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(57) Sang ché dé cap dén phuong phap truyén tin hi¢u trong thiét bi truyén tin hi¢u va
phuong phap thu tin hiéu. Thiét bi truyen tin hiéu bao gdm: bd ma hoa dugc tao cdu hinh
dé thuc hién budc ma hoa kiém tra chin 1¢ mat do thap (Low Density Parity Check, LDPC)
trén cac bit dau vao sir dung ma tran kiém tra chén 1& de tao ra tir ma LDPC gdm c6 cac bit
tir thong tin va cac bit chin 1¢; bo dan xen duoc tao cu hinh dé dan xen tir ma LDPC; va
bo diéu bién dugc tao cau hinh dé anh xa tir ma LDPC da dan xen 1én ky hiéu diéu bidn,
trong do bo diéu bién con duoc tao cAu hinh dé anh xa mot bit & trong mdt nhom bit dinh
tru:('yc trong s6 cac nhom bit tao nén tir md LDPC 1én mdt bit dinh trudce trong ky hiéu diéu
bién.
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Linh vwe k§ thuat dwgc dé cap

Sang ché d& cap dén thiét bi truyén tin hidu va phuong phép dan xen trong thiét bi
nay, va cu thé hon, sang ché dé cép dén thiét bi truyén tin hiéu dé xu ly va truyén dit licu,

va phuong phap dan xen trong thiét bi nay.
Tinh trang ky thuit ciia sing ché

Trong x4 hdi cong nghé thong tin & thé ky 21 nay, céc dich vu truyén thong phat
rong chuyén sang ky nguyén s6 hod, cung cép cac dich vu truyén thong chét luong cao
dugc phan phéi qua nhidu kénh va thiét 1ap dai tin s6 rong. Cu thé, khi méy thu tin hi¢u
truyén hinh k¥ thuat s6 chat luong cao, thiét bi cdm tay phat léi ndi dung da phuong tién
va thiét bi phat rong cam tay duoc st dung ngdy cang nhiéu trong nhitng ndm gin day,
thi cang can phai c6 cac phuong phap dé hd trg cho viéc thu nhan céac dich vu phét rong

k¥ thuét s6.

bé dap tng yéu cau ndy, cdc nhém tiéu chuén hoa dang thiét 1ap nhiéu tidu chuin
khac nhau va dang cung cép nhiéu loai dich vu nhdm thoa man nhu cau ciia ngudi ding.
Vi vdy, can phai c6 phuong phap cung cAp cho ngudi dung nhitng dich vu t6t hon véi

hiéu suit cao khi giai ma va thu tin hiéu.
Ban chit ky thuit clia sing ché

Céc phuong an lam vi du thyc hi€n sang ché ¢6 thé khic phuc cac nhugc diém dugc
néu & trén va cac nhuoc diém khac khong duge néu & trén. Tuy nhién, can phai hiéu rang,
phuong an lam vi du thuc hién sang ché khoéng nhét thiét phai khéc phuc c4c nhugce diém
néu trén, va c6 thd khong giai quyét van @& nao trong sb cac vin dé néu trén.

Theo céc phuong an lam vi dy, sang ché tao ra thiét bi truyén tin hiéu c6 thé 4nh xa
mot bit & trong mot nhom bit dinh trudc trong s& cac nhém bit tao nén tir ma kiém tra
ch&n 1& mat do thip (Low Density Parity Check, LDPC) 1én mot bit dinh trudc trong ky
hidu didu bién, va truyén bit d6, va phuong phap dan xen trong thiét bi nay.

Theo khia canh ctia phuong 4n lam vi du, sang ché @ xuét thiét bi truyén tin hiéu

c6 thé bao gff)m: bd mi hoa dugc tao cAu hinh d& thyc hién buéec ma hoa LDPC trén cac
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bit dau vao st dung ma trin kiém tra chin 1é dé tao ra tir ma LDPC gém cO cac bit tur
thong tin va c4c bit chin 1&; bd dan xen dugc tao cAu hinh dé dan xen tir ma LDPC; va bd
didu bién dugc tao cAu hinh dé anh xa tir ma LDPC da dan xen 1én ky hi¢u didu bién,
trong d6 bd didu bién con duoc tao cdu hinh dé anh xa mot bit & trong mdt nhém bit dinh
trudc trong s6 cac nhém bit tao nén tir ma LDPC 1&n mdt bit dinh trudc trong ky hiéu
didu bién.

Ma tran kiém tra chin 1€ c6 thé gém c6 ma trin con tir thong tin va ma trdn con
chiin 1. Mai nhém bit trong s6 cac nhém bit tao nén tir ma LDPC c6 thé ¢c6 M bit. M c6
thé 1a uéc sb chung clia Njgpe va Kigpe, va €0 thé dugc xac dinh sao cho thoa man hé thirc
Quape = Nigpe—Kigpe)/M. Trong truong hop nay, Qigpe €O thé 1a gia tri thong s6 khoang céch
dich chuyén tudn hoan dbi véi cac cot trong modt nhom cdt clla ma trén con tir thong tin
trong ma tran kiém tra chin 18, Nigpe €0 thé 13 o dai cta tir ma LDPC, va Kygy €O thé 1a

d6 dai cua cac bit tir thong tin tao nén tir ma LDPC.

Bo dan xen co thé bao gém: bd dan xen bit chén 18 dugc tao cAu hinh d& dan xen
cac bit chin 1¢ tao nén tir md LDPC; b dan xen nhém dugc tao cAu hinh dé phén chia tir
mi LDPC da duogc dan xen bit chén 1é ra thanh nhidu nhém bit va sép xép lai thtr ty cla
c4ac nhém bit theo don vi nhdém bit; va bd dan xen khéi duogc tao cu hinh dé dan xen céc
nhém bit da duoc sip xép lai thir ty.

Bd dan xen nhom co thé duoc tao cAu hinh dé sép xép lai thir tu cuia cdc nhom bit
theo don vi nhom bit bang cach st dung biéu thirc 21.

Trong do6, trong biéu thire 21, gia tri n(j) co thé duogc xac dinh dua vao it nhét mot
thong sd trong sb @6 dai ctia tir ma LDPC, phuong phap diéu bién va ty 16 ma.

Trong biéu thirc 21, gié tri n(j) co thé dugc xé4c dinh trong bang 15, khi do dai cua
fir ma LDPC bing 16200, phuong phép didu bién 12 256-QAM, va ty 1¢ ma bang 5/15.

B0 dan xen khéi ¢6 thé dugce tao cAu hinh dé dan xen béng cach ghi, vao cic cot,
céc bit & trong cac nhom bit theo don vi nhém bit theo hudng cot, va doc cac cot da ghi

cac nhom bit theo don vi nhom bit theo hudng hang.

Bd dan xen khéi c6 thé duge tao cdu hinh dé ghi theo tht tu 14an luot, vao cac cdt,

cac bit ¢ trong it nhat mot s6 nhém bit c6 thé duoc ghi theo don vi nhém bit vao cdc cot
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trong s& cdc nhém bit, va phan chia cac bit & trong cic nhém bit con lai trir it nhét mot
nhém bit néu trén vao phén & trong cic cot khic véi phin d ghi it nhit mot s6 nhom bit

néu trén theo don vi nhom bit.

BO dan xen khdi ¢6 thé duoc tao cAu hinh dé phén chia céc cot, mdi ¢cbt co nhiéu
hang, ra thanh phén tht nhat va phan thi hai, ghi céc bit & trong it nhét mot s6 nhom bit
vao phan thir nhét sao cho cac bit & trong ciing mdt nhom bit duge ghi vao cung mot cot,
va ghi céc bit & trong it nh4t mot nhém bit con lai trir it nhAt mot s nhém bit néu trén

vao phan thit hai.

B6 dan xen khéi c6 thé duoc tao cdu hinh dé phan chia céc cOt ra thanh phan thir
nhét va phan thir hai dya vao it nhét mot thong s trong sb sb luong cot, sb lwong nhém

bit tao nén tir ma LDPC, va s lugng bit tao nén mdi nhom bit.

Néu sb lwong nhom bit tao nén tir ma LDPC 1a boi sd nguyén lan cta s6 lugng cdt,
thi bd dan xen khéi c6 thé duoc tao cdu hinh dé ghi theo thit ty 1an luot tAt ca cac bit &
trong cidc nhom bit vao cdc cot ma khong can phan chia céc cot ra thanh phén thtr nhit va

phan tht hai.

Theo khia canh cta phuong an lam vi dy khéc, sang ché d& xuit phuong phap dan
xen trong thiét bi truyén tin hiéu. Phuong phéap nay c6 thé bao gdm céc bude: thuc hién
bude ma hoa LDPC trén céc bit ddu vio sir dung ma trin kiém tra ch&n 1¢ dé tao ra tir ma
LDPC g6m cd cac bit tir thong tin va cac bit chin 1&; dan xen tir m3 LDPC; va 4nh xa tir
ma LDPC d3 dan xen 1én ky hiéu diéu bién, trong d6 bude a"mh xa 1a 4nh xa mot bit ¢
trong mot nhom bit dinh trude trong sd cac nhom bit tao nén tr ma LDPC 1é€n mot bit

dinh trudc trong ky hiéu didu bién.

Ma tran kiém tra chin 1& c6 thé gém ¢6 ma trdn con tir théng tin va ma trdn con
chin 18. M3i nhém bit ¢6 thé ¢6 M bit, va M ¢6 thé 1a udce sd chung ctia Nigpe va Kjgpe, va
¢6 thé dugce xac dinh sao cho thoa mén hé thire Quape = (Nigpe—Kiape)/ M. Trong truong hop
nay, Qigpe €O thé 1a gia tri thong s& khoang cich dich chuyén tudn hoan dbi voi cac cot
trong mdt nhém cOt clia ma trdn con tir thong tin trong ma tran kiém tra chin &, Nigpe €O
thé 1a d dai cta tir ma LDPC, va Kygy c6 thé 12 do dai ciia cac bit tir thong tin tao nén ti

ma LDPC.
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Buéc dan xen c6 thé bao gébm cac budc: dan xen céc bit chin 1& tao nén tir ma
LDPC; phan chia tr md LDPC d3 dugc dan xen bit chin 1¢ ra thanh nhiéu nhém bit va
sr«flp xép lai thir ty cia cdc nhém bit theo don vi nhom bit; va dan xen cac nhém bit da

duogc sép xép lai thi tu.

Budc sép xép lai thir ty ciia cdc nhém bit theo don vi nhém bit ¢6 thé 1a sip xép lai

thir tu ctia cdc nhom bit theo don vi nhém bit bang cach sir dung biéu thire 21.

Trong biéu thirc 21, gia tri n(j) 6 thé duoc xac dinh dua vao it nhit mot théng sd

trong s6 do dai cta tr ma LDPC, phuong phap didu bién va ty 1& ma.

Trong bidu thtrc 21, khi do dai cta tr ma LDPC béng 16200, phuong phdp didu
bién 12 256-QAM, va ty 16 ma bing 5/15, thi gia tri n(j) c6 thé duge x4c dinh trong bang
15.

Budc dan xen cic nhém bit ¢6 thé 1 dan xen bing cach ghi, vao céc cdt, cic bit ¢
trong cic nhom bit theo don vi nhém bit theo hudng cot, va doc cac cdt di ghi céc bit &

trong cic nhom bit theo don vi nhém bit theo huéng hang.

Budc dan xen cac nhém bit c6 thé bao gém cac budgc: ghi theo thu tu 1an luot, vao
cac cot, cac bit & trong it nhit mot s nhom bit c6 thé dugc ghi theo don vi nhém bit vao
cac cot trong s6 cac nhom bit, va phan chia céc bit & trong cidc nhém bit con lai trir it nhét
moOt nhém bit néu trén vao phén & trong céc cdt khac véi phén da ghi it nhit mot s6 nhém

bit néu trén theo don vi nhém bit.

Budc dan xen cc nhom bit ¢ thé bao gé)m c4c budce: phan chia céc cot, mdi cot ¢b
nhiéu hang, ra thanh phén thir nhit va phan thir hai; va ghi céc bit & trong it nhit mét sb
nhém bit vao phén thir nhét sao cho cac bit & trong cling mdt nhom bit duge ghi vao cung
mot cdt, va ghi céc bit & trong it nhit m6t nhom bit con lai trir it nhit mot sb nhom bit

néu trén vao phan thi hai.

Buéc phan chia cac cdt ra thanh phan thi nhit va phan thir hai c6 thé dugc thuc
hién dua vao it nhét mot thong s6 trong s6 sb lugng cot, s6 lugng nhom bit tao nén tir ma
LDPC, va sb luong bit tao nén mdi nhom bit.

Néu sb luong nhém bit tao nén tir ma LDPC 12 boi s6 nguyén 1an cta s6 lugng cdt,

thi budc dan xen cdc nhom bit cé thé duge thyc hién bang cach ghi theo thir tu 14n luot
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tAt ¢4 cac bit & trong cac nhom bit vao cac cdt ma khong can phan chia cac cdt ra thanh

phin thtr nhit va phén thit hai.

Theo cic phuong an 1am vi du thyc hién sdng ché, c6 thé dat dugc hiéu suét cao hon
khi giai ma va thu tin hiu.
M3 ti vén tit cAc hinh v&

Céc khia canh néu trén va/hodc cac khia canh khac cua sang ché s& tr& nén dé hiéu
hon sau khi xem phan md ta chi tiét sang ché duéi day, két hop véi cac hinh v& kém theo,
trong do:

Fig.1 dén Fig.12 1a c4c hinh v& thé hién thiét bi truyén tin hiéu theo cac phuong én
lam vi du thuc hién sang ché;

Fig.13 dén Fig.18 1a cdc hinh v& thé hién thiét bi thu tin higu theo cac phwong an
lam vi du thuc hién sang ché;

Fig.19 1a so @b khdi th hién cu hinh ciia thiét bi truyén tin hi¢u theo phuong dn
lam vi du thuc hién sang ché;

Fig.20 dén Fig.22 1a c4c hinh v& thé hién céu triic clia ma trn kiém tra chén I¢ theo
cac phuong an 1lam vi du thyc hién sang ché;

Fig.23 la so dd khéi thé hién chu hinh ctia bd dan xen theo phuong an lam vi du
thuc hi€n sang ché;

Fig.24 dén Fig.26 1a cac hinh v& thé hién phuong phap dan xen theo cdc phuong an
lam vi du thuc hién sang ché;

Fig.27 dén Fig.32 14 c4c hinh v& thé hién phuong phéap dan xen cia bo dan xen khéi
theo cac phuong an lam vi dy thuc hién sang ché;

Fig.33 1a hinh v€ thé hién hoat dong ciia b phan kénh theo phuong én lam vi du
thuc hién sang ché;

Fig.34 1a so dd khéi thé hién ciu hinh cia thiét bi thu tin hiéu theo phuong 4n lam
vi du thuc hién sang ché;

Fig.35 la so dd khéi thé hién cAu hinh ciia bd giai dan xen theo phuong 4n lam vi du
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thuc hién sang ché;

Fig.36 1a hinh v& thé hién phuong phép giai dan xen cua b giai dan xen khéi theo

phuong 4n lam vi du thuc hién sang ché;

Fig.37 1a luu d6 thé hién phuong phdp dan xen theo phuong 4n lam vi dy thyc hién

sang che;

Fig.38 12 so dd khdi thé hién cAu hinh cta thiét bi thu tin higu theo phuong én lam

vi du thuc hién sdng ché;

Fig.39 1a so d khdi thé hién bo giai didu bién theo phuong 4n 1am vi dy thyc hién

sang che; va

Fig.40 13 luu dd thé hién hoat dong cta thiét bi thu tin hiu tir thoi diém ngudi ding
chon dich vu cho téi thoi diém dich vu da chon dugc thyc hién theo phuong 4n lam vi du

thuc hién sang ché.
Mo ta chi tiét sang ché

Céc phuong an lam vi du thyc hién sang ché s& duge mo ta chi tiét dudi ddy dya

vao cac hinh vé kém theo.

Trong phan mo ta sang ché dudi day, cac sb chi din gidng nhau dugc dung dé thé
hién cac bo phén gidng nhau trén cdc hinh v& khac nhau. Nhiing thong tin chi tiét duoc
néu trong phin mo ta sang ché, nhu cu tric va cc by phan chi tiét, dugce dung dé gitp
cho ngudi ¢o hiéu biét trung binh vé linh vuc k¥ thudt tuong tng hiéu 15 vé cac phuong
an 1am vi du thuc hién sang ché. Vi vay, ro rang 1a, cic phuon'g an lam vi du c6 thé dugc
thyc hién ma khong cin ding dén nhitng thong tin chi tiét cu thé d6. Ngoai ra, trong sang
ché s& khong mo ta chi tiét cac chirc ning hodc bd phén da biét trong linh vuc k¥ thuét
lién quan d& tranh 1am m& nhat cac phuong 4n lam vi dy thye hién sang ché vi nhitng chi

tiét khong can thiét.

Fig.1A 13 hinh vé& thé hién thiét bi truyén tin hiu theo phwong 4n lam vi du thuc
hién sang ché.

Dua vio Fig.1A, thiét bi truyén tin hi¢u 10000 theo phuong 4n 1am vi du thyuc hién
sang ché co thé bao gdm khdi (hodc bd phan) dinh dang tin hiéu dau vao 11000, 11000-1,
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khdi didu bién ma hod dan xen bit (Bit Interleaved and Coded Modulation, BICM) 12000,
12000-1, khéi tao khung/dan xen 13000, 13000-1 va khdi tao ra dang séng 14000,
14000-1.

Thiét bi truyén tin hiéu 10000 theo phwong an lam vi du thyc hién sang ché dugc
thé hién trén Fig.1A bao gdm céc khéi chudn dugc thé hién bing dudng nét lién va cic
khéi théng tin dugc thé hién béng duong nét dat. Trong do, cac khéi duge thé hién bing
duong nét lién 13 cac khdi chudn, con cac khéi duoc thé hién biang dudng nét dit 1a cac
khéi ¢6 thé duge ding khi sir dung hé théng xir Iy nhidu ddu vao nhiéu diu ra (Multiple

Input Multiple Output, MIMO).

Khéi dinh dang tin hiéu ddu vao 11000, 11000-1 tao ra khung dai gbc (BaseBand
FRAME, BBFRAME) tir dong dit li€u dAu vao dé cung cip dich vu. Trong d6, dong dit
liéu dau vao c6 thé 1a dong van chuyén (Transport Stream, TS), dong giao thire internet
(Internet Protocol, IP), dong chung (Generic Stream, GS), dong goi chung (Generic

Stream Encapsulation, GSE), v.v..

Khéi BICM 12000, 12000-1 x4c dinh ty 1& mi hoa sira phong 16i (Forward Error
Correction, FEC) va bic chom diém tuy thudc vao phwong tién truyén dit liéu dé cung
cAp dich vu (vi du khung vat Iy (PHYsical, PHY) ¢b dinh hoic khung PHY di dong), va
sau d6, thuc hién budc ma hoa. Thong tin bdo hiéu v dit liéu dé cung cAp dich vu c6 thé
duoc ma hoa bang bd ma hod BICM riéng biét (khong dugce thé hién trén hinh v&) hodc
dwoc mi hoa bang bd ma hoa BICM dung chung 12000, 12000-1 cung v6i dit lidu dé
cung cp dich vu, tuy thudc vao hé théng dugc st dung.

Khéi tao khung/dan xen 13000, 13000-1 két hop dit ligu da dugc dan xen theo thoi
gian voi thong tin bdo hiéu 8 tao ra khung truyén.

Khdi tao ra dang séng 14000, 14000-1 tao ra tin hi¢u dé)n kénh phén tan truc giao
(Orthogonal Frequency Division Multiplexing, OFDM) & mién thoi gian trén khung
truyén da tao ra, didu bién tin hiéu OFDM d4 tao ra thanh tin hiéu tAn sb vo tuyén (Radio
Frequency, RF) va truyén tin hiéu RF da diu bién dén thiét bi thu tin hiéu.

Fig.1B va Fig.1C thé hién cac phuong phéap ddn kénh theo phuong 4n lam vi du

thuc hién sang ché.
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Fig.1B 14 so d6 khdi dé thyuc hién phuong phap ddn kénh phan thoi theo phuong an

lam vi du thuc hién sdng ché.

Trong ciu tric ctia hé théng don kénh phéan thoi (Time Division Multiplexing,
TDM), c6 bén khéi (hodc bd phan) chinh: khéi dinh dang tin hiéu dau vao 11000, khoi
BICM 12000, khéi tao khung/dan xen 13000 va khéi tao ra dang séng 14000.

Dit liéu dugce nhdp vao va dinh dang trong khdi dinh dang tin hiéu dau vao, duoc ap
dung thut toan stra phong 13i va duge 4nh xa 18n c4c chom diém trong khéi BICM 12000.
Dit liéu thu dugc duge dan xen, & cd hai mién thoi gian va tAn sb, va tao khung trong
khdi tao khung/dan xen 13000. Sau d6, dang séng dau ra dugc tao ra & khéi tao ra dang

song 14000.

Fig.1C 1a so dd khéi dé thuc hién phuong phép don kénh phan chia theo 16p
(Layered Division Multiplexing, LDM) theo phuong 4n lam vi du khac.

Trong cAu trac cia hé théng LDM, c6 mot s6 khdi khac vé6i clu truc ctia hé théng
TDM. Cu thé, ¢6 hai khéi dinh dang tin hiéu ddu vao 11000, 11000-1 va hai khéi BICM
12000, 12000-1 riéng biét, mdi khéi cho mot 16p trong hé théng LDM. Céc 16p nay dugc
két hop lai & trong khéi tiém nhap LDM truge khi chuyén dén khéi tao khung/dan xen
13000. Khéi tao ra dang séng 14000 gidng nhu & trong hé théng TDM.

Fig.2 13 so dd khdi thé hién cdu tric chi tiét cta khéi dinh dang tin hi¢u dau vao

dugc thé hién trén Fig. 1A.

Nhu duge thé hién trén Fig.2, khéi dinh dang tin hiéu ddu vao 11000 gom c6 ba
khéi dé didu khién cac goi duge phan phéi vao cic kénh truyén tang vat ly (Physical
Layer Pipe, PLP). Cu thé, khdi dinh dang tin hiéu dAu vao 11000 bao gdm khdi dong gbi
va nén 11100, khéi 1ap lich bidu 11200 va khdi tao khung dai gbe 11300.

Céc g6i dit lidu dAu vao dugc nhap vao khéi dinh dang tin higu dau vao 11000 c6
thé c6 nhidu loai gbi khac nhau, nhung nh¢ thao tac dong géi, céc loai goi khac nhau nay
s& trd thanh céc gdi chung dé tao thanh cac khung dai gbe. Trong d6, dinh dang cua cac
gdbi chung co thé thay d6i. C6 thé d& dang tach ra do dai cua goi chung tlr chinh go6i do
ma khong cin c6 thém thong tin. Do dai ti da cta g6i chung 1a 64 kB. Do dai t6i da clia

g6i chung, ké ca phén dau, 14 bbn byte. Cac géi chung phai c6 do dai 1a mot sé_nguyén
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byte.

Khédi 14p lich biéu 11200 thu dong dir lidu d4u vao chtra cac goi chung da dugc
dong goi va phéan phdi cac géi d6 cho cac kénh truyén ting vét ly (PLP), & dang cac
khung dai gbc. Trong hé théng TDM néu trén, c6 thé chi c6 mot kénh truyén PLP, goi 13
kénh truyén PLP don hay goi t4t 1a S-PLP (Single PLP), hodc c6 thé ¢6 nhidu kénh truyén
PLP, goi tit 13 M-PLP (Multiple PLP). Mot dich vu khong thé st dung nhiéu hon bon
kénh truyén PLP. Péi voi hé théng LDM c6 hai 16p, hai kénh truyén PLP dugc st dung,

mdi kénh duoc sit dung cho mdt 16p.

Khdi 14p lich biéu 11200 thu cac dong di liéu d4u vao chura cac goéi di duge dong
g6i va huéng din cach thac dé cac goi nay dugce phan dinh cho céc tai nguyén tang vat ly.
Cu thé, khéi 1ap lich biéu 11200 huéng din céch thire d& khéi tao khung dai goc s8 xudt

ra cac khung dai goc.

Céac tai san chirc nang cua khéi 1ap lich biéu 11200 dugc x4c dinh dya vao (cac)
kich thuéc dit liéu va (c4c) 14n phan phdi. Tang vat Iy c6 thé phan phéi cac phin dit liéu
& nhitng 1an phan phéi khac nhau. Khéi 1ap lich biéu 11200 sir dung dit ligu dau vao va
thong tin & trong cac goi dit liéu da duoc dong goi, siéu dir liéu vé chét luong dich vu
danh cho céc g6i dit lidu da duge dong goi, md hinh by nhé dém hé théng, cac diéu kién
rang budc va cau hinh dé quan ly hé thdng, va dua ra 101 giai phi hop xét v& mit cAu hinh
cho céc thong sd tAng vat Iy. Loi giai twong Gmg tuy thudc vao chu hinh va s& diéu chinh

céc thong sd va phd chung kha dung.

Trong khi do, hoat dong ciia khéi 1ap lich bidu 11200 bi chi phdi bsi su két hop
gifta cdc cAu hinh dong, tua tinh va tinh. Viée xdc dinh céc dicu kién chi phéi nay tuy

thudc vao tirng phuong an thuc hién.

Ngoai ra, nhidu nhét 12 bén kénh truyén PLP s& duoc st dung cho mdi dich vu.
Nhiéu dich vu ¢6 nhiéu khdi dan xen theo thoi gian c6 thé duogc thiét ké, voi tdng s6 thi
da 12 64 kénh truyén PLP cho c4c dai thong 6 MHz, 7 MHz hodc 8 MHz. Khéi tao khung
dai gbe 11300, nhw duge thé hién trén Fig.3A, gdm c6 ba khdi, khéi thiét ké khung dai
gbc 3100, 3100-1, ..., 3100-n, khéi thiét ké phan dau ciia khung dai gbe 3200, 3200-1, ...,
3200-n, va khdi xdo tron khung dai gbc 3300, 3300-1, ..., 3300-n. O ché do hoat dong
M-PLP, khdi tao khung dai gbc tao ra nhiéu khung PLP, néu can.
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Khung dai gbc 3500, nhu duge thé hién trén Fig.3B, gém co phén du ciia khung
dai gbc 3500-1 va phan dit lidu hitu ich 3500-2 chta cdc goi chung. Cac khung déi gbe co
d6 dai cb dinh Kopayload- Céc goi chung 3610-3650 s€ dugce anh xa 1én cac khung dai géc
3500 theo thtr tu. Néu cac goi chung 3610-3650 khong vira khit trong khung dai gdc, thi
cac goi do s& dugc tach ra cho khung dai gbc hién thoi va khung dai gbc ké tiép. Géi chi

dugc phép phén tach theo don vi byte.

Khéi thiét ké phin du cia khung dai gbc 3200, 3200-1, ..., 3200-n tao cu hinh
cho phin diu cta khung dai géc. Phan ddu cia khung dai gbe 3500-1, nhu dugc thé hién
trén Fig.3B, gém c6 ba phan, d6 1a phén dau co ban 3710, phén dau tuy chon (hay trudng
tuy chon 3720) va trudng md rong 3730. Trong do, phin dau co ban 3710 c6 mat trong
moi khung dai gbc, con phin dau tuy chon 3720 va trudng mé rong 3730 c6 thé khong

thuong xuyén c6 mat.

bic trung chinh cua phén dau co ban 3710 14 d& tao ra con tré chira gid tri d 1éch
tinh theo byte so véi diém déu cta goi chung ké tiép trong khung dai gbc. Khi goi chung
bt ddu & diém diu khung dai gdc, thi gia tri con tro bing khong. Néu khong c6 gobi
chung bit ddu & diém dAu trong khung dai gdc, thi gia tri con trd bang 8191, va phin dau

co ban dai 2-byte c6 thé duge sit dung.

Truong mo rong (hay phén ddu mé rong) 3730 sau d6 c6 thé duoc str dung, vi du,
cho s& dém goi trong khung dai gbc, ddu thoi gian trong khung dai gbc, va thong tin bdo

hiéu khac, v.v..
Khéi xdo tron khung dai gbe 3300, 3300-1, ..., 3300-n x4o tron khung dai goc.

Pé dam bao ring phan dit liéu hitu ich khi dugc 4nh xa 1én cdc chom diém khong
thuong hay anh xa lén cing mot diém, nhu khi phﬁn dit liéu hitu ich dugc anh xa lén cac
chom diém c6 day lap, thi phan dit lidu hitu ich s& ludn ludn dugc x4o trdn trude khi méa
ho4 sira phong 1.

Céc ddy xao trn s& dugc tao ra bing thanh ghi dich chuyén 16-bit c6 9 dAu ra hdi
tiép. Tam trong s6 cac diu ra cia thanh ghi dich chuyén duoc chon dé 1am thanh mot
byte ngiu nhién hod c¢b dinh, trong d6 mdi bit tir byte ndy dugc sir dung ri€ng biét cho

phép toan XOR véi dit liéu d4u vao tuong tng. Cac bit dit liéu dugc thuc hién phép toan
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XOR gitra bit c6 gid tri cao nhét (Most Significant Bit, MSB) véi bit MSB va cit tiép tuc
nhu vy cho téi bit ¢ gid tri thip nhat (Least Significant Bit, LSB) véi bit LSB. Da thirc
sinh 13 G(x) = 1+X+H3C+X X +X X 24+ X B4x e,

Fig.4 thé hién thanh ghi dich chuyén cia b ma hoa ddy nhi phan gid ngiu nhién
(Pseudo Random Binary Sequence, PRBS) dé x40 tron khung dai gbc theo phuong 4n
lam vi du thuc hién sang ché, trong d6 viéc nap ddy nhj phan nay vao thanh ghi PRBS,

nhu dugc thé hién trén Fig.4, s€ bat dau & diém dau cua mdi khung dai goc.

Fig.5 13 so dd khdi thé hién céu hinh chi tiét cia khéi BICM dugc thé hién trén
Fig.1A.

Nhu duge thé hién trén Fig.5, khdi BICM bao gdm khéi FEC 12100, 12100-1, ...,
12100-n, khéi dan xen bit 12200, 12200-1, ..., 12200-n va khéi anh xa 12300,
12300-1, ..., 12300-n.

Dit liéu nhip vao khéi FEC 12100, 12100-1, ..., 12100-n la khung dai gbc, c6 d0
dai Kpayloas, VA dif liéu dAu ra tir khéi FEC Ia khung FEC. Khoi FEC 12100, 12100-1, ...,
12100-n duoc thuc hién bing cach ghép méa ngoai va mi trong véi phén thong tin. Khung
FEC ¢6 d0 dai Njne. CO6 hai d0 dai khac nhau dugc xac dinh cho mid LDPC:
Niner = 64800 bit va Nipmer = 16200 bit.

M4 ngoai dugc thuc hién dudi dang mot trong sé cac mi ngoai Bose,
Ray-Chaudhuri va Hocquenghem (BCH), ma kiém du chin 1& (Cyclic Redundancy
Check, CRC) hodc ma khac. M4 trong dugc thyc hién du¢i dang ma kiém tra chin 18 mat
d6 thap (LDPC). Hai ma FEC 1a BCH va LDPC 1a cdc ma c6 hé thong trong dé phén
thong tin I duge dua vao trong tir ma. Do d6, tir ma thu dugc 1a két qua ctia viéc ghép
thong tin hodc phin dit liéu hitu ich, phén chin 1é ciia ma BCH hogc CRC va phén chin

1¢ cia ma LDPC, nhu dugc thé hién trén Fig.6A.

Viéc stt dung ma LDPC mang tinh chét bit budc va duge dung dé tao ra dir liéu du
can thiét dé phat hién 16i. C6 hai chu triac LDPC khac nhau dugc x4c dinh, hai cAu trac
nay dugc goi 1a loai A va loai B. Loai A ¢ cu trac ma cho hiéu suét cao hon & cac ty 1&
ma thép, con loai B ¢6 cu tric ma cho hiéu sudt cao hon & céc ty 16 ma cao. Thong

thuong, cdc ma c¢6 dO dai Niye = 64800 bit duge dy tinh st dung. Tuy nhién, dbi véi cac
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tng dung trong d6 chu trong dén d tré, hodc uu tién st dung bd ma hod/giai ma co chu

trac don gian hon, thi cdc ma c6 49 dai Njyper = 16200 bit cling co thé duge str dung.

M3 ngoai BCH va CRC ¢6 My bit bd sung vao khung dai gbc ddu vio. M ngoai
BCH duoc st dung dé ha thip san 186i LDPC cb hiru bing céach hiéu chinh s6 lwong 18i bit
quy dinh trude. Khi sir dung cac md BCH, d0 dai Moyter béng 192 bit (cho cac ma c6 do
dai N, = 64800 bit) va bing 168 bit (cho cac ma ¢6 do dai Nipger = 16200 bit). Khi sir
dung m& CRC, d¢ dai Moyeer bang 32 bit. Khi khong sir dung mad BCH hodc ma CRC, do
dai My bing khong. M3 ngoai c6 thé dugc loai bé néu thiy ring kha ning sta 16i cta
ma trong phi hop v6i tng dung. Khi khong c6 ma ngoai, cAu trac cta khung FEC gibng

nhu duge thé hién trén Fig.6B.

Fig.7 1a so dd khéi thé hién cu hinh chi tiét ctia khéi dan xen bit dugc thé hién trén

Fig.6.

Tir ma LDPC ctia bd ma hoa LDPC, trc 1a khung FEC; s& dugc dan xen bit bing
Kkhéi dan xen bit 14200. Khéi dan xen bit 14200 bao gdm bd dan xen bit chin 1& 14210,
bo dan xen nhom bit 14220 va bd dan xen khdi 14230. Trong d6, bd dan xen bit chin 1&

khéng duge sir dung cho cidc mé loai A va chi dugc stt dung cho cac mé loai B.

Bo dan xen bit chin 1& 14210 bién ddi cdu tric dang bac thang cia phén chin 1&
trong ma tran kiém tra chdn 1é LDPC thanh chu triic tya tun hoan gidng nhu phén thong

tin trong ma trn nay.

Trong khi do, cac bit ma hoa LDPC déa dugc dan xen bit chin 18 dugc phéan tach ra
thanh Noup = Nimer/360 nhém bit, va b dan xen nhém bit 14220 sép x¢p lai thir ty clia

ciac nhom bit.

B0 dan xen khéi 14230 dan xen khdi cho tir mad LDPC d3 dugc dan xen theo don vi

nhom bit.

Cu thé, bo dan xen khéi 14230 phén chia céc ct ra thanh phﬁn 1va phﬁn 2 dua vao
$6 lugng ¢t cia bd dan xen khéi 14230 va sb luong bit tao nén nhém bit. Ngoai ra, bo
dan xen khéi 14230 ghi céc bit vao phan 1 ciia mdi cdt theo hudng cot, va ghi theo thi tw
1an lugt cac bit vao phin 2 ctia mdi cdt theo hudng cot, va sau d6 doc cac bit da ghi trong

mdi cdt theo hudng hang.
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Trong trudng hop nady, céc bit tao nén cdc nhom bit trong phin 1 ¢6 thé duoc ghi
vao cling mot ¢dt, con céc bit tao nén cadc nhom bit trong phén 2 ¢6 thé dugc ghi vao it

nhét hai cot.

Quay lai Fig.5, khéi anh xa 12300, 12300-1, ..., 12300-n 4nh xa cic bit da dugc ma
hoa FEC va dan xen bit 1én cdc diém trong chom diém didu bién bién d6 vudng goc
(Quadrature Amplitude Modulation, QAM) c6 gid tri phire. V6i mire dd manh nhét, so dd
didu bién dich pha vudng goc (Quaternary Phase Shift Keying, QPSK) dugc st dung. Véi
céc chom diém bac cao hon (tir 16-QAM dén 4096-QAM),Acéc chom diém didu bién
khong dong déu duge quy dinh va cac chom diém nay duoc tuy bién phi hop véi mbi ty
1€ ma.

Mbi khung FEC s& dugc anh xa 1én mot khdi FEC bing cach trudc tién phén kénh
cac bit diu vao thanh cac tir 6 dit liéu song song va sau d6 anh xa céc tlir  ndy 1én cac gia

tri trong chom diém.

Fig.8 1a so dd khdi thé hién cAu hinh chi tiét cta khéi tao khung/dan xen dugc thé

hién trén Fig.1A.

Nhu duge thé hién trén Fig.8, khéi tao khung/dan xen 14300 bao gbm khéi dan xen
theo thoi gian 14310, khdi tao khung 14320 va khéi dan xen theo tan s 14330.

Dir liéu nhip vao khdi dan xen theo thoi gian 14310 va khdi tao khung 14320 c6 thé
ld cic kénh M-PLP, nhung dit liéu ddu ra cla khéi tao khung 14320 1a céc ky hiéu
OFDM, céc ky hi€u nay dugc sip xép thanh cac khung. By dan xen theo tin sb nim &

trong khdi dan xen theo tan s6 14330 xir Iy céac ky hiéu OFDM.

CAu hinh ctia bo dan xen theo thoi gian (Time Interleaver, TI) ndm & trong khbi dan
xen theo thoi gian 14310 phu thudc vao s6 luong kénh truyén PLP duge st dung. Khi chi
¢6 mot kénh truyén PLP hodc khi st dung hé théng LDM, thi chi ¢6 bd dan xen chip
duoc st dung, con khi cé nhiéu kénh truyén PLP thi by dan xén lai gém ¢O bd dan xen 0,
b6 dan xen khdi va bo dan xen chdp duge sir dung. Dit li¢u nhép vao khdi dan xen theo
thoi gian 14310 la dong dit liu gbm cac & duoc xuét ra tir khéi anh xa (Fig.5, 14300,
14300-1, ..., 14300-n), va dir liéu diu ra cua khdi dan xen theo thoi gian 14310 ciing 1a

dong dit lidu gdbm cac 6 duge dan xen theo thoi gian.
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Fig.9A thé hién khoi dan xen theo thoi gian cho kénh truyén PLP don (S-PLP), va

khoi dan xen nay chi c¢6 bd dan xen chép.

Fig.9B thé hién khéi dan xen theo thoi gian cho nhiéu kénh truyén PLP (M-PLP),
va khéi dan xen nay co thé dugc phén chia thanh vai khdi con nhu dugc thé hién trén

hinh v&.

Khdi tao khung 14320 4nh xa céc khung di dan xen Ién it nhat mot khung truyén.
Cu thé, khdi tao khung 14320 thu dit liéu ddu vao (vi dy 6 dit lidu) tir it nhit mot kénh

truyén tang vat Iy va xuét ra cac ky hiéu.

Ngoai ra, khdi tao khung 14320 tao ra it nhat mot ky higu ddc biét dugc goi la ky
hiéu mé dau. Cac ky hiéu nay duge xt ly gidng nhau trong khdi tao ra dang séng duoc
mo ta dudi day.

Fig.10 1a hinh v& thé hién vi du vé khung truyén theo phwong 4n 1am vi dy thue hi¢n

sang cheé.

Nhu duge thé hién trén Fig.10, khung truyén gdm c6 ba phén, phan khéi dong, phén

m& dau va phén dit liéu hitu ich. M&i phén trong s6 ba phan ndy chira it nhét mot ky hiéu.

Trong khi d6, muc dich cia khéi dan xen theo tin sb 14330 13 nhdm dam bao r%lng
nhidu kéo dai trong mot phéan phd s& khong lam suy giam hiéu suét ctia mot kénh truyén
PLP cu thé mit can db6i so véi cac kénh truyén PLP khéc. B dan xen theo tAn s 14330,
hoat dong trén tit ca cc 6 dit liéu cia mot ky hiéu OFDM, anh xa céc 6 dit lidu tir khéi
tao khung 14320 1én N s6ng mang dir liéu.

Fig.11 1a so db khdi thé hién cu hinh chi tiét ciia khdi tao ra dang séng dugc thé
hién trén Fig.1A.

Nhu dugc thé hién trén Fig.11, khéi tao ra dang séng 14000 bao gdm khdi chén
song chu 14100, khdi xir 1y nhidu diu vao modt ddu ra (Multiple Input Single Output,
MISO)» 14200, khéi bién dbi Fourier nhanh nguge (Inverse Fast Fourier Transform, IFFT)
14300, khéi giam ty 1& cong suit dinh trén cong sudt trung binh (Peak to Average Power
Ratio, PAPR) 14400, khéi chén khodng béo vé (Guard Interval, GI) 14500 va khéi khoi
dong 14600.

Khéi chén séng cht 14100 chén séng chu vao cac 6 trong khung OFDM.
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Céc 6 trong khung OFDM dugc diéu bién theo thong tin chudn cé gid tri dugc

truyén 1a da biét dbi véi thiét bi thu tin hiéu.

Céc 6 chira thong tin chuian dugc truyén & mitc cong suat ting. Céc 6 nay dugc goi
1a cac 6 séng chi phén tan, lién tuc, ngodi ria, dau va cudi khung. Gia tri cta thong tin
song chii duge tim ra tir ddy chuan, 12 mot ddy gom céc gia tri, mdi gid tri cho mot séng

mang dugc truyén trén mot ky hiéu cho trude bat ky.

Céc song chi ¢ thé dugc sit dung dé ddng bd hoa khung, dbng bo hoa tan s§, dong
bo hod thoi gian, danh gid kénh, nhin dang ché d6 truyén, va cling co thé dugc st dung

dé theo ddi nhidu pha.

Céc song chi duge diéu bién theo thong tin chuan, va ddy chuan dugc 4p dung cho
tht ca cdc song chi (vi du cac séng chi phén tan, lién tuc, ngoai ria, dau va cubi khung)

trong moi ky hi€u cia khung ké ca ky hiéu dau va cubi khung.

Thong tin chudn, thu duge tir ddy chudn, dugc truyén trong céc 6 séng chu phan tan

trong moi ky hiéu cia khung ngoai trr ky hiéu d4u va cubi khung.

Ngoai cac séng chit phan tén néu trén, nhiéu song chu lién tuc dugc cheén vao trong
moi ky hiéu ctia khung ngoai trir ky hiéu dau va cudi khung. SO lwong va vi tri cia cac
song chu lién tuc phy thudce vao bac bién ddi Fourier nhanh (Fast Fourier Transform, FFT)

va mau soéng chu phan tan dang sir dung.
Khéi MISO 14200 4p dung k¥ thuat xt Iy MISO.

Phuong phap sir dung tap hop bd loc ma phén tap truyén (Transmit Diversity Code
Filter Set) 1a phuong phép lam bién dang truéc MISO dé khu twong quan gia tao cho céc
tin hiéu tir nhiu thiét bi truyén tin hiéu trong mang don tdn nhim cyc tiéu hoa su giao
thoa giam tiém 4n. C4c bd loc ving tan sb tuyén tinh dugc st dung sao cho c6 thé bu dip
trong thiét bi thu tin hiéu nhu 1a mot phén cua quy trinh cin b%mg. Thiét ké bd loc duge
xac dinh dua trén co s& tao ra cac bd loc toan thong voi sy tuong quan chéo da dugc cuc
tiéu hoa trén tit ca cac cip bd loc voi diéu kién rang budc 1a sb luong thiét bi truyén tin
hiéu M € {2,3,4} va khoang gia tri & mién thoi gian ctia cac bd loc N € {64,256}. Céc
bd loc ¢6 khoang gia tri ¢ mién thoi gian dai hon s& ning cao kha ning khir twong quan,

nhung khoang gié tri & mién thoi gian cta cic bd loc nhu vay lai lam gidm do dai khoang
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bao vé hitu hiéu, va can phai tinh dén diéu nay khi chon tdp hgp bd loc cho mot cAu tric

mang cu thé.

Khéi IFFT 14300 x4c dinh cAu tric OFDM dé st dung cho mdi ché d¢ truyén. Tin
hiéu truyén duogc sip xép thanh cac khung. Mdi khung c6 do dai Ty, va chira Ly ky hi¢u
OFDM. N khung tao thanh mét siéu khung. MBbi ky hiéu dugce tao bdi mot tap hop gdm
Kiotal $ONg mang dugce truyén véi thoi khoang Ts. M&di ky hiéu bao gdm phan st dung
duoc c6 thoi khoang Ty va khoang bao vé c6 thoi khoang A. Khoang bao vé chira mot

day tudn hoan ctia phan st dung dugc, Ty, va dugc chén vao trude day do.

