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Tom tit: Sy phat trién nhanh chéng trong linh vuc
truyén thong khong day dat ra nhung yéu cau vé cac k¥
thuat truyén dir liéu tién tién va nang cao hon. M3 tich,
truong hop don gian nhat ctia ma lién két, da chung minh
kha néng klem soat 15i va nang cao hiéu suat clia cac h¢
thong tmyen dan so Trong bai bao nay, chung toi de Xudt
két hop sir dung cdu trac ma tich don gian, bao gdm ma
Hamming m¢ rong (EHC - Extended Hamming Codes) va
mi kiém tra chin 1& (SPC - Slngle Parity Check Code) véi
ky thuat dot 18. Viéc két hop cau triic ma tich v6i ki thuat
dot 16 cho phep néng cao ty 1¢ ma héa, gilp cai thi¢n kha
nang thich tmg cua hé thong. Két qua mo phong cho thay,
hé thdng truyén tin st dung ma tich, dugc xdy dyng tir ma
Hamming mo rong (8,4) va méa SPC (4,3), két hop ky thuat
dot 16 ngau nhién, dat d loi SNR (Signal-to-Noise Ratio)
1én t61 1dB so véi viée chi sit dung ma Hamming mé rong
(8,4) va 0,4 dB so v6i ma LDPC (32,16), trong khi ty 1¢
ma hoa khong, c6 su thay doi dang ké. Két qua nghién ctru
khang dinh tiém ndng cua ma tich va ky thuat dot 16 trong
néng cao hiéu suat cling nhu tinh linh hoat cua hé thong
truyén dan so.

Tir khoa: Ma tich, Extended Hamming codes,
puncture, SPC, giai ma doi ngau.

I. MO'PAU

Ma tich (Product codes) dugc gidi thi¢u boi Elias [1]
nhu mét trong nhimg cau tric ma khéi lién két ndi tiép
(Serially concatenated codes), dd dugc chimg minh tinh
hi€u qua vuot troi vdi kha nang kiém soat 1i cao dugc xay
dung thong qua viéc két hop cic ma thanh phan don gian,
Nho d6, ma tich c6 kha nang tr¢ thanh giai phap thay thé
cho cic ma t6i wu nhu ma Turbo va ma LDPC [2-4]. Cac
nghién cuu [5-7] su dung LDPC, RS va Turbo lam ma
thanh phan, nhung LDPC thudng c6 ti 1¢ ma hoa thap va
chi hoat dong tot véi chiéu dai 16n, trong khi Turbo vaRS
6 d¢ phtre tap tinh toan cao. Nghién ctru [8] cho thdy ma
tich str dyng ma Hamming 1am thanh phan c6 d¢ phuc tap
thép, ti 1¢ ma hoa cao va hiéu qua kiém soat 16i tuong
duong cac céu trac ma tich khac.
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Ma tich c6 thé duge hinh dung nhu mgt ma trén, trong
dé‘mdi hang dai dién cho mét tir ma cua mot ma thanh
phan va mdi cot dai dién cho mot tir ma ciia ma thanh ph?ln
khac. Cau trac ma tran khong chi dong vai tro quan trong
trong viéc nang cao nhiing hiéu biét ly thuyet ma hoéa ma
con tao nén tang cho nhiéu img dung vién thong hién dai.

Cong trinh ti€n phong cua Elias [1] d@ m¢ duong cho
su phat trién ciia cic ma tich. Cac khai niém co ban vé ma
tich d3 duoc tinh chinh thém vao khudn khd cia cac ma
nbi tiép boi nhitng nha nghlen ctru ndi bat nhu Forney [9]
Blokh, Zyablov [10,11] va Zinoviev [12]. Sy tien trién nay
nhin manh tam quan trong cua ma tich trong vigc cdi thi¢n
hi¢u suat truyen tin cling nhu nang cao hiéu biét ly thuyét
vé cac ma sira 131 trong linh virc vién thong.

