
nhét va céc bidu thirc IPPC thi hai d& dugc mo ta & trén, cho nén dé cho ngén gon, & day
s& khong mo ta chi tiét nita.

O bude S2035, thao tac giai ma LDPC & tﬁng co ban duoc thuc hién dua vao tu
thong tin LDPC, bit chin 1¢ LDPC thir nhit va bit chin 1é LDPC thtt hai, d tao ra tin

hi¢u & tang co ban.

Trong d6, & budc S2020 theo nhanh sai, khi xac dinh ri?lng gié tri tri¢éu ching LDPC
clia ma trin kiém tra chin 16 thir nhat khong phai 13 bing 0, thi & budc S2040, thao tic
giai md BCH dugc thyc hién trén tir thong tin LDPC duoc khoi phuc bing cach giai ma
LDPC va vi tri ctia bit théng tin LDPC tao ra 16i dugc x4c dinh.

O bude $2050, x4c dinh xem c¢6 thé hiéu chinh dugc 16i duge tao ra trong céc bit

thong tin LDPC bang cach giai ma BCH hay khong.

3 bude $2050 theo nhanh sai, khi viée hiéu chinh 1561 khong thé thuc hién dugc, thi

& bude S2060, tin hiéu & tAng cao hon duoc bd qua bang cach khong xr 1y.

Trong do6, & budc S2050 theo nhanh ding, khi xac dinh ra"mg viéc hiéu chinh 16i c6
thé thuc hién dugc, thi & bude $2070, 18i duge hiéu chinh va phuong phép mi hoa IPPC
dya vao phép cong duoc thyc hién. Cu thé, gié tri clia biéu thirc IPPC thir nhét lién quan
dén bit thong tin LDPC tao ra 18i duge hiéu chinh, va phuong phap ma hoa IPPC dya vao
phép cong dugc thuc hién dya vao gid tri cia biéu thitc IPPC tht nhit da dugc hiéu chinh,
nhd d6 dé tao ra bit chin 16 LDPC thir nhét.

Sau d6, & budc S2080, vi trf ctia bit tao ra 15i trong bit chin 1¢ LDPC thir nhét duoc
khéi phuc bing cach giai ma LDPC & tAng cao hon dugc xéc dinh. Cu thé, khi so sanh bit
chén 1¢ LDPC thit nhit duoc tao ra dua vao gia tri cta biéu thirc IPPC thtr nhat d3 duoc
hiéu chinh v&i bit chin 16 LDPC thir nhit dugc khdi phuc bang cach giai md LDPC &
tAng cao hon, thi ¢6 thé x4c dinh duoc su xuét hién 13i trong bit chin 1¢ LDPC thir nhit
duoc khoi phuc béng cach giai ma LDPC & tﬁng cao hon, va vi tri cua bit tao rba 16i trong

bit chin 1& LDPC thir nhAt.

O bude S2090, cic biéu thirc IPPC thit hai dugc higu chinh, va bit chin 1é LDPC
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thtr hai duoc tao ra bang cach st dung phuong phép ma hoa IPPC dua vio phép cong st

dung céc biéu thirc IPPC thi hai d4 dugc hiéu chinh.

Cu thé, gia tri cta biéu thirc IPPC thir hai lién quan dén bit thong tin LDPC tao ra
161 va bit chin 16 LDPC th nhit dugc hiéu chinh, va bit chén 1&¢ LDPC thir hai dugc tao
ra bing cach thuc hién phuong phap ma hoa IPPC dua vao phép cong theo gié tri da duoc
hi¢u chinh cta biéu thire IPPC tht hai.

O bude S2035, thao tac giai ma LDPC & tdng co ban duoc thuc hién dua vao tir
thong tin LDPC, bit chin 1¢ LDPC tht nhit va bit chén 1¢ LDPC tht hai, dé tao ra tin
hiéu & tAng co ban.

Trong d6, nhu d& néu trén, cac bit chin 1é LDPC thi nhét va thﬁ’ hai ¢6 thé dugc tao
ra bang phuong phap mé hoa IPPC dua vio phép cong, nhung day chi 12 mét trong s6 cac
phuong 4n 13m vi dy thuc hién sang ché. Do d6, cac bit chin 1é LDPC thit nhit va thit hai
c¢6 thé duoc tao ra bang cach st dung cac phuong phap khac, ngoai phuong phap ma hoa
IPPC dya vao phép cong, nhu s& dugc mé ta dudi ddy dya vao cac hinh vé& tir Fig.21 d&én
Fig.23.

Fig.21 13 Iuu d6 ding dé mo ta phuwong phép tao ra bit chin 1¢ LDPC theo phuong

4n 1am vi du khéc de thuc hién sang che.

Duya vao Fig.21, & budc S2110, thao tac gidi ma LDPC & tAng cao hon dugc thyc
hién frén tin hiéu du vao nhu tin hiéu ma hoa chdng chap dé tao ra tin hiéu & tAng cao
hon. O buéc S2120, xac dinh xem gia tri triéu chimg LDPC cua ma trén kiém tra chin 1&
thir nhét c6 phai 13 bing 0 hay khong dua vao két qua cua thao tac gidi mad LDPC & ting
cao hon dugc thuc hién & bude S2110. Trong d6, ma trén kiém tra chin 1¢ thir nhét 13 cac
ma trin con A va B tao nén ma tran kiém tra chin 1é nhu dugc thé hién trén Fig.6. Cé
nghia 13, thao tac gidi md LDPC dugc thuc hién trén tin hi¢u ma hoa chéng chép, va sau
d6, x4c dinh xem c6 13 trong tir thong tin LDPC va trong bit chin 1¢ LDPC thir nhit

duoc khoi phuc bang cach giai ma LDPC & tAng cao hon hay khong.

O budce $2120 theo nhanh dung, khi x4c dinh ring gia tri triéu chimg LDPC ctia ma
tran kiém tra chén 1¢ thtr nhét bing 0, thi & budc S2130, cac bit chin 1é LDPC thi nhit va

tht hai dugc tao ra bang cach thuc hién phuong phap ma hoa IPPC dua vao phép cong.

-62-



32390

Trong vi du nay, bit chin 1é LDPC th{ hai trong tmg véi tir thong tin LDPC va bit
chin 1¢ LDPC thir nhét dugc khéi phuc bing cach giai ma LDPC & ting cao hon c6 thé
duoc tao ra bing cach st dung cc biéu thirc IPPC thi hai. Luu ¥ ring bit chin 1é LDPC
thir nhét va bit chin 1¢ LDPC thi hai twong tmg véi tlr thong tin LDPC duogc khoi phuc
bing cach giai ma LDPC & tAng cao hon c6 thé duoc tao ra bing cach st dung cac biéu
thitc IPPC tht nhét va cac bidu thirc IPPC tht hai twong tmg.

O bude S2140, thao tic giai md LDPC & tdng co ban duoc thuc hién dua vio tir
théng tin LDPC, bit chin 1¢ LDPC thir nhit va bit chin 1¢ LDPC th hai, dé tao ra tin
hidu & ting co ban.

Trong d6, & budc S2120 theo nhanh sai, khi xac dinh rﬁng gia tri triéu ching LDPC
clia ma trin kiém tra chén 1é thir nhit khong phai 13 bang 0, thi & budc S2150, thao tac
giai ma BCH duoc thuc hién trén tir thong tin LDPC duoc khéi phuc bing cach gidi ma
LDPC & téng cao hon, va & budc S2160, xac dinh xem c6 thé hiéu chinh duge 181 dugc
tao ra trong cac bit thong tin LDPC hay khong dua vao két qua giai ma BCH.

O bude S2160 theo nhanh sai, khi x4c dinh ring viéc hiéu chinh 15i khong thé thuc
hién dugc, thi & bude S2170, tin hiéu & tAng cao hon duoc bd qua bang cach khong xir ly.

Trong d6, & budc S2160 theo nhanh diing, khi x4c dinh ring viéc higu chinh 18i c6
thé thuc hién duge, thi & bude $2180, 151 dugce hiéu chinh va thao tadc md hod LDPC dugc
thuc hién trén tir thong tin LDPC d4 hiéu chinh 15i. Trong d6, thao tic ma ho4 LDPC 1a
thao tic dé tao ra céc bit chin 1&¢ LDPC tht nhét va thir hai bing phuwong phép st dung
bidu thirc H-C" =0, chtr khéng phai 12 phuong phép str dung gié tri cia biéu thic IPPC.
C6 nghia 13, bd tao bit chin 1 300 tao ra bit chin 16 LDPC tht nhat v bit chin 16 LDPC
thir hai thoa mén biéu thitc H-C" =0, dya vao bit théng tin LDPC di dugc hidu chinh 16
bing cach giai md BCH. Trong vi du ndy, ma tran kiém tra chin 1& H c6 thé 1a ma trén
kiém tra chin 18, nhu dugc thé hién trén Fig.6, da duoc sir dung khi ma hoa LDPC & thiét
bi truyén tin hiéu 100.

O bude S2140, thao tac giai ma LDPC & tang co ban duoc thuc hién dua vao tir
thong tin LDPC d4 hiéu chinh 13i, va bit chin 1é LDPC thi nhét va bit chin 1é LDPC thi

hai dugc tao ra béng thao tdc ma hoa LDPC néu trén, dé tao ra tin hiéu & téng co ban.

-63-



32390

Fig.22 14 luvu db ding & mod ta phuong phép tao ra bit chin 16 LDPC theo phuong

an lam vi du khac dé thuc hién sang cheé.

Dua vao Fig.22, & budc S2210, thao tac giai md LDPC & t?mg cao hon dugc thuc

hién trén tin hidu dAu vao nhu tin hiéu ma hoa chdng chap dé tao ra tin hidu & ting cao
| hon. O budc $2220, x4c dinh xem gi4 tri triéu chimg LDPC c6 phai 13 bang 0 hay khong
dua vao két qua ciia thao tac giai md LDPC & tAng cao hon dugc thuc hién & bude S2210.
Vi dy, bude x4c dinh xem gia tri triéu chimg LDPC ¢6 phai 12 bing 0 hay khong c6 thé
duoc thuc hién trén toan b ma tran kiém tra chén 1¢ (vi du ma trén kiém tra chin 1& 20
trén Fig.6), chir khong phai 1a ma tran kiém tra chin 1¢ tht nhét (vi du ma tran kiém tra

chin 1¢ thir nhit gdm c6 cic ma trén con A va B trén Fig.6).

& bude $2220 theo nhanh ding, khi xac dinh ring gié tri triéu chimg LDPC bang 0,
thi & budc S2230, thao tac giai ma LDPC & téng co ban dugc thuc hién dua vao tir thong
tin LDPC, bit chin 1¢ LDPC th& nhét va bit chin 1¢ LDPC thtt hai dugc khoi phuc béng
cach giai ma LDPC & tAng cao hon, dé tao ra tin hidu & ting co ban, vi khong c6 16i trong
tir théng tin LDPC, cho nén bit chin 1¢ LDPC tha nhét va bit chin 1é LDPC thir hai duoc
khdi phuc bing cach giai ma LDPC & ting cao hon.

Trong d6, & budc $2220 theo nhénh sai, khi x4c dinh ring gia tri triéu ching LDPC
cua toan b ma tran kiém tra chén 18 khong phai 1a bﬁng 0, thi & budc S2240, xac dinh
xem gi4 tri triéu chimg LDPC clia ma trin kiém tra chin 1& th@r nhét c6 phai 1a bing 0 hay
khong.

O bude $2240 theo nhanh ding, khi x4c dinh ring gié tri triéu chimg LDPC ctia ma
trén kiém tra chdn 18 thtt nhét bang 0, thi & bude $2250, phwong phép méd hoa IPPC dya
vao phép cong dugc thuc hién dé tao ra cac bit chin 1¢ LDPC thtr nhét va thit hai.

Trong vi du ndy, bit chin 1é¢ LDPC tht hai twong tng véi tr thong tin LDPC va bit
chin 1¢ LDPC thtt nh4t dugc khéi phuc bing cach giai ma LDPC & ting cao hon c6 thé
dugc tao ra bing cach sir dung céc biéu thirc IPPC thit hai. Luu ¥ rng bit chin 1é LDPC
thir nhat va bit chin 16 LDPC thi hai trong tng vdi tir théng tin LDPC dugc khoi phuc
bing cach giai ma LDPC c6 thé dugc tao ra bang cach st dung céc biéu thirc IPPC thtr
nhit va cac biéu thirc IPPC thit hai tuong tng.
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O bude S2230, thao tac gidi ma LDPC & tAng co ban dugc thuc hién dua vao tir
thong tin LDPC dugc khoi phuc bing cach giai ma LDPC & ting cao hon, va céc bit chin
1¢ LDPC thtr nhét va thir hai duoc tao ra bing cach sir dung céc biéu thirc IPPC thir nhit

va th{ hai, d€ tao ra tin hiéu & tang co ban.

Trong d6, & budc S2240 theo nhanh sai, khi x4c dinh rang gia tri triéu ching LDPC
ctia ma tran kiém tra chin 1¢ thi nhét khong phai 13 bang 0, thi & budc S2260, thao tac
giai ma BCH duoc thuc hién trén tir thong tin LDPC duogc khoi phuc bang cach giai ma
LDPC, va & bude $2270, x4c dinh xem c6 thé hiéu chinh duoc 151 duge tao ra trong cac

bit thong tin LDPC bing cach giai ma BCH hay khong.

3 bude $2270 theo nhanh sai, khi x4c dinh ring viéc hiéu chinh 15i khong thé thuc

hién duoc, thi & budc S2280, tin hiéu & téng cao hon dugc bd qua béng cach khong xtr ly.

Trong d6, & budc $2270 theo nhanh ding, khi x4c dinh ring viéc hiéu chinh 15i c6
thé thuc hién duge va 151 duge hidu chinh, thi & budc $2290, thao tic ma hoa LDPC duoc
thyc hién trén tir thong tin LDPC @3 hiéu chinh 15i.

O bude S2230, thao tac gidi md LDPC & té‘lng co ban duogc thuc hién dua vao tir
thong tin LDPC 43 hi¢u chinh 181, va céc bit chin 1¢ LDPC tht nhat va tht hai dugc tao

ra bing cach ma hoa LDPC, dé tao ra tin hidu & tﬁng co ban.

Fig.23 13 Iuu d6 dung d& mé ta phuong phép tao ra bit chin 1é LDPC theo phuong

an lam vi du khéc dé thuc hién sang che.

Dua vao Fig.23, ¢ budc S2310, thao tac giai ma LDPC & ta‘ing cao hon duogc thuc
hién trén tin hiéu diu vao nhu tin hiéu ma hod chdng chép dé tao ra tin hiéu & tAng cao
hon. O bude $2320, xac dinh xem gié tri triéu chimg LDPC ¢6 phai 1 bang 0 hay khéng
dua vao két qua cia thao tic giai ma LDPC & tdng cao hon dugc thuc hién & bude $2310.
Vi du, budc xac dinh xem gié tri triéu chimg LDPC c6 phai 1a bing 0 hay khong c¢6 thé
dugc thue hién trén toan bd ma tran kiém tra chén 1& (vi du ma trén kiém tra chin 1& 20
trén Fig.6), chtr khong phai 13 trén ma tran kiém tra chin 1é thi nhat (vi du ma tran kiém
tra chin 1& thtr nhit gdm c6 c4c ma tran con A va B trén Fig.6).

O bude S2320 theo nhanh dung, khi x4c dinh ring gia tri triéu chimg LDPC bing 0,

thi & budc S2330, thao tac gidi ma LDPC & tAng co ban duogc thyuc hién dyua vao tir thong
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tin LDPC, bit chin 1¢ LDPC tha nhét va bit chin 1¢ LDPC thir hai dugc khoi phuc béng
cach giai ma LDPC, dé tao ra tin hidu & téng co ban, vi khong c6 16i trong tir thong tin
LDPC, cho nén bit chin 16 LDPC th& nht va bit chin 1é LDPC thtr hai dugc khoi phuc
bang cach giai mi LDPC.

Trong d6, & bude S2320 theo nhanh sai, khi x4c dinh rang gia tri triéu chimg LDPC
khéng phai 13 bang 0, thi & budc $2340, thao tic giai ma BCH dugc thyc hién trén tir
thong tin LDPC duoc khoi phuc bang cach giai ma LDPC, va & bude $2350, x4c dinh
xem c6 thé hiéﬁ chinh duoc 181 duoc tao ra trong céc bit thong tin LDPC bang cch giai

méa BCH hay khong.

3 bude $2350 theo nhanh sai, khi x4c dinh ring viéc hiéu chinh 15i khong thé thuc

hién duoc, thi & budc S2360, tin hiéu & tﬁng cao hon dugc bd qua béng cach khong xtr ly.

Trong d6, & bude $2350 theo nhanh dung, khi x4c dinh ring viéc hiéu chinh 13i c6
thé thyc hién dugc va 181 duge hiéu chinh, thi & budc S2370, thao tic mi hoa LDPC dugc
thuc hién trén tir théng tin LDPC d4 hiéu chinh 13i.

O bude S2330, thao téc giai md LDPC & tﬁng co ban dugc thuc hién dya vao tur
thong tin LDPC d4 hiéu chinh 15i, va cac bit chin 1é LDPC thir nhit va th hai dugc tao

ra b%mg cach ma hoa LDPC, d tao ra tin hiéu & téng co ban.

