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Linh vue k¥ thuit dwoc dé cap

Sang ché lién quan dén linh vuc truyén va thu di liéu sit dung k¥ thuat phét rong,
cu thé hon, sang ché dé cap dén thiét bi truyén tin hiéu dé thiét ké cac chom diém khong
ddng déu dung cho cac bit 4nh xa didu bién ma hoa dan xen bit (Bit Interleaved Coded
Modulation, BICM) & tin hi€u dAu ra ctia bd ma hoa va bd dan xen thanh cac chom diém
phuc.
Tinh trang ky thuit clia sing ché

Cac hé thdng phat rong hién nay theo tiu chuén hé théng truyén hinh mat dat k§
thuat s6 thé hé the hai (Digital Video Broadcasting Second Generation Terrestrial,
DVB-T2) st dung chudi diéu bién ma hoa dan xen bit (BICM) @8 ma hoa cac bit can
truyén. Chudi BICM gdm c6 bd ma hoa kénh nhu bd mé hod kidm tra chin 1& mét do
thip (Low Density Parity Check, LDPC) ké tiép 1a bd dan xen bit va bd anh xa didu bién
bién do vudng goc (Quadrature Amplitude Modulation, QAM). Vai trd ciia by anh xa
QAM la dé anh xa cac bit khac nhau xuét ra tir bd ma hod kénh va da dugc dan xen béng
bd dan xen bit 1én cac 6 QAM. MB&i 6 bidu didn mot sb phirc c6 phﬁn thuc va phén a0. B0
4nh xa QAM nhém M bit thanh mot 6. Mbi 8 duoc coi 1a mot s phirc. M, 14 s6 luong bit
trong mdi 0, bang 2 d6i v6&i chom diém didu bién dich pha vudng géc (Quaternary Phase
Shift Keying, QPSK), bing 4 déi véi chom diém didu bién 16QAM, bang 6 dbi v6i chom
didm didu bién 64QAM, va bing 8 dbi voi chom diém diéu bien 256QAM. C6 thé sir
dung chom diém didu bién QAM c6 kich thude 16n hon dé nang cao nang suét truyén. Vi
du, chom diém didu bién 1K QAM la chom diém chira 1024 didm c6 thé c6 va dugc ding
dé anh xa M = 10 bit. Tiéu chudn DVB-T2 va céc tidu chudn truée d6 st dung chom
didm didu bién QAM ddng déu. Chom diém diéu bién QAM dong déu c6 hai dic trung
quan trong: Cac diém c6 thé c6 trong chom diém nay tao thanh dang hinh chit nhét, va
khoang cach gitta mdi cap diém lién tiép 1a ddng déu. Chom diém didu bién QAM dong

déu rat dé anh xa va khtr 4nh xa.

Chom diém didu bién QAM ciing d& sir dung vi khong can phai duge t81 uu hod
du6i dang 1a ham sd phu thude vao ty s tin hidu/tap nhidu (Signal to Noise Ratio, SNR)

hodc ty 1& ma hoa cuia ma kénh gidng nhu ma LDPC.
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Tuy nhién, nang suét ciia chom diém diéu bién QAM ddng déu vAn con cach xa giGi
han theo ly thuyét, thuong goi 1a gi6i han Shannon. Hiéu suét tinh theo ty 1& 16i bit (Bit
Error Rate, BER) hodc ty 1& 18i khung (Frame Error Rate, FER) c6 thé van con céch xa
murc thi wu.

Pé rit ngan khoang cach so vdi gi¢i han Shannon va tao ra hiéu suat BER/FER cao
hon, thi chom diém khong déng déu (Non-Uniform Constellation, NUC) dugc tao ra
bang cach bo di hai déc trung ciia chom diém didu bién QAM ddng déu, do 1a: tao thanh
dang hinh vudng va khoang cach ddng déu gifta cac diém trong chom diém.

Ban chét ky thuit ciia sang ché

Muc dich cia sang ché 12 nham giai quyét, khic phuc va/hodc gidm bdt, it nhét mot
phén, it nhat mot trong 6 cac vain d& va/hodc nhuge diém lién quan dén céac giai phap k¥
thuét da biét, vi du it nhit mot trong s6 cac vAn dé& va/hodc nhugc diém dugc néu trén
day. Muc dich cua sang ché 12 nhim tao ra it nhét mot wu diém so véi cac gidi phap ky
thuét da biét, vi du it nhit mot trong b céac vu diém dugce néu dudi day.

Sang ché @& xuét thiét bi truyén tin hiéu. Thiét bi truyn tin hiéu nay bao gom bd
ma hoa dé thuc hién budc mi hod kénh trén cac bit va tao ra tir mé, by dan xen dé dan
xen tir mi, va bd didu bién dé anh xa tir ma dd duogc dan xen 1én mot chom diém khong
ddng déu theo mot so dd diéu bién, trong d6 chom diém nay co thé chira cac diém dugc
x4c dinh dya vao cac bang theo so b diéu bién.

Céac khia canh, uu didm va déu hiéu ndi bat khac cla sang ché s& trd nén rd rang
hon d6i voi nguoi co hidu biét trung binh v& linh vuc k§ thuat twong ng sau khi xem
ph?ln mb ta chi tiét sang ché dudi day, két hop véi cac hinh v€ kém theo, phan nay mo ta

cac phuong an lam vi du thuc hién sang ché.
M6 ta vén tit cac hinh vé

Céac khia canh néu trén va/hodc cac khia canh khéac cla sang ché sé& tr& nén dé hiéu
hon sau khi xem phin md ta chi tiét sang ché duéi day, két hop véi cac hinh vE kém theo,
trong do:

Fig.1 1a so dd thé hién thuét toan thi nhét theo phwong an lam vi dy thue hién sang

ché;
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Fig.2 1a luu dd thé hién cac budc thyc hién trong thudt toan thir nhit theo phuong 4n
lam vi du thuc hién sang ché;

Fig.3 thé hién su hoi ty cia chom diém C_last vdi mot trong sb cac thong sb khi
thuét toan thi nhét trén Fig.1 va Fig.2 dugc thuc hién theo phuong an lam vi du thuc hién
sang ché;

Fig.4 1a so dd thé hién thuft toan thir hai d& x4c dinh chom diém t6i vu véi gié tri
SNR cho truéc bang S trén kénh c6 tap nhidu Gauss tréng cong (Additive White
Gaussian Noise, AWGN) theo phuong an lam vi du thuc hién sang ché;

Fig.5 thé hién sw hoi tu cla chom didm C_best khi thuat toan thtr hai trén Fig4
duoc thyc hién theo phuong an lam vi du thuc hién sang ché;

Fig.6 1 so d thé hién thuat toan thir ba & xéc dinh chom diém tbi wu v6i gié tri
SNR cho truéc bang S trén kénh c6 fadin Rice v6i hé sé Rice mong muén K_rice theo
phuong 4n 1am vi dy thuc hién sang ché;

Fig.7 1a so d thé hién thuét todn thir tu d4 xac dinh chom diém tbi wu véi gid tri
SNR cho truée bing S trén kénh c6 fadin Rayleigh theo phuong 4n lam vi du thyc hién
sang ché;

Fig.8 1a so dd thé hién thuét toan th& nim d& xac dinh chom diém t6i vu theo
phuong an lam vi du thue hién sang ché;

Fig.9 thé hién quy trinh thu dugc chom diém tdi wu v6i mot hé théng cu thé theo
phuong 4n lam vi dy thuc hién sang ché;

Fig.10 1a d thi biéu dién hiéu suht BER theo gi4 tri SNR voi so do diéu bién
64-QAM st dung ty 1€ md hoa (Coding Rate, CR) kiém tra chan 1é¢ mat dd thép, LDPC,
bing 2/3 theo tiéu chuén DVB-T2 trén kénh AWGN theo phuong 4n 1am vi du thyc hién
sang ché;

Fig.11 1a so @b thé hién thuat todn thi sau @& xac dinh chom diém t6i wu theo
phuong an lam vi du thue hién sang ché;

Fig.12 cling la so dd thé hién thuat toan thir sdu dugc thé hién trén Fig.11 theo

phuong an lam vi du thuc hién sang ché;

4-



35019

Fig.13 thé hién quy trinh thu duoc gia tri SNR hinh thac véi mot kidu kénh nhét
dinh theo phwong an lam vi du thuc hién sang ché;

Fig.14 1a so dd thé hién quy trinh thu dugc ham sb dai lwong do hi€u suit c6 trong
sé v6i chom diém dau vao dya trén céc didu kién truyén khac nhau theo phuong an lam
vi du thuc hién sang ché;

Fig.15 thé hién quy trinh thu dugc chom diém tbi vu theo phurong &n 1am vi dy thuc
hién sang ché;

Fig.16a va Fig.16b thé hién céc so @b thay thé dé tao ra chom didm dy bi tr mot
chom diém trude theo cac phuong 4n 1am vi du thuc hién sang ché;

Fig.17 thé hién k¥ thuat 1am giam d phirc tap ctia thuat toan theo phuong an lam vi
du thuc hién sang ché;

Fig.18 thé hién thiét bi thuc hién thuét toan theo phuong én lam vi du thuc hién
sang ché;

Fig.19 dén Fig.34 thé hién cac chom didm khong dong ddu theo cac phuong 4n lam
vi du thue hién sang ché;

Fig.35 1a so dd khdi thé hién cAu hinh cla thiét bi truyén tin hiéu theo phuong an
lam vi du thuc hién sang ché;

Fig.36 1a so dd khdi thé hién cAu hinh cta thiét bi thu tin hiéu theo phuong 4n lam
vi du thuc hién sang ché; va

Fig.37 1a luu do thé hién phuong phap didu bién theo phwong 4n 1am vi dy thyc hién
sang ché.

M@ ta chi tiét sang ché

Phin mb ta séng ché dudi day s& mo ta chi tiét cac phuong an lam vi du thuc hién
sang ché dua vao cac hinh v& kém theo.

Trong phan md ta sing ché duoi day, cac sé chi dan gidng nhau dugc dung 8 thé
hién cac by phéan gibng nhau trén cc hinh v& khac nhau. Nhitng thong tin chi tiét duge
néu trong phin mo ta sang ché, nhu cAu hinh va cac bd phan chi tiét, dugc dung dé giap

cho ngudi ¢ hiéu biét trung binh vé linh vuc k¥ thudt twvong ing hidu rd vé sang ché. Vi
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véy, rd rang 13, cic phuong 4n 1am vi du c6 thé duge thuc hién ma khong can dung dén
nhitng thong tin chi tiét cu thé d6. Ngoai ra, trong sang ché s& khong mo ta chi tiét cac
chirc ning hodc chu tric da biét dé tranh 1am m nhat cac phuong an 1am vi du thyc hién
sang ché vi nhitng chi tiét khong can thiét.

Phin mo ta cac phuong an 1am vi dy thuc hién sang ché duéi day c6 dwa vao cac
hinh v& kém theo dugc néu ra dé giup hidu rd vé y tuéng sang tao cua sang ché nay, nhu
duoc xac dinh dua vao cac diém yéu ciu bao ho. Sang ché md ta mot sb thong tin chi tiét
cu thé dé gitp hidu o vé sang ché, nhung céc thong tin chi tiét cu thé d6 chi dugc coi la
vi du minh hoa. Vi vy, nguoi c6 hiéu biét trung binh v& linh vuc k¥ thuat tuong tng phai
hidu ring c6 nhiéu phuong 4n thay ddi va cai bién co thé dugc tim ra dya trén cac
phuong an dugc md ta trong sang ché ma van khong bi coi 12 vuot ra ngodi pham vi cia
sang ché nay.

Céac b phén giéng hodc twong ty v6i nhau co thé duoc ky hiéu bang cac s6 chi din
giéng hodc twong tw v6i nhau mac du cac bd phén d6 co thé duoc thé hién trén cc hinh

vé& khac nhau.

Trong sang ché ¢6 thé khong md ta chi tiét cac ky thuét, cAu trac, cdu hinh, chire
ning hodc quy trinh da biét trong linh vuc k¥ thudt nay vi dé 1am cho ban mo ta sang ché
rd rang va ngén gon, va dé tranh 1dam md nhat dbi trong yéu chu bao hd cua sang ché theo

cac phwong an lam vi du thue hién sang ché.

Céc thuat ngit va tir ngit duge dung trong sang ché khong bi gidi han & nghia theo
tir dién hodc nghia chuén, nhitng nghia do chi dugc téc gia sang ché str dung dé giup cho

viéc hiéu r5 rang va thong nhat vé cac phuong an lam vi du thue hién sang ché.

Trong toan bd phén md ta sang ché va yéu cau bao ho cla sang ché nay, céc tir “bao
gdm”, “c6 chia” va “gdm c6”, cung voi bién thé cta cac tir nay, vi du nhu “obdm”,
“chira” va “c6”, dugce hiéu 13 “bao gém, nhung khong chi gi¢i han & d6”, va khong nhim
(va khong) loai trlr cac du hiéu, phén tr, bd phén, tri sb, budc, thao tac, quy trinh, chirc

ning, dic trung khéc, va cac dang tuong tu khéc.

Trong toan by phan md ta sang ché va yéu cau bao ho cua sang ché nay, khi dé cap

dén “mot” bd phan thi ciing ¢6 nghia 12 dé cip dén nhidu bo phan nhu vay, trir trudng
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hop ngit canh ¢6 quy dinh khac mdt cach rd rang. Vi du, khi dé cap dén “mot dbi tuong”

thi cling c6 nghia la dé cap dén mot hodc nhidu d6i twong nhu vay.

Trong toan bd phin md t& sang ché va yéu ciu bao ho cia sang ché nay, dang tbng
quat “bd phan X dé thuc hién Y” (trong d6 Y la thao tac, quy trinh, chirc nang, hoat dong
hoic budce nio d6, va X 1a phuong tién nao d6 dé thuc hién thao tac, quy trinh, chirc nang,
hoat dong hogc budc kia) c6 nghia 12 phuong tién X dugc lam thich tng, dugc tao chu
hinh hoic dugc bb tri theo mot cach cu thé, nhung khong chi gi6i han g do, dé thuc hién
Y.

Cén phai hiéu réng, cac déu hiéu, phén tir, bd phén, tri sb, budc, thao tac, quy trinh,
chtrc ning, dic trung, va cac dang tuong tu Khac, dugc mo ta lién quan dén mot khia
canh, phuwong an, vi du hodc diém yéu chu bao ho cu thé cla sang ché, c6 thé 4p dung
dugc cho moi khia canh, phuong an, vi du hodc diém yéu cau bao ho khac dugc néu

trong sang ché, trir truong hop n6 khong tuong thich.

Céac phuong an lam vi du thuc hién sang ché c6 thé duogc thuc hién dudi dang
phuong phép, hé théng va/hodc thiét bi phu hop bat ky dé st dung trong hé théng phat
rong k¥ thuat sb, vi du dudi dang thiét bi dau cudi di d(f)ng/cﬁm tay (nhu may dién thoai
di dong), thiét bi cAm tay, mdy tinh cd nhan, thiét bi thu va/hoic phét song phat thanh k§
thuat s6 va/hodc truyén hinh ky thuét sb, bd giai ma dé ban, v.v.. Hé théng va/hogc thiét
bi nhu vay ¢ thé tuong thich v6i moi hé théng va/hodc tiéu chuén phat rong k¥ thuat sd
phu hop dang c¢6 & hién tai hodc s& c6 trong tuong lai, vi du nhu mot hodc nhiéu hé théng

va/hoic tiéu chuin phat rong k¥ thudt s6 dugc dé cap trong sang ché.

Chom diém khong dong d&u (NUC) theo phuong 4n lam vi du thuc hién sang ché
c6 thé dugce tao ra hodc thu duge bang cach st dung moi phuong phap hogc thuét toan
phu hop bao gdm céc bude (hodc thao tac) dé tao ra hodc thu-duoc chom diém khong
ddng déu d6. Chom diém khong dong d&u theo phwong 4n lam vi du thyc hién sang ché
¢6 thé dugc tao ra hodc thu dugc bang moi thiét bi hodc hé théng dugc bd tri theo cach
phu hgp bao gdm phuong tién dé tao ra ho#ic thu dugc chom diém khong dong déu do.
Céc phuwong phap hodc thuat todn dugc mo ta trong sang ché c6 thé duoc thuc hién trong
moi thiét bi hogic hé théng dugc bd tri theo cach phu hgp bao gdm phuong tién dé thuc

hién céc budc trong cac phuong phip hodc thuat toan do.
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Theo mot ) phuong an lam vi du, séng ché @& xuét thuat toan dé thu dugc chom
diém khong dong du. Chom diém khong ddng déu thu dugc theo cac phuong an lam vi
du nay co thé dat dugc ning suAt cao hon so v6i chom diém ddng déu tuong duong (vi du
chom diém ddng déu c6 cung thir ty sip xép). Theo mdt s& phuong 4n 1am vi dy, sang
ché c6 thé thu dugc chom diém khong dong ddu tdi wu bang cach ap dung thuét toan voi
do phtic tap tuong db6i thip va hiéu qua tinh toan tuong dbi cao. Vi du, thudt todn theo
mdt sb phuong an lam vi du thuc hién sang ché c6 thé thu dugc chom diém khong dong
d3u t8i vu nhanh hon nhidu so véi thuat todn ap dung phuong phép thd bao (brute force)
d8 tim kiém tit ca (hodc phén 16n) cac chom diém du bi c6 th& ¢6. Theo mot sd phuong
an lam vi du, sang ché d& xuét thuat toan dé thu dugc cac chom diém khong dong déu tdi
wu phu hgp véi chom didm c6 kich thuéc rat 16n (vi du c6 trén 1024 diém trong chom
diém). Mot s6 phuong an thuc hién sang ché dugc md ta dudi day, theo cac phuong an
d6 s& thu dugc cac chom didm didu bién bién do vudng goc (QAM) khong ddng déu
(Non-Uniform, NU). Tuy nhién, nguoi co hidu biét trung binh vé linh vuc k¥ thudt tuong
ung s€ hidu ring, sing ché khong chi gi6i han & cdc chom diém didu bién QAM, ma sing

ché c6 thé duoc 4p dung cho céc ki€u chom diém khac.

Nhu d3 néu trén, mot chom didm c6 thé dugc xac dinh dic trung dya vao nhiéu
thong s, vi du thong s6 xac dinh khoang cach giita cac diém trong chom diém, hodc
thong s x4c dinh vi tri cua mdi gia tri phén thyc dwong (c6 thé thu dugc cac chom diém
hoan chinh dua vao cic thong s6 nay vi cac chom didm c6 cung gia tri trén truc thyc va
truc 40 va c6 cung gia tri duong va gia tri am). Pé thu dugc chom didm t6i wu, co thé
thuc hién phuong phap tho bao, trong d6 cac tb hop cta cac gia tri voi mbi thong sb duge
tim kiém véi mot ¢& budce nhét dinh cho dén khi dat t6i mot gia tri t6i da nao do. M&i td
hop cta céc gia tri voi mdi thong s s& twong Ung v6i mot chom diém riéng biét. Chom
diém c6 hiéu suét cao nhét s& duoc chon.

Tuy nhién, theo mot s6 phuong 4n lam vi du thyc hién sang ché, sb luong thong sd
c6 thé giam xudng bang cach gifr lai mot hodc mot sb diéu kién rang budc lién quan dén
so d hinh hoc va/hodc tinh ddi xémg nhét dinh 4p dyng cho chom diém. Vi dy, chom
didm c6 thé c6 mot didu kién rang budc 12 chom diém phai c6 tinh dbi xtmg gira bén goc

phan tu. Ngoai ra, chom diém co thé con c6 diéu kién rang budc 1a cac diém trong chom
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diém duoc sip xép thanh mot mAu kiéu QAM & trong mdi goc phan tu, (i) cac diém trong
chom diém dugc sip xép thanh cac hang ngang va cac hang doc, (i) s6 lugng hang ngang
bing s6 luong hang doc, (iii) s6 luong diém trong chom diém dwoc sip xép trong mbi
hang ngang la bang nhau, va (iv) sé luong diém trong chom diém dugc sip xép trong mbi
hang doc la bang nhau. Vi du khac, chom diém c6 thé c6 didu kién rang budc la chom
diém c6 dang hinh tron (vi du chom didm c6 tinh déi xtimg vong). Ngoai ra, cac chom
didm c6 su sip xép tuong dbi gibng nhau, chi khac nhau v& kich thuéc, c6 thé duge coi la
twong duong v6i nhau. Trong trudng hop nay, mdt trong sb cac thong s6 c6 thé dugc dit
bang mot gid tri ¢ dinh. Nguoi c6 hiéu biét trung binh v& linh vuc k§ thuét tuong Gng s€
hiéu ring sang ché khong bi gi6i han & céc vi du néu trén, va co thé str dung mot hodc

mot so diéu kién rang budc khac hodc dicu kién rang budc bd sung.

Theo mot ) phuong an lam vi du thuc hién sang ché, chom didm diéu bién QAM
khong ddng déu (Non-Uniform QAM, NU-QAM) c6 thé 1a chom diém tuan theo mdt
hodc mot s6 diéu kién rang budc lién quan dén so @b hinh hoc va/hodc tinh d6i xtmg, vi
du tuan theo mot hodc mot s6 diéu kién rang budc hodc tht ca céc diéu kién rang budc néu
trén, hodc 1a chom diém thu duoc biang phép xoay va/hodc thay d6i ty 1& chom diém.
Chom diém didu bién N-QAM khong dong ddu ¢6 thé 1a chom didm diéu bién QAM
khong dong du chira N diém trong chom diém.

Khi 4p dung cac didu kién rang budc néu trén, s6 lugng thong s6 ¢6 thé giam xudng
chicon, vidu 1, 3,7, 15,31 va 63 thong sb 13n luot twong Gmg voi cac chom diém chtra
16, 64, 256, 1024, 4096 va 16384 diém. S lugng thong s6 trong tip hop thong sb da rat
gon co thé dugc ky hidulab. Vidy, b=1 v6i chom diém didu bién 16-QAM (trong 46 co
16 vi tri d6i xtmg v6i nhau qua truc thuc/truc 4o va truc duong/truc am). Do d6 chi c6 2
didm can phai xac dinh. Vi tdng s6 bac ctua chom diém thuong dugc chu4n hod bang mdt,
cho nén viéc gilt cd dinh mot thong s6 s& gitt ¢d dinh thong sb kia. Vi vay, b=1 véi

chom diém didu bién 16QAM c6 dang hinh vuong.

Theo mot s phwong an 1am vi du thuc hién sang ché, céc to hop cia cac gia tri voi
mbi thong sb trong s0 b thong so dwoc tim kiém v6i ¢& bude d ting 1én dén gia tri toi da

bing A. Do d6, s6 14n tim kiém Ip lai bang (A/d)".

Thuét toan thit nhdt &€ thu dugc chom didm khong ddng déu tdi vu véi mot gid tri

O
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SNR cho trude s& duge md ta dudi day dua vao mot $6 phuong 4n lam vi du thuc hién
sang ché. Thuat toan nay st dung so d6 lap @8 sira ddi dan dan chom diém ban dAu cho
dén khi chom diém hoi ty. Vi dy, chom didm ban dau c6 thé 13 chom didm dong déu,
chom diém nay c6 thé dugc sira ddi bang cach thay dbi gia tri cta cac thong sb gitra cac
1an lap, va su hoi tu xuat hién khi gia tri cia t4t ca cac thong s thay ddi vai mot lugng
nhé hon mirc ngudng giita cac 14n 13p. Chom didm ti vu c6 thé duge dinh nghia 1a chom
diém c6 hiéu suit cao nhit theo mot dai lugng do phu hop bét ky. Vi du, dai lugng do
nay co thé 13 ning suit didu bién ma hoa (Coded Modulation, CM) hodc nang suét
BICM. Trong vi du dudi ddy s€ thu duge chom didm diéu bién 64-QAM khong ddng déu,
trong do s6 luong thong s thay dbi (da giam), b, bang 3.

Fig.1 1a so dd thé hién thuat todn thi nhét theo phuong an lam vi du thuc hién sang
ché, va Fig.2 1a luu dd thé hién cac budc thuc hién trong thuat toan thir nhét theo phuong
an lam vi du thuc hién sang ché. Trong thuit toan nay cé sir dung cac thong s6 thay d6i
sau diy. Thong s6 C_last biéu thi mot chom didm cu thé, twong Gmg v6i mot tap hop gia
tri cy thé cua b thong s6. Thong sb C_last dugc thiét 1ap gia tri ban diu bang mot chom
diém ban dAu nhét dinh, vi du chom diém ddng déu. Thong s SNR biéu thi ty s tin
hiéu/tap nhiéu. Thong s& SNR duogc thiét 1ap & mdt gia tri mong mudn bing gia tri SNR
cho chom diém t6i wu mong mudn. Thong s C_best biéu thi chom didm c6 hidu suét cao
nhét, vi du c6 ning suat CM hodc ning suit BICM cao nhit, véi mot gia tri SNR cho
truée. Thong sb d biéu thi c& budc thi nhit duge dung trong thuét toan. Thong sd d
(hodc Step) dugc thiét 1ap gia tri ban dAu bang mot gia tri pht hop ¢6 thé duge xéac dinh
theo ly thuyét va/hodc thuc nghiém. Thong sb Min_Step biéu th1 gia tri nho nhét cho

phép cta d, va dugc dat béng mot gia tri cb dinh.

3 bude S201, C_last duge thiét 1ap gié tri ban dhu bing chom diém diu vao. O
bude tiép theo S203, bude d dugce thiét 1ap gia tri ban dAu bang gia tri Ini_Step. 0 budce
S205, tap hop chom diém dy bi dugc tao ra. Tép hop chom diém du bi nay gdm c6 chom
diém C_last va mot hodc nhidu chom diém sira dbi, trong do m3i chom diém sira di thu
duoc bing céch thay d6i mot hodc nhiéu gi4 tri cta cac thong s6 tao nén chom diém
C_last str dung mot so d6 phit hop bét ky. Trong vi du dugc thé hién trén hinh v&, tap hop

chom didm du bi duge tao ra dwa vao cac thong sd C_last va d, dugc ky hiéu bang ham
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s6 CreateSet(C_last, d). Vi du, v6i mdi chom diém dau vao, c6 ba chom diém duoc tao ra
[C last, C_last +d, C_last— d]. Cu thé, mot tp hop chom diém dugc tao ra vai gia tri
ctia mdi thong s trong s6 b thong s& ciia chom diém C_last dugc dat bang mot trong sén
gia tri mdi thay dbi xung quanh gia tri thong s6 hién thoi. Vi du, co thé st dung ba gia tri
méi (n=3), gdm c6 (i) gié tri thong sb hién thoi, (ii) gid tri 16n hon gia tri thong sb hién
thoi v6i mic chénh 1éch bang d, va (iii) gia tri nho hon gia tri thong sb hién thoi voi mirc
chénh 1éch bang d. Vi du, néu ¢6 hai mirc chom diém cin xac dinh thi sb6 lwong chom
diém can kiém thir 12 3x3 (twong Ung véi ba vi tri cho mdi muc). Tt ca cac td hop cua
cac gia tri thong s6 méi déu duge su dung dé tao ra tap hop chom diém. Do do, tap hop
chom didm c6 tdng sb 12 1n® chom didm. Mic du theo phuong an néu trén, co ba gia tri
méi cho mdi thong sé duge st dung, nhung theo phuong 4n khic, moi s6 luong gia tri
méi phu hop ddu c6 thé duogc sir dung. Tap hop gia tri méi ¢ thé chitra gia tri cli (hodc
gia tri hién thoi), hodc ¢6 thé khong chira gia tri cil.

Theo mot s6 phuong 4n lam vi du thuc hién sang ché, vi co ba gia tri cho mdi muc
dugc chon cho nén téng s6 chom diém co thé ¢6 cin kiém tht 12 3b, trong do b 1a s6
luong murc (sb lwong thong s§) can t61 uu hod. Dbi véi cac chom didm c6 bac rét cao, vi
du trén 1K, thi 3% ¢6 thé 1a mot gia tri rt 16m. Trong trudong hop do, tht ca cac muc c6 thé
dugc gilt ¢b dinh, ngoai trir mot muc, vi vy ba chom didm c6 thé c6 tuwong tmg voi mic
do s& duoc kiém thir, C_last, C_last + d va C_last—d, cho dén khi dat duogc sy hoi tu.
Sau d9, thao tac nay co thé dugc lap lai voi cac murc khac. Khbi lugng tinh toan cho thao
tac nay 1a mot ham s6 nhan va khong phai 12 mot ham s6 mii (vi du, néu gia st rang mdi
murc hdi tu trong mot 1an lap thi khéi luong tinh ton s& la 3xb 1an lap, thay vi 1a 3° 1an
1ap).