Khoi PAPR 14400 ap dung k¥ thuét giam ty 1€ cong sudt dinh trén cong suét trung
binh.

Khéi chén GI 14500 chén khoang bao vé vao trong mdi khung.
Khéi khéi dong 14600 tao tién t6 cho tin higu khéi dong & truée mbi khung.

Fig.12 12 so db khdi thé hién cAu tric ctia thong tin bao hiéu theo phuong an lam vi

du thuc hién sang ché.

Khéi xit Iy tin hiéu dAu vao 11000 c6 khéi 14p lich biéu 11200. Khéi BICM 15000
¢6 khéi tao ra thong tin bao hidu tng L1 15100, khdi ma hoa FEC 15200-1 va 15200-2,
khéi dan xen bit 15300-2, khbi phan kénh 15400-2, khéi 4nh xa 1én chom diém 15500-1
va 15500-2. Khéi tao ra thong tin bao hiéu tAng L1 15100 ¢6 thé ndm & trong khoi xt Iy

tin hiéu ddu vao 11000 theo phuong an lam vi du thuc hién sang ché.

n dit liéu dich vu lan lugt duoc 4nh xa 1én cdc kénh truyén t?mg vét ly tir PLPO dén
PLPn. Khéi 1ap lich bidu 11200 x4c dinh vi tri, phuong phép diéu bién va ty 1& ma cho
mdi kénh truyén PLP dé anh xa nhiéu kénh truyén PLP 1én mot tAng vat Iy T2. Noi cach
khac, khéi 14p lich bidu 11200 tao ra thong tin bdo hidu ting L1. Khi 1ap lich biéu 11200
c6 thé xuét ra thong tin vé truong dong trong thong tin bao hi¢u tAng L1-sau cta khung
hién thoi, st dung khéi tao khung/dan xen 13000 (Fig.1), khéi nay c6 thé duoc goi la
khéi tao khung. Ngoai ra, khéi 1ap lich biéu 11200 c6 thé truyén thong tin bao hiéu téng
L1 dén khdi BICM 15000. Thong tin bao hiéu ting L1 bao gdm thong tin bao hiéu tAng

L1-truGce va thong tin bao hiéu tAng L1-sau.
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Khéi tao ra thong tin béo hiéu tng L1 15100 c6 thé phan biét thong tin béo hiéu
tang L1-trudc v6i thong tin bao hidu tAng L1-sau dé xuét ra cc thong tin ndy. Céc khéi
ma hoa FEC 15200-1 va 15200-2 thuc hién cac budc ma hod twong Gng trong dé co6 thao
tac rat gon va duc 15 cho thong tin bao hiu tang L1-trudc va thong tin béo hiéu tng
L1-sau. Khdi dan xen bit 15300-2 thuc hién quy trinh dan xen theo don vi bit cho thong
tin bdo hiéu té‘mg L1-sau da dugc ma hoa. Khbi phén kénh 15400-2 didu chinh hiéu suét
ciia cac bit bang cach thay ddi thit tw cla céc bit tao nén céc 6 va xudt ra cac & gdbm nhidu
bit. Hai khéi 4nh xa 1én chom diém 15500-1 va 15500-2 1an lugt 4nh xa thong tin bdo
hiéu ting L1-trudc va thong tin bao higu tAng L1-sau 1én c4c chom diém. Thong tin bao
hiéu ting L1-trudc va thong tin bao hiéu tAng L1-sau duge xt ly bing cic quy trinh néu

trén s& duoc xudt ra & trong mdi khung béi khéi tao khung/dan xen 13000 (Fig.1).
Fig.13 thé hién cAu triic cua thiét bi thu tin hiéu theo phuong an thuc hién sang ché.

Thiét bi thu tin hiéu phét rong 20000 theo phuong én thyc hién sang ché co thé
tuong ung voi thiét bi truyén tin hiéu phat rong 10000, da dugec md ta dya vao Fig.l.
Thiét bi thu tin hiéu phat rong 20000 theo phuong 4n thyc hién sang ché c6 thé bao gdm
modun dong bd hod va giai didu bién 21000, mddun phan tich ci phap khung 22000,
mddun khir 4nh xa va giai ma 23000, modun xt Ly dau ra 24000 va modun gidi ma thong
tin bdo hiéu 25000. Hoat dong cua mdi modun trong thiét bi thu tin hiéu phat rong 20000

s& duge mo ta dudi day.

Modun ddng bd hod va giai diéu bién 21000 c6 thé thu céc tin hiéu dAu vao thong
qua m anten thu, thyc hién bude do tim va ddng bd hoa tin hiéu tr hé théng twong tmg
v6i thiét bi thu tin hiéu pht rong 20000 va thuc hién bude gidi diéu bién trong Ging v6i
quy trinh ddo ngugc cua quy trinh da dugc thyc hién ¢ thiét bi truyén tin hi¢u phat rong

10000.

Modun phén tich ct phap khung 22000 co6 thé phan tich ca phap cho cic khung tin
hidu dAu vao va tach ra dit liéu ma dich vu do ngudi dung chon dugc truyén qua do. Néu
thiét bi truyén tin hiéu phét rong 10000 thuc hi¢n quy trinh dan xen, thi modun phan tich
cu phap khung 22000 cé thé thuc hién budc giai dan xen twong Umg vGi quy trinh dao
ngugc cla quy trinh dan xen. Trong truong hop nay, vi tri cia tin hiéu va dit liéu cén tach

ra c6 thé thu dugc bing cach gidi ma dit liéu xuat ra tir modun giéi mé thong tin bao hiéu
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25200 dé khdi phuc thong tin 14p lich biéu dugc tao ra bing thiét bi truyén tin hiéu phat
rong 10000.

Modun khir anh xa va gidi ma 23000 cé thé bién dbi cac tin hiéu dau vao thanh dit
liéu & mién bit va sau d6 giai dan xen cho dir liéu nay néu can. Modun khir 4nh xa va giai
ma 23000 c6 thé thuc hién budc khir 4nh xa cho anh xa dugc 4p dung nhim ning cao
hiéu suét truyén va stra 16i dugc tao ra trén kénh truyén trong qué trinh giai ma. Trong
trudng hop ndy, médun khir 4nh xa va giai ma 23000 co thé thu dugc céc thong sb truyén
can thiét dé khir 4nh xa vA giai ma bing cach giai ma dir liéu xuét ra tir médun gidi ma
thong tin bao hiéu 25000.

Modun xt 1y dau ra 24000 c6 thé thuc hién cic quy trinh ddo ngugc cla cic quy
trinh nén/xr 1Y tin hiéu da duoc &p dung & thiét bi truyén tin hiéu pht rong 10000 nham
nang cao hiéu sudt truyén. Trong truong hgp nay, modun xu ly dAu ra 24000 co thé thu
duoc thong tin diéu khién can thiét tir dir liéu xuét ra tir mddun giai ma thong tin bo hiéu
25000. Tin hiéu diu ra cia mddun xt Iy dAu ra 24000 twong g véi tin hiéu du vao cia
thiét bi truyén tin hiéu phat rong 10000, va c6 thé 13 dong TS theo tiéu chuin MPEG,

dong IP (v4 hodc v6) va dong chung.

Mddun gidi mé thong tin bao hiéu 25000 c6 thé thu duoc thong tin béo hiéu tAng vt
Iy (Physical Layer Signaling, PLS) tir tin hi¢u d& dugc giai didu bién bing modun dong
bo hod va giai diéu bién 21000. Nhu dd néu trén, mddun phén tich ci phéap khung 22000,
modun khir 4nh xa va giadi ma 23000 va modun xir ly dau ra 24000 c6 thé thuc hién cac
chirc nang cta ching bang cach st dung dit liéu xuit ra tir mddun giai ma thong tin bdo
hiéu 25000.

Fig.14 thé hién mddun ddng bd hoa va giai diéu bién theo phuong an thyc hién sang

7
A

ché.

Nhu duoc thé hién trén Fig.14, modun ddng bd hod va giai diéu bién 21000 theo
phuong an thuc hién sang ché tuong tng v6i moédun ddng bd hoa va giai didu bién cta
thiét bi thu tin hiéu phat rong 20000 sit dung m anten thu va c6 thé c¢6 m khéi xtr Iy dé
giai didu bién cho céc tin hiéu trong ing dugc nhdp vao qua m dudng tin hidu. m khéi xir
Iy c6 thé thuc hién quy trinh xtr Iy giéng nhau. Hoat dong cla khéi xtr 1y thir nhit 21000

trong s6 m khi xtt ly duge md ta dudi day.
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Khéi xir Iy thir nhit 21000 ¢6 thé bao gdm khdi didu huéng 21100, khéi bién doi tin
hiéu dang tuong tu thanh dang s6 (Analog-to-Digital Converter, ADC) 21200, khéi do
tim phin mé dau 21300, khéi do tim day bao vé 21400, khéi bién doi dang song 21500,
khéi ddng bd hod thdi gian/tn sé 21600, khdi do tim tin hidu chudn 21700, khéi can
bing kénh 21800 va khi bién dbi ngugc dang song 21900.

Khéi didu huéng 21100 c6 thé chon mot dai tin hiéu theo yéu cdu, bl cho bién do

ctia tin hiéu thu dugc va cung cép tin higu da duge bu cho khéi bién d6i ADC 21200.

Khéi bién dbi ADC 21200 c6 thé bién ddi tin hiéu xuét ra tir khdi diéu hudng 21100

thanh tin hiéu dang sd.

Khéi do tim phin m& du 21300 c6 thé do tim phin m& dAu (hay tin hiu md dau
hodc ky hi¢u mo du) dé kiém tra xem tin hiéu dang sb c6 phai 1a tin hiéu tir hé théng
tuong ung véi thiét bi thu tin hiéu phat rong 20000 hay khong. Trong trudng hop nay,
khéi do tim phin mé dAu 21300 c6 thé giai ma cac thong s6 truyén co ban thu dugc

thong qua phan mé dau.

Khdi do tim ddy bao vé& 21400 co6 thé do tim day bao vé trong tin hiéu dang sb. Khi
ddng bo hoa thori gian/thn s6 21600 c6 thé thuc hién chirc ning dong bd hod thoi gian/tan
s6 bing céach sir dung ddy bao vé tim duoc va khéi can bang kénh 21800 ¢ thé danh gia

kénh dua vao day duogc thu/khdi phuc bang cach sir dung ddy bao vé tim duogc.

Khéi bién ddi dang séng 21500 cb thé thuc hién phép bién ddi ddo nguge cua phép
bién d6i nguoc dang séng da dugc thuc hién & thiét bi truyén tin hidu phat rong 10000.
Khi hé théng truyén/thu tin hiéu phat rong theo mot phuong an thuc hién sang ché 1a hé
théng nhidu séng mang, thi khéi bién ddi dang séng 21500 c6 thé thuc hién phép bién di
FFT. Ngoai ra, khi h¢ théng truyén/thu tin hiéu phét rong theo phwong 4n thyc hién sang
ché 12 hé théng mot séng mang, thi khdi bién d6i dang séng 21500 ¢ thé khong dugc st
dung néu tin hiéu thu duoc & mién thoi gian dugc xtr ly & mién tAn sd hodc duoc xir Iy &
mién thoi gian.

Khéi ddng b hod thoi gian/tn s6 21600 c6 thé thu dit ligu dau ra cta khéi do tim
phin m& dau 21300, khdi do tim day bao vé 21400 va khéi do tim tin hiéu chudn 21700

va thuc hién chitc ning dong b hoa thoi gian va ddng bo hoé tin s6 séng mang trong d6
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¢6 do tim day bao vé va xé4c dinh vi tri ctra s0 khoi trén tin hi¢u tim dugc. Trong do, khbi
ddng bd hod thoi gian/tan s6 21600 c6 thé hoi ti€p tin hiéu dau ra cia khéi bién dbi dang

séng 21500 dé ddng bd hod tan sd.

Khéi do tim tin hidu chudn 21700 c6 thé do tim tin hidu chuin thu dugc. Do do,
thiét bi thu tin hiéu phat rong 20000 theo phwong 4n thuc hién sang ché c6 thé thuc hién

chtrc nang ddng bo hoa va danh gia kénh.

Khéi can bing kénh 21800 c6 thé danh gia kénh truyén tir mdi anten truyén dén mdi
anten thu dua vao ddy bao vé hodc tin hiéu chudn va thuc hién budc cin béng kénh trén

dit lidu thu duge stir dung kénh dd dugce danh gia.

Khdi bién ddi nguge dang séng 21900 co th khoi phuc mién ban dau cho dit liéu
thu dugc khi khéi bién ddi dang séng 21500 thyc hién buéc bién ddi dang song dé dong
bd hoa va danh gid/can bang kénh mdt cach c6 hiéu qua. Néu hé thdng truyén/thu tin hiéu
phat rong theo phuong 4n thuc hién sang ché 12 hé théng mot séng mang, thi khéi bién
d6i dang song 21500 c6 thé thuc hién phép bién ddi FFT dé thyc hién chirc ning dbng bd
hoa/danh gi4/can bing kénh & mién tin s6 va khdi bién dbi nguoc dang soéng 21900 c6
thé thuc hién phép bién ddi IFFT trén tin hi¢u dd dugc can bing kénh dé khoi phuc céc
ky hiéu dir liu duoc truyén. Néu hé théng truyén/thu tin hiéu phét rong theo phuong an
thuc hién séng ché 1a hé théng nhiéu séng mang, thi khéi bién d6i ngugc dang song
21900 c6 thé khdng dugc st dung.

Céc khdi néu trén c6 thé duge loai bd hodc thay thé bang cic khéi c6 chirc ning
gidng hodc twong tu tuy theo thiét ké.

Fig.15 thé hién modun phén tich ¢t phap khung theo phuong an thyc hién sang ché.

Nhu duge thé hién trén Fig.15, mdédun phén tich ¢ phap khung 22000 theo phuong
4n thuc hién sang ché c6 thé bao gbm it nhét mot bo gidi dan xen khdi 22100 va it nhét
mot bo khir anh xa 6 22200.

Bo giai dan xen khdi 22100 c6 thé giai dan xen cho dit liéu nhap vao qua cac duong
dit liéu cia m anten thu va dd dugc xir ly bing mddun ddng bd hod va giai didu bién
21000 trén co s& khéi dit liéu. Trong truong hop nay, néu thiét bi truyén tin hiéu phat

rong 10000 thuc hién quy trinh dan xen theo cép, thi bo gidi dan xen khéi 22100 c6 thé
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xu ly hai dit liéu lién tiép dudi dang 1a mot cip dit liéu cho mdi dudng tin hidu dau vao.
Do d6, bd giai dan xen khdi 22100 c6 thé xudt ra hai dit liu lién tiép ngay khi budc giai
dan xen d3 dugc thuc hién. Ngoai ra, by giai dan xen khéi 22100 c¢6 thé thyc hién quy
trinh ddo nguoc cta quy trinh dan xen di dugc thuc hién & thiét bi truyén tin hiu phat

rong 10000 dé xuét ra dir lidu theo thir tu ban dau.

Bo khr anh xa 6 22200 c6 thé tach ra cac & tuong tmg véi dit liéu chung, cac 6
twong tng v6i cac kénh dit liéu va cac 6 twong tng v6i thong tin PLS tir cac khung dit
lidu thu duge. Bo khir 4nh xa 6 22200 ¢6 thé tron di liéu duoe phan phdi va truyén, sau
d6 xuht ra dit liéu nay dudi dang dong dit lidu khi cAn. Néu hai 6 dit liu ddu vao lién tiép
duge xtt 1y theo cdp va dugc nh xa & thiét bi truyén tin hiéu phat rong 10000, thi b Khir
4nh xa 6 22200 c6 thé thyue hién bude khir 4nh xa 6 theo cip dé xt Iy hai 6 dit liéu dau
vao lién tiép dudi dang 1a mot don vi gidng nhu quy trinh déo nguoc clia quy trinh dnh xa

& thiét bi truyén tin hiéu phét rong 10000.

Ngoai ra, bd khtr 4nh xa 6 22200 co thé tach ra thong tin bao hiéu PLS thu dugc tir
khung hién thoi thanh thong tin PLS-trudc va thong tin PLS-sau, va xuét ra thong tin
PLS-trudce va thong tin PLS-sau.

Céc khbi néu trén c6 thé dugc loai bé hodc thay thé bang cac khdi c6 chic ning

gidng hozic twong tu tuy theo thiét ké.
Fig.16 thé hién modun khit 4nh xa va giai ma theo phuong an thyc hién sang ché.

Mbdun khir 4nh xa va giai ma 23000 dwgc thé hién trén Fig.16 ¢6 thé thyc hién quy
trinh ddo nguoc clia quy trinh d3 dugc thyc hién & médun didu bién ma hoé dan xen bit

duogc thé hién trén Fig.1.

Mbdun didu bién ma hoa dan xen bit cia thiét bi truyén tin hiéu phét rong 10000
theo phuong an thyc hién sing ché c6 thé xir 1y cac kénh dir ligu dAu vao bang cach ap
dung doc 1ap phuong phap xu ly mot d4u vao mdt dau ra (Single Input Single Output,
SISO), phuong phép xtt ly nhiéu diu vao mot ddu ra (MISO) va phuong phap xir Iy nhidu
diu vao nhiéu diu ra (MIMO) cho cac kénh dit liéu va dat cac kénh dit liéu do vao cac
duong tin hiéu tuong ing, nhu da néu trén. Vi vy, modun khir 4nh xa va giai ma 23000

duge thé hién trén Fig.16 c6 thé bao gdm cac khéi dé xtr 1y dit liu xuét ra tir modun phan
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tich ct phap khung theo phuong phap SISO, MISO va MIMO tuong tng voi thiét bi
truyén tin hiéu phat rong 10000.

Nhu dugc thé hién trén Fig.16, mddun khir 4nh xa va gidi ma 23000 theo phuong an
thuc hién sang ché c6 thé bao gbm khdi thir nhét 23100 d& xtr ly theo phuong phéap SISO,
khéi thir hai 23200 d& xir 1y theo phuong phdp MISO, khéi thir ba 23300 dé xi Iy theo
phuong phap MIMO va khdi tht tu 23400 dé xir 1y thong tin PLS-tru¢e/PLS-sau. Mddun
khtr 4nh xa va giai ma 23000 dugc thé hién trén Fig.16 12 mot phuong an 1am vi du, va
modun ndy c6 thé chi ¢6 khéi thir nhét 23100 va khdi tht tu 23400, chi c6 khdi thir hai
23200 va khéi thir tu 23400 hodc chi ¢6 khéi thir ba 23300 va khéi thr tir 23400 tuy theo
thiét ké. Nghia 13, médun khir 4nh xa va giai ma 23000 ¢6 thé c6 cac khdi dé xtr 1y cac

kénh dit lidu theo cac phuwong phap giéng nhau hodc khac nhau tuy theo thiét ké.
Céc khéi trong mddun khir 4nh xa va giai ma 23000 s& duoc mo ta dudi déy.

Khéi tht nhdt 23100 x Iy kénh dit lidu dAu vao theo phuong phép SISO va c6 thé
bao gdm khdi gidi dan xen theo thoi gian 23110, khi giai dan xen 6 23120, khéi khir 4nh
xa chom didm 23130, khbi ddn kénh dit ligu 6 thanh dong bit 23140, khdi giai dan xen bit
23150 va khéi giai ma FEC 23160.

Khbi giai dan xen theo thoi gian 23110 ¢6 thé thyc hién quy trinh dao ngugc cua
quy trinh d& duoc thuc hién & khdi dan xen theo thdi gian 14310 duoc thé hién trén Fig.8.
Nghia 13, khdi giai dan xen theo thoi gian 23110 ¢6 thé giai dan xen cho céc ky hiéu dau

vao da dugc dan xen & mién thoi gian vé lai vi tri ban dau cuia ching.

Khéi giai dan xen 6 23120 c6 thé thyuc hién quy trinh d4o ngugc cla quy trinh da
dwoc thuc hién & khéi dan xen 6 dwoc thé hién trén Fig.9A. Nghia 13, khoi giai dan xen 6
23120 c6 thé giai dan xen vi tri cho cac 6 da dugce tréi ra trong mot khdi FEC v& lai vi tri
ban diu ctia chang. Khi giai dan xen 23120 c6 thé dugc loai bo.

Khéi khir 4nh xa chom diém 23130 c6 thé thuc hién quy trinh dado ngugc cua quy
rinh da duoc thue hién & khéi 4nh xa 12300 dugc thé hién trén Fig.5. Nghia 13, khoi khir
4nh xa chom diém 23130 c6 thé khtr anh xa cho ky hiéu dAu vao & mién ky hiéu thanh dit
lidu & mién bit. Ngoai ra, khéi khir 4nh xa chom diém 23130 c6 thé thyc hién budc tao ra

gi tri quyét dinh cting va xuét ra dit lidu bit c6 gia tri quyét dinh. Ngoai ra, khéi khir anh
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xa chom diém 23130 c6 thé xuit ra gid tri ty s6 hop ly dang loga (Log-Likelihood Ratio,
LLR) cua mdi bit, gia tri ndy twong ung voi gia tri quyét dinh mém hodc gia tri xac sut.
Néu thiét bi truyén tin hiéu phat rong 10000 st dung m¢t chom didm xoay dé thu dwgc hé
s& phén tip bd sung, thi khdi khir 4nh xa chom didm 23130 c6 thé thyuc hién budce khir
anh xa LLR hai chiéu twong tmg véi chom diém xoay. Trong d6, khdi khir 4nh xa chom
didm 23130 c6 thé tinh gi4 tri LLR sao cho c6 thé bu cho do tré ciia thanh phan I hodc Q

da duoc tao ra & thiét bi truyén tin hiéu phat rong 10000.

Khéi ddn kénh dit liéu 6 thanh dong bit 23140 c6 thé thuc hién quy trinh dédo ngugc
cua quy trinh di dugc thuc hién & khdi anh xa 12300 duoc thé hién trén Fig.5. Nghia 13,
khdi ddn kénh dit liéu 6 thanh dong bit 23140 c6 thé khoi phuc dit liéu bit 43 dugc anh xa

tr& v& cac dong bit ban dau.

Khéi giai dan xen bit 23150 ¢6 thé thyuc hién quy trinh d4o ngugc cla quy trinh da
dwoc thuce hién & khbi dan xen bit 12200 dugc thé hién trén Fig.5. Nghia 1a, khoi giai dan
xen bit 23150 ¢6 thé giai dan xen cdc dong bit xuét ra tir khdi dbén kénh dit liéu 6 thanh

dong bit 23140 theo thir ty ban dau.

Khéi giai ma FEC 23460 c6 thé thuc hién quy trinh ddo ngugc cla quy trinh da
duoc thue hién & khéi ma hoa FEC 12100 dugc thé hién trén Fig.5. Nghia 13, khi giai
m3 FEC 23460 c6 thé stra 161 duoc tao ra trén kénh truyén bé“mg cach thuc hién budc giai
ma LDPC va giai ma BCH.

Khéi thir hai 23200 xit 1y kénh dit liéu dAu vao theo phuong phép MISO va ¢6 thé
bao gdm khdi gidi dan xen theo thoi gian, khéi giai dan xen 0, khdi khtr 4nh xa chom
diém, khéi ddn kénh dit liéu 6 thanh dong bit, khéi giai dan xen bit va khoi giai ma FEC
gibng nhu & trong khéi thir nhit 23100, nhu dugc thé hién trén Fig.16. Tuy nhién, khéi

thir hai 23200 khéc véi khéi thir nhét 23100 & chd khéi thir hai 23200 con bao gdm khdi
giai ma MISO 23210. Khdi thit hai 23200 thuc hién quy trinh tir buGe giai dan xen theo
thoi gian dén budc xuat ra dir lidu gibng nhu khéi thir nhit 23100 va do d6 cdc khéi

twong (ng s& khong dugc mo ta nita.

Khéi giai ma MISO 11110 ¢6 thé thyc hién quy trinh déo nguge ca quy trinh xi ly
MISO & thiét bi truyén tin hiéu phét rong 10000. Néu hé théng truyén/thu tin hiéu phat
rong theo phuong 4n thuc hién sang ché str dung phuong phap mé hoa khéi theo khong
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gian-thoi gian (Space-Time Block Coding, STBC), thi khéi gidi ma MISO 11110 c6 thé

thuc hién phuong phap gidi ma Alamouti.

Khéi thir ba 23300 x1t 1y kénh dit lidu dAu vao theo phuong phap MIMO va c6 thé
bao gdm khdi gidi dan xen theo thoi gian, khéi giai dan xen 0, khéi khir anh xa chom
didm, khéi ddn kénh dit lidu 6 thanh dong bit, khdi giai dan xen bit va khoi giai ma FEC
gidng nhu & trong khéi thir hai 23200, nhu duoc thé hién trén Fig.16. Tuy nhién, khéi thir
ba 23300 khac v6i khéi thir hai 23200 & chd khéi thir ba 23300 con bao gdm khdi giai ma
MIMO 23310. Vai trd chinh cia khdi gidi dan xen theo thoi gian, khéi giai dan xen 0,
khéi khtr 4nh xa chom diém, khéi ddn kénh dit lidu 6 thanh dong bit va khéi giai dan xen
bit & trong khéi thir ba 23300 gidng nhu vai trd chinh cta cac khéi twong tng & trong
khdi thi nhat 23100 va khdi thr hai 23200, tuy nhién hoat dong cla ching co6 thé khac
v6i khéi thir nhat 23100 va khéi thit hai 23200.

Khéi giai ma MIMO 23310 ¢6 thé thu dit liéu dAu ra coa khoi gidi dan xen 6 dung
]am tin hiéu dAu vao ciia m anten thu va thyc hién budc gidi md MIMO theo quy trinh
ddo nguoc cua quy trinh xr Iy MIMO & thiét bi truyén tin hiéu phat rong 10000. Khdi
giai ma MIMO 23310 c6 thé thuc hién phwong phép gidi ma gié tri hop 1y tdi da dé dat
dwoc hiéu suét gial ma t6i uu hodc thuc hién phuong phap gidi ma cu dé giam b6t do
phtre tap. Mat khac, khéi giai ma MIMO 23310 ¢6 thé dat duoc hiéu sudt giai ma cao hon
bang cach thyc hién phuong phép tim sai s6 binh phwong trung binh t8i thiéu (Minimum
Mean Square Error, MMSE) hodc thyc hién budc gidi ma ldp theo phuong phép tim
MMSE.

Khéi thir tur 23400 xir 1y thong tin PLS-tru¢c/PLS-sau va c6 thé thyc hién phuong
phép giai ma SISO hodc MISO.

Vai trd chinh cta khéi giai dan xen theo thoi gian, khéi giai dan xen 0, khéi khtr anh
xa chom diém, khéi don kénh dit liéu 6 thanh dong bit va khéi giai dan xen bit & trong
Khéi thi fr 23400 gibng nhu vai trd chinh ciia cac khéi twong tmg & trong khoi thir nhét
23100, khéi thir hai 23200 va khédi tht ba 23300, tuy nhién hoat dong cia ching c6 thé
khéc véi khdi thir nhat 23100, khéi thir hai 23200 va khdi thi ba 23300.

Khéi giai ma FEC rit gon/duc 18 23410 ¢6 thé thyc hign bude khir rit gon va khir

duc 16 trén dit liéu d3 dugce rat gon/duc 15 theo do dai ciia thong tin PLS va sau do6 thyc
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hién budc giai ma FEC trén dir liéu do. Trong truong hop nay, khéi giai ma FEC dung
cho céc kénh dit liéu ciing ¢ thé dugc dung cho thong tin PLS. Do d6, khong can c6
thém phin cing giai md FEC chi dung riéng cho thong tin PLS va vi vay thiét ké hé

thong sé& don gian hon va c6 thé dat dugc higu suAt ma hoa.

Céc khdi néu trén c6 thé dugc loai bé hodc thay thé bang cac khdi c6 chic ning

gibng hogc twong tu tuy theo thiét ké.

Mobdun khir anh xa va gidi ma theo phuong an thuc hién sang ché ¢c6 thé xuét ra céc
kénh dit liéu va thong tin PLS da duge xt Iy cho cdc duong tin hi¢u twong img dé cung
cAp cho mddun xit ly dAu ra, nhu duoc thé hién trén Fig.16. |

Fig.17 va Fig.18 thé hién cac mddun xir ly d4u ra theo cac phuong an thuc hién
sang ché.

Fig.17 thé hién moddun xir Iy déu ra 24000 theo phuong 4n thyc hién sang ché.
Mo6dun xt ly d4u ra 24000 dugc thé hién trén Fig.17 thu mot kénh dir liéu xuét ra tir
mddun khir 4nh xa, gidi ma va xuét ra mot dong dit liéu déu ra.

Modun xi 1 dAu ra 24000 dugc thé hién trén Fig.17 ¢6 thé bao gom khéi giai x40
tron khung dai gbe 24100, khdi xod cac bit dém 24200, khoi giai ma CRC-8 24300 va
khéi xir 1y khung dai gbc 24400.

Khéi giai x40 tron khung dai gbe 24100 c6 thé giai x40 tron dong bit dAu vao bing
cach tao ra ddy PRBS gidng nhu ddy da dugc sir dung & thiét bi truyén tin hiéu phat rong
cho dong bit dau vao va thuc hién phép todn XOR trén day PRBS va dong bit nay.

Khéi x04 cac bit dém 24200 c6 thé xo4 céc bit dém da duge chén vao & thiét bi
truyén tin hiéu phét rong khi can.

Khéi gidi ma CRC-8 24300 c6 thé kiém tra 18i khdi bang cach thuc hién budc gidi
ma CRC trén dong bit thu dugc tir khdi x04 cac bit dém 24200.

Khéi xir Iy khung dai gbc 24400 c6 thé giai ma thong tin dugc truyén thong qua
phan dau ctia khung dai gbc va khoi phuc céc dong TS theo ti€u chudn MPEG, c4c dong
IP (v4 hodic v6) hodc cac dong chung sir dung thong tin da dugc giai mi.

Céac khéi néu trén c6 thé duogc loai bo hodc thay thé bang cic khoi ¢ chirc ning
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gidng hoic twong tu tuy theo thiét ké.

Fig.18 thé hién modun xt Ly déu ra theo phuong 4n khac cua sing ché. Modun xir ly
dAu ra 24000 dwoc thé hién trén Fig.18 thu nhiéu kénh dit liéu xuit ra tir mddun khir 4nh
xa va giai ma. Quy trinh gidi ma nhidu kénh dit liéu c¢6 thé 1 quy trinh tron dit liéu chung
thuong 4p dung cho cac kénh dit lidu v6i cac kénh dit ligu c6 lién quan, va giai ma cho dix
lidu nay, hoic 13 quy trinh ddng thoi giai ma nhidu dich vy hogic thinh phan dich vy (ké

ca dich vu dit liéu video c¢6 kha ndng m& rong cip do) bang thiét bi thu tin hiéu phat rong.

Mbdun xit Iy dAu ra 24000 dugc thé hién trén Fig.18 c6 thé bao gdm khoi gidi xdo
tron khung dai gdc, khéi x04 cac bit dém, khéi giai ma CRC-8 va khéi xtr Iy khung dai
gbc gibng nhu & trong mddun xur 1y d3u ra duogc thé hién trén Fig.17. Vai trd chinh cia
cac khéi nay twong Gng v6i vai tro chinh cla céc khdi d3 duoc md ta dua vao Fig.17, tuy

nhién hoat ddng cia chung c6 thé khac véi cac khdi duge thé hién trén Fig.17.

Khéi bd nh¢ dém khir méo 24500 & trong modun xir 1y dau ra duoc thé hién trén
Fig.18 c6 thé b cho d6 tré, da duoc tao ra & thiét bi truyén tin hiéu phat rong dé dbng bo
ho4 cho cac kénh dit liéu, theo thong s6 thoi gian xuét ra (Time To Output, TTO) di duoc

khoi phuc.

Khéi chén goi réng 24600 c6 thé khoi phuc géi rong da bi xod ra khéi dong dit licu
dwa vao thong sb goi rdng da xoé (Deleted Null Packet, DNP) khoi phuc duoc va xuit ra

dir liéu chung.

Khéi t4i tao tin hiéu nhip ddng bd hoa thoi gian (Time Synchronization, TS) 24700
6 thé khoi phuc su déng b0 hod thoi gian cia cac goi dit liéu dau ra dua vao thong tin
chuén thoi gian cuia dong dit liéu d4u vao (Input Stream Time Reference, ISCR).

Khéi tai két hop theo tin hiéu TS 24800 c6 thé tai két hop dit liéu chung v6i céc
kénh dir liéu c6 lién quan, dugc xuét ra tr khéi chén géi rdng 24600, dé khoi phuc céc
dong dir liéu TS theo ti€u chudn MPEG, céc dong IP (v4 hodc v6) hodc cac dong chung
ban du. Théng tin TTO, DNT va ISCR ¢6 thé thu duoc thong qua phin du cta khung
dai gbc.

Khéi giai mi thong tin bao hiéu trong dai 24900 c6 thé giai ma va xuét ra thong tin

b4o hiéu ting vat 1y trong dai dugc truyén thong qua trudong bit dém trong mdi khung
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FEC cta kénh dit li¢u.

Mbdun xtt ly dau ra dugc thé hién trén Fig.18 c6 thé giéi x40 tron khung dai gbc
cho théng tin PLS-truéc va thong tin PLS-sau dugc nhdp vdo qua dudng thong tin
PLS-truéc va duong thong tin PLS-sau twong ng, va giai ma dit liéu dd dugc giai xdo
tron dé khoi phuc thong tin PLS ban dau. Théng tin PLS d4 khoi phuc dugc cung cAp cho
bo didu khién hé thdng nim & trong thiét bi thu tin hidu phat rong. B diu khién hé
théng c6 thé cung cip céac thong sb cAn thiét cho mddun ddng bd hoa va giai didu bién,
modun phén tich ct phap khung, mdédun khir 4nh xa va gidi ma va moédun xi ly déu ra

cta thiét bi thu tin hiéu phat rng.

Céac khdi néu trén c6 thé duoc loai bé hodc thay thé biang céac khdi c6 chirc ning

gidng hodc twong tu tuy theo thiét ké.

Fig.19 13 so d6 khéi thé hién cu hinh cta thiét bi truyén tin hiéu theo phwong 4n
lam vi du thuc hién sang ché. Dya vao Fig.19, thiét bi truyén tin hiéu 100 bao g61n bo ma

hod 110, bd dan xen 120 va b didu bién 130 (hodc bd anh xa 1én chom diém).

B0 méi hoa 110 tao ra tor ma kiém tra chin & mat do thép (LDPC) béng cach thuc
hién budc ma hoa LDPC duya trén ma trdn kiém tra chin 1é. B6 ma hoa 110 c6 thé bao
gdbm bd mi hod LDPC (khong dugc thé hién trén hinh v&) dé thyc hién buéc mi hoa

LDPC.

B6 ma hoa 110 ma hoa LDPC cho céc bit tir thong tin (hodc thong tin) dé tao ra tir
ma LDPC gdm c6 céc bit tir thong tin va cac bit ch&n 1& (ttc 1 céac bit chén 1& LDPC).
Theo phwong 4n ndy, cdc bit nhip vao bd ma hod 110 co thé dugc dung lam cac bit tur
thong tin. Ngoai ra, vi md LDPC 1a ma c6 hé théng, nén céc bit tir thong tin c6 thé duoc
dua vao trong tr ma LDPC theo nguyén dang cta ching.

Tu m3 LDPC gdm c6 céc bit tir thong tin va céc bit chin 1. Vi duy, tr md LDPC c6
Nigpe bit, va bao géln Kigpe bit tir thong tin va Npariey = Nigpe—Kidpe bit chin 18.

Trong trudng hop nay, bd ma hod 110 cb thé tao ra tir md LDPC bang cach thyc
hién budc ma hoa LDPC dya trén ma trin kiém tra chin I¢. Nghia 13, vi phwong phap ma
hoa LDPC la phuong phap dé tao ra tr ma LDPC tho4d man hé thic H- CT=0, cho nén bd

m3 hod 110 ¢6 thé st dung ma tran kiém tra chin 1& khi thuc hién budc ma hod LDPC.
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Trong d6, H 12 ma trén kiém tra chin 1 va C 1a toh ma LDPC.,

P& ma hoa LDPC, thiét bi truyén tin hiéu 100 c6 thé c6 bd nhé va 6 thé luu trir

trude cac ma tran kiém tra chan 1é véi cac cau trac khac nhau.

Vi du, thiét bi truyén tin hiéu 100 co6 thé luu trit trude cdc ma tran kiém tra chin 18
duoc xac dinh theo tidu chuén hé théng truyén hinh cap kg thuat sé thé hé thir hai (Digital
Video Broadcasting-Cable version 2, DVB-C2), tiéu chuén hé théng truyén hinh vé tinh
ky thudt sd thé hé tho hai (Digital Video Broadcasting-Satellite-Second Generation,
DVB-S2), tiéu chudn hé théng truyén hinh m3t dit kg thuat sé thé hé thi hai (Digital
Video Broadcasting-Second Generation Terrestrial, DVB-T2), v.v., hodc cé thé luu trix
truGe cac ma trAn kiém tra chin 1& dugc xdc dinh theo cic tiéu chudn Advanced
Television System Committee (ATSC) 3.0 cho hé thdng tiéu chuin phat rong k§ thuat 56
& Bic MY, cac tiéu chudn nay hién dang dugc thiét 1ap. Tuy nhién, d6 chi 13 vi dy minh
hoa va thiét bi truyén tin hi€u 100 co thé Iuu trit trude cdc ma tran kiém tra chin 18 voi

cac ciu truc khac, ngoai cac ma tran kiém tra chan 1€ néu trén.

Ma tran kiém tra chin 1¢ theo cic phuong an lam vi du thuc hién sdng ché s& dugc
mo ta dudi day dua vao cac hinh v&. Trong ma trdn kiém tra chin 18, c4c phan tir con lai

khong phai 12 phan tir 1 déu co gia tri bing 0.

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

6 chu tric dugc thé hién trén Fig.20.

Dua vao Fig.20, ma trn kiém tra chn 1& 200 gdm c6 ma tran con tir thong tin (hodc
ma trin con thdng tin) 210 tuong tng vai cac bit tlr thong tin, va ma trdn con chén 1& 220
tuong Ung véi cac bit chin 1€.

Ma trAn con tir thong tin 210 c¢6 Kjge €Ot va ma tran con chin 1& 220 ¢6
Nparity = Nigpe—Kidpe €Ot Sb lurgng hang clia ma trin kiém tra chin 1& 200 béng s6 Iuong
cdt cia ma tran con chin 1€ 220, Nparity = NigpeKidpe-

Ngoai ra, trong ma trn kiém tra chin 1& 200, Nig, 13 d0 dai cta tr md@ LDPC, Klidgpe
1a d6 dai ctia céc bit tr thong tin, va Npaity = NigpeKigpe 12 dO dai cta céc bit chin 1&. Do
dai cua tir ma LDPC, céc bit tir thong tin va céc bit chén 1& dugc hiéu 12 s lugng bit co6

trong mdi tir ma LDPC, céc bit thong tin va cac bit chin 1é.
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CAu triic cia ma trn con tir thong tin 210 va ma trdn con chin 1& 220 s& duoc mo ta
dudi day.
Ma tran con tir thong tin 210 ¢6 Kjgpe cOt (tire 1a tir cot thir 0 dén cot thu (Kigpe—1)),

va tuan thu cc quy tic sau day:

Thtr nhit, M cdt dugce chon trong sd Kjgpe ¢t clia ma trén con tir thong tin 210 thudc
cung mdt nhom, va Kjg,e cot duwge phéan chia ra thanh K,4,/M nhom cdt. Trong mdi nhém
¢dt, mot cdt duge dich chuyén tudn hoan so vé&i cot lién trude véi khoang cach dich
chuyén 13 Q- Nghia 13, Qigpe €6 thé 1a gid tri thong sb khoéng cach dich chuyén tudn
hoan ddi véi cac cot trong mdt nhém cdt clia ma trdn con tir thong tin 210 trong ma tran

kiém tra chén 1& 200.

Trong d6, M 1a khoang lap lai ctia mot mAu nhém cdt, gdm nhiéu cot, trong ma tran
con tr thong tin 210 (vi dy M = 360), va Qyqp 12 khoéng cach dich chuyén tudn hoan cia
mot cOt so vdi cot lién trude trong cling mdt nhém cdt cta ma trdn con tir thong tin 210.
Ngoai ra, M 1a udc sb chung cta Nigpe va Kigpe, v duge xéc dinh sao cho thoa man hé
thtre Qigpe = NigpeKigpe)/M. Trong d6, M va Qygpc 12 cac ) nguyén va Kyg,/M cling la sb
nguyén. M va Qygpe €0 thé c6 cac gia tri khc nhau tuy theo do dai cua tir ma LDPC va ty
1é¢ ma hodc ty 1€ ma hoa (Code Rate, CR). |

Vi du, khi M =360 va do dai cia tir md LDPC, Ny, bing 64800, thi Qe ¢6 thé
duoc xac dinh nhu dugce thé hién trong bang 1 dudi ddy, con khi M =360 va do dai Nigpc
cua tr mad LDPC béng 16200, thi Qigpc €6 thé duogc x4c dinh nhu dugc thé hién trong

bang 2 dudi day:
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Béang 1

Ty lé ma Nldpc M ‘ Qldpc
5/15 64800 360 120
6/15 64800 360 108
7/15 64800 360 96
8/15 64800 360 84
9/15 64800 360 72
10/15 64800 360 60
11/15 64800 360 48
12/15 64800 360 36
13/15 64800 360 24

Bang 2

Ty 1&é ma Nidgpe M Qudpe
5/15 16200 360 30
6/15 16200 360 27
7/15 16200 360 24
8/15 16200 360 21
9/15 16200 360 18
10/15 16200 360 15
11/15 16200 360 12
12/15 16200 360 9
13/15 16200 360 6

Tht hai, khi bac cia c6t thir 0 cia nhém ¢t thir i (i=0, 1, ..., Kigp/M-1) bang D;
(trong do, béc 1a sb luong gia tri 1 c6 mit trong mdi cdt va tit ca cac cdt thudc cing mot
nhém cot ¢6 cing mot bac), va vi tri (hodc chi s6) ciia mdi hang c6 chua gié tri 1 trong
cot thtr 0 cia nhom ¢t thirila RIQ, Ry, -+, R, thi chi ) R{Y cta hang c6 chira gid
tri 1 tht k trong cot tht j ctia nhoém ¢t thir i dugc xéc dinh theo biu thirc 1 sau dy:

®) _p
R = Ri{jy) + Qugpe mOd(Ni, — Kogp0) (1)
trong d6k=0,1,2,...,D-1;i=0,1, ..., Kigpo/M-1;vaj=1,2, ..., M-1.

Biéu thtrc 1 ¢6 thé dugc biéu dién duéi dang biéu thtc 2 sau day:

Rf,lf]) = {Rf,lz) + (j mOd M) X Qldpc } mOd(Nldpc - Kldpc) (2)
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trong d6k=0,1,2,...,D-1;i=0, 1, ..., KjgpoyM-1;vaj=1,2, ..., M=1. Vij =1,
2, ..., M1, nén (j mod M) trong bidu thirc 2 ¢6 thé duoc coi 12 bang j.

Trong céc biéu thirc néu trén, R 14 chi s clia hang 6 chira gi trj 1 tht k trong
cot thit j ctia nhom cdt thi 1, Nygy 18 d6 dai ctia tt ma LDPC, Kigpe 1a d6 dai cda cac bit tu
thong tin, D; 1a bic cua cac c¢ft thudc nhom cot thir i, M la sb Alu(_mg cOt thuéc mot nhom

cOt, va Quap 12 kKhoadng céach dich chuyén tuan hoan cua mdi cdt trong nhém cot.
Két qua 13, dya vao cac biéu thirc nay, néu chi biét Ry, thi c6 the tim dugc chi so

R™ cia hang c6 chira gia tri 1 thir k trong ¢t thir j cia nhém cgt thir i. Vi vdy, khi da

L)
luu trit gid tri chi sb cta hang c6 chira gid tri 1 th@t k trong cdt thir 0 cua mdi nhém cdt,
thi c6 thé biét dugc vi tri cia cot va hang c6 chira gia tri 1 trong ma tran kiém tra chén 1&
200 v&i ciu trac duge thé hién trén Fig.20 (tic 1a trong ma trén con tir thong tin 210 cla

ma tran kiém tra chin 1& 200).

