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Mang cam bién vé tuyén céng nghiép can coé cac gidi phap ma kénh manh véi cac gai tin
ngén. Ma tich Ia ho ma kénh chi can v&i chiéu dai tr ma ngén, da dat kha néng stra 16i rat tot
do c6 khoang cach Hamming cuec tiéu I&n. Vi qué trinh gidi ma phdc tap nén hién nay ma
tich van chwa dwoc dé xuat (rng dung trong cac hé thdng truyén tin. V&i mong mudn khai
thac kha nang kiém soat 16i ctia ma tich trong cac trng dung truyén tin hién dai, bai bao nay
dwa vao co s& ly thuyét gidi ma tich, lwa chon ma Hamming lam ma thanh phan, dé xuét
thuat toan gidi ma lap ap dung phu hop véi ma tich cho chat lwong giadi méa tét véi do phire
tap chap nhan dwoc. Két qua md phdng cho thay, tai ti 1& 15i bit (BER) 107°, yéu cau vé ti 1&
cobng suét tin hiéu trén tap &m chi can 3,7 dB néu s&r dung ma Hamming (31, 26) lam ma
thanh phan.

Giai ma dbi ngau, ma tich, ma Hamming, gidi ma 13p, ma kénh.

Industrial wireless sensor network requires strong channel codes with communication with
short packages. Product codes are a family of channel codes which only require short
codeword to achieve very good errror correction thanks to the minimum hamming distance.
Due to the complex decoding process, product codes haven't yet been proprosed for
application in communication systems. With the desire to exploit the error control ability of
product codes in modern communication applications, this article which bases on the theory
of product codes decoding and selects Hamming codes as component codes proposes
interative decoding algorithms which is appropriately applied to the product codes with good
decoding performance and acceptable complexity. Simulation results have shown that at the
bit error rate (BER) of 10™°, the requirement of signal to noise ratio is only 3,7 dB in case of
using Hamming codes (31, 26) as the component codes.

Dual codes decoder, Product codes, Hamming codes, iterative decoding, Channel codes.

1. DAT VAN BE

Ngay nay, hé thong co s& ha tang phét trién
khong ngiing, mang cam bién v tuyén di va
dang thé hién nhitng loi thé hap dan so vai cac
hé thong c6 day truyén théng. Trong cac moi
truong khac nghiét, nhidu 16n (nhu c6 nhiéu
dién tir, c6 vat thé chuyén dong va giao tiép bi
che chan) dan dén 15i truyén dan, lam anh
hudng dén chat luong va thoi gian xu ly théng

tin. Céac hé thong cam bién vo tuyén dé dang
bi anh hudng trong madi truong truyén tin ndy,
dic biét 1a cac mang cam bién vo tuyén cong
nghiép co nguy co cao vé 16i truyén dan, co
thé dan dén thiéu hoiac cham tr& qua trinh
hodc kiém soat dir liéu [2]. Ldi truyén dan va
bo 15 quy trinh hoidc thoi han kiém soat co thé
dan dén ton that kinh té nghiém trong va cac
van d& vi pham an toan. Dé trién khai mang
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cam bién v tuyén cong nghiép, can sir dung ki
thuat FEC véi ho ma sira 18i ¢6 chiéu dai ngan
véi phuong phép giai ma hiéu qua nham dam
bao truyén tin thoi gian thuc va dang tin cay.

Ma& tich c6 khoang cach ma Ién dugc xay
dung tr cac ma thanh phan c6 d6 dai va
khoang cach ma nho cho phép dat chit luong
va do phuc tap c6 thé so sanh véi ma Turbo
véi s6 vong lap nho hon [3]. C6 nhiéu thuat
toan giai ma ma tich da duoc trinh bay tur khi
mi tich duoc biét dén. Céac thuat toan nay
nhin chung phén lam hai loai: Cac thuat toan
don gian cho chat lugng giai ma thap va cac
thuat toan cho chat luong giai ma cao nhung
c6 d6 phuc tap cao [4], [5]. Giai m& Turbo cé
thé duoc &p dung cho ma tich, st dung thuat
toan cuc dai hda xéac suat hau nghiém (MAP:
Maximum a Posterior Probability) cho cac méa
thanh phan. Day 1a tré ngai 16n ddi vai viéc st
dung cac ma khoi t6t thay vi ma chap trong
cac hé thong giai ma Turbo két hop, trir cac
truong hop rat hiém, khi kich thudc cua ma
rat nho hoac khi cac ma ciu thanh rit don
gian. Dé giai quyét van dé phuc tap caa giai
m& MAP ma thanh phan, nhiéu dé xuat c6
tiém ning da duoc thuc hién.