3 bude S207, hiéu suét ciia mdi chom diém trong tap hop chom diém (dy bi) da tao
ra dugc tinh hodc dugc xac dinh b%mg cach st dung mot dai lugng do hiéu sut phu hop
bt ky (vi du nang sudt). O bude 8209, chom diém du bi c6 hiéu sudt cao nht (vi du
chom diém duy bi c6 ning suit cao nhit) dugc chon lam C_best. 3 bude S211, xac dinh
xem c6 phai 1a mirc chénh 1&ch gifta C_best va C_last 16n hon mirc ngudng hay khong.
Chéng han nhu, trong vi du dugc thé hién trén hinh v&, mirc ngudng nay bang khong, cho

nén s& xac dinh xem c6 phai 12 C_best = C_last hay khong. Nghia 13, xac dinh xem c6 su
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chénh léch gitta chom diém C_best va chom diém C_last hay khong (vi du trong pham vi
do phan giai nhét dinh). Mtc chénh léch c6 thé 12 mot dai lrong do mirc chénh 1&ch phu
hop bt ky, vi du do6 1a mirc chénh 1éch dua trén so dd hinh hoc (nhu mitc chénh Iéch vé
vi tri clia cac diém trong chom diém giita cac chom diém nay) va/hodc mot dai luong do
hiéu sut (nhw mirc chénh 1éch v& mot dai lugng do hi¢u suét nhit dinh giita cdc chom
diém nay). Néu & bude S211 xéac dinh thdy ring C_best # C_last, thi & bude S213, thong
s& C_last nhén gid tri C_best (ttrc 1a gid tri cua thong s6 C_last trong 14n lap ké tiép bang
gia tri C_best trong 1An lap hién thoi) va quy trinh nay quay lai bude S205, & @6 mot tap
hop chom diém du bi dugc tao ra dya vao cac thong s6 C_lastvad, CreateSet(C _last, d).
Mt khac, néu & bude S211 xac dinh thiy rang C_best = C_last, thi & budc S215, thong
s6 C_last nhan gia tri C_best va quy trinh nay chuyén dén budc S217.

G bude S217, xac dinh xem c6 phai 1a d < Min_Step hay khong. Néu & budc S217
xac dinh thiy ring d > Min_Step, thi quy trinh nay chuyén dén budc S219, & d6 cd bude
d s& giam xubng. Vi duy, liy d chia cho mot hé s6 nhét dinh (vi du chia cho 2). Sau budc
$219, quy trinh ndy quay lai budc S205, & d6 mot tdp hgp chom diém du bi dugc tao ra
dua vao céac thong s6 C_last va d (tuc 13, d da gidm), CreateSet(C_last, d). Mat khac, néu
& bude S217 xéc dinh thay rang d < Min_Step, thi gia tri C_best dugc luu trir va thuat

toan nay két thuc.

Fig.3 thé hién su hoi ty cia chom diém C_last voi mot trong sb cac thong s6 khi
thut toan thir nhét thé hién trén Fig.1 va Fig.2 dugc thuc hién. Ban déu, gié tri cia thong
sé hoi tu dén mot gia tri nhét dinh. Khi gia tri cua thong s6 da hoi tu trong pham vi do
phén giai nhét dinh, thi c¢& budce d s€ giam xubng va gia tri cua thong sé van tiép tuc hoi

ty, quy trinh nay ctr tiép dién cho dén khi c¢& budc d dat t6i gid tri ¢& budc nhod nhét.

Trong vi du dugc thé hién trén Fig.3, véi mdi 14n lap, ba gié tri thong s6 méi duge
kiém thtt, nhu dugc bidu din bang cot doc gdm céc chim tron. Thong s6 méi phu hop
nhét trong mdi 1an Lip dugc biéu dién trén Fig3 dudi dang chdm tron den. Gi4 tri thong
sd phu hop nhét trong mot lan lip dugc dung lam gid tri thong sé méi trong lan 13p ké
tiép. Do do, trong vi du dugc thé hién trén Fig.3, ba gia tri thong sé méi duoc kiém thi
(gdm c6 thong sb hién thoi va cac thong s& 16n hon va nhé hon thong s6 hién thoi véi

mirc chénh 1&ch bing d), chdm tron den trong 14n lip nay tuong tng voi chim tron & gifta
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trong s& ba chAm tron sap xép thanh mot cot trong 14n lap ké tiép.

Theo mdt s6 phuong 4n 1am vi du thuc hién sang ché, cac budc S217 va S219 trong
thuét toan dugc thé hién trén Fig.2 c6 thé dugc loai bo, vi vay cac budc S205, S207,
S209, S211, S213 va S215 dugce thuc hién bé‘mg cach st dung c& budc ban dau. Trong
truong hop do, néu & budc S215 xac dinh thdy ring C_best = C_last, thi c& budc s€
khong giam nita, gia tri C_best s& dugc luu trix va thuit todn nay két thuc. Nho viéc loai
b6 cac bude S217 va S219, thuat toan co thé ¢6 kha ning két thic nhanh hon. Tuy nhién,
néu so sanh véi chom didm ti wu dich thuc thi mirc do khac biét cia chom diém dau ra
C_best thu dugc trong truong hop d6 co thé 16n hon mtc d6 khéac biét cua chom diém
dAu ra C_best thu dugc theo thuat toan dugc thé hién trén Fig.2, trong d6 c& bude d ¢
gidm xudng. Nhin vao Fig.3 co thé thiy ring gia tri thong s6 phu hop nhét trong 14n 13p
cudi cung nam cach gia tri t81 wu (dugc thé hién bang dudng ndm ngang) gén hon so v6i

gia tri thong s6 phi hop nhét khi hoi tu v6i ¢& budc ban dau.

Thuét toan thir nhét néu trén xac dinh chom didm t6i wu dva trén mot dai luong do
hiéu suat nhit dinh (vi du néng suit). Trong phan mo ta sang ché duéi day, mot s6 thuat
toan dé xac dinh chom diém ti vu cho hé thong truyen dit liéu dugc xac dinh bang mot
tap hop gdm mdt hodc nhidu gi4 tri thong sé hé théng, trong d6 chom diém duoc t6i uu
hoa v&i mot gia tri mong muén nhét dinh cua mot thong sb hé thdng (vi du gia tri SNR
nhét dinh hodc hé sé Rice nhét dinh). Theo cic phuong &n nay, gia tri thong sb hé théng
duge thiét 1ap bing mot gia tri ban dau (vi du bing mot gi tri twong d6i 16n) va chom
diém tdi wu duoc tao ra bang cach ap dung thuét toan néu trén (vi du thudt toan dugc thé
hién trén Fig.2), trong do6 dai lugng do hi€u suat dugc xac dinh dya trén hé thong truyen
dir liéu da x4c dinh c6 gié tri thong sb hé thong da thiét 1ap. Sau d6, gia tri thong sO hé
théng dugc thiét 1ap lai bang mot gid tri sira dbi (vi du bing cach gidm gia tri 46 v6i mot
¢¥ budc nhét dinh) va thuét todn nay dugc thyc hién lai. Céac gia tri thong s6 hé théng
khéc c6 thé van giit ¢b dinh. Quy trinh nay duoc ldp lai cho dén khi gia tri thong sd hé

théng dat t61 mot gia tri mong muén nhét dinh.

Vi du, Fig.4 12 so @ thé hién thuat toan thir hai d8 xéc dinh chom diém tdi vu v6i
gia tri SNR cho trude bang S trén kénh c6 tap nhidu Gauss tring cong (AWGN). 0 budce
S401, thuét toan nay dugc thiét 1ap gia tri ban d4u bang cach gan cho thong s6 SNR mdt
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gia tri 16n N, trong d6 N c6 gia trj 16n. Vi dy, gia tri SNR ban dAu c6 thé dugc dit bang
gia tri SNR ma vo6i gia tri nay thi chom diém khong dong déu tao ra hiéu suit khong cao
hon so v6i chom didm dbng déu tuwong duong. Gid tri nay co thé dugc xac dinh, vi du
theo ly thuyét va/hodc thuc nghiém. O budc S401, thong s6 C_last cling dugc thiét 1ap

gia tri ban dAu bang mot chom didm nhét dinh, vi du chom diém ddng déu.

3 bude S403, thuat toan thi nhét néu trén dugce thyc hién bang cach st dung chom
didm ban diu C_last 1am chom diém d3u vao va st dung gid tri SNR ban dau. Khi ap
dung thuét toan thi nhét, chom diém C_last s& hoi tu dén chom diém tdi wu C_best v6i
mot gia tri SNR dau vao cy thé. Gia tri diu ra cia budc S403 1a gia tri C_best thu dugc
sau khi ap dung thudt todn thi hit. O budc S405, gié tri SNR duge gidm di mdt luong
nhét dinh, vi du mdt don vi hodc mot ¢ budc. G bude S405, thong sb C_last nhén gia tri
C_best (tac 1a gia tri cla thong s6 C_last trong 14n 13p ké tiép bang gia tri C_best trong
14n l3p hién thoi). G bude S407, xac dinh xem c6 phai 1a SNR < S hay khong. Néu &
bude S407 xac dinh thiy rang SNR > S, thi quy trinh nay quay lai budc 5403, & do thuét
to4n th@ nhét duoc thuc hién véi cac gia tri méi cia cac thong s6 C_last va SNR. Mat
khéc, néu & budc S407 xac dinh thiy ring SNR <, thi gi4 tri C_best duge luu tr va
thuét toan nay két thuc. Khi 4p dung thuét toan th(r hai, chom diém C_best thu dugc la

chom diém tbi vu véi gia tri SNR mong muon béng S.

Fig.5 thé hién sy hoi tu cua chom didm C_best khi thut toan th hai trén Fig.4
duoc thyc hién. MBbi dudng cong trong s6 ba duong cong bidu dién su thay ddi gié tri ciia
mot thong sb twong ung trong s6 ba thong sé thay dbi. Dudong nét lién c6 gia tri khong
dbi bidu dién gia tri ¢b dinh cta thong s6 dugce gift ¢ dinh. Nhu duge thé hién trén Fig.5,
ltc bt ddu thuc hién thudt toan thir hai, b#t dAu tir phia bén phai trén Fig.5, gia tri SNR
c6 gia tri 16n va chom didm 13 chom diém dong ddu, nhu dugc xac dinh dwa vao gia tri
cta cac thong so & phia bén phai trén Fig.5, dugc goi la “Pidu kién ban dau”. Véi mdi lan
1ap, chom didm t6i wu dugc tao ra voi gia tri SNR cu thé (dugc thé hién bang cac ky hiéu
trén Fig.5). Sau do, gia tri SNR duoc gidm xubng va chom diém tbi vu duge tao ra véi
gia tri SNR méi (quy trinh nay dugc thé hién bing dudng co dang béc thang trén Fig.5
véi mot trong s6 cac thong s6). Nhu dugc thé hién trén Fig.5, gié tri cua cac thong sd

tuong Gng véi chom diém t6i wu thay dbi tron tru theo su thay dbi cua gia tri SNR. Quy
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trinh nay dugc lap lai cho dén khi gia tri SNR dat t6i gia tri SNR mong mudn bang S.

Sau khi thuc hién thut toan thi hai dugc thé hién trén Fig4, chom diém toi uu
duoc tim ra dua vao mdi gié tri trong mdt tap hop gia tri SNR. Céc chom diém nay co thé
dwoc luu trit kem theo céc gia tri SNR tuong tng, vi du vao trong bang do tim.

Fig.6 1a so dd thé hién thuat toan thr ba d x4c dinh chom diém t6i wu véi gid tri
SNR cho truéc bang S trén kénh c6 fadin Rice v6i hé sb Rice mong mubn K_rice. Kénh
c6 fadin Rice dugc biéu dién bing biéu thirc sau day:

K N 1 h (1)
K+1 K+1

Trong biéu thire 1, K 1a hé sd Rice va h 1a phan bd Rayleigh (dd dinh tam va chuén
hod). Ban d4u, thuét toan thir ba sir dung thuét todn thir hai néu trén dé thu dugc chom
didm t5i wu C_best & gié tri SNR bing S cho kénh AWGN, C_best(AWGN). O budc
S601, thong sb C_last dugo thiét 14p gié tri ban dAu bing gi4 tri C_best(AWGN). O budce
S601, hé sd Rice K dugc thiét 1ap gia tri ban diu bing mot gia tri 16m, gia tri ndy co thé
duoc xac dinh theo ly thuyét va/hodc thuc nghiém. Vi dy, K co thé duoc thiét 1ap gia tri

ban du bang gia tri K_rice + N, trong d6 N ¢6 gia tri 16m.

3 bude S603, thuat todn thi nhéit néu trén duoc thyc hién bé‘mg cach st dung chom
diém ban ddu C_last lam chom diém dau vao va su dung hé sb Rice ban dau K dé thu
dugc chom diém tbi vu C_best. O budce S605, hé s6 Rice K duoc giam di mot lugng nhét
dinh, vi du gidm di mot don vi. O bude S605, thong s6 C_last nhan gia tri C_best (thc 12
gia tri cua thong s6 C_last trong l4n lap ké tiép bang gia tri C_best trong lan l3p hién
thoi). G bude S607, xac dinh xem c6 phai la K < K_rice hay khong. Néu ¢ budc S607
x4c dinh thiy rang K > K _rice, thi quy trinh nay quay lai budc S603, ¢ d6 thudt toan thtr
nhét dwoc thue hién v6i cac gid tri méi cla cac thong sé C_last va K. Mit khdc, néu &
bude S607 xac dinh thay rang K <K _rice, thi gia tri C_best dugc luu trlr va thudt toan
nay két thuc. Sau khi 4p dung thuét toan thtt ba, chom diém C_best thu dugc 1a chom

didm t6i vu véi hé sd Rice mong muon K_rice.

Fig.7 1a so dd thé hién thuat toan thir tu dé xac dinh chom diém tbi wu véi gia tri

SNR cho trudc bang S trén kénh c6 fadin Rayleigh. Kénh c6 fadin Rayleigh 1a mot
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trudng hop dic biét cia kénh ¢6 fadin Rice v6i hé sé Rice K = 0. Do d6, thuat toan thir tu

gibng nhu thuat todn thir ba néu trén, ngoai trt K_rice dugc dit bang khong.

Bang 1 dudi ddy so sanh s6 1an goi ham s tinh nang suit dé thu dugc cac chom
didm t5i wu v6i céc kich thuée chom diém khac nhau (16-QAM, 64-QAM va 256-QAM)
khi 4p dung thuét toan tim kiém toan bo, thuit toan tim kiém toan bd thu hep va thuét
toan tim kiém theo sang ché. Céc gia tri trong bang 1 dugc xac dinh dwa vao ¢& budc d
bang 0,0125 va gid tri t6i da ctia céc thong sd bang 10. Bang 1 con thé hién hé s6 tang ich
so sanh khi 4p dung thudt toan tim kiém toan bd thu hep va khi ép dung thuat toén tim
kiém theo sang ché. Nhu c6 thé théy, thuét toan tim kiém theo sing ché dat dugc hiéu
qua cao hon nhiéu, vi du c6 hé s6 tang ich bang 1,15><1010 dbi v6i chom diém didu bién

256-QAM.

Bang 1
Thuét toan Thuét toan Thuét todn Hé sb tang ich ctia thudt todn
fim kiém toan b |tim kiém toanbd|  tim kiém tim kiém theo sang ché so véi
thu hep theo séng ché [thuat toan tim kiém toan bd thu hep
16QAM 800 800 21 38
64QAM 5,1e9 1,9¢8 1701 117577
256QAM 2,1e21 2,5e15 216513 1,15e10

Trong bang 1, thuét todn tim kiém toan bo va thudt toan tim kiém toan bd thu hep
¢6 su khac nhau nhu sau. Trong phin md ta sang ché duéi day, gia st co 4 muc (thong
s6) nam trong khoang tir 0 dén 10. Dbi v6i thuat todn tim kiém toan bd, mdi thong sd
trong sd 4 thong sb duge tim Kiém trén toan bo khoang gia tri [0 - 10] voi mot c& budc
nhét dinh. Péi vai thuat toan tim kiém toan bo thu hep, mdi mic s& ndm & trong mot
khoang gia tri dugc gilt ¢ dinh. Vi dy, muc 1 (thong s6 thtr nhat) nim trong khoang
[0 - 2,5], muc 2 nidm trong khoang [2,5 - 5], muc 3 nim trong khoang [5 - 7,5], muc 4
nim trong khoang [7.5 - 10]. Theo cach nay, s lugng truong hop co thé xay ra s& giam

xuong.

Fig.8 12 so db thé hién thuft toan thir ndm 8 x4c dinh chom diém t6i vu. Thuat toan
ndy twong Umg va gan gibng vé6i thuét todn dugce thé hién trén Fig.2, tuy nhién thuét toan

nay c6 sura dbi dé nang cao hiéu qua chung. Thuat toan nay c6 vong lap trong gdm cac
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bude (tir bude S803 dén budc S819) tuong Gng véi cic bude tir budc S203 dén bude
$219 trén Fig.2. Tuy nhién, bude S805 dé tao ra tip hop chom didm du bi co stra doi so
v6i bude S205 tuong ung trén Fig.2. Cu thé, trong thuat toan trén Fig.8, thay vi thay dbi
mbi thong sb trong sé b thong sb va Kkidm thir tit ca cac td hop cua cc thong s6 méi nhu
trong thuét toan trén Fig.2, thi m3i 1an chi thay dbi duy nhit mot thong sb. Vi du, trong
mot lan lip cua vong l3p trong gém cac budc S803-S819, chi thay ddi mét thong sb
(thong s6 1) dé tao ra mot tip hop chom diém du bi. Hiéu suit ctia cac chom diém nay

dugc tinh va chom diém co hiéu suét cao nhét dugc chon, nhu dugc thé hién trén Fig.2.

Trong thuét toan trén Fig.8, gia tri cuia thong s i thay dbi trong khoang tir 1 dén b
bing céch st dung vong 13p ngodi (gdbm cac budce tir bude S821 dén budc S825). Thuat
toan trén Fig.8 duogc thiét 1ap gia tri ban diu & bude S801, twong tng voi bude S201
trong thuat toan trén Fig.2. Co thé nhan thiy rang, khi 4p dung thut toan trén Fig.8, thay
cho thudt toan trén Fig.2, thi tong s6 chom diém du bi dugc kidm thir (tic 12 tong s6 phép
tinh hiéu sudt) giam di ddng ké. Tuy nhién, trong cdc mo hinh, chom diém t6i vu thu
duoc khi dp dung thuat toan trén Fig.8 rét gibng v6i chom diém toi wu thu dwoc khi dp
dung thuét todn trén Fig.2, ma chom diém téi wu thu dugce khi 4p dung thuat toan trén
Fig.2 lai rat gidng v&i chom didm t6i wu dich thuc thu dugc khi 4p dung thuat toan tim
kiém toan bd. Hiéu qua tinh toan khi &p dung c4c thuat toan theo cc phuong 4n néu trén
ciia sang ché, so véi khi dp dyung thuat to4n tim kiém toan bd, dugc nang cao cang nhiéu
khi bac cia chom diém cang ting.

Ciing gidng nhu thudt toan dugc thé hién trén Fig.2, theo mot s6 phuong an 1am vi
du thuc hién sang ché, cac budc S817 va S819 trong thudt toan duoc thé hién trén Fig.8

6 thé dugc loai bo.

Theo céc phuong dn néu trén, cac chom diém t6i wu c6 thé thu dugc véi cac thong
sé cu thé, vi du gié tri SNR, hé s6 Rice, v.v.. Cdc chom diém t6i wu nay thu duge khong
phu thudc vao viée st dung bt ¢t hé théng cu thé nao, vi du khong phu thudc vao so d6
ma hoé cu thé. Phin mo ta sang ché dudi day s& mo ta cac phuwong an khac nhau dé thu

duoc chom didm t6i wu v6i mot hé thong truyén di liéu cu thé.

Hé thong truyén dit liéu co thé ¢6 mot sb quy trinh anh hudng dén chom diém t6i

wu, vi du nhu cic quy trinh ma ho4 stra 16i truée (Forward Error Correction, FEC), dan
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xen bit, phan kénh céc bit ra thanh cac 6, anh xa cac 0 1én cac chom diém, dan xen 0,
phép xoay chom didm, dan xen céc thanh phan ddng pha v6i cac thanh phan c6 pha
vudng goc (In-phase and Quadrature phase component interleaving, 1/Q), tich chdp giita
cac khung va dan xen khéi gifta cac khung, va md hoa tru6e theo so dd co nhidu dau vao
mot dau ra (Multiple-Input-Single-Output, MISO). B6 4nh xa QAM duogc st dung trong
chudi didu bién ma hoa dan xen bit (BICM) 4 4nh xa tir c4c bit 1én cac ky hi¢u. Bo anh
xa QAM co thé str dung mdt chom diém ddng déu d8 4nh xa tir cac bit 1én cac 6 (vi du
nhu duge thuc hién trong hé théng theo tiéu chudn DVB-T2). Tuy nhién, ¢6 thé dat dugc
hiéu quéa nang cao nang suat khi stt dung mot chom diém khong ddng ddu ¢d dinh. Chom
diém khong dong ddu khong cb dinh (vi du chom diém didu bién QAM) co thé dugce st
dung dé nang cao ning suat hon nita. Ning suit BICM phu thudc vao anh xa tir cac bit
1én cac 6 dugc st dung. Diéu mong mudn 14 t61 wru hod thiét ké ma LDPC, 4nh xa QAM
va 4nh xa tir c4c bit 1én cac 0.

Theo mot sb phuong 4n lam vi du thuc hién sang ché, cac chom diém khac nhau
duoc tao ra bing cach sir dung mot ¢ bude nhét dinh. Ty 16 13i bit (BER), ty 1 16i khéi
va/hodc ty 1€ 161 goi twong (g vgi cac chom diém duoc tim ra, va chom diém c6 hiéu
suit cao nhit dugc chon dya vao mot hoac nhiéu loai ty 16 15i néu trén.

Theo mdt sd phwong én 1am vi du thuce hién sang ché, quy trinh dugc thé hién trén
Fig.9 ¢o thé dugc thuc hién dé thu dugc chom didm tbi wu v6i mot hé théng cu thé. O
budc S901, chom diém ddng déu (vi du chom diém didu bién QAM dong déu) dugc
chon. 3 bude S903, cac gia tri BER cua chom diém déng déu di chon duoc tim ra véi
mdt khoang gid tri SNR (vi du bing cach sit dung md hinh hodic bing cach thu dugc cac
gia tri BER theo ly thuyét hogc thuc nghiém). Cac gia tri ndy co thé dugc tim ra dua trén
mdt hé théng cu thé, vi du st dung mot so 45 ma hoé cu thé (nhu ma hoa LDPC v6i mot
ma tran kiém tra chin 1¢ nhét dinh) c6 ty 1é ma hoa nhit dinh va mot bd dan xen bit va
dan xen 6 nhit dinh. Fig.10 13 dd thi biéu dién hiéu sust BER theo gia tri SNR v6i so i)
didu bién 64-QAM sit dung ty 1¢ ma hod LDPC bang 2/3 theo tiéu chudn DVB-T2 trén
kénh AWGN theo phuong an 1am vi du thyc hién sang ché.

3 bude S905, gia tri SNR ma ¢ do duong cong BER giam xubng thip hon gia tri

ngudng (vi du 0,001) dugc xac dinh. Gia tri ngudng c6 thé dugc chon sao cho gié tri
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SNR thu dwogc roi vao “vung hinh thac” cia dudong cong BER (tirc 13 ving ma & do
duong cong BER di xubng tuong d6i nhanh theo chidu tang gié tri SNR). Gia tri SNR da
xac dinh c6 thé duge ky hiéula S va dugc goi 1a gia tri SNR “hinh thac”.

Sau d6, ¢6 thé thu dwoc chom diém t6i wu véi gid tri SNR bing S di xé4c dinh &
budc S905.

Vi du, theo mot sb phuong 4n lam vi du thuc hién sang ché, & budc S907a, mot
chom diém tbi wu co thé duoc chon trong s6 cac chom diém b1 wru thu dugc khi thyc hién
cac thuat toan di dugc md ta & trén dua vao céac hinh ve€ tu Fig.1 dén Fig.8 (va di dugc
luu trit trong bang do tim). Cu thé, chom didm t6i wu duogc xac dinh trude do6 véi gia tri

SNR biing S c6 thé duge tim kiém tir bang do tim.

Theo cach khac, mot quy trinh 1dp ¢0 thé duoc thyc hién dé thu dugc chom diém
(khong ddng déu) t81 wu. Cu thé, sau bude S905, quy trinh nay chuyén dén budc S907b,
& d6 s& ap dung céc thuat toan 45 mo ta & trén dya vao céac hinh v& tir Fig.1 dén Fig.8 aé
thu dwgc chom diém toi wu voi gid tri SNR bing S (hodc gin bing S). Sau bude S907b,
quy trinh nay quay lai budc S903, & d6 cac gia tri BER dugc tim ra v6i mot khoang gia
tri SNR. Trong quy trinh ldp ndy, cac gia tri BER dugc tim ra v6i chom diém tdi wu thu
duoc & bude S907b (chir khong phéi 1a véi chom diém dong déu ban diu gidng nhu & lan
1ap thit nhat).

Theo cach twong tu nhu dd néu trén, gi4 tri SNR ma ¢ do duong cong BER gidm
xudng thdp hon gia tri ngudng (s dung tap hop gia tri BER méi v6i chom diém t6i wu)
duoc x4c dinh & buge S905, va chom didm t6i wu méi voi gia tri SNR mai xéc dinh s€
duoc tim ra & budc S907b. Céc bude $903, $905, S907 dd mo ta & trén c6 thé duoc 13p
lai v6i s6 1an nhét dinh (vi du s6 1an dinh trudc). Theo céch khac, thuét toan nay ¢6 thé
két thiic khi gia tri SNR hinh thac khong con giam xubng nita giita cac 14n lap, va thay vi

gidm xudng thi lai bét dau tang 1én.

Fig.11 va Fig.12 thé hién thuft todn thir sdu d& xé4c dinh chom diém tdi wu. Thuat
toan nay tuong g va gin gibng voi thuat toan dugc thé hién trén Fig.8, tuy nhién thut
toan nay c6 stra dbi @& nang cao hiéu suét. Cu thé, thuat toan nay st dung thém khai niém
huéng hoi tu clia gid tri thong s6. Vi du, bén trong vong ldp trong cta thuit toan nay,

thong sé direction duogc thiét 1ap gid tri ban du bang 0. Khi tao ra mot tap hop chom
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didm du bi, thi tAp hgp chom diém du bi d6 phu thudc vao thong sd direction. Khi chom
diém c6 hiéu suit cao nhit dugc chon & budce S1 109, thi huéng hoi tu cua gia tri thong sb
i dugc tim ra. Vi du, néu gia tri thong sé nay dang hoi tu hudéng lén trén, thi thong s6
direction c6 thé dugc dat bang +1, néu gia tri thong s6 nay dang hoi tu huéng xudng
dudi, thi thong s direction c6 thé dugc dat bang —1, con néu gia tri thong s6 nay khong
thay dbi, thi thong sb direction ¢ thé duoc dit bang 0. Nhu dugc thé hién trén Fig.12, sb
luong chom diém du bi co thé giam xudng khi gia tri thong s6 hoi tu hudéng 1én trén hodc
hudéng xudng dudi.