Trong nghlen ctru cua Elias [1], qua trinh giai ma lién
két dugc giai mi bang thuat toan Giai ma tudn ty
(Sequentially Decoding) dbi v6i timg hang rdi timg cot.
Sau sy xuét hién ma Turbo [13], gidi ma 1@p dugc ap dung
cho ma lién ket v&i giai ma cho cac ma khoi thanh phén 1a
dau vao mém - dau ra mém (SISO - Soft Input Soft
Output). Thuat toan Chase [14] va cac cai tién ctia no [15-
17] duogc su dung rong rai nhu la SISO cho ma khéi. Gan
day thuat todn giai ma dya trén ma d6i ngiu ciia Hartmann
va Rudolf [18] vbn dugc dé xuat tir ndm 1975 cho cac ma
khdi va ma chap, da duoc cai tién dé tré thanh SISO trong
mién Log [19].

Vigc ap dung céc thudt toan g1al ma don glan cho phép
khic phuc nhuoc dlem 16n trong Gng dung ctia ma tich,
gitp chung tr& nén hip dan hon trong cdc ing dung hién
dai nhu vién thong, luu trir dir lidu. Gan day, mot glal phap
méi dugce dé xuat cho phép sir dung ma tich voi céu tric
bao gom cac ma khdi ngén, ching han nhu ma Hammlng
mo rong (EHC) dugc trinh bay trong [4]. Viée str dung cac
ma thanh phan do dai ngén cho phép giam thiéu dang ké
dd phirc tap cua qua trinh ma hoa/giai ma, tr do cai thién
do tré xir Iy va dap tmg diéu kién trién khai thyc té trén
phan cimg.

_ Tuy nhién, nhugc diém ctia ma tich vén con ton tai, bao
g0m su sut giam ty 1€ mé hoa, kha nang thich img th@p va
tinh linh hoat han ché. Pac biét, nhiing thach thuc vé kha
nang thich ung va tinh linh hoat trong thlet ké h¢ thong
truyén thong so hién dai dat ra yéu cau cao Ve kha nang st
dung linh hoat céc phd tan ¢6 san va cung cap hd trg hi¢u
qua cho mét tap hon da dang cac dich vu. Nhiing yéu cau
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nay chira rang can phai ap dung céac ky thuat ma hoa kénh
linh hoat nhim néng cao hi¢u suat ciia hé thong va dap tmg
dic tinh ctia kénh truyén.

Mot giai phap tiém ning nham dap ing nhiing yéu ciu
trén 1a st dung k¥ thuat dot 15. Nhiéu nghién ctru da chi ra
rang k¥ thuat dot 15 cho phép cai thién hiéu suat hé thong
truyén tin tién tién khi 4p dung cho cac loai ma nhu ma
tich chép (punctured convolutional codes) [29-22], polar
don [23, 24], Turbo, LDPC [25-27] va m& Extended
Hamming Product Codes [28,29]. Tuy nhién, céc cau tric
nay van con nhic¢u phuc tap do dac diém cua thudt todn ma
hoa/giai mi cho cac ma thanh phan.

Trong bai bao nay, chung t6i trinh bay mot giai phap
nhim cai thién tinh linh hoat trong viée sir dung mé kénh
cling nhu kha nang nang cao hi¢u sudt hé thong tmyen dan
s0. Giai phap nay dya trén ciu tric ma tich v6i cac ma
thanh phan don glan 1a ma EHC va ma kiém tra chin ¢
SPC, két hop voi ky thuat dot 13.

Phin qén lai cua bai bao s€ dugc td chtrc nhu sau: Phin
2 mo ta cau trac hé thong s dung ma tich dot 10 va thuft
toan gidi ma cho cdc ma thanh phén. Phéan 3 trinh bay chu
trac ma tich dot 16 dé xuat Phan 4 cung cap két qua mod
phong va danh gia, va cudi ciing 1a phan két luan.
Il. MO HINH HE THONG
A. Cdu triic md tich EHCXSPC

CAu triic ciia ma tich dién hinh duoc thé hién trén Hinh 1.

n,

k,
K,
n, ]
Checks
Checks on columns on
Checks
\ A , ~ 7 p
Hinh 1. Cau tric ma tich C (np,kp, mm)
Nhu dugc thé hlen trén Hinh 1. ma tich
bao gdbm hai ma khdi tuyén tinh thanh
C (np’ p’ mln) & y

phan 1a ma EHC Cl nl,kl,dl) va md SPC Cz(nzlkz’dz)
v6i toe do md twong img 1a R =k, /n,,R, =k, /n, - Trong
do: k., k, biéu thi d§ dai bit tin; n,n, la d¢ dai tir ma ctia
by ma C va C, twong (g va d,,d, 1a khoang cich
Hamming cyc tiéu.

