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ABSTRACT

In this paper, we proposed high speed LDPC decoding algorithm based on DVB-S2 standard for applying
marine communications in order to multimedia transmission . For implementing the high speed LDPC decoder,
HSS algorithm which reduce the iteration numbers without performance degradation is applied. In HSS algorithm,
check node update units are update at the same time of bit node update. HSS can be accelerated to the
decoding speed because it does not need to separate calculation of the bit nodes, However, check node
calculation blocks need many clocks because of just one memory is used. Therefore, this paper proposed partial
memory structure in order to reduced the delay and high speed decoder is possible. The results of the
simulation, when the max number of iteration set to 30 times, decoding throughput of HSS algorithm is 326
Mbit/s and decoding speed of proposed algorithm is 2.29 Gbit/s. So, decoding speed of proposed algorithm more
than 7 times could be obtained compared to the HSS algorithm.

¥ o] =2 20121 ARSI E Y AYR el Alwe] diEsd A A Ao E sl 2191(2009-0093828)
¥ B dTe aSIRete} daradAlde] AgYal lE Ao R aEl ATl
o FAR}F: e AubgEe), jwjung@hhu.ac.kr, 3]
° WA} EEUEn AW ARES srlee @mokpo.ac.kr, &3]
*  Fharsfjofislal A vlgsty), khanm100@naver.com
* o Eyoetal 7357383, xfile7@mokpo.ac.kr
wrx ol AR 21383, parkshyuk @mokpo.ac.kr
Tl E KICS2013-01-031, AR}l :20139 19 149, HE=w45dx) 20134 39 8

311

www.dbpia.co.kr



I.M 2

ol
o
(o}
o
Mo
B
rld
s
il
=
A
2
N
rm
i
Sy
K
Ay
>, of

g

Alo] 875 Aot 9148 o143 At
< DVB-S2 7|Hks & A5 EEekel] &7
Fololgl) B =k
s Baldl A47] 93] DVB-S2 %% HAl
LDPC(Low Density Parity Check) 3ol H]5TS
Fo] FZ gl LDPCE Mt BAlA|~H
SFAA Wl FEHEY glom, 9 F-Fo] A
Shannon limitell <%shH= SHFAA F& 7|&=
Az ¢]4d2] DVB-S2, Wibro 7]4Fe] 802.16¢ Sl
Al AEE= FAEAlA] g 7R /A
A5 g0,

LDPC 3+ Al 914 v 2 A SAlellA
HAEEE o7 daElseE Ad Y3 w
T2 Agsta ok FHS S wkel A84
o= o7 AA F3E wE oy b &
H2lo]a AFol 3t BEr)e] Hge] I &
7¥As, o= DVB-S2¢4] A|A|¥ LDPC 353}
WAl sl oAld Az Wk Ae)ad HE

& 1 5 SAled Astsicl A 9

—_l
fr
1L,
o,
=
A
2
N
FE
filo
to ofN M ¢

3]
ol

=
A
2
N
FE‘
il

A

Al vk 39ke] DVB-S2¢l] A48 AR=e] A
42k o] 243 LDPC H-3& ElH F-3of v

s3ke] Extwrl S W opEl £2 A
07 e o] vehir] oda, b H
2|2 2 227t 7Fsdr Ado] sl st
= 2 55 AR|=(N=64800)
a7skar glek w3k 43 9
L] i Bl 9lon, o]
Al 100 MbpsH °’4e] AFES 7HAA 3f
=7l ol wEbd B A WE e, HE A
o wE wme] dA7t Fasich

olo]] & =ellA= BIE k= AXRE A3 k=
AAE Fol| 3HA] . A= = AL Fol| 35}
= HSS(Horizontal Shuffle Scheduling) ®-]"&-
7Hke 2 she BEr] Rl 7] w4 Hr}
24531 3 ¢ 9le daEEs AT dslen, Ve
9] row weight 7N=¢l de7le] A& FFxelA derll
o] Wy FxE vrels Z8xow AAge sy
2537} 7hssAE sk