Nhu da néu trén, chom diém tbi wu co thé thu dugc véi mot hé théng cu thé,
va/hoiic v6i céc gid tri thong sO hé théng nhét dinh. Vi dy, chom didm t6i wu (nhu chom
diém c6 nang sudt BICM tdi uu) co thé thu dugc véi mot kiéu kénh truyén nhét dinh (nhu
kénh AWGN, kénh Rayleigh hodc kénh Typical Urban, kénh TU6) va v6i mot gid tri
SNR nhét dinh. Tuy nhién, trong mot s6 truong hop, dit liéu co thé duoc truyén trong cac
didu kién truyén khac nhau. Vi dy, dit liéu co thé duge truyén qua cac kiéu kénh khéc
nhau va c6 thé duge thu voi cac gid tri SNR khac nhau. Ngoai ra, ¢6 thé mong mudn hogc
yéu cau 1a hé théng truyén dit liéu st dung cung mot chom diém, bét k& didu kién truyén
(nhu kidu kénh hoic gid tri SNR), vi du d8 1am giam do phirc tap cua hé théng. Trong
mot s6 trudng hop, hé théng truyén dir liéu co thé sir dung m6t chom diém nhét dinh cho
nhidu didu kién truyén khac nhau (nhu cac kidu kénh khac nhau va cac gia tri SNR khac

nhau).

Fig.13 dén Fig.16 thé hién thut todn @ thu duoc chom diém tdi wu (vi du dat dugc
nang suét cao nhét) véi hai hodc nhidu hon hai diéu kién truyén khéc nhau (vi du cac kiéu
kénh khéc nhau vi/hodc céc gid tri SNR khac nhau). Thudt todn nay gdm nhiéu phin
Kkhac nhau. Trude tién, gid tri SNR hinh thac v6i m3i kiéu kénh (vi du kiéu kénh truyén)
dugc tim ra khi ap dung thuét toan giéng nhu thuét toan dugc thé hién trén Fig.9. Ham sb
dai luong do hiéu sudt c6 trong sd (vi du nang sut c6 trong s6) v6i chom diém dau vao
duge xac dinh dya trén cac didu kién truyén khac nhau (vi du cac kiéu kénh khac nhau va
cac gia tri SNR khac nhau). Khi d6, thuét toan giéng nhu cac thuat toan duoc thé hién
trén Fig.2, Fig.8 hodc Fig.11 duoc ap dung dé xac dinh chom diém t6i vu, trong d6 dai

lugng do hiéu suét duge st dung 1 dai lwong do hiéu suét c6 trong $6.
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Fig.13 thé hién quy trinh thu dugc gia tri SNR hinh thac v6i mdi kiéu kénh. Mbi
Kidu kénh duoc x Iy riéng bigt dé thu dwoc gid tri SNR hinh théc cua kidu kénh d6. Cu
thé, quy trinh thé hién trén Fig.13 duoc thyc hién lap lai v&i mdi kiéu kénh dé thu dugc
gia tri SNR hinh thac tuong g voi kiéu kénh d6. Quy trinh thé hién trén Fig.13 dugc
thuc hién theo cach gﬁn giéng nhu thut toan dugc thé hién trén Fig.9, va vi vay dé cho
ngin gon thi & day s& khong mb ta chi tiét nita. Tuy nhién, thay vi tao ra chom diém tbi
wu, nhu trong thuat toan duoc thé hién trén Fig.9, quy trinh dugc thé hién trén Fig.13 tao
ra gia tri SNR hinh théc dugc xac dinh trong 1an lap cubi cung ctia quy trinh nay. Quy
trinh thé hién trén Fig.13 (c6 budc lap md hinh gid tri BER va bude tdi wu hod hiéu suét)
duoc thye hién dua trén mot kiéu kénh nhét dinh, va gid tri SNR hinh théc tim dugc dugc
coi 12 gi tri SNR hinh thac twong tmg v6i kidu kénh do.

Fig.14 1a so dd thé hién quy trinh thu dugc ham sb6 dai luong do hiéu sudt co trong
sé v6i chom diém dau vao dua trén céc diéu kién truyén khac nhau. Trong vi du nay, dai
lugng do hi¢u suét c6 trong s6 12 ning sudt c6 trong sb, va cac didu kién truyén khac nhau
bao gdm céc kiéu kénh khac nhau va céc gia tri SNR hinh thac twong tmg. Nhu dugc thé
hién trén Fig.14, mot chom diém dy bj dugc ding lam chom diém diu vao. Vi méi kiéu
kénh va gi tri SNR hinh thic twong Ung, ning suht BICM v6i chom diém ddu vao dua
trén kidu kénh va gia tri SNR hinh thac nay dugc tim ra. Sau do, mdi ning suit BICM
tim dugc s& duge nhan v6i mot trong sb twong tmg va cac nang suit BICM sau khi nhin
v6i trong s s& duoc cong lai dé thu duoc nang suit BICM trung binh co trong s6 dau ra.
Céc trong sb c6 thé duoc chon theo céc tiéu chi phu hop bét ky. Vi du, kiéu kénh tuong

dbi phd bién hoic trong yéu c6 thé dugc gan trong sé twong dbi 16n.

Fig.15 thé hién quy trinh thu dugc chom diém tdi vu. Quy trinh duoc thé hién trén
Fig.15 dugc thuc hién theo cach gan gidng nhu thuat toan dugc thé hién trén Fig.2, Fig.8
hoic Fig.11, va vi vy dé cho ngin gon thi & day s€ khong mo ta chi tiét nita. Tuy nhién,
khi xac dinh hiéu suit ctia chom diém du bi trong quy trinh dugc thé hién trén Fig.15,
hiéu suét dugc xac dinh dya trén dai luong do hiéu sult c6 trong sd d3a mo ta & trén dua

vao Fig.14.

Theo quy trinh dugc thé hién trén Fig.15, trong mot s6 truong hop, mot chom diém

nhat dinh c6 thé dat dugc higu suét cao nhét vai dai lugng do hiéu suét c6 trong s6, mic
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du hiéu suit ctia chom diém d6 voi ning sudt BICM chi dua vao kiéu kénh va gia tri SNR
thi c6 thé 1a twong ddi thip. Theo mdt s6 phwong 4n 1am vi du thurc hién sang ché, dé dam
bao rang chom diém thu duoc sau khi 4p dung thuét todn ¢6 kha ning dat dugc it nht 12
mot mirc hiéu suit nhit dinh véi mot hodc mot s6 diéu kién truyén, hodc véi tAt ca céc
didu kién truyén, thi c6 thé cAn phai 4p dung thém mot tiéu chi nita khi kiém thir mbi
chom didm du bi dé thu dugc chom diém C_best. Cu thé, bit ctt chom diém du bi nao
néu khong dat duoc it nhit 13 mirc hiéu suit ngudng véi mot hodc mot s6 diéu kién
truyén cu thé nhét dinh, hodc véi tht ca cac diéu kién truyen, thi déu bi loai bo va khong
thé dugc chon lam chom diém C_best, cho du chom diém do6 dat dugc hi€u suét cao nhét

v6i dai luong do hiéu sudt c6 trong s0.

Trong quy trinh dugc thé hién trén Fig.15, tp hop chom diém du bi c6 thé dugc tao
ra bang cach sir dung mot phuong phap phu hop bét ky, vi du phuong phép da dugc mo
ta trén ddy dua vao Fig.9 véi cd bude d. Fig.16a va Fig.16b thé hién céc so @b thay thé aé
tao ra chom diém duy bi tr mot chom diém trude, C_last, cac so d6 nay c6 thé dugc st
dung trong mot sd phuong 4n lam vi du thuc hién sang ché. Trén Fig.16a va Fig.16b,
chim tron tring biéu dién chom diém truéce, C_last. Vi mdi chom diém trudc, mot tap
hop tuong Gng gébm N chom didm stra @bi duoc xéac dinh, va dugc bidu dién bing cac
chim tron den nhu dugc thé hién trén Fig.16a va Fig.16b. Mbi tip hop chom diém sira
dbi tao thanh mot mAu gdm céc chom didm ndm & vi tri tuong d6i gan voi chom diém
trudce tuong Ung.

Vi du, nhu dwgc thé hién trén Fig.16a, mdi tp hgp chom didm sira ddi co thé tao
thanh mdt mau c6 dang hinh vudng hodc hinh chit nhat c6 N =8 chom diém bao quanh
mot chom diém trude twong Ung. Khoang cach trong mau nay bang d. Theo cach khic,
nhu duogc thé hién trén Fig.16b, mbi tap hop chom didm stra ddi tao thanh mot vong tron
c6 N = 8 chom diém bao quanh mdt chom diém trudc twong tmg. Ban kinh ctia vong tron
nay bang d.

Chom didm du bi c6 thé thu duge bang cach chon, v6i mbi chom diém trudc, hodc
12 ngay chinh chom diém trudc nay hodc la mot trong s& cac chom diém nim trong tap

hop chom diém stra di twong Gng.

Trong céac vi du néu trén, dai luong do hiéu suét co trong s6 dugc xac dinh dua trén
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cac diéu kién truyén Kkhac nhau. Vi du, trong truong hop dugc thé hién trén Fig.14, mdi
didu kién truyén c6 mot kidu kénh khac nhau va mét gia tri SNR hinh thac tuong ung. Do
d6, chom diém t6i wu trong mot khoang xdc dinh cho cac kiéu kénh va cac gia tri SNR
tuwong ung co thé dugc tim ra. Theo phuong an khéc, chom diém tbi wru c6 thé dugc tim
ra v6i cac diéu kién truyén khéc nhau, trong do6 mbi didu kién truyén c6 kidu kénh gidng
nhau, nhung c6 cac gid tri SNR khac nhau (vi du mét tap hop gbm cac gia tri SNR bang
S1, S1+d, S1+2d, S1+3d, ..., S2, trong d6 d la c& buéc). Nghia 1a, chom diém ti vu c6
thé duoc tim ra véi mot kiéu kénh cb dinh du dinh s& st dung trén mot khoang gia tri
SNR. Trong trudng hop nay, thuat toan di dwgc md ta & trén dua vao cac hinh v& tir
Fig.13 dén Fig.16 c6 thé dugc ap dung, trir viéc xac dinh dai lugng do hiéu suit co trong
sé nhu duoc thé hién trén Fig.14, thay vao d6 1a xac dinh cac gia tri nang sudt BICM cu
thé dya trén céc kidu kénh twong Gng va céc gia tri SNR hinh thac twong tmg, cac gia tri
nang suit BICM cu thé d6 dugc xac dinh dua trén kidu kénh c¢b dinh va cac gia tri SNR
twong (g bang S1, S1+d, S1+2d, 81+3d, ..., S2.

Trong céc thudt todn néu trén, mdt k§ thudt c6 thé dugc 4p dung dé 1am giam do
phtc tap cua hé théng. Cu thé, khi mot tap hop chom didm du bi dugc tao ra va hiéu suét
clia cac chom diém du bi duge kiém thw, thi cdc chom diém du bi da dugc kiém thir trude
d6 (i 1a da duge kiém thir trong mot hogc nhidu 14n I3p truéc) s& khong duoc kiém thir
lai. Nghia 1, chi nhitng chom diém du bi nao chua dugc kiém thtr trong céc 14n 13p trude
thi m&i duge kiém thir trong 14n 1ap nay.

Vi dy, nhu da néu trén, tp hop chom diém du bi thir nhét, A, duoc tao ra trong mot
l4n 13p, va chom diém duy bi co6 hiéu suét cao nhit, a (acA), dugc chon tr tp hop nay.
Trong l4n lap ké tiép, tap hop chom diém du bi thi hai, B, dugc tao ra dua trén chom

didm duoc chon truge d6 a (aeB). Trong lan l3p ké tiép nay, chi can xac dinh chom diém
du bi c6 hiéu sudt cao nhét b (beB) trong tap hop B.

Thong thudng, s€ cb it nhit mot phan trung nhau nao do gitra hai tdp hop chom
diém du bi A va B, tirc 12 mét hogc nhiéu chom diém du bi thudc c hai tdp hop A va B
(ttc 12 ANB#0), d6 la chom diém a. Vi da biét ring chom diém a 1a chom diém c6 hiéu

sult cao nhit trong so6 tat ca cac chom diém trong tap hop A, cho nén ciing s€ biét ring
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chom diém a 12 chom diém c6 hi€u suit cao nhit trong so tat ca cac chom diém thudc

phén tring nhau gifta cc tap hop A va B (tuc 1a ANB).

Do do, khi kiém thir cac chom diém trong tp hop B dé x4c dinh chom diém co hiéu
suit cao nhét, b, thi khong can phai kiém thir lai cac chom diém thudc phan trung nhau
gifta cac tép hop A va B (tirc 1a khong can phai kiém thtr lai cac chom diém trong tap hop
AB). Dung ra 13, khong phai kiém thtt tit ca cac chom didm trong tip hop B, ma chi
kidm thir cac chom diém thudc tap hop chom diém B* nhé hon, tdp hop nhé hon nay
gdm cc chom diém thuoc tap hop B nhung loai trir bét cr chom diém nao ciing thudc tap
hop A (tic 1a B* = B-A). Khi d6, chom didm c6 hiéu sult cao nhét trong tip hop dugce

tao ra bang cach hop tap hop B* va chom diém c6 hiéu suét cao nhét trude do, a (tuc la
chom didm c6 hiéu suét cao nhét trong tap hgp B*U{a}) s€ duoc chon lam chom diém c6
hiéu suét cao nhét, b, ctia tp hop B.

Fig.17 thé hién vi du vé nguyén tic néu trén lién quan dén vi du duge thé hién trén
Fig.16a. Trong vi du trén Fig.17, & l4n l3p i, da tim ra chom diém duoc bidu dién bing
cham tron den 1a chom diém co hiéu sudt cao nhét. O 14n lap i+1, khong can kiém thir tap
hop con chung (gbm céc chim tron tring va mot chim tron den), vi tap hop con chung
nay di duoc kiém thir trude va déu c hiéu sudt thdp. Nghia 13, ¢ lan lap i+1, chi can
Kidm thtr cac chdm tron xam. Do do, trong vi du dugce thé hién trén hinh v& nay, co thé

gidm bot 44% (= 4/9) khoi lugng tinh todn.

Fig.18 thé hién thiét bi thuc hién thudt toan theo mdt hodc nhidu phuong 4n néu
trén. Thiét bi nay dugc tao céu hinh dé tao ra chom diém khong ddng déu. Thiét bi nay
bao gdbm phuong tién thyc hién quy trinh thi nhét. Phuong tién thuc hién quy trinh thur
nhét bao gbm: phuong tién thu dugc chom diém thtr nht dugc xé4c dinh dwa vao mot
hogc nhiéu gia tri thong sb; va phuong tién tao ra chom diém thw hai dua trén chom diém
thir nhit bing cach st dung quy trinh tht hai. Phuong tién tao ra chom diém thu hai dua
trén chom diém tht nhét bing cach st dung quy trinh thir hai bao gdbm: phuong tién thu
duoc tdp hop chom diém du bi, trong d6 tap hop chom diém du bi nay gdm c6 chom
diém tht nhét va mot hodc nhidu chom diém sira dbi, trong do mai chom diém sta d6i

duoc tim ra bang cach thay d6i gia tri cta cic thong s6 xac dinh chom diém thtr nhat;
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phuong tién xac dinh hiéu subt ctia m3i chom diém du bi theo dai lugng do higu suét dinh
trede; va phuong tién chon chom diém du bi c6 hiéu sut cao nhét 1am chom diém thi
hai. Phuong tién thyuc hién quy trinh tht nhit con bao gbm phuong tién xac dinh sy khac
nhau gifta chom diém thir nhat va chom didm tht hai; va phuong tién dé yéu cAu phuong
tién thuc hién quy trinh thir nhét phai 13p lai quy trinh thtr nhét bing cach str dung chom
diém thr hai dugc tao ra trong 14n 14p hién thoi cta quy trinh thir nhét 1am chom diém
thtr nhét trong 1an 13p ké tiép néu chom didm thir hai khac v6i chom diém tht nhét voi

murc chénh 1éch cao hon muc ngudng.

Ngudi ¢o hiéu biét trung binh v& linh vuc k¥ thudt twong ung s€ hiéu rang céc chic
ning cua hai hodc nhidu hon hai phuong tién bat ky duge thé hién trén Fig.18 co thé
dugc thyc hién bang mot phuong tién duy nhét, va cac chirc ning cia mdt phuong tién
bat ky duogc thé hién trén Fig.18 c6 thé duoc thyc hién bang hai hodc nhiéu hon hai
phuong tién. Phuong tién co thé duge thuc hién véi moi cAu trac phu hop, vi du phéin
ctng, phin mém, phan syn, hodc moi dang két hop phu hop cua phan ctng, phan mém va

phan sun.

Chom diém thu dugc bang phuong phap theo cac phuong an lam vi du néu trén co
thé dugc str dung trong hé théng phat rong k¥ thuat s6 d8 truyén dit liu tr thiét bi truyén
dén thiét bi thu. Theo mot s& phuong 4n lam vi du thuc hién sang ché, hé thong nay bao
gbm thiét bi truyén dugc tao cAu hinh dé thu duoc dit liéu (vi du dong dix liéu), thuc hién
moi quy trinh ma hod va/hodc xir Iy cin thiét khéc trén dit li€u, didu bién tin hiéu dir liéu
theo mot so dd didu bién tuwong tmg v6i chom diém, va truyén tin hiéu da didu bién. He
théng nay con bao gdm thiét bi thu dugc tao cAu hinh dé thu tin hiéu da didu bién, giai
didu bién tin hiéu nay theo mot so o giai didu bién twong Gmg véi chom diém (hay chom
diém twong tu hodc twong Umg), va thyc hién moi quy trinh giai ma va/hodc xur ly can
thiét khac d& khoi phuc dit liéu goc. Theo mot s6 phuong 4n 1am vi dy thyc hién sang
ché, hé théng nay c6 thé chi c6 thiét b truyén, chi c6 thiét bi thu, hodc hé thdng nay c6 ca
thibt bi truyén 14n thiét b thu.

Déi véi cac chom diém khong dong déu, c6 thé thiét ké cac chom diém bang cach
chi b6 di mot diéu kién rang bude, tirc 13 bing cach gilt cdc chom diém c6 dang hinh

vubng va thay doi khoang cach gifta cac diém trong chom diém. Cac chom dieém khong
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ddng déu (NUC) kiéu nay c6 thé dugc goi 1a chom diém NUC mot chiéu (1D). Céc chom
didm 1D-NUC c6 thé dugc md ta v6i cac mirc ma & d6 cac chom diém xuét hién & phan
thuc duong. Cac didm con lai c6 thé dugc suy ra bang céach sir dung tinh d6i ximg cua
bbn goc phan tu cung véi tinh d6i xtng qua truc thuc va truc do. Céac chom diém
1D-NUC d& giai ma vi c6 sy doc 1ap cua phén thuc va phén 40. Hai (2) bd khir 4nh xa
didu bién bién d6 xung (Pulse Amplitude Modulator, PAM) ¢6 thé duge dung dé giai ma
céc chom diém 1D-NUC.

C6 thé thiét ké mét kiéu chom diém NUC khéc bing cach bd di cd hai diéu kién
rang budc: c6 dang hinh vudng va khoang céach dbng déu giita cac diém trong chom
didm. Cac chom diém tdi wru s& c6 xu huéng trong giéng nhu 12 chom diém c6 dang hinh
tron. Chom diém NUC kiéu ndy c6 thé dugc goi 1a chom diém 2D-NUC. Chom diém
2D-NUC c¢6 nang suét cao hon so v6i chom diém 1D-NUC va c6 hi€u suat BER/FER cao
hon. Tuy nhién, hi€u suét cao hon cia chom didm 2D-NUC sé& tuong tmg voi chu tric

phtrc tap hon ctia bo khtr 4nh xa trong thiét bi thu tin hiéu.

Vi chom diém khong d6i xtmg qua truc thyc va truc 30, cho nén phai sir dung bo
Khit 4nh xa 2D dé giai ma chom diém 2D-NUC. Péi v6i chom diém 2D-NUC, can phai
xac dinh mot tap hop diém day du. Co thé chi x4c dinh c4c diém thudc goc phan tu tha

nhét va suy ra cac diém con lai bang c4ch coi nhu chom diém nay c6 tinh d6i xing.

Viée ti wu hod cac chom diém 1D-NUC va 2D-NUC phu thuge vao gia tri SNR ma
& d6 can phai t6i wu hoa hiéu suit. P6i voi chudi BICM, gia tri SNR ¢6 thé duogc chon 1a
gia tri SNR hinh théc trén duong cong BER/FER. Duong cong BER/FER hinh thac co
thé dugc xac dinh co6 gid tri SNR ma & d6 dudng cong BER giam xuéng thép hon mot
mirc nhat dinh, vi du 10e—6. Gia tri SNR hinh thac phu thudc vao ty 1€ ma hod ciia b mé
hoé/giai ma LDPC. Khi ty 1& mé hoa tang, thi gi4 tri SNR hinh thac tdng. Vi ly do nay
cho nén chom diém NUC khéac nhau twong Ung v6i mdi ty 1é ma hod ciia b mé hod
LDPC. Gi4 tri SNR hinh théc ciing tdng theo kich thuéc ciia chom diém QAM (M). 8¢ di
nhu vy la do thiét bi thu tin hiéu cAn c6 gid tri SNR cao hon dé giai ma chom diém diéu
bién QAM cé bac cao hon. Do do, kich thuée cta chom diém va ty 1& ma hoa xéac dinh
gia tri SNR hinh thac. Gié trj SNR hinh thic duge dung 4 t6i wu hoa cac chom diém. O
day, cac ty 1 ma hoa bang: 2/15, 3/15 va 4/15. Chom diém NUC c6 céc kich thuée nhu
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sau: 16QAM, 64QAM, 256QAM va 1K QAM. Doi véi ba kich thude du ctia chom diém
didu bién QAM, chi sir dung céc chom diém 2D. Péi v6i chom diém didu bién 1K QAM,
can str dung ca cac chom didm 1D 13n cac chom diém 2D.

Mdt vi du vé cic diém trong chom didm thu duge bang cich ap dung céc thuat toan
néu trén voi cac ty 16 ma hod s& dugc md ta dudi day.

Theo phuong an lam vi du duéi day, c6 thém mot didu kién rang budc ap dung cho
quy trinh xdc dinh nang suit theo gia tri SNR d6i v6i phuong phap tao ra chom diém
NUC hién co.

Khi d4 biét gia tri SNR, thuong 1a s€ tinh dugc nang suét truyén toi da ma dit li¢u co
thé duoc truyén khong co 15i. Noi cach khac, khi tinh nang suat bang cach chon gié tri
SNR dua vao dudong cong BER/FER hinh théc, thi gia tri SNR nay cho biét ving ma ¢ do6
s& ¢6 131 bit hodc 16i khung, tuy nhién nang suét thyc té lai cho biét ning suét truyén
trong nhitng truong hop khong ¢6 161, va do do6 co thé s& c6 méu thuln.

Vi viy, theo sang ché, khi tinh nang suit dya vao gid tri SNR, thi s& bd sung hé sd
hiéu chinh.

Vi du, khi gia tri SNR1 dugc chon cho CHI1 trén Fig.14, néu gia tri ning sut trong
truong hgp khong c6 18i 1a C1, thi gi tri C1 da hiéu chinh, ky hiéu 1a C1°, duge xac dinh
bing biéu thirc sau day:

C1’ = C1x(1-H(Py)) (2)

Trong do, Py la gia tri BER xac dinh vung hinh thac, va ham H(x) 1a ham entropy
nhi phén, H(x) = —xxloga(x) — (1-x)xlogy(1-x).

Trong truong hop nay, 1y do tai sao gia tri (1-H(Py)) nh6 hon hodc bang 1 dugc
nhan v6Gi gia tri ndng suét hién thoi nhu dugc biéu dién trong biéu thirc 2 s& duoc giai
thich dudi day.

Véi truong hop Py 12 xéc sudt xuét hién 16i bit trén kénh truyén, néu gia si rang 16i
bit ding bang Py, da xuét hién trude khi truyén thong tin ngudn, va 13i bit khong xuét hién
trong lic truyén thong tin ngudn, thi thong tin ngudn s& khong c6 su khac biét do 13i bit
gifta cac diu truyén/thu cudi cing. Nhu da néu trén, khi xac suat xut hién 15i lién quan

dén mot kénh dugc coi la lam tdn hao thong tin ngudn, thi s& co két qua giéng nhu khi 4p
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dung phuong phép nén c6 tdn hao véi ty 1€ bang H(Py) so voi dit liéu cho trudc, theo ly
thuyét Shannon vé ty 18 16i-méo tin hiéu. Tom lai, co thé coi 1a lugng dit li€u truyén trén
kénh cho truéc ban dau, goi 13 ning suét, s& giam di (1-H(Py)) so vé6i kénh truyén khong

¢6 151 hozic khong c6 ton hao.

Khi cing mot gia tri dugc 4p dung cho tAt ca cac kénh c6 xac suét Py, trén Fig.14, thi
cung mot hé s6 nhan (1-H(Py)) s& duoc ap dung, va vi vay, hé s6 (1-H(Py)) nay duoc
nhan véi gia tri nang suét c6 trong sb. Do do6, khong c6 su khac nhau gitta cac diém trong
chom diém NUC tbi wu. Tuy nhién, gia tri BER dich ¢6 th& 13 khac nhau dbi véi mbi
kénh, va vi vay, thir tu sap xép theo gia tri ndng suét c6 trong sb 6 thé 1a khac nhau. Do
6, cac diém trong chom diém NUC tdi uu co thé 12 khac nhau. Vi du, kénh AWGN
thuong duge dung cho thiét bi cb dinh, va do d6 can c6 gia tri BER rat thip. Vi vay, khi
tinh ning sudt, gia tri BER = 1e-8 c6 thé duge xem xét. Vi kénh Rayleigh chu yéu dugc
dung 1am kénh di dong c6 fadin, cho nén cin c6 gia tri BER cao hon so v6i gia tri BER
ctia kénh AWGN. Do do, gia tri BER = le—6 c6 thé dugc xem xét. Nhu dé néu trén, néu
dit ra cac yéu ciu khac nhau lién quan dén gia tri BER cho cac kénh tuong tmg, thi cac
gia tri hé $6 4p dung cho nang suit cudi cung cling s& khac nhau, va vi vy, gié tri BER
nay co thé 13 khac nhau véi cac diém trong chom diém NUC thu duoc khi xem x¢ét nang

suit ma khong aéy dén gia tri BER.

Cu thé, bang 2 thé hién gia tri cia cac diém trong chom diém chuin hoa 2D NU
16-QAM (goi it 1a chom diém 2D 16NUC) thu dugc bing cach ap dung céc thudt toan
néu trén st dung céac ty 1 ma hod tuong tng bing 2/15, 3/15 va 4/15 v6i mot gia tri SNR.

Bang 2
w/hinh dang Ty 16 ma hod
2/15 3/15 4/15
w0 0,707316 + 0,7074731 | 0,709789 + 0,710216i | 1,10696 +0,580648i
wl 0,707333 + 0,707367i | 0,705044 + 0,710131i | 0,581442 + 1,107031
w2 0,706049 + 0,707738i | 0,709276 + 0,70389i | 0,552546 + 0,362564i
w3 0,706475 + 0,707102i | 0,704489 + 0,703976i | 0,362944 + 0,55265i
w4 —0,707316 + 0,707473i | —0,709789 + 0,710216i | —1,10696 + 0,580648i
w5 ~0,707333 +0,707367i | -0,705044 + 0,710131i | —0,581442 + 1,10703i
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wbé ~0,706049 + 0,707738i ~0,709276 + 0,70389i ~0,552546 + 0,362564i
w7 ~0,706475 +0,707102i ~0,704489 + 0,703976i ~0,362944 + 0,55265i
w8 0,707316 — 0,7074731 0,709789 — 0,7102161 1,10696 — 0,580648i

w9 0,707333 —0,7073671 0,705044 — 0,710131i 0,581442 —1,10703i

w10 0,706049 — 0,707738i 0,709276 — 0,703891 0,552546 — 0,3625641
wll 0,706475 —0,707102i 0,704489 — 0,703976i 0,362944 —0,552651

w12 ~0,707316 —0,7074731 ~0,709789 — 0,710216i ~1,10696 — 0,580648i
w13 ~0,707333 —0,707367i ~0,705044 —0,710131i —0,581442 —1,10703i
wl4 —0,706049 — 0,7077381 ~0,709276 —0,703891 —0,552546 — 0,362564i
wl5 —0,706475 —0,707102i —0,704489 —0,703976i —0,362944 — 0,55265i1

Trong trudng hop nay, cac diém tr

hod twong Umg bang 2/15, 3/15 va 4/1

Fig.21.

