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A Study of Turbo-Based Joint Source-Channel
Coding

Student:Ya-Min Chen Advisor:Dr. Wen-Whei Chang

Department of Communication Engineering

National Chiao Tung University

Abstract

This thesis focuses on the transmitter design for use in conjunction
with the bit-based iterative source-channel decoding (ISCD). In order to
enhance the error robustness of the system, we investigate two topics
related to index assignment and interleaver. Firstly, we compare different
index assignments in order to reduce the distortion caused by the
assumptions of the source decadingagorithm. We analyse the
performance of various index assignments using extrinsic information
transfer (EXIT) charts derived from the mutual information, and then
design an index assignment which leads to more reliable information and
better performance. Secondly, we focuses on the design of an interleaver.
Unlike the conventional design approaches, an interleaver design is based
on the correlation properties of the extrinsic information. Simulation
resultsindicate that the use of the new interleaver reduces the correlation
between the channel-related value and a priori information and therefore

improves the robustness performance at afaster convergence rate.
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Uy X RIERE U B 2 & B ehliy & i~ o L SE 328 Bl ~ e E W
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B AR LG (k) o WA 1D E R R B

LSO (x,)) % R 8 B Rl 3 A I 04T 43 L LSO (x)
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G JRARE B 2T AE R s GO (X)) o 2B g

[15][16][17] 7 % 7 365 2 45 B ep{®® 1 % 2082 fF crojp B |3 > 20 0

L[calgn]'(t) (Xd(i)) = L[seét]'(t_l)(xd(p) = I—[es)g'(t_l)(ur,k)

[apri],(t)
q) 5 (%)

S Channel
" Ll ()
yl decoder CD (XI)
~P
Y,

(a)

L™ (Xyy) = LM (U ) = L0 (X))

[exf,( 9
LCD (Xl) q)_l >
Source "
decoder L (Xqy)
s CD_l ~s
Yi Yad

(b)
Bl 4.1 jam Eacr 2 5 L () o ja a8 28 (D)L i 48 78 4
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2 enip b % #c(correlation coefficient)
Cov{ L (), )
[extl( ) S
Var (L0 00 var(5)

ol WBEMELX RS AR R Z AR (BPSK) #

(4.1)

o[l ). %)=

FHREL S RUEIRN - F FI B FE W fR B
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L2 AR BB N A o do B 4.2 Ao o AR B AR RS
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%I%w‘n%i—:’z@xl«*ﬁﬁ%‘%?m%ilszwﬂhj AR R EA
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FRRL R KA T - B E RN L Y R R feita
GAUELE 5 AR 0 4o B 4.3(b) o d ARSI gL s A B o
- BETEE I L ek N e R ok S s AR B 0 T 2R
[RGB * - prE w4 (a priori knowledge of 1st order > AK1)
RS R B ot LR g fom - BRI 0k Sl B
T H IR apIe cm TR e kAL anp D BT OB S
A car ] ARk o i IRA dfa iR o B2 1S enfRmg gAY o I
T L @ F (s gp R Ao L Sk ol,wi;;prﬁguﬁmj { %eh
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P o B NG - BRASER - VR TBEXRP Z BRRE
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;ElT e
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R A SACIEH S TR ORI £
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VR SRR e o e F 0§40 BOIR SEK -

37



BEFHF AP XIS B A2 Fafp ] o - BonL o
ﬁ?—ﬁ@ﬂﬁﬁﬂ%ﬁi%ﬁ»ﬁﬁﬂ%ﬁi%ﬁmﬁﬂﬂgi
¥ er4p B fﬁ%ﬁxp(L@é‘]"l’(xi),xj) cREFEATEF - R RREBER
%ﬁﬁﬁﬁﬂﬁﬁii%% shen 2 R erdp B e
PLS® (Xg5) %)) ;ﬁd Bl 4.3 2 T 5 eniicE {4 kT

,0( [agri]'(z)()ﬁ)&is):p( exr](l)(xd()) S)

:p(gzl)p(l)( [eét],(l)( d()) ) p(£ 2) (2)(|_[Se[x)t1,(1)( d()) y,)
(4.7)

