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(57) Sang ché dé cap. dén phuong phap dan xen trong thiét bi truyén tin ‘'hi¢u va phuong
phap thu tin hiéu. Thiét bi truyen tin hiéu bao gdm: bd ma hoa duoc tao cau hinh dé tao ra
tir ma kiém tra chin 1é mat do thap (Low Density Parity Check, LDPC) bing cach mi hoa
LDPC duya trén ma tran kiém tra chin 1é; bd dan xen dugc tao céu hinh dé dan xen tir mé
LDPC; va bo diéu bién dugc tao cAu hinh dé anh xa tir md LDPC d3 dan xen 1én cac ky
hiéu diéu bién, trong do bd diéu bién con dugce tao cdu hinh dé anh xa cac bit co trong mot
nhém bit dinh trudc trong s6 cac nhom bit tao nén tr ma LDPC 1én mdt bit dinh trudce
trong mdi ky hiéu diéu bién.
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Linh vuc k§ thuit dwgce dé cip

Sang ché dé cap dén thiét bi truyén tin hiéu va phuong phép dan xen trong thiét bi
nay, va cu thé hon, sang ché dé cap dén thiét bi truyén tin hiéu dé xir 1y va truyén dix licu,

va phuong phép dan xen trong thiét bi nay.
Tinh trang ky thuit cia sang ché

Trong x4 hoi cong nghé thong tin & thé ky 21 nay, cac dich vu truyén thong phat
rong chuyén sang ky nguyén sé hoa, cung cip cac dich vu truyén thong chét lugng cao
duoc phin phéi qua nhiéu kénh va thiét 1ap dai tan s rong. Cu thé, khi ma may thu tin
hleu truyen hinh k¥ thuét sb chét lugng cao, thiét bi cAm tay phét lai ndi dung da phuong
t1en (Portable Multimedia Player, PMP) va thiét bi phat rong cam tay dugc sir dung ngay
cang nhiéu trong nhitng ndm gin day, thi lai cang cin phai c6 cac phuong phap dé hd tro

cho viéc thu nhan céc dich vu phat rong k¥ thuat sd.

DPé dap tmg yéu ciu nay, cac nhom tiéu chudn hoé4 dang thiét 1ap nhidu tiéu chuan
khéc nhau va dang cung cép nhiéu loai dich vu nhim thoa mén nhu cau ctia ngudi ding.
Vi vdy, can phéi c6 phuong phdp cung cip cho ngudi dung nhitng dich vu t6t hon véi
hiéu suét cao khi ma ho4, gidi mé va thu tin hi¢u.

Ban chat k¥ thuit ciia sang ché

Céc phuong an 1am vi du thyc hién sang ché ¢6 thé khic phuc cac nhuge diém dugc
néu & trén va cac nhugc diém khac khong dugc néu & trén. Tuy nhién, can phai hiéu rang,
phuong 4n 1am vi du thyc hién sang ché khong nhét thiét phai khéc phuc cac nhugc diém
néu trén, va co thé khong giai quyét vén d& nao trong sb céc vAn d& néu trén.

Theo mdt hodc nhiéu phuong 4n lam vi dy, sang ché d& xuét thiét bi truyén tin hidu
6 thé anh xa cac bit ¢6 trong mdt nhém bit dinh trude trong sd cac nhom bit tao nén tir
m3 kiém tra chin 18 mat do thdp (Low Density Parity Check, LDPC) 1én mét bit dinh
trude trong ky hi¢u didu bién, va truyén bit d6, va phuong phép dan xen trong thiét bi
nay.

Theo khia canh cia phuong an lam vi du, sang ché d& xuét thit bi truyén tin hiéu
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720 gdm: bd mi hoa dugc tao cdu hinh dé tao ra tr ma LDPC bang cach mi hoa LDPC
jwa trén ma tran kiém tra chin 1¢; bd dan xen dugc tao cAu hinh dé dan xen tir ma LDPC;
va bo didu bién dugc tao cdu hinh dé 4nh xa tir ma LDPC da dan xen 1én céc ky hi¢u didu
bién, trong d6 bd didu bién con duge tao cdu hinh dé anh xa céc bit c¢6 trong mot nhém
bit dinh trudc trong sb cac nhom bit tao nén tir ma LDPC 1én mét bit dinh trudc trong
mdi ky hiéu diéu bién.

M>bi nhém bit néu trén c6 thé c6 M bit, va M c6 thé 1a uéce sb chung cta Nygp va
Kigpe, va €0 thé duogc x4c dinh sao cho thoa man hé thirc Qudgpe = MNigpeKigpe) M. Qugpe €O
thé 12 gi4 tri thong s khoang cach dich chuyén tuin hoan d6i v6i cac cot trong mot nhom
cOt cia ma trén con tir thdng tin trong ma trin kiém tra chin 18, Nidpe €O thé 1a d6 dai cua
tr md LDPC, va Kygp ¢ thé 14 6 dai cta cac bit tir thdng tin tao nén tir ma LDPC.

Bd dan xen c¢6 thé bao gém: bd dan xen bit chin 18 dugc tao cAu hinh dé dan xen
c4c bit chin 16 tao nén tr ma LDPC; b dan xen nhém duge tao cAu hinh @& thuc hién
buéc dan xen nhém trén tir ma LDPC d4 dan xen bit ch&n 18 bang cach phan chia tir ma
LDPC da dan xen bit chin 1¢ ra thanh nhidu nhom bit va sip xép lai thir tw ctia cdc nhom
bit theo don vi nhdém bit; va by dan xen khdi duge tao cdu hinh dé dan xen cac nhom bit
da duoc sép xép lai thir tu.

B6 dan xen nhém c6 thé duoc tao cdu hinh dé sép xép lai thir tu cia cac nhom bit
theo don vi nhém bit dua vao biéu thirc 15.

Trong biéu thirc 15, gia tri n(j) co thé duoc x4c dinh dya vao it nhét mot thong sb
trong s6 d6 dai ctia tir ma LDPC, phuong phap diéu bién va ty 18 ma.

Khi tir ma LDPC c6 do dai bing 64800, phwong phap diéu bién 1 1024-QAM, va ty
16 mé bang 6/15, thi gia tri n(j) c6 thé dugc x4c dinh trong bang 9.

Khi tr ma LDPC c6 d6 dai bing 64800, phwong phép diéu bién 12 1024-QAM, va ty
16 ma bing 8/15, thi gié tri 7(j) c6 thé duge xac dinh trong bang 10.

Khi tir ma LDPC c6 d6 dai bing 64800, phuong phéap diéu bién 12 1024-QAM, va ty
16 ma bang 12/15, thi gié tri 7(j) c6 thé dugc xac dinh trong bang 13.

B6 dan xen khdi c6 thé dugc tao cAu hinh dé dan xen b'flng cach ghi cac nhém bit

vao timg cot trong sb cac cot theo don vi nhém bit theo huéng cot, va doc ting hang cua
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cac cOt dd ghi cdc nhom bit theo don vi nhém bit theo hudng hang.

Bd dan xen khéi c6 thd duoc tao cdu hinh dé ghi theo thi ty 14n luot, vao céc cot, it
nhit mot nhém bit c6 thé ghi dugc vao céc cot theo don vi nhoém bit trong sb6 cac nhom
bit, va sau d6 phén chia va ghi cic nhém bit con lai ngoai trir it nhit mot nhém bit néu
trén trong sb cac nhém bit vao phﬁn con lai cda cac cot ngoai trur phén cua céc cot da ghi

it nhat mot nhom bit néu trén theo don vi nhém bit.

Theo khia canh cia phuong 4n 1am vi du khéc, sang ché dé xuét phuong phép dan
xen trong thiét bi truyén tin hiéu, phuong phép nay bao gbm céc bude: tao ra tr ma
LDPC bang cach mi hoa LDPC dua trén ma trdn kiém tra chin 1&; dan xen tir ma LDPC;
va 4nh xa tr m3d LDPC da dan xen 1én cic ky hiu didu bién, trong d6 bude 4nh xa la
budc 4nh xa céc bit c6 trong mdt nhém bit dinh trude trong sb cac nhém bit tao nén tr
ma LDPC 1én mot bit dinh trudce trong mdi ky hiéu didu bién.

M>3i nhoém bit néu trén c6 thé ¢6 M bit, va M ¢o thé 1a udc sb chung cla Nigpe Va
Kigpe, va €0 thé duoc x4c dinh sao cho thoa mén hé thirc Qigpe = NigpeKidpe) M. Quape co
thé 13 gia tri thong s6 khoang céach dich chuyén tuin hoan ddi véi cac cot trong mot nhom
Ot clia ma trén con tir thong tin trong ma trén kiém tra chén 18, Nigy €O thé 1a @6 dai cua
tir ma LDPC, va Kjgp €0 thé 1a d6 dai ctia c4c bit tlr thong tin tao nén tr ma LDPC.

Budc dan xen c6 thé bao gdm céc budc: dan xen cic bit chin 1& tao nén tr ma
LDPC; dan xen nhém trén tir ma LDPC da dan xen bit chén 1¢ bang cich phan chia tir ma
LDPC di dan xen bit chin 1€ ra thanh nhidu nhém bit va sap xép lai thir tu ctia cdc nhom
bit theo don vi nhom bit; va dan xen cac nhém bit da dugc sép xép lai thir tu.

Budc sip xép lai thr ty cia cac nhém bit theo don vi nhom bit c6 thé 1a budc sip
Xép lai tht tu ctia cdc nhom bit theo don vi nhém bit dya vao biéu thirc 15.

Trong biéu thuc 15, gia tri n(j) c6 thé dugc x4c dinh dya vao it nhit mot thong )
trong sb do dai cta tir md LDPC, phuong phap didu bién va ty 16 ma.

Khi tir ma LDPC c6 do dai bing 64800, phuong phap didu bién 1a 1024-QAM, va ty
16 ma bing 6/15, thi gié tri n(j) co thé duoc x4c dinh trong bang 9.

Khi tir ma LDPC 6 do dai bing 64800, phuong phép diéu bién 12 1024-QAM, va ty
16 ma bing 8/15, thi gié tri 7(j) co thé dugc x4ac dinh trong bang 10.
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Khi tir mad LDPC c6 do dai bing 64800, phuong phap diéu bién 1a 1024-QAM, va ty
16 mé bang 12/15, thi gid tri n(j) co thé dugc x4c dinh trong bang 13.

Buéc dan xen cic nhém bit ¢6 thé 1a bude dan xen bang cach ghi cdc nhom bit vao
tirng cot trong s6 cac cot theo don vi nhém bit theo hudng cot, va doc ting hang cua cac

cot dd ghi cac nhém bit theo don vi nhém bit theo hudng hang.

Budc dan xen céc nhém bit ¢6 thé bao gdbm cic bude: ghi theo thir ty l4n luot, vao
cac cot, it nhit mot nhém bit ¢6 thé ghi dugc vao céc cot theo don vi nhom bit trong )
céc nhom bit, va sau d6 phan chia va ghi cdc nhém bit con lai ngoai tru it nhit mot nhém
bit néu trén trong s6 cdc nhém bit vao phan con lai ciia cac ¢t ngoai trir phén clia cac cot

da ghi it nhAt mot nhém bit néu trén theo don vi nhém bit.

Theo cac phuwong an 1am vi du thyc hién sang ché, co6 thé dat dugc hiéu suét cao hon
khi giai ma va thu tin hi¢u.
Mo ta vin tit cac hinh vé

Cac khia canh néu trén va/hodc cac khia canh khac clia sang ché s& trd nén de hicu
hon sau khi xem phan mo ta chi ti€t sing ché dudi day, két hop véi cac hinh v& kem theo,

trong do:

Fig.1 1a so dd khéi thé hién ciu hinh ctia thiét bi truyén tin hiéu theo phuong én 1am
vi du thuc hién sang ché;

Fig.2 va Fig.3 la c4c hinh v& thé hién cdu tric ciia ma trén kiém tra chin 1é theo céc
phuong 4n lam vi du thye hién sang ché;

Fig.4 1a so dd khéi thé hién cu hinh ctia bo dan xen theo phuong én lam vi du thuc
hién sang ché;

Fig.5 dén Fig.7 1a céc hinh v& thé hién phuong phap xir ly tir mad LDPC theo don vi
nhém bit theo cac phuong an lam vi du thye hién sang ché;

Fig.8 dén Fig.12 1a c4c hinh v& thé hién céu hinh ciia bo dan xen khéi va phuong
phép dan xen theo cdc phuong dn 1am vi du thue hién sang ché;

Fig.13 1a hinh v& thé hién hoat dong cia bd phén kénh theo phuong an lam vi du

thuc hién sang ché;
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Fig.14 1a so dd khdi thé hién ciu hinh cia b dan xen theo phuong 4n lam vi dy

khac dé thuc hién sang ché;

Fig.15 dén Fig.17 1a c4c hinh v& thé hién cdu hinh cta bd dan xen khéi hang va

phuong phap dan xen theo cac phuong 4n lam vi du thuc hién sang ché;

Fig.18 12 so dd khéi thé hién cAu hinh cta thiét bj thu tin hiéu theo phuong 4n lam

vi du thuc hién sédng ché;

Fig.19 va Fig.21 1a céc so dd khéi thé hién clu hinh ciia bd giai dan xen theo cdc

phuong an 1am vi du thyc hién sang ché;

Fig.20 1a hinh v& thé hién phwong phap giai dan xen ctia by giai dan xen khéi theo

phuong an lam vi du thye hién sang ché; va

Fig.22 1a luu @b thé hién phuong phdp dan xen theo phuong 4n lam vi dy thyc hién
sdng ché.
M ta chi tiét sing ché

Céac phuong 4n lam vi du thyc hién sang ché s& dugc md ta dudi ddy dya vao cac

hinh v& kém theo.

Trong phan md t& sang ché duéi day, cac sb chi dan giéng nhau dugc ding 8 thé
hién cac bd phin giéng nhau trén cac hinh vé& khac nhau. Nhitng thong tin chi tiét duoc
néu trong phan md ta, nhu cAu tric va cac bd phan chi tiét, dugc ding dé gitip cho ngudi
¢6 hiéu biét trung binh vé linh vuc k§ thudt nay hiéu rd vé cac phuong an 1lam vi du thyc
hién sang ché. Vi viy, rd rang 13, cac phuong 4n lam vi du ¢o6 thé duoc thuc hién ma
khong cAn ding dén nhiing thong tin chi tiét cu thé d6. Ngoai ra, trong sang ché s& khong
mo ta chi tiét cac chirc ning hodc bd phéan da biét trong linh vyc k¥ thuét lién quan dé
tranh 1am lu md& cac phuong 4n lam vi du thye hién sang ché vi nhitng chi tiét khong can
thiét.

Fig.11a so dd khéi thé hién cAu hinh cua thiét bi truyén tin hiéu theo phuong 4n lam
vi du thuc hién sang ché. Dua vao Fig.1, thiét bi truyén tin hiéu 100 bao gém bd ma hoa

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

B4 ma hoa 110 tao ra tir ma kiém tra chin 1¢ mat d¢ thdp (LDPC) béng cach thuc
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hién buéc mi hoa LDPC dya trén ma tran kidm tra chin 1&. Bd ma hoa 110 c6 thé bao
gdm bd ma hoa LDPC (khong dugc thé hién trén hinh v&) dé thyc hién budc ma hod
LDPC.

Cu thé, bd ma hoa 110 ma hoa LDPC cho cac bit tir théng tin (hogc thong tin) dé
tao ra tr md LDPC gdm c6 céc bit tir thong tin va céc bit chin 1& (trc 12 céc bit chén 1&
LDPC). Theo phuong an nay, cic bit nhép vao bd ma hod 110 ¢c6 thé dugc dung lam céc
bit tir thong tin. Ngoai ra, vi ma LDPC 1a mé ¢6 hé thdng, cho nén céc bit tlr thong tin c6

thé dwoc dua vao trong tir ma LDPC nhu nguyén dang cua chung.

Tir ma LDPC gdm c6 céc bit tir thong tin va céc bit chén 1&. Vi dy, tr ma LDPC c6

Nigpo bit, va bao gdm Kigp bit tir thong tin va Noarity = NigpeKiape bit chin 1&.

Trong trﬁ:émg hop nay, bd ma hoa 110 co thé tao ra tir ma LDPC bing céach thyc
hién budc ma hod LDPC dua trén ma trdn kiém tra chin 1é. Nghia 13, vi phuong phap ma
hoa LDPC la phuong phap dé tao ra tir ma LDPC thoa mén h¢ thuc H-CT=0, cho nén bd
ma hoa 110 c6 thé sir dung ma trdn kiém tra chin 1& khi thuc hién budc md hod LDPC.

Trong d6, H 1a ma tran kiém tra chin 1¢ va C 1a tir ma LDPC.

P& ma hoa LDPC, thiét bi truyn tin hidu 100 c6 thé c6 mot bo nhé riéng va c6 thé

luu trit trude cac ma tran kiém tra chén 1é véi céac cau truc khac nhau.

, Vf du, thiét bi truyén tin hiéu 100 c6 thé Iuu trit trude cac ma trén kiém tra chin 1&
dwoc x4c dinh theo tidu chuén hé théng 'truyén hinh cép k§ thudt s thé h¢ thir hai (Digital
Video Broadcasting-Cable version 2, DVB-C2), tiéu chuén hé théng truyén hinh vé tinh
ky thuat s6 thé hé tht hai (Digital Video Broadcasting-Satellite-Second Generation,
DVB-S2), tiéu chun hé théng truyén hinh mit dat ky thuat s6 thé hé thtr hai (Digital
Video Brbadcasting-Second Generation Terrestrial, DVB-T2), v.v., hodc ¢ thé luu trit
trudc cac ma tréﬁ kidm tra chin 1& dugc xac dinh theo cac ti€u chuidn Advanced
Television System Committee (ATSC) 3.0 cho hé théng tiéu chuén phat rong k§y thuét sb
& Béc M§, céc tiéu chuén nay hién dang dugc thiét 1gp. Tuy nhién, d6 chi 1a vi du minh
hoa va thiét bi truyén tin hiéu 100 co thé luu trit trude cic ma trén kidm tra chén 1& véi

cac cau trac khac, ngoai cac ma tran kiém tra chan 1é néu trén.

Ma trin kiém tra chiin 1& theo cac phuong an lam vi du thuc hién sang ché s& dugc
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mo ta chi tiét dudi ddy dwa vao céac hinh v&. Trong ma trén kiém tra chn 1¢, cic phan tir

con lai khong phai 1a phan tir 1 déu c6 gia tri bang 0.

Vi dy, ma tran kiém tra chén 1& theo phuong dn lam vi dy thuc hién sang ché c6 chu

trac dugc thé hién trén Fig.2 va Fig.3.

Dua vao Fig.2, ma trn kiém tra chin 1& 200 gém ¢6 ma tran con tir thong tin (hodc
ma trin con thong tin) 210 twong Gmg v6i céc bit tir thong tin, va ma tran con chin 1¢ 220
twong ung voi cac bit chin 18. Trong ma tran kiém tra chin 1& 200, cac phan tir con lai
khong phai 12 phén tir 1 du c6 gid tri bang 0.

Ma trdn con tir thong tin 210 ¢6 Kygpe cOt va ma trdn con chin 1& 220 ¢6
Nparity = Nigpe—Kidpe cot. S6 luong hang cua ma trén kidm tra chin 1& 200 bing s6 luong

¢t ctia ma tran con chan 1€ 220, Nparity = NigpeKiape-

Ngoai ra, trong ma trn kiém tra chin 1& 200, Njgye 12 d0 dai cua tr ma LDPC, Kjgpe
12 d6 dai cia céc bit tir thong tin, V& Nparity = Nigpe—Kiape 12 d0 dai cta céc bit chin 1&. Do
dai cua tir ma LDPC, céc bit tir thong tin va cac bit chin 1é duoc hidu 12 sé lugng bit co

trong mdi tir ma LDPC, c4c bit thong tin va c4c bit chin €.

Cu trac cua ma trin con tir thong tin 210 va ma tran con chén 1& 220 s& dugc md ta
chi tiét duéi day.

Ma tran con tir thong tin 210 c6 Kygye cOt (tire la tir cOt tha 0 dén cot thtr (Kigpe—1));

va tudn thi cac quy tic sau day:

Thtt nhat, M cot dugc chon trong sd Kjgpe €Ot clia ma trdn con tir thong tin 210 thude
cing mdt nhom, va Kjg,e cOt duoc phan chia ra thanh Kig,o/M nhom cot. Trong mdi nhém
cot, mot cot dugce dich chuyén tudn hoan so véi cdt lidn trudc voi khoang céach dich
chuyén 13 Qugpe hodc Qigpe bit. C6 nghia 13, Qiapc €O thé 1a gi4 tri thong s6 khoang cach
dich chuyén tudn hoan d6i v6i cac cot trong mot nhom cdt clia ma trén con tur théng tin
210 trong ma trén kiém tra chén 1& 200.

Trong d6, M 1a khoang 1dp lai cua mdt mau nhém cdt, gém nhiéu cot, trong ma trén
con tir thong tin 210 (vi du M =360), va Qg 1a khoang cach dich chuyén tuin hoan cta
mot cdt so voi cot lidn trudce trong cing mdt nhém cot clia ma tran con tir théng tin 210.

Ngoai ra, M 13 u6c s6 chung cta Nigpe va Kgpe, va duge xac dinh sao cho thoa mén hé

;.
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thire Quape =v(N1dpc—K1dpc)/M. Trong d6, M va Qugpc 1a cac sb nguyén va Kj4,/M ciing 12 sb
nguyén. M va Qygy. €6 thé c6 cac gia tri khac nhau tuy theo do dai cua tir md LDPC va ty

16 ma (Code Rate, CR) (hodc ty 1€ ma hod).

Vi du, khi M =360 va do dai ctia tir ma LDPC, Njg, bing 64800, thi Qgpe ¢6 thé
dugc xac dinh nhu dugce thé hién trong bang 1 dudi day, con khi M =360 va do dai Nigpc
ctia tir ma LDPC bing 16200, thi Qe c6 thé dugc xac dinh nhu duge thé hién trong

bang 2 duéi day:
Béang 1
Ty 1€ ma Nigpe M Quape
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
Béang 2
T}77 lé ma Nldpc M Qldpc

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

Th hai, khi bac cta cdt thit 0 ctia nhém ¢dt the i =0, 1, ..., Kigpe/M-1) bang D;
(trong do, bac la sb lugng gid tri 1 c6 mat trong mbi cot va tht ca cac cdt thude cuing mot
nhém cdt ¢6 cing mdt bac), va vi tri (hodc chi sé) ctia mdi hang c6 chura gia tri 1 trong

cot thir 0 cia nhém cot thir i la R, RY, -+ Rig™, thi chi s6 R" cta hang c6 chia gié
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tri 1 tht k trong cot thit j cia nhom cdt thir i dwge xdc dinh theo biéu thic 1 sau dy:
® _R®
Riy =Ry + Qigpe mod(N,y,, — Kigpe) (1)

trong d6k=0,1,2,...,D-1;i=0, 1, ..., Kigp/M-1;vaj=1,2, ..., M-1.
Bidu thirc 1 ¢6 thé duge bidu dién du6i dang biéu thire 2 sau day:

Rg;) ={R™ +(jmod M) x Q,dpc}mod(Nldpc —Kige) (2)

15

trong d6k=0,1,2, ..., Di-1;i=0, 1, ..., Kijgpo/M-1; va j = 1,2,....,M-1.Vij=1,
2, ..., M—1, cho nén (j mod M) trong bidu thirc 2 ¢6 thé duoce coi 1a bang j.

Trong céc biéu thirc néu trén, R} 1a chi sb ctia hang c6 chira gié tri 1 thu k trong
cOt thir j cia nhom cdt thi i, Nigye 12 do dai cua tir ma LDPC, K4y 12 d0 dai cua cac bit tu

thong tin, D; 14 béc clia cac cot thudc nhom cot thir i, M 1a sb lugng cot thudc mdt nhom

cOt, va Quapc 12 kKhoang cach dich chuyén tudn hoan cta mdi cot trong nhém cot.

Két qua 13, dya vao cac biéu thuc nay, néu chi biét Ri("(‘,), thi c6 thé tim duoc chi s6
R™ cta hang c6 chira gid trj 1 thir k trong Ot thit j ctia nhom cot thu i. Vi vy, khi da
luu trit gia tri chi s& ctia hang c6 chira gia tri 1 th k trong c0t thir 0 ctia mdi nhom cot,
thi c6 thé biét dugc vi tri ctia cot va hang c6 chira gia tri 1 trong ma tran kiém tra chin 18

200 véi chu tric dugc thé hién trén Fig.2 (tic 1a trong ma trdn con tir thong tin 210 cua

ma trin kiém tra chin 1& 200).

Theo cac quy tic néu trén, tat ca cac cot thudc nhom cdt thit i c6 cing mot bac D;.
Do @6, tir ma LDPC dé luu trit thong tin v& ma tran kiém tra chin 1& theo cac quy tic néu

trén c6 thé dugc bidu dién ngan gon nhu sau.

Vi dy, khi Nig,e bing 30, Kygye bing 15, va Quape bing 3, thi thong tin vi tri ctia hang
6 chira gié tri 1 trong cdt thir 0 ciia cic nhom c6 ba cot c6 thé dugc biéu dién bing day

bidu thirc 3 va c6 thé duge goi 1a “day vi tri clia gid tri 17.

R{) =1, RY =2, RY) =8, Ry =10,
R{) =0,R7) =9, R{) =13, 3)

20 =

RO =0,R% =14
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trong do R.("j‘.) 1a chi sb cua hang c6 chira gia tri 1 thir k trong c6t thit j ciia nhom
cot thir i.

Day vi tri ciia gid trj 1 theo biéu thic 3 thé hién chi s6 ciia hang ¢6 chira gid tri 1
trong cdt thir 0 cia mdi nhém cot ¢6 thé dugc thé hién ngén gon trong bang 3 dudi day:

Béang 3

12810
0913
014

Bang 3 thé hién vi tri clia céc phﬁn tlr ¢ gia tri 1 trong ma trén kiém tra chén 18, va
day vi tri cia gia tri 1 tht i duge bidu dién bing chi s clia cdc hang c6 chira gid tri 1
trong cot the 0 ctia nhém cot thir 1.

Ma trin con tlr thong tin 210 cuia ma trén kiém tra chin 1& theo phuong an lam vi dy
thuc hién séng ché c6 thé dugc xac dinh nhu dugc thé hién trong cac bang tir bang 4 dén

bang 8 duéi day, dya vao phan md ta sang ché néu trén.

Cu thé, cic bang tir bang 4 dén bang 8 thé hién chi sb cua cac hang co6 chira gid tri 1
trong cot thir 0 ciia nhém cot thir i trong ma tran con tir thong tin 210. Nghia 13, ma trdn
con tir thong tin 210 ¢6 nhidu nhém cdt, mdi nhém cdt c6 M cdt, va vi trf cua cac giatril
& ¢t thir 0 cia mdi nhém cdt trong sb cac nhém cot nay co thé dugc x4c dinh nhu dugc

thé hién trong cé4c bang tir bang 4 dén bang 8.

Trong do, chi sb ctia cac hang c6 chira gia tri 1 trong cot thr 0 ctia nhom ¢t thar i
duoc hidu 13 “dia chi cia cac ving chira bit chin 1€”. “Dia chi clia cic vung chira bit chén
1¢” ¢6 ¥ nghia nhu dugc quy dinh trong cac tieu chudn DVB-C2/S2/T2 hodc céc ti€u
chudn ATSC 3.0, c4c tiéu chudn nay hién dang dugc thiét 1ap, va do d6 trong sang ché s&
khong md ta chi tiét nita.

Vi dy, néu do dai Ny, clia tir md LDPC bang 64800, ty 1¢ méa bing 6/15, va M bang
360, thi chi s§ ciia cdc hang c6 chira gid tri 1 trong cot thir 0 ctia nhém c¢ot thir i trong ma

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

Chi sb ctia c4c hang c6 chira gia tri 1 trong ¢t thir 0 cia nhom cot thtr i

1606 3402 4961 6751 7132 11516 12300 12482 12592 13342 13764 14123 21576 23946 24533
25376 25667 26836 31799 34173 35462 36153 36740 37085 37152 37468 37658

4621 5007 6910 8732 9757 11508 13099 15513 16335 18052 19512 21319 23663 25628 27208
31333 32219 33003 33239 33447 36200 36473 36938 37201 37283 37495 38642

16 1094 2020 3080 4194 5098 5631 6877 7889 8237 9804 10067 11017 11366 13136 13354 15379
18934 20199 24522 26172 28666 30386 32714 36390 37015 37162

700 897 1708 6017 6490 7372 7825 9546 10398 16605 18561 18745 21625 22137 23693 24340
24966 25015 26995 28586 28895 29687 33938 34520 34858 37056 38297

159 2010 2573 3617 4452 4958 5556 5832 6481 8227 9924 10836 14954 15594 16623 18065
19249 22394 22677 23408 23731 24076 24776 27007 28222 30343 38371

3118 3545 4768 4992 5227 6732 8170 9397 10522 11508 15536 20218 21921 28599 29445 29758
29968 31014 32027 33685 34378 35867 36323 36728 36870 38335 38623

1264 4254 6936 9165 9486 9950 10861 11653 13697 13961 15164 15665 18444 19470 20313
21189 24371 26431 26999 28086 28251 29261 31981 34015 35850 36129 37186

111 1307 1628 2041 2524 5358 7988 8191 10322 11905 12919 14127 15515 15711 17061 19024
21195 22902 23727 24401 24608 25111 25228 27338 35398 37794 38196

961 3035 7174 7948 13355 13607 14971 18189 18339 18665 18875 19142 20615 21136 21309
21758 23366 24745 25849 25982 27583 30006 31118 32106 36469 36583 37920

2990 3549 4273 4808 5707 6021 6509 7456 8240 10044 12262 12660 13085 14750 15680 16049
21587 23997 25803 28343 28693 34393 34860 35490 36021 37737 38296

10

955 4323 5145 6885 8123 9730 11840 12216 19194 20313 23056 24248 2483025268 26617 26801
28557 29753 30745 31450 31973 32839 33025 33296 35710 37366 37509

11

264 605 4181 4483 5156 7238 8863 10939 11251 12964 16254 17511 20017 22395 22818 23261
23422 24064 26329 27723 28186 30434 31956 3397134372 36764 38123

12

500 2562 2794 3528 3860 4402 5676 6963 8655 9018 9783 11933 16336 17193 17320 19035
20606 23579 23769 24123 24966 27866 32457 34011 34499 36620 37526

13

10106 10637 10906 34242

14

1856 15100 19378 21848

15

943 1119127806 29411

16

4575 6359 13629 19383

17

4476 4953 18782 24313

18

5441 638121840 35943

19

9638 9763 12546 30120

20

9587 10626 11047 25700

21

4088 15298 28768 35047

22

2332 6363 8782 28863

23

4625 4933 28298 30289

24

3541 4918 18257 31746

25

1221 25233 26757 34892

26

8150 16677 27934 30021

27

8500 25016 33043 38070

28

7374 10207 16189 35811
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29

611 18480 20064 38261

30

25416 27352 36089 38469

31

1667 17614 25839 32776

32

4118 12481 21912 37945

33

5573 13222 23619 31271

34

18271 26251 27182 30587

35

14690 26430 26799 34355

36

13688 16040 20716 34558

37

2740 14957 23436 32540

38

3491 14365 14681 36858

39

4796 6238 25203 27854

40

1731 12816 17344 26025

41

19182 21662 23742 27872

42

6502 13641 17509 34713

43

12246 12372 16746 27452

44

1589 21528 30621 34003

45

12328 20515 30651 31432

46

341522656 23427 36395

47

632 5209 25958 31085

48

619 3690 19648 37778

49

9528 13581 26965 36447

50

2147 26249 26968 28776

51

15698 18209 30683

52

1132 19888 34111

53

4608 25513 38874

54

4751729 34100

55

7348 32277 38587

56

182 16473 33082

57

3865 9678 21265

58

444720151 27618

59

6335 14371 38711

60

704 9695 28858

61

4856 9757 30546

62

1993 19361 30732

63

756 28000 29138

64

382124076 31813

65

4611 12326 32291

66

7628 21515 34995

67

1246 13294 30068

68

6466 33233 35865

69

14484 23274 38150

70

21269 3641137450

71

23129 26195 37653

Vi du khéc, néu d0 dai Ny, clia tir md LDPC bang 64800, ty 1& ma bang 8/15, vaM
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‘bang 360, thi chi s§ cia céc hang c6 chira gid tri 1 trong ct thir 0 ciia nhém cot thir i

trong ma trin con tr thdng tin 210 dugc thé hién trong bang 5 dudi day:

Béang 5

Chi s cia cac hang c6 chira gi tri 1 trong cdt thir 0 cia nhém cdt thtr i

2768 3039 4059 5856 6245 7013 8157 9341 9802 10470 11521 12083 16610 18361 20321 24601
27420 28206 29788

2739 8244 8891 9157 12624 12973 15534 16622 16919 18402 18780 19854 20220 20543 22306
25540 27478 27678 28053

1727 2268 6246 7815 9010 9556 10134 10472 11389 14599 15719 16204 17342 17666 18850
22058 25579 25860 29207

28 1346 3721 5565 7019 9240 12355 13109 14800 16040 16839 17369 17631 19357 19473 19891
20381 23911 29683

869 2450 4386 5316 6160 7107 10362 11132 11271 13149 16397 16532 17113 19894 22043 22784
27383 28615 28804

508 4292 5831 8559 10044 10412 11283 14810 15888 17243 17538 19903 20528 22090 22652
2723527384 28208 28485

389 2248 5840 6043 7000 9054 11075 11760 12217 12565 13587 15403 19422 19528 21493 25142
27777 28566 28702

1015 2002 5764 6777 9346 9629 11039 11153 12690 13068 13990 16841 17702 20021 24106
26300 29332 30081 30196

1480 3084 3467 4401 4798 5187 7851 11368 12323 14325 14546 16360 17158 1801021333 25612
26556 26906 27005

6925 8876 12392 14529 15253 15437 19226 19950 20321 23021 23651 24393 24653 26668 27205
28269 28529 29041 29292

10

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

11

888 15812311 5511 7218 9107 10454 12252 13662 15714 15894 17025 18671 24304 25316 25556
2848928977 29212

12

1047 1494 1718 4645 5030 6811 7868 8146 10611 15767 17682 18391 22614 23021 23763 25478
26491 29088 29757

13

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

14

1952 3057 4399 9476 10171 10769 11335 11569 15002 19501 20621 22642 23452 24360 25109
25290 25828 28505 29122

15

2895 3070 3437 4764 4905 6670 9244 11845 13352 13573 13975 14600 15871 17996 19672 20079
20579 25327 27958

16

612 1528 2004 4244 4599 4926 5843 7684 10122 10443 12267 14368 18413 19058 22985 24257
26202 26596 27899

17

1361 2195 4146 6708 7158 7538 9138 9998 14862 15359 16076 18925 21401 21573 22503 24146
2424727778 29312

18

5229 6235 7134 7655 9139 13527 15408 16058 16705 18320 19909 20901 22238 22437 23654
2513127550 28247 29903
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19

697 2035 4887 5275 6909 9166 11805 15338 16381 18403 20425 20688 21547 24590 25171 26726
28848 29224 29412 ‘

20

5379 17329 22659 23062

21

11814 14759 22329 22936

22

2423 2811 10296 12727

23

8460 15260 16769 17290

24

14191 14608 29536 30187

25

7103 10069 20111 22850

26

4285 15413 26448 29069

27

548 2137 9189 10928

28

4581 7077 23382 23949

29

3942 17248 19486 27922

30

8668 10230 16922 26678

31

6158 9980 13788 28198

32

12422 16076 24206 29887

33

8778 10649 18747 22111

34

21029 22677 27150 28980

35

7918 15423 27672 27803

36

5927 18086 23525

37

3397 15058 30224

38

24016 25880 26268

39

1096 4775 7912

40

3259 17301 20802

41

129 8396 15132

42

17825 28119 28676

43

2343 8382 28840

44

3907 18374 20939

45

1132 1290 8786

46

1481 4710 28846

47

21853705 26834

48

5496 15681 21854

49

12697 13407 22178

50

12788 21227 22894

51

629 2854 6232

52

2289 18227 27458

53

7593 21935 23001

54

3836 7081 12282

55

7925 18440 23135

56

497 6342 9717

57

11199 22046 30067

58

12572 28045 28990

59

1240 2023 10933

60

19566 20629 25186

61

6442 13303 28813

62

4765 10572 16180
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63

552 19301 24286

64

6782 18480 21383

65

11267 12288 15758

66

771 5652 15531

67

1613120047 25649

68

13227 23035 24450

69

4839 13467 27488

70

2852 4677 22993

71

2504 28116 29524

72

12518 17374 24267

73

1222 11859 27922

74

9660 17286 18261

75

232 11296 29978

76

9750 11165 16295

77

4894 9505 23622

78

10861 11980 14110

79

2128 15883 22836

80

6274 17243 21989

81

10866 13202 22517

82

11159 16111 21608

83

3719 18787 22100

84

1756 2020 23901

85

20913 29473 30103

86

2729 15091 26976

87

4410 8217 12963

88

539524564 28235

89

3859 17909 23051

90

5733 26005 29797

91

1935 3492 29773

92

11903 21380 29914

93

6091 10469 29997

94

2895 8930 15594

95

1827 10028 20070

Vi du khac, néu do dai Nyg. ctia tir ma LDPC bang 64800, ty 1¢ ma bing 10/15, va

M bang 360, thi chi sé ctia cac hang c6 chira gia tri 1 trong cdt tht 0 ctia nhom cot thir 1

trong ma trn con tir thong tin 210 dugc thé hién trong bang 6 hodc bang 7 dudi déy:

Bang 6

Chi sb ctia cac hang c6 chira gié tri 1 trong cdt thit 0 cia nhém cot thr i

979 1423 4166 4609 6341 8258 10334 10548 14098 14514 17051 17333 17653 17830 17990

2559 4025 6344 6510 9167 9728 11312 14856 17104 17721 18600 18791 19079 19697 19840

3243 6894 7950 10539 12042 13233 13938 14752 16449 16727 17025 18297 18796 19400 21577
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3272 3574 6341 6722 9191 10807 10957 12531 14036 15580 16651 17007 17309 19415 19845

155 4598 10201 10975 11086 11296 12713 15364 15978 16395 17542 18164 18451 18612 20617

1128 1999 3926 4069 5558 6085 6337 8386 10693 12450 15438 16223 16370 17308 18634

2408 2929 3630 4357 5852 7329 8536 8695 10603 11003 14304 14937 15767 18402 21502

199 3066 6446 6849 8973 9536 10452 12857 13675 15913 16717 17654 19802 2011521579

312 870 2095 2586 5517 6196 6757 7311 7368 13046 15384 18576 20349 21424 21587

O |R|Q ||

985 1591 3248 3509 3706 3847 6174 6276 7864 9033 13618 15675 16446 18355 18843

10

975 3774 4083 5825 6166 7218 7633 9657 10103 13052 14240 17320 18126 19544 20208

1795 2005 2544 3418 6148 8051 9066 9725 10676 10752 11512 15171 17523 20481 21059

12

167 315 1824 2325 2640 2868 6070 6597 7016 8109 9815 11608 16142 17912 19625

13

1298 1896 3039 4303 4690 8787 12241 13600 14478 15492 16602 17115 17913 19466 20597

14

568 3695 6045 6624 8131 8404 8590 9059 9246 11570 14336 18657 18941 19218 21506

15

228 1889 1967 2299 3011 5074 7044 7596 7689 9534 10244 10697 11691 17902 21410

16

1330 1579 1739 2234 3701 3865 5713 6677 7263 11172 12143 12765 17121 20011 21436

17

303 1668 2501 4925 5778 5985 9635 10140 10820 11779 11849 12058 15650 20426 20527

18

698 2484 3071 3219 4054 4125 5663 5939 6928 7086 8054 12173 16280 17945 19302

19

232 1619 3040 4901 7438 8135 9117 9233 10131 13321 17347 17436 18193 18586 19929

20

12 3721 6254 6609 7880 8139 10437 12262 13928 14065 14149 15032 15694 16264 188383

21

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

22

1291 2500 4109 4511 5099 5194 10014 13165 13256 13972 15409 16113 16214 18584 20998

23

1761 4778 7444 7740 8129 8341 8931 9136 9207 10003 10678 13959 17673 18194 20990

24

3060 3522 5361 5692 6833 8342 8792 11023 11211 11548 11914 13987 15442 15541 19707

25

1322 2348 2970 5632 6349 7577 8782 9113 9267 9376 12042 12943 16680 16970 21321

26

6785 11960 21455

27

11223 15672 19550

28

5976 11335 20385

29

2818 9387 15317

30

2763 3554 18102

31

5230 11489 18997

32

5809 15779 20674

33

2620 17838 18533

34

3025 9342 9931

35

3728 5337 12142

36

2520 6666 9164

37

12892 15307 20912

38

10736 12393 16539

39

1075 2407 12853

40

4921 5411 18206

41

5955 15647 16838

42

6384 10336 19266

43

429 10421 17266

44

4880 10431 12208

45

2910 11895 12442

46

7366 18362 18772

47

4341 7903 14994
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48

4564 6714 7378

49

4639 8652 18871

50

15787 18048 20246

51

3241 11079 13640

52

1559 2936 15881

53

2737 6349 10881

54

10394 16107 17073

55

8207 9043 12874

56

7805 16058 17905

57

11189 15767 17764

58

5823 12923 14316

59

11080 20390 20924

60

568 8263 17411

61

18453557 6562

62

2890 10936 14756

63

9031 14220 21517

64

3529 12955 15902

65

413 6750 8735

66

6784 12092 16421

67

12019 13794 15308

68

12588 15378 17676

69

8067 14589 19304

70

1244 5877 6085

71

15897 19349 19993

72

1426 2394 12264

73

3456 8931 12075

74

13342 15273 20351

75

9138 1335220798

76

7031 7626 14081

71

4280 4507 15617

78

4170 10569 14335

79

3839 7514 16578

80

4688 12815 18782

81

4861 7858 9435

82

605 5445 12912

83

2280 4734 7311

84

6668 8128 12638

85

3733 10621 19534

86

13933 18316 19341

87

1786 3037 21566

88

2202 13239 16432

89

4882 5808 9300

90

4580 8484 16754

91

14630 17502 18269

92

6889 11119 12447
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93

8162 9078 16330

.94

6538 17851.18100

95

17763 19793 20816

96

2183 11907 17567

97

6640 14428 15175

98

877 12035 14081

99

1336 6468 12328

100

5948 9146 12003

101

3782 5699 12445

102

1770 7946 8244

103

7384 12639 14989

104

1469 11586 20959

105

7943 10450 15907

106

5005 8153 10035

107

17750 18826 21513

108

4725 8041 10112

109

3837 16266 17376

110

11340 17361 17512

111

1269 4611 4774

112

2322 10813 16157

113

16752 16843 18959

114

70 4325 18753

115

3165 8153 15384

116

160 8045 16823

117

14112 16724 16792

118

4291 7667 18176

119

5943 19879 20721

Bang 7

Chi s ctia cac hang c6 chira gia tri 1 trong cdt thir 0 clia nhom cot thir i

316 1271 3692 9495 12147 12849 14928 16671 16938 17864 19108 20502 21097 21115

2341 2559 2643 2816 2865 5137 5331 7000 7523 8023 10439 10797 13208 15041

5556 6858 7677 10162 10207 11349 12321 12398 14787 15743 15859 15952 19313 20879

349 573 910 2702 3654 6214 9246 9353 10638 11772 14447 14953 16620 19888

204 1390 2887 3835 6230 6533 7443 7876 9299 10291 10896 13960 18287 20086

541 2429 2838 7144 8523 8637 10490 10585 11074 12074 15762 16812 17900 18548

733 1659 3838 5323 5805 7882 942910682 13697 16909 18846 19587 19592 20904

1134 2136 4631 4653 4718 5197 10410 11666 14996 15305 16048 17417 18960 20303

734 1001 1283 4959 10016 10176 10973 11578 12051 15550 15915 19022 19430 20121

Olwllwm|lan|ln|h|VIND|I—]|O

745 4057 5855 9885 10594 10989 13156 13219 13351 13631 13685 14577 17713 20386

—
o

968 1446 2130 2502 3092 3787 5323 8104 8418 9998 11681 13972 17747 17929

—
—

3020 3857 5275 5786 6319 8608 11943 14062 17144 17752 18001 18453 19311 21414

—
[\

709 747 1038 2181 5320 8292 10584 10859 13964 15009 15277 16953 20675 21509

[—
W

1663 3247 5003 5760 7186 7360 10346 14211 14717 14792 15155 16128 17355 17970
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14

516 578 1914 6147 9419 11148 11434 13289 13325 13332 19106 19257 20962 21556

15

5009 5632 6531 9430 9886 10621 11765 13969 16178 16413 18110 18249 20616 20759

16

457 2686 3318 4608 5620 5858 6480 7430 9602 12691 14664 18777 20152 20848

17

33 2877 5334 6851 7907 8654 10688 15401 16123 17942 17969 18747 18931 20224

18

87 897 7636 8663 11425 12288 12672 14199 16435 17615 17950 18953 19667 20281

19

1042 1832 2545 2719 2947 3672 3700 6249 6398 6833 11114 14283 17694 20477

20

306 488 2662 2880 3009 5357 6587 8882 11604 14374 18781 19051 19057 20508

21

854 1294 2436 2852 4903 6466 7761 9072 9564 10321 13638 15658 16946 19119

22

194 899 1711 2408 2786 5391 7108 8079 8716 11453 17303 19484 20989 21389

23

1631 3121 3994 5005 7810 8850 10315 10589 13407 17162 18624 18758 19311 20301

24

736 2424 4792 5600 6370 10061 16053 16775 18600

25

1254 8163 8876 9157 12141 14587 16545 17175 18191

26

388 6641 8974 10607 10716 14477 16825 17191 18400

27

5578 6082 6824 7360 7745 8655 11402 11665 12428

28

3603 8729 13463 14698 15210 19112 19550 20727 21052

29

48 1732 3805 5158 15442 16909 19854 21071 21579

30

11707 14014 21531

31

1542 4133 4925

32

10083 13505 21198

33

14300 15765 16752

34

778 1237 11215

35

13253199 14534

36

2007 14510 20599

37

1996 5881 16429

38

5111 15018 15980

39

4989 10681 12810

40

3763 10715 16515

41

2259 10080 15642

42

9032 11319 21305

43

3915 15213 20884

44

11150 15022 20201

45

1147 6749 19625

46

12139 12939 18870

47

3840 4634 10244

48

1018 10231 17720

49

2708 13056 13393

50

5781 11588 18888

51

13452036 5252

52

5908 8143 15141

53

1804 13693 18640

54

10433 13965 16950

55

9568 10122 15945

56

547 6722 14015

57

321 12844 14095

58

2632 10513 14936
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59 | 6369 11995 20321