Bang 3 thé hién gia tri cua cac diém trong chom diém chuén hoa 2D

(goi tat 1a chom diém 2D 64NUC) thu dugc béng cach ap dung cac thuat toan n

ong chom diém 2D NU 16-QAM véi cac ty 18 ma

5 dugc thé hién trén cac hinh v& tr Fig.19 dén

NU 64-QAM

éu trén su

dung cic ty 1¢ ma hoa twong {g bing 2/15, 3/15 va 4/15 véi mot gia tri SNR.

Bang 3
w/hinh dang 1 16 ma hod
2/15 3/15 4/15
w0 0,647424 + 0,9830831 0,547191 + 1,159131 0,500831 +1,21361i
wl 0,643837 +0,9828851 0,54734 + 1,15734i 0,499379 + 1,21941i
w2 0,647063 + 0,97668i 0,546743 + 1,15987i 0,531316 + 1,17151i
w3 0,644354 +0,9762231 | 0547937+ 1,158531 0,529865 + 1,17877i
w4 0,083862 + 0,647524i | 1,15778 + 0,5477871 1,2107 +0,503734i
w5 0,977782 +0,6474221 | 1,15763 + 0,547489i 1,22087 + 0,500831i
w6 0,983498 +0,6433691 | 1,15913 + 0,5474891 1,17151 +0,5298651
w7 0,977678 + 0,6432651 1,15913 + 0,5474891 1,18022 + 0,526961i
w8 0,465916 + 0,6393381 0,316261 + 0,5072111 0,274368 + 0,476152i
w9 0,464253 +0,63861i 0,316261 +0,507211i 0,272917 + 0,476152i
w10 0,466124 +0,6352841 | 0,316261 + 0,507211i | 0,277272 + 0,479056i
| wll 0,463941 +0,6349721 | 0316261 + 0,507211i | 0,277272 + 0,479056&
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wl2 0,637769 + 0,467061 | 0,508702 + 0,316261i | 0,476152 + 0,272917i
wl3 0,635171 + 0,467267i | 0,508702 + 0,316261i | 0,476152 + 0,272917i
wl4 0,638497 + 0,465604i | 0,508702 + 0,316261i | 0,479056 + 0,277272i
wl5 0,635275 + 0,465293i | 0,508702 + 0,316261i | 0,479056 + 0,27582i
wl6 —0,647424 +0,983083i | —0,547191 + 1,15913i | —0,500831 + 1,21361i
wl7 ~0,643837 +0,982885i —0,54734 + 1,15734i ~0,499379 + 1,21941i
wlg —0,647063 +0,97668i | —0,546743 + 1,15987i | —0,531316 + 1,17151i
w19 —0,644354 +0,9762231 | —0,547937 + 1,15853i | —0,529865 + 1,17877i
w20 ~0,983862 + 0,647524i | —1,15778 + 0,547787i | —1,2107 + 0,503734i
w21 —0,977782 + 0,647422i | —1,15763 + 0,5474891 | —1,22087 + 0,500831i
w22 ~0,983498 + 0,643369i ~1,15913 + 0,547489i ~1,17151 + 0,529865i
w23 ~0,977678 + 0,6432651 ~1,15913 + 0,5474891 ~1,18022 + 0,5269611
w24 ~0,465916 + 0,639338i ~0,316261 +0,507211i ~0,274368 + 0,476152i
w25 —0,464253 +0,63861i | —0,316261 + 0,507211i | —0,272917 + 0,476152i
w26 ~0,466124 + 0,635284i | 0,3 16261 +0,507211i | —0,277272 + 0,479056i
w27 —0,463941 + 0,634972i | 0,3 16261 + 0,507211i | —0,277272 + 0,479056i
w28 —0,637769 + 0,467061 | —0,508702 + 0,316261i | -0,476152 + 0,272917i
w29 ~0,635171 + 0,4672671 ~0,508702 + 0,316261i | —0,476152 + 0,272917i
w30 —0,638497 + 0,465604i | —0,508702 + 0,316261i | —0,479056 + 0,277272i
w3l —0,635275 + 0,465293i | —0,508702 + 0,316261i | —0,479056 + 0,27582i
w32 0,647424 —0,9830831 | 0,547191 — 1,15913i 0,500831 —1,21361i
w33 0,643837 —0,982885i 0,54734 — 1,15734i 0,499379 —1,21941i
w34 0,647063 —0,97668i 0,546743 — 1,15987i 0,531316 — 1,17151i
w35 0,644354 —0,976223i | 0,547937 — 1,15853i 0,529865 — 1,178771
w36 0,983862 — 0,647524i 1,15778 — 0,547787i 1,2107 — 0,5037341
w37 0,977782 — 0,647422i 1,15763 — 0,547489i 1,22087 — 0,500831i
w38 0,983498 — 0,643369i 1,15913 — 0,547489i 1,17151 - 0,5298651
w39 0,977678 — 0,643265i 1,15913 — 0,547489i 1,18022 — 0,5269611
w40 0,465916 —0,639338i | 0,316261 — 0,507211i | 0,274368 — 0,476152i
w4l 0,464253 —0,63861i | 0,316261 — 0,507211i | 0,272917 - 0,476152i
w42 0,466124 —0,6352841 | 0,316261 — 0,507211i | 0,277272 - 0,479056i1
w43 0,463941 —0,634972i | 0,316261 — 0,507211i | 0,277272 - 0,4790561
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0,508702 — 0,316261i

0,476152 —0,272917i

0,508702 — 0,316261i

0,476152 — 0,272917i

0,508702 — 0,316261i

0,479056 — 0,277272i

0,508702 — 0,316261i

0,479056 — 0,27582i

-0,547191 - 1,15913i

-0,500831 — 1,21361i

—0,54734 — 1,15734i

-0,499379 — 1,21941i

—0,546743 — 1,15987i

-0,531316 — 1,17151i

—0,547937 — 1,158531

-0,529865 — 1,17877i

-1,15778 — 0,547787i

-1,2107 — 0,503734i

~1,15763 — 0,547489i

~1,22087 — 0,500831i

~1,15913 — 0,5474891

~1,17151 - 0,5298651

~1,15913 — 0,5474891

~1,18022 —0,5269611

-0,316261 —0,507211i

-0,274368 — 0,476152i

-0,316261 —0,507211i

—0,272917 - 0,476152i

-0,316261 —0,507211i

—0,277272 — 0,479056i

-0,316261 —0,507211i

—0,277272 — 0,4790561

-0,508702 —0,316261i

—0,476152 - 0,272917i

-0,508702 —0,316261i

~0,476152 - 0,272917i

~0,508702 — 0,3162611

~0,479056 — 0,277272i

—0,508702 —0,316261i

-0,479056 — 0,27582i

w44 0,637769 — 0,467061

w45 0,635171 —0,467267i
w46 0,638497 — 0,465604i
w47 0,635275 — 0,465293i
w48 —0,647424 — 0,983083i
w49 ~0,643837 —0,982885i
w50 —0,647063 — 0,976681
w51 ~0,644354 —0,976223i
w52 ~0,983862 — 0,647524i
w53 ~0,977782 — 0,647422i
wS4 ~0,983498 — 0,6433691
w55 ~0,977678 — 0,643265i1
w56 ~0,465916 — 0,639338i
w57 —0,464253 — 0,63861i
w58 ~0,466124 — 0,635284i
w59 —0,463941 —0,634972i
w60 ~0,637769 — 0,467061
wo1 ~0,635171 —0,467267i
w62 ~0,638497 — 0,465604i
w63 ~0,635275 — 0,465293i

Trong truong hop nay,

céc didm trong chom diém 2D NU 64-QAM vdi cdc ty 1& ma

ho4 twong Ung bing 2/15, 3/15 va 4/15 dugc thé hién trén céc hinh v& tir Fig.22 dén

Fig.24.

Bang 4 thé hién gid tri cla cac diém trong chom dié

m chudn hoa 2D NU 256-QAM

(got t&t 12 chom diém 2D 256NUC) thu dugc bang cach ap dung cic thudt todn néu trén

st dung c4c ty 1& ma hod twong ung bang 2/15, 3/15 va 4/15 v6i mot gia tri SNR.
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Bang 4
w/hinh dang 1y 1¢ ma hod
2/15 3/15 4/15

wO0 0,555322 + 1,12624i 0,522922 +1,181011 0,297463 + 1,05643i
wl 0,56728 + 1,13359i 0,538432 + 1,16254i 0,586177 +0,96165i
w2 0,559308 + 1,12037i 0,514797 + 1,1943i 0,290901 + 1,06955i
w3 0,563576 + 1,13205i 0,528831 + 1,1751i 0,579615 + 0,968941i
w4 0,552505 + 1,12494i 0,498548 + 1,220151 0,295276 + 1,33567i
w5 0,563704 + 1,13202i 0,511105 + 1,19725i 0,74876 + 1,23651i

wb6 0,559846 + 1,11805i 0,488947 + 1,235661 0,300379 + 1,51137i
w7 0,565901 + 1,1274i 0,504457 +1,21129i 0,815106 + 1,3816i

w8 0,557904 + 1,1381i 0,522183 +1,181741 0,300379 + 1,05351i
w9 0,561681 + 1,14706i 0,536955 + 1,16402i 0,584718 +0,963109i
w10 0,559343 + 1,134561 0,51332 + 1,19504i 0,293088 + 1,06591i
wll 0,567186 + 1,14299i 0,530308 + 1,1751i 0,582531 + 0,966754i
wl2 0,553299 + 1,135511 0,497071 + 1,221631 0,295276 + 1,3189i

wl3 0,563201 + 1,142141 0,512582 + 1,19947i 0,746573 + 1,21683i
wl4 0,556748 + 1,13251i 0,488208 + 1,23714i 0,296005 + 1,46544i
wl5 0,564101 + 1,13628i 0,504457 +1,212771 0,829688 + 1,35389i
w16 1,13089 + 0,5596581 1,17953 +0,525138i 1,06372 + 0,2960051
wl7 1,14052 + 0,5659831 1,16254 +0,538432i 0,96165 +0,581073i
w18 1,13482 + 0,5588171 1,19135 +0,51332i 1,0732 + 0,293088i

w19 1,14905 + 0,5638441 1,17436 + 0,529569i 0,968212 + 0,581802i
w20 1,12445 + 0,561493i 1,22089 + 0,499287i 1,36191 + 0,299651

w21 1,13332 + 0,562675i1 1,20021 + 0,514797i 1,22485 +0,754593i
w22 1,12837 + 0,557788i 1,23418 +0,488208i 1,54272 + 0,3105861
w23 1,14364 + 0,563576i 1,21424 + 0,505196i 1,39691 + 0,8522891
w24 1,11959 + 0,562018i 1,18027 + 0,522922i 1,06153 +0,294546i
w25 1,13468 + 0,5665071 1,16402 + 0,53991i 0,963109 + 0,5818021
w26 1,13792 + 0,56113i 1,19208 + 0,51332i 1,07101 + 0,2923591
w27 1,14396 + 0,563832i1 1,17584 +0,530308i 0,967483 + 0,5825311
w28 1,12214 + 0,5594241 1,22089 + 0,4970711 1,32546 + 0,2974631
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w29 1,13182 + 0,568564i 1,20243 + 0,5147971 1,19787 + 0,749489i
w30 1,13018 +0,56189i 1,23492 + 0,488947i 1,45596 + 0,304024i
w31 1,13855 +0,566158i 1,21498 + 0,504457i 1,32692 + 0,841353i
w32 0,33943 + 0,53805i 0,274017 + 0,477129i 0,249344 + 0,558472i
w33 0,339746 + 0,53604i 0,276233 + 0,480084i 0,296005 + 0,534412i
w34 0,33867 + 0,5324171 0,273278 + 0,475652i 0,244969 + 0,5417031
w35 0,340014 + 0,533493i 0,274756 + 0,4778681 0,287256 +0,519102i
w36 0,337373 +0,530582i 0,270324 + 0,4741751 0,20487 + 0,392243i
w37 0,340506 + 0,534252i 0,27254 + 0,476391i 0,217264 + 0,380577i
w38 0,337911 + 0,532417i 0,269585 + 0,4726981 0,199038 + 0,375474i
w39 0,340014 + 0,531704i 0,271801 + 0,474914i 0,210703 + 0,364538i
w40 0,339652 + 0,5369751 0,274017 + 0,477868i 0,249344 + 0,55993i
w4l 0,339968 + 0,53832i 0,275494 + 0,4793451 0,297463 + 0,535141i
w42 0,338133 + 0,5346961 0,27254 + 0,475652i 0,244969 + 0,54389i
w43 0,338179 + 0,534743i 0,274756 + 0,477868i 0,288714 +0,5212891
w4a4 0,337864 + 0,534158i 0,271063 + 0,473436i 0,205599 +0,3937011
w45 0,338939 +0,5331771 0,27254 +0,476391i 0,218723 +0,3820351
w46 0,34019 + 0,534696i 0,269585 + 0,4719591 0,199767 + 0,3762031
w47 0,338449 + 0,5339831 0,271063 + 0,4741751 0,212161 + 0,366725i
w48 0,534965 + 0,33943i 0,477129 +0,274017i 0,560659 + 0,2486151
w49 0,536309 + 0,3397461 0,478607 + 0,276233i 0,538058 + 0,2960051
w50 0,534205 + 0,3389391 0,476391 + 0,27254i 0,54389 + 0,24424i

w51 0,538366 + 0,337957i 0,477129 + 0,2747561 0,522018 + 0,286527i
w52 0,532907 + 0,336344i 0,473436 + 0,270324i 0,390784 + 0,20487i
w53 0,532955 + 0,338717i 0,475652 + 0,27254i 0,381306 + 0,2172641
w54 0,53112 +0,338939i 0,473436 + 0,2695851 0,374016 + 0,199767i
w35 0,533223 + 0,337957i 0,474175 +0,2710631 0,365267 + 0,209974i
w56 0,531342 + 0,339652i 0,477129 + 0,2740171 0,564304 + 0,248615i1
w57 0,532417 + 0,339968i 0,477868 + 0,276233i 0,540974 + 0,296734i
w58 0,533936 + 0,34019i 0,476391 + 0,27254i 0,547536 + 0,243511i
w59 0,53604 + 0,340506i 0,477129 + 0,2747561 0,525663 + 0,287985i
w60 0,528525 + 0,339652i 0,474175 + 0,2703241 0,393701 + 0,20487i
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w61 0,531658 +0,337911i 0,474914 + 0,272541 0,384952 + 0,218723i
w62 0,531879 +0,3381331 0,473436 + 0,269585i 0,376203 + 0,199767i
w63 0,532686 + 0,339477i 0,474914 + 0,271063i 0,368912 + 0,211432i
w64 ~0,555322 + 1,12624i —0,522922 + 1,18101i ~0,297463 + 1,056431
w65 -0,56728 + 1,133591 ~0,538432 + 1,16254i ~0,586177 + 0,96165i
w66 -0,559308 + 1,12037i —-0,514797 + 1,1943i ~0,290901 + 1,069551
w67 ~0,563576 + 1,13205i -0,528831 + 1,1751i —0,579615 + 0,968941i
w68 -0,552505 + 1,12494i ~0,498548 + 1,22015i -0,295276 + 1,33567i
w69 ~0,563704 + 1,13202i ~0,511105 + 1,19725i ~0,74876 + 1,23651i

w70 ~0,559846 + 1,11805i ~0,488947 + 1,235661 ~0,300379 + 1,51137i
w7l ~0,565901 + 1,1274i ~0,504457 + 1,21129i ~0,815106 + 1,3816i

w72 -0,557904 + 1,1381i ~0,522183 + 1,18174i ~0,300379 + 1,05351i
w73 ~0,561681 + 1,14706i ~0,536955 + 1,16402i ~0,584718 + 0,9631091
w74 —0,559343 + 1,134561 ~0,51332 + 1,19504i ~0,293088 + 1,065911i
w75 ~0,567186 + 1,14299i -0,530308 + 1,1751i —0,582531 + 0,966754i
w76 ~0,553299 + 1,13551i ~0,497071 + 1,221631 ~0,295276 + 1,31891

w77 —0,563201 + 1,14214i ~0,512582 + 1,19947i ~0,746573 + 1,216831
w78 ~0,556748 + 1,13251i ~0,488208 + 1,23714i ~0,296005 + 1,465441
w79 ~0,564101 + 1,136281 ~0,504457 + 1,212771 ~0,829688 + 1,35389i
w80 ~1,13089 + 0,5596581 ~1,17953 + 0,525138i ~1,06372 + 0,2960051
w8l ~1,14052 + 0,565983i ~1,16254 + 0,538432i ~0,96165 + 0,5810731
w82 ~1,13482 +0,5588171 ~1,19135 +0,51332i ~1,0732 + 0,2930881

w83 ~1,14905 + 0,563844i ~1,17436 + 0,529569i -0,968212 + 0,581802i
w4 ~1,12445 + 0,561493i ~1,22089 + 0,499287i -1,36191 + 0,29965i

w85 ~1,13332 + 0,5626751 ~1,20021 + 0,514797i —1,22485 + 0,7545931
w86 ~1,12837 + 0,557788i ~1,23418 + 0,4882081 ~1,54272 + 0,3105861
w87 ~1,14364 + 0,563576i ~1,21424 + 0,505196i ~1,39691 + 0,8522891
w88 ~1,11959 + 0,562018i ~1,18027 + 0,522922i ~1,06153 + 0,294546i
w9 ~1,13468 + 0,5665071 ~1,16402 + 0,539911 ~0,963109 + 0,581802i
w90 ~1,13792 + 0,56113i ~1,19208 + 0,51332i ~1,07101 + 0,292359i
wIl ~1,14396 + 0,563832i ~1,17584 + 0,530308i ~0,967483 + 0,582531i
w92 ~1,12214 + 0,5594241 ~1,22089 + 0,497071i —1,32546 + 0,2974631
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w93 ~1,13182 + 0,568564i ~1,20243 + 0,514797i ~1,19787 + 0,749489i
w94 -1,13018 + 0,56189i ~1,23492 + 0,488947i —1,45596 + 0,304024i
w95 ~1,13855 +0,5661581 ~1,21498 +0,504457i ~1,32692 + 0,841353i
w96 -0,33943 + 0,53805i ~0,274017 + 0,4771291 —0,249344 +0,558472i
w97 —0,339746 + 0,536041 ~0,276233 +0,480084i ~0,296005 + 0,534412i
w9R ~0,33867 + 0,532417i —0,273278 + 0,475652i ~0,244969 + 0,5417031
w99 —0,340014 + 0,533493i —0,274756 + 0,4778681 —0,287256 + 0,519102i
w100 —0,337373 +0,530582i ~0,270324 + 0,4741751 ~0,20487 + 0,392243i
w101 ~0,340506 + 0,534252i ~0,27254 + 0,4763911 ~0,217264 +0,3805771
w102 ~0,337911 + 0,5324171 ~0,269585 + 0,4726981 —0,199038 + 0,3754741
w103 ~0,340014 +0,531704i —0,271801 + 0,474914i ~0,210703 +0,364538i
w104 ~0,339652 + 0,5369751 —0,274017 + 0,477868i —0,249344 + 0,55993i
w105 ~0,339968 + 0,53832i —0,275494 + 0,4793451 ~0,297463 +0,535141i
w106 ~0,338133 +0,534696i ~0,27254 + 0,475652i ~0,244969 + 0,54389i
w107 ~0,338179 +0,5347431 —0,274756 + 0,477868i —0,288714 +0,521289i
w108 ~0,337864 +0,534158i ~0,271063 + 0,473436i ~0,205599 +0,393701i
w109 ~0,338939 +0,5331771 ~0,27254 + 0,4763911 —0,218723 +0,382035i
w110 ~0,34019 + 0,5346961 ~0,269585 +0,4719591 ~0,199767 + 0,376203i
wlll ~0,338449 +0,533983i ~0,271063 + 0,4741751 —0,212161 + 0,3667251
wll2 ~0,534965 +0,33943i ~0,477129 +0,2740171 ~0,560659 + 0,2486151
w113 ~0,536309 + 0,339746i ~0,478607 +0,2762331 ~0,538058 + 0,2960051
wll4 ~0,534205 + 0,3389391 —0,476391 + 0,27254i —0,54389 + 0,244241
w115 ~0,538366 + 0,337957i ~0,477129 + 0,2747561 ~0,522018 + 0,2865271
wll6 —0,532907 + 0,336344i —0,473436 +0,270324i ~0,390784 + 0,204871
wll7 -0,532955 +0,338717i —0,475652 + 0,272541 —0,381306 + 0,217264i
w118 ~0,53112 + 0,3389391 ~0,473436 + 0,2695851 ~0,374016 + 0,199767i
w119 ~0,533223 +0,3379571 —0,474175 +0,271063i ~0,365267 + 0,209974i
w120 —0,531342 + 0,339652i —0,477129 + 0,274017i —0,564304 + 0,2486151
wl21 ~0,532417 + 0,339968i —0,477868 +0,2762331 —0,540974 + 0,296734i
w122 —0,533936 + 0,34019i —0,476391 + 0,272541 —0,547536 +0,243511i
w123 -0,53604 + 0,3405061 ~0,477129 + 0,2747561 —0,525663 +0,2879851
w124 —0,528525 +0,339652i —0,474175 +0,2703241 ~0,393701 + 0,20487i
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w125 ~0,531658 + 0,337911i —0,474914 +0,272541 | -0,384952 + 0,218723i
w126 —0,531879 +0,338133i ~0,473436 + 0,2695851 ~0,376203 + 0,199767i
w127 -0,532686 + 0,339477i ~0,474914 + 0,2710631i ~0,368912 +0,211432i
w128 0,555322 — 1,12624i 0,522922 — 1,18101i 0,297463 —1,056431
w129 0,56728 — 1,13359i 0,538432 — 1,16254i 0,586177 —0,961651
w130 0,559308 — 1,12037i 0,514797 — 1,1943i 0,290901 — 1,069551
w3l 0,563576 — 1,13205i 0,528831 —1,1751i 0,579615 — 0,968941i
w132 0,552505 — 1,12494i 0,498548 — 1,22015i 0,295276 — 1,335671
w133 0,563704 — 1,13202i 0,511105 — 1,19725i 0,74876 — 1,236511i
wl34 0,559846 — 1,11805i 0,488947 — 1,23566i 0,300379 — 1,51137i
w135 0,565901 —1,1274i 0,504457 — 1,21129i 0,815106 — 1,3816i
w136 0,557904 —1,1381i 0,522183 — 1,18174i 0,300379 — 1,05351i
w137 0,561681 — 1,14706i 0,536955 — 1,16402i 0,584718 — 0,963109i
w138 0,559343 — 1,13456i 0,51332 — 1,19504i 0,293088 — 1,06591i
w139 0,567186 — 1,14299i 0,530308 — 1,1751i 0,582531 —0,966754i
w140 0,553299 —1,13551i 0,497071 — 1,221631 0,295276 — 1,3189i
wl4l 0,563201 —1,14214i 0,512582 — 1,19947i 0,746573 — 1,21683i
w142 0,556748 —1,13251i 0,488208 — 1,237141 0,296005 — 1,46544i
w143 0,564101 — 1,13628i 0,504457 — 1,212771 0,829688 — 1,35389i
w144 1,13089 — 0,559658i 1,17953 —0,525138i 1,06372 — 0,2960051
w145 1,14052 — 0,565983i 1,16254 —0,538432i 0,96165 — 0,5810731
w146 1,13482—0,558817i 1,19135 —0,51332i 1,0732 - 0,293088i
w147 1,14905 — 0,563844i 1,17436 — 0,529569i 0,968212 — 0,581802i
w148 1,12445 - 0,561493i 1,22089 — 0,499287i 1,36191 — 0,29965i
w149 1,13332-0,562675i 1,20021 —0,514797i 1,22485 —0,7545931
w150 1,12837 —0,557788i 1,23418 — 0,4882081 1,54272 - 0,3105861
wl51 1,14364 — 0,563576i 1,21424 — 0,5051961 1,39691 — 0,8522891
w152 1,11959 — 0,562018i 1,18027 — 0,522922i 1,06153 — 0,294546i
w153 1,13468 — 0,5665071 1,16402 — 0,53991i 0,963109 — 0,581802i
w154 1,13792 — 0,561131i 1,19208 — 0,51332i 1,07101 — 0,292359i
w155 1,14396 — 0,563832i 1,17584 — 0,530308i 0,967483 —0,582531i
w156 1,12214 - 0,559424i 1,22089 — 0,497071i 1,32546 — 0,2974631
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w157

1,13182 — 0,568564i

1,20243 —0,5147971

1,19787 — 0,749489i

w158

1,13018 —0,56189i

1,23492 — 0,4889471

1,45596 — 0,304024i

w159

1,13855 — 0,566158i

1,21498 — 0,504457i

1,32692 — 0,841353i

w160

0,33943 — 0,53805i1

0,274017 — 0,4771291

0,249344 —0,558472i

w161

0,339746 — 0,536041 .

