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Softbit Decoding for Error Concealment over

Noisy Channels

Student : Chih-Chieh Yeh Advisor : Dr. Wen-Whei Chang

Institute of Communication Engineering

National Chiao Tung University

Abstract

In digital communication over noisy channels there is a need for
concealment of residual bit .errors which:have not been eliminated by
standard channel decoding. A soft-bit-decoding scheme based on joint
knowledge of a hard bit -and sits—reliability is studied and applied to
quantization of autoregressive sources -over AWGN channels. This
approach exploits a priori knowledge about the quantizer’s indexes and
requires bit reliability information provided by the soft-output channel
decoder using the BCJR algorithm. Conventional BCJR algorithm aims
to compute the a posteriori probability of each transmitted bit and hence
Is based on the bit-level. For further improvement, we propose a modified
BCJR algorithm which exploits bit-level correlation as well as
index-level correlation in the soft-output channel decoding process.
Simulation results indicate that for the soft-bit decoding, the combined
use of a modified BCJR algorithm and the index’s first-order a priori
knowledge performs the best for error concealment under noisy channel

conditions.
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Xy 2 {X 0 X X © (2.1)
SRRt AR ¥ - BREU RETALER
(information bit) U, =X, > m=01..,M-1> # ¢ k=tM +m &
i3 Nk T epE 2 51 (bit-wise time index )e BPER L K PF o
B-H - iy FiE- B E % E (channel encoder) @ iF %45
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Yo =Y TNy 2 (2.2)
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AN, -1 1
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# #& 4% % (channel transition probability) & :

P(~ | )_ 1_Pe(xt,m) if)zt,mzxt,m (2 9)
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P(x1%)=C-P(XIx) (2.12)

HP CLlRM ¥ #ic:
1

> P(%1x%)
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=
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BE
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Bk B fRE

o e Viterbl /§ 5 2 2

2T A fRAR B WA A ) T
R S R
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RZHEGHRECAREBETE OV AL o F IR
ie i BAE 0 v A oiia 2 Viterbl g2 (soft-output Viterbi
algorithm, SOVA) [7]44& ) - &E’*%gfg?ﬂ L VIR EE — 2
{6 e A ehgt A 21 0 3P 20 @ (sub-optimal ) iRl )b

SOVA # B 4-%t5 — 35 {8 o enve 3 4 (T h G ez B o @ 3% i

“tieh > BCIR w82 [6][8]% »

(S 77 e fh-;% A
DT g AR A S TR R T g AR W

ZA > A BCIRF &2 4 (v 8 S cnfd w5 i o

BAGE Y o AR A A R R B R
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3.1 = %Sk F N

4 k- B'FIE B (constraint length) 5 M_+1/ ¥ 54%
e M e R MBmE - BRERFFK %l Eom» S Lizx
(information bit) u, - # # & 5 Y% =~ 2 (coded bits)
Yo 2{Vior Yirro Yiwaf * 2 ¢ YN, 5 55 % (coding rate) = 4 =)

mam g o Yl=0L..,N-1d T332 :

MC
Y, :Zgiluk—i mod. 2,-g; E{O’l} (3.1)
i—0

v

He %5 A2 B 538" (encodergenerator polynomials) % & 5 °
G (D)=g,+Dg, + D’g; +:n#DB¥g, , 1=01...,N,-1 (3.2)
— B A e 7R g F o B4 ®] 3.1 ATr o Bl P e &
Babfrmmy il2 - m g2 BIENG
G,(D)=1+D’+D*+D* (3.3)
G,(D)=1+D"+D* (3.4)
G Bk i S, d # =% 3 B (shift register) it M ll%ﬁiaa]

Y - 2~ =3 .
[ P &

Sk: 2iuki1 (3.5)
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LR S RPRF O A4k S, =00 F A :ifiié‘%%%%’l%ﬁﬁiﬁﬁ

*FEHM_ B 50k ® = (tail bits) &~ Y#B ® > 11 @ b

3

Bk wEF10 -

//

3 1 e B i

8.2 riz i A BCIR i & 2
Bk 3 % A il AR B L F e - SRR 0 TP BRK
BE S enE N B L AR - B R et BT R iR
7| & i é{yk,o’yk,y---’yk,r\nl—l} » k=01 N -1 8Ruzrng o
9k,| =Y t Ny, (3.6)

Heehn, 2 RTHE > 2 REHch ol =N,y /(2E,) g S sk o

E. - Wmigianin d > @ Ny 2 g cnl g esns JHm R o
B - F 7 0 A0 R I AR AP E REH Y e
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1+exp‘L0(xtm)

(3.7)

NS

m

£

TREE

)
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ik _3 .