Theo cac quy tic néu trén, tit ca cac cot thudc nhom c@’t thir i ¢6 cung mdt bic D;.
Do d6, tir md LDPC dé luu trit thong tin v& ma tran kiém tra chin 18 theo céc quy tic néu
trén c6 thé dugc biéu dién ngin gon nhu sau.

Vi dy, khi Nigye bang 30, Kygpe bing 15, va Quape bing 3, thi thong tin vi trf clia hang
¢ chtra gia tri 1 trong cdt thir 0 ciia cac nhom c6 ba cot co thé dugc biéu dién bang day
bidu thirc 3 va c6 thé duge goi 1a “ddy vi tri cia gid trj 17.

M_1R® _ B _Q RW _

Ris =LR{y=2,R;y =8 Ry =10,
M _ @ _ 3 _

R, =0,R5; =9, RY) =13, 3)
M _ @) _

Ry, =0,R5; =14

trong &6 R" 1a chi s6 ctia hang c6 chtra gia tri 1 tht k trong ¢t thir j clia nhém
cOt thu 1.

Day vi tri clia gia tri 1 theo bidu thirc 3 thé hién chi sb cia hang c6 chta gié tri 1

trong ¢t thir 0 clia mdi nhém cdt co thé duoc thé hién ngén gon trong bang 3 dudi ddy:
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Béng 3

12810
0913
014

Bang 3 thé hién vi tri ctia cac phan tir ¢6 gid tri 1 trong ma trén kiém tra chin 1¢, va
ddy vi tri cta gid tri 1 thr i dugc bicu dién bang chi so cua cic hang c6 chira gid tri 1

trong cOt thir 0 clia nhom cot thir i,

Ma trin con tir thong tin 210 cia ma trin kiém tra chén 1& theo phwong an lam vi du
thuc hién sang ché co thé duogc xac dinh nhu duogc thé hién trong cac bang tlr bang 4 dén

bang 12 duéi day, dua vao phin mo ta sing ché néu trén.

Cac bang tir bang 4 dén bang 12 thé hién chi sb cua cac hang c6 chira gia tri 1 trong
ot thtr 0 cia nhom cdt thi i trong ma trén con tir thong tin 210. Nghia 13, ma trén con tir
thong tin 210 c6 nhiéu nhom cot, mdi nhom cdt ¢ M cdt, va vi tri ctia cac gid tri 1 ¢ cot
thtr 0 ctia mdi nhom cot trong s6 cac nhom cdt nay cod thé duogc xac dinh nhu duge thé

hién trong cac bang tir bang 4 dén bang 12.

Trong d6, chi sb ciia cac hang c6 chira gia tri 1 trong cot thr 0 cua nhém cot thir 1
duoc hiéu 1a “dia chi cta cac ving chira bit chén 18”. “Dia chi éﬁa céc vung chira bit chdn
18” c6 y nghia nhu dugc quy dinh trong céc ti€u chuidn DVB-C2/S2/T2 hodc cac tiéu
chuin ATSC 3.0, c4c tiéu chudn nay hién dang duoc thiét 14p, va do d6 trong sang ché s&
khong md ta chi tiét nira.

Vi du, néu dd dai Nig, clia tir md LDPC bang 16200, ty 1¢ ma bang 5/15, va M bang
360, thi chi s§ cua cac hang co chira gié tri 1 trong cot thir 0 clia nhém cot thir i trong ma

tran con tir thong tin 210 duoc thé hién trong bang 4 dudi day:

-33-




31273

Béang 4

Chi s cta cac hang c6 chira gia tri 1 trong cdt thir 0 cia nhém cot thir i

245 449 491 980 1064 1194 1277 1671 2026 3186 4399 4900 5283 5413 5558 6570 7492 7768 7837
7984 8306 8483 8685 9357 9642 10045 10179 10261 10338 10412

1318 1584 1682 1860 1954 2000 2062 3387 3441 3879 3931 4240 4302 4446 4603 5117 5588 5675
5793 5955 6097 6221 6449 6616 7218 7394 9535 9896 10009 10763

105 472 785 911 1168 1450 2550 2851 3277 3624 4128 4460 4572 4669 4783 5102 5133 5199 5905
6647 7028 7086 7703 8121 8217 9149 9304 9476 9736 9884

1217 5338 5737 8334

855994 2979 9443

7506 7811 9212 9982

848 3313 3380 3990

2095 4113 4620 9946

1488 2396 6130 7483

Ol ||| n|hH~|W

1002 2241 7067 10418

10

2008 3199 7215 7502

1161 7705 8194 8534

12

2316 4803 8649 9359

13

125 1880 3177

14

1141 8033 9072

Vi du khac, néu do dai Nig,, clia tir ma LDPC bang 16200, ty 1¢ ma bang 7/15, va M

bang 360, thi chi sé ctia cdc hang c6 chira gi tri 1 trong ¢t thr 0 clia nhoém cft thir 1

trong ma trdn con tir thong tin 210 dugc thé hién trong bang 5 hodc bang 6 dudi day:

Bang 5

Chi sb ctia cac hang c6 chira gia tri 1 trong cot thir 0 ctia nhoém ¢t thir i

553742 901 1327 15442179 2519 3131 3280 3603 3789 3792 4253 5340 5934 5962 6004 6698 7793
8001 8058 8126 8276 8559

503 590 598 1185 1266 1336 1806 2473 3021 3356 3490 3680 3936 4501 4659 5891 6132 6340 6602
7447 8007 8045 8059 8249

705 831 947 1330 15022041 2328 2513 2814 2829 4048 4802 6044 6109 6461 6777 6800 7099 7126
8095 8428 8519 8556 8610

601 787 899 17572259 2518 2783 2816 2823 2949 3396 4330 4494 4684 4700 4837 4881 4975 5130
5464 6554 6912 7094 8297

4229 5628 7917 7992

1506 3374 4174 5547

4275 5650 8208 8533

1504 1747 3433 6345

3659 6955 7575 7852

NoR N-CH IEN I o W BV, T I N

607 3002 4913 6453

10

3533 6860 7895 8048




31273

11| 4094 6366 8314

12 | 2206 4513 5411

13 13238825149

14 | 389 3121 4626

15 | 1308 4419 6520

16 | 2092 2373 6849

17 | 18153679 7152

18 | 35823979 6948

19 | 1049 2135 3754

20 | 2276 4442 6591

Bang 6

i Chi sb cua cac hang c6 chira gié tri 1 trong ¢t thir 0 cia nhém cot thi i

0 | 432 655 893 942 1285 1427 1738 2199 2441 2565 2932 3201 4144 4419 4678 4963 5423 5922 6433
6564 6656 7478 7514 7892

1220453690826 1116 1425 1488 1901 3119 3182 3568 3800 3953 4071 4782 5038 5555 6836 6871
7131 7609 7850 8317 8443

2 | 300 454 497 930 1757 2145 2314 2372 2467 2819 3191 3256 3699 3984 4538 4965 5461 5742 5912
6135 6649 7636 8078 8455

3| 24 65565 609 990 1319 1394 1465 1918 1976 2463 2987 3330 3677 4195 4240 4947 5372 6453
6950 7066 8412 8500 8599

1373 4668 5324 7777

189 3930 5766 6877

32961 4207 5747

1108 4768 6743 7106

1282 2274 2750 6204

Ol ||~

2279 2587 2737 6344

10 | 2889 3164 7275 8040

11 | 1332734 5081 8386

12 | 4373203 7121

13 | 4280 7128 8490

14 | 619 4563 6206

1512799 6814 6991

16 | 244 4212 5925

17 | 1719 7657 8554

18 | 53 1895 6685

19 | 584 5420 6856

20 | 2958 5834 8103

Vi du khéc, néu dd dai Nigy, ctia tir ma LDPC bing 16200, ty 1¢ ma bang 9/15, va M
bing 360, thi chi s§ ciia cic hang c6 chira gid tri 1 trong cot thir 0 ctia nhom ¢t thir i

trong ma trin con tir thong tin 210 duoc thé hién trong bang 7 hogc bang 8 dudi day:
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Bang 7

Chi s cua cac hang c6 chira gi4 tri 1 trong cot thit 0 ciia nhom cot thir i

212255 540 967 1033 1517 1538 3124 3408 3800 4373 4864 4905 5163 5177 6186

275660 1351 2211 2876 3063 3433 4088 4273 4544 4618 4632 5548 6101 6111 6136

279 335 494 865 1662 1681 3414 3775 4252 4595 5272 5471 5796 5907 5986 6008

3453523094 3188 4297 4338 4490 4865 5303 6477

222 681 1218 3169 3850 4878 4954 5666 6001 6237

172 512 1536 1559 2179 2227 3334 4049 6464

716 934 1694 2890 3276 3608 4332 4468 5945

1133 1593 18252571 3017 4251 5221 5639 5845

1076 1222 6465

O N Wi |I—|O

159 5064 6078

—_
o

374 4073 5357

[u—
—

2833 5526 5845

—
[\

1594 3639 5419

—
(98]

1028 1392 4239

,.a
S

115622 2175

—
W

300 1748 6245

J—
(o)}

2724 3276 5349

—
&

1433 6117 6448

—_
[>]

485 663 4955

—
=]

7111132 4315

[\
(]

177 3266 4339

[\S]
—

1171 4841 4982

N
[\

33 1584 3692

[\
(98]

2820 3485 4249

)
N

1716 2428 3125

[\
W

2502275 6338

[\
(o))

108 1719 4961

Bang 8

Chi s6 ctia cac hang c6 chira gié tri 1 trong cot thir 0 cia nhém cdt thi i

350 462 1291 1383 1821 2235 2493 3328 3353 3772 3872 3923 4259 4426 4542 4972 5347 6217
6246 6332 6386

177 869 1214 1253 1398 1482 1737 2014 2161 2331 3108 3297 3438 4388 4430 4456 4522 4783
5273 6037 6395

347 501 658 966 1622 1659 1934 2117 2527 3168 3231 3379 3427 3739 4218 4497 4894 5000 5167
5728 5975

319398 599 1143 1796 3198 3521 3886 4139 4453 4556 4636 4688 4753 4986 5199 5224 5496 5698
5724 6123

162 257 304 524 945 1695 1855 2527 2780 2902 2958 3439 3484 4224 4769 4928 5156 5303 5971
6358 6477

807 1695 2941 4276
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2652 2857 4660 6358

3292100 2412 3632

1151 1231 3872 4869

O | [ Q|

15613565 5138 5303

10

407 794 1455

3438 5683 5749

12

1504 1985 3563

13

440 5021 6321

14

194 3645 5923

15

1217 1462 6422

16

1212 4715 5973

17

4098 5100 5642

18

5512 5857 6226

19

2583 5506 5933

20

784 1801 4890

21

4734 4779 4875

22

938 5081 5377

23

127 4125 4704

24

12442178 3352

25

3659 6350 6465

26

1686 3464 4336

Vi du khéc, néu do dai Nyg, ctia tir ma LDPC bing 16200, ty 1¢ ma bang 11/15, va

M bing 360, thi chi sb clia cdc hang c6 chira gia tri 1 trong ¢4t thir 0 cia nhom cot tho i

trong ma trin con tir thdng tin 210 duoc thé hién trong bang 9 hodc bang 10 dudi day:

Bang 9

Chi sb cua cac hang c6 chira gia trj 1 trong ¢t thir 0 ciia nhém cot thir i

49 719 784 794 968 2382 2685 2873 2974 2995 3540 4179

272281374 1279 2034 2067 2112 3429 3613 3815 3838 4216

206 714 820 1800 1925 2147 2168 2769 2806 3253 3415 4311

62 159 166 605 1496 1711 2652 3016 3347 3517 3654 4113

363 733 1118 2062 2613 2736 3143 3427 3664 4100 4157 4314

57 142 436 983 1364 2105 2113 3074 3639 3835 4164 4242

870921 950 1212 1861 2128 2707 2993 3730 3968 3983 4227

1852684 3263

20352123 2913

Ol |w|lajun|sa|lw ||~

883 2221 3521

—
(=]

1344 1773 4132

p—
p—

4383178 3650

—
[\]

543 756 1639

—
W

1057 2337 2898

,_‘
~

1713298 3929
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15

1626 2960 3503

16

484 3050 3323

17

2283 2336 4189

18

2732 41324318

19

2252335 3497

20

600 2246 2658

21

1240 2790 3020

22

301 1097 3539

23

1222 1267 2594

24

1364 2004 3603

25

1142 1185 2147

26

564 1505 2086

27

697 991 2908

28

1467 2073 3462

29

2574 28183637

30

748 2577 2772

31

1151 1419 4129

32

164 1238 3401

Bang 10

Chi s cua cac hang ¢6 chira gid tri 1 trong cot thir 0 ctia nhom cot thir i

108 297 703 742 1345 1443 1495 1628 1812 2341 2559 2669 2810 2877 3442 3690 3755 3904 4264

180 211 477 788 824 1090 1272 1578 1685 1948 2050 2195 2233 2546 2757 2946 3147 3299 3544

[\

627 741 1135 1157 1226 1333 1378 1427 1454 1696 1757 1772 2099 2208 2592 3354 3580 4066
4242

9795 959 989 1006 1032 1135 1209 1382 1484 1703 1855 1985 2043 2629 2845 3136 3450 3742

230413 801 829 1108 1170 1291 1759 1793 1827 1976 2000 2423 2466 2917 3010 3600 3782 4143

56 142 236 381 1050 1141 1372 1627 1985 2247 2340 3023 3434 3519 3957 4013 4142 4164 4279

298 1211 2548 3643

73 1070 1614 1748

1439 2141 3614

NoR R-CHIEN [ e N I, I I SN

284 1564 2629

10

607 660 855

11952037 2753

12

49 1198 2562

13

296 1145 3540

14

1516 2315 2382

15

154 722 4016

16

759 2375 3825

17

162 194 1749

18

2335 24222632

19

611722583

20

726 1325 1428

21

9852708 2769
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22

25528013181

23

2979 3720 4090

24

208 1428 4094

25

199 3743 3757

26

1229 2059 4282

27

458 1100 1387

28

1199 2481 3284

29

1161 1467 4060

30

9593014 4144

31

2666 3960 4125

32

2809 3834 4318

Vi du khic, néu d6 dai Ny, ctia tir ma LDPC bang 16200, ty 1¢ ma bang 13/15, va

M bang 360, thi chi s6 cua cac hang co6 chira gia tri 1 trong cot thir 0 clia nhém cdt thir i

trong ma trin con tr thong tin 210 dugc thé hién trong bang 11 hodc bang 12 dudi day:

Bang 11

Chi sé cua cac hang c6 chia gid tri 1 trong c6t thir 0 cia nhom cot thr i

71334 645779 786 1124 1131 1267 1379 1554 1766 1798 1939

6 183 364 506 512922 972981 1039 1121 1537 1840 2111

6 71 153 204 253 268 781 799 873 1118 1194 1661 2036

6247353 581921940 1108 1146 1208 1265 1511 1527 1671

6 37 466 548 747 1142 1203 1271 1512 1516 1837 1904 2125

6 171 863 953 1025 1244 1378 1396 1723 1783 1816 1914 2121

1268 1360 1647 1769

6458 1231 1414

183 535 1244 1277

Ol anjn||Wibd|—|O

107 300 498 1456

—
(=]

62007 2059 2120

—
—

1480 1523 1670 1927

—
[\

139 573 711 1790

—t
W

6 1541 1889 2023

,_.
~

63749571174

—
(9,

287 423 872 1285

—
(o)}

6 1809 1918

—_
3

65 818 1396

—
=<}

590 756 2107

—_
\O

192 814 1843

e
o

775 1163 1256

[\
—

42 735 1415

[38)
[\

334 1008 2055

[\
w

109 596 1785

)
~

406 534 1852
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25

684 719 1543

26

401 465 1040

27

112 392 621

28

82 897 1950

29

887 1962 2125

30

793 1088 2159

31

723919 1139

32

610 839 1302

33

218 1080 1816

34

627 1646 1749

35

496 1165 1741

36

916 1055 1662

37

182 722 945

38

55951674

Béang 12

Chi s cta cac hang c6 chira gid tri 1 trong cdt thir 0 cia nhoém ¢t thir i

37 144 161 199 220 496 510 589 731 808 834 965 1249 1264 1311 1377 1460 1520 1598 1707 1958
20552099 2154

2027 165 462 546 583 742 796 1095 1110 1129 1145 1169 1190 1254 1363 1383 1463 1718 1835
1870 18792108 2128

288 362 463 505 638 691 745 861 1006 1083 1124 1175 1247 1275 1337 1353 1378 1506 1588 1632
1720 1868 1980 2135

405 464 478 511 566 574 641 766 785 802 836 996 1128 1239 1247 1449 1491 1537 1616 1643 1668
1950 1975 2149

86 192245 357 363 374 700 713 852 903 992 1174 1245 1277 1342 1369 1381 1417 1463 1712 1900
1962 2053 2118

101 327 378 550

186 723 1318 1550

118277 504 1835

199 407 1776 1965

O |R |||

387 1253 1328 1975

10

62 144 1163 2017

100 475 572 2136

12

431 865 1568 20355

13

283 640 981 1172

14

2201038 1903 2147

15

483 1318 1358 2118

16

92961 1709 1810

17

112 403 1485 2042

18

4311110 1130 1365

19

587 1005 1206 1588

20

704 1113 1943

21

375 1487 2100
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22 | 1507 1950 2110

23 1962 1613 2038

24 1554 1295 1501

25 | 488 784 1446

26 | 871 1935 1964

27 | 54 1475 1504

28 | 1579 1617 2074

29 | 1856 1967 2131

30 | 330 1582 2107

31 ] 401056 1809

32 | 1310 1353 1410

33 | 232 554 1939

34 | 168 641 1099

35| 333 437 1556

36 | 153 622 745

37 | 719931 1188

38 | 237 638 1607

Trong cc vi du néu trén, do dai cia tir ma LDPC bang 16200 va ty 1¢ ma bang 5/15,
7/15, 9/15, 11/15 va 13/15. Tuy nhién, d6 chi 1a vi du minh hoa, va vi tri clia cac gid tri 1
trong ma trn con tr thong tin 210 ¢6 thé duogc x4c dinh theo cach khac khi do dai cua tir

ma LDPC bing 64800 hoic ty 16 ma c6 cac gia tri khac.

Theo phuong an lam vi du thyc hién sang ché, k& ca khi tht tu cta céc chi sd trong
ddy & cot thtr 0 cua mdi nhém cot trong ma tran kidm tra chin 1& 200 nhu dugc thé hién
trong cac bang tr bang 4 dén bang 12 néu trén c6 thay dbi, thi ma trn kiém tra chin 1& da
thay doi cling 12 mot ma trén kiém tra chin 1& dung duogc cho chinh ma dé. Vi véy, sang
ché nay ciing 4p dung dugc cho trudong hop thir ty clia cdc chi s6 trong ddy & cot thr 0

ctia mdi nhém cdt duge thé hién trong cc bang tir bang 4 dén bang 12 c6 thay doi.

Theo phuong an lam vi dy thyc hién sang ché, ké ca khi tht ty sip xép clia cac day
twong ung véi i+1 nhém cot dugce thé hién trong cic bang tir bang 4 dén bang 12 c6 thay
dbi, thi dic trung tudn hoan trén do thi ctia ma va dic trung dai s6 nhu so dd phéan bd bac
van khong thay dbi. Vi vay, sdng ché nay ciing ap dung dugc cho truong hop thir ty sp

xép cia céc diy dugc thé hién trong c4c bang tlr bang 4 dén bang 12 ¢6 thay doi.

Ngoai ra, ké ca khi mot bodi sb cua Qigpe duge cong déng loat vao tit ca céc chi sb
trong mot nhém cot ndo d6 (tirc 12 mot day) trong cdc bang tir bang 4 dén bang 12, thi

d3ic trung tuan hoan trén do thi ctia mé hodc dic trung dai sO nhu so d6 phéan bo béc van
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khong thay dbi. Vi vdy, sng ché nay ciing 4p dung dugc cho trudng hop cong ddng loat
mot bdi s6 cia Quape Vao tht ca cac chi s& duoc thé hién trong cic bang tir bang 4 dén
bang 12. Tuy nhién, cén luu y réng, néu gia tri thu dugc sau khi cong boi sb cua Qugpe Va0
tht ca céc chi sb trong mot ddy cho trudc 16n hon hodc b%mg (Nigpe—Kigpe), thi s€ thay thé
gid tri d6 bing két qua thu dugc sau khi ldy gid tri d6 dé thwc hién phép todn
mOduld-(Nigpe—Kigpe)-

Khi x4c dinh dugc vi tri cia cic hang c6 chira gid tri 1 trong ct thir 0 cia nhom cot
tht i trong ma trdn con tir thong tin 210 nhu dugc thé hién trong cic bang tr bang 4 dén
bang 12, thi c6 thé xé4c dinh dugc vi tri clia cdc hang c6 chira gia tri 1 trong cac cft con
lai ciia mdi nhém cot vi vi tri cla cac hang c¢6 chira gia tri 1 trong cot the 0 dugc dich

chuyén tuan hoan véi khoang céch 1 Qg trong cot ke tiep.

Vi du, dua vao bang 4, trong cot tht 0 clia nhém cdt thir 0 trong ma trdn con tir

thoéng tin 210, gid tri 1 ndm & hang thir 245, hang thir 449, hang thir 491, ...

Trong trudng hop nay, vi Qupe = NigpeKigpe)/M = (16200-5400)/360 = 30, nén chi
s& cta cac hang c6 chira gid tri 1 trong cft thir 1 ctia nhém cot thar 0 c6 thé bing
275 (= 245+30), 479 (= 449+30), 521 (= 491+30), ..., va chi sb ciia cac hang c6 chira gia
tri 1 trong cot thir 2 ctia nhom cdt thir 0 c6 thé bang 305 (= 275+30), 509 (= 479+30),
551 (=521+30), ...

Trong phuong phéap néu trén, chi s6 cua cac hang c6 chtra gia tri 1 trong tat ca céc

hang ctia moi nhém cdt c6 thé duoc xéac dinh.

Ma trin con chin 1& 220 clia ma tran kidm tra chin 1& 200 dugc thé hién trén Fig.20

c6 thé dugc xac dinh nhu sau:

Ma trin con chin 1& 220 c6 Nigpe—Kigpe €Ot (tre la tir cot thir Kygpe dén cot thir
(Nipae—1)), va co cAu trac hai dudng chéo hodc clu thang. Do d96, bac cua cac cot trir ¢t
cubi cung (tire 12 cot thir (Njgpe—1)) trong sb cac cot co trong ma trin con chin 1& 220 déu

bang 2, con béc cua cft cudi cung thi bang 1.

Do d6, ma tran con tir thong tin 210 cia ma trén kiém tra chin 1& 200 c6 thé duoc
xéc dinh nhu dugc thé hién trong cic bang tir bang 4 dén bang 12, va ma trin con chén 1¢

220 cta ma trin kiém tra chén 1& 200 c6 thé ¢6 cAu tric hai dudng chéo.
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Khi céc cdt va cac hang clia ma trén kiém tra chin 1& 200 duoc thé hién trén Fig.20
duoc hoan vi dua vao biéu thic 4 va biéu thitc 5 duéi ddy, thi ma trin kiém tra chin 18
duoc thé hién trén Fig.20 c6 thé duoc bién ddi thanh ma tran kiém tra chin 1& 300 duoc

thé hién trén Fig.21.

Qupe i+ = M-j+i V6 (0<i<M,0<j<Qyy) @)

K e + Qupe 'k +1=> Ky + M-1+k v6i (0<k<M,0=<1<Qy\,) (5)

Idpc

Phuong phép hoén vi dua vio bidu thirc 4 va biéu thirc 5 s& dugc md ta dudi ddy. Vi
phép hodn vi hang va phép hoan vi cft 4p dung cing mét nguyén 1y, cho nén phép hoén
vi hang dé 1am vi du s& duge mo ta dudi day. .

Péi v6i phép hodn vi hang, xét hang thir X, i va j dap ung dicu kién X = Qugpexit]
duoc tinh va hang tht X dugc hoan vi bing cach thé cac gia tri i va j tinh dugc vao biéu
thire Mxj+i. Vi dy, trong truong hop Qugpe va M 1an luot bang 2 va 10, xét hang thi 7, i
bing 3 va j bing 1 dap tmg didu kién 7 = 2xi+j. Vi vdy, hang thit 7 dwgc hoan vi thanh
hang thir 13 (10x1+3 = 13).

Khi phép hoan vi hang va phép hoan vi ¢t duoc thyc hién theo phuong phép néu
trén, thi ma tran kiém tra chén 1€ trén Fig.20 ¢ thé duoc bién dbi thanh ma tran kiém tra

chén 1& trén Fig.21.

Dua vao Fig.21, ma trin kiém tra chén 1& 300 duoc phan chia ra thanh nhiéu khi

thanh phan, vd mdt ma tran tya tuAn hoan MxM twong tmg v6i mdi khdi thanh phén.

Do d6, ma tran kiém tra chin 1& 300 véi cAu trac nhu dugc thé hién trén Fig.21
dugc tao nén tir cac khdi ma trin MxM. Nghia 13, cic ma trdn con MxM dugc sép Xép
dudi dang nhidu khéi thanh phén, cac khéi thanh phin niy tao nén ma trén kiém tra chin

1¢ 300.

Vi ma tran kiém tra chin 1¢é 300 dugc tao nén tlir cac ma trén tya tudn hoan MxM,
cho nén M cot c6 thé duge coi 1a mot khéi cot va M hang ¢6 thé duoc coi 13 mot khéi
hang. Do d6, ma trin kidm tra chin 1& 300 v&i cAu trac nhu duge thé hién trén Fig.21 c6

Nyo cotumn = Nigpo/M kh6i ¢t va Nge_row = Niariey/M khi hang.

Ma tran con MxM s& dugc mo ta dudi day.
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Thi nhét, khéi cot thir Nge coume—1) clia khéi hang thir 0 c6 dang duogc thé hién theo
biéu thirc 6 sau déy:

0 0 A 0 0]
1 0 A 0 0
A=[0 1T A 0 0 (6)
M MMM M
0 0 A 1 0]

Nhu d3 néu trén, ma trdn A 330 1a ma trdn MxM, tAt ca céac gia tri cda hang thr 0 va
cot thir (M—1) déu bing “0”, con vé6i 0 <i<(M-2), thi hang tht (i+1) clia cot thi i bing

“1” va céac gia tri con lai déu bang “0”.

Thtt hai, v6i 0 < i < (NjgpeKigpe)/M—1 trong ma trdn con chéin 1& 320, khéi hang thir
i cha khi cot th (Kigpe/M+i) dugc tao ra dya trén ma tran don vi Iyxm 340. Ngoai ra, voi
0 <i < Nigpe—Kigpe)/M—2, khoi hang thir (i+1) cla khéi cot thir (Kigye/M+i) duge tao ra

dua trén ma tran don vi Iy 340.

Thtt ba, khbi 350 tao nén ma trin con tir thong tin 310 co thé 13 ciu trac dich
chuyén tudn hoan cia ma tran tudn hoan P, P™, hodc cAu triic cong clia ma trin dich
chuyén tuan hoan P™ trong ma trdn tudn hoan P (hodc cAu tric triung 13p).

Vi dy, cAu tric trong d6 ma trn tudn hoan P dugc dich chuyén tuén hoan sang bén

phai 1 cdt co thé duoc bidu difn bing biéu thic 7 sau day:

0 1 0 0]
0 0 1 A 0
P=M M M M @)
0 0 0 A I
1 0 0 0

Ma trin tudn hoan P 13 ma trdn vudng c6 kich thuéc MxM va 1a ma tran trong do
gia tri cia mdi hang trong s6 M hang bing 1 va gié tri cta mdi cot trong s& M cot bang 1.
Khi aj bﬁng 0, thi ma tran tudn hoan P, ttc 1a P’ 12 ma tran don vi Iy, cOn khi a;; bﬁng

oo, thi ma trdn P* 1a ma trén khong.

Ma trin con ndm & giao diém cua khoi hang thir i va khoi ¢t thir j trong ma tran
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kidm tra chdn 1& 300 trén Fig.21 c6 thé 1a P*. Do d6,ivajla s6 luong khdi hang va s6
luong khéi cot trong cac khéi thanh phan twong (mg véi tir thong tin. Do d6, trong ma
tran kiém tra chin 1& 300, tdng s6 cot bang Nigye = MxNye columns V2 tong s6 hang bang
Nparity = M*Ngc row. Nghia 13, ma trén kiém tra chin 1& 300 c6 Ngc column khdi cot va
Ny row khéi hang.

Quy trinh thuc hién buéc md hoa LDPC dya trén ma trén kiém tra chin 1& 200 nhu
duoc thé hién trén Fig.20 s& dugc md ta dudi ddy. Quy trinh thyc hién budc ma hoé
LDPC khi ma trin kiém tra chin 1¢ 200 dugc xac dinh nhu duge thé hién trong bang 4
1am vi du d& cho d& hiéu s& dugc mo ta dudi day.

Trude tién, néu céc bit tir thong tin c6 do dai bang Kigpe 12 [ig,i,15,A ig, 415 V3
cé4c bit chin 1& c6 do dai béng NigpeKiape 12 [P, Py5P,5A ’mepc-Km,,c—lL thi buéc ma hoa
LDPC c6 thé duogc thuc hién theo quy trinh nhu sau.

Bu6c 1) Thiét lap gié tri ban ddu cho cac bit chin 1& bang ‘0°. Tuc la
po=p,=p, =K = Piigpe—Kigge-1 =0.

Budc 2) Cong bit tir thong tin thir 0 iy véi cdc bit chiin 1& ¢6 céc chi sb duoc xac

dinh & hang thir nhit (t&c 13 hang c6 i = 0) trong bang 4 dé 1am dia chi cho c4c bit chén 18.

Bude cdng nay co the duge bicu dién bang bicu thuc 8 sau day:

Pa4s = P24sDio
P49 = P4so®ig
P491 = P4o1Dio
Pggo = PogoDio
P1oss = P1os4D1o
P1194 = P1194Dio
P1277 = P1277Dio
P61 = P1671Dio
P2026 = P2026@P1o
P3136 = P3186D10
P399 = P4399Dio

Pés70 = Pes70Dio
P49 = P7492D10
P7768 = P7768D10
P37 = P73371io
P984 = P9840
Ps306 = Pg30sD1io
Ps4s3 = Pag3Dio
Pgess = PgessDio
Py3s7 = Po3576Dio
Possr = PosarDio

P1004s = P100asDio
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P4900 = PagooDio
Psyg3 = Pspg3Dig
Ps413 = Ps413D10
Psssg = Pssssio

31273

P1o179 = Pio170P1o
P1o261 = P1o261DP1o
P10338 = P1033sDio

P10412 = P10412Dio

(8)

Trong d9, ig 1a bit tir thong tin thi 0, p; 1a bit chin 1& thir i, va @ 13 phép toan nhi
phén. Trong phép toan nhi phan, 1@1 bing 0, 10 bing 1, 01 béng 1, va 080 bing 0.

Budce 3) Cong 359 bit tir théng tin con lai i, (m=1,2, ..., 359) véi cac bit chin 18
c6 dia chi dugc tinh dya vao biéu thirc 9 sau ddy. Céc bit tir thong tin nay c6 thé thuoc

cung mdt nhom cdt vai bit tir thong tin .
(x + (mmod360) x Q,,,, Jmod(N,,, — Ky, ) )

Trong d6, x 13 dia chi ctia viing chira bit chin 1& trong tng v6i bit tir thong tin iy, va
Qugpe 1 khoang céch dich chuyén tudn hoan ctia mdi cdt trong ma trin con tir thong tin, va
c6 thé bing 30 véi truong hop duge thé hién trong bang 4. Ngoaira, vim =1, 2, ..., 359,
nén (m mod 360) trong bidu thtrc 9 ¢6 thé duge coi 12 bing m.

Két qua 13, c4c bit tir thong tin i, (m =1, 2, ..., 359) dugc cong vGi cac bit chin 18
¢0 dia chi dugc tinh duya vao biéu thirc 9. Vi du, phép toan nhu dugc biéu dién béng biéu

thirc 10 sau day co thé dugc thuc hién trén bit tir thong tin i;:

P25 = Py75D1;

P479 = P71y

Psy1 = P31

P1o10 = P1o10P1i1
P1o9s = P10oaDiy
P1224 = P1224Diy
P1307 = P13o7®1
Pi701 = P1701@1
P2os6 = P2ossD1i
P3216 = P3216D11
Pua20 = Paano@iy

Pe6oo = PeeooDii
P75 = P7sna@Diy
P7798 = P779D11
P7367 = P73676D11
Pgo14 = Pgo14Di
Pg336 = Pg3zsDi
Pgsi3 = Pgsi3Diy
Pg715 = Pg715D1)
Po3s7 = Po3g7D1
Pog72 = Pos7aDii

P10075 = P1007sD11

-46-



31273

P4930 = Pag30Di; P10200 = P10200P11
Ps313 = Ps3i3Diy P10291 = P1o201€D11
Ps443 = Psass®Diy P1o3es = P1o3ssPin
Psssg = PssgaDiy P1o442 = Proas2D1 (10)

Trong do, i; 1a bit tir thong tin tht 1, p; 13 bit chin 1¢ thtr i, va ® 1a phép todn nhj
phan. Trong phép toan nhi phan, 1@1 bing 0, 1®0 béng 1, 01 bang 1, va 0©0 bang 0.

Budc 4) Cong bit tir thong tin thir 360 i36p vOi cac bit chiin 18 ¢6 céc chi sb dugc xac
dinh & hang th hai (tirc 12 hang ¢6 i = 1) trong bang 4 @2 1am dia chi cho c4c bit chdn 1&.

Buéc 5) Cong 359 bit tir thdng tin con lai thudc cung mot nhom v bit tir thdng tin
1360 VOi cac bit chan 18. Trong truong hop nay, dia chi cua bit chiin 1& ¢6 thé duge xéc
dinh dwa vao biéu thirc 9. Tuy nhién, trong truong hop nay, x la dia chi cua ving chtra bit
chin 1& twong Urng véi bit tir thong tin ize.

Budc 6) Thuc hién I3p lai budce 4 va bude 5 néu trén v6i tht ca cac nhom cot trong
bang 4.

Bud6c 7) Tir d6 tinh bit chin 1& p; dya vao biéu thtc 11 sau diy. Trong truong hop

nay, i dugc thiét 14p gia tri ban dAu bing 1.

pi=pi®pi—l Véi i:1529A:N —K ’_1 (11)

ldpe Idpe

Trong biéu thuc 11, p; 12 bit chin 18 tht i, Nigpe 12 d0 dai cta tor ma LDPC, Ky la
d6 dai cta tir thong tin trong tr ma LDPC, va @ 13 phép toan nhi phan.
Bo ma hoa 110 c6 thé tinh duge cac bit chin 18 theo quy trinh néu trén.

Ma tran kiém tra chin 1& c¢6 thé c6 cau tric nhu dwgc the hién trén Fig.22, theo
phuong an lam vi du khac.

Duya vao Fig.22, ma tran ki€ém tra chén 1¢ 400 c6 thé gdbm c6 nam (5) ma trén A, B,
C, Z va D. Cau tric cua mdi ma trin trong sO nim ma trén nay dé the hién cu tric cua
ma tran kiém tra chin 1é 400 s& dwgc md ta dudi day.

Trude hét, My, My, Q; va Q,, 12 cac gia tri thong so6 lién quan dén ma tran ki€ém tra

chin 18 400 nhu duoc thé hién trén Fig.22, ¢6 thé duoc x4c dinh trong bang 13 dudi day
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theo d0 dai va ty 1 ma cia tr md LDPC.

Béang 13

s A gy Kich thudce
Ty I€¢ ma b6 dai M, M, 0, 0,
V15 16200 2520 12600 7 35
64800 1080 59400 3 165
215 16200 3240 10800 9 30
64800 1800 54360 5 151
315 16200 1080 11880 3 33
64800 1800 50040 5 139
415 16200 1080 10800 3 30
64800 1800 45720 5 127
5/15 16200 720 10080 2 28
64800 1440 41760 4 116
6/15 16200 1080 8640 3 24
64800 1080 37800 3 105

Ma tran A c¢6 K cot va g hang, va ma tran C c6 K+g cot va N-K—g hang. Trong do,

K 14 do dai cta céc bit tir thong tin, va N 1a do dai cua tir mé LDPC.

Chi s6 ctia cac hang c6 chira gid tri 1 trong cot thir 0 ctia nhém cot thir i trong ma
trin A va ma tran C c¢6 thé duge xéc dinh trong bang 14 theo d6 dai va ty 1€ ma cla tr ma
LDPC. Trong trudong hop nay, khoang lip lai cia mot mAu nhom cdt trong mdi ma trdn A

va ma trdn C, tic la s6 luong cdt c6 trong mdt nhom cdt, co thé béng 360.

Vi du, néu do dai cia tir ma LDPC bing 16200 va ty 1¢ ma bing 5/15, thi chi sb ciia

cac hang co6 chira gié tri 1 trong cot thir 0 cua nhom cot thir i trong ma trdn A va ma trin

C dugc thé hién trong bang 14 dudi day:

Bang 14

i Chi sb ctia cac hang c6 chira gid tri 1 trong cot thir 0 ctia nhom cgt thir i

69 244 706 5145 5994 6066 6763 6815 8509

257 541 618 3933 6188 7048 7484 8424 9104

69 500 536 1494 1669 7075 7553 8202 10305

11 1893402103 3199 6775 7471 7918 10530

333 400 434 1806 3264 5693 8534 9274 10344

111 129 260 3562 3675 3680 3809 5169 7308 8280

100 303 342 3133 3952 4226 4713 5053 5717 9931

83 87 374 828 2460 4943 6311 8657 9272 9571

| N~V IN|—|O

114 166 325 2680 4698 7703 7886 8791 9978 10684
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9 | 281 542 549 1671 3178 3955 7153 7432 9052 10219

10 | 202 271 608 3860 4173 4203 5169 6871 8113 9757

11| 163594193333 4198 4737 6170 7987 9573 10095

12 | 235 244 584 4640 5007 5563 6029 6816 7678 9968

13 | 123 449 646 2460 3845 4161 6610 7245 7686 8651

14 | 136 231 468 835 2622 3292 5158 5294 6584 9926

15 | 30854683 8191 9027 9922 9928 10550

16 | 2462 31853976 4091 8089 8772 9342

Trong vi du néu trén, do dai cia tir md LDPC bang 16200 va ty 1& ma 5/15. Tuy
nhién, d6 chi 13 vi du minh hoa va chi sb ctia cac hang c6 chua gid tri 1 trong cot thir 0
clia nhém cot tha i trong ma trdn A va ma trdn C c6 thé dugc x4c dinh theo cach khac khi

d6 dai cua tir md LDPC béng 64800 hogc ty 1 ma c6 cac gia tri khac.

Vi tri ctia cac hang c6 chira gid trj 1 trong ma tran A va ma trén C dya vao bang 14

dé 1am vi du s& duoc mo ta dudi day.

Vi d6 dai N ctia tir ma LDPC bing 16200 va ty 1¢ md bang 5/15 trong bang 14, nén
dua vao bang 13 s& tim dugc M; =720, M, = 10080, Q, =2, va Q, =28 cho ma trén

kiém tra chin 1& 400 dugc xac dinh trong bang 14.

Trong d6, Q; 1a khoang cach dich chuyén tudn hoan cta céc cft trong cling mot
nhém cdt trong ma trdn A, va Q, 1a khoang céach dich chuyén tudn hoan clia cic cdt trong

cung mot nhom cdt trong ma tran C.

Ngoai ra, Q;=M//L, Q;=M,y/L, M; =g, va M, =N-K—g, va L 1a khoang ldp lai
clia mot mau nhom cot trong ma trn A va ma trén C, va vi du, gié tri nay co thé béng

360.

Chi sé clia c4c hang c6 chira gid tri 1 trong ma trén A va ma trdn C c6 theé dugc xac

dinh dua vao gia tri M;.

Vi du, vi M; =720 & trudong hop dugc thé hién trong bang 14, nén vi tri cla cédc
hang c6 chira gié tri 1 trong cot thir 0 cia nhom cot thar i trong ma tran A ¢o thé duoc xac
dinh dua vao cac gia tri nhé hon 720 trong sb cac gid tri chi s6 dugc thé hién trong bang
14, va vi tri cta c4c hang c6 chira gia tri 1 trong ct thir O clia nhom cot thir i trong ma
tran C ¢6 thé dugc x4c dinh dga vao cac gia tri 1én hon hodc bing 720 trong sb cac gia tri

chi s6 dugc thé hién trong bang 14.
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Trong bang 14, diy twong Gmg v&i nhom cot thir 0 1a “69, 244, 706, 5145, 5994,
6066, 6763, 6815, va 8509”. Do do, dbi voi cot thir 0 ctia nhom cdt thir 0 trong ma trén A,
gid tri 1 ¢6 thé ndm & hang thir 69, hang thir 244, va hang thtt 706, con ddi v6i cot thir 0
ctia nhom cot thir 0 trong ma trdn C, gid tri 1 ¢6 thé nim & hang tht 5145, hang thir 5994,

hang thit 6066, hang thir 6763, hang thr 6815, va hang thir 8509.

Ngay khi vi tri ca c4c hang co chira gia tri 1 trong cdt thir 0 cia mdi nhém cot
trong ma trdn A dugc xéc dinh, thi vi tri ctia cic hang c6 chua gié tri 1 trong cOt khac cua
nhém cot d6 c¢6 thé duge xac dinh bang cach dich chuyén tudn hoan so véi cot lién trude
vé6i khoang céach 14 Q,. Ngay khi vi trf ctia cac hang c6 chira gid tri 1 trong cot thir 0 cla
mdi nhém cdt trong ma trdn C duge x4c dinh, thi vi tri ca céc hang co chira gia tri 1
trong ¢t khac cua nhoém cot do6 co thé duoc xéc dinh bing cich dich chuyén tudn hoan so

véi cot trude do véi khoang cach 1a Q,.

Trong vi du néu trén, dbi véi cot tha 0 cia nhom cdt thir 0 trong ma trdn A, gid tri 1
nim & hang thir 69, hang thir 244, va hang thir 706. Trong truong hop nay, vi Qi =2,nén
chi sd ctia cac hang c6 chira gid tri 1 trong cdt thir 1 cia nhém cot thir 0 1a 71 (= 69+2),
246 (= 244+2), va 708 (= 706+2), va chi sb cua cac hang c6 chira gia tri 1 trong cdt thir 2
ctia nhom cdt tht 0 13 73 (= 71+2), 248 (= 246+2), va 710 (= 708+2).

Déi voi cot thir 0 cia nhém cdt thir 0 trong ma trén C, gid tri 1 ndm & hang thir 5145,
hang th 5994, hang thir 6066, hang thir 6763, hang thir 6815, va hang tht 8509. Trong
truong hop nay, vi Q, =28, nén chi sb ctia cac hang c6 chira gia trj 1 trong cot thr 1 cua
nhém cot thd 0 1a 5173 (=5145+28), 6022 (=5994+28), 6094 (6066+28),
6791 (= 6763+28), 6843 (= 6815+28), va 8537 (= 8509+28), va chi sb cla cac hang 6
chua gié tri 1 trong cdt thir 2 ciia nhém ¢t thir 0 12 5201 (= 5173+28), 6050 (= 6022+28),
6122 (= 6094+28), 6819 (= 6791+28), 6871 (= 6843+28), va 8565 (= 8537+28).

Theo phuong phdp nay, co thé xac dinh duoc vi tri clia cac hang c6 chira gid tri 1

trong tat ca cdc nhom cgt trong ma tran A va ma trén C.

Ma trin B c6 thé c6 cau trac hai dudong chéo, ma trén D c6 thé cb cau truc duong

chéo (trc 1a ma tran D 12 ma trdn don vi), va ma tran Z ¢ thé 1a ma tran khong.

Do d6, ma tran kiém tra chin 18 400 duoc thé hién trén Fig.22 c6 thé dugc xac dinh
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dua vao cac ma trin A, B, C, D va Z c6 cau truc néu trén.