60 | 9920 19136 21529

61 | 19902726 10183

62 | 5763 12118 15467

63 | 503 10006 19564

64 | 9839 11942 19472

65 | 11205 13552 15389

66 | 8841 13797 19697

67 | 124 6053 18224

68 | 6477 14406 21146

69 | 1224 8027 16011

70 | 3046 4422 17717

71 | 739 12308 17760

72 | 4014 4130 7835

73 | 2266 5652 11981

74 | 2711 7970 18317

75 | 2196 15229 17217

76 | 8636 13302 16764

77 | 5612 15010 16657

78 | 6151249 4639

79 | 3821 12073 18506

80 | 1066 16522 21536

81 | 11307 18363 19740

82 | 3240 8560 10391

83 | 3124 11424 20779

84 | 1604 8861 17394

85 | 2083 7400 8093

86 | 3218 7454 9155

87 | 9855 15998 20533

88 | 316 2850 20652

89 | 5583 9768 10333

90 | 7147 7713 18339

91 | 12607 17428 21418

92 | 14216 16954 18164

93 | 8477 15970 18488

94 | 1632 8032 9751

95 | 4573 9080 13507

96 | 11747 12441 13876

97 | 1183 15605 16675

98 | 4408 10264 17109

99 | 5495 7882 12150

100 | 1010 3763 5065

101 | 9828 18054 21599

102 | 6342 7353 15358

103 | 6362 9462 19999
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104

7184 13693 17622

105

4343 4654 10995

106

7099 8466 18520

107

11505 14395 15138

108

6779 16691 18726

109

7146 12644 20196

110

5865 16728 19634

111

4657 8714 21246

112

4580 5279 18750

113

3767 6620 18905

114

9209 13093 17575

115

12486 15875 19791

116

8046 14636 17491

117

2120 4643 13206

118

6186 9675 12601

119

784 5770 21585

Vi du khéc, néu d6 dai Nigy, cua tir ma LDPC bing 64800, ty 16 ma bang 12/15, va

M bing 360, thi chi 36 ctia cac hang c6 chira gid tri 1 trong cot thir 0 cua nhom cdt thir i

trong ma tran con tir thong tin 210 duge thé hién trong bang 8 dudi day:

Bang 8

Chi sb ctia cac hang c6 chira gié trj 1 trong ct thir 0 cua nhom cot thir i

584 1472 1621 1867 3338 3568 3723 4185 5126 5889 7737 8632 8940 9725

221 445 590 3779 3835 6939 7743 8280 8448 8491 9367 10042 11242 12917

4662 4837 4900 5029 6449 6687 6751 8684 9936 11681 11811 11886 12089 12909

2418 3018 3647 4210 4473 7447 7502 9490 10067 11092 11139 11256 12201 12383

25912947 3349 3406 4417 4519 5176 6672 8498 8863 9201 11294 11376 12184

27101 197 290 871 1727 3911 5411 6676 8701 9350 10310 10798 12439

1765 1897 2923 3584 3901 4048 6963 7054 7132 9165 10184 10824 11278 12669

2183 3740 4808 5217 5660 6375 6787 8219 8466 9037 10353 10583 11118 12762

73 1594 2146 2715 3501 3572 3639 3725 6959 7187 8406 10120 10507 10691

Olw|w|an|ln|sr|jwIN|—|O

240 732 1215 2185 2788 2830 3499 3881 4197 4991 6425 7061 9756 10491

—
o

831 1568 1828 3424 4319 4516 4639 6018 9702 10203 10417 11240 11518 12458

p—
—

2024 2970 3048 3638 3676 4152 5284 5779 5926 9426 9945 10873 11787 11837

—
[\

1049 1218 1651 2328 3493 4363 5750 6483 7613 8782 9738 9803 11744 11937

—
W

1193 2060 2289 2964 3478 4592 4756 6709 7162 8231 8326 11140 11908 12243

[um—
S

978 2120 2439 3338 3850 4589 6567 8745 9656 9708 10161 10542 10711 12639

—
(9]

2403 2938 3117 3247 3711 5593 5844 5932 7801 10152 10226 11498 12162 12941

p—
(=)}

1781 2229 2276 2533 3582 3951 5279 5774 7930 9824 10920 11038 12340 12440

—
B |

289 384 1980 2230 3464 3873 5958 8656 8942 9006 10175 11425 11745 12530

—
[==]

155 354 1090 1330 2002 2236 3559 3705 4922 5958 6576 8564 9972 12760

—
o

303 876 2059 2142 5244 5330 6644 7576 8614 9598 10410 10718 11033 12957
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20

3449 3617 4408 4602 4727 6182 8835 8928 9372 9644 10237 10747 11655 12747

21

811 2565 2820 8677 8974 9632 11069 11548 11839 12107 12411 12695 12812 12890

22

972 4123 4943 6385 6449 7339 7477 8379 9177 9359 10074 11709 12552 12831

23

842 973 1541 2262 2905 5276 6758 7099 7894 8128 8325 8663 8875 10050

24

474 791 968 3902 4924 4965 5085 5908 6109 6329 7931 9038 9401 10568

25

1397 4461 4658 5911 6037 7127 7318 8678 8924 9000 9473 9602 10446 12692

26

1334 7571 12881

27

1393 1447 7972

28

633 1257 10597

29

4843 5102 11056

30

3294 8015 10513

31

1108 10374 10546

32

53537824 10111

33

3398 7674 8569

34

7719 9478 10503

35

2997 9418 9581

36

5777 6519 11229

37

1966 5214 9899

38

6 4088 5827

39

836 9248 9612

40

483 7229 7548

41

7865 8289 9804

42

291511098 11900

43

6180 7096 9481

44

1431 6786 8924

45

748 6757 8625

46

3312 4475 7204

47

1852 8958 11020

48

1915 2903 4006

49

6776 10886 12531

50

2594 9998 12742

51

159 2002 12079

52

853 3281 3762

53

5201 5798 6413

54

3882 6062 12047

55

4133 6775 9657

56

228 6874 11183

57

7433 10728 10864

58

7735 8073 12734

59

2844 4621 11779

60

3909 7103 12804

61

6002 9704 11060

62

5864 6856 7681

63

3652 5869 7605

64

2546 2657 4461
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65

2423 4203 9111

66

244 1855 4691

67

1106 2178 6371

68

391 1617 10126

69

250 9259 10603

70

3435 4614 6924

71

1742 8045 9529

72

7667 8875 11451

73

4023 6108 6911

74

862110184 11650

75

6726 10861 12348

76

3228 6302 7388

77

11137 5358

78

3812424 8537

79

3256 7508 10044

80

1980 2219 4569

81

2468 5699 10319

82

2803 3314 12808

83

8578 9642 11533

84

829 4585 7923

85

59 329 5575

86

1067 5709 6867

87

1175 4744 12219

88

109 2518 6756

89

2105 10626 11153

90

5192 10696 10749

91

6260 7641 8233

92

2998 3094 11214

93

3398 6466 11494

94

6574 10448 12160

95

2734 10755 12780

96

1028 7958 10825

97

8545 8602 10793

98

3923398 11417

99

6639 9291 12571

100

1067 7919 8934

101

1064 2848 12753

102

6076 8656 12690

103

5504 6193 10171

104

1951 7156 7356

105

4389 4780 7889

106

526 4804 9141

107

1238 3648 10464

108

2587 5624 12557

109

5560 5903 11963
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110 | 1134 2570 3297

111 | 10041 11583 12157

112 | 1263 9585 12912

113 | 3744 7898 10646

114 | 459074 10315

115 | 1051 6188 10038

116 | 2242 8394 12712

117 | 3598 9025 12651

118 | 2295 3540 5610

119 | 1914 4378 12423

120 | 1766 3635 12759

121 | 5177 9586 11143

122 | 943 3590 11649

123 | 4864 6905 10454

124 | 5852 6042 10421

125 | 6095 8285 12349

126 | 2070 7171 8563

127 | 718 12234 12716

128 | 512 10667 11353

129 | 3629 6485 7040

130 | 2880 8865 11466

131 | 4490 10220 11796

132 | 5440 8819 9103

133 | 5262 7543 12411

134 | 516 7779 10940

135 | 2515 5843 9202

136 | 4684 5994 10586

137 | 573 2270 3324

138 | 7870 8317 10322

139 | 6856 7638 12909

140 | 1583 7669 10781

141 | 8141 9085 12555

142 | 3903 5485 9992

143 | 4467 11998 12904

Trong cac vi du néu trén, do dai cta tr mad LDPC béng 64800 va ty 1€ ma b%lng 6/15,
8/15, 10/15 va 12/15. Tuy nhién, d6 chi la vi du minh hoa va vi tri ctia céc gia tri 1 trong
ma trn con tir thong tin 210 ¢6 thé dugc xéac dinh theo cach khac khi do dai ctia to ma

LDPC bing 16200 hodc ty 1& mé c6 cac gié tri khac.

Theo phuong an lam vi du thyc hién sang ché, ké ca khi thtt tu cla céc sb, tirc 1 cac
chi sb, trong diy twong Ung v6i nhém cot th 1 trong ma tran kiém tra chén 1& 200 nhu

dugc thé hién trong cic bang tir bang 4 dén bang 8 néu trén co thay dbi, thi ma tran kiém
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-tra chin 1& da thay ddi cling 14 mot ma trén kidm tra chin 1&¢ dung dugc cho chinh méa
LDPC d6. Vi vay, sang ché nay cling 4p dung dugc cho truong hop thir tu cla céc sb
trong ddy tuong Gng v6i nhom cdt thir i duge thé hién trong cac bang tir bang 4 dén bang

8 ¢6 thay dbi.

Ngoai ra, k& ca khi thir ty sép xép clia cac ddy tuong Umg Vv6i mdi nhém cdt duge
thé hién trong cac bang tir bang 4 déﬁ bang 8 c6 thay dbi, thi ddc trung tudn hoan trén o6
thi cia ma LDPC va déc trung dai s& nhu so @ phan bd bac van khong thay ddi. Vi vay,
sang ché nay ciing 4p dung duge cho truong hop thr ty sap xép cua cac diy duge thé

hién trong céc bang tlr bang 4 dén bang 8 c6 thay doi.

Ngoa‘li ra, ké ca khi mot bdi sb cua Qugpe duoc cong déng loat vao tAt ca cac day
trong tmg v6i mdt nhém ¢t nao d6 trong cac bang tir bang 4 dén bang 8, thi ddc trung
tudn hoan trén dd thi cia ma LDPC hodc dic trung dai sb nhu so d6 phan bd bac van
khc‘)ngr thay d6i. Vi vdy, sang ché nay ciing 4p dung dugc cho truong hop cOng ddng loat
mot boi s6 cua Qigpe Va0 cac day dugc thé hién trong cic bang tir bang 4 dén bang 8. Tuy
nhién, can luu y r%mg, néu gia tri thu dugc sau khi cOng bdi sb ciia Qidgpe Vao day cho trudce
16n hon hogc bing (N 1dpe—Kidpe)» thi s& thay thé gia tri d6 bang gia tri thu dugc sau khi 1§y
gia tri dé dé thyuc hién phép toan mdduld-Nigpe—Kigpe)-

Khi x4c dinh dugce vi tri ctia cac hang ¢6 chira gi4 tri 1 trong cot thir 0 cua nhom cot
thit i trong ma tran con tir thong tin 210 nhu duge thé hién trong cac bang tir bang 4 dén
bang 8, thi co thd x4c dinh dugc vi tri clia cac hang co6 chira gi4 tri 1 trong mot cot khéc
ctia mdi nhom cot vi vi tri ciia cdc hang ¢ chua gia tri 1 trong cot thir 0 dwoc dich
chuyén tudn hoan vai khoang cach 13 Qygpe trong cot ké tiép.

Vi du, dua vao bang 4, trong cot thtt 0 ctia nhém cdt thr 0 trong ma trdn con tur
thong tin 210, gia tri 1 nim & hang thir 1606, hang thir 3402, hang thir 4961, ...

Trong trudong hop nay, vi Qupe = (NigpeKigpe)M = (64800-25920)/360 = 108, cho
nén chi sb ciia cac hang c6 chira gid tri 1 trong cot thir 1 ctia nhom cdt thir 0 ¢o thé biang
1714 (= 1606+108), 3510 (= 3402+108), 5069 (= 4961+108), ..., va chi sb ctia cdc hang
c6 chira gia tri 1 trong cdt thit 2 ctia nhom cdt thir 0 cod thé bing 1822 (= 1714+108),
3618 (=3510+108), 5177 (= 5069+108), ...
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Trong phuong phap néu trén, chi sb cuia cac hang c6 chira gia tri 1 trong tht ca cac
cot ctia mdi nhém cot c6 thé duge xéac dinh.
Ma tran con chén 1& 220 cua ma trdn kidm tra chin 1é 200 dugc thé hién trén Fig.2

¢6 thé duoc xac dinh nhu sau:

Ma tran con chin 1& 220 c6 NijgpeKigpe €Ot (tire 1a tir cOt thr Kigpe dén cot tht
Nipac—1)), va co cAu trac hai dudng chéo hodc cAu thang. Do @6, bac cua céc cot trir cot
cudi cung (tire 12 cot thir (Njgpe—1)) trong sb cac cot co trong ma trdn con chin 18 220 déu

bang 2, con bac cia cot cudi cung thi bang 1.

Do d6, ma tran con tir thong tin 210 cta ma tran kidm tra chén 1& 200 c6 thé duoc
x4c dinh nhu duge thé hién trong c4c bang tlr bang 4 dén bang 8, va ma trdn con chin 18

220 ctia ma tran kiém tra ch&n 1& 200 c6 thé ¢6 ciu trc hai dudong chéo.

Khi cac cot va cdc hang cliia ma tran kiém tra chin 1& 200 duoc thé hién trén Fig.2
duogc hoén vi dya vao bidu thtrc 4 va biéu thic 5, thi ma trén kiém tra chin 1& duoc thé
hién trén Fig.2 c6 thé dugc bién ddi thanh ma trén kidm tra chin 18 300 dwoc thé hién trén
Fig.3.

Qldpc-i+j:>M-j+i voi (0<i<M,0<j<Qy,.) @)

K igpe T Qugpe - k+1:3Kldc+M d+k voi (0<k<M,0<1<Qy,.) - (5)

Phuong phap hoén vi dya vao bidu thirc 4 va biéu thuc 5 s& duge mo ta dudi day. Vi
phép hoan vi hang va phép hoan vi cot 4p dung cing mot nguyén 1y, cho nén dudi day s&
chi md ta phép hoéan vi hang dé 1am vi dy.

Dm v6i phép hoéan vi hang, xét hang the X, i va j dap Ung diéu kién X = Qupexit]
duoc tinh va hang thtt X dugc hoan vi bang cach thé cac gia tri i va j tinh dugc vao biéu
thirc Mxj+i. Vi dy, xét hang tht 7, i bing 3 vaj bang 1 dép ung didu kién 7 = 2xiHj. Vi
véy, hang tht 7 dugc hoén vi thanh hang thir 13 (10x1+3 = 13).

Khi phép hoén vi hang va phép hoan vi ¢t dugc thuc hién theo phuong phap néu
trén, thi ma trén kidm tra chin 18 trén Fig.2 c6 thé dugc bién di thanh ma tran kiém tra

chén 1¢ trén Fig.3.

Dua vao Fig.3, ma trén kiém tra chiin 1&¢ 300 dugc phan chia ra thanh nhiéu khéi
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thanh phin, v mot ma tran tya tuAn hoan MxM tuong tng v6i mdi khdi thanh phan.

Do d6, ma tran kidm tra chn 18 300 v6i cdu tric nhu dugc thé hién trén Fig.3 duoc
tao nén tlr cac khéi ma tran MxM. Nghia 13, cidc ma trdn con MxM duoc sép xép thanh
nhidu khéi thanh phan, tao nén ma tran kiém tra chin 1é 300.

Vi ma tran kiém tra chin 1& 300 duoc tao nén tir cdc ma trén tya tudn hoan MxM,
cho nén M cdt ¢co thé duoc coi 1a mot khéi cot va M hang c6 thé dugc coi 1a mot khéi
hang. Do d6, ma tran kidm tra chin 1& 300 v&i cdu tric nhu duge thé hién trén Fig.3 c6
Nige.cotumn = Nidpe/M khéi €6t va Noe row = Npariey/M khdi hang.

Ma tran con MxM s& duge mo ta dudi day.

Tht nhét, khéi cot thit (Nge column—1) cia khoi hang thtr 0 ¢6 dang duge thé hién theo
biéu thirc 6 sau day:

o
(e
1

(6)

Ozo#—‘o
ozv—*oo
>Z>>>
ozoo

M
i 1 0]

Nhu di néu trén, ma tran A 330 12 ma trdn MxM, tAt ca cac gia tri cia hang thi 0 va

cot thir (M—1) déu bing “0”, con v6i 0 < i< (M-2), thi hang th (i+1) cia cdt thi i bing
“1” va céc gia tri con lai déu bang “0”.

Thit hai, v6i 0 <i < (NjgpeKigpe)/M—1 trong ma tran con chén 1& 320, khdi hang thu
i ctia khéi cot thir (Kjgpe/M+i) dugc tao ra dua trén ma tran don vi Iy 340. Ngoai ra, v6i
0 <1< (Nigpe—Kigpe)/ M=2, khoi hang thr (i+1) cta khéi oot thir (Kigpe/M+) dugce tao ra

dua trén ma trin don vi Iy 340.

Tht ba, khdi 350 tao nén ma trdn con tir thong tin 310 ¢6 thé 1a cAu trac dich
chuyén tudn hoan ctia ma trn tuAn hoan P, P*, hoic chu trac cong cta ma trn dich
chuyén tudn hoan P* trong ma trdn tuan hoan P (hodc cAu trac trung 13p).

Vi dy, c4u tric trong d6 ma tran tuan hoan P dugc dich chuyén tudn hoan sang bén

phai 1 cot ¢ thé dugc biéu dién bing biéu thirc 7 sau day:
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>
o

(7

ja)
1
'-—*ozoo
>

OOZO»—*
OOZ»—*O
O»—‘ZO

- -

Ma trin tudn hoan P 12 ma trdn vudng c6 kich thuéc MxM va 1a ma trdn trong do
gid tri cua mdi hang trong s6 M hang bang 1 va gid tri cia mdi cot trong s& M cot bang 1.
Khi ay b%lng 0, thi ma trn tudn hoan P, tic 1a P°, 12 ma tran don vi Iy, cOn khi aj bang
o0, thi ma tran P* 1a ma trén khong.

Ma trén con nim & giao diém cua khdi hang thir i va khdi cot thiy j trong ma trin
Kkidm tra chin 1& 300 trén Fig.3 c6 thé 1a P¥. Do d6,ivajla s& luong khéi hang va sb
lwong khdi cot trong céc khéi thanh phan tuong ung véi tir thong tin. Do d6, trong ma
tran kiém tra chin 1¢ 300, téng sb cot b%mg Nigpe = M*Nge_cotumn; va tong s6 hang bé‘ing
Nparity = M*Nge_row- Nghia 13, ma tran kidm tra chin 1& 300 c6 Ny column “khéi cot” va
Nge row “khi hang”.

Quy trinh thuc hién budc ma hoa LDPC dua trén ma trén kiém tra chin 1é 200 nhu
duoc thé hién trén Fig.2 sé dugc md ta dudi day. Dé cho d& hiéu, quy trinh thyc hién
bude ma hod LDPC khi ma tran kidm tra chin 1¢ 200 dugc xéc dinh nhu dugc thé hién
trong bang 4 s& dugc md ta dudi day.

Trude tién, néu céc bit tir thong tin c6 do dai bing Kigpe 12 [ig,i-15A i, o] VA
céc bit chin 18 ¢6 do dai bang NigeKigpe 18 [PgsP1sPasA s Py, k1 ]> thi budc ma hoa
LDPC ¢6 thd dugc thyc hién theo quy trinh nhu sau.

Buéc 1) Thiét 1ap gid tri ban diu cho céc bit chin 1& bing ‘0. Tic la
Po =P =P, =K = PN Kige 0.

Budce 2) Cong bit tir thong tin thir 0 i v6i bit chin 18 c6 dia chi ctia bit chin 1¢ nim
¢ hang thu nhét (tirc 14 hang c6 i=0) trong bang 4 d8 1am chi s cho bit chén 1&. Bude

cdng nay co thé duogc bidu dién bing biéu thirc 8 sau déy:
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Pisos = Pisos Di, Passzz = Passss D1,
Piso2 = P2 @1, Pas3ze = Passs D1,
Pass1 = Pager D 1 Pasesr = Pasest D 1o
Pers1 = Pers1 ®i, Passss = Passss D1,
Priz2 =P D1, P3i799 = P31799 D1,
Piisis = Pusie D1, Pss173 = Paarns D1,
P12300 = P123oo D1, Pisss2 = Pisac2 D1,
Pi2ss2 = Proas2 D1, Pi6is3 = Pseiss D1,
Pi2so2 = Praso D1, Pi6r40 = P3gr40 D1,
Pisss2 = Pissaz D1, P3708s = Pa7oss D1,
Pisr6s = Pi3zes D1, Pins2 = Pansz D1,
Pisi2s = Pranns D1, P37468 = P3raes D1,
P2is7s = Paiste D1, P376ss = P3ress D1,
P23oas = Pasoss ®i, ‘ ®)

Trong @9, iq 12 bit tir thong tin tht 0, p; 12 bit chin 18 thi i, va @ 1a phép toan nhi
phan. Trong phép toan nhi phén, 1®1 bing 0, 100 bing 1, 01 bing 1, va 090 bang 0.

Budc 3) Cong 359 bit tir thong tin con lai i, (m=1,2, ..., 359) v6i bit chan 1&. Céc
bit tir thong tin con lai ¢6 thé thudc cing mot nhom cot voi bit tir thong tin ip. Trong

truong hop nay, dia chi cta bit chiin 1¢ ¢6 thé duge xac dinh dua vao biéu thuc 9 sau day:
(x + (mmod360) x Q. Jmod(Nyy,, ~Ki:) 9)

Trong biéu thirc trén, x 14 dia chi cua vung chua bit chén 1¢ twong Ung voéi bit tur
théng tin iy, va Qigpe 12 khoang cach dich chuyén tudn hoan ctia mdi cot trong ma tran con
tu thong tin, va co thé bang 108 véi truong hop duoc thé hién trong bang 4. Ngoai ra, vi

m=1,2, ...,359, cho nén (m mod 360) trong bidu thirc 9 c6 thé duoc coi 1a b%lng m.

Két qua 13, céc bit tir thong tin i, (m=1, 2, ..., 359) dugc cOng véi bit chén 18 c6
dia chi cua bit chin 1é dugc tinh dua vao bidu thitc 9 dé 1am chi sb cho bit chin 1é tuong
tng. Vi dy, phép toan nhu duge bidu dién bang biéu thirc 10 sau day c6 thé duogc thuc

hién trén bit tir thong tin iy:
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Prs = Prma D1 Passsr = Passar D1,
Pssio = Pssio D1, Pasass = Pasass D1,
Psoso = Psago P i Pasys = Pasirs © i,
Pesso = Pesso P i Pasoss = Pasoss D1
Pr240 = P7240 D1, P31007 = P31907 D1
Piis2s = Puisas D1, Piss1 = Paasi D1,
Pi2sos = Pr2sos D1, Pisso = Passmo D1,
Prasso = Prasso @ I DPis2s1 = Pass1 @ i
Pi2700 = P12700 D1, P3ssas = Pssas D1,
Pi3sso = Pr3aso D1 Ps7103 = Panies D1,
Pissz2 = Pissn D1 P60 = P3naco @1,
Pisa1 = Praan D1 P37516 = Parsr6 D1,
Paisss = Paiess D1 Pir6s = Parres D1
Pasoss = Paaoss D1 (10)

Trong d6, i 12 bit tir thong tin thir 1, p; 12 bit chin 1& tht i, va @ la phép toan nhi
phan. Trong phép toan nhi phan, 1®1 bang 0, 180 bing 1, 0®1 bing 1, va 080 bang 0.

Bude 4) Cong bit tir thong tin thir 360 i3 v6i bit chin 1& ¢6 dia chi cia bit chén 1¢
nim & hang th hai (tirc 12 hang ¢6 i = 1) trong bang 4 dé 1am chi s6 cho bit chin 18.

Budc 5) Cong 359 bit tir thong tin con lai thudc cing mot nhém vai bit tir thong tin
130 VO1 bit chin 1é. Trong trudng hop nay, dia chi ctia bit chin 1& ¢6 thé duoc xac dinh
dua vao bidu thirc 9. Tuy nhién, trong truong hop nay, x 1a dia chi ctia vung chira bit chén
1& twong tng vé6i bit tir thong tin iz

Buéc 6) Thuc hién lap lai budce 4 va bude 5 néu trén voi tAt ca cac nhom cOt trong
bang 4.

Buéc 7) Tur do tinh bit chin 1& p; dwa vao bidu thtre 11 sau day. Trong trudong hop
nay, i dugc thiét 1ap gia tri ban dAu bing 1.

p;=p; ®pi, véi i=1,2,A , Ny, Ko -1 (11)

Trong biéu thire 11, p; 1a bit chin 1& tht i, Ny, 1a do dai cua tir ma LDPC, Kjgp 12

d06 dai cta tir thong tin trong tir md LDPC, va @ 1a phép toan nhi phéan.
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Nho @6, bd ma hod 110 ¢6 thé tinh duoc cac bit chin 1& theo quy trinh néu trén.

Quay lai Fig.1, b ma hoa 110 co thé thyc hién budc ma hod LDPC bang céch st
dung céc ty 1& 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, bd ma hod 110 c6 thé tao ra tir md LDPC co céac do dai khac
nhau nhu 16200, 64800, v.v., dwa vao do dai cia cac bit tir thong tin va ty 1€ ma.

Trong trudng hop ndy, b ma hoa 110 ¢6 thé thuc hién budc mad hod LDPC bang
cach st dung ma trn kidm tra chin 1¢ ¢6 ma trin con tir thong tin dugc xdc dinh trong
c4c bang tir bang 4 dén bang 8 va ma trdn con chin 1& c6 cAu trac hai duong chéo (tirc 1a
ma tran kidm tra chin 1& duogc thé hién trén Fig.2), hodc co thé thuc hién budc ma hoa
LDPC bing cach st dung ma trén kiém tra chin 1& c6 hang va cdt dugc hodn vi tr ma
tran kiém tra chin 1& dugc thé hi¢n trén Fig.2 dya vao bidu thirc 4 hodc bidu thuc 5 (tirc 12

ma tran kiém tra chin 1& ¢6 ciu tric duge thé hién trén Fig.3).

Ngoai ra, bd mad hoa 110 ¢6 thé thuc hién budc mi hod Bose, Chaudhuri,
Hocquenghem (BCH) va ca buéc ma ho4 LDPC. P& 1am duoc diéu ndy, bd ma hod 110
¢6 thé con ¢6 bd ma hod BCH (khong duge thé hién trén hinh v&) dé thuc hién budc ma

hoda BCH.

Trong trudng hgp nay, bd mé hoa 110 ¢6 thé thuc hién budc ma hod theo thur tu 12
ma hod BCH rdi dén ma hoa LDPC. Cu thé, bd ma hod 110 ¢6 thé bd sung céc bit chin 1&
BCH vao céc bit diu vao @& thuc hién buéc ma hoa BCH va ma hoa LDPC cho céac bit tur

théng tin gdm c6 cac bit dAu vio va céc bit chin 1& BCH, tlr d6 tao ra tir ma LDPC.

B dan xen 120 dan xen tur ma LDPC. Nghia 13, b dan xen 120 thu tr ma LDPC tu

b6 ma hoa 110, va dan xen tir ma LDPC dua vao cac quy tic dan xen.

Cu thé, bo dan xen 120 c6 th& dan xen tir ma LDPC sao cho mot bit co trong mot
nhém bit dinh trudce trong s cac nhom bit tao nén tir md LDPC (ttc 1a cac nhém hodc
céc khéi) dugc dnh xa lén mot bit dinh truéce cia ky hicu didu bién. Do do, bd didu bién
130 c6 thé 4nh xa céac bit c6 trong mot nhoém bit dinh trugc trong s6 cac nhém bit tao nén
tr ma LDPC 1én mét bit dinh trude ctia ky hidu diéu bién.

Céc quy tic dan xen dung cho bo dan xen 120 theo mot s6 truong hop s& duge mod

ta chi tiét dudi day.
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Phwong 4n 1am vi du 1: Trwong hop st dung bo dan xen Kkhoi

Theo phuong an lam vi du tha nhét, bo dan xen 120 c6 thé dan xen tir ma LDPC
theo quy trinh nhu duge md ta dudi day, sao cho bit ¢ trong mdt nhém bit dinh trude
trong 36 cac nhém bit tao nén tir ma LDPC da dugc dan xen dugc anh xa 1én mot bit dinh
trude cua ky hi€u didu bién. Phuong 4n nay dya vao Fig.4 s€ dugc md ta chi tiét duéi

A

day.

Fig.4 1a so dd khdi thé hién cu hinh cta by dan xen theo phuong an 1am vi du thuc
hién sang ché. Dua vao Fig.4, b dan xen 120 c6 thé bao gf‘)m bd dan xen bit chén 1& 121,
b6 dan xen nhém (hodc bd dan xen theo nhém) 122, bo dan xen xoay bit trong nhoém 123

va bd dan xen khoi 124.
B0 dan xen bit chin 1¢ 121 dan xen céc bit chén 18 tao nén tir ma LDPC.

Cu the khi tir ma LDPC dugc tao ra dya trén ma tran kiém tra chan 1& 200 voi cAu
tric nhu dugc thé hién trén Fig.2, thi bd dan xen bit ch&n 1& 121 ¢6 thé chi dan xen cic bit
chin 1¢ cua tt ma LDPC, trong sb cac bit tir thong tin va cac bit chin 1¢ cua tir md LDPC,

dwa vao biéu thic 12 sau day:

=c, v6i0 <i<Kige, va

véi0<s<M, 0 <t < Qugpe (12)

uKmpc+M-t+s - cKmpc+Qmpcvs+t

trong d6 M 1a khoang 13p lai cia mot mAu nhém cdt trong ma trdn con tir thong tin
210, tic 1a sb Iugng cot c6 trong mot nhom cot (vi du M =360), va Qapc 1a khoang cach
dich chuyén tudn hoan ctia mdi cot trong ma tran con tir thong tin 210. Nghia 13, by dan
xen bit chin 1& 121 thuyc hién budc dan xen bit chin 1& trén ttr mid LDPC

¢ =(Co, C1 -+ Crqpt ), va xut ra U = (ug, Uy, .-, Nmpc—l)

Tir ma LDPC d3 dan xen bit chin 1 theo quy trinh néu trén c6 thé dugc tao céu
hinh sao cho mot s6 luong dinh trude cla cac bit li€n tiép cia tir md LDPC nay c6 dac

trung gidi ma giong nhau (sy phan bd tudn hoan, bic cua cot, v.v.).

Vi dy, tr md LDPC c6 thé c6 dic trung gibng nhau véi mdi M bit lién tiép. Trong
d6, M 1a khoéang lap lai cia mot mau nhém cot trong ma trén con tir thong tin 210 va, vi

duy, c6 thé béng 360.
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Cu thé, tich cia c4c bit tr md LDPC va ma trén kiém tra chan 1é phai bang “0”.
Didu ndy c6 nghia la tdng cta cac tich cta bit thi i cia tf ma LDPC, ¢ (=0, 1, ...,
Nigpe—1), va cot tha 1 clla ma tran kiém tra chin 1é phai 1a vecto “0”. Do do, bit thir i cia

tir ma LDPC ¢6 thé dugc coi 14 twong (g v6i cdt thir i cia ma tran kiém tra chin 18.

Trong ma trn Kkidm tra ch&n 1& 200 trén Fig.2, M cdt trong ma trdn con tir thong tin
210 thudc cing mdt nhom cdt va ma trén con tir thong tin 210 c6 dac trung giéng nhau
v&i mdi nhém cot (vi du cac cft thude cing mot nhém cdt ¢ su phin b6 bac gidng nhau

va sy phan b6 tudn hoan giéng nhau).

Trong trudng hop nay, vi M bit lién tiép trong cac bit tir thong tin twong ung véi
cing mot nhom cdt trong ma tran con tir thong tin 210, cho nén céc bit tir thong tin c6 thé
gdm c6 M bit lién tiép c6 cac dic trung tir ma gidng nhau. Khi cac bit chin 1& cua tir ma
LDPC dugc dan xen bing bd dan xen bit chin 18 121, thi céac bit chén 1& cta tr ma LDPC
6 thé c6 M bit lién tiép co6 cac dic trung tir ma gidng nhau.

Tuy nhién, d6i vé6i tir ma dugc ma hod LDPC dua trén ma tran kiém tra chin 1¢ 300
trén Fig.3}, thi budc dan xen bit chin 1& co thé khong dugc thyc hién. Trong truong hop
ndy, bo dan xen bit chin 1& 121 ¢6 thé duge loai bo.

Bo dan xen nhém 122 ¢ thé phan chia tir ma LDPC da dan xen bit chin 1é ra thanh
nhidu nhom bit va sip xép lai thit ty cta cde nhom bit theo timg nhom bit (hodc theo don
vi nhém bit). Nghia 13, by dan xen nhém 122 dan xen cac nhém bit theo don vi nhom bit.

Pé 1am dugc didu nay, by dan xen nhoém 122 phén chia tir md LDPC da dan xen bit

chin 1¢ ra thanh nhidu nhém bit dya vao bidu thic 13 hodc biéu thirc 14 sau day:

|k .. .
'ij{ukU:L%J’OSk<NMPC} voi 0< <N, (13)
XJ.={uk|36O><jsk<360x(j+1),0sk<Nldpc} voi 0<j<N_ . (14)

trong d6 Nroyp 12 tdng s& nhom bit, X; 1a nhom bit thir j, va vy 1a bit tht k cta tr ma
LDPC dugc nhap vao bd dan xen nhom 122. Ngoai ra, L;;—OJ 12 s6 nguyén 16n nhét nhd

hon k/360.
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Vi gia tri 360 trong cac biéu thirc nay 1a mot vi du vé khoang M 1a khoang lép lai
ctia mot mAu nhom cdt trong ma trén con tir thong tin, cho nén gia tri 360 trong cac biéu

thtrc ndy 6 thé dugc d6i thanh M.

Tir md LDPC dugc phan chia ra thanh nhidu nhom bit c6 thd dugc bidu dién nhu
duoc thé hién trén Fig.5.

Dua vao Fig.5, tt md LDPC dugc phan chia ra thanh nhidu nhém bit va méi nhém
bit ¢6 M bit lién tiép. Néu M bing 360, thi mdi nhom bit c6 th& c¢6 360 bit. Do d6, mdi

nhém bit ¢6 thé c6 so bit twong tng v6i mdi nhom cdt trong ma trén ki€ém tra chin Ié.

Cu thé, vi tir md LDPC dugc phén chia ra thanh céc nhém c6 M bit lién tiép, cho
nén Kjgp bit tir thong tin dugc phan chia ra thanh (Kigpe/M) nhom bit va NigpeKiape bit
chin 1&¢ dugc phan chia ra thanh NigpeKigpe)M nhém bit. Do dd, tir ma LDPC c6 thé
duoc phan chia ra thanh tdng sbla (N 1ape/M) nhom bit.

Vi du, néu M = 360 va d0 dai Nig, ctia tr ma LDPC bing 64800, thi s6 lugng nhém
bit Ngroup tao nén tt ma LDPC bang 180 (= 64800/360), con néu M =360 va dd dai Nigyc
cua tr ma LDPC bang 16200, thi s6 lugng nhom bit Nigroup tao nén tot ma LDPC bang 45
(= 16200/360).

Nhu da néu trén, bd dan xen nhom 122 phan chia tir ma LDPC sao cho M bit lién
tiép dugc gdp vao cing mot nhoém vi tir ma LDPC c6 dic trung tr méa gidng nhau véi mdi
M bit lién tiép. Do d6, khi tir md LDPC dugc phan chia ra thanh cdc nhém ¢6 M bit lién

tiép, thi c4c bit c6 ddc trung tir ma gibng nhau thudc cting mot nhom.

Trong vi du néu trén, sb luong bit tao nén mdi nhom bit 12 M. Tuy nhién, d6 chi la

vi du minh hoa va s6 luong bit tao nén mbi nhom bit ¢6 thé thay dbi.

Vi du, s‘é lugng bit tao nén mdi nhém bit c6 thé 13 mot ude sb cua M. Tuc 13, )
lugng bit tao nén mdi nhom bit c6 thé 13 mot ude s6 cta sd lugng cot tao nén mot nhom
cdt clia ma trin con tir thong tin trong ma tran kiém tra chan 18. Trong trudng hop nay,
m&i nhom bit ¢6 thé ¢6 sd lugng bit 12 mot wéc sé ctia M. Vi duy, néu s6 lugng cot tao nén
mot nhém cdt cia ma trdn con tr thong tin bﬁng 360, tac 14 M =360, thi bo dan xen
nhém 122 c6 thé phéan chia tir ma LDPC ra thanh nhiéu nhém bit sao cho sb luong bit tao

nén mdi nhém bit s& 1a mot wde so ca 360.
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Vi d8 cho d& hiéu cho nén trong phdn mo ta sang ché dudi ddy s& st dung truong

hop s lugng bit tao nén mot nhém bit bing M dé 1am vi dy.

Sau d6, bo dan xen nhom 122 dan xen tur mé LDPC theo don vi nhém bit. Cu thé,
bo dan xen nhém 122 ¢d thé phan chia tir ma LDPC ra thanh nhidu nhém bit va sép xép
lai cac nhom bit d6 theo don vi nhém bit. Nghia 13, by dan xen nhom 122 thay ddi vi tri
cia cac nhom bit tao nén tr ma LDPC va sép xép lai thtr tu cia cdc nhom bit tao nén tr

ma LDPC theo don vi nhém bit.

Theo phwong 4n lam vi du thue hién sang ché, b dan xen nhom 122 ¢6 thé sép xép
lai thir tw ctia cac nhém bit theo don vi nhém bit sao cho cic nhom bit chtra céc bit dugc
anh xa lén cfmg mot ky hiéu didu bién duoc chon trong sd cac nhom bit & cach nhau mot

khoang dinh trudec.

Trong trudng hop nay, bd dan xen nhém 122 c6 thd sdp xép lai thir ty ctia cdc nhom
bit theo don vi nhom bit bang cach xem xét it nhét mot thong s trong sb s6 luong hang
va sb IUQ’rllng(':)t tao nén bd dan xen Kkhéi 124, sb lugng nhom bit clia tir ma LDPC, va s6
lugng bit c6 trong mdi nhém bit, sao cho cac nhom bit chira céc bit dugc anh xa 1én cung
mot ky hiéu didu bién & cach nhau mdt khoang dinh trude.

Pé 1am duoc diéu nay, b dan xen nhom 122 c6 thé sﬁp xép lai thir tu ciia cdc nhém

bit theo don vi nhom bit dya vao biéu thtrc 15 sau day:

Y, =X, v6i (0<i<Ng,) (15)

n(j)

trong d6 X; 1a nhoém bit thir j trude khi dan xen nhom, va Y; 12 nhém bit thir j sau
khi dan xen nhom. Ngoai ra, gid tri (j) 1a thong s6 chi bao tht tu dan xen va dugc xac
dinh dya vao it nhit mot thong sb trong sé do dai cua tir md LDPC, ty 1¢ ma va phuong
phéap diéu bién. Tac 13, gia tri n(j) thé hién thir tu hoan vi dé dan xen theo don vi nhom.

Do d6, Xy 12 nhom bit thir 7(j) truée khi dan xen nhém, va biéu thac 15 ¢ nghia
12 nhém bit thi 7(j) trude khi dan xen s& duge dan xen thanh nhom bit thir j.

Theo phwong 4n lam vi du thyc hién sang ché, vi du vé gid tri n(j) co thé duoc xac

dinh trong cac bang tir bang 9 dén bang 13 dudi day.

Trong trudng hop nay, gid tri 7(j) duge xac dinh dya vao do dai cia tir ma LPDC va
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ty 16 ma, va ma trén kidm tra chén 1¢ ciing dugc xac dinh dya vao dd dai cua tir m3 LDPC
va ty 1é ma. Do d6, khi budc mé hoa LDPC duoc thuc hién dya trén mot ma tran kiém tra
chiin 1¢ cu thé theo d¢ dai ciia tir ma LDPC va ty 1¢ ma, thi tir ma LDPC c6 thé dugc dan
xen theo don vi nhom bit dua vao gié tri n(j) ddp tmg do dai ctia tir ma LPDC va ty 1€ ma
tuong Ung.

Vi du, khi b6 ma hoa 110 thye hién budc ma hod LDPC & ty 1¢ ma bang 6/15 dé tao
'a tir ma LDPC c6 do dai bing 64800, thi bo dan xen nhém 122 c6 the thuc hién bude
dan xen bing cach st dung gia tri n(j) dugc xéc dinh theo d dai cta tir ma LDPC bing
64800 va ty 1é ma bing 6/15 trong cac bang tir bang 9 dén bang 13 dudi day, vi dy sir
dung gi4 tri 7(j) dugc xac dinh trong bang 9.

Vi du, néu d6 dai Ny, cia tir ma LDPC bang 64800, ty 1¢ ma bling 6/15, va phuong
phap didu bién 12 didu bién bién d6 vudng goéc (Quadrature Amplitude Modulation, QAM)
bac 1024, thi gia tri n(j) c6 thé dugc x4c dinh trong bang 9 dudi day.

Bang 9

Thi ty ctia cac nhom bit duge dan xen khoi
n(j) (0 <j <180)
oT1T2T3lals5]6]789w0]i]12]13]|14)15]16]17|18|19)20|21|22
Khéi thitj |23 |24 ]25|26]27]28|29]30]31]3233|34|35|36|37)38 39 |40 |41 |42(43 44|45
& diura clial a6 |47 48 149 | 50| 51|52 |53 |54]55]56|57|58|59|60|61|62|63|64]65)66|67 68
bo dan xen |69 |70 | 71| 72|73 747576 | 77|78 7980|8182 |83 | 84|85 | 86 |87 88 |89 |90 |91
theo nhém |92 93 | 94 | 95|96 | 97 | 98| 99 [100[101|102|103]104]105|106|107]108 109|110|111{112|113|114
T1slttel17118/119]120{121[122]123]124]125]126|127(128|129|130|131|132|133|134]135| 136 137
381130140(141|142[143| 144 145|146(147| 148[149|150[ 151|152|153|154]155|156|157|158] 159 160
1611162|163|164|165(166|167|168|169|170|171]172|173|174|175|176|177|178 179|
66121151 (55|54 |24]33[12]70(63|47]65]145/ 8 | 0 |57|23|71|59
. 5612 |43 |64|58|67]53|68|61|39]52]69] 1 |22|31)161383019
Khoi thu
DOLIOU 195 44 [136] 29 | 36 | 26 |126|177) 15 | 37 |148] 9 | 13] 45 46 (152| 50 | 49 | 27
n({)ocfau 178128 | 34 1106|127 76 |131[105]138] 75 [130[101|167|117|173|113|108| 92 |135|124)121) 97 149
bY*;’ cla ot 132 (96| 3 |78 [107] 86 | 98 | 16 [162150|111|158[172|139 74 |142]166| 7 | 5 |119] 20
tl?eoa:h);?;l 1aal151190 | 11 |156/100{175] 83 [155(159]128| 88 | 87| 93 |103| 94 |140]165| 6 |137|157| 10 85
Tatl12ohia6l122| 73 [112{132[125(174]169[ 168] 79 | 84 [118]179]147| 91 |160|163|115] 89 | 80 102
104|134] 82 | 95 [133]164|154{120]110|170|114|153| 72 |109|171]176] 99 |116]123

Duya vao bang 9, bidu thirc 15 ¢6 thé dugc biéu dién du6i dang Yo =Xxe) = Xe6s
Y, =Xe) = X1, Y2 = Xn(z) =Xs1, oo Y178 = Rp(178) = X6 Va Y179 = Xp179) = Xi23. Do

d6, bd dan xen nhom 122 ¢b thé sip xép lai thi ty ctia cac nhom bit theo don vi nhom bit
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bing cach chuyén nhém bit thir 66 thanh nhém bit thix 0, nhém bit thr 21 thanh nhom bit
thir 1, nhém bit thr 51 thanh nhoém bit thi 2, ..., nhdm bit tht 116 thanh nhém bit tha
178, va nhom bit thtr 123 thanh nhom bit that 179.

Vi du khéc, néu do dai Ny, ctia tr md LDPC bang 64800, tj 18 ma bing 8/15, va
phuong phap didu bién 12 1024-QAM, thi gia tri 7(j) c6 thé duoc x4c dinh trong bang 10
dudéi day.

Bang 10

Tht ty cta cac nhém bit duge dan xen khbi
() (0 <j < 180)

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

Khéithej {23 242526 |27 28|29 (30 (31 (32|33 (34|35(36|37|38|39|40|41|42|43|44]45

& dAura clia 46 [ 4748 49|50 [51]52 (53|54 |55]56(57]58]59|60|61]62]63|64(65]|66]67]68

bd dan xen |69 |70 |71 72|73 |74 |75|76 |77 |78 (79|80 |81 |82|83|84|85|86|87|88|89|90|91

theo nhém |92 {93 (94 | 95|96 |97 |98 |99 |100{101|102|103(104{105{106]107(108|109|110[111{112|113|114
ST 115(116(117(118(119]120]1211122(123]124|125]126{127|128|129(130|131|132{133|134{135{136{137

(138|139]140{141|142{143|144|145|146|147{148|149{150{151{152{153(154|155
161(162|163|164{165[166|167(168{169(170{171|172|173|174|175{176|177|178
77148 |82 (51 |57|69|65| 6 |71|90|84|81({50|88|61|55(53{73

18{38(89(49(93|36|64|47(40(42]|76|70|56| 3 |72] 2 |54|52

Khoi thir - Fee e 10 [ 1 58| 17| 14 |175| 91 | 68 | 85 | 94| 15 | 43 | 74 | 60 | 66

m() ¢ dau 83 |46 |44 1102|30|112|122(110| 29 | 20 {105{138{101{174| 33 |137|136{131|166| 59 | 34 | 62 |125

vao cua
281264512423 |21|157{98|35(95(22(32(103[27(113{31(119|173|168{118(120{114{149

bd dan xen
159|155|179{160{161{130{123{172|139{124{153| 0 [109{167(128{107|117|147(177| 96 |164|152} 11

theo nhom

148|158(129{163(176{151{171| 8 |106|144|150/169({108|162{143]|111|141|133|178{134|146| 99 |132
142|104(115]|135{121{100| 12 {170{156{126| 5 |127|154| 97 |140|116(165| 7 ‘

Dua vao bang 10, bidu thic 15 c6 thé duge biéu dién dudi dang Yy = X0y = X7,
Y1 = Xa =vX4z‘;, Y2 =X = Xs2s o-or Y178 = Xn(178) = X7, VA Y179 = Xp179) = Xas. Do do,
bd dan xen nhém 122 c6 thé sép xép lai thr tw ca cac nhom bit theo don vi nhém bit
bang cach chuyén nhom bit thir 77 thanh nhém bit thtt 0, nhém bit thir 48 thanh nhém bit
thir 1, nhom bit thr 82 thanh nhom bit thir 2, ..., nhém bit tht 7 thanh nhém bit thir 178,
va nhém bit thir 25 thanh nhém bit thir 179.

Vi du khéc, néu d6 dai Ny, cia tir ma LDPC bang 64800, ty 1& ma bang 10/15, va
phuong phép didu bin 13 1024-QAM, thi gia tri n(j) c6 thé duoc xdc dinh trong bang 11
duéi ddy. Cu thé, khi bd ma hod 110 thyc hién bude ma hoa LDPC dua trén ma trin kiém

tra chin 1é dugce x4c dinh trong bang 6, thi bd dan xen nhém 122 ¢é thé thuc hién bude
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dan xen nhom bing céach sir dung gia tri 7(j) dugc x4c dinh trong bang 11 dudi day.

