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( Implementation of Stopping Criterion Algorithm using Sign Change
Ratio for Extrinsic Information Values in Turbo Code )
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Abstract

Turbo code, a kind of error correction coding technique, has been used in the field of digital mobile communication

system. As the number of iterations increases, it can achieves remarkable BER performance over AWGN channel
environment. However, if the number of iterations is increased in the several channel environments, any further iteration
results in very little improvement, and requires much delay and computation in proportion to the number of iterations. To
solve this problems, it is necessary to device an efficient criterion to stop the iteration process and prevent unnecessary
delay and computation. In this paper, it proposes an efficient and simple criterion for stopping the iteration process in
turbo decoding. By using sign changed ratio of extrinsic information values in turbo decoder, the proposed algorithm can
largely reduce the average number of iterations without BER performance degradation. As a result of simulations, the
average number of iterations is reduced by about 12.48%~22.22% compared to CE algorithm and about 20.43%~54.02%

compared to SDR algorithm.

Keywords : Turbo Code, Iterative Decoding, Stopping Criterion, Extrinsic Information, Sign Changed Ratio

’ (=) o,
Hd, Hold 5o 2 Qlsly HE R/ IA FEo]
W o) olgd oFE HAs I A2dd
"R T A, T AN, 9GS A

xR AR TR
(Department of Electrical Electronic and

Information Engineering, Wonkwang University)
Hedzk 2006:3594Y, A LEY: 20060d7€14Y

(856)

T8 ol HERSE HE JHE #

ANHEE Fol7] YdlMe LFA7IHE =43}
o] EHott, Ade A weh SFA 7Y
2] 7k e wHyd ¢ oy 7P 7]EA
L QRARZFTE AMESE Aotk

AAY o] FEA Alz=oA 1ol HEut]o] A
H 28 AFs7] 98 AEFRIE AFHE HERSE
F357] 483 A e oA Audd dEe 7
Z+ F o] FAE 37 (constituent encoder)E E3HA
£33t AR oF HeE FRE FHIIES
ol A

fdo rlr
2

§id

¢



144 HESS0AM ARH 20 st £3HHlESS O[5 YeEsch 405 78 oz 9
= B0 2HE ofF 5T LF9Y S ———
= oz A Jgl L " » :LT_)]
Hrrso B3y |= F Je Barlg FA"Ed A v INT »| DEINT
WA 23715 F WA B57)e) A8 (soft-decision) Ly e |
FoZ2HE 9RAH (extrinsic information) #-& T3} Voo
3 o] ﬁki’— A} EE(a priori probability) #LE A4 y_z:
st FA(estimate)d AHBVEEZ Z3A 9 ols
2ol 9RAY g MEHoz aPgony ¥y § 1B 1 EHE S8 7=
Ao s ok Fig. 1. Structure of tqrbo de_coder.
o]¥3 wBES =28 gyhse BES HAA
u}il ;!—rﬂ Eweg JBERii%éiﬁ N %;};Oﬂl]ﬂi delay time)o| Z718le @& 7pAT -
FFHY A %Eﬂ ot Wy Zo Fuz
A AR W ATE wAHE BIT AL DN puse 2w Age AR Aetael B e
4 el s Rl BOR el B N g gee got 9T A4deE gdel Re
JeRdt) E#, SNRe) Z7he 011‘:‘ PR RS T ez angagel wrgegse
=

o] olFoiMN BEahe %ga AR B3 A

Azkol F7hetAl Ela st=do] wre] £ 7 A4

£ wge gl

B =RoNE HE 237]9) ¥4 85 AHA
WA 271k T oA B57]9 oRAR ol tﬁﬂ
Esuste] LS Fuzdoz o/fsd BER A%
o £4gle] F& SNR 49olH BT wEEs sig
A #2A2 4+ e 5449 BEZY dnSe
Ak Add Fuege 45¢ BAH] Astd
MAP 2i2Eg 7iwe 3 EHEEE MATLAB

