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An Iterative Decoding for LDPC Codes using Approximated
Check Node Function

Ho-Young Cheong*, Sin-Ryeong Kim** Regular Members
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ABSTRACT

In order to reduce the decoding complexity of low density parity-check(LDPC) codes, some fast algorithms
called suboptimal decoding, such as min-sum algorithm, normalized min-sum algorithm, were proposed. However,
there would be approximation inaccuracy between the sum-product algorithm and the min-sum algorithm, which
incurs some degradation in decoding performance.

In this paper, an efficient iterative decoding algorithm using approximated check-node function is proposed to
improve the approximation inaccuracy. Simulation results show that the proposed algorithm achieves a

performance very close to that of the SPA algorithm while preserving the low decoding complexity.

I.ME Ad=e] & AT =l (4, d)-TYU(regular)
LDPC F3efa dtar 237 95 4% £ o
LDPC %3+ A= :=T(check node) A3} Al¥ (irregular) LDPC H-3e}lv H-Et}.
X E(symbol node) FHFTLZ v}Foizl o]EFET LDPC H3+= wAA-AY  d2]E(message
2| Z(bipartite graph)E ©|-83f] Ho ¥} o] 1 passing algorithm)-S- ©]-8-3] HHE- 79.3& ‘%} =
iz Aol AMxert g e Aaxs 539 A4 9i=dl, LDPC H-35°] HbE B3 <k
ol gl HHZ Az 1Y Adrs S B35 wel 3% (optimal) il sub opt1ma1

* b gty A R EAF-8l o hycheong @nsu.ac.kr), ** “FA1-EE Hxg4]1 2K srkim @haksan.dsc.ac kr)
=EF 0 08078-1130, AS4U=} 120089 119 30d

419

www.dbpia.co.kr



221813 =] °08-12 Vol. 33 No. 1

B3 % quasi-optimal & 7|¥ Fo7 JE 4
olel!l. clekgk Rope] LDPC 37} A-8gel u}
2} 3842l LDPC 535 7|'§e] &l uhye] A+
ol gkow HA B3 7ol A 53 5
Aes FABRIAR B3 =E Folv WEeR
A77b AdgHel gk HA B3RS
SPA(sum-product  algorithm) -2 BPA(belief
propagation algorithm)2}x 3l 49 BH3sAl5
= dEhiARE Az s wARlE AXkske Al
Ak efe]l v wot df=sol® Fsk vt Zulkgk
ko] 9lck SPAe} A% B Aeg A5
A= B3l &5 Fol7] ¢ls| 29 sub-optimal %
7 5 d®™l AR MSA(min-sum
algorithm) V5 5 % 9li=d] MSAE BA-wr} =A)
ZolE ul SPASIS] A% s TAT 4 gl
R L =L
oz 712 78] MSA B okae]go] AlXEd
£ NMSA(normalized min-sum algorithm)™,

OMSA (offset min-sum algorithm)'’! 5-& 5 4 3l

th o]E2 Bkt o4t 5 HEIE Zd= Alm =
= wAA] §E TRl s B3 B =4
Fo QAT SPA daE|Ee] A Aelr) -
AZ F glE Axolox] el gt /fAe] Q=
o] itk
B =foe Az = wAA] 3§

He = A} sfete] B3 2 AN B35 dare]
Z5 Az} Ak B3 7w 4 B35 /)W
o2 ezl SPA WA Ao AT £ A5s
Holn, o]E Hol|7| ]3] Monte-Carlo A]E#|o]Ad
79S8 o]g3le] AWGN Aol Ate B35 o
aEEe] Aed Bod¥ siglth SPA, MSA
NMSA <tare]gel dsixe mojaldgls Fafslio]
o ANE vl FAEkdeh AlEdleld A Algt
¥ d78|ES minsum LE|Se] AT 9=
A= AN B FAEAE SPA WA )
3 2F 0.1[dB] °l3}e] A5 zolE HArh & =%
o] FAL oeat 2k WA 1o Al SPAS}
MSA I NMSA 23 7|4 Zx199E 7% 3
gom, M AellA FAF 318 g5 o83l A
axe WAAE Akkls Bs daE|ged s
71%3tgdt) IV AellA= (8000, 4000) T LDPC
Sl el 7 Ho wel] mE of s B
ARS FE vl BAMEglem, v Al AR