Trong d6, nhur da néu trén, c6 thé x4c dinh xem gi tri tridu chimg LDPC c6 phai 13
bang 0 hay khéng, va sau d6, thao tac giai ma BCH c6 thé dugc thyuc hién khi gié tri tridu
chtng LDPC khéng phai 13 bing 0, nhung ddy chi 1a mét trong sb cac phuong 4n 1am vi

du thyuc hién sang ché.

C6 nghia 13, c6 thé thyc hién thao tac giai ma BCH trén tir thong tin LDPC dugc
khoi phuc bing cach giai ma LDPC va tao ra bit chin 1¢ LDPC dua vao két qua gii ma
BCH, ma khéng can thuc hién riéng budc xac dinh xem gia tri triéu chimg LDPC c¢6 phai
12 bing 0 hay khong. Ngoai ra, ngay ca khi gi4 tri tridu chimg LDPC béng 0, thi vin c6
thé thyuc hién thao tic giai md BCH trén tir thong tin LDPC duoc khoi phuc bing cach
giai ma LDPC va tao ra cac bit chéin Ié LDPC tht nhét va thit hai dua vao két qua giai ma
BCH.

Trong d6, cic phuong 4n néu trén lién quan dén phuong phap tao ra bit chin 1&

-66-



32390

LDPC dya vao két qua giai ma BCH.

Phuong phép tao ra bit chin 1¢ LDPC dya vao két qua gidi md CRC s& dugc mo ta
chi tiét dudi day dua vao Fig.7 va Fig.8B, dé cho ngén gon, cic bd phan hoc thao tac da

dugc mo ta & trén s€ khong duge md ta nita.

Trudc tién, khi bd ma hod thi nhét 111 d3 thyc hién thao tac m& hoa LDPC dya vao
ma trin kiém tra chin 1& ¢6 ciu tric nhu dugc thé hién trén Fig.5 (ttc 13, ma trdn kiém tra
chén 1& 10), thi bd tao bit chin 1& 300 co thé tao ra bit chén 1& bing cach st dung céc

phuong phap dugc mo ta dudi day.

Khi x4c dinh rang c6 15i trong it nhit mét trong sb tir thong tin LDPC va bit chin 1&
LDPC duoc khoi phuc bing cach giai ma LDPC duoc thuc hién bang bd giai ma BICM
thir nhat 200, thi bd tao bit chén 18 300 c6 thé tao ra bit chin 1é LDPC dua vao két qua
giai ma CRC.

Nhim muc dich nay, bd giai ma LDPC tht nhét 230 clia bd giai ma BICM thir nhit
200 c6 thé x4c dinh xem c6 16i trong tir thong tin LDPC va bit chin 18 LDPC dugc khoi
phuc bing cach gidi ma LDPC hay khong, va cung cép thong tin vé& su xuét hién 18i cho
bd tao bit chin 1¢ 300. Do d6, dua vao thong tin duoc cung cip tir bd giai ma LDPC tht
nhét 230, bd tao bit chin 18 300 c6 thé x4c dinh xem c6 18i trong tir théng tin LDPC va
bit chén 1¢ LDPC dugc khéi phuc bang cach giai ma LDPC hay khong.

Trong d6, bd giai ma CRC thi nhit 250 c6 thé thuc hién thao tac giai md CRC trén
tir théng tin LDPC dé x4c dinh xem c6 16i trong tir thong tin LDPC hay khéng, va cung
cAp thong tin vé sy xuit hién 13i cho bb tao bit chin 1é 300.

Thoéng thudng, thao tac giai md CRC chi x4c dinh su xuét hién 13i trong tir ma CRC
béng cach giai md CRC, va khong hiéu chinh 15i.

Do d6, bo gidi ma CRC tht nhét 250 c6 thé thyuc hién thao tac giai ma CRC trén tir
thong tin LDPC dé xé4c dinh xem c6 13i trong tir thong tin LDPC hay khéng, tirc 13, dé
xac dinh su xuét hién 151, va cung cép thong tin vé sy xuét hién 16i cho b tao bit chin 18
300.

Do d6, bd tao bit chin 1& 300 c6 thé xac dinh xem c6 13i trong tir thong tin LDPC
hay khéng, dua vao thong tin dugc cung cép tir bo giai ma CRC thir nhét 250.
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Néi cach khac, bo tao bit chin 18 300 c6 thé x4c dinh xem c6 13i trong tr thong tin
LDPC va bit chin 1é¢ LDPC dugc khoi phuc biang cach giai ma LDPC hay khong dua vao
thong tin thu duogc tir bd giai ma LDPC tht nhit 230, va néu c6 151, thi c6 thé xac dinh
xem c6 18i trong tir théng tin LDPC hay khong dua vao thong tin dwgc cung cép tir bd

giai ma CRC thtr nhét 250.

B tao bit chin 1é 300 c6 thé tao ra bit chin 1¢ LDPC bing céch sir dung cac biéu
thizc IPPC néu trén. Nhdm muc dich nay, thiét bi thu tin hidu 1000 ¢6 thé luu trix tir trude

thong tin vé cac biéu thirc IPPC tuong tmg véi ma trin kiém tra chén 18.

Cu thé, b tao bit chén 1& 300 c¢6 thé tao ra bit chin 1é LDPC cho tir théng tin LDPC
dua vao cac biéu thizc IPPC, khi ¢6 13i trong tir théng tin LDPC va bit chin 16 LDPC
dugc khoi phuc bang cach giai ma LDPC, nhung khong c6 13i trong tir thong tin LDPC

dua vao két qua giai ma CRC.

C6 nghia 13, bd tao bit chin 1é 300 c6 thé tinh gié tri ciia biéu thirc IPPC bing cach
thay thé cac bit thong tin LDPC khong c6 18i cho céc biéu thic IPPC, va cOng céc bit
chin 1¢ LDPC véi gia tri ctia cdc biéu thic IPPC theo thi ti 14n luot.

Trong d6, cac biéu thirc IPPC va phwong phap tao ra bit chin 1¢ LDPC bing cach st
dung céc biéu thirc IPPC dd duge mo ta chi tiét trén ddy, va @ cho ngén gon, cho nén
dudi day s€ khong mo ta lai nita.

Phuong phép tao ra bit chin 1¢ LDPC theo phuong 4n lam vi du thyc hién séng ché

s& dugc md ta chi tiét dudi day dya vao Fig.24 va Fig.25.

Fig.24 12 luu d6 ding & mb ta phuong phép tao ra bit chin 16 LDPC theo phuong

an 1am vi du thyc hién sang che.

Dua vao Fig.24, & budc S2410, thao tac giai mad LDPC & tr?lng cao hon dugc thuc
hién trén tin hiéu diu vao nhu tin hiéu ma hoa chdng chép d& tao ra tin hiéu & tAng cao
hon. O bude $2420, x4c dinh xem gi4 tri triéu chimg LDPC c¢6 phai 12 bang 0 hay khéng
dua vao két qué cta thao tac giai ma LDPC & téng cao hon duoc thuc hién & bude S2410.
Cé nghia 13, thao tac gidi ma LDPC & téng cao hon dugc thuc hién trén tin hiéu ma hoa
chdng chap, va sau d6, x4c dinh xem c6 13i trong it nhit mét trong sb tir thong tin LDPC

va bit chin 1¢ LDPC duogc khéi phuc bang cach giai ma LDPC & tAng cao hon hay khéong.
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0 bude $2420 theo nhanh dung, khi xac dinh ring gi tri tridu chimg LDPC bing 0,
thi & budc S2430, thao tic giai ma LDPC & tdng co ban duge thuc hién dwa vao tir thong
tin LDPC va bit chin 16 LDPC dugc khdi phuc bing cach giai ma LDPC & tang cao hon,

deé tao ra tin hi¢u & tang co ban.

Trong d6, & bude S2420 theo nhénh sai, khi xac dinh ré'mg gié tri triéu chimg LDPC
khong phai 1a béng 0, thi & budc S2440, thao tac giai md CRC dugc thuc hién trén tir
théng tin LDPC dugc khoi phuc bing cach giai ma LDPC & ting cao hon.

O bude S2450, x4c dinh xem c6 131 trong tir md CRC dugc khoi phuc bang cach
giai ma CRC hay khéng. C6 nghia 13, x4c dinh xem c6 13i trong tir thong tin LDPC hay
khong.

O bude $2450 theo nhanh ding, khi x4c dinh réng c6 15, thi & bude S2460, tin hiéu

& ting cao hon dugc bo qua béang cach khong xir 1y.

Trong do6, & budc S2450 theo nhanh sai, khi xac dinh rang khong c6 13i, thi bit chin
1¢ LDPC cho tir théng tin LDPC dugc tao ra bing phuong phép ma hoa IPPC dya vao
phép cong. Vi khong c6 13i trong tir théng tin LDPC, cho nén bit chin 1é LDPC cho tir

thong tin LDPC ¢6 thé duoc tao ra bang cach sir dung céc gi tri clia biéu thtc IPPC.

O budc S2430, thao tac giai ma LDPC & téng co ban dugce thuc hién dya vao tur
thong tin LDPC dugc khéi phuc bing cach giai ma LDPC & tAng cao hon va bit chin 18
LDPC duogc tao ra bing phuong phép ma ho IPPC dua vao phép cong, dé tao ra tin hi¢u

o tang co ban.

Trong d6, nhu da néu trén, bit ch&n 1& LDPC c¢6 thé duge tao ra béng cach st dung
phuong phap ma hod IPPC dua vao phép cdng, nhung ddy chi 1a mot trong sd cac
phuong 4n 1am vi du thuc hién sang ché. Do d6, bit chin 1é LDPC c6 thé dugc tao ra
béang cac phuong phap khéc, ngoai phuong phap mi hod IPPC dya vao phép cong, nhu s&
duge md ta dudi day dya vao Fig.25.

Fig.25 13 lvu db ding d& mé ta phuong phap tao ra bit chin 1é LDPC theo phuong
an 1am vi du khac d thuc hién sang ché.

Dua vao Fig.25, & bude S2510, thao tac giai md LDPC & tang cao hon dugc thyc
hién trén tin hiéu dau vao nhu tin hiéu mi hoa chéng chap dé tao ra tin hidu & tﬁng cao
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hon. O bude $2520, x4c dinh xem gia tri tridu ching LDPC ¢6 phai 13 bang 0 hay khong
dwa vao két qua ctia thao tac giai ma LDPC & tang cao hon duge thuc hién & bude S2510.
Co nghia 13, thao tac gidi ma LDPC & tdng cao hon dugc thuc hién trén tin hiéu ma hod
chdng chép, va sau d6, xac dinh xem c6 16i trong tir thong tin LDPC va bit chin 1¢ LDPC
dugc khoi phuc bang cach giai ma LDPC hay khong.

G bude $2520 theo nhanh ding, khi x4c dinh ring gid tri triéu chimg LDPC bing 0,
thi ¢ budc S2530, thao tac gidi ma LDPC & t?mg co ban dugc thuc hién dua vao tir thong
tin LDPC va bit chin 16 LDPC duoc khéi phuc bing cach gidi ma LDPC, dé tao ra tin
hiéu & ting co ban.

Trong d6, & bude $2520 theo nhanh sai, khi x4c dinh ring gié tri triéu ching LDPC
khong phai 13 bing 0, thi & budc S2540, thao tac giai ma CRC dugc thuc hién trén tur
thong tin LDPC duoc khdi phuc bing cach giai ma LDPC.

3 bude S2550, x4c dinh xem c6 18i trong tir md CRC bing cach giai md CRC hay
khéng. C6 nghia 13, x4c dinh xem c6 15i trong tir thong tin LDPC hay khong.

O bude S2550 theo nhanh ding, khi x4c dinh ring c6 181, thi & bude S2560, tin higu
& tng cao hon dugc bé qua bang cach khong xtr Iy.

Trong do6, & budc S2550 theo nhanh sai, khi xac dinh réng khong c6 16i, thi & budc
S2570, thao tac ma hoa LDPC dugc thuc hién trén tir thong tin LDPC.

Trong d6, thao tdc ma hod LDPC 14 thao téc dé tao ra bit chin 16 LDPC béng
phuong phép st dung bidu thirc H-C" = 0, chtr khéng phai 13 phuong phép sir dung gia tri
ctia biéu thirc IPPC. C6 nghia 13, b tao bit chin 1 300 tao ra bit chin 1é LDPC thoa mén
bidu thite H-CT =0 cho tir thong tin LDPC. Trong vi du ndy, ma tr4n kiém tra chin 1¢ H
c6 thé 13 ma tran kiém tra chin 1& d3 dugc sir dung khi ma hoa LDPC & thiét bi truyén tin
hiéu 100.

0 bude S2530, thao tac giai ma LDPC & tdng co ban dugc thuc hién dua vao tir
thong tin LDPC dugc khoi phuc bang céch giai ma LDPC & ting cao hon va bit chin 18
LDPC duoc tao ra bﬁng cach ma hoa LDPC, dé tao ra tin hiéu & téng co ban.

Trong d6, nhu da néu trén, co thé x4c dinh xem gia tri tri€u ching LDPC c6 phai la
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bang 0 hay khéng, va sau d6, thao tac giai ma CRC c¢6 thé dugc thuc hién khi gia tri triéu
ching LDPC khéng phai 13 bing 0, tirc 13, khi c6 15i trong it nhat mot trong sd tir thong
tin LDPC va bit chén 1é¢ LDPC dugc khoi phuc bing cach gidi ma LDPC, nhung diy chi

13 mot trong sb cac phuong 4n 1am vi du thuc hién séng ché.

C6 nghia 13, ¢6 thé thuc hién thao tic gidi ma CRC trén tir thong tin LDPC dugc
khoi phuc bé’mg cach giai ma LDPC & téng cao hon, va tao ra bit chin 16 LDPC dua vao
két qua gidi md CRC, ma khéng can thyc hién riéng budc x4c dinh xem gi4 tri triéu
chimg LDPC c6 phai 12 bing 0 hay khong. Ngoai ra, ngay ca khi gia trj triéu chung
LDPC béng 0, thi vin c6 thé thuc hién thao tic giai md CRC trén tir thong tin LDPC
duoc khoi phuc bing cach giai ma LDPC & ting cao hon va tao ra bit chin 1¢ LDPC dya
vao két qua giai ma CRC.

Trong d6, khi bd ma hoa tha nhét 111 da thyc hién thao tdc md hoa LDPC dua vao
ma tran kiém tra chin 1 c6 céu triic nhu dugc thé hién trén Fig.6, thi b tao bit chin 1é
300 c6 thé tao ra cac bit chén 1é bang cach sir dung phuong phap nhu s& duge mo ta dudi
day.

Trude tién, khi c6 131 trong it nhat mot trong sb tir théng tin LDPC va bit chén 18
LDPC tht nhét dugc khdi phuc bang cach giai ma LDPC & ting cao hon, thi c4c bit chin
18 LDPC tht nhét va thi hai c6 thé dugce tao ra dua vao két qua giai ma CRC.

Nhém muc dich nay, bd giai md LDPC tht nht 230 c6 thé x4c dinh xem c6 15i
trong it nhit mot trong sd tir thong tin LDPC va bit chén 1é LDPC thir nhit duge khdi
phuc bang cich giai md LDPC & ting cao hon hay khong, va cung cp thong tin vé su
xuét hién 18i cho bo tao bit chin 1& 300. Do do6, dwa vao théng tin dugc cung cip tir bd
giai ma LDPC tht nhét 230, bd tao bit chin 1é 300 c6 thé xac dinh xem c6 16i trong it
nhét mot trong sd tir thong tin LDPC va bit chin 16 LDPC thtr nhit duoc khéi phuc bing
cach giai ma LDPC hay khong.

Trong d6, bd giai md CRC thi nhét 250 c6 thé x4c dinh xem c6 15i trong tir thong
tin LDPC hay khong bang cach thuc hién thao tac giai ma CRC trén tir thong tin LDPC,

va cung cép thong tin vé& su xut hién 15i cho b tao bit chin 1& 300.

Théng thuong, thao tic gidi ma CRC chi x4c dinh su xuét hién 161 trong tr ma CRC
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bang cach giai ma CRC, va khong hiéu chinh 15i.

Do d6, bd gidi ma CRC thu nhét 250 c6 thé thuc hién thao tac giai ma CRC trén tu
thong tin LDPC dé xé4c dinh xem c6 15i trong tir thong tin LDPC hay khong, tirc 13, dé
xé4c dinh su xuét hién 151, va cung cip thong tin v& sy xuét hién 18i cho bd tao bit chin 1¢

300.

Do d6, bd tao bit chin 1é 300 ¢6 thé x4c dinh xem c6 18i trong tir thong tin LDPC

hay khong, dua vao thong tin dugc cung cAp tir bd gidi ma CRC thir nhit 250.