HRESY 37| &
(Maximum a Posteriori) %22 E37
Output Viterhi Algon'thm) Ao B37|2 E‘waﬁ?}‘:}.

olefd HrREY BIE 033&% s 283kE SISO

H%(DEINT) 2 76’4?}737](Dec1510n)i TFAH
719 725 vepdd

HRESE 23 gAoA B8 357 21852
LLR &9kl g3 2= =7k F7keA =lo) BER 4%
of aAbgth ey whE 3l Hdste] AN
(complexity)% 27l €& 23 2% 7Hdecoding

Sl 351
3 o /\] & Fetbst
2} 2 7 (stopping criterion)©] Qe @t

A T Baj Agwd BHEBEE S
Aol opd SHAH oz MRBEE FAY F 9
: e 2o A uP]E 0 2= Hagenauerol] £3)
A 21] ¥l CE(Cross Entropy) €12l& 2595 Shaoel] 9]
A Aorel SCR(Sign Change Ratio)¥ HDA(Hard
Decision Aided) 2xe)2® So] gtk Hoo) Wy
MEZY gueZozy RAR Fol O B
(variance)gtg o3t w7} SCR dnelEe »
7HQ wiREE Fol7] #siA  A¢kd SDR(Sign
Difference Ratio) &28)Z® o] glth '

CE ¢18&2 74 BEES #AHdH wat dERS
(cross entropy) &g A= HozA WA A
wat dEZF FH A HA F3 AHNA A
2 AezI HE oj&st TLEUS HARHA Fo
i AR BRI mA AERS g 7() e A OFH
2

rkﬂ£

=

X L 5d) — LS )P
k=1 exp(lL (l——l/?)(dk)‘)

7(i) = (1)

A (DA LiNd,) = HA B F A BEF
718} B A R kS vehlm, LEYV(¢) = HA w
EolA A Wx E37]9 LLR 2¥ze JeERH,



20064 78 HASED

TGy <§- T(1) & W& Ao vrEg iy, o
714, rEBEFTE Fdsty] Y3 dAE s A
FozZA 1072~107" Abole] e 7MAIH dtFo =z

57} & #U4E BER 459 &4
Y98 & Ak olE@ CE ?—H_alé% rﬂ_i} @Eiﬂ
#g AdE7) A A el vehd whet 2o A

ol 2e BRE AXe 2¥sta 7] w&Ed ALt
Fol F7ketAl Hu st=go] TARE ofHEo] EA
atA |tk

SCR €¢xgFL Z MEES FHAM dRAr ]
F3HgES At 224 A 55 FAHAA
299 AFAR 33 o) BT HAM EHE 9%
AR ol g F3WsES ol&ste Fexzde A

771 $1a1A
28 N &

AsA Bk wakshe e A4S
4 W 4 Q% 2o T AAY goz
1},

Iazd,)P

7~ D@D

V&4, exp(ILi~
|AL8Xd,)P
RACA))

= exp(IL{

= T,(3) + T, (4)

4 @A m)—t— 7,(:) 9 B84 oj$ 7] &
o 4 8 s oA vehfE 4 (93 2,

laL(d,)P

SurAY ®)

(i) = =6 C(i)

weia, exp(|LY
kAN A, o AFEHE=
o}, t

HEAE
ol
AW

A @AM 5=

T g c)e @
J5
o=

Haia FEF2E B F
HHEES AAqM EEEE g7
37t walete ATg vedle A
7} ¢i) = (0.005~0.03)- V& WH£T 7
FaatA |k
HDA ¢18&S 74
ZEIY 99A
(hard-decision) 3
‘] 041"%% 0] g3}

A

L

o)

T
U |2

gol tistel %
A i) 9 8
D $o WEES
5 HAAH 235719 2
e BN ABA
2359 9
z4¢ AA B gy
el 755t ol %3 A4
H|WEhe] HIER S