Bang 11

Tht tu ctia cdc nhom bit dugc dan xen khdi
n(j) (0 <j < 180)

ol1l213lalsl6[7]8]o|t0f11]12]13]14]15|16/17|18)19)20|21 |22
Khéi thirj |23 [24]25[26]27]28|29(30]31|32|33|34|35|36|37|38|39]40 41|42 43 | 44 | 45
& diura ctial 46 | 47|48 | 49|50 | 51|52 (53 |54 55|56 57|58 |59 |60|61|62|63)64]65]66]67]68
bd dan xen | 69 |70 | 71|72 |73 |74 | 75|76 | 77]78 | 79|80 81|82 |83 |84 85|86 | 87|88 | 89|90 91
theo nhom |92 |93 |94 |95 | 96 | 97| 98 | 99 [100]101]102[103[104]105|106|107|108/109|110|111|112]113|114
T1sli16l117]118]119]120121[122123]124]125(126(127(128129)130|131]132|133|134|135|136|137
1381139(140| 141]142(143( 144] 145146[147]148]149]150|151|152| 153| 154|155 156| 157|158 159|160
T611162/163|164]165]166]167|168|169170(171]172(173|174|175|176(177) 178|179

7 1581108/ 59| 1 |14 |54 |115| 57 29164 (65| 8 |101{113| 60 | 46 104| 87
‘e 71 1106/ 50 | 44 | 15|52 | 4 |100| 90 111177189192| 5 | 82| 10116 109 75
Khoi thir
-, dk 103] 30 [105| 76 {107| 88 | 95 | 28 66 1102|2539 | 78|53 |118|112 0 (8322
75(]‘)0 qau 861451(119/23(79(35|72|33 08|40 |38(24|63|73|20|48 27196 |68 |26(110|42 |12
vao cua
b6 d v 41197] 2 |21]|61(117/70 |62 |34 11167137149 |114| 56 | 32 {149 1631173]159|132{170|179
0 dan xen
tﬁeo ahém 69 1139(133|154{160{128|168| 84 171]162| 31 | 43 {135]123(178|130 1271145(157(176|177|140{151
: 134|126 18 [129|137| 74 |148|147 167/136/164|146{153{138|161| 6 1431124/ 17 [174{131{175|165

. [150{ 16 |172| 3 |155 169]142|156(120{122| 19 {144|158] 13 |152|141]166{125

Dira vao bang 11, biéu thie 15 c6 thé duge biéu dién duéi dang Yo =Xa) = X,
Y1 = Xuay = Xsgs Y2= Xn) = Xiogs --» Y178 = X178y = X125, V& Y179 = Xr(179) = X2t Do
d6, bd dan xen nhém 122 ¢6 thé sép xép lai tht ty clia cdc nhoém bit theo don vi nhom bit
bing cach chuyén nhoém bit thr 7 thanh nhém bit thir 0, nhom bit thtr 58 thanh nhém bit
thir 1, nhém bit thir 108 thanh nhém bit thr 2, ..., nhém bit thir 125 thanh nhom bit tha
178, va nhém bit thir 121 thanh nhém bit thir 179.

Vi du khac, néu d6 dai Nigy, cia tir ma LDPC bing 64800, ty 1& ma bing 10/15, va
phuong phéap d1eu bién 12 1024-QAM, thi gid tri n(j) c6 th dugc x4c dinh trong bang 12
dudi day. Cu thé, khi bd ma hoa 110 thyc hién budc ma ho4 LDPC dua trén ma trén kiém
tra chin 1& dugc xac dinh trong béng 7, thi bo dan xen nhom 122 ¢ thé thyuc hién bude
dan xen nhém bang cach st dung gia tri n(j) duge xac dinh trong bang 12 dudi day.
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Bang 12

Thi ty ctia cdc nhom bit duge dan xen khéi
7(j) (0 <j < 180)

ol1l213als]6|7[8]o|10f11]|12]13|14]15/16]17|18)19]20)2122
Khdi thirj 23|24 (25|26 |27]28|29(30|3132|33|34]35|36 37|38(39|40|41|42|43 (44|45
& dAu ra ctial 46 | 47|48 |49 | 50| 51|52 |53 |54 |55| 56|57 | 58|59 |60 |61|62|63|64]65]066]67 68
b0 dan xen |69 |70 |71 |72 73|74 | 75|76 | 77|78 79 |80 | 81|82 |83 |84 |85 |86 8788|8990 |91
theo nhém |92 | 93 | 94 | 95|96 |97 98 |99 [100[101|102|103|104{105|106/107|108|109]110}111 112{113{114
T1sl116l117(118[119]120(121[122]123(124|125]126|127]128|129|130131]132]133|134|135 136[137
1381139140(141142]143[144[145|146(147|148(149|150| 151|152|153|154]155|156|157 158/159(160
le1l1621163|164]165]166]167|168169(170(171]172|173|174|175|176|177 178|179 |
1105178 (97 |75 |63 35|15 | 9 | 25|39 |94 |24 |84 [100] 49 |44 | 4132|101 8212379
68198 1310107) 19 [110] 48 [ 58 | 71|87 43 |62|85|70|95|57|10)50|99 118 73|27 |12
L 117161 1559056144777 2 |117|20 | 74 |106| 83 |102/109|113| 72| 88 |15 37|30
16129 [ 26 | 54 | 38 | 60 [114] 59 [105| 67 [103] 0 |80 | 64| 4 | 91|66 | 46 |108| 33 104{93 | 7
12 151140 |119] 8 |21 |81]76 |112]28 |34 |36 |86 |69 |92 |53 |122)126]131]160 154| 6 |22
1a211211136|157|162]123]159[150{171174{137| 65 | 13 [177]166|139|167|172|176 153| 89 |152{168
1351 52 [170(138]127] 96 |165|156]148|179]163| 3 |133]143]121132/169)147]173 155(149(178{158
16 114al128] 11 |175]134124]130|146|161|145|120[129]164|125| 5 |151] 18

Khdi thi
n(j) & dau
vao cua
bd dan xen
theo nhém

Dua vao bang 12, biéu thic 15 c6 thé dugc biéu dién dudi dang Yo = Xao = X115
Y = X1y = Xas, Y2 = Xa) = X785 005 Y178 = Za(178) = Xy, VA Y79) = Xn179) = X140- DO
d6, bd dan xen nhom 122 ¢o6 thd sép xép lai thir tw clia cac nhom bit theo don vi nhom bit
bang cach chuyén nhém bit thir 111 thanh nhém bit thit 0, nhoém bit thir 45 thanh nhém
bit thtt 1, nhém bit th 78 thanh nhom bit tht 2, ..., nhom bit thir 18 thanh nhém bit thit
178, va nhom bit thir 140 thanh nhém bit tha 179.

Vi dy khéc, néu d0 dai Nygp ctia tir mé LDPC bing 64800, ty 18 mad bang 12/15, va
phuong phap didu bién 12 1024-QAM, thi gia tri (j) co thé duoc xac dinh trong bang 13
dudi day.
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‘Béang 13

Thir tu cia cic nhém bit dugc dan xen khéi
n(j) (0 <j <180)

oli1l213lals5]6]7[8]o|t0f11]12|13]14]15/16]|17|18|19)20|21 22
Khéi thitj |23 ]24]25]26|27|28]29|30|3132]33|34)35)36 373839 40| 414243 |44 |45
& dhu ra ctia| 46 | 47| 48 |49 | 50 | 51|52 (53 |54]55(56|57|58|59|60|61|62]|63|64)65]|66]|67|68
b dan xen |69 7071|7273 | 74| 75|76 77|78 79|80 |81|82|83|84|85)86 87 88 (899091
theo nhém |92 193 |94 |95 | 96 | 97 | 98 | 99 [100[101[102|103|104|105|106|107|108|109|110|111]112]113)114
T1shtel17I118/119]120[121]122(123]124]125(126]127|128]129]130]131|132/133)134]135]136 137
138l130]140(141|142|143(144[145|146|147|148]149]150|151|152{153|154]155| 156 157|158 159(160
le1l16211631164|165]166[167168(169(170{171|172|173|174|175|176|177| 178|179
o1 119 |11 |106] 14 [40 [20 [67 32|22 |31 |23 |78 |68 |79 |141]117| 95 | 88 |136) 52 121| 1
33| 4 | 2 |21 22|38 [ 1269 [111] 81| 82|58 |46 |112[ 60|33 |73 |53 |92 |75 |48 47 (110
20 |76 [138] 87 | 85 | 65 [130] 57 [102| 83 | 64 | 86 |100| 39 | 49 |125]108]119] 6 |118 3506171
30145 |94 | 26 |116| 98 |37 [ 55 |44 |70 | 25| 7 |34 |114]135]128|137| 84 | 51 | 28 97 (27|89
20 162 150 [139] 56 [109] 77| 59 [127]142| 96 [105] 99 | 90 | 13 |124120]115]126)143 149| 74 | 41
178l120] 18 [131] 42 |165] 101134 36 {140{132(103 72 |164| 93 | 54 |166] 43 |123)113 0 [154| 10
3 l1071162|157| 66 |104] 17 [147(167|174|179| 3 [173]160|155|161]152|156|177| 24 170| 9 |159
16 | 15 [148] 5 [146]163172[175(151]169]176|150|153|171]158)168|144] 8 :

Khéi thi
() & du
vao cua
bd dan xen
theo nhém

Dua vao bang 13, biéu thic 15 c6 thé duge bidu didn duéi dang Yo = Xz0) = Xo1s
Y1 = Xoqry = Xios Y2 = Xa) = Xits -5 Y178 = Xrq78) = Xg VA Y179 = Xg(179) = Xi4s. Do do,
bd dan xen nhom 122 ¢6 thé sép xép lai tht tu cla céc nhém bit theo don vi nhom bit
bing céch chuyén nhém bit thir 91 thanh nhom bit thtt 0, nhém bit thtr 19 thanh nhém bit
thir 1, nhom bit thtt 11 thanh nhém bit thit 2, ..., nhom bit thir 8 thanh nhom bit thir 178,
va nhém bit thir 145 thanh nhém bit thir 179.

Trong céc vi du néu trén, do dai cia tir ma LDPC bang 64800 va ty 1¢ ma bang 6/15,

8/15, 10/15 va 12/15. Tuy nhién, d6 ch1 1a vi du minh hoa va mau dan xen c6 thé dugc
xéc dinh theo cach khac khi d6 dai cua tu' mé LDPC bang 16200 hodc ty 1¢ ma c6 cac gia

tri khéc.

Nhu di néu trén, bd dan xen nhom 122 ¢6 thé sép xép lai tht tu cua cac nhom bit
theo don vi nhém bit dya vao bidu thirc 15 va cac bang tir bang 9 dén bang 13.

“Khi thit j & ddu ra cua bd dan xen theo nhém” trong cac bang tr bang 9 dén bang
13 ding dé chi nhom bit thit j duge xuit ra tir bd dan xen nhém 122 sau khi dan xen, va
“khéi thtr 7i(j) & ddu vao clia bd dan xen theo nhém” dung d8 chi nhom bit thit n(j) duoc

nhép vao b6 dan xen nhom 122.
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Ngoai ra, vi thr tu cla cdc nhom bit tao nén tir ma LDPC dugc sép xép lai bang bd

dan xen nhém 122 theo don vi nhém bit, va sau d6 cdc nhém bit nay dugc dan xen khéi

b%mg bd dan xen khdi 124, nhu s& duge md ta dudi day, cho nén “tht tu ciia cdc nhom bit

dwoc dan xen khéi” duge thé hién trong céc bang tlr bang 9 dén bang 13 lién quan dén

gia tri n(j).

Gi4 tri n(j) duge x4c dinh trong céc bang tir bang 9 dén bang 13 ¢6 thé duoc sép xép

theo ty 1é ma nhu dugce thé hién trong bang 14 dudi day.

ddhuraciiabd.

dan xen theo nhom

& dAu vao ctia bd

dan xen theo nhém

& dAu vao cia bd
dan xen theo nhom

& dau vao cuia bd

dan xen theo nhom

& dAu vao cua bd

dan xen theo nhom

Bang 14
(CR 6/15) (CR 8/15) (CR 10/15) (CR 10/15) (CR 12/15)
Khbi thit j Khéi thi n(j) Khéi thir n(j) Khéi thi n(j) Khéi tht n(j) Khéi tht ()

& dAu vao ctia bd
dan xen theo nhém

0 66 77 7 111 91
1 21 48 58 45 19
2 51 82 108 78 11
3 55 51 59 97 106
4 54 57 1 75 14
5 24 69 14 63 40
6 33 65 54 35 20
7 12 6 115 15 67
8 70 71 57 9 32
9 63 90 29 25 22
10 47 84 64 39 31
11 65 81 65 94 23
12 145 50 8 24 78
13 8 88 101 84 68
14 0 61 113 100 79
15 57 55 60 49 141
16 23 53 46 44 117
17 71 73 104 41 95
18 59 39 87 32 88
19 14 13 9 101 136
20 40 79 93 82 52
21 42 75 81 23 121
22 62 41 94 79 1
23 56 18 71 68 133
24 2 38 106 98 4
25 43 89 50 31 2
26 64 49 44 107 21
27 58 93 15 19 122
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28 67 36 52 110 38
29 53 64 4 48 12
30 68 47 100 58 69
31 61 40 90 71 111
32 39 42 111 87 81
33 52 76 77 43 82
34 69 70 89 62 58
35 1 56 92 85 46
36 22 3 5 70 112
37 31 72 82 95 60
38 161 2 10 57 33
39 38 54 116 10 73
40 30 52 109 50 53
41 19 145 75 99 92
42 17 19 91 118 75
43 18 78 47 73 48
44 4 80 80 27 47
45. 41 63 99 12 110
46 25 87 103 1 80
47 44 67 30 17 76
48 136 86 105 61 138
49 29 10 76 55 87
50 36 1 107 90 85
51 26 58 88 56 65
52 126 17 95 14 130
53 177 14 28 47 57
54 15 175 66 77 102
55 37 91 102 2 83
56 148 68 25 117 64
57 9 85 39 20 86
58 13 94 78 74 100
59 45 15 53 106 39
60 46 43 118 83 49
61 152 74 112 102 125
62 50 60 0 109 108
63 49 66 83 113 119
64 27 37 22 72 6
65 77 92 36 88 118
66 60 51 115 35
67 35 55 37 61
68 48 16 85 30 71
69 178 83 86 116 30
70 28 46 45 29 45
71 34 44 119 26 94
72 106 102 23 54 26
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73 127 30 79 38 116
sz 76 112 35 60 98
75 131 122 72 114 37
76 105 110 33 59 55
77 138 29 98 105 44
78 75 20 40 67 70
79 130 105 38 103 25
80 101 138 24 0 7
81 167 101 63 80 34
82 117 174 73 64 114
83 173 33 20 4 135
84 113 137 48 91 128
85 108 136 27 66 137
86 92 131 96 46 84
87 135 166 68 108 51
88 124 59 26 33 28
89 121 34 110 104 97
90 97 62 42 93 27
91 149 125 12 7 89
92 143 28 41 42 29
93 81 26 97 51 62
94 32 45 2 40 50
95 96 24 21 119 139
96 3 23 61 8 56
97 78 21 117 21 109
98 107 157 70 81 77
99 86 98 62 76 59
100 98 35 34 112 127
101 16 95 11 28 142
102 162 22 67 34 96
103 150 32 37 36 105
104 111 103 49 86 99
105 158 27 114 69 90
106 172 113 56 92 13
107 139 31 32 53 124
108 74 119 149 122 120
109 142 173 163 126 115
110 166 168 173 131 126
111 7 118 159 160 143
112 5 120 132 154 149
113 119 114 170 6 74
114 20 149 179 22 41
115 144 159 69 142 178
116 151 155 139 141 129
117 90 179 133 136 18
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118 11 160 154 157 131
119 156 161 160 162 42

120 100 130 128 123 165
121 175 123 168 159 101
122 83 172 84 150 134
123 155 139 171 171 36

124 159 124 162 174 140
125 128 153 31 137 132
126 88 0 43 65 103
127 87 109 135 13 72

128 93 167 123 177 164
129 103 128 178 166 93

130 94 107 130 139 54

131 140 117 127 167 166
132 165 147 145 172 43

133 6 177 157 176 123
134 137 96 176 153 113
135 157 164 177 89 0

136 10 152 140 152 154
137 85 11 151 168 10

138 141 148 134 135 63

139 129 158 126 52 107
140 146 129 18 170 162
141 122 163 129 138 157
142 73 176 137 127 66

143 112 151 74 96 104
144 132 171 148 165 17

145 125 3 147 156 147
146 174 106 167 148 167
147 169 144 136 179 174
148 168 150 164 163 179
149 79 169 146 3 3

150 84 108 153 133 173
151 118 162 138 143 160
152 179 143 161 121 155
153 147 111 6 132 161
154 91 141 143 169 152
155 160 133 124 147 156
156 163 178 17 173 177
157 115 134 174 155 24
158 89 146 131 149 170
159 80 99 175 178 9

160 102 132 165 158 159
161 104 142 150 16 16
162 134 104 16 144 15
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163 82 115 172 128 148
164 - 95 135 3 11 5

165 133 121 155 175 146
166 164 100 169 134 163
167 154 12 142 124 172
168 120 170 156 130 175
169 110 156 120 146 151
170 170 126 122 161 169
171 114 5 19 145 176
172 153 127 144 120 150
173 72 154 158 129 153
174 109 97 13 164 171
175 171 140 152 125 158
176 176 116 141 5 168
177 99 165 166 151 144
178 116 7 125 18 8

179 123 25 121 140 145

“Khéi tht j & dau ra ctia bd dan xen theo nhém” trong bang 14 ding dé chi nhém
bit thir j dugc xudt ra tir bo dan xen nhém 122 sau khi dan xen, va “khéi tht n(j) & dau
vao cﬁa bd dan xen theo nhém” ding dé chi nhém bit thir m(j) dwgc nhap vao bd dan xen
nhom 122. Dya vao bang 14, c6 thé nhan théy ring bang 14 thé hién su sép xép cac sb
lidu dugc thé hién trong cac bang tir bang 9 dén bang 13 theo ty 18 ma.

B0 dan xen nhém 122 c6 thé dan xen tir md LDPC theo don vi nhém bit dya vao

bidu thire 16 sau day:

Yﬂ(j)

=X, v6i (0<j<Ng,,) (16)

trong d6 Xj 1a nhém bit thlr j trude khi dan xen nhém, Y; 1a nhém bit thir j sau khi
dan xen nhém. Ngoai ra, gia tri 7(j) 12 théng s chi bao thit ty dan xen va dugc xé4c dinh
dwa vao it nhit mot thong sb trong s6 d6 dai cta tir ma LDPC, ty 1é mi va phuong phép
diéu bién.

Do d6, X 1a nhém bit thit j truéc khi dan xen nhém, va biéu thirc 16 c6 nghia 1a
nhém bit thir j trede khi dan xen nhém duge dan xen thanh nhom bit thir n(j).

Theo phuong 4n lam vi du khac dé thuc hién sing ché, vi du vé gid tri n(j) c6 thé

duoc x4c dinh trong cac bang tir bang 15 dén bang 19 dudi day.

Trong trudng hop nay, gia tri n(j) dugc xac dinh dya vao do dai cta tir ma LPDC va
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ty 1é mé, va ma tran kiém tra chin 1& cling dugc xac dinh dua vao dd dai cta tr ma LDPC
va ty 16 ma. Do d6, khi budc ma hod LDPC dugc thyc hién dya trén mot ma tran kiém tra
chén 18 cy thé theo do dai ctia tir ma LDPC va ty 1& m4, thi tr ma LDPC c6 thé duoc dan
xen theo don vi nhém bit dua vao gid tri n(j) dap Gng do dai cda tir ma LPDC va ty 1é ma
twong Gng.

Vi du, khi bd ma hoa 110 thuc hién budc ma hoa LDPC ¢ ty 1é ma bang 6/15 dé tao
ra tt ma LDPC c6 d0 dai béng 64800, thi bo dan xen nhém 122 c6 thé thuc hién budce
dan xen bing cach st dung gi4 tri n(j) dugc xdc dinh theo df dai cua tir md LDPC bing
64800 va ty 16 ma bing 6/15 trong cic bang tir bang 15 dén bang 19 dudi day, vi du sir
dung gié tri n(j) dugc xéc dinh trong bang 15.

Vi‘du, néu do dai Nigp, cua tir ma LDPC béng 64800, ty 1€ ma b%lng 6/15, va phuong
phép didu bién 1a 1024-QAM, thi gia tri n(j) c6 thé duge xdc dinh trong bang 15 dudi

day.
Bang 15
Thi tu ciia cac nhdém bit duge dan xen khi
n(j) (0<j <180)
e, Ol 23]4|5([6|7|8[9([10[11{12(13|14|15|16|17|18[19]|20|21|22
Khoi thi j :
& dhuvae 22124125 2627(28(29|30(31(32(33|34(35|36|37|38(39|40|41(42|43|44|45
ciiabs  [46147]48]49|50|51|52|53|54]|55|56|57|58|59|60]61|62]63 64| 65|66 |67 |68
danxe.n 69(70(71(72|73|74|75|76|77|78|79|80|81|82(83|84|85|86|87|88|89|90]|91
theo nhom 192193 [94]95|96 |97 | 98 | 99 [100/101]102/103|104]105|106|107|108]109|110|111112)113|114
~|115]116{117(118]119(120]121]|122]123|124]125]|126{127{128|129(130{131|132|133|134{135|136(|137
138|139140|141|142|143|144(145(146|147|148|149|150{151|152|153]154|155|156|157|158{159{160
161|162|163|164[165(166|167|168|169|170|171|172|173|174{175|176(177{178
14 |35(24 | 96 | 44 |112[133[111| 13 | 57 |136]118| 7 |58 | 19 | 54 [101| 42
f . |16] 5 |46|51|64|70|49[40|37|94| 6 |71|67|50|55]39|32|20
Khoi thir
o a) 6010|6863 [62|2 (33294 |3 |23(15(27(18|66|31|22|9 |26|11|0 |28|30
7(j) & daura
12 b 34| 8 | 17(173|142(108| 78 | 74 | 65 | 97 |149(159| 93 {163|122{150|137| 99 |127{126|158|117|154
ctia bd
d " |86 (128[130[164| 95 | 90 [100{177|120| 80 [160{129|161| 76 | 72 | 98 | 85 |174|169|104|143| 84 |171
an xen
theo nhém 157|178| 82 |151[113|168| 89 [141{179| 88 |145| 52 | 73 |125|139| 79 | 75 |144|165|162| 87 | 48 [134
77 {107|131{138109| 92 |115| 12 |140{153| 56 | 91 |103|116] 61 [172|167|123|119|135|105|124|155
38 {102|156|166(132(110| 81 |148|147|170|175|106| 83 |146|121|176| 53 | 69 |152|

Dua vao bang 15, bidu thiic 16 c¢6 thé dugc bidu didn dudi dang Xo = Yeq) = Yia,

X1= Yoy = Y35, X0 = Yy0) = You4, ..., X178 = Yr178) = Yoo, V2 Xy79 = Yra79) = Y152. Do do,

bd dan xen nhém 122 c6 thé sép xép lai thr tu cia cac nhoém bit theo don vi nhém bit
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‘bang cach chuyén nhém bit thir 0 thinh nhém bit tht 14, nhém bit thir 1 thanh nhém bit
th 35, nhém bit thir 2 thanh nhém bit th 24, ..., nhém bit thir 178 thanh nhém bit thi
69, va nhém bit thir 179 thanh nhém bit thir 152.

Vi du khac, néu d6 dai Ny, cta tir ma LDPC bing 64800, ty 16 ma bing 8/15, va
phuong phép diéu bién 1a 1024-QAM, thi gia tri n(j) c6 thé duoc x4c dinh trong bang 16

dudi day.
Bang 16
Th tu cda cac nhom bit dwgc dan xen khéi
7(j) (0<j <180)

Khéi thir ] 0123456789 (10[11[12(13|14{15]16|17|18|19|20|21]|22
& dAu vio 23 [24(25[26|27 (28|29 |30 |31|32(33|34(35|36|37|38|39|40|41|42|43|44 |45
chabs 6147|4849 (5051|5253 |54]55|56|57]58]59 60|61 |62|63|64|65|66|67|68
danxe.n 69(70(71(72|73|74|75|76 77|78 (79|80 |81|82|83|84|85|86|87|88|89|90|91
theo nhom 1921939495 |96 |97 | 98| 99 |100/101/102/103|104]105106/107|108|109|110|111|112[113]114
115[116[117|118|119]120{121]122|123|124|125|126]127|128|129|130{131{132{133|134{135{136|137
138[139(140(141|142|143|144(145|146|147|148{149]150|151|152|153|154|155|156|157|158{159|160

161{162[163|164|165|166|167|168|169(170|171{172{173(174|175|176(177|178|179
126] 50 | 38 | 36 | 66 |171| 7 [178|145| 67 | 49 |137|167| 19 | 53 | 59 | 68 | 52 {23 | 42|78 { 97 [102
. . |96]95(17993 10592 |77 |73 |107|103| 83 | 89 [100| 28 | 64 | 24 | 18 | 31|22 |32 /60|71 |94
I?h?ltxhu’ 70 (30| 1 |26|12| 3 [40|16(39|15|35| 4 |51|88(62|14[90|45(29| 6 |63|47|56
n(j)?dallra 5 (34| 8 |37]17]61]21(33]|0 |43[20(44|11|2 [69|10(57|48|46[13|25| 9 |55
dcuabo 65 |27 |58 |101{134|174] 99 [159|166| 81 | 72 [104|162| 79 |146|130|150{127| 76 |153| 74 106|113
theinn);fglm 163(176[131|111|108|112{165| 75 {121{124 91 |170{172[129(140|120| 86 |160|155|157|164| 85 | 84
80 [123]|175|154|161]152(147| 41 |158|132{138|114|148|143|136(125(173|116|169| 98 {139{115|118

119[151(141|135|177| 87 |128[110|149|168|144(122|109| 82 | 54 |142|133|156{117 .

Dua vio bang 16, biéu thirc 16 ¢6 thé dugce bicu dién dudi dang Xo = Yoy = Y126,
X, = Yoy = Ys0, X2=Yr0)= Y38, ..., X75 = Yr178) = Yis6» Va X179 = Y1790 = Y117. Do
d6, bd dan xen nhom 122 ¢6 thé sép xép lai thir tur ciia cac nhom bit theo don vi nhém bit
bang céch chuyén nhém bit thir 0 thanh nhém bit tht 126, nhém bit thir 1 thanh nhém bit
thr 50, nhém bit thir 2 thanh nhém bit thi 38, ..., nhom bit thir 178 thanh nhém bit thir
156, va nhém bit thir 179 thanh nhém bit thi 117.

Vi du khic, néu d6 dai Njg, cla tir ma LDPC bing 64800, ty 1¢ ma bang 10/15, va
phuong phap didu bién 12 1024-QAM, thi gia tri 7(j) c6 thé dugc xac dinh trong bang 17
dudi day. Cu thé, khi bd ma hoa 110 thyc hién buéc ma hod LDPC dya trén ma tran kiém

tra chin 16 duge xdc dinh trong bang 6, thi bd dan xen nhém 122 ¢6 thé thuc hién budce

-48-




27584

dan xen nhém bing cach st dung gia tri n(j) dugc xac dinh trong bang 17 dudi day.

Bang 17

Tht tu cta cdc nhoém bit duge dan xen khéi
n(j) (0 <j <180)

eI FEIEIEIE 617189 tw011]12]13]1a]15]16]17]18]19]20]21[22
s b v | 23] 24]25 2627 [28 20 5051 [32] 33 |34 ] 35 | 36|37 38 39 |40 | 41 |42 ] 43 | 4445
cova [46[47[48[49|s0[s1[sa]53] 5455|5657 |58 |59 |60 61|62 |63 6465666768
oo o[ 70] 71| 72| 73] 78] 75[76[77 78 [ 79| 80| 81 82|83 | 84] 85] 86 |87 88|89 |90 | 91
oo o |92 (93] 9495 96| 97] 98 |99 [100[101]102]103]104]1051106]107]108 10o[110[111|112[113[114
T15I1161117118]119]120]121]122]123] 124] 125(126] 127]128[120[130[131]132]133]134|135|136|137
13811391120(141|142|143| 144|145| 146|147|148[149]150] 151]152[153[154]155|156| 157|158| 159|160
Te1l162l163164|165]166|167|168| 169|170 171|172|173]174[175[176177(178[179] | ||
2| 2 [94 164|290 |36 [153] 0 |12 | 19|38 [101]91 [174] 5 |27 |162[156]140|171| 83 | 95 | 64
. [72]30] 3688|8553 | 9 |47 125107 76 [100] 74| 65 [103] 79| 57| 78 | 92 | 90 |126) 26 | 70
Khoi thtr 75775 g [104] 25 [ 66 28 [ 59| 6 [67[106] 8 | 1] 3 [15]96]99 | 81| 10| 11|54 1102/ 87
n(j) ¢ daurarerog 3| 75 52 |143] 41| 49 |33 [ 58 | 73 |44 | 21|37 |63 |122) 68 | 69 | 18| 513431 | 42
;uabc" 35120 122 |52 |86 |93 | 77 |45 |30 | 13 | 55 | 46| 17|48 |24 |50 | 2 |40 89|32 |61 |14]105
th;nn):;m =39 197 [60 | 71 |169]179|170[128[155|178[139[131]120] 141]130]158| 112|117|138|127| 147|142
Ts1111611361176| 167|154 172]132]149] 145] 144] 108[161]137[175[150] 118|165|168|133|173]111] 119
I5211241109]148|160[177| 146121 |166]113[123[163] 110[ 157]159[ 134|135] 129] 11

Dua vao bang 17, biéu thire 16 c6 thé duge bidu dién dudi dang Xo= Y0 = Ye2
X1 = Yoy = Ya, X2 = Ya) = You, «-os X178 = Yr(178) = Y129, va X179 = Yr179) = Y114. Do d6,
b0 dan xen nhém 122 ¢ thé sép xép lai tht tu cia cac nhoém bit theo don vi nhém bit
bing cach chuyén nhém bit thtr 0 thanh nhém bit thir 62, nhom bit thir 1 thanh nhém bit
th 4, nhoém bit thir 2 thanh nhém bit thir 94, ..., nhém bit thi 178 thanh nhom bit thir
129, va nhom bit thir 179 thanh nhém bit thir 114.

Vi du khéc, néu do dai Nig, ciia tir ma LDPC bang 64800, ty 1¢ ma bing 10/15, va
phuong phap didu bién 13 1024-QAM, thi gia tri n(j) cb thé duoc xé4c dinh trong bang 18
dudi day. Cu thé, khi bd ma hoa 110 thyc hién bu6¢c méd hoa LDPC dua trén ma trén kiém
tra chiin 1& duoc x4c dinh trong bang 7, thi b dan xen nhém 122 c6 thé thuc hién budc

dan xen nhom bang cach st dung gié tri n(j) dugc xac dinh trong bang 18 dudi day.

-49-



27584

Bang 18

Thir tu ctia cadc nhoém bit duge dan xen khdi
() (0 <j < 180)
oT1T2z131als16]7 8]0 t0[m[12]13]14]15]16]17]18)19]20]21}22
3124 125 |26 |27 |28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37| 38 | 39 |40 | 41|42 | 43 | 44 | 45
26 1247128 149 |50 |51 |52 |53 |54 |55 |56 | 57|58 59| 60| 61|62]63|64]65|66|67]68
6170171 (7273 |74 |75 |76 | 77| 78| 79 | 80 | 81|82 | 83 | 84 | 85|86 | 87|88 | 89 |90 | 91
92193 [94 195 |96 |97 | 98 | 99 [100[101[102[103]104105[106]107]108]109|110]111]112|113]114
15|16l 118 1 19| 120[121122{123[124125[126] 127]128]120[130]131{132|133|134135[136|137
3811301200141 (142|143 |144| 145 146|147 148[ 149]150[151152[153|154| 155|156 157 158] 159|160
Te1l1621163 (162|165 166|167[168|169]170[171]172]173|174]175|176|177|178| 179
50 46 |55 149 83 [176|113| 91 | 96 | 8 | 39 [164] 45 [127] 52| 7 [161|47 |178| 27| 57|97 |114
. [ar|1z2] o [71[44101]70 |68 |25 18| 88 102] 6 [103]67| 73|10 9417 923316 1
Khoi thit rgeT53T29 1540 |93 [139]107] 72 [ 49| 51|38 30| 76|74 48 34| 5 |82 126| 85 | 78 | 23
() & daurar o= T T3 (58 | 4 |99 54| 2 |22]81]98[20 |60 |13 |35 |104]32 | 65 |135] 50 | 84

Khéi thit ]
& dau vao
cua bo
dan xen
theo nhém

ua bd
ga : 106/ 90|11 (37 |143] 3 |24 |41 14119]61179(89|77|59]|26 87162 128| 0 |100| 63|75
an xen
, 66| 69|56 |42]95(172|152{108 1201167|175]109|142|163|173|168 110/153|150{166|138|117|125
theo nhém

1411130(179(116|115]151{162|171|169|155|146{158|122|177 136(134/112|157{145|118(160{121{111
170(119(148|174|144(129(131{137|154|140(123[132 156(124(165{133(128|159

Duya vao bang 18, bidu thirc 16 c6 thé dugc biéu dién duéi dang Xo = Yro) = Ys0,
X1 = Ya) = Yaes X2 = Ya@)= Yss, ooos X178 = Yoars) = Yiso, va Xiz9 = Yr(179) = Yi47. Do
d6, b dan xen nhém 122 c6 thé sap xép lai thir tyr cta cde nhom bit theo don vi nhém bit
bang cich chuyén nhém bit thir 0 thanh nhém bit thir 80, nhom bit thir 1 thanh nhoém bit
thir 46, nhom bit thir 2 thanh nhém bit thir 55, ..., nhom bit thir 178 thanh nhom bit tha
159, v nhom bit tht 179 thanh nhém bit tha 147.

Vi du khéc, néu do dai Nyg, ctia tir md LDPC bing 64800, ty 1& ma bing 12/15, va
phuong phap didu bién 12 1024-QAM, thi gid tri n(j) c6 thé duge xac dinh trong bang 19

dudi day.
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Bang 19
Tht tu ctia cdc nhom bit duge dan xen khdi
n(j) (0 <j <180)
e 1011212131415 (6|7|8[9(10]11[12|13|14]15]|16|17[18[19|20]21|22
Khoi thi j
. aA s 23124125]126|27|28(29|30(31(32|33|34|35|36(37(38|39(40(41(42|43|4445
¢ dau vao
clia bd 46 |47 |48 14950 |51 52|53 |54 (55]56(57|58(59|60(61|62|63|64|65|66]|67|68
danxe.n 6970717273 |74(75|76 (7778|7980 |81|82|83|84|85]|86(87|88|89|90]91
theo nhém 92193(94195(9697|98 |99 (100{101{102{103(104({105{106{107({108/109(|110|111|112|113{114
115{116]117|118|119{120{121{122{123|124|125|126|127(128{129{130|131{132{133|134|135(136{137
138|139{140{141{142|143|144(145|146(147|148|149|150{151{152|153|154|155|156|157{158|159{160
161|162{163{164|165({166|167({168|169(170|171(172|173|174|175|176{177|178 “
135|22 |25 (14924 |164| 64 | 80 |178{159(137| 2 |29 |106] 4 |162|161|144
Khéi thi 11157|/79(72(908892169|10| 8 {38 |81|66[123|75|28 (59| S |114|119{132|77 |70
. VOItkUC 35444316094 |87|20|40|130{76|96|53|34[99 |37 |67 |93 (138|56|51(142{ 7 |13
n(j) 0 daura
12 bo 30|78 |68 (127[39|113|42 |47 |98 |12 |14{46{32|33|55|86(50|57|49(18|91|105| 0
cua bo
d ’ 41 (129(71 |17 |102| 89 | 74 (104| 58 {121| 54 {126{143|103| 3 {13962 {97 | 45|31 |36 |134| 82
an xen
theo nhém 109|76 | 16 | 65| 63 |108] 21 |27 |133|107| 61 {110/100| 84 |116] 52 |118|125| 23 |122| 83 | 19 | 85
48195 124|15]101|111|177|179(165|145{163]112{172|169|154({173{136(152(155{141{175|160|151
153|140{166{128{120{131|146{176|170({158(174|167|150{147({168|171|{156{115 '

Dua vao bang 19, biéu thirc 16 ¢6 thé duge biéu didn dudi dang Xo = Yao) = Y13ss
X1 =Yany= Yo, Xo= Yo = Yos, ..., Xi7g = Yra7g)= Y115, va Xi79 = Yr179) = Y1as. Do
do, bo dan xen nhém 122 ¢c6 thé sép xép lai thr tu ctia cac nhom bit theo don vi nhém bit
béng c4ch chuyén nhém bit thir 0 thanh nhém bit thi 135, nhém bit thir 1 thanh nhom bit
tha 22, nhom bit tht 2 thanh nhém bit thr 25, ..., nhom bit thir 178 thanh nhém bit thi
115, va nhém bit thir 179 thanh nhém bit thir 148.

Trong cac vi du néu trén, do dai cua tr mad LDPC bz“mg 64800 va ty 1¢ ma béng 6/15,
8/15, 10/15 :Vé 12/15. Tuy nhién, d6 chi 1a vi dy minh hoa va mau dan xen c6 thé duge
xéc dinh theo cach khac khi d0 dai ctia tu ma LDPC béng 16200 hodc ty 1€ ma c6 céc gia
tri khac.

Nhu da néu trén, bd dan xen nhém 122 c6 thé sép xép lai thir tu cia cac nhém bit
theo don vi nhém bit dua vao bidu thirc 16 va cc bang tir bang 15 dén bang 19.

“Khéi thir j & d4u vao ciia bd dan xen theo nhom” trong cac bang tlr bang 15 dén
bang 19 ding dé chi nhém bit thi j dwgc nhap vao bd dan xen nhém 122 trude khi dan
xen, va “khéi ther 7(j) & du ra cia bd dan xen theo nhém” ding dé chi nhém bit thit n(j)

dugc xuét ra tr b dan xen nhém 122 sau khi dan xen.
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Ngoai ra, vi thtr tw ciia cac nhom bit tao nén tir ma LDPC dugc sap xép lai bang bd

dan xen nhom 122 theo don vi nhom bit, va sau d6 cac nhom bit nay dugc dan xen khéi

b%mg bd dan xen khéi 124, nhu s& duge mo ta dudi day, cho nén “thi tu cia cac nhém bit

duoc dan xen khéi” dugc thé hién trong cc bang tir bang 15 dén bang 19 lién quan dén

gid tri 7(j).

Gid tri 7(j) duoc xac dinh trong céc bang tir bang 15 dén bang 19 c6 thé dugc sdp

xép theo tj 16 ma nhu duogc thé hién trong bang 20 duéi day.

Bang 20
(CR 6/15) (CR 8/15) (CR 10/15) (CR 10/15) (CR 12/15)
Khéi thit j Khéi thit n(j) Khéi thir () Khéi thir n(j) Khéi tht n(j) Khéi tht n(j)
ddiuvaociabd | & dAu ra ctia bd & dAu ra clia bd & diu ra cua bd & dhu ra ctia bd & dAu ra cia bd
dan xen theo nhém|dan xen theo nhom|dan xen theo nhém|dan xen theo nhém |dan xen theo nhém |dan xen theo nhém
0 14 126 62 80 135
1 35 50 4 46 22
2 24 38 94 55 25
3 96 36 164 149 149
4 44 66 29 83 24
5 112 171 36 176 164
6 133 7 153 113 64
7 111 178 0 91 80
8 13 145 12 96 178
9 57 67 19 8 159
10 136 49 38 39 137
11 118 137 101 164 2
12 7 167 91 45 29
13 58 19 174 127 106
14 19 53 5 52 4
15 54 59 27 7 162
16 101 68 162 161 161
17 42 52 156 47 144
18 43 23 140 178 117
19 41 42 171 27 1
20 114 78 83 57 6
21 1 97 95 97 26
22 36 102 64 114 9
23 16 96 72 21 11
24 5 95 80 12 157
25 46 179 56 9 79
26 51 93 88 71 72
27 64 105 85 44 90
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28 70 92 53 101 88
29 49 77 9 70 92
30 40 73 47 68 69
31 37 107 125 25 10
32 94 103 107 18 8

33 6 83 76 88 38
34 71 89 100 102 81
35 67 100 74 6 66
36 50 28 65 103 123
37 55 64 103 67 75
38 39 24 79 73 28
39 32 18 57 10 59
40 20 31 78 94 5

41 45 2 92 17 114
42 21 32 90 92 119
43 25 60 126 33 132
44 47 71 26 16 77
45 59 94 70 1 70
46 60 70 16 86 35
47 10 30 43 53 44
48 68 1 84 29 43
49 63 26 104 15 60
50 62 12 25 40 94
51 2 3 66 93 87
52 33 40 28 139 20
53 29 16 59 107 40
54 4 39 6 72 130
55 15 67 49 76
56 23 35 106 51 96
57 15 4 8 38 53
58 27 51 1 30 34
59 18 88 3 76 99
60 66 62 15 74 37
61 31 14 96 48 67
62 22 90 99 34 93
63 9 45 81 5 138
64 26 29 10 82 56
65 11 6 11 126 51
66 0 63 54 85 142
67 28 47 102 78 7

68 30 56 87 23 13
69 34 5 115 105 30
70 8 34 98 36 78
71 17 8 23 31 68
72 173 37 75 64 127
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73 142 17 82 43 39
74 108 61 143 58 113
75 78 21 41 4 42
76 74 33 49 99 47
77 65 0 33 54 98
78 97 43 58 2 12
79 149 20 73 22 14
80 159 44 44 81 46
81 93 11 21 98 32
82 163 2 37 20 33
83 122 69 63 60 55
84 150 10 122 13 86
85 137 57 68 35 50
86 99 48 69 104 57
87 127 46 18 32 49
88 126 13 51 65 18
89 158 25 34 135 91
90 117 9 31 50 105
91 154 55 42 84 0
92 86 65 35 106 41
93 128 27 20 90 129
94 130 58 22 11 71
95 164 101 52 37 17
96 95 134 86 143 102
97 90 174 93 3 89
98 100 99 77 24 74
99 177 159 45 41 104
100 120 166 30 14 58
101 80 81 13 19 121
102 160 72 55 61 54
103 129 104 46 79 126
104 161 162 17 89 143
105 76 79 48 77 103
106 72 146 24 59 3
107 98 130 50 26 139
108 85 150 2 87 62
109 174 127 40 62 97
110 169 76 89 28 45
111 104 153 32 0 31
112 143 74 61 100 36
113 84 106 14 63 134
114 171 113 105 75 82
115 157 163 7 66 109
116 178 176 39 69 73
117 82 131 97 56 16
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118 151 111 60 42 65
119 113 108 71 95 63
120 168 112 169 172 108
121 89 165 179 152 21
122 141 75 170 108 27
123 179 121 128 120 133
124 88 124 155 167 107
125 145 91 178 175 61
126 52 170 139 109 110
127 73 172 131 142 100
128 125 129 120 163 84
129 139 140 141 173 116
130 79 120 130 168 52
131 75 86 158 110 118
132 144 160 112 153 125
133 165 155 117 150 23
134 162 157 138 166 122
135 87 164 127 138 83
136 48 85 147 117 19
137 134 84 142 125 85
138 77 80 151 141 48
139 107 123 116 130 95
140 131 175 136 179 124
141 138 154 176 116 15
142 109 161 167 115 101
143 92 152 154 151 111
144 115 147 172 162 177
145 12 41 132 171 179
146 140 158 149 169 165
147 153 132 145 155 145
148 56 138 144 146 163
149 91 114 108 158 112
150 103 148 161 122 172
151 116 143 137 177 169
152 61 136 175 136 154
153 172 125 150 134 173
154 167 173 118 112 136
155 123 116 165 157 152
156 119 169 168 145 155
157 135 98 133 118 141
158 105 139 173 160 175
159 124 115 111 121 160
160 155 118 119 111 151
161 38 119 152 170 153
162 102 151 124 119 140
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163 156 141 109 148 166
164 166 135 148 174 128
165 132 177 160 144 120
166 110 87 177 129 131
167 81 128 146 131 146
168 148 110 121 137 176
169 147 149 166 154 170
170 170 168 113 140 158
171 175 144 123 123 174
172 106 122 163 132 167
173 83 109 110 156 150
174 146 82 157 124 147
175 121 54 159 165 168
176 176 142 134 133 171
177 53 133 135 128 156
178 69 156 129 159 115
179 152 117 114 147 148

Bang 14 thé hién truong hop budc dan xen nhém duge thuc hién dua vao biéu thirc
15 va gia tri n(j) duoc dung lam chi s& cia nhém bit dau vao, con bang 20 thé hién
trudng hop budc dan xen nhém dugce thue hién dua vao bidu thic 16 va gia tri n(j) duogc
dung lam chi s§ ctia nhom bit diu ra. Vi vay, bang 14 va bang 20 c6 mbi quan hé nguoc

nhau.

‘ Tir ma LDPC duoc dan xen nhém theo quy trinh néu trén duoc thé hién trén Fig.6.
Khi so sanh tir md LDPC trén Fig.6 v6i tr ma LDPC trén Fig.5 truéc khi dan xen nhom,

c6 thé thiy ring thir ty clia cdc nhom bit tao nén tir ma LDPC dugc sap xép lai.

Nghta 13, nhu duge thé hién trén Fig.5 va Fig.6, cac nhém cta tir ma LDPC dugc
sép xép theo thit tyr 1a nhém bit Xo, nhém bit X, ..., nh6m bit Xxgroup-1 trwéc khi dan xen
nhom, va dugc 'sép Xép theo tht tu 12 nhoém bit Yo, nhom bit Yy, ..., nhom bit Ygroup-1 52U
khi dan xen nhém. Trong trudong hop nay, thir tw sap xép lai cua cac nhom bit sau khi dan

xen nhém c6 thé dugc xac dinh dya vao cdc bang tir bang 9 dén bang 20.

Bo dan xen xoay bit trong nhom 123 dan xen cac bit trong cling mdt nhém bit.
Nghia 13, b dan xen xoay bit trong nhom 123 ¢6 thé sép xép lai thu tu cla céc bit trong

cung mdt nhom bit bang cach thay d8i thtr ty cia céc bit trong cing mdt nhom bit.

Trong trudng hop ndy, bd dan xen xoay bit trong nhém 123 ¢6 thé sip xép lai thir tw

cta céc bit trong cing mdt nhém bit bang cach dich chuyén tudn hoan v6i mot s6 luqng
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bit dinh trudc trong sb cac bit trong cing mdt nhém bit.

Vi duy, nhu dugce thé hién trén Fig.7, bd dan xen xoay bit trong nhém 123 c6 thé
dich chuyén tudn hoan cAc bit trong nhém bit Y; sang bén phai 1 bit. Trong truong hop
nay, cac bit nim & vi tri thir 0, vi tef tha 1, vi tri thir 2, ..., vi trf thir 358, va vi tri thir 359
trong nhom bit Y; nhu dugc thé hién trén Fig.7 dugc dich chuyén tudn hoan sang bén
phai 1 bit. Két qua 13, bit ndm & vi trf thir 359 trude khi dich chuyén tudn hoan s& nim &
dhu nhém bit Yy va céc bit nim & vi trf thtt 0, vi tri thir 1, vi trf thir 2, .., vi trf thir 358
trude khi dich chuyén tuan hoan sé& dugc dich chuyén sang bén phai 1 bit theo thir tu 1an

Iuot va nam & do.

Ngoai ra, by dan xen xoay bit trong nhoém 123 ¢6 thé sép xép lai thir tu cua céc bit
trong mdi nhom bit bang cach dich chuyén tudn hoan véi mot sé lwong bit khic trong
mdi nhém bit.

