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Iterative Source-Channel Decoding for

Variable-Length Codes

Student: Tzu-Fan Hsu Advisor : Dr. Wen-Whei Chang
Institute of Communications Engineering

National Chiao Tung University

Abstract

Transmission of convolutionally encoded source codec parameters
over noisy channels can benefit from the use of iterative source-channel
decoding (ISCD). This thesis focuses on the design of a symbol-based
ISCD for variable-length code (VLC). Our work starts with a sectionalized
code trellis whose two-dimensional states are created by combing the
symbol-based VLC trellis and the state transition of a channel encoder.
We first derive a soft-output channel decoding algorithm that integrates
the residual source into the ISCD algorithm. Based the turbo principle,
ISCD exchanges the extrinsic information resulting from the source
decoder and the channel decoder to improve the decoding performance.
Simulation results are presented for Gauss-Markov sources and ECG
signals which demonstrate the error-resilience capabilities of
symbol-based iterative decoding.
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BB RPELA TR B H AT R

A (MAP)

Ve o TVelli= Ang)

1 (2.6)

ﬂ*map:miaxp(ut:l |yl)
J U PR R R A PR E R LR
T REEFRE L <] > HE 20

(MAP)

%R-Zh (2.7)

14



$Z R B3 K52 L R

ﬁ@ﬁﬁﬁi%?ﬁﬁ%mﬁ’—%ﬁﬁ% Vel 3E fRAE B AW
@?J:':ﬁltiéj PEE R AR EY AN LB R EE R
B rA 38 s Buehsg ek o F i@ * cnBCIR FH 2 0 A APHERGZ

W ORES 0 AT S B Lk~

—\

SE¥ KRG F B 2 o A]10]
oo - B AT Ak i B2 W v - 18w (forward-backward)

2

L pa

Nl

A

T
as

Wi iEh > B @Y e Tﬁ;}%@?rzg»}g B EA Ao
AR A E - PR A E e R B 2R T A L R A
BEH - RIAL i S8 Bl sUREB ARy B2 Sl
(parameter-oriented) <13 #h T 3 [11],[12]c 57 & %857 Tyt 30 5p fR A5 E
BooAPED - A A BCIRGES 2 0 1 R R A KT g F
EARFIMET L EERAERIL XA KRR B P
o3 BB ROBCIRIFTE 2 LEfRBH - = Ay
B FE 2 RIBE R L - B R AHBE AN T fE
FERLIE o AR & BB P 4oz BCIR w2 » ¥ e & A K
(sectionalized) s78 & & s #btp Bl:E (70430 F 345 A2 % - & 4 &
WE R AT U F R s Bl § - & PP o 7
Fzsl2 {85kt o

15



3.1 %2 AET R kit W
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SR N R SR I I
Vi =0 Voo Vo b =L 20), (e, Z2),oo (o 200} 0 e & AR AR AR F -
BIL PR =2 BHRB T Ryl =A1Y,) - 4 6 Bt Bl Y o gk
fho, o T HE SRR

Po(%=21%1) =Y Po(% = 4,01 ¥;) (3.1)

Ot
~T \= K = Y
Ao PCD(X'(:/I’O-t|yl)?‘§S“E; oA IR e fE G

PCD(Xt:AthyI):C'PCD(Xt:/Latvyb (3.2)
=C-a(1,00)- B (A,00)

X ~ty v oerl, + X ~T ~t .
2 a, (ﬂ,,O't)ZP(XtZZ,O't,yl) A ravﬁﬁ} A (lio-t):P(ytJrl'Xt :/1'O-t’yl) -
ek o A C=1/P(y) 2 RIHF I E L - T X

BE) 11 2 3 e ARG s B i A0S % i A T 5

o (4,0y) = ZZ P(X =4,01,%4=0,004, yt’y:tl_l)
SR
~t-1 ~ ~t-1
:ZZ PX1=00.1,Y; ) PX=40,Y [%1=00 1, Y; )
SER
= Z zatx_1 (9,0,4) 7//)1(,q (yt , 0}, 0 1)
o1 9

(3.3)
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ﬂtx(ﬁ”o-t) = ZZ P(Xt+1 = q’0t+1’yt+1’y;r+2 | Xt = i,Gt,f}V/;)

Ot g

~T ~ ~
=SS PV %1 =0 O Ve % = 4,00, V)

Oty G

'P(Xt+1:q’o-t+l’yt+1lxt :ﬂ,O't,f)V/;_) (3 4>

~t+l

= ZZP(yH—Z | Xt+1 q 0t+1’ y1 )