AL 4 @9 297
Yd,))

slz_]-z
dlo]Efo it

5

sign(L{(d,)) = sign (LY~ 4)

=ZX H 43 A TC H

(857)

H7z=2 145

: 3‘:

Var (L8(d,)) > K* Var (L5X

A GelA ke BEE

Zrogx g~194t0l9 g MR Var(£9)d,))
HMH 5700 R WA wBol A oBgue Bz
& vehle, var (25(d,)) € F WA B39 dA
Hole) 9134
SDR %"El o]

_24
2=

T A7 dA

=
-

1
L

o

=

2 a9 L
ESE

wskshs A4E v)wstd

6)% 2o,

Q(d s T2t

Fodts Aoz Fuxae 4

=

= pxN,
<pxN,

continue the iteration
stop the itevation

D(")={ 6)

A )M N2 ZHY 278 YehlY, p e HF
HE E57)9 AHAR 33 FRAE gle] Rowsg)
£ ou@T) o714, BREEE FUsy] 43 A
A pE 0.001<p<0.01 Aeld & 7HAT

Aoz 57t AL gU42 BER 435S FolA
A% a9 wE JF WBRE 47t S5k dHe
7HA =Y A7)17F SrkskE A (6o UEhd B3
Wglgo] FUksHAl Hm, gl =Y A7]d disiA
SNRe| HobdsE pi= Zoldolat dut.

KN
=

HuREst A% TEIY
T F3g o8l 2FAA T
18

r507] o] e wEEs
:r,}z

syt 1Y FHE olF

=gl dTr
¥ % BER 45l
Furz B

TE| &

Al 71719

hue

= e
= o]
= =



146 HEZRZ0M FHEY et 7

d
lo,
Jo
=
b
ok
l H

off ¥

)

dofe) wwe grash
A A7t e 7H D

¥0, X
S
foi
XN
[
>,
o gy
oyl
o
s
i

R N O
2
e
2
)

iies
el
1
[N
rlo
"E
(o

SNR 4 9ellA
9FAR

z (H

*
s 9
=]

r
<
o
T

Jo
M
o
=
Hir
v

>
el

¢
o
N

4
~ e
o oy
e oft
e

ic)
]
o

9
rlo

Z

4

}o{-

(K

Boog

o g
=2
>

o do ue B P
BN
oy
o,

u

i
AR
olN
ASH
QL
rir

A
2
>
fr

HER5o 55 JAdN HE 53579 HF ¥
A 93 LLR(h)g Likelihood Ratio) 322 E& =
of Aty £A AEFG RYVolgE o) YRHE g4, o
g LLR &33k& 4 (DT 2}

P(dk=1lxk))

Ldylz,) = log(m

A (DAl BeE HE 53719 HF
¢l LLR 32 ABHE g, o tig 21
RHEES A 4% SR

LLR Z8ge] ¥ (+)d #9 dFode
d, 7t ‘179 &go] “¢g"d &4 v o age
AL YEEE B3HE e ¢ ”ol 1 LLR &9
ol & (—)Y #Y ASdE FRYE g7t ‘oY
gE0] “179 & HEA ¢ Atde A HEHE
2 E3HE g ol doh _

olg)g LLR &g 4 (8)% ol Al 71A 34
Foz vEpd ¢

L(d,)

g

=L,d,) + Lz, + LJ(d,) ®

A @A R AA &, L(dp)E BEHE g,
o} 3t A}Ad A H(a priori information) Ztelx ¥ WA &
L. x, & FA9 A4 AR goloh. o7|A, [,
e Ade A E(reliability) 24 7FA12 i d ol 1%
2/029 #& Zerh 2 A HA ¥, L ()T
ARUE g o dg AR gro|ch