0,276233 — 0,480084i

0,296005 —0,534412i

w162

0,33867 —0,532417i

0,273278 — 0,475652i

0,244969 — 0,541703i

w163

0,340014 — 0,533493i

0,274756 — 0,477868i

0,287256 —0,519102i

w164

0,337373 —0,530582i

0,270324 — 0,474175i

0,20487 —0,392243i

w165

0,340506 — 0,534252i

0,27254 — 0,476391i

0,217264 —0,380577i

w166

0,337911 — 0,532417i

0,269585 — 0,4726981

0,199038 — 0,375474i

w167

0,340014 — 0,531704i

0,271801 — 0,474914i

0,210703 — 0,3645381

w168

0,339652 —0,5369751

0,274017 — 0,477868i

0,249344 —0,55993i

w169

0,339968 — 0,53832i

0,275494 — 0,4793451

0,297463 —0,535141i

w170

0,338133 — 0,534696i

0,27254 — 0,475652i

0,244969 — 0,543891

wl71

0,338179 —0,5347431

0,274756 — 0,4778681

0,288714 —0,521289i

w172

0,337864 — 0,534158i

0,271063 — 0,473436i

0,205599 — 0,393701i

w173

0,338939 — 0,5331771

0,27254 — 0,4763911

0,218723 —0,382035i

w174

0,34019 — 0,534696i

0,269585 — 0,471959i

0,199767 — 0,3762031

w175

0,338449 —0,533983i

0,271063 — 0,474175i

0,212161 —0,366725i

w176

0,534965 — 0,33943i

0,477129 —0,274017i

0,560659 — 0,248615i

w177

0,536309 —0,3397461

0,478607 — 0,276233i

0,538058 — 0,296005i

w178

0,534205 —0,338939i

0,476391 —0,27254i

0,54389 — 0,24424i

w179

0,538366 — 0,337957i

0,477129 —0,274756i

0,522018 —0,2865271

w180

0,532907 — 0,336344i

0,473436 — 0,270324i

0,390784 — 0,204871

wl181

0,532955 — 0,338717i

0,475652 — 0,272541

0,381306 —0,217264i

w182

0,53112 —0,338939i

0,473436 — 0,269585i

0,374016 —0,199767i

w183

0,533223 —0,337957i

0,474175 —0,271063i

0,365267 —0,209974i

w184

0,531342 — 0,339652i

0,477129 — 0,2740171

0,564304 — 0,248615i1

w185

0,532417 —0,3399681

0,477868 —0,276233i

0,540974 — 0,296734i

w186

0,533936 — 0,34019i

0,476391 —0,272541

0,547536 — 0,2435111

w187

0,53604 — 0,340506i

0,477129 — 0,2747561

0,525663 — 0,2879851

w188

0,528525 — 0,339652i

0,474175 - 0,270324i

0,393701 — 0,20487i
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w189

0,531658 — 0,3379111

0,474914 — 0,27254i

0,384952 — 0,218723i

w190

0,531879 — 0,338133i1

0,473436 — 0,2695851

0,376203 —0,1997671

w191

0,532686 — 0,3394771

0,474914 — 0,2710631

0,368912 — 0,211432i

w192

-0,555322 — 1,12624i

-0,522922 —1,18101i

~0,297463 — 1,056431

w193

—0,56728 — 1,133591

~0,538432 —1,16254i

—0,586177 — 0,961651

w194

~0,559308 — 1,12037i

—0,514797 — 1,1943i

—0,290901 — 1,06955i

w195

-0,563576 — 1,13205i

-0,528831 - 1,1751i

—0,579615 — 0,968941i

w196

~0,552505 — 1,12494i

~0,498548 —1,22015i1

~0,295276 — 1,33567i

w197

~0,563704 — 1,13202i

~0,511105 —1,19725i

—0,74876 — 1,23651i

w198

~0,559846 — 1,11805i1

~0,488947 — 1,23566i

~0,300379 — 1,51137i

w199

-0,565901 — 1,1274i

~0,504457 — 1,21129i

—0,815106 — 1,3816i

w200

~0,557904 — 1,1381i

-0,522183 — 1,18174i

~0,300379 — 1,05351i

w201

~0,561681 — 1,14706i

~0,536955 — 1,16402i

~0,584718 —0,9631091

w202

~0,559343 — 1,13456i

-0,51332 —1,19504i

~0,293088 — 1,06591i

w203

~0,567186 — 1,14299i

~0,530308 —1,1751i

~0,582531 — 0,966754i

w204

-0,553299 — 1,13551i

~0,497071 — 1,221631

~0,295276 — 1,3189i1

w205

—0,563201 — 1,14214i

—0,512582 —1,199471

~0,746573 — 1,216831

w206

—0,556748 — 1,13251i

—0,488208 — 1,23714i

~0,296005 — 1,46544i

w207

~0,564101 — 1,13628i

~0,504457 — 1,212771

—0,829688 — 1,353891

w208

~1,13089 — 0,559658i

-1,17953 - 0,525138i

~1,06372 — 0,2960051

w209

~1,14052 — 0,5659831

~1,16254 — 0,538432i

—0,96165 — 0,5810731

w210

~1,13482 —0,558817i

-1,19135 -0,51332i

-1,0732 - 0,293088i

w211

—1,14905 — 0,5638441

~1,17436 — 0,5295691

~0,968212 —0,581802i

w212

—1,12445 —0,561493i

~1,22089 —0,499287i

~1,36191 — 0,299651

w213

~1,13332 -0,562675i

~1,20021 - 0,514797i

~1,22485 — 0,7545931

w214

~1,12837 — 0,557788i

~1,23418 —0,488208i

~1,54272 - 0,3105861

w215

~1,14364 — 0,563576i

~1,21424 - 0,505196i

~1,39691 — 0,852289i

w216

—1,11959 - 0,5620138i

-1,18027 — 0,522922i

~1,06153 — 0,294 546i

w217

~1,13468 — 0,566507i

-1,16402 — 0,53991i

-0,963109 — 0,581802i

w218

~1,13792 - 0,56113i

-1,19208 — 0,51332i

-1,07101 - 0,2923591

w219

—1,14396 — 0,563832i

~1,17584 —0,530308i

-0,967483 —0,5825311

w220

~1,12214 - 0,559424i

~1,22089 —0,4970711

~1,32546 — 0,2974631
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w221

~1,13182 —0,5685641

~1,20243 - 0,514797i

~1,19787 — 0,749489i

w222

~1,13018 — 0,56189%i

~1,23492 — 0,488947i

~1,45596 — 0,304024i

w223

~1,13855 — 0,5661581

~1,21498 — 0,504457i

~1,32692 —0,841353i

w224

~0,33943 —0,53805i

—0,274017 — 0,477129i

—0,249344 —0,558472i

w225

~0,339746 — 0,536041

~0,276233 — 0,480084i

—0,296005 —0,534412i

w226

~0,33867 — 0,532417i

—0,273278 — 0,4756521

~0,244969 —0,5417031

w227

—0,340014 — 0,533493i

—0,274756 — 0,4778681

—0,287256 —0,519102i

w228

~0,337373 — 0,530582i

—0,270324 — 0,4741751

~0,20487 —0,392243i

w229

—0,340506 — 0,534252i

—0,27254 - 0,476391i

—0,217264 —0,380577i

w230

~0,337911 - 0,532417i

~0,269585 — 0,4726981

~0,199038 — 0,375474i

w231

~0,340014 — 0,5317041

—0,271801 — 0,474914i

—0,210703 — 0,3645381

w232

~0,339652 — 0,5369751

—0,274017 — 0,4778681

~0,249344 — 0,55993i

w233

~0,339968 — 0,53832i

—0,275494 — 0,479345i

~0,297463 — 0,535141i

w234

~0,338133 — 0,5346961

—0,27254 — 0,475652i

~0,244969 — 0,54389i

w235

~0,338179 — 0,534743i1

—0,274756 — 0,477868i

—0,288714 —0,52128%1

w236

—0,337864 —0,534158i

—0,271063 — 0,473436i

~0,205599 — 0,3937011

w237

~0,338939 - 0,533177i

—0,27254 — 0,476391i

~0,218723 —0,3820351

w238

~0,34019 — 0,5346961

~0,269585 — 0,471959i

~0,199767 — 0,3762031

w239

~0,338449 — 0,5339831

~0,271063 — 0,4741751

~0,212161 —0,3667251

w240

~0,534965 — 0,339431

—0,477129 — 0,2740171

~0,560659 —0,2486151

w241

~0,536309 — 0,3397461

~0,478607 — 0,276233i

—0,538058 — 0,296005i

w242

~0,534205 — 0,3389391

~0,476391 — 0,272541

—0,54389 — 0,244241

w243

~0,538366 — 0,3379571

~0,477129 — 0,2747561

~0,522018 — 0,2865271

w244

~0,532907 — 0,336344i

—0,473436 — 0,2703241

~0,390784 — 0,204871

w245

~0,532955 - 0,3387171

~0,475652 — 0,27254i

~0,381306 — 0,2172641

w246

-0,53112 - 0,338939i

~0,473436 — 0,2695851

~0,374016 - 0,199767i

w247

-0,533223 —0,337957i

~0,474175 - 0,2710631

~0,365267 —0,2099741

w248

-0,531342 - 0,339652i

~0,477129 - 0,274017i

~0,564304 — 0,2486151

w249

~0,532417 - 0,339968i

~0,477868 —0,2762331

~0,540974 — 0,296734i

w250

-0,533936 — 0,340191

~0,476391 — 0,272541

~0,547536 —0,2435111

w251

~0,53604 — 0,340506i

—0,477129 — 0,2747561

~0,525663 —0,287985i

Lw252

~0,528525 — 0,339652i

~0,474175 — 0,270324i

~0,393701 —0,204871
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w253 —0,531658 —0,337911i ~0,474914 — 0,27254i ~0,384952 —0,218723i

w254 ~0,531879 —0,338133i ~0,473436 — 0,2695851 ~0,376203 —0,1997671

w255 —0,532686 — 0,339477i ~0,474914 — 0,271063i ~0,368912 —0,211432i

Trong truong hop nay, cac diém trong chom didm 2D NU 256-QAM vdi cic ty 18
ma hoé tuong Gng bing 2/15, 3/15 va 4/15 dugce th& hién trén cac hinh v& tir Fig.25 dén
Fig.27.

Trong khi d6, dua vao cac bang tir bang 2 dén bang 4, khi gia tri cla cac diém trong
chom diém duoc xac dinh & trong mot goc phén tu, thi gia tri cha cac diém trong chom
diém & trong cac goc phén tu con lai c6 thé duoc suy ra dya vao tinh dbi xung. Vi du, véi
mdi didm A nim & goc phan tu phia trén bén phai cua chom diém, cac diém twong tmg
ctia chom diém c6 thé 13n lugt nim & ba goc phﬁn tu con lai (goc phia dudi bén phai, goc
phia dudi bén trai va goc phia trén bén trai), va cac diém nay co thé dugc bidu dién dudi
dang A", A’ va —A, trong do * 1a lién hop phic.

Bang 5 thé hién gia tri cua cac diém trong chom diém chuén hoa 1D NU 1024-QAM
(goi tht 1a chom diém 1D 1024NUC) thu dugc bing cach 4p dung cac thudt todn néu trén

st dung céc ty 1¢ ma hoa tuong g bing 2/15, 3/15 va 4/15 v6i mot gia tri SNR.
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Bang 5
Mitc Ty 1€ ma hoa
2/15 3/15 4/15

1 1 1 1

2 1,000988842 1,073113208 1,008229665
3 1,001438042 1,153930818 1,075789474
4 1,001284289 1,073899371 1,065263158
5 1,002909247 1,153459119 1,588516746
6 1,00312028 1,238050314 1,608803828
7 1,00152547 1,153930818 1,502200957
8 1,0015315 1,073742138 1,483062201
9 2,824341802 3,982232704 3,724784689
10 2,839150319 3,504402516 3,826411483
11 2,868001604 3,278616352 3,897799043
12 2,855026063 3,504559748 3,807272727
13 2,848080048 3,972484277 5,023923445
14 2,861384198 3,499371069 5,023349282
15 2,831923931 3,970754717 5,88937799
16 2,818221832 6,002830189 7,67138756

Trong trudng hop nay, cac diém trong chom diém 1D NU 1K QAM véi céc ty 1€
mi hoé twong tng bang 2/15, 3/15 va 4/15 ¢6 th& duge thé hién trén cac hinh ve tir Fig.28
dén Fig.30.

Vi du, Fig.28 thé hién vi du vé chom diém 1D NU 1024-QAM thu dugc bang cach
ap dung céc thudt toan néu trén str dung ty 1€ ma hoa bang 2/15.

Dua vao Fig.28, tap hop day du cua cac diém trong chom diém duogc biéu dién trén
so dd chom didm & phia bén phai ctia hinh v& nay. Gia tri ctia cac diém trong chom diém
& goc phan tu phia trén bén phai duoc biéu dién & goc phia trén bén trai cia hinh v€ nay.

D& v6i chom didm 1D NU 1K QAM, khong biéu dién rd rang gia tri cta cac diém
trong chom diém, thay vao do6 chi biéu dién tap hop muc cua cac diém trong chom diém,

48 tir d6 c6 thé tim ra gia tri thuc t& clia cdc diém trong chom diém. Cu thé, véi mot tap
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hop cho trude gém m mitc A = [Ay, Ay, ..., Anls ¢6 thé tim ra mot tip hop gé)m m’ gia tri
C + Di ctia cac diém trong chom diém. Trong d6, mdi thong sé C va D c6 thé nhan mot
gia tri dugc chon tir tap hop mttc A. Tap hop day du cta céc diém trong chom diém &
trong goc phan tu phia trén bén phai co thé thu dugc bing cach xem xét tAt ca cac cap gid
tri Cva D ¢co thé c6. Dua vao Fig.28, gié tri cua cac diém trong chom diém & trong ba
goc phﬁn tur con lai co thé duoc suy ra theo cach tuong tu dua vao tinh ddi xtmg. Vi dy,
trong bang 5, khi ty 1 mé hoa bang 2/15, A= {1, 1,000988842, ..., 2,818221832}, va
mot nhém C + Di tuong ung v6i mot tép hop diém trong chom diém & goc phan tu thir
nhit c6 256 phin t¢ nhu {1+i 1+ 1,000988842xi, 1,000988842 + i, ..o
2,818221832 +2,818221832xi}, thi tap hop ddy dii cta cdc diém trong chom diém 1D
NU 1024-QAM c6 thé thu duge bang cach biéu didn mot phén ti tuy ¥ a trong nhém nay
duéi dang a*, —a* va —a, trong do * 1a 1ién hop phurc.

Bang 6 thé hién gia tri cla céc diém trong chom didm chudn hoa 1D NU
4096-QAM (goi tht 1a chom diém 1D 4096NUC) thu duoc bing cach 4p dung céc thudt

toan néu trén st dung cac ty 1 ma hoa tuong ung bang 2/15, 3/15, 4/15 va 5/15 véi mot

gia tri SNR.
Bang 6
M Ty 1€ ma hoa
2/15 3/15 4/15 5/15
1 1 1 1 1
2 1,020833333 1 0,973180077 1
3 1,041666667 1,057142857 0,965517241 1
4 1,020833333 1,057142857 0,980842912 1
5 1,041666667 1,057142857 0,988505747 1
6 1,0625 1,057142857 0,957854406 1
7 1,041666667 1,028571429 0,988505747 1
8 1,020833333 1 1 1
9 1,041666667 1,371428571 2,233716475 2,863636364
10 1,0625 1,428571429 2,233716475 2,863636364
11 1,0625 1,485714286 2,210727969 2,772727273
12 1,0625 1,457142857 2,229885057 2,772727273
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13 1,041666667 1,457142857 2,245210728 2,772727273
14 1,0625 1,485714286 2,22605364 2,772727273
15 1,041666667 1,371428571 2,214559387 2,863636364
16 1,020833333 1,371428571 2,237547893 2,863636364
17 3,4375 3,542857143 4,275862069 4,863636364
18 3,041666667 3,628571429 4,356321839 4,863636364
19 2,791666667 3,657142857 4,708812261 5,545454545
20 3 3,6 4,62835249 5,590909091
21 2,916666667 3,628571429 4,624521073 5,545454545
22 2,75 3,685714286 4,724137931 5,545454545
23 2,958333333 3,657142857 4,360153257 4,863636364
24 3,25 3,6 4,287356322 4,863636364
25 4,125 6,4 8,98467433 11,18181818
26 3,354166667 5,314285714 7,911877395 9,772727273
27 2,979166667 4,8 6,708812261 8

28 3,291666667 4,971428571 6,536398467 7,545454545
29 3,520833333 4,857142857 6,425287356 7,5

30 3,083333333 4,714285714 6,609195402 7,909090909
31 3,604166667 5,228571429 7,747126437 9,454545455
32 5,1875 8,057142857 10,8697318 13,18181818

Trong truong hop nay, cac diém trong chom didm 1D NU 4096-QAM vdi céc ty 18
ma hod tuong Gng béng 2/15, 3/15, 4/15 va 5/15 ¢o thé dugc thé hién trén céc hinh v& ti
Fig.31 dén Fig.34.

D51 v6i chom diém 1D NU 4K QAM, khong biéu dién rd rang gid tri cia céc diém
trong chom diém, thay vao do6 chi biéu dién tap hop muc cua cac diém trong chom diém,
d8 tir d6 c6 thé tim ra gia tri thue té clia cac diém trong chom didm. Cu thé, v6i mot tap
hop cho trudce gdm m mitc A = [Ay, Ay, ..., Anl, cO thé tim ra mot tp hop gdm m” gia tri
C + Di clia céc diém trong chom diém. Trong d6, mdi gid tri C va D ¢6 thé nhan mot gia
tri dwoc chon tir tap hop muc A. Tap hop day di cua cac diém trong chom diém & trong
gbc phan tu phia trén bén phai 6 thé thu dugc bang cach xem xét tAt ca cac cap gid tri C

va D c6 thé co. Tirc 13, gia tri cha cac diém trong chom diém & trong ba goc phan tu con
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lai c6 thé dugc suy ra theo cach tuong tu dya vao tinh dbi xtmg. Vi dy, trong bang 6, khi
ty 16 ma hoa bang 2/15, A= {1, 1,020833333, ..., 5,1875}, va mot nhém C + Di tuong
tmg v6i mot tap hop diém trong chom diém & goc phan tu thir nhit c6 256 phan tir nhu
{1+i, 1+1,020833333xi, 1,020833333 +1i, ..., 5,1875 + 5,1875x%i}, thi tp hop day du
ctia cac diém trong chom diém 1D NU 4096-QAM co thé thu duoc bang cach biéu dién
mdt phan tir tuy ¥ a trong nhom dudi dang a*, —a* va —a, trong d6 * 1a lién hop phic.

Nhu d3 néu trén, trong chom diém 1D-NUC dugc thé hién trong bang 5 va bang 6,
chom diém nay c6 thé duge biu dién bang cdc mic ma & d6 céc chom diém xut hién &
phan thyc duong. Cac diém trong chom didm c6 thé duge suy ra bang cach sit dung tinh
dbi xtmg qua tryc thyc/truc do cung v6i tinh ddi xtmg cua bdn goc phén tu.

Sang ché khong bi gioi han & cac chom diém duogc xac dinh dwa vao cac bang tu
bang 2 dén bang 6. Vi dy, khi cac kich thuéc khac nhau do phuong phap chuén hoa va
lam tron duge ap dung cho gia tri cua cac diém trong chom diém dugc x4c dinh dua vao
cac bang tir bang 2 dén bang 6, thi cac gia tri ¢0 thé duoc thé hién trong céc bang tir bang
7 dén bang 11. Trong trudng hop nay, chom didm duoc x4c dinh dya vao céc bang tu

bang 7 dén bang 11 co6 thé 13 mot phuong an lam vi du thuc hién sang ché.

Bang 7 dén bang 11 thé hién tap hop diém trong chom diém chi & trong mot goc
phan tu, nhung rd rang 13 c6 thé thu dugc tap hqp‘dﬁy du coa cac diém trong chom diém
bang cach 1an luot bidu dién diém a trong chom diém & trong mot goc phan tu dudi dang
a*, —a* va —a, trong d6 * 1a lién hop phue.

Cu thé, bang 7 thé hién gi tri cia céac diém trong chom diém 2D NU 16-QAM (goi
¢t 1a chom diém 2D 16NUC) thu dugc bing cach 4p dung phuong phép chuén hoa va

1am tron cho gid tri cta céac diém trong chom diém dugc xac dinh dua vao bang 2.

Bang 7

w/hinh dang NUC _16_2/15 NUC_16_3/15 NUC_16_4/15
w0 0,7073 + 0,7075i 0,7098 + 0,7102i 1,1070 + 0,5806i
wl 0,7073 + 0,7074i 0,7050 + 0,7101i 0,5814 + 1,1070i
w2 0,7060 + 0,7077i 0,7093 + 0,7039i 0,5525 + 0,3626i
w3 0,7065 + 0,7071i 0,7045 + 0,7040i 0,3629 + 0,5527i




Trong trudng hop nay,
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tur con lai ¢ thé duge xac dinh dua vao tinh doi xung.

Bang 8 thé hién gia tri cla cac didm trong chom diém 2D NU 64-QAM (
chom diém 2D 64NUC) thu duoc bang c4ch ap dung phuong phap chuén hoa va l

gia tri clia cdc diém trong chom diém & trong cac goc phan

cho gi4 tri cta cac di€m trong chom diém dugc xac dinh dua vao bang 3.

Bang 8
w/hinh dang NUC 64 _2/15 NUC_64_3/15 NUC 64_4/15
w0 0,6474 + 0,983 1i 0,5472 + 1,1591i 0,5008 + 1,2136i
wl 0,6438 + 0,9829i 0,5473 +1,1573i 0,4994 + 1,2194i
w2 0,6471 +0,9767i 0,5467 + 1,15991 0,5313 +1,1715i
w3 0,6444 + 0,9762i 0,5479 + 1,15851 0,5299 + 1,1788i
wi 0,9839 + 0,6475i 1,1578 + 0,5478i 1,2107 +0,5037i
w5 0,9778 + 0,64741 1,1576 + 0,54751 1,2209 + 0,5008i
w6 0,9835 + 0,6434i 1,1591 + 0,54751 1,1715 + 0,5299i
w7 0,9777 + 0,6433i 1,1591 + 0,54751 1,1802 +0,52701
w8 0,4659 + 0,6393i 0,3163 +0,50721 0,2744 + 0,4762i
w9 0,4643 + 0,6386i 0,3163 +0,50721 0,2729 +0,4762i
w10 0,4661 + 0,6353i 0,3163 +0,50721 0,2773 +0,4791i
wll 0,4639 +0,6350i 0,3163 +0,50721 0,2773 +0,4791i
wli2 0,6378 +0,4671i 0,5087 +0,31631 0,4762 +0,2729i
wl3 0,6352 +0,4673i 0,5087 +0,3163i 0,4762 + 0,2729i
wl4 0,6385 + 0,4656i 0,5087 + 0,3163i 0,4791 + 0,2773i
w15 0,6353 +0,4653i 0,5087 +0,3163i1 0,4791 +0,2758i
Trong truong hop ndy, gia tri ctia cac diém trong chom diém & trong cic goc phin

tu con lai c6 thé duge xac dinh dua vao tinh dbi xtmng.

chom diém 2D 256NUC) thu dugc bing céch ap dung phuong phap chuén hoa va lam

tron cho gia tri clia cac diém trong chom didm duge xac dinh dya vao bang 4.

goi tat 12

am tron

Bang 9 thé hién gid tri clia cc diém trong chom didm 2D NU 256-QAM (goi tét 12
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Bang 9
w/hinh dang |  NUC_256_2/15 NUC_256_3/15 NUC_256_4/15
w0 0,5553 + 1,1262i 0,5229 + 1,1810i 0,2975 + 1,0564i
wl 0,5673 + 1,1336i 0,5384 + 1,1625i 0,5862 + 0,9617i
w2 0,5593 + 1,1204i 0,5148 + 1,1943i 0,2909 + 1,0696i
w3 0,5636 + 1,1321i 0,5288 + 1,1751i 0,5796 + 0,9689i
wi 0,5525 + 1,1249i 0,4985 + 1,2202i 0,2953 + 1,3357i
w5 0,5637 + 1,1320i 05111 +1,1973i 0,7488 + 1,2365i
w6 0,5598 + 1,1181i 0,4889 + 1,2357i 0,3004 + 1,5114i
w7 0,5659 + 1,1274i 0,5045 + 1,2113i 0,8151 + 1,3816i
w8 0,5579 + 1,1381i 0,5222 + 1,1817i 0,3004 + 1,0535i
W9 0,5617 + 1,1471i 0,5370 + 1,1640i 0,5847 + 0,9631i
w10 0,5593 + 1,1346i 0,5133 + 1,1950i 0,2931 + 1,0659i
wil 0,5672 + 1,1430i 0,5303 + 1,1751i 0,5825 + 0,9668i
wi2 0,5533 + 1,1355i 0,4971 + 1,2216i 0,2953 + 1,3189i
wl3 0,5632 + 1,1421i 0,5126 + 1,1995i 0,7466 + 1,2168i
wl4 0,5567 + 1,1325i 0,4882 + 1,2371i 0,2960 + 1,4654i
wl5 05641 + 1,1363i 0,5045 + 1,2128i 0,8297 + 1,3539i
wl6 1,1309 + 0,5597i 1,1795 +0,5251i 1,0637 + 0,2960i
wl7 1,1405 + 0,5660i 1,1625 + 0,5384i 0,9617 + 0,5811i
wl8 1,1348 + 0,5588i 1,1914 + 0,5133i 1,0732 + 0,2931i
w19 1,1491 + 0,5638i 1,1744 + 0,5296i 0,9682 + 0,5818i
w20 1,1245 + 0,5615i 1,2209 + 0,4993i 1,3619 +0,2997i
w21 1,1333 +0,5627i 1,2002 + 0,5148i 1,2249 + 0,7546i
w22 1,1284 +0,5578i 1.2342 +0,4882i 1,5427 +0,3106i
w23 1,1436 + 0,5636i 1,2142 +0,5052i 1,3969 + 0,8523i
w24 1,1196 + 0,5620i 1,1803 + 0,5229i 1,0615 + 0,2945i
w25 1,1347 + 0,5665i 1,1640 + 0,5399i 0,9631 +0,5818i
w26 1,1379 +0,5611i 1,1921 +0,5133i 1,0710 + 0,2924i
w27 1,1440 + 0,5638i 1,1758 + 0,5303i 0,9675 + 0,5825i
w28 1,1221 +0,5594i 1,2209 + 0,4971i 1,3255 +0,2975i
w29 1,1318 + 0,5686i 12024 + 0,5148i 1,1979 + 0,7495i
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w30 1,1302 + 0,5619i 1,2349 + 0,4889i 1,4560 + 0,30401
w3l 1,1386 + 0,5662i 1,2150 + 0,5045i1 1,3269 + 0,8414i
w32 0,3394 + 0,5381i 0,2740 + 0,47711 0,2493 + 0,5585i
w33 0,3397 + 0,5360i 0,2762 +0,48011i 0,2960 + 0,5344i
w34 0,3387 +0,5324i 0,2733 +0,4757i 0,2450 + 0,54171
w35 0,3400 + 0,5335i 0,2748 +0,4779i 0,2873 +0,5191i
w36 0,3374 + 0,5306i 0,2703 +0,4742i 0,2049 + 0,3922i
w37 0,3405 + 0,5343i 0,2725 + 0,47641 0,2173 + 0,3806i
w38 0,3379 + 0,5324i 0,2696 + 0,4727i 0,1990 + 0,3755i
w39 0,3400 + 0,5317i 0,2718 + 0,4749i 0,2107 + 0,3645i
w40 0,3397 + 0,5370i 0,2740 +0,47791 0,2493 + 0,5599i
w4l 0,3400 + 0,5383i 0,2755 + 0,47931 0,2975 + 0,5351i
w42 0,3381 + 0,5347i 0,2725 +0,47571 0,2450 + 0,5439i
w43 0,3382 + 0,5347i 0,2748 +0,47791 0,2887 +0,5213i
w44 0,3379 + 0,5342i 0,2711 +0,4734i 0,2056 + 0,3937i
w45 0,3389 + 0,5332i 0,2725 + 0,47641 0,2187 +0,3820i
w46 0,3402 + 0,53471 0,2696 + 0,47201 0,1998 +0,3762i
w47 0,3384 + 0,53401 0,2711 +0,47421 0,2122 + 0,36671
w48 0,5350 + 0,33941 0,4771 +0,27401 0,5607 + 0,2486i
w49 0,5363 + 0,3397i 0,4786 +0,27621 0,5381 + 0,2960i
w50 0,5342 + 0,3389i 0,4764 +0,27251 0,5439 +0,2442i
w51 0,5384 + 0,3380i 0,4771 +0,27481 0,5220 + 0,2865i1
w52 0,5329 +0,3363i 0,4734 +0,27031 0,3908 + 0,2049i
w53 0,5330 + 0,3387i 0,4757 +0,27251 0,3813 +0,2173i
w54 0,5311 +0,3389i 0,4734 +0,26961 0,3740 +0,1998i
w55 0,5332 + 0,3380i 0,4742 +0,2711i 0,3653 + 0,21001
w56 0,5313 +0,3397i 0,4771 + 0,27401 0,5643 + 0,24861
w57 0,5324 + 0,3400i 0,4779 + 0,27621 0,5410 + 0,29671
w58 0,5339 +0,3402i 0,4764 +0,27251 0,5475 + 0,2435i1
w59 0,5360 + 0,34051 0,4771 +0,27481 0,5257 + 0,28801
w60 0,5285 +0,33971 0,4742 +0,27031 0,3937 + 0,20491
w61 0,5317 +0,33791 0,4749 + 0,27251 0,3850 +0,21871
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w62 0,5319 + 0,3381i 0,4734 + 0,26961 0,3762 +0,1998i

w63 0,5327 + 0,33951 0,4749 +0,27111 0,3689 +0,2114i

Trong trudng hop nay, gia tri cua cac diém trong chom diém ¢ trong céac goc phan
tu con lai co thé duoc xac dinh dua vao tinh dbi xtng.

Bang 10 thé hién gia tri cla cc didm trong chom diém 1D NU 1024-QAM (goi t4t
13 chom diém 1D 1024NUC) thu dugc béng cach ap dung phuong phap chuén hod va l1am

tron cho gia tri cuia cac diém trong chom diém dugc xac dinh dya vao bang 5.