Phuong phdp thuc hién quy trinh md hod LDPC st dung ma tran kiém tra chin 1é
400 duoc thé hién trén Fig.22 s& dugc md ta dudi day. Quy trinh ma hod LDPC véi ma
tran kidm tra chin 1& 400 dugc x4c dinh trong bang 14 s& dugc mo ta lam vi du dé cho dé
hiéu.

Vi du, khi khdi tir thong tin S = (s, S, ..., Sk-1) dugc md hoa LDPC, tr ma LDPC
A =gy M) = (805815005 Sk1> P> Piseees Pty snay 1) c6 bit chin 1&¢ P= (po,pl,...,pMﬁMZ_l)
¢6 thé dugc tao ra.

M; va M, 14n luot 13 kich thuée cuia ma trén B ¢6 cAu trac hai dudng chéo va kich
thude cua ma tran D co cAu trac dudng chéo, va M; = g, M, = N-K—g.

Quy trinh tinh bit chin 1& nhu sau. Trong phin mo ta sang ché dudi ddy, ma tran
kiém tra chin 1¢ 400 duogc x4c dinh trong bang 14 lam vi du dé cho d& hiéu.

Bude 1) Thiét 1ap gid tri ban dau cho A va p dudi dang A;i=s; (i=0, 1, ..., K1),
P~ 0 (_] = 0,1, cees M1+M2—1).

Bude 2) Cong bit tir thong tin thit 0 &g voi cac bit chiin 18 ¢6 céc chi sb duoc xac
dinh & hang thir nhét (tirc 1 hang ¢6 i = 0) trong bang 14 dé 1am dia chi cho céc bit chin

1é. Budc cong nay co thé dugc bidu dién bang biéu thirc 12 sau day:

Pgo = PgoDLo Psoss = PsossDho
P44 =P244BNo Ps763 = Ps763D 0
P706 = P70sBo Pes1s = Pegis@ho
Ps145 = Ps145@ho Pgso9 = Pgs09@o
Ps994 = P599aPho (12)

Bude 3) Dbi véi L1 bit tir thong tin ké tiép Ay (m = 1, 2, ..., L-1), cOng Ay vOi cdc

bit chin 1& c6 dia chi dugc tinh dya vao biéu thirc 13 sau day:
(x +mxQ,)mod M, (méu x <M,)

Ml+{(x—M1+m><Q2)modM2}(néu v=2M,) (13)

Trong d6, y 1a dia chi ctia ving chura bit chin 1& twong g v4i bit tir thong tin thi 0
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Ao

Ngoai ra, Q; = My/L va Q, =M,/L. Ngoai ra, vi d§ dai N cua tr ma LDPC béng
16200 va ty 1& ma bang 5/15 trong bang 14, nén dua vao bang 13 s&€ tim dugc M, = 720,
M, = 10080, Q; =2, Q, =28, vaL =360.

Do d6, phép toan duogc thé hién trong biéu thtc 14 sau day c6 thé duoc thuc hién

voi bit tir thdng tin thtr 1 A;:

P71 =P7®M P94 = Peoga®M1
P26 = Pa4s®M Ps791 = Pe791@DM
P78 = P70s M Psas = Pogas @M
Psi73 = Ps1738M Pgs37 = Pgs37®M
Pso22 = Pso22®Mi (14)

Budéce 4) Vi dia chi cia céc bit chén 1¢ giéng nhur & trong hang thi hai (tirc 1a hang
¢6 i=1) trong bang 14 dugc xac dinh twong Gng véi bit tir thong tin tha L A, theo
phwong phap tuong ty nhu phuong phap néu trén, nén dia chi cta cac bit chén 1& twong
tmg v6i L1 bit tir thong tin ké tiép A, (m=L+1, L+2, ..., 2L~1) dugc tinh theo biéu
thie 13. Trong trudng hop ndy, ¥ 1 dia chi clia ving chura bit chin 1¢ tuong mg véi bit

tir thong tin A, va co thé thu dugc dua vao hang thi hai trong bang 14.

Budc 5) Thyc hién 13p lai cdc quy trinh néu trén v6i L bit tir thong tin méi ciia mdi

nhém bit khi xét cdc hang méi trong bang 14 @8 1am dia chi ciia ving chtra bit chn 1€.

Buégc 6) Sau khi thue hién 1dp lai cdc quy trinh néu trén vGi céc bit tir A dén Mk

clia tir ma, tinh cac gia tri theo biéu thirc 15 sau day theo thir tu lan luot tiri= 1:
P =P,®P_ voi (i=1,2,...,M,-1) (15)
Bude 7) Tinh céc bit chin 18 tir A dén Ao tuong Gng voima tran B c6 cu triic
hai duong chéo theo biéu thtrc 16 sau day:

Mcotaess = Daossne VoL (0<5<L,0<1<Q) (16)

Bude 8) Tinh dia chi cla ving chira bit chn & cho L bit tir Ax dén A, , cla ti

m3 méi trong mdi nhém bit dya vao bang 14 va biéu thirc 13.
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Budc 9) Sau khi tinh cac bit tir Ax dén Mg CU tr mé, tinh cac bit chén 1& tu

Mo, d€0 Ay oy tuong ing v6ima tran C c6 cau trac duong chéo theo bicu thirc 17

sau day:
?\’K+M,+th+s = pM,+Q2xS+t Vél (0 =s< L’ 0 st< Q2) . (17)

Bo ma hoa 110 c6 thé tinh dugc céc bit chin 1& theo quy trinh néu trén.

Quay lai Fig.19, bd ma hod 110 c6 thé thuc hién buéc ma hod LDPC béng céch sir
dung céc ty 16 ma khac nhau nhu 3/15, 4/15, 5/15, 6/15, 7/15, 8/15, 9/15, 10/15, 11/15,
12/15, 13/15, v.v.. Ngoai ra, by ma hod 110 co thé tao ra tir ma LDPC ¢6 céac d¢ dai khéc

nhau nhu 16200, 64800, v.v., dua vao do dai ctia cic bit tir thong tin va ty 1€ ma.

Trong trudng hop nay, bd ma hod 110 co thé thuc hién budc ma hod LDPC sir dung
ma tran kiém tra chin 1&, va ma trin kiém tra chin 1& ¢6 clu trac nhu dugc thé hién trén

c4c hinh v& tir Fig.20 dén Fig.22.

Ngoai ra, bd ma hod 110 co thé thyc hién buéc ma hod Bose, Chaudhuri,
Hocquenghem (BCH) va ca budc ma hoa LDPC. Pé lam dugc didu nay, bd ma hoa 110
c6 thé con ¢6 bd ma hod BCH (khéng dugc thé hién trén hinh v&) dé thyc hién bude ma
ho4a BCH.

Trong trudong hop nay, bd ma hoa 110 ¢ thé thuc hién budc ma hoa theo thir tu 1a
mé hod BCH 1di dén ma hoé LDPC. B mé hoé 110 ¢6 thé bd sung cac bit chin 1¢ BCH
vao cac bit diu vao dé thuc hién budc mi hod BCH va mad hod LDPC cho céc bit tu
thong tin gdm ¢6 céc bit ddu vao va cdc bit chin 1¢ BCH, tir d6 tao ra tir ma LDPC.

Bo dan xen 120 dan xen tir md LDPC. Nghia 1, b0 dan xen 120 thu tir mad LDPC tur

bd ma hod 110, va dan xen tir md LDPC dya vao cac quy tic dan xen.

Cu thé, bo dan xen 120 c6 thd dan xen tir ma LDPC sao cho mdt bit & trong mot
nhom bit dinh trudce trong s6 cac nhom bit tao nén tir ma LDPC (tirc 1a cdc nhém hodc
cée khéi) duoc anh xa 1én mot bit dinh trude ctia ky hiéu diéu bién. Do d6, bd didu bién
130 ¢6 thé 4nh xa mot bit & trong mdt nhom dinh trudce trong sb cac nhém tao nén tir ma

LDPC 1én mdt bit dinh trude cua ky hiéu didu bién.

Pé 1am duogc diéu nay, nhu duge thé hién trén Fig.23, bd dan xen 120 c6 thé bao

-53-



31273

gém bd dan xen bit chin 1& 121, bd dan xen nhém (hodc bd dan xen theo nhom) 122, bo

dan xen xoay bit trong nhém 123 va b dan xen khéi 124.
B dan xen bit chin 18 121 dan xen cac bit chin 1& tao nén tir ma LDPC.

Khi tr ma LDPC dugc tao ra dua trén ma tran kiém tra chdn 1& 200 v6i cdu tric nhu
duoc thé hién trén Fig.20, thi bd dan xen bit chin 1& 121 ¢6 thé chi dan xen céc bit chén 18

ctia tir md LDPC dya véo biéu thirc 18 sau day:

U, =c¢; v6i0 <i<Kjgp va

v6i0<s <M, 0 <t < Qupe (18)

u =
K,dpc+M-t+s cKmpc+Qldpc's+t

trong d6 M 1a khoang 1dp lai cia mot mAu nhém cot trong ma trdn con tir thong tin
210, tac 1a sb luwong cot c6 trong mdt nhom cdt (vi du M =360), va Qugpe 12 khodng cach
dich chuyén tudn hoan ctia mdi cOt trong ma tran con tr thong tin 210. Nghia la, bo dan
xen bit chin 1&¢ 121 thyc hién quy trinh dan xen bit chin 1& trén tt md LDPC

¢ =1(Cp, Cps «++» C et ), vaxuatra U = (up, uy, ..., uNmpc_l).

T ma LDPC da dan xen bit chin 18 theo quy trinh néu trén c6 thé dugc tao ciu
hinh sao cho mdt s lwong dinh trudc clia cac bit lién tiép trorig tr ma LDPC nay c6 dic
trung gidi ma gidng nhau (dic trung tuAn hoan hodc sy phén bd tudn hoan, bac cla cit,

V.V.).

Vi dy, tr ma LDPC c¢6 thé ¢6 dic trung gidng nhau véi mdi M bit lién tiép. Trong
d6, M 1a khoang 13p lai cia mot miu nhoém cdt trong ma trén con tir thong tin 210 va, vi

du, c6 thé bing 360.

Tich ctia céc bit tir md LDPC va ma tran kiém tra chdn 1é phai bing “0”. Pidu nay
c6 nghia la téng clia cac tich cua bit thir i cta tr md LDPC, ¢; (i=0, 1, ..., Nigpe—1), va
cOt thir i cua ma trén kiém tra chin 1 phai 13 vecto “0”. Do d9, bit thi i cua tir ma LDPC
¢6 thé duge coi 13 twong (g v6i cdt thir i clia ma trdn kiém tra chén €.

Trong ma trin kiém tra ch&n 1& 200 trén Fig.20, M cdt trong ma trén con tir thong
tin 210 thudc cing mdt nhém cdt va ma tran con tir thong tin 210 c6 ddc trung gidng
nhau véi mdi nhom cdt (vi du cac cot thude cing mot nhém cot c6 sy phén bd bic cua

cot gibng nhau va dic trung tuan hoan giong nhau hodc su phin bd tuan hoan gidng
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nhau).

Trong trudng hop nay, vi M bit li€n tiép trong céc bit tir thong tin twong ng véi
cing mdt nhom ¢t trong ma trdn con tir thong tin 210, nén cac bit tir thong tin co thé
gdm c6 M bit lién tiép c6 cac dic trung tr ma gibng nhau. Khi c4c bit chin 1& cia tir ma
LDPC duogc dan xen bing b dan xen bit chin 1é 121, thi c4c bit chén 18 cta tir md LDPC

6 thé c6 M bit lién tiép c6 cic dic trung tir ma gidng nhau.

Tuy nhién, ddi vai tir mad duge ma hoa LDPC dua trén ma trén kiém tra chin 1& 300
trén Fig.21 va ma trin kiém tra chin 18 400 trén Fig.22, thi budc dan xen bit chin 18 ¢6
thé khong dugc thuc hién. Trong trudng hop nay, bd dan xen bit chin 16 121 c6 thé duoc

loai bd.

Bo dan xen nhém 122 ¢6 thé phén chia tr ma LDPC d4 dan xen bit chin 18 ra thanh
nhidu nhém bit (hogc khdi) va sip xép lai thit tw clia cdc nhém bit theo timg nhoém bit
(hoic theo don vi nhom bit). Nghia 14, bo dan xen nhom 122 dan xen cac nhém bit theo

don vi nhém bit.

Khi bd dan xen bit chin 1& 121 dugc loai b trong mot sb trudong hop, thi b dan xen
nhém 122 ¢6 thé phan chia tir ma LDPC ra thanh nhidu nhom bit va sép xép lai thi ty cta
cac nhom bit d6 theo don vi nhém bit.

B6 dan xen nhém 122 phan chia tir md LDPC di dan xen bit chin 1€ ra thanh nhiéu

nhém bit dwa vao biéu thirc 19 hodc biéu thire 20 sau day:

| Kk A
X, ={uk|J=L%J,OSk<NldPC} voi 0< <N, 19)
X, = {u, 1360x j <k <360x (j+1),0<k <Ny | v6i 0<j< Ny, (20)

trong d6 Ngroup 12 téng s& nhém bit, X; 1a nhém bit thir j, va uy 1a bit thr k cda tir ma
LDPC dugc nhép vao b dan xen nhom 122. Ngodi ra, [EE—OJ 12 s6 nguyén l6n nhét nhé

hon hoic bang k/360.

Vi gia tri 360 trong cac biéu thirc nay 1a mot vi du vé khoang M 1a khoang 1ap lai

ctia mot mAu nhom cot trong ma tran con tir thong tin, nén gid tri 360 trong cac bicu thuc
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nay c6 thé dugc ddi thanh M.

Tir md LDPC dugc phén chia ra thanh nhidu nhém bit c6 thé duoc biéu dién nhu

duogc thé hién trén Fig.24.

Dua vao Fig.24, tit m3 LDPC dugc phén chia ra thanh nhidu nhém bit va mdi nhém
bit ¢6 M bit lién tiép. Néu M bing 360, thi m&i nhém bit c6 thé ¢6 360 bit. Do d6, cc

nhém bit ¢6 thé c6 sd bit twong tmg véi cdc nhoém cdt trong ma trén kiem tra chin 1é.

Vi tr mad LDPC duoc phén chia ra thanh cdc nhém c6 M bit li€n tiép, nén K, bit
tlr thong tin dugc phan chia ra thanh (Kjg,/M) nhém bit va NigpeKigpe bit chén 1& duoc
phan chia ra thanh (Njgpe—Kigpe)/M nhom bit. Do do, tir ma LDPC co6 thé duoc phén chia
ra thanh tong s6 12 (Njgpo/M) nhom bit.

Vi du, néu M = 360 va do dai Ny, clia tir md LDPC bang 16200, thi s6 lugng nhém
bit Nyoup ta0 nén tir ma LDPC bing 45 (= 16200/360), con néu M =360 va do dai Nigpe
clia tir ma LDPC biing 64800, thi s lurgng nhém bit Ngyp tao nén tir ma LDPC bang
180 (= 64800/360).

Nhu d3 néu trén, bd dan xen nhom 122 phan chia tir ma LDPC sao cho M bit lién
tiép dugc gop vao cung mot nhoém vi tir ma LDPC ¢6 ddc trung tir ma gidng nhau v6i mdi
M bit lién tiép. Do d6, khi tir ma LDPC dugc phén chia ra thanh cac nhom c6 M bit lién

tiép, thi c4c bit c6 ddc trung tir ma gidng nhau thudc cing mot nhom.

Trong vi dy néu trén, sb lugng bit tao nén mdi nhém bit 14 M. Tuy nhién, d6 chi la

vi du minh hoa va s6 lugng bit tao nén mdi nhém bit ¢ thé thay dbi.

Vi du, s6 luong bit tao nén mdi nhém bit ¢6 thé 13 mot wéc s6 cua M. Nghia 13, sb
lugng bit tao nén mdi nhém bit ¢6 thé 13 mot udc s6 cua sb luong cot tao nén mot nhom
¢Ot clia ma tran con tir thong tin trong ma trin kiém tra chin 18. Trong truong hgp nay,
mdi nhém bit c6 thé ¢ sb luong bit 1a mot ude sb cia M. Vi du, néu s lugng cot tao nén
mdt nhom cdt cia ma trdn con tir thong tin béng 360, tic 1a M =360, thi bd dan xen
nhém 122 c6 thé phan chia tir ma LDPC ra thanh nhiu nhém bit sao cho sb lugng bit tao

nén mdi nhém bit s& 1a mot ude so cua 360.

Trong phin md ta sang ché du6i day s& st dung truong hop sb luong bit tao nén

mot nhém bit bing M 1am vi du d& cho d€ hiéu.
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Sau d6, bo dan xen nhém 122 dan xen tir md@ LDPC theo don vi nhom bit. B dan
xen nhém 122 c6 thé phan chia tir ma LDPC ra thanh nhiéu nhém bit va sép xép lai céc
nhém bit d6 theo don vi nhém bit. Nghia 13, bd dan xen nhém 122 thay ddi vi tri cua cac
nhém bit tao nén tr mad LDPC va sép xép lai thr tu cia cdc nhom bit tao nén tr mé

LDPC theo don vi nhém bit.

Trong d6, bd dan xen nhom 122 ¢6 thé sép xép lai thit ty ctia cc nhom bit theo don
vi nhém bit sao cho cdc nhém bit twong Ung chira cic bit dugc anh xa 1én cung mot ky

hiéu diéu bién dugc chon trong s cac nhém bit & cach nhau mdt khoang dinh trude.

Trong trudng hop ndy, bo dan xen nhom 122 c6 thé sép xép lai tht ty clia cac nhém
bit (hodc khbi) theo don vi nhom bit bing cach xem xét it nhit mot thong s trong s6 s6
lugng hang va s6 luong cot tao nén bd dan xen khéi 124, sb lugng nhém bit cua tir ma
LDPC, va sb lugng bit ¢6 trong mbi nhom bit, sao cho cac nhom bit twong ing chira cac

bit dugc 4nh xa 1én cing mot ky hi¢u didu bién & cach nhau mot khoang dinh trude.

Dbé lam duoc didu ndy, by dan xen nhom 122 c6 thé sép xép lai thir tu cia cdc nhom

bit theo don vi nhém bit dua vao biéu thire 21 sau day:

Y, =X, voi (0<j<N,,,) @1)

trong d6 X; 1a nhom bit thit j trude khi dan xen nhom, va Y; 1a nhém bit (hodc khéi)
thir j sau khi dan xen nhom. Ngoai ra, gi tri n(j) 1a thong sb chi bao thtt ty dan xen va
dugc xac dinh dya vao it nhit mot thong sb trong s6 dd dai cua tr ma LDPC, phuong
phap diéu bién va ty 1¢ ma. Nghia 13, gia tri n(j) thé hién tht tu hoan vi dé dan xen theo

don vi nhom bit.

Do d6, Xy 1a nhém bit (hodc khéi) thtr n(j) trude khi dan xen nhém, va biéu thirc
21 ¢6 nghia 14 nhém bit thir n(j) trude khi dan xen nhom s& tr& thanh nhom bit thr j sau
khi dan xen nhom.

Theo phuong an lam vi du thuc hién sang ché, vi dy vé gia tri n(j) c6 thé dugc xéc
dinh trong céc bang tir bang 15 dén bang 27 dudi day.

Trong trudng hop ndy, gia tri n(j) duge xac dinh dua vao d6 dai ctia tr ma LPDC va

ty 1 m4, va ma trén ki€m tra chn 1¢ cling dugc xac dinh dya vao do dai cua tir ma LDPC
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va ty 16 ma. Do d6, khi bude ma hod LDPC dugce thuc hién dua trén mot ma trin kiém tra
ch&n 1& cu thé theo d6 dai ctia tir md LDPC va ty 1& ma, thi tr m& LDPC ¢ thé dugc dan
xen theo don vi nhém bit dua vao gia tri n(j) dap ung do dai cia tir ma LPDC va ty 1¢ ma

da cho.

Vi dy, khi b ma hoa 110 thuc hién buéc ma hod LDPC & ty 1¢ ma bing 5/15 dé tao
ra tir ma LDPC ¢6 do dai bing 16200, thi bd dan xen nhém 122 ¢6 thé thuc hién quy
trinh dan xen bé‘mg cach st dung gid tri n(j) dugc xac dinh theo do dai cua tr m3d LDPC
bang 16200 va ty 1€ ma bang 5/15 trong cdc bang tir bang 15 dén bang 27 dudi day.

Vi dy, néu d6 dai cua tr ma LDPC bing 16200, ty 1& ma bang 5/15, va phuong phap
didu bién (hodc dinh dang didu bién) 1a didu bién bién dd vuodng goc (Quadrature
Amplitude Modulation, QAM) ¢6 256 diém, thi gia tri n(j) c6 thé dugc x4c dinh trong
bang 15 dudi day.

Cu thé, bang 15 ¢6 thé dugc 4p dung khi budéc méd hod LDPC duoc thuc hién su

dung ma tran kiém tra chin 1é dugc xac dinh trong bang 14.

Bang 15
Tht tu cta cac nhém bit duge dan xen khéi
n(j) (0 <j<45)
Khéi thu j
, ROItm,J 0l11213(4|5]16(718]9 10111112113]14]15]16(17|18[19]20(21|22
& dau ra cua
b dan xen
Ahom 23124125126127(28(29(30(31[32(33|34|35(36 37_ 3813940414243 |44

Khéi thir n(j)

.. S 4123|3|6(18]5]10)2 7126121127139(42|38(31| 1 |34(20(37(40|24]43
o dau vao cuial

bd dan xen
2513319 [22136(30|35]11|10]17(32]13]12{41|15|14|19]|16]| 8 4412928

nhom

& truong hop duge thé hién trong bang 15, biéu thirc 21 ¢6 thé duoc bidu dién duéi
dang Yo=Xy0=Xs Y1=X0=Xn, Yo=Xip=Xs oo Y43 = Xnz) = Xo95
Y44 = Xy = Xas. Do d6, bo dan xen nhém 122 ¢6 thé sép xép lai thir tyr ctia cdc nhom
bit theo don vi nhom bit bing cach chuyén nhom bit (hogc khdi) thir 4 thanh nhém bit thi
0, nhom bit thir 23 thanh nhém bit thir 1, nhém bit thir 3 thanh nhom bit tha 2, ..., nhom
bit thtt 29 thanh nhém bit tha 43, va nhom bit thr 28 thanh nhém bit thtr 44. Trong do,

viéc chuyén nhom bit thir A thanh nhém bit thir B ¢6 nghia 1a sip xép lai thit tw cla céc
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nhém bit sao cho nhom bit thit A trd thanh nhém bit thir B.

Vi du khac, néu d6 dai ctia tir ma LDPC bang 16200, ty 1& ma bang 7/15, va phuong
phap didu bién 1a 256-QAM, thi gi4 tri n(j) ¢6 thé dugc xéc dinh trong bang 16 dudi ddy.
Cu thé, bang 16 c6 thé dugc 4p dung khi budc ma hoa LDPC dugc thuc hién st dung ma

tran kiém tra chin 1& dugc x4c dinh trong bang 5.

Bang 16

Thr tw cia cac nhém bit duge dan xen khéi
n(j) (0 <j <45)

Khéi tha j

Lo ”O12345678910111213141516171819202122
& daura ciua

bd dan xen
1hém 23124125(26(27/28129(30(31(32(33(34|35(36(37|38(39|40 (4142 43|44

Khéi thi n(j)

.. S |13|16] 4 |12]44115| 8 [14| 0 3130/20(35(21]10( 6 (191712639 7 (24| 9
o dau vao cua

bo dan xen
2715 137(23132140(31(38(42(34(25(36| 2 |22]43(33(28| 1 |18]|11|41|29

nhom

O trudng hop dugc thé hién trong bang 16, biéu thirc 21 06 thé duge bidu dién dudi
dang Yo=Xno=Xu, Y1=X=Xie Y2=Xa=Xs o Y37 Xeuy = X415
Y44 = Xyuay = Xa9. Do d6, bd dan xen nhém 122 ¢6 thé sép xép lai th ty cia cdc nhom
bit theo don vi nhém bit bing cach chuyén nhém bit thir 13 thanh nhom bit thir 0, nhom
bit thir 16 thanh nhom bit tht 1, nhom bit thit 4 thanh nhém bit thir 2, ..., nhém bit thir 41
thanh nhom bit thir 43, va nhom bit thir 29 thanh nhom bit thir 44.

Vi du khéc, néu do dai cta tir ma LDPC bing 16200, ty 1¢ ma bang 9/15, va phuong
phap didu bién 13 256-QAM, thi gi tri n(j) c6 thé dugc xac dinh trong bang 17 dudi ddy.
Cu thé, bang 17 c6 thé duoc 4p dung khi budc md hod LDPC dugce thyc hién st dung ma

tran kiém tra chin 1& duge x4c dinh trong bang 7.
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Béang 17

Tht ty chia cac nhoém bit duge dan xen khéi
n(j) (0 <j <45)

Khéi th j

Lo ,012345678910111213141516171819202122
& dau ra cua

bd dan xen
ihem | 232412512627 |28 29(30(31(32(3334(35|36(37|38(39]40|41|42 |43 |44
Khéi tht n(j)

& dau vao cua

51719(22]110]12]3 |43]6 |4 [24[13]14]11[15({18]19|17|16|41|25|26|20

b dan xen
Ahom 23121133(31(28(39(36(30|37(27|32(34(35({29| 2 |42| 0| 1|8 |40|38|44

O truong hop duge thé hién trong bang 17, biéu thirc 21 ¢6 thé duoc biéu dién dudi
dang Yo=Xu0=Xs, Y1=Xun=X7, Y2=Xpp=Xo, ..v  Ya3=Xnaz = Xss,
Y44 = Xyaay = Xaa. Do d6, bd dan xen nhém 122 ¢6 thé sép Xép lai thir tu cia cdc nhém
bit theo don vi nhém bit béng cach chuyén nhém bit thit 5 thanh nhém bit thi 0, nhém bit
the 7 thanh nhém bit thtt 1, nhém bit thi 9 thanh nhém bit tht 2, ..., nhém bit thir 38
thanh nhom bit thir 43, va nhém bit thir 44 thanh nhém bit thir 44.

Vi du khéc, néu do dai ciia tir ma LDPC bing 16200, ty 1¢ ma bing 11/15, va
phuong phap didu bién 12 256-QAM, thi gia tri n(j) c6 thé dugc xéc dinh trong bang 18
duéi day. Cu thé, bang 18 c6 thé dugc 4p dung khi budc ma hod LDPC dugc thyc hién st

dung ma tran kiém tra chn 1¢ duoc xac dinh trong bang 9.

Bang 18

Tht tu ciia cac nhoém bit duge dan xen khéi
n(j) (0 <j<45)

Khéi thi j

N ,012345678910111213141516171819202122
& dau ra cua

bd dan xen
23124125126127128129(30(31(32(33|34(35[36|37|38|39|40|41|42]43 44

nhom

Khdi tht (j)

.. 12501314 | 5(31|20|2|8|10422 17124119123 (2811812927 (26| 9 {16(21| 7
& dau vao cual

bo dan xen v
1111414413433 (12|35(43| 6 |42]41| 3 | 1 [38(40(39|37| 0 {30|32|15|36

nhém

O trudong hop duge thé hién trong bang 18, bidu thirc 21 ¢6 thé duoc biu dién dudi
dang Yo=Xuo)=Xo5, Y1=Xey=Xiz» Y2=Xe)=Xs, oo Y37 Xaun = X155

Y44 = Xnaay = X36. Do d0, b dan xen nhém 122 ¢6 thé sép xép lai thir tu cia cdc nhom
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bit theo don vi nhom bit bing cach chuyén nhém bit thir 25 thanh nhém bit thir 0, nhém
bit thit 13 thanh nhém bit thit 1, nhém bit thi 4 thanh nhém bit thi 2, ..., nhém bit thir 15
thanh nhém bit thir 43, va nhom bit thir 36 thanh nhém bit thi 44.

Vi du khac, néu d dai cta tr md LDPC bing 16200, ty 1¢ ma bang 13/15, va
phuong phap diéu bién 12 256-QAM, thi gia tri n(j) c6 thé dugc x4c dinh trong bang 19
dudi day. Cu thé, bang 19 c6 thé duoc 4p dung khi budc ma hod LDPC dugc thuc hién str

dung ma trdn kiém tra chin 1& dugc x4c dinh trong bang 11.

Bang 19

Thit ty clia cdc nhém bit duge dan xen khéi
n(j) (0 <j <45)

Khdi thir j

Lo ,012345678910111213141516171819202122
& dau ra cua .

bd dan xen
nhém 2312412512612712829(30(31(32(33[34(35|36|37|38(39[40|41|42{43 |44
Khéi thi n(j)

& dau vao cua

9 13|10| 7 |11] 6| 1|14|12]8 |21|15| 4 [36]25|30(24|28|29(20|27|5 |18

bd dan xen
17122133 0 |16]23|31(42]| 3 [40(39|41|43|37|44|26|2 |19]38|32|35|34

nhém

O trudng hop duge thé hién trong bang 19, bidu thirc 21 ¢6 thé dugc bidu dién dudi
dang Yo=Xpy=Xo» Yi=Xen=Xiz» Y2=Xyy=XKio, v Y37 Xnz) = X3s,
Y44 = Xnaay = X34. Do d6, b0 dan xen nhém 122 ¢6 thé sép xép lai thir tu ciia cdc nhom
bit theo don vi nhém bit bang cach chuyén nhém bit thir 9 thanh nhém bit thi 0, nhom bit
ther 13 thanh nhom bit tha 1, nhom bit thir 10 thanh nhom bit thi 2, ..., nhém bit thir 35
thanh nhom bit thir 43, va nhom bit thtr 34 thanh nhom bit thi 44.

Vi du khac, néu d6 dai cta tir ma LDPC bing 16200, ty 1¢ ma bang 5/15, va phuong
phép didu bién 1a 256-QAM, thi gia tri m(j) c6 thé dwoc xac dinh trong bang 20 dudi day.
Cu thé, bang 20 co thé dugc 4p dung khi budc ma hod LDPC duogc thyuc hién st dung ma

tran kiém tra chin 1€ dugc x4c dinh trong bang 4.
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Béang 20

Thir ty cua cdc nhom bit duge dan xen khdi
7(j) (0 <j <45)

Khéi thit j

s ,012345678910111213141516171819202122
6 daura cua

bd dan xen
nhém 2312412526127 128129|30(31(32|33(34(35|36(37|38[39|40|41|42[43 |44
Khéi thr 7)) |

& dau vao cual

81907 |4|10[12]14] 1 |13|16[11]3 |6 |42(28|35|21|32{20(29(39|22

bd dan xen
37117118125(34(24143(30(27(33(23|15|44[19(36|41|2 | 5 |26|38|31|40

nhom

& truong hop duge thé hién trong bang 20, biéu thirc 21 ¢6 thé dugc biéu dién dusi
dang Yo=Xpp=Xs Yi=Xey=Xo, Y2=5Xyp=Xo, v Y3 = Xnwy = Xa1,
Y44 = Xty = Xa0. Do d6, b dan xen nhém 122 c6 thé sip xép lai thir ty clia céc nhém
bit theo don vi nhém bit bing cach chuyén nhém bit thir 8 thanh nhém bit thi 0, nhém bit
thtt 9 thanh nhém bit thit 1, nhom bit tht 0 thanh nhém bit th 2, ..., nhom bit th 31
thanh nhém bit thir 43, va nhom bit thir 40 thanh nhom bit thir 44.

Vi du khac, nu do dai ciia tir ma LDPC bing 16200, ty 1& ma bang 7/15, va phuong
phap didu bién 12 256-QAM, thi gi4 tri n(j) c6 thé dugc xéc dinh trong bang 21 dudi ddy.
Cu thé, bang 21 cé thé dugc ap dung khi buéc ma hoa LDPC dugc thuc hién st dung ma

tran kiém tra chin 1& dugc x4c dinh trong bang 6.

Bang 21

Th tu cua cac nhom bit duge dan xen khdi
n(j) (0 <j <45)

Khdi thi j

N ,012345678910111213141516171819202122
& daura cua

bd dan xen :
1hém 23124 125126127128129(30(31(32|33(34(35|36|37(3839[40|41|42|43 |44
Khdi thi (j)

O dau vao cua

o|8|4|0/14|1|28[18[17|20]11]13|5|15|10{16|33|41{38|21|7 |32|6

bo dan xen
2413613113743 |2212627(35|44(25(34(29|23|30| 3 [39|2 |12[19]42|40

nhém

O trudong hop duge thé hién trong bang 21, bidu thitc 21 c6 thé duoc bidu dién dudi
dang  Yo=Xp=Xo Y1=Xey=Xs, Yo=Xu=Xs . Y37 ey = X4,

Y 44 = Xiyaay = Xgo. Do d6, b dan xen nhém 122 c6 thé sép xép lai thi tu cia cdc nhom
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bit theo don vi nhém bit b&ng cach chuyén nhom bit thir 9 thanh nhom bit thr 0, nhém bit
thi 8 thanh nhom bit thi 1, nhém bit thit 4 thanh nhoém bit thi 2, ..., nhém bit thir 42
thanh nhém bit th 43, va nhém bit thir 40 thanh nhom bit thi 44.

Vi du khéc, néu do dai ctia tir ma LDPC bing 16200, ty 1¢ ma béng 9/15, va phuong
phap didu bién 12 256-QAM, thi gié tri n(j) c6 thé dwoc xéc dinh trong bang 22 dudi ddy.
Cu thé, bang 22 c6 thé duoc 4p dung khi buéec ma hod LDPC dugce thyc hién stt dung ma

tran kiém tra chin 1é dugc x4c dinh trong bang 8.

Bang 22

Tht tu clia cdc nhom bit duge dan xen khéi
n(j) (0 <j <45)

Khdi thi j

R ,012345678910111213141516171819202122
& daura cua

bo dan xen
23124125126127128129(30(31|32(33(34(35[36|37(38(39|40(41|42|43 |44

nhoém
Khéi thir n(j)
& dau vao cual

14419 8|0|18]{28(20] 1 [17[13] 5 |11|15[10(21|41|16|38(33|24|7 |6

bo dan xen
32136137131122126 |43 44|34 (27(35(25[30(23| 3 |29|39| 2 |12{19|42|40

nhém

&3 truong hop duge thé hién trong bang 22, bidu thirc 21 ¢6 thé duge biéu dién dudi
dang Yo=Xp=Xu Y1=Xuy=Xs Y2=Xp)=Xo, ..., Y437 X3y = Xaz,
Y4 = Xyaay = Xa0. Do d6, b dan xen nhém 122 ¢6 thé sip xép lai thir tw ciia cic nhom
bit theo don vi nhom bit bing cach chuyén nhom bit thir 14 thanh nhém bit the 0, nhom
bit thtt 4 thanh nhém bit tht 1, nhom bit thir 9 thanh nhom bit thir 2, ..., nhém bit thir 42
thanh nhom bit thtt 43, va nhom bit thir 40 thanh nhém bit thir 44.

Vi du khac, néu do dai cta tir ma LDPC bing 16200, ty 1& ma bang 11/15, va
phuong phap didu bién 1a 256-QAM, thi gia tri 7(j) co thé duoc x4c dinh trong bang 23
dudi day. Cu thé, bang 23 c¢6 thé dugc p dung khi bude ma hod LDPC duge thyc hién st

dung ma trin kiém tra chin 1é dugc x4ac dinh trong bang 10.
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Bang 23

Thi tw cia cidc nhom bit duge dan xen khéi
n(j) (0 <j <45)

Khéi thi j

N ,O12345678910111213141516171819202122
& dau ra cia

bd dan xen
23124 125(26127(28(29(30(31|32(33(34|35|36|37|38(39(40|41|42 (43|44

nhém
Khoi thir n(j)
& dau vao cual

10(28(30( 8 |9 |14]|16]15]| 0 [13|27|18(22|17(20| 5 |29|25|41|26|3 |2 |34

bd dan xen
6| 4 138|40(35| 7 |24|43]19(33(23(39|11(36(42|44|37| 1 |12]32|31 |21

nhém

& trudng hop duge thé hién trong bang 23, biéu thirc 21 ¢6 thé dugc bieu dién dudi
dang  Yo=Xno=Xioo Y1=Xen=Xass Y2=Xey=Xso, o Ya37 Xewy) = X1,
Y44 = Xuasy = Xa1. Do d6, b0 dan xen nhém 122 c6 thé sip x€p lai tht ty cia cdc nhom
bit theo don vi nhém bit bing cach chuyén nhém bit thir 10 thanh nhém bit ther 0, nhom
bit ther 28 thanh nhém bit tht 1, nhém bit thir 30 thanh nhém bit thir 2, ..., nhém bit thi
31 thanh nhém bit thtt 43, va nhom bit tht 21 thanh nhém bit thir 44.

Vi du khéc, néu do dai ca tir md LDPC bing 16200, ty 1¢ ma bing 13/15, va
phuong phap didu bién 14 256-QAM, thi gid tri n(j) c6 thé dugc xéc dinh trong bang 24
dudi day. Cu thé, bang 24 ¢co thé duoc 4p dung khi budc méi hoa LDPC duge thuc hién st

dung ma trin kiém tra chin 1& dugc xdc dinh trong bang 12.

Bang 24

Tht tu cua cac nhém bit duge dan xen khéi
n(j) (0 <j <45)

ol1l2!34]5|6]7]|8|9|10[11]12|13]14|15|16|17|18|19|20|21 22

Khoi thir j
o dauracha

bd dan xen
em 23124125 26127128129 (30(31(32(33|34(35|36|37(38|39|40|41|42|43 |44
Khdi thit n(j)

o dau vao cual

21119171816 [11]15|9 [14]12]18]13]|23|16]|17|34{20|32|27| 1 (2|0 |10

bo d
odanxen | 51 4 135]25(31|30|28|40(39|44 |42 |41|22(26|29|43|24| 5 3637|3833

nhoém

O trudong hop duge thé hién trong bang 24, bidu thire 21 c6 thé duoc bidu dién dudi
dang  Yo=Xpoy=Xat» Y1=Xey=Xpo, Y2=Xa= Xo, e Y3 = Xpusy = Xag,

Y44 = Xuaay = X33. Do d6, b dan xen nhém 122 ¢6 thé sip xép lai thr tw clia cac nhom
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bit theo don vi nhém bit bang cach chuyén nhom bit th 21 thanh nhom bit thir 0, nhém
bit th@ 19 thanh nhém bit thir 1, nhém bit thit 7 thanh nhém bit thi 2, ..., nhém bit thir 38
thanh nhom bit thir 43, va nhom bit thir 33 thanh nhém bit thir 44.

Vi du khac, néu do dai cia tr ma LDPC bing 16200, ty 1¢ ma bang 11/15, va
phuong phap didu bién 12 256-QAM, thi gid trj n(j) c6 thé duge xac dinh trong bang 25
duéi day. Cu thé, bang 25 c6 thé dugc ap dung khi bu¢c ma hoa LDPC dugc thyc hién sir

dung ma trén kiém tra chin 1& duogc x4c dinh trong bang 9.

Béang 25

Thi ty ctia cdc nhom bit dugce dan xen khéi
n(j) (0 <j < 45)

Khdi thi j

R ,012345678910111213141516171819202122
& daura cua

bo dan xen
em 12314 25126127128|29(30(31(32(33(34|35|36|37(38(39|40|41|42|43 |44
Khéi thtr n(j)

& dau vao cual

20016510 (31| 1]2(26[10]23|13(24(34|22(28(30(29|25|8 |9 |27|21|12

bd dan xen _
18114 7 117141133(35(44|39|42| 3 |15] 4 |38]40] 6 (37|32]11 19143136

nhém

& trwomg hop duge thé hién trong bang 25, biéu thire 21 ¢6 thé duge biéu dién dudi
dang Yo=Xu0)=X0» Yi=Xuy=Xie Y2=XKa)=Xss s Y43 = Xaaz) = Xazs
Y44 = Xyaay = X36. Do d6, b dan xen nhém 122 c6 thé sép Xép lai tht ty cia cdc nhom
bit theo don vi nhém bit bing cach chuyén nhém bit thir 20 thanh nhém bit thir 0, nhém
bit thit 16 thanh nhom bit tht 1, nhom bit thir 5 thanh nhém bit thir 2, ..., nhém bit thir 43
thanh nhém bit thir 43, va nhém bit thir 36 thanh nhom bit thir 44.

Vi du khac, néu do dai ciia tir md LDPC bing 16200, tj 1¢ mé bang 9/15, va phuong
phép didu bién 1a 256-QAM, thi gia tri m(j) c6 thé dugc xéc dinh trong bang 26 dudi ddy.
Cu thé, bang 26 c6 thé duoc 4p dung khi buéc ma hoa LDPC dugc thuc hién sir dung ma

tran kidm tra chin 1¢ dugc xé4c dinh trong bang 8.
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Béang 26

Tht ty cta cac nhom bit duge dan xen khdi
n(j) (0 <j < 45)

Khéi thi j

N Tl10|1|2(3|4(5|6|7|8|9(10|11]12{13|14|15|{16(17|18[19|20|21|22
O daura cua

bd dan xen
23(24125|26(27(28{29|30(31(32(33|34|35(36|37|38(39(40|41(42[43|44

nhom
Khoi tht 7(j)
& dau vao cuaal

8(4|0|11(20(19|10(12| 5 (22|21|15(26|17|16|11|28| 6 [42|13|25|33|18

b dan xen
1hém 9 [14|31(43(44(23|36(34|27|2 |38({37(35|40|30(29| 3 |24(32| 7 |41(39

G trudng hop duge thé hién trong bang 26, biéu thirc 21 ¢6 thé dugc biéu dién dudi
dang  Yo=Xz0)=Xs, Y1=Xun=Xs, Y2=Xe)=Xo, .o Ya3 = Xnus = Xan,
Y44 = Xyaay = X39. Do d6, bd dan xen nhom 122 ¢d thé sép xép lai thir tu cua cdc nhom
bit theo don vi nhém bit bing cach chuyén nhém bit thi 8 thanh nhém bit thir 0, nhém bit
thr 4 thanh nhom bit tht 1, nhém bit thir 0 thanh nhém bit tht 2, ..., nhém bit thir 41
thanh nhém bit thir 43, va nhom bit thir 39 thanh nhém bit thir 44.

Vi du khac, néu do dai cia tr mad LDPC bing 16200, ty 16 mi bang 11/15, va
phuong phap didu bién 13 256-QAM, thi gia tri n(j) c6 thé duoc xdc dinh trong bang 27
dudi ddy. Cu thé, bang 27 c6 thé dugc ap dung khi buéc ma hoa LDPC dugce thyc hién sir

dung ma trin kiém tra chin 1é duoc x4c dinh trong bang 10.

Béng 27

Thir tu cia cac nhom bit dugce dan xen khéi
n(j) (0 <j <45)

0|1(2(3|4|5|6|7|8[9]|10(11|12]13{14|15|16|17|18]19|20|21|22

Khdi thit j
& dAu ra cua

bd dan xen
em 122 2412512627 (28(29(30(31(32(33(34|35(36|37|38|39|40|41|42|43 |44
Khdi tht 7(j)

o dau vao cua

28(30(10(32(9 |1 [24]15]0 |2 [12]|27|14|17(22(29[41|25|11|26|4 |21|6

bd dan xen
1313 (35(18|16| 7 |{40(23(19(39(33|43 (42| 5 |44|36|37| 8 {20(38|31|34

nhém

G truong hop dugc thé hién trong bang 27, biéu thirc 21 c6 thé duge biu dién dudi
dang Yo=Xp0)=Xos, Y1=Xey=X30 Y2=Xp)=Xios oo Y43 = Xnaz) = Xs1,

Y44 = Xyaay = X34. Do d6, b dan xen nhom 122 ¢6 thé sép xép lai thr tu cua cdc nhom

-66-



31273

bit theo don vi nhém bit bing cich chuyén nhom bit thir 28 thanh nhém bit thir 0, nhém
bit thr 30 thanh nhém bit th 1, nhom bit thr 10 thanh nhém bit thi 2, ..., nhém bit thir
31 thanh nhém bit thi 43, va nhém bit thit 34 thanh nhom bit thir 44.