(858)

iz o

4 Q2FH  HA BERS T A WA E57|9%

S a5 od Zzte] LR £9%t¢ veun
4 @ 2o

Ld) = L8 d) + L, + 15(d)

| | | ©)
L‘z(l)(dk)‘_‘ Le(;)(dk) + Loz, + Le(;)(dlc)
299l YErt & 2] LLR £83E 4 @)l
dgstel AeatE 4 (10€ 2 F ek

L@, = LS Y4,
(10)
L) = £,

A (1002 E94 84 23 Bl 29 R W
A BEr)e AARAR gL F AR B39 ojd ¥
3 HAA 299 IRAR 97 TS WA F2
AN 289 F HA BIV)9 AHAR g A

HA) 23719 9BAR gy} 2AFE & 7} gt

Huaise 235 BN B2 947 F1e5E
AIAAR 713 EAR gho] dAS goz 45
H3 o o FIusEE 724 Heg 4 (9)
o] Fol LLR &dgtdl gt A w7}t ZE7eiA] =Hol
BER d5°] ¥ddoh

guid oz ke
02 HER S g3
A Hi EETe
HEHog 73817
st oF g}, EE
3 g HERIE ﬁi“
719 o¥ mES

:
& Ao} . gzg% 3

g2
f

i 4

for it

35
} B
5

Q;
O:
[o}
bt

o
ol
—r—’

mln

_IR _E
rulo
o
o
S
(3
.o
ol
o
n:)
o
_%

57191 WA 23 RN A

AR 8379 F HWH B37]9 FAR gholl o
2EUREL o) g3t AN ZeYe Y ARE 2
AstnA gk ole] ZATY WMEEIE FEAN)
g% sExAL ANSE 4 A)FH 2k
DW= TH x N (11)
A71A, ;& WEES JFeln, THE HEFES
25 oM WEEIS 18902 SN A



20064 78 HASSE =EX M 43 HTCEHN T = 147

dAFelx, DY) & i UA

S

e

T AN ARAR 3

Y

=

B3 dugEiA 4 dAZRE o e 2o
L B34 1072 o8 HAsG

V. 2o|48 H 2%

=EAA AdE HEF dangES 483 H
3z

¥ 29 YeERIU I8 2904

AR AR, pEUE vay, VEBE FUUE F
g9z PHsd:

Agd dugdEe dee B
}

&
P,l’,
N
Ho
To‘h
a2
rf
rir

MATLAB o2 Fdste RddE st
AWGN Ad373eA Add gneFs 7|
#9 BER 4%5% ¥d 9ERE 3 9 ANFS
3, FH 3.

R

NSTRM'
(o]
= 8 H o Ao

L feedback loop
Ly Le,ldy Ll Logldy

X, | MapP INT =»1 MAP DEINT

gl 2 HetE pisEch 22|52 HES BHE
£3571e 3=
Fig. 2 Structure of turbo decoder applying the proposed

iterative decoding stop criterion algorithm.

H5e 24 A SerleE 2oksd E 13
o

2 73 3& AWGN Adold Relagel AHed 7}
W2EY $eZ0 e FER @ BER A524E 1
B Rolo}

a3 394 iter 155 Hd] HkE 31491 158|707 ut

1. AsEMg 9 melle

[=x=Jn=

Table 1. Parameter for performance analysis.

A/ H w2 AWGN/BPSK
TE7HK) 3
TAE 3 (g1, g2)s (7, 5k
25 &R) 12,13
JAE Y A Qe
z4¢ 27 256
HuwrE3le 153
27 BER 1078

& : CE 10e™
g 10% L —e— FER:Llevar8
o ¥ FER:SDR 10e

*- FER: Proposed 10e2
—«— FER: iter 15
-5~ BER: CE 10e™
—o— BER: Levar8

-5
107 Hl =~ BER: SDR 10e2
~%- BER : Proposed 1062
- BER : iter 15

T

i 3 I H i 3 i
0 04 0.8 1.2 1.8 2 2.4 28 3.2 36
EbfNo, dB

@ #5812 2 &=

& -8 FER:CE 10e™*
22 10%L —o- FER:levari2
% ~%- FER: SDR 1082 E
. = FER: Proposed 1062
10 —— FER :iter 15 B
-8 BER: CE 10¢™*
—&- BER:levar12
107l == BER: SDR 1082 3
—*- BER : Proposed 10e2 E
—+— BER : iter 156

10 — : : :
g 0.4 08 1.2 16 2 2.4
EbfNo, dB
b) £&& 132 8=
srEsc gn2iE o BER s34

3.
3. BER performance according to iterative decoding
stop criterion algorithm.