Ma tich cP (Np, Ky, d?
céch sau:

)=C,xC, nhan dugc bang

min

1) Céc bit thdng tin dugc sip xép trong mot ma tran
kich thude k, xk, voi k, cotva k, hang.
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2) Kk, hang cta ma tran thong tin dwgc ma hda béi ma
C, bang cach thém (n,—k) bit kiém tra (parity check
bits) cho mdi hang.

3) n cOt cia ma trin duoc ma hoa boi ma C2 bang

cach thém (n, —, ) bit kiém tra (parity check bits) dé tao

ra mot ma tran dugc ma hoa kich thudce n,xn, -

Nhu vay, tat ca cac hang cuia ma trén la cac tir mé thude
bd ma C, va tat ca cAc cOt clia ma tran bao gdm cac tir ma

thudc bo ma Cz . Trong d9, (n1 _ kl) cOt cua ma tran la cac

tir ma thudc b ma C-

Bang cach nay, mi tich nhan duoc dinh nghia la
C”(n, xn,,k, xk,,d, xd,) v6i ty 16 ma hoa bang:

k><k 1
R = R,
©onxn, =R

Ma tich nhan dwoc c¢6 khoang cach tbi thiéu dP la
min

tich ctia cac tham sd tuong Ung cua cac ma thanh phan,
hay d;in =d, xd, - Co thé thay, khoang cach Hamming

cuc ti€u cua ma tich nhan dugc 16n hon nhiéu so vdi cac
ma thanh phan C va C,:

Céac mia thanh phan manh hon cho cac m4 tich manh
hon nhung doi héi cdc thudt toan giai ma phure tap hon, va
thuong can tro viéc trién khai toc d6 dit liéu cao. Piéu nay
1am cho viéc trién khai ma tich trong cac tng dung truyen
tin thuc té khong c6 tinh kha dung M4 EHC c6 thé coi la
c4c ma thanh phan dién hinh cua cac luoc do ma tich, vi
chung don gian va c6 thé duoc giai mé lap bang cac thuat
toan t01 wu hon véi d6 phirc tap thip. Ma SPC 1a mot ma
khdi rat don gian chi c6 kha nang phat hién 15i. Viéc két
hop ma EHC va ma SPC trong ciu triic ma tich 1a mot
tuong kha tdo bao va thl vi nham don gian hoéa ma tich.

B.  Phuong phdp gidi ma thanh phan cho mé tich
EHC x SPC

Ma tich duogc gidi ma bang cac sir dung thuat toan giai
ma 1dp v6i SISO. Ké tir khi ma tich duoc gi6i thiéu, nhiéu
thudt toan giai ma da dugc dé xuit, trong d6 noi bét 1a cac
thudt todn giai ma Pyndiah-Chase-lI, Hartmann va Rudolf
[2-4]. Cac nghién clru trude day da chi ra rang do phic tap
clia giai ma tdi vu ting theo cap sd nhan véi kich thude
clia ma tich, trong khi d¢ phirc tap cla giai ma tich tang
theo cap s6 nhan véi kich thudc ciia ma thanh phan.

Phuong phap giai ma Viterbi dau ra mém (gan glong
voi gidi md MAP) cho mé thanh phén, trén ma dm ngau
dem lai chit lvong giai mé cao nhung d6 phire tap van qua
l6n va khong c6 tinh kha dung Mot giai phap khac duge
dé xuat dya trén thuat toan giai mé cho chit luong kiém
soat 13i cao va d¢ phuc tap chap nhan duoc 1a thudt toan
giai ma mém SISO trong mién Log dya trén khong gian
ma doi ngau [15], dwoc ap dung cho cac ma khéi. Phuong
phép nay co thé dugc ting dung de giai ma cho ma tich véi
ma thanh phén 14 cac ma kh6i ngan qua d6 gitp giam thiéu
dang ké do phtrc tap cia hé thong [26].
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Xét truong hop truyén tin trén kénh AWGN, Khi truyén
tr ma batky ¢ — (Cl’ Cyh...C, ) cua ma khoi tuyén tinh qua
kénh, dudi tic dong ciia nhidu AWGN, tai ddu thu ta nhan
dugc tiny.