P(&m:ﬂiiyl)
L (%) = log P(Xm :_1|£§C_1) (3.8)
Byt o A

P % A s A BCIR i 5 i

R T AR
LN ~N.-1 .
’—”?"P(&m=||\io ) (Uk—'|Y ) > P k=tM+maie{-1+1} -

1 R BB WY o B 19 e AS B e )

e b g T PR ES Bl L e f PR B TR ok
Boork iR e S R SRR 8 € TS BALA T it
LA A2 M FI AP R A A F e g
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m (3.9)
H¥ A (s) 5 #E#F (joint probability) % & 3
ﬂ,k‘(sk):P(uk:i,Sk:sk|fgl°1)’ ic{l-1}  (3.10)
f1* B < 232 (Bayessrule)p A(S) ¥ Mk 7 A
ﬂki(sk):P(uk=i,Sk=sk|£§°_l)

) AN, =1
P(uk =1,S, =S,,Y, )

YR =is =5 Yo

i Sk

ANg-L ~k )
P(\Lk+1 Yo,U, =1,S, :sk)

Y P(uk —i,s, :sk,ﬁ”)

ios

AN, -1 ) ~k . ~k
P(Xkﬂ |Uk = I’Sk :Skiio)P(uk = I’Sk = Sk’io)

) Ty P(uk _i.s, :sk,£§°‘l)

i s

o (8) Be(se)
>> o (s)Ai(s) (3.11)

ios
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ali(sk)zP(uk:i,Skzsk,\_fg) (3.12)
;ﬁ(%)=F{£$ﬁ¢uk:Lsk:gJ (3.13)
A sl fEw e (forward) frféw (backward) 3 o Fle#t > BCJR
B TS e -5 % F B 2 ( forward-backward
algorithm)e { € & ¥ H e fris w85 v 12 L p 430 E L vhie 97

PR 2 R ER R AT A

ali((sk)zz Z akj—l(sk—l)yi,j(Y_Ak’sk—l’sk) (3.14)

Sk je{fl,l}

N

ﬂ;(sk)zz z ﬂkj+1(sk+1)7j,i (1k+l’sk+l’sk) (3.15)

Sk +1 je{*l,l}

et 0 e s fs ey TR TERTEE R RT ks B &

cﬁ(&):F%uk:LSk:szO}iz&;& (3.16)
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x P(uk—l =S, = Sk—l’Y_A(Ij_l) (3.17)

Fl e €S Fls @B = 2d U frs AT @ frddz 3 R 7

é7/i,j(£k’s’k—1’sk) (3.18)

i k-1 .
P(uk—l = J’Sk—l = Sk_p!o ): akj_l(sk_l) (3.19)

it (3.17) {7 ff 1 0T dv d b 3 B AR

ali((sk)zz Z akj—l(sk—l)yi,j(Y_Ak’sk—l’sk) (3.20)

Seq je{-11}
b MG B AR Y o W Al B Aok BALTEK 5 5,=0 0 Tl
A AL EAR K 5
i _ -
ao(So) = P(uo =1,5,= So’io)

P(Yolu,=i,S,=0)P(u,=i) ifs,=0

[Pl =tS =0)P(=1) - ifs (3.21)
0 ifs,=0

Ao g R R B i e+ 4R (trellis) 4ol 3.2 #9F o
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3.2.2 6w Fenii 3
fs o 8

ETTRS

* TR

=

N
,Bk(sk) ( ksl |Uk Sk:Sk) (3.22)
Hifw Bt Efray (s )tein > v L ABBA AR 2

AV R E 2 (3.22) AV B
N1
ﬂk(sk) (Yk+2’ | U =1, _Sk)