Vi du, bd dan xen xoay bit trong nhom 123 ¢6 thé dich chuyén tudn hoan cac bit
trong nhém bit Y; sang bén phai 1 bit, va co thé dich chuyén tudn hoan cac bit trong
nhom b1t Y, sang bén phdi 3 bit.

Tuy nhién, bo dan xen xoay bit trong nhom 123 ¢6 thé duoc loai bo tuy theo truong

hop tng dung.

Ngoai ra, by dan xen xoay bit trong nhém 123 dugc dat & sau bo dan xen nhém 122
trong \}i dﬁ néu trén. Tuy nhién, do chi 1a vi du minh hoa. Nghia 13, by dan xen xoay bit
trong nhom 123 chi thay dbi thir tu ctia cic bit trong mdt nhom bit nhét dinh va khong
thay dbi tht ty ciia cdc nhom bit. Vi vdy, bo dan xen xoay bit trong nhém 123 c6 thé

dugc dit & trude bd dan xen nhém 122.

Bo dan xen khéi 124 dan xen cdc nhom bit da dugc sip xép lai thr tu. Cu thé, bd
dan xen khéi 124 ¢6 thé dan xen cac nhom bit da dugc sap xep lai tha tu bang bd dan xen
nhém 122 theo timg nhém bit (hoge theo don vi nhém bit). Bo dan xen khéi 124 ¢6 nhiéu
cot, mdi cot c¢d nhiéu hang va c6 thé dan xen bﬁng cach phén chia cac nhom bit da duoc

sip xép lai dya vao thir ty diéu bién duge xéc dinh theo phuong phép didu bién.

"Trong truong hop ndy, by dan xen Kkhéi 124 c6 thé dan xen cdc nhom bit da dugc

sép xép lai thu ty bang bo dan xen nhom 122 theo don vi nhom bit. Cu thé, bo dan xen
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Kkhéi 124 ¢6 thé dan xen bing cach phéan chia cac nhém bit da duge sip xép lai dya vao

thét tur didu bién st dung phén thtr nhit va phan th hai.

Cu thé, bo dan xen khéi 124 dan xen bing cach phén chia mdi cot ra thanh phan thir
nhét va phén th hai, ghi theo thir tu ]an Iuot cac nhém bit vao cac cot thude ph?m thir
nhét theo don vi nhém bit, phan chia cac bit ctia cac nhém bit con lai ra thanh cac nhom
(hodc cdc nhom bit con), m3i nhém c6 mdt sb luong bit dinh trude dya trén sb luong cot,

va ghi theo thir tur 14n lugt cac nhom bit con vao céc cot thudc phan thi hai.

Trong do, s6 lwong nhom bit duge dan xen theo don vi nhom bit ¢ thé duogc xac
dinh dua vao it nhit mdt thong sb trong sb sb luong hang va s6 luong cot tao nén bo dan
xen khéi 124, sé lugng nhém bit va sé lugng bit co trong mdi nhom bit. N6i cach khac,
bo dan xen khdi 124 c6 thé x4c dinh cac nhoém bit duge dan xen theo don vi nhém bit co
xem xét dén it nhit mot thong s trong s6 s6 lugng hang va s6 lugng cot tao nén bo dan
xen khéi 124, sb lugng nhom bit va s6 luong bit co trong mdi nhém bit, dan xen cac
nhém bit twong tng theo don vi nhoém bit, va phan chia céc bit cia cac nhém bit con lai
ra thanh cac nhém bit con va dan xen cac nhém bit con do. Vi dy, bd dan xen khdi 124 ¢6
th dan xen it nhat mot phin cta cic nhém bit theo don vi nhém bit bing cach st dung
phan thir nhét, va phan chia cac bit cla cac nhém bit con lai ra thanh cac nhém bit con va

dan xen cac nhom bit con do bang cach st dung phan tht hai.

Trong khi d6, viéc dan xen cac nhom bit theo ting nhém bit (hodc theo don vi
nhém bit) c6 nghia 1a cc bit trong cung mdt nhém bit dugc ghi vao cung mot cot. Noi
cach khac, bo dan xen khdi 124, d8i v6i cac nhom bit duge dan xen theo don vi nhoém bit,
¢6 thé khong phan chia céc bit trong cung mdt nhom bit va thay vao d6 bo dan xen khdi
ghi céc bit nay vao cung mdot cot. Tuy nhién, d6i v6i cac nhom bit khong duge dan xen
theo don vi nhom bit, bd dan xen khéi c6 thé phén chia cdc bit trong it nhét mdt nhom bit
trong sd cac nhém bit hodc moi nhom bit trong s6 cac nhém bit va ghi céac bit ndy vao cac

cot khac nhau.

Do d6, sb luong hang tao nén phan tht nhét 12 bdi s6 nguyén 14n cua sb luong bit 6
trong mot nhom bit (vi duy, 360), va sb lugng hang tao nén phé‘m thi hai c6 thé nho hon sb

lugng bit c6 trong nhém bit nay.

Ngoai ra, trong tht ca cac nhom bit dugc dan xen b?mg cach st dung phén thi nhét,
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c4c bit trong cling mdt nhém bit duoc ghi va dan xen trong cung mdt cdt ctia phin thi
nhét, va trong it nhit mot nhom dugc dan xen bang cach st dung phan thir hai, céc bit

dugc phén chia va ghi vao it nhét hai cot ctia phan tht hai.
Phuong phap dan xen s& dugc md ta dudi day.

Trong khi d6, by dan xen xoay bit trong nhom 123 chi thay dbi tht tu cta céac bit
trong nhom bit va khong thay d6i thit tu cta cac nhém bit sau khi dan xen. Do doé, thir tu
cta cac nhém bit dugc dan xen khdi bang bd dan xen khdi 124, tic 1a thr ty cua cac
nhém bit duge nhip vao bd dan xen khdi 124, c6 thé duogc xac dinh b%mg bd dan xen
nhém 122. Vi du, thir tw ciia cic nhom bit dugc dan xen khéi bing bo dan xen khéi 124
c6 thé ducjc x4c dinh dya vao gia tri n(j) nhu dugc thé hién trong cac bang tir bang 9 dén

bang 20.

Nhu da néu trén, bd dan xen khdi 124 c6 thé dan xen cac nhom bit da dugc sp xép

lai thi tu theo don vi nhém bit bang céach su dung nhiéu cdt, mdi cot cd nhiéu hang.

Trong trudng hop nay, b dan xen khéi 124 ¢6 thé dan xen tr ma LDPC bang cach
phan chia céc cot ra thanh it nhat hai phan. Vi du, bo dan xen khéi 124 c6 thé phéan chia
mdi cdt ra thanh phé‘m thi nhét va phﬁn thir hai, va dan xen cic nhom bit tao nén tr ma

LDPC.

Trong trudng hop nay, by dan xen khdi 124 ¢6 thé phan chia mdi cot ra thanh N
phan (N 12 s6 nguyén 16n hon hodc bang 2) tuy thudc vao viée sb luong nhom bit tao nén
tir ma LDPC c6 phai 1a bdi s6 nguyeén 13n cua sb luong cdt tao nén b dan xen khéi 124
hay khong, va co thé thyc hién budc dan xen.

Néu»sé lugng nhém bit tao nén tr md LDPC 12 bdi sb nguyén 13n cua sb lugng cot
tao nén bd dan xen khdi 124, thi b dan xen khéi 124 c6 thé dan xen cadc nhom bit tao nén

tr m3 LDPC theo don vi nhém bit ma khong cAn phan chia mdi cot ra thanh nhiu phan.

Cu thé, bd dan xen khéi 124 c6 thé dan xen bing cach ghi cdc nhom bit cla tir ma
LDPC vao ting cot theo don vi nhom bit theo hudng cot, va doc timg hang ctia cac cOt da

ghi cac nhém bit theo don vi nhém bit theo huéng hang.

Trong trudng hop nay, b dan xen Kkh&i 124 ¢6 thé dan xen bang cach ghi theo thir

tu 14n lugt céc bit ¢ trong mot s6 luong nhém bit dinh trude, s6 lugng nay tuong Gng
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v6i thuong s6 thu duoc khi 14y sb lwgng nhém bit ciia tir ma LDPC chia cho sb lwong cot
ctia bd dan xen khéi 124, vao tung cft theo hudng cft, va doc tirng hang ctia cc cot da

ghi céc bit theo hudng hang.

Nhém bit ndm & vi tri thi j sau khi duoc dan xen bé’mg bd dan xen nhom 122 duédi

day s€ duoc goi 1a nhém Y.

Vi du, gia sit ring bd dan xen khdi 124 ¢6 C cot, mdi cot c6 R; hang. Ngoai ra, con
gid sir rang tr md LDPC ¢6 Ngyoup nhém bit va so6 Iwgng nhém bit Ny, 12 bOi s6 nguyén

lan caa C.

Trong trudng hop nay, néu goi thuong sé thu dugce khi 14y Ny, nhém bit tao nén
tr md LDPC chia cho C cot tao nén bd dan xen khéi 124 1a A (= Nerowp/C) (A 12 s6
nguyén 16n hon 0), thi by dan xen khéi 124 ¢6 thé dan xen bing cach ghi theo thi tu lﬁh
lugt A (= Ngroup/C) nhom bit vao tirg cdt theo hudng cdt va doc cac bit dd ghi trong timg

cdt theo hudng hang.

Vi dy, nhu duge thé hién trén F ig.8,.b© dan xen khdi 124 ghi céc bit c6 trong nhém
bit Y,, nhém bit Y, , nhém bit Ya_; vao ¢t tht 1 tir hang thr 1 dén hang tha R, ghi
c4c bit ¢6 trong nhém bit Y, nhém bit Yasy, ..., nhém bit Yaa g vao cdt thir 2 tir hang
thir 1 dén hang thtt Ry, ..., va ghi c4c bit c6 trong nhém bit Yca-a, nhém bit Yea-asts -«
nhém bit Yca—; vao cot C tir hang thir 1 dén hang thir R;. B6 dan xen khéi 124 ¢6 thé doc

céc bit dd ghi trong tirng hang cta céc cft ndy theo hudng hang.

Do d6, bd dan xen khdi 124 dan xen tt ca cac nhom bit tao nén tir ma LDPC theo

don vi nhém bit.

Tuy nhién, néu sd lwong nhém bit tao nén tir ma LDPC khong phai 12 boi s6 nguyén
1An cta sb lugng cot tao nén bd dan xen khbi 124, thi bd dan xen khdi 124 c6 thé phan
chia m&i cot ra thanh hai phén va dan xen mot phan ciia cdc nhom bit tao nén tir ma
LDPC theo don vi nhém bit, va phéan chia céc bit clia cdc nhém bit con lai ra thanh céc
nhom bit con va dan xen cdc nhém bit con do. Trong truong hop nay, cac bit co trong cac
nhém bit con lai, tire 12 cac bit ¢6 trong sb lugng nhém twong g véi sb du sau khi 14y
sb luong nhém bit tao nén tir ma LDPC chia cho $6 luong cot, khdong duge dan xen theo

don vi nhém bit, ma s& dugc dan xen sau khi da phan chia theo s6 lugng cot.

-60-



27584

Cu thé, bo dan xen vkhéi 124 ¢6 thé dan xen tir md LDPC b?mg cach phéan chia mdi
cOt ra thanh hai phén.

Trong trudng hop nay, b dan xen khéi 124 c6 thé phan chia cac cot ra thanh phén
thir nhat va phén thi hai dya vao it nhit mot thong s trong s6 s lugng hang va sb lugng
cot tao nén bd dan xen khédi 124, s6 lugng nhom bit tao nén tir ma LDPC, va sb lugng bit

tao nén moi nhém bit.

Trong d6, mdi nhom bit c6 thé c6 360 bit. Ngoai ra, s luong nhom bit tao nén tir
ma LDPC c6 thé duge x4c dinh dwa vao d6 dai cia tir md LDPC va sb lugng bit c6 trong
m3i nhom bit. Vi du, khi tir ma LDPC ¢6 d9 dai bang 16200 dugc phan chia sao cho mdi
nhém bit ¢6 360 bit, thi tir md LDPC nay dugc phan chia ra thanh 45 nhom bit. Theo
cach khac, khi tir ma LDPC c¢6 do dai bang 64800 dugc phan chia sao cho mdi nhém bit
¢ 360 bit, thi tr md LDPC nay c6 thé dugc phan chia ra thanh 180 nhom bit. Ngoai ra,
s6 Tuong cot tao nén b dan xen khéi 124 c6 thé duoc xéc dinh theo phuong phap diéu

bién. Phuong phép diéu bién nay s& duge md ta chi tiét dudi day.

Do d6, sb lugng hang tao nén mdi phén trong s6 phan tht nhit va phan tht hai c6
thé duoc x4c dinh dua vao s6 luong cdt tao nén bd dan xen khéi 124, sb lugng nhom bit

tao nén tr md@ LDPC, va s6 lugng bit tao nén mdi nhom bit.

Cu thé, trong mdi cot, phan thir nhét ¢6 thé gdm cac hang véi s6 luong hang ding
bing s6 lwong bit tao nén it nhit mot nhém bit co thé duge ghi vao timg cdt theo don vi
nhom bit trong sd cac nhom bit tao nén tr ma LDPC, duoc xac dinh theo s6 luong cot tao
nén bd dan xen khéi 124, sb luong nhom bit tao nén tr ma LDPC, va sd lugng bit tao nén
m&i nhém bit. |

Trong mdi cdt, phan tht hai c6 thé gdm c4c hang con lai ngoai trir cac hang voi 5O
lugng hang dung bang sb lugng bit tao nén it nhét mot sd nhom bit co thé duoc ghi vao
ting cot theo don vi nhom bit trong s6 cac nhém bit tao nén tir ma LDPC. Cu thé, sb
Iuong hang thudc phén tht hai ¢6 thé co gia tri bang thuong sé khi 14y sb lugng bit c6
trong tit ca cac nhom bit con lai ngoai trir cdc nhom bit tuong Ung voi phé‘m tha nhat chia
cho sb lugng cot tao nén bd dan xen khdi 124. Néi cach khéc, sb luong hang cla phin
thi hai c6 thé c6 gia tri bang thuong sd khi 14y sb lugng bit c6 trong cac nhém bit con lai

khong dugc ghi vao phan tht nht trong s6 cdc nhom bit tao nén tir ma LDPC chia cho sb

-61-



27584

lugng cot.

Tirc 13, b dan xen khéi 124 ¢6 thé phan chia mbi cot ra thanh phan thir nhit gdm
cac hang véi sb luong hang ding béng sd lugng bit ¢ trong cac nhom bit c6 thé dugc ghi

vao tirng cot theo don vi nhém bit, va phén thir hai gbm c4c hang con lai.

Do 4o, phén thir nhét c6 thé c6 s luong hang ding bang sb lugng bit co trong cac
nhém bit, tie 12 ¢6 sd lugng hang ding bang bdi s6 nguyén lan ctia M. Tuy nhién, vi sd
luong bit tir ma tao nén mai nhom bit ¢6 thé 1a mot ude sb ctia M nhu d3 néu trén, cho
nén phan tha nhét ¢6 thé c6 sb lugng hang ding bang bdi sb6 nguyén 14n cua sb lugng bit

tao nén moi nhoém bit.

Trong trudng hop nay, bd dan xen Kkhéi 124 ¢6 thé dan xen bing cach ghi va doc tir

ma LDPC 4] phﬁn thir nhét va phan th hai theo cing mot phuong phap.

Cu thé, b dan xen khéi 124 ¢6 thé dan xen b%mg cach ghi tir md LDPC vao cac cot
tao nén mbi phé‘m trong sd ph?m tht nhat va ph?m tht hai theo hudng cdt, va doc cdc cdt

tao nén phin thtt nhét va phén thir hai da ghi tr ma LDPC theo hudng hang.

Nghia 13, by dan xen Kkhéi 124 c6 thé dan xen bing cach ghi theo thir tu 14n luot céc
bit c6 trong it nhét mot s nhom bit c6 thé dugc ghi vao timg cdt theo don vi nhoém bit
trong s& cac nhom bit tao nén tr md LDPC vao timg cOt thudc phi“m thit nhit, phan chia
cac bit c6 trong cdc nhom bit con lai ngoai trir it nhit mot s6 nhom bit néu trén va ghi vao
tung cot thudc phan th{t hai theo hu(mg cot, va doc céc bit da ghi trong tung cdt trong sd

cac cdt tao nén mdi phé‘m trong sd phén tha nhit va ph::in thir hai theo huéng hang.

Trong trudng hop nay, bo dan xen khdi 124 c6 thé dan xen bang cach phén chia cac
nhém bit con lai trong s& cac nhom bit tao nén tir ma LDPC dya vao sb luong cot tao nén
bo dan xen khéi 124.

Cu thé, bd dan xen kh&i 124 ¢6 thé dan xen bang cach 14y céc bit co trong cdc nhom
bit con lai chia cho sb luong cot, ghi cac bit d& phan chia vao tung cdt trong sb céc cot
tao nén phén tht hai theo hudng cot, va doc cac cdt tao nén phé‘m th(t hai, trong d6 c6 ghi
c4c bit d phan chia, theo huéng hang.

Nghfa 13, bd dan xen Kkhéi 124 c6 thé 1dy cac bit co trong cac nhém bit con lai trong

s& cac nhém bit tao nén tir md LDPC, tuc 1a cac bit trong cdc nhom bit twong Ung voi
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phin du sau khi 14y sb lugng nhém bit tao nén tir ma LDPC chia cho s luong cot, dem
chia cho sb luong cot, va c6 thé ghi theo thu tu 1An luot céc bit ¢4 phan chia nay vao tung

cOt thudc phﬁn thit hai theo hudng cot.

Vi du, gia st ring bd dan xen khoi 124 ¢6 C cdt, mdi ot c6 R, hang. Ngoai ra, gid
it ring tir md LDPC 06 Negoup nhom bit, s6 luong nhém bit Nerou, khong phii 12 bdi sb
nguyén 1an cia C, va AXC+1 = Ngoup (A 12 sé nguyén 16n hon 0). N6i cach khac, gia su
rang khi 14y s6 lwgng nhom bit tao nén tir ma LDPC chia cho s lugng cot, thi thuong sd

bing A va s6 du bang 1.

Trong trudng hop ndy, nhu duge thé hién trén Fig.9 va Fig.10, b0 dan xen khdi 124
co the phén chia mdi cot ra thanh phan tht nhit c6 R; hang va phan thtt hai ¢6 R hang.
Trong trudng hO‘p nay, R; ¢ thé twong tng véi s6 Iugng bit c6 trong cac nhom bit c6 thé
dugc ghi vao timng cdt theo don vi nhém bit, va R, ¢co thé bing sb luong hang cia mdi cot
trir di R;. |

Nghia 13, trong vi du néu trén, sb lugng nhom bit co thé dugc ghi vao timg cot theo
don vi nhém bit 14 A, va phan thi nhét ciia mdi cdt cb thé cb sb luong hang ding bing s6

luong bit co trong A nhom bit, tirc 1a ¢6 thé co sb lugng hang ding bang AXM.

Trong tru:ong hop nay, by dan xen Kkhdi 124 ghi cac bit c6 trong cac nhém bit c6 thé
duoc ghi vao timg cot theo don vi nhom bit, tic la A nhom bit, vao phan thir nhét cta

mdi cot theo hudng cdt.

Nghia 13, nhu duge thé hién trén Fig.9 va Fig.10, by dan xen khdi 124 ghi céc bit co
trong mc:)i‘ nhOom bit trong sé nhom bit Yo, nhém bit Yy, ..., nhém bit Y a-1 VAo ph?m thu
nhét cta cot thr 1 tir hang thr 1 dén hang thr R;, ghi cdc bit ¢6 trong mdi nhom bit trong
56 nhom bit Ya, nhom bit Yasy, ..., nhém bit Yaa-1 vao phin thir nhit ctia cot thr 2 tir
hang thu 1 dén hang thtt Ry, ..., ghi cdc bit ¢d trong mdi nhom bit trong s6 nhom bit
Yeaa, nthém bit Yea-ast, -, nhém bit Yea-y vao phan thir nhat cta ¢t thir C tir hang
thit 1 dén hang tht R;.

Nhu di néu trén, bd dan xen khdi 124 ghi céc bit c6 trong cac nhém bit c6 thé duge

ghi vao tirng cot theo don vi nhém bit & phén thir nhét ctia mdi cot theo don vi nhém bit.

N6i cach khac, theo phwong 4n lam vi du néu trén, céc bit ¢6 trong mdi nhom bit
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trong s6 nhém bit (Yo), nhém bit (Y3), ..., nhém bit (Y-;) cé thé khong dwgc phén chia
va tht ¢4 cac bit nay c6 thé dugc ghi vao cot thir nhit, cac bit 6 trong mdi nhém bit trong
s6 nhom bit (Ya), nhém bit (Yas1), ..., nhém bit (Ypai) ¢6 thé khong duoc phéan chia va
tAt ca cac bit ndy c6 thé dugc ghi vao cOt thr hai, va cac bit ¢ trong mdi nhém bit trong
s6 nhém bit (Yca-a), nhém bit (Yca-as1)s ..., nhom bit (Yca_q) c6 thé khong duoc phan
chia va tit ca cac bit nay c6 thé duoc ghi vao cot C. Nhu vay, cic bit cé trong cling mot
nhém bit trong tit ¢4 cdc nhém bit duge dan xen trong phin thir nhit dugc ghi vao cling

mot cot thude phén thir nhit.

Sau d6, bd dan xen khéi 124 phan chia cac bit c6 trong cadc nhdm bit con lai ngoai
trir cdc nhom bit da duge ghi vao phin thir nhat ctia mdi cot trong sd cac nhom bit, va ghi
c4c bit nay vao phin tht hai ctia mdi cot theo huéng cot. Trong trudng hop ndy, bd dan
xen khéi 124 14y cac bit c¢6 trong cdc nhém bit con lai sao cho cing mot sb luong bit
duge ghi vao phan thtr hai ctia mdi cot theo hudng cot. Trong d6, thir ty ghi cac bit vao
phén thir nht va phan tht hai c6 thé dugc dao nguge. Nghia 13, cic bit ¢6 thé duge ghi

vao phdn thi hai trudc phén thir nhét theo phuong 4n 1am vi du thuc hién séng ché.

Trong vi du néu trén, vi AXC+1 = Ngyyp, cho nén khi cdc nhém bit tao nén tir ma
LDPC duogc ghi theo thur tu lan luot vao phén thir nhat, thi nhém bit cudi YNgroup-1 CUa tIr
ma LDPC khong dugc ghi vao phén thit nhit va con du lai. Do d6, bd dan xen khéi 124
phén chia céc bit c6 trong nhom bit Yygroup-1 ra thanh C nhém bit con nhu duge thé hién
trén Fig.9, va ghi theo thtr tw 14n luot cac bit dd phan chia (tic 1a céc bit twong ng vé6i
thwong s sau khi 1dy cac bit ¢6 trong nhém bit cubi (Yngroup-1) chia cho C) vao phén tht
hai cuia mbi cot.

Céc bit duge phan chia dua vao sb luong cot c6 thé dugc goi 1a cic nhém bit con.
Trong trudng hop niy, mdi nhém bit con ¢6 thé dugc ghi vao timg cdt thude phén tha
hai. Ttrc 13, céc bit ¢6 trong cdc nhom bit c6 thé duge phan chia va ¢6 thé tao thanh céc
nhdém bit con.

| Nghia 13, by dan xen khdi 124 ghi céc bit vao phin tht hai ctia cdt thtr 1 tir hang thir
1 dén hang tht R,, ghi céc bit vao phin thir hai ctia cot thir 2 tir hang thtr 1 dén hang tht
Ry, ..., va ghi c4c bit vao phan thir hai ctia c6t C tir hang thit 1 dén hang tht R,. Trong

truong hop ndy, bd dan xen khdi 124 ¢6 thé ghi cac bit vao phan thir hai ctia mdi cot theo
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huéng ¢t nhu dugc thé hién trén Fig.10.

Nghi’a 13, trong phin thir hai, cac bit tao nén nhém bit c6 thé khong duge ghi vao
cung mdt cdt va cé 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 cac bit ¢6 trong nhom bit cudi (Yngoup-1)
nay chia cho C va ghi c4c bit nay vao timg cot. Tt 13, 14y céc bit c6 trong nhém bit cubi
(Yxgroup-1) chia cho C, tao thanh M/C nhém bit con, va mdi nhém bit con nay c6 thé duoc

ghi vao timg cot thudc phan thir hai.

Do d6, trong it nhit mot nhém bit duge dan xen trong phan tht hai, cAc bit ¢6 trong

it nhAt mdt nhom bit ndy dugce phan chia va ghi vio it nhit hai cot tao nén phén tht hai.

Trong vi du néu trén, b dan xen khéi 124 ghi céc bit vao phén thi hai theo huéng
cOt. Tuy nhién, d6 chi 1a vi du minh hoa. Nghia 1a, bd dan xen khdi 124 ¢6 thé ghi céac bit
vao nhidu ¢t thudc phén thir hai theo huéng hang. Trong trudng hop nay, bd dan xen

khdi 124 c6 thé ghi cac bit vao phén thir nhét theo phuong phap gibng nhu d néu trén.

Cu thé, dya vao Fig.10, by dan xen khéi 124 ghi céac bit tir hang tht 1 thude ph?m
thir hai trong cot thir 1 dén hang thir 1 thudc phan thir hai trong cot C, ghi c4c bit tir hang
thtr 2 thudc phan thir hai trong cdt thir 1 dén hang thi 2 thudc phin thir hai trong cot
C, ..., va ghi cac bit tir hang tht R, thuc phan th@ hai trong cdt thi 1 dén hang thir R,

thudc phén thi hai trong cot C.

Mit khéc,' bd dan xen khdi 124 doc theo tht tw 14n lugt cac bit dd ghi trong mbi
hang thudc timg phan theo hudng hang. Nghia 13, nhu dugc thé hién trén Fig.9 va Fig.10,
bo dan xen khdi 124 doc theo ther tw 14n luot cac bit da ghi trong mdi hang thude phin
thtr nhit cta nhiéu cot theo huéng hang, va doc theo thir tu 1an lugt cac bit dd ghi trong

mbi hang thudc phan thir hai ctia nhiéu cot theo huéng hang.

Do dé,’ bd dan xen khdi 124 c6 thé dan xen mot phén cda cac nhom bit tao nén tir
ma LDPC theo don vi nhém bit, va phén chia va dan xen mot sé nhém bit con lai. Nghia
13, bd dan xen khédi 124 c6 thé dan xen béng cach ghi tor md LDPC tao nén mot sb luong
nhém bit dinh trude trong sb cac nhém bit vao cac ¢t thude phén tht nhét theo don vi
nhom bit, phan chia céc bit clia cAc nhém bit con lai va ghi céc bit nay vao tung cdt thude

phin tht hai, va doc cac cot thudc phan thir nhat va phan thir hai theo huéng hang.
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Nhu d3 néu trén, bd dan xen khéi 124 c6 thd dan xen cac nhom bit theo cac phuong

phap di dugc md ta trén ddy dya vao cac hinh v& tir Fig.8 dén Fig.10.

Cu thé, trong trudng hop dugc thé hién trén Fig.9, céc bit c¢6 trong nhém bit khong
thudc phan tht nhét duge ghi vao phan tht hai theo huéng cot va duogc doc theo hudng
hang. Theo phuong phap nay, thir tu clia céc bit co trong nhom bit khong thude phén tht
nhit duge sip xép lai. Vi céc bit c6 trong nhom bit khong thudc phan tht nhét dugc dan
xen nhu da néu trén, cho nén hiéu sult ty 18 151 bit/ty 1€ 16 khung (Bit Error Rate/Frame
Error Rate, BER/FER) ¢6 thé dugc cai thién hon so voi truong hop céc bit d6 khong

duoc dan xen.

Tuy nhién, nhém bit khong thudc phan thtt nhét c6 thd khong duge dan xen nhu
duoc thé hién trén Fig.10. Nghia 1a, vi bd dan xen khdi 124 ghi va doc céc bit co trong
nhom bit khong thude phan tht nhit vao phan tht hai theo huéng hang, cho nén thu tu
clia cac bit c6 trong nhém bit khong thude phén tha nhét khong thay dbi va cdc bit nay
duogc xuét ra cho bd didu bién 130 theo thir tu lan luot. Trong truong hop nay, céc bit co
trong nhém bit khong thude phan tht nhét c6 thé duoc xuit ra theo thlr tw 1an luot s&

dugc 4nh xa 1én ky hiéu diéu bicn.

T rén Fig.9 va Fig.10, mot nhom bit cudi trong sd cac nhoém bit dugce ghi vao phén
thir hai. Tuy nhién, d6 chi 1a vi du minh hoa. S6 Tugng nhom bit duge ghi vao phéan thi
hai c6 thé thay déi tuy theo s6 luong nhom bit tao nén tr ma LDPC, sb luong bit tao nén
mbi nhém bit, sd luong cot va s6 lurgng hang tao nén bd dan xen khdi, sb luong anten

truyén, v.v..

B6 dan xen kh&i 124 c6 thé c6 céu hinh nhu dugce thé hién trong bang 21 va bang

22 dudi day:
Bang 21
Nldpc = 64800
QPSK 16-QAM | 64-QAM | 256-QAM 1024-QAM | 4096-QAM
C 2 4 6 8 10 12
Ry 32400 16200 10800 7920 6480 5400
R, 0 0 0 180 0 0
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Bang 22
Nigpe = 16200
QPSK 16-QAM | 64-QAM | 256-QAM 1024-QAM | 4096-QAM
C 2 4 6 8 10 12
Ry 7920 3960 2520 1800 1440 1080
Ry 180 90 - 180 225 180 270

Trong d6, C (hodc N¢) 1a sb lugng cot tao nén bo dan xen khdi 124, R 1a sb luong
hang tao nén phan tht nhét trong mdi cdt, va R, 12 sb6 luong hang tao nén phan tht hai

trong moi cot.

Dua vao bang 21 va bang 22, C ¢6 gid tri bang béc didu bién theo phuwong phap didu
bién, va mdi cdt co s6 lugng hang tuong ng voi gid tri thu dugc khi 14y s6 lugng bit tao

nén tir ma LDPC chia cho s6 luong cdt.

Vi dy, néu d0 dai Nigcua tir ma LDPC bing 64800 va phuong phap diéu bién 12
1024-QAM, thi bd dan xen khéi 124 ¢6 10 cft tuong Ung v6i bac diu bién bang 10 trong
truomg hop diu bién 1024-QAM, va m3i oot ¢6 sb lugng hang bing Ri+R, = 6480
(= 64800/10).

Trong khi d6, dwa vao bang 21 va bang 22, néu sé luong nhom bit tao nén tir mé
LDPC 15 boi sb nguyén 14n cia sb lugng cot, thi bo dan xen khdi 124 dan xen ma khong
cAn phén chia Vmcx)i cot. Vi vay, Ry tuong tng voi sb6 luong hang tao nén mdi cdt, va R,
bang 0. Ngoai ra, néu sé lugng nhoém bit tao nén tir ma LDPC khong phai 1a boi 5O
nguyén 1an cua sb luong cot, thi bd dan xen khéi 124 dan xen cdc nhoém bit bang cach
phén chia mdi cot ra thanh phén thi nhét c6 R; hang, va phéan thir hai ¢6 R, hang.

Néu s luong cdt tao nén bd dan xen khéi 124 bf?mg s6 lugng bit tao nén ky hiéu
didu bién nhu dugc thé hién trong bang 21 va bang 22, thi cac bit trong cung mot nhom
bit duoc 4nh xa 1én mot bit duy nhét cia mdi ky hi¢u didu bién.

Vi du, néu Njg. = 64800 va phuong phap didu bién 13 1024-QAM, thi bo dan xen
kh(‘)vi‘124 c6 thé ¢6 10 cot, mdi cot c6 6480 hang. Trong trudng hop nay, cac bit co trong
m3i nhém bit dugc ghi vao 10 cdt va céc bit da ghi trong ciing mot hang trong mdi cOt

dugce xuét ra theo thtt tw 1an Iuot. Trong trudng hop ndy, vi 10 bit tao nén mot ky hi¢u
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didu bién trong phuong phap didu bién 1024-QAM, cho nén céc bit cb trong cung mot
nhém bit, trc 14 cac bit dugc xuét ra tir mot cot duy nhét, c¢6 thé duge anh xa Ién mdt bit
duy nhat cia mdi ky hiéu didu bién. Vi du, c4c bit c6 trong mot nhém bit di ghi trong cot

thir 1 ¢6 thé dugc 4nh xa 1én bit thir nhit ciia mdi ky hiéu didu bién.
Dua vao bang 21 va bang 22, tdng sb hang tao nén bd dan xen khéi 124, tic 1a
Ngoai ra, sb lugng hang thudc phan thir nhét, R, bang boi s6 nguyén lan cla sb

lwong bit ¢6 trong mbi nhém bit, M (vi du M = 360), va c6 thé duge biéu dién duéi dang

I_Ngroup / CJx M, va sb lugng hang thude phén tht hai, Ry, c6 thé bﬁng Nigpe/C-R;. Trong
d6, |N,.,/C] 1a sé nguyén l6n nhét nhé hon Ngwy/C. Vi Ry 12 bdi s6 nguyén lan cia

sb lugng bit ¢ trong mdi nhém bit, M, cho nén céc bit ¢ thé dugc ghi vao Ry hang theo
don vi nhém bit. |

Ngoai ra, néu sb lugng nhom bit tao nén tir ma LDPC khong phai 1a boi s6 nguyén
lan cua sb lugng cot, thi tir bang 21 va bang 22 c6 thé nhan théy rﬁng bd dan xen khdi

124 dan xen bang cach phan chia mdi cot ra thanh hai phan.

Cu thé, d6 dai cia tir ma LDPC chia cho s lugng cot sé& thu duge tbng sb hang c6
trong mdi cot. Trong trudng hop nay, néu sd lugng nhém bit tao nén tir ma LDPC 1 boi
s6 nguyén 14n cta sé lugng cot, thi mbi cot s& khong duge phan chia ra thanh hai phén.
Tuy nhién, néu sé lugng nhém bit tao nén tir ma LDPC khong phai 12 boi sb nguyén lan
ctia s6 lugng cot, thi mdi cdt s& duoc phén chia ra thanh hai phén.

Vi du, gia sit ring s& luong cot tao nén bo dan xen khdi 124 bang sb lugng bit tao
nén ky hiéu didu bién, va tir ma LDPC c6 64800 bit nhu dugc thé hién trong bang 21.
Trong trudng hop nay, mdi nhém bit cia tir ma LDPC c¢6 360 bit, va tir ma LDPC ¢6
64800/360 (= 180) nhom bit.

Néu phuong phép diéu bién 1a 1024-QAM, thi bd dan xen khéi 124 ¢6 thé c6 10 cot
va mdi cot c6 thé c6 64800/10 (= 6480) hang.

Trong tru‘émg hop nay, vi sb lugng nhém bit ctia tir ma LDPC chia cho s6 Iuong cot

12 180/10 (= 18), cho nén cac bit ¢6 thé dugc ghi vao timg cot theo don vi nhém bit ma
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khong cin phan chia mdi cot ra thanh hai phin. Nghia 13, cac bit ¢6 trong 18 nhém bit,
gid tri ndy 14 thwong s6 sau khi 14y sb Iugng nhém bit tao nén tr ma LDPC chia cho sb

lugng cdt, tirc 1a 18x360 (= 6480) bit, c6 thé duge ghi vao timg cot.

Tuy nhién, néu phuong phap didu bién 1 256-QAM, thi bd dan xen khdi 124 c6 thé
c6 tam (8) cOt va mdi cot c6 thé c6 64800/8 (= 8100) hang.

Trong trudong hop ndy, vi s lugng nhém bit cia tir mad LDPC chia cho s6 lwong cot
bing 180/8 = 22,5, cho nén s lugng nhom bit tao nén tir ma LDPC khong phai 13 bdi sb
nguyén lan ctia s6 lugng cot. Do d6, b dan xen khdi 124 phan chia mdi cot trong sd tim

(8) cOtnay ra thanh hai phin dé thuc hlen budc dan xen theo don vi nhém bit.

Trong truong hop nay, vi céc bit pha1 duoc ghi vao phan thir nhéit ctia mbi cot theo
don vi nhém bit, cho nén s lugng nhém bit c6 thé duge ghi vao phan thi nhét ciia mdi
cdt theo don vi nhém bit bang 22, gid tri nay la thuong s6 sau khi 14y s luong nhom bit
tao nén tir ma LDPC chia cho sé luong cot, va do d6, phdn thir nht ciia mdi cot c6
22x360 (; 7920) hang. Do do6, 7920 bit c6 trong 22 nhom bit co thé dugc ghi vao phan
tht nhit cia mbi cot.

Phin thir hai ciia mdi ¢t gdm céc hang con lai sau khi 14y tdng sé hang trir di s6
lugng hang thudc phin tht nhit trong mdi cot. Do d6, phin thir hai ciia mdi cdt c6
8100-7920 (= 180) hang.

Trorig trudng hop ndy, cac bit co trong cdc nhom bit con lai khong dugce ghi vao
phin thr nhét s& duoc phan chia va ghi vao phan thtt hai cia mbi cot.

Cu thé, vi 22x8 (= 176) nhém bit dugc ghi vao phin thir nhét, cho nén sd luong
nhom bit dugce gh1 vao phan tht hai 12 180-176 (=4) (vi dy, nhém bit Y7, nhém bit
Y177, nhém bit Y73 va nhom bit Y79 trong sb6 cac nhom bit Yy, nhoém bit Y;, nhém bit

., nthom bit Y73 va nhom bit Y70 tao nén tr ma LDPC).

~ Do d6, bd dan xen khéi 124 ¢6 thé ghi theo thi ty 1an lugt bdn (4) nhém bit khong
duge ghi vao phﬁn tht nhit va con du lai trong s6 cac nhom bit tao nén tir ma LDPC, vao
phén thtr hai ctia m3i cot.

Nghia 13, bd dan xen khéi 124 c6 thé ghi 180 bit trong s 360 bit ¢6 trong nhém bit
Y176 vao phan thir hai ciia c6t thir 1 tir hang thir 1 dén hang thir 180 theo hudng cft, va c6

-69-



27584

thé ghi 180 bit con lai vao phén thir hai ctia cot thir 2 tir hang thi 1 dén hang thir 180 theo
huéng cot. Ngoai ra, by dan xen khéi 124 c6 thé ghi 180 bit trong sb 360 bit c6 trong
nhém bit Yy77 vao phan thit hai cta cot thir 3 tir hang thi 1 dén hang tht 180 theo hudng
cot, va ¢6 thé ghi 180 bit con lai vao phén thi hai ciia o0t thir 4 tir hang thi 1 dén hang
thir 180 theo huréng cot. Ngodi ra, bo dan xen khdi 124 c6 thé ghi 180 bit trong s6 360 bit
¢6 trong nhom bit Y73 vao phan thi hai ctia cdt thi 5 tir hang th 1 dén hang tht 180
theo hudng cot, va cd thé ghi 180 bit con lai vao phéan thit hai cta cft thr 6 tir hang the 1
dén hang thir 180 theo hudng cdt. Ngoa1 ra, by dan xen Kkhéi 124 ¢6 thé ghi 180 bit trong
s 360 bit c6 trong nhém bit Y79 vao phén tht hai ctia cot thir 7 tir hang thtr 1 dén hang
thir 180 theo hudng cdt, va co thé ghi 180 bit con lai vao phén tht hai cua cot thtr 8 tr

hang thtr 1 dén hang thir 180 theo hudng cot.

Do d6, céc bit c6 trong nhém bit khong duge ghi vao phén thir nhét va cc bit con
lai khong dugc ghi vao cing mdt cot trong phan thit hai thi ¢6 thé dugc phan chia va ghi
vao nhiéu cot.

Bd dan xen khéi 124 trén Fig.4 theo phuong an lam vi du s& dugec mo ta chi tiét

duéi day dua vao Fig.11.
Trong tir md LDPC da dugc dan xen nhém (v, Vi, -..» V N,dpc—1)> Y; dugc sép Xép lién

tuc duéi dang V ={Yo, Y1, .- YNM_1 1.

" Tir md LDPC sau khi dan xen nhém ¢6 thé dwoc dan xen bang bd dan xen khéi 124
nhu duge thé hién trén Fig.11. Trong truong hop nay, bd dan xen khdi 124 phan chia cac
cOt ra thanh phén tht nhéit (phan 1) va phan tht hai (phén 2) dya vao sb lugng cot tao nén
b dan xen Kkhéi 124 va sb lugng bit trong mot nhoém bit. Trong truong hop nay, ¢ phin
thir nhat, cac bit tao nén mot nhom bit c6 thé duge ghi vao cung mot cdt, va & ph?m tha
hai, céc bit tao nén mot nhém bit ¢6 thé duge ghi vao nhiéu cot (trc 1 céc bit tao nén mot
nhom bit c6 thé duge ghi vao it nhat hai cot).

Cu the bit diu vao v; dugce ghi theo thir tu 13n luot tir phan tht nhit dén phan thir
hai theo huéng cdt, va sau d6 duge doc theo thir tu 14n luot tir phan thtt nhit dén phan thu

hai theo huéng hang. Nghia 13, cac bit dir liéu v; duge ghi theo thi tu 14n luot vao bd dan

xen khéi theo hudng cot bét dAu tir phan tht nhat va tiép tuc ghi theo hudéng cft cho dén
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hét phan thtr hai, va sau d6 dugc doc theo thir tu 1An luot theo hudng hang & phén thit
nhét va tiép tuc doc theo huéng hang & phan tht hai. Do do, mdi bit cé trong cung mot
nhém bit & phan thir nhit ¢6 thé dwoc 4nh xa 1én mot bit duy nhét ctia mdi ky hiéu diéu
bién.

Trong trudng hop ndy, s6 lugng cdt va s6 lwong hang ctia phin thir nhat va phan tht
hai ctia b dan xen khdi 124 thay dbi theo dinh dang didu bién va do dai cia tr md LDPC
nhu duoc thé hién trong bang 23 dudi day. Nghia la, cAu hinh dan xen khdi cho phan thu
nhit va phan thir hai vé6i mdi dinh dang diéu bién va do dai tir ma dugc xéc dinh trong
bang 25 dudi ddy. Trong do, s6 lugng cot tao nén bo dan xen khéi 124 c6 thé bing sb
luong bit tao nén ky hiu didu bién. Ngoai ra, gid tri tbng cla s6 luong hang cua phan thir
nhét, N1, va sb lugng hang cua phﬁn tht hai, Ny, b::ing Nygpe/Nc (trong do, Nc 1a sb luong

¢6f). Ngodi ra, vi Nyy (= [Ny, / C[x360) 12 bdi s6 cta 360, cho nén nhiéu nhém bit c6

thé dugc ghi vao phan thtr nhét.

Bang 23
Ché d6 6 luong hang ctia phan 1 Ny S6 luong hang ctia phan 2 Np | S6 luong cit
didubibn | Nygpe = 64800 | Nigpe = 16200 | Nigpe = 64800 | Niapo = 16200 Nc
QPSK 32400 7920 0 180
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

Su hoat dong cta bd dan xen khéi 124 s& duge mo ta chi tiét dudi day.
Cu thé, nhu duge thé hién trén Fig.11, bit dau vao v; (0 <i <N¢xNy) duge ghi vao

hang 1; ctia cdt ¢; thude phi?m thir nhat cta bd dan xen khéi 124. Trong do, c; var; 1an luot

bang c, =L—\;—-J va r,=(imodN,).

rl

Ngoai ra, bit dau vao v (NexN;p <1 < Nygpe) duoc ghi vao hang r; cla cdt ¢; thude

phin thttr hai cla b dan xen khdi 124. Trong dd, ¢ va 1 lAn luot bing

-71-



27584

Ci ={(i—NC Xer)

N J va 1, =N, +{(i-NxN,)modN,,}.
r2

Bit diu ra qj (0 <j <Nigpc) dugc doc tr cft ¢; clia hang ;. Trong do, rj va ¢ lan luot

bang rj:LKJI—J va ¢;=(jmodN.).

c

Vi du, néu d6 dai Nigpe cUa tir ma LDPC béng 64800 va phuong phap didu bién 1a
256-QAM, thi thtr tu cua cac bit dugc xuat ra tod bo dan xen khéi 124 c6 thé 1a
(qos q1s Q25 - - -» 963357 963358 A63359> 633605 463361 -+ > Qe4799) = (Vos V79205 V15840 -+ -5 V47519
V55439, V633595 V633605 V635405 ++ > Vearge). Trong do, céc chi sé & vé bén phai cia bidu thirc
néu trén ¢6 thé duoc bidu didn cu thé cho tam (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& dugc md ta chi tiét dudi day.

Bo dan xen khéi 124 ¢6 thé dan xen bang cach ghi nhidu nhém bit vao timg cdt theo
don vi nhom bit theo huéng cdt, va doc tirng hang cua céac cot da ghi cdc nhém bit theo
don vi nhom bit theo huéng hang.

Trong trudng hgp nay, s6 luong cot tao nén bd dan xen khéi 124 c6 thé thay a6i
theo phwong phap didu bién, va sb lugng hang c6 thé bang do dai cua tr ma LDPC/sb
lugng cot.

Vi du, néu phuong phép diéu bién 12 1024-QAM, thi bo dan xen khdi 124 c6 thé ¢6
10 cét. Trong truong hop ndy, néu do dai Nig. cla tir ma LDPC bing 64800, thi s lugng
hang bang 6480 (= 64800/10).

Quy trinh dan xen céc nhom bit theo don vi nhém bit bang bd dan xen khéi 124 s&
duge md ta chi tiét dudi day.

Néu sb lugng nhom bit tao nén tr ma LDPC 1a bd1 sb nguyén 14n cta sd lugng cdt,
thi b6 dan xen khdi 124 c6 thé dan xen bang cach ghi theo thtr tw 1an luot cdc nhom bit

vé6i s6 lugng dung bang sb lugng nhom bit chia cho sd lugng cdt trong mdi cdt theo don
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vi nhom bit.

Vi du, néu phuong phép diéu bién 1a 1024-QAM va do dai Nigy, ctia tir ma LDPC
biing 64800, thi bo dan xen khéi 124 c6 thé c6 10 cdt, mdi cot c6 6480 hang. Trong
truong hop nay, vi tir ma LDPC duge phan chia ra thanh (64800/360 = 180) nhém bit khi
d6 dai Nygy, ctia tir ma LDPC bang 64800, cho nén sé lugng nhom bit (= 180) tao nén tir
ma LDPC c6 thé 12 bdi s6 nguyén 14n ctia sb lugng cdt (= 10) khi phuong phap didu bién
12 1024-QAM. Nghia 13, khong cé phan du dugc tao ra khi s& lugng nhém bit tao nén tlr

ma LDPC chia hét cho sb lugng cot.

Nhu da néu trén, néu sb lwgng nhom bit tao nén tir ma LDPC 12 boi sd nguyén lan
cta sb luong cot tao nén bd dan xen khéi 124, thi b dan xen khéi 124 c6 thé khong phan
chia mdi cot ra thanh cac phén va c6 thé dan xen bing cach ghi, vao timg cot theo thir tu
14n luot theo hudng cot, cac bit c6 trong cac nhom bit twong Gng v6i thuong s6 thu dugc
khi léy s6 lugng nhom bit tao nén tr ma LDPC chia cho sb lugng cdt tao nén bd dan xen

khéi 124, va doc timg hang cua céc cot da ghi c4c bit theo huéng hang.