= W3l

480

I.LDPC = 529 %

[i0

2|

LDPC H3%°] WM B3E= A= X:Z(check
node) A3 A :T(symbol node) FgoZ 1}
ozl o] 31l Z(bipartite graph) “dellA] wA]
AE HhEA o g Aalste] Abs wikels A oA
Ag A 3hE 9% 7I4elth LDPC -39
23 7 A 2s guelEer dEA
= SPA(sum-product algorithm) 3-2 BP(belief
propagation) 47|53 SPA B3 7|We] EBa =
Z =74 &< MSA(min-sum algorithm) 3el7} <l
t} MSA E]Ee SPA YweE|Eel wlE Hiat
55 A Folv e AFIA o2 <l A
gl e dshe FARKA B AR 3hE Halrh
MSAS HEA= /RS fFARAE s d3tE
Bkl 4= 9l MSA-type daelEEe] A=<
= AEA Hles At 3 MSA daelE
(NMSA : normalized min-sum algorithm)S & 4=
Ak & HeAw o5 TR E Aok

oo
4

2.1 SPA 3% 7|H9o| =&iiZ|

SPA <tuE|Ed WA Aol A S4& 2
2J3sle] Al n2] APP(a posterior probability) #t=
Axker & o]& AW xx wAA] Ft g, (1) &2

A (D), @) ¢k 2] 27]3hiet

Gy —m (0) = Pxﬂ Y(xn =0 | yn) (1)
G—m (1) = P/ﬂ Y('Tn =1 | yn) (2)

8ol T+ kel Wizt 22 ¥](log ratio)s =1 7}
= H|(log-likelihood ratio, LLR)o]e}x 3} 4]
3 #o] vkl 4 glom AW kT wAx]9
Z7] Fke] =tk

P)ﬂy(zn :1|yn)

Z =1
(x”) % P)ﬂ Y(In =0 | y’u )

n—m

) = Llz,ly,) 3)

Z713} #Hol b A== 7§Al(check-node
update) A3 A= 725]"‘1(symb01— node
update) IS AAA FH AFZe= PAl A
A= A @t (5), AR A= A (6),
M 2 @) 22 WA s AxtsA Bl

1 1
Ym—n (O) = 5+5 H (172(]77~>m(1)) (4)
n'e N(m)\n

www.dbpia.co.kr



AN 4, (=1 7,.,0) olEZ Azwe
o wlAHe] 2wl A ()s) o] vehd 4
1k

77714)71/ (0)
I z ) =1 5
m—n (‘Ln ) n Yom (1) ( )
= H Qi X ¢( , Z ¢(ﬂn'm))
n'€ N(m)\n n'E N(m)\n

QX'm > ¢(I) i n m‘—— 1’/]———‘1,]‘ 7%] 24«]511:]-

Z ) =0, B, (6)
a,, = sign(Z,_,,(x,)) N
B =12, () ®)
o(z) = ln( a “) ©)

e’ —1

g A g oA A A2 =R B v
AR FEe A (103} o]
(17?"77? (,L) = I'L7?*>m P(:L'ﬂ :/L‘yﬂ) ’yﬂ’l"’ﬂ (Z)
m'eM(n)\m
= 0or 1. (10)
A 3 (105 of8shy AW k= wAx]e] 2o
Ml 4] (113} 7o) veld 4 glek

4, ()
Fom,) = log( () )

= L(x71|y7z) +

L, Z Lm ‘—n (‘rn )
m'eM(n)\m
P/ﬂ Y(In, =1| yn)

Lz ly )= logl —F——F—~
o8 Lol =log B =0Ty,)