ﬂﬂp@’sﬂzﬁw@%a$¢é%ﬁ“ifwﬁﬁmhdyJ

m=1
(4.8)
d 2 goit 8 e A RS B 0 Bk oL (x),x ) =00 e kg d B
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(generator polynomial) ° % ¥ » - B xEFTF 24 - B Lz
yoExfo- Bl iy’ o SRR EHEIIA FILF

PFoRMErHIBEITENFEAE T - B R-H 5.4

s 324 i i Bl oS B ERER A TR BN - e

w
o
%

S R A AR R S =0 >

f,f%*»?ﬁ%]% ox =10 H 2R AR A o~ i B g % o Y

S
Y
P !
B N
D
N D D
xl A
pan
W
P
Y



™, 0/00

o

B 5.4 vhiv % seiw 5225 Sk A5 B o s tw B

Jz:No B BT AT N, e H e NS TR E 2w B o

A e PR T R B B S~ 2 R

gy S fRAS o At SRR T AR E A TR G B B
T B S ip AR E o R R e p ORI LL g

M EENT - BREBABRRIE VALY RELT ) L Al
famg i BCIR A 52 > #dRja g, o - B R ORIAT B9
f37% > @ AR fEHB/INA % softbit source decoding iF & 2 - H 4+
¥ATH BT B - RS 0 Befs @ B 14352 Z (minimize

mean square error » MMSE) % & # € &35y, » 2 g * S jet

(parameter SNR)3®#% € 2 5Ly, fr kA By hE B >

2
pSNR=1000g —L— (5.3)
VT _Vr)

46



5.2 FHRBRELH

[ % ]

L

UETHEROF SIE-E &0 08 BEk 8- Sutay 1% R0 BREE S0P 0 5

i

BRI AL RN R E B § 2 i BT Fla i

NIR PR BAEEIER G 4 h oo T A PR R R 5

T A R oo

Quantization bit = 3
Natural mapping EXIT-optimized mapping
7 111 J: 111
6 110 2 010
5 101 | 001
4 100 4 100
3 011 5 011
2 010 6 110
1 001 5 101
0 000 0 000

%5.1é?ﬁﬁﬁugijm&&fL%§U%iiMz@

Quantization bit = 4

Natural mapping EXIT-optimized mapping
15 1111 2 0010
14 1110 15 1111
13 1101 3 0011
12 1100 9 1001
11 1011 10 1010
10 1010 4 0100
9 1001 T 0111

1000 13 1101
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Encoder type

Es/No (dB)

) ! -3 -2 -1 0
Natural-block 10.09| 11.88 | 13.30| 14.12| 14.46| 14.62
Optimal-block 6. 39 9.95| 12.93 | 14.29| 14.59 | 14.64
Natural-correlation | 10.01 | 12.25| 13.58 | 14.25| 14.55| 14.62
Optimal-correlation 7.04| 11.55| 13.96| 14.53 | 14.62| 14.65
% 5.3 7 kB > 3N e g fe ot b i
quantization bit=4
ol \ \ \ \ ;
%:15 777777777777777
z
b 1
ST SN /72 N N S SO S SN S
i i i i % - natﬂral-bloék ‘,it:3
| | | | . | —* — optimal-block it=5
i i i i i —©— natural-correlation ,it=3
4 ! ! ! ! ! | —+— optimal-correlation,it=5
%5 45 4 35 3 25 2 15 1 05 0
E_/N, (dB)
B 5.9 % 7};‘@?_7% ‘3131% TR AR By Vb i&(M :4) o
. Es/No (dB)
different type . 1 3 - 7 0
Natural-block 10.61 | 13.55| 16.32| 18.63 ] 19.67| 20.18
Optimal-block 6.17] 11.33| 16.71 | 19.57| 20.18 | 20.30
Natural-correlation| 10.82 | 13.54 | 16.55| 18.57| 19.73| 20.13
Optimal-correlation| 6.20| 12.31| 18.45| 19.87| 20.27| 20.3l

% 0.4 7 I Sk S Sl e R
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