Trong céc vi du néu trén, do dai cua tir md LDPC bf?mg 16200 va ty 1€ ma béng 5/15,
7/15, 9/15, 11/15 va 13/15. Tuy nhién, d6 chi 1a vi du minh hoa va mAu dan xen c6 thé
dugc xac dinh theo cach khéc khi d¢ dai cua tir ma LDPC bang 64800 hoic ty 1& ma co
cac gia tri khéc.

Nhu d3 néu trén, bd dan xen nhém 122 ¢6 thé sép xép lai thr ty cla cac nhom bit
theo don vi nhém bit bing cich st dung biéu thic 21 va cac bang tir bang 15 dén bang

27.

“Khéi thit j & dau ra clia bd dan xen theo nhém” trong cac bang tir bang 15 dén
bang 27 dung dé chi nhém bit thtt j duge xuét ra tir bd dan xen nhém 122 sau khi dan xen,
tie 14 dan xen nhom, va “khéi thir n(j) & dau vao cia by dan xen nhém” dung dé chi

nhém bit thir n(j) duge nhdp vao bo dan xen nhoém 122.

Ngoai ra, vi thit ty cia cac nhém bit tao nén tir ma LDPC duogc sép xép lai bing bd
dan xen nhém 122 theo don vi nhdém bit, va sau d6 cadc nhom bit nay dugc dan xen khéi
br?lng bo dan xen khdi 124, nhu s& duoc md ta dudi ddy, nén “thu ty cua cac nhém bit
dugc dan xen khbi” dugc thé hién trong céc bang tir bang 15 dén bang 27 lién quan dén
gid tri n(j).

Tir ma LDPC dugc dan xen nhém theo quy trinh néu trén dugc thé hién trén Fig.25.
Khi so sanh tir md LDPC trén Fig.25 vé6i tr ma LDPC trén Fig.24 trude khi dan xen

nhém, c6 thé thiy ring thir tw ciia cc nhom bit tao nén tr ma LDPC duge sép xép lai.

Nghia 1a, nhu duogc thé hién trén Fig.24 va Fig.25, cac nhom ctia tr md LDPC dugc
sip xép theo thtr ty 1a nhém bit Xo, nhom bit X, ..., nhom bit Xygroup1 trude khi dan xen
nhom, va dugc sép xép theo tht ty 1a nhém bit Yo, nhom bit Yy, ..., nhom bit Yngroup-1
sau khi dan xen nhém. Trong truong hop nay, thir tu sip xép lai clia cac nhom bit sau khi

dan xen nhom c6 thé dugc x4c dinh dya vao cac bang tir bing 15 dén bang 27.

Bo dan xen xoay bit trong nhém 123 dan xen cdc bit trong cung mot nhoém bit.

Nghia 13, bd dan xen xoay bit trong nhom 123 ¢6 thé sip xép lai thu ty cia céc bit trong

-67-



31273

cung mdt nhém bit bing cich thay dbi thr tu cia cac bit trong cing mdt nhoém bit.

Trong trudng hgp nay, bd dan xen xoay bit trong nhoém 123 ¢6 thé sip xép lai thi ty
clia cdc bit trong cung mdt nhom bit br?lng cach dich chuyén tudn hoan véi mot sd lugng

bit dinh trudc trong sb céc bit trong cing mdt nhom bit.

Vi du, nhu dugc thé hién trén Fig.26, bd dan xen xoay bit trong nhém 123 ¢6 thé
dich chuyén tudn hoan cac bit trong nhém bit Y, sang bén phai 1 bit. Trong truong hop
nay, cac bit nam & vi tef tha 0, vi tri tha 1, vi tei tha 2, ..., vi tri tha 358, va vi tri thr 359
trong nhom bit Y, nhu dugc thé hién trén Fig.26 dugc dich chuyén tuin hoan sang bén
phai 1 bit. Két qua 13, bit ndm & vi tri thtr 359 trude khi dich chuyén tuan hoan s& nim &
dAu nhém bit Y; va cc bit ndm & vi tri thir 0, vi tri thir 1, vi trf thir 2, ..., vi tri thir 358
truée khi dich chuyén tudn hoan s& duoc dich chuyén sang bén phai 1 bit theo thir tu lan

lugt va nam & do.

‘Ngoadi ra, bd dan xen xoay bit trong nhém 123 ¢c6 thé sip xép lai tht ty cla cac bit
trong mdi nhom bit bang cach dich chuyén tudn hoan véi mot s lugng bit khac trong
mdi nhém bit.

Vi dy, bd dan xen xoay bit trong nhém 123 ¢6 thé dich chuyén tuin hoan céc bit
trong nhom bit Y sang bén phai 1 bit, va c6 thé dich chuyén tudn hoan cac bit trong

nhom bit Y, sang bén phai 3 bit.

Tuy nhién, by dan xen xoay bit trong nhém 123 néu trén c6 thé dugc loai bo tuy

theo truong hop tng dung.

Ngoai ra, bd dan xen xoay bit trong nhém 123 dugc dat & sau b dan xen nhoém 122
trong vi du néu trén. Tuy nhién, d6 chi 1a vi du minh hoa. Nghia 13, bd dan xen xoay bit
trong nhém 123 chi lam thay ddi thir tu cia cac bit trong it nh4t mot nhoém bit va khong
lam thay doi thir tw cia cac nhom bit. Vi vy, by dan xen xoay bit trong nhom 123 ¢o thé

dugc dit & trudge bd dan xen nhoém 122,

B6 dan xen khdi 124 dan xen cac nhom bit da duge sap xép lai thir ty. BO dan xen
khéi 124 ¢6 thé dan xen cac nhém bit da dugc sip xép lai thir tw bang bo dan xen nhom
122 theo tirmg nhém bit (hodc theo don vi nhom bit). B dan xen khéi 124 ¢ nhidu cot,

mdi cot c6 nhidu hang va c6 thé dan xen bang cach phén chia cac nhém bit d3 dugce sép
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Xép lai dua vao thu tu diéu bién dugc x4c dinh theo phuwong phép diéu bién.

Trong truong hgp nay, bd dan xen khéi 124 c6 thé dan xen cdc nhém bit da dugce
sép xép lai tht tu bing bd dan xen nhém 122 theo don vi nhom bit. B$ dan xen khéi 124
c6 thé dan xen bing cach phén chia cdc nhom bit da duge sap xép lai dua vao thir ty diéu

bién st dung phin thir nhat va phéan thtt hai.

B6 dan xen khdi 124 dan xen bing cich phén chia mdi cot ra thanh phin thtr nhit
vé phén thtr hai, ghi theo thir ty 14n lugt cac nhém bit vao phan thir nhit cia céc cot theo
don vi nhém bit, phan chia cac bit ciia cdc nhom bit con lai ra thanh cac nhom (hodc céc
nhém bit con), mdi nhém cé mot sb lugng bit dinh trude dua trén s6 luong cot, va ghi

theo tht tu 14n Ivgt cac nhém bit con vao phén thar hai ctia céc cOt.

Trong do, sb luong nhém bit duge dan xen theo don vi nhém bit béng bd dan xen
khéi 124 c6 thé duge xac dinh dya vao it nht mot thong s6 trong sb s6 lugng hang va sd
lugng cOt tao nén bo dan xen khéi 124, sb luong nhém bit va ) lugng bit ¢ trong mdi
nhém bit. Néi cach khéc, bd dan xen khbi 124 c6 thé x4ac dinh cac nhém bit dugc dan xen
theo don vi nhom bit c6 xem xét dén it nhit mot théng sb trong sb s lugng hang va sd
lugng cdt tao nén bd dan xen khéi 124, sb lugng nhém bit va sb lugng bit co trong mdi
nhom bit, dan Xen cdc nhém bit theo don vi nhém bit st dung phr:in thir nhét cta cac cdt,
va phan chia c4c bit cia cac nhém bit khong dwgc dan xen st dung phin thir nhét ctia cac
cdt ra thanh nhidu nhom bit con va dan xen cac nhom bit con d6. Vi dy, bo dan xen khéi
124 ¢6 thé dan xen it nhit mot phén cua cac nhom bit theo don vi nhom bit st dung phén
thtr nhét cua cac cot, va phan chia céc bit cia cdc nhom bit con lai ra thanh nhiéu nhém

bit con va dan xen cic nhom bit con d6 st dung phén thir hai ctia cac cot.

Trong khi d6, viéc dan xen cac nhom bit theo don vi nhém bit ¢6 nghia la céc bit ¢
trong ciing mdt nhém bit duge ghi vao cling mot cft khi dan xen khdi. N6i cach khéc, dbi
vé&i cdc nhom bit duge dan xen theo don vi nhém bit, bd dan xen khéi 124 c6 thé khong
phan chia cac bit & trong cing mdt nhém bit va ghi cac bit nay vao cung mot cot. Tuy
nhién, d8i v6i cac nhom bit khong duge dan xen theo don vi nhoém bit, bd dan xen khdi
124 c6 thé phéan chia céc bit & trong ciing mdt nhom bit va ghi cac bit nay vao céac cot

khac nhau.

Do d6, s6 lwong hang tao nén phan thir nhat cia cac cdt 1a bdi s0 nguyén lan cua sd
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lugng bit ¢ trong mdt nhém bit (vi du, 360), va sb lrong hang tao nén phén thir hai ctia

céc cot c6 thé nhé hon s lugng bit ¢6 trong mot nhom bit.

Ngoai ra, trong tAt ca cadc nhom bit dugce dan xen st dung phén thir nhat cua céac cot,
cac bit trong cung mot nhém bit dugc ghi vao cing mot cdt trong phin thir nhit khi dan
xen, va trong it nhat mot nhém dugc dan xen sir dung phén tht hai cta céc cft, cac bit

duoc phén chia va ghi vao it nhét hai cdt ciia phan thi hai khi dan xen.
Phuong phép dan xen cu thé s& duoc mo ta dudi day.

Bo dan xen xoay bit trong nhém 123 chi 1am thay dbi thir tw ctia cac bit trong mot
nhom bit va khong lam thay ddi thir ty cta cic nhom bit sau khi dan xen. Do d6, thir ty
cua cac nhom bit dugc dan xen béng bo dan xen khdi 124, tic 13 tht tur clia cdc nhom bit
dugc nhip vao bd dan xen khéi 124, ¢6 thé duoc xé4c dinh béng bd dan xen nhom 122.
Thir tu clia cac nhom bit duge dan xen béng bo dan xen khéi 124 ¢c6 thé dugc xac dinh

dya vao gia tri n(j) nhu duoc thé hién trong cac bang tir bang 15 dén bang 27.

Nhu d néu trén, bd dan xen khéi 124 ¢6 thé dan xen cic nhém bit da dugc sip xép

lai thir tu theo don vi nhém bit st dung nhiéu c6t, mdi cdt ¢ nhiéu hang.

Trong trudong hop nay, by dan xen khdi 124 co6 thé dan xen tir ma LDPC bing céch
phan chia cdc cft ra thanh it nhét hai phén nhu d3 néu trén. Vi du, bo dan xen khdi 124 co
thé phan chia mdi ¢t ra thanh phén tht nhit va phin thir hai, va dan xen cdc nhom bit

tao nén tir ma LDPC.

Trong trudng hop nay, bd dan xen khdi 124 ¢6 thé phan chia mdi cdt ra thanh N
phan (N 1a s6 nguyén 16n hon hodc bang 2) tuy thudc vao ViéC. sb luong nhom bit tao nén
t m3 LDPC c¢6 phai 13 boi s6 nguyén 14n cta sb luong cot tao nén bd dan xen khéi 124
hay khong, va co thé thuc hién quy trinh dan xen.

Néu sb luong nhém bit tao nén tir ma LDPC la boi s6 nguyén 1an ctia s6 lugng cot
tao nén bd dan xen khdi 124, thi bd dan xen khéi 124 c6 thé dan xen cac nhom bit tao nén

tir ma LDPC theo don vi nhom bit ma khong can phén chia mdi ¢t ra thanh nhidu phén.

Bo dan xen khéi 124 ¢6 thé dan xen bing cach ghi cdc nhom bit cla tir md LDPC
vao céc cdt theo don vi nhém bit theo hudng cot, va doc cac cot da ghi cc nhom bit theo

don vi nhom bit theo hudng hang.
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Trong truong hgp nay, bd dan xen khéi 124 ¢6 thé dan xen bing cach ghi theo tht
tu 14n lugt cac bit co trong mot sd lugng nhém bit dinh trude, sb luong dinh trude nay
trong Gng vdi thuong s6 thu dugc khi 14y sé lwong nhém bit tao nén tir ma LDPC chia
cho sb luong cdt tao nén bo dan xen khdi 124, vao cac cot theo hudng cdt, va doc cac cdt

da ghi céc bit theo hudng hang.

Nhoém bit ndm & vi tri thit j sau khi dan xen bang bd dan xen nhom 122 dudi day s&

dugc goi 1a nhom bit Y;.

Vi du, gia st rang b0 dan xen khdi 124 ¢6 C cdt, mdi cdt ¢6 R hang. Ngoai ra, gid

st thém rang tir ma LDPC ¢ Nyyoyp nhém bit va s6 lugng nhom bit Ngoyp 18 boi sb ctia C.

Trong trudng hop nay, néu goi thuong sé thu duge khi ldy Ngroup NhOm bit tao nén
tir ma LDPC chia cho C cét tao nén bd dan xen khdi 124 13 A (= Nigoy/C) (A 1 56
nguyén 16n hon 0), thi bd dan xen khdi 124 ¢6 thé dan xen bang cach ghi theo th tu lan
lugt A (= Ngrow/C) nhom bit vao C cot theo hudng cot va doc cac bit da ghi trong C cdt
theo hudng hang.

Vi dy, nhu dugc thé hién trén Fig.27, b dan xen khéi 124 ghi céc bit & trong nhom
bit Y,, nhém bit Yy, ..., nhém bit Ya_; vao cot thir 1 tir hang thir 1 dén hang thir Ry, ghi
cac bit & trong nhém bit Y, nhom bit Y a4y, ..., nhom bit Yoa-; vao cOt thir 2 tir hang thi
1 dén hang thtt Ry, ..., va ghi céc bit & trong nhom bit Yca-a, nhém bit Yea-asts -y
nhém bit Y- vao cot cudi cung tir hang thir 1 dén hang thtr R;. Bo dan xen khdi 124 ¢6

thé doc céc bit d ghi trong cc cdt nay theo hudng hang.

Do do, by dan xen khéi 124 dan xen tAt ca cac nhom bit tao nén tir md LDPC theo

don vi nhom bit.

Tuy nhién, néu sb lugng nhém bit tao nén tir ma LDPC khong phai la boi s6 nguyén
1An cta s lugng cot tao nén bd dan xen khdi 124, thi bd daﬁ xen khéi 124 ¢6 thé phan
chia mdi cot ra thanh hai (2) phén va dan xen mot phﬁn cuia cdc nhom bit tao nén tb méa
LDPC theo don vi nhém bit, va phan chia céc bit ciia cdc nhoém bit kh4c hay cadc nhom bit
con lai ra thanh nhiéu nhém bit con va dan xen cac nhém bit con d6. Trong truong hop
nay, céc bit & trong cac nhém bit con lai, tac la cac bit ¢6 trong s lwgng nhém twong tng

v6i s du sau khi 13y sb luong nhém bit tao nén tir ma LDPC chia cho sb lugng cot, cac
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bit ndy khong duge dan xen theo don vi nhém bit, ma s&€ dugc dan xen sau khi di duogc

phén chia theo sb lugng cot.

Bo dan xen khéi 124 ¢6 thé dan xen tir ma LDPC béng cach phan chia mdi cft ra

thanh hai phan.

Trong truong hop nay, by dan xen khédi 124 c6 thé phan chia cac ¢t ra thanh phin
tht nhit va phéan thir hai dya vao it nhit mot thong sb trong sb sb lugng cot tao nén b
dan xen khéi 124, sb luong nhém bit tao nén tir ma LDPC, va sb luong bit tao nén mdi

nhom bit.

Trong d6, mdi nhém bit ¢6 thé c6 360 bit. Ngoai ra, sb lwgng nhém bit tao nén tir
ma LDPC ¢6 thé dugc x4c dinh dua vao do dai cua tir ma LDPC va sb luong bit & trong
nhém bit. Vi du, khi tr md LDPC c6 d¢ dai béng 16200 dugc phan chia sao cho mdi
nhom bit ¢6 360 bit, thi tr md LDPC nay dugc phén chia ra thanh 45 nhém bit. Theo
cach khac, khi tir ma LDPC c6 do dai bang 64800 dugc phan chia sao cho mdi nhém bit
c6 360 bit, thi tir md LDPC nay cé thé duogc phan chia ra thanh 180 nhém bit. Ngoai ra,
sb luong cot tao nén bd dan xen khdi 124 ¢6 thé dugc x4c dinh theo phuong phap diéu

bién. Phuong phap didu bién s& dugc md ta dudi day.

Do d6, sb lugng hang tao nén mdi phan trong s6 phan thtr nhét va phan tht hai c6
thé duoc xac dinh dua vao s6 lugng cdt tao nén bd dan xen khéi 124, sb lvong nhém bit

tao nén tr ma LDPC, va sb luong bit tao nén mdi nhém bit.

Trong mdi cot, phan thir nhit c6 thé gdm cac hang voi sb lugng hang ding bing sb
lugng bit co trong it nhit mot nhom bit c6 thé dugce ghi theo don vi nhém bit vao mot cot
trong sd cac nhém bit tao nén tir ma LDPC, sb lugng hang dugce x4c dinh theo s6 luong
cOt tao nén bd dan xen khdi 124, sb luong nhém bit tao nén tir ma LDPC, va sb lugng bit

tao nén mdi nhém bit.

Trong mdi cot, phan thtt hai c6 thé gdm céc hang con lai trir cc hang véi s6 luong
hang ding bing s6 lugng bit ¢6 trong mdi nhom bit trong s6 it nhit mot s6 nhom bit ¢o
thé duoc ghi theo don vi nhom bit vao cac cft trong s6 cac nhom bit tao nén tr ma
LDPC. Sé lugng hang thudc phan thir hai c6 th c6 gia tri bang thuong sb khi iy sb

luong bit ¢6 trong tat ca cac nhom bit con lai, trir cdc nhoém bit twong ung voi phén tht
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nhét, chia cho sb lrong cot tao nén bd dan xen khdi 124. N6i cach khéc, sb lvong hang
ctia phan tht hai c6 thé ¢6 gid tri bang thwong s6 khi 14y sb luong bit c6 trong céc nhoém
bit con lai khéng dugc ghi vao phin thtr nhit trong sb cac nhom bit tao nén tir md LDPC

chia cho so0 luong cot.

Nghia 1a, by dan xen khéi 124 c6 thé phan chia mdi cot ra thanh phén thi nhit gdm
c4c hang vé6i sd lwong hang dung bang sb lugng bit cé trong cac nhém bit ¢6 thé duoc ghi

theo don vi nhém bit vao cac cot, va phan thir hai gom céac hang con lai.

Do d6, phan thtr nhét c6 thé c6 sb luong hang ding bang sb lugng bit ¢ trong mdi
nhém bit, tie 13 ¢6 sd lugng hang ding bing boi sd nguyén 14n ctia M. Tuy nhién, vi 5O
lugng bit tir m& tao nén mdi nhém bit ¢6 thé 13 mot wdce sb ctia M nhu di néu trén, nén
phén thi nhat c6 thé c6 sb luong hang dung bing bdi sd nguyén 14n cua sb lugng bit tao
nén mdi nhém bit.

Trong trudong hop nay, bd dan xen khdi 124 c¢6 thé dan xen bing cach ghi va doc tir

ma LDPC & phén thit nhét va phén thit hai theo cing mdt phwong phép.

B0 dan xen khdi 124 ¢6 thé dan xen bﬁng cach ghi tr ma LDPC vao céc cit tao nén
mdi phﬁn trong sb phﬁn tht nhit va phén tht hai theo hudng cdt, va doc céc cot tao nén

phin thir nhit va phin thir hai d4 ghi tr ma LDPC theo huéng hang.

Nghia 13, b dan xen khéi 124 c6 thé dan xen bang cich ghi theo thir tur 1An luot tat
c cac bit c6 trong it nhit mot s6 nhom bit ¢6 thé dugc ghi theo don vi nhom bit vao cac
cdt trong s& cac nhoém bit tao nén tir ma LDPC vao phén thtr nhét cua cac cot, phin chia
tht ca cAc bit & trong cdc nhom bit con lai va ghi cic bit dd dugc phan chia vao phan thir
hai ctia cac cdt theo hudng cot, va doc cac bit da ghi trong céc cdt tao nén mdi phén trong
s6 phan thtr nhét va phan thi hai theo hudng hang.

Trong truedong hop nay, by dan xen khéi 124 c6 thé dan xen bang cach phan chia céc

nhom bit con lai trong s6 cdc nhom bit tao nén tir ma LDPC dua vao s lugng cdt tao nén

bo dan xen khéi 124.

Bo dan xen khéi 124 c6 the dan xen bang cach lay cac bit 6 trong cac nhom bit con
lai chia cho sb lugng cot, ghi cac bit dd phan chia vao mdi cot trong sO céc cdt tao nén

phan thir hai theo hudng cot, va doc céc cdt tao nén phan thit hai, trong d6 ghi cac bit da
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dugc phéan chia, theo hudng hang.

Nghia 13, by dan xen khéi 124 ¢6 thé 1iy cac bit & trong cac nhom bit con lai trong
s6 cac nhom bit tao nén tir ma LDPC, chia cho sb lugng cot, va co thé ghi theo thir ty 14n
luot céc bit da phan chia vao phin thtt hai ctia céc cdt theo hudng cot. Trong do, cac bit 6
trong cac nhém bit con lai 1a cac bit & trong cac nhom bit twong Ung v6i phan du thu
duoc sau khi 14y sb lwgng nhém bit tao nén tir mad LDPC chia cho sb lugng cot, céc bit

nay dugc dem chia cho sb lugng cot.

Vi dy, gia sir ring bo dan xen Kkhdi 124 ¢6 C cbt, mdi cot c6 Ry hang. Ngoai ra, gia
it riing tir md LDPC ¢6 Nyoup nhém bit, s6 lugng nhém bit Nyoy, khong phi 12 boi s0
clia C, vd AXC+1 = Ny (A 12 56 nguyén 16n hon 0). Néi cach khéc, gia st rang khi 14y
s6 lwong nhom bit tao nén tir mad LDPC chia cho sb luong cdt, thi thu dugc thuong )

bing A va sb du bang 1.

Trong trudng hop nay, nhu dugc thé hién trén Fig.28 va Fig.29, bd dan xen khéi
124 ¢ thé phan chia m3i cot ra thanh phn tht nhit c6 Ry hang va phin thir hai ¢ R
hang. Trong trudng hop nay, R; ¢o thé tuong tmg véi s6 luong bit ¢6 trong cac nhom bit
c¢6 thé dugc ghi theo don vi nhém bit vao cac cft, va Ry ¢6 thé bing sb lugng hang cla
mdi cot trr di R;.

Nghia 14, trong vi du néu trén, s6 lwgng nhém bit co thé dugc ghi theo don vi nhém
bit vao céc cot 1a A, va phan thi nhét ctia mdi cot c6 thé c6 s lugng hang dang bing sd
luong bit ¢6 trong A nhém bit, tirc 1a phan thit nhét ctia mdi cot c6 thé co s lugng hang

dang bing AxM.,

Trong trudong hop nay, bd dan xen khdi 124 ghi c4c bit ¢ trong cac nhém bit ¢6 thé
duoc ghi theo don vi nhém bit vao cac cot, tic 1a A nhém bit, vao phén thit nhat cia mdi

c6t theo hudng cot.

Nghia 13, nhu dugc thé hién trén Fig.28 va Fig.29, by dan xen khéi 124 ghi cic bit &
trong mdoi nhom bit trong s6 nhém bit Yy, nhém bit Yy, ..., nhom bit Y1 vao ph?m thu
nhét cta cdt thir 1 tir hang tht 1 dén hang thit Ry, ghi cac bit & trong mdi nhém bit trong
s6 nhém bit Y, nhom bit Yas1, ..., nhém bit Yoa—; vao phdn thir nhat ciia cot thir 2 tir

hang the 1 d&n hang tha Ry, ..., ghi cdc bit & trong mdi nhém bit trong sd nhém bit
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Yea-a, nhom bit Yea-asts ..., nhom bit Yea-; vao phéan thir nhat ca cot cudi cung tir

hang thir 1 dén hang tht R;.

Nhu da néu trén, bo dan xen khéi 124 ghi cac bit & trong cac nhém bit c6 thé duoc

ghi theo don vi nhom bit vao phén thir nhét cla cic cot.

No6i cach khac, theo phwong an 1am vi dy néu trén, cdc bit ¢ trong mdi nhoém bit
trong s6 nhom bit (Yy), nhém bit (Y1), ..., nhém bit (Ya-1) cO thé khong dugc phéin chia
va tit ca cac bit nay c6 thé duge ghi vao cot thu nhét, cdc bit & trong mdi nhém bit trong
s6 nhém bit (Y,), nhém bit (Yas1), ..., nhom bit (Y2a-1) c6 thé khong duge phan chia va
tht cA cac bit ndy c6 thé dugce ghi vao cot thir hai, va céc bit ¢ trong mdi nhém bit trong
s6 nhém bit (Yea), nhom bit (Ycaas)s ..., nhom bit (Yea-1) 6 thé khong duge phan
chia va tit ca c4c bit nay c¢6 thé dugc ghi vao cot cudi cung. Nhu vay, tAt ca cac nhom bit
duogc dan xen st dung phﬁn thir nhat ca cac cot s& dugce ghi sao cho tAt ca cac bit & trong

cing mdt nhém bit dugce ghi vao cling mot cot thude phén thir nhét.

Sau d6, bd dan xen khoi 124 phan chia céc bit & trong cdc nhém bit con lai trir cac
nhém bit d& dugce ghi vao phan thir nhét ciia cc cdt trong sd cic nhom bit, va ghi cac bit
da duoc phan chia nay vao phén thtr hai cta céc cdt theo hudng cot. Trong truong hop
d6, bd dan xen khéi 124 phan chia céac bit ¢ trong cdc nhom bit con lai sao cho cung mot
s6 luong bit s& duge ghi vao phén thtt hai cua cac cot theo huéng cot. Trong do, thtr tu
ghi cac bit vao phén thit nhit va phan thtt hai c6 thé dugc déo nguoc. Nghia 13, cac bit c6
thé duoc ghi vao phin thi hai trude phin tht nhét theo phwong 4n 1am vi du thyc hién

sang che.

Trong vi du néu trén, vi AXC+1 = Ngoup, nén khi cdc nhém bit tao nén tr md LDPC
duoc ghi theo thur tu 1an lugt vao phén thir nhét, thi nhém bit cudi YNgroup-1 €U tor ma
LDPC khong dugc ghi vao phan thir nhét va con du lai. Do d6, by dan xen khéi 124 phan
chia céc bit & trong nhém bit Yygroup-1 12 thanh C nhom bit con nhu dugc thé hién trén
Fig.28, va ghi theo thir tw 1an lugt cac bit da duge phan chia (tirc 1a sb bit twong g voi
thuong sd thu dugce khi 14y cac bit & trong nhom bit cubi (Yngroup-1) chia cho C) vao phan
tha hai ctia mdi cot. |

Céc bit dugc phan chia dya vao sd lugng cot ¢6 thé duogc goi 1a c4c nhom bit con.

Trong truong hop nay, mdi nhom bit con ¢b thé duge ghi vao cac cot thude phan thit hai.

-75-



31273

Nghia 13, cac bit & trong cdc nhém bit con lai co thé duogc phén chia va c6 thé tao thanh

cac nhém bit con.

Nghia 13, by dan xen khdi 124 ghi cac bit vao phén thir hai cta ¢t thir 1 tir hang thi
1 dén hang thi R,, ghi céc bit vao phan tht hai cia cdt thir 2 tir hang thir 1 dén hang thir
R,, ..., va ghi céc bit vao phan thir hai ctia ¢t C tir hang tht 1 dén hang thit R,. Trong
trudng hop nay, bo dan xen khéi 124 ¢6 thé ghi cdc bit vao phan th hai clia céc cot theo

hudng cdt nhu duoc thé hién trén Fig.28.

Nghia 14, trong phén thit hai, c4c bit tao nén nhém bit c6 thé khong duge ghi vao
cung mdt cdt va co thé duoc ghi vao nhiéu cot. N6i cach khéc, trong vi du néu trén, nhom
bit cudi (Yngoup-1) ©6 M bit va do d6 c6 thé 14y cdc bit ¢ trong nhém bit cudi (Yngroup-1)
ndy chia cho C va ghi cac bit nay vao mai cot. Nghia 13, 14y c4c bit & trong nhom bit cudi
(Yngroup-1) chia cho C, tao ra M/C nhém bit con, va mdi nhém bit con nay c6 thé dugc ghi

vao phan tht hai cia cac cot.

Do do, trong s it nhdt m6t nhom bit duge dan xen trong phén th hai, cac bit &
trong it nhAt mot nhém bit ndy dugc phan chia va ghi vao it nhét hai cot tao nén phﬁn thir
hai.

Trong vi du néu trén, by dan xen khdi 124 ghi céc bit vao phan thir hai theo hudng
cot. Tuy nhién, d6 chi 1a vi du minh hoa. Nghia 14, bd dan xen khdi 124 c6 thé ghi céc bit
vao nhiéu cdt thudc phan thir hai theo hudng hang. Tuy nhién, trong trudng hop do, b
dan xen khéi 124 c6 thé ghi cac bit vao phan thir nhét theo phuong phap gidng nhu da
néu trén, tc 1a theo hudng cot.

Duya vao Fig.29, b¢ dan xen khéi 124 ghi c4c bit tir hang thit 1 thudce phén thir hai
trong cot thir 1 dén hang thtr 1 thudc phan thit hai trong c6t C, ghi céac bit tir hang thtr 2
thudc phan tht hai trong cot thir 1 dén hang thtr 2 thudc phan thtr hai trong ¢4t C, ..., va
ghi c4c bit tir hang thir R, thude phén thtt hai trong cot thir 1 dén hang thi R, thudc phan
th(r hai trong cot C.

Mait khac, bd dan xen khdi 124 doc theo thir tu lan lugt cac bit d& ghi trong mdi
phén clia cac cot theo hudng hang. Nghia 13, nhu dugc thé hién trén Fig.28 va Fig.29, by

dan xen khéi 124 doc theo thir tur 14n lugt cc bit da ghi trong phén tht nhét cia cic cot
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theo hudéng hang, va doc theo thir tu 1dn lugt cac bit da ghi trong phan thit hai cua cac cdt

theo hudng hang.

Do d6, bd dan xen khéi 124 c6 thé dan xen mot phén cuia cac nhom bit tao nén tur
ma LDPC theo don vi nhém bit, va phan chia c4c bit & trong cic nhém bit con lai va dan
xen cac bit @8 dugc phin chia. Nghia 13, by dan xen Kkhéi 124 ¢6 thé dan xen bing céch
ghi tr md LDPC tao nén mot s luong nhém bit dinh trude trong s6 cac nhom bit vao
phan tht nhét cia cac cot theo don vi nhém bit, phan chia cac bit & trong cac nhém bit
con lai trong sd cac nhém bit va ghi cic bit di dugc phén chia vao phén tht hai cta cac

cOt, va doc ph?m tht nhit va phén thir hai cta cac cOt theo hudng hang.

Nhu d4 néu trén, bd dan xen khdi 124 ¢6 thé dan xen cac nhom bit theo cac phuong

phap dd dugc mo ta trén ddy dua vao cac hinh v& tir Fig.27 dén Fig.29.

Cu thé, trong trudong hop duge thé hién trén Fig.28, cdc bit & trong nhém bit khong
thudc phéan thir nhét duge ghi vao phin thir hai theo hudng cot va dugc doc theo huéng
hang. Theo phuong phép nay, thir tu clia céc bit ¢ trong nhom bit khong thude phan thir
nhit dugc sip xép lai. Vi céc bit & trong nhém bit khong thude phén tht nhit dugc dan
xen theo cach nhw di néu trén, nén hiéu sudt ty 1& 181 bit/ty 1€ 16i khung (Bit Error
Rate/Frame Error Rate, BER/FER) c6 thé dugc cai thién hon so v6i truong hop cac bit do6

khéng duge dan xen.

Tuy nhién, nhém bit khong thude phén thtr nhét c6 thé khong dugce dan xen theo
cach nhu duoc thé hién trén Fig.29. Nghia 1, vi by dan xen khdi 124 ghi c4c bit & trong
nhém bit khong thudc phin thir nhat vao phin thir hai va doc cac bit tir phan th hai theo
huéng hang, cho nén thtr ty cla cac bit & trong nhom bit khong thudc phin thi nhét s&
khong thay ddi va céc bit nay dugc xuét ra cho bd didu bién 130 theo thir tu 1an luot.
Trong trudng hop do6, cac bit & trong nhém bit khong thudc phan thi nhét c6 thé duge
xuét ra theo thir tw 1an Iuot va dugc 4nh xa 1én ky hiéu diéu bién.

Trén Fig.28 va Fig.29, mdt nhom bit cudi trong sb cac nhém bit duge ghi vao phén
tht hai. Tuy nhién, d6 chi 13 vi du minh hoa. S4 lugng nhém bit dugc ghi vao phan tht
hai c6 thé thay ddi tuy theo tdng s6 nhom bit tao nén tir ma LDPC, s6 luong cot va 56

lugng hang, s6 lugng anten truyén, v.v..
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Bo dan xen khdi 124 c6 thé c6 cAu hinh nhu dugc thé hién trong bang 28 va bang

29 dudi day:
Béang 28
Nigpe = 64800
QPSK 16-QAM | 64-QAM | 256-QAM | 1024-QAM | 4096-QAM
C 2 4 6 8 10 12
R, 32400 16200 10800 7920 6480 5400
R, 0 0 0 100 0 0
Bang 29
Nigpe = 16200
QPSK 16-QAM | 64-QAM | 256-QAM | 1024-QAM | 4096-QAM
C 2 4 6 8 10 12
R, 7920 3960 2520 1800 1440 1080
R, 180 90 180 225 180 270

Trong cac bang néu trén, C (hodc N¢) 1a s6 luong cot tao nén bd dan xen khéi 124,
R, 1asb luong hang tao nén phﬁn thar nht trong mdi cot, va R, 14 sb lrong hang tao nén

phan thtt hai trong mdi cot.

Duya vao bang 28 va bang 29, s lugng cot, C, c6 gid tri bing bc dieu bién theo
phuong phéap didu bién, va mdi cot ¢ sd lugng hang twong tng véi gié tri thu duge khi

léy ) lugng bit tao nén tir ma LDPC chia cho s6 lugng cot.

Vi du, néu dd dai Ny, cia tir md LDPC bang 16200 va phuong phép didu bién 12
256-QAM, thi bd dan xen khéi 124 gdm c6 8 cot tuong Gng v6i béc didu bién bang 8
trong truong hop didu bién 256-QAM, va mdi cot co sb lugng hang bang R;+R, =2025
(= 16200/8).

Trong khi d6, dya vao bang 28 va bang 29, néu sd lwong nhém bit tao nén tir ma
LDPC la bdi s6 nguyén 14n coa sb lugng cot, thi b dan xen khdi 124 dan xen ma khong
cin phéan chia mdi cot. Vi vay, R, tuong tng véi s6 lrong hang tao nén mdi cdt, va R,
bang 0. Trai lai, néu sd lugng nhém bit tao nén tir ma LDPC khéng phai 1a bdi sd nguyén
14n coa sb lugng cdt, thi bd dan xen Kkhéi 124 dan xen céc nhom bit bing cach phan chia

mdi cot ra thanh phan thi nhét c6 R, hang, va phan th hai c6 R, hang.
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Néu sb lurong cOt tao nén by dan xen khéi 124 béng sb luong bit tao nén ky hiéu
diéu bién, thi cac bit & trong cung mdt nhom bit dugc anh xa 1én mot bit duy nhét cta

mdi ky hiéu didu bién nhu duge thé hién trong bang 28 va bang 29.

Vi du, néu Nig,e = 16200 va phuong phap diéu bién 1a 256-QAM, thi bo dan xen
khéi 124 c6 thé c¢6 tam (8) cdt, mdi cot c6 2025 hang. Trong truong hop nay, cdc bit ¢
trong m3i nhom bit dwgc ghi vao tAm (8) cdt va cée bit da ghi trong mbi cot duge Xuét ra
theo tht tw 14n lugt theo huéng hang. Trong trudong hop ndy, vi tém (8) bit tao nén mot
ky hiéu diéu bién trong phuong phap didu bién 256-QAM, nén céc bit & trong cung mot
nhom bit, tic 1a cac bit dugc xuét ra tir mot cot, co thé duoc 4nh xa 1én mot bit duy nhét
ctia mdi ky hiéu didu bién. Vi dy, céc bit & trong mot nhom bit da ghi trong cot thir 1 co

th dwgc 4nh xa 1én bit thtt nhét cia m3i ky hiéu diéu bién.

Dua vao bang 28 va bang 29, tbng sd hang tao nén bd dan xen khéi 124, tac 1a
R +Rj, bing Nig,./C.

Ngoai ra, sb lugng hang thude phin thir nhét, R, bing boi s6 nguyén 1in coa sb

lwong bit & trong mdi nhom bit, M (vi du M = 360), va co thé dugc biéu dién dudi dang

I_N group /C_‘x M, va sb luong hang thudc phﬁn thit hai, R,, c6 thé bing Nygpe/C-R;. Trong
d6, [N, /C] 12 sb nguyén I6n nht nhé hon hofic bang Newy/C. Vi Ry 12 boi 56

nguyén lan cia so luong bit ¢é trong mdi nhém bit, M, nén cac bit ¢ thé duge ghi vao Ry

hang theo don vi nhém bit.

Ngoai ra, bang 28 va bang 29 thé hién ring, néu s6 lugng nhom bit tao nén tir ma
LDPC khéng phai 1a boi s6 nguyén lan cua sb lugng cot, thi bd dan xen khéi 124 dan xen

bing cach phan chia m3i cot ra thanh hai phan.

P dai cua tir md LDPC chia cho sb luong cot s& thu dugc tdng s6 hang c6 trong
mdi cdt. Trong truong hop nay, néu sb lugng nhom bit tao nén tr ma LDPC 1a boi sd
nguyén 1an cta s6 lugng cot, thi mdi cot s& khong dugce phén chia ra thanh hai phan dé
dan xen bang bd dan xen khéi 124. Tuy nhién, néu sb luong nhom bit tao nén tir ma
LDPC khong phai 1a boi sb nguyén 1An cta sb lugng cot, thi mdi cot s& duge phan chia ra

thanh hai phan dé dan xen béng bd dan xen khéi 124.

Vi du, gia sir ring sb luong cot tao nén bd dan xen khdi 124 bing sb luong bit tao
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nén ky hiéu didu bién, va tir ma LDPC c6 64800 bit nhu dugc thé hién trong bang 28.
Trong trudng hop ndy, mdi nhém bit cia tir md LDPC c6 360 bit, va tr md LDPC co
64800/360 (= 180) nhom bit.

Néu phuong phap didu bién Ia 16-QAM, thi b dan xen khdi 124 ¢6 thé c6 bon (4)
ot va mdi cdt ¢6 thé c6 64800/4 (= 16200) hang.

Trong truong hop nay, vi s6 luong nhém bit ctia tir ma LDPC chia cho sb lugng cot
1a 180/4 (= 45), nén céac bit co thé dugc ghi vao mdi cot theo don vi nhém bit ma khong
can phan chia mdi cot ra thanh hai phan. Nghia 13, c4c bit ¢6 trong 45 nhoém bit, gia tri
nay la thuong sé thu duoc khi 14y sé lugng nhém bit tao nén tir ma LDPC chia cho sd

luong cdt, tirc 1a 45%360 (= 16200) bit, ¢ thé duge ghi vao mdi cot.

Tuy nhién, néu phuong phap didu bién 12 256-QAM, thi b dan xen khoi 124 ¢6 thé
6 tam (8) cdt va mdi cot ¢b thé c6 64800/8 (= 8100) hang.

Trong truong hop nay, vi s6 luong nhém bit ctia tir ma LDPC chia cho s6 luong cot
bing 180/8 = 22,5, nén s& lugng nhém bit tao nén tir mad LDPC khong phai 1 boi sd
nguyén 14n cta sb luong cot. Do d6, by dan xen khéi 124 phén chia mdi cot trong sb tam

(8) cOt nay ra thanh hai phan dé thuc hién quy trinh dan xen theo don vi nhém bit.

Trong trudng hgp nay, vi cac bit phdi duoc ghi vao phén thi nhét ctia mdi cot theo
don vi nhém bit, nén sb lugng nhém bit ¢6 thé duoc ghi vao phan thir nhét ciia mbi cot
theo don vi nhom bit bing 22, gia tri nay 1a thwong sé thu duoc khi 1dy sd lugng nhom bit
tao nén tr ma LDPC chia cho s6 lugng cot, va do do, phén thit nhit ctia mdi cot co
22x360 (= 7920) hang. Do d6, 7920 bit ¢6 trong 22 nhém bit c6 thé duoc ghi vao phan

thir nhét cia mdi cot.

Phin tht hai ctia mdi cdt c6 sé lugng hang bang gia tri thu duge khi 14y tdng sb
hang cua mdi cot trir di sb lurgong hang thudc phé‘m tht nhét. Do do, phﬁn tht hai cua mdi
cot c6 8100-7920 (= 180) hang.

Trong trudng hop nay, céc bit & trong cac nhom bit khong duge ghi vao phan thit
nhét s& dugc phan chia va ghi vao phﬁn th(r hai cia tam (8) cOt.

Vi 22x8 (= 176) nhom bit duge ghi vao phﬁn thtr nhét, nén sb luong nhom bit duoc
ghi vao phén th hai 1a 180—176 (= 4) (vi dy, nhém bit Y76, nhém bit Y77, nhém bit Y7
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va nhom bit Y79 trong s6 cdc nhom bit Yy, nhom bit Yy, nhom bit Yy, ..., nhom bit Y78

va nhém bit Y79 tao nén tr ma LDPC).

Do d6, bd dan xen khdi 124 ¢6 thé ghi theo thtr tu 14n luot bén (4) nhém bit khong
dugc ghi vao phén tht nhit va con du lai trong s cic nhom bit tao nén tir ma LDPC, vao

phan thit hai clia tdm (8) cot.

Nighfa 13, by dan xen khéi 124 c6 thé ghi 180 bit trong s6 360 bit & trong nhém bit
Y17 vao phan thir hai cua cdt thir 1 tir hang thir 1 dén hang thtr 180 theo hudng cot, va
ghi 180 bit con lai vao phdn tht hai cia cot thir 2 tir hang thir 1 dén hang thir 180 theo
hudng cot. Ngoai ra, by dan xen khdi 124 c6 thé ghi 180 bit trong sb 360 bit & trong
nhém bit Y77 vio phan th hai cta ot thir 3 tir hang tht 1 dén hang thir 180 theo hudng
cdt, va ¢ thé ghi 180 bit con lai vao phén thir hai ca ¢t thir 4 tir hang thir 1 dén hang
thir 180 theo huéng cot. Ngoai ra, b dan xen khdi 124 c6 thé ghi 180 bit trong s6 360 bit
& trong nhém bit Y75 vao phén thir hai cia ¢dt thir 5 tir hang th 1 dén hang thir 180 theo
hudng cft, va co thé ghi 180 bit con lai vao phan thir hai cta cdt thir 6 tir hang thar 1 dén
hang thir 180 theo hudéng cot. Ngoai ra, by dan xen khéi 124 ¢6 thé ghi 180 bit trong s6
360 bit & trong nhém bit Yy vao phan thtr hai cta cot thir 7 tir hang tht 1 dén hang thir
180 theo hudng cot, va co thé ghi 180 bit con lai vao phén thir hai cta cdt thir 8 tir hang

thr 1 dén hang tht 180 theo hudng cot.

Do d6, cac bit & trong mot nhom bit khong duoc ghi vao phén thtt nhét va con du lai
s& khong dugc ghi vao cung mot ¢t trong phan thir hai va ¢ thé dugc phan chia va ghi

vao nhiu cot.

B dan xen khéi 124 trén Fig.23 theo phuong 4n lam vi du dva vao Fig.30 s& dugc
mo ta dudi day.