B0 giai diéu ché sé tinh toan ty 1¢ hop 1& theo ham log
(Log—LikeIihood Ratio - LLR) cho cdc nut tin nhan dugce
&= ( A C ) nhdm x4c dinh sy 4nh hudng cua tin y
dén tin nhan va dua vao b gidi ma. Ty 1€ hop 1€ theo
ham log cho mdi bit ma duoc xac dinh béng:

ar_ 2
L) =ln£—P Tyl ¢ ‘1)] @
! Pr(yl c;=0)

Al

Vi tin ddu vao mém L(é 'i) nhén dugc tir bo giai diéu

ché, bo giai ma d6i ngau tinh toan gia trj mém cho ting bit
tin nhu sau [14]:

L
b; =—tanh[ (;")j:

Khi do, tir ma nhén duoc tir tht ca cac bit tin trong
khong gian d6i ngau dugc quyét dinh voi dicu kién:

Bit 7 —( khi:

exp(L(&)-1 )
exp(L(c)))+1

- @)
F=2

Jj=1 ¢=1

Va nguoc lai E: =1

Trong d6, n 1a chiéu dai tir ma, r =n—k 1a sé luong
cac bit kiém tra, 5, =1 néu =i va 6,=0 véi cac
truong hop con lai.

Qua trinh trén lap di l1ap lai cho dén khi théa man diéu
kién:

s=¢®H" =[0,0,...,0] ®)

. KY THUAT DOT LO CHO MA TiCH EHCXSPC

b dai tuy ¥ clia ma tich c6 thé thu dugc bang k¥ thuat
dot 16 mot so bit trong cac tir ma. Viéc su dung ma tich voi
cdc ma thanh phan 1a ma kh01 don gian glup dap tng céc
yéu cau vé do phirc tap chap nhén khi trién khai trén phan
cling vi cac mai thanh phan sir dung 1a cic ma khoi tuyén
tinh d9 dai ngin cho phép ma hoa va giai ma don gian.

Ky thuét nay duoc thyc hién thong qua viéc xoa p bit
trong cdu trac ma tich kich thudc n1 X1, - Két qua 1a mot

mi tich d6t 16 v&i tham s6 moi duoc tao ra

Co = (g ks, d5)-
Xét truong hop ma tich C"(32,12,8) don gian duoc
cAu truc tir ma C; — (8,4,4)EHC vama C; — (4,3,2)SPC.
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CBPX4 (32,12) =
U, U, Uz U, Ps P Py P
Upy Uy, Ups Uy Bs Pos Por Pog
Ug; Ugp Ugg Usy Pos Pig Pa7 Pag
Paz Paz Paz Pasa Pas Pas Pa7z  Pag

Dé~m6 ta viéc ap dung ky thuat dot 16 cho ma tich dung
cac mau dot ngau nhién dugc minh hoa trong cac truong
hop sau:

Truong hop 1: Dot 16  bit
CF')(16,12); R, =0,75

parity:

o o o
o o o
N A

1
1
1

= O O O
O O O
[ T e
A

11 00 0

Trong d6 P la ma trén dot véi phan tir 1 twong tng véi
vi tri bit bi dot 10.

Truwong hop 2: Dot ngdu nhién 1 bit cia mdi hang:
C")(28,12); R, =0,4286

1000O0O0O0TO
P:01000000
00100O0O0OO0
000100O0O00O

Truwong hgp 3: Dot ngu nhién 1 bit parity cta tir ma
Cl: C")(28,12); R. =0,4286

00001000
P=00000100
000O0O0OOT10
0 00O0OOTOT1

Trwong hop 4: Dot ngiu nhién 1 bit parity:
C; (3L12); R, =0,3871

0 00O0O0OOODO
I:):00000100
000O0O0OOODO
000O0O0OOGODPO

[

Trwong hop 5: Dot ngiu nhién bit infor:

C,(3112); R, =0,3871

0 000OO0OOTDO
P 01 00O0O0O0CTGO
0 00O0O0OOOO
0 00O0O0OOO
Trwong hop 6: DOt 4 bit parity of parity:

C;(28,12); R, =0,4286
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0 00O0O0OOOCDPO
I:):OOOOOOOO
000O0O0OOODO
00001111

Nhu véy, c6 thé thiy rélng thong qua viée stir dung ma
tich két hop k¥ thuat dot 16 cho phép xay dung cac bo ma
v6i kich thude va tde ¢ ma khac nhau. Didu nay gitp nang
cao kha ning tiry bién, thich nghi linh hoat trong céac didu
kién khac nhau ctia ma tich. Phan tlep theo, chling t6i trinh
bay két qua mo phong hé thong truyén dan so str dung ma
tich két hop ky thuat dot 15.