Néi cach khac, b tao bit chin 1& 300 c6 thé x4c dinh xem c6 16i trong it nhat mot
trong s tir thong tin LDPC va bit chin 1¢ LDPC tht nhit duoc khoi phuc bang cach giai
mi LDPC & ting cao hon hay khong, dua vao thong tin thu dugc tir bo giai ma LDPC tha
nhét 230, va néu c6 13, tic 13, néu c6 161 trong it nhét mot trong $6 tir thong tin LDPC va
bit chin 1é LDPC thir nhét, thi c6 thé x4c dinh xem c6 15i trong tir thong tin LDPC hay
khong dya vao thong tin dugc cung cp tir bd giai ma CRC thir nhét 250.

Ngoai ra, bd tao bit chin 1& 300 c6 thé tao ra cac bit chin 1¢ LDPC tht nhét va thi
hai béng cach str dung céc biéu thire IPPC. Nham muc dich nay, thiét bi thu tin hiéu 1000
¢6 thé Iuu trit tir trude thong tin vé cac bidu thic IPPC twong Umg véi ma tran kiém tra

chén 18.

Cu thé, b tao bit chin 1& 300 c6 thé tao ra bit chin 1¢ LDPC th hai trong tng véi
tir thong tin LDPC va bit chin 1¢ LDPC thir nhit dugc khoi phuc bing cich giai ma
LDPC dura vao céc biéu thirc IPPC, khi khong c6 18i trong tir théng tin LDPC va bit chin
1¢ LDPC thir nhét dugc khoi phuc bang cach gidi md LDPC.

Cu thé, bo tao bit chén 18 300 c6 thé tao ra bit chin 1¢ LDPC tht hai tuong tmg véi
tir thong tin LDPC va bit chén 1&¢ LDPC thir nhit dugc khoi phuc bang cich giai ma
LDPC, dua vio céc biéu thirc IPPC thit hai.

C6 nghia 13, bd tao bit chin 1& 300 c6 thé tao ra cac bit chin 1é thit hai bang cach
thay thé cac bit thong tin LDPC va c4c bit chin 1é LDPC thir nhit dwoc khdi phuc bang
cach giai ma LDPC & ting cao hon cho céc gia tri clia cac biéu thire IPPC thit hai.

Trong d6, khi x4c dinh rang c6 15i trong it nhat mot trong sd tir thong tin LDPC va
bit chén 1¢ LDPC thir nhit dugc khoi phuc bing cach giai ma LDPC, nhung khong c6 15i
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trong tir théng tin LDPC, dua vao két qua giai ma CRC, thi bd tao bit chin 1 300 co thé
tao ra bit chin 1¢ LDPC twong Gng véi tir thong tin LDPC dya vao cc biéu thie IPPC.

Cu thé, bo tao bit chin 1& 300 c6 thé tao ra bit chin 1¢ LDPC th nhit tuong ting véi
ttr thong tin LDPC dua vao cac biéu thirc IPPC thir nhét, va tao ra bit chin 1¢ LDPC tht
hai twong mg v6i tir thong tin LDPC va bit chén 1¢ LDPC thi nhit dua vao céc biéu thirc
IPPC thtt hai.

C6 nghia 13, bo tao bit chin 1& 300 c6 thé tinh cac gi4 tri cta cac biéu thirc IPPC thir
nhéit bing céach thay thé cac bit théng tin LDPC khong c6 13i cho céc biéu thirc IPPC thit
nhét, va c¢6 thé tao ra bit chin 1é LDPC thir nhat bing cach cong céc bit chin 1¢ LDPC thi

nhét v6i céc gié tri ciia cac bidu thirc IPPC thir nhét theo thi ty 1an luot.

B tao bit chin 1 300 ciing c6 thé tao ra cac bit chin 1& thi hai bang cach thay thé
c4c bit thong tin LDPC khéng c6 18i va cac bit chin 16 LDPC thir nhét cho céc gié tri cia
cc biéu thire IPPC thit hai.

Trong d6, dé cho ngén gon, c4c biéu thitc IPPC va phuong phap tao ra cac bit chin

1¢ LDPC thtr nhét va th hai st dung céc biéu thirc IPPC s& khong duoc md ta dudi day.

Phuong phép tao ra bit chin 1¢ LDPC theo phuong 4n lam vi du thyc hién sang ché

s& dugc mo ta chi tiét dudi day dya vao cac hinh v& tir Fig.26 dén Fig.29.

Fig.26 13 luu d6 ding & m6 ta phuong phap tao ra bit chin 16 LDPC theo phuong

an lam vi du thyuc hién sang cheé.

Dua vao Fig.26, & budce $2610, thao tic giai ma LDPC & ting cao hon dé tao ra tin
hiéu & tdng cao hon duge thuc hién trén tin hiéu d4u vao nhu tin hiéu ma hoa ché)ng chap.
O bude S2620, xac dinh xem gié tri triéu chimg LDPC c6 phai 13 biang 0 hay khong dua
vao két qua cta thao tac giai ma LDPC & tAng cao hon duoc thyuc hién & bude $2610. C6
nghia 13, tin hiéu méa hod chdng chap duoc giai ma LDPC, va xé4c dinh xem c6 13i trong
tir thong tin LDPC va bit chin 1¢ LDPC thr nhat dugc khéi phuc biang cach gidi ma
LDPC & ting cao hon hay khong.

O bude S2620 theo nhanh ding, khi x4c dinh ring gia tri triéu ching LDPC bing 0,
thi & budc S2630, phuong phap ma hoa IPPC dya vao phép cong duoc thuc hién dé tao ra
céc bit chén 1é LDPC tht nhét va th hai.
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Trong vi du nay, bit chin 1é LDPC th hai twong tmg véi tir thong tin LDPC va bit
chin 1é¢ LDPC tht nhét duge khoi phuc bang cach giai ma LDPC c6 thé dugc tao ra bang
cach st dung céc bidu thire IPPC tht hai. Luu ¥ ring bit chin 1¢ LDPC tht nhat va bit
chin 1& LDPC tht hai twong tmg vé6i thong tin LDPC dugc khdi phuc bang cach giai ma
LDPC ¢6 thé duge tao ra bang cach sir dung cac bidu thirc IPPC thir nhét va cac biéu thic
IPPC thir hai tuong Umg.

O bude S2635, thao tac giai ma LDPC & tﬁng co ban dugc thuc hién dua vao tur
thong tin LDPC, bit chin 1¢ LDPC thir nhit va bit chin 1¢ LDPC thit hai, d¢ tao ra tin
hiéu & ting co ban.

Trong d6, & budc S2620 theo nhanh sai, khi gia tri triéu chimg LDPC cta ma trin
kidm tra chén 1¢ thi nhét khong phai 1 bang 0, thi & budc S2640, thao tic gidi ma.CRC
duoc thue hién trén tir théng tin LDPC duoc khdi phuc bang cach giai ma LDPC & tang

cao hon.

3 bude S2650, x4c dinh xem c6 161 trong tir ma CRC bang céch gii ma CRC hay
khéng. C6 nghia 13, x4c dinh xem c6 15i trong tir thong tin LDPC hay khong.

O bude S2650 theo nhénh dung, khi ¢6 18, thi & bude S2660, tin hi¢u & ting cao

hon duge bo qua bing cach khong xir 1y.

Trong d6, & budc S2650 theo nhanh sai, khi khong c6 161, thi & budc S2670,
phuong phap ma hoa IPPC dua vao phép cong duge thuc hién bing cach sir dung gia tri
ctia bidu thirc IPPC thir nhét. Cu thé, vi khoéng c6 16i trong tir thong tin LDPC, cho nén bit
chin 1& LDPC tht nhét cho tir théng tin LDPC ¢6 thé duoc tao ra bang cach st dung gia
tri ctia biu thire IPPC thr nhét.

O bude $2630, phuong phap ma hoa IPPC dua vao phép cong duge thyc hién bing
cach st dung gié tri cia biéu thitc IPPC thit hai. Cu thé, bit chin 1&¢ LDPC tht hai tuong
tmg véi tir thong tin LDPC va bit chin 1é LDPC tht nht dugc tao ra, bang cach sir dung
céc biéu thirc IPPC tht hai.

O bude S2635, thao tac giai ma LDPC & tﬁng co ban duogc thuc hién dua vao tur
thong tin LDPC, bit chin 1&¢ LDPC tht nhét, va bit chin 1é LDPC th® hai, dé tao ra tin

hi€u & tang co ban.
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Trong d6, nhu di néu trén, cac bit chén 1¢ LDPC thir nhét va thi hai c6 thé duoc tao
ra bang cach st dung phuong phép méi hoa IPPC dya vao phép cong, nhung day chi 1a
mot trong sb céac phuong an lam vi du thuc hién séng ché. Do d6, céc bit chén 1¢ LDPC
thir nhét va tht hai ¢ thé duge tao ra bing cach sir dung cac phuong phép khic, ngoai
phuong phap ma hod IPPC dua vao phép cdng, nhu s€ duge mo td dudi day dua vao cac

hinh v& tir Fig.27 d&n Fig.29.

Fig.27 14 luu d6 ding dé mo ta phuwong phap tao ra bit chin 1¢ LDPC theo phuong

an lam vi du khac dé thuc hién sang che.

Dua vao Fig.27, & budc S2710, thao tac gidi md LDPC & tﬁng cao hon dugc thuc
hién trén tin hiéu dau vao nhu tin hiéu m4 hoa chéng chap dé tao ra tin hiéu 4] tﬁng cao
hon. O bude S2720, x4c dinh xem gia tri triéu ching LDPC ciia ma tran kiém tra chin 1¢
thir nhét ¢4 phai 12 bang 0 hay khong dwa vao két qua cta thao tic giai ma LDPC & ting
cao hon dugc thuc hién & budc S2710. C6 nghia 13, thao tac gidi ma LDPC & t?mg cao
hon dugc thuc hién trén tin hiéu ma hod chéng chap, va sau do, x&c dinh xem c6 16i trong
tir thong tin LDPC va bit chin 1¢ LDPC thir nhit dugc khoi phuc bing cich giai ma
LDPC & ting cao hon hay khéng.

O buéc S2720 theo nhanh dung, khi x4c dinh réng gia tri triéu ching LDPC cua ma
tran kiém tra chén 1é thtt nhét bing 0, thi & bude S2730, céc bit chin 1é6 LDPC thir nhét va
thir hai duoc tao ra bang cach thyc hién phuong phap ma hoa IPPC dua vao phép cong.

Trong vi du nay, bit chin 1¢ LDPC thit hai trong tmg véi tir thong tin LDPC va bit
chén 16 LDPC thtr nhat duoc khoi phuc bing cich giai ma LDPC & tdng cao hon c6 thé
duoc tao ra béng cach str dung céc biéu thirc IPPC tht hai. Luu ¥ réng bit chan 1¢ LDPC
th nhét va bit chin 1é LDPC tht hai twong tng véi tir thong tin LDPC dugc khoi phuc
bing cach giai md LDPC c6 thé duoc tao ra bing cach str dung cac biéu thirc IPPC thir
nhéit va cac biéu thirc IPPC thir hai tuong tmg.

O budc S2740, thao tac gidi ma LDPC & tang co ban duge thyuc hién dua vao tir
thong tin LDPC, bit chin 1&é LDPC thit nhét va bit chin 1¢ LDPC thi hai, & tao ra tin
“hiéu & ting co ban.

Trong d6, & bude S2720 theo nhéanh sai, khi xac dinh rang gi tri triéu chimg LDPC
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clia ma trdn kiém tra chin 1¢ thtr nhit khong phai 12 bang 0, thi & bude S2750, thao tac
giai mad CRC duoc thyc hién trén tir thong tin LDPC dugc khéi phuc bang cach giai ma
LDPC & tAng cao hon.

0 bude S2760, xac dinh xem c6 13i trong tir md CRC, c6 nghia 13, tlr thong tin
LDPC duoc khéi phuc bing cach gidi ma LDPC & ting cao hon, bang cach giai ma CRC
hay khong.

O bude S2760 theo nhanh ding, khi x4c dinh ring c6 151, thi & budc $2770, tin higu
& tAng cao hon duoc bd qua bang cach khong xit ly.

Trong d6, & budc S2760 theo nhanh sai, khi xac dinh ré‘lng khong c6 16i, thi & budc
S2780, thao tdc ma hoa LDPC dugc thuc hién dua vao tr thong tin LDPC.

Trong dod, thao tdc ma hod LDPC 1a thao tac d8 tao ra cac bit chin 1¢ LDPC tht nhit
va tht hai bang phuong phap st dung biéu thie H-CT =0, chir khong phai 13 phuong
phép st dung céc gié tri ctia cac bidu thirc IPPC. Cé nghia 13, bo tao bit chin 1é 300 tao ra
bit chin 1é¢ LDPC thtt nhét va bit chin 18 LDPC thtt hai thoa man biéu thitc H-C' = 0, cho
tr thong tin LDPC. Trong vi dy nay, ma trén kiém tra chin 1& c6 thé 1a ma trén kiém tra
chén 18, nhu dugc thé hién trén Fig.6, di duoc sir dung khi mi hod LDPC & thiét bi
truyén tin hiéu 100. '

O bude S2740, thao tac giai ma LDPC & téng co ban dugc thuc hién dua vao tu
thong tin LDPC dugc khoi phuc bing cach giai ma LDPC & ting cao hon, va cac bit chin
1é LDPC thir nhat va thir hai duge tao ra béng cach ma hod LDPC, dé tao ra tin hiéu &
tang co ban.

Fig.28 13 luu db dung d& mé ta phuong phap tao ra bit chin 1¢ LDPC theo phuong
an 1am vi du khéc @& thuc hién sang ché.

DL_ra vao Fig.28, & budc S2810, thao tac gidi ma LDPC & ta‘ing cao hon duoc thuc
hién trén tin hiéu ddu vao nhu tin hiéu m4 hoa chdng chép dé tao ra tin hiéu & ting cao
hon. O bude $2820, x4ac dinh xem gid trj triéu chimg LDPC c¢6 phai 14 bing 0 hay khong
dua vao két qué cua thao tac gidi mad LDPC & tAng cao hon dugc thuc hién & budc S2810.

- Trong vi du nay, budc x4c dinh xem gié tri triéu chimg LDPC c6 phai 14 bang 0 hay
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khéng c6 thé duoc thuc hién trén toan bo ma tran kidm tra chin 18 (vi du ma trin kiém tra
chin 16 20 trén Fig.6), chi khong phai 13 ma tran kiém tra chin 1é thi nhét (vi du ma tran

kiém tra chn 1& thir nh4t gdm c6 céc ma tran con A va B trén Fig.6).

G bude $2820 theo nhanh ding, khi x4c dinh ring gi4 tri triéu chimg LDPC bang 0,
thi & budc S$2830, thao tac giai md LDPC & ting co ban dugc thuc hién dya vao tir thong
tin LDPC, bit chin 16 LDPC th nhét va bit chin 1&6 LDPC thtr hai dugc khoi phuc bing
cach giai ma LDPC, dé tao ra tin hiéu & tdng co ban, vi khong c6 13i trong tlr thong tin
LDPC, bit chin 16 LDPC thr nhét va bit chin 1¢ LDPC thi hai duoc khoi phuc béng cach
giai ma LDPC.

Trong d6, & budc S$2820 theo nhéanh sai, khi x4c dinh ring gia tri tridu chimg LDPC
clia toan bo ma tran kiém tra chin 1¢ khong phai 13 bang 0, thi & budc S2840, x4c dinh
xem gid tri triéu chimg LDPC ciia ma tran kiém tra chin 1¢ thir nhat c6 phai 12 bang 0 hay

khong.

G budce S2840 theo nhanh dung, khi xac dinh ring gié tri triéu chimg LDPC ctia ma
tran kiém tra chin 1¢ thi nhit bang 0, thi & buéc S2850, phuong phép ma hoa IPPC dya
vao phép cong dugc thuc hién dé tao ra bit chin 16 LDPC th nhit va bit chin 16 LDPC
tht hai.

Trong vi du néu trén, bit chin 1¢ LDPC thtt hai twong tng véi tir thong tin LDPC va
bit chin 1¢ LDPC thtr nhit dwoc khéi phuc bing cach giai ma LDPC & ting cao hon c6
thd dugc tao ra bang cach st dung cac biéu thirc IPPC thi hai. Luu y rang bit chin 1é
LDPC thir nhit va bit chin 1&¢ LDPC thi hai tvong tmg véi tir thong tin LDPC dugc khoi
phuc bing céch giai ma LDPC & ting cao hon c6 thé duge tao ra bing cach sir dung cc
bidu thire IPPC th nhét va cac bidu thirc IPPC thit hai twong tng.

3 bude $2830, thao tac giai md LDPC & tAng co ban duoc thuc hién dua vao tir
thong tin LDPC dugc khdi phuc bing cach giai md LDPC & tdng cao hon, va c4c bit chin
16 LDPC thtr nhat va tht hai duge tao ra bing cach sir dung cac biéu thirc IPPC thir nhét
va this hai, dé tao ra tin hidu & tAng co ban. '

Trong d6, & budc S2840 theo nhénh sai, khi xac dinh rﬁng gia tri triéu ching LDPC
clia ma trin kiém tra chén 1& tht nhit khong phai 14 bang 0, thi & budc S2860, thao tac
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giai md CRC dugc thuc hién trén tir thong tin LDPC dugc khoi phuc béng cach giai ma
LDPC & tang cao hon.

3 budc S2870, x4c dinh xem c6 131 trong tir md CRC bang cach giai ma CRC hay
khong. C6 nghia 13, xac dinh xem c6 16i trong tir thong tin LDPC hay khong.