Trong tt m& LDPC da dugc dan xen nhom (V0y V15 vees VN.d.,c—l)’ Y; dugc sép xép lién

tuc duéi dang V= {Yo, Y1, ..., Yy

group

e

T ma LDPC sau khi dan xen nhom c6 thé duge dan xen bing bd dan xen khéi 124
nhu duoc thé hién trén Fig.30. Trong trudng hop nay, b dan xen khéi 124 phan chia cac
cot ra thanh phan thir nhét (phan 1) va phén thir hai (phin 2) dua vao sb luong cot tao nén

b6 dan xen khdi 124 va sé lugng bit & trong mdt nhom bit. Trong trudng hop nay, & phan
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thtr nhét, cc bit tao nén mét nhém bit ¢6 thé duoc ghi vao cung mot cdt, va & ph'?m tha
hai, c4c bit tao nén mot nhém bit ¢ thé dugc ghi vao nhiéu cot (ttrc 12 cac bit tao nén mot

nhém bit ¢6 thé duge ghi vao it nhat hai cot).

Céc bit ddu vio v; dugc ghi theo tht tw 14n Iuot tir phdn thir nhat dén phan thir hai
theo huéng cot, va sau dé duoc doc theo thir tu 14n luot tir phéﬁ tht nhét dén phan thir hai
theo hudng hang. Nghia 13, cc bit dit liéu v; duge ghi theo thir tu 14n lugt vao bd dan xen
khéi bit du tir phin thir nhét va tiép dén phan thi hai theo hudng cft, va sau d6 duoc
doc theo tht ty 14n lugt tir phan thi nhét dén phéan thir hai theo huéng hang. Do d6, céc
bit & trong cing mdt nhém bit thude phén thir nhit c6 thé dugc anh xa 1én mot bit duy
nhét ctia mdi ky hiéu didu bién. N6i cach khac, cac bit & trong cung mot nhém bit thude
phin thir nhét c6 thé dugc anh xa 1én céc bit twong tng & trong céac ky hiéu didu bién

tuong ung.

Trong truong hop nay, sb lugng cot va s6 luong hang cua phan thir nhit va phén thir
hai ctia bo dan xen khéi 124 thay ddi theo dinh dang diéu bién va do dai cta tir ma LDPC
nhu duoc thé hién trong bang 30 duéi ddy. Nghia 13, cAu hinh dan xen khdi cho phan thi
nhét va phén tht hai v6i mdi dinh dang diéu bién va dd dai tir mi duge x4c dinh trong
bang 30 duéi day. Trong do, sb luong cot tao nén bd dan xen khéi 124 c6 thé bing sb
lugng bit tao nén ky hiéu diéu bién. Ngoai ra, gi tri tdng ctia s6 lugng hang cua phén tht
nhét, N,;, va sb lugng hang cua ph?m tha hai, Ny, béng Nigpe/Nc (trong d6, N¢ 1a sb luong

o6t). Ngodi ra, vi Ny (= [N /C|*360) 1a boi s6 cia 360, nén nhiéu nhém bit ¢6 the

group

duoc ghi vao phan thit nhét.

Bang 30
Pinh dang S6 lugng hang cla phén 1N, | S6 luong hang cua phin 2 Ny | s6 lwong cot
didubién | Nygyo= 64800 | Nigpo=16200 | Nigpo = 64800 | Nigpe = 16200 Nc
QPSK 32400 7920 0 180 2
16-QAM 16200 3960 0 90 4
64-QAM 10800 2520 0 180 6
256-QAM 7920 1800 180 225 8
1024-QAM 6480 1440 0 180 10
4096-QAM 5400 1080 0 270 12
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Hoat dong ctia bd dan xen khdi 124 s& duge mo ta dudi day.

Nhu dugc thé hién trén Fig.30, bit dau vao v; (0 <i<N¢xN,;) duge ghi vao hang 1

cua cdt ¢; thude phén thtr nhit cta bd dan xen khdi 124. Trong d6, c; va r; lan luot br?mg

i
c.=|— | va r=(imodN ).
i LNH J i ( rl)

Ngoai ra, bit ddu vao v; N¢xN;y <i<Nygpe) duge ghi vao hang r; cua cdt ¢; thudc

phan thir hai cia bd dan xen khéi 124. Trong d6, ¢ va 1 lAn luot bing

i—N.xN
c; :[(L—NLX—’—‘)J va 1, =N, +{(i—-N¢xN,)modN,,}.
r2

Bit diu ra qj (0 <j <Nigpe) duge doc tir cot ¢; cia hang r;. Trong do, rj va ¢; lan luot

bang I, :[NLCJ va ¢;=(jmodN,).

Vi dy, néu d¢ dai Nigpe ctia tir ma LDPC bé‘mg 64800 va phuong phap didu bién 12
256-QAM, thi thir tu ciia cdc bit duge xut ra tir by dan xen khdi 124 c6 thé Ia
(o> 91> Q25 ---»> 633575 U63358> 9633595 U633605 633615 -+ Qea799) = (Vo, V7920, V158405 -+ > V475195
V54395 V63359, V633605 V635405 - - +» V64799). Trong do, cac chi s6 & vé bén phai cua biéu thic
néu trén c6 thé duogc bidu didn cu thé cho tdm (8) cot dudi dang 0, 7920, 15840, 23760,
31680, 39600, 47520, 55440, 1, 7921, 15841, 23761, 31681, 39601, 47521, 55441, ...,
7919, 15839, 23759, 31679, 39599, 47519, 55439, 63359, 63360, 63540, 63720, 63900,
64080, 64260, 64440, 64620, ..., 63539, 63719, 63899, 64079, 64259, 64439, 64619,
64799.

Quy trinh dan xen cta bd dan xen khéi 124 s& duge mo ta dudi day.

Bo dan xen khéi 124 ¢c6 thé dan xen bang cach ghi nhiéu nhom bit vao cac cdt theo
don vi nhom bit theo huéng cot, va doc céc cdt dd ghi cac nhom bit theo don vi nhém bit
theo hudng hang. Trong trudng hop nay, s6 luong cot tao nén b(f) dan xen khdi 124 ¢6 thé
thay dbi theo phuong phap didu bién, va sd lugng hang ¢ thé bang d6 dai cla tr ma
LDPC/sb lugng cdt. Vi dy, néu phuong phép didu bién 13 256-QAM, thi bd dan xen khdi
124 ¢6 thé c6 tam (8) cot. Trong trudng hop d6, néu do dai Ny, ctia tir ma LDPC béng
16200, thi sb lwong hang bang 2025 (= 16200/8).

-83-



31273

Quy trinh dan xen cédc nhém bit theo don vi nhém bit béng bo dan xen khdi 124 s&

dugc mo ta dudi day.

Néu sb lwong nhém bit tao nén tir ma LDPC 14 boi sb nguyén 14n cua sb luong cot,
thi b6 dan xen khdi 124 ¢6 thé dan xen béng cach ghi theo thu ty lan luot, vao céc cdt,
céc nhom bit véi sb lugng ding bing sb lwgng nhém bit tao nén tir ma LDPC chia cho s6

lugng c6t theo don vi nhoém bit.

Vi du, néu phuong phap didu bién 13 256-QAM va dd dai Nig, cta tir ma LDPC
bang 16200, thi by dan xen khéi 124 c6 thé c6 tam (8) cdt, mdi cot c6 2025 hang. Trong
trudong hop ndy, vi tt ma LDPC dugc phan chia ra thanh (16200/360 = 45) nhom bit khi
dd dai Nygpe cua tir ma LDPC bang 16200, nén s6 lugng nhém bit (= 45) tao nén tir ma
LDPC c¢6 thé khong phai 1a boi s6 nguyén lan ctia sd luong écf)t (= 8) khi phuong phap
didu bién 13 256-QAM. Nghia 13, sé du duoc tao ra khi 14y s6 lugng nhom bit tao nén tir

ma LDPC chia cho sb lugng cot.

Nhu d3 néu trén, néu sb luong nhom bit tao nén tir md LDPC khong phai la bdi 5O
nguyén 14n cua sd lugng cot tao nén bd dan xen khdi 124, thi bo dan xen khéi 124 c6 thé
phén chia mdi ¢t ra thanh N phén (N 1a ) nguyén 16n hon hogc béng 2) va thuc hién

quy trinh dan xen.

Bo dan xen khéi 124 ¢6 thé phan chia mdi cot ra thanh mot phén gdm céc hang ¢6
s6 lugng hang dung bang sd lugng bit & trong mot nhém bit 6 thé dugc ghi vio mdi cot
theo don vi nhom bit (tc 1a phan thi nhit) va mot phan gdm céc hang con lai (tc 12

phn th hai), va thuc hién quy trinh dan xen st dung mdi phan da phan chia.

Trong do6, phan c6 s6 lwong hang ding bing s6 lugng bit & trong mot nhém bit c6
thé duge ghi theo don vi nhom bit, tirc 1a phan thir nhét c6 thé gdm céc hang v6i sd lwong
hang bang boi s6 nguyén lan ctia M. Nghia 13, néu phuong phap didu bién 12 256-QAM,
thi mdi cot clia bd dan xen khoi 124 ¢6 2025 hang, va do do mdi cOt cia bd dan xen khéi
124 ¢6 thd bao gdm phin th nhit c6 1800 (=360x5) hang va phin th hai co
225 (=2025-1800) hang.

Trong truong hop nay, bo dan xen khdi 124, sau khi ghi theo tht ty 14n luot it nhit

mdt phan cia cic nhom bit, phan ndy c6 thé duoc ghi theo don vi nhém bit vao cic cot,
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trong sb cac nhom bit tao nén tir ma LDPC, ¢6 thé phan chia va ghi cdc nhoém bit con lai
vao phén con lai clia cdc cot trir phin d3 ghi it nhit mot phén ciia cic nhém bit néu trén.
Nghia 1a, b dan xen khéi 124 c6 thé ghi cac bit & trong it nhét mét phan cia cdc nhém
bit ¢6 thé dugc ghi theo don vi nhém bit vao phén thir nhét cta céc cdt, va phan chia va

ghi c4c bit & trong cac nhom bit con lai vao phan tht hai ciia cac cot.

Vi du, néu phuong phép didu bién 1a 256-QAM, nhu dugc thé hién trén Fig.31 va
Fig.32, thi b0 dan xen khdi 124 ¢6 thé c6 tam (8) cot va mdi cdt co thé duoc phén chia ra

thanh phan tht nhat c6 1800 hang va phan tht hai ¢6 225 hang.

Trong trudng hgp nay, bo dan xen khdi 124 ghi cac bit & trong mdt nhém bit c6 thé

dugc ghi theo don vi nhém bit vao phén thtr nhét ciia mdi cot theo hudng cot.

Nghia 13, nhu dugc thé hién trén Fig.31 va Fig.32, b dan xen khéi 124 c6 thé ghi
cac bit ¢ trong nhém bit (Yo), (Y1), ..., (Y4) tr hang thir 1 dén hang thir 1800 tao nén
phan thtr nhét ciia cot thir nhét, ghi c4c bit & trong nhom bit (Ys), (Y), ..., (Yo) tir hang
thi 1 dén hang thir 1800 tao nén phin thir nhét cia cot thir hai, ..., va ghi céc bit ¢ trong
mdi nhém bit (Y3s), (Y3e), ..., (Y39) tlr hang thir 1 dén hang thtr 1800 tao nén phan tht

nhét cta cot th 8.

Nhu da néu trén, bd dan xen khdi 124 ghi cac bit & trong cdc nhém bit, c6 thé dugc

ghi theo don vi nhém bit, vao phan thir nhét cua tam (8) cot theo don vi nhom bit.

Sau d6, bd dan xen khdi 124 ¢6 thé phan chia céc bit & trong cdc nhém bit con lai
trr cdc nhom bit da dugce ghi vao phin thir nhét cia tam (8) cot, trong sb cac nhom bit tao
nén tir md LDPC, va ghi c4c bit d3 dugc phén chia vao phan thir hai cua tdm (8) cot theo
hudng cot. Trong truong hop nay, @8 cho cung mét sb lugng bit ¢6 thé dugc ghi vao phén
thir hai ctia mdi cot, bd dan xen khdi 124 ¢6 thé phan chia cé4c bit & trong cdc nhoém bit
con lai cho sb luong cot, va ghi céc bit da dugc phan chia vao phan thir hai ctia tdm (8)
cdt theo hudng cot.

Vi dy, nhu dugc thé hién trén Fig.31, bd dan xen khéi 124 c6 thé ghi theo thir tu 14n
lugt, trong s6 cac nhom bit tao nén tir md LDPC, nhom bit (Y4), nhom bit (Y41), nhom
bit (Y42), nhém bit (Y43) va nhom bit (Y44) 13 cac nhom bit con lai, trir cdc nhom bit da

duogc ghi vao phan thir nhét, vao phan thit hai ctia tam (8) cot.
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Nghia I3, trong s6 360 bit & trong nhém bit (Y4p), bd dan xen khdi 124 c6 thé ghi
225 bit vao phin thit hai cua cot thir nhét tir hang tht 1 dén hang thi 225 theo hudng cot,
va ghi 135 bit con lai vao phén thir hai ctia cdt thit hai tir hang tht 1 dén hang tht 135
theo hudng cdt. Ngoai ra, trong s6 360 bit & trong nhém bit (Yy;), bd dan xen khdi 124 ¢6
thé ghi 90 bit vao phan thir hai ciia ct thir hai tir hang thtr 136 dén hang thir 225 theo
hudng cot, ghi 225 bit trong s6 270 bit con lai vao phan thi hai clia cot thi ba tir hang
thtr 1 dén hang thtt 225 theo huéng cdt, va ghi 45 bit vao phan thir hai ctia cot thir tur tir
hang thtr 1 dén hang thir 45 theo hudng cot. Nghia 13, trong s6 360 bit & trong nhom bit
(Y42), bo dan xen khéi 124 ¢6 thé ghi 180 bit vao phan thir hai cta cdt thir tu tir hang thi
46 dén hang thir 225 theo hudng ct, va ghi 180 bit con lai vao phén thir hai cta cdt thi
nam tir hang thur 1 dén hang thir 180 theo hudng cdt. Ngoai ra, trong sb 360 bit & trong
nhom bit (Y43), bd dan xen khdi 124 c6 thé ghi 45 bit vao phan thir hai ctia cft thir nam tir
hang thir 181 dén hang thir 225 theo hudng cdt, ghi 225 bit trong s6 315 bit con lai vao
phan tht hai cia cot thir sau tir hang thtr 1 dén hang thir 225 theo hudng cdt, va ghi 90 bit
vao phan thtt hai cia cdt thi bay tir hang thir 1 dén hang thit 90 theo hudng cot.

Ngoai ra, trong sb 360 bit & trong nhom bit (Y44), bd dan xen khdi 124 c6 thé ghi
135 bit vao phan thtr hai ciia cot thit bay tir hang thtr 91 dén hang thir 225 theo hudng cot,
va ghi 225 bit con lai vao phdn thir hai ctia ¢t thir tam tir hang thir 1 dén hang tht 225

theo hudng cot.

Do d6, c4c bit & trong nhém bit con lai sau khi cac bit di dugc ghi vao phan thir
nhét c6 thé khéng duoc ghi vao cling mot cdt trong phén thir hai, ma s& dugc ghi vao

nhiéu cot.

Trong khi do, trong vi du néu trén, sang ché da mo ta rang bd dan xen khéi 124 ghi
c4c bit theo huéng cot, tuy nhién, d6 chi 12 vi dy minh hoa. Nghfa 13, bd dan xen khdi 124
c6 thé ghi céc bit vao phan thtr hai cta cac cot theo hudng hang. Tuy nhin, trong truong
hop nay, bd dan xen khéi 124 c6 thé ghi cic bit vao phan thir nhét vin theo cach thirc nhu

da néu trén, tic la theo hudng cot.

Dua vao Fig.32, by dan xen khdi 124 c6 thé ghi céc bit tir hang thir 1 trong phan thir
hai ctia cot thir nhit dén tir hang thir 1 trong phén thir hai cta cdt thtr tdm, ghi cac bit tir

hang thu 2 trong phén thir hai cla cot thir nhét dén hang thtt 2 trong phén thit hai cia cot
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thir tAm, ..., va ghi céc bit tir hang thr 180 trong phén thtr hai cta cot thir nhit dén hang

thir 180 trong phan thir hai ctia cot thir tam.

Do do, céc bit & trong nhém bit (Y4) 6 thé duoc ghi theo thir ty l4n luot tir hang
thir 1 trong phan thi hai cia cot thit nhit dén hang thir 45 trong phan th hai cta ct thi
tam, cac bit & trong nhém bit (Yy4;) ¢ thé dugc ghi theo thir tu 1an luot tir hang tht 46
trong phan thir hai cua cot thir nhét dén hang thtr 90 trong phén thi hai cta cot thir tam,
cac bit & trong nhom bit (Y4) c6 thé duoc ghi theo thir tu 1an luot tir hang th 91 trong
phan thtt hai cta cot thir nhit dén hang thir 135 trong phan thir hai cia cft thir tdm, céc
bit & trong nhém bit (Y43) co thé duogc ghi theo thtr ty 14n luot tir hang thir 136 trong phén
thit hai cta cot thir nhit dén hang tht 180 trong phén thir hai cta cdt thir tdm, va cac bit &
trong nhom bit (Y44) O thé dugc ghi theo thir ty 14n luot tir hang thir 181 trong phan thir

hai ctia cOt thir nhit dén hang thir 225 trong phén thit hai ctia cdt thir tdm.

Trong khi do6, bd dan xen khoi 124 doc theo thir tu 14n luot céc bit da ghi trong mdi
phin theo huéng hang. Nghia 13, nhu dugc thé hién trén Fig.31 va Fig.32, by dan xen
khdi 124 ¢6 thé doc theo thir tu 14n luot c4c bit di ghi trong phén tht nhit cta tim cot
theo huéng hang, va doc theo thir tu 14n luogt cac bit da ghi trong phan thir hai ctia tdm cdt

theo hudng hang.

Nhu d& néu trén, bd dan xen khbi 124 ¢6 thé dan xen cic nhom bit tao nén tir ma

LDPC theo quy trinh di dugc md t& trén ddy dwa vao cic hinh v& tir Fig.27 dén Fig.32.

B6 didu bién 130 4nh xa tir md LDPC da dan xen lén ky hiéu didu bién. Bo didu
bin 130 c6 thé phan kénh tir ma LDPC da dan xen, diéu bién tir ma LDPC da phan kénh,

va anh xa tir ma LDPC da diéu bién l1én chom di€ém.

Trong truong hop nay, bd didu bién 130 c6 thé tao ra ky hiéu diéu bién bing cach

str dung céc bit & trong mdi nhom bit.

No6i cach khéc, nhu d3 néu trén, cac bit ¢ trong cidc nhém bit khac nhau 6 thé 1an
Iwot duge ghi vao céc cot khic nhau ciia bd dan xen khéi 124, va bo dan xen khoi 124
doc cac bit da ghi trong cac cot khac nhau theo huéng hang. Trong trudng hop ndy, bd
didu bién 130 tao ra ky hiéu didu bién bing cach anh xa cac bit doc duge tir cdc cot khac

nhau 1én céc bit twong Gng ctia ky hiéu diéu bién. Do d6, cac bit tao nén ky hiéu dic¢u bién
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c6 thé thudc vé cac nhom bit khac nhau.

Vi du, gia st rang ky hiéu didu bién c6 C bit. Trong trudng hgp nay, cac bit doc
duoc tir mdi hang cuia C cdt tao nén bd dan xen khdi 124 ¢6 thé dugce anh xa 1én céc bit
twong tng cta ky hiéu didu bién, va do do cac bit ciia ky hiéu diéu bién, tirc 1a C bit,
thudc vé C nhom bit khac nhau.

Déu hiéu dic trung néu trén s& dugc mo ta dudi day.

Truéc tién, bo didu bién 130 phan kénh tir ma LDPC d dan xen. D& lam dugc diéu
nay, bd didu bién 130 c6 thé c6 b phan kénh (khong duge thé hién trén hinh v&) dé phan
kénh tr md LDPC da dan xen.

B0 phéan kénh (khong dugc thé hién trén hinh v&) phan kénh tir md LDPC di dan
xen. B phan kénh (khong dugc thé hién trén hinh v€&) thuc hién bude bién dbi nbi tiép
thanh song song trén tt md LDPC da dan xen, va phén kénh tr md LDPC da dan xen

thanh céc 6 ¢6 mot sd luong bit dinh trudce (hodc 6 dir ligu).

Vi du, nhu dugc thé hién trén Fig.33, bo phan kénh (khong dugc thé hién trén hinh
v&) thu tir ma LDPC Q = (qq, q1, 92, -..) dugc xudt ra tir bd dan xen 120, xudt ra theo thir
tu lan luot cac bit tr md LDPC thu dugc cho nhiéu dong con, bién ddi cac bit tir ma
LDPC d4u vao thanh c4c 6, va xuét ra cc 6 ndy.

Trong trudng hgp do, cac bit c6 ciing mot chi s6 trong mdi dong con ¢ thé tao nén
cung mét 6. Do d6, cac 6 cé thé 6 chu truc dudi dang (Yoo, Y105 «--> YqMOD-1,0) =
(d0s qis -+> Gqmon-1)s (Yo,15 Y1,15 -+ YnMOD—l,l) = (qnMODs qqMOD+15 -5 Q2xqMOD-1)5 -+

Trong do, s6 lugng dong con, Ngypstreamss €O thé bang sb lugng bit tao nén ky hiéu
didu bién, nmop. Do do, s§ lwong bit tao nén mdi & c6 thé bing sé lwong bit tao nén ky
hiéu didu bién (tirc 12 bac didu bién).

Vi du, néu phuong phép didu bién 1a 256-QAM, thi sd lugng bit tao nén ky higu
diéu bién, MMODs béng tam (8), va do do, ) luong dong con, Ngybstreamss béng tam (8), va
cac 0 ¢6 thé ¢6 cu tric dudi dang (Yo.0, Y1:00 Y2505 Y3505 Y4505 Y5505 Y605 Y7:0) = (dos s A2 s
Gas G5 96> 97)> (Fos1> Yisks Yaols Y3o1o Yasls Y5ols Yeols Y7:1) = (G8s Qos G0 At qizs i3> Quds as)s
(Y0525 Y1525 Y2020 Y3525 Yts2s Y5525 Y620 Y7:2) = (A1 Q17> s Q195 G205 G215 Go2s G23)5 -

B6 didu bién 130 c6 thé 4nh xa tir md LDPC di dugc phan kénh Ién cac ky higu
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diéu bién.

Bo didu bién 130 c6 thé didu bién céc bit (tic 1a cac 6) duge xult ra tir b phan
kénh (khong dugc thé hién trén hinh v&) theo cac phuong phép diéu bién khac nhau nhu
256-QAM, v.v.. Vi du, khi phuong phap diéu bién 1a QPSK, 16-QAM, 64-QAM,
256-QAM, 1024-QAM va 4096-QAM, thi s6 lugng bit tao nén ky hidu diéu bién, nvop
(trc 12 bac didu bién), c6 thé 1an lugt bang 2, 4, 6, 8, 10 va 12.

Trong truong hop nay, vi mdi 6 dugc xuét ra tlr bd phén kénh (khong dugc thé hién
trén hinh v€) c6 s6 lugng bit ding béng sb lugng bit tao nén ky hiéu diéu bién, nén bd
didu bién 130 c6 thé tao ra ky hidu didu bién bing cach anh xa mdi 6 xudt ra tir by phén
kénh (khong duoc thé hién trén hinh v8) 1én mot diém trong chom diém theo thir tu lan

lwot. Trong d6, mot ky hiéu didu bién tuong tmg v6i mdt diém trong chom diém.

Tuy nhién, bo phan kénh néu trén (khong duoc thé hién trén hinh V&) c6 thé duoc
loai bé tuy theo truong hgp ung dung. Trong trudong hop do, bd didu bién 130 c6 thé tao
ra cac ky hicéu didu bién bang cdch nhém mot sb luong bit dinh trudce trong sb cac bit da
dan xen theo tht ty 1an luot va 4nh xa sb luong bit dinh trude ndy 1én mot diém trong
chom diém. Trong trudng hop do, bd didu bién 130 c6 thé tao ra ky hidu diéu bién bang
cach 4nh xa mvop bit 1én mot diém trong chom diém theo tht tu 14n luot theo phuong
phép diéu bién.

Bo diéu bién 130 ¢ thé didu bién bang cach 4nh xa cdc 6 dugc xuit ra tir bd phan
kénh (khdng dugc thé hién trén hinh v&) 1én cc diém trong chom diém theo phuong phap

diéu bién chom didm khong ddng déu (Non-Uniform Constellation, NUC).

Trong phuong phap didu bién chom diém khong ddng déu, khi mot diém trong
chom diém nim & goc phin tu thu nhit dugce xac dinh, thi cac diém trong chom diém
nam & ba goc phén tu con lai ¢c6 thé dugc x4c dinh theo cach nhu sau. Vi dy, khi mot tap
hop cua cac diém trong chom diém duge xé4c dinh dbi véi goe phén tu thir nhéit 1 X, thi
tap hop nay s& 1a —conj(X) dbi véi goc phan tw thir hai, 12 conj (X) dbi v6i goc phan tur thir

ba, va 1a —(X) db6i véi goc phén tu tht tu.

Nghia 13, khi géc phén tu thtt nhét duge xac dinh, thi cac goc phﬁn tu con lai c6 thé

duoc biéu dién nhu sau:
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Géc phdn tu 2 (goc phan tu thit hai) = —conj(X)

Géc phéan tu 3 (goc phan tu thit ba) = conj(X)

G6c phén tu 4 (géc phan tu thi tu) = -X.

Khi phuong phap didu bién chom didm khong ddng déu M-QAM dugc ap dung, thi

M diém trong chom diém c6 thé dugce xdc dinh dudi dang z = {zy, 2y, ..., Zm-1}. Trong

treong hop nay, khi céac diém trong chom diém xut hién & goc phén tu tht nhét dugc x4c

dinh duéi dang {X¢, X1, X2, ..., Xpya-1}» thi z ¢6 thé dugc xdc dinh nhu sau:

tlr zo dén Zyya— = tr X dén Xy

U Zpya dén Zogvat = —conj(tlr Xo dén Xyy4)

U Zoyawa d€n Zzawa = conj(tlr xo dén Xyya)

tlr Zaxwya €N Zava = —(tr Xo d€n Xmy).

Do d6, bd diéu bién 130 c6 thé anh xa céc bit [yo, ..., Ym-1] dugc xuét ra tir bd phan

kénh (khong dugc thé hién trén hinh v&) 1én céc diém trong chom diém trong phuong

phap diéu bién chom diém khong dong déu bang cach 4nh xa céc bit dau ra 1én 7z, c6 chi

m-1

s6 L= (y,x2"").
i=0

Vi du vé chdom diém duge xac dinh theo phuong phép didu bién chom diém khong

ddng ddu néu trén co thé dugc thé hién trong bang 31 dudgi day khi ty 16 ma bang 5/15,
7/15,9/15 va 13/15.

Bang 31
CR 5/15 CR 7/15 CR9/15 CR 13/15
Nhan (s5 nguyén) Chom diém Chom diém Chom diém Chom diém
0 0,1524 +0,3087i 0,1170 +0,3003i 0,0899 +0,1337i 1,2412 + 1,0688i
1 0,1525 +0,3087i 0,1171 +0,3003i 0,0910 +0,1377i 1,2668 + 0,8034i
2 0,1513 +0,3043i 0,1204 +0,3233i 0,0873 +0,3862i 0,9860 + 1,1758i
3 0,1513 +0,3043i 0,1204 + 0,3233i 0,0883 +0,3873i 1,0365 + 0,9065i
4 0,1682 + 0,3004i 0,1454 +0,2877i 0,1115 +0,1442i 1,2111 +0,5135i
5 0,1682 +0,3005i 0,1453 +0,2877i 0,1135 +0,1472i 1,4187 + 0,6066i
6 0,1663 +0,2964i 0,1566 +0,3074i 0,2067 +0,3591i 1,0103 +0,4879i
7 0,1663 +0,29641 0,1565 +0,3074i 0,1975 +0,3621i 1,0380 + 0,6906i
8 0,1964 + 0,6584i 0,1427 +0,6856i 0,1048 +0,7533i 0,6963 + 1,3442i
9 0,1965 +0,6583i 0,1562 + 0,6826i 0,1770 +0,7412i 0,7089 +1,1122i

-90-




31273

10 0,1967 + 0,6652i 0,1422 + 0,6584i 0,1022 + 0,5904i 0,1256 + 1,4745i
11 0,1968 + 0,6652i 0,1529 + 0,6560i 0,1191 +0,5890i 0,8331 +0,94551
12 0,3371 + 0,5987i 0,3840 + 0,5856i 0,4264 + 0,6230i 0,6615 +0,6012i
13 0,3370 + 0,5987i 0,3723 +0,5931i 0,3650 + 0,6689i 0,6894 + 0,7594i
14 0,3414 + 0,6039i 0,3651 + 0,5660i 0,3254 +0,5153i 0,8373 + 0,56331i
15 0,3413 + 0,6039i 0,3559 +0,5718i 0,2959 + 0,5302i 0,8552 +0,7410i
16 0,3087 +0,1524i 0,3003 +0,1170i 0,3256 +0,0768i 1,2666 +0,1027i
17 0,3087 + 0,1525i 0,3003 +0,1171i 0,3266 +0,0870i 1,4915 + 0,1198i
18 0,3043 +0,1513i 0,3233 +0,1204i 0,4721 + 0,0994i 1,0766 + 0,0945i
19 0,3043 +0,1513i 0,3233 + 0,1204i 0,4721 + 0,1206i 0,9007 +0,0848i
20 0,3004 + 0,1682i 0,2877 + 0,1454i 0,2927 + 0,1267i 1,2454 + 0,3064i
21 0,3005 +0,1682i 0,2877 + 0,1453i1 0,2947 + 0,1296i 1,4646 + 0,3600i
22 0,2964 + 0,1663i 0,3074 + 0,1566i 0,3823 +0,2592i 1,0570 + 0,2995i
23 0,2964 + 0,1663i 0,3074 + 0,1565i 0,3944 + 0,2521i 0,9140 + 0,2530i
24 0,6584 + 0,1964i 0,6856 + 0,1427i 0,7755 +0,1118i 0,5461 +0,0679i
25 0,6583 +0,1965i 0,6826 + 0,1562i 0,7513 +0,2154i 0,5681 +0,1947i
26 0,6652 + 0,1967i 0,6584 +0,1422i 0,6591 +0,1033i 0,6874 + 0,0537i
27 0,6652 + 0,1968i 0,6560 + 0,1529i 0,6446 +0,1737i 0,7375 + 0,1492i
28 0,5987 +0,3371i 0,5856 + 0,3840i 0,5906 + 0,4930i 0,6290 + 0,4553i
29 0,5987 +0,3370i 0,5931 + 0,3723i 0,6538 + 0,4155i 0,6007 +0,3177i
30 0,6039 + 0,3414i 0,5660 + 0,3651i 0,4981 +0,3921i 0,7885 + 0,423 1i
31 0,6039 + 0,3413i 0,5718 + 0,35591 0,5373 +0,3586i 0,7627 + 0,2849i
32 0,3183 + 1,5992i 0,1683 + 1,7041i 0,1630 + 1,6621i 0,0816 +1,1632i
33 0,3186 + 1,5991i 0,4972 + 1,6386i 0,4720 + 1,5898i 0,0830 +0,9813i
34 0,2756 + 1,3848i 0,1495 + 1,35601 0,1268 + 1,3488i 0,2528 +1,2315i
35 0,2759 + 1,3847i 0,3814 + 1,3099i 0,3752 + 1,2961i 0,2502 + 1,0100i
36 0,9060 + 1,3557i 1,0862 + 1,3238i 1,0398 + 1,2991i 0,0732 +0,6827i
37 0,9058 + 1,3559i 0,8074 +1,5101i 0,7733 + 1,4772i 0,0811 +0,8293i
38 0,7846 + 1,1739i 0,8534 + 1,0644i 0,8380 + 1,0552i 0,2159 +0,66731
39 0,7843 +1,1741i 0,6568 + 1,1958i 0,6242 +1,2081i 0,2359 + 0,8283i
40 0,2257 + 0,9956i 0,1552 + 0,9481i 0,1103 +0,9397i 0,4302 + 1,4458i
41 0,2259 + 0,9956i 0,2200 + 0,9352i 0,2415 + 0,9155i 0,5852 + 0,9680i
42 0,2276 + 1,0326i 0,1577 + 1,0449i 0,1118+1,1163i 0,4528 + 1,20741
43 0,2278 + 1,0326i 0,2548 + 1,0255i 0,3079 + 1,0866i 0,4167 + 1,0099i
44 0,5446 + 0,8635i 0,5609 + 0,7800i 0,5647 + 0,7638i 0,5035 + 0,6307i
45 0,5445 + 0,8636i 0,5060 + 0,8167i 0,4385 + 0,8433i 0,5359 +0,7954i
46 0,5694 + 0,8910i 0,6276 + 0,8501i 0,6846 + 0,8841i 0,3580 + 0,6532i
47 0,5692 + 0,8911i 0,5452 + 0,9052i 0,5165 + 1,0034i 0,3841 + 0,8207i
48 1,5992 + 0,3183i 1,7041 + 0,1683i 1,6489 +0,1630i 0,0576 + 0,0745i
49 1,5991 + 0,3186i 1,6386 +0,4972i 1,5848 + 0,4983i 0,0581 +0,2241i
50 1,3848 + 0,2756i 1,3560 + 0,1495i 1,3437 + 0,1389i 0,1720 + 0,0742i
51 1,3847 + 0,27591 1,3099 +0,3814i 1,2850 + 0,4025i 0,1753 +0,2222i
52 1,3557 + 0,9060i 1,3238 + 1,0862i 1,2728 + 1,0661i 0,0652 + 0,5269i
53 1,3559 + 0,9058i 1,5101 + 0,80741 1,4509 + 0,7925i 0,0611 +0,3767i
54 1,1739 + 0,7846i 1,0644 + 0,8534i 1,0249 + 0,8794i 0,1972 +0,5178i
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55 1,1741 + 0,7843i 1,1958 + 0,6568i 1,1758 +0,6545i 0,1836 + 0,3695i

56 0,9956 +0,2257i 0,9481 + 0,1552i 0,9629 +0,1113i 0,4145 +0,0709i

57 0,9956 +0,2259i 0,9352 +0,2200i 0,9226 + 0,2849i 0,4266 +0,2100i

58 1,0326 + 0,2276i 1,0449 + 0,1577i 1,1062 +0,1118i 0,2912 +0,0730i

59 1,0326 +0,2278i 1,0255 +0,2548i 1,0674 + 0,3393i 0,2982 +0,2177i

60 0,8635 +0,5446i 0,7800 + 0,5609i 0,7234 + 0,6223i 0,4766 + 0,4821i

61 0,8636 + 0,5445i 0,8167 +0,5060i 0,8211 +0,4860i 0,4497 + 0,3448i

62 0,8910 + 0,5694i 0,8501 + 0,6276i 0,8457 +0,7260i 0,3334 +0,50251

63 0,8911 + 0,5692i 0,9052 +0,5452i 0,9640 + 0,5518i 0,3125 +0,3601i

64 -0,1524 +0,3087i | —0,1170+ 0,3003i | —0,0899 +0,1337i | —1,2412 + 1,0688i
65 —0,1525+0,3087i | —0,1171+0,3003i | —0,0910+0,1377i | —1,2668 + 0,8034i
66 -0,1513 +0,3043i | —0,1204 + 0,3233i | —0,0873 +0,3862i | —0,9860 +1,1758i
67 —0,1513 +0,3043i | —0,1204 + 0,3233i | —0,0883 +0,3873i | —1,0365 + 0,9065i
68 —0,1682 +0,3004i | —0,1454+0,2877i | —0,1115+0,1442i | —1,2111+0,5135i
69 —0,1682 +0,3005i | —0,1453 +0,2877i | —0,1135+0,1472i | —1,4187 + 0,6066i
70 —0,1663 +0,2964i | —0,1566 + 0,3074i | —0,2067 + 0,3591i | —1,0103 + 0,4879i
71 —0,1663 +0,2964i | —0,1565+0,3074i | —0,1975+0,3621i | —1,0380 + 0,6906i
72 —0,1964 + 0,6584i | —0,1427 + 0,6856i | —0,1048 +0,7533i | —0,6963 + 1,3442i
73 —0,1965 +0,6583i | —0,1562 + 0,6826i | —0,1770 +0,7412i | —0,7089 + 1,1122i
74 —0,1967 + 0,6652i | —0,1422 + 0,6584i | —0,1022 + 0,5904i | —0,1256 + 1,4745i
75 —0,1968 + 0,6652i | —0,1529 + 0,6560i | —0,1191 +0,5890i | —0,8331 +0,9455i
76 —0,3371+0,5987i | —0,3840 + 0,5856i | —0,4264 +0,6230i | —0,6615 + 0,6012i
77 —0,3370 + 0,5987i | —0,3723 +0,5931i | —0,3650 + 0,6689i | —0,6894 +0,7594i
78 —0,3414 +0,6039i | —0,3651 +0,5660i | —0,3254 +0,5153i | —0,8373 +0,5633i
79 —0,3413 +0,6039i | —0,3559 + 0,5718i | —0,2959 + 0,5302i | —0,8552 +0,7410i
80 —0,3087 + 0,1524i | —0,3003 +0,1170i | —0,3256 + 0,0768i | —1,2666 + 0,1027i
81 —0,3087 +0,15251 | —0,3003 + 0,1171i | —0,3266 + 0,0870i | —1,4915+0,1198i
82 —0,3043 +0,1513i | —0,3233 +0,1204i | —0,4721 +0,0994i | —1,0766 + 0,0945i
83 —0,3043 +0,1513i | —0,3233 +0,1204i | —0,4721 +0,1206i | —0,9007 + 0,0848i
84 -0,3004 +0,1682i | —0,2877 +0,1454i | —0,2927+0,1267i | —1,2454 + 0,3064i
85 —0,3005 + 0,1682i | —0,2877 + 0,1453i | —0,2947 + 0,1296i | —1,4646 + 0,3600i
86 —0,2964 + 0,16631 | —0,3074 + 0,1566i | —0,3823 + 0,2592i | —1,0570 + 0,2995i
87 —0,2964 + 0,1663i | —0,3074 + 0,1565i | —0,3944 + 0,2521i | —0,9140 + 0,2530i
88 —0,6584 +0,1964i | —0,6856 +0,1427i | —0,7755+0,1118i | —0,5461 + 0,0679i
89 —0,6583 +0,19651 | —0,6826 + 0,1562i | —0,7513 +0,2154i | —0,5681 + 0,1947i
90 —0,6652 +0,1967i | —0,6584 +0,1422i | —0,6591 +0,1033i | —0,6874 + 0,0537i
91 —0,6652 + 0,1968i | —0,6560 + 0,1529i | —0,6446 +0,1737i | —0,7375 +0,1492i
92 —0,5987 + 0,3371i | —0,5856 + 0,3840i | —0,5906 + 0,4930i | —0,6290 + 0,4553i
93 -0,5987 +0,3370i | —0,5931+0,3723i | —0,6538 +0,4155i | —0,6007 + 0,3177i
94 -0,6039 +0,3414i | —0,5660 + 0,3651i | —0,4981 +0,3921i | —0,7885 +0,4231i
95 —0,6039 + 0,3413i | —0,5718 + 0,3559i | —0,5373 +0,3586i | —0,7627 + 0,2849i
96 —0,3183 +1,5992i | —0,1683 +1,7041i | —0,1630 + 1,6621i | —0,0816 + 1,1632i
97 -0,3186 + 1,5991i | —0,4972 + 1,6386i | —0,4720 + 1,5898i | —0,0830 + 0,9813i
98 ~0,2756 + 1,3848i | —0,1495+ 1,3560i | —0,1268 + 1,3488i | —0,2528 + 1,2315i
99 —0,2759 +1,3847i | —0,3814+1,3099i | —0,3752 + 1,2961i | —0,2502 + 1,0100i
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100 —0,9060 + 1,3557i | —1,0862 + 1,3238i | —1,0398 + 1,2991i | —0,0732 + 0,6827i
101 -0,9058 + 1,3559i | —0,8074 + 1,5101i | —0,7733 + 1,4772i | —0,0811 + 0,8293i
102 —0,7846 + 1,1739i | —0,8534 + 1,0644i | —0,8380 + 1,0552i | —0,2159 + 0,6673i
103 —0,7843 + 1,1741i | —0,6568 + 1,1958i | —0,6242 + 1,2081i | —0,2359 + 0,8283i
104 —-0,2257 +0,9956i | —0,1552 +0,9481i | —0,1103 +0,9397i | —0,4302 + 1,4458i
105 —0,2259 + 0,9956i | —0,2200 + 0,9352i | —0,2415 +0,9155i | —0,5852 + 0,9680i
106 —0,2276 + 1,0326i | —0,1577 +1,0449i | —0,1118+1,1163i | —0,4528 + 1,2074i
107 —0,2278 + 1,0326i | —0,2548 + 1,0255i | —0,3079 + 1,0866i | —0,4167 + 1,0099i
108 —0,5446 +0,86351 | —0,5609 + 0,7800i | —0,5647 +0,7638i | —0,5035 + 0,6307i
109 —0,5445 +0,86361 | —0,5060 + 0,8167i | —0,4385 +0,8433i | —0,5359 +0,7954i
110 —0,5694 +0,8910i | —0,6276 + 0,8501i | —0,6846 + 0,8841i | —0,3580 + 0,6532i
111 —0,5692 +0,8911i | —0,5452 +0,9052i | —0,5165+ 1,0034i | —0,3841 + 0,8207i
112 —1,5992 +0,3183i | —1,7041 +0,1683i | —1,6489 +0,1630i | —0,0576 + 0,0745i
113 ~1,5991 +0,3186i | —1,6386 + 0,4972i | —1,5848 +0,4983i | —0,0581 + 0,2241i
114 —1,3848 +0,2756i | —1,3560 +0,1495i | —1,3437 +0,1389i | —0,1720 + 0,0742i
115 —1,3847 +0,2759i | —1,3099 +0,3814i | —1,2850 +0,4025i | —0,1753 +0,2222i
116 —1,3557 +0,9060i | —1,3238 + 1,0862i | —1,2728 +1,0661i | —0,0652 + 0,5269i
117 ~1,3559 + 0,9058i | —1,5101 +0,8074i | —1,4509 +0,7925i | —0,0611 +0,3767i
118 ~1,1739 + 0,7846i | —1,0644 +0,8534i | —1,0249 +0,8794i | —0,1972 + 0,5178i
119 ~1,1741 +0,7843i | —1,1958 +0,6568i | —1,1758 + 0,6545i —0,1836 + 0,3695i
120 —0,9956 + 0,2257i | —0,9481 + 0,1552i | —0,9629 +0,1113i | —0,4145 +0,0709i
121 —0,9956 +0,2259i | —0,9352 +0,2200i | —0,9226 + 0,2849i | —0,4266 + 0,21001
122 ~1,0326 +0,2276i | —1,0449 +0,1577i | —1,1062+0,1118i | —0,2912 + 0,07301
123 —1,0326 +0,2278i | —1,0255 +0,2548i | —1,0674 +0,3393i | —0,2982 + 0,2177i
124 —0,8635 +0,5446i | —0,7800 +0,5609i | —0,7234 +0,6223i | —0,4766 + 0,4821i
125 —0,8636 + 0,5445i | —0,8167 +0,5060i | —0,8211 +0,4860i | —0,4497 + 0,3448i
126 —0,8910 + 0,5694i | —0,8501 +0,6276i | —0,8457 +0,7260i | —0,3334 + 0,5025i
127 —-0,8911 + 0,5692i | —0,9052 +0,5452i | —0,9640 +0,5518i | —0,3125+ 0,36011i
128 0,1524 — 0,3087i 0,1170 —0,3003i 0,0899 —0,1337i 1,2412 — 1,0688i
129 0,1525 —0,3087i 0,1171 —0,3003i 0,0910 — 0,1377i 1,2668 — 0,8034i
130 0,1513 — 0,3043i 0,1204 — 0,3233i 0,0873 - 0,3862i 0,9860 — 1,1758i
131 0,1513 —0,3043i 0,1204 —0,3233i 0,0883 — 0,3873i 1,0365 — 0,9065i
132 0,1682 — 0,3004i 0,1454 —0,2877i 0,1115 —0,1442i 1,2111 —0,5135i
133 0,1682 — 0,3005i 0,1453 —0,2877i 0,1135—0,1472i 1,4187 — 0,6066i
134 0,1663 — 0,2964i 0,1566 — 0,3074i 0,2067 — 0,3591i 1,0103 — 0,4879i
135 0,1663 — 0,2964i 0,1565 —0,3074i 0,1975 — 0,3621i 1,0380 — 0,6906i
136 0,1964 — 0,6584i 0,1427 — 0,6856i 0,1048 — 0,7533i 0,6963 — 1,3442i
137 0,1965 — 0,6583i 0,1562 — 0,6826i 0,1770 — 0,7412i 0,7089 — 1,1122i
138 0,1967 — 0,6652i 0,1422 —0,6584i 0,1022 — 0,5904i 0,1256 — 1,4745i
139 0,1968 — 0,6652i 0,1529 —0,65601 0,1191 — 0,5890i 0,8331 — 0,9455i1
140 0,3371 — 0,5987i 0,3840 — 0,5856i 0,4264 — 0,6230i 0,6615 — 0,6012i
141 0,3370 — 0,5987i 0,3723 — 0,5931i 0,3650 — 0,6689i 0,6894 — 0,7594i
142 0,3414 — 0,60391 0,3651 — 0,5660i 0,3254 — 0,5153i 0,8373 — 0,5633i
143 0,3413 — 0,6039i 0,3559 —0,5718i 0,2959 —0,5302i 0,8552 —0,7410i
144 0,3087 — 0,1524i 0,3003 —0,11701 0,3256 — 0,0768i 1,2666 — 0,1027i
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145