IV. KET QUA MO PHONG

Tién hanh md phong hé thdng truyeén tin sir dung ma
tich EHC x SPC va ma tich EHCXSPC ket hop ky thuat
dot 16 voi ma thanh phan la méd EHC va ma SPC. Mo
phong hé thong dugc thuc hién theo phuong phap Monte-
Carlo trén kénh truyén AWGN véi 15 vong giai ma lap
cho céc kich ban md phong sir dung mé tich EHC x SPC
két hop k¥ thuat dot 16 véi cac mau dot khac nhau.

Trén Hinh 2 thé hién két qua so sanh hi¢u suat ty I¢ I5i
bit (BER) gitra hé thong truyéen tin sir dung ma tich
EHCXSPC va hé thdng truyén tin truyén thong chi sir dung
mé (8,4)EHC.

—*—(8,4) ExtHam, Rc = 0.5

—&—(8,4) ExtHam x (4,3) SPC, Rc = 0.375

—&—(8,4) ExtHam x (8,7) SPC, Rc = 0.4375
L L 1

0 1 2 3 4 5 6 7
SNR (dB)

Hinh 2. Chdt lLro‘ng hé thong truyen tin sir dung ma
(8,4)EHC va ma tich EHC x SPC

Phan tich két qua mod phong duoc thé hién trén Hinh 2.
cho thay ring, hi¢u suat cua hé thong sir dung ma tich
EHCxSPC duoc cai thién dang ké so véi h¢ thong chi str
dung ma (8,4)EHC. Cu thé, hé théng st dung ma tich
EHCxSPC dat duge d6 loi vé ty 1& SNR 1én dén 1dB va
1,2 dB (6 ty 1é BER=10") cho cic truong hop ma tich
(8,4)EHCx(4,3)SPC va (8,4)EHCx(8,7)SPC tuong g, so
véi truong hop chi sir dung mé (8,4)EHC truyen thong
Tuy nhién, ty 16 ma hoa R; giam khong dang ké voi muc
giam twong tng la 0,125 va 0,0625.

Trén Hinh 3. thé hién két qua md phong hé thong
truyen tin stir dung ma tich (8,4)EHC x (4,3)SPC ket hop
ky thuat dot 16 vai cac mau dot khac nhau.
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BER

—+— (8.4)ExiHam, no.punct.), Rc=0.5
—&— {8.4)ExtHam x (4,3)SPC, no.punct., R=0.375

{8.4)ExtHam x (4,3)SPC, Case 1: punct. 16 parity bits, Rc=0.75
.| |2 (8.4)ExtHam x (4,3)SPC, Case 2: punct. 4 infor bits (1 infor. bits/row), Re=0.429
10°F|— {8.4)ExtHam x (4,3)SPC, Case 3: punct. 4 parily bits (1 parity bit/row), Rc=0.429
—4— (8 4)ExtHam x (4,3)SPC, Case 4: punct. 1 parily bit, Re=0.387
—=— (8.4)ExIHam x (4,3)SPC, Case 5: punct. 1 infor bit, Re=0.387

{8.4)ExtHam x (4,3)SPC, Case 6: punct. 4 bils parity of parily, R=0.429
o, L L 1 L ! 1
0 1 2 3 4 5 6 7
kkkkkkk

Hinh 3. So sanh chat luo‘ng hé thong truyén tin sz dung
ma tich EHCxSPC keét hop ky thudt dgt 16