AGe 107 02 ARHRYT, ABAR gl e B4
& olg3 Wyl %‘ﬁl%k% w580 wes 27t 8
122 4Astedrh E3 SDR Y= AtE @

o ARE 107 o2 AASYTT,

BERSoM RF e ifE REHIES 0|ET U= ¢uF 7 YUz 2

ZA%olth. 9714, CE ¢28F9 ¢
J 3t

a7 3¢l vebd Hhet 7‘01 Aotdl ¢uEZel g

HAwuict B Eﬂl 2 W 1*1 ”‘*36}— SHE &
o] FI7t BASA FoW FA| HEESE T
]

AR e B

52 )& dudE vastel $Y5
S48 4%5S Yz low Ao vhes)
441 1539} vlws= FER ¥ BER &40 A< e

< &9l

-
ol
=

L s |

0O Genie-aided CE OlLewvar 0OSDR =B Poposed

2 1

58—

s 13 =g

212§

< 11 H

© 10 |

o 9

E=) H

e 9

Z 6

o b5

2 3

2 25

< 1 HH
0.0 04

nl |I Hi

08 12 1.6 20 24 28 32 36
SNR(dB)

@ #3582 12 BF

0 Genie-aided CE 0OlLewvar 0OSDR @ Proposed

Average number of iterations
O—=NWEO~NDWUO —MNW™M

Fig. 4. Comparison of average number. of iterations
according to “iterative decoding stop criterion
algorithm.

28 49 YERD vheol o] RAR kel i3k B
o] 43 W ¥& SNR 990, wdl SDR

fo
ﬂn{

A 97 9425 2400 24

N,
i
S
Lo ok B
oo ol 2
= & €
Ao £ g
B o
i) |
=5
i
(E e
S
e
)
Mot of
4 4
1o,

B
do
i
ek
i)
o Hr S

o
Az

fo
o
- r;u
ol T
EE T
S ®
=
El
p‘h
2
Jz
‘-o(u
o
—
I
ro
o,
o
=2,
i
o}l = tlo N

R14% Bxe] ALraIE ‘%E‘rk‘i&“% 735& 13¢

%2 SNR dellA Agtd duelFe] it HPE‘—E—
€ CE ¢35y SDR ¢z 53 vl alse]
3& 1/29 Bl 4z Adf 2222969 5402% A=
Hetlon 258 1/32 5ol A%

ofo S fob
o
b
k’oll
X
o
S
&
oxl

o} 12.48% %9 ZA2EHRE Yt

X 2& 5YE 3T 95 ES JA5E Vs B
T gueFd wE ANFHR FHEQ degs o
ag Aolth. £ =EolA Atd dugFe W Al
s 27HHQ WRels SDR gugFolu ¢5A
B el tigh EAgE ol &8t Wt vlushd vl
stAIRE CE <uelE3t wushd oF 40% Aol A
A ez de deEils

E 2 SIEEC 3|0l uhE Adzke| Hln

Table 2. Comparison of computation according - to
iterative decoding stop criterion algorithm.