O bude S2870 theo nhanh dung, khi xac dinh réng c6 13, thi & bude S2880, tin hiéu

& tAng cao hon dugc bo qua bang cach khong xir ly.

Trong d6, & budc S2870 theo nhanh sai, khi xac dinh ring khéng c6 15i, thi & bude
S2890, thao tdc ma hod LDPC dugc thuc hién trén tir thong tin LDPC dugc khoi phuc

bang cach giai ma LDPC & ting cao hon.

0 bude S2830, thao tac giai md LDPC & ting co ban duge thuc hién dya vao tir
thong tin LDPC duoc khdi phuc bang cach giai md LDPC & ting cao hon, va bit chin 1é
LDPC thtt nhét va bit chin 1é¢ LDPC thi hai duoc tao ra bing cich ma hod LDPC, dé tao

ra tin hi€u ¢ tang co ban.

Fig.29 1 Iuu d ding ¢ mo ta phuong phép tao ra bit chén 1é LDPC theo phuong

an thuc hién sang che.

Dua vao Fig.29, & budc S2910, thao tac giai md LDPC & téng cao hon duogc thuc
hién trén tin hiéu diu vao nhu tin hiéu ma hoa chéng chap dé tao ra tin hiéu & ting cao
hon. O bude $2920, x4c dinh xem gié tri triéu ching LDPC c6 phai 12 bang 0 hay khong
dua vao két qua cua thao tac gidi ma LDPC & tﬁng cao hon dugc thuc hién & bude S2910.
Trong vi dy ndy, budc x4c dinh xem gia tri triéu chimg LDPC c6 phai 1a bang 0 hay
khong c6 thé duogc thuc hién trén toan bd ma tran kiém tra chin 1¢ (vi du ma tran kiém tra
ch8n 18 20 trén Fig.6), chir khong phai 14 ma trén kiém tra chiin 1¢ thir nhat (vi du ma trén
kiém tra chin 1¢ thir nh4t gdbm c6 cac ma tran con A va B trén Fig.6).

O bude $2920 theo nhanh dung, khi x4c dinh ring gia tri triéu chimg LDPC béng 0,
thi & bude $2930, thao tac giai mad LDPC & tdng co ban dugc thyuc hién dya vao tr thong
tin LDPC, va bit chin 1¢ LDPC tht nhit va bit chin 1¢ LDPC tht hai duoc khdi phuc
béng cach giai ma LDPC & tAng cao hon, dé tao ra tin hiéu & tang co ban, vi khong c6 16i
trong tr théng tin LDPC, bit chin 16 LDPC tha nhét va bit chin 18 LDPC tht hai dugc
khéi phuc bang cach giai ma LDPC.
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Trong d6, & budc S2920 theo nhéanh sai, khi x&c dinh rang gi tri tridu chinmg LDPC
khong phai 1a bé'mg 0, thi & bude S2940, thao tac giai md CRC dugc thuc hién trén tur
théng tin LDPC duoc khdi phuc béng cach giai ma LDPC & ting cao hon.

3 bude $2950, xac dinh xem c6 131 trong tir ma CRC bang cach giai ma CRC hay
khéng. C6 nghia 13, xac dinh xem c6 18i trong tir thong tin LDPC hay khong.

3 bude $2950 theo nhanh dung, khi x4c dinh ring c6 15i, thi & budce 82960, tin higu

& tAng cao hon dugc bé qua bing cch khong xtt ly.

Trong d6, & budc S2950 theo nhénh sai, khi khong c6 151, thi & bude S2970, thao
tac ma hoa LDPC dugc thuc hién dua vao tr thong tin LDPC.

3 bude $2930, thao tac giai md LDPC & tdng co ban dugc thyc hién dya vao tur
thong tin LDPC dugc khoi phuc bing cach giai ma LDPC & tAng cao hon, va bit chin 18
LDPC thtt nhit va bit chin 1¢ LDPC thir hai dugc tao ra bing cach ma hod LDPC, dé tao

ra tin hiéu & tang co ban.

Trong d6, nhu d4 néu trén, c6 thé xac dinh xem gi4 trj triéu chimg LDPC c6 phai 1a
béng 0 hay khong, va sau d6, thao tac gidi ma CRC cé thé duogc thuc hién khi gié tri triéu
chimg LDPC khéng phai 13 bing 0, nhung day chi 12 mot trong s6 cac phuong 4n 1am vi

du thuc hién sang ché.

C6 nghia 13, ¢6 thé thyc hién thao tic gidi md CRC trén tr thong tin LDPC dugc
khoi phuc bing cach giai ma LDPC va tao ra bit chin 16 LDPC th&t nhit va bit chén 1&
LDPC tht hai dwa vao két qua gidi ma CRC, ma khéng cin thuc hién riéng budce xic
dinh xem gi4 trj tridu chimg LDPC c6 phai 1a bang 0 hay khong. Ngoai ra, ngay ca khi
gid tri triéu chimg LDPC bang 0, thi vAn c¢6 thé thuc hién thao tac giai ma CRC trén tir
thong tin LDPC dugc khoi phuc bing cach gidi ma LDPC va tao ra bit chin 1é LDPC thu
nhAt va bit chin 16 LDPC thi hai dua vao két qua giai ma CRC.

Quay lai Fig.7, bd giai ma BICM tht hai 400 cling c6 thé xir 1y tin hidu m4 ho4
chéng chép, 1a tin hiéu dugc nhdp vao b giai ma BICM thu nhét 200, va tao ra tin hiéu
tht hai. Trong d6, tin hidu thi hai c¢6 thé 13 tin hiéu twong tmg véi tdng co ban.

B0 giai ma BICM th hai 400 s€ dugc mo ta chi tiét dudi déy dua vao Fig.30A va

Fig.30B.
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Fig.30A va Fig.30B 14 cic so db khéi ding dé mé ta cdu hinh chi tiét ctia thiét bi
thu tin hi€u theo phuong an 1am vi du thuc hién séang ché. Thiét bi thu tin hiéu duoc thé

hién trén Fig.30A va Fig.30B c6 thé 12 thiét b thu tin hiéu 1000 duoc thé hién trén Fig.7.

Dua vao Fig.30A, thiét bi thu tin hidu 1000 c6 thé bao gdm bd thu tin hiéu OFDM
1010, bd khir dan xen theo thdi gian 1020, bd diéu khién hé sé khuéch dai 1030, b nhé
dém 1040, bd phan loai bé tin hiéu 1050, bd diéu khién hé sb khuéch dai ¢ ting co ban
1060, bo giai ma BICM thir nhét 200, bd tao bit chin 1é 300, bd giai ma BICM thtr hai
400 va bd ma hoa BICM 500.

Dua vao thiét bi thu tin hiéu 1000 duoc thé hién trén Fig.30A, thiét bi thu tin hiéu
1000 c6 thé thu tin hiéu dugc truyén bﬁng thiét bi truyén tin hiéu 100 trén Fig.1 c6 bd ma
ho4 BCH thir nhét (khong duoc thé hién trén hinh v&) va b mi hod BCH thit hai (khong
dugc thé hién trén hinh vé). Céc bd méa hoa BCH tht nhat va thit hai c6 thé 1an lugt ndm

& trong bd ma hod thir nhat 111 va bd mé ho4 thi hai 121.

Trong d6, & cho ngén gon, bd giai ma BICM th nhit 200 va bd tao bit chin 1¢ 300

s€ khong dugc md ta nita, vi cac bd phén ndy da dugc mo ta & trén.

B thu tin hidu OFDM 1010 c6 thé giai didu bién OFDM cho tin hiéu ma hoa chdng
chép duogc truyén tlr thiét bi truyén tin hiéu 100, tao ra cac 6 tr khung OFDM, va xuét ra

c4c 6 nay dé cung cAp cho bd khir dan xen theo thoi gian 1020.

B6 khir dan xen theo thoi gian 1020 khir dan xen cho tin hiéu ddu ra tir bo thu tin

hi¢u OFDM 1010.

Cu thé, bo khir dan xen theo thdi gian 1020, c6 cAu hinh tuong Ung véi cAu hinh cua
bd dan xen theo thoi gian 150 trong thiét bi truyén tin hiéu 100, c6 thé khir dan xen cho
céc 6 va xudt ra cac 6 di duoc khir dan xen dé cung cp cho bo diéu khién hé s khuéch

dai 1030.

B6 didu khién hé s6 khuéch dai 1030 didu khién hé s khuéch dai cua tin hiéu dau
ra tr b khir dan xen theo thoi gian 1020.

Cu thé, bd didu khién hé sé khuéch dai 1030, c6 cAu hinh twong tmg vé6i cdu hinh
ctia bo didu khién hé sb khuéch dai 140 trong thiét bi truyén tin hidu 100, diéu khién hé
sb khuéch dai cua tin hiéu dugc xudt ra tir bd khir dan xen theo thoi gian 1020, va xuit ra

-80-



32390

tin hidu duoc didu khién hé sb khubch dai dé cung cép cho bo gii ma BICM tht nhét 200
va bo nhé dém 1040.

B0 giai ma BICM thi nhét 200 c6 thé xir Iy tin hidu dugc xuat ra tir bo diéu khién
hé s6 khuéch dai 1030 va tao ra tin hiéu thir nhét. Trong d6, tin hiéu thi nhét c6 thé 1 tin

hiéu twong tmg véi tAng cao hon.

Ngoai ra, bo tao bit chin 18 300 ¢ thé tao ra bit chin 1é dya vao két qua giadi ma &

bd giai ma BICM tht nhét 200.

Cu thé, bd tao bit chén 1& 300 c6 thé xuét ra tir ma LDPC gém c6 tir thong tin LDPC,
duge khoi phuc bing cach giai ma LDPC dugc thuc hién bing b¢ giai ma LDPC thir nhit
230 cua bd giai ma BICM thir nhat 200, va bit chin 1é LDPC (hoic c4c bit chén 16 LDPC
tht nhét va tht hai), duge tao ra & bo tao bit chén 1& 300 nhu d& néu trén, dé cung cép
cho bd ma hoa BICM 500. Trong d6, bit chin 1¢ LDPC dugc tao ra & bo tao bit chén 1é
300 khéng phai 12 bit chin 18 LDPC duoc khoi phyc béng c4ch giai md LDPC dugc thuc
hién bing bd giai ma LDPC thir nhit 230 ca bd gidi ma BICM tha nhit 200, nhu di

dugc mo ta trén day va s& dugc mo ta thém dudi day.

Trudce tién, c6 thé xem xét vi du, trong d6 bd giai ma LDPC tht nhét 230 thuc hién

thao tac gidi ma LDPC dya vao ma trdn kidm tra chin 1¢ 10 nhu duoc thé hién trén Fig.5.

Trong vi du nay, khi khong c6 15i trong tir md LDPC dugc khdi phuc bang cach giai
méd LDPC & bd giai ma LDPC thir nhit 230 (tirc 13, khi gia tri triéu chimg LDPC bang 0),
thi bd tao bit chin 1é 300 ¢6 thé thu tr md LDPC dugc khéi phuc bing cich gidi ma
LDPC tir bd giai ma LDPC thir nhit 230, va xuét ra tir md LDPC d cung cép cho bo ma
ho4 BICM 500.

Ngoai ra, khi khong c6 16i trong tir thong tin LDPC duoc khoi phuc bang cach giai
ma LDPC & bo giai ma LDPC thir nhit 230 (tic 13, khi gi4 tri triéu ching LDPC khéng
phai 12 bing 0, nhung két qua giai ma BCH & bo giai ma BCH thir nhit 240 chi béo ring
khéng c6 16i trong tir thong tin LDPC), thi bd tao bit chén 1& 300 c6 thé thu tir thong tin
LDPC dugc‘khéi phuc tir bo giai ma LDPC tht nhét 230, tao ra bit chin 1¢é LDPC tuong
ung véi tr thong tin LDPC dua vao cac biéu thic IPPC, va xuét ra tir thong tin LDPC,
dugce khoi phuc tir bo gidi ma LDPC thu nhét 230, va bit chin 16 LDPC, duoc tao ra dl_ra
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vao céc bidu thuc IPPC, d& cung cdp cho bd ma hoa BICM 500.

Ngoai ra, khi c6 16i trong tir thong tin LDPC dugc khoi phuc bing cach giai ma
LDPC & b gidi ma LDPC thir nhét 230 (ttc 13, khi két qua giai ma BCH chi bao 12 ¢6 16i
trong tir thong tin LDPC), thi bd tao bit chin 1& 300 c6 thé thu tir thong tin LDPC tir bd
giai ma BCH thi nhét 240, tao ra bit chin 1é¢ LDPC tuong Umg v&i tir thong tin LDPC dya
vio cic biéu thirc IPPC, va xuét ra tir théng tin LDPC, thu dugc tir bd giai md BCH tha
nhét 240, va bit chin 16 LDPC, dugc tao ra dua vao céc biéu thic IPPC, dé cung cép cho
bé ma hoa BICM 500.

Ngoai ra, co thé xem xét vi du, trong d6 bd gidi ma LDPC thu nhét 230 thuc hién

thao tac giai ma LDPC dya vao ma trén kiém tra chdn 1& 20 nhu duoc thé hién trén Fig.6.

Trong vi du nay, khi khéng c6 16i trong tir thong tin LDPC va bit chin 1¢ LDPC thu
nhit dugc khoi phuc bang cach giai ma LDPC & bd giai ma LDPC tht nhat 230 (tic 14,
khi gia tri triéu chfmg LDPC cua ma trin kiém tra chin 1é thtr nhit bang 0), thi b tao bit
chin 1& 300 c6 thé thu tir thong tin LDPC va bit chin 1é LDPC thi nhét tir bd gidi ma
LDPC tht nhit 230, tao ra bit chin 1é LDPC thtt hai, twong ung véi tir thong tin LDPC va
bit chin 1¢ LDPC thir nhit dugc khdi phuc bing bé gidi ma LDPC thir nhat 230, dua vao
céc biéu thirc IPPC thir hai, va xuit ra ir thong tin LDPC va bit chin 16 LDPC thtt nhét,
duge khoi phyc bing bd giai ma LDPC tht nhit 230, va bit chén 16 LDPC thu hai, dugc
tao ra dua vao cac biéu thirc IPPC thit hai, dé cung cip cho bo ma hoa BICM 500.

Ngoai ra, khi khong c6 13i trong tlr thong tin LDPC dugc khoi phuc bing cach giai
méd LDPC & bd giai ma LDPC thtr nhat 230 (tirc 13, khi gié tri triéu chimg LDPC cua ma
tran kidm tra chdn 1é thtt nhét khong phai 13 bang 0, va két qua giai ma BCH chi béo 12
| khong c6 16i trong tir thong tin LDPC), thi bd tao bit ch&n 16 300 c6 thé thu tir thong tin
LDPC tr bg giai ma LDPC th nhét 230, tao ra cac bit chin 1¢ LDPC thtr nhét va tht hai
firong tmg véi tir thong tin LDPC dya vao cac biéu thirc IPPC thir nhat vA thi hai, va xuét
ra tir thong tin LDPC, dugc khéi phuc bing bd giai ma LDPC thir nhit 230, va céc bit
chéin 1é LDPC th nhAt v thir hai, duge tao ra dya vao céc biu thirc thir nhét va thir hai,
d& cung cdp cho bd mi hod BICM 500.

Ngoai ra, khi c6 13i trong tir thong tin LDPC dugc khéi phyc bang cach giai mé
LDPC & bo giai ma LDPC thir nht 230 (tirc 13, khi két qua gidi ma BCH chi béo 1a ¢6 16
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trong tir thong tin LDPC), thi b6 tao bit chin 1& 300 ¢6 thé thu tir thong tin LDPC tir bd
giai ma BCH thir nhat 240, tao ra cac bit chin 1é LDPC thi nhit va thit hai tuong tng véi
tir thong tin LDPC, thu duge tir bd giai md BCH thir nhat 240, dua vao cac biéu thirc
IPPC thtr nhét va thtr hai, va xudt ra tir thong tin LDPC, thu duoc tir b giai ma BCH thu
" nhét 240, va céc bit chin 16 LDPC thir nhét va th hai, duoc tao ra dya vao cac biéu thic
thir nhat va tht hai, dé cung cdp cho bd ma hoa BICM 500.