Az ol gk APP g 2] (12)3F 3ke] Akt
2 o]_(_b‘ o] o]gsle] AW 4 o S AR

ES
2 FAs ®lck

Z,(x,) = L ly,)+ > L.,(@) (12

meM(n)
A2 sl A = AR 2 ouE A
(5), (11) # 7+ 7} zro] AoJ5lH LLR-SPA 53
e cheat o] Aeld & gk

(1 =) =73} # . LDPC #3529 Hey A=

=

B2 Holl A H,, =1
& A (3)omRE A (13)4 Ho] 2713} &

P)ﬂ Y(In =1 | yn)
Pzﬂ Y(l‘n =0 | yn)

ZTI"”] (‘/1;77) = 10g ) = L(‘/I;Tlly’ll) (13)
Q@ ) A=z == 74X - neENm) Q] 735l sl
AZx= LLR WA= A (149} 3ol Akl
7§x1gke},

. (0)
Lrn~>n (‘T’.n) =In Jun
Vppon (1) (14)
= H X'y x ¢( Z ¢ n'm ))
n'e N(m)\n n'e N(m)\n

3 ) A= Al BE g
= ARkl wAIA] Zhe 7§Alg

1
Znﬂm (l‘n) = IOg( q’"’m( ) ) (15)

= L(l’n\y,,,) + E L7n'~>n (‘rn)
m'E M (n)\m
w3 meM(n)ql e AI= vARE o]L3}
Y2 A (16)9} 3ol Ak

Z,,)= Laly)+ 3 L_.@) (6

AR} whe) zHT=0 oW 235 J,].ZJO <3}
I oo% A tER gl AT 2 2
ANE Fopt BagS vkl kel FHd vk
el 1, 7HE B3 Eux] kewl Bie=
At oz Aksly Bs 7S Zgsi)

22 MSA 2% 7|81} NMSA 2% 7|Ho| H|
3 = gAX]

A 59k o] TAHE A2 wT HAAE F
T olz) AAZE A (9)% zro] uks] Ealal e
2 72 ek A=z k= wWARAE A o vt
t} ¢(z) IS o)FoR IFFE= AL v =

} ko

At B Baw ek olefdt A wAA G
S A (7t o] A ete] Az e ol
A g #e = B s e

MSA (min-sum algorithm)o |2}z gk},

481

www.dbpia.co.kr



221813 =] °08-12 Vol. 33 No. 1

MSA _ min 17
[/mﬂn ( ‘n ) H nan'm x n/EN(m)\n [—}n/m

g+

=

= A% d3k= SPA 719 BlE °F 0.5[dB] A=

= = ‘IQF

PR Al d3ls melslual AAE g
2]Z0] NMSA (normalized MSA)°]t}.

MSAS] A= == wAX] gkl SPAS] A= =

= R A A (18)9] Il e A ezl

Apgeey?,

=

LJ[SA (.I, )> LSPA (.I, ) (18)

m—n n m—n n

w2bA MSAS] A= = HAA] 3 dAgE A
oz A3l shoza] MSAe] o8 A= e
g3}2 JRAs}A} sH= 7o) NMSA 7]He|t)

min 3
’ .
NMSA -~ n EN(TTL)\TL n'm
L;anI (xn) - H Qi X

n'€ N(m)\n c (19)

@ = 18} 2 Aotk

T3] 1 (8000, 4000, 3) 7 LDPC #3529 2
£ A5S MSA B3 73} NMSA B3 7]¥el
upel wolAdd As g3l ekl Zlolck sl
A NMSA 3 7[He] 28 A5 MSA 53 7]
el & Aol wlsl oF 0.31[dB] ¢ F& °]5
< HoErh

_, (8000,4000.3) Regular LDPC by MacKay Mtx, Imax=300, AWGN,BPSK
10

11 12 13 14 15 16 17 18 19 2
Eb/No [dB]