Phan tich két qua md phong dugc trinh bay trén Hinh
3 cho thay rang viéc két hop sir dung ma tich (8,4)EHC x
(4,3)SPC vai ky thuat dot 16 ngoai viéc dam bao kha ning
cai thién dang ké vé hiéu suat tuong tu nhu truong hop sir
dung mé tich khong dot 16, ma con gidp nang cao ty & ma
hoéa cho hé théng truyén tin. Dang chu v, trong truong hop
dot 4 bit (case 4,5) h¢ thong dat duoc do loi vé ty 1é SNR
toi 1 dB tai ty 1¢ BER = 107 so vai truong hop chi sir dung
ma (8,4)EHC truyen thong. Tuy nhién, ty 1€ m& hoa thay
do6i khong déng ké 0,429 50 v6i 0,5, tuong trng giam 0,071.
C6 thé thay rang, chat luong cua he thong sir dung ma tich
(8,4)EHC x (4,3)SPC dot 16 phu thugc vao tinh chat ciing
nhur 6 lwong bit bj dot. Cu thé, phan tich két qua mo phong
cho phép dua ra nhitng nhan dinh quan trong vé viéc lya
chon mau dot khi sir dung ma tich két hop k¥ thuat dot 16
nhu sau:

- Dt céc bit parity (case 1, 3, 4): Cau triic ma thu duoc
van duy tri toan b cac bit thong tin gbc, diéu nay gidp bao
toan khodng cach toi thieu (dmin) & mirc cao va dat duoc
hiéu ning stra 15i tot.

- Dot cac bit parity-of-parity (case 6): Cac bitnay dong
vai trd nhu lién két bd sung giira cac bit parity cap mot.
Viéc dot nay chi 1am giam hiéu suat hé thong mot cach
khong déng ké so Vv&i ma tich khong dot, v6i dmin giam nhe.
Tuy nhién, hiéu suét ti 18 bit 13i (BER) bi han ché hon so
Vvéi truong hop chi dot cac bit parity néu lya chon ky
ludng.

- D¢t cac bit mang thong tin (case 2, 5): Viéc nay gay
mét mat thong tin goc, anh huéng manh dén dmin. Tuy
nhién, néu hé thong ¢ do du thira da (duoc bao vé bai cac
bit parity hai chiéu) (case 2), bo giai ma Idp co kha ning
bu dép, gidp hiéu suat gan twong ty nhu truong hop dot
cac bit parity-of-parity.

Nhu vay, viéc lya chon sé lugng va tinh chat cua cac
bit dot sé phy thuoc vao c4u hinh ma mong mu0n ty I¢ ma
cu thé va kha ning klem soat 15i. CAc yéu té nay can duoc
xem xét mot cach tong thé dé ¢am bao higu qua trong qué
trinh thiét ké va trién khai hé thng truyén thong.

Trén Hinh 4 trinh bay két qua so sanh hiéu suat cua h¢
thong sir dung ma tich két hop k¥ thuét dot 16 dwoc dé xuit,
so véi cac truong hop su dung md Hamming mé rong
(8,4), ma LDPC(32,16) va ma tich Hamming(72,4%),
(8,4)EHCX(5,4)SPC khong dot 16.
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N L
w10* =
m10 E

—*— (8,4)ExtHam, Rc=0.5 (no punt.)
£ [—©—(32,16)LDPC, Rc=0.5 (no punt.)
—H8— (7,4)ExtHam x(7 4)ExtHam, R=0.3265 (no punt.)
[ [—*— (8,4)ExtHam x(5,4)SPC, R=0.4 (no punt.)
—%— (8.4)ExtHam x (5.4)SPC, R=0.0.4 (punt. 4 bits parity of parity)

1 2 3 4 5 6 7
SNR (dR)

Hinh 4. So sanh chat hrong ma EHC, LDPC, ma tich va
ma tich dot 1o

Phan tich két qua mé phong cho théy rang hé thong st
dung ma tich (8,4)EHC x (5,4)SPC két hop k¥ thuat dot 16
(mAu dot 4 bits parity of parity) dat hiéu qua kiém soét 15
vuot troi dang ké so voi truong hop str dung ma EHC(8,4)
truyén thong, v6i do loi vé ty 16 SNR dat dugc 16n hon 1dB
(BER=107), trong khi ty 1¢ ma héa thap hon 0,056. Dic
biét, khi so sanh ma tich dot 16 (8,4)EHC x (5,4)SPC véi
ma LDPC (32,16) [30] véi ciing d6 dai khéi tin, mac du ty
1¢ ma hoa thip hon 0,0556, nhung d6 loi vé ty 1¢ SNR dat
t6i 0,4 dB (BER=10"°). Hon thé nita, khi so sanh voi
trudng hop ma tich khong dot 16 (7%,4%)Hamming? [8] va
(8,4)EHCx(5,4)SPC, hiéu suat ciia mi tich dot 16
(8,4)EHC x (5,4)SPC mang lai thay d6i khong déng ké véi
mtrc giam chi 0,1 dB tai ty 16 BER=10, trong khi ty 1¢ ma
hoéa cao hon 1an lugt twong tmg 13 0,118 va 0,044.