0,3087 —0,1525i

0,3003 —0,11711

0,3266 — 0,0870i

1,4915 - 0,1198i

146

0,3043 —0,1513i

0,3233 — 0,1204i

0,4721 — 0,0994i

1,0766 — 0,0945i

147

0,3043 —0,1513i

0,3233 — 0,1204i

0,4721 - 0,1206i

0,9007 — 0,08438i

148

0,3004 —0,1682i

0,2877 — 0,1454i

0,2927 — 0,1267i

1,2454 — 0,3064i

149

0,3005 —0,1682i

0,2877 — 0,1453i

0,2947 — 0,1296i

1,4646 — 0,3600i

150

0,2964 — 0,1663i

0,3074 — 0,1566i

0,3823 — 0,2592i

1,0570 — 0,2995i

151

0,2964 —0,1663i

0,3074 — 0,1565i

0,3944 — 0,2521i

0,9140 — 0,2530i

152

0,6584 — 0,1964i

0,6856 — 0,1427i

0,7755—0,1118i

0,5461 — 0,0679i

153

0,6583 —0,1965i

0,6826 — 0,1562i

0,7513 — 0,2154i

0,5681 — 0,1947i

154

0,6652 —0,1967i

0,6584 —0,1422i

0,6591 —0,1033i

0,6874 — 0,0537i

155

0,6652 — 0,1968i

0,6560 — 0,1529i

0,6446 —0,1737i

0,7375 — 0,1492i

156

0,5987 —0,3371i

0,5856 — 0,3840i

0,5906 — 0,4930i

0,6290 — 0,4553i

157

0,5987 — 0,3370i

0,5931 —0,3723i

0,6538 — 0,4155i

0,6007 — 0,3177i

158

0,6039 —0,3414i

0,5660 — 0,36511i

0,4981 —0,3921i

0,7885 — 0,4231i

159

0,6039 —0,3413i

0,5718 — 0,3559i

0,5373 — 0,3586i

0,7627 — 0,2849i

160

0,3183 —1,5992i

0,1683 —1,7041i

0,1630 — 1,6621i

0,0816 — 1,1632i

161

0,3186 —1,5991i

0,4972 — 1,6386i

0,4720 — 1,5898i

0,0830 —0,9813i

162

0,2756 — 1,3848i

0,1495 —1,35601

0,1268 — 1,3488i

0,2528 — 1,2315i

163

0,2759 — 1,3847i

0,3814 — 1,3099i

0,3752 —1,2961i

0,2502 — 1,0100i

164

0,9060 — 1,3557i

1,0862 — 1,3238i

1,0398 — 1,2991i

0,0732 — 0,6827i

165

0,9058 — 1,3559i

0,8074 —1,5101i

0,7733 — 1,4772i

0,0811 —0,8293i

166

0,7846 — 1,1739i

0,8534 — 1,06441

0,8380 —1,0552i

0,2159 — 0,6673i

167

0,7843 —1,1741i

0,6568 —1,1958i

0,6242 — 1,2081i

0,2359 — 0,8283i

168

0,2257 — 0,99561

0,1552 —0,9481i

0,1103 —0,9397i

0,4302 — 1,4458i

169

0,2259 — 0,9956i

0,2200 —0,9352i

0,2415 —0,9155i

0,5852 — 0,9680i

170

0,2276 — 1,0326i1

0,1577 — 1,04491

0,1118 —1,1163i

0,4528 — 1,20741

171

0,2278 — 1,0326i

0,2548 — 1,0255i

0,3079 — 1,0866i

0,4167 — 1,0099i

172

0,5446 — 0,8635i

0,5609 — 0,7800i

0,5647 — 0,7638i

0,5035 - 0,6307i

173

0,5445 — 0,8636i

0,5060 —0,81671

0,4385 — 0,8433i

0,5359 — 0,79541

174

0,5694 — 0,8910i

0,6276 — 0,85011

0,6846 — 0,8841i

0,3580 — 0,6532i

175

0,5692 —0,8911i

0,5452 —0,9052i

0,5165 — 1,0034i

0,3841 —0,8207i

176

1,5992 - 0,3183i

1,7041 — 0,1683i

1,6489 — 0,1630i

0,0576 — 0,0745i

177

1,5991 — 0,3186i

1,6386 — 0,4972i

1,5848 — 0,4983i

0,0581 — 0,2241i

178

1,3848 —0,2756i

1,3560 — 0,1495i

1,3437 - 0,1389i

0,1720 — 0,0742i

179

1,3847 — 0,2759i

1,3099 — 0,3814i

1,2850 —0,4025i

0,1753 — 0,2222i

180

1,3557 — 0,9060i

1,3238 — 1,0862i

1,2728 — 1,0661i

0,0652 — 0,5269i

181

1,3559 —0,9058i

1,5101 — 0,8074i

1,4509 — 0,7925i

0,0611 —0,3767i

182

1,1739 - 0,7846i

1,0644 —0,8534i

1,0249 — 0,8794i

0,1972 - 0,5178i

183

1,1741 - 0,7843i

1,1958 — 0,6568i

1,1758 — 0,6545i

0,1836 — 0,3695i

184

0,9956 — 0,2257i

0,9481 —0,1552i

0,9629 —0,1113i

0,4145 - 0,07091

185

0,9956 — 0,2259i

0,9352 —0,2200i

0,9226 — 0,2849i

0,4266 — 0,21001

186

1,0326 — 0,22761

1,0449 — 0,1577i

1,1062 —0,1118i

0,2912 — 0,0730i

187

1,0326 — 0,2278i

1,0255 — 0,2548i

1,0674 — 0,3393i

0,2982 - 0,2177i

188

0,8635 —0,5446i

0,7800 — 0,5609i

0,7234 — 0,6223i

0,4766 — 0,48211

189

0,8636 — 0,5445i

0,8167 — 0,5060i

0,8211 — 0,4860i

0,4497 — 0,3448i
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190

0,8910 — 0,5694i

0,8501 — 0,6276i

0,8457 — 0,7260i

0,3334 —0,5025i

191

0,8911 —0,5692i

0,9052 — 0,5452i

0,9640 — 0,5518i

0,3125 —0,3601i

192

-0,1524 - 0,3087i

—0,1170 - 0,30031

—0,0899 - 0,1337i

—-1,2412 - 1,06881

193

—0,1525 - 0,3087i

—0,1171 - 0,3003i

—0,0910 - 0,1377i

—1,2668 — 0,80341

194

—0,1513 — 0,3043i

—0,1204 — 0,3233i

—0,0873 — 0,3862i

—0,9860 — 1,1758i

195

—0,1513 —0,3043i

-0,1204 — 0,3233i

—0,0883 — 0,3873i

—1,0365 — 0,9065i

196

—0,1682 — 0,3004i

—0,1454 - 0,2877i

—0,1115 —0,1442i

-1,2111 - 0,5135i

197

—0,1682 — 0,3005i

—0,1453 —0,2877i

—0,1135 - 0,1472i

—1,4187 — 0,6066i

198

—0,1663 — 0,2964i

—0,1566 — 0,3074i

—0,2067 — 0,3591i

—1,0103 — 0,4879i

199

—0,1663 — 0,2964i

—0,1565 — 0,3074i

—0,1975 - 0,3621i

—1,0380 — 0,6906i

200

—0,1964 — 0,6584i

—0,1427 — 0,6856i

—0,1048 — 0,7533i

—0,6963 — 1,3442i

201

—0,1965 — 0,65831i

—0,1562 — 0,6826i

—0,1770 — 0,7412i

—0,7089 — 1,1122i

202

—0,1967 — 0,6652i

—0,1422 — 0,6584i

—0,1022 - 0,5904i

—0,1256 — 1,4745i

203

-0,1968 — 0,6652i

—0,1529 — 0,6560i

-0,1191 - 0,5890i

-0,8331 —0,9455i1

204

—0,3371 - 0,5987i

-0,3840 — 0,5856i

-0,4264 — 0,6230i

—0,6615 — 0,6012i

205

—0,3370 — 0,5987i

—0,3723 — 0,5931i

-0,3650 — 0,6689i

—0,6894 — 0,7594i

206

—0,3414 - 0,6039i

—0,3651 — 0,5660i

—-0,3254 - 0,5153i

-0,8373 — 0,5633i

207

—0,3413 — 0,6039i

-0,3559 —0,5718i

—0,2959 — 0,5302i

-0,8552 — 0,7410i

208

—0,3087 — 0,1524i

—0,3003 — 0,11701

-0,3256 - 0,0768i

—-1,2666 — 0,1027i

209

—0,3087 — 0,1525i

—0,3003 — 0,1171i

-0,3266 — 0,0870i

-1,4915-10,1198i

210

—0,3043 —0,1513i

—0,3233 - 0,1204i

—0,4721 — 0,0994i

-1,0766 — 0,0945i

211

-0,3043 — 0,1513i

—0,3233 — 0,1204i

-0,4721 - 0,1206i

—0,9007 — 0,0848i

212

-0,3004 — 0,1682i

—0,2877 — 0,1454i

—0,2927 - 0,1267i

—1,2454 - 0,30641

213

-0,3005 — 0,1682i

—0,2877 — 0,1453i

-0,2947 - 0,1296i

-1,4646 — 0,3600i

214

—0,2964 — 0,16631i

—0,3074 — 0,1566i

-0,3823 - 0,2592i

-1,0570 — 0,2995i

215

—0,2964 — 0,1663i

—0,3074 — 0,1565i

-0,3944 - 0,2521i

-0,9140 — 0,2530i

216

-0,6584 — 0,1964i

—0,6856 — 0,1427i

-0,7755-0,1118i

-0,5461 — 0,0679i

217

—0,6583 — 0,19651

-0,6826 — 0,1562i

—0,7513 — 0,2154i

—0,5681 — 0,1947i

218

—0,6652 — 0,1967i

-0,6584 — 0,1422i

-0,6591 — 0,1033i

—0,6874 — 0,0537i

219

-0,6652 — 0,1968i

-0,6560 — 0,1529i

-0,6446 — 0,1737i

—0,7375 — 0,1492i

220

—-0,5987 — 0,3371i

-0,5856 — 0,3840i

-0,5906 — 0,4930i

—0,6290 — 0,4553i

221

-0,5987 — 0,3370i

-0,5931 - 0,3723i

—0,6538 — 0,4155i

-0,6007 — 0,3177i

222

—0,6039 —0,3414i

—0,5660 — 0,3651i

-0,4981 — 0,3921i

—0,7885 — 0,4231i

223

—0,6039 — 0,3413i

—0,5718 — 0,3559i

-0,5373 — 0,3586i

—0,7627 — 0,2849i

224

-0,3183 — 1,5992i

-0,1683 — 1,7041i

-0,1630 — 1,6621i

-0,0816 — 1,1632i

225

—-0,3186 — 1,5991i

-0,4972 — 1,6386i

-0,4720 — 1,5898i

—0,0830 — 0,9813i

226

—0,2756 — 1,3848i

—0,1495 — 1,3560i

-0,1268 — 1,3488i

-0,2528 — 1,2315i

227

—0,2759 — 1,3847i

-0,3814 — 1,3099i

-0,3752 — 1,2961i

-0,2502 — 1,0100i

228

—0,9060 — 1,3557i

—-1,0862 — 1,3238i

-1,0398 — 1,2991i

—-0,0732 — 0,6827i

229

-0,9058 — 1,3559i

-0,8074 — 1,5101i

-0,7733 — 1,4772i

-0,0811 — 0,8293i

230

—0,7846 — 1,1739i

—0,8534 — 1,0644i

-0,8380 — 1,0552i

-0,2159 — 0,6673i

231

—0,7843 — 1,1741i

—0,6568 — 1,1958i

-0,6242 — 1,2081i

-0,2359 — 0,8283i

232

-0,2257 — 0,9956i

-0,1552 — 0,9481i

-0,1103 — 0,9397i

-0,4302 — 1,4458i

233

—0,2259 — 0,9956i

-0,2200 — 0,9352i

-0,2415 - 0,9155i

-0,5852 — 0,9680i

234

—0,2276 — 1,0326i1

—0,1577 — 1,0449i

-0,4528 — 1,2074i
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235 —0,2278 — 1,03261 | —0,2548 —1,0255i | —0,3079 — 1,0866i | —0,4167 — 1,0099i
236 —0,5446 — 0,8635i | —0,5609 —0,7800i | —0,5647 —0,7638i | —0,5035 - 0,6307i
237 —0,5445 — 0,86361 | —0,5060 —0,8167i | —0,4385 —0,8433i | —0,5359 — 0,7954i
238 —0,5694 — 0,8910i | —0,6276 —0,8501i | —0,6846 —0,8841i | —0,3580 — 0,6532i
239 —0,5692 —0,8911i | —0,5452 —0,9052i | —0,5165 —1,0034i | —0,3841 — 0,8207i
240 -1,5992 —0,3183i | —1,7041—0,1683i | —1,6489 —0,1630i | —0,0576 — 0,0745i
241 ~1,5991 —0,3186i | —1,6386 —0,4972i | —1,5848 —0,4983i | —0,0581 —0,2241i
242 —1,3848 —0,2756i | —1,3560 —0,1495i | —1,3437—0,1389i | —0,1720 — 0,0742i
243 —1,3847 - 0,2759i | —1,3099 —0,3814i | —1,2850 — 0,4025i | —0,1753 — 0,2222i
244 —1,3557 — 0,9060i | —1,3238 —1,0862i | —1,2728 —1,0661i | —0,0652 — 0,5269i
245 -1,3559 - 0,9058i | —1,5101 —0,8074i | —1,4509 —0,7925i | —0,0611 —0,3767i
246 —1,1739 — 0,7846i | —1,0644 —0,8534i | —1,0249 —0,8794i | —0,1972 - 0,5178i
247 —1,1741 -10,7843i | —1,1958 —0,6568i | —1,1758 — 0,6545i | —0,1836 — 0,3695i
248 —0,9956 — 0,2257i | —0,9481 —0,1552i | —0,9629 — 0,1113i | —0,4145 — 0,0709i
249 -0,9956 — 0,2259i | —0,9352 —0,2200i | —0,9226 — 0,2849i | —0,4266 — 0,2100i
250 ~1,0326 — 0,22761 | —1,0449—0,1577i | —1,1062—0,1118i | —0,2912 — 0,0730i
251 —1,0326 —0,2278i | —1,0255—10,2548i | —1,0674 —0,3393i | —0,2982 — 0,2177i
252 —0,8635 — 0,5446i | —0,7800 —0,5609i | —0,7234 — 0,6223i | —0,4766 — 0,4821i
253 -0,8636 — 0,5445i | —0,8167 —0,5060i | —0,8211 —0,4860i | —0,4497 — 0,3448i
254 ~0,8910 — 0,5694i | —0,8501 —0,6276i | —0,8457 —0,7260i | —0,3334 — 0,5025i
255 —0,8911 —0,5692i | —0,9052 —0,5452i | —0,9640 —0,5518i | —0,3125 — 0,36011

Bang 31 thé hién vi du vé& chom diém dugc xac dinh theo phuong phép didu bién
chom diém khéng dong déu 256-QAM, tuy nhién, d6 chi 1a vi dy minh hoa. Céc diém
trong chom diém c6 thé dugc xac dinh theo phuong phéap khac véi phuong phap didu
bién chom diém khong ddng déu 256-QAM, va cac diém trong chom diém c6 thé dugc
x4ac dinh theo cac phuong phép didu bién khac nhu phwong phap didu bién chom diém
khong ddng déu 16-QAM, phuong phéap didu bién chom diém khong ddng déu 64-QAM,
phuong phap didu bién chom diém khong dong déu 1024-QAM, phwong phép didu bién
chom diém khong ddng déu 4096-QAM, va cac phuong phap didu bién khac.

Quy trinh dan xen dugc thuc hién theo phuong phap néu trén vi cac ly do nhu sau.

Khi céc bit tr md LDPC dugc anh xa 1én cac ky hiéu didu bién, thi c4c bit ndy c6
thé c6 do tin cay (tic 1a hiéu suét thu tin hiéu hodc xac suét thu tin hiéu) khac nhau tuy
theo vi tri ma céc bit dugc anh xa 1én ¢ trong céc ky hiu diéu bién. Céc bit tir ma LDPC
6 thé c6 cac dic trung tir ma khac nhau tuy theo cAu tric cla ma trn kiém tra chén I8.
Nghfa 13, cac bit tr mad LDPC c6 thé c6 cac dic trung tir ma khac nhau tuy theo s6 lugng

gia tri 1 c6 trong cdt cia ma trén Ki€ém tra chan 1, tirc 1a bac cla cot.
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Do d6, b dan xen 120 c6 thé dan xen dé anh xa céc bit tir ma LDPC c6 dic trung tir
ma cu thé én céc bit cu thé trong ky hiéu didu bién khi xem xét ca dic trung tir ma cia

cac bit tr ma LDPC 14n d9 tin cdy cua céc bit tao nén ky hiéu diéu bién.

Vi duy, khi tir ma LDPC gém ¢6 cac nhém bit tir X, dén X4 duoc dan xen nhom dya
vao bidu thirc 21 va bang 16, thi bd dan xen nhém 122 c6 thé xut ra cac nhom bit theo

thir tu 12 X3, Xy, Xas - .» X415, X29.

Trong trudong hop nay, s6 lugng cdt trong bd dan xen khdi 124 bing tam (8) va sb
lugng hang trong phén thtr nhit bing 1800 va s lugng hang trong phén tht hai bing
225.

Do dé, trong s& 45 nhom bit tao nén tr md LDPC, nidm (5) nhom bit (X3, Xi6, X4,
X2, X44) €O thé dugc nhap vao phﬁn thtr nhat cta cdt thir nhit ctia bo dan xen khdi 124,
nam (5) nhom bit (Xys, Xs, X14, Xo, X3) ¢6 thé dugc nhdp vao phan thir nhét cia cdt thi
hai cua by dan xen khéi 124, nam (5) nhém bit (X390, X290, X35, X21, X10) €0 thé dugc nhap
vao ph?m thir nhat ctia cdt thir ba ciia bo dan xen khéi 124, nam (5) nhém bit (Xg, X9, X17,
X6, X39) €O thé duogc nhap vao phén thtr nhit cta cdt thr tw cia b dan xen khéi 124,
nam (5) nhém bit (X7, Xa4, Xg, Xo7, Xs) €O thé dugc nhap vao phén tht nhét cta cot thit
nim cua b dan xen khdi 124, nam (5) nhém bit (Xz7, Xa3, X32, Xa0, X31) €O thé dugc
nhép vao phn tht nht ctia cot thtr sau clia by dan xen khoi 124, nim (5) nhom bit (Xss,
X2, X34, Xps, X36) €O thé dugce nhép vao phén thr nhit coa cOt ther bay cua bd dan xen
khéi 124, va nim (5) nhom bit (Xa, Xz, Xa3, X33, Xag) ¢6 thé duge nhdp vao phan thu

nhét cta cot thir tAm cia by dan xen khéi 124.

Ngoai ra, nhom bit X;, nhom bit X;g, nhom bit Xy, nhom bit X4 va nhom bit Xy

duoc nhip vao phan thit hai cia by dan xen khéi 124.

Nighia 13, bd dan xen khdi 124 c6 thé ghi 225 bit trong s6 360 bit & trong nhém bit
(X,) vio phan th hai ctia ¢t thir nhét tir hing tht 1 dén hang thir 225 theo huéng cdt, va
ghi 135 bit con lai vao phan tht hai ciia cdt thtt hai tir hang thir 1 dén hang thir 135 theo
huéng cot. BO dan xen khdi 124 c6 thé ghi 90 bit trong sb 360 bit & trong nhom bit (X;3)
vao phin tht hai ciia ¢ot thir hai tir hing thir 136 dén hang thir 225 theo huéng cdt, ghi
225 bit trong s6 270 bit con lai vao phan thit hai cua cdt thir ba tir hang thir 1 dén hang
thit 225 theo huéng cdt, va ghi 45 bit vao phan tht hai cta cot thir tu tir hang thir 1 dén
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hang thir 45 theo hudng cot. Ngoai ra, bo dan xen khdi 124 ¢6 thé ghi 180 bit trong s6
360 bit & trong nhom bit (X;;) vao phan thit hai cta cot thir tu tir hang thir 46 dén hang
thir 225 theo hudng cot, va ghi 180 bit con lai vao phan thir hai cua cdt thit ndm tir hang
thtt 1 dén hang thtr 180 theo hudng cft. Ngoai ra, bo dan xen khdi 124 ¢6 thé ghi 45 bit
trong s6 360 bit & trong nhém bit (X4;) vao phan thi hai ciia cft thir nim tir hang thir 181
dén hang thir 225 theo huéng cdt, ghi 225 bit trong s6 315 bit con lai vao phan thir hai
cua cOt thir sau tir hang thir 1 dén hang thir 225 theo hudng cot, va ghi 90 bit vao phén
thtr hai cua cdt thr bay tir hang thir 1 dén hang thir 90 theo hudng cot. Bo dan xen khéi
124 ¢6 thé ghi 135 bit trong s 360 bit & trong nhém bit (Xa) vao phan thi hai cta cdt
thir bay tr hang tht 91 dén hang thir 225 theo hudng cft, va ghi 225 bit con lai vao phén
thir hai cia cot thir tdm tir hang thir 1 dén hang thu 225 theo hudng cot.

Ngoai ra, by dan xen khdi 124 c6 thé xuét ra theo thir tu 14n lugt cac bit duge nhap
vao tir hang dAu tién dén hang cubi cling ctia mdi cdt, va cac bit duge xuét ra tir bd dan
xen khdi 124 ¢6 thé duge nhap vao b didu bién 130 theo thr tw 14n lugt. Trong trudng
hop ndy, bo phan kénh (khong duge thé hién trén hinh v&) c6 thé duge loai bé hodc bo
phan kénh (khong duoc thé hién trén hinh v&) ¢ thé xuét ra céac bit d3 dugc nhép vao
theo thir tu 1an luwot ma khong 1am thay ddi thu ty cua cac bit. Do do, céc bit & trong mdi

nhém bit X3, Xis, X30, X6, X7, X37, X33 va X ¢6 thé tao nén mot ky hiéu di€u bién.

Nhu d3 néu trén, vi mot bit cu thé dugce 4nh xa 1én mot bit cu thé trong ky hiéu didu
bién thong qua quy trinh dan xen, nén thiét bi thu tin hiéu c6 thé vira dat dugc hiéu suét
thu cao lai vira dat dugce hiéu suét giai mé cao.

Phuong phép xé4c dinh gié tri n(j), 1a thong s6 dung dé dan xen nhom, s& duoc md ta
duéi day theo cac phuong an 1dm vi du thyc hién sang ché. CAn xem xét cac didu kién
sau day:

Didu kién 1) X4c dinh céc thir ty dan xen khac nhau dya vao phwong phap didu bién
va ty 1€ ma.

Piéu kién 2) Xem xét ddng thoi cac dic trung hidu suét ctia mdi nhom bit tao nén tur

ma LDPC va céc dic trung hiéu suat clia céc bit tao nén ky hi¢u di€u bién.

Vi duy, trong tir md LDPC, céc bit tdn cung bén trai co thé c6 hiéu suét cao hon cac
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bit khac, va d(“)ng thoi trong ky hiéu diéu bién, cac bit tan cing bén trai c6 thé c6 hiéu
suét cao hon céc bit khac. N6i cach khéc, hiéu suit P(y;) ciia mdi bit trong sb tam (8) bit
(Yo, V1> Y2» V3 Y45 ¥5» V6o ¥7) tao nén ky hicu didu bién chom diém khong dﬁ‘)ng déu
256-QAM dugce biéu dién dudi dang nhu sau: P(yo) > P(y1) > P(y2) = P(y3) = P(v4) = P(ys)
> P(ys) = P(y7).

Vi vdy, khi do dai ctia tir md LDPC bing 16200, va phuong phép diéu bién chom
diém khong ddng déu 256-QAM (hay con dugc goi tit 1a phuong phap didu bién
256-NUQ) dugc st dung, thi co thé x4c dinh dugc bit nao trong sb tam (8) bit cua ky
hiéu didu bién 256-NUQ ma 45 nhém bit duge anh xa 1én bit d6, c6 xem xét dong thoi
cac dic trung cia ty 1 ma va phuong phap didu bién, va trudng hop c6 hiéu sudt uge tinh

cao nhét dugc xéc dinh bing cach st dung phuong phép khai trién mat do.

Nghfa 13, c6 thé xem xét nhiéu truong hop ma trong d6 45 nhom bit dwgc dnh xa 1én
tam (8) bit, va c6 thé tinh gia tri ngudng udce tinh theo ly thuyét bang phuong phap khai
trién mat do cho mdi trudong hop. Trong d6, gia tri ngudng la gia tri ty s6 tin hiéu trén tap
nhiéu (Signal-to-Noise Ratio, SNR) va xéc suit xuét hién 18i bing 0’ trong ving c6 gid
tri SNR 16n hon gié tri ngudng khi tir md LDPC dugc truyén. Vi vay, khi tr md LDPC
dugce truyén theo phuong phap & trudng hop co gia tri ngué’ng_thép trong sd nhiéu trudng
hop dé anh xa, thi c6 thé dam bao dat dugc hiéu suét cao. Phuong 4n thiét ké bo dan xen
dya vao phuong phap khai trién mat do 13 mot phuong an ly thuyét. Vi vdy, bd dan xen
can phai dugc thiét k& bang cach kidém tra hiéu suit mi hoa dua trén ma trin kiém tra
chiin 1¢ duoc thiét ké thuc té va dua trén so dd phén b6 tudn hoan, ngoai phuong phép ly
thuyét 1a phwong phap khai trién mat do.

Trong do, viéc xem xét nhiéu trudng hgp ma trong d6 45 nhom bit c6 thé dugc 4nh
xa 1én tam (8) bit bao gdm viéc phan nhom lai cho cac nhém bit dé tao thanh cac nhoém
lién quan dén cac hang c6 cing mdt bac clia ma trén kiém tra chin 1& va xét xem 1a co6
bao nhiéu nhém bit s& dugc anh xa 1én tdm (8) bit cuia ky hi€u didu bién 256-QAM.

Vi du, gia su réng ma tran kiém tra chin 1& c6 c4c hang c6 bic béng 16, 10, 3, 2, va
s6 lwong nhom bit lién quan dén mdi hang trong sb cac hang nay 1a 3, 5, 19, 18.

Trong khi do, dbi véi phuong phap didu bién chom didm khong dong déu

256-QAM, gié tri tuong d6i ctia ham s hiéu sudt thu tin hiéu P(y;) cua mdi bit tao nén ky

-90-



31273

hidu didu bién duoc bidu didn dudi dang nhu sau: P(yo) > P(y1) > P(v2) = P(y3) = P(ys) =
P(ys) > P(ys) > P(y7). Trong d6, ¥g, y1 c6 anh huéng 16n nhat dén hiéu sudt thu tin higu
cua cac bit tao nén ky hiéu didu bién, va do do, can phai xac dinh xem nhém bit nao s&

dugc anh xa 1én yg, y;.

DPéi véi cac nhém bit dugc anh xa 18n yo va yy, thi gia tri P(yo) va P(y,) s€ duge st
dung, con dbi vé6i cac nhom bit duge anh xa 1én cac bit con lai (tic 12 ya, ¥3, Y4, Y55 Y6 ¥7)s
thi gié tri xac suét trung binh s& dugc sir dung, va sb truong hop ma cdc nhom bit ¢6 thé

duogc 4anh xa 1én y, va y; s& dugce tinh theo cdng thirc nhu duge thé hién dudi day.

Céc bit da didu bién Bic S6 truong hop ma cac nhém bit co thé dugc anh xa

Yo,Y1 16 3Cx
10 sCwi
3 }9Cz1
185Cn

V2,Y3,Y4,Y5:Y6:Y7 16 3Ca-x1)

10 sCs-wl)

3 19C(19-21)

18C(18-11)

Téng 45

Nghia 1a, trong sb cac nhom bit duge anh xa 1én yo va yy, néu x; nhém bit duge
chon trong s6 cac nhém bit lién quan dén hang c6 bac b%mg 16; w; nhom bit dugce chon
trong sd cac nhom bit lién quan dén hang c6 béc bing 10; z, nhom bit dugc chon trong sd
céc nhém bit lién quan dén hang c6 béc bang 3; va 1; nhom bit duge chon trong s6 cac
nhom bit lién quan dén hang c6 bac bang 2, thi s6 truong hop co6 thé bang
3Cx1+5Cwit19Cat18C-

Do d6, sb trudng hgp ma cac nhom bit duge anh xa 1én cac bit con lai c6 thé bing
3Cx1yTsCisowiyt19C 19-21yT18Cas-11)-

Sau khi ué6c tinh cac ham sd bang phuong phép khai tridn mat do cho mdi trudng
hop, thi truong hop c6 hi€u suét cao nhét s& dugc chon. N6i cach khéc, dé thu dugc hiéu
suét cao nhét bang phwong phap khai trién mat do, thi s& chon mot s& nhém bit trong sb
cac nhom bit li€én quan dén cac hang c6 béc béng 16, 10, 3, 2, va can phai x4c dinh xem
cac nhom bit dé ¢6 dugce anh xa 1én y, va y; hay khong, va sau d6 s€ xac dinh cac gia tri

X1, Wi, Z1, 1.
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Ngoai ra, dya vao cac gia tri X, Wy, Z;, 1| dd xéc dinh, s€ xac dinh xem nhom bit ndo

dugc 4nh xa 1én ys, y3, nhém bit nao c6 anh huong 16n hon dén hiéu suét thu tin hiéu.

Trong trudong hop nay, ddi véi cac nhom bit dugc 4nh xa 1én y, va ys, thi gid tri P(y2)
va P(y;) s& duogc st dung, con ddi v&i cac nhom bit duge anh xa 1én cac bit khac (tirc 1a
V4, Y5, Ve ¥7), thi gid tri xac suét trung binh s& dugc st dung. Do do, sb truong hop ma

cac nhém bit duge 4nh xa 1én y, va y3 s& dugc tinh theo cong thirc nhu duge thé hién

dudi day.
Céc bit da didu bién Biac Sé trudng hop ma cac nhém bit c6 thé duge anh xa
16 X1
10 Wi
Yo:¥1 3 Z
2 Iy
16 (3—x1)Cx2
o 10 (5—w1)cw2
3 (19—z1)sz
as-11)Cp
16 3C_(3—x1—x2)
10 5C(5—w1—w2)
YeYnYed 3 19C19-21-22)
2 ISC(18—11—12)
Téng 45

N6éi cach khéc, trong sd cac nhém bit duoc 4nh xa 1én y, va ys, néu x, dugce chon
trong s cdc nhom bit lién quan dén hang c6 bac bang 16, w, dugc chon trong s& cac
nhém bit lién quan dén hang c6 bac bang 10, z, duge chon trong s6 cac nhém bit lién
quan dén hang c6 béc bang 3, va 1, duge chon trong s6 cac nhom bit lién quan dén hang
¢6 bac bang 2, thi sb trudng hop c6 thé bang (3_X1)Cx2+(5_w1)Cw2+(19_zl)C22+(18_11)C12.

Do d6, sb trudong hop ma cac nhom bit duoc anh xa I€n cac bit con lai ¢6 thé bang
3C a1 5Cis-wi-wy T19C 192122y T18C 18-11-12).

Sau khi udc tinh cac ham sé bing phuong phap khai trién mat do cho mdi truong
hop, thi truong hop ¢6 hiu sult cao nhét s& dugc chon. Nghia 14, @& thu dugc hidu sudt
cao nhét bing phuong phép khai trién mat do, thi s& chon mot s& nhém bit trong sb céc
nhom bit lién quan dén cac hang c6 bac bé‘mg 16, 10, 3, 2, va can phai xac dinh xem cac
nhém bit d6 ¢6 duoc anh xa 1én y, va y3 hay khong, va sau do s€ xac dinh céc gia tri x,,

Wa, Z, L.
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Dua vio céc gia tri Xy, Wy, Z,, |, d4 x4c dinh, s& xac dinh xem c6 bao nhiéu nhém bit
duoc anh xa 1én y4, ys, nhom bit ndo c¢6 anh hudng 16n hon dén hi¢u suét thu tin hiéu,
cudi ciing s& x4c dinh xem c6 bao nhiéu nhém bit dugc dnh xa 1én mdi bit tao nén ky hiéu

didu bién trong sb cdc nhom bit lién quan dén cac hang co bac bang 16, 10, 3, 2.

Do d6, ¢6 thé xac dinh duge trudong hop c6 bao nhiéu nhém bit duge anh xa 1én cac
bit tao nén ky hiéu didu bién 256-QAM trong sd cic nhém bit lién quan dén céc hang c6
bac dat dugc hiéu suét cao nhét, va dé thoa man truong hgp nay, thi s& phai thiét ké bo
dan xen 120 ¢6 thé 4nh xa mdt nhém bit cu thé tao nén tr ma LDPC 1én mot bit cu thé
tao nén ky hiéu diéu bién.

Do d6, phwong phép dan xen nhom theo cac phuong 4n lam vi du thyc hién sang

ché c6 thé dugc thiét ké dua vao phuong phép nhu dd néu trén.
Phuong phép thiét ké bo dan xen nhém s& duge md ta chi tiét dudi day.

Trong khi d6, nhu dd néu trén, mdi nhém bit tao nén tr ma LDPC tuong Uing véi
mbi nhéom ¢t ciia ma tran kiém tra chin 1&, bac ctia mdi nhém cdt c6 anh hudng dén hiéu
sudt giai ma cta tr ma LDPC.

Vi du, bac ciia cdc nhom cdt c6 gid tri twong dbi cao cho thy ring c6 mot sd Iuong
tuwong ddi 16n cla cac phuong trinh kidm tra chén 1¢ lién quan dén cac nhém bit twong
{ng v&i cdc nhém cot, cac nhom bit trong tmg véi cac nhoém cot 6 béc twong ddi cao
trong ma tran kiém tra chin 1¢ gdm nhidu nhém cot c6 thé c6 anh hudng 16n hon dén hidu
sut giai ma ctia tir ma LDPC so v6i cic nhém bit trong ung voi cac nhém cdt c6 béac
tuong ddi thip. Néi cach khac, néu cac nhém cot c6 bac twong ddi cao khong duge anh

xa thich hop, thi hiéu sudt giai ma ctia tr ma LDPC s& bi suy gidm dédng ké.

Vi vay, b0 dan xen nhoém cé thé duoc thiét ké sao cho (cic) nhom bit c6 bac cao
nhét, trong sd cdc nhém bit tao nén tir ma LDPC, dugc dan xen theo gia tri n(j) va dugce
anh xa 1én mot bit cu thé cua ky hiu didu bién (ho#c ky hiéu truyén), va cic nhom bit
con lai khong phai 1a c6 bic cao nhét dugc anh xa ngiu nhién 1én ky hiéu diéu bién. Véi
didu kién ndy, khi quan sat hiéu suét BER/FER thuc té, ¢ thé tranh dugc trudong hop

hiéu sut giai ma cua tir ma LDPC bi suy giam dang ké.

Trudng hgp bd ma hoa 110 thyc hién buéc méa hoa LDPC bing cach st dung ty 1&
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ma 5/15 dé tao ra tir ma LDPC c6 do dai bang 16200, va tao nén ky hiéu didu bién bing
cach st dung phuong phap didu bién 256-NUQ s& duge md ta chi tiét dudi day.

Trong trudng hop nay, bd ma hod 110 ¢ thé thuc hién budc ma hod LDPC st dung
ma trin kiém tra chin 1¢ gdm c6 ma trin con tir thong tin dugc x4c dinh trong bang 14 va

ma tran con chan I€ ¢6 cau triic dudng chéo.

Do d6, ma tran kiém tra chin 1& gém cO 45 nhom cdt, va trong sd 45 nhém cot, 10

nhém cot ¢6 bac béng 10, 7 nhom c6t c6 béc béng 9, 28 nhém ¢t ¢ bac béng 1.

Vi vay, chi déi v6i 10 nhém cot ¢6 béc bang 10, trong s6 45 nhom cdt, mot sb gid
tri (j) cho 10 nhém cot nay co thé dugc tao ra sao cho thod mén diéu kién dinh trude khi
thiét k& bd dan xen nhém, va gid tri n(j) cho cac nhém cdt con lai co thé dé tréng. Cac
nhom bit twong g véi cdc nhom cdt con lai ¢ thé duoc thiét 1ap sao cho ching dugc
anh xa ngu nhién 1én cac bit tao nén ky hiéu diéu bién. Sau d6, gid tri n(j) cho 10 nhém
cOt ¢6 hi€u suét cao nhat dugc chon khi quan sat hiéu sudt BER/FER thuyc té v6i mot gid
tri SNR cu thé. Nho viée sép xép c¢b dinh mot phan ciia cac gia tri n(j), e 1a gia tri n(j)
cho 10 nhém cot duoc chon nhu da néu trén, ¢6 thé tranh duoc su suy gidm dang ké cua
hiéu suét giai ma cuia tir ma LDPC.

Béang 32

Thtr tu ciia cac nhém bit duge dan xen khéi
n(j) (0 <j<45)

Khdi thir j

Lo ,O12345678910111213141516171819202122
O daura cua

bo dan xen
23124125(26127(28(29(30(31(32(33(34|35|36{37|38[39|40|41|42|43 |44

nhém
K Ao 7 .
: h?l th‘u n(}) 6 5 7
& dau vao cua
bo dan xen
9 11(10 1312 14 8

nhém

Trong khi d6, bang 32 ¢o thé duoc biéu dién nhu bang 32-1 duéi day.
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Bang 32-1

Thit ty cia cdc nhom bit duge dan xen khéi
n(j) (0 <j <45)

Khéi thi j
& dau ra ciia
bo dan xen
nhém

Khéi thir n(j)
& dau vao cla
bo dan xen
nhém

O truong hop duge thé hién trong bang 32, biéu thirc 21 ¢6 thé duoc biéu dién dudi
dang  Y3=Xu3=Xe  Ys=Xg5=Xs, Ye=Xpyp) =Xz, Yas = Xpps = Xo,
Y30 = Xaio) = Xit Y31 = Xae1y = Xi0s Y34 = X34y = Xi3, Y35 = Xags) = Xi2s
Y35 = Xas) = X1as Y1 = Xaar) = Xs.

Nghia 14, bd dan xen nhoém 122 ¢6 thé sép xép lai thi ty cia cac nhom bit bang cich
chuyén nhém bit tht 6 thanh nhém bit tht 3, nhém bit thit 5 thanh nhém bit th 5, nhém
bit thtt 7 thanh nhém bit thir 8, nhom bit thir 9 thanh nhom bit thir 25, nhém bit thir 11
thanh nhém bit thit 30, nhém bit thtr 10 thanh nhém bit thir 31, nhém bit thir 13 thanh
nhém bit thir 34, nhém bit thir 12 thanh nhém bit th 35, nhom bit thit 14 thanh nhom bit
thr 38, va nhém bit thir 8 thanh nhém bit thir 41, va bang cach sép xép nglu nhién céc

nhom bit con lai.

Trong truong hop mot sé nhém bit da duge sip xép cb dinh, ddu hiéu dic trung néu
trén duoc ap dung theo cach tuong ty. N6i cach khac, cidc nhom bit tuong ung véi cac
nhém cot c6 bac twong dbi cao trong s& cac nhém bit con lai khong dugce sdp xép ¢b dinh
¢6 thé ¢ anh hudng 16n hon dén hiéu sult giai ma cua tr ma LDPC so véi cac nhom bit
twong tng voi cac nhom cdt c6 bac tuong d6i thip. Nghia 13, ngay ca khi tranh dugc
truong hop suy giam hiéu sudt giai ma cua tr md LDPC bang cach sp xép ¢b dinh cic
nhom bit ¢6 bac cao nhét, thi hiéu suat giai ma cda tr ma LDPC van c6 thé thay ddi theo
phuong phép 4nh xa ctia cdc nhém bit con lai. Do do, phuong phap anh xa clia cic nhém
bit c6 bac ké tiép bac cao nhit cin phai dugc chon sao cho thich hop, dé tranh truomg hop

hidu sut dat dugc trong dbi thap.
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Vi vdy, trong truong hop cdc nhom bit ¢6 béc cao nht da dugc sip xép cb dinh, thi
cac nhom bit ¢o bac ké tiép bac cao nhét, trong sd cac nhom bit tao nén tir ma LDPC, ¢6
thé duoc dan xen theo gia tri n(j) va dugc 4nh xa 1én mot bit cu thé cta ky hiéu diéu bién,
va cic nhom bit con lai ¢6 thé duge 4nh xa nglu nhién. Vi diéu kién nay, khi quan sét
hiéu sudt BER/FER thuc té, ¢6 thé tranh dugc trudng hop hiéu suét giai ma cua tr ma

LDPC bi suy gidm ding ké.

Trudng hgp bd ma hoa 110 thyc hién budc ma hoa LDPC bang cach st dung ty 1&
mi 5/15 d& tao ra tir ma LDPC c¢6 do dai bing 16200, va tao nén ky hiéu didu bién bing

céch st dung phwong phap didu bidn 256-NUQ sé& dugc md ta chi tiét dudi day.

Trong trudong hop ndy, bd ma hoa 110 ¢ thé thyuc hién budc ma hoa LDPC st dung
ma trin kiém tra chin 1& gdm c6 ma trin con tlr thong tin dugc xéc dinh trong bang 14 va

ma tran con chan 1é c6 cau triic dudng chéo.

Do d6, ma tran kiém tra chin 1& gém ¢O 45 nhém cot, va trong sb 45 nhém cot, 10

nhom cot ¢ bac béng 10, 7 nhom cdt c6 béc béng 9, va 28 nhém ¢t c6 béc bé‘mg 1.