B6 ma hoa BICM 500 c6 thé xtr 1y tin hidu dugc xuit ra tir bd tao bit chin 1& 300.
Nhim muc dich nay, bd ma hod BICM 500 c6 thé bao gém bd dan xen 510 va bd anh xa
520. Trong 46, khi ma trén kiém tra chén 1& 10 trén Fig.5 d& duoc st dung dé m4 hod
LDPC cho tin hiéu dugc nhap vao bd giai ma LDPC thir nhét 230 & thiét b truyén tin
hiéu 100, thi tin hidu dugc xuét ra tir bo tao bit chin 1& 300 c6 thé gém c6 tir thong tin
LDPC, duoc khoi phuc bing b giai ma LDPC thtr nhat 230 hozc thu duoc tir bd giai ma
BCH thtr nhét 240, va bit chin 1é LDPC duoc khdi phuc bing bd giai ma LDPC thit nhét
230 hoic dugce tao ra dua vao cac bidu thirc IPPC. Tuy nhién, khi ma trdn kidm tra chin
1& 20 trén Fig.6 da dugc sir dung d& ma hod LDPC cho tin hidu dugc nhép vao bd giai ma
LDPC thtr nhit 230 & thiét bi truyén tin hiéu 100, thi tin hiéu duoc xuét ra tir bd tao bit
chin 1& 300 c6 thé gdm c6 tir théng tin LDPC, dugc khéi phuc bing bd giai ma LDPC
tht nhét 230 hodc thu duge tir bd gidi ma BCH tht nhét 240, va cé4c bit chin 1&¢ LDPC tht
nhét va thi hai dugc khoi phuc béng bd giai ma LDPC tha nhét 230 hoic dugc tao ra dya
vao céc biéu thic IPPC tht nhit va thir hai trong tmg. Tin hiéu dugc xuét ra tir bd tao bit
chén 1& 300 c6 thé & dang tir ma LDPC gdm c6 tir thong tin LDPC va bit chin 1é LDPC
hodc cac bit chin 1& néu trén. Tuy nhién, theo phwong 4n 1dm vi du thuc hién sang ché,
tin hiéu nay khong phai ¢ dang tr ma LDPC, va thay vao do, tr thong tin LDPC va bit
chin 16 LDPC hoic cé4c bit chin 1& néu trén c6 thé dugc xuét ra & dang riéng biét, ma
khong tao thanh mdt tir m& LDPC. Tuy nhién, dé cho d& hiéu, tin hidu dugc xuét ra tir bd

tao bit chin 1é 300 dudi day duoc goi 14 tir ma LDPC.

B6 dan xen 510 c6 thé dan xen tin hiéu néu trén dugc xuit ra tir bd tao bit chén 1¢

300, c6 nghia 13, tir ma LDPC gdm c6 céc bit tir ma LDPC. |

Cu thé, bd dan xen 510, ¢6 ciu hinh tuong Uung voi cAu hinh cta bo dan xen thr

nhéit 112 trong thiét bi truyén tin hiéu 100, dan xen céc bit tir ma LDPC duogc xuét ra tir
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bd tao bit chén 18 300 theo ciach giéng nhu bd dan xen thir nhat 112, va xuét ra cac bit tir
ma LDPC d3 dugc dan xen dé cung cép cho b0 anh xa 520.

B6 4nh xa 520 diéu bién tin hidu dAu ra tir b dan xen 510, tin hiéu nay 1a c4c bit tir

ma LDPC da duoc dan xen.

Cu thé, bd anh xa 520, c6 cAu hinh twong tmg v6i cAu hinh clia bo anh xa thi nhit
113 trong thiét bi truyén tin hiu 100, c6 thé 4nh xa c4c bit tr md LDPC d4 dugc dan xen
dugc xudt ra tir bd dan xen 510 1én cac didm trong chom diém theo cach gidng nhu bo
anh xa th nhét 113, va xut ra két qua 4nh xa. Vi dy, khi bd 4nh xa thi nhit 113 d4 thuc
hién thao tac 4nh xa bing phuong phép diéu bién QPSK, thi bd dnh xa 520 c6 thé diéu
bién cac bit tr md LDPC da dugc dan xen duge xuét ra tir bd dan xen 510 'bz‘?lng phuong

phép didu bién QPSK.

Do d6, bd ma hoda BICM 500 c¢6 thé dan xen tir ma LDPC gbm c6 tir thong tin
LDPC va bit chin 1¢ LDPC (hodc céc bit chin 16 LDPC thir nhét va thir hai) duge xuét ra

tir bd tao bit chin 1& 200 va didu bién tir ma LDPC d4 dugc dan xen.

Trong do, bd nhé dém 1040 luu tri tin higu, 1a tin hiéu mi hoa chéng chép, duoc

xuat ra tir by didu khién hé s6 khuéch dai 1030.

Bo phén loai bo tin hiéu 1050 thu tin hiéu dugc luu trit & trong b nhé dém 1040 va
tin hidu dugc xuét ra tir bd ma hod BICM 500, 13 tir ma LDPC da dugc diéu bién, loai bd
tin hiéu duoc xuét ra tir bd ma hod BICM 500 ra khéi tin hiéu dugc cung cép tir bd nhd
dém 1040, tic 12 tin hidu ma hoa chdng chap, va xuét ra phan tin hiu con lai @& cung cp

cho bd diéu khién hé sb khuéch dai & tﬁng co ban 1060.

B didu khién hé s khuéch dai & tAng co ban 1060, c6 cau hinh twong Gng véi cdu
hinh ctia bd didu khién hé s6 khuéch dai & ting co ban 130 trong thiét bi truyén tin higu
100, diéu khién hé s§ khuéch dai cua tin hiéu duge xuét ra tir by phan loai bo tin hiéu
1050 va xuét ra phan tin hiéu con lai dé cung cp cho bd giai ma BICM thu hai 400.

Bo giai ma BICM thtt hai 400 c¢6 thé xt 1y tin hidu dugc xuét ra tir bo didu khién hé
s6 khuéch dai & téng co ban 1060, tirc 12 tin hiéu ma hoa chdng chap dugc didu khién hé
s6 khuéch dai bang bd didu khién hé sb khuéch dai & tAng co ban 1060 sau khi loai bd ra

khéi d6 tin hiéu (tic 14 tir m3 LDPC da duoc diéu bién) dugc xuét ra tir bd ma hod BICM
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500, va tao ra tin hiéu th® hai. Tin hiéu th® hai c6 thé 14 tin hiéu twong ung voi tﬁng co
ban.
Nhim muc dich ndy, b giai ma BICM tht hai 400 c6 thé bao gdm bo khir 4nh xa
tht hai 410, b khtr dan xen thir hai 420, bd giai md LDPC thir hai 430 va b gidi ma
BCH tht hai 440.

Bo khir 4nh xa thtt hai 410 giai didu bién cho tin hiéu dugc xuét ra tir bd diéu khién
hé sé khuéch dai ¢ tAng co ban 1060.

Cu thé, bd khir 4nh xa th hai 410 giai diéu bién cho tin hiéu (tirc 14 tin hiéu ma ho4
chdng chap duoc didu khién hé sb khuéch dai bing b didu khién hé s6 khuéch dai & ting
co ban 1060 sau khi loai bd ra khéi d6 tin hidu dugc xuét ra tir bd ma hoa BICM 500) dé

taora gid tri LLR, va xuét ra gi4 tri LLR dé cung cép cho bd khir dan xen thir hai 420.

Trong vi du nay, bd khir 4nh xa thir hai 410 c6 thé giai diéu bién cho tin hi¢u ma
hoa ché)ng chdp dugc diéu khién hé sb khuéch dai bﬁng bd didu khién hé sb khuéch dai &
téng co ban 1060 sau khi loai bd ra khoi d6 tin hiéu dugce xuét ra tir bd ma hoa BICM 500,
dua vao phuong phap diéu bién da dugc 4p dung trén tin hidu twong tmg véi ting co ban.
Vi du, khi tin hidu tuong tng v6i tng co ban dugc didu bién & thiét bi truyén tin higu
100 bing phuong phap didu bién 64-QAM, thi b khir 4nh xa thir hai 410 c6 thé giai diéu
bién cho tin hiéu nay bing phuong phap diéu bién 64-QAM.

Gi4 tri LLR c6 thé dugc biéu difn dud6i dang gid tri loga ciia ty sb giita x4c sult dé
cho bit duge truyén tir thiét bi truyén tin hidu 100 bing 0 va xé4c sudt d& cho bit d6 bang 1.
Theo céch khéc, gid tri LLR c6 thé 13 gi4 tri tiéu bidu duogc xac dinh theo phan c6 xéc

sudt ma bit truyén tir thiét bi truyén tin hiéu 100 c6 gi4 tri bang 0 hay 1.

Bo khir dan xen tht hai 420 khir dan xen cho tin hiéu dau ra tir bo khir 4nh xa thir
hai 410.

Cu thé, bd khtr dan xen tht hai 420, c6 c4u hinh tuong Uung véi cAu hinh cta bd dan
xen thir hai 122 trong thiét bi truyén tin hidu 100, ¢ thé dao ngugc thao tdc dan xen da
dugc thuc hién ¢ bd dan xen thir hai 122, khit dan xen cho gid tri LLR, va xuét ra két qua

khtr dan xen dé cung cép cho bo giai ma LDPC thit hai 430.

B6 giai ma LDPC th hai 430 gidi ma LDPC cho tin hiéu d4u ra tir bo khir dan xen
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tht hai 420.

Cu thé, bd giai ma LDPC tht hai 430, c¢6 c4u hinh twong ng véi cAu hinh cia bo
ma hoa LDPC (khéng dugc thé hién trén hinh v&) trong bd ma hoa BICM thtt hai 120 cia
thiét bi truyén tin hiéu 100, c6 thé khéi phuc tir thong tin LDPC va bit chin 1¢ LDPC
béng cach thyuc hién thao téc giai ma LDPC trén gi tri LLR d3 dugc khtt dan xen.

Trong vi du nay, bd giai ma LDPC thtt hai 430 ¢6 thé thuc hién thao tic gidi ma
LDPC béng céch sir dung cic phuong phép khic nhau. Vi du, bd giai ma LDPC tht hai
430 ¢6 thé thuc hién thao tic giai ma LDPC theo phuwong phép gidi ma 13p dua vao thuat
todn téng;tich, va x4c dinh céc bit bang phuong phap quyét dinh ctng va khdi phuc tir
ma LDPC.

Trong do, bd gidi ma LDPC thtr hai 430 cé thé thyc hién thao tac giai ma LDPC
dua vao ma tran kiém tra chin 16 d3 duoc sit dung khi ma hod LDPC & bo m4 ho4 thir hai

121.

Vi du, néu ma tran kiém tra chin 1& c6 cAu trac nhu dugc thé hién trén Fig.5 da
dugce st dung khi ma hoa LDPC, thi bd gidi ma LDPC thtr hai 430 co thé khoi phuc tr
théng tin LDPC va bit chin 1¢ LDPC bang céach thyc hién thao tac gidi md LDPC dua vao
ma trin kiém tra chn 1& ¢6 cAu tric nhu duge thé hién trén Fig.5. C6 nghia 13, b giai ma
LDPC thtt hai 430 c¢6 thé khéi phuc tir théng tin LDPC tuong tng véi ma tran con tir
thong tin 11 va bit chin 1é LDPC tuong tmg v6i ma trin con chin 1& 12 ¢6 cAu tric ma

trén hai dudng chéo.

Ngoai ra, néu ma trin kiém tra chin 1 c6 cdu tric nhu dugc thé hién trén Fig.6 da
duoc st dung khi m& hoa LDPC, thi bd gidi ma LDPC thtt hai 430 ¢6 thé khoi phuc tir
thong tin LDPC va bit chin 16 LDPC bing cach thuc hién thao tic giai ma LDPC dua vio
ma tran kiém tra chin 1& c6 cAu tric nhu duoc thé hién trén Fig.6. C6 nghia 13, bo gidi ma
LDPC tht hai 430 c6 thé khoi phuc tir théng tin LDPC twong tmg véi ma trén con tlr
thong tin (tic 13, ma trdn con A cua tir thong tin thu nhét va ma trin con C cla tir théng
tin thi hai), c4c bit chin 1¢ LDPC thir nhét tuong Gmg véi ma trin con chén 1¢ thir nhat B
¢4 cAu tric ma trin hai dudng chéo, va céac bit chin 1¢ LDPC thit-hai tuong ing v6i ma

trin con chan 1é thir hai D ¢6 cau tric ma tran don vi.
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Trong d6, thong tin vé ma trn kiém tra chén 1é da duoc st dung khi ma hod LDPC
c6 thé duoc luu trit tir trude & thiét bi thu tin hiéu 1000 hoic dugc cung cép tir thiét bi

truyén tin higu 100.

B0 giai m& LDPC tht hai 430 c6 thé xuét ra tir thong tin LDPC dugc khoéi phuc
bing cach giai md LDPC dé cung cip cho bd giai ma BCH thr hai 440.

B giai md BCH thi hai 440 tao ra tin hiéu thir hai bang cach giai md BCH cho tin
hiéu dau ra tir bd giai ma LDPC thu hai 430, tirc 13, tir thong tin LDPC. Trong do, bd giai
méi BCH thtt hai 440 c¢6 cAu hinh twong tmg véi cdu hinh ctia by mi hod BCH (khong
duoc thé hién trén hinh v&) trong b ma hod BICM thir hai 120 cua thiét b1 truyén tin hiéu
100.

Cu thé, vi tir thong tin LDPC duoc xuit ra tir by giai ma LDPC thtt hai gdm c6 tur
théng tin BCH va bit chin 1é BCH, cho nén bd giai ma BCH thir hai 440 c6 thé khoi pﬁuc
tir thong tin BCH béng cach hiéu chinh 18i trong tir md BCH, st dung bit chén 1é BCH
duoc xuit ra tir bo giai ma LDPC thit hai 430.

Tur thong tin BCH 14 céc bit tao nén dong tin hiéu, tic 13, cac bit du dinh s& duge
truyén bang thiét bi truyén tin hiéu 100, va c4c bit ndy c6 thé tao nén tin hiéu tuong tmg
voi téng co ban. Vi dy, b giai ma BCH tht hai 440 c6 thé xuét ra c4c bit tao nén dong

tin hiéu B trén Fig.1.

Trong d6, nhu duge thé hién trén Fig.30B, thiét b thu tin hiéu 1000 ¢6 thé bao gdm
bo thu tin hiéu OFDM 1010, bd khir dan xen theo thoi gian 1020, by didu khién hé s6
khuéch dai 1030, bd nhé dém 1040, bd phan loai bo tin hiéu 1050, bd didu khién hé sb
khuéch dai & tAng co ban 1060, bo giai md BICM thir nhit 200, b tao bit chin 1é 300, bd
giai ma BICM thir hai 400 va bd ma hoa BICM 500. |

Thiét bi thu tin higu 1000 dugc thé hién trén Fig.30B khac voi thiét bi thu tin hidu
1000 dugc thé hién trén Fig.30A, & chd bo giai ma CRC thi nhét 250 va b giai ma CRC
thtr hai 450 dugc st dung thay cho bd giai md BCH thr nhét 240 va bd giai ma BCH thi
hai 440. | |

Trong d6, thiét bi thu tin hiéu 1000 dugc thé hién trén Fig.30B ¢ thé thu tin hiéu
duge truyén tir thiét bi truyén tin hiéu 100 trén Fig.1 ¢6 bd ma hod CRC tht nhét (khong
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duogc thé hién trén hinh v&) va b ma hoa CRC thit hai (khong duoc thé hién trén hinh v&)
va xtt Iy tin hiéu thu dugc. Cac bd ma hoa CRC thir nhit va thi hai c¢6 thé 1an lugt ndm &

trong bd ma hod thir nhit 111 va b ma hoa thit hai 121.

Trong do6, b gidi ma BICM tht nhét 200 va b tao bit chin 1& 300 s& khong duge

mo ta nita, vi cadc bg phan nay da dugec mo ta & trén.

B4 thu tin hiéu OFDM 1010 c6 thé giai diéu bién OFDM cho tin hiéu ma ho4 chdng
chép dugc truyén tir thiét bi truyén tin hiéu 100, tao ra cac 6 tir khung OFDM, va xuét ra

cac 6 nay dé cung cép cho bd khir dan xen theo thoi gian 1020.

B6 khir dan xen theo thoi gian 1020 khir dan xen cho tin hiéu du ra tir bd thu tin

hiéu OFDM 1010.

Cu thé, bd khir dan xen theo thoi gian 1020, c¢6 cAu hinh turong tng véi cau hinh cta
bo dan xen theo thdi gian 150 trong thiét bi truyén tin hidu 100, c6 thé khir dan xen cho
céc 6 va xudt ra cic 6 da duge khir dan xen d& cung cAp cho bo didu khién hé sé khuéch

dai 1030.

B6 diéu khién hé so khuéch dai 1030 diéu khién hé s6 khuéch dai cia tin hiéu dau

ra tir bd khir dan xen theo thoi gian 1020.

Cu thé, bo diu khién hé s6 khuéch dai 1040, c6 cAu hinh twong Gng véi cdu hinh
ctia bo didu khién hé s khuéch dai trong thiét bi truyén tin hiéu 100, diéu khién hé sb
khuéch dai cta tin hiéu duge xuét ra tir bd khir dan xen theo thoi gian 1020, va Xuét ra tin
hidu da dugc diéu khién hé sb khuéch dai dé cung cép cho bo giai ma BICM tha nhét 200
va bd nhé dém 1040.

B6 giai ma BICM thtr nht 200 c6 thé tao ra tin hiéu thi nhét bang cach xtt ly tin
hiéu duge xudt ra tir b didu khin hé s khuéch dai 1030. Trong do, tin hiéu thir nhét c6

thé 13 tin hidu turong tmg vdi tang cao hon.

Ngoai ra, bd tao bit chin 1& 300 c6 thé tao ra bit chin 1& dua vao két qua gidi ma &
bd giai ma BICM th nhét 200.