Bang 10

whinh dang NUC_1k_2/15 NUC_1k 3/15 NUC_1k_4/15
u0 0,3317 0,2382 0,1924
ul 0,3321 0,2556 0,1940
u2 0,3322 0,2749 0,2070
u3 0,3321 0,2558 0,2050
ud 0,3327 0,2748 0,3056
us 0,3328 0,2949 0,3096
u6 0,3322 0,2749 0,2890
u7 0,3322 0,2558 0,2854
u8 0,9369 0,9486 0,7167
u9 0,9418 0,8348 0,7362
ul0 0,9514 0,7810 0,7500
ull 0,9471 0,8348 0,7326
ul2 0,9448 0,9463 0,9667
ul3 0,9492 0,8336 0,9665
uld 0,9394 0,9459 1,1332
uls 0,9349 1,4299 1,4761

Bang 11 thé hién gié tri cla cac diém trong chom diém 1D NU 4096-QAM (goi tat
14 chom diém 1D 4096NUC) thu dugc bang céch ap dung phuong phap chuln hod va lam

tron cho gid tri cta cac di€m trong chom diém duoc xac dinh dya vao bang 6.
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Bang 11
whinh dang | NUC 4k_2/15 | NUC_4k_3/15 | NUC_4k 4/15 NUC 4k _5/15
u0 0,2826 0,2038 0,1508 0,1257
ul 0,2885 0,2038 0,1468 0,1257
u2 0,2944 0,2155 0,1456 0,1257
u3 0,2885 0,2155 0,1479 0,1257
ud 0,2944 0,2155 0,1491 0,1257
us 0,3003 0,2155 0,1444 0,1257
u6 0,2944 0,2097 0,1491 0,1257
u7 0,2885 0,2038 0,1508 0,1257
u8 0,2944 0,2796 0,3368 0,3599
u9 0,3003 0,2912 0,3368 0,3599
ul0 0,3003 0,3029 0,3334 0,3484
ull 0,3003 0,2970 0,3363 0,3484
ul2 0,2944 0,2970 0,3386 0,3484
ul3 0,3003 0,3029 0,3357 0,3484
uld 0,2944 0,2796 0,3340 0,3599
ul5 0,2885 0,2796 0,3374 0,3599
ul6 0,9714 0,7222 0,6448 0,6112
ul? 0,8596 0,7397 0,6569 0,6112
uls 0,7889 0,7455 0,7101 0,6969
ul9 0,8478 0,7339 0,6979 0,7026
u20 0,8242 0,7397 0,6974 0,6969
u2l 0,7771 0,7513 0,7124 0,6969
u22 0,8360 0,7455 0,6575 0,6112
u23 0,9184 0,7339 0,6465 0,6112
u24 1,1657 1,3046 1,3549 1,4052
u25 0,9479 1,0833 1,1931 1,2281
u26 0,8419 0,9785 1,0117 1,0054
u27 0,9302 1,0134 0,9857 0,0482
u28 0,9950 0,9901 0,9689 0,9425
u29 0,8713 0,9610 0,9967 0,9939
u30 1,0185 1,0658 1,1683 1,1882
u3l 1,4660 1,6424 1,6391 1,6566
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Cén luu y ring phuong phép thu dugc tap hop diy du cua cic diém trong chom
diém nhu duge xac dinh dya vao bang 10 va bang 11 hoan toan gidng voi phuong phap
nhu duge xac dinh dua vao bang 5 va bang 6.

Ngoai ra, nguoi co hiéu biét trung binh vé linh vuc k§ thuat twong Umg co6 thé nhan
thdy ring phép xoay, thay dbi ty 1¢ (trong do, hé sé ty 18 duge ap dung cho truc thuc va
truc 40 ¢6 thé 12 gidng nhau hogdc khac nhau) hodc phép bién ddi khéc c6 thé duoc ap
dung cho chom diém néu trén. Chom diém thé hién vi tri tuong dbi gitta céac diém trong
chom diém, va ¢ th& tim ra chom diém khéc bang phép xoay, thay dbi ty 18, hodc phép
bién dbi khac.

Hon nita, nguodi ¢ hiéu biét trung binh vé linh vuc k§ thuat twong Gng c6 thé nhan
thdy ring sang ché khong bi gioi han & chom didm dugc x4c dinh dua vao cac bang tur
bang 2 dén bang 11 néu trén.

Vi du, theo mot ) phuong an lam vi du thuc hién sang ché, co thé sir dung chom
diém c6 thir tu sip xép khac va/hodc chom diém c6 so @0 bd tri khac hodc c6 vi tri tuong
dbi khac gifta céac diém trong chom diém. Vi du khéc, c6 thé st dung chom diém tuong tu

nhu mot trong s& cac chom diém dugc xac dinh dya vao cé4c bang tir bang 2 dén bang 11.

Vi dy, chom diém ma gia tri cla cac diém trong chom diém c6 mirc @0 chénh léch
khong vugt qua ngudng dinh trude (hodc sai s8) so véi céc gia tri dugc thé hién trong cac
bang tir bang 2 dén bang 11 c6 thé duoc st dung. Trong do, gia tri ngudng co thé dugc
biéu dién dudi dang céac gia tri tuong dbi (vi du, 0,1%, 1%, 5%, v.v. ), cac gia tri tuyét dbi
(vi dy, 0,001, 0,01, 0,1, v. v.) hodc phuong phap gin dung (lam tron, lam tron xubng dén
gia tri sd nguyén gin nhét, 1am tron 1én dén gia tri s6 nguyén gin nhét, ho#ic cic phuong
phap twong tw khac). Lay vi du v& phuong phép lam tron, diém trong chom diém
«(,707316 + 0,7074731” c6 thé 14y gid tri gan ding bang “0,7073 + 0,70751” sau khi lam

tron & hang chir s6 thap phan thir nam.

Ngoai ra, thiét bi truyén tin hiéu va thiét bi thu tin hiéu co thé st dung cac chom
diém khac nhau. Vi du, thiét bi truyén tin hiéu va thiét bi thu tin hiéu c6 thé str dung céac
chom diém twong tng ¢ it nhat mot diém trong chom didm c6 mirc 0 chénh 1éch khong
vuot qua gia tri ngudng dinh trude. Vi du, thiét bi thu tin hiu c6 thé sir dung chom diém

c6 it nhit mot diém lam tron/lam tron xuéng (vi dy, A2) dé khir 4nh xa céc diém trong
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chom diém, trong khi thiét bi truyén tin hiéu co thé st dung chom diém c6 cac diém
khong lam tron/lam tron xudng (vi dy, Al).

Ngoai ra, ngay ca khi thir t sép xép cla céc gid tri trong cac bang tir bang 2 dén
bang 11 c6 thay i, thi ban than tip hop cia cac diém trong chom diém van khong thay
dbi, va vi vay, c6 thé sip xép céc gia tri bang céch thay dbi thir tu cua cac gia tri nhu
duoc thé hién trong cic bang tir bang 2 dén bang 11.

Mot vi du vé phuong phap chuin hoa va mot phuong 4n 1am vi du vé& phuong phap
tao ra chom diém 2D tir tap hop muc 1D s& dugc mo ta dudi day.

Vi du, gia su ring gid tri cla cac diém trong chom didm 1D NU 1K QAM véi ty 1&
m hoa bing 13/15 dugc thé hién trong bang 12 du6i day.

Bang 12
Mite Ty 1€ ma hoa
13/15

1 1

2 2,975413
3 4,997551
4 7,018692
5 9,102872
6 11,22209
7 13,42392
8 15,69921
9 18,09371
10 20,61366
11 23,2898
12 26,15568
13 29,23992
14 32,59361
15 36,30895
16 40,58404

Trong d6, khi vecto muc A duogc biéu dién dudi dang A= (a;), 1=0, 1, 2, ..., L-1),
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thi truée hét, vecto A duge chuin hoa bang cach st dung biéu thirc 3 dudi day, va co thé

thu dugc vecto chudn hod A.

2.2
— > a;
L“

Trong biéu thirc 3 néu trén, L 13 s lugng murc (tirc 12 hang cta vecto A). Viduy, d6i
véi cac chom diém 16-QAM, 64-QAM, 256-QAM, 1024-QAM va 4096-QAM, hang cta

vecto mirc c6 thé 1an luot bang 4, 6, 8, 10 va 12.

Trong vi du trén, vecto chudnhod A c6 thé duogc thé hién trong bang 13 dudi day.

Bang 13
Mite Ty 1€ ma hoa
13/15
1 0,0325
2 0,0967
3 0,1623
4 0,228
5 0,2957
6 0,3645
7 0,4361
8 0,51
9 0,5878
10 0,6696
11 0,7566
12 0,8497
13 0,9498
14 1,0588
15 1,1795
16 1,3184

Néu phuong phap chun hoa néu trén 1in lugt duge 4p dung cho bang 5 va bang 6,

thi ¢6 thé d& dang nhan théy 1a s& 1an luot thu duge bang 10 va bang 11.
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cung co thd dugc thé hién trong bang 14 dudi day.

phwong phap anh xa Gray c6 thé dugc 4p dung dé 1am vi du.

ubi cung dugc tao ra véi tat ca cac td hop c6 thé c6 cia phén

¢ 1a cac thanh phén). Trong trudng

tu tht nhét cubi

Bang 14
Nhén Diém trong Nhén Piém trong Nhin Diém trong Nhén Piém trong
(nguyén)| chom diém |(nguyén)| chom diém |(nguyén)| chom diém |(nguyén)| chom diém

1 1,3184+1,3184i| 65 |13 184+0,0967i| 129 0,0325+1,1795i| 193 0,0325+0,0967i
2 1,3184+1,17951| 66 1,1795+0,0325i| 130 0,0967+1,3184i| 194 0,0967+0,0325i
3 1,1795+1,3184i| 67 1,1795+0,0967i| 131 0,0967+1,17951| 195 0,0967+0,09671
4 1,1795+1,1795i| 68 |13 184+0,2280i| 132 {0,0325+0,9498i 196 0,0325+0,2280i
5 1,3184+0,9498i| 69 |1,31 84+0,16231| 133 |0,0325+1,05 88i| 197 |0,0325+0,1623i
6 1,3184+1,0588i| 70 1,1795+0,2280i| 134 0,0967+0,9498i| 198 0,0967+0,2280i
7 1,1795+0,9498i| 71 1,1795+0,1623i| 135 0,0967+1,0588i| 199 0,0967+0,1623i
8 1,1795+1,0588i| 72 0,9498+0,03251| 136 0,2280+1,3184i| 200 0,2280+0,0325i
9 0,9498+1,3184i| 73 0,9498+0,0967i| 137 0,2280+1,1795i| 201 0,2280+0,0967i
10 |0,9498+1,1795i| 74 1,0588+0,0325i| 138 0,1623+1,3184i| 202 0,1623+0,0325i
11 [1,0588+1,3184i| 75 1,0588+0,0967i| 139 0,1623+1,1795i| 203 0,1623+0,0967i
12 |1,0588+1,1795i| 76 0,9498+0,2280i| 140 0,2280+0,9498i| 204 0,2280+0,2280i
13 ]0,9498+0,9498i| 77 0,9498+0,1623i| 141 0,2280+1,0588i| 205 0,2280+0,16231
14 10,9498+1,0588i| 78 1,0588+0,2280i| 142 0,1623+0,9498i| 206 0,1623+0,2280i
15 |1,0588+0,9498i| 79 1,0588+0,1623i| 143 0,1623+1,0588i| 207 0,1623+0,16231
16 |1,0588+1,0588i| 80 |11 84+0,5100i| 144 |0,0325+0,5878i 208 |0,0325+0,5100i
17 |1,3184+0,5878i| 81 1,3184+0,4361i| 145 0,0325+0,6696i| 209 0,0325+0,4361i
18 |1,3184+0,6696i| 82 1,1795+0,5100i| 146 0,0967+0,5878i| 210 0,0967+0,51001
19 [1,1795+0,5878i| 83 1,1795+0,4361i| 147 0,0967+0,6696i| 211 0,0967+0,4361i
20 |1,1795+0,6696i| 84 1,3184+0,2957i| 148 0,0325+0,8497i| 212 0,0325+0,29571
21 [1,3184+0,8497i| 85 1,3184+0,36451| 149 0,0325+0,7566i| 213 0,0325+0,3645i1
22 |1,3184+0,7566i| 86 1,1795+0,2957i| 150 0,0967+0,8497i| 214 0,0967+0,29571
23 |1,1795+0,8497i| 87 |1,1795+0,3 645i| 151 0,0967+0,7566i| 215 0,0967+0,36451
24 11,1795+0,7566i| 88 |0,9498+0,5100i 152 10,2280+0,5878i| 216 0,2280+0,5100i
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25 10,9498+0,5878i| 89 0,9498+0,4361i| 153 0,2280+0,6696i| 217 0,2280+0,4361i
26 10,9498+0,6696i| 90 1,0588+0,5100i| 154 0,1623+0,5878i| 218 0,1623+0,5100i
27 11,0588+0,5878i| 91 1,0588+0,4361i| 155 0,1623+0,6696i| 219 0,1623+0,4361i
28 |1,0588+0,6696i| 92 0,9498+0,2957i| 156 0,2280+0,8497i| 220 0,2280+0,2957i
29 10,9498+0,8497i| 93 0,9498+0,3645i| 157 0,2280+0,7566i| 221 0,2280+0,3645i
30 |0,9498+0,7566i| 94 1,0588+0,2957i| 158 0,1623+0,8497i| 222 0,1623+0,2957i
31 1,0588+0,8497i| 95 |1,05 88+0,3645i| 159 0,1623+0,7566i| 223 0,1623+0,3645i
32 |1,0588+0,7566i| 96 0,5878+0,0325i| 160 0,5100+1,3184i| 224 0,5100+0,03251
33 10,5878+1,1795i| 97 0,5878+0,0967i| 161 |0,5 100+1,1795i| 225 0,5100+0,0967i
34 10,6696+1,3184i| 98 0,6696+0,0325i| 162 0,4361+1,3184i| 226 0,4361+0,0325i
35 10,6696+1,17951| 99 0,6696+0,0967i| 163 0,4361+1,1795i| 227 0,4361+0,0967i
36 |0,5878+0,9498i| 100 |0, 878+0,2280i| 164 0,5100+0,9498i| 228 0,5100+0,22801
37 10,5878+1,0588i| 101 |0, 878+0,1623i| 165 ]0,5100+1,05 88i| 229 0,5100+0,1623i
38 10,6696+0,9498i| 102 0,6696+0,2280i| 166 0,4361+0,9498i| 230 0,4361+0,22801
39 10,6696+1,0588i| 103 0,6696+0,1623i| 167 0,4361+1,0588i| 231 0,4361+0,16231
40 10,8497+1,3184i| 104 0,8497+0,0325i| 168 0,2957+1,3184i| 232 0,2957+0,0325i
41 10,8497+1,1795i| 105 0,8497+0,0967i| 169 0,2957+1,1795i| 233 0,2957+0,09671
42 10,7566+1,3184i| 106 0,7566+0,0325i| 170 0,3645+1,3184i| 234 0,3645+0,0325i
43 10,7566+1,17951| 107 0,7566+0,0967i| 171 0,3 645+1,17951| 235 0,3645+0,0967i
44 10,8497+0,9498i| 108 0,8497+0,2280i| 172 0,2957+0,9498i| 236 0,2957+0,2280i
45 10,8497+1,0588i| 109 0,8497+0,1623i| 173 0,2957+1,0588i| 237 0,2957+0,1623i
46 |0,7566+0,9498i| 110 0,7566+0,2280i| 174 0,3645+0,9498i| 238 0,3645+0,2280i
47 10,7566+1,0588i| 111 0,7566+0,1623i| 175 0,3645+1,0588i| 239 0,3645+0,16231
48 10,5878+0,5878i| 112 0,5878+0,5100i| 176 0,5100+0,5878i| 240 0,5100-+0,5100i
49 10,5878+0,6696i| 113 0,5878+0,4361i| 177 0,5100+0,6696i| 241 0,5100+0,4361i
50 10,6696+0,5878i| 114 0,6696+0,5100i| 178 0,4361+0,5878i| 242 0,4361+0,51001
51 10,6696+0,6696i| 115 0,6696+0,4361i| 179 0,4361+0,6696i| 243 0,4361+0,4361i
52 10,5878+0,8497i| 116 0,5 878+0,2957i| 180 0,5 100+0,8497i| 244 0,5 100+0,2957i
53 10,5878+0,7566i| 117 0,5878+0,36451| 181 0,5100+0,7566i| 245 0,5100+0,3645i
54 10,6696+0,8497i| 118 0,6696+0,2957i| 182 0,4361+0,8497i| 246 0,4361+0,2957i
55 10,6696+0,7566i| 119 0,6696+0,36451| 183 0,4361+0,7566i| 247 0,4361+0,3645i
56 |0,8497+0,5878i| 120 0,8497+0,5100i| 184 0,2957+0,5878i| 248 0,2957+0,5100i
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57 10,8497+0,6696i| 121 0,8497+0,4361i| 185 0,2957+0,6696i| 249 0,2957+0,4361i

58 10,7566+0,5878i| 122 0,7566+0,5100i| 186 0,3645+0,5878i| 250 0,3645+0,5100i

59 10,7566+0,6696i| 123 0,7566+0,4361i| 187 0,3645+0,6696i| 251 0,3645+0,43611

60 |0,8497+0,8497i| 124 0,8497+0,2957i| 188 0,2957+0,8497i| 252 0,2957+0,2957i

61 |0,8497+0,7566i| 125 0,8497+0,3645i| 189 0,2957+0,7566i| 253 0,2957+0,3645i

62 |0,7566+0,8497i| 126 0,7566+0,2957i| 190 0,3645+0,8497i| 254 0,3645+0,2957i

63 |0,7566+0,7566i| 127 0,7566+0,36451| 191 0,3645+0,7566i| 255 0,3645+0,3645i

64 |1,3184+0,0325i| 128 0,0325+1,31841} 192 0,0325+0,03251| 256 1,3184-1,3184i

Fig.35 1a so dd khdi thé hién cAu hinh cta thiét bi truyén tin higu theo phuong an
lam vi du thyc hién sang ché. Dya vao Fig.35, thiét bi truyén tin hiéu 3500 bao gom bd
ma hod 3510, bd dan xen 3520 va bo diéu bién 3530 (hodc ‘bd anh xa chom diém?).

B6 ma hoa 3510 thuc hién budc ma hoa kénh trén céc bit diu vao va tao ra tir ma.

Vi du, bd ma hoa 3510 6 thé thuc hién budc ma hoa LDPC trén céc bit va tao ra tr
ma LDPC bang cach st dung bo ma hoa LDPC (khong dugc thé hién trén hinh vé).

Cu thé, bd ma ho 3510 c6 thé thyc hién bude ma hod LDPC trén céc bit dau vao
duéi dang 1a cac bit tir thong tin, va tao ra tir md LDPC bao gdm céc bit tir thong tin va
c4c bit chin 1é (tic 1a cac bit chén 1¢ LDPC). Trong trudng hop nay, md LDPC 1a md hé
thdng, tir thong tin cd thé dugc duwa nguyén ven vao trong tir ma LDPC.

Trong d6, tir ma LDPC dugc tao bdi céc bit tir théng tin va cac bit chin 18. Vi dy, tir
ma LDPC ¢6 Ny, bit, va ¢6 thé bao gé)m céc bit tir thong tin ¢6 Kigpe bit va cac bit chin
18 ¢6 Nparity = Niape — Kiape bit.

Trong trudng hop nay, bd ma hoa 3510 co thé thuc hién budc ma hoa LDPC dua
trén ma tran kidm tra chén 1& va tao ra tr ma LDPC. Nghia 13, quy trinh thuc hién budc
ma hoa LDPC 1 quy trinh tao ra tir ma LDPC thoa mén hé thuc H - CT=0, va vi vay, bd
15 hod 3510 ¢6 thé sit dung ma tran kiém tra chin 1¢ khi thuc hién budc ma hoa LDPC.
Trong d6, H 12 ma tran kiém tra chin 1¢ va C 1a tir ma LDPC.

P& lam dugc didu nay, thiét bi truyén tin hiéu 3500 co thé c6 bd nhd riéng va luu

trit trude vao trong do nhiéu loai ma tran kiém tra chén 18 khac nhau.

Tuy nhién, day chi 1a mot vi du, va budc ma ho4 kénh c6 thé dugc thuc hién theo
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nhidu so d6 khéc nhau.

Bo ma hoa 3510 c6 thé thyc hién bude ma hod kénh bing cach st dung nhiéu tj 18
mé hod khac nhau nhu 2/15, 3/15, 4/15, 5/15, 6/15, 7/15, 8/15, 9/15, 10/15, 11/15, 12/15
va 13/15. Ngoai ra, b mé hoa 3510 c6 thé tao ra tir ma ¢ nhiu d6 dai khac nhau nhu
16200 va 64800 dua trén do dai tinh bang bit cia tir mi va ty 16 ma hoa.

B6 dan xen 3520 dan xen tir ma. Nghia 13, by dan xen 3520, dua trén cac quy tac
dan xen khéac nhau, ¢ thé thuc hién budc dan xen bit trén tir ma dugc tao ra bang bd ma
hoa 3510.

Bo didu bién 3530 anh xa tir ma da dugc dan xen theo mot so dd didu bién 1én mot
chom diém khong dong déu.

Cu thé, bod didu bién 3530 c6 thé thuc hién budc bién dbi nbi tiép-song song trén tu
mi d3 duogc dan xen, va phan kénh tir ma d3 duogc dan xen tao thanh 6 (hoic tlr &) c6 mot
s lrong bit nhét dinh.

Vi dy, bo didu bién 3530 6 thé thu cdc bit tir md Q= (qos q1> Go» ---) Xuat ra tir b0
dan xen 3520, va tao ra cac 0.

Trong trudng hop nay, s6 lugng bit tao nén mbi 6 c6 thé dung bing sb lugng bit tao
nén mét ky hidu diéu bién (tie 13, béc didu bién). Vi dy, khi b diéu bién 3530 thuc hién
bue didu bién bing cach st dung cdc so dd didu bién QPSK, 16-QAM, 64-QAM,
256-QAM, 1024-QAM, 4096-QAM, thi sb lugng bit yop tao nén mdt ky hiéu didu bién

6 thé 14n lugt bing 2, 4, 6, 8, 10 va 12.

Vi du, khi so @ diéu bién 12 64-QAM, thi Nvop bing 6 (Myop = 6), va vi vay, mdi 6
6 thé duoc bidu dién dudi dang (qo, di> 92> 93 G4,9s)s  (de 97> 98 o o, qu),
(Q12> 913> 14> dis» 16, 917)s -

Ngoai ra, b didu bién 3530 c6 thé thye hién budc didu bién bang cach anh xa cac 0
1én mot chom diém khong dong déu.

Cu thé, mi 6 c6 sb lugng bit ding bing s6 Tugng bit tao nén ky hiéu diéu bién, va
vi vay, b0 didu bién 3530 c6 thé tao ra ky hiéu didu bién bang cach tudn tu 4nh xa mdi 6

1én mdt diém trong chom diém khong ddng déu. Trong d6, mot ky hiéu didu bién twong
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ng véi mot diem trong chom diem.

Trong trudng hop nay, chom didm c6 thé chia cac diém dugc xéac dinh dya vao cac

bang tlr bang 2 dén béng 11 theo mot so dd diéu bién.

Cu thé, chom didm c6 thé chtra cac diém dugc xac dinh dua vao vecto vi tri chom
didm nhu duge thé hién trong cic bang tir bang 2 dén bang 4 va tir bang 7 dén bang 9,
theo mdt so dd didu bién. Ho#ic, chom didm c6 thé chira cac diém dugc xac dinh dua vao
vecto vi tri chom diém duogc tao ra dua vao tap hop mitc nhu dugc thé hién trong bang 35,
bang 6, bang 10 va bang 11 theo mot so b didu bién.

Nghia 13, néu xét dén ty 1& ma hod dugc dung d& m3 hod bing bd ma hoa 3510, thi
bo didu bién 3530 c6 thé thuc hién budc didu bién bing cach anh xa cc 0 lén mot tip
hop gdm céc diém trong chom diém tuong Ung voi ty 16 md hoa do, tap hop gbm céc
diém trong chom diém nay duoc chon trong s6 cac tip hop gbm cac diém trong chom

diém dugc x4c dinh dya vao cac bang tir bang 2 dén bang 11 theo cac ty 1& ma hoa.
Vi du, khi so d diéu bién 1a 64-QAM, thi chom diém c6 thé chira cac diém dugc
xac dinh dua vao bang 8.

Cu thé, khi by ma hoa 3510 thuc hién budc ma hod véi ty 1 ma hoé bang 2/15, thi
b0 diéu bién 3530 co thé 4nh xa tir ma di dugc dan xen 1én chom diém khong dong déu

chira cac diém duge xac dinh theo cot NUC_64_2/15 trong bang 8.

Nghfa 13, khi bu¢c ma hoa v6i ty 1€ mi hoa bang 2/15 va budc didu bién dugc thuc
hién trén chom diém 2D 64NUC, thi cac diém trong chom diém & goc phan tu thir nhét
ciia chom diém co thé dugc bidu dién dusi dang vecto vi tri chom diém
{Wo, Wi, Wa, ..oy Wig, Wis} = {0,6474 +0,9831i, 0,6438 + 0,9829i, 0,6471 +0,9767i, ...,
0,6385 + 0,4656i, 0,6353 + 0,4653i} nhu dugc xac dinh theo cot NUC 64 2/15 trong
bang 8.

Ngoai ra, khi by ma hoa 3510 thuc hién budc mi hoa voi ty 1€ mé hoa béng 3/15,
thi bd didu bién 3530 co thé 4nh xa tir ma dd dugc dan xen 1én chom diém khong dé)ng
déu chira cac diém dugc xac dinh theo cot NUC_64 _3/15 trong bang 8.

Nghia 13, khi budéc ma hoa v6i ty 1€ md hoa bang 3/15 va budc didu bién duge thyc

hién trén chom diém 2D 64NUC, thi cac diém trong chom diém & goc phan tu thir nhét
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cia chom diém c6 thé duoc bidu dién du6i dang vecto vi tri chom diém
{Wo, W1, Was .oy Wids Wis) = {0,5472 + 1,1591i, 0,5473 + 1,15731, 0,5467 +1,1599i, ...,
0,5087 + 0,3163i, 0,5087 + 0,3163i} nhu dugc xac dinh theo c6t NUC_64_3/15 trong
bang 8.

Ngoai ra, khi by ma hod 3510 thuc hién budc méd hod voi ty 1& ma hoa bang 4/15,
thi bd didu bidn 3530 c6 thé anh xa tir ma di dugc dan xen 1én chom diém khong ddng

ddu chira cac diém dugc xac dinh theo cot NUC_64_4/15 trong bang 8.

Nghia 13, khi bude ma hod véi ty 16 mé hoa bang 4/15 va budc didu bién dugc thuc
hién trén chom diém 2D 64NUC, thi cac diém trong chom diém & goc phén tu thir nhét
cia chom diém c6 thé duoc bicu dién dusi dang vecto vi tri chom diém
{Wo, W1, Way .oy Wias Wis) = {0,5008 + 1,2136i, 0,4994 + 1,2194i, 0,5313 + 1,17154, ...,
0,4791 + 0,2773i, 0,4791 + 0,2758i} nhu dugc x4c dinh theo cot NUC_64_4/15 trong
bang 8.

Bang 8 thé hién cac diém trong chom diém & trong mot goc phéan tu cia chom diém,
va cac diém trong chom diém & trong céc goc phan tu con lai ciia chom diém c6 thé thu
duoc b%mg cach 1an luot bidu didn mdi diém a trong chom diém dugc xac dinh dua vao
bang 8 duéi dang a*, —a* va—-a (trong @6 * 1a li€n hop phitrc).

Vi du khac, khi so dd didu bién 12 256-QAM, thi chom diém c6 thé chira cac diém
duoc xac dinh dya vao bang 9.

Cu thé, khi b ma hoa 3510 thuc hién buéc ma hod véi ty 16 ma ho4 bang 2/15, thi
b6 diéu bién 3530 co thé anh xa tir ma da dugc dan xen 1én chom diém khong dong déu

chta cac didm duogc xac dinh theo cot NUC_256_2/15 trong bang 9.

Nghfa 13, khi buéc mé hoa v6i ty 1€ ma hoa bang 2/15 va budc didu bién dugc thuc
hién trén chom diém 2D 256NUC, thi cac diém trong chom diém & goc phian tu thi nhét
clia chom didm co thé dugc bidu didn dudi dang vecto vi ftri.chom diém
{Wo, Wi, Wa, --vs We2, Wea} = {0,5553 + 1,1262i, 0,5673 +0,1336i, 0,5593 + 1, 12044, ...,
0,5319 + 0,3381i, 0,5327 +0 133951} nhu dugc xac dinh theo cot NUC 256 2/15 trong
bang 9.