Thuat toan giai ma téi wu dwoc goi l1a thuat
toan Viterbi dau ra mém, gan gidng véi giai
ma MAP, trén ma dbi ngau, sir dung cac ham
phi tuyén dan dén d6 phuc tap rat cao cho chat
luong kiém soat 16i 1y tuéng. Vi vay, theo cac
cong trinh da cong bd, phuong phap nay chi
dung lai & mac nghién ctu ly thuyét va rat
kh6 c6 thé &p dung vao thuc té [6], [7].

Trong [8], [9], mét bién thé nham giam do phirc
tap cho viéc giai ma MAP cta cac méa thanh
phan da dugc dua ra, cho chat lwong xap xi tai
[6]. Tuy nhién phuong phéap nay st dung Sy
woc luong gan dang, khong phai lic nio ciing
dugc giai thich hay trinh bay bang co so ly
thuyét, rat khd phan tich, nén viéc cai thién

cling nhu ap dung cho cac ma khéc la khéng
kha thi.

Nhin chung, hién nay chwa c6 nhiéu phuong
phap giai ma thuc sy hiéu qua dé cd thé tan
dung kha ning stra 16i cia ma tich.

Phuong phap giai ma ddi ngiu la phuong
phap giai ma Iap bang cach vét toan bo théng
tin giai ma trong bo ma d6i ngau rat phi hop
cac ma khéi co do du nho voi do phic tap
thap [10]. Vi cac mé c6 do du nho, van dé giai
m4 bang ma ddi ngau s& giam duoc su phic tap
ma van dam bao thdng tin giai ma nhu ma gdc,
vi s6 luong tir mad trong ma d6i ngiu cua cac
mi ndy it hon nhiéu so véi ma gbc [11]. Nhu
vay, ¥ tuong két hop uu diém vé chat lugng
kiém soét 13i cao ciia ma tich va tan dung tinh
chat d6i ngau cia ma khdi véi phuong phap
giai ma ddi ngau cho ma thanh phan ma tich
la noi dung chinh cua trong bai bao [1].
Hudng nghién ciru nay tranh duoc giai mé
MAP cho cac mi thanh phan. Hy vong mi
tich s€ dugc dua vao ung dung trong cac hé
thdng truyén tin sb, dac biét 1a cac hé thdng
truyén tin yéu cau thoi gian thuc. Véi mong
mudn tim dugc phuong phap giai ma thuc sy
hiéu qua cho ma tich, bai bao nay da dé& xuét
dugc ¥ tuong tich cuc. Phan con lai cua bai
bao ¢ bd cuc nhu sau: Muc 2 trinh bay co s
ly thuyét thuat toan giai ma moi cho ma tich.
Muc 3 dé xuat thuat toan giai ma lap cai tién
cho ma tich trén co s¢ sir dung phuong phap
giai md mém cho ma ddi ngiu cua cac ma
thanh phan. Muc 4 trinh bay cac két qua md
phong danh gia chat luong cac thuat toan dé
Xuit cho cac ma tich trén kénh Gauss va cudi
cuing la phan Két luan.