Cu thé, bd tao bit chin 16 300 c6 thé xuét ra tir ma LDPC gdm c6 tir thong tin LDPC,
dugc khoi phuc bing bd gidi ma BICM tht nhit 200, va bit chin 18 LDPC (hogc céc bit

chén 16 LDPC thir nhit va th hai), dugc tao ra & bd tao bit chin 1& 300 nhu di néu trén,
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dé cung cip cho bd ma hoa BICM 500.

Trudc tién, c6 thé xem xét vi du, trong d6 bd gidi ma LDPC thi nhit 230 thuc hién

thao tac giai ma LDPC dya vao ma tran kiém tra chén 1é 10 nhu dugc thé hién trén Fig.5.

Trong vi du nay, khi khéng c6 13i trong it nhit mdt trong sb tir thong tin LDPC va
bit chén 16 LDPC dugc khéi phyc bang cach giai ma LDPC & bd giai ma LDPC thir nhét
230, thi bo tao bit chin 1& 300 c¢6 thé thu tir théng tin LDPC va bit chin 1¢ LDPC duoc
khoi phuc bang cach giai ma LDPC tir bo giai ma LDPC thi nhét 230, va xudt ra tir ma
LDPC dé cung cép cho bd ma hoa BICM 500. |

Ngoai ra, khi c6 15i trong it nhit mot trong sb tir thong tin LDPC va bit chin 1¢
LDPC duoc khdi phuc bing cach giai ma LDPC & bd giai ma LDPC thir nhit 230, thi bd
tao bit chin 1& 300 c6 thé xac dinh xem c6 15i trong tir thong tin LDPC hay khong dua
vao két qua giai ma CRC & bo giai ma CRC thi nhét 250, va khi x4c dinh ring khong c6
181 trong tir thong tin LDPC, thi bo tao bit chin 1& 300 c¢6 thé thu tir thong tin LDPC tir bo
giai ma CRC thir nhét 250 va tao ra bit chin 1é LDPC twong tmg véi tir théng tin LDPC
duwa vio céc biéu thic IPPC, va c6 thé xuét ra tir thong tin LDPC, thu dugc tir bd giai ma
CRC tht nhét 250, va bit chén 18 LDPC, dugc tao ra dua vao cac biéu thic IPPC, dé cung
c¢4p cho bd ma hoa BICM 500.

Ngoai ra, ¢ thé xem xét vi du, trong d6 bd gidi ma LDPC thi nhét 230 thuc hién

thao tic giai ma LDPC dua vao ma trén kiém tra chin 1é 20 nhu dugc thé hién trén Fig.6.

Trong vi du nay, khi khong c6 13i trong tir théng tin LDPC va bit chin 1¢ LDPC tht
nhit duoc khéi phuc bing cach giai md LDPC & bd giai md LDPC tha nhat 230, thi bo
tao bit chén 1& 300 ¢6 thé thu tir théng tin LDPC va bit chin 1é LDPC th nhét tir b giai
ma LDPC thr nhit 230 va tao ra bit chin 1¢ LDPC thi hai twong tmg véi tir thong tin
LDPC va bit chin 1¢ LDPC tht nhét, duoc khoi phuc bang bd giai ma LDPC thir nhit
230, dua vao céc biéu thuc IPPC tht hai, va xuét ra tir théng tin LDPC va bit chén 1&
LDPC thr nhit, dugc khoi phuc bing bd giai md LDPC thir nhit 230, va bit chén 1é
LDPC thi hai, dugc tao ra dua vao cac biéu thirc IPPC thit hai, dé cung cép cho bd ma

hoa BICM 500.

Ngoai ra, khi ¢6 15i trong it nhat mét trong sd tir théng tin LDPC dugc khéi phuc va
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bit chin 1¢ LDPC thtr nhét duge khoi phuc bing cach giai ma LDPC & bo gidi ma LDPC
thir nhat 230, thi b tao bit chin 1& 300 ¢ thé xac dinh xem c6 18i trong tir thong tin
LDPC hay khéng dya vao két qua giai ma CRC & bd giai ma CRC thi nhét 250, va khi
xé4c dinh ring khong c6 151 trong tir thong tin LDPC, thi bd tao bit chén 1 300 c6 thé thu
tlr thong tin LDPC tir b giai ma CRC thir nhét 250 va tao ra bit chin 16 LDPC tht nhat
va bit chin 1¢ LDPC tht hai tuong tmg véi tir théng tin LDPC dua vao cac biéu thirc
IPPC thit nhét va cac bidu thire IPPC thir hai, va xuét ra tir thong tin LDPC, thu dugc tir
b6 giai md CRC thtr nhét 250, va c4c bit chn 1é LDPC tht nhit va thit hai, duge tao ra
dua vao cac biéu thirc IPPC th nhét va thi hai, d& cung cip cho bd ma hod BICM 500.

B6 ma hod BICM 500 c6 thé xi Iy tin hiéu dugc xuét ra tr bd tao bit chin 1& 300.
Nham muc dich nay, bd ma hoa BICM 500 c6 thé bao gém bd dan xen 510 va by anh xa
520. Trong d6, khi ma trén kiém tra chin 1& 10 trén Fig.5 dd dugc st dung dé& ma hoa
LDPC cho tin hidu duge nhap vao bd giai ma LDPC thir nhit 230 & thiét bi truyén tin
hiéu 100, thi tin hi¢u dugc xuét ra tir bd tao bit chin 1& 300 c6 thé gém c6 tir thong tin
LDPC, dugc khdi phuc béng bd giai md LDPC tha nhét 230 hoic thu duoc tir bd gidi ma
CRC thtt nhit 250, va bit chén 16 LDPC dugc khoi phuc bing bo giai ma LDPC tht nhit
230 hoac duogc tao ra dua vao cac biéu thic IPPC. Tuy nhién, khi ma trén kiém tra chin
1é 20 trén Fig.6 da dugc st dung dé& ma hoa LDPC cho tin hiéu dugc nhép vao bd gidi ma
LDPC thtr nhit 230 & thiét bi truyén tin hiéu 100, thi tin hiéu dwoc xuét ra tir b tao bit
chin 1& 300 c6 thé gdm c6 tir théng tin LDPC, dugc khdi phuc bing b gidi ma LDPC
thtr nhét 230 hoic thu duoc tir bo gidi ma CRC thi nhét 250, va céc bit chin 1&é LDPC tha
nhét va thtt hai duge khoi phyc bing bd giai ma LDPC thir nhét 230 hodc duge tao ra dua
vio c4c biéu thic IPPC thir nhat va thtr hai tvong tmg. Tin hiéu dugc xuét ra tir b tao bit
chin 1¢ 300 ¢6 thé & dang tir ma LDPC gdm c6 tir thong tin LDPC va bit chén 1¢ LDPC
hodc céc bit chan 1& néu trén. Tuy nhién, theo phuong 4n 1am vi du thyc hién séng ché,
tin hiéu nay khong phai ¢ dang tr ma LDPC, va thay vao do, tir thong tin LDPC va bit
chin 1é LDPC hoic cac bit chin 1é néu trén c6 thé duoc xuét ra & dang riéng biét, ma
khéng tao thanh mot tr md LDPC. Tuy nhién, dé cho d& hiéu, tin hiéu dugc xuit ra tir bo

tao bit chan 1é 300 dudi ddy dugc goi 1a tir ma LDPC.

B0 dan xen 510 c6 thé dan xen tin hiéu néu trén dugc xuét ra tir bd tao bit chin 1é
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300, c6 nghia 13, tir ma LDPC gdm c6 c4c bit tir md LDPC.

Cu thé, bd dan xen 510, c6 cAu hinh tuong ung voi cu hinh cua bd dan xen tht
nhét 112 trong thiét bi truyén tin hiéu 100, dan xen cac bit tr md LDPC dugc Xuat ra tir
b6 tao bit chin 1& 300 theo cach giéng nhu b dan xen thir nhat 112, va xuét ra cac bit tir

ma LDPC d3 dugc dan xen dé cung cép cho bd anh xa 520.

B6 4nh xa 520 diéu bién tin hiéu ddu ra tir bd dan xen 510, tin hiéu nay 14 tir ma

LDPC d3i dugc dan xen.

Cu thé, bd anh xa 520, ¢ cAu hinh tuong Gng v6i cdu hinh cta bd anh xa thi nhit
113 trong thiét bi truyén tin hiéu 100, ¢ thé anh xa cac bit tr ma LDPC d3 dugc dan xen
dugc xuét ra tir bd dan xen 510 18n cac diém trong chom diém theo cach giéng nhu bd
4nh xa tht nhét 113, va xuét ra két qua anh xa. Vi du, khi bd anh xa thu nhét 113 d3 thuc
hién thao tic 4nh xa bing phuong phap didu bién QPSK, thi bd 4nh xa 520 c6 thé diéu
bién céc bit tir ma LDPC d& duoc dan xen dugc xuét ra tir bd dan xen 510 bing phuong
phap diéu bién QPSK.

Do d6, bd ma hod BICM 500 c6 thé dan xen tir md LDPC gdm c6 tir théng tin
LDPC va bit chin 16 LDPC (hoic c4c bit chin 1é LDPC tht nhat va tht: hai) dugc xuét ra

tlr bd tao bit chin 1& 200 va diéu bién tir ma LDPC d3 dugc dan xen.

Trong d6, bo nhd d&€m 1040 luu trit tin hiu, 14 tin hi¢u ma hoa chéng chép, dugc

xuét ra tlr bo diéu khién hé s6 khuéch dai 1030.

B6 phén loai bo tin hi€u 1050 thu tin hi€u duge luu trit & trong bd nhé dém 1040 va
tin hiéu dugc xut ra tir bd ma hoa BICM 500, 1a tir ma LDPC da dugc didu bién, loai bo
tin hiéu dugc xuét ra tir bd ma hod BICM 500 ra khéi tin hiéu duge cung cép tr bd nhd
dém 1040, tirc 13 tin hidu ma hoé chdng chap, va xuét ra phin tin hiéu con lai dé cung cAp
cho b6 didu khién hé sé khuéch dai & tAng co ban 1060.

B6 didu khién hé sb khuéch dai & tAng co ban 1060, ¢6 cdu hinh twong tmg véi ciu
hinh ciia bo didu khién hé sé khuéch dai & tAng co ban 130 trong thiét bi truyén tin hidu
100, diéu khién hé sb khuéch dai cua tin hidu dugc xudt ra tir bd phan loai bo tin hiéu
1050 va xuét ra phén tin hiéu con lai d cung cdp cho bd giai ma BICM thtt hai 400.

B giai ma BICM thtr hai 400 c6 thé xi 1y tin hidu dugc xuat ra tir bd diéu khién hé
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s6 khuéch dai & tng co ban 1060, tic 13 tin hiéu ma hoa chdng chdp duge didu khién hé
sé khuéch dai bang b didu khién hé sb khuéch dai & tAng co ban 1060 sau khi loai bo ra
khéi d6 tin hiéu (tic 12 tir md LDPC da dugc diéu bién) duge xuét ra tir bd ma hod BICM
500, va tao ra tin hiéu thu hai. Tin hidu thi hai c¢6 thé 1 tin hiéu twong tng véi tAng co
ban.

Nhim muc dich ndy, bd giai ma BICM thi hai 400 c6 thé bao gdm bd khir 4nh xa
tht hai 410, bd khir dan xen th hai 420, b6 giai ma& LDPC th( hai 430 va by gidi ma
CRC thtt hai 450.

B khtt 4nh xa thit hai 410 giai didu bién cho tin hiéu duoc xuit ra tir bo diéu khién

hé s khuéch dai & tAng co ban 1060.

Cu th8, bd khir 4nh xa thtr hai 410 giai diéu bién cho tin hiéu (ttc 12 tin hiéu ma hoa
chéng chap duogc didu khién hé s6 khuéch dai béng b6 diéu khién hé sb khuéch dai & tAng
co ban 1060 sau khi loai bé ra khoi d6 tin hiéu duoc xuét ra tir bd ma hoa BICM 500) ¢

tao ra gi4 tri LLR, va xuét ra gia tri LLR dé cung c4p cho bd khir dan xen thit hai 420.

Trong vi du nay, bd khir &nh xa thr hai 410 c6 thé giai diéu bién cho tin hidu ma
hoé chdng chap dugc didu khién hé sb khuéch dai bing bo diéu khién hé sé khuéch dai &
tAng co ban 1060 sau khi loai b ra khoi d6 tin hi¢u dugc xuét ra tir by ma hod BICM 500,
dua vao phuong phap diéu bién di duge 4p dung trén tin hiéu twong ing véi tdng co ban.
Vi du, khi tin hiéu tuong Ung véi tng co ban duge diéu bién & thiét bi truyén tin hidu
100 bing phuong phép didu bién 64-QAM, thi bd khir 4nh xa thir hai 410 ¢6 thé gidi didu
bién cho tin hiéu nay bing phuong phap didu bién 64-QAM.

Gi4 tri LLR c6 thé duge biéu difn du6i dang gia tri loga ciia ty sé gitra xéc sudt dé
cho bit duge truyén tir thiét bi truyén tin hiéu 100 bing 0 va xac sut d& cho bit d6 bang 1.
Theo cach khac, gia tri LLR c6 thé 13 gié tri tiéu biéu dugc x4c dinh theo phin c6 x4c
sut ma bit truyén tir thiét bi truyén tin hiéu 100 cb gié trj bing 0 hay 1.

B0 khir dan xen thitr hai 420 khir dan xen cho tin hiéu d4u ra tir bd khir anh xa thir
hai 410.

Cu thé, bd khir dan xen thir hai 420, c6 cu hinh tuong ung véi cAu hinh cta bd dan

xen thi hai 122 trong thiét bi truyén tin hiéu 100, c6 thé dao nguoc thao tac dan xen da
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duogc thuc hién ¢ b dan xen tht hai 122, khir dan xen cho gié tri LLR va xudt ra két qua

khir dan xen dé cung cdp cho bd gidi ma LDPC th hai 430.

B gidi ma LDPC th& hai 430 gidi ma LDPC cho tin hi¢u dAu ra tir bd khir dan xen.
thir hai 420.

Cu thé, b gidi ma LDPC thi hai 430, c6 cu hinh tuong tmg véi cdu hinh cia bd
ma hoa LDPC (khéng duoc thé hién trén hinh v&) trong b ma hod BICM thit hai 120 ctia
thiét bi truyén tin hiéu 100, c6 thé khoi phuc tir thong tin LDPC va bit chin 1é LDPC
béang céch thuc hién thao téc giai md LDPC trén gia tri LLR di dugc khir dan xen.

Trong vi du ndy, bd gidi ma LDPC thtt hai 430 c6 thé thuc hién thao tic gidi ma
LDPC bang cach sir dung cac phuong phap khic nhau. Vi dy, bo gidi ma LDPC thi hai
430 c6 thé thyuc hién thao tac giai ma LDPC theo phuong phap giai ma lip dwa vao thuat
toan tong-tich, va x4c dinh céc bit bang phuong phap quyét dinh cting va khoi phuc cac
bit thong tin LDPC.

Trong d6, bd giai ma LDPC tht hai 430 cé thé thuc hién thao tic gidi mad LDPC
dua vao ma trin kiém tra chin 1& d3 dugc st dung khi m3 hod LDPC & bd ma ho4 thir hai

121.

Vi dy, néu ma tran kiém tra chdn 1& c6 ciu triic nhu dugc thé hién trén Fig.5 da
duogc st dung khi ma hoa LDPC, thi by gidi ma LDPC thtr hai 430 cé thé khoi phuc tir
thong tin LDPC va bit chin 16 LDPC bang cach thyc hién thao tac gidi md LDPC dua vao
ma trin kiém tra chin 1& ¢6 cAu tric nhu duge thé hién trén Fig.5. C6 nghia 13, bo giai ma
LDPC thir hai 430 c6 thé khoi phuc tir théng tin LDPC tuong tmg v6i ma trén con tir
thong tin 11 va bit chin 1¢ LDPC tuong tmg véi ma tran con chin 1é 12 ¢6 céu tric ma

trén hai duong chéo.

Ngoai ra, néu ma tran kiém tra chdn 1é ¢6 cAu trac nhu dugc thé hién trén Fig.6 da
duoc st dung khi ma hoa LDPC, thi bo giai ma LDPC thir hai 430 c6 thé khoi phuc tir
thong tin LDPC va bit chén 1¢ LDPC bang cach thuc hién thao tac giai ma LDPC dya vio
ma tran kiém tra chn 1& c6 cAu truc ‘nhu dugc thé hién trén Fig.6. C6 nghia 13, b gidi ma
LDPC thtt hai 430 c6 thé khéi phuc tir thong tin LDPC twong tmg v6i ma trin con tir

thong tin (ttrc 13, ma trdn con A cla tir théng tin thi nhét va ma tran con C cia tir thong
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tin thit hai), c4c bit chin 16 LDPC thir nhét twong tng v6i ma tran con chin 16 thi nhit B
c6 cAu tric ma tran hai dudng chéo, va cac bit chin 1é LDPC th hai twong tng véi ma

tran con chin 1¢ thir hai D ¢6 c4u tric ma tran don vi.

Trong d6, théng tin v& ma trin kiém tra chin 1é da duoc sir dung khi mi hoa LDPC
c¢6 thé dugc Iuu trit tir trude & thiét bi thu tin hiéu 1000 hoic duoc cung cép tir thiét bi

truyén tin higu 100.

