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UNG DUNG KY THUAT GIAI MA POI NGAU TRONG GIAI MA LDPC
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TOM TAT

2 Pai hoc Ky thudt Lé Quy Pon

Bai bao trinh bay co so cua phuong phap giai ma khdi sir dung k¥ thuat giai ma ddi ngau, img
dung trén ma Haming, md LDPC... Phuong phap nay cho phép ap dung ky thuét giai ma lap dong
thoi két hop véi viée sir dung cac ma trdn kiém tra tuong duong va ky thuat quyét dinh tir ma dya
vao trong sd syndrome khi thuc hién giai ma. Cac két qua mo phong thyc hién trén mé hinh kénh
Gauss va kénh pha dinh st dung thuét toan gidi ma BPA-EH (Belief Propagation Algorithm based
on Equivalent Parity Check Matrix H) cho két qua cai thién rd rét ve do loi giai ma va rat ngin
dugc thoi gian giai ma so véi thuat toan BPA truyén thong.

Tir khéa: Ma doi ngc?u, ma LDPC, ma trin kiém tra, giai md BPA, kénh Gauss, kénh pha dinh

DAT VAN BE

M4 kiém tra chdn Ié mat do thap (LDPC-Low
Density Parity Check) hién nay dugc nghién
ctru nhiéu va duoc chon 1a ma du phong dai
han cho cac hé théng thong tin di dong thé hé
méi. Ma LDPC duoc biét dén cing véi cac
thuat toan giai md truyén thong nhu: BPA,
SPA, MPA... [1]. Céc thuat toan nay cho chét
lwong giai méd kha tét, tuy nhién viéc cai tién
nang cao chat lwong giai ma van 1a noi dung
dang tiép tuc duoc nghién cuu.

Véi ban chat 12 mot ma khdi tuyén tinh, co
ché phat hién va sura sai cia ma LDPC dya
vao da thuc kiém tra H. Mat khéc, véi tinh
chéat dbi ngiu cua ma stra sai, c6 thé ap dung
phuong phap giai ma d6i ngiu vao cac thuat
toan giai ma LDPC cho phép néng cao hiéu
qua giai ma.

PHUONG PHAP GIAlI MA KHOI DUA
TREN CAC MA DOI NGAU

Xuat phat tir tinh chat d6i ngiu ctia ma sira sai
ma ban chit cia vin dé nay 1a v6i mot ma
khdi tuyén tinh, ma tran kiém tra ciia ma nay
dong vai tro 1a ma trdn sinh cia ma khdi
tuyén tinh khéac, mat khac nhu ta da biét, tinh
chét cta ma tran kiém tra va ma tran sinh cta
ma khéi tuyén tinh thé hién nhur sau:

GxH" =0 (1)
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Nhu vay, co thé néi cac tir ma trong by ma
d6i ngdu truc giao v4i cac tir mi twong tng
trong bo ma gbc. Mit khac mdi bit kiém tra
déu mang mot lugng thong tin vé cac bit tin,
hay noi cach khac mdi bit trong tir ma ddi

= (Cj,07cj,1""’c

thong tin vé cac bit tin trong tir md gbc

ngau c, _1) déu mang

c =(c,, ¢

7Cn—1)' Trén co sd nay hinh
thanh nén phuong phap gidi ma dya trén ma
d6i ngdu [2], [3]. Phuong phap giai mi nay
dugc moé ta nhu sau: Khi truyén tir ma ¢ qua
kénh, dudi tac dong cua nhiu va tap am ta
nhan duge tr mad r =(7,7,....,r ). Qua
trinh giai md & phia thu véi tir ma dau vao
mém 1& 7 ta phii tim ra cac bit

~

Cm = c_(trongdé ¢ la tir ma dugc truyén)

véi xac suat chinh xac cao nhat. Ta ky hiéu

2z 1

w=e’ la biéu dién phic ctia nghiém
nguyén thuy p; (Sw. =1 ndu i=7 va
(5”. = 0 v6i cac truong hop khac; pr(x) la
X4c Xuit clia I va D, (x /y) 1a x4c xuit co
didu kién cia xcho boi ¥y, néu gia tri
Sthudc truong GF(p) ta c6 ¢ =S khi
A (8) dat cuc dai, véi
m
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j=1 [ 1=0 i=0
)
Diéu nay da duge chimg minh trong [2], két qua
chimg minh khang dinh dbi véi md nhi phan
(p = 2), diéu kién quyét dinh ctmg (6 lan lip
cubi cung) ddi véibit ¢ 1a ¢ = 0 khi:
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Sfiks] "o o