Vi dy, nhu duoc thé hién trén Fig.12, b6 dan xen khéi 124 ghi céc bit c6 trong mdi
nhom bit trong s6 nhom bit Yy, nhém bit Y7, ..., nhém bit Yi7 vao cdt thir nhét tir hang
tht 1 dén hang thir 6480, ghi cic bit co trong m&i nhom bit trong s6 nhém bit Y, nhom
bit Yo, ..., nhom bit Y35 vao cot tht hai tir hang thir 1 dén hang thtr 6480, ..., va ghi céc
bit ¢6 trong mdi nhém bit trong s6 nhom bit Y1, nhom bit Yy, ..., nhom bit Yi79 vao
¢t thir 10 tir hang thir 1 dén hang thir 6480. Ngoai ra, b dan xen khdi 124 c6 thé doc
theo thi tw 14n lugt cac bit di ghi trong mdi hang ctia 10 cdt theo hudng hang.

Nhu da néu trén, néu sé lugng nhoém bit tao nén tir ma L.DPC 1 bdi sé nguyén lan
ctia s6 luong cdt tao nén bd dan xen khéi 124, thi bo dan xen khéi 124 c6 thé dan xen céc
nhém bit theo don vi nhém bit, va do do, cac bit thudc cing mdt nhém bit ¢o thé duogc
ghi vao cing mot cot.

Nhu da néu trén, bo dan xen khéi 124 ¢6 thé dan xen cdc nhom bit cta tir md LDPC
theo quy trinh da dugc mo ta trén day dya vao cac hinh v& tir Fig.9 dén Fig.12.

Néu s6 luong cot tao nén bo dan xen khoi 124 c6 gia tri béng bac didu bién nhu

trong vi du d3 mo ta trén day, thi cac bit c6 trong cung mdt nhém bit cd thé duogc 4nh xa
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16n mot bit cia mdi ky hiéu diéu bién.

Tuy nhién, d6 chi 1a vi du minh hoa va cac bit c6 trong cing mdt nhom bit cb thé
dugce 4nh xa 1én hai bit cua mdi ky hiéu didu bién. Trong trudong hop nay, bo dan xen
khéi 124 ¢6 thé chu hinh nhu duoc thé hién trong bang 24 va bang 25 dudi day. Trong
trudong hop nay, sb lugng cot tao nén bd dan xen khéi 124 c6 thé bing mot nira bac didu

bién nhu dugc thé hién trong bang 24 va bang 25.

Bang 24
Nldpc=64800
QPSK | 16-QAM | 64-QAM | 256-QAM | 1024-QAM | 4096-QAM
C 1 2 3 4 5 6
R 64800 32400 21600 16200 12960 10800
R, 0 o | 0 0 0 0
Bang 25
Nldpc = 16200
QPSK | 16-QAM | 64-QAM | 256-QAM | 1024-QAM | 4096-QAM
C 1 2 3 4 5 6
R 16200 7920 5400 3960 3240 2520
R, 0 180 0 90 0 180 |

Trong d6, C (hodc N¢) 12 s6 luong cot tao nén bo dan xen khéi 124, R, 1a sb lugng
hang tao nén phén tht nhét trong mdi cdt, va R, la sb6 luong hang tao nén phﬁn thir hai
trong mdi cot. ’

Dua vio bang 24 va bang 25, néu sb luong nhém bit tao nén tir ma LDPC 12 bdi sb
nguyén 1an cua sb luong cot, thi bo dan xen khéi 124 dan xen ma khong can phan chia
mdi cot. Vi vay, Ry twong ng v6i s6 luong hang tao nén mdi cdt, va R, bing 0. Ngodi ra,
néu sb luong nhom bit tao nén tir ma LDPC khong phai la bdi sé nguyén 1an cta sd luong
cot, thi bd dan xen khéi 124 dan xen cac nhém bit bang cach phén chia mdi cdt ra thanh

phan thir nhét ¢6 R, hang, va phan thi hai c6 R, hang.

Néu sb luong cot tao nén bd dan xen khéi 124 bing sd lugng bit tao nén ky hi¢u
didu bién nhu dugc thé hién trong bang 24 va bang 25, thi cac bit trong cung mo6t nhom

bit dugc 4nh xa 1én hai bit cia mdi ky hiéu dicu bién.
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Vi dy, néu Nigy. = 64800 va phuong phap didu bién 1a 1024-QAM, thi bd dan xen
Kkhéi 124 c6 thé c¢6 niam (5) cdt, mdi cdt 6 12960 hang. Trong truong hop nay, céc bit co |
trong mdi nhém bit duge ghi vao ndm (5) cot theo don vi nhém bit va cac bit d4 ghi trong
cing mdt hang trong cac cot tuong ung dugc xuét ra theo tht tu 1in lugt. Trong trudng
hop nay, vi 10 bit tao nén mot ky hiéu didu bién trong phuong phép diéu bién
1024-QAM, cho nén céc bit dugc xuét ra tir hai hang tao nén mot ky hiéu didu bién. Do
d6, céc bit ¢6 trong mot nhém bit, tire 1a céc bit duge Xuét ra tr mot cot, co thé duogc anh
xa 1én hai bit cia mdi ky hiéu didu bién. Vi du, cac bit c6 trong mdt nhoém bit da ghi trong
cot thir nhét c6 thé dugc 4nh xa 1én cac bit ndm & hai vi tri nhét dinh trong mdi ky hiéu
didu bién.

Quay lai Fig.1, bd didu bién 130 4nh xa tr md LDPC dé dan xen 1én céac ky hi€u
diéu bién. Cu thé, bo diéu bién 130 co6 thé phén kénh tr ma LDPC d3 dan xen, didu bién
tir ma LDPC da phan kénh, va énh xa tir ma LDPC nay lén chom diém.

Trong trudng hop nay, bd didu bién 130 co thé tao ra ky hi¢u didu bién bing cach

str dung c4c bit ¢6 trong mdi nhom bit.

N6i cach khac, nhu dd néu trén, cdc bit ¢6 trong cac nhom bit khac nhau co6 thé
duge ghi vao timg cdt clia bd dan xen khdi 124, va bd dan xen khdi 124 doc céc bit da
ghi trong tirng cot theo hudng hang. Trong truong hop nay, bo diéu bién 130 tao ra ky
hi¢u didu bién bang cach anh xa cac bit doc dugc trong mdi cot 1én moi bit cua ky hi¢u

didu bién. Do d6, moi bit cta ky hiéu didu bién co thé thudc vé mdt nhom bit khac nhau.

Vi du, gia su ring ky hiéu didu bién co6 C bit. Trong trudng hop nay, cac bit doc
duoc tir mdi hang cta C ¢t cua bo dan xen Kkhéi 124 c6 thé duge 4nh xa 1én mdi bit clia
ky hiéu didu bién va do d6 mbi bit ctia ky hi¢u didu bién ¢6 C bit c6 thé thude vé C nhom
bit khac nhau.

DAu hiéu dic trung néu trén s€ dugc mo ta chi tiét dudi day.

Trude tién, bd didu bién 130 c6 thé phan kénh tir ma LDPC da dan xen. Dé lam
duoc didu nay, bd didu bién 130 c6 thé c6 bo phn kénh (khong duoc thé hién trén hinh
v&) dé phan kénh tir md LDPC da dan xen.

B6 phan kénh (khong dugc thé hién trén hinh v&) phan kénh tir ma LDPC da dan

-75-



27584

xen. Cu thé, bd phan kénh (khong duoc thé hién trén hinh v&) thyc hién bude bién dbi nbi
tiép thanh song song trén tir ma LDPC di dan xen, va phan kénh tir ma LDPC da dan xen

thanh cac 6 ¢ mot s6 luong bit dinh trude (hodc 6 dir liéu).

Vi dy, nhu dugc thé hién trén Fig.13, bd phan kénh (khong duoc thé hién trén hinh
v&) thu tr mad LDPC Q = (q0» 91> 92> ---) dugc Xuét ra tir bd dan xen 120, xuét ra theo thr
tu 14n luot cac bit tt mad LDPC thu dugc cho nhiéu dong con, bién db6i cac bit ddu vao cia
tr ma LDPC thanh céc 0, va xuét ra cc 0 nay.

Trong do, s luong dong con, Ngstreamss ¢6 thé b%mg sb6 luong bit tao nén ky hiéu
didu bién, mop. Do do, s6 luong bit tao nén mdi 6 c6 thé bing sb6 lugng bit tao nén ky
hiéu didu bién (tirc 12 bac diéu bién).

TMoD c6 thé thay ddi tuy theo phuong phap didu bién va khi d6 sb lugng 6 dugc tao
ra c6 thé thay ddi tuy theo dd dai Nigpe cua tir md LDPC nhu dugc thé hién trong bang 26.

Bang 26
Phuong phép S6 6 dit libu ddura | S60 dit liéu daura

didu bién fmop V6i Nigpo = 64800 |  v6i Nigyo = 16200
QPSK 2 32400 8100
16-QAM 4 16200 4050
64-QAM 6 10800 2700
256-QAM 8 8100 2025
1024-QAM 10 6480 1620

Trong trudng hop nay, cac bit ¢6 cung mot chi s6 trong mdi dong con trong sb céc
dong con cO thd tao nén cung mot 6. Do do, cac 0 co thé c6 cAu tric dudi dang
(Yo.0s Y1.05 -+ +» Ynmop-1,0) = (dos Q15 -+ 5 qpmon-1)s (Yo,15 Y115 ++o5 Ynmop-1,1) = (GqMoDs qqMOD+5 +++»
(12ng0D-1)s p

Nhu d3 néu trén, sé lugng dong con, Niustreams» bang sd luong bit tao nén ky hi¢u
didu bién, Nmop, Va s6 luong bit tao nén mdi 6 c6 thé bﬁng s6 lugng bit tao nén ky hiéu
didu bién.

Bo phéan kénh (khong duoc thé hién trén hinh v&) co thé phan kénh céc bit tr ma
LDPC diu vio theo nhiéu phuong phép khac nhau. Nghia 13, b phan kénh (khong duoc
thé hién trén hinh v&) 6 thé thay doi thtr tir cla cc bit tr ma LDPC va xuit ra cc bit

-76-




27584

cho mdi dong con, hoac ¢ thé xuét ra cac bit cho mbi dong theo thur tu lan lwot ma
khong can thay dbi thtr tu clia c4c bit tir ma LDPC. Cac bude thuc hién nady c6 thé dugc
x4c dinh theo sb lugng ct duge ding khi dan xen trong bd dan xen khéi 124.

Cu thé, néu bd dan xen khdi 124 c6 sb Iugng cdt ding b%mg mot nia sd lugng bit
tao nén ky hiéu diéu bién, thi bd phan kénh (khong duoc thé hién trén hinh v&) c6 thé
thay dbi thir tu ctia cac bit tir ma LDPC ddu vao va xuét ra cdc bit cho mdi dong con. Vi

du v& phuong phép thay dbi thir tu duoc thé hién trong bang 27 dudi day:

Bang 27

Ché d6 didu bién QPSK

Chi s6 bit dau vao

) 0 1

i mod Nsubstreams

Chi sb bit ddura 0 1

Ché d6 didu bién 16-QAM

Chi s0 bit dau vao

imod Nsubsfreams '

Chi s6 bit dau ra 0 2 1 3

Ché d6 diéu bién 64-QAM

Chi s6 bit dau vao

i mod Nsubstreams

Chi s6 bit ddu ra 0 | 3 | 1 | 4] 2|5

Ché d6 didu bién 256-QAM

Chi s0 bit dau vao

i mod Nsubstreams

Chi s6 bit dau ra 0 4 1 5 2 6 3 7

Ché d6 didu bién . 1024-QAM

Chi s6 bit dau vao

imod Nsubstreams

Chi s6 bit dau ra 0 5 1 6 2 7 3 8 4 9

Ché 6 didu bién 4096-QAM

Chi so bit dau vao

. 0 1 2 3 4 5 6. 7 8 9 10 11
imod Nsubstreams

Chi s6 bit dau ra 0] 6 1 712 | 8 |3 9 | 4 | 10| 5 | 11

Dua vio bang 27, vi du, khi phwong phap didu bién 13 1024-QAM, thi s lugng

dong con bing 10 vi sb luong bit tao nén ky hiéu diéu bién bing 10 véi phuwong phap
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diéu bién 1024-QAM. Trong truong hop nay, bo phan kénh (khéng dugc thé hién trén
hinh v&) c6 thé xuét ra, trong sd cac bit diu vao theo tht tu 14n luot, cac bit ¢ chi sd i
thod mén h¢ thirc i mod 10 = 0 cho dong con thir 0, cic bit c6 chi sb i thoa man hé thirc
imod 10 =1 cho dong con thtt 5, cac b}t ¢6 chi s6 i thod man hé thirc i mod 10 =2 cho
dong con thir 1, cac bit ¢6 chi s6 i thoa man hé thirc i mod 10 = 3 cho ddng con thit 6, cic
bit ¢6 chi sb i thoa man hé thirc i mod 10 =4 cho dong con thtr 2, céc bit ¢6 chi sb 1 thoa
man hé thirc i mod 10 =5 cho dong con th 7, céc bit c¢6 chi s i thoa man hé thic
imod 10 = 6 cho dong con thir 3, cac bit c6 chi sd i thod man hé thirc i mod 10 =7 cho
dong con thir 8, céc bit c¢6 chi s6 i thoa man hé thirc i mod 10 = 8 cho dong con thtt 4, va

c4c bit ¢6 chi sd i thoa man hé thirc i mod 10 =9 cho dong con thtt 9.

Do d9, céc bit tir ma LDPC dugc nhdp vao bd phan kénh (khong dugc thé hién trén
hinh v&), (9o, 91, 925 93> 94> 95> 96> q&, qds> 9o ---), €O thé duoc xuét ra thanh céc 6 co cAu
tric dudi dang (¥o,0, ¥1,0, ¥2,0» ¥3,0» Y4,0s ¥5,00 Y6.0» Y7.05 ¥8,0- ¥9,0) = (do» ds q1> d6» d25 97> G35 s
Q45 99)s (V0,15 Y1,15 Y2,15 Y3,15 Y4, 1> ¥5,15 Y6,1s Y7,15 ¥8,15 ¥9,1) = (10> d155 115 16> G125 Q175 135 Qs
Q14> 19)s -

Khi BO dan xen khdi 124 ¢6 sb luong cot bing véi sb lwgng bit tao nén ky hiéu didu
bién, thi bd phéan kénh (khong duogc thé hién trén hinh v¢) c6 thé xuét ra cac bit tir ma
LDPC du vao cho mdi dong theo thir ti 1an luot ma khoéng can thay dbi thtr tu cta céc
bit. Nghia 13, nhu duge thé hién trén Fig.13, bd phan kénh (khong dugc thé hién trén hinh
v&) c6 thé xudt ra céc bit tir ma LDPC dau vao (qo, q1, qo, ...) cho mdi dong con theo thir
ty 14n luot, va do d6, mdi & cb thé co cu trac dudi dang (0,00 Y1,05 -+ > YnMOD-1,0) =
(90, Q15 -+ > IymoD-1)s (Yo, 15 Y115 -+ +» YnmoD-1,1) = (GqMODs GnMOD+15 + - -5 G2xMOD-1)s -+ -

Vi duy, khi phuong phép didu bién 12 1024-QAM, thi sd luong bit tao nén ky hiéu
diéu bién, MMOD» b.%lng 10 va do d6 sb lvong dong con, Ngypstreamss b.%mg 10, va céc 6 co thé
¢ cau trac dudi dang (Yo, Y10, ¥2,0- ¥3,00 Y405 ¥5,0: ¥6,05 ¥7,00 8,05 ¥9,0) = (4o 91> 925 93> Q4
s, 6> 97> 98> 99)> (Yo,1> Y1,15 Y2,15 ¥3,15 Y415 ¥5,1> Y6.1s Y7.1 8,1, ¥9,1) = (10> Gu1s 12 d13s Qiss
15> Q16s 917> 918> 19)s -+ +> (Y0.25 Y125 Y225 ¥3,2 Y425 ¥5.25 6,25 ¥7,25 ¥8,2 ¥92) = (205 G215 9225 G235
Q245 9a5 9265 G275 928> G29)-

'Trong‘ vi du néu trén, bd phan kénh (khong duoc thé hién trén hinh v&) c6 thé xudt

ra céc bit tir ma LDPC dAu vao cho mdi dong theo thtr ty 1in lugt ma khong cén thay dbi
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thtr ty cua céc bit. Tuy nhién, d6 chi 13 vi du minh hoa. Theo phurong 4n lam vi du thuc
hién sang ché, khi bd dan xen khdi 124 ¢6 sd lugng cot bang vai s§ lugng bit tao nén ky

hidu didu bién, thi bd phan kénh (khong duge thé hién trén hinh v&) ¢6 thé dugc loai bo.

Bo diéu bién 130 c6 thé 4nh xa tir mad LDPC d3 phan kénh 1én cac ky hiéu didu bién.
Tuy nhién, khi bd phan kénh (khdng dugc thé hién trén hinh v&) dugc loai bd nhu da néu
trén, thi bd diéu bién 130 c6 thé anh xa céc bit tir ma LDPC dugc xudt ra tir bd dan xen

120, tire 1a cac bit cta tir md LDPC d3 dugc dan xen khéi, 1én cac ky hiéu diéu bién.

Cu thé, bd didu bién 130 c6 thé didu bién céc bit (tirc 1a cac 6) xuét ra tir b phan
kénh (khong duge thé hién trén hinh v&) theo cac phuong phép didu bién khac nhau nhu
QPSK, 16-QAM, 64-QAM, 256-QAM, 1024-QAM va 4096-QAM. Vi dy, khi phuong
phap didu bién 1a QPSK, 16-QAM, 64-QAM, 256-QAM, 1024-QAM va 4096-QAM, thi

sb luong bit tao nén ky hi¢u didu bién, Mmop, €O thé 1an lugt béng 2,4,6,8,10va 12.

Troﬁg truong hop nay, vi mdi 6 duge xuét ra tir bd phan kénh (khong dugce thé hién
trén hinh v&) c6 sd luong bit diing bing sé lwgng bit tao nén ky hidu didu bién, cho nén
b didu bién 130 c6 thé tao ra ky hiéu didu bién bing cich 4nh xa mdi 6 xuét ra tir bd
phan kénh (khéng dugc thé hién trén hinh v&) 1én mot diém trong chom diém theo thir tu

14n lwot. Trong d6, mot ky hiéu diéu bién twong ing v6i mot diem trong chom di€m.

Tuy nhién, bd phan kénh néu trén (khong duoc thé hién trén hinh v&) c6 thé dugc
loai bo tuy theo truong hop Gng dung. Trong trudng hop do, bd didu bién 130 c6 thé tao
ra cac ky hig¢u diéu bién béng cach nhém mot sb lugng bit dinh trude trong sb cac bit da
dan xen theo thir ty 14n luot va anh xa ) luong bit dinh trude nay 1én céac diém trong
chom didm. Trong trudng hop d6, bd didu bién 130 c6 thé tao ra cic ky hidu didu bién
b%mg cach anh xa nyop bit 1€n céc diém trong chom diém theo thr tu 14n lugt theo
phuong ’phép didu bién.

| Bo diéu bién 130 co6 thé diéu bién bing cach 4nh xa céc & duge xuét ra tir bd phan
kénh (khoéng duk_ic thé hién trén hinh v&) 1én céc diém trong chom diém theo phuong phap
diéu bién chom diém khong ddng déu (Non-Uniform Constellation, NUC). Vi dy, bo diéu
bién 130 c6 thé didu bién céc bit xudt ra tir by phan kénh (khong dugc thé hién trén hinh
v&) theo cac phurong phép diu bién khdc nhau nhu phwong phéap diéu bién chom diém

khéng ddng déu 16-QAM, phuong phép diéu bién chom diém khong dong déu 64-QAM,
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‘phuong phap didu bién chom diém khong déng déu 256-QAM, phuong phép didu bién
chom diém khong dong déu 1024-QAM, phuong phép diéu bién chom diém khéng dong
déu 4096-QAM, Vv.v..

Trong phwong phap didu bién chom diém khong ddng déu, khi mét diém trong
chom diém nim & goc phén tu thir nhit dugc x4c dinh, thi cac diém trong chom diém
ndm & ba gbc phén tw con lai ¢6 thé du:qc xac dinh theo cach nhu sau. Vi dy, khi mdot tép
hop ctia cdc diém trong chom diém dugc xac dinh d6i véi goc phan tu thit nhét 1a X, thi
tap hop nay s& 1a —conj(X) dbi véi goc phén tu thi hai, 13 conj(X) d6i v6i goe phan tu thir

ba, va 1a (X) d6i v6i goc phan tu thir tu.
Nghia 1a, khi g6c phén tu thtr nhit dugc x4c dinh, thi cdc goc phan tu con lai ¢6 thé
duoc bidu didn nhu sau:
Goéc phin tu 1 (goc phan tu thi nhét) = X
Géc phén tu 2 (goc phan tu thir hai) = —conj(X)
Géc phén tu 3 (goc phan tu thi ba) = conj(X)
Géc phin tu 4 (géc phin tu thi tr) = —X.

Cu thé, khi phuong phép didu bién chom didm khong ddng déu M-QAM dugc ép
dung, thi M diém trong chom diém c6 thé dugc xdc dinh dudi dang z = {zo, Z1, ..., Zy-1}-
Trong trudng hop nay, khi céc diém trong chom diém xuét hién & goc phin tu thir nhit
duoc x$a’1¢ &inh dudi dang {xq, X1, X2, ..., Xm/-1}, thi z ¢ thé dugc x4c dinh nhu sau:

tir 7o dén zygay = tir xo dén xpy4

tir Zpya 480 Zppjas = —conj(tlr xg dén XM/4)
0 Zosmvs dén z3 4 = conj(tlr xg dén XM/4)
tlr Zzawa 480 Zaara = —(t Xo dén xpp).

Do d6, bd diéu bién 130 c6 thé anh xa céc bit [y, ..., Ym-1] dugc xudt ra tir bd phan
kénh (khong dugc thé hién trén hinh v&) 1én cac diém trong chom diém trong phuong

phép diéu bién chom diém khong dong déu bang cach anh xa cdc bit dau ra 1€n z;, ¢6 chi

¥ i
s0 L=) (y,x2").

i=0

Vi du v& chom diém duoc xac dinh theo phuong phap didu bién chom diém khong
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ddng déu 1024-QAM dugc thé hién trong cic bang tir bing 28 dudi day khi t 16 ma bing
6/15, 8/15, 10/15, 12/15. Trong trudng hop nay, cac diém trong chom diém xuét hién &

géc phin tur thir nhit c6 thé duoc xéc dinh dwa vao bang 28, va cac diém trong chom

diém nim & ba gée phén tu con lai ¢6 thé duge xé4c dinh theo phuong phap néu trén.

Béng 28
CR 6/15 CR 8/15 CR 10/15 CR 12/15
Nhin (s§ nguyén) Chom diém Chom diém Chom didm Chom diém

0 1,5031 + 1,5031i 1,4800 + 1,4800i 1,4377 + 1,4377i 1,3675 + 1,3675i
1 1,5031 + 1,2286i 1,4800 + 1,2281i 1,4377 + 1,2232i 1,3675 +1,1917i
2 1,2286 +1,5031i 1,2281 + 1,4800i 1,2232 + 1,4377i 1,1917 + 1,3675i
3 1,2286 + 1,2286i 1,2281 + 1,2281i 1,2232 +1,2232i 1,1917 + 1,1917i
4 1,5031 +0,9418i 1,4800 + 0,9212i 1,4377 + 0,9302i 1,3675 +0,9386i
5 1,5031 + 1,0048i 1,4800 + 1,0349i 1,4377 + 1,0579i 1,3675 + 1,0529i
6 1,2286 + 0,9418i 1,2281 +0,9212i 1,2232 +0,9302i 1,1917 +0,9386i
7 1,2286 + 1,0048i 1,2281 +1,0349i 1,2232 +1,0579i 1,1917 + 1,0529i
8 0,9418 + 1,5031i 0,9212 + 1,4800i 0,9302 + 1,4377i 0,9386 + 1,3675i
9 0,9418 + 1,2286i 0,9212 +1,2281i 0,9302 + 1,2232i 0,9386 + 1,1917i
10 1,0048 +1,5031i 1,0349 + 1,4800i 1,0579 + 1,4377i 1,0529 + 1,3675i
11 1,0048 + 1,2286i 1,0349 + 1,2281i 1,0579 + 1,2232i 1,0529 + 1,1917i
12 0,9418 + 0,9418i 0,9212 +0,9212i 0,9302 + 0,9302i 0,9386 + 0,9386i
13 0,9418 + 1,0048i 0,9212 + 1,0349i 0,9302 + 1,0579i 0,9386 + 1,0529i
14 1,0048 + 0,9418i 1,0349 +0,9212i 1,0579 +0,9302i 1,0529 + 0,9386i
15 1,0048 + 1,0048i 1,0349 + 1,0349i 1,0579 +1,0579i 1,0529 + 1,0529i
16 1,5031 + 0,6097i 1,4800 + 0,5810i 1,4377 + 0,5505i 1,3675 +0,5763i
17 1,5031 + 0,6072i 1,4800 + 0,5872i 1,4377 +0,6150i 1,3675 + 0,6531i
18 1,2286 + 0,6097i 1,2281 +0,5810i 1,2232 + 0,5505i 1,1917 +0,5763i
19 1,2286 + 0,6072i 1,2281 + 0,5872i 1,2232 + 0,6150i 1,1917 +0,6531i
20 1,5031 + 0,7196i 1,4800 + 0,7604i 1,4377 + 0,8066i 1,3675 + 0,8324i
21 1,5031 + 0,7113i 1,4800 + 0,7213i 1,4377 + 0,7158i 1,3675 +0,7417i
22 1,2286 + 0,7196i 1,2281 +0,7604i 1,2232 + 0,8066i 1,1917 + 0,8324i
23 1,2286 + 0,7113i 1,2281 +0,7213i 1,2232 +0,7158i 1,1917 +0,7417i
24 0,9418 + 0,6097i 0,9212 + 0,5810i 0,9302 + 0,5505i 0,9386 + 0,5763i
25 0,9418 + 0,6072i 0,9212 + 0,5872i 0,9302 + 0,6150i 0,9386 + 0,6531i
26 1,0048 + 0,6097i 1,0349 + 0,5810i 1,0579 + 0,5505i 1,0529 +0,5763i
27 1,0048 + 0,6072i 1,0349 +0,5872i 1,0579 + 0,6150i 1,0529 + 0,6531i
28 0,9418 +0,7196i 0,9212 + 0,7604i 0,9302 + 0,8066i 0,9386 + 0,8324i
29 0,9418 +0,7113i 0,9212 + 0,7213i 0,9302 + 0,7158i 0,9386 + 0,7417i
30 1,0048 + 0,7196i 1,0349 + 0,7604i 1,0579 + 0,8066i 1,0529 + 0,8324i
31 1,0048 +0,7113i 1,0349 +0,7213i 1,0579 + 0,7158i 1,0529 + 0,7417i
32 0,6097 + 1,5031i 0,5810 + 1,4800i 0,5505 + 1,4377i 0,5763 + 1,3675i
33 0,6097 + 1,2286i 0,5810 + 1,2281i 0,5505 + 1,2232i 0,5763 + 1,1917i
34 0,6072 + 1,5031i 0,5872 + 1,4800i 0,6150 + 1,4377i 0,6531 + 1,3675i
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35 0,6072 + 1,2286i 0,5872 + 1,2281i 0,6150 + 1,2232i 0,6531+ 1,1917i
36 0,6097 + 0,9418i 0,5810 +0,9212i 0,5505 + 0,9302i 0,5763 +0,9386i -
37 0,6097 + 1,0048i 0,5810 + 1,0349i 0,5505 + 1,0579i 0,5763 + 1,0529i
38 0,6072 +0,9418i 0,5872 +0,9212i 0,6150 + 0,9302i 0,6531 + 0,9386i
39 0,6072 + 1,0048i 0,5872 + 1,0349i 0,6150 + 1,0579i 0,6531 + 1,0529i
40 0,7196 + 1,5031i 0,7604 + 1,4800i 0,8066 + 1,4377i 0,8324 + 1,3675i
41 0,7196 + 1,2286i 0,7604 + 1,2281i 0,8066 + 1,2232i 0,8324 + 1,1917i
42 0,7113 + 1,5031i 0,7213 + 1,4800i 0,7158 + 1,4377i 0,7417 + 1,3675i
43 0,7113 + 1,2286i 0,7213 + 1,2281i 0,7158 + 1,2232i 0,7417 + 1,1917i
44 0,7196 + 0,9418i 0,7604 +0,92121 0,8066 + 0,9302i 0,8324 + 0,9386i
45 0,7196 + 1,0048i 0,7604 + 1,0349i 0,8066 + 1,0579i 0,8324 + 1,0529i
46 0,7113 +0,9418i 0,7213 +0,9212i 0,7158 + 0,9302i 0,7417 + 0,9386i
47 0,7113 + 1,0048i 0,7213 + 1,0349i 0,7158 + 1,0579i 0,7417 + 1,0529i
48 0,6097 + 0,6097i 0,5810 +0,58101 0,5505 + 0,5505i 0,5763 + 0,5763i
49 0,6097 + 0,6072i 0,5810 + 0,5872i 0,5505 + 0,6150i 0,5763 + 0,653 1i
50 0,6072 + 0,6097i 0,5872 +0,5810i 0,6150 + 0,5505i 0,6531 +0,5763i
51 0,6072 + 0,6072i 0,5872 +0,5872i 0,6150 + 0,6150i 0,6531 + 0,653 1i
52 0,6097 + 0,7196i 0,5810 + 0,7604i 0,5505 + 0,8066i 0,5763 + 0,8324i
53 0,6097 +0,7113i 0,5810 + 0,72131 0,5505 + 0,7158i 0,5763 + 0,7417i
54 0,6072 + 0,7196i 0,5872 + 0,7604i 0,6150 + 0,8066i 0,6531 + 0,8324i
55 0,6072 +0,7113i 0,5872 +0,7213i 0,6150 +0,7158i 0,6531 +0,7417i
56 0,7196 + 0,6097i 0,7604 + 0,5810i 0,8066 + 0,55051 0,8324 +0,5763i
57 0,7196 + 0,6072i 0,7604 + 0,5872i 0,8066 + 0,6150i 0,8324 + 0,653 1i
58 0,7113 + 0,6097i 0,7213 +0,5810i 0,7158 + 0,55051 0,7417 +0,5763i
59 0,7113 + 0,6072i 0,7213 +0,5872i 0,7158 + 0,6150i 0,7417 + 0,653 1
60 0,7196 + 0,7196i 0,7604 + 0,7604 0,8066 + 0,8066i 0,8324 + 0,8324i
61 0,7196 +0,7113i 0,7604 + 0,7213i 0,8066 + 0,7158i 0,8324 + 0,7417i
62 0,7113 +0,7196i 0,7213 +0,7604i 0,7158 + 0,8066i 0,7417 + 0,8324i
63 0,7113 +0,7113i 0,7213 +0,7213i 0,7158 +0,7158i 0,7417 + 0,7417i
64 1,5031 +0,1275i 1,4800 + 0,0773i 1,4377 + 0,0596i 1,3675 + 0,0354i
65 1,5031 + 0,1276i 1,4800 + 0,0773i 1,4377 + 0,0642i 1,3675 + 0,0921i
66 1,2286 +0,1275i 1,2281 +0,0773i 1,2232 + 0,0596i 1,1917 + 0,0354i
67 1,2286 + 0,1276i 1,2281 +0,0773i 1,2232 + 0,0642i 1,1917 + 0,0921i
68 1,5031 + 0,1295i 1,4800 + 0,1614i 1,4377 + 0,1766i 1,3675 + 0,21851
69 1,5031 +0,1294i 1,4800 +0,1614i 1,4377 + 0,1669i 1,3675 + 0,1602i
70 1,2286 + 0,1295i 1,2281 +0,1614i 1,2232 + 0,1766i 1,1917 + 0,2185i
71 1,2286 + 0,1294i 1,2281 +0,1614i 1,2232 + 0,1669i 1,1917 + 0,1602i
72 0,9418 +0,1275i 0,9212 +0,0773i 0,9302 + 0,0596i 0,9386 + 0,0354i
73 0,9418 +0,1276i 0,9212 +0,0773i 0,9302 + 0,0642i 0,9386 + 0,0921i
74 1,0048 + 0,1275i 1,0349 +0,0773i 1,0579 + 0,0596i 1,0529 + 0,0354i
75 1,0048 + 0,1276i 1,0349 + 0,0773i 1,0579 + 0,0642i 1,0529 + 0,0921i
76 0,9418 +0,1295 0,9212 +0,1614i 0,9302 + 0,1766i 0,9386 + 0,2185i
77 0,9418 + 0,1294i 0,9212 +0,1614i 0,9302 + 0,1669i 0,9386 + 0,1602i
78 1,0048 + 0,1295i 1,0349 +0,1614i 1,0579 + 0,1766i 1,0529 +0,2185i
79 1,0048 + 0,1294i 1,0349 +0,1614i 1,0579 + 0,1669i 1,0529 + 0,1602i
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80 1,5031 + 0,3666i 1,4800 + 0,4163i 1,4377 + 0,4471i 1,3675 + 0,4947i
81 1,5031 + 0,3675i 1,4800 + 0,4159i 1,4377 + 0,4043i 1,3675 + 0,4264i
82 1,2286 + 0,3666i 1,2281 + 0,4163i 1,2232 + 0,4471i 1,1917 + 0,4947i
83 1,2286 + 0,3675i 1,2281 + 0,41591 1,2232 + 0,4043i 1,1917 + 0,4264i
84 1,5031 + 0,3424i 1,4800 + 0,3086i 1,4377 + 0,2868i 1,3675 + 0,2910i
85 1,5031 + 0,3431i 1,4800 + 0,30851 1,4377 + 0,3091i 1,3675 + 0,3530i
86 1,2286 + 0,3424i 1,2281 + 0,3086i 1,2232 + 0,2868i 1,1917 + 0,2910i
87 1,2286 + 0,3431i 1,2281 + 0,3085i 1,2232 +0,3091i 1,1917 + 0,3530i
88 0,9418 + 0,3666i 0,9212 + 0,4163i 0,9302 + 0,4471i 0,9386 + 0,4947i
89 0,9418 +0,3675i 0,9212 + 0,4159i 0,9302 + 0,4043i 0,9386 + 0,42641
90 1,0048 + 0,3666i 1,0349 + 0,4163i 1,0579 + 0,4471i 1,0529 + 0,4947i
91 1,0048 + 0,3675i 1,0349 + 0,4159i 1,0579 + 0,4043i 1,0529 + 0,42641
92 0,9418 + 0,3424i 0,9212 + 0,3086i 0,9302 + 0,2868i 0,9386 + 0,2910i
93 0,9418 + 0,3431i 0,9212 +0,3085i1 0,9302 + 0,3091i 0,9386 + 0,35301
94 1,0048 + 0,3424i 1,0349 + 0,3086i 1,0579 + 0,2868i 1,0529 + 0,2910i
95 1,0048 + 0,3431i 1,0349 + 0,3085i 1,0579 + 0,3091i 1,0529 + 0,3530i
96 0,6097 + 0,1275i1 0,5810 + 0,0773i 0,5505 + 0,0596i 0,5763 + 0,0354i
97 0,6097 + 0,1276i 0,5810 + 0,0773i 0,5505 + 0,0642i 0,5763 + 0,0921i
98 0,6072 + 0,1275i 0,5872 +0,0773i 0,6150 + 0,0596i 0,6531 + 0,0354i
99 0,6072 + 0,1276i 0,5872 + 0,0773i 0,6150 + 0,0642i 0,6531 + 0,0921i
100 0,6097 + 0,1295i 0,5810 +0,1614i 0,5505 + 0,1766i 0,5763 +0,2185i
101 0,6097 + 0,1294i 0,5810 + 0,1614i 0,5505 + 0,1669i 0,5763 + 0,1602i
102 0,6072 + 0,1295i 0,5872 +0,1614i 0,6150 + 0,17661 0,6531 +0,21851
103 0,6072 + 0,1294i 0,5872 + 0,1614i 0,6150 + 0,16691 0,6531 + 0,1602i
104 0,7196 + 0,1275i 0,7604 + 0,0773i 0,8066 + 0,0596i 0,8324 + 0,0354i
105 0,7196 + 0,1276i 0,7604 + 0,0773i 0,8066 + 0,06421i 0,8324 + 0,0921i
106 0,7113 +0,1275i1 0,7213 +0,07731 0,7158 + 0,0596i 0,7417 + 0,0354i
107 0,7113 + 0,1276i 0,7213 +0,0773i 0,7158 + 0,0642i 0,7417 + 0,0921i
108 0,7196 + 0,1295i 0,7604 + 0,1614i 0,8066 + 0,1766i 0,8324 +0,2185i
109 0,7196 + 0,1294i 0,7604 + 0,16141 0,8066 + 0,1669i 0,8324 + 0,16021i
110 0,7113 + 0,1295i 0,7213 +0,1614i 0,7158 + 0,1766i 0,7417 + 0,2185i
111 0,7113 +0,1294i 0,7213 +0,1614i 0,7158 + 0,1669i 0,7417 + 0,1602i
112 0,6097 + 0,3666i 0,5810 + 0,4163i 0,5505 + 0,4471i 0,5763 + 0,4947i
113 0,6097 + 0,3675i 0,5810 + 0,4159i 0,5505 +0,4043i 0,5763 + 0,4264i
114 0,6072 + 0,3666i 0,5872 +0,4163i 0,6150 +0,4471i 0,6531 + 0,4947i
115 0,6072 + 0,3675i 0,5872 +0,41591 0,6150 + 0,40431 0,6531 + 0,4264i
116 0,6097 + 0,3424i 0,5810 + 0,3086i 0,5505 + 0,2868i 0,5763 + 0,2910i
117 0,6097 + 0,3431i 0,5810 + 0,3085i1 0,5505 + 0,3091i 0,5763 + 0,3530i
118 0,6072 + 0,3424i 0,5872 + 0,3086i 0,6150 + 0,2868i 0,6531 + 0,2910i
119 0,6072 + 0,3431i 0,5872 + 0,3085i 0,6150 +0,3091i 0,6531 + 0,3530i
120 0,7196 + 0,3666i 0,7604 + 0,4163i 0,8066 + 0,4471i 0,8324 + 0,4947i
121 0,7196 + 0,3675i 0,7604 + 0,4159i 0,8066 + 0,4043i 0,8324 + 0,4264i
122 0,7113 + 0,3666i 0,7213 +0,4163i 0,7158 + 0,4471i 0,7417 + 0,4947i
123 0,7113 + 0,36751 0,7213 +0,41591 0,7158 + 0,4043i 0,7417 + 0,4264i
124 0,7196 + 0,3424i 0,7604 + 0,3086i 0,8066 + 0,2868i 0,8324 +0,2910i
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125 0,7196 + 0,3431i 0,7604 + 0,3085i 0,8066 + 0,3091i 0,8324 + 0,3530i
126 0,7113 + 0,3424i 0,7213 + 0,3086i 0,7158 + 0,2868i 0,7417 + 0,2910i
127 0,7113 +0,3431i 0,7213 + 0,3085i 0,7158 + 0,3091i 0,7417 + 0,3530i
128 0,1275 + 1,5031i 0,0773 + 1,4800i 0,0596 + 1,4377i 0,0354 + 1,3675i
129 0,1275 + 1,2286i 0,0773 + 1,2281i 0,0596 + 1,2232i 0,0354 + 1,1917i
130 0,1276 + 1,503 1i 0,0773 + 1,4800i 0,0642 + 1,4377i 0,0921 + 1,3675i
131 0,1276 + 1,2286i 0,0773 + 1,2281i 0,0642 + 1,2232i 0,0921 + 1,1917i
132 0,1275 + 0,9418i 0,0773 +0,9212i 0,0596 + 0,9302i 0,0354 + 0,9386i
133 0,1275 + 1,0048i 0,0773 + 1,0349i 0,0596 + 1,0579i 0,0354 + 1,0529i
134 0,1276 + 0,9418i 0,0773 +0,9212i 0,0642 + 0,9302i 0,0921 + 0,9386i
135 0,1276 + 1,0048i 0,0773 + 1,0349i 0,0642 + 1,0579i 0,0921 + 1,0529i
136 0,1295 + 1,5031i 0,1614 + 1,4800i 0,1766 + 1,4377i 0,2185 + 1,3675i
137 0,1295 + 1,2286i 0,1614 + 1,2281i 0,1766 + 1,2232i 0,2185 + 1,1917i
138 0,1294 + 1,5031i 0,1614 + 1,4800i 0,1669 + 1,4377i 0,1602 + 1,3675i
139 0,1294 + 1,2286i 0,1614 + 1,2281i 0,1669 + 1,2232i 0,1602 + 1,1917i
140 0,1295 + 0,9418i 0,1614 + 0,9212i 0,1766 + 0,9302i 0,2185 + 0,9386i
141 0,1295 + 1,0048i 0,1614 + 1,0349i 0,1766 + 1,0579i 0,2185 + 1,0529i
142 0,1294 + 0,9418i 0,1614 +0,9212i 0,1669 + 0,9302i 0,1602 + 0,9386i
143 0,1294 + 1,0048i 0,1614 + 1,0349i 0,1669 + 1,0579i 0,1602 + 1,0529i
144 0,1275 + 0,6097i 0,0773 + 0,5810i 0,0596 + 0,5505i 0,0354 + 0,5763i
145 0,1275 + 0,6072i 0,0773 + 0,5872i 0,0596 + 0,6150i 0,0354 + 0,6531i
146 0,1276 + 0,6097i 0,0773 + 0,5810i 0,0642 + 0,5505i 0,0921 + 0,5763i
147 0,1276 + 0,6072i 0,0773 + 0,5872i 0,0642 + 0,6150i 0,0921 + 0,6531i
148 0,1275 + 0,7196i 0,0773 + 0,7604i 0,0596 + 0,8066i 0,0354 + 0,8324i
149 0,1275 +0,7113i 0,0773 +0,7213i 0,0596 + 0,7158i 0,0354 + 0,7417i
150 0,1276 + 0,7196i 0,0773 + 0,7604i 0,0642 + 0,8066i 0,0921 + 0,8324i
151 0,1276 +0,7113i 0,0773 + 0,7213i 0,0642 + 0,7158i 0,0921 + 0,7417i
152 0,1295 + 0,6097i 0,1614 +0,5810i 0,1766 + 0,5505i 0,2185 +0,5763i
153 0,1295 + 0,6072i 0,1614 +0,5872i 0,1766 + 0,6150i 0,2185 + 0,6531i
154 0,1294 + 0,6097i 0,1614 + 0,5810i 0,1669 + 0,55051 0,1602 + 0,5763i
155 0,1294 + 0,6072i 0,1614 +0,5872i 0,1669 + 0,6150i 0,1602 + 0,6531i
156 0,1295 + 0,7196i 0,1614 + 0,7604i 0,1766 + 0,8066i 0,2185 + 0,8324i
157 0,1295 +0,7113i 0,1614 +0,7213i 0,1766 + 0,7158i 0,2185 +0,7417i
158 0,1294 + 0,7196i 0,1614 + 0,7604i 0,1669 + 0,8066i 0,1602 + 0,8324i
159 0,1294 + 0,7113i 0,1614 +0,7213i 0,1669 + 0,7158i 0,1602 + 0,7417i
160 0,3666 + 1,5031i 0,4163 + 1,4800i 0,4471 + 1,4377i 0,4947 + 1,36751
161 0,3666 + 1,2286i 0,4163 + 1,2281i 0,4471 + 1,2232i 0,4947 + 1,1917i
162 0,3675 + 1,5031i 0,4159 + 1,4800i 0,4043 + 1,4377i 0,4264 + 1,3675i
163 0,3675 + 1,2286i 0,4159 + 1,2281i 0,4043 + 1,2232i 0,4264 + 1,1917i
164 0,3666 + 0,9418i 0,4163 +0,9212i 0,4471 + 0,9302i 0,4947 + 0,9386i
165 0,3666 + 1,0048i 0,4163 + 1,0349i 0,4471 + 1,0579i 0,4947 + 1,0529i
166 0,3675 + 0,9418i 0,4159 +0,9212i 0,4043 + 0,9302i 0,4264 + 0,9386i
167 0,3675 + 1,0048i 0,4159 + 1,0349i 0,4043 + 1,0579i 0,4264 + 1,0529i
168 0,3424 + 1,5031i 0,3086 + 1,4800i 0,2868 + 1,4377i 0,2910 + 1,3675i
169 0,3424 + 1,2286i 0,3086 + 1,2281i 0,2868 + 1,2232i 0,2910 + 1,1917i
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170 0,3431 + 1,5031i 0,3085 + 1,4800i 0,3091 + 1,4377i 0,3530 + 1,36751
171 0,3431 + 1,2286i 0,3085 + 1,2281i 0,3091 + 1,2232i 0,3530 +1,1917i .
172 0,3424 + 0,9418i 0,3086 + 0,9212i 0,2868 + 0,9302i 0,2910 + 0,9386i
173 0,3424 + 1,0048i 0,3086 + 1,0349i 0,2868 + 1,0579i 0,2910 + 1,0529i
174 0,3431 + 0,9418i 0,3085 + 0,9212i 0,3091 + 0,9302i 0,3530 + 0,9386i
175 0,3431 + 1,0048i 0,3085 + 1,0349i 0,3091 + 1,0579i 0,3530 + 1,0529i
176 0,3666 + 0,6097i 0,4163 +0,5810i 0,4471 + 0,5505i 0,4947 + 0,57631
177 0,3666 + 0,6072i 0,4163 + 0,5872i 0,4471 + 0,6150i 0,4947 + 0,653 1
178 0,3675 + 0,6097i 0,4159 + 0,5810i 0,4043 + 0,5505i 0,4264 + 0,5763i
179 0,3675 + 0,6072i 0,4159 + 0,5872i 0,4043 + 0,6150i 0,4264 + 0,6531i
180 0,3666 + 0,7196i 0,4163 + 0,7604i 0,4471 + 0,8066i 0,4947 + 0,8324i
181 0,3666 + 0,7113i 0,4163 +0,7213i 0,4471 +0,7158i 0,4947 +0,7417
182 0,3675 + 0,7196i 0,4159 + 0,7604i 0,4043 + 0,8066i 0,4264 + 0,83241
183 0,3675 +0,7113i 0,4159 + 0,7213i 0,4043 + 0,7158i 0,4264 + 0,7417i
184 0,3424 + 0,6097i 0,3086 + 0,5810i 0,2868 + 0,5505i 0,2910 + 0,5763i
185 0,3424 + 0,6072i 0,3086 + 0,5872i 0,2868 + 0,6150i 0,2910 + 0,6531i
186 0,3431 + 0,6097i 0,3085 + 0,5810i 0,3091 + 0,5505i 0,3530 + 0,5763i
187 0,3431 + 0,6072i 0,3085 + 0,5872i 0,3091 + 0,6150i 0,3530 +0,6531i
188 0,3424 + 0,7196i 0,3086 + 0,7604i 0,2868 + 0,8066i 0,2910 + 0,8324i
189 0,3424 +0,7113i 0,3086 + 0,7213i 0,2868 + 0,7158i 0,2910 + 0,7417i
190 0,3431 +0,7196i 0,3085 + 0,7604i 0,3091 + 0,8066i 0,3530 + 0,8324i
191 0,3431 +0,7113i 0,3085 + 0,7213i 0,3091 + 0,7158i 0,3530 + 0,7417i
192 0,1275 + 0,1275i 0,0773 + 0,0773i 0,0596 + 0,0596i 0,0354 +0,0354i
193 0,1275 + 0,1276i 0,0773 + 0,0773i 0,0596 + 0,0642i 0,0354 + 0,09211
194 0,1276 + 0,1275i 0,0773 + 0,0773i 0,0642 + 0,0596i 0,0921 + 0,0354i
195 0,1276 + 0,1276i 0,0773 + 0,0773i 0,0642 + 0,0642i 0,0921 + 0,0921i
196 0,1275 + 0,1295i 0,0773 + 0,1614i 0,0596 + 0,1766i 0,0354 + 0,2185i
197 0,1275 + 0,1294i 0,0773 + 0,1614i 0,0596 + 0,1669i 0,0354 + 0,1602i
198 0,1276 + 0,1295i 0,0773 +0,1614i 0,0642 + 0,1766i 0,0921 + 0,2185i
199 0,1276 + 0,1294i 0,0773 +0,1614i 0,0642 + 0,1669i 0,0921 + 0,1602i
200 0,1295 + 0,1275i 0,1614 +0,0773i 0,1766 + 0,0596i 0,2185 + 0,0354i
201 0,1295 + 0,1276i 0,1614 +0,0773i 0,1766 + 0,0642i 0,2185 +0,0921i
202 0,1294 + 0,1275i 0,1614 +0,0773i 0,1669 + 0,0596i 0,1602 + 0,0354i
203 0,1294 + 0,1276i 0,1614 +0,0773i 0,1669 + 0,0642i 0,1602 + 0,0921i
204 0,1295 + 0,1295i 0,1614 +0,1614i 0,1766 + 0,1766i 0,2185 +0,2185i
205 0,1295 + 0,1294i 0,1614 +0,1614i 0,1766 + 0,1669i 0,2185 + 0,1602i
206 0,1294 + 0,1295i 0,1614 +0,1614i 0,1669 + 0,1766i 0,1602 + 0,2185i
207 0,1294 + 0,1294i 0,1614 +0,1614 0,1669 + 0,1669i 0,1602 + 0,1602i
208 0,1275 + 0,3666i 0,0773 + 0,4163i 0,0596 + 0,4471i 0,0354 + 0,4947i
209 0,1275 + 0,3675i 0,0773 + 0,4159i 0,0596 + 0,4043i 0,0354 + 0,4264i
210 0,1276 + 0,3666i 0,0773 + 0,4163i 0,0642 + 0,4471i 0,0921 + 0,4947
211 0,1276 + 0,3675i 0,0773 +0,4159i 0,0642 + 0,4043i 0,0921 + 0,4264i
212 0,1275 + 0,3424i 0,0773 + 0,3086i 0,0596 + 0,2868i 0,0354 + 0,2910i
213 0,1275 + 0,343 1i 0,0773 + 0,30851 0,0596 + 0,3091i 0,0354 + 0,3530i
214 0,1276 + 0,3424i 0,0773 + 0,3086i 0,0642 + 0,2868i 0,0921 + 0,2910i
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215 0,1276 + 0,3431i 0,0773 + 0,3085i 0,0642 + 0,3091i 0,0921 + 0,3530i
216 0,1295 + 0,3666i 0,1614 + 0,4163i 0,1766 + 0,4471i 0,2185 + 0,4947i
217 0,1295 + 0,3675i 0,1614 + 0,4159i 0,1766 + 0,4043i 0,2185 + 0,4264i
218 0,1294 + 0,3666i 0,1614 + 0,4163i 0,1669 + 0,4471i 0,1602 + 0,4947i
219 0,1294 + 0,3675i 0,1614 + 0,4159i 0,1669 + 0,4043i 0,1602 + 0,4264i
220 0,1295 + 0,3424i 0,1614 + 0,3086i 0,1766 + 0,2868i 0,2185 + 0,2910i
221 0,1295 + 0,3431i 0,1614 + 0,30851 0,1766 + 0,3091i 0,2185 + 0,3530i
222 0,1294 + 0,3424i 0,1614 + 0,3086i 0,1669 + 0,2868i 0,1602 + 0,2910i
223 0,1294 + 0,3431i 0,1614 + 0,3085i 0,1669 + 0,3091i 0,1602 + 0,3530i
224 0,3666 + 0,1275i 0,4163 + 0,0773i 0,4471 + 0,05961 0,4947 + 0,0354i
225 0,3666 + 0,1276i 0,4163 +0,0773i 0,4471 + 0,0642i 0,4947 + 0,0921i
226 0,3675 + 0,1275i 0,4159 + 0,0773i 0,4043 + 0,0596i 0,4264 + 0,03541
227 0,3675 + 0,1276i 0,4159 +0,0773i 0,4043 + 0,0642i 0,4264 + 0,0921i
228 0,3666 + 0,1295i 0,4163 +0,1614i 0,4471 + 0,1766i 0,4947 + 0,2185i
229 0,3666 + 0,1294i 0,4163 +0,1614i 0,4471 + 0,1669i 0,4947 + 0,1602i
230 0,3675 + 0,1295i 0,4159 +0,1614i 0,4043 + 0,1766 0,4264 + 0,21851
231 0,3675 + 0,1294i 0,4159 +0,1614i 0,4043 + 0,1669i 0,4264 + 0,1602i
232 0,3424 + 0,1275i 0,3086 + 0,0773i 0,2868 + 0,0596i 0,2910 + 0,0354
233 0,3424 + 0,1276i 0,3086 + 0,0773i 0,2868 + 0,0642i 0,2910 + 0,0921i
234 0,3431 + 0,1275i 0,3085 + 0,0773i 0,3091 + 0,0596i 0,3530 + 0,0354i
235 0,3431 + 0,1276i 0,3085 + 0,0773i 0,3091 + 0,0642i 0,3530 + 0,0921i
236 0,3424 + 0,1295i 0,3086 +0,1614i 0,2868 + 0,1766i 0,2910 + 0,2185i
237 0,3424 + 0,1294i 0,3086 + 0,1614i 0,2868 + 0,1669i 0,2910 + 0,1602i
238 0,3431 + 0,1295 0,3085 +0,1614i 0,3091 + 0,1766i 0,3530 + 0,2185i
239 0,3431 + 0,1294i 0,3085 +0,1614i 0,3091 + 0,1669i 0,3530 + 0,1602i
240 0,3666 + 0,3666i 0,4163 +0,4163i 0,4471 + 0,4471i 0,4947 + 0,4947
241 0,3666 + 0,3675i 0,4163 +0,4159i 0,4471 + 0,4043i 0,4947 + 0,4264i
242 0,3675 + 0,3666i 0,4159 + 0,4163i 0,4043 + 0,4471i 0,4264 + 0,4947i
243 0,3675 + 0,3675i 0,4159 +0,4159i 0,4043 + 0,40431 0,4264 + 0,4264i
244 0,3666 + 0,3424i 0,4163 + 0,3086i 0,4471 + 0,2868i 0,4947 + 0,2910i
245 0,3666 + 0,343 1i 0,4163 +0,3085i 0,4471 +0,3091i 0,4947 + 0,3530i
246 0,3675 + 0,3424i 0,4159 + 0,3086i 0,4043 + 0,2868i 0,4264 +0,2910
247 0,3675 + 0,343 1i 0,4159 + 0,3085i 0,4043 + 0,3091i 0,4264 + 0,3530i
248 0,3424 + 0,3666i 0,3086 + 0,4163i 0,2868 + 0,4471i 0,2910 + 0,4947
249 0,3424 + 0,3675i 0,3086 + 0,4159i 0,2868 + 0,4043i 0,2910 + 0,4264i
250 0,3431 + 0,3666i 0,3085 + 0,4163i 0,3091 + 0,4471i 0,3530 + 0,4947i
251 0,3431 + 0,3675i 0,3085 + 0,4159i 0,3091 + 0,4043i 0,3530 + 0,4264i
252 0,3424 + 0,3424i 0,3086 + 0,3086i 0,2868 + 0,2868i 0,2910 + 0,2910i
253 0,3424 +0,3431i 0,3086 + 0,3085i 0,2868 + 0,3091i 0,2910 + 0,3530i
254 0,3431 + 0,3424i 0,3085 + 0,3086i 0,3091 + 0,2868i 0,3530 + 0,2910i
255 0,3431 +0,3431i 0,3085 + 0,3085i 0,3091 +0,3091i 0,3530 + 0,3530i