2. CO' SO’ LY THUYET CUA THUAT TOAN
GIAI MA CHO MA TiCH

Cho C la ma khdi tuyén tinh véi ma tran sinh
G kich thudc (kxn), ma tran kiém tra H kich
thuoc ((n—k)xn) va c=(c,C,,...,C,) la tor mg;
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trong d6 n 1a chiéu dai cac bit ma, k la chiéu
dai cac bit tin. Tin hiéu thu duoc la y=x+w,
trong do6 W=(Wy,Ws,...,Wn) la vecto tap am va
Yn=Xm+Wm, 1<m<n. . Cho C’ la ma dbi ngau
cua C, v6i ¢, =(Cj;,Cj,...,C;y) 2 tir mad doi
ngau thu j. Ky higu P(y, |i),ie{0,1} 12 x4c
suat c6 diéu kién rang thu dugc vy, khi bit
mad cp=i duwoc guwi di. Ky hiéu
P =P(Yu [D/P(y,10) 1a ty 1& hop I8
(Likelihood Ratio) cua bit tht m. Nhu vay,
@, =exp(=2y, [ ¢*). Theo [1]:

1 2% n

A, (0) = ZZHZ(NWMHmm

t=0 j=1 I=1 i=0

M
%m}}DZﬁZHW%%mm
@)

Ta ¢6 An(0)=AP(0 |y) va An(1)=AP(1 |y), véi
mot hé sb xac dinh A [1]. N6i cach khac, may
giai ma sé quyét dinh rang bit ¢, = 0 duoc gui
qua kénh khi va chi khi An(0)>An(1) hay
An(0) — An(L) >0.
Pau vao cua phép tinh cho giai ma l1a gié tri ty
16 hop 1& xac suat hau nghiém ¢, va dau ra
cua giai ma la hiéu

An(0) - An(1) = 2P(0]y) - 2P(L |y).
Ma, giai md ma tich 1a giai ma lan luot
cot-hang (hang-cot). Nhu vay, dé ké thua
dugc phuong phap giai mad cua [10] cho mé
tich, trong [1] dd bién d6i dé dau ra cua tinh
toan trong budc giai ma hang (cot) co thé lam
dau vao cho budc giai mad cot (hang) sau.
Theo [1]:

%@Hﬁﬂ)iifﬂlﬂj @)

j=1 1=1 |

A0)-A Q)= zirﬂlﬂj @

= a1+
vei o,=1 khi m=1 va ¢, ,=0 Kkhi
m=l.
Nén:
AD _ P(ly) _ PA )P, 1Y)
A,(0) P@Oly) POy, )P(y,lY)
_PULIDPO Pl 1)
P(y,[0)P(0) P(y,10) "™

vé6i gia dinh rang cac bit 0 va 1 duoc gui di
V&i X4c suat nhu nhau.

Nhu vay, cach tinh cac gia tri ty 1€ hop I€ lam
dau vao mém, dau ra mém cho budc giai ma
hang (cot) tiép theo cua ma tich Ia:

_ An(l) _ Bz_Bl
"7 A0 B, 4B ©
VoI
_2“’k n 1_—¢| !
Sl e

kg 1 o Cji @Sy

B, = : : (7
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Cong thirc (5) 1a co so ly thuyét cho phuong

phap giai md ma tich [1].

3. PE XUAT THUAT TOAN GIAI MA MOl

CHO MA TiCH

Xét ma tich C(n,k,d) c6 ma thanh phan Ia

hai ma khéi tuyén tinh C,(n,k,d,) va

C,(n,,k,,d,), véi ma tran sinh G, Kkich

thuoc k xn, vamatransinh G, kich thuéc

k,xn,, tuong tmg. Pat r,r, 1a chiéu dai cac

bit kiém tra trong bo mad C,,C, twong ung.

Khi ma hoda, k, xk, bit thong tin duoc ma
hoa thanh n, xn, bit ma, téc d6 ma hoa la
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(k, /n)(k,/n,) vakhoang cach Hamming téi
thiéu 1a (d,xd,), v6i d, va d, lan luot Ia
khoang cach Hamming t6i thiéu tuong tng
ciamd C, va C,.bauvao by ma hoa la tin
u (kich thudc k,xk; ), méd hoa boi ma tich C
c6 ma tran sinh G, du:gc ter mac (kigh thudc
n,xn;). Tir ma c co thé dugc tao ra bang cach
nhan mot vector nhi phan chiéu dai kk, Véi
ma tran sinh caa C hoac béng cach st dung
phuong trinh:

c=G, UG, (8)

v6i G la ma tran chuyén vi caa ma tran
sinh G,. Tr ma ¢ dugc diéu ché BPSK va
dugc truyén qua kénh roi rac khéng nho tap
am Gauss voi mat do phé cong suat 2072

ny

ky Xk,
bit kiém
tra chin
k, le ma
hang

n,

X1y bit
kiém tra chin
1¢ mahéa céc
bit kiém tra
chéin 1&

7, X ky  bit kiém
tra chan 1é m3a cot

Hinh 1. C3u trGc ma tich

Céu tric ma tich (hinh 1) cho thay, mi tich
chinh 1a m& khdi dai c6 thé dugc xay dung boi
hai hay nhidu ma khéi thanh phan ngan hon.
M4 tich c6 ty 1é ma hoa bang tich cac ma
thanh phan nén viéc lya chon cac md thanh
phan 1a cac ma khéi ¢6 ty 16 ma hda cao 1a y
tuong hop ly. Vai cac ma co ty Ié¢ ma hoa cao,
van dé giai ma bang ma d6i ngiu s& giam
duoc sy phtc tap ma van dam bao théng tin
giai ma nhu ma gc [10].

Nham d& xuit mot phuwong phap giai ma tich
cho chét luong tét hon, bai bao s& ké thira y
twdng phai tinh dén anh huéng cia Xac suét
khong déu cua cac bit tir ma trong [6] dé cai
tién thuat toan giai md DCAPC (Dual codes
Algorithm decoding of Product Codes) duoc
dua ra trong [1]. DCAPC la thuat toan giai ma
mém duogc phat trién tir thuat toan giai ma tdi
vu trong [10]. D& phat trién va (g dung thuat
todn giai ma cua cac tac gia C.R.. Hartmann
va Luther D. Rudolph cho ma tich, cac tac gia
trong [1] da chitng minh va dua ra cong thuc
tinh céc gia tri ty 1 hop 1& 1am dau vao mém,
dau ra mém cho budc giai ma hang (cot) tiép
theo. Céc gia tri ty 1€ hop I€ nay dugc tinh véi
gia thiét cac bit 0 va 1 duoc gui di voi xac
suat nhu nhau.

Pé dam bao tinh ngiu nhién caa cac bit tin
nhan duoc tai dau vao bo giai ma, y tuong
trong bai bao nay la: théng tin nhan duogc ban
dau déu duoc dua vao cac budc giai ma hang
(cot) tiép theo. Phuong phap giai ma dé xuat
trong bai bao nay cé thé dugc coi 1a phuong
phap giai ma téi vu cho ma tich. Vi, théng tin
giai ma nhan dugc tir viéc tinh ca thong tin
X&c suat xuat hién ngau nhién cua céc bit tir
ma tai dau vao giai ma mdi hang (cot) va
thong tin giai ma trong toan bo khéng gian ma
d6i ngau.

Goi thuat toan giai ma nay la thuat toan giai
mid lip mid dbdi ngdu (IDDC: lterative
Decoding using Dual Codes). Bo giai ma bao
gom hai bo giai ma cot C' va hang C ndi
tiép, qua trinh giai ma duoc ma ta trén hinh 2:

* Tro larvong lap tiep theo

%
T o B g
Bo gidi md cot €' |l [qlg’—#
v

€

B0 gidai md hang —
c- e e

e
P

Hinh 2. Phwong phap giai ma déi ngau t6i wu

B6 giai m& tich nhan duoc tin
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y=[Yu.1<v<n,1<u<n,] va hoat dong
nhu sau:

B6 giai ma cot (hang) nhan thong tin dau vao
la ma tran ¢' va chen thém cac gid tri
o, =1 k,+1<u<n,, k +1<v<n,
thuc hién vong lap tha 1.

sau do

Budc 1: Tién hanh tinh toan lai lan luot gid tri
tung cot (hang) trong ¢' dé dua ra ma tran

#(n,,n), véi gia tri tuong tng cho bit ma
thir m trong mot cot (hang) bat ky:

2k n, 1 ¢u| JCZJI 2k n, (1 ¢-| jcz}l@aml
Tl Tk
Sre) 2

()
Trong do, @ Ila phép cong modulo 2; 6, =1
néu m=I1 va 5, =0 véi cac truong hop khac;
Caljl
ngdu C,(n,,r,) cua bo ma goc C,(n,,k,);
ae{l2}; ¢\, =P(y,|)/P(y,10).