B =5Ro] &A= DVB-S2 7|4l LDPC #&
o B3 ezl i3] dolr i 3% oA <= HSS
535 |l sl detEAck 1ejan 4744
= 3%l AsE HSS B3I duE]Es Mk

J

iiz.é
oL
o
O

|
N

(
NE

=)
a2
=
=)
)
@
e

¥
i

H
d

(o4
=
e
> g
d

rf

(o g
-
r (
o
M
)

]

o

2
o,
o

wW

12

I. DVB-S2 7|dt LDPC £% L12|&

LDPC E3742 255 AHS v|E Lo} A
A oA Z7te] FEghE ol HhES T A
5 v EE A= Zloloh AHAAQl E5 A
8] 13} 3

12| 1. LDPC AA| B35 34
Fig. 1. Total Decoding Process of LDPC

DVB-S2 7|8} LDPC &3 dwe|&e $iH|E
of Ad 4 3k Tk 2713t A, A7 k=
853 13h= CNU(Check Node Update) 34, H]
E Lt 35S 8= BNU@BIt Node Update) 3}
Aoz F A 7 tHZ s 4 ik

A 1 2713 A
A WA A= 2713} @A

Aldlelefel] A 4 #hal -

SIS
1>
~~~
=
i)
M
o
>

7h BlE ool ARt of 2 Ak AN vERACH

A 2 : CNU 34

shte] A= =ollX dele] row weightE 7}
Arkar 7PgE o, Z42ke] A3 k=R Foles ol
Al 2 A @ A 3= 73 5 Sl

gla,b)= sign(a)x sign(b)< min(|al,|b))— LU];((L., b ()

1714,

www.dbpia.co.kr



=i/ HEviTle] 7uk jAk-EAlS 913 DVB-S2 74 314 LDPC 5355 13 dare]Fel dgk A

LUT(ab)=In(1+e ") =In(1+e ") (3

£ vebdck

et LUT(x)Zln(l-i-efz)Sq look up
table® 9]¢] CNUE AN 4 gl Z47ke] v|E
S 77 AFdEl BE X e Hghew
Al E3& Zkel LLR(Log Likelihood Ratio) #t=
& glrh o= A 24 E HERE 5 9l

|

L, = Xu,, , “
T T I A B
AzcE AAsE A 29 9X ge veRich

oA 3 . BNU A

CNUdA 7+ Az x= d4% nlESe| oigh
Jule]EZ} o] FojAaL 7zt H|E x=°] LLR s
T3k 3 vlA]2t AR LLR 3 H|E 2= 9]
Hx5l ZF A FES olE3t tA] Az k==
Hll= ox]9] 3hs F8b7] 913 BNU A4k sllof
gktl BNU <4 94 CNUSL »7A| 2 CNU <
A3 BE e lHE xRl oix] 3hE A9
gk o} olA] grogrt A4k Pl o]dl <Ixt
HP- AL (2.5)9) #eo] 7habs] vehd 4 ok

v m,n = L71, - uTII,.,TI/ (5)

Vs 2R 1ol miA A=eseld niA
HlExER AEE oA #he vERIEL 919 Al
@A F Mg 2718t " Fell= CNU A3
BNU PAbE WS, 53 dlolHE 7oA ®
ct.

N

Il. HSS 5% &

|
o
iy

7128 LDPC E37)9] B35 4l &4 4l
dolEl S o]g3lo] HIE =g 2713 3 F 27t
o] Az xeef dA" HE 2= Fh
Az e qfule]EE vk A=A k= 9
thA] ZHte] vlE o) i3 glulo]ES afar, o
2 dabs Al ke 7]Ee] B3 WAl 9

Al A= = ddle]E ddile] mF it § w|E
ke Qulo|ES sp7] wiitel e ubEel= ¥
& Algde] "Ml 9] LDPC B3EE & 4

fAek

o,
it
l
o
ol
X
o
of

_
T
7
17
I
fol

o
rE
filo
2
3
32

& FA6l sk o] Pssich HSS %5 WA
s2we %) 29} 2}

2| 2. HSS #39] 3&8%
Fig. 2. HSS Decoding Flow

HSS "S- o]43 LDPC B3 34 F 7 v

dv
§=LLR;+Yu,  ©

i=1
A7 S vlE ke HFE FE vehl