R =g - ]
%7az = %
- AEe 234 2 7@ ofde
CE » (5N—1) W Agdite] g

c (N+2) NY A HEEst dg

» LLR ¥ o738 & I8

s o(N—-1) HY B4 dale] "

* (N+1) 1] S dite] Hg

« Le var - ltﬂ_q VQM 0:1/\].0] :ﬂ_&

« g YA dite]l Ha

« NS A dEYst da

* (3N—1) He AFdidel 28

- oJEAR gro] g

- (3aN—1) 92 AFaAe] B8

* Proposed (N+2) AY BF “ﬂ—:-ﬂﬂ' g8
’ " . B zho] He

* SDR




20061 78 TASHE =EXA M 43ATCEHAMT &

V.2 8

Ir

£

™
jos
ko fob

719 A B35 FAelA A
2719 SRR g g

r

A

ot e
N 2
o

fob 2 iz
do ol
2

rE
o
1o
ofX
o=
N
i
o
fu
L,
olo
_?E
a
=
o]
oX
off

n
rli;lm n

B

W o 4 (=
oy

b

>
i) XL
4y flo

2
o2 X
QL’.

s
iy
il
:\,-;l,

1o
>
(e got

lo,
o,
- r:L]
.
= Jl‘m
fote

o,
o
r’
o
i
X

s Tl Fo 3
3l CE ¢318Foly SDR ¢xe|E3 H| s}l
S0l 242+ AT 22.22%9} 54.02% A=
Uetdon 238 1/39 2% zZhzt
1248%%} 2043% A=) ZAEHAE JeERdch
=EolA AtE gz Fel Ui At wrt
|Z2]= SDR ¢xgEolut 73R ghol didh
dEkE ol8she WE wlwstd wjdRA T CE
dugEa vlwshd oF 40% FE A dais
g YEhIT

2

ox

>
I
ulit}
1o
Fo‘l
o
to
Hir
o,
nly
2,
)
o
ret

At A £4.
dgosta W23
gkl vl 4.
20043 ~a A dFdgta A7) Hdx 2

HBEFEF Fogdd s,
<F@AEE AEdEE, R To|E BHRES,
CAD & ASIC Design, SoC Design>

2003

(861)

(1]

(2]

(3]

(4]

(5]

6]

(7]

(8]

149

=

re

Ho

2

C. Berrou, A. Glavieux, and P. Thitimajshima,
“Near Shannon Limit Error Correcting Coding
and Decoding : Turbo Codes,” Proc. of the ICC,
pp. 1064-1070, May 1993.

S. Pietrobon, “Implementation and Performance
of a Turbo/MAP Decoder,” Int. J. Satellite Comm.,
vol. 16, pp. 23-46, Jan-Feb. 1998

S. Benedetto, D. Divsalar, G. Montorsi, and F.
Pollara, “A Soft-input Soft-output APP Module
for Tterative Decoding of Concatenated Codes,”
NATO under Research Grant CRG, Dec. 1995.
Small World Communications, “Iterative Decoding
of Parallel Concatenated Convolutional Codes,”
ver. 14, Jan. 1999,

J. Hagenauer, E. Offer, and L. Papke, “Iterative
Decoding of Binary Block and Convolutional
Codes,” IEEE Trans. Inform. Theory, vol. 42, no.
2, pp. 429-445, Mar. 199.

R. Shao, M. Fossorier, and S Lin, “Two Simple
Stopping Criteria for Turbo Decoding,” IEEE
Trans. Comm., vol. 47, no. 8, pp. 1117-1120,
Aug. 199.

B. H Kim and H. S. Lee, “Reduction of the
Number of Iterations in Turbo Decoding using
Extrinsic Information,” IEEE TENCON, 1999.

Y. Wu, B. D. Woerner and W. J. Ebel, “A

* Simple Stopping Criterion for Turbo Decoding,”

S IPN S|
¥ W EHIY
19953 Y3 ew H A2t}
: AL 9.
19973 43w A=z Faa

IEEE Communications letters, vol. 4, no. 8 pp.
258-260, Aug. 2000.

o d MEA)

A AF 53] H43W TCH Abs F=x
Z & E(HAIK)

g2t ersl A43d TCH Abz A&