B0 giai ma LDPC thir hai 430 xuét ra tir théng tin LDPC duoc khéi phuc bing cach
giai ma LDPC dé cung cép cho bd giai ma CRC thi hai 450.

B6 giai ma CRC tht hai 450 giadi ma CRC cho tin hi¢u dau ra, tc 13, tir thong tin
LDPC, tir b¢ gidi ma LDPC thir hai 430 va tao ra tin hi¢u tht hai. B§ gidi mad CRC tht
hai 450 ¢6 cAu hinh tuong tmg véi ciu hinh ctia bd ma hod CRC (khong dugc thé hién
trén hinh v&) trong b ma hoa BICM thir hai 120 ctia thiét bi truyén tin higu 100.

Cu thé, vi tir théng tin LDPC dugc xuét ra tir bd giai ma LDPC thi hai 430 gdm c6
tir thong tin CRC va bit chén 16 CRC, cho nén bd gidi ma CRC thir hai 450 c6 thé giai ma
CRC cho tir théng tin CRC va bit chin 1¢ CRC dugc xuét ra tir bd giai ma LDPC thit hai
430.

Tt thong tin CRC 13 céac bit tao nén dong tin hi€u, tic 13, cac bit du dinh s€ dugc
truyén bing thiét bi truyén tin hiéu 100, va c4c bit nay c6 thé tao nén tin hiéu twong tmg
voi téng co ban. Vi dy, bd gidi mad CRC thu hai 450 cé thé xuét ra cac bit tao nén dong

tin hiéu B trén Fig.1.

Fig.31 13 Ivu db ding dé& mé ta phuong phap xir Iy tin hiéu dya vao cac hinh vé&
Fig.1, tir Fig.5 dén Fig.8B, Fig.30A va Fig.30B theo phuong 4n 1am vi du thyuc hién séng

I'4
A

ché.

Trude hét, & bude S3110, tin hidu ma hoa chdng chap dwgc xir Iy & bo giai ma
BICM thir nhit 200, va tin hiéu thi nhit duge tao ra.

O bude S3120, bit chin 1é duoc tao ra, dwa vao két qua giai ma & bd giai md BICM -
tht nhét.

O bude S3130, tin hiéu, duge tao ra bing cach loai bé tin hidu twong tmg vdi tin

hiéu tht nhét duoc xuit ra tir bo gidi md BICM va bit chén 1é ra khéi tin hiéu ma hoa

-94-



32390

chdng chap, dugc xir 1y & bd giai ma BICM thtt hai 400, va tin hiéu thit hai dugc tao ra.

Trong vi du ndy, thao tic & bude S3110 c6 thé giai didu bién cho tin hiéu ma hod
chdng chép bing céch sir dung bd khir 4nh xa thir nht 210, khir dan xen cho tin hiéu déu
ra tir bo khir 4nh xa thr nhat 210 bing cach sir dung bd khir dan xen thi nhét 220, gidi ma
LDPC cho tin hidu dAu ra tir bd khir dan xen thir nhat 220 bing cach sir dung b giai ma
LDPC thir nhét 230, va gidi ma BCH cho tin hidu du ra tir bd giai ma LDPC thit nhit
230 biing céch stt dung b gidi ma BCH thtt nhét 240,

Cu thé, thao tac gidi md LDPC c6 thé khéi phuc bit chin 16 LDPC tuong tGng vdi
ma tran con chén 1& ¢4 ciu tric ma tran hai dudng chéo tao nén ma trin kiém tra chén 1&

da dugc str dung trong khi ma hoda LDPC & thiét bi truyén tin hiéu 100.

Trong vi du néu trén, khi c¢6 13i trong it nhét mot trong s6 tir thong tin LDPC va bit
chéin 16 LDPC dugc khéi phuc bang cach giai ma LDPC, thi thao tic & bude S3120 c6 thé
x4c dinh xem c6 131 trong tir théng tin LDPC dugc khdi phuc bang cich giadi ma LDPC
hay khéng, dua vao két qua giai ma BCH.

Ngoai ra, khi khong c6 16i trong tir thong tin LDPC duge khoi phuc bing cach giai
mi LDPC, thi thao tic & budc S3120 c6 thé tao ra bit chin 1é LDPC tuong mg véi tir
thong tin LDPC dugc khdi phuc bing cch giai ma LDPC dya vao cac biéu thirc IPPC.

Ngoai ra, khi c6 16i trong tir thong tin LDPC duge khdi phuc bang cach giai ma
LDPC, thi thao tac & budc $3120 c6 thé x4c dinh vi tri clia bit tao ra 15i trong tir thong tin
LDPC duoc khoi phuc bang cach gidi md LDPC dua vao két qua giai ma BCH, hiéu
chinh 13i bing cach 14t gia tri cua bidu thirc IPPC twong tmg véi bit tao ra 181, va c6 thé
tao ra bit chin 1¢ LDPC tuong tmg v&i tir thong tin LDPC d4 hiéu chinh 16i dya vao gia
tri da 14t cua bidu thirc IPPC..

Trong d6, thao tac gidi ma c6 thé khoi phuc céc bit chin 1é LDPC thi nhét tuong
ing v4i ma trén con chén 1¢ tht nhit B ¢6 cAu tric ma trin hai dudng chéo, va cac bit
chn 1¢ LDPC thi hai tuong g véi ma tran con chén 1 thtt hai D ¢6 chu tric ma tran
don vi.

Trong vi du néu trén, khi khéng c6 13i trong tir thong tin LDPC va bit chén 1é LDPC
thtr nhét dugc khoi phuc bing cach giai mad LDPC, thi thao tac & bude $3120 c6 thé tao
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ra bit chin 1¢ LDPC thi hai tuong tmg véi tir thong tin LDPC va bit chin 1é LDPC thir
nhét dugc khoi phuc bing cach giai ma LDPC, dua vao cac biéu thirc IPPC.

Ngoai ra, khi c6 18i trong it nhit mot trong sb tir thong tin LDPC v bit chén 18
LDPC thir nhat dugc khoi phuc bing cach gidi ma LDPC, thi thao tic & budc S3120 ¢
thd x4c dinh xem c6 18i trong tir théng tin LDPC duoc khdi phuc bang cach gidi mi

LDPC hay khong, dya vao két qua giai ma BCH.

Khi c6 18i trong tir thong tin LDPC duoc khoi phuc bang cach giai ma LDPC, thi
thao tac & budc $3120 c6 thé x4c dinh vi tri cua bit tao ra 13i trong tr thong tin LDPC
duoc khoi phuc bing cach giai md LDPC dya vao két qua giai ma BCH, hi¢u chinh 16i
béng cach 14t gié tri thu dugc cia biéu thire IPPC thi nhat tuong Umg vé1i bit tao ra 161, va
tao ra bit chin 16 LDPC tht nhit trong tmg véi tir thong tin LDPC da hidu chinh 16i dua
vao gid tri da 14t cia biéu thirc IPPC thit nhét.

Thao tac & budc S3120 c6 thé so sanh bit chin 16 LDPC tht nhét dugc tao ra dua
vao gid tri d& 14t cua bidu thie IPPC thir nhét vé6i bit chin 1é LDPC thr nhéat duge khoi
phuc bang céch giai ma LDPC, va xéc dinh vi trf cia bit tao ra 18i trong bit chén 1¢ LDPC
thir nhét duoc khoi phuc bing cach giai ma LDPC, c6 thé hidu chinh 15i bing cach 14t gia
tri cta biéu thirc IPPC thi hai tuong Gmg véi bit tao ra 18i, va c6 thé tao ra bit chin 1é
LDPC thir hai tuong tmg v6i tir théng tin LDPC d3 hiéu chinh 15i va bit chin 16 LDPC
thtr nhét, dua vao gia tri da 14t clia biéu thic IPPC tht hai.

Trong d6, thao tic & budc S3120 c6 thé tao ra bit chdn 1é LDPC cho tir thong tin
LDPC dugc xuit ra tir bd giai ma BICM tht nhat 200, va phuong phép xi ly tin hiéu
theo phwong 4n 1am vi du thuc hién sang ché c6 thé dan xen tir ma LDPC gdm cb tir
thong tin LDPC va bit chin 1¢ LDPC bing cich st dung b ma hoa BICM 500, va didu

bién tr m& LDPC d4 dugc dan xen.

Trong vi du néu trén, thao tic & budc $3130 c6 thé 14 giai didu bién cho tin hiéu, tic

13 tin hiéu m4 hoa ché‘ing chép sau khi loai bo ra khdi d6 tin hié¢u dugc xuét ra tir b ma

hoa BICM 500, béng cach st dung bd khir anh xa thit hai 410, khir dan xen cho tin hiéu

dAu ra tir bd khir 4nh xa thi hai 410, bing cach st dung bo khir dan xen thir hai 420, giai

" mé LDPC cho tin hiéu diu ra tir bo khir dan xen thir hai 420, bing cach st dung bé giai

ma LDPC th hai 430, va tao ra tin hiéu thir hai bang céch giai ma BCH cho tin hig¢u dau
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ra tir bd giai ma LDPC th{r hai, bing cach str dung bo giai ma BCH thu hai 440.

Theo céch khac, thao tac & bude S3110 c6 thé 1a giai didu bién cho tin hiéu mi hoa
chdng chép bing bo khir 4nh xa thir nhét 210, khir dan xen cho tin higu du ra tir bd khir
4nh xa thit nhit 210 bing b khir dan xen thtt nhit 220, giai ma LDPC cho tin hiéu diu ra
tir bo khtr dan xen thi nht 220 bing bd giai ma LDPC thi nhat 230, vi tao ra tin hiéu
thir nhét bing giai ma CRC cho tin hidu d4u ra tir bo gidi ma LDPC thi nhit bang b gii
ma CRC thir nhét 240.

Trong vi du néu trén, thao tac gidi md LDPC c¢o thé khoi phuc bit chin 1¢ LDPC
tuong Gng véi ma tran con chin 1& ¢6 cAu tric ma tran hai dudng chéo tao nén ma trin

kiém tra chn 1& da dugc st dung trong khi ma hod LDPC & thiét bj truyén tin hi¢u 100.

Ngoai ra, khi ¢6 13i trong it nhit mot trong s6 tir théng tin LDPC va bit chén 1é
LDPC dugc khoi phuc bing cach giai ma LDPC, nhung khong c6 16i trong tir thong tin
LDPC dya vao két qua giai ma CRC, thi thao tac tao ra bit chin 1é c6 thé tao ra bit chdn
1é LDPC cho tir thong tin LDPC dya vao céc biéu thirc IPPC.

Trong dé, thao tic giai ma LDPC c6 thé khoi phuc c4c bit chin 16 LDPC thit nhét
twong g v6i ma tran con chin 1é thir nhét B ¢6 cdu triic ma tran hai dudng chéo, va cac
bit chdn 16 LDPC thit hai twong tmg véi ma trdn con chén 18 thit hai D ¢6 chu tric ma trin

don vi.

Trong vi du néu trén, khi c6 18i trong it nhdt mot trong s tir thong tin LDPC va bit
chin 16 LDPC thir nhat dugc khéi phuc bing cach giai ma LDPC, nhung khong c6 16i
trong tir théng tin LDPC dua vio két qua giai ma CRC, thi thao téc tao ra bit chén 18 ¢6
thé tao ra bit chin 16 LDPC cho tir théng tin LDPC duya vao cac biéu thirc IPPC.

Trong d6, thao tic tao ra bit chin 1¢ & bude S3120 c6 thé tao ra bit chén 1¢ LDPC
cho tir thong tin LDPC dugc xuét ra tlr b gidi ma BICM thir nhit 200. Ngoai ra, phuong
phép xtt 1y tin hiéu theo phuong 4n lam vi dy thyc hi€n sang ché c6 thé bao gdm cac
budc dan xen tir ma LDPC gdm c6 tir thong tin LDPC va bit chin 1¢ LDPC, va didu bién
t ma3 LDPC da duoc dan xen & bd ma hoa BICM 500.

Trong vi du néu trén, thao tac & budc S3130 c6 thé 13 giai diéu bién cho tin hidu, tic

12 tin hiéu ma ho4 chong chép sau khi loai bd ra khoi d6 tin hi¢u duge xuat ra tir bd ma
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hod BICM 500, bang bo khir 4nh xa thi hai 410, khir dan xen cho tin hiu dau ra tir bo
khir 4nh xa thit hai bing b khir dan xen thtt hai 420, giai ma LDPC cho tin hiéu du ra tir
bd khir dan xen thi hai bing bd giai ma LDPC thi hai 430, va tao ra tin hidu th hai bang
cach giai m3 CRC cho tin hiéu dau ra tir bd giai ma LDPC thi hai 430 bing bo giai ma
CRC 450.

Céc thao tac hodc cac budce thuc hién trong mdi phuong phép hodc thuit todn néu
trén ¢6 thé dugc thuc hién duéi dang mi doc duoc bing may tinh duoc luu trit trén vat
ghi doc duge bang may tinh, hodc duge truyén qua méi trudng truyén din. VAt ghi doc
dugc bing may tinh 13 thiét bi luu trit dit liéu bat ky c6 thé luu trit dit liéu theo cach sao
cho sau d6 hé théng may tinh c6 thé doc duoc dir liéu nay. Vi du vé vét ghi doc duoc
bang mAy tinh 13 bd nhé chi doc (Read-Only Memory, ROM), bd nhé truy nhép ngiu
nhién (Random-Access Memory, RAM), dia compac-bd nhé chi doc (Compact Disc -
Read Only Memory, CD-ROM), dia da ning k¥ thuat s6 (Digital Versatile Disc, DVD),
bang tlr, dia mém, va thiét bj luu trit dir liéu quang hoc, nhung vit ghi doc duoc bing
may tinh khéng chi giéi han & céc loai néu trén. Méi truong truyén dén c6 thé 1 séng
mang truyén qua mang internet hogic nhidu loai kénh truyén thong khac nhau. V4t ghi doc
dugc bang may tinh ciing c¢6 thé dugc phan phdi qua cac hé théng may tinh dugc két ndi
vGi mang sao cho mé doc dugc b:?mg may tinh s& dugc luu trit va thuc hién & ché do phéan

tan.

It nh4t mot trong s6 cac bd phén, phan tir, mddun hodc don vi duge biéu thi & dang
khéi nhu duoc thé hién trén cac hinh v& Fig.1, Fig.7, Fig.8A, Fig.8B, Fig.30A va Fig.30B
c6 thé duoc thuc hién dudi dang nhidu ciu tric phan cimg, phdn mém va/hodc phin sun
khéc nhau dé thyc hién cac chirc ning twong Gmg néu trén, theo phuong an lam vi du thuc
hién sang ché. Vi du, it nhat mot trong s6 cac bd phén, phén tr hodic don vi c6 thé st
dung cAu trac mach truc tiép, nhu bd nhd, bo xr 1y, mach logic, bang tra ctru, v.v., dé co
thé thyc hién céc chitc ning tuong tng theo sy diéu khién cua mot hodc nhiéu bo vi xir ly
hodc céc thiét bi diu khién khac. Ngoai ra, it nhit mot trong s6 cac bd phan, phan tir
hodc don vi ¢6 thé duge biéu thi & dang cu thé béng modun, chuong trinh, hoac doan ma,
chira mot hodc nhiéu 1énh thi hanh dugc dé thuc hién céc chirc nang logic cu thé, va duoc

thi hanh b'flng mot hodc nhiéu bo vi xir ly hodc cac thiét bi diéu khién khac. Hon nita, it
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nhéit mot trong sb cac bo phén, phf?m tr hodc don vi c6 thé con c6 bo xir Iy nhu bd xur ly
trung tdm (Central Processing Unit, CPU) dé thuc hién céc chirc ning tuong ung, bd vi
xt Iy, hodc cac bd xtt Iy khéc. Hai hodc nhiéu hon hai b phén trong s6 cac bd phan, phan
ttr hodc don vi néu trén c6 thé duoc két hop lai thanh mot bo phan, phan tir hodc don vi
dé thyc hién tt ca céc thao tac hodc chirc ning cia hai hosc nhiéu hon hai bd phén, phﬁn
ttr hogc don vi duoc két hop. Ngoai ra, it nhat mot phin cua cic chirc ning cia it nhat
mot trong sb cac bod phan, phén t& hodc don vi co thé dugc thuc hién béng cac bd phan,
phin tir hodc don vi khac. Ngoai ra, mic di trong céc so dd khdi néu trén khong thé hién
bus, nhung sy truyén théng gitta cac bd phan, ph?ln tr hodc don vi ¢6 thé dugc thuc hién
thong qua bus. Céc khia canh lién quan dén chirc ning khéc trong cdc phuong 4n lam vi
du thuc hién sang ché néu trén c6 thé duoc thuc hién dudi dang céc thuit toan dé thuc
hién trong mot hodc nhiéu bo xur ly. Hon nita, cac by phén, phﬁn tir hodc don vi dugce
bidu thi & dang khéi hodc cac budce xir 1y ¢6 thé 4p dung cac k¥ thuat bat ky trong linh
vuce lién quan dé tao c4u hinh cho thiét bi dién tir, xtr Iy va/hoic didu khién tin hiéu, x 1y
dix liéu va cac chirc nang khac.