LLR= 53 HloleE yehiet. i= WE Eo]
3, dvs H|E xtof AAE edge Folth 12|
u;= A k= JuelEE F3l iRl A edge

glolek. A= k= gJdlelEx A ()9} 2tk

S

dC
i= D w0
k=1,k=j

viE HE koA Az k=R sl dAE
e, des A3 xTol d74% oz o)
9l AellA @ = vt 7ol 78 & 3l

|Uz'|@’vj‘: min(|vi‘7|vj|)_0ff56t (8)
sign(|v|®lv,|) = sign(v;) X sign(v;) )

Az we qdulo]Ee] ghe olgsle], 7+ mjE

313

www.dbpia.co.kr



o
ol

gHEE A1 8h5] =4] °13-03 Vol.38C No.03

-
i

o] g2 A (10)el sl Al
v, =8—v, (10)
oAl Hlelxe] olA] FrE& viepdirt. o]g}

o] g W] whRo] Ep Erk o]2g el
HEERA LE WkEe] T, AlE e )

o7} U w, B35 s T Hek
HSS "l 3 We] HMEoA] H]E T} row

weightT5 JUllo]E 7] wiitel] 7]E9] HlA]e|
Hlgl] £ Aes 7RIk ol 7|8 s X
o} 87EE HRESlGTL Wol FHg 9|3l
O3 32 335318 1204 7|E LDPC E3 HHA
¥} HSS H3HPAle] ubg3lgdl] w2 A5S vEl
Rii=

gJIéM ITERATION=60

=\ HSS ITERATION=10

.~ HSS ITERATION=15
HSS ITERATION=20
HSS ITERATION=25

*HSS ITERATION=30

EsNo{dB)

27l 3. AEs) Hsslel
(r=1/2)

Fig. 3. Performance comparison by iteration number of
HSS

ol WE APl

APsalae] AHER dlolel ok 1003bHe),
AWGN 37ellx AlEelolds sisiek A&l
o] 3 B%e] z7lt 648000]ck 1] WA
B 3¢S 34 slglz, HSS HRALE vlE 3=
FAsiA g vlasisint A wla At 7]
o] wpalsh HSS WAle) Wk 314 3084 e

53 35S Welg o % alrk ol HSS WM

g o] yhEAle] gw Zo) ma)
b lest Bl w515 oA A 4 glem,

71e] WPl Bl A sk Ae) whgshA %

]

ok 1% 4% HSS WS A4

gl LDPC 23
TE2E vepdct
314

Edge memory

dexgq

Check Node Cal. J

quantization bits x %60

Edge
Address

Memary oA -
N
el o S Output
tation vords) | |y
2 a:
Index £ 1 Si memory
Nemory InfoB o
N Decision
words) Menm.

Input

J% 4. HSS WAl 443 LDPC H37] 7%
Fig. 4. Structure of LDPC decoder based on HSS

HSS BMAlS AL3 B357)9] 22 Wi =34
Hwg] BRI CNU HHo® e 4 9l &3
5 AAs= vmee} SjulEe]elx] d]

Qo

oI o] & wi H vlEsel wel nlei
slae] ook slelek o] Wil ol T
% gl ole} Qleaso)] Wasich

HSS 1S 283 LDPC ®37]%= BNU Al
= Hﬂ E55 g wEA] deth 1oolhie
CNU EZofA 2 =4 %}‘éé HlZ Sj wma]e]
°étﬂ°lE Al717] el BNUE 913 sdabiks o}
2 3 ¢ 7] ul#oltl. &, LDPC H3E 23+ o
AF BE2Oo = CNU w2 o7 3hth

b AMgiedr] wEe] A= s QA el
A dele] HelEE flelem AR ket QA4 F
A edgerlzlol sjlmele] Agshse] Aol
s Hek olelat A sk 14 Bs
2 gla A= = kel agh dele] dlolelE
g el gels) elabsla & Wel AR 4 gl

\u)