Ot q
’ P(Xt+l = q’O-t+1’yt+l | Xt = ﬂ,O’t,’{/;)
:ZZﬂtﬁl(q’Um)'7(;(,,1(9t+1’0t+1’5t)

Oty G

He e i 3t 3 (3.3)2

7t (30,00,0,0) = P(% = 2,0, = (8, 8). Ve | %1 =00y = (501, Ge) Vi )
=P(3, 1% =2, 010 Yen X =001, Yy )
P %= 200X =061 Y, )
PO=2,0 %1 =06,y )

=P(s, | X, :ﬂ”st—l)'P(yt 1% =4,0,,0.1)
P =2,0:1%4=0,9,4)

(3.5)

AT RELIRAS I R )R @ﬁ%}%é%’ R B F R
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B £ & (branch metric) v} (y,,0,,0.,) it & ¥ % it H B &8k Sk 3t
&I R FIF S AR NT) S GlAeRS F R S SR T et 4B
PrREUE M o F ko AW - 4T 4 R hald i (RS A B o
P(s | X =A,5_,) BB~ d 3t 4, B8 x =418 F &2 8 &4 B P gk ik
S, 2T s cF A dg i P(s |x =4,5,)=1" % 2P| P(s,|x =4,5,)=0¢

20
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tefbd d BATRAMEED T T AMESIEAL PR R R P

A0 B 203 SE TR 0 AeTT N ATOR
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(3.6)
IVNERIPALBEE B L B E ST o ud T A2t
¥ia

£(c(2))

P( 1% =48)= [] P®amix(m)
m=1
(3.7)
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\/E??Ge No & G
_ 0(c(A)) ~
P(zt]z,=2,9,) = H P(bg, 4m | Z,(m))
™ (3.8)
= (—)Z(C(i)) exp[_iacf» (Bp _7 (m))Z]
\/ﬂo-e . NO & Qg +m t

Ho g,=0-0CA) ° Bis » d 3 x=DU,) > FBF Fefphlfred 2 4
BEIEH % > (305N Y (0% = 78 RALK L BFPEAR M s X
P(x=2,0,) cgd t k2 da > B AREAFEE D (y,0.0,) £
BH o w332 BN R m 2T (Lo) % & F

Bho) £5d @ DViEa & - B LB EX=A2 (&%
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— FEAT R AR e s B P s i R i B UR S AE  infE

BB S o flp (S RAR ALY o iR RAE B LR BT AP Q4

T L A L A BRSNS AGE Ee h e 4 BRR A T L
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mﬁ&m#pfﬁgr’-l’a" ™ ,ﬁlf—\.ﬁ’i%miigéo”ﬁ%ﬁ&ﬂ—b,—&rL '3“’5%&7

22



PR B il fRRE T AT R k2 oo im dEAT

DA sl S R 0 S0 R B AP FHEE Nt
e BOIR i 0% 2 oot s endiih B4 0 & B8 F A BT R
AR om BB FITHVE Y 2 F AT TRl enk 3RS A M F R

it -

4.1 FERRZE

HY P REARBE LGHDS ¢ AP RABTRURTL 2 Jbe
il 3E AR L S VB AR DR IRAE it B o @ A e N RS ehi AR Y i
SR SRR Solc S s B Set o R N et FIES

FRAS R o B¢ i i fRAR B2 P ARG NAT T F S F R

b s~ Zehlp 2 (50 SURIRIB BT A D PSS B AL

P
o
¢l

BEBHILEr Biiigd - BFELARILAL BERR PR E P

%’fb Vi ©

23



MR FRAG NEE b A 2 A g R A7) P ARd i A s e A iR
- A E LR ARFAGuEAY fIF e FRHA LF T
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Ar e mER G TOREESNY & B R SREEE A
EMNBr~dRilu=2 L REFTRLERB TEHBEF 5cu=2) °
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BB kAT o T REWRY Rk, E g 0 HEN LI AE S
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~T ~T
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~T ~T ~T
P (9o = 24,9, 1Y;)=C-' (2, 9)8' (4,9,)-P(z1 |9, 1, U, = 4,9,,u1) (4. 2)
¥ C=1/P®,) s L RMFF @ F P B F ol (4,0)=P(0,,,U =40,0) °

Y , ~T ~t 2 2 g , N
e B(4,0,)=PUta| g U =4,0,t) e e PBFELE eI T L

@(4,9)=Y Y POzl =00 U =40, 01)