1. 83 714 u}2 (8000,4000,3) ¥4 LDPC -3
& 45
Fig. 1. BER performance of LDPC code, (8000,4000)
regular, with NMSA, MSA

10
o

482

. §3 == HAIXI 2AL &t OIF 0|38t
55 7Y

23 AeM F2== SPA duEEe A= =
= WAA] 2 A (5)~ 92k 3ol Adaet =
o g A B3 gl () g AR
&3l o]FFIch ¢(z) = —log[tanh(z/2)] ©]w o]

aellA B S o= vk}l o] ¢(x) e
Ve w2 1/ Fpeh FARME & 5 slen] 4
0)#} o] AL 8} & 4= 9l

¢

=

1
—, x<l1
ola) = fla)= 1 20)
—(ac+b)2 , else

o]7]el|lA] q, b ApolH, 18 2% a=b=0.4%

olgsle] Al It A¥E Jehd Aolch 4
o(z)oll B3l 2AF 3= 5 o) 2 <1 ol
= Al sl g AlkEa p>19 uolle FA
g Wz el 3 Welwl mE odile] BE &
T ok wWER ¢(2) & AR w) R} fa)E A
43l A=z == WA e Akl =1 ik
Fol ZA Eo E F U= & F 9tk A 2D
< A 3 g fla)E olEsled A=m = A

TT f
AAE el Aol

i

LProposa(l(I ):
n

m—n

f(n’e A\X'J(m )\nf(ﬂn’m ))(20)

X X'
n'€ N(im)\n

Az x= AR AAHAE ALlgE R A
< SPA 32 MSA 7|3} Fd3ich

Approximation of Phi(x) function

Phix), f(x)

T2 2. ¢(x) < 2AF 34 fz) 3ol Wl
Fig. 2. comparison between ¢(z) and approximated

f(z)

www.dbpia.co.kr



=i A A2 =gSE o83 LDPC F5o] uh 535 7]y

I3 32 AWGN Adellx 2+ B3 7]l sl
LDPC #3529 984528 1o Alglsle] ode Azl
Z vehd Zolek W=x W42 BPSK WS 71
sloien LDPC #3= (8000,4000,3) 7% LDPC
P55 Addsigla AEHelAd W42 Monte-Carlo
WS ARgslodh AeE AR vE S FHa
10°70¢] BEE X*iff}"ﬂiﬂi 7t B35 vale] FHY
R BF 39 7 =300 HoR Aldskich
LDPC -39 »Ha]ﬂ Xﬂﬂ gedol] Zol7} #e A}
o]Ze] EAgh= A5 MSA daE|ES W& 7t
el 24l ol& WHB] #1sl 715% Mackay
P& o] g3l AFE Fyslsdck
a=ellA & = gl3o] SPA WRAIF MSA M
£ oF 0.5[dB]Y] #3 o]5 #o]E Ho|w MSAS
WAEE NMSAS] 74 MSA Hrl= ¢F 0.3[dB]2]
5 o5 /NS Hof FX|RE SPAC] H]3)| 3%3]
0.2[dB] °]Ae] A AslE el o 5 sich

T3 43 AWGN Adellx] Aokl BE 719l
sl LDPC H-359] 28455 2o Agsle] 9
Axg vepdl Zolek Wz whal2 BPSK HH
7}Aslel e LDPC 3 (8000,4000,3)
LDPC 332 Ay o vl 23 34
I, =200 o= ARk a=lels] SPA WA
9o 28 A5 o]F Aol oF 0.1[dB] °l3l=
M-S B 4 9lon MSA % NMSA<
o]5 ol 7k 7+ 0.45[dB] ¥ 0.15[dB]®] &
o|5 zlo|7t AN o - ik

r w o

SQOO 4000,3) Regular LDPC by MacKay Mtx, Imax=300, AWGN,BPSK

BER

Eb/No [dB]

a8 3. 53 7]l u}E (8000,4000,3)

o -
o8& A

LDPC #3%9]