kel edge wlxE]le} Sjvlxee]E 27t dolzE #
23l daE]ES AjkItk 18 5= edgevl®
glo} sjrlnels 2t delE Heldt dae]ES
e

www.dbpia.co.kr



=)

delrit]e] 7|k d4-541S 91§ DVB-S2 7|Wk 314 LDPC 535 9J3F dare|Fel A3k oA

de JHO] edee B2
s

=S| M-de M| Check Node Cal.
Edge FL‘

Address
Memary

Info A

[P | W Output
PlearlTuL:li words) r P

mux

Index
Memary Info B
O; Decision
words
) Mem.

Ioput INEREEE

2| b, edgerl®E]¢} SjrlRE]E dollE B3t 55 dw
25

Fig. 5. Decoding algorithm of dc split edge memory and
Sj menory

edget|®=2]e} Sjulwe]E 7t dolz2 &=
HH Az == il SAlell derie] dlo]
BlE odikst o oAl fIck o]gA =W gk wle
FHo® derle] dHlolelE Al A7 7lsEb|
wirel] 3 ool 7hseAl gloh SAlel derle]
dlolelE ¢ A 4 oA HH A=z k=
AbE WEE AE 5 Q7] vl o] A A=
28EE 95 Y 7 olrh ol e’ 39
5 S P 2R g2 e
= olrk olol| we} Fs3kge] 1729 A devt 7
o]7] wjiol 3 29| dilew A= k= A
3 4 oA ok
v a3 Haskge] 129 A derlk 7Y
Az e dike] W Fx2E5 epdck

=

w0 T MIN ' V0
P MIN

ITTELMIN [T TLMIN vt
T MIN]

2T MmN TN v
ShS DTN

WTHMN T LT VN e
S

VT TMIN | T T MIN f v
V[ MIN

us.l'l,lllN‘ 11 'VS
L MIN |

uet T MIN |t I MIN | ve
MIN

a2l 6. A= k= ik WY =
Fig. 6. Parallel structure of check node calculation

a8 6ollA] HEo] desle] A= = odald] 3

[e]
Zelo] 2898 & 5 ok

do
flo
T

[#5]

w
e
K
Au)
N
B
2L
o
=)

o,

K
Au)
N
filo

b
flo ofo

AZE el Ades wlagt adelth Faske
120132 o] de®] 7Hg~= 7o|th

~e~HSS SC NMS
=4~HSS de divide SC NMS

10'6 Il Il Il Il Il
05 06 07 08 09 1 14 12 13
EsNo{(dB)

12 7. HSS are|E3t Aokl dwelEe] A wia
Fig. 7. Performance Comparison by HSS and proposed
algorithm

edge| 2]} Sjv|EE]E deZ vsr Loz
¥} 7]E8] HSS L&) Ao vt A3} 7
9] ]SSt Ao Bl o S glh o= Algt
duE|Eo R AT d3lgle] w< LDPC H&

TG 5 ek 2e hehdl

N

4

o et

il

g gae|Fe] B35 H2E vwdk Folrk

E 1. HSS dwE Alokdt duelEe] 535 4%
1

Table Decoding speed by HSS and proposed
algorithm
. maximum
required required
clock d throughput(10ns
clock )
(1 30 clock period)
iteration) . .
iterations)
HSS 662 19860
26 Mbi
algorithm clock clocks 326 Mbii/s
Proposed 2820 .
4 clock 22
algorithm 94 cloc clocks 9 Gbitfs

A3 3H81/2004 HSS LaE|EL 13 HhEo
662 ZZo| FQsl A wlE3l4E 7|& LDPC
of nlal] AMte g & 4 9l7] witel] FHd ukE

315

www.dbpia.co.kr



Al 8FEE 228 19860 FElo] AqFh o]
kgl dwe] oA 13] Hkiel 94 Fo]