=1 1=0

vic =1 néu (3) xay ra theo chiéu nguoc
P.(rIC, =0)

|:)r(rl |CI =1)

Pé 1am rd ndi dung ching minh trén ta xét
mot vi du cu thé voi md Hamming (7, 4) voi
cic bit ma nhadn dugc ky hiéu Ia

r=(r,n,

dinh bit ma ¢ la:

=0 khi ZH[HZJ >0 (4

j=1 1=0

lai, & day ¢ =

, 7)., theo (3) diéu kién quyét

Ta c6 ma trén kiém tra cﬁ~a ma trén, ciing la
ma trén sinh ciia ma doi ngau la:
1110100 (a)
H=/0111010 (b)
0011101 (c)
Nhu vay cac tir m ciia by ma ddi ngau (¢ day
coi tir md gdm tét ca cac phan tir “0” 1a mot tir

ma trong b ma) la:

C,C C,C,C,C,C,
0000000
1110100 (a)
0111010 (b) (5)
C=1001110 (a®b)
0011101 (c)
1101001 (@a®c)
0100111 (b®c)
1010011 (a®b®c)
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pat p,=(1—¢,)/(1+¢,) dicu kien
quyét dinh doi voi bit ¢, la:
€ =0Kkhi o+ 00,0, + PoPLP2P2Ps +

+ P3PuPs + PoPrPsPPs + P3P+ (6)
+ PoP1P1PsPs + P2PsPs > 0.

= 1 khi (6) xay ra theo chiéu nguoc lai.
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Do thi BER cua ma Goley (23,12) phu thuoc so lan lap
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Hinh 1. Sy phu thudc cua c:hd:t lvong ma Golay
(23, 12) vao so lan lap

Trong qua trinh giai m3 lip, néu ta ting s6 1an
lap hodc ting sb lugng tir md dbi ngdu tham
gia vao qua trinh giai ma thi chat luong ma s&
dugc cai thién dang Kké, diéu nay dugc minh
chtng boi két qua danh gia chat luong ciia ma
Golay (23, 12) trén Hinh 1 [3].

Mit khac, dbi véi mot ma khdi tuyén tinh, ma
trén sinh duoc tao thanh tir cac tr ma doc lap
tuyén tinh v6i nhau, nhu vay véi cac tir ma

—k
ctia bo mi ddi ngau nhu trén s& c6 ¢ i A

tran sinh twong duong nhau (twrong tmg véi sd
ma tran kiém tra twong duong ctia mi gdc)
dugc hinh thanh. Trong qué trinh gidi ma lap
thay vi str dung cac tir ma ddi ngau, ta sir
dung cac ma tran kiém tra twong dwong nay
cling cho chat luong gii mi cai thién dang
ké. Pidu nay duoc minh hoa qua két qua danh
gi4 chit lwong cia md Hamming (7, 4) trinh
bay trén Hinh 2.
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BER Hamming(7,4) tren kenh Gauss
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Hinh 2. Sy phu thuéc cia chat luong ma
Hamming (7, 4) vao so lwong ma trdn kiém tra

) truong du’ng

UNG DUNG GIAI MA LDPC (LOW
DENSITY PARITY CHECK) BANG
THUAT TOAN BPA-EH VOI MA TRAN
KIEM TRA TUONG PUONG H,

O giai doan 1, thuat toan BPA truyén théng
(Belief Propagation Algorithm) dugc giai voi

s6 1an 1ap cuc dai 13 Y/ gy - Néu kiém tra thay
c*H' = 0 thi ta dimg va dua ra tir mi. Néu
sau sO lan lap cuc dai Vpax mMa c*H' = 0
khong thoa mén ta chuyén sang giai doan 2
giai ma lai V('z’i ciac ma tran kiém tra tuong
duong. Luu do giai ma cda thuit toan BPA-
EH [4] giai doan 1 dugc trinh bay trén hinh 3.