Nhing phan tich trén khong chi cung cap cai nhin sau
sdc vé anh hudng cua mau dot dén hiéu sudt va tinh toan
ven cua hé thong st dung ma tich két hop voi ki thuat dot
15, ma con hd trg trong viéc lya chon c4u hinh ma vdi cac
ty 1€ ma hoa khac nhau nham t6i wu hoa thiét ké hé thong
truyen tin dya trén viée str dung ma tich két hop k¥ thuat
dot 1. Két qua nghién ctru da chung minh kha nang ng
dung cua ma tich 156 két hop v6i cac ma thanh phan co do
dai ngan cung véi ky thut dot 15, trong cac hé thong
truyén dan s6 hién dai yéu cau do tré thap va kha ning
thich Gng cao.

V. KET LUAN

Trong bai bao nay, chiing t6i da trinh bay mot céu triic
ma tich mdi, trong d6 ma thanh phan bao gom ma EHC va
ma SPC. Qua trinh giai ma duge thuc hién thong qua thuat
toan giai ma mém SISO cho cac mi khéi thanh phan mot
phuong phap giai ma don gian véi do phuc tap chap nhén
duoc, dua trén cac dac tinh cta khong gian mi do6i ngau
Viée két hop ciu triic ma tich voi k§ thuat dot 16 da nang
cao ty 1¢ ma hoa, tir do cai thién kha nang thich ung cua hé
thong truyén d?ln s0, dong thoi van dam bao hiéu suét clia
hé thong.

Két qua md phong cho hé thong truyén tin sir dung ma
tich, duge xay dung tr md Hamming mé rong va ma SPC

két hop voi ky thuat dot 16 thong qua cac mau ngau nhién,
cho thay ring viéc 4p dung mi tich cung véi ki thuat dot
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16 mang lai d¢ loi vé ty 1& SNR 1én t6i 1 dB so véi viéc chi
s dung ma@ Hamming m¢ rong (8,4) va 0,4 dB so voi ma
LDPC (32,16). Tuy nhién, hi¢u suat ciia h¢ thong truyen
dan sb ciing chiu anh hudng dang ké boi cac mau dot 16
duoc ap dung Do d6, dé tbi ‘uu hoa hi¢u suét ctia hé thong
truyén dén s, viéc phat trién mot chién luge dot 15 higu
qué trong tuong lai 1a can thiét nham nang cao hiéu qua
cua ky thuat nay.
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UTILIZATION OF PUNCTURING TECHNIQUES
IN PRODUCT CODES WITH EXTENDED
HAMMING AND PARITY CHECK CODES

Abstract: The rapid advancements in wireless
communication have necessitated the development of
more sophisticated data transmission techniques. Product

SO 01 (CS.01) 2025

codes, as one of the simplest forms of concatenated codes,
have demonstrated their efficacy in error control and
enhancement of performance in digital transmission
systems. In this paper, we propose a novel approach that
combines a simple Product code structure, incorporating
Extended Hamming Codes (EHC) and Single Parity Check
(SPC) codes, with a random puncturing technique. This
integration allows for an improved coding rate and
enhances the adaptability of the system. Simulation results
demonstrate that the system using the Product code,
constructed using (8,4,4)Extended Hamming Code and
(4,3,2)SPC, with random puncturing, achieves an SNR
gain of up to 1dB compared to the use of (8,4,4) Extended
Hamming Code, and up to 0.4 dB compared to the use of
(32,16) LDPC. These findings affirm the potential of turbo
codes and puncturing techniques in enhancing both the
performance and flexibility of digital transmission
systems.

Keywords: product code, Extended Hamming codes,
puncture, SPC, dual decoding
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