desla FHo ukE A] 2820 o] AQ¥L)h o]
o w2} 10nsol|A4] throughput2- #AXF81e1S =] HSS
dE]Ee 326 Mbitfs, AGFF L]l
2.29 Gbit/s® HSS dg|Eol] nls] <F 7819
throughputS 33t}
edge wWlmzle} Sj wlEE]E de/lZ Ve Aloksh
G| EE 13] HbRelA] AiHo® HSS dare
5 Hr} A2 FHo| @3l 1 o= A= =
= iAol derl mE EelEle] dhHel| do]
Bl Ha AAsks Ao 7Fedtar w3k A=A k=
Aiks WHEE A s3] el HSS darg]
FHrh A2 F=o] A3 Ha uE ) 7

913E o83k @lli-sAlS DVB-S2 7IHks
S0 FE]lell 2715 Folok shd, wehA]
ol "HErlt]e] 7uke F s Al 28]
9]3l DVB-S2 A1 %4 5 LDPC 530 Hl5S 7
o] AT-E 3fol.om, H57] FEellA] HSS WS 7]
ko2 Ml BeaAS wEslet ¢ ol daEls
5 Aleksisivt. HSS darE]5E v|E A
A x5 At Foll A @aL AR ks A
off =ef3l7] wijitell 7]52] LDPC .35 WAof| 1|8
SIS £ 5 9laL a5 557} 7hssie) ol
HSS dae|Es 7Hke s B3 S5 US54 ¢
I dB]Eo R 7|22 row weight 7552l dell
o] A1 FxellA] defe] WE FEE H|E k= R
2]} edgeH| LE]E Hro] A k= AAks 75S
2 3 9l duE|ES Aljkskch edger EE] 2}
HIE revre]E del& v AR dae]Es |
3] WHEol|x] AJA o 2 HSS dae]s M) A2 F
Ho] Jzlr}. 1 o= AA == Akl de
7| REF Ee2)Ee] el HolelE ¢ Ageke A
o] 7¥sslaL wd A=A k= Aie HHE A A
al7] witell HSS Fare]grrt A2 F2o] F g3}
A =] 3 1537 753k

de7he] AHF2o4 derfe] HE T2 wwe
TE5 WA BF s A 5 9o
v ol vlme|e] InlE ZlEie, vime] &84
Aol = vlar "ejzich & 4= 9} SRk wxe]
540 S ARkt u&stE s &

316

¢

f
[}
2
il

4 ol gaE|Eew slEe] whaluc) o 7uf o

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

T4 B37) sPssele) Al

References

D. W. Jang and H. D. Choi, “A study on trans
of a technology and standardization for
mobile radio

modernizing marine

communications”, Korea Inst. Commun.
Inform. Sci. Winter Conf. (KICS), pp. 53-54,
Gwangwon-do, Korea, Feb. 2012.

R. G. Gallager, “Low-density parity-check
codes,” IRE trans. inform. theory, vol. 8, no.
1, pp. 21-28, Jan. 1962.

“Digital Video Broadcasting(DVB); Second
generation framing structure, channel coding
and modulation systems for broadcasting,
interactive services, news gathering and other
broadband satellite applications (DVB-S2).”
European Telecommun. Standard Inst. (ETSI)
En 302 307 V1.2.1, Apr. 2009.

D. J. C. Mackay and R. M. Neal, “Near
Shannon limit performance of low-density
parity-check codes,” Electron. Lett., vol. 32,
no. 18, pp. 1645-1646, Aug. 1996.

A. Segard, F. Verdier, D. Declercq, P. Urard.