Xur 1y tin tai Dau ra giai
nut kiém tra dicu che

v v

Xir ly tin tai cac

nut bit

v

Tur ma tham

o 9(7)

Dung. Puara
tor ma hop 1&

y(y)

Chyén sang
giai doan 2

Hinh 3. Luu dé thudt todn BPA-EH giai doan 1

Giai doan 2: Luu dd thuét toan cua qua trinh
giai ma nay duogc trinh bay trén Hinh 4.

Tur giai doan 1, ta thu dugc gia tri L(S;), tur gia
tri nay ta tim dugc hang kém tin cdy h(a), va
hang c6 d6 tin cdy 16n nhét h(b) [4], hang h(c)
la cac hang con lai khac hang h(a) va h(b).
Sau d6 thyc hién thay thé hang kém tin cay
h(a) = h(b) + h(c). Ngoai viéc thay thé hang
h(a) ta con thyc hién thay thé mot sd hang
ngoai 2 hang h(a) va h(b) bang cac hang toan
cac phan tir “0”, & ddy ta chon cac hang c6 do
tin cay kém hon dé thay thé.

Sau khi thyc hién thay thé mot s6 hang bang
véc to “0” ta nhan dugec ma tran kiém tra
tuong duong H, va thyc hién giai ma tuong tu
nhu giai doan 1. Nhu viy v6i mdi ma tran
tuong duong H ta s€ nhan dugc 1 tr ma
tuong ng, ¢ khiu quyét dinh cudi cing s&
chon ra tir mi dau ra la tir ma Ung voi gia tri
syndrome nho nhat.

Giai ma véi ma

Giai ma tran H
giai doan 1 Khéng thanh cong
_______________ [SEEECEPEEEE S
y=1

<

Tur Ly(s;) tim
h(a) va h(b)
v
h(a) = h(b) + h(C)

y__
Gan mot sO
hang bang “0”
v

Giai doan 2

<ot >

b
Lua chon tir ma co
Syndrome nho nhat

v

Dung, dua ra tor ma

Hinh 4. Luu do thudt toan BPA-EH cdi tién [5]
giai doan 2
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Két qua md phong cho thay, v6i bo ma C; sir
dung ma tran Hygss, khi thuc hién thuat toan
giai ma BPA-EH cai tién (thuc hién thay thé
mot s6 hang ciia ma tran H, bang véc to “0”)
va BPA-EH thi chat luong giai ma tuong
duong nhau tham chi thuat toan giai ma BPA-
EH cai tién con tot hon thudt toan giai ma
BPA-EH don thuan khoang 0,1 dB ¢ ty 1¢ 15i
bit P, = 10 . Thuat toan giai ma BPA-EH cai
tién mang lai d6 lgi ma hoa khoang 0.8 dB ¢
ty 1& 15i bit P, = 10™ so voi thuat toan giai ma
BPA truyén thong.

_______________________________________

«w’l| —=— BERBPA L N S b
- BER BPA-EH ) L ; -
15°[| —=— BER BPA EH thay thé 4 hang |\ ...

| —+— BER BPA-EH thay thé § hang ; ;
Hinh 5. So sdnh chdt lu',m;(g gidi ma LDPC bang
thudt toan BPA, BPA-EH, BPA-EH cai tién voi ma
) tran H48X96, trén kénh AWGN
Két qua giai ma do6i voi b ma C, sir dung ma
tran Hgoxzo trén Hinh 6 cling cho két qua
tuong ty nhu véi bd ma C;. Chat luong giai
ma khi st dung thuat toan giai ma BPA-EH
cai tién tuong duong véi thuit toan giai mi
BPA-EH, tham chi con tot hon thuat toan giai
mi BPA-EH khoang 0,1 dB (& P, = 10™), néu
st dung thuat toan BPA-EH can ty 6 Ey/Ny =
3,8 dB, con sit dung BPA-EH cai tién cin
Ew/No = 3,7 dB, diéu dang noi ¢ déy la thoi
gian giai ma cua thuat toan nay dugc cai thién
dang ké.
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Hinh 6. So sanh chat hrong gidi ma LDPC bang
thudt toan BPA, BPA-EH, BPA-EH cdi tiéen véi ma
trén H60X120 trén kénh AWGN
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Pbi v6i Hinh 6 cho thdy, véi bd mi C, sir
dung ma tran Hipxo40, khi thuc hién thuat toan
giai md BPA-EH cai tién (thyc hién thay thé
hét cac chu ky “4” tir ma tran H, ciia BPA-
EH) va BPA-EH thi hi¢u qua giai ma gan nhu
nhau nhung c6 lgi hon vé thoi gian giai ma.
Thuat toan giai ma BPA-EH cai tién mang lai
d6 lgi ma hoa khoang 0,8 dB & ty 1¢ 18i bit P,
=10 so v&i BPA truyén thong.