. ANg1 A _
B Z Z P(uk+l = 1,51 =S Va2 Y [U =1,5, = Sk)

Sk+1 jE{—l,l}

_Z Z ( k+2 |Uk+1 jSk+1:Sk+1’Xk+l’uk:i’Sk:Sk)

Sk+1 Je{ 11}

X P(uk+1: j’Sk+1:Sk+1’£k+1|uk:i’Sk:Sk) (3.23)
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N -1 . ~
P(Y 2 U = 1:Ses = S Y Uy =1, Sk)
= P(Y k+2 |uk+l = J Sk+1 = Sk+1)

:ﬂkj+l(sk+1) (3 24)

a—

P TE

/\
W
¥
=
wn
=
+
-
w
=
S~
I
1Y)
—_
c
=
—+
U

= j’Sk+1:Sk+1’£k+1|uk =15, :Sk) (3.25)

(3.23) ;8 F 1% (4w R et B 3 R 4o F L
(5)=2 Y Blalsea)7ii(Yewscns) (326

'&‘-”—‘T” ":"i‘_‘i“ ’ ’}%'}é‘%‘f#m& & /j"_;b/\/aﬁ 18 ]%} %E%E"gmﬁ”(’ L 'J O y By

N —1(SN 1) - P(uNc—l = i’SNc—l = SNC—l’!NC—l)
1 ifs, _1:SEJ(0)
- (3.27)
0 ifsy ,=5,(x), x=0
p(Sy) » B R d S =5 fru, =i T &K AT 218 > fTE )

T T~

S, P = R o (5 B ha 2 E i B R0 3.3 SR o
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3.2.3 ®Fyende
5 70, (Vs0s) T DRRAER I B A B S
(transition probability) fri % e+ JF HTid-2 o %’ﬁf%‘?f% #

AR LA

[l
-
c

£

[l
w

£

[l
w

x~
<
I-
=
x~
[N
\—
w
>
'S
w
£
N
N—

7ij (ik'sk—l’sk)

xP(Sy =S U1 =J,S 1 =S4) (3.28)

H- BahEaogdrdyga 3 0 (3.28) Vhs -7 g

22



=P ik'ik)
l_ P(ykllykl)
:'Ak Xp|:i I—yk|yk|:| (3.29)

He A PR Kk:- ¥8- L 5@ kL) L (channel state

information) > H ZT_&{K4cT

L. =4a-—~ (3.30)

He a il andf 5+ o st ld o & 3 friesnid i (AWGN
channel ) m = > a=1-
FBEX BB~ i 24 EF L & (independent
identically distributed, i.1i.d.) 7 (3.28) %&% - 38 5
P(u, =i|S, =S U =,S1=5.,)=0.5 (3.31)

1 if s, =5s/(s)
P(S, =S U =1,S1=5.)= kl_ T (3.32)
0 otherwise

FEmM =3 s (3.29)~(3.31)~ % (3.32) 7 - (3.28)
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= _
Ckexp{ ZLyk.yk.} if s =s/(s)

yi,j(Y:k’sk—l’sk):

0 otherwise

HY C, 5- H#o

~

wa g b may, (Yas,s) T 1 fo

,‘

yi,j(fk’sk—l’sk)#p e E R IR RV R A

N, -1

' 1 Y : i
~ Ck+1 exp |:§ Z Lc yk+1,| yk+1,| :| If Sk+1 = Sf (Sk )
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(1] o i bk 2
_ P(Y,|u, =i,S,=0)P(u,=i) ifs, =0
a(s,) = (Lalto=1.8, =0)P(s 1) ifs (3.35)
0 ifs, =0
Bt di R 7
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] ~Ng-1
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) At ANg-1
P(Xt ZI’St :St’!O’it )
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. At AN -1 ) At
P(XtZI,StZSt,XO)P(Xt |Xt:|78t:St’10)
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St
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P (4.6) ¥ '517i,j(1u5u5t_1 PR AR 0T o b o dy e 2 A RAE o

gl

-

2 s 2B - & 2 - sy L o » 44 2 g N1 s 2y >
bF BT E - BRREL R X E SR P(x =i]Y, |28
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