Céc phuong 4n 1am vi du thyc hién sang ché va cic uu diém ciia sing ché da néu &
trén chi duge coi 14 dé 1am vi du minh hoa cho sang ché va khong dugrc coi la dé gi6i han
pham vi ctia sang ché. Giai phép theo sang ché c6 thé dugc 4p dung dé dang cho cac loai
thiét bi khac. Vi du, mic du trong cac phuong an lam vi du thyc hién sang ché néu trén,
giai phéap theo sang ché duge mo ta dudi dang 12 dugce 4p dung cho mot bo gidi ma cu thé
nhu bd giai md BICM c6 bd gidi ma LDPC, b¢ giai ma BCH va bd giai md CRC, nhung
giai phap theo sang ché ciing c6 thé duoc 4p dung cho céc loai bd gidi ma khac, mién 13
cac bd giai ma d6 thuc hién cac chirc nang trong tu nhu bd gidi ma BICM da dugc mo ta
& trén. Ngoai ra, giai phép theo sang ché ciing c6 thé dugc 4p dung dé tao ra tin hicu &
tAng thdp hon khéc véi tin hidu & tAng co ban da dugc mé ta & trén, dua vao két qua giai
mi tin hiéu & tAng cao hon. Ngoai ra, phin mé ta vé cac phuong 4n 1am vi du thuc hién
sang ché chi duge coi 14 d 1am vi du minh hoa cho sang ché, va khong duge coi 1a dé

giéi han pham vi yéu cau bao hd cia sang che.
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YEU CAU BAO HQ

1. Thiét bi thu tin hidu c6 it nhit mot bd xir Iy duoc tao ciu hinh dé diéu khién hoic thyuc
hién:

bd giai ma diéu bién ma hod dan xen bit (Bit-Interleaved Coded Modulation, BICM)
thir nhit duoc tao cdu hinh d& giai ma tin hiéu dau vao thi nhit dugc tao ra & thiét bi
truyén tin hiéu bang cach chdng chép tin hiéu & tAng cao hon tuong tng véi tAng cao hon
va tin hiéu & tng thip hon tuong tmg véi tng thip hon dé tao ra tin hiéu du ra thir nhit
tuong tng vé6i tAng cao hon;

bd tao bit chin & duge tao ciu hinh dé tao ra mot hodc nhiéu bit chin 1é dua vao két
qua giai ma tin hidu dau vao thir nhat; va

bd giai ma BICM thtt hai dugc tao cAu hinh dé giai ma tin hiéu diu vao ther hai
dugc tao ra dua vao tin hiéu dau vao tht nht va mot hodc nhiéu bit chin 1¢ d8 tao ra tin
hidu dAu ra thi hai tvong tmg véi ting thap hon,

trong d6 by giai ma BICM th nhit bao gém bd giai ma kiém tra chin 1é mat do
thip (Low Density Parity Check, LDPC) duoc tao cdu hinh dé giai ma tin hiéu du vao
thir nhat dé tao ra c4c bit thong tin dyua trén ma LDPC, va '

trong d6, néu khéng c6 16i trong céc bit thong tin, thi mot hodc nhiéu bit chén 1&
dugc tao ra dua vio cac gid tri clia cac bidu thic kiém tra chin 18 phﬁn thong tin
(Information Part Parity Check, IPPC) thu dugc dua trén ma tran kiém tra chin 1é cia ma
LDPC va néu c6 13i trong céc bit théng tin, thi mot hodic nhiéu bit chin 1& duge tao ra dya
vio céc gia tri thu dugc bang cach 14t céc gid tri cia mot hodc nhiéu bidu thire IPPC lién

quan dén 13i trong s6 cac biéu thic IPPC.
2. Thiét bj thu tin hiéu theo diém 1, trong d6 bd giai ma (LDPC) dugce tao cAu hinh dé
giai ma tin hiéu d4u vao thtr nhat dé tao ra céc bit thong tin va cac bit chin 1¢; va

trong d6 bd giai ma BICM thir nhét con bao gdm:

bd giai ma Bose, Chaudhri, Hocquenghem (BCH) duoc tao ciu hinh dé giai ma cac

bit thong tin dé tao ra tin hiéu dau ra tht nhét,
trong d6 bd tao bit chin 1& dugc tao cAu hinh dé tao ra mét hodc nhiu bit chin 1&
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dua vao két qua cia it nhat mot thao tac giai m trong sd thao tac giai ma LDPC va thao

tac gidi ma BCH.

3. Thiét bi thu tin hiéu theo diém 1, trong d6 mdt hodc nhiéu bit chin 1é tuong Ung véi
ma tran con chén 16 véi cdu tric ¢6 ma tran hai dudng chéo 14 mot phﬁn clia ma trin kiém
tra chn 1& dugc st dung d8 ma hoa dé tao ra tin hidu ddu vao thir nhit & thiét bi truyén

tin hiéu.

4. Thiét bi thu tin hiéu theo diém 2, trong d6 bd tao bit chin 1& dugc tao cau hinh ¢ x4c
dinh xem c6 131 trong it nhat mot trong s6 cac bit thong tin va c4c bit chin 1é hay khong,

by

va

trong d6, d4p lai truong hop xéc dinh ring c6 15i trong it nhit mét trong s céc bit
thong tin va céc bit chin 1&, b6 tao bit chin 1é dugc tao ciu hinh ¢ x4c dinh xem c6 16i

trong cac bit thong tin hay khong, dua vao két qua giai ma BCH.

5. Thiét bj thu tin hiéu theo diém 1, trong d6 bd giai ma LDPC dugc tao cu hinh dé giai
ma tin hiéu dAu vao thit nhat d8 tao ra céc bit thong tin, cac bit chin 1¢ thir nhit twong
ung v4i ma trén con ch8n 1& thi nhét vé&i clu tric ¢ ma tran hai duong chéo, va céc bit
chin 1¢ tht hai tuong Umg v6i ma trén con ch8n 16 thi hai v6i cAu tric ¢6 ma tran don vi;

by

va

bd giai ma Bose, Chaudhri, Hocquenghem (BCH) dugc tao céu hinh dé giai ma céc

bit thdng tin dya trén ma BCH dé tao ra tin hiéu ddu ra tht nhit,

trong d6 ma tran con chin 1¢ thit nhat va ma trin con chin 1& th hai 1an lugt 13 céac
phan ctia ma tran ki€ém tra chén 1é tht nhit va ma tran kiém tra chin 1é tht hai tao nén ma
tran kiém tra chin 1¢ dugc st dung dé ma hod dé tao ra tin hiéu dau vao thir nhat & thict

bi truyén tin hiéu.

6. Thiét bi thu tin hiéu theo diém 5, trong d6 bd tao bit chin 1& dugc tao ciu hinh dé x4c

_dinh xem ¢6 13i trong it nhit mét trong sb cac bit théng tin va céc bit chin 1 thi nhét hay
khong, va

trong d6 dap lai trudng hop x4c dinh riang khong c6 16i trong it nhét mét trong sd

cac bit théng tin va céc bit chan 18 thir nhét, bd tao bit chin 1é dugc tao chu hinh dé tao ra
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cac bit chén 1é thit hai twong tmg véi cc bit thong tin va cac bit chin 18 thir nhét, dua vao
céc bidu thirc kiém tra chin 1¢ phan théng tin (IPPC) 1a mot phén ctia biéu thirc kiém tra

chén 1¢ lién quan dén ma tran kiém tra chin 1é thit hai.

7. Thiét b thu tin hidu theo diém 6, trong d6, dép lai trudng hop x4c dinh ring khéng co
18i trong it nhat mot trong sb cac bit thong tin va cac bit chin 1é thir nhat, b tao bit chin
1& cdn duogce tao cdu hinh dé tao ra cac bit chin 16 LDPC th nhit méi tuong ung va4i cac
bit thong tin, dua vao céc biéu thirc IPPC 13 mét phan cia biéu thirc kiém tra chin 1¢ lién

quan dén ma tran kiém tra chiin 1& thi nhét.

8. Thiét bi thu tin hiéu theo diém 6, trong d6, dap lai truong hop xéc dinh réng c6 16i
trong it nhit mét trong s cac bit thong tin va cdc bit chin 1é thir nhét dugc khdi phuc, bd
tao bit chin 1& dugc tao ciu hinh dé x4c dinh xem c6 16 trong céc bit thdng tin hay khong,

dua vao két qua giai ma BCH.

9. Thiét bj thu tin hiéu theo diém 8, trong d6, d4p lai trudng hop xé4c dinh ring c6 15i
trong cac bit théng tin, bd tao bit chin 1& duoc tao cAu hinh dé& x4c dinh vi tri cua bit c6
15i trong s6 cac bit théng tin dua vao két qua giéi ma BCH, hiéu chinh 15i bing cach 14t
gia tri ctia biéu thirc kiém tra chin 1é phan thong tin (IPPC) th& nhat twong tmg véi bit ¢6
18i, va tao ra bit chin 1 thi nhat méi tuong tmg vdi cac bit thong tin d& hiéu chinh 13i

dua vao gi tri d 14t ctia biéu thire IPPC thir nhét, va

trong d6 biéu thirc IPPC thir nhit 13 mot phan ctia biéu thic kiém tra chén 1 lién

quan dén ma trén kiém tra chén 1é thi nhét.

10. Thiét bi thu tin hiéu theo diém 9, trong d6 bo tao bit chin 1é duogc tao ciu hinh dé so
sanh cac bit chin 1é thi nhit méi véi cac bit chin 1& thir nhét, x4c dinh xem c6 15i trong
céc bit chin 1é thir nhét hay khong dua vao két qua so sanh, x4c dinh vi tri cta bit c6 16i
trong sb céc bit chin 1& tht nhét, hidu chinh 16i bing cach 14t gié tri cia biéu thirc IPPC
thir hai twong tmg véi bit c¢6 161 trong cac bit chin 1é thir nhit, va tao ra cac bit chén 1& thi
hai méi tuong tmg véi céc bit thong tin da hidu chinh 1531 va cac bit chin 1& thir nhat, dua

vao gi4 tri d4 14t coa bidu thire IPPC thi hai.
11. Thiét bi thu tin hiéu theo diém 1, trong d6 thiét bi nay con bao gém b mi hoa BICM
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dugc tao cAu hinh d& ma hod cac bit thong tin va mot hodc nhidu bit chin 1é, ¢ tao ra tin

hiéu dugc dung dé tao ra tin hi¢u dau vao tht hai.

12. Thiét bi thu tin hiéu theo didm 11, trong d6 thiét bi nay con bao gdm bd phan loai bd
tin hiéu dugc tao cAu hinh d& loai bo tin hiéu duogc tao ra bang by ma hod BICM ra khéi

tin hiéu dau vao thi nhat @€ xuat ra tin hiéu dau vao thu hai.

13. Thiét bi thu tin hiéu theo diém 11, trong d6 bd giai ma LDPC dugc tao ciu hinh dé

giai ma tin hiéu dAu vao thir nhét & tao ra céc bit thong tin va cac bit chin 1¢; va
trong d6 bd giai ma BICM thi nhét bao gdm:

b6 gidi ma kiém du vong (Cyclic Redundancy Check, CRC) dugc tao cu hinh dé

gi4i ma c4c bit théng tin dyra vao ma CRC dé tao ra tin hi¢u dAu ra thir nhét,

trong d6 bd tao bit chin 1¢ duoc tao cAu hinh dé tao ra mot hodc nhiéu bit chin 1&
dua vao két qua cua it nhat mot thao tic giai ma trong s6 thao tac giai ma LDPC va thao

tac gidi ma CRC.

14. Thiét bi thu tin hiéu theo diém 1, trong d6 bd gidi ma LDPC dugc tao cAu hinh dé gidi

ma tin hiéu dau vao thit nhat dé tao ra cac bit thong tin va céc bit chan 1¢; va

b6 giai ma kiém du vong (CRC) dugce tao cu hinh @ giai mi céc bit thong tin dua

vao ma CRC dé tao ra tin hiéu dau ra thi nhét,

trong do6 bd tao bit chén 1& dugc tao ciu hinh d& xac dinh xem c6 13i trong it nhét
mot trong s6 cac bit thong tin va bit chin 1é LDPC dugc khoi phuc bing cich giai ma

LDPC hay khong, va

trong d6, dap lai trudong hop xéc dinh ring c6 18i trong it nhit mét trong s céc bit
thong tin va cac bit chin 18, dua vao két qua giai ma CRC, bd tao bit chin 1é dugc tao ciu
hinh d tao ra mot hodc nhiéu bit chin 18, dua vao céc biéu thirc kiém tra chin 1é phan
thong tin (IPPC) 12 mot phan ctia bidu thtc kiém tra chén 1¢ lién quan dén ma tran kiém
tra chin 1é dugc sit dung d& mé hod & thiét bi truyén tin hiéu d8 tao ra tin hiéu dau vao

thi nhét.
15. Thiét bi thu tin hiéu theo diém 1, trong d6 bd giai ma LDPC duoc tao cdu hinh dé giai
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ma tin hiéu ddu vao thir nhit dé tao ra cac bit thong tin, cac bit chin 1é thit nhat tuong
Ung v6i ma tran con chén 18 thr nhat vé&i cau tric c6 ma tran hai dudng chéo, va cac bit
chén 16 thtr hai twong tmg véi ma tran con chin 1 thit hai véi cau triic ¢6 ma tran don vi;

va
trong d6 bo giai ma BICM thir nhét bao gdm:

b giai ma kiém du vong (CRC) duoc tao cdu hinh dé giai ma céc bit thong tin dya

vao ma CRC dé tao ra tin hiéu dau ra thi nhét,

trong d6 ma tran con chin 1é thi nhit va ma trin con chin 1& thit hai 1an luot 13 céc
phan ctia ma trén kiém tra ch&n 1¢ tht nhAt va ma tran kiém tra chin 1¢ thit hai tao nén ma
tran kiém tra chin 1& dugc st dung dé ma hoa & thiét bi truyén tin hiéu dé tao ra tin hiéu

dAu vao thir nhét.

16. Thiét bi thu tin hiéu theo diém 15, trong d6 bod tao bit chin 1¢ duoc tao cau hinh dé
xé4c dinh xem c6 181 trong it nht mot trong s c4c bit thong tin va cAc bit chin 1¢ thir nhat

hay khong, va

trong d6, dap lai trudng hop xéc dinh ring c6 151 trong it nhit mot trong s6 cac bit
thong tin va cac bit chin 1é thir nhét, dua vao két qua giai ma CRC, bd tao bit chin 1é
duge tao cAu hinh dé tao ra céc bit chin 1é thir nhat méi twong vmg véi cac bit thong tin
dua vao céc biéu thirc kiém tra chén 1& phan théng tin (IPPC) thtr nhét 13 mot phé”m cua

biéu thirc kiém tra chin 1¢ lién quan dén ma tran kiém tra chén 18 thit nhat.

17. Thiét bi thu tin hiéu theo diém 16, trong d6, sau khi tao ra céc bit chin 1& thir nhit
m&i, bd tao bit chin 1¢ dugc tao cdu hinh dé tao ra céc bit chin 1¢ thr hai méi twong Umg
v6i cée bit thong tin va cac bit chin 18 thir nhit méi dua vao cac biéu thirc IPPC thit hai 12

mot phan cta bidu thire kiém tra chin 1é lién quan dén ma trén kiém tra chin 1¢ thit hai.
18. Phuong phap x1r Iy tin hiéu dugc thuc hién trén thiét bi thu tin hidu c6 it nhat mot bd
xtr Iy bao gdm cac bude:

tao ra tin hiéu du ra thir nhét twong tmg véi tin hiéu ting cao hon bang cach giai
ma tin hiéu dau vao thi nhét dugc tao ra ¢ thiét bi truyén tin hiéu bang cach chdng chap

tin hiéu & tAng cao hon twong tmg véi tAng cao hon va tin hidu & ting thdp hon twong ting
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v6i tAng thap hon;
tao ra mdt hodc nhidu bit chin 1 dua vao két qua gidi ma tin hiéu dAu vao thit nhét;
tao ra tin hidu diu vao tht hai dua vao tin hidu ddu vio thir nhit va mét hogc nhiéu
bit chén 1&; va
giai ma tin hidu dAu vao thi hai d tao ra tin hiéu dAu ra thu hai tuong Umg véi tang

thép hon,

trong d6 budc tao ra tin hiéu dau ra thir nhat bao gom budc giai ma tin hiéu dau vao

thir nhit d& tao ra céc bit thong tin dya trén ma kiém tra chin 1é mat d6 thép (LDPC), va

trong d6, néu khéng cé 13i trong céc bit thong tin, thi mt hodc nhiéu bit chin 18
duge tao ra dua vao cac gi tri clia cac bidu thirc kiém tra chin 1¢ phan théng tin (IPPC)
thu dugc dua trén ma tran kiém tra chin 1& ciia ma LDPC, va néu c6 16i trong c4c bit
thong tin, thi mét hodc nhiéu bit chén 1& dugc tao ra dua vao cac gia tri thu dugc bé'lng
cach 14t cac gia tri cia mot hodc nhidu biéu thirc IPPC lién quan dén 151 trong s6 cac biu

thire IPPC.
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