Trén Hinh 7 so sanh chit luong gidi ma
LDPC gilra cac thuat toan BPA, BPA-EH va
BPA-EH cai tién. Tir d6 thi c6 thé thay dbi
vo1 mot bd ma LDPC xac dinh thi thuit toan
BPA-EH cai tién cho do loi twong duong,
tham chi tot hon thuat toan BPA-EH.

4ot || —=—BPAEH
—=—BPA-EH thay thé 8 hang |
—=—BPA-EH thay thé 15hang | ! :
% | —+— BPA-EH thay thé 20 hang |~-7r"" 777
-2~ BPA-EH thay thé 25 hang :

T n L e
= 10 15 20 S
E b Ho[oE]

Hinh 7. So sdnh chat lwong gidi md LDPC bang
thudt toan BPA, BPA-EH, BPA-EH cai tien voi ma
trdn Hegoxizo, trén kénh pha-dinh
Panh gia chat luong thudt toan BPA-EH,
BPA-EH cai tién trén kénh pha-dinh: Thuc
hién mo6 phong thuat toan BPA-EH, BPA-EH
céi tién trén kénh pha-dinh Rayleigh, két qua

duoc chi ra trén Hinh 8.
1 T T T T

gt} — e TEERacp o e TR
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16 F| v BPA-EH thay thé 4hang | 7 oo )
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Hinh 8. So sdnh chcjt luong thudt todn BPA, BPA-
EH, BPA-EH cdi tién v&i ma trdn Hgggaoo trén kénh
pha-dinh Rayleigh
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KET LUAN

Trong viéc giai ma khéi tuyén tinh c6 thé ap
dung k¥ thuat giai ma ddi ngau dé tao ra cac
ma tran kiém tra tuong duong trong qué trinh
giai ma 1dp nham nang cao hiéu qua sira 156i
tai dau thu. Cac ky thudt nay dugc thir nghiém
trén ma Haming va ma LDPC cho két qua tot.
Dbi voi thuat toan BPA-EH 4p dung v6i ma
LDPC, viéc st dung ciac ma tran kiém tra
tuong duong H. dua trén nguyén tic giai ma
dbi ngdu cho phép nang cao hiéu qua sta 15i
mic du phai chap nhan sd phép tinh nhiéu
hon va thoi gian giai ma dai hon.

Doi véi thuat toan BPA-EH cai tién, ban than
viéc thay thé cac hang co do tin cdy kém
trong ma tran H 1am thay d6i trang thai cua t6
hop céc vi tri c6 d¢ tin cdy kém trong ma tran
H ban dau, tir 6 lam ting thém thong tin sau
cac lan lip dan dén ting kha ning stra 13i.
Viéc thay thé mot sd hang clia ma tran kiém
tra twong duong H, bang véc to “0” ciing giup

SUMMARY

lam giam s6 phép tinh va rit ngin thoi gian
giai ma.
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APPLICATIONS OF DECODING DUAL CODES TECHNICQUE

IN LDPC DECODING

Nguyen Anh Tuan'", Pham Van Ngoc', Pham Xuan Nghia?
YUniverity of Information and Communication Technology — TNU

%Le Quy Don Technical University

This paper presents the basic of the decoding method using the dual decoding technigues,
applications with the code Haming, code LDPC ... This approach allows the use of iterative
decoding techniques combined with the use of the equyvalent matrix H and decision-making
techniques based on the weight of the syndrome when decoding. Simulation results performed on a
Gaussian channel model and fading channel using the BPA-EH algorithm (Belief Propagation
Algorithm Based on Equivalent Parity Check Matrix H) result in significant improvements in
decoding behavior and Shorten time decoding compared to traditional BPA algorithms.

Keywords: Dual codes, LDPC code, Equivalent parity check matrix, BPA decoding, Gaussian

hannels, fading channels
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