Vi vay, trong trudng hop 10 nhém cdt ¢6 béc bang 10 di dugc sip xép cb dinh nhu
duoc thé hién trong bang 32, khi do, chi ddi v&i 7 nhom cot co bac béng 9, trong sb 35
nhém cOt con lai, mot sb gié tri n(j) cho 7 nhém cot ndy co thé duoc tao ra sao cho thoa
min didu kién dinh trude khi thiét ké bd dan xen nhém, va gié_ tri 7(j) cho cdc nhom cot
con lai c6 thé dé trbng. Cac nhom bit twong tng v6i cac nhém cdt con lai ¢d thé duogc
thiét 1ap sao cho chung dugc anh xa ngau nhién 1én céc bit tao nén ky hiéu didu bién. Sau
d6, gia tri 7(j) cho 7 nhém cot c6 hiéu sudt cao nhit dugc chon khi quan sat hiéu suét
BER/FER thuc té véi mot gia tri SNR cu thé. Nho viée sép xép ¢ dinh mot phﬁn cla cac
gia tri n(j), tire 12 gia tri m(j) cho 7 nhom cot dugce chon nhu da néu trén, cd thé tranh dugc

su suy giam ddng ké cua hiéu suét gidi ma cla tir md LDPC.
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Béang 33

Thi ty cia cac nhom bit duge dan xen khbi
n(j) (0 <j<45)

Khéi th '
N 7012345678910111213141516171819202122
& daura caa
bo dan xen

1hém 23124125126127128(29(30(31(32|33[34|35[36|37|38(39|40(41|42|43|44
Khéi thit n(j
Khoi thts (1) 6| |s 7
& dau vao cua
bd dan xen

] 9 1110 13]12 14 8
nhom
Béang 34

Thi ty cia cdc nhom bit duge dan xen khéi
n(j) (0 <j<45)

Khéi thir j _
N T10|1{2(3]4|5(6|7|8]9]10 11112113|14|15(16]17|18(19|20(21 {22
& daura cua

bd dan xen
23124 125126(2728(29(30(31(32|33|34|35|36|37|38|39|40|41|42|43 |44

nhém
Khdi thr 7i(j
Khoi thik n()| 3|6 510217 1
& dau vao cua
bo dan xen
] 9 11]10 1312 15|14 16| 8
nhém

Trong khi d6, bang 34 c6 thé dugc biéu dién nhu bang 34-1 dudi day.

Bang 34-1

Thi ty ciia cdc nhom bit duge dan xen khdi
n(j) (0 <j <45)

Khéi thi j
& dau ra clia

. 0l213(15]6|7)|8|16(25[30{31|34|35|37|38|40/|41
bo dan xen

nhom
Khéi thtr n(j)
& dau vao cia
b6 dan xen

nhom

O trudng hop duge thé hién trong bang 34, bidu thirc 21 ¢6 thé dugc bidu dién dudi
dang Yo=Xuy=Xa Y2=Xa)=Xs YVi=Xu3=Xe . YT Xegy = Xis
Y40 = Xnao) = Xi6> Ya1 = Xna1) = Xs.
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Nghia 13, bd dan xen nhém 122 c6 thé sip xép lai thit ty ca cac nhom bit bang cach
chuyén nhém bit thtr 4 thanh nhém bit tht 0, nhom bit thi 3 thanh nhém bit thir 2, nhém
bit thr 6 thanh nhom bit thir 3, ..., nhom bit th 14 thanh nhém bit thir 38, nhém bit tha
16 thanh nhém bit thir 40, va nhom bit thir 8 thanh nhém bit thir 41, va bing cach sip xép

ngau nhién cidc nhom bit con lai.

Theo cac phuong an 1am vi dy néu trén, trudng hop thuc hién buéc mé hoa LDPC
dwa vao ty 16 ma bing 5/15 va ma tran kiém tra chin 1& gdbm c6 ma tran con tir théng tin
dugc x4c dinh trong bang 14 va ma trin con ch&n 1& ¢6 cdu tric dudng chéo dd duge mod
t4 trén day, tuy nhién, d6 chi la vi du minh hoa, va ngay ca trong trudng hop thuc hién
budc ma hoa LDPC dua vao céc ty 1€ ma khac va ma trén kiém tra chin 1& khdc, thi gid

tri 7(j) van c6 thé dugc xac dinh dwa vao phuong phap néu trén.

Thiét bi truyén tin hiéu 100 c6 thé truyén tin hiéu duoc dnh xa lén chom diém dén
thibt bi thu tin hiéu (vi du thiét bi thu tin hidu 1200 trén Fig.34). Vi du, thiét bi truyeén tin
hicu 100 c6 thé 4nh xa tin hidu duge 4nh xa 1én chom diém trén khung ddn kénh phan tin
tryc giao (Orthogonal Frequency Division Multiplexing, OFDM), va truyén tin hiéu nay
dén thiét bi thu tin hidu 1200 qua kénh da dugc phén dinh.

Fig.34 1a so dd khéi thé hién cdu hinh cta thiét bi thu tin hiéu theo phuong 4n lam
vi du thuc hién sang ché. Dya vao Fig.34, thiét bi thu tin hidu 1200 bao gém bd giai didu
bién 1210, bd ddn kénh 1220, bd giai dan xen 1230 va by giai ma 1240.

Bo gidi didu bién 1210 thu va giai didu bién tin hiéu dugc truyén tir thiét bi truyén
tin hiéu 100 dugc thé hién trén Fig.19. BO giai didu bién 1210 tao ra gia tri twong Gng véi
tir md LDPC bing cach giai diéu bién tin hiéu thu dugc, va cung cAp gid tri ndy cho b
ddn kénh 1220. Trong trudng hop nay, bo gidi didu bién 1210 c6 thé 4p dung phuong
phap giai didu bién twong tmg véi phuong phap diéu bién da ding & thiét bi truyén tin
hiéu 100. Bé 1am dugc nhu vay, thiét bi truyén tin hiéu 100 c6 thé truyén thong tin vé
phuong phap didu bién dén thiét bi thu tin hidu 1200, hofc thiét bi truyén tin hidu 100 c6
thé thuc hién budc didu bién bing cach st dung phuong phép diéu bién d3 dugc xac dinh

truée gitta thiét b truyén tin higu 100 va thiét bi thu tin hiéu 1200.

Gié tri twong tmg véi tr ma LDPC c6 thé dugc biéu dién dudi dang gid tri kénh dbi

v6i tin hiéu thu duge. Co nhidu phuong phép dé xac dinh gi4 tri kénh, vi du, phuong
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phap xéc dinh gi4 tri ty sé hop 1y dang loga (Log-Likelihood Ratio, LLR) ¢6 thé 1& mot
phuong phap dé x4c dinh gi4 tri kénh.

Gia tri LLR 1a gia tri 16ga cua ty s6 gifra x4c sudt ma mot bit dugc truyén tir thiét bi
truyén tin hiéu 100 c6 gia tri bing 0 va xic suAt ma bit d6 co gia tri bang 1. Ngoai ra, gia
tri LLR c6 thé 13 gi4 tri bit dugc x4c dinh bang phuong phap quyét dinh cimg, hodc c6
thé 1a mot gia tri tiéu biéu dugc xac dinh tuy thudc vao phén 6 x4c suit ma bit truyén tu

thiét bi truyén tin hiéu 100 c6 gié tri bing 0 hay 1.

Bo ddn kénh 1220 dbn kénh gi tri diu ra cta bo giai didu bién 1210 va cung cp

gia tri nay cho bd giai dan xen 1230.

Bo don kénh 1220 12 b phan twong Gmg vdi bo phan kénh trén Fig.33 ¢b trong thiét
bi truyén tin hiu 100, va thyc hién quy trinh tuong Umg v6i bd phan kénh nay. Nghia 14,
bd don kénh 1220 thuc hién quy trinh d4o nguge clia quy trinh dd duogc thuc hién & b
phén kénh, va thyuc hién phép bién d6i 6 dit liéu thanh bit twong Gmg véi gia tri dau ra clia
bd giai didu bién 1210 va xuét ra gi trf LLR theo don vi bit. Tuy nhién, khi b phan kénh
duoc logi bé ra khoi thiét bi truyén tin hiéu 100, thi bd don kénh 1220 cfing c6 thé duge
loai b6 ra khoi thiét bi thu tin hiéu 1200.

Thong tin vé viéc quy trinh phan kénh c6 duoc thyc hién hay khong c6 thé duoc
cung cép tr thiét bi truyén tin hiéu 100, hodc co thé duogc X4C dinh trudc gilta thiét bi
truyén tin hidu 100 va thiét bi thu tin hiéu 1200.

B giai dan xen 1230 gidi dan xen gi4 tri ddu ra ciia by don kénh 1220 va cung chp
céc gia tri nay cho b gidi ma 1240.

Bo giai dan xen 1230 12 b) phén tuong Umg v6i bd dan xen 120 ¢6 trong thiét bi
truyén tin hiéu 100, va thyc hién quy trinh twong ing vdi bd dan xen 120. Nghia 13, b
giai dan xen 1230 giai dan xen gia tri LLR bang cach thyc hién quy trinh ddo ngugc cia
quy trinh dan xen da dugc thuc hién & by dan xen 120.

Pé lam dugc diéu nay, bo giai dan xen 1230 co6 thé c6 bo giai dan xen khdi 1231, bd
giai dan xen xoay bit trong nhém 1232, by giai dan xen nhém 1233 va bd giai dan xen bit

chin 1& 1234 nhu dugc thé hién trén Fig.35.

B6 giai dan xen khdi 1231 giai dan xen gia tri dAu ra ctia bd doén kénh 1220 va cung
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cAp gia tri ndy cho bd giai dan xen xoay bit trong nhom 1232.

B giai dan xen khdi 1231 13 bd phan twong Gng véi bd dan xen khéi 124 c6 trong
thit bi truyén tin hiéu 100 va thyc hién quy trinh ddo nguge cia quy trinh dan xen dd

duoc thuc hién & bo dan xen khdi 124.

Nghia 13, bd giai dan xen khéi 1231 giai dan xen bang cach ghi gia tri LLR dugc
xudt ra tir bd don kénh 1220 vao mdi hang theo hudng hang va doc mdi cot clia nhiéu
hang da ghi gia tri LLR theo huéng cot bang cach st dung it nhit mot hang c6 nhiéu cot.

Trong trudng hop nay, khi bd dan xen khéi 124 dan xen bang cach phan chia mdi
cot ra thanh hai phin, thi bd giai dan xen khdi 1231 c6 thé giai dan xen bang cach phan
chia mdi hang ra thanh hai phén.

Ngoai ra, khi bd dan xen khdi 124 ghi va doc nhém bit khong thude phdn thir nhét
theo huéng hang, thi by gidi dan xen khéi 1231 c6 thé giai dan xen bing cach ghi va doc
céc gia tri tvong Ung v6i nhom bit khong thude phan thir nhét theo huéng hang.

B giai dan xen khéi 1231 dua vao Fig.36 s& dugc mo ta dudi ddy. Tuy nhién, do
chi 14 vi du minh hoa va b gidi dan Xen khéi 1231 c6 thé duge thuc hién theo céc

phuong phép khac.
Gia tri LLR dau vao v; voi (0 <i< Nygpe) dugce ghi vao hang r; va cOt ¢; ciia bd gii

dan xen khéi 1231, Trong d6, ¢, =(imod N,) va r, = {Nij

c

Mait khac, gia tri LLR du ra q; v6i (0 <i<NcxNyy) duge doc ra tir ¢t ¢; va hang 1;
cua phén th nhét trong b gidi dan xen khdi 1231. Trong do6, ¢, = [NLJ ,
rl

r,=(modN,).

Ngoai ra, gié tri LLR dau ra q; voi (NexNyy <1< Nygpe) duge doc ra tir cOt ¢; va hang

(i_Nc Xer)

r; clia phan thit hai. Trong d6, ¢, = [ N
2

J, r. =N, +{(i-N,xN,)mod N, }.

B giai dan xen xoay bit trong nhém 1232 giai dan xen gid tri dAu ra cta b giai dan

xen khéi 1231 va cung cip gid tri nay cho bd giai dan xen nhoém 1233.
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Bo giai dan xen xoay bit trong nhom 1232 1a by phén tuong Ung v6i b dan xen
xoay bit trong nhém 123 c6 trong thiét bi truyén tin hiéu 100, va c6 thé thyc hién quy
trinh ddo nguoc ctia quy trinh dan xen da dwgc thyc hién ¢ bo dan xen xoay bit trong

nhém 123.

Nghia 13, bd gidi dan xen xoay bit trong nhém 1232 ¢6 thé sip xép lai céc gié tri
LLR cua cing mdt nhém bit bing céch thay ddi tht ty ctia cac gia tri LLR c6 trong cling
mdt nhém bit d6. Néu quy trinh xoay bit trong nhém khong duge thyc hién & thiét bi

truyén tin hidu 100, thi by giai dan xen xoay bit trong nhém 1232 ¢6 thé duoc loai bd.

Bo giai dan xen nhém 1233 (hodc b gidi dan xen theo nhém) giai dan xen gia tri
dAu ra cta bo gidi dan xen xoay bit trong nhom 1232 va cung cAp gié tri nay cho bd giai

dan xen bit chin 1& 1234.

B0 giai dan xen nhém 1233 14 bd phén tuong Ung voi bo dan xen nhém 122 ¢6
trong thiét bi truyén tin hiéu 100 va c6 thé thuc hién quy trinh ddo nguoc cla quy trinh

dan xen da dugc thyc hién ¢ bd dan xen nhom 122.

Nghfa 13, bd giai dan xen nhom 1233 ¢6 thé sép xép lai thir ty clia cac nhém bit theo
don vi nhém bit. Trong trudng hop nay, bd giai dan xen nhém 1233 ¢o6 thé sip xép lai thir
ty clia cdc nhom bit theo don vi nhém bit bang cach 4p dung phuong phap dao ngugce cia
phuong phap dan xen dugc thé hién trong c4c bang tir bang 15 dén bang 27 theo do dai

cta tir md LDPC, phuong phap didu bién va ty 1¢ ma.

Bo giai dan xen bit chin 16 1234 thyc hién budc giai dan xen bit chin 1¢ cho gia tri

dAu ra ctia bd giadi dan xen nhém 1233 va cung cép gia tri nay cho bo giai ma 1240.

B giai dan xen bit chén 16 1234 1a by phén tuong g v6i bd dan xen bit chdn 18
121 ¢6 trong thiét bi truyén tin hiéu 100 va c6 thé thyc hién quy trinh déo nguoc cla quy
trinh dan xen d& dugc thyc hién & bd dan xen bit chin 1& 121. Nghia 13, bg gidi dan xen
bit chin 1é 1234 c6 thé giai dan xen cho céc gia tri LLR twong tng véi cac bit chin 1&
trong sd céc gid tri LLR dugc xuét ra tir bo giai dan xen nhom 1233. Trong trudng hop
ndy, by gidi dan xen bit chiin 1& 1234 c6 thé giai dan xen cho cac gid tri LLR tuong tng
v6i céc bit chin 1& theo phuong phéap ddo nguge ciia phuong phép dan xen bit chin 1& dya

vao biéu thirc 18.
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Tuy nhién, bd giai dan xen bit ch&n 1& 1234 c6 thé dugc loai bé tuy theo phuong
phép giai ma va b gidi ma 1240.

Mic du bd giai dan xen 1230 trén Fig.34 c6 ba (3) hodc bdn (4) bd phan nhu duge
thé hién trén Fig.35, nhung céc chic ning cua cdc by phén nay co thé dugc thuc hién
bing mot bd phan. Vi dy, néu céc bit ma trong d6 mdi bit thudc mdi nhom bit Xy, Xo, Xo,
X4 tao nén mot ky hiéu diéu bién, thi bd giai dan xen 1230 ¢ thé giai dan xen cho céc bit
ndy dat vao cac vi tri twong Gmg v6i cdc nhém bit cua ching dya vao mot ky hiéu didu

bién thu dugc.

Vi du, néu ty 1& ma bing 7/15 va phuong phép didu bién 1a 256-QAM, thi b giai

dan xen nhom 1233 ¢6 thé thuc hién budc giai dan xen dya vao bang 16.

Trong trudng hop nay, cic bit ma trong d6 mdi bit thude mdi nhém bit X3, Xis, X30,
Xe, Xo, X7, Xag, Xo 6 thé tao nén mot ky hiéu didu bién. Vi mot bit trong mdi nhom bit
X13, Xis, X300 Xe» X7, X37, X38, Xp tao nén mot ky hiéu didu bién, nén bd giai dan xen
1230 c6 thé anh xa céc bit 1én céc gia tri ban diu ding dé giai ma twong Ung vdi cac

nhém bit Xya, Xy, Xs0, Xe, X3, X37, X, X dura vao mot ky hiéu diéu bién thu duogc.

B6 giai ma 1240 c6 thé thyc hién bude giai ma LDPC bang cach st dung gié tri dau
ra cua bo giai dan xen 1230. Dé lam duoc didu nay, bo gidi ma 1240 c6 thé c6 bo giai ma

LDPC (khong dugc thé hién trén hinh v&) dé thuc hién bude giai ma LDPC.

B0 giai ma 1240 1a bd phan tuong Uing véi b ma hoa 110 co6 trong thiét bi truyén
tin hiéu 100 va co thé stra 161 bang cach thuc hién budce gidi ma LDPC bang cach st dung

cac gia tri LLR duoc xudt ra tr bo giai dan xen 1230.

Vi duy, bd gidi ma 1240 co thé thuc hién budc giai ma LDPC theo phuong phép giai
mi 1ap dua vao thuidt toan téng-tich. Thuat toan téng-tich 12 mét vi du vé thuat todn
truyén théng béo, va thuat todn truyén thong bdo 1a thuat toan trao dbi céac thong bao (vi
du gia tri LLR) theo canh ndi trén db thi hai phia, tinh thong bao xuét ra tir cic thong bao

nhép vao cac nut thay dbi hodc cac nut kiém tra, va cip nhat thong bao.

B6 giai ma 1240 co thé sir dung ma tran kiém tra chin 1& khi thyc hién buédc gidi ma
LDPC. Trong truong hop nay, ma trén kidm tra chin 16 ding dé giai ma c6 thé ¢6 chu

tric giong nhu ma trdn ki€m tra chin ¢ dung dé ma hoa & bd mé hod 110, va cau tric nay
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dd dugc mo ta trén diy dua vao cac hinh v& tr Fig.20 dén Fig.22.

Ngoai ra, thong tin v& ma trin kiém tra chin 1¢ va thong tin vé ty 1& mé, v.v., dugc
ding dé giai ma LDPC c6 thé dugce luu trix true trong thiét bi thu tin hiéu 1200 hodc c¢6

thé dugc cung cip tir thiét bi truyén tin hiéu 100.

Fig.37 1a luu d6 thé hién phuong phép dan xen trong thiét bi truyén tin hiéu theo

phuong 4n lam vi du thyc hién sang ché.

Trudc tién, tr ma LDPC dugc tao ra béng cach mad hoa LDPC st dung ma trén kiém

tra chin 1é (S1410), va tr m3d LDPC dugc dan xen (S1420).

Sau d6, tir md LDPC da dan xen dugc anh xa 1én ky hi€u didu bién (S1430). Trong
truong hop nay, mot bit ¢ trong mdt nhém bit dinh trude trong sb cac nhom bit tao nén tir

mi LDPC ¢6 thé dugc 4nh xa 1én mot bit dinh trude trong ky hiéu diéu bién.

M35i nhom bit ¢ thé c6 M bit, va M ¢ thé 1a uéc s6 chung ciia Nigye va Kigpe, va 6
thé duoc x4c dinh sao cho thod man hé thirc Qigpe = NigpeKigpe)/M. Trong do, Qigpe la gia
tri thong sb khoang cach dich chuyén tuan hoan dbi véi cac cot trong mdt nhom cdt cla
ma tran con tir thong tin trong ma trin kiém tra chin 1¢, Nigpe 12 d0 dai cua tir ma LDPC,
va Kjgpe 14 d0 dai clia céc bit tir thong tin tao nén tr ma LDPC.

Ngoai ra, budc S1420 co thé bao gém cac bude dan xen céc bit chin 1 tao nén tur
mé LDPC, phan chia tir md LDPC da dugc dan xen bit chin 18 ra thanh nhiéu nhom bit
va sép xép lai thtr ty clia cc nhom bit theo don vi nhém bit, va dan xen cac nhom bit da
dugce sép xép lai thir ty.

Thit tu cia cac nhém bit cd thé duoc sip xép lai theo don vi nhom bit dya vao biéu
thirc 21 néu trén.

Trong truong hop ndy, gid tri n(j) trong biéu thie 21 ¢6 thé duge x4ac dinh dya vao
it nhit mot thong s trong sb6 do dai ctia tir ma LDPC, phuong phép didu bién va ty 1¢ ma.

Vi du, néu tir ma LDPC c6 o dai bing 16200, phuong phap diéu bién 12 256-QAM,
va ty 16 ma bing 7/15, thi gi4 tri n(j) c6 thé dugc xé4c dinh trong bang 16.

Vi du khéc, néu tir md LDPC c6 do dai bing 16200, phwong phap didu bién 1a
256-QAM, va ty 16 ma bang 9/15, thi gia tri n(j) c6 thé dugc x4c dinh trong bang 17.
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Vi du khéc nita, néu tir ma LDPC c6 d6 dai bing 16200, phuong phap diéu bién 1a
256-QAM, va ty 1€ ma bang 13/15, thi gia tri n(j) c6 thé dugc xac dinh trong bang 19.

Trong khi d6, budc S1420 bao gdm cac budc phan chia tir ma LDPC ra thanh nhidu
nhom bit, sép xép lai thir ty cia cac nhém bit theo don vi nhom bit, va dan xen cdc nhom
bit da dugc sép xép lai thir tu.

Duva vao biéu thie 21, thir ty ciia cdc nhém bit ¢b thé duoc sép xép lai theo don vi
nhém bit.

Trong truong hop nay, trong biéu thue 21, gia tri w(j) cb thé dugc xac dinh dwa vao
it nhat mdt thong s trong sb6 do dai cta tir ma LDPC, phuong phap didu bién va ty 16 ma.

Vi du, néu do dai cta tr ma LDPC bing 16200, phuong phdp diéu bién Ia
256-QAM, va ty 1& ma bing 5/15, gia tri n(j) c6 thé duge xéc dinh trong bang 15.

Tuy nhién, d6 chi 1a vi du minh hoa, va gid tri n(j) co thé duogc xé4c dinh trong céc
bang tir bang 15 dén bang 27 nhu da néu trén.

Vi du khéc nita, néu tir ma LDPC c6 d dai bing 16200, phuong phép diéu bién 12
256-QAM, va ty 1& ma bing 13/15, thi gié trj n(j) c6 thé dugc xéc dinh trong bang 19.

Trong khi d6, buéc S1420 bao gém cac budc phan chia tir md@ LDPC ra thanh nhiéu
nhém bit, sip xép lai tht ty ctia cac nhoém bit theo don vi nhém bit, va dan xen cac nhom

bit d& duoc sip xép lai thir ty.

Dua vao biéu thtrc 21, thi ty cla cac nhém bit c6 thé dugc sip xép lai theo don vi

nhom bit.

Trong trudong hop nay, trong biéu thue 21, gia tri 7(j) c6 thé dugc x4c dinh dya vao

it nhit mot thong sb trong sb d¢ dai cua tir ma LDPC, phuong phép diu bién va ty 1¢ ma.

Vi du, néu do dai cta tr ma LDPC béng 16200, phuong phap didu bién 12
256-QAM, va ty 16 ma bang 5/15, thi gi tri n(j) 6 thé dugc xac dinh trong bang 15.

Tuy nhién, d6 chi 1a vi du minh hoa, va gid tri n(j) c6 thé dugc xac dinh trong cac

bang tu bang 15 dén bang 27 nhu da néu trén.

Budc dan xen céc nhom bit da dugc sip xép lai thi ty ¢6 thé bao gbm cac budc: ghi,

vao mdi cot, cidc nhom bit theo don vi nhom bit theo hudng cot, va doc cac cot da ghi cac
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nhom bit theo don vi nhém bit theo huéng hang.

Ngoai ra, budc dan xen cac nhom bit c6 thé bao gom céac budec: ghi theo thu ty lan
luot, vdo céc cot, it nhat mot so nhom bit c6 the duge ghi theo don vi nhém bit vao cac
cdt trong s& cac nhém bit, va sau d6 phan chia va ghi cac nhom bit con lai vao phéan con

lai sau khi da ghi it nhAt mot s& nhém bit néu trén vao cic cot theo don vi nhém bit.

Fig.38 12 so dd khéi thé hién cAu hinh cta thiét bj thu tin higu theo phuong 4n lam

vi du thyuc hién sang che.

Dua vao Fig.38, thiét bi thu tin hiéu 3800 ¢6 thé bao gom bd dieu khién 3810, bd
thu tin hiéu RF 3820, bo giai diéu bién 3830 va b tai tao dich vy 3840.

Bo didu khién 3810 x4c dinh kénh RF va kénh truyén PLP d cho dich vu dugc
truyén qua d6. Kénh RF ¢6 thé duge xac dinh dya vao tn sb trung tAm va do rong dai,
con kénh truyén PLP ¢6 fhé dwoc x4c dinh dua vao thong tin nhan dang (Identifier, ID)
ctia kénh truyén PLP. Mot dich vu cu thé c6 thé duoc truyén qua it nhit mét kénh truyén
PLP & trong it nhit mot 1énh RF, véi mdi thanh phin tao nén dich vu cy thé d6. Duéi day
gia su ré‘mg toan bd dir liéu cin thiét dé tai tao mot dich vu dugc truyén dudi dang mot
kénh truyén PLP, dich vu d6 dugc truyén qua mot kénh RF, dé cho d& hidu. No6i cach
khac, dich vu chi c6 mot dudng thu dit lidu dé tai tao dich vy, va dudng thu dit liéu do

duoc xac dinh bing kénh RF va kénh truyén PLP.

Bo thu tin hiéu RF 3820 do tim tin hiu RF tu kénh RF dugc chon béng bo diéu
khién 3810 va cung cAp cac ky hiéu OFDM, céc ky hi¢u OFDM nay dugc tich ra bing
cach thuc hién quy trinh xt ly tin hiéu trén tin hiéu RF, cho bd giai didu bién 3830. Trong
do, quy trinh xt ly tin hi€u co thé bao gdm cic budc ddng bo hoa, danh gia kénh, cén
bang kénh, v.v.. Thong tin cin thiét dé xir ly tin hiéu co thé 1a gia tri duoc xac dinh trudce
bing thiét bi thu tin hiéu 3810 va thiét bi truyén tin hiéu theo muc dich st dung va truong
hop ung dung cua cac thiét bi d6 va thong tin ndy dugc dwa vao trong mét ky hiéu
OFDM dinh trudc trong sb cac ky hiéu OFDM va sau d6 dugc truyén dén thiét bi thu tin
hiéu.

Bo giai didu bién 3830 thyc hién quy trinh X 1y tin hiéu trén céc ky hi¢u OFDM,

tach ra goi dir liéu nguoi dung va cung cAp g6i dit liéu ngudi dung cho b téi tao dich vu

-114-



31273

3740, va bd tai tao dich vu 3840 st dung goi dit liéu nguoi dung dé tai tao va sau do xuét
ra dich vu ma ngudi ding da chon. Trong d6, dinh dang cua géi dir ligu nguoi dung co
thé khac nhau tuy theo phuong phap tao ra dich vu va, vi du, ¢6 thé 13 goi TS hodc gbi

IPv4.

Fig.39 13 so d khéi thé hién bo gii diéu bién theo phuong 4n 1am vi du thuc hi¢n

sang cheé.

Dua vao Fig.39, bd giai diu bién 3830 c6 thé bao gdm bd khir anh xa khung 3831,
bo giai ma BICM cho thong tin béo hiéu ting L1 3832, b diéu khién 3833, b giai ma
BICM 3834 va b0 xir Iy dau ra 3835.

Bo khtr 4nh xa khung 3831 chon nhiéu 6 OFDM tao nén mot khdi FEC thudc kénh
truyén PLP di chon trong mdt khung gbm cac ky hiéu OFDM, dua vao thong tin didu
khién tir bd didu khién 3833, va cung cdp cdc 6 OFDM da chon cho b gidi ma BICM
3834. B khir 4nh xa khung 3831 ciing chon nhiéu 6 OFDM .tuong ung voi it nhét mot
khdi FEC chtra thong tin bao hiéu tang L1, va cung chp cac 6 OFDM da chon cho bd gidi
ma BICM cho thong tin bdo hi¢u tang L1 3832.

Bo giai md BICM cho thong tin bao hi¢u tAng L1 3832 thyc hién quy trinh xur ly tin
hiéu trén 6 OFDM tuong tng v6i mot khdi FEC chtra thong tin bao hiéu ting L1, tdch ra
cé4c bit thong tin béo hi¢u tang L1 va cung cAp céc bit thong tin bao hiéu tAng L1 ndy cho
b6 didu khién 3833. Trong trwdng hop do6, quy trinh xir 1y tin higu c6 thé bao gbm buédc
tAch ra gid tri LLR d& giai ma tir ma LDPC va budc st dung gid tri LLR da tach dé giai
ma tr ma LDPC.

B didu khién 3833 tach ra bang thong tin béo hiéu tng L1 tir céc bit thong tin béo
hiéu tAng L1 va st dung gia trj trong bang thong tin bao hiéu ting L1 nay d8 didu khién
hoat dong clia by khtr anh xa khung 3831, bo giai ma BICM 3834 va bo xir Iy diu ra
3835. Fig.39 thé hién bd gidi ma BICM cho thdng tin béo hi¢u tang L1 3832 khong st
dung thong tin didu khién ctia bd diéu khién 3833. Tuy nhién, khi thong tin béo higu ting
L1 ¢6 cAu truc phan ting gidng nhu ciu trac phin tAng cla thong tin bdo hiéu ting
L1-trudc va thong tin bdo hiéu tang L 1-sau néu trén, thi rd rang 1a bd giai ma BICM cho
thong tin bao hiéu tAng L1 3832 c6 thé c6 it nhit mot khéi giai ma BICM, va hoat dong

ctia khdi giai ma BICM ndy va bd khir anh xa khung 3831 ¢6 thé duge didu khién bing
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thong tin bao hiéu tAng L1 cla ting cao hon.

Bo giai ma BICM 3834 thyc hién quy trinh xit ly tin hiéu trén cac 0 OFDM tao nén
céc khdi FEC thude kénh truyén PLP di chon dé tach ra cac khung BBF (khung dai gbc)
va cung cdp cac khung BBF nay cho bd xir ly diu ra 3835. Trong trudng hop do, quy
trinh x& 1y tin hiéu co thé bao gbm budc tach ra gia tri LLR dé giai ma tr ma LDPC va
budc st dung gia tri LLR da tach dé giai ma tir ma LDPC, quy trinh ndy c6 thé dugc thuc
hién dya vao thong tin diéu khién xuit ra tir bo didu khién 3833.

B xtt ly du ra 3835 thuc hién quy trinh xir ly tin hi¢u trén khung dai gbc BBF,
tach ra géi dir liéu nguoi dung va cung cAp goi dit liéu nguoi dung dd dugc tich ra cho bd
tai tao dich vu 3840. Trong trudng hop nay, quy trinh xir 1y tin hiéu c6 thé duoc thuc hién

dua vao thong tin didu khién xuét ra tir bd diéu khién 3833.

Theo phuong an lam vi du thuc hién sang ché, bo xtt Iy dau ra 3835 bao gbm bd xt
ly khung dai gbc BBF (khong dugc thé hién trén hinh v&) dé tach ra goi dai gbe
(Baseband Packet, BBP) tir khung dai gbc BBF.

Fig.40 1a luu db thé hién hoat dong cua thiét bi thu tin hiéu tir thoi diém ngudi dung
chon dich vu cho té¢i thoi didm dich vu d chon dugc thuc hién theo phuong an 1am vi du

thuc hién sang che.

Gia su réng thong tin dich vu cua tAt ca cac dich vu ma ngudi ding cé thé chon
duogc dugce thu nhan & bude quét tim dich vy ban du (S4010) trude khi nguoi dung chon
dich vu (S4020). Thong tin dich vu c6 thé 1a thong tin vé kénh RF va kénh truyén PLP dé
truyén dir liéu cAn thiét d& t4i tao mot dich vy cu thé & thiét bi thu tin hi¢u hién thoi. Vi
du vé thong tin dich vu 1a thong tin xdc dinh chuong trinh/th6ng tin dich vu (Program
Specific Information/Service Information, PSI/SI) theo ti€u chudin MPEG2-TS, va
thuong c6 thé thu duge thong tin dich vu ndy thong qua thong tin bao hiu tang L2 va
théng tin bao hiéu tdng cao hon. |

O buée quét tim dich vy ban dau (S4010), thong tin tdng hop vé loai dit liéu hitu ich
cua cac kénh truyén PLP dugc truyén trén mot dai tn sd cu thé. Vi dy, c6 thé c6 thong
tin vé viéc mdi kénh truyén PLP duoc truyén trén dai tin sb c6 chira mot loai dit liéu cu

thé.
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Khi nguoi dung chon mét dich vu (S4020), thi thiét bi thu tin hiéu chuyén sang tan
$6 truyén cua dich vu dugc chon va thyc hi¢n budc do tim tin hiéu RF (S4030). O bude

chuyén tan s6 (S4020), thong tin dich vu c6 thé duoc st dung.

Khi tim dugc tin hi€u RF, thiét bi thu tin hidu thuc hién budc tach ra thong tin bao
hiéu t?\ng L1 tir tin hiéu RF tim dugc (S4050). Sau do, thiét bi thu tin hiéu chon kénh
truyén PLP truyén dich vu dugc chon, dya vao thong tin bdo hiu té‘mg L1 da duogc tach ra,
(S4060) va tach ra khung BBF tir kénh truyén PLP da chon (S4070). G bude S4060,

thong tin dich vu c6 thé duge sir dung.

Buéc tach ra khung BBF (S4070) c6 thé bao gbm budc khir 4nh xa cho khung dugc
truyén va chon cac 6 OFDM & trong kénh truyén PLP, budc tach ra gia tri LLR dé ma
hod/giai ma LDPC tr cac 6 OFDM, va bude gidi ma cho tir md LDPC st dung gia tri
LLR da duogc tach ra.

Thiét bi thu tin hiéu, sit dung thong tin phén diu cua khung BBF da dugc tach ra,
tach ra goi BBP tir khung BBF (S4080). Thiét bi thu tin hiéu cling st dung thong tin phan
dau cta goi BBP da dugc tach ra dé tach ra goi dit liéu ngudi ding tir go6i BBP da dugc
tach ra (S4090). Goi dit liéu nguoi dung da tach ra duoc st dung dé tai tao dich vu dugc
chon (S4100). & buéce tach ra goi BBP (S4080) va bude tach ra goi dir lidu nguoi dung
/(S4090), thong tin béo higu tAng L1 dugc tach ra & budce tach ra thong tin bao hiéu ting

L1 ¢6 thé dugc st dung.

Theo phuong 4n 1am vi du thuc hién sang ché, thong tin bao hiéu tang L1 1a thong
tin vé cac loai go6i dit liéu nguoi dung dugc truyén qua kénh truyén PLP tuong ng, va
thong tin vé quy trinh dugc sir dung dé dong g6i goi dit liéu nguoi dung vao trong khung
BBEF. Céc thong tin néu trén cd thé duoc stt dung & bude tach ra goi dit liéu ngudi dung
(S4090). Cu thé, cac thong tin ndy co thé duge sir dung & bude tach ra goi dit liéu ngudi
dung 14 quy trinh ddo nguoc cla quy trinh dong g6i goi dir liéu ngudi dung vao trong
khung BBF. Trong trudng hop do, quy trinh dé tach ra goi dit liéu nguoi dung tir g6i BBP
(khodi phuc goi TS rdng va chén byte ddng bd hoa TS) gidng nhu quy trinh da duge mo ta

trén day.

Vat ghi bét kha bién doc dugc bing may tinh trong do luu trit chuong trinh dé 1an

luot thue hién cic phuong phap ma hod va/hodc dan xen theo cac phuong an lam vi du
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thuc hién sang ché, c6 theé dugc tao ra.

Vat ghi bat kha bién doc dugc bang mdy tinh 13 phuong tién luu trit dit li¢u ¢ dang
ban cb dinh va c6 thé doc duge bing may tinh, chtt khdng phai 14 phuong tién luu trit dit
liéu trong thoi gian ngén nhu thanh ghi, b nhé tdc dong nhanh, va bd nhd. Nhiéu tng
dung ho#c chuong trinh néu trén c6 thé dugc luu trit trén Vélt. ghi bit kha bién doc dugc
bing mdy tinh nhu dia compac (Compact Disc, CD), dia da nang k¥ thuat s6 (Digital
Versatile Disc, DVD), dia cing, dia Blu-ray, by nhé theo giao thirc bus ndi tiép da ning
(Universal Serial Bus, USB), thé nhé va bo nhé chi doc (Read-Only Memory, ROM), va
cac ung dung hodc chuong trinh dé co6 thé dugc tao ra. Mic du bus khong thé hién trong
céc so dd khdi thé hién thiét bi truyén tin hidu va thiét bi thu tin hiéu, nhung sy truyén
thong gitta cac bo phén trong mbi thiét bi c6 thé duoc thyc hién thong qua bus. Ngoai ra,
mdi thiét bi c6 thé con c6 bd xi ly nhli bd x1r Iy trung tAm (Central Processing Unit, CPU)

hodc b vi xtr ly dé thuc hién céc quy trinh khéac nhau néu trén.

ft nhAt mot trong s6 cac b phan, phﬁn ttr hodc don vi dugce biéu thi & dang khéi dé
thé hién thiét bi truyén tin hiéu va thiét bi thu tin hiéu c6 thé dugc thuc hién duéi dang
c4c cdu tric phin cing, phin mém va/hogc phin sun dé thuc hién cac chirc ning tuong
ng néu trén theo cac phuong 4n lam vi dy thyc hién sang ché. Vi dy, it nhit mt trong sd
cac bo phén, phé“ln tir hodc don vi nay ¢o thé st dung cAu triic mach truc tiép, nhu b nhd,
khéi xtr ly, mach logic, bang tra ctu, v.v., dé co thé thyc hién cac chic ning tuong Ung
theo sy diu khién ciia mot hogic nhiéu bd vi xtr 1y hodc thiét bi didu khién khac. Ngoai ra,
it nhit mot trong sb cac bd phan, ph?m t&r hodc don vi nay co thé duogc thé hién & dang cu
thé b%mg médun, chuong trinh hodc doan ma, chira mdt hodc nhiéu 1énh thi hanh dugc dé
thuc hién cac chirc nang logic cu thé, va dugc thuc hién bing fn(f)t hodc nhiéu bd vi xit ly
hodc thiét bi diéu khién khac. Ngoai ra, it nhét mét trong sb cac bd phan, phﬁn tr hodc
don vi nay co thé con c6 bd xtt Iy nhu bo xu ly trung tdm (CPU) dé thuc hién céc chirc
ning twong ung, bd vi xtr ly, hodc cac thiét bi twong tu khac. Hai hodc nhiéu hon hai bo
phan, phé“ln te hodc don vi néu trén co thé duoc két hop lai thanh mot bd phén, phi”m tr
hodc don vi d& thuc hién tit ca cac quy trinh hodc chirc nang cua hai hodc nhiéu hon hai
bd phén, phén to hodc don vi dugc két hop. Ngoai ra, it nhit mot phﬁn cua cac chirc ning

cta it nhat mot trong sb cac bd phén, phan tir hodc don vi nay ¢6 thé dugc thuc hién bing
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mot bd phén, phén ter hodc don vi khac. Hon nita, mic du trong cac so dd khéi néu trén
khong thé hién bus, nhung sy truyén thong gilta cac bd phan, phan tir hodc don vi ¢6 thé
dugc thuc hién thong qua bus. Céc khia canh lién quan dén chutc ning clia cac phuong an
lam vi du thuc hién sadng ché néu trén c6 thé dugc thuc hién dudi dang cac thudt toan dé
thuc hién trong mot hodc nhidu bd xt ly. Ngoai ra, cac bd phan, phén tir hoic don vi
duoc bidu thi & dang khéi hodc budce xit Iy ¢6 thé 4p dung céc k¥ thuét bat ky trong linh
vue lién quan dé tao céu hinh cho thiét bi dién tir, xir Iy tin hiéu va/hogc diéu khién, xir Iy

dit liéu va cac chirc nang tuwong tu khac.

Céac phuong 4n 1am vi du va cac uu didm néu trén chi 12 vi du minh hoa va khong
duoc coi 1a nhim giéi han pham vi cia sing ché. Cac phuwong 4n lam vi du nay co thé
duoc ap dung dé dang cho céac loai thiét bj khac. Ngoai ra, phan mo ta cac phwong an lam
vi du thuc hién sdng ché chi dugc coi 1a vi du minh hoa, va khong dugc coi la nhim gibi
han pham vi cia sang ché, va ngudi c6 hiéu biét trung binh v& linh vuc k¥ thuat twong

tng s& d& dang tim ra nhiéu phuong an thay thé, stra doi va cai bién.
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YEU CAU BAO HQ
1. Phuong phap truyén tin hiéu trong thiét bi truyén tin hiéu bao gdm cac budc:

tao ra tir ma gém c6 cac bit dAu vao va cac bit chin 18, trong d6 cac bit chin 1¢ nay
dwoc tao ra dua trén mi kiém tra chén 1& mat do thip (Low Density Parity Check, LDPC)

theo ty 16 ma bang 5/15 va d6 dai ma bang 16200;
phén chia tir ma ra thanh nhiéu nhém bit;
dan xen cac nhém bit dé tao ra tir ma d3 dugc dan xen;
phan kénh tir ma dd dugc dan xen ra thanh cac 0 dit liéu; va

4nh xa cac 0 dit liéu 1én cac diém trong chom di€ém dya vao so d6 diéu bién bién do

vudng goc c6 256 diém (256-Quadrature Amplitude Modulation, 256-QAM),

trong d6 budc dan xen dan xen cac nhom bit bang céach sir dung biéu thirc nhu sau:

voi (0<j<N,..)»

Y =X

trong d6 X; 1a nhom bit thit j trong sb cac nhém bit, Y; 1a nhom bit thi j d& duge dan

xen, Niroyp 12 tOng s0 nhém bit, va n(j) 1a thir ty hoan vi d€ dan xen, va

trong d6 7(j) dugce xé4c dinh trong bang dudi day:

Thir tu dan xen
n(j) (0 <j <45)

Tyléemd |o|1(2|3|4|5|6|7]|8 9 [10|11|12[13|14|15]{16|17|18|19|20|21|22

23124125(26(27|28(29(30(31|32(33|34|35(36|37|38(39|40|41|42/43 |44

4123131618502 |7 |26[21(27(39]42|38|31| 1 |34|20|37|40|24|43

5/15
2513319 [22]36(30(35(11]|10{17(32|13|12]41|15]14|19|16| 8 |44|29|28

2. Phuong phéap truyén tin hiéu theo diém 1, trong d6 mdi nhom bit c6 360 bit.

3. Phuong phép truyén tin hiéu theo diém 1, trong d6 n(j) dugc xac dinh dya vao it nhét

mdt thong sb trong sb do dai ma, phuong phap didu bién dé anh xa va ty 16 ma.
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4. Phuong phap thu tin hidu bao gdbm céc budc:

thu tin hidu tir thiét bi truyén tin hiéu;

giai didu bién tin hiéu d& tao ra cic gi tri theo so dd didu bién bién do vudng goc
¢ 256 diém (256-QAM);

phan chia céc gié tri ra thanh nhidu nhém;

giai dan xen cadc nhom; va

giai ma cac gia tri cia cdc nhom da dugc gidi dan xen dua trén ma kiém tra chin 1&
mat do thip (LDPC) ¢6 ty 1& ma bing 5/15 va do dai ma bing 16200 bit,

trong d6 cdc nhoém dugc giai dan xen dua vao bicu thirc nhu sau:

Y

=X, véi (0<j<N

group) 4

trong d6 X; la nhom thi j trong s6 cac nhom, Y; la nhém thi j trong sb cac nhom da

duoc giai dan xen, Nyoyp 12 tong s0 nhoém, va n(j) 1a thir tw hodn vi d€ giai dan xen, va

trong d6 n(j) dugc xac dinh trong bang dudi day:

Thir tu gidi dan xen
n(j) (0 <j<45)

9 [10(11|12|13|14|15|16(17|18{19|20|21|22

=
>
5.
o
—
[\
w
N
W
(@)Y
3
oo

2324(25(26(27|28(29(30|3132(33|34|35|36(37|38(39|40(41(42|43|44

412313 |6|18|5|0|2|7]|26(21|27(|39(42|38|31| 1 |{34]20|37|40(24|43

5/15
2503319 (221(36(30(35[11[10(17|32|13[12|41|15|14|19|16| 8 |44|29|28

5. Phuong phép thu tin hiéu theo diém 4, trong d6 mdi nhém c6 360 gia tri.
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Fig. 3B
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Fig. 5
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Fig. 14
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