Otz 9€Z:0(c(d))=Gr1~ Y2

~ ~t-1
:Z Z P(u, = 4,8, Ut |gt—2!ut—1:qut—1’U1 )
Otz A€Z:4(c(A))=Gr1— G2 (4 3)

~t-1

: P(gt—Z’ut—l =0,0;,U1 )
= Z Z 7;,q (U, 96, 9e2) - 4 (d, 9ia)

Or2 9€Z:0(c(A)=0r 1~ 0t 2

~T ~ ~
ﬁtu (4, gt) = Z Z P (Ut+2,Utsa, OrUea =0 | O, U =4, gt,ui)

Ot AeZ:0(c(0))=gr1— 9t

~T ~t+1
:Z Z P(Ut2 [Uus 05 Uiy =0, 00U = 4, G)
Ora1 A€Z:0(C(0))=Gra1 Gt

~ ~t
' P(Ut+1, gt+l’ut+1 = q | gt—liut = ﬂ” gt’ul)

~T ~t+1
:z Z P(Ut+2 Iuitl ygt+1’ut+1:qvgt)

Oti1 9€Z:0(c(9))=0gs1— Gt
- ~t
P(Ut+1, 04,1, Uy =9 9 g0 Uy = 4, Gy, Un)
= Z Z Yo Uear Oeirs 9ea) - Biia (0, 9

Ot1 A€Z:0(c(9))=9r1— 0t

(4.4)
HY (4.3)5%2
740U 80 Oz) = P(U = 4,80, Ut | G, .Uy = 6.8, 03 )
=P(Ut |u, = 4,9,,U,_, = 0,0, gt_z,ﬁi_l) (45

~t-1
P(U; = 2,0 |Upy =0, G 1, o U1 )
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Clage-1) (0, otherwise

Hod [ HILFF
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218 B %

~T 1 ~T
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Hoe o F3
~T
C'=> > Po (% =0alY,) (4.9)
a4 {99119~ 91 =L(c(a)}

T R RABALR R T R E g o

< v

~T N = p—= V s 77 . - > >z 3
Po (e % =40 1Y,) % FEd LN T IRAfRL T =20 F 05

P(x=40) > & i 40 B F 3 P(x=40) % & if {27/ 47 3 4
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~T ~T ~T ~T
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~T ~T
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~T
P(y,)

~T
= P(Xt :j,’ Oi1, 9 Xl)'

= P(;(t | X =4, Oi4» gt’;(iil’ ;(tT+1)'P(X1 =4, Oi4» gt)
P(21 X =4, 01,00 %)
~T
P(y,)
=C-P(xi|% =4,9,)-P(x =4,0,)-PL(x = 1,9,)

(4.10)

~t-1 ~T
P(X1 , Xes1) -

H¥ C=1/P(y,) 5 R FF > P =40,) T &k 5 FHPFP(x =40,
P(xt|%=24,0) % & 5 EAPMA L P(x=4,0) ° @& fRABEF LT

PIEY(% = 4,0 = P(21 %= 2,0, 15955%) (4.11)
B E AR A (410) P E oA s 2 4 de EOS
P.(% =4,0)=P(x =4,0,) o 7287 tdp R8T Ae ¢ 0 - ALeniviE L
AL R p R R F O TIPS = 4,0) JE £ IF S LR RAR

E T o FI v (4. 10)58:x g A
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3R R TR T e

_ P, . % =40, ]Y,)
. L% =2,015) (4.13)
K0 e (= 2,80 P4 = £.8) PE(%, 52,0

Ly

FUNERALERBEE DD N RB TR P
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LN RN
C|:z Z PCD(ut:quz) (415>

a4 {9,919 -9 =L(c(q))}

%% (4.10)-(4.12) P > fI2¥ 4517
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4.2.2 ARfERGEE T TR

RRRRAT P FRAREES AT f A H (LD

:’at) .

T P =40 1Y) 1T R A RILARL Z A TR

WE AP T RWU =2,0)  LE I FTIRPYN =24,9) M E FUREE

TP =A,0,) ° 50 RABZIHMFR 0 AP (4.5)5 &~ (4.3)

- v

R4 T AT

~T
PSD(gt—l’ut =4, 0 | yl) (4 17)
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He

P.(u, =4,9,)=P(ut|u = 4,9, (4.18)
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v

2 Y
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2 (4.2)m B2 s feanlREp A3 g PR =1,9) 2.3+ & 2 54 »
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WA P (x =AY E
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H P Py(g% =40 1%)=C-P(x =4Y,) (4.23)
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