Budéc 2: Bo giai ma hang (cot) nhan tryc tiép
théng tin giai ma tinh toan dugc tu budc 1 la

|a bit thir | coa tir ma th j trong bo ma dbi

ma tran gid tri ¢ :
—| ;
¢ =0'o (10)
Tuong ty budc 1, tiép tuc tinh toan lai lan luot
gia tri tung hang (cot) trong ma tran (E' de
dua ra ma trdn @ V4i gia tri twong tng cho
bit m& tha m trong mot hang (cot) bat ky:

ok 1— p ¢ ji ©Sy
_ il o
; ll_i[[l+¢ll j

C o . cl‘jl@b‘ml
-9 fzﬁ(l—%j

V6i, ¢ labit thir | cua tir mé thi j trong bo ma
d6i ngdu C,(n,,r)cta bo ma goc C,(n,k,).
Tai dau ra bo giai ma thir 2, ciing 1ay gia tri trung
binh nhén cua ma tran gia tri ¢, Vvéi thong tin
du vao ban dau ¢' theo cdng thic (10), dugc
ma tran gia tri ¢_ lam thong tin dau vao cho
vong lap tiép theo. Qua trinh giai ma duoc
thuc hién cho dén vong lap cudi thi ding lai.

Budéc 3: Quyét dinh tir ma dau ra dya vao ma
tran giatri ¢ nhan duoc & vong lap cuoi.

Cij =1khi ?; >1
C. =1lkhigp <1
ij I
véi C, la bit ma tuong ung trong tir ma tich
Cl<j<n,1<i<n).

Nhu véy, bai bao da dua ra dé xuat cai tién so
véi thuat todn DCAPC [1] tai budc giai ma
thir 2. O day, thong tin nhan dugc ban dau déu
duogc két hop vai thdng tin giai ma nhan dugc
cua bo giai ma cot (hang) dé dua vao budc
giai ma hang (cot) tiép theo. Nghia 13, tai dau
ra bo giai ma cot (hang), nham dam bao tinh
ngau nhién caa cac bit tir ma, IDDC lay gi4 tri
trung binh nhan cia ma tran ¢' véi ma tran
gia trj thong tin dau vao ban dau o',
vao cho budc giai ma hang (cot) tiép theo.

lam dau

4. DANH GIA CHAT LUQNG THUAT TOAN
DE XUAT

Pé danh gia thuat toan dé xuat ching ta can so
sanh hiéu qua kiém soat 15i kénh cua ma tich
khi sir dung thuat toan méi vai thuat toan giai
ma dbi ngdu ma tich (DCAPC) va thugt toan
MDUDC da dugc cong bé [1].

Bai bdo st dung ky thuat md phong
MonteCarlo nham khao séat chat luong thuat
toan dé xuat trén kénh Gauss. Kha ning stra 15i
cta mé tich c6 cac ma thanh phan la cac ma
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thuoc ho md Hamming (7,4); (15,11); (31,26)
khi st dung thuat toan dé xuat, thu duoc két
qua chi sau hai lan l3p nhu Hinh 3. Két qua md
phong cho thay, dbi vi ma thanh phan 1a ma
Hamming (31,26), chi can ti 1& cong suat tin
hiéu trén tap am la 3,7 dB, thuat toan giai ma
IDDC di c6 thé dat ti 1¢ 15i bit 1a 10°. D& dang
thdy, thuat todn giai ma dé xuat cho ting ich
khoang 0,3 dB dén 0,47 dB so véi két qua cua
DCAPC va 0,1 dén 0,2 dB so véi két qua cua
MDUDGC tai ti 1¢ 13i bit 10° [1]. Bang 1 biéu
thi sy danh gia chi tiét vé do loi giai ma cua
IDDC so véi cac thuat toan khac cua cac ma
tich c6 ma thanh phan véi do dai khac nhau.