Fig. 3. BER performance of LDPC code, (8000,4000) regular,

by decoding algorithms

(8000 4000,3) Regular LDPC by MacKay, Imax=200, AWGN,BPSK

—<— SPA(optimal)
—k— Proposed

Eb/No [dB]

a2l 4. (8000,4000,3) 7 LDPC 39 28 A% (Imax
= 200, AWGN, BPSK)

Fig. 4. BER performance of (8000,4000) regular LDPC
code (Imax = 200, AWGN, BPSK)

V.8 2

B =tolde Aam ke wAR s 93
He| 2 A 3sle] Bk =5 RARE B e
=4 A|¢k3}al Monte-Carlo Al E#H|o]Ad 7|Hg o]
43lo] AWGN Adefa] Aljkd 235 obare|s
Mg 2943 itk SPA, MSA 2 NMSA &
aejgel el E RoAS
Hlw BAysledr).

Ag Azt SPA WA MSA WAL <F 0.5[dB]
o] H3 o5 AeolE H9low MSAE NG
NMSA?] 739 MSA Hrl= oF 0.3[dB]Y] 3 o]
= NS ®Wo] FA|uE SPAC H]3)] 33| 0.2[dB]
ol el A5 Askg vehde o 5 sdeh & =
ol Aokl Bs wlA2 SPA HMAof| BlE] &

o

it

Salsle] o AvE

o]5 zlol7} <k 0.1[dB] °lstm /HAIESS =
T 9l9lom] MSA E NMSA<Re] o]5 xjol= 7+

N
~
(=]

45[dB] ¥ 0.15[dB]9] %35 o|5 zleol7} A
73-Foll gk At
Zo)7} %= LDPC
S

(1) Valentin  Savin,“Self-Corrected ~ Min-Sum
Decoding of LDPC Codes,” ISIT-08, July 7,
2008.

483

www.dbpia.co.kr



Al8}F3] =] *08-12 Vol. 33 No. 1

(2]

484

J. Jhang and Marc Fossorier, “Improved
Min-Sum Decoding of LDPC Codes Using
Normalization,” Global
Conference-2005,
GLOBECOM , Volume 3, Issue, 28 Nov.-2
Dec. pp. 6, 2005.

J. Chen and M. P. Fossorier,“Near Optimum
Belief Based

Decoding of Low Density Parity Check

2-Dimensional

Telecommunications

Universal Propagation

Codes,”IEEE Trans. on Comm., 50(3)
406-414, 2002.
Jinghu Chen, Ajay dholakia, Evangelos

Eleftheriou, M. P. C.
Xiao-Yu Hu, “Reduced-Complexity Decoding
of LDPC codes,”
Communications,
2005.

R. G. Gallager, Low-Density Parity-Check
Codes. Cambridge, MA:M.L.T. Press, 1963.
William E. Ryan, “An Introduction to
LDPC Codes”, in CRC Handbook for
Coding and Signal Processing for Recoding
Systems (B. Vasic, ed.), CRC Press, 2004.

Fossorier, and

IEEE Transactions on

Vol.53, No.8, August

A & A (Ho-Young Cheong) A3

1986 24 Zdof et 2 x|l-g-&}
58k

1989+ 84 AA|hew & st
<1 AR sl Ah

199443 249 A B o3}
A At (FEhah

19953 4<4~3A) Fagdstn
AR BN} P

<FAlFol §5o0] &, o] 584, RFID &

& &l & (Sin-Ryeong Kim) 23]

&} (32h
1985 294 AAdEtn B o3t
A AR (FEah
19904 24 AA et B st
A AAgstat (F3hah
1992 9~ FA2ost A

AL s
<ok 50|, BN 5

www.dbpia.co.kr



	근사화된 체크노드함수를 이용한 LDPC 부호의 반복 복호 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. LDPC 반복 복호의 동작 원리
	Ⅲ. 체크 노드 메시지의 근사 화와 이를 이용한 복호 기법
	Ⅳ. 모의실험 및 결과 분석
	Ⅴ. 결론
	참고문헌