Ngoai ra, khi bd mé hoa 3510 thuc hién budc ma hoa v6i ty 1€ mé hoa b%mg 3/15,
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thi bo diéu bién 3530 c6 thé 4nh xa tir ma da dugc dan xen 1én chom diém khong dong

ddu chira cic diém dugc x4c dinh theo cot NUC_256_3/15 trong bang 9.

Nghia 13, khi budc ma hoa v6i ty 1€ ma hoa bé‘mg 3/15 va budc didu bién dugc thuc
hién trén chom diém 2D 256NUC, thi cdc diém trong chom diém & géc phén tw thir nhét
cia chom diém co thé duoc bidu didn dudi dang vecto Vi tri chom diém
{Wo, W1, Wa, ..., We, We3} = {0,5229 + 1,1810i, 0,5384 + 1,16251, 0,5148 +1,19431, ...,
0,4734 + 0,26964i, 0,4749 + 0,2711i} nhu dugc xac dinh theo cot NUC _256_3/15 trong
bang 9.

Ngoai ra, khi by ma hod 3510 thuc hién budc ma hoa v6i ty 1€ méd hoa b%mg 4/15,
thi bo diéu bidn 3530 co6 thé anh xa tir mi da dugc dan xen 1én chom diém khong dong
ddu chira cac diém dugc xéc dinh theo cot NUC_256_4/15 trong bang 9.

Nghia 13, khi bude mi hod voéi ty 1¢ ma hoa bang 4/15 va bude didu bién duge thuc
hién trén chom diém 2D 256NUC, thi cac diém trong chom diém & goc phan tu thir nhét
cia chom diém co6 thé duogc biéu didn duéi dang vecto Vi tri chom diém
{Wo, Wi, Wa, ..., We2s We3} = {0,2975 + 1,0564i, 0,5862 + 0,9617i, 0,2909 + 1,06961, ...,
0,3762 +0,1998i, 0,3689 + 0,2114i} nhu dugc xac dinh theo cot NUC _256_4/15 trong
bang 9.

Bang 9 thé hién céc diém trong chom diém & trong mot goc phan tu ciia chom diém,
va cac diém trong chom diém & trong cic goc phan tu con lai cia chom diém c6 thé thu
dugc bing cach 1an luot bidu didn m&i diém a trong chom diém duge xdc dinh dya vao
bang 9 dudi dang a*, —a* va—a (trong d6 * 1a lién hop phte).

Vi du khac, khi so dd diéu bién 12 1024-QAM, thi chom diém c6 thé chira cac diém
duoc xéac dinh dya vao bang 10. |

Cu thé, khi bd ma hoa 3510 thyc hién budc mi hod véi ty 1€ mé hoa bang 2/15, thi
bo diéu bién 3530 co thé 4nh xa tir ma da dugc dan xen lén chom diém khong dong déu
chira cac diém dugc xéc dinh theo cot NUC_1k_2/15 trong bang 10.

Nghta 13, khi buéc ma hod véi ty 16 ma hoa biing 2/15 va budc diéu bién dugce thue
hién trén chom diém 1D 1024NUC, thi tip hop mirc c6 thé 1a A= {0,3317, 0,3321,
03322, ..., 0,9394, 0,9349} nhu dugc xac dinh theo cot NUC_1k_2/15 trong bang 10, va
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vecto vi tri chom didm bidu dién cac diém trong chom diém & goc phan tu thir nhét ¢6 thé
duge bidu dién dudi dang {0,3317 +0,3317i, 0,3317 + 0,3321i, 0,3321+0,3317i, ...,
0,9349 + 0,9349i}.

Ngoai ra, khi bd mé hoa 3510 thuc hién budc ma hod véi ty 1€ mi hoa bang 3/15,
thi bo diéu bién 3530 c6 thé anh xa tir ma da dugc dan xen 18n chom diém khong dong

ddu chira cac didm dugc xac dinh theo cot NUC_1k_3/15 trong béang 10.

Nighta 13, khi budc mé hoa véi ty 1¢ ma hod bing 3/15 va bude didu bién duge thuc
hién trén chom diém 1D 1024NUC, thi tip hop muc c6 thé 1a A={0,2382, 0,2556,
0,2749, ..., 0,9459, 1,4299} nhu dugc xac dinh theo ¢t NUC 1k _3/15 trong bang 10, va
vecto vi tri chom diém bidu dién cac diém trong chom diém & goc phan tu thir nhét c6 thé
duge bidu dién duci dang {0,2382 + 0,2382i, 0,2382 +0,25561, 0,2556 + 0,2382i, ...,
1,4299 + 1,4299i}.

Ngoai ra, khi by ma hoa 3510 thuc hién budc ma hoa voéi ty 1& mé hoa bé'mg 4/15,
thi bo ditu bidn 3530 c6 thé anh xa tir md dd dugc dan xen 1én chom diém khong dong

ddu chira cac diém duge xac dinh theo cdt NUC_1k_4/15 trong bang 10.

Nghia 13, khi budc ma hoa véi ty 16 ma hoa bang 4/15 va budc didu bién duge thuc
hién trén chom didm 1D 1024NUC, thi tdp hop muc co thé 1a A = {0,1924, 0,1940,
0,2070, ..., 1,1332, 1,4761} nhu duge xé4c dinh theo cdt NUC_ 1k_4/15 trong bang 10, va
vecto vi tri chom diém biéu dién cac diém trong chom diém & goc phan tu thir nhét ¢6 thé
duge bidu dién dusi dang {0,1924 +0,1924i, 0,1924 + 0,1940i, 0,1940 +0,1924i, ...,
1,4761 + 1,4761i}.

Bang 10 dugc dung dé xac dinh cac diém trong chom diém & trong mot goc phéan tu
cta chom diém, va cac diém trong chom diém & trong cac goc phan tu con lai ciia chom
didm 6 thé thu duoc bing cach 1An luot biéu dién moi didm a trong chom diém dugc xdc
dinh dwa vao bang 10 dudi dang a*, —a* va —a (trong do6 * 1a lién hgp phic).

Vi du khéc, khi so @ diéu bién 12 4096-QAM, thi chom diém c6 thé chura cac diém
dugc xac dinh dya vao bang 11.

Cu thé, khi bd ma hod 3510 thuc hién budc ma hoa véi ty 1€ ma ho4 bang 2/15, thi

b didu bién 3530 c6 thé anh xa tir mé da dugc dan xen 1én chom diém khong ddng déu
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chura cac diém duge xac dinh theo cot NUC_4k_2/15 trong bang 11.

Nghia 13, khi buéc ma hoa v6i ty 1€ md hoa bang 2/15 va budc didu bién dugc thyc
hién trén chom diém 1D 4096NUC, thi tdp hgp mirc c6 thé 1a A ={0,2826, 0,2885,
0,2944, ..., 1,0185, 1,4660} nhu duoc xac dinh theo cot NUC_4k 2/15 trong bang 11, va
vecto vi tri chom diém bidu dién cac diém trong chom diém & goc phén tu thir nhét c6 thé
duoc bidu dién dudi dang {0,2826 + 0,2826i, 0,2826 + 0,2885i, 0,2885 + 0,2826i, ...,
1,4660 + 1,4660i}.

Ngoai ra, khi by ma hod 3510 thyc hién budc mi hoa vé6i ty 1€ ma hoa bfmg 3/15,
thi b6 didu bién 3530 c6 thé 4nh xa tir ma da duoc dan xen 1én chom didm khong dong

ddu chira cac diém dugc xéac dinh theo cot NUC_4k_3/15 trong bang 11.

Nghta 13, khi buéc ma hoa véi ty 1¢ ma hoa bing 3/15 va bude didu bién dugc thue
hién trén chom didm 1D 4096NUC, thi tap hop murc c6 thé 1a A ={0,2038, 0,2038,
0,2155, ..., 1,0658, 1 ,6424} nhu dugc xac dinh theo cdt NUC _ 4k 3/15 trong bang 11, va
vecto vi tri chom didm bidu dién céc diém trong chom diém & goc phan tur thr nhét c6 thé
duoc bidu didn dudi dang {0,2038 + 0,203 8i, 0,2038 +0,2155i, 0,2155 +0,2038i, ...,
1,6424 + 1,6424i}.

Ngoai ra, khi by ma hod 3510 thyc hién budc ma hod véi ty 1¢ ma hoa bang 4/15,
thi bo didu bién 3530 c6 thé anh xa tir mi da dugc dan xen I1én chom didm khong dong

déu chura cac diém duoc xéac dinh theo cdt NUC 4k _4/15 trong bang 11.

Nighia 13, khi buéc ma hod véi ty 1¢ ma hod bling 4/15 va budc didu bién duge thuc
hién trén chom didm 1D 4096NUC, thi tdp hop mic co thé 1a A ={0,1508, 0,1468,
0,1456, ..., 1,1683, 1,6391} nhu dugc xéac dinh theo cOt NUC_4k_4/15 trong bang 11, va
vecto vi tri chom diém biéu dién cac diém trong chom diém & goc phén tu thi nhét c6 thé
duoc biéu dién dudi dang {0,1508 + 0,1508i, 0,1508 +0,1468i, 0,1468 + 0,1508i, ...,
1,6391 + 1,6391i}.

Ngoai ra, khi bd ma hoa 3510 thyc hién budc ma hod véi ty 1& ma hoa bing 5/15,
thi bd didu bién 3530 c6 thé anh xa tir md d& duoc dan xen 1én chom diém khong dong

ddu chira cac diém dugc xac dinh theo cdt NUC_4k_5/15 trong bang 11.

Nghia 13, khi buéc ma hod voi ty 1¢ ma hod bing 5/15 va bude diéu bién dugc thuc
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hién trén chom didm 1D 4096NUC, thi tdp hop mic co thé 1a A = {0,1257, 0,1257,
0,1257, ..., 1,1882, 1,6566} nhu duoc xac dinh theo ct NUC_4k_5/15 trong bang 11, va
vecto vi tri chom didm bidu dién céc diém trong chom diém & goc phén tu thir nhét c6 thé
duge biéu dién dudi dang {0,1257 +0,1257i, 0,1257 + 0,3599i, 0,3599 +0,12571, ...,
1,6566 + 1,6566i}.

Bang 11 dugc dung dé xac dinh céc diém trong chom diém & trong mot goc phﬁn tu
ctia chom diém, va cc diém trong chom diém & trong cac goc phan tu con lai cia chom
didm c6 thé thu duge bang cach 1an luot biéu dién mbi diém a trong chom diém dugc xéac
dinh dua vao bang 11 dudi dang a*, —a* va —a (trong d6 * 12 lién hgp phtrc).

Céc vi du néu trén di mo ta cac 6 dugc anh xa 1én mot tap hop diém trong chom
diém tuong tng voi ty 1€ mé hoa dugc dung d& ma hod, tuy nhién, day chi 1a vi du minh
hoa, va trong mot sb trudong hop, bd didu bién 3530 ¢6 thé anh xa céc 0 1én tap hop diém
trong chom diém khong tuong tmg v6i ty 16 ma hoa dugc dung dé ma hoa.

Vi du, khi so db didu bién 64-QAM dugc sir dung, mdc di buéc ma hoé dugce thuc
hién v6i ty 16 ma hod bang 2/15, nhung bd didu bién 3530 c6 thé anh xa cac 0 1én tap hop
diém trong chom diém dugc xac dinh theo ot NUC_64 _3/15 hodc cot NUC_64_4/15
trong bang 8, thay vi dnh xa cac 0 1én tip hop diém trong chom diém dugc xac dinh theo
cOt NUC_64 2/15 trong bang 8.

Thiét bi truyén tin higu 3500 c6 thé diéu bién tin hiéu dugc anh xa 1én chdm diém
va truyén tin hiéu dén thiét bj thu tin higu (vi du thibt bi thu tin hiéu 3600 trén Fig.36). Vi
du thiét bi truyén tin hiéu 3500 c6 thé dat tin hidu dd dugc anh xa lén chom diém vao
khung don kénh phin tin truc giao (Orthogonal Frequency Division Multiplexing,
OFDM) biing cach sir dung mdt so d6 OFDM, va ¢6 thé truyén tin hiéu dén thiét bi thu
tin hiéu 3600 trén kénh da dugc phan dinh.

Néi cach khéc, trong phuong phép anh xa v6i cac so dd didu bién 16-QAM,
64-QAM v 256-QAM, mdi tir 6 dit ligu dau vao (Yos - yamop_1) & duge diéu bién
bing cach st dung mot chom didm khong dong ddu 2D dé tao ra diém z trong chom
diém. Chi sb s 1a chi sb thoi gian riéng biét, nvop = loga(M), M 1a s6 luong diém trong

chom didm, vi du M = 64 doi v6i chom diém didu bién 64-QAM. Vecto cla cic diém
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trong chom diém phitc X = (Xg, .- Xp-1) bao gom tAt ca M diém trong chom di€ém didu

bién QAM. Phén tir thir k cia vecto ndy, Xy, trong ung voi diém trong chom diém di€u
bién QAM véi tir 6 dit lidu dau vao (Yo .- YqMOD-1,5)> NEU cac bit nay bi€u dién so6 thap

phan k (yo 1a bit co gia tri 16n nhét (Most Significant Bit, MSB), va yqmop-1;s 12 bit c6 giad
tri nho nhét (Least Significant Bit, LSB)). Do tinh dbi xtmg gifta cac goc phan tu, cho
nén vecto hoan chinh x é() thé dugc tim ra bang céch chi can xac dinh goc phén tu thir
nhét cta cac diém trong chom diém phuec, tic 1a (Xo .- Xp/a1), tong Gng véi goc phan
tur thir nhat. Quy téc d& fim ra céc diém con lai duge mo ta dudi day. Gia st b=M/4, goc
phan tu thu nhit ctia cac diém trong chom didm phtrc dugc ky hiéu 1a vecto vi tri chom
didm NUC w = (Wq, ..., Wp-1). Cac vecto vi tri dugc xéac dinh dya vao cac bang néu trén.
Vi du, vecto vi tri chom didm NUC v6i so dd didu bién 16-QAM bao gbm cac diém trong
chom diém phitc c6 nhan tuong tmg véi cac gid tri thap phan tir 0, tic la
(Yosss +++> YnMOD-1s) = 0000, dén b1, trc 12 (Yo, -+ YnMOD-1,5) = 0011. Cac diém con lai
trong chom diém duoc tim ra theo cach nhur sau:

(Xgs -+s Xp1) =W (goc phﬁn tu tht nhat)

(X, ... Xap1) = —conj(w)  (goc phén tu tht hai)

(Xabs -+ +» X3b-1) = €O (w)  (gbc phi?m tu thir ba)

(X3ps - +-» Xap1) = —W (goc phé‘m tu thir tw),

trong d6 conj 1a lién hop phirc.

Vi du, vecto vi tri chom diém NUC véi so dd didu bién 1a 16-QAM va ty 1¢ md hoa
bang 2/15 duorc tao ra theo cach nhu sau. Dya vao bang 7, W= (0,7073 + 0,70754,
0,7073 + 0,7074i, 0,7060 + 0,7077i, 0,7065 + 0,7071i). Tir day vé sau, i= \/—' 1a don
vi 40. Gia sir rang tir & dit lidu dAu vao 13 (Yo -+ Yamon-1,s) = (1 100), diém trong chom
diém didu bién QAM twong (g & chi sb thoi gian s 12 zg = X1 = —Wo = ~0,7073-0,7075i.

Ngoai ra, trong phuong phap anh xa véi cac so dd didu bién 1024-QAM va
4096-QAM, méi tir 6 dit lidu ddu vao (Yo ---» Ynmop-1) & chi s thoi gian riéng biét s s&

duoc didu bién bing cach sir dung chom diém didu bién QAM khong ddng déu 1-chiéu

d8 tao ra diém z, trong chom didm true khi chuin hoa. 1-chiéu dung dé chi truong hop
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mot chom diém diéu bién QAM 5-chidu ¢6 thé dugc tach ra thanh hai chom diém diéu
bién PAM 1-chidu, mdi chom diém twong tng véi mot thanh phén I va Q. Céc gié tri
chinh xac cua phén thuc Re(z) va phﬁn a0 Im(z;) véi mdi td hop cla tir & d4u vao thich
hop (Yo «--» YnMOD-1, ;) dugc tim ra dua vao vecto vi tri chom diém 1D-NUC

u=(ug, .-, Uy), dé xac dinh vi tri ctia cac diém trong chom diém khong dbng déu theo

mot chiéu. S6 lugng phan tir cia vecto vi tri chom diém 1D-NUC u dugc xac dinh bang

biéu thic v= —JZE .

Vi du, chom diém 1024-NUC véi ty 1é ma hoa bing 2/15 dugc xac dinh dya vao
vecto vi tri chom diém NUC NUC _1k 2/15. Dya vao bang 10, u= (g, ..., us) = (0,3317,
03321, 0,3322, 0,3321, 0,3327, 0,3328, 0,3322, 0,3322, 0,9369, 0,9418, 0,9514, 0,9471,
0,0448, 0,9492, 0,9394, 0,9349). Gia st ring tir 6 dit liéu ddu vao (Yo - YaMOD-1,5) =
(0010011100), thi diém trong chom didm didu bién QAM tuwong Ung zg €0
Re(z,) =u3 =0,3321 (dugc x4c dinh bing nhdn bit chi s6 chin, tac 1a 01010) va
Im(z;) = uy; = 0,9471 (dugce xdc dinh bing nhan bit chi s6 1é, trc 12 00110).

Fig.36 1a so dd khdi thé hién cAu hinh ctia thiét bi thu tin hiéu theo phuong an lam
vi du thuc hién sang ché. Dya vao Fig.36, thiét bi thu tin hiéu 3600 bao gdm bd gidi diéu
bién 3610, bd khir dan xen 3620 va bd giai ma 3630.

B§ giai didu bién 3610 thu va giai didu bién tin hiéu duoc truyén tir thiét bi truyén
tin hiéu 3500. Cu thé, bd giai didu bién 3610 co thé tao ra gia tri twong ung v6i tr ma
bang cach giai didu bién tin hiéu thu dugc.

Trong trudng hop nay, bo giai didu bién 3610 c6 thé thuc hién budc gidi didu bién
twong tmg véi so dd diéu bién dugc st dung & thiét bi truyén tin hiéu 3500. Pé lam dugc
didu do, thiét bi truyén tin hiéu 3500 ¢4 thé truyén thong tin vé so dd didu bién dén thiét
bi thu tin hiéu 3600, hodc thiét bi truyén tin hiéu 3500 co thé thuc hién bude didu bién
béng céch st dung so dd didu bién duoc x4c dinh trude gitta thiét bi truyén tin hiéu 3500
va thiét bi thu tin hiéu 3600. Trong d6, gia tri twong Ung v4i tir ma c6 thé duoc bidu dién
dudi dang gid tri kénh twong Ung v6i tin hidu thu duge. CO thé c¢6 nhiéu phuong phip
khac nhau dé xac dinh gia tri kénh, phuong phép xac dinh gia tri ty s6 hop ly dang loga
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(Log Likelihood Ratio, LLR) 1a m¢t vi du vé& phuong phép xéac dinh gia tri kénh.

Gia tri LLR ¢0 thé 1a mot gia tri loga cua ty s6 gifra xac sudt ma bit dugc truyén tir
thiét bi truyén tin hiéu 3500 co gia tri bang 0 va xac suAt ma bit do co gia tri bang 1.
Ngoadi ra, gia tri LLR ¢ thé 14 mot gia tri bit duogc xac dinh bang phuong phap quyét dinh
cing, hodc ¢o thé 1a mot gia tri ti€u biéu dugc xéac dinh tuy thude vao phan c6 xAc suit
ma bit duge truyén tlr thiét bi truyén tin hiéu 3500 bang 0 hay bang 1.

Bo giai didu bién 3610 c6 thé thyc hién phép bién dbi tir cac 6 thanh cac bit trén gia
tri twong Gmg v6i tir mé va xuét ra gia tri LLR theo don vi tinh 1a bit.

Bo khir dan xen 3620 khir dan xen cho gid tri diu ra caa b giai didu bién 3610, va
cung cAp gid tri thu dugc cho bd giai ma 3630.

Cu thé, bo khir dan xen 3620 12 bo phan twong ng v6i bd dan xen 3520 cia thiét bi
truyén tin hiéu 3500 va thuc hién thao tac twong ung vdi b dan xen 3520. Nghia 1a, bd
Kkhir dan xen 3620 thuc hién thao tac nguoc v6i thao tac dan xen ctia bo dan xen 3520 va
khir dan xen cho gia tri LLR.

B0 giai md 3630 ¢ thé thyuc hién budc giai ma kénh trén gia tri d4u ra ciia bd khur
dan xen 3620.

Cu thé, b giai ma 3630 1a bo phén tuong Ung v6i bd mia hoa 3510 clia thiét bi
truyén tin hiéu 3500, b gidi ma nay c6 thé sira 131 bing cach thyc hién budc giai ma st

dung gia tri LLR xuét ra tir b khir dan xen 3620.

Vi du, bd giai ma 3630 c6 thé c6 bd giai ma LDPC (khong duoc thé hién trén hinh
v&) dé thyc hién bude giai ma LDPC.

Trong truong hop na‘ly, bo giai ma 3630 co thé thuc hién budc giai mad LDPC bang
cach st dung so d6 gidi ma lap dua trén thuat toan tdng-tich. Trong do, thudt toan
tbng-tich 1a thuat toan d& trao dbi cac thong bao (vi du gia tri LLR) qua céc canh nbi trén
dd thi hai phia cta thuét toan truyén thong bao, va thong bao xuét ra dugc tinh dua vao

céc thong bao nhép vao & cac nat thay doi hodc cac nut kiém tra, va dugc cip nhat.

Bo giai md 3630 c6 thé st dung ma trén kidm tra chin 1& dé giai ma LDPC. Trong
truong hop nay, ma trén kiém tra chan 1& dugc dung dé giai ma co thd ¢6 cAu tric giéng

nhu ma tran kiém tra chin 18 dugc dung dé m3 hoa.

-65-



35019

Trong khi d6, thong tin vé ma tran kiém tra chin 1¢ hodc thong tin vé ty 1é ma hoé
ding dé giai ma LDPC c6 thé duge luu tri trude trong thiét bi thu tin hiéu 3600 hodc
duge cung cAp tlr thiét bi truyén tin hiéu 3500. |

Phin mo ta sang ché trén day chi la vi du minh hoa, va buéc giai md kénh ¢ thé
dugc thuc hién theo cac so dd khac nhau twong tmg véi budc ma ho4 kénh dugc thuc
hién bing thiét bi truyén tin hi¢u 3500.

Vat ghi bét kha bién doc duoc bing may tinh c6 thé dugc ding dé luu trir chuong
trinh d& thyc hién cac phuong phap néu trén theo céc phuong an lam vi du thuc hién sang
ché. Vat ghi bat kha bién 1a phuong tién c6 thé Tuu trit di lidu theo cach ban cb dinh chi
khong phai luu trit dit liéu trong thoi gian ngin nhu thanh ghi, bd nhé tac dong nhanh va
b6 nhd, va phuong tién ndy co thé doc dugc bing thiét bi. Cu thé, vat ghi nay cé thé 1a
vét ghi khong tam thoi nhu dia compac (Compact Disk, CD), dia ky thuit sb6 van ning
(Digital Versatile Disk, DVD), dia cting, dia Blu-ray, bd nhé theo giao thirc bus nbi tiép
da ning (Universal Serial Bus, USB), thé nh6, hodc bd nh¢ chi doc (Read-Only Memory,
ROM), nhung khong chi giéi han & cac loai vat ghi néu trén.

Céc bd phén, phan tir, mddun hogc khdi duge thé hién dudi dang khdi trén Fig.18,
Fig.35 va Fig.36 co thé duoc thuc hién véi nhiéu ciu tric khac nhau nhu phan ctng,
phén mém va/hoic phan sun dé thuc hién cac chic nang twong Ung néu trén theo phuong
4n lam vi du thyc hién sang ché. Vi du, cac bd phan, phan t&r, mddun hodc khéi nay c6
thé sir dung cAu tric mach tryc tlep, nhu bd nhd, bd xt Iy, mach logic, bang do tim, v.v.,
dé ¢6 thé thuc hién céac chirc ndng tuong Uing theo su diéu khién ctia mot hodic nhiéu bo vi
xu ly hodc cac thiét bi didu khién khac. Ngoai ra, cdc bd phan, phan tir, m6dun hodc khdi
nay c¢6 thé duge thé hién cu thé bang mot chuong trinh hodc doan mi, chira mot hodc
nhiéu 1énh thi hanh dugc 8 thyc hién cic chirc ning logic da xac dinh. Ddong thoi, it nhét
mot trong s cac bd phén, phén t, mddun hogc khéi nay c6 thé con c6 bo xtr Iy nhu bd
xur ly trung tam (Central Processing Unit, CPU), bd vi xir 1y, hodc céc b6 phan tuong tu
khac, dé thuc hién cac chirc nang tuong tmg. Bus khong dugc thé hién trong céc so dd
khéi trén Fig.18, Fig.35 va Fig.36. Tuy nhién, viéc truyén thong giita cac bd phén, phan

tir, modun hodc khéi trong tng c6 thé dugc thuc hién théng qua bus.

Cac phuong 4n lam vi du thuc hién sang ché va cac uu diém néu trén chi 1a vi du
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minh hoa va khong dugc coi 1a pham vi clia sang ché nay chi gi6i han & cdc phuong an
d6. Ngoai ra, cac phuong an lam vi du thuc hién sang ché da dugc mo ta chi duge dung
d8 1am vi du, va khong dugc dung dé giéi han pham vi yéu cu bao ho cia sang ché, va
¢6 nhidu phuong an thay dbi, sira ddi va cai bién s& duoc hidu rd dbi vai ngudi co hiéu
biét trung binh vé linh vuc k¥ thudt twong Gng.

Fig.37 1a luu dd thé hién phuong phap truyén tin hiéu cia thiét bi truyén tin hiéu
theo phurong 4n 1am vi dy thuc hién sang ché.

Trude hét, tr ma dugce tao ra (S3710) bs‘?mg cach thuc hién budc ma hoa kénh trén
céc bit, va tir ma dugc dan xen (S3720).

Sau d6, tr mi da dugc dan xen dugc anh xa l1én mdt chom diém khong dong déu
theo mét so dd didu bién (S3730).

Trong truong hop nay, chom diém c6 thé chia céc diém duogc xac dinh dwa vao cac
bang tir bang 2 dén bang 11 theo mot so b diéu bién.

Vi du, khi so dd diéu bién 1a 64-QAM, thi chom didm c6 thé chira cac diém duge
x4c dinh dua vao bang 8.

Cu thé, khi buéc ma hoa dugc thye hién v6i ty 1¢ ma hoa bing 2/15, thi & budc
$3730, tir md d4 dugc dan xen €O thé dugc 4nh xa lén chom diém khong déng déu chura
cac diém duge xéac dinh theo cot NUC_64 2/15 trong bang 8.

Khi buéc ma hoa duge thuce hién voi ty 1& ma hoa bing 3/15, thi & budc S3730, tir
mi di dugc dan xen cd thé duoc 4nh xa 1én chom diém khong dong ddu chira cac diém
duge xac dinh theo cot NUC_64_3/15 trong bang 8.

Ngoai ra, khi buéc ma hoé dugc thuc hién vdi ty 16 ma hoa bang 4/15, thi & budce
$3730, tir ma da dugce dan xen ¢o thé duogc 4nh xa 1én chom diém khong déng déu chira

cac didm duge xéac dinh theo cot NUC_64_4/15 trong bang 8.

Vi du khac, khi so dd diéu bién 1a 256-QAM, thi chom didm c6 thé chira cac diém

duge xac dinh dya vao bang 9.

Cu thé, khi buéc ma hoa dugc thuc hién véi ty 1€ ma hoa bé‘mg 2/15, thi & budce

S3730, tir ma da duge dan xen co thé dugc 4nh xa 1én chom diém khong dong déu chira
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cac didm duoc xac dinh theo ct NUC_256_2/15 trong bang 9.