Chat luong thuat toan gia ma lap ma doi ngau

BER

—&— IDDC(7.4)(7.4)
107 )f —— IDDC(15,11)(15,11)
—+— IDDC(31.26)(31.26)
42 [| =0+~ DCAPC(7.4)(7 4)
------- DCAPC(15,11)(15.11)
o fl ==+~ DCAPC(31,26)(31,26) e
0 1 2 3 4 5 6
Eb/No[dB]

Hinh 3a. Chat lweng thuat toan giai ma IDDC

Chat luong thuat toan giai ma lap ma doi ngau

7L :| —— IDDC(15,11)(15,11)
| ——IDDC(31,26)(31,26)
of | ==~ MDUDC(7 4)(7 4)

L MDUDC(15,11)(15,11) £
22| === MDUDC(31,26)(31,26) [ 17553
= I | I | i

1 15 2 25 3 35 4 45 5
Eb/No[dB]

Hinh 3b. Chét lwong thuat toan giai ma IDDC

Thuat toan IDDC str dung thong tin giai ma tu
c4c tir ma thudc ma ddi ngau nham giam bét
do phtc tap. Nhu vay, theo bang 1, cac ma
thanh phan c6 ti 1é ma héa cang cao, thuat toan
m&i s& cho do loi nhiéu hon so véi DCAPC.
Con khi so véi thuat toan MDUDC, chét luong
giai ma cling nhinh hon, MDUDC c¢6 d¢ phuc
tap qua cao, kho &p dung thuc té [1].

Bang 2 chi ra s6 lugng phép tinh can dé giai
m& ma tich véi cac md thanh phan l1a ma
Hamming trong hai lan Iap khi st dung thuat
toan IDDC. Rd rang, IDDC c6 do phtc tap
chap nhan dugc la ham tuyén tinh O(n,2").
Piéu nay ciing cho thdy rang, thuat toan dé
Xuét van dam bao dugc tde d6 ma hoa cao, do
phtc tap twong dwong nhung dat chat luong
giai ma tot hon so vai thuat toan DCAPC [1].

Bang 1. B0 loi giai méa cua IDDC

khi so sanh véi DCAPC va MDUDC tai BER =10"°
Ma tich Do loi sovoi | Do loi so vai
DCAPC MDUDC
C(7,4)x(7,4) 0,3dB 0,1dB
C(15,11)x (15,11) | 0,35dB 0,2dB
C(31,26)x( 31,26) | 0,47 dB 0,11 dB

Bang 2. b6 phtrc tap cua thuat toan IDDC

Thuat toan IDDC

S6  phép | 2nn,[(n,~1)2" +(n, ~1)2" +2]
tinh nhan

S6  phép | 2nn, (2“ + 2" +2)

tinh cong

Tong  so | 2nn,(n2" +n,2" +4)

phép tinh

Véi phuong phap giai ma nay, ta ¢ thé tinh
dugc d6 phuc tap giai ma, két qua tinh toan
mao ra tinh kha thi khi hién thuc héa thuat toan
bang cac thiét bi phan cing.
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2. KET LUAN

Tir co s¢ |y thuyét giai ma cho mé tich, bai
bdo dé xuét thuat toan giai ma mai IDDC.
Thuét toan méi cho ma tich ¢6 co so |y thuyét
chic chin, st dung khong gian ma ddi ngau
dé giai ma, co do6 phuc tap tinh toan chap
nhan dugc dem lai do lgi giai ma cao, phu hop
v6i cac ma thanh phan c6 mat d6 cao va chiéu

dai ngan. Két qua nghién ctu vé thuat toan
giai md mai cho ma tich cho phép mo ra
huéng mai vé viéc tng dung ma tich vao céc
hé théng cam bién vo tuyén yéu cau thoi gian
thue, ddng thoi ¢6 thé lam co so dé dé xuat
c4c cai tién mai cho cac ma kénh nham kiém
soat 151 dudng truyén.
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