Bang 28 thé hién vi dy vé chom diém dugc xac dinh theo phuong phép didu bién

chom diém khéng ddng déu 1024-QAM. Tuy nhién, d6 chi 1a vi du minh hoa. Cac diém
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trong chom diém c6 thé dugc x4c dinh theo cach khac dbi véi phuong phép didu bién
chom diém khong déng déu 1024-QAM. Ngoai ra, cac diém trong chom diém c6 thé
duoc x4c dinh theo cach khac déi v6i phuong phap diéu bién khac nhu phuong phép didu
bién chom diém khong ddng déu 16-QAM, phuong phép didu bién khac nhu phuong
phap didu bién chom diém khong ddng déu 64-QAM, phuong phéap didu bién khac nhu
phuong phép didu bién chom diém khong dong déu 256-QAM, phuong phép diéu bién
khac nhu phwong phép diéu bién chom diém khéng ddng déu 4096-QAM, v.v..

Budc dan xen dugce thuc hién theo quy trinh néu trén vi céc ly do nhu sau.

Cu thé, khi cac bit tir ma LDPC dugc anh xa 1én ky hiéu diéu bién, thi c4c bit nay c6
thé c6 dd tin céy khéac nhau (trc 12 hiéu suit thu khdc nhau hogic x4c suit thu khac nhau)
tuy theo vi tri ma cac bit dugc anh xa 1én & trong ky hiéu diéu bién. C4c bit tir mad LDPC
¢6 thé c6 cac dic trung tir ma khac nhau tuy theo cdu triic ctia ma trin kiém tra chin 1é.
Ng’hTa 15, cac bit tir ma LDPC c¢6 thé ¢ céc dic trung tir ma khac nhau tuy theo sb luong

gia tri 1 ¢6 trong cac cdt cia ma trdn kiém tra chan I¢, tirc 1a bac cia cot.

Do d6, bd dan xen 120 c6 thé dan xen dé anh xa céc bit tir ma LDPC c6 ddc trung tir
ma cu thé 1én cac bit cu thé trong ky hiéu diéu bién khi xem xét ca dic trung tr ma cia

cac bit tao nén tir ma LDPC 14n d9 tin cdy cta c4c bit tao nén ky hiéu diéu bién.

Vi du, gi4 sit ring bo ma hoa 110 tao ra tir ma LDPC ¢6 64800 bit (Nigy, = 64800)
b%mg cach ma hoa LDPC st dung ty 1€ ma bang 6/15, va bd didu bién 130 st dung
phwong phép diéu bién chom diém khong dong déu 1024-QAM tuong tmg v6i ty 16 ma
bang 6/15 dwa vao bang 28. |

Trong trudng hop ndy, bd dan xen nhém 122 ¢6 thé thyc hién budc dan xen nhém
dwa vao bidu thirc 15 va bang 9 (hoidc biéu thirc 16 va bang 15). Do d6, tr ma LDPC ¢6
cac nhom bit tir X dén X9 duoc dan xen bing bd dan xen nhém 122 va bo dan xen
nhém 122 ¢6 thé xuét ra cac nhém bit theo thir tu 13 Xeg, Xo1, Xs1, -+, X116 X123-

'Trorig truémg hop nay, sb luong cot tao nén bd dan xen khdi 124 c6 thé bang 10 va
mdi cot ¢ thd c6 6480 (= 360x18) hang. Nghia 13, s§ lwong hang tao nén phén thir nhét

c6 thé bing 6480 va sb lvong hang tao nén phan thir hai ¢6 thé bing 0.

Do @6, trong sb 180 nhom bit tao nén tir ma LDPC, 18 nhom bit (Xeg, Xa1, Xs1, Xss,
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Ks4s Xo4s X33, X125 X705 X3, X475 X Xrass Xs» Xos X575 X235 X71) ¢6 thé duge nhap vao phin
tht nhat cua cot thir 1 ctia b dan xen khébi 124, 18 nhém bit (X9, X145 X405 Xa2, X2, X565
X, Xa3, Xoas Xsgs X7, X535 Xeg> X1, X395 X2, Xg9» X1) ¢6 thé duwgc nhép vao phin thir nhit
cta cot thir 2 clia by dan xen khéi 124, 18 nhém bit (Xaz, Xs1, Xists Xsss X0 Xi9s X175 Xiss
X, Xa1, Xos, Xaas X136, X29, X365 X265 X126 X177) €O thé dugc nhap vao phén tht nhét cia cot
thit 3 ctia bd dan xen khéi 124, 18 nhém bit (Xys, X37, Xias, Xo, X3, Xas, Xaes X152, Xs0, Xa95
Xa7, X77, Xe60, X35, Xag, X178, Xos, X34) ¢6 thé duwoc nhép vao phan thir nhét ctia cot thir 4 clia
bd dan xen khdi 124, 18 nhém bit (X106, X127, X765 X1315 X105, X138> X755 X1305 K1015 X167>
X117 X173 X113 X108 Xo2s X135 Xi2as Xi121) ¢6 thé duwoc nhap vao phan thit nhét cia cot thir
5 cia bd dan xen khéi 124, 18 nhém bit (Xo7, X149, X143, X515 X325 Xog» X3, X738, X107, Xss
Xog, X16, X162s Xi50s X115 Xisgs X172, X139) €6 thé dugc nhdp vao phin thtr nhét ciia cot thir
6 ctia by dan xen khdi 124, 18 nhém bit (X74, X142, X166> X7, X35 X1195 X205 X1445 X1515 25905
X1, Xissr X100s X175, Xz, X1sss Xiso, X1og) ¢6 thé dwoc nhap vao phin thi nhit cia cot thi
7 clia bd dan xen khdi 124, 18 nhém bit (Xgs, Xs7, Xoz, X103, Xoas Xi140» X165 X6 X137> X157
X10> X85, X141, X129, X146> X122, X735, X112) €O thé dugc nhap vao phén thtr nhét cta cot thir 8
ctia bd dan xen khéi 124, 18 nhom bit (Xi32, Xizs, X174, X169, Xies X795 Xsa» Xi18> X179 X147
Xo1, X160> X163 X115 Xs9> Xs0» X102, X104) €0 thé dwgc nhép vio phin thir nhét ciia cot thr 9
ctia bd dan xen khdi 124, va 18 nhém bit (X134, Xg2, Xos, X1335 X164s K1545 XK1205 X1105 X170
X114 X153, X725 X109 X171, X1765 X995 X116 X123) €O thé dugc nhép vao ph?ln tht nhat cia cot
thir 10 ctia bo dan xen khéi 124.

Ngoai ra, b dan xen khdi 124 c6 thé xuét ra céc bit da duogc nhap vao céc hang tir
hang tht nhét dén hang cubi cung cia mdi cot theo thir tu 1An luot, va cac bit duge xult
ra tir bd dan xen khdi 124 c6 thé duoc nhdp vao bo didu bién 130 theo thtr tu 1an luot.
Trong trudng hop nay, bd phan kénh (khéng dwgc thé hién trén hinh v&) c6 thé dugc loai
b6 hodic bd phan kénh (khong duge thé hién trén hinh v&) c6 thé xuét ra cac bit da duoc

nhép vao theo thi ty 1an lwot ma khong can thay ddi thir tw ciia céc bit.

Do dé, m6t bit co trong m61 nhém bit X665 X59, Xzz, X15, X106, X97, X74, ng, X132 va
X34 ¢6 thé tao nén mot ky hiéu didu bién.

Nhu d3 néu trén, vi mot bit cu thé duge anh xa 1én mot bit cu thé trong ky hiéu diéu

bién thong qua quy trinh dan xen, cho nén thiét bj thu tin hiéu c6 thé vira dat duoc hiéu

-88-



27584

suét thu cao lai vira dat dugc hiéu suét giai mi cao.

Nghia 13, khi cac bit tir md LDPC c6 hidu sudt giai ma cao dugc anh xa 1én cac bit
¢6 d6 tin cdy cao trong s& cac bit ciia mdi ky hiéu didu bién, thi thiét bi thu tin hiéu c6 thé
dat dugc hiéu suét giai ma cao, tuy nhién, vén d xay ra 1a khong thu dugc céc bit tir ma
LDPC ¢6 hiéu suét gidi ma cao. Ngoai ra, khi cac bit tir ma LDPC c6 hiéu sudt giai ma
cao dugc 4anh xa Ién céc bit c6 dd tin cdy thép trong sb cac bit ciia ky hiéu didu bién, thi
hiéu suét thu ban dAu 12 rét cao, va do do, hi¢u suét chung cling s& rat cao. Tuy nhién, khi

thu duoc nhiéu bit c6 higu sut giai ma thép, thi ¢6 thé xay ra tinh trang lan truyén 16i.

Vi vdy, khi cc bit tir ma LDPC duge dnh xa 1én cdc ky hidu didu bién, thi bit tir ma
LDPC c6 dic trung tu ma cu thé dugc 4nh xa 1én mot bit cu thé cta ky hiéu didu bién
bang cach xem xét ca ddc trung tir ma cta cac bit tao nén tir ma LDPC 1an do tin cdy cua
céc bit tao nén ky hiéu didu bién, va cdc bit d6 duoc truyén dén thiét bi thu tin hiéu. Vi
vay, thiét bi thu tin hiéu c6 thé vira dat dugc hiéu suét thu cao lai vira dat dugc hiéu sudt
gidi ma cao.

Phuong phép dan xen nhom va dan xen khéi néu trén chi 1a vi du minh hoa. Ngoai
phuong phép néu trén, pham vi cla sang ché con bao gdm ca cac phuong phap khac dé
lam cho mc}t bit ¢co tI‘Ol’lg m51 nhém bit X65, X59, Xzz, X15, X106, X97, X74, ng, X132 va X134
tao nén mot ky hiéu didu bién.

Phuong phéap xac dinh gia tri (), 1a thong sé ding @& dan xen nhom, theo cac
phuong an 1am vi dy thuc hién sang ché s& duoc md ta dudi day. Trude tién, can xem x¢ét
cac diéu kién sau day:

Diéu kién 1) Thir ty dan xen khac nhau dugc ap dung tuy theo phuong phép didu
bién va ty 1& ma.

Pidu kién 2) Dic trung hi€u sudt ctia mdi nhom bit tao nén tr ma LDPC va dic
trung hiéu suét ctia mdi bit tao nén tin hiu didu bién phéi duoc xem xét d&‘)ng thoi.

Vi du, ddi vé6i tr ma LDPC, cac bit ngoai cung bén trai co thé co hiéu suét cao, va
c4c bit ngoai cung bén tri tao nén ky hiéu didu bién c6 thé c6 hidu suét cao. Nghia 13, gid
tri tuong dbi cua hiéu suét thu P(y;) cta mdi bit trong s6 10 bit Yo, Y1, Y2 ¥35 Y45 Y55 Y65 Y75
yg VA yg dung cho phuong phap didu bién chom diém khong ddng déu 1024-QAM tuén
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theo hé thirc: P(yo) = P(y1) > P(y2) = P(y3) = P(y4) = P(ys5) = P(y6) = P(y7) > P(ys) = P(y9).

Vi vy, khi do dai ciia tir ma LDPC béng 64800 va ép dung phuong phap diéu bién
chom diém khong ddng déu 1024-QAM (dudi day goi la phuong phdp didu bién
1024-NUC), ¢6 thé x4c dinh dugc nhitng bit nao trong s 10 bit theo phuong phap diéu
bién 1024-NUC ma 180 nhom bit tao nén tr ma LDPC dugc anh xa lén d6, c6 xem xét
ddng thoi ca cc ddc trung cua tir ma LDPC va phuong phap didu bién. Trong trudong hop
nay, cO thé x4c dinh dugc trudng hop c6 hiéu suét udc tinh cao nhét bing cach sir dung

phuong phap trién khai mat do.

Nghia 13, c6 thd xem xét nhidu truong hop ma trong d6 180 nhém bit duge anh xa
lén 10 bit, va c6 thé tinh dugc gia tri ngudng uéce tinh theo ly thuyét bing cach ap dung
phuong phap tridn khai mat do cho timg trudng hop. Khi tir ma LDPC duge truyén dudi
dang gia tri ty sb tin hiéu trén tap nhidu (Signal-to-Noise Ratio, SNR), thi xac sudt xuét
hién 18i s& bang 0 trong ving ¢6 g1a tri SNR 16n hon gia tri ngudng. Vi vay, ¢ thé dam
bao dat dugc hi¢u sut cao khi tr ma LDPC dugc truyén theo phuong phép nhu trong
trudng hop 6 gia tri ngudng thap trong s6 nhidu truong hop 4nh xa. Tuy nhién, phuong
4n thiét k& bo dan xen 120 dya vao phuong phap trién khai mat d6 1a mot phuong an ly
thuyét. Vi vy, bo dan xen 120 c6 thé dugc thiét ké bang cach kidm tra hiéu sudt ma hod
dya trén ma trin kidm tra chén 1& dugc thiét ké thuc té va dua trén so dd phéan bd tudn

hoan, ngoai phuong phép 1y thuyét 1a phuwong phap trién khai mat do.

Khi 180 nhém bit duge anh xa 1én 10 bit, thi cac nhom bit lién quan dén céc hang
¢6 cing mot bic trong ma trdn Kkidm tra chin 1& duge xép vao cung mét nhom, va, Xac
dinh xem nhitng bit nao trong s 10 bit theo phuong phap didu bién 1024-QAM ma mot
sd nhom bit & trong mdi nhom néu trén duoc anh xa 1én do.

Vi duy, gia st ring ma tran kiém tra chin 1 ctia tr md LDPC bao gdm c4c hang c6
bac b%mg 26, 3 va 2, va 14 nhom bit, 118 nhém bit va 36 nhém bit duge lién hé véi cac
hang c6 béc bang 26, 3 va 2 tuong Gng.

Déi v6i phuong phép didu bién chom diém khong ddng déu 1024-QAM, hai bit co
cung mot higu suat thu (tac 1a co6 xac sudt thu bang nhau) (nghia 1a P(yo) = P(y1),
P(y,) = P(y3), P(ys) = P(ys), P(¥s) =P(y7); P(ys) = P(ys)), va do d6 cic nhom bit c6 thé

4nh xa 1én nim (5) bit. Vi vay, s6 truong hop ma cac nhom bit c6 thé dugc anh xa 1én
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- nim (5) bit c6 thé dugc biéu dién nhu sau:

Céc bit da didu bién Bic S truong hop ma cac nhém bit ¢6 thé dugc 4nh xa

Yo,Y1 26 14Cu
3 118Cw1

36Ca1

V2,3 26 14Cx
3 118Cw2

2 36Ca2

Ya>Ys 26 14Ca
3 118Cw3

' 36Cz3

Y6,¥7 26 14Cxa
3 118Cw4

36Cu

YeYo 26 14Cxs
3 118Cws

36Czs

Téng 180

Nghia 13, dbi vi cac nhém bit duge 4nh xa 1én yo va yy, s6 truong hop ma x; nhém
bit dugc chon trong sb cac nhém bit lién quan dén cac hang c6 bac béng 26, w; nhom bit
dwoc chon trong s cac nhém bit lién quan dén cac hang c6 bac bing ba (3), va z; nhém
bit dugc chon trong s§ cac nhom bit lién quan dén cac hang c6 bac biang hai (2) c6 thé

bang 14Cx1 * 115Cw1 + 36Car.

Ngoai ra, dbi v6i cac nhom bit duoc anh xa 18n y, va ys, sb treong hop ma x, nhém
bit dugc chon trong sb cac nhom bit lién quan dén cac hang c6 bac béng 26, w, nhoém bit
duge chon trong s cac nhom bit lién quan dén cac hang c6 bac bang ba (3), va z, nhém
bit duge chon trong sb cic nhom bit lién quan dén céc hang c6 bic bang hai (2) c6 thé
bang 14C + 115Cwa  36Caa-

Ngoai ra, d6i v6i cac nhém bit duge 4nh xa 18n y, va ys, sd trudng hop ma x; nhém
bit d‘uqc choh trong sd cac nhom bit lién quan dén cac hang c6 béc bang 26, w3 nhom bit
dugc chon trong s6 cac nhom bit lién quan dén cac hang c6 bac bing ba (3), va z; nhém
bit dugc chon trong sb cac nhém bit lién quan dén cac hang c6 bac béng hai (2) c¢6 thé

bang 14Cys + 115Cws + 36Cas-

Ngoai ra, ddi v4i cdc nhoém bit duge dnh xa 1én y, va ys, sO truong hop ma x; nhém
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bit dugc chon trong sd cac nhém bit lién quan dén cac hang c6 bac bing 26, w, nhom bit
dugc chon trong s§ cac nhém bit 1ién quan dén cac hang c6 bac bing ba (3), va z, nhém
bit duge chon trong s6 cac nhém bit lién quan dén cac hang c6 bac bing hai (2) c6 thé

béng 14Cxa 1 118Cwa T 36Cs.

Ngoai ra, d6i v6i cac nhom bit duge anh xa 1én Yo Va ys, ) truong hgp ma xs nhom
bit dugc chon trong sé cic nhom bit lién quan dén cac hang ¢6 bac bing 26, ws nhém bit
dugc chon trong sb cac nhom bit lién quan dén cac hang c6 bac bing ba (3), va zs nhém
bit duge chon trong sb cac nhom bit lién quan dén cac hang c6 bic bang hai (2) c¢6 thé

bang 14Cys + 118Cws + 36Cas.

Trong trudong hop nay, x; +x, + X3+ X4+ X5 =14, wi+w, + w3+ wy+ws =118, va

Z1+2y+ 73+ 24+ 25 = 36.

Tuy nhién, vi trong vi du néu trén c6 mot s6 luong 16n céc trudng hop, cho nén c6
thd kho wéc tinh duge hidu sudt cho timg trudng hop bing phuong phap trién khai mat
do. |

Do d6, ¢6 thé tinh sb truong hop bing cach giam bét s6 lugng dang hi¢u suét thu,
va sau d6 hiéu suét cho ting truong hop c6 thé dugc ude tinh bang phuong phap trién
khai mat d9.

Vi dy, gia st réng, xé4c sudt thu cta yo, y1, Y2 VA V3 béng nhau va xac suét thu cua V4,
Ys, Y6 Y7, Y8 V& Y3 béng nhau nhu dugc thé hién trong bang dudi day, cod thé tinh sb

trrong hop ma cac nhdm bit duge anh xa 1én ba (3) bit.

‘Céc bit da diéu bién Bic S6 trudng hop ma cac nhém bit ¢6 thé duge dnh xa

Y0,¥1,Y2,¥3 26 14Cur
3 118Cwi
36Ca1
Y4,¥5,Y6:7,Y8:Y9 26 14Cu
3 118Cw2
2 36C2
Téng 180

Nghia la, dbi v6i cac nhém bit duge anh xa 1én Yo Y1» Y25 ¥3» sb trudng hop ma x;
nhém bit duge chon trong s cac nhom bit lién quan dén cac hang c6 béc bing 26, w;

nhém bit duge chon trong s6 cac nhém bit lién quan dén cac hang c6 bac bing ba (3), va
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z; nhém bit dugc chon trong sé cac nhém bit lién quan dén cac hang c6 béc bing hai (2)

c6 thé bang 1,Cx; +115Cw1 +36Car-

Ngoai ra, dbi v6i cac nhom bit duge anh xa 1én Y4 Vs Y6 V2> Vs Yo, SO trudong hop
ma X, nhém bit duge chon trong s6 cdc nhém bit lién quan dén cac hang c6 bic bang 26,
w, nhém bit duge chon trong sé cac nhém bit lién quan dén cac hang c6 béc bing ba (3),
va z, nhém bit duge chon trong s cic nhém bit lién quan dén cac hang c6 bac bang hai

(2) cd thé b%lng 14Cx0 T 118Cw2 T 36C2-
Trong trudng hop nay, x;+x, = 14, wy +w, = 118, va z; +z, = 36.

- Sau d6, khi hiéu suit cho timg trudng hop da duge wéce tinh bing phuong phap trién
khai mét d6, truong hgp dugc udce tinh c6 hi€u suét cao nhét s& dugc chon. Nghia 13, c6
thé x4c dinh duoc c6 bao nhiéu nhém bit s& duge chon trong sb6 cac nhom bit lién quan
dén céc hang c6 bac b&ng 26, 3 va 2, va dugc anh xa lé€n yq, Y1, Y2, Y3 Va Y4, Y5, Y65 Y75 ¥8»
Y9 dé dat dwoc hiéu suét cao nhit b:?mg phuong phap trién khai mat do, va c6 thé x4c dinh

duogc xy, Xo, Wi, Wo, Z1, Z3.

Sau d6, cac bit dugc coi 1a ¢6 hiéu suat thu bing nhau s& dugc xac dinh 1a c6 hiéu

suét thu khéc nhau, va quy trinh néu trén dugc thuc hién 13p lai.

Nghfa 13, sb truong hop ma cic nhém bit dugc dnh xa 1én yy, ¥s, Y6, Y7, Y3, Yo trong
sb Xy, Wo, 7, 58 duge tinh dya trén cac gid tri X,, Wy, 7, dd x4c dinh, va hiéu suét cho ting
truong hop s& duge udce tinh bang phuong phép trién khai mat d6 va truong hop duge

udc tinh ¢ hiéu suat cao nhat s& dugc chon.

Ngoai ra, sb treong hop ma cac nhém bit duge anh xa 1én yq, y1, ¥2, ¥3 trong sb xq,
Wi, Z1 S€ dqu tinh dua trén cac gia tri x;, Wy, z; d4 x4c dinh, va hiéu suét cho tung truong
hop s€& dugce udce tinh bing phuong phép trién khai mat do va truong hop dugc wdc tinh

¢6 hiéu suat cao nhat s& dugc chon.

Do d6, ¢6 thé xac dinh dugc ¢ bao nhiéu nhém bit lién quan dén cac hang c6 mdi
bac néu trén s& dugc dnh xa 1én cdc bit theo phuwong phap didu bién 1024-QAM dé dat
duoc hiéu suét cao nhét, va bd dan xen 120 c6 thé dugc thiét ké sao cho c6 kha nang dnh
Xa mot nhém bit cu thé tao nén tir md LDPC 1én mdt bit cu thé tao nén ky hiéu diéu bién

va dap g trudng hop co6 hiéu sudt cao nhit.
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Theo quy trinh néu trén, phuong phép dan xen nhém c6 thé duoc thiét ké.

Thiét bi truyén tin hiéu 100 c6 thé truyén tin hiéu dugc anh xa 1én chom diém dén
thiét bi thu tin hicu (vi du thiét bi thu tin hidu 2700 trén F ig.18). Vi du, thiét bi truyén tin
hiéu 100 c6 thé anh xa tin hiéu dugc 4nh xa 16n chom diém trén khung dbn kénh phan tn
truc giao (Orthogonal Frequency Division Multiplexing, OFDM) bing cach ap dung
phwong phap OFDM, va c6 thé truyén tin hiéu nay dén thiét bi thu tin hiéu 2700 qua
kénh da dugc phén dinh.

Phwong an lam vi du 2: Truwdng hop sit dung by dan xen khéi hang

Theo phuong &n lam vi du khée, bd dan xen 120 cé thé dan xen tir ma LDPC theo |
cac phuong phap khac, khic véi cac phuong phap dd duge mo ta trong phuorng an lam vi
du 1 trén day, va co thé 4nh xa cac bit c6 trong mot nhém bit dinh trudce trong sb cac
nhém bit ;cao nén tr md LDPC da duge dan xen 1én mot bit dinh trude ctia ky hi¢u didu

bién. Phuong 4n nay s& duoc md ta chi tiét dudi day dwa vao Fig.14.

Dua vao Fig.14, by dan xen 120 bao g?)m bod dan xen bit chan 1é 121, bd dan xen
nhém (hodc by dan xen theo nhom) 122, by dan xen xoay bit trong nhom 123 va bd dan
xen khéi hang 125. Trong d6, bd dan xen bit chin 1& 121 va bo dan xen xoay bit trong
nhém 123 thye hién cac chire ning giéng nhu trong phuong an 1am vi du 1 néu trén, va
do d6, & ddy s& khong mé ta chi tiét cic bd phan nay.

B6 dan xen nhém 122 c6 thé phan chia tir md LDPC dd dugc dan xen bit chin 1é ra
thanh nhidu nhém bit, va c6 thé sép x&p lai thu tu cla cdc nhém bit d6 theo don vi nhém
bit. |

Trong trudng hop nay, budc phan chia tir ma LDPC dd duge dan xen bit chin 1€ ra
thanh nhiéu nhém bit gidng nhu trong phuong 4n 1am vi du 1 néu trén, va do d6, & day sé
khéng md ta chi tiét budce nay.

Bo (‘iaﬁ’ xen nhém 122 dan xen tir md LDPC theo don vi nhém bit. Cu thé, bo dan
xen nhém 122 c6 thé phén chia tir ma LDPC ra thanh nhidu nhom bit, va c¢6 thé sip xép
lai cac nhom bit d6 theo don vi nhom bit. Nghia 13, bd dan xen nhém 122 ¢6 thé sép xép
lai thér ty ctia cdc nhom bit trong tir ma LDPC theo don vi nhém bit bing cach thay dbi vi

tri clia cic nhém bit tao nén tir ma LDPC.
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Trong d6, bd dan xen nhém 122 ¢6 thé sip xép lai thit tw ciia cdc nhém bit theo don
vi nhém bit sao cho cac nhém bit chira céc bit duge anh xa 1én cing mdt ky hiéu diéu

bién trong s6 cac nhom bit s& dugc sap xép theo thir tur 14n luot.

Trong trudng hop nay, bd dan xen nhém 122 ¢6 thé sip xép lai thir tw cia cdc nhém
bit theo don vi nhém bit bing cach xem xét it nhat mot thong sb trong sb s lugng hang
va sb lugng cdt tao nén bd dan xen khéi 124, sb luong nhém bit cia tr md LDPC, va sb
lugng bit ¢6 trong mdi nhém bit, sao cho cic nhém bit chira céc bit dugc 4nh xa 1én cing

mot ky hiéu didu bién s& dugc sip xép theo thir tur 1an luot.

Pé 1am duge didu ndy, by dan xen nhém 122 ¢6 thé dan xen tir md LDPC theo don

vi nhém bit dira vao biéu thirc 17 sau déy:

Y,=X,, véi (0<j<N,.) (17)

n(j

trong d6 X 1a nhom bit thir j tru6e khi dan xen nhém, va Y; 1a nhom bit thi j sau
khi-dan xen nhom. Ngoai ra, gi4 tri n(j) 12 thong sb chi bao thir tw dan xen va dugc xdc
dinh dya vao it nhit mot théng s trong sd d6 dai cia tir ma LDPC, ty 1é ma va phuong
phap diéu bién.

Do d6, Xy 1a nhém bit thir n(j) trude khi dan xen nhom, va biéu thirc 17 c6 nghia

1a nhém bit th n(j) trwde khi dan xen s€ duge dan xen thanh nhém bit thir j.

Theo phuong 4n lam vi du thuc hién sang ché, vi du v& gia tri n(j) co thé dugc x4c

dinh trong céc bang tir bang 29 dén bang 33 duéi day.

Trong truong hop nay, gia tri n(j) dugce xac dinh dua vao do dai cta tr md LPDC va
ty 1€ ma, va ma trn kiém tra chin 1¢ cling dugc x4c dinh dwa vao d6 dai ciia tr ma LDPC
Vél‘t}” 1é mé. Db do, khi buéc ma hod LDPC dugc thuc hién dua trén mdt ma tran kiém tra
chin 1& cy thé theo do dai cua tir ma LDPC va ty 16 m4, thi tir ma LDPC c6 thé dugc dan
xen theo don vi nhém bit dua vao gia tri 7(j) dap tng do dai cta tr md LPDC va ty 1€ ma
tuong tng. |

Vi du, khi b mé hoé 110 thyc hién bude ma hod LDPC & t§ 16 ma bing 6/15 d& tao
ra tir ma LDPC c6 do dai bing 64800, thi bd dan xen nhém 122 c¢6 thé thuc hién budc

dan xen bang cach st dung gia tri m(j) duge xac dinh theo d dai cta tir ma LDPC bang
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64800 v ty 1&é ma bang 6/15 trong céc bang tr bang 29 dén bang 33 dudi day, vi du sir
dung gia tri n(j) dugc xac dinh trong bang 29.

Vi dy, néu d6 dai Nyg,, ctia tir mad LDPC bing 64800, ty 18 ma bing 6/15, va phuong
phép diéu bién 13 1024-QAM, thi gié trj n(j) c6 thé dugc xac dinh trong bang 29 dudi
day.

Béang 29

Tht ty cla cac nhém bit duge dan xen khéi
7(j) (0 <j < 180)
0(1(2(3|4|5(6|7[8|9|10]11]|12]13|14]|15|16|17|18|19(20|21|22
Khéithl’Ij 23124125(26(27(28(2930({31(32({33{34]35[36(37|38|39(40|41]42[43|44]45
‘6d§uracﬁa 46 | 47148 4950|5152 |53 |54|55(56{57|58{59{60|61|62|63|64|65]|66]|67|68
bd danxen |69 |70 |71 72|73 7475|7677 |78 79|80 |81 |82|83|84|85|86|87|88|89]90]91
theo nhom |92 (93194 | 95|96 |97 | 98 | 99 |100{101|102(103|104]105|106|107|108|109|110{111|112|113|114
115|116{117|118]119{120]121|122|123{124|125{126{127(128|129{130{131{132]133|134{135{136|137
138{139({140(141{142|143|144{145|146|147{148|149{150|151|152{153|154|155|156{157|158{159{160
161]162|163|164(165{166/167|168|169|170|171(172(173|174(175|176|177|178|179} |
66(59122115]106/97 |74 | 88 {132|134| 21| 1431 |37 ({127{149|142| 87 |125
148| 76 |143]166] 93 {174/ 95 |55|42 {38 | 9 |131]81 | 7 [103|169{133{ 54|62 {30 | 13]105|32
5 194 1168{164|24 |56 |19 |45 (13896 |119]140| 79 |154{33| 2 | 17|46 |75]| 3 |20|165| 84
120] 12 | 43 | 18 {152(130{ 78 |144| 6 |118|110{70 |64 | 4 |50 |101|107|{151{137{179|170| 63 | 58
41149 (167| 86|90 |157{147|114[47 | 67 {2527 |117{98 | 11 {10 |91 |153| 65|53 |44 |77 |173
16 {156| 85 |160| 72 {145]| 68 {136 60 {113|162{100{141]163[{109| 8 | 61 |29 | 35|108|150|175{129
115|171] 0 |39(36 {4892 |111|83 [146| 89 |176| 57 |52 |26 {178[135|158|155
69 |126] 28 |124/172|159| 73 |102|116| 71 | 1 |{177|34 |121|139(128|112/104/123} |

Khéi thir
n(j) & dau
vao clia
bo dan xen
theo nhém

Dya vao bang 29, biéu thirc 17 ¢6 thé dugc biéu dién dudi dang Y= Xz = X6,
Y1 =Xey=Xs9, Y2 =X = X2, «o0s Yi7s = Xy178) = X1oas V& Y179 = Xy179) = Xi23. Do
d6, bo dan xen nhom 122 ¢ thé sép xép lai thir tu cia cac nhoém bit theo don vi nhom bit
bang cach chuyén nhém bit thir 66 thanh nhém bit thir 0, nhém bit thr 59 thanh nhém bit
thir 1, nhém bit thir 22 thanh nhém bit thiy 2, ..., nhém bit thir 104 thanh nhém bit thir
178, va nhém bit thir 123 thanh nhém bit thx 179.

Vi du khdc, néu do dai Nyg, ciia tir ma LDPC bang 64800, ty 1¢ ma bang 8/15, va
phuong phép diéu bién 1a 1024-QAM, thi gia tri n(j) c6 thé dugc xac dinh trong bang 30
duéi day.
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Bang 30

Thit tw cta cac nhom bit duge dan xen khéi
n(j) (0 <j <180)

ol1l2]34(5]6|7|8]9 10l11l12]13]14)15]16|17|18|19|20|21 |22
Khéi thu j [23 |24 |25 | 26[27]28(29(30 313233343536 |37 38|39 40| 4142|4344 |45
c’ydﬁuracﬁa 46 | 47|48 149 |50|51 52|53 |54 55156(57|58|59|60|61]|62 63|64 |65|66 |67 68
bo danxen |69 |70|71|72(73|74|75|76 |77 7817918081 (82|83|84|85 86187888990 |91
theo nhém |92 93|94 |95{96 |97 |98 |99 100/101/102{103|104{105{106{107 108(109|110|111|112|113|114
115|116{117|118|119{120{121|122 123(124125(126{127|128{129|130 1311132/133134(135|136|137
138/139(140(141|142{143|144|145 146|147|148(149|150{151{152 153/154(155|156|157{158|159 160
1611162|163|164|165]166{167|168 1691170(171{172|173|174|175 176|177|178{179
77139 3 [175]102{ 62 |119 0 |171(104|48 | 13|72 |91 30 [125(173|109| 8 |115| 82 791 2
68 [112] 28 [168[167|106|135| 51 75| 54 | 85 |122]26 118|128 144|121 57| 41| 52| 94 |110 45
120{107/150|100| 69 | 18 {145 15129 | 24 |114[117]169| 12 | 65 38|19 |43 (20|23 149|147 108
170! 6 | 89|78 |74 |105|21 159 1771162(156| 71 | 49 | 80 | 60 138/157|155| 96 |143{126| 90 93
R 63|66 (101|98 [179]|164|111} 5 84 |36 | 87|37 (174 35 {160|152 141]127| 81|64 | 67192 |33
bd dan xen
theo nhém 95 |161| 11 |133|154| 50 | 47 86 | 4 |137]22(130|148|178| 97 88|40 10| 9 |136|32 {123 158

' 134(140| 61 42| 1 |16 |131 10311721129|146|116| 55 | 76 58 | 83 [166] 27 [139|163| 99 165| 53

70|17 |46 |59 [113]124|176|132| 7 |73 56|14 | 44 |34 |31 (153]151|142[ 25 |

Khéi thir
() & dau

vao cua

Dua vao bang 30, biéu thie 17 c6 thé duge bidu dién dudi dang Yo = Xn0) = X77;
Y1 = Xay = X9, Y2 = Xn2) = Xs, «ors Yirg = Xnre) = X142, VA Y179 = £n179) = Xys. Do do,
bd dan xen nhom 122 c6 thé sép xép lai tht ty cla cac nhém bit theo don vi nhém bit
bing cach chuyén nhém bit tht 77 thanh nhém bit thtt 0, nhém bit thi 39 thanh nhom bit
thir 1, nhém bit tht 3 thanh nhom bit thr 2, ..., nhom bit thir 142 thanh nhom bit thi 178,
va nhém bit thit 25 thanh nhom bit tht 179.

Vi du khéc, néu do dai Nyg, cla tir ma LDPC bing 64800, ty 1& ma bang 10/15, va
phuong phap diéu bién 12 1024-QAM, thi gid tri (j) ¢6 thé dugc xéc dinh trong bang 31

dudi day.
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Béang 31

Thit ty ctia cc nhom bit duge dan xen khbi
7(j) (0 <j < 180)

o123 |4|5]6|7]|8|9]10[11[12[13[14[15[16]17|18]19]20]|21]22
Khéi thirj {23 |24 252627282930 |31[32]33]34]35(36|37]38]39|40]|41]42]43]44]a5
& dauractal46|47]48]49]50(51 525354 [55]56]57]58]59]60]61|62]63|64|65|66]|67]68
bd danxen 6970|7172 |73 |74|75|76|77|78|79|80|81|82|83|84|85|86|87 8889|9091
theo nhém | 92 19394 (95|96 {97 | 98|99 [100{101{102{103(104|105(106/107(108(109(110{111{112|113|114
115|116/117|118]119120{121|122[123|124(125|126|127|128|129{130{131|132{133|134|135|136|137
138(139|140|141|142|143(144|145|146|147|148|149|150|151|152|153|154|155|156|157|158|159|160
161|162|163|164(165|166/167|168(169(170|171(172(173(174|175|176(177(178(179| %
7 187] 5 |66|23|42(149|43 (148 16|58 | 9 |82|102| 79 | 12 |163|135|147|172(108| 93 | 10
25 (35|41 |173|123]167| 3 |59 |81 |116|39 | 72|97 |159|178|136(155| 1 | 94 {109| 78 |33 | 2
132(130(164(169| 14 | 71 | 75 | 53 | 98 | 21 |170[127|146|142| 54 [106| 91 {118| 40 | 61 |179]145|153
156|115 50 | 47 |112| 38 {117] 69 [157|138|120| 57 | 44 | 80 | 0 |24 | 70 {139]176|161|122| 29 | 15
99 | 83|63 |62(133]177| 6 |19 |64 |52(103|22 |73 |34 |154|140|143|144| 65 | 4 |30 |36 |20
11 |160[151[124|158| 8 |100|105|51 |48 | 67 |128134| 17 | 13 |101| 90 | 76 | 55 | 27 | 37 |168|126
174|152|113{111]107| 85 [ 96 | 49 | 84 | 18 |131{141| 60 | 77 | 88 | 86 | 68 |114|171|129
89 | 95|45 |26 | 56 [162|137]165]125(104| 92 | 28 [119{110| 32 | 31 | 74 |150 "

Khbi thir
7(j) & dau
vao cua
bd dan xen
theo nhém

Duya Vo bang 31, biéu thirc 17 ¢6 thé duge bidu didn du6i dang Yo = Xy = X,
Y1 = Xa1) = Xaz, Y2 =Xy = Xs, +vos Y173 = Xa178) = X150, Vd Y179 = Xr(179) = Xp21. Do d6,
bd dan xen nhém 122 ¢6 thé sdp xép lai thir tw clia cic nhom bit theo don vi nhém bit
bang cach chuyén nhém bit thir 7 thanh nhém bit thir 0, nhém bit thit 87 thanh nhém bit
thr 1, nhém bit thit 5 thanh nhém bit thi 2, ..., nhém bit thr 150 thanh nhém bit thir 178,
va nhom bit thir 121 thanh nhom bit thir 179.

Vi du khéc, néu dd dai Nyg, ctia tir ma LDPC bang 64800, ty 1& ma bang 10/15, va
phuong phép diéu bién 13 1024-QAM, thi gia tri n(j) c6 thé duge xdc dinh trong bang 32
dudi day.
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Béang 32

Thtr tu ctia cac nhém bit duge dan xen khéi
(i) (0 <j < 180)
o |1|2(3|a|s5[6]|7|8]9t0]1]12]13]14]15]16]17]18]19]20]21]22
Khoi thirj |23 24|25 ]26]27[2829]30[31[32]33]34[35]36]37]38]39 40|41 42]43]44]4s
& dAu ra ctia| 46 [ 47 [ 48 [49 |50 |51 [ 525354 [55] 5657|5859 606162 63]64]6566]67 63
bo danxen {69 |70 (71|72 |73 |74 |75 |76 |77]78 798081 |82[83 ]84 85|86 |87|88[89]00]01
theo nhém |92 |93 |94 | 95| 96 [ 97] 98] 99 [100[101]102]103]104]105]106]107| 108[109[ 1 10]111]112[113[114
115]116]117]118]119]120[121[122]123]124]125]126]127]128]129]130[131]132[133[134[135[136[ 137
138]139]140[141142[143[144]145146|147]148[149]150] 151|152{ 153 154]155]156] 157|158] 159|160
161]162(163[164|165]166[167]168]169]170]171]172[173[174]175[ 176177 178[179] | | |
111]32[70 | 77 54 [ 93 [122] 65 [165[144] 45 |101] 95 | 2 |38 | 7 |126] 13 [156]128] 78 | 82 | 57
117] 60 | 42 [131]177]148] 11 [ 97 23] 10 [ 20 [114] 51 |160]166]179]175] 75 | 79 | 50 | 74| 59 | 40
154[139]163[134] 63 | 68| 99 [106]105]119] 6 [167] 3 [124]35]98 |118] 83|67 8 | 22[172[133
130] 15| 31|73 [102]103] 21 [142]176]143]146] 9 |107]27 |109] 0 |81 [141]153]121]161{ 25| 19
12 |113] 80 | 76 [136] 89 [132]145] 39 [110] 1 | 72| 64 [112[157|152]169[120] 94 | 48 | 17|88 | 4
28 [162]168[147]129] 24 | 58] 61 |115] 91 | 34 [123]135[173]164| 84 | 71 | 55|37 | 66 | 36 |159] 52
155[125[100] 87 [ 90 | 30 | 46 | 86 [150]170[149] 5 |49 | 43|56 |116]108
62| 14]2933 ] 92 |174]127[158] 18 41| 85 | 47 | 26 |104] 53 [137] 96

Khdi thir
7(j) & dAu
vao clia
bd dan xen
theo nhom

Dua vao bang 32, biéu thirc 17 ¢6 thé dugc biéu dién dusi dang Yo = Xy0) = Xi11,
Y1 =X = X2, Y2 =Xy = X00, -oes Y178 = Xr178) = Xi6> VA Y(179) = Xi(179) = X149 DO
d6, bo dan xen nhém 122 ¢6 thé sip xép lai thir tw ciia cdc nhém bit theo don vi nhom bit
bing cach chuyén nhém bit tht 111 thanh nhém bit tht 0, nhém bit thir 32 thanh nhém
bit thit 1, nhém bit thir 70 thanh nhom bit thit 2, ..., nhom bit tht 16 thanh nhém bit thir
178, va nhém bit thir 140 thanh nhém bit tht 179.