Ngoai ra, khi budc ma hod dugc thuc hién véi ty 1€ ma hod bing 3/15, thi & budc
$3730, tir md dd dugc dan xen co thé dugc 4nh xa l1én chom diém khong ddng déu chtra
cac diém duogc xac dinh theo cot NUC_256_3/15 trong bang 9.

Khi budc mi hoa dugc thuc hién véi ty 1¢ ma hoa bang 4/15, thi & bude S3730, tir
mi di dugc dan xen cO thé dugc 4nh xa 1én chom diém khong ddng ddu chira cac diém
dugc xac dinh theo cot NUC _256_4/15 trong bang 9.

Trong d6, bang 8 va bang 9 thé hién céc diém trong chom diém & trong mot goc
phan tu cua chom diém, va céc diém trong chom diém & trong cac goc phan tu con lai
ctia chom diém c6 thé thu dugc bang cach 1an lugt bidu dién mbi diém a trong chom diém
duoc xac dinh dya vao bang 8 va bang 9 dudi dang a*, —a* va -2 (trong do * 1a lién hop
phtre).

Vi du khéc, khi so dd diéu bién 12 1024-QAM, thi chom didm c6 thé chira cc diem
dugc xac dinh dua vao bang 10.

Cu thé, khi budc ma hoad dugc thuc hién voi ty 1€ ma hoa bf?tng 2/15, thi & budc
$3730, tir md da dugc dan xen co thé dugc 4nh xa 1én chom diém khong dong déu chia
céc diém duge xac dinh theo cot NUC_1k_2/15 trong bang 10.

Ngoai ra, khi budc ma ho4 dugc thuc hién véi ty 1€ ma hoa bé‘mg 3/15, thi & budce
$3730, tir ma dd dugce dan xen co thé dugc anh xa 1én chom diém khong déng déu chira
cac diém duge xac dinh theo cot NUC_1k_3/15 trong bang 10.

Ngoai ra, khi budc ma hod dugc thuc hién véi ty 1€ mé hoa béng 4/15, thi & budc
$3730, tir ma da dugc dan xen ¢6 thé dugc anh xa 1én chom diém khong ddng déu chira
céc diém duoc xac dinh theo cot NUC_1k_4/15 trong bang 10.

Vi du khéc, khi so dd diéu bién 1a 4096-QAM, thi chom didm c6 thé chira cac diém
duge xac dinh dya vao bang 11.

Cu thé, khi buéc ma hoa dugc thyc hién véi ty 1€ mé hoa bé‘mg 2/15, thi & budc
$3730, tir m di duoc dan xen cé thé dugc 4nh xa 1én chom diém khong ddng déu chira

céc didm duoc xac dinh theo cot NUC_4k_2/15 trong bang 11.
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Ngoai ra, khi budc mi hod dugc thuc hién véi ty 1€ ma hoa béng 3/15, thi & budce
$3730, tir ma da dugce dan xen co thé duoc 4nh xa 1én chom diém khong dbng déu chira
cac diém duoc xac dinh theo cot NUC_4k_3/15 trong bang 11.

Khi buéc mi hoa duge thuc hién véi ty 1¢ m3 hoa b;"mg 4/15, thi & bude S3730, tir
mi d3 duge dan xen co thé duoc 4nh xa 1én chom diém khong déng déu chira cac diém

duge xac dinh theo cot NUC_4k_4/15 trong bang 11.

Khi budc mi hoa duoc thuc hién véi ty 1& ma hoa béng 5/15, thi & budc S3730, tir
mia di dugc dan xen cO thé duoc anh xa lén chom diém khong ddng ddu chira cac diém

duoc xéac dinh theo cot NUC_4k_5/15 trong bang 11.

Trong d6, bang 10 va bang 11 dugc dung d& xdc dinh cac didm trong chom diém &
trong mot goc phin tu cia chom diém, va céc diém trong chom diém & trong céc goc
ph::in tu con lai cia chom diém c6 thé thu dugc bang cach 1an luot bidu didn mbi diém a
trong chom diém duoc xac dinh dya vao bang 10 va bang 11 duéi dang a*, —a* va —a

(trong d6 * 12 1ién hop phirc).

Theo séng ché, dé tao ra chom diém ti wu thi phai xac dinh nang suat. Dé lam duogc
viéc nay thi gia tri SNR 1a mot thong s quan trong. Tuy nhién, viéc t6i wru hod véi gia tri
SNR khong nhat thiét c6 nghia 1a can phai c6 didu kién hé théng dap tng gia tri SNR nhu
vay. Miéc du co nhidu kha ning xay ra truong hop 1a ¢6 thé thu dugc hiéu sut t6i uu
trong didu kién hé théng dép (mg gid tri SNR nhu vay, nhung néi chung, gié tri SNR thu
dugc thuong thay dbi theo didu kién hé thdng, va rd rang la co thé str dung céc gia tri
SNR khac nhau hodc cic ty 16 ma hoa kénh khéc nhau tuy thudc vao do phirc tap cua hé
thong va con tuy thudc vao nhiéu muc dich khéc dé hd tro cho mot s6 diéu kién kénh st
dung so dd didu bién 4p dung cho mot chom diém NUC.

Vit ghi bt kha bién doc dugc bing méy tinh c6 thé duoc ding d luu trit chuong
trinh thuc hién phuong phép tao ra chom diém khong dong déu.

Vit ghi bat kha bién doc dugc bing may tinh khong phai la phuong tién dugc tao
cAu hinh d& luu trir dit liéu mot cach tam thoi nhu thanh ghi, bd nhé tac dong nhanh hodc
b6 nh6, 1a ma vét ghi doc dwoc bang mdy tinh dugc tao chu hinh dé luu trit dit liéu mot

céch ban ¢ dinh. Cu thé, cac ung dung hodc chuong trinh néu trén c6 thé dugc luu trit
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trén vat ghi bit kha bién doc dwoc bing may tinh nhu dia compac (CD), dia k¥ thuét 5O
van nang (DVD), dia cing, dia Blu-ray, bo nhé theo giao thirc bus nbi tiép da ning
(USB), thé nhd, hodc bo nhé chi doc (ROM), va dugc cung cp tir do.

Trong so dd khdi thé hién thiét bi truyén tin hiéu va thiét bi thu tin hi¢u khong thé
hién bus, nhung viéc truyén thong gifta cac bd phan trong mbi thiét bi d6 co thé duge
thyuc hién thong qua bus. Ngoai ra, mai thiét bi c6 thé con co bd xit Iy CPU dé thuc hién

c4c bude néu trén va cac b xir Iy nhu bo vi xir ly.

Céc phuong an lam vi du thuc hién sang ché va céc wu diém néu trén chi 1a vi du
minh hoa va khong dugc coi 1a pham vi cla sang ché nay chi gidi han & cac phuong an
d6. Céc phuong an lam vi du thuc hién sang ché c6 thé duge ap dung d& dang cho cic
loai thiét bi khac. Ngoai ra, cac phuong an 1am vi du thuc hién sang ché d3 dugc md ta
chi dugc dung @ 1am vi du minh hoa, va khong dugc dung dé gi6i han pham vi yéu cau
bao hd cua sang ché, va co nhiéu phuong an thay dbi, stra dbi va cai bién s& dwoc hiéu rd

d6i v6i ngudi co hiéu biét trung binh v& linh vuc k¥ thuat tuong Ung.
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YEU CAU BAO HO

1. Thiét bi truyén tin hiéu bao gom:

bd ma hoa dugc tao cAu hinh dé ma hoa céc bit dau vao dé tao ra cac bit chin 1 dua
vao mi kiém tra chén 16 mét do thap (Low Density Parity Check, LDPC);

bo dan xen duoc tao cAu hinh dé dan xen tir md bao gém céc bit ddu vao va céc bit
chén 1&; va

bd anh xa dugc tao cAu hinh d& 4nh xa tir ma d& dugc dan xen 1én cac chom diém
theo so dd didu bién bién do vudng goc 64 diém (64-Quadrature Amplitude Modulation,
64-QAM),

trong d6 cdc chom diém nay chira céc didm duge xé4c dinh dya vao bang dudi day:

0,5472 +1,1591i
0,5473 +1,1573i
0,5467 +1,1599i
0,5479 + 1,1585i
1,1578 +0,5478i
1,1576 + 0,5475i
1,1591 + 0,5475i
1,1591 + 0,5475i
0,3163 +0,5072i
0,3163 +0,5072i
0,3163 +0,5072i
0,3163 +0,5072i
0,5087 + 0,3163i
0,5087 +0,3163i
0,5087 +0,3163i
0,5087 + 0,3163i

2. Thiét bi theo diém 1, trong d6 bd mé hoa dugc tao cAu hinh dé ma ho4 cac bit d4u vao

dua vio ma LDPC c6 ty 16 ma hoa bang 3/15.
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3. Thiét bi theo diém 1, trong d6 cac didm trong chom diém nhu dugc xac dinh dua vao
bang nay biéu dién cac diém trong chom diém nim & trong mot goéc phén tu clia chom
diém, va

trong d6 cac diém trong chom didm nim & trong cac gbc phan tu con lai cua chom
didm thu dugc bang cach lan lugt bi€u didn mdi diém a trong chom diém dugc xac dinh

dua vao bang nay dudi dang a*, —a* va —a,

trong d6 * 1a lién hop phirc.
4. Thiét b theo diém 1, trong d6 bd anh xa dugc tao c4u hinh dé phan kénh céc bit cua tu
mi d3 duge dan xen thanh nhidu 6, va 4nh xa cac 0 nay lén cac diém trong chom diém.
4. Thiét bi thu tin hiéu bao gbm:

bd thu dugc tao cAu hinh dé thu tin hiéu tir thiét bi truyén;

b6 gidi didu bién duoc tao cAu hinh dé giai didu bién tin hidu dé tao ra céc gia tri
theo so dd didu bién bién dd vudng goc 64 diém (64-QAM);

bd giai dan xen dugc tao cAu hinh dé giai dan xen cac gia tri; va

bo giai ma dugc tao cAu hinh giai ma céc gi tri da dugc giai dan xen dya vao ma
kiém tra chin 1& mat do thip (LDPC);

trong d6 bo giai didu bién dugc tao céu hinh dé giai didu bién tin hiéu dua vao it
nhit mot diém trong chom diém trong sd cac diém trong chom diém dugc xac dinh dua

vao bang dudi day:
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0,5472 + 1,1591i
0,5473 +1,15731
0,5467 +1,15991
0,5479 + 1,1585i
1,1578 +0,5478i
1,1576 + 0,54751
1,1591 + 0,5475i
1,1591 + 0,5475i1
0,3163 +0,5072i
0,3163 +0,5072i
0,3163 +0,5072i
0,3163 +0,50721
0,5087 + 0,3163i
0,5087 + 0,3163i
0,5087 + 0,3163i
0,5087 + 0,3163i

6. Thiét bi theo diém 5, trong d6 bd gidi md dugc tao cau hinh d8 giai ma céac gid tri da
dugc giai dan xen dwa vao md LDPC c6 ty 1& ma hod bang 3/15.
7. Thiét bi theo diém 35, trong d6 cac diém trong chom diém nhu duoc xac dinh dya vao
bang nay biéu dién cic diém trong chom diém nim & trong mot goc phan tu clia chom
diém, va

trong d6 cac diém trong chom diém ndm & trong cic goc phan tu con lai cia chom
didm thu dugc bing cach 1an luot biéu didn mbi didm a trong chdom diém dugc xac dinh

dua vao bang nay dudi dang a*, —a* va-—a,

trong d6 * 1a lién hop phuc.

-73-



35019

1/21
Fig. 1
C_last C_best
p-| THUATTOAN CHINH |———®
SNR
Fig. 2
C_last = chom diém déu vao |~ 5201
d = Ini_Step ~ 5203
]
TAQ RA TAP HOP
crioMpiEmMoy Bl [~ 5205
CreateSet (C_last, d)
5219 TINH HIEU¢SUAT CUA
8 MG! CHOM PIEMTRONG [~ 5207
TAP HQP CHOM DIEM
‘ GIAMd l #
\ C_best=chomdiém | _
¢6 hidu suét cao nhét 5209

C_last = C_best

C_last = C_best

~5213

~ 5215

SAl

d < Min_Step?

LUU TR KET QUA

BUNG ) )
VA KET THUC THUAT TOAN

C_best

-74-



35019

2/21
Fig. 3
N C& buoc duoc gidm xubng
CHOM‘DIEM Sglbts, c"ylglb an dhu vi chom diém C_best khang thay ddi
)
o
s ; ; ofo 88 Chom diém téi wu
®00
00 \ Tiép tuc hdi tu Vi
& budc da gidm
O
/ 'g T Buoc
Chom diém ban dau
QUY TRINH LAP
Fig. 4
S401
8 5403
THIET LAP GIA TRI BAN pAU 8
C_last THUAT TOAN
[0 SNR =N (gié tri In) Y SNR CHINH
O C_last = chom diém déng déu
5405 C_best
sa07 )
SAl SNR = SNR-1
C_last = C_best

BUNG

LUV TRU GIA TR| C_best
VA KET THUC THUAT TOAN

-75-



35019

3/21
Fig. 5
Pidu kién cudi cing
ol —6— a2 !
—F — a3 ) Y . a 2
Piéu kién ban dau
gHl—e—ad b b s -
. —ail=1 / S=t-0-0
> G- ?{)_f _________ G R o ] Théng sb th nhét
= d
e 5 / ygﬂ)?v—vv i L R R 2 A
e s At iy B S R \
& // -7 7 .
| i Ay B s A w s S R R Théng s th hai
S [T L o
S 3 . grﬁ:%:')__d__\_'_f_f__a__g_y__'\i_ 066816991
e e B ! S S SR Thong s6 tht ba
1 w )/Q/Q/Q/
0 B E— R R T S — I Thong s
8 10 12 14 16 18 20 22 c6 gia tri ¢ dinh
TY SO SNR
Fig. 6
S601
( S603
THIET LAP GIA TRI BAN PAU 8
C_last THUAT TOAN
O K=K_rice + N (gia tri I6m) Y P CHINH
O C_last = C_best(AWGN)
S605 C_best
S607 8 \
SAl K= Kt
C_last = C_best
PUNG
LUU TRU GIA TR| C_best
VA KET THUC THUAT TOAN

-76-



Fig. 7

5701

{

THIET LAP GIA TRI BAN DAU

O K= N (gia trj I6n) .
O C_last = C_best(AWGN)

35019

4/21
87(03
C_last THUAT TOAN
Y K CHINH
S705 C_best
5707 (A
SAl K=K-1
K<0? C_last = C_best
DUNG

LuU TR GIA TR| C_best
VA KET THUC THUAT TOAN

-77-




35019

521

Fig. 8

Y

C_last = chom diém dduvao |~ S801

PUNG

C_start = C_last ~ 5821

!

B> Fori=1b ’\“3823

\
d = Ini_Step ~ 5803
=
Y
TAO RA TAP HOP

CHOM DIEM DU’ BI ~ 5805
CreateSet (C_last, d)

5819 . ) -
TINH HIEU SUAT CUA
8 Mol cHoM BIEMTRONG [~ 5807
TAP HOP CHOM DIEM
d=di2
Y
\ C_best = chom diém |
¢b higu suét cao nhét $809
S813
SAl
C_best=C_last? C_last = C_best

C_last=C_best ~ 5815

d < Min_Step?

-78-



Fig. 9

Fig. 10

35019

6/21
$901 $903 S905
Chom diém diéu bién Lap md hinh Chon gia tri SNR
QAM ddng déu gia tri BER “1  hinhthacbing S
S907b
Ap dung thuat toan tdi tu hoa
higu suét véi gia tri SNR <
biing (ho3c gan bing) S
A
Céc phuong an dugc mo ta
dura vao cac hinh vé tir Fig.1 den Fig.8
GIATRI SNR
1 — : :
1 12,5 13 13,5
0.1
e 0,01
o
=
=)
w
2 0,001
jn

0,0001

0,00001

HIEU SUAT BER V01 SO PO PIEU BIEN 64QAM
CO TY SO MA HOA BANG 2/3 TREN KENH AWGN

-79-

S907a

¢

Chen chom diém
¢c6 hiéu suat cao nhat

Gi4 tri SNR hinh thac .
clia chom diém déng déu

—_&—— Chom diém dong déu

—@— Chom diém NGH23



Fig. 11

35019

721

Y

d < Min_Step?

BUNG
C_last = chom diém du vao ~S51101
C_start = C_last ~S1121
> Fori=1b 51123
d = Ini_Step ~51103
direction=0
{
v
TAO RA TAP HQP CHOM BIEM |
CreateSet (C_last, direction, d) S1105
S1119 TINH HlEU¢SUAT CUA
MOl CHOM BIEMTRONG  [~S51107
TAP HOP CHOM PIEM
d=d2 #
3 C_best = chom diém 51109
¢6 hiéu suét cao nhét
direction = GetDirection()
$1113
S111d (
SAl
C_best =C_last? C_last = C_best
SAl C_last = C_best ~51115
$1117 astEhe

-80-



35019

8/21

Fig. 12
Vi du 1: (1D — NU QAM)
- Huéng: lén hodc xudng

» O 1An 13p thr nhét, tat ca 3 chom diém d&u dugc tinh, chom diém & trén 1a chom diBm co higu suAt cao nhét.
» O 1An 13p thir hai, chi co chom diém & trén dugc tinh, chom didm & trén 13 chom diém cb higu suét cao nhét.

O®O

» O 1n 1p thir ba, chi ¢6 chdm diém & trén duoc tinh, chom didm & gitra 14 chom diém c6 hiéu suét cao nhét.

» Thay vi phai tinh 9 chom diém, bay gi& chi cAn tinh 5 chom diém.

O0®
O0e®

Vi du 2: (2D — NUC)
- Hwéng: ¢6 9 gia tri
OQOOQ »0inipthenhat t c& 9 chom diém déu dwor tinh, chom didm & dudi 14 chom diém cd higu suét cao nhét.
O OO  »0Glanlapthe hai, chico 3 chom didm & dudi duoc tinh, chom diém & goc 1 chom diém cb hiéu sut cao nhét.
O @ O  »OlanlEpthir ba, chicd 5 chom didm & ngoai duoc tinh, chom diém & gitra 14 chom diém c6 hiéu suét cao nhét.
O O O »Thay i phai tinh 63 = 27 chom diém, bay gidchi can tinh 9+3+5 = 17 chom diém.

000

OJ0X _
000
ol J©
000
Fig. 13
Chom diém diéu bién Lap md hinh Chon gia tri SNR _ GiatriSNR
QAM déng déu o gia tri BER "1 hinhthacbang S " hinh thac bang S
Ap dung thuat toan ti wu hoa
hiu sust voi gia tri SNR |
béing (hoic gan béng) S
Fig. 14

A—r Ning suét BICM

bt

SNR1 CH1

T . Nang suét BICM
ﬁhom diem dau vaoH Nang suat BICM trung binh ¢4 trong b

bt
SNR2 CH2
%r N&ing sut BICM
bt
SNRn CHn

-81-



35019

9/21

Fig. 15

{

C_last = chom diém dAu vao

I

y

C_start=C_last

!

> Fori=1b Al

d = Ini_Step

[
A]

TAO RA
TAP HOP CHOM BIEM

TiNH NANG SUAT BICM
TRUNG BINH CO TRONG SO
CUA MOI CHOM DIEM TRONG

TAP HQP CHOM DIEM

d=4d2 *
C_best = chom diém

1 ¢6 hiéu suAt cao nhét

C_last = C_best

C_last = C_best

d < Min_Step?

BUNG

-82-



35019

10/21

Fig. 16a

Buéc

<—F
ee® @660 eee ©06
ece 0@ e0® ©0@
©ee® ©60 eee ©0©60
0e0® ©060 ee® ©06
©e0® ©O0® e0® ©06
e6® ©06 e0® ©660
e ©090 o0 ©©6
e0® ©08® e0® ©08®
©e6@® ©060 ©e0® ©060
e0® ©06 eoe ©0660
e0® ©08® e0® ©0©
oee ©e6 e00 ©060

Fig. 16b

e®e e%e e®e e®e
eO0® ©O0® ©e0® ©0®©
®g® ©g® ©g® ®g®
e®e e®e e®e e®e
e0©® ©06@ e0® ©0®
®g® ©g0 @g® @g®
e®e % e®e %
e0O® ©08@ e0® ©08©
@g® ©g® ©g® &g ®
e®e 0%e 0%e e®e
e0® ©0® @e0® ©06©
©g® ©g® ©g® ©g®

-83-



35019

1121

Fig. 17

Vong lapi

Vong ldp i+1




35019

12/21

Fig. 18

Buonbu 0N UOY 0B9 4o3] YURUD U 10A JRYU 1L} WID WU LOA 9BUY ey AU LIRIP Loy ngu
dan oy de| ug) Buo Jeyu AU} WIp WoUD Wej ey AU} yuy Anb end 1oy ugy dej ug| Buoy) eJ 0B} 90MP fey N} WP WQYd
Bunip s yoeo Bueq Jeyu Ay yuuy Anb 18] dg| 1eyd yeyu Hu) yuiy Anb ugly oy udn Buonyd nea nak gp udn Buonyd

1By U} W9l WOUD A JUU AU} WRIp Woud eI neyu 9gyy NS Yuip dex ugy Buonyd

JE ) W9ID WIOUO We| JgYu 08D Jgns NAIY 00 iq AP WIp LIQY UOY U9y Buonyd

20n1} Yuip Jens ndiy op BuA] 12D 03U} g /1P WRID WL Igw N0 Jgns NIY Yulp 08X ugh Buontd

iq Ap wgIp woyp doy degy 26np ny) ugh Buonud

ey 2y yuu Anb BURP 0S YoED BUEq JeUU MU} WIRIP WD UL} BAP 1BY A} WYID WOYP el 08} Ugh Buonud

os Bugu) 4 B1B Nalyu 9Zoy 19w OBA BAP UUIp 9BX 20ND JEUU AL} WP LIQUD 20NP NLY LS} Buonyd

Jeyu Uy yuuy Anb udiy oy un Buonyd

-85-



Fig. 19

Fig. 20

35019

13/21

0,6

08

-86-

06

08



35019

14/21
Fig. 21
15 , : 15
5 1 . .
1t 1t
4 7 2 0
05+ ° 6, ° °2 ° 105 ° CC ° .
0 0
14 10
0,5 1? * 15 11 8 0,5 . . *
-1 12 9 -1 . .
1,5 : : : : ' 1,5 : :
45 - -0,5 0 05 1 15 15 - -0,5 0,5
Fig. 22
1 L A o |
0,8 I
06 [ d *
04 ° °
02
0 L
-0,2
-0,4 i ® ®
06 . o
-0,8
4 . '™ . . . . . & A
4 08 06 04 02 0 02 04 06 08
Fig. 23
1,5 T T T T T
@ ®
1F ]
05+ o ° ® @ i
) @
or i
-0|5 - ® & ® ® B
At ]
® @
15 ' ' :
15 -1 0,5 0 0,5 1 15

-87-

1,5



35019

15/21
Fig. 24
1,5 T T T T T
T
& %
1k ]
05} ° ° . ]
@ ]
ok i
05F ©°e ° ® e
It ]
.’ .O
A5 ' ’
-1,5 -1 -0,5 0 0,5 1 1,5
Fig. 25
1,5 \ . l .
‘. °
11 ]
0|5 | L 4 S ¢ b i
e L 4
ol ]
-0,5 r P [ i 4 @ ]
At i
@ ®
-15 l
15 -1 -0,5 0 0,5 1 1,5

-88-



35019

16/21
Fig. 26
1,5 T T T T “
4 %
1r |
0,5 - & ¢ ¢ *® b
) e
0 L -
05F = ® ® P
A+ _
N ' 4
15 | ‘ !
-1,5 -1 0,5 0 0,5 1 1,5
Fig. 27
2 T T T T T T T
1571 R : : R 1
& ¢
1r o ° e 1
®0 - - (X4
05F @ o o ® i
' e 00 ® @ 4 ¢ ® ° ® ® 00
0 i
o000 © ¢ ° ° e e e00¢
05} . o e . 1
o0 © L 0o
A * ° ¢ T
L4 N o ®
451k ¢ ¢ ? ¢ .
_2 I ) L I
-2 1,5 -1 -0,5 0 0,5 1 15 2

-89-



Fig. 28

Fig. 29

35019

1721

@
2 7
festich 0
BT
qle
ot
le_
3 -
8
6 - ® & de - = °d &
4r ® & oo @ < % &
3 $3: e s 34
2 -
¢ oo a | e
0 -
¢ (N ) @ © we
2r
3 b 3 S o = 33
4 ® ® $o @ @ R
_6 = ° & do @ e od &
-8 | | . . |
8 6 4 =2 2 4

-90-



Fig. 30

35019

18/21

[ ] @
[ [ ] )
12 @ ®
6 & ©
¢ o &
® e L}
¢ © <
$ © & .
[ ®
[ ® ®
® L @

*®
Y

L 44
a8

® °
® ®
) ®
[ ]
& e
® ®
3 ®
=1 @
e o
® )
® [}

°oP

L X3

® e aEBede @ ] omEEn © ®

i § EBE 8 8 |t 8

§ & @mm 8 8 s 8 8

§ § @8 8 8 8

8 8 8

® o cG=mee =] =) emeE® © .J
-4 2 2 4 6

-01-



35019

19/21

Fig. 32

e o o ® ®o o® @ @ © O 4
e ©o e @@ @e o @ @ o 0
[ 2 6@ @ @ao o} @ @ o ]
¢ 06 @ 0 0B @ @ 8 O
0 b @ @ @8 @ ® ®m 8 8
[] 6 B @ @®e o® @ @ 0 [
e o o @ @e ow w e © @
® ® e @ @e o® @ @0 ° @
L] o 0@ @ @o o®m @ @ o L
8 6 W @ ®*s o® ® W 0o |
g 8 @ @ @ @ @ w8 o
e 6 ¢® ® @as (L] ® @ o ¢
e ©o om @ o @ wo © O u
e o oem ® @o om @ @we © ©
1 | ! ! 1 Il | | |
O ©® ©O© I N O N T © ©o O
~— ) i T T —
1

10

Fig. 33

T T T
® o ® @ (o) e o ® o @ @ @ o ®
) o ® ® @ e o e © @ @ ® © L)
e e ® o 0 8 © ® aeosd o
§ 688 B 86 060 B BB ]
"~ g ess B 100 B BEBY
[ ] o @ @ [ ] e © e © @ @ @ 0 [ ]
® o @ @@ [ ] e © ® © @ @ @ o ®
° o @ @ @ e © ® ©° @ @ ® O ]
] o ® ® [ ] e o e o @ @ ® o °
| piem B 2O DO OB oBEROD
g 188 ® 86 86 B WAL O
2 oO® ® e 6 8 0 ® e@ad o
[ o ® @ @ ® © o © @ ® ® e L ]
[ ] e @ @ [ e o o o @ - @ o L]
] | |
(an) Lo o [Te) (en] Vo)
- : -

15

15

10

-10

-15

-92-



Fig. 34

35019

20721

15 :

10

T

® @ ) oe @ ©9 © @

ee
1]

[ ® ® @ (X} ° ° ° @ oe @ ©® © L]

[}
—_— 1
(@]

T
e © oo @ o0

®© © o0 @ e®e © © © o oo @ 60 © ©

e © e @ oo © 6 © o oo e o o o
¢ s 6 @ ©60 © ¢ @ @ 06 @ 0 O O
°
°

15 .

Fig. 35

3510

—{ BOMAHOA

3500

3520

(

3530

BODANXEN  |—

BODIEUBIEN |—

Fig. 36

3600
3610 36(20 365’0
BO GIAI DIEU BIEN > BOGIAIDAN XEN > BOGAIMA |—%

-03-



Fig. 37

35019

21721

( BAT DAU ’

\

TAO RA TU MA BANG CACH THUC HIEN
BUGC MA HOA KENH TREN CAC BIT

~ 53710

A

PAN XEN TU MA

~ 53720

A

ANH XA TU MA DA PUQC DAN XEN LEN
MOT CHOM BIEM KHONG DONG PEU THEO MOT SO DO DIEU BIEN

~ 53730

A
KET THUC

-94-





