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Joint Source-Channel Decoder Dasu gn for Wireless Communication
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Vector quantizers (VQ) are widely applied for data compression of speech and image. The
VQ encoder produces the index of the nearest codevector, while the decoder uses the received
index for signal reconstruction. Distortion due to channel impairments can be greatly reduced
by incorporating error concealment as part of ajoint source-channel decoder. In this project,
we design a decoder that exploits the residua source redundancy and the channel memory
information through the use of minimum mean-square error (MMSE) estimation. The
proposed decoder consists of the a posteriori probability (APP) calculator followed by a
conditional mean estimator. It is important to address the importance of matching the real
channel behavior to the channel model on which the APP computation is based. Instead of
using memoryless binary symmetric channels, our decoder design is based on Gilbert's
two-state Markov model that more closely characterizes the observed error bursts occurring in
wireless channels. The principal difficulty in using Gilbert's model is that its block channel
transition probabilities are not directly observable, and methods of deducing them from model
parameters were originaly derived under the assumption of frame independence. Extension
of these results requires that probability recursions be carefully derived to account for both
intra-block and inter-block memories of the Gilbert channel.

S E g B P
BRI SR I [ BB [RHIB FH E BRSRH [T



v&

PR (7 R PO« RO RLE R g AL H 3 B o
Fi,&ﬁﬂ”}ﬁ#HPgﬁWww&;ﬂwa F G2 e [ (AR
Lo *15”7&“ E&LISFELS ’ pﬁpmﬁiﬁﬁ;@ﬂiﬂ e REENTIITE: g\a‘ﬂv EESYISIE]
R I %EFFF—'@ E] F giﬁaﬁﬁi};ﬁr TR e PR [l - S
ﬁﬁﬁg%ﬂékqwﬂﬁ,m[ VEREELT o ,[iﬁf[ m SRR Fr T *‘Kﬁf
inrf#%ﬁW%wm’uféﬁ%@w#mﬁﬁlﬁmﬂ¢¢@ R
FE &f{?f@y’ﬂmﬁié% ]’“‘Fﬁﬁﬂ?rﬁp IR RS [T R LR PUEI TR EL
(resiclual redundancy) » 5 [V {3 (58 053k L e 0 IOt
B AGESEE RE o
e i tz{guﬁl*r i FASJC foefet 4570 R e i H
E“ﬁ%?é'ayﬂ‘ ﬁtﬁ‘”aﬁ?&%ﬂﬁﬁ?tWﬁf#ﬁF?J4lzt’I&W?%“{wi%w“ﬁﬁ A=
%ﬁ?éEﬁﬁﬁqﬂ[SQ’fWﬁ%iiFWDﬁ&ﬁfﬂﬁﬁﬂﬁﬁ?fﬂiﬁﬁ%ﬁf i
lﬁETﬂ[*¥?¥ﬂlﬁﬁhaﬁﬁ%§~°d?ﬂﬁﬂﬁfﬁﬁ 5 6 RTR  F AL A
W%H’WW—WRFi%% XA AR AT A ﬁﬁ%w%ﬂﬁnh*#g£ﬁj
7] fr’?ﬁ Gy BT rﬁ\ﬁ BT (U F[[ﬁ [ek SRR > ™ T RLE) }FEE@
FTIPEY “ﬁkﬂg“ﬁ?ﬁ“”Tﬁﬁ?u%ﬂﬂﬁiFU%GE*Tﬁﬁﬁiﬁﬂﬁ&iﬂ U%fﬁ
SRR N SR PV E RS NER L T AR [7.8] FF*%EVﬂﬁugﬁ
F'J;ﬁr’?’wp jfﬁﬁ;'“'r*vm%ﬁ?f'@q fy #m,ijhgT, I ,&Hilrﬂﬁr%f/:a{ﬁ[ﬂ Ef'* A
il o[ 2ok () 7 R st e st o9 Ia{ﬁﬁ%d[@ﬁmﬁf@k
F o F) ;u%d ABTEL ] 30y ORE >  HR R [ SR

i ESEE (R -

t:

BN T

AR £y IR T R ’5513\;%1% e g,g‘ i f2m BE T I
BRI R B R 0 R 6 AL R 8 -

() FEF IR AR

EEHFR-AFHBITT 0 o Y REESIBELEEAFRT > D aFnEites
By L FHARALSE S - ] - @Tﬂwmmﬁﬁ°%%éﬂﬁﬁ%TZﬁiULBGﬁﬁ
PR R E AR AR AR R M=2" RS kBT
EC:[CO’Cl""’CM-l] A BEEE B AR nﬁ”ﬁa?l)“é%%’fuvnfﬁ}:‘“ Wi H e g
SRS R RS X, S e B L R o R
1 s Imeé’ggi@x;E? J ilﬁﬁ%l)» X, 3 i A iEe it R ?giii'ﬁ%?];.?.\
)z —an e 87 A % modulo-2 4ci2iEEF o 4 P E E 0 AP A fRAS

ol A B RN B B LR E N - B A AR R ]ﬁ’h@iﬁﬁ%ﬂ;ﬁ.%]
A _{yl’J/z' ,,Vn} kg E BV bm@ﬁ?}’é sl (st AX, | )] » mgat i

LA Ml - I R 1.0 2 Mﬁl&ﬁ?’ﬂ%ﬁ”ﬂlﬁm%kwlgwp
0 .
:aCiF{anlloyln]
i=0

TR RE BRI RS B SLIREE hdF a Barl & /55@@?]:%5]@‘5,,
3 AX, | ] -



(7)) R