Vi du khéc, néu do dai Nigpe cua tir ma LDPC bing 64800, ty 18 ma bang 12/15, va
phuorng phap didu bién 13 1024-QAM, thi gia tri n(j) c6 thé dugc xac dinh trong bang 33

dudi day.
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Bang 33

Thtt ty cia cdc nhom bit duge dan xen khdi
7(j) (0 <j < 180)

o[1]2[3]a]5[6]7]8]o10]11[12]13]14]15]16]17]18]19]20]21]22
Khéi thirj {23 [24 |25 |26 [27]28[29]30|31]32]33(34]35]36]37[38]30]40]41]42]43]44]4s
& dhura clial 46 |47 |48 [ 49|50 [51[ 52|53 |54 |55 |56 |57 | 58|59 | 60|61 |62|63 | 64|65]|66]|67|68
bd dan xen [ 69 |70 71| 72|73 | 74|75 |76 [77] 78|79 | 80| 81 |82 | 83| 84 |85 |86 | 87|88 89|90 |91
theo nhém [ 92 [ 93|94 | 95|96 | 97| 98 |99 [100[101]102[103[104]105[106]107]108100[ 110[111]112[113]114
115]116|117[118[119]120] 121 [122]123[ 124 [125]126[ 127]128] 129]130[ 131 [132[133[134] 135[136[ 137
138(139]140] 141[142[143{ 144 [145] 146|147 [148] 149] 150|151 | 152]153]154]155] 156|157| 158[ 159|160
161|162(163| 164|165/ 166|167|168]169]170]171|172[173]174|175] 176[177] 178179
o1 | 88 |112]102] 26 | 27 [120[103] 17 | 15 | 19 |136] 60 | 83 |116] 89 [115| 72 |147]148] 11 | 52 | 33
. [64] 98|29 126]164]167] 5 [106]121] 73 | 86| 37 | 62 [143] 93 [174]146] 14 | 1 |53 [100[ 55 50
Khoi thtr o170/ 163] 40 |133] 92 [ 39 | 44 |139] 74 [166] 3 |172] 20| 4 | 75 |49 | 70 56 | 41| 43 173
m() & dau o T TS 48 [125] 25 | 109]178[123160]151] 32 | 21 | 47 | 108] 7 | 77 |129]113]155]169] 22 | 122
bYZ““a 110[119]34 [ 59| 18 | 0 |161[176]31 | 38| 80| 6 |114]127|131]154]152[150| 23 | 12 | 76 | 118]135
t}?eoa;lh}é:: 142] 42 | 10 |156]153] 78 | 69 [138] 35 |128] 96 |165] 63 [177]171] 68 [111] 87 61 [137[105101]107
24 |158|79 | 81|85 | 71| 84 | 99 |134]162170[168[141] 82 | 65 | 30 | 51 | 90 | 36 |157] 9 [144]117

58 [130] 45 | 28 | 13 |140] 66 |159] 8 | 95 |46 | 57| 94 |97 [124[132]104] 16 145

Duya vao bang 33, biéu thitc 17 c6 thé duoc biéu dién dudi dang Yo =X = Xo1,
Y1 =Xoay = Xss, Y2 =Xy = X1z, -oes Y178 = Xe(178) = X165 V2 Y179 = Xy(179) = Xpg5. Do
d6, bd dan xen nhém 122 c6 thé sa"lp xép lai th{r tu cia cac nhom bit theo don vi nhom bit
bing cach chuyén nhom bit thir 91 thanh nhém bit thit 0, nhém bit thit 88 thanh nhém bit
thir 1, nhom bit thir 112 thanh nhém bit thtt 2, ..., nhém bit thir 16 thanh nhém bit thir
178, va nhém bit thir 145 thanh nhém bit thir 179.

Trong céc vi du néu trén, d dai cta trt ma LDPC b?mg 64800 va ty 1€ ma bﬁng 6/15,
8/15, 10/15 va 12/15. Tuy nhién, d6 chi 12 vi du minh hoa va miu dan xen c¢6 thé duoc
Xéc dinh theo cach khac khi d6 dai ciia tir ma LDPC bing 16200 hodc ty 16 ma c6 céc gié
tri khac.

Nhu da néu trén, bd dan xen nhém 122 c6 thé sip xép lai thir tw clia cdc nhém bit
theo don vi nhém bit dya vao bidu thirc 17 va céc bang tir bang 29 dén bang 33.

“Khdi thﬁ j & diu ra cta bo dan xen theo nhém” trong cac bang tir bang 29 dén
béhg 33 ding dé& chi nhém bit thir j duge xut ra tir b dan xen nhém 122 sau khi dan
xen, va “khdi thtr n(j) & dau vao cua bd dan xen theo nhém” ding dé chi nhém bit thir

7(j) duge nhdp vao bo dan xen nhém 122.
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Ngoai ra, vi thir tw ctia cdc nhom bit tao nén tir ma LDPC dugc sip xép lai bing bd

dan xen nhém 122 theo don vi nhém bit, va sau d6 cdc nhém bit nay dugc dan xen khdi

b%mg bd dan xen khéi 124, nhu s& duge mo ta dudi ddy, cho nén “tht ty cia cdc nhém bit

dugc dan xen khéi” duge thé hién trong céc bang tir bang 29 dén bang 33 lién quan dén

gia tri n(j).

Gi4 trj n(j) duoc x4c dinh trong cac bang tir bang 29 dén bang 33 c6 thé dugc sip

xép theo ty 16 ma nhu dugc thé hién trong bang 34 duéi day.

Bang 34
(CR 6/15) (CR 8/15) (CR 10/15) (CR 10/15) (CR 12/15)
Khbi thit j Khéi thir n(j) Khéi thir n(j) Khéi thir n(j) Khéi thi n(j) Khéi thir n(j)

& daura cia bd

& dAu vao ciia bd
dan xen theo nhém

& dAu vao ciia bd
dan xen theo nhom

& dau vao cia bo
dan xen theo nhém

& dau vao ciia bd
dan xen theo nhom

& dAu vao clia bd
dan xen theo nhém

dan xen theo nhom

0 66 77 7 111 91
1 59 39 87 32 88
2 22 3 5 70 112
3 15 175 66 77 102
4 106 102 23 54 26
5 97 62 42 93 27
6 74 119 149 122 120
7 88 0 43 65 103
8 132 171 148 165 17
9 134 104 16 144 15
10 21 48 58 45 19
11 14 13 9 101 136
12 31 72 82 95 60
13 37 91 102 2 83
14 127 30 79 38 116
15 149 125 12 7 89
16 142 173 163 126 115
17 87 109 135 13 72
18 125 8 147 156 147
19 82 115 172 128 148
20 51 82 108 78 11
21 40 79 93 82 52
22 161 2 10 57 33
23 148 68 25 117 64
24 76 112 35 60 98
25 143 28 41 42 29
26 166 168 173 131 126
27 93 167 123 177 164
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28 174 106 167 148 167
29 95 135 3 11 5
30 55 51 59 97 106
31 42 75 81 23 121
32 38 54 116 10 73
33 9 85 39 20 86
34 131 122 72 114 37
35 81 26 97 51 62
36 7 118 159 160 143
37 103 128 178 166 93
38 169 144 136 179 174
39 133 121 155 175 146
40 54 57 1 75 14
41 62 41 94 79 1
42 30 52 109 50 53
43 13 94 78 74 100
44 105 110 33 59 55
45 32 45 2 40 50
46 5 120 132 154 149
47 94 107 130 139 54
48 168 150 164 163 179
49 164 100 169 134 163
50 24 69 14 63 40
51 56 18 71 68 133
52 19 145 75 99 92
53 45 15 53 106 39
54 138 29 98 105 44
55 96 24 21 119 139
56 119 114 170 6 74
57 140 117 127 167 166
58 79 169 146 3 3
59 154 12 142 124 172
60 33 65 54 35 20
61 2 38 106 98 4
62 17 19 91 118 75
63 46 43 118 83 49
64 75 20 40 67 70
65 3 23 61 8 56
66 20 149 179 22 41
67 165 147 145 172 43
68 84 108 153 133 173
69 120 170 156 130 175
70 12 6 115 15 67
71 43 89 50 31 2
72 18 78 47 73 48
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73 152 74 112 102 125
74 130 105 38 103 25
75 78 21 117 21 109
76 144 159 69 142 178
77 6 177 157 176 123
78 118 162 138 143 160
79 110 156 120 146 151
80 70 71 57 9 32

81 64 49 44 107 21

82 4 80 80 27 47
83 50 60 0 109 108
84 101 138 24 0 7

85 107 157 70 81 77

86 151 155 139 141 129
87 137 96 176 153 113
88 179 143 161 121 155
89 170 126 122 161 169
90 63 90 29 25 22

91 58 93 15 19 122
92 41 63 99 12 110
93 49 66 83 113 119
94 167 101 63 80 34
95 86 98 62 76 59
96 90 179 133 136 18
97 157 164 177 89 0

98 147 111 6 132 161
99 114 5 19 145 176
100 47 84 64 39 31

101 67 36 52 110 38
102 25 87 103 1 80
103 27 37 22 72 6

104 117 174 73 64 114
105 98 35 34 112 127
106 11 160 154 157 131
107 10 152 140 152 154
108 91 141 143 169 152
109 153 127 144 120 150
110 65 81 65 94 23
111 53 64 4 48 12
112 44 67 30 17 76
113 71 92 36 88 118
114 173 33 20 4 135
115 16 95 11 28 142
116 156 161 160 162 42
117 85 11 151 168 10
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118 160 133 124 147 156
119 72 154 158 129 153
120 145 50 8 24 78
121 68 47 100 58 69
122 136 86 105 61 138
123 60 4 51 115 35
124 113 137 48 91 128
125 162 22 67 34 96
126 100 130 128 123 165
127 141 148 134 135 63
128 163 178 17 173 177
129 109 97 13 164 171
130 8 88 101 84 68
131 61 40 90 71 111
132 29 10 76 55 87
133 35 9 55 37 61
134 108 136 27 66 137
135 150 32 37 36 105
136 175 123 168 159 101
137 129 158 126 52 107
138 115 134 174 155 24
139 171 140 152 125 158
140 0 61 113 100 79
141 39 42 111 87 81
142 36 1 107 90 85
143 48 16 85 30 71
144 92 131 96 46 84
145 111 103 49 86 99
146 83 172 84 150 134
147 146 129 18 170 162
148 89 146 131 149 170
149 176 116 141 5 168
150 57 55 60 49 141
151 52 76 77 43 82
152 26 58 88 56 65
153 178 83 86 116 30
154 135 166 68 108 51
155 158 27 114 69 90
156 155 139 171 171 36
157 122 163 129 138 157
158 80 99 175 178 9
159 99 165 166 151 144
160 23 53 46 44 117
161 69 70 89 62 58
162 126 17 95 14 130
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163 28 46 45 29 45
164 124 59 26 33 28
165 172 113 56 92 13
166 159 124 162 174 140
167 73 176 137 127 66
168 102 132 165 158 159
169 116 7 125 18 8

170 71 73 104 41 95
171 1 56 92 85 46
172 177 14 28 47 57
173 34 44 119 26 94
174 121 34 110 104 97
175 139 31 32 53 124
176 128 153 31 137 132
177 112 151 74 96 104
178 104 142 150 16 16
179 123 25 121 140 145

“Khéi thr j & ddu ra clia bo dan xen theo nhém” trong bang 34 dung dé chi nhom
bit thir j dugce xuit ra tir bd dan xen nhém 122 sau khi dan xen, va “khéi tht n(j) & dau
vao cla bd dan xen theo nhém” ding dé chi nhém bit thir 7(j) dwge nhap vao bd dan xen
nhém 122. Dya vao bang 34, c6 thé nhén thiy ring bang 34 thé hién su sip xép cac sb

liéu dugc thé hién trong cac bang tir bang 29 dén bang 33 theo ty 1& ma.
B6 dan xen nhém 122 ¢6 thé dan xen tir md LDPC theo don vi nhom bit dwa vao

biéu thirc 18 sau day:

Y (18)

=X, voi (0<j<N

o)

trong d6 X; 12 nhom bit thtr j truéc khi dan xen nhém, Y; 1a nhém bit thit j sau khi
dan xen nhém. Ngoai ra, gié tri n(j) la thong sb chi bao thr tu dan xen va dugc xac dinh
dwa vao it nhit mot théng s trong sd d6 dai ciia tir ma LDPC, ty 1€ ma va phuong phép
diéu bién,

Do d6, X; 1a nhém bit thit j truéc khi dan xen nhom, va biéu thirc 18 ¢6 nghia 14
nhoém bit thit j trude khi dan xen nhéom dugce dan xen thanh nhém bit thir n(j).

Theo phuong an 1am vi du khic d& thuc hién séng ché, vi du v& gia trj n(j) c6 thé
dugc x4c dinh trong cac bang tir bang 35 dén bang 39 duéi day.

Trong trudng hop nay, gié tri n(j) dugce xac dinh dua vao do dai ctua tir md LPDC va
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ty 18 ma, va ma tran kiém tra chén 1¢ cling dugc x4c dinh dua vao d6 dai cta tir ma LDPC
va ty 1¢ ma. Do d6, khi budc ma hoa LDPC duogc thuc hién dua trén mot ma tran kiém tra
chin 1& cu thé theo d6 dai cua tr ma LDPC va ty 18 m4, thi tir m3 LDPC c¢6 thé duge dan
xen theo don vi nhém bit dya vao gia tri n(j) dap Gng do dai cta tir ma LPDC va ty 1€ ma
twong ung.

Vi dy, khi bd ma hoa 110 thyc hién buéc ma hod LDPC & ty 1é ma bang 6/15 dé tao
ra tir ma LDPC c6 d6 dai béng 64800, thi bd dan xen nhém 122 c6 thé thyc hién bude
dan xen bing cach st dung gié tri n(j) duogc xé4c dinh theo d6 dai cua tir ma LDPC bing
64800 va ty 16 ma bing 6/15 trong cac bang tir bang 35 dén bang 39 dudi day, vi du st
dung gié tri n(j) duwgc x4c dinh trong bang 35.

Vi du, néu do dai Nigpe ctia tr ma LDPC b%mg 64800, ty 1¢ ma béng 6/15, va phuong
phap didu bién 12 1024-QAM, thi gia tri n(j) c6 thé dugc x4c dinh trong bang 35 dudi

day.
Bang 35
Th tu ctia cac nhém bit duge dan xen khdi
() (0 <j < 180)
knéi e |22 [ [sTe 7 o [wofnis[uaf1sTis[17]18[o]20 21 [22
5 dhuvao 1231 24]25]2627]28 29[ 3051 (3253 ]34 35 [ 36|37 ]38 39 a0 41 ] 42| 43] a4 a5
ciabe 146147 [48 49 [0 515253 ] 545556575859 6061 |62]63|64]65 66|67 |68
donxon 8170171 ] 72|73 7475 [76]77] 78|79 |80 |81 82 [83 |84 85 |86 |87 |88 [89]50 o1
theo nham 192193 94195 [96 |97 {98 |99 [100[101]102]103]104]10[106]107[108]109[110[ 111 112[113]114
115]116[117]118[119]120[121]122[123]124|125[ 126[127( 128] 129[130[ 131[132{ 133[134{ 135]136[ 137
138[139] 140(141(142[143(144]145] 146]147] 148[149(150| 151|152 153]154|155] 156]157| 158] 159] 160
161|162|163[164165|166|167|168]169]170|171|172[173]174|175(176[ 177|178
140(171] 61 | 65 | 82 | 46| 77| 36 |130] 33 |107]106| 70 [ 43 [ 11| 3 |115| 62
. 160] 50 [102[152]103[163[132] 42 [ 12 [ 45 [ 60 [173[133]142]143] 32 [141] 21 | 02| 31 | 71 [112] 53
Khoi thir 501 143[ 93 [ 83 |20 [151[111] 40| 30 | 51 [150] 91| 1 |123]131] 41 |90 81 |110] 0 [101]121
m(§) 6 dau ra e T ol 119(167] 6 |64 |24 |113] 75 | 58 |158] 35 | 19 |146| 68 [117]95 | 17| 7 [148| 96 |108
dcuabo 144] 27| 4729 | 55| 5 [105]159[126] 84 |168] 37 [178] 44 | 4 |85 |134]129] 79 [145177]124] 99
theinri(;;lm 138[169(104] 78 | 56 | 69 |174]157[179]164| 18 |162| 14 |176[137] 74 | 34| 8 |39 | 9 [154[122] 87
54 |175] 57 [127] 16 | 25 | 76 [120[147] 98 | 23 [ 15 |135] 86 | 73 |109] 59 |156] 116
22 [125(128] 49 | 67 | 26 | 94 [ 48 | 38 | 89 [139]165|114] 28 |136]149172]153] 88

‘Dua vao bang 35, biéu thirc 18 ¢6 thé dugc biéu dién dudi dang Xo = Yy(0) = Yo,

X1= Y1) = Y171, X2= Y02 = Y15 ..

o X178 = Yra78) = Yis3, va Xy79 = Yra79) = Ygs. Do

d6, bd dan xen nhém 122 c6 thé sz“'ip xép lai th{r tu cia cac nhém bit theo don vi nhém bit
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béng cach chuyén nhém bit tht 0 thanh nhém bit thir 140, nhom bit thir 1 thanh nhom bit
thir 171, nhém bit thir 2 thanh nhém bit thit 61, ..., nhom bit thir 178 thanh nhém bit thi
153, va nhom bit thr 179 thanh nhém bit thir 88.

Vi du khéc, néu do dai Ny, cta tir ma LDPC bing 64800, ty 1& ma bing 8/15, va
phuong phép didu bién 1a 1024-QAM, thi gié tri n(j) c6 thé duoc xac dinh trong bang 36

dudi day.
Bang 36
Tht tu cta cac nhom bit duge dan xen khdi
n(j) (0<j <180)

Khéi thit 012|345 |6|7|8|9|10[11|12]13[14[15|16(17|18]|19|20|21|22
& dhuvio 23124 |25(26|27|28|29(30|31[32|33]34(35|36|37|38|39|40|41|42|43|44]45
ciabs  |40147]48[49|50|51|5253|54|55|56|57|58|59)60|61|62)63]64|65]66)67 68
danxén 69(70|71(72|73|74|75(76 77|78 (79|80 |81 |82|83|84|85|86|87|88|89|90]91
theo nhom 92193 19419596 |97 | 98 | 99 |100|101)102/103/104]105|106|107/108/109|110111)112|113|114
115|116|117|118{119{120[121|122|123|124|125|126|127|128|129|130{131{132|133|134|135|136|137
138{139(140|141|142|143|144(145|146|147|148|149|150|151|152|153|154|155{156|157|158|159|160

161|162(163|164(165|166|167|168|169|170|171|172|173|174|175|176|177|178
7 (142]22 ] 2 {12399 |70 [169| 18 |133[132(117| 59 | 11 |172| 53 |143]|162| 51 | 62 | 64 | 75 |125
.. .. |65]55(179|35|155|25 |54 | 14 |175|135|114|174/105/101|103| 61| 1 |131|41 |141| 63 |173| 45
I?hf’lﬁh“ 163{121] 10 | 81 {120 30 | 42 |160| 32 {150{171| 40 |152|164| 83 |140| 5 |92 |111| 60 | 93 [112| 23
n(’)?dallra 50 [161| 80 | 12{170| 73 | 31 [151| 0 | 72|21 | 82 |110| 20 |153|100| 33 [122]102(130| 71 | 90 | 13
dcuabo 113| 91 | 43 [115| 87 |129] 95 |158]49 | 94 | 4 [145] 9 |74 |28 |47 |68 |17 | 44|98 |24 |165| 56
theinn};f;lm 19 [149|57 |36 | 6 |46 |39 |34 [136|166| 15 | 89 [109| 37 |147|126|144|168|118|138| 29 [134|124
84 [156(139(108|178| 88 | 38 | 52 |148| 67 127 66 | 48 [177]107|176{119| 86 | 79 | 85 |137| 76 |106

116 78 |157| 97 [159|154| 27 | 26 | 58 | 69 | 8 |146| 16 |104| 3 [167| 77 |128

Duya vao bing 36, biéu thirc 18 ¢6 thé dugc biéu dién dudi dang Xo = Yuo) = Y7,
Xy = Yn(f) =Y, X2= Y= Y2, ..., Xi78= Yo78)= Y128, V2 Xj79 = Yy(179) = Yog. Do
d6, bd dan xen nhém 122 c6 thé sip xép lai thir ty clia cac nhém bit theo don vi nhém bit
bing cach chuyén nhém bit thir 0 thanh nhom bit th 7, nhém bit thtr 1 thanh nhém bit
thir 142, nhém bit thir 2 thanh nhém bit thir 22, ..., nhém bit thr 178 thanh nhém bit thir
128, v2 nhém bit thir 179 thanh nhém bit thir 98.

Vi du khéc, néu do dai Nig,. ctia tir md LDPC bang 64800, ty 1¢ ma bing 10/15, va
phuong phép diéu bién 1a 1024-QAM, thi gia tri (j) c6 thé dugc xac dinh trong bang 37
dudi day.
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Bang 37
Tht ty cia cic nhém bit dugc dan xen khdi
() (0 <j < 180)

Khéithij | 11213 [4]s[e]7]s]ow0[n]i]is]af1s5[16]1r[18]19]20]21]22
& dhuvao 123124125 26]27]28]29]3031]32]33 34|35 |36]37[38[39 40|41 [42]43]a4]4s
ciabs  [46]47[48 40 50|51 52[53]54]55]56]57[58]596061]62[63|64]65]66]67]68
danxon 169170171172]73 747576777879 |80 [ 818283 8485|8687 88]89[90 o1
theo nhom |92193194[95]96] 9798 |99 [100[101]102[103]104]105]106]107]108[109]110]111]112]113] 114
115]116[117]118[119]120{121]122(123]124]125[126[127]128|129]130[131]132[133[134(135]136[137
138(139(140[141|142(143(144[145[146(147|148[149]150[151|152[153]154]155|156[157(158[159] 160

161(162]163]164|165(166|167[168[169|170(171]172[173]174|175]176]177]178

83|40 (45|29 (111] 2 [98] 0 [120[ 1] 22 [115[ 15 [129] 50 [ 91] 9 [128
o | 48423 ]164[13a)172] 90 [112]176[175] 44 [105] 24 [113]135] 74 | 33 | 64 | 25| 5 [ 7 [81]163
Ifhf’lih“ 160] 72 [124[145] 71 [123[101] 53 [ 60 [133]165] 80 | 10 | 30 |150] 65 | 95 | 94 [100[110] 3 [125]154
m(0) 6 dau rar e T T34 104 177] 52 |132]151| 43 | 14 | 82 | 31 | 12 | 93 | 146|143|153] 1 [152]161]131] 62
;uabo 171] 21 | 41 [162]144] 35 | 54 [ 92 [121[130] 13 [102]170[122] 61 [142] 20 | 42 [174]141| 73 [140[ 155
th;nnf;m 70 (3275 [ 63 [173] 79 [179] 89 | 27 [118169[137| 57 |126(157| 47 |148] 46 | 96 [127] 17 | 38 |167
78 | 86 [107]149] 59 [108[109] 67 [ 58 | 18 | 8 | 6 [178]117[139] 68 |106] 39 | 69 | 77 |119] 36 |116
88 |166| 16 | 48 [168[159] 28 [136] 49 | 56 [156] 19 | 26 [138[158| 87|97 |37] 66 | -

' Dua vao bang 37, biéu thirc 18 ¢6 thé duge bidu dién dudi dang X, = Yr0) = Ys3,

X1 = Yuay = Ya0, X2 = Yoy = Yus, ..., X178 = Yaa7s) = Y37, vd Xy79 = Yr179) = Y. Do d0,

bd dan xen nhom 122 c6 thé sip xép lai thi ty ciia cdc nhém bit theo don vi nhém bit

bing cach chuyén nhém bit thir 0 thinh nhom bit thir 83, nhém bit thr 1 thanh nhém bit

thtr 40, nhém bit thir 2 thanh nhém bit thit 45, ..., nhém bit thir 178 thanh nhém bit thir

37, va nhém bit thir 179 thanh nhém bit thir 66.

Vi du khéc, néu d6 dai Nyg, cia tir ma LDPC bing 64800, ty 1& ma bang 10/15, va
phuong phéap diéu bién 14 1024-QAM, thi gi4 tri n(j) c6 thé duoce xac dinh trong bang 38

dusi day.

-108-



27584

Béang 38
Thit tu ciia cac nhém bit duge dan xen khbi
() (0 <j < 180)
Kndithaj | 123 [+ [s[6[7 8o [w[ulwfisTwulisi6]17[1s]15]20 [21]22
5 dhuvao 123124125 |26]27] 2820 [50]51[32[33 3435 |36 |37 38|39 40 |41 |42 ] a3 [ 44 45
ciabe  L46]47]48]a9[s0[s1]52]s3]5a]55]56[57]58]50 60 ]61]62]63[64]65 666768
danxon 160170 71] 7273|7475 7677|7879 [80 |81 |82 83 ]84 ]85 | 8687|8889 [90 o1
theo nhém 1921931949596 |97 98 |99 [100]101[102]103]104]105[106] 107 108]109[1 101 11]112]113]114
115]116]117[118[119]120[121]122]123124]125[ 126]127]128] 129[130[ 13 1| 132[133[ 134[135]136[ 137
138[139]140141{142[143[144[145[ 146|147 148[ 149[ 150|151 152[ 153[154]155[156[ 157|158 159] 160
161(162]163|164]165(166|167[168[169]170[171[172[173[174[175[176] 177|178 179 T T
84 [102] 13 | 58 |114]149] 56 | 15 | 65 | 80 | 32 | 29| 92 | 17 |162] 70 [178[112[169
. |31]120[90173] 82 [115[163143] 71 | 1 [164]125] 60 [135]133] 14 [100] 45 [170] 25 |151]160] 10
Khoi thir o 11150 42 | 35 |137]175] 4 [132[152] 22 |121] 44 | 24 [122]161] 50 [104] 7 [134] 64 ] 51
m(1) & dau ra e 103 72 [43 [ 40 [ 95 | 3 |20 | 41|94 85 | 21 | 63 [130[171|145|141113] 97 | 142|124
dcuabo 165] 5 |110] 12 [177]30 | 61 | 52 |140| 11 | 73 | 74 [174] 54 | 53 | 81 |154] 83 [101] 0 |105[ 93|34
theinn):;m 123]153] 23 [ 62 | 55 [109] 88 | 6 |126] 59 |139] 16 [167] 19 [119] 69 | 26 | 98 | 68 | 49 [127] 96 [176
157] 47179 86 | 76 | 78 | 9 | 99 | 79 [118] 28 | 148[146]159]107| 87 | 46 |138] 18 [106|168]136
89 |116] 48 [120| 8 |37 57 [117]108]147(156] 67 [128[166] 39 | 77 | 71 [158

Duya vao bang 38, biéu thuc 18 c6 thé duge biéu dién duéi dang X, = Y0 = Yas

Xi1= Y= Yoo, Xo0=Yr)= Y3, ..

o X178 = Yra78) = Yisg, va Xj79 = Yra79) = Y38. Do

d6, bd dan xen nhém 122 c6 thé sép Xép lai thir tu cua cac nhém bit theo don vi nhom bit

bing cach chuyén nhém bit thir 0 thanh nhém bit thit 84, nhém bit thit 1 thanh nhém bit

ther 102, nhom bit thir 2 thanh nhom bit thir 13, ..., nhom bit thir 178 thanh nhém bit thir
158, va nhém bit thir 179 thanh nhém bit tha 38.

Vi dy khéc, néu do dai Nig. ctia tir ma LDPC bang 64800, ty 1& ma bang 12/15, va

phuong phép didu bién 13 1024-QAM, thi gia tri n(j) c6 thé duge x4c dinh trong bang 39

duséi day.
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Bang 39

Thtt tu cta cdc nhém bit duge dan xen khbi
(i) (0 <j < 180)

of1]2]3]a]5]6]7]8]9]ro]11]12]13]14]15]16]17]18]19]20]21]22
23|24 (25|26 27282930 313233343536 37|38 |39 |40 |41 42|43 |44 |45
4647484950 51|52]53] 545556575859 60|61 |62|63|64|65|66|67|68
69|70 |71 (7273 747576 | 77|78 |79 [80 | 81| 82|83 | 84 |85 |86 |87 |88 |89 90|01
92|93 |94 [95 |96 | 97| 98 | 99 [100[101|102[103[104]105]106]107[108[100[110[111[112[113114
115[116]117]118[119]120{121]122]123[124]125[126[127]128]120] 130[131[132[133[134] 135136137
138]139(140[141]142{143] 144] 145] 146[ 147] 148] 149[150[ 151152 153|154]155] 156]157[158]159] 160
161]162|163|164]165|166|167|168]169]170]171[172[173] 174175176 [177]178
9741|7158 6129 |103] 84 [169[158[117] 20 [111]165] 40 | 9 [178] 8
o |rwof13s[ 74| 4| s |164] 25 [153[100] 80 | 22 [ 94 [123]156] 34 [101] 53 50 | 66 [116] 67 54163
Khoi thit 1175 [63 [45 [154] 21 |42 | 47 | a4 | 65 |172]161] 95 | 12 |133] 35 |127] 23 [152]167] 70 | 130
() & dau ra) a7 (32 [ 56 | 62 |112] 85 [120]140]102] 141[151| 13 |144|142] 33 |132] 1 |15 [155] 0

Khéi thi j
& dau vao
cua bo
dan xen
theo nhom

ctia bd
d nxe'n 52137 (173|170{125(174| 24 |145|{ 43 |136] 3 | 7 |177{135|30 ({13783 [ 75|92 |{131| 2 | 87 |104
a
Y 16 | 14 |160|113{93 | 6 |31 |91 |77 (175| 73 |26 {105{124| 86 |162|106{176| 51 {146|114| 11 {134
theo nhém

122| 55 |166{150{115| 36 [159{179]39 | 18 | 19 | 46 |109| 79 {108]119|107| 88 |118|157|139{168| 78
98 (147|49 |27 |126| 57 | 28 {149| 89 {148]|129| 59 | 68 | 38 | 69 | 99 |128

Dya vao bang 39, biéu thic 18 c6 thé duoc biéu dién duéi dang X, = Yr0) = Yo7,
X1 = Yoy = Ya1, Xo = Yoy = Y71, +o0s Xi78 = Yaa78) = Y76, V2 X179 = Yr(179) = Y. Do d6,
bd dan xen nhoém 122 c6 thé sip xép lai thi trr ciia cdc nhém bit theo don vi nhom bit
bang cach chuyén nhém bit thir 0 thinh nhém bit thit 97, nhém bit th 1 thanh nhém bit
thr 41, nhom bit tht 2 thanh nhém bit tht 71, ..., nhom bit thir 178 thanh nhém bit thi
76, va nhom bit thtr 179 thanh nhém bit thir 48.

Trong cac vi du néu trén, d§ dai cta trt md LDPC bang 64800 va ty 16 ma bing 6/15,
8/15, 10/15 va 12/15. Tuy nhién, d6 chi 12 vi du minh hoa va miu dan xen c6 thé dugc
Xéc dinh theo cach khac khi do dai cua tir ma LDPC bing 16200 hodc ty 1& ma c6 cic gia
tri khac.

Nhu d& néu trén, bd dan xen nhém 122 c6 thé sip xép lai thir tu cia cac nhom bit
theo don vi nhém bit dwa vao biéu thirc 18 va cac bang tir bang 35 dén bang 39. |

“Khi fhl’r ] 6'd5u vao ctia b dan xen theo nhém” trong cac bang tir bang 35 dén
bang 39 ding d& chi nhém bit th j duge nhap vao bd dan xen nhém 122 trude khi dan
xen, va “khéi thtr 7(j) & diu ra cia bd dan xen theo nhém” ding dé chi nhém bit thi n(j)

dugc xuét ra tir bd dan xen nhém 122 sau khi dan xen.
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Ngoai ra, vi thr ty ctia cdc nhém bit tao nén tir ma LDPC dugc sép xép lai bz‘“mg bo

dan xen nhém 122 theo don vi nhém bit, va sau d6 cac nhom bit nay duge dan xen khoi

béng bd dan xen khéi 124, nhu s& duge md ta dudi day, cho nén “thir tu cia cac nhom bit

4
A

duoc dan xen khdi” duge thé hién trong cac bang tir bang 35 dén bang 39 lién quan dén

gia tri n(j).

Gié tri n(j) dugce xéc dinh trong cac bang tir bang 35 dén bang 39 cé thé duoc sép

xép theo ty 16 ma nhur dugc thé hién trong bang 40 duéi day.

Bang 40
(CR 6/15) (CR 8/15) (CR 10/15) (CR 10/15) (CR 12/15)
Khéi thi j Khéi tht n(j) Khéi thir n(j) Khéi thtr 7(j) Khéi thi n(j) Khéi thi n(j)

& dAu vao cta bd

dan xen theo nhom

& ddu ra cia bd
dan xen theo nhém

& dau ra ciia bo
dan xen theo nh6m

& dau ra ciia bd

dan xen theo nhom

& d4u ra ciia bd

dan xen theo nhom

& du ra ctia bo
dan xen theo nhém

0 140 7 83 84 97

1 171 142 40 102 41

2 61 22 45 13 71

3 65 2 29 58 58

4 82 123 111 114 61

5 46 99 2 149 29
6 77 70 98 56 103
7 36 169 0 15 84
8 130 18 120 65 169
9 33 133 11 80 158
10 107 132 22 32 117
11 106 117 115 29 20
12 70 59 15 92 111
13 43 11 129 17 165
14 11 172 50 162 40
15 3 53 91 70 9

16 115 143 9 178 178
17 62 162 128 112 8

18 72 51 147 169 96
19 52 62 99 91 10
20 66 64 114 33 60
21 10 75 55 75 81

22 2 125 103 66 90
23 160 65 4 31 110
24 50 55 84 120 138
25 102 179 23 90 74
26 152 35 164 173 4

27 103 155 134 82
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28 163 25 172 115 164
29 132 54 90 163 25
30 42 14 112 143 153
31 12 175 176 71 100
32 45 135 175 1 80
33 60 114 44 164 22
34 173 174 105 125 94
35 133 105 24 60 123
36 142 101 113 135 156
37 13 103 135 133 34
38 32 61 74 14 101
39 141 1 33 100 53
40 21 131 64 45 50
41 92 41 25 170 66
42 31 141 5 25 116
43 71 63 7 151 67
44 112 173 81 160 54
45 53 45 163 10 163
46 63 163 160 144 171
47 100 121 72 172 82
48 143 10 124 111 72
49 93 81 145 150 63
50 83 120 71 42 45
51 20 30 123 35 154
52 151 42 101 137 21
53 111 160 53 175 42
54 40 32 60 4 47
55 30 150 133 132 44
56 51 171 165 152 65
57 150 40 80 22 172
58 91 152 10 121 161
59 1 164 30 44 95
60 123 83 150 24 12
61 131 140 65 122 133
62 41 5 95 161 35
63 90 92 94 50 127
64 81 111 100 104 23
65 110 60 110 7 152
66 0 93 3 134 167
67 101 112 125 64 70
68 121 23 154 51 130
69 161 50 76 155 121
70 80 161 85 2 64
71 170 80 51 131 143
72 119 12 34 103 17
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73 167 170 104 72 32
74 6 73 177 43 56
75 64 31 52 40 62
76 24 151 132 95 112
77 113 0 151 3 85
78 75 72 43 20 120
79 58 21 14 41 140
80 158 82 82 94 102
81 35 110 31 85 141
82 19 20 12 21 151
83 146 153 93 63 13
84 68 100 146 130 144
85 117 33 143 171 142
86 95 122 153 145 33
87 17 102 1 141 132
88 7 130 152 113 1
89 148 71 161 97 15
90 96 90 131 142 155
91 108 13 62 124 0
92 144 113 171 165 52
93 27 91 21 5 37
94 47 43 41 110 173
95 29 115 162 12 170
96 55 87 144 177 125
97 5 129 35 30 174
98 105 95 54 61 24
99 159 158 92 52 145
100 126 49 121 140 43
101 84 94 130 11 136
102 168 4 13 73 3
103 37 145 102 74 7
104 178 9 170 174 177
105 44 74 122 54 135
106 4 28 61 53 30
107 85 47 142 81 137
108 134 68 20 154 83
109 129 17 42 83 75
110 79 44 174 101 92
111 145 98 141 0 131
112 177 24 73 105 2
113 124 165 140 93 87
114 99 56 155 34 104
115 138 19 70 123 16
116 169 149 32 153 14
117 104 75 23 160

57
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118 78 36 63 62 113
119 56 6 173 55 93

120 69 46 79 109 6

121 174 39 179 88 31

122 157 34 89 6 91

123 179 136 27 126 77

124 164 166 118 59 175
125 18 15 169 139 73

126 162 89 137 16 26

127 14 109 57 167 105
128 176 37 126 19 124
129 137 147 157 119 86

130 74 126 47 69 162
131 34 144 148 26 106
132 8 168 46 98 176
133 39 118 96 68 51

134 9 138 127 49 146
135 154 29 17 127 114
136 122 134 38 96 11

137 87 124 167 176 134
138 54 84 78 157 122
139 175 156 86 47 55

140 57 139 107 179 166
141 127 108 149 86 150
142 16 178 59 76 115
143 25 88 108 78 36

144 76 38 109 9 159
145 120 52 67 99 179
146 147 148 58 79 39
147 98 67 18 118 18
148 23 127 8 28 19
149 15 66 6 148 46
150 135 48 178 146 109
151 86 177 117 159 79
152 73 107 139 107 108
153 109 176 68 87 119
154 59 119 106 46 107
155 156 86 39 138 88
156 116 79 69 18 118
157 97 85 77 106 157
158 155 137 119 168 139
159 166 76 36 136 168
160 118 106 116 36 78
161 22 116 88 89 98
162 125 78 166 116 147
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163 128 157 16 48 49
164 49 97 48 129 27
165 67 159 168 8 126
166 26 154 159 37 57
167 94 27 28 57 28
168 48 26 136 117 149
169 38 58 49 108 89
170 89 69 56 147 148
171 139 8 156 156 129
172 165 146 19 67 59
173 114 16 26 128 68
174 28 104 138 166 38
175 136 3 158 39 69
176 149 167 87 77 99
177 172 77 97 27 128
178 153 128 37 158 76
179 88 96 66 38 48

Bang 34 thé hién truong hop bude dan xen nhém dugce thuce hién dya vao biéu thirc
17 va gi4 tri n(j) dugc dung 1am chi sé ctia nhém bit d4u vao, con bang 40 thé hién
truomg hop bude dan xen nhom duge thyc hién dya vao biéu thire 18 va gia tri n(j) duge
dung 1am chi s ctia nhom bit ddu ra. Vi vy, bang 34 va bang 40 c6 mbi quan hé nguoc

nhau.

Nhu da néu trén, bd dan xen nhém 122 co thé sép xép lai thir ty ctia cac nhom bit

theo don vi nhém bit dwa vao biéu thire 18 va céc bang tir bang 35 dén bang 39.

Khi budc dan xen nhém duoc thue hién theo phuong phap néu trén, thir ty cla cac
nhom bit tao nén t ma LDPC khéc véi thir tu clia cdc nhom bit tao nén tr md LDPC

duoc dan xen nhém dwa vao cac bang tir bang 9 dén bang 20.

S& di nhu vay 13 do bd dan xen khdi hang 125 dugc dung thay cho bo dan xen khi
124 theo phuong 4n lam vi du nay. Nghia 13, vi phuong phap dan xen dung cho bd dan
xen khdi 124 va phwong phép dan xen ding cho b dan xen khdi hang 125 1a khac nhau,
cho nén bd dan xen nhém 122 theo phuwong 4n 1am vi du ndy c6 thé sap xép lai thir tw cia

cc nhém bit tao nén tir ma LDPC dua vio cac bang tir bang 29 dén bang 40.

Cu thé, bd dan xen nhom 122 c6 thé sép Xép lai thir ty cia cac nhom bit theo don vi
nhom bit sao cho don vi sép xép, trong d¢ it nhit mot nhom bit chira cac bit duge 4nh xa

1én cing mot ky hidu didu bién s& duoc sip xép theo thir tw 1an luot theo don vi nhém bit,
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dugc 13p lai.

Nghia 13, bd dan xen nhém 122 c6 thé sip xép theo thir tw 1an luot mot trong sb céc
nhom bit thir nhét chira cdc bit dugc dnh xa 1én vi tri cu thé thi nhét cia mdi ky hiéu didu
bién, mdt trong s cac nhom bit thir hai chira céc bit dugc anh xa 1én vi tri cu thé tht hai
ctia mdi ky hiéu didu bién, ..., mot trong s cac nhom bit thir n chira cac bit dugc anh xa
1én vi tri cu thé thr n ciia mdi ky hiéu didu bién, va ¢6 thé sip xép cac nhom bit con lai

13p lai theo phuong phap nay.

B dan xen khéi hang 125 dan xen céc nhém bit da duge sép xép lai thir tw. Trong
trudng hop nay, b dan xen khdi hang 125 ¢6 th& dan xen nhidu nhom bit dd dugc s&p
Xép lai thir tu theo don vi nhém bit bang cach sir dung it nhit mot hang gdm nhiéu cot.

Phuong 4n ndy s& dugce mo ta chi tiét duoi day dua vao cac hinh ve tir Fig.15 dén Fig.17.

Fig.15 dén Fig.17 1a cac hinh V& thé h1en cAu hinh cua by dan xen khdi hang va

phuong phép dan xen theo cac phuong an lam vi du thuc hién sang ché.

Trudce tién, néu Neroup/M 1a sb ﬂguyén, thi by dan xen khdi hang 125 c6 bd dan xen
125-1 ¢6 m hang, mdi hang ¢6 M cot nhu duogc thé hién trén Fig.15, va bd dan xen khéi
hang 125 ¢6 th& dan xen bang cach sir dung Ngroup/m bd dan xen 125-1 ¢6 cu hinh duge

thé hién trén Fig.15.

Trong 40, Ngroup 12 tdng s6 nhom bit tao nén tir ma LDPC. Ngoai ra, M 12 s6 luong
bit ¢6 trong mot nhom bit va co thé bang 360, vi du m ¢co thé dtng bang s6 lugng bit tao
nén ky hiéu didu bién hodc 6 thé bang 1/2 sd luong bit tao nén ky hiéu didu bién. Vi dy,
khi 4p dung phuong phap didu bién chom diém khong dong déu QAM, thi hi¢u suét ctia
céc bit tao nén ky hiéu didu bién 1a khac nhau, va do d6, nho viéc thiét 1ap gia tri m dung
bang s6 luong bit tao nén ky hi¢u diéu bién, c6 thé anh xa mot nhom bit 1én mot bit duy
nhét ciia mdi ky hiéu didu bién.

Cu thé, bd dan xen khdi hang 125 ¢co thd dan xen bing cach ghi mdi nhém bit trong
s& cac nhom bit tao nén tir md LDPC vao tung hang theo don vi nhém bit theo huong
hang, va doc timg cdt cla céc hang da ghi cdc nhom bit theo don vi nhom bit theo hudng

A

cot.

Vi du, nhu dugce thé hién trén Fig.15, b0 dan xen khdi hang 125 ghi m nhom bit lién
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tiép trong sb cac nhom bit & trong mdi hang trong s6 m hang ciia bd dan xen 125-1 theo
huéng hang, va doc ting cdt cia m hang di ghi cac nhom bit theo hudéng cot. Trong
trudng hop nay, c6 thé sir dung sb lugng bd dan xen 125-1 dung bang sé lwong nhém bit

chia cho sb lugng hang, tirc 1a Niyoup/m.

Nhu d3 néu trén, néu sb luong nhom bit tao nén tir ma LDPC 1a boi s6 nguyén 1an
ctia s§ luong hang, thi bd dan xen khéi hang 125 ¢6 thé dan xen bing cach ghi s lugng

nhém bit ding bang sb lwong hang trong s6 cac nhom bit néu trén theo thit tu lan luot.

Mit khac, néu sb lugng nhém bit tao nén tir ma LDPC khong phai 12 boi sb nguyén
14n cua sb lwong hang, thi bd dan xen khdi hang 125 dan xen bang céch sir dung N bd dan

xen (N 13 s6 nguyén 16n hon hoic bing 2) cb s6 lwong cot khac nhau.

Vi du, nhu dugc thé hién trén Fig.16 va Fig.17, bd dan xen khdi hang 125 ¢6 thé
dan xen bing cach sit dung bd dan xen thir nhat 125-2 ¢6 m hang, mdi hang c¢6 M cft, va
bd dan xen tht hai 125-3 ¢6 m hang, mdi hang ¢c6 axM/m cdt. Trong do, a bang
Ngroup - LN

/ m_|>< m, va |_N / mJ 12 s6 nguyén 16n nhat nhé hon Niroup/m.

group group

Trong trudng hgp nay, co thé sir dung bd dan xen thir nhit 125-2 v6i 3§ lugng bing

|_N / m_l va c6 thé st dung mot bd dan xen thir hai 125-3.

group

Cu thé, bd dan xen khéi hang 125 c6 thé dan xen cic nhom bit tao nén tir ma LDPC

bing cach ghi timg khéi gdm |_N / m_|>< m nhém bit trong s cac nhom bit tao nén tir

group
ma LDPC vao mdi hang theo don vi nhém bit theo huéng hang, va doc timg cdt ciia céc
hang da ghi [N

goup ! m_|>< m nhém bit theo don vi nhém bit theo hudng cot.