“DVB-S2 compliant LDPC decoder integrating
Horizontal Shuffle Scheduling,” Int. Symp.
Intelligent Signal Process. Commun. (ISPACS
2006), pp. 1013-1016, Dec. 2006.

J. Dielissen, A. Hekstra, and V. Berg. “Low
cost LDPC decoder for DVB-S2,” in Proc.
2006 Design, Automation Test in Europe
(DATE’06), vol. 2, pp. 1-6, Munich, Germany,
Mar. 2006.

V. Savin. “Self-corrected min-sum decoding
of LDPC codes,” in Proc. IEEE Int. Symp.
Inform. Theory (IEEE ISIT), pp. 146-150, July
2008.

S. M. Kim, C. S. Park, and S. Y. Hwang, “A
Novel Partial Parallel
High-throughput LDPC
DVB-S2,” IEEE Trans. Consum. Electron.,
vol. 56, no. 2, pp. 820-825, May 2010
X.-Y. Hu, E. Eleftheriou, D.-M. Arnold, and

Architecture  for

Decoder for

www.dbpia.co.kr



=i/ HEviTle] 7uk jAk-EAlS 913 DVB-S2 74 314 LDPC 5355 13 dare]Fel dgk A

A. Dholakia, “Efficient implementations of the
sum-product algorithm for decoding LDPC
codes.” in Proc. IEEE Globecom, pp.
1036-1036E, San Antonio, TX, Nov. 2001.

A X 2 (Ji Won Jung)
1989 24 Adddsta A}

R G

199143 29 At Az}
FeINFEAAh

19959 29 Adjsta Hx
(gD

1991 1¥9~1992d 29 LG
AREAATAL A7

199511 99 ~19961d 8 ‘H=-Exl SJAIEAIATA
Agled 1

19971 3Y9~19981d 129 I=AAEAIATY %
S ]

199611 94 ~&A| Skl gt Aag-et=a} A

>~
T

2001 84~20021 84 sHr}r} NSERC Fellowship
(Communication Research Center <-7)
<ol 948, olE Al MExrls, A

Y, FPGA 7% %

# 8 & (Hae Chan Kwon)
2013 29 EeraljokdiEal
R TR REE:

<R JHFA o|FE

o O
A, ¥ - EBxr)E AdEd,
FPGA 7]& &

Z " F (Yeong Ju Kim)

2005 249 AU AAHE
Akt &4

2008+ 29 Hxcista YR
SFE L3 AAal £

2010 3 ~&A Hxoisha
ZArEset vk

<Fltel> dlefgme]lx, d]

o]elvle]d, RFID, USN, ®evisz, ofuc]=

A|2~H]

Ht M § (Sang Hyuk Park)

20124 29 Exosty AHHE
Algsta 24

20124 39U ~&A Hxdisha
AR FAFs T AAA

<Rk Al
e-Navigation, Cognitive

Radio, 4G °©]5-54l

Ol M Z (Seong Ro Lee)

198711 294wt AHA}
ek} Fshab

1990 29 geEr|ed
A7 LA Agst = FsA AL

19961 8«4 d=HEr|EY
A71DAxgst) FERat

1997 9 ~&x] Hxoisha
e A wAxgsta) wa

<Fltol TR FAIA~E, o)F 2 AdFAIA
2o, USN/ e el ag-8-of, slwr] =] 2 H]

317

www.dbpia.co.kr



	멀티미디어 기반 해상통신을 위한 DVB-S2 기반 고속 LDPC 복호를 위한 알고리즘에 관한 연구
	요약
	ABSTRACT
	I. 서론
	II. DVB-S2 기반 LDPC 복호 알고리즘
	III. HSS 복호 알고리즘
	IV. HSS 기반 고속 복호 알고리즘
	V. 결론
	References