Vi dy, nhu duogce thé hién trén Fig.16 va Fig.17, bd dan xen khdi hang 125 c6 thé ghi

m nhom bit lién ti€p bang véi sO lugng hang trong s |_Ngmup / m_lx m nhoém bit vao moi

hang trong b dan xen thir nhat 125-2 theo huéng hang, va c6 thé doc tirng cdt cia céc
hang trong bd dan xen thir nhét 125-2 dad ghi m nhom bit theo hudng cot. Trong truong
hop nay, c6 thé sir dung b dan xen thi nhit 125-2 ¢6 c4u hinh duoc thé hién trén Fig.16
va Fig.17 v6i s lugng bing [N /m].

group

Sau d6, bo dan xen khéi hang 125 c¢6 thé phan chia céc bit c¢6 trong cic nhém bit
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con lai ngoai trlr cac nhém bit dd ghi trong b dan xen thir nhit 125-2, va ¢6 thé ghi cac
bit nay vao tirng hang trong b dan xen thi hai 125-3 theo huéng hang. Trong trudong hop
nay, ciing mdt sé luong bit c6 thé duoc ghi vao ting hang trong bd dan xen tht hai

125-3.

Vi dy, nhu dugc thé hién trén Fig.16, bo dan xen khdi hang 125 c¢6 thé ghi, vao timg
hang trong s m hang ctia bo dan xen thtr hai 125-3, axM/m bit trong sb céc bit c6
trong cic nhém bit con lai, theo hudng hang, va c¢é thé doc timg cot ctia m hang trong bod
dan xen thir hai 125-3 da ghi céc bit theo huéng cft. Trong truong hop nay, cd thé st
dung mot bd dan xen tha hai 125-3 ¢6 cAu hinh dugc thé hién trén Fig.16.

Tuy nhién, theo phuong an lam vi du khéc, nhu duoc thé hién trén Fig.17, b dan
xen khéi hang 125 ¢6 thé ghi céc bit trong bd dan xen thir nhét 125-2 theo phuong phép
gidng v&i phuong phap duge mo ta dwa vao Fig.16, nhung c6 thé ghi c4c bit trong bd dan

xen thit hai 125-3 theo phuong phap khéc véi phuong phap duge md ta dya vao Fig.16.

Nghia 13, bd dan xen khéi hang 125 c6 thé ghi cac bit trong bd dan xen thit hai
125-3 theo hu(’mg cot.

Vi dy, nhu dugc thé hién trén Fig.17, bd dan xen khdi hang 125 ¢ thé ghi cdc bit co
trong cdc nhom bit con lai ngoai trir cdc nhoém bit da ghi trong bo dan xen thir nhét 125-2
vao timg ¢dt cia m hang, mdi hang c6 axM/m ¢t trong bd dan xen thtr hai 125-3 theo
hudng cot, va c6 thé doc ting c6t cia m hang trong by dan xen thtr hai 125-3 da ghi cac
bit theo huéng cot. Trong truong hop niy, c6 thé sir dung mot bo dan xen thit hai 125-3

¢6 cAu hinh dugc thé hién trén Fig.17.

Theo phwong phap dugc thé hién trén Fig.17, bd dan xen khéi hang 125 ¢6 thé dan
xen bing cach doc theo huéng cot sau khi ghi cdc bit trong bd dan xen thtr hai theo
hudng cot. Do do, cac bit c6 trong cac nhom bit duge dan xen bang bo dan xen thir hai
dugc doc theo dung thlr ty ma ching da dugce ghi va dugc xuét ra cho bd didu bién 130.
Do d6, c4c bit ¢6 trong cac nhém bit thudc vé bd dan xen thir hai khong dugce sap xép lai
bang bd dan xen khdi hang 125 va c6 thé duge anh xa 1én cac ky hiéu didu bién theo thir

tu 14n luot.

Nhu d4 néu trén, bd dan xen khéi hang 125 c6 thé dan xen cac nhom bit bing cach
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4p dung cac phuong phdp da dugc mo ta trén ddy dwa vao céc hinh v& tir Fig.15 dén

Fig.17.

Theo phwong phép néu trén, gia tri dau ra ciia bd dan xen khdi hang 125 c6 thé
gibng vé6i gia tri dau ra cta bd dan xen khdi 124. Cu thé, khi bd dan xen khdi hang 125
dan xen theo phuong phap nhu dugc thé hién trén Fig.15, thi bd dan xen khéi hang 125
c¢6 thé xuét ra gid tri gidng nhu gid tri ddu ra cia bo dan xen khdi 124 dan xen theo
phuong phap nhu dugc thé hién trén Fig.8. Ngoai ra, khi bo dan xen khéi hang 125 dan
xen theo phwong phap nhu duge thé hién trén Fig.16, thi by dan xen khbi hang 125 c6 thé
xuét ra gi tri giéng nhu gia tri diu ra ctia bd dan xen khéi 124 dan xen theo phuwong phap
nhu duge th8 hién trén Fig.9. Ngoai ra, khi bd dan xen khdi hang 125 dan xen theo
phuong phap nhu dugc thé hién trén Fig.17, thi bd dan xen khéi hang 125 ¢6 thé xuit ra
gid tri gibng nhu gid tri diu ra clia by dan xen khdi 124 dan xen theo phwong phap nhu

dugc thé hién trén Fig.10.

Cu thé, khi bd dan xen nhém 122 duoc str dung dua vao biéu thirc 15 va bd dan xen
khdi 124 duge st dung, va cac nhom bit d4u ra cua bd dan xen nhém 122 13 Y; véi
(0 <1 <Ngroup), va khi bd dan xen nhém 122 dugce sir dung dwa vao biéu thac 17 va bd
dan xen khéi hang 125 du{)c st dung, va cac nhom bit d4u ra cia bo dan xen nhoém 122 13
Z; v6i (0 <1< Ngyyp), thi mbi quan hé gitta cdc nhém bit dau ra Z; va Y; sau khi dan xen
nhém c6 thé duge biéu dién duéi dang bidu thirc 19 va biéu thie 20, va két qua la, cing

mot gid tri co thé dugce xuét ra tir bd dan xen khdi 124:

Z., .=Y

i+mxj — T oxitj

véi (0<i<m,0<j<a) (19)

Z,=Y, v6i (axm<i<N_, ) (20)

trong d6 a béng I_N / m_] va la sd lrgng nhém bit duge ghi vao mdt cft cua

group

phén tha nhét khi bd dan xen khdi 124 dugc st dung, va I_N

goup | mJ 1a s0 nguyén lc’m

nhét nhé hon Ngroup/m. Trong do, m co6 thé bang s6 lugng bit tao nén ky hidu didu bién
hodc bing mot nira sb luong bit tao nén ky hiéu didu bién. Ngoai ra, m 1a sb lugng cot

cia b dan xen khéi 124 vam 1a sb lugng hang cia by dan xen khéi hang 125.

Truong hop budc dan xen nhém dugce thuc hién bing bd dan xen nhém 122 dwa vao
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, biéu thirc 15 va sau d6 budc dan xen khéi duge thue hién béng bd dan xen khbi 124, va
truong hop bude dan xen nhom duoc thuc hién béng bd dan xen nhém 122 dua vao biéu |
thirc 16 va sau d6 budc dan xen khdi dugce thuc hién béng b0 dan xen khéi 124 c¢6 mbi

quan h¢ ngugc nhau.

Ngoai ra, trudng hgp bude dan xen nhém dugc thyc hién bing bd dan xen nhém
122 dya vao biéu thirc 17 va sau d6 bude dan xen khdi hang dugc thuce hién bang bd dan
xen khdi hang 125, va trudng hop budc dan xen nhém duge thuc hién bing bo dan xen
nhom 122 dwa vao biéu thirc 18 va sau d6 budc dan xen khéi hang dugc thuc hién b%mg

bd dan xen khoi hang 125 ¢6 moi quan hé ngugc nhau.

Do d6, bd diéu bién 130 ¢6 thé anh xa cac bit dugc xuit ra tir bd dan xen khéi hang
125 16n ky hiéu didu bién theo phuong phap gidng nhu phuwong phap dugce st dung & bd
dan xen khéi 124.

Phuong phép dan xen bit dugc dé xuét theo cac phuong 4n 1am vi du néu trén dugc
thuc hién'ﬁéng bd dan xen bit chin 1& 121, bo dan xen nhém 122, bd dan xen xoay bit
trong nhom 123 va bd dan xen khdi 124 nhu dugc thé hién trén Fig.4 (bd dan xen xoay
bit trong nhém 123 ¢6 thé dugce loai bé tuy theo trudng hop tng dung). Tuy nhién, d6 chi
13 vi du minh hoa va phuong phdp dan xen bit khong bi giéi han ba mddun hodc bbn
mddun néu trén.

Vi dy, khi bo dan xen khéi dugc st dung va phuong phédp dan xen nhém duge bidu
di®n theo bidu thie 11 duoc ap dung, ddi véi cac nhém bit Xj v6i (0 <j < Ngroup) ’duqc
xac dinh ‘theo biéu thic 9 va biéu thirc 10, thi cac bit thudc m nhdém bit, vi du

{Xatiyy Xn(atiys - ++» Xn(m-t)xatiy V01 (0 <i<a), ¢b thé tao nén mot ky hiéu diéu bién.

Trong d6, o 12 sb luong nhém bit tao nén phan thir nhit ctia bo dan xen khéi, va

o= |_N / m_l. Ngoai ra, m 1a s6 lugng cot trong bd dan xen khéi va c6 thé bang )

group
lugng bit tao nén ky hiéu didu bién hodc bing mot nira s& lugng bit tao nén ky hiéu didu
bién.

Vi vay, vi du, dbi véi cac bit dd duge dan xen bit chin 18 u;, {Un(iytis Unatiyts «- o>
Un(tyeasiyq} VOi (0 <i<m, 0 <j<M) cé thé tao nén mot ky hiéu diéu bién. Nhu da néu

trén, c6 nhidu phwong phap khac nhau dé tao nén mot ky hiéu diéu bién.
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Ngoai ra, phuong phap dan xen bit duge dé xuit theo cac phwong 4n lam vi du néu
trén dugc thuc hién béng bd dan xen bit chin 1¢ 121, bd dan xen nhém 122, bd dan xen
xoay bit trong nhém 123 va bo dan xen khdi hang 125 nhu duoc thé hién trén Fig.18 (b6
dan xen xoay bit trong nhém 123 ¢6 thé duoc loai bé tuy theo trudng hop tmg dung). Tuy
nhién, d6 chi 1a vi dy minh hoa va phuong phap dan xen bit khong bi giéi han ba médun

hodc bon mo6dun néu trén.

Vi dy, khi b6 dan xen khdi hang duoc sir dung va phwong phap dan xen nhém bit
dugc biéu didn theo biéu thic 17 dugc &p dung, d6i véi cédc nhém bit X; véi
(0 £j <Ngroup) dugc xéc dinh theo biéu thirc 13 va biéu thic 14, thi cac bit thudc m nhém
bit, vi du {Xymui) Xnmxit1)s «-+» Knmxitm-1y)) Vo1 (0<i<a), co thé tao nén maot ky hiéu
didu bién.

Trong d6, a la sb luong nhém bit tao nén ph?m thtt nhat cia bd dan xen khéi, Vé

a= |_N / m_]. Ngoai ra, m 13 sb luong cot trong bd dan xen khdi va co thé bing sb

group
lwong bit tao nén ky hiéu diéu bién hodc bing mot nira s6 luong bit tao nén ky hidu didu
bién.

Vi vy, vi du, ddi véi cac bit da duge dan xen bit chin 18 u;, {Un(mxiyt, Un(mxit1yHs «- s
Un(mxirm-ny) VO (0 <i<m, 0 <j<M) co thé tao nén mét ky hiéu diéu bién. Nhu d3 néu

trén, c6 nhiéu phuong phap khac nhau dé tao nén mot ky hi¢u diéu bién.

Thiét bi truyén tin hiéu 100 cé thé truyén tin hiéu dugc anh xa 1én chom diém dén
thiét bi thu tin hiéu 2700. Vi dy, thiét bi truyén tin hiéu 100 c6 thé anh xa tin hi¢u dugc
4nh xa 1én chom diém trén khung dbn kénh phan tin truc giao (OFDM) bang céach 4p
dung phuong phip OFDM, va c6 thé truyén tin hiéu nay dén thiét bi thu tin hiéu 2700
qua kénh d& dugc phén dinh. '

Fig.18 13 so dd khéi thé hién cu hinh cta thiét bi thu tin hiéu theo phwong 4n 1am
vi du thuc hién sang ché. Dya vao Fig.18, thiét bi thu tin hiéu 2700 bao gém bd giai diéu
bién 2710, bd ddn kénh 2720, bd giai dan xen 2730 va bo gidi ma 2740,

Bo giai didu bién 2710 thu va giai didu bién tin hi¢u dugc truyén tir thiét bi truyén
tin hiéu 100. Cu thé, bo giai didu bién 2710 tao ra gid tri twong Gmg v6i tir ma LDPC bing

cach giai diéu bién tin hiéu thu dugc, va cung cép gia tri nay cho bd ddn kénh 2720.
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Trong trudng hop nay, by giai didu bién 2710 c6 thé ap dung phuong phép giai didu bién
twong (g voi phuong phap didu bién da dung & thiét bi truyén tin hiéu 100. Pé lam duoc
nhu vay, thiét bi truyén tin hiéu 100 c6 thé truyén thong tin vé phuong phap diéu bién
dén thist bi thu tin hidu 2700, hodc thiét bi truyén tin hiéu 100 ¢6 thé thuc hién bude diéu
bién bang cach st dung phuong phép didu bién da dugc xdc dinh trude gilta thiét bi

truyén tin hiéu 100 va thiét bi thu tin hi¢u 2700.

Gié tri twong tmg véi tir ma LDPC c6 thé dugc biéu dién dudi dang gié tri kénh a6i
véi tin hiéu thu duge. Co nhiéu phuong phap dé xac dinh gia tri kénh, vi du, phuong
phép xac dinh gid tri ty s6 hop ly dang 16ga (Log-Likelihood Ratio, LLR) c6 thé 13 mot
- phuong phap dé x4c dinh gia tri kénh.

Gi4 tri LLR 1a gia tri loga cia ty s6 gitra xac suat ma mot bit dugc truyén tir thiét bi
truyén tin hiéu 100 c6 gié tri bing 0 va xédc suét ma bit d6 c6 gié tri bang 1. Ngoai ra, gid
tri LLR c6 thé 1a gia tri bit dwgc xéc dinh bang phuong phap quyét dinh cimg, hodc c6
thé 1a mot gia tri tiéu bidu dugc xé4c dinh tuy thudc vao phén c6 xac suét ma bit truyén tir

thiét bi truyn tin hidu 100 c6 gié tri bang 0 hay 1.

B6 don kénh 2720 ddn kénh gia tri d4u ra cia bo giai didu bién 2710 va cung cép

gi4 tri ndy cho b giai dan xen 2730.

Cu thé, b ddn kénh 2720 1a bd phén tuong tmg v6i bo phan kénh (khong dugc thé
hién trén hinh v&) cé trong thiét bi truyén tin hiéu 100, va thuc hién thao tic twong ung
v6i bo phan kénh (khong duge thé hién trén hinh v&). Tuy nhién, khi by phan kénh
(khéng dwoc thé hién trén hinh v&) duge loai bé ra khoi thiét bi truyén tin hiéu 100, thi bd
ddn kénh 2720 ciing ¢6 thé dugc logi bo ra khéi thiét bi thu tin hi¢u 2700.

Nghia la, b don kénh 2720 thuc hién thao tdc nguoc vé6i thao tac cta bd phén kénh
(khong dugce thé hién trén hinh v&), va thuc hién bude bién ddi 6 thanh bit cho gia tri dau
ra cua bo giai didu bién 2710 va xuit ra gia tri LLR theo don vi bit.

Trong trudng hop nay, khi by phan kénh (khong dugc thé hién trén hinh v&) khong
Jam thay di thir tw cia c4c bit tir ma LDPC, thi bd ddn kénh 2720 ¢6 thé xuét ra cac gid
tri LLR theo thir ty l4n lugt theo don vi bit ma khong lam thay dbi thir ty ctia cac gid tri

LLR tuong tmg véi céc bit trong 0. Theo cach khac, bd don kénh 2720 c6 thé sép xép lai
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thir tu cia céc gia tri LLR tuong Ung véi cac bit trong 6 dé thuc hién thao tac nguoc voi
thao tic phin kénh cta by phan kénh (khong dugc thé hién trén hinh v&) dwa vao bang

27.

Thong tin vé viéc thao tdc phan kénh c6 duge thuc hién hay khong c6 thé duogc
cung cép tir thiét bi truyén tin hiéu 100, hodc cé thé dugc xac dinh trude gilta thiét bi

truyén tin hiéu 100 va thiét bi thu tin hiéu 2700.

B giai dan xen 2730 giai dan xen gia tri dAu ra ctia bd don kénh 2720 va cung cip
céc gia tri nay cho bo gidi ma 2740.

Cu thé, bd giai dan xen 2730 1a bd phén twong tmg vdi by dan xen 120 cta thiét b
truyén tin hiéu 100 va thyc hién thao tic twong Gtng v6i bo dan xen 120. Nghia 1a, bd giai
dan xen 2730 giai dan xen gia tri LLR bing cach thuc hién thao tic nguoc v6i thao tac

dan xen cta b dan xen 120.

Trong trudng hop ndy, bd giai dan xen 2730 co thé ¢6 cac bd phan nhu dugc thé
hién trén Fig.19 hodc Fig.21.

Truéc hét, nhu duoc thé hién trén Fig.19, bd giai dan xen 2730 c6 thé ¢6 b giai dan
xen khéi 2731, bd giai dan xen xoay bit trong nhém 2732, bd giai dan xen nhom 2733 va
b0 giai dan xen bit chén 1¢ 2734.

Bo giai dan xen khéi 2731 gidi dan xen tin hiéu ddu ra ciia bo don kénh 2720 va

cung cép gid tri nay cho bd giai dan xen xoay bit trong nhém 2732.

Cu thé, bo giai dan xen khdi 2731 1a b phdn twong tng v6i bd dan xen khoi 124
trong thiét bi truyén tin hidu 100 va thyc hién thao tic ngugc véi thao tac dan xen cda bd

dan xen khéi 124.

Nghfa 13, bd giai dan xen khdi 2731 c6 thé giai dan xen bang cach sk dung it nhét
mét hang c6 nhidu cdt, tirc 1 bing cach ghi gid tri LLR duoc xut ra tir bo don kénh 2720
vao timg hang theo hudng hang va doc ting cdt cla nhiéu hang da ghi gia tri LLR theo

hudng cot.

Trong trudng hop nay, khi bo dan xen khéi 124 dan xen bang cach phan chia c{t ra
thanh hai phan, thi bd giai dan xen khdi 2731 ¢ thé giai dan xen bang cach phan chia
hang ra thanh hai phan.
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Ngoai ra, khi b dan xen khdi 124 thuc hién chirc ning ghi va doc dbi véi nhom bit
khong thude phan thtr nhét theo huéng hang, thi b giai dan xen khdi 2731 ¢6 thé giai
dan xen bing cach ghi va doc gia tri tvong ing v6i nhom bit khong thude phan thir nhét

theo hudng hang.

B giai dan xen khéi 2731 s& dugc mb ta dudi day dua vao Fig.20. Tuy nhién, d6
chi 1a vi du minh hoa va bd gidi dan xen khdi 2731 ¢6 thé dugc thuc hién theo céac

phuong phap khéc.
Gi4 tri LLR du vao v; v6i (0 <i < Nyge) duoc ghi vao hang r; va cot ¢; cua bd giai

dan xen khéi 2731. Trong d6, ¢, =(imodN,) va r, = tﬁl—J

c

Mit khac, gié tri LLR dau ra q; v6i (0 <i<NxNyy) duogc doc ra tir cot ¢ va hang r;
cia phin thir nhit trong bo giadi dan xen khdi 2731. Trong do, c, = {—I—J ,

rl

t=(modN,_).

Ngoai ra, gia tri LLR déu ra q; v&i NexNpp <i < Nigye) duge doc ra tir ¢dt ¢; va hang

(I—Nc X er)

r; ciia phén thir hai. Trong d6, ¢, = t J , . =N, +{(i-N,xN, )mod N, }.

12

B0 giai dan xen xoay bit trong nhém 2732 gidi dan xen gia tri d4u ra ctia bo giai dan

xen khéi 2731 va cung cép gia tri ndy cho b giai dan xen nhém 2733.

Cu thé, bo giai dan xen xoay bit trong nhém 2732 la bo phén tuong ng vGi bd dan
xen xoay bit trong nhom 123 trong thiét bi truyén tin hiéu 100, va cé thé thuc hién thao
tdc nguge véi thao tc dan xen ciia by dan xen Xoay bit trong nhom 123.

Nghia 13, bd giai dan xen xoay bit trong nhém 2732 ¢6 thé sip xép lai cac gié tri
LLR cua cuing mdt nhom bang cach thay dbi thtr tu cua cac gia tri LLR c6 trong cung
mot nhom do. Néu thao tac xoay bit trong nhém khéng dugc thuc hién trong thiét bi
truyén tin hiéu 100, thi bo giai dan xen xoay bit trong nhém 2732 ¢ thé dugc loai bo.

B6 giai dan xen nhom 2733 (hodc bd giai dan xen theo don vi nhom) gidi dan xen

gi4 tri dau ra clia b giai dan xen xoay bit trong nhém 2732 va cung cAp gi4 tri nay cho
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bd giai dan xen bit chin 1& 2734.

Cu thé, bd giai dan xen nhém 2733 12 bd phén twong tng v6i bd dan xen nhém 122
trong thiét bi truyén tin hiéu 100 va co thé thuc hién thao tac ngugc voéi thao tac dan xen

cua b dan xen nhém 122.

Nghia 13, bo giai dan xen nhém 2733 ¢6 thé sip xép lai tht tu clia cac nhom bit theo
don vi nhém bit. Trong trudng hop nay, bd giai dan xen nhém 2733 ¢ thé sép xép lai tht
tu cia cdc nhom bit theo don vi nhém bit bang céach ap dung ngugc lai phuong phip dan
xen duoc thé hién trong cic bang tir bang 9 dén bang 20 theo do dai cua tr ma LDPC,

phuong phéap didu bién va ty 18 ma.

B0 giai dan xen bit chén 1& 2734 thuc hién budc giai dan xen bit chén 1¢ cho gi4 tri

du ra cia bo giai dan xen nhém 2733 va cung cAp gié tri ndy cho bd giai ma 2740.

Cu thé, bd giai dan xen bit chin 1& 2734 14 bd phén tuong Gng vo6i bd dan xen bit
chin 1 121 trong thiét bi truyén tin hiéu 100 va cé thé thuc hién thao tac nguge voi thao
tac dan xen ctia bd dan xen bit chin 1& 121. Nghia 13, bd giai dan xen bit chin 1& 2734 ¢6
thé giai dan xen cho céc gia tri LLR tuong ung v6i cac bit ch&n 1¢ trong sd cac gid tri
LLR duoc xuét ra tir by giai dan xen nhém 2733. Trong trudng hop nay, bd giai dan xen
bit chin 16 2734 c6 thé giai dan xen cho céc gia trj LLR tuong Gmg v6i céc bit chan 1¢

theo phurong phép ngugc voi phuong phép dan xen bit ch&n 1& dya vao biéu thirc 8.

Tuy nhién, by gidi dan xen bit chiin 1& 2734 ¢6 thé dugc loai bé tuy theo phuong
phép giai ma va bo gidi ma 2740.

B giai dan xen 2730 c6 thé bao gdm b gii dan xen khdi hang 2735, bo giai dan
xen xoay bit trong nhém 2732, bd giai dan xen nhém 2733 va bd giai dan xen bit chin 1¢
2734, nhu duoc thé hién trén Fig.21. Trong truong hop nay, bd gidi dan xen xoay bit
trong nhém 2732 va b giai dan xen bit chén 1& 2734 thuc hién cac chuc ning gidng nhu

duoc thé hién trén Fig. 19, va do d6, & day s& khong md ta chi tiét thém nira.

B6 giai dan xen khéi hang 2735. giai dan xen gia tri dAu ra ciia bd don kénh 2720 va

cung cip gia tri nay cho b giai dan xen xoay bit trong nhém 2732.

Cu thé, bd giai dan xen khéi hang 2735 1a b phan twong g v6i bd dan xen khdi

hang 125 trong thiét bi truyén tin hiéu 100 va c6 thé thuc hién thao tic nguoc véi thao tac

-125-



27584

dan xen cia bd dan xen khéi hang 125.

Nghia 13, bd giai dan xen khdi hang 2735 c6 thé giai dan xen bang cach st dyng it
nhit mot cot c6 nhidu hang, tic 1a bang cach ghi cac gia tri LLR dugc xuét ra tir by don
kénh 2720 vao tirng cOt theo hudng cdt va ghi ting hang gdm cac cot da ghi cac gia tri
LLR theo hudng hang.

Tuy nhién, khi by dan xen khdi hang 125 thuc hién chuc ning ghi va doc d6i voi
nhém bit khong thude phan thir nhat theo huéng cot, thi b giai dan xen khdi hang 2735
c6 thé giai dan xen bang cach ghi va doc gia tri twong Gmg véi nhém bit khong thudc

phan tht nhét theo hudéng cot.

B6 giai dan xen nhém 2733 giai dan xen gid tri diu ra cta bo giai dan xen xoay bit

trong nhém 2732 va cung cAp gia tri ndy cho bd giai dan xen bit chén 1& 2734.

Cu thé, bd giai dan xen nhém 2733 1a b phén twong ung v6i bd dan xen nhom 122
trong thiét bi truyén tin hiéu 100 va c6 thé thuc hién thao tac ngugc voi thao tic dan xen

ctia bd dan xen nhém 122.

Nghia 13, bd giai dan xen nhém 2733 ¢ thé sip xép lai thit ty cia cac nhom bit theo
don vi nhém bit. Trong truong hop nay, bd giai dan xen nhém 2733 ¢ thé sép xép lai thir
tu cla cac nhom bit theo don vi nhoém bit bang cach 4p dung ngugc lai phuong phép dan
xen dugc thé hién trong céc bang tir bang 29 dén bang 40 theo do dai cua tir ma LDPC,
phuong phép didu bién va ty 1& ma.

Mic du bd giai dan xen 2730 trén Fig.18 c6 ba (3) hoac bén (4) bd phan nhu dugc
thé hién trén Fig.19 ho#c Fig.21, nhung cac chiic ning cua cac bo phan nay c6 thé duge
thuc hién b%mg mot bd phan. Vi duy, néu céc bit ma trong d6 mdi bit thude mdi nhém bit
X,, X, Xo» Xa» Xe» Xps X X Xi» X tao nén mot ky hiéu diéu bién, thi bo giai dan xen
2730 c6 thé giai dan xen cho céc bit ndy vao cic vi tri tuong Ung véi cac nhém bit cia
chiing dya vao mot ky hiéu didu bién thu dugc.

Vi du, néu ty 1é ma bing 6/15 va phuong phap diéu bién 1a 1024-QAM, thi bo gidi
dan xen nhém 2733 ¢6 thé thuc hién budc giai dan xen dya vao bang 9.

Trong truong hop nay, cc bit ma trong do mdi bit thudc mdi nhom bit Xeg, Xso,

X22, X15, X106, X97, X74, ng, X132, X134 co thé tao nén mét k}” hléu diéu bién. Vi m6t bit

-126-



27584

trong mdi nhém bit Xgs, Xso, X2z, X155 Xi06s X075 X745 Xs8» X132, X134 ta0 nén mot ky hiéu
didu bién, cho nén bd giai dan xen 2730 c6 thé anh xa céc bit 1én cdc gia tri ban dau duge
giai ma twong Gng véi cac nhoém bit Xes, Xso, X2, Xis» X106 Xo7, X745 Xss, X132, X34 dua

vao mot ky hiéu diéu bién thu duogc.

B giai ma 2740 ¢ thé thuc hién budc gidi ma LDPC bang cach st dung gié tri dau
ra cita b gidi dan xen 2730. Dé lam duogc didu ndy, bo giai ma 2740 ¢6 thé c6 bo giai ma

LDPC (khéng dugc thé hién trén hinh v&) @ thyc hién bude giai ma LDPC.

Cu thé, bd giai ma 2740 1a bd phan twong tmg véi bd ma hoa 110 trong thiét bi
truyén tin hidu 100 va c6 thé stra 18i bang céch thuc hién bude gidi ma LDPC bang cach

str dung gia tri LLR dugc xuét ra tir bd giai dan xen 2730.

Vi du, bd gidi ma 2740 co thé thuc hién budc giai ma LDPC theo phuong phap giai
mi lip dua vao thuit todn téng-tich. Thuét toan téng-tich 12 mot vi du vé thuét toan
truyén thong bdo, va thudt toan truyén thong béo 1a thuét toan trao dbi cac thong bao (vi
du gia tri LLR) theo canh ndi trén dd thi hai phia, tinh théng bao xuit ra tir cac thong bao

nhip vao cac nut thay ddi hodc cac nat kiém tra, va cap nhat thong bao.

B giai ma 2740 ¢o thé sur dl_mg'rna tran kiém tra chin 1& khi thuc hién budc giai ma
LDPC. Trong truong hop ndy, ma trdn con tir thdng tin trong ma tran kiém tra chin 1¢
dugc xac dinh trong cac bang tir bang 4 dén bang 20 theo ty 1& ma va do dai cua tr ma

LDPC, va ma trén con chin 1& ¢6 thé c6 céu tric hai dudng chéo.

Ngoai ra, thong tin vé ma tran kiém tra chén 1& va thong tin vé ty 1€ ma, v.v., dugc
dung khi gidi ma LDPC c6 thé dugc luu trit trude trong thiét bi thu tin hiéu 2700 hodc ¢6

thé duoc cung cép tir thiét bi truyén tin hiéu 100.

Fig.22 1a luu dd thé hién phuong phdp dan xen trong thiét bi truyén tin hiéu theo

phuong an lam vi du thyc hién sang ché.

Trudc tién, tt m3a LDPC duogc tao ra b?mg cach ma hoa LDPC dua trén ma trin
kidm tra chin 1& (S3010). Trong trudng hop nay, khi md hod LDPC, ma trdn kiém tra
chin 18 trong d6 c¢6 ma tran con tir thong tin duge xdc dinh trong cac bang tr bang 4 dén
bang 8 va ma trdn con chin 1€ ¢6 cAu tric hai dudng chéo (tirc 1a ma tran kiém tra chin 1&

duoc thé hién trén Fig.2) c6 thé duge st dung, hoic ma trin kiém tra chin 1& thu dugc
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sau khi hoan vi hang va ¢t clia ma tran kiém tra chin 1¢ dugc thé hién trén Fig.2 dua vao
biéu thirc 4 va bidu thirc 5 (tic 12 ma trén kiém tra chin 1é dugce thé hién trén Fig.3) c6

thé dugc st dung.
Sau d6, tr ma LDPC dugc dan xen (S3020).

Tiép theo, tir ma LDPC da dan xen dugc nh xa lén ky hiéu diéu bién (S3030).
Trong trudng hop nay, cac bit cé trong mot s6 nhom bit dinh trude trong sd cic nhom bit

ta0 nén tir ma LDPC c6 thé dugc anh xa 1én mét bit dinh trude ctia ky hiéu diéu bién.

Trong trudng hop nay, mdi nhém bit c6 thé ¢6 M bit, va M c¢6 thé 1a udce sé chung
cia Ny VA Kigpe, V2 €0 th8 dugc xic dinh sao cho thoda min hé thuc
Quape = MNigpeKigpe)/M. Trong d6, Qigpe 12 gia tri thong s6 khoang cach dich chuyén tuin
hoan lién quan dén céc cot trong mot nhom cdt clia ma tran con tir thong tin trong ma tran
kiém tra chén 18, Nigpe 12 @6 dai cia tr ma LDPC, va Kigpe 1a d0 dai clia cdc bit tir thong tin

tao nén tir ma LDPC.

Budc $3020 c6 thé dan xen cac bit chin 1é ctia tir ma LDPC, phén chia tr ma LDPC
3 dan xen bit ch&n 1¢ ra thanh nhiéu nhém bit va sép xép lai tht tu ciia cic nhom bit theo
don vi nhém bit, va dan xen cac nhom bit da duge sép xép lai thi tu.

Cu thé, thir tw clia cac nhom bit co thé dugc sép xép lai theo don vi nhém bit dua
vao biéu thtre 15 néu trén. Trong biéu thtc 15, gia tri n(j) dugc xac dinh dua vao it nhét
mdt thong sd trong s do dai cta tir ma LDPC, phuong phéap didu bién va ty 1¢ ma.

Vi du, khi tr md LDPC c6 do dai bing 64800, phuong phap diéu bién 1a
1024-QAM, va ty 1& ma bang 6/15, thi gié tri n(j) c6 thé dugce xac dinh trong bang 9 néu
trén.

Vi du khéc, khi tr md LDPC cé d dai bing 64800, phuong phap diéu bién 1a
1024-QAM, va ty 1 ma bang 8/15, thi gid tri n(j) c6 thé dugc x4c dinh trong bang 10 néu
trén.

Vi du khac, khi tir md LDPC 6 do dai bing 64800, phuong phap diéu bién la
1024-QAM, va ty 1¢ ma bang 12/15, thi gia tri n(j) c6 thé duge xéc dinh trong bang 13

néu trén.

Tuy nhién, d6 chi 12 vi du minh hoa. Gia tri n(j) c6 thé dugc xac dinh trong bang 11
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ho#c bang 12 néu trén.

Ngoai ra, bidu thic 16 ¢c6 thé duogc st dung khi sép xép lai thir ty cta cdc nhom bit
theo don vi nhom bit. Trong truong hop nay, gia tri n(j) cd thé dugc xéac dinh trong cac

bang tir bang 15 dén bang 20 néu trén.

Céc nhém bit da duoc sip xép lai thir tu c6 thé dugc dan xen bing cach ghi céc
nhom bit vao tirng cft trong sb cac cot theo don vi nhém bit theo hudng cot, va doc tung

hang cua cac cOt dd ghi cdc nhom bit theo don vi nhém bit theo hudng hang.

Trong trudng hop nay, trong sé cac nhom bit ¢6 it nhat mot sé nhém bit, cac nhom
bit ndy c6 thé duge ghi vao ting cdt trong sb cac cot theo don vi nhém bit, duge ghi theo
tht tu 14n luot vao timg cdt trong sb cac cot, va sau do cdc nhom bit con lai dugce phén
chia va ghi vao phan con lai cua timg cdt trong s& cAc cot sau khi it nhit mot s6 nhom bit

néu trén da dugc ghi theo don vi nhém bit.

3 bude S3020, bude dan xen c6 thé dugc thuc hién theo cac phuong phap khac,

ngoai phuong phép néu trén.

Cu thé, buéc dan xen c6 thé dugc thuc hién bang cach sir dung biéu thirc 17 va céc
bang tir bang 29 dén bang 34 néu trén, hodc co thé dugc thyuc hién bing cach sit dung

biéu thirc 18 va c4c bang tir bang 35 dén bang 40 néu trén.

Trong cac trudng hop nhu véy, thir tu clia cdc nhém bit ¢o thé duoc sip xép lai theo
don vi nhém bit sao cho mot mau sép xép, ma theo mau do it nhat mot nhém bit chia cac
bit dugc 4nh xa 1én cung mot ky hicu didu bién dugc sip xép theo thir ty 1an lugt theo

don vi nhom bit, dugc 1ap lai.

Khi nhiéu nhém bit duge dan xen, thi budc dan xen co thé duoc thuc hién bing
cach ghi, vao tung hang, it nhét mot nhom bit chira cac bit dugc anh xa 1én cuing mét ky
hiéu didu bién trong sb cac nhom bit d3 duoc sép Xép lai thir tu, theo hudng hang, va doc
timg cot c¢6 nhidu hang di ghi it nhat mot nhom bit theo hudng cot.

Vit ghi bét kha bién doc dugce bang may tinh trong d6 luu trit chuong trinh dé 1an
lwot thue hién cac phuong phap dan xen theo cac phuong én 1am vi du thuc hién sang ché,
c6 thé dugc tao ra. VAt ghi bit kha bién doc dugc bing may tinh 1a phuong tién luu trit

dit lidu & dang ban cb dinh va c6 thé doc dugc bing may tinh, chit khong phai 1a phuong
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tién luu trir dit liéu trong thoi gian ngén nhu thanh ghi, bd nhé tdc dong nhanh, va bo nho.
Cu thé, nhiéu tng dung hodc chuong trinh néu trén c6 thé dwgc luu trit trén vét ghi bét
kha bién doc duge bing may tinh nhu dia compac (Compact Disc, CD), dia da néng k¥
thuat sb (Digital Versatile Disc, DVD), dia cting, dia Blu-ray, by nhé theo giao thirc bus
nbi tiép da ning (Universal Serial Bus, USB), th¢ nhé va bo nhé chi doc (Read-Only

Memory, ROM), va céc ung dung hodc chuong trinh d6 ¢6 thé duoc tao ra.

ft nhat mot trong sb cac bod phén, ph??ln t& hodc don vi dugc biéu thi & dang khdi nhu
dwoc thé hién trén cac hinh vé Fig.1, Fig.4, Fig.13, Fig.14, Fig.18, Fig.19 va Fig.21 ¢co
thé dugc thuc hién duédi dang cac cAu trac phén cung, phén mém va/hoic phﬁn sun dé
thuc hién céc chirc ning trong (mg néu trén theo cac phwong én lam vi du thue hién sang
ché. Vi duy, it nhat mot trong sb cac bd phén, phﬁn tir hodc don vi nay co thé st dung cAu
triic mach truc tiép, nhu b nhé, khéi xir Iy, mach logic, bang tra ctru, v.v., dé c6 thé thuc
hién cac chirc nang twong tng theo su didu khién ctia mot hoic nhiéu bd vi xur 1y hodic
cac thiét bi diéu khién khac. Ngoai ra, it nhit mot trong sb cac bd phan, phé‘m tr hodc don
vi ndy co thé dugc thé hién & dang cu thé béng mddun, chuong trinh hodc doan ma, chira
mot hodc nhiéu 1énh thi hanh dugc dé thuc hién céc chirc ning logic cu thé. Ngoai ra, it
nhét mot trong sb cac bo phan, phén t&r hodc don vi ndy co thé con c6 bd xtr Iy nhu bd xir
Iy trung tAm (Central Processing Unit, CPU) dé thyuc hién cac chirc ning twong tng, bo vi
xu ly, hodc cac thiét bi tuong tu khéc. Hai hodc nhiéu hon hai bd phan, ph?m tr hodc don
vi néu trén co thé dugc két hop lai thanh mot bd phén, phan tir hogc don vi dé thuc hién
tAt ca cac thao tac hodc chic nang cua hai hodc nhiéu hon hai bd phan, phén tr hodc don
vi dugc Kkét hgp. Hon nita, méc du trong cac so dd khbi néu trén khong thé hién bus,
nhung su truyén thong gitta cac bd phén, phan tir hodc don vi ¢ thé dugc thuc hién
thong qua bus. Céc khia canh chirc niang khac ciia cdc phuong an 1am vi du thuc hién
séng ché néu trén c6 thé duoc thuc hién duéi dang céac thudt toan dé thuc hién trong mot
hotic nhidu bo xir ly. Ngoai ra, cac bd phan, phin tit hodc don vi dugc biéu thi & dang
khéi hodc bude xtt Iy ¢ thé ap dung céc k§ thuét bét ky trong linh vuc lién quan dé tao
chu hinh cho thiét bi dién tir, xt 1y vi/hodc didu khién tin hiéu, xir ly dit liéu va céc chiic
ning tuong tu khéc.

Mic dit bus khong thé hién trong cac so dd khéi thé hién thiét bi truyén tin hiéu va
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thiét bi thu tin hiéu, nhung su truyén thong gitta cdc by phén trong mdi thiét bi ¢ thé
duoc thuc hién thong qua bus. Ngoai ra, mdi thiét bi ¢6 thé con c6 bo xit Iy nhu b xir ly

trung tdim (CPU) hodc bd vi xtr ly dé thuc hién céc thao tac khac nhau néu trén.

Céac phuong én lam vi du va cac uu diém néu trén chi 13 vi du minh hoa va khong
dugc coi 1a nhim muc dich gii han pham vi cia sang ché. Cac phuong 4n 1am vi du nay
6 thé duoc ap dung dé dang cho céc loai thiét bi khac. Ngoai ra, phan md ta cac phuong
4n lam vi du thuc hién sdng ché chi duoc coi 12 vi du minh hoa, va khong dugc coi la
nhdm muc dich giéi han pham vi cia sang ché, va ngudi c6 hiéu biét trung binh vé linh

vuc k¥ thuat nay s& d€ dang tim ra nhiéu phuong 4n thay the, stra doi va cai bién.
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YEU CAU BAO HOQ

1. Phuong phap dan xen trong thiét bi truyén tin hiéu bao gbm céc budc:

ma hod céc bit diu vao d& tao ra cac bit chin 1¢ dua trén ma kiém tra chin 1é mat do
thép (Low Density Parity Check, LDPC) ¢6 ty 18 ma bang 6/15 va do dai ma bang 64800;

dan xen céc bit chén 1¢;

phén chia tir ma gdm cac bit dAu vao va cac bit chin 1& da dugc dan xen ra thanh
nhiéu nhém bit;

dan xen c4c nhém bit dé tao ra tir mi da dugc dan xen; va

anh xa tr ma di dugc dan xen lén céc diém trong chom diém theo phwong phap
didu bién bién d6 vudng goc c6 1024 diém (1024-Quadrature Amplitude Modulation,

1024-QAM),
trong d6 cdc nhém bit dugc dan xen dua vao biéu thtrc nhu sau:
Y, =X voi (0<j<N

n(j) group) >

trong d6 X; 1a nhom bit thit j trong s6 cac nhom bit, Y; 12 nhém bit thit j trong sd céc
nhém bit d& duge dan xen, Ny 12 tdng s& nhém bit, va n(j) 1a thi ty hoan vi dé dan xen,
va

trong d6 7(j) duge xac dinh trong bang dudi day:
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Ty l¢ ma Th tu hoan vi dé dan xen
bing 6/15 . n(j) (0 <j < 180)

ol1l2]3]als5]6|7|8]9o]10|11|12]13{14|15]16|17|18|19]20]21 |22
23 242526 [27]2829 (3031 ]32(33|34|35(36|37|38[39|40|41|42]|43 44|45
46 | 4748495051 (52|53 |54|55(56|57|58(59|60|61|62|63|64|65|66|67|68
_ 691707172173 74|75 |76 | 77|78 | 79|80 |81 | 82|83 |84 |85 |86 |87 |88|89 90 91
] 92193194(95(96|97(98(99 [100{101{102|103|104|105|106{107(108|109|110{111|112 113(114
115]116{117]118[119]120[121]122[123[124|125|126]127(128|129{130|131{132(133|134|135| 136|137
138]139(140(141[142(143|144]145(146(147|148|149]150|151|152|153|154|155|156|157|158| 159|160
161]162[163164|165(166|167|168|169(170|171|172|173|174|175|176|177|178|179
66 21|51 (55|54 |24(33|12|70|63|47|65|145] 8 | 0 |57|23|71|59
s6| 2 |43 ]64]58|67|53]68|61[39(52]69| 1 [22]31|161]38|30]|19
25 |44 [136] 29 | 36 | 26 [126[177] 15 | 37 |148| 9 | 13 | 45| 46 [152| 50 | 49|27 |77 | 60 |35 | 48
, 178] 28 | 34 [106]127| 76 [131]105(138] 75 |130{101{167|117{173|113|108| 92 |135|124|121| 97 [149
m()  [asls1]32 96| 3 |78 107 86 | 98 | 16 [162|150[111|158]172]139] 74 [142]166] 7 | 5 [119] 20
144|151 90 | 11 [156]100[175| 83 [155|159|128| 88 | 87 | 93 [103| 94 |140|165| 6 |137]157| 10 | 85
141]129(146(122] 73 [112]132[125(174|169|168| 79 | 84 |118]179|147| 91 |160
104]134] 82 | 95 [133[164|154|120{110|170|114{153| 72 |109|171|176]| 99 [116

2. Phuong phép dan xen theo diém 1, trong d6 mdi nhoém bit c¢6 360 bit.

3. Phuong phép dan xen theo diém 1, trong d6 n(j) dugc xac dinh dua vao it nhit mot
thong sd trong s6 d dai ma, phuong phap didu bién dé anh xa, va ty 16 ma.
4. Phuong phép thu tin hi€u bao gdm céc budc:

thu tin hiéu tr thiét bi truyén tin hiéu;

giai diéu bién tin hidu dé tao ra céc gia tri theo phuong phap didu bién bién do
vudng goc c6 1024 diém (1024-QAM);

phén chia céc gid tri ra thanh nhiéu nhom;

giai dan xen cdc nhom;

giai ma c4c gia tri cia cac nhom da duoc gii dan xen dua trén ma kiém tra chin 18
mat d6 thip (LDPC) ¢6 ty 1é ma bing 6/15 va do dai ma bing 64800,

trong d6 cac nhém dugc giai dan xen dya vao bicu thirc nhu sau:

Y

=X, v6i (0<j<N

group ) b

trong d6 X; 12 nhom thtr j trong s6 cac nhom, Y; 1a nhom thir j trong sd cac nhém da
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dugc giai dan xen, Ny, 12 tong s6 nhom, va n(j) 1a thi tu hoan vi d€ giai dan xen, va

trong d6 m(j) duge xac dinh trong bang dudi day:

Ty 1€ ma Thi tw hoan vi dé giai dan xen
bang 6/15 n(j) (0 <j<180)

ol1]2(3[4|5]|6|7|8|9]|10{11]12(13(14|15|16|17|18|19[20]21 |22
23 (24 (25(2627]28|29(30|31(32(33|34|35|36(37|38(39|40|41|42|43]44)|45
464714814950 |51 (52|53|54|55[56(57|58(59|60]|61|62|63|64]|65]|66| 67|68
. 691707172173 |74 | 75|76 | 77|78 |79 |80 |81 |82|83|84|85|86|87|88|89]90]91
) 92193 ]94|95( 9697|9899 [100/101{102|103{104|105/106|107|108{109|110}111]112/113 114
1151116(117(118]119]120|121]122|123]124|125|126|127|128]129|130{131|132|133|134|135|136|137
138]139]140[141|142(143]144|145|146|147|148]149|150|151|152|153|154|155|156|157|158]159|160
161/162|163[164[165[166[167(168]169(170{171|172|173|174(175|176(177|178|179
66121151 55|54 |24(33|12]70|63|47|65(145| 8 | 0 |57]|23|71|59 |14 40|42 62
s6l| 2 |a3l64|58|67(53|68[61(|39(52|69] 1 |22|31|161{38|30|19|17]18 4 141
25 44 [136]29 | 36 | 26 |126[177| 15|37 |148| 9 | 13 | 45|46 |152| 50|49 |27 | 77|60 |35 48
. 178] 28 | 34 [106|127] 76 |131]105|138| 75 |130{101|167|117|173|113|108| 92 |135|124|121) 97 149
() 143181132196 3 |78 [107] 86 | 98 | 16 [162|150|111|158(172(139]| 74 |142|166| 7 | 5 |119 20
1441151/ 90 | 11 [156]100|175| 83 |155(159|128| 88 | 87 | 93 [103| 94 |140|165| 6 |137|157| 10 | 85
141]129]146(122| 73 |112[132]125|174|169|168| 79 | 84 |118|179{147| 91 |160|163|115) 89 | 80 102
104|134/ 82 | 95 [133|164|154(120{110|170|114{153| 72 {109|171{176] 99 |116]123

5. Phuong phép thu tin hiéu theo diém 4, trong d6 mdi nhém bit c6 360 bit.

6. Phuong phép thu tin hiéu theo diém 4, trong @6 n(j) dugc xac dinh dya vao it nhit mot

thong sb trong sb6 do dai ma, phuong phap didu bién dé anh xa, va ty 1& ma.
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Fig. 6
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Fig. 17
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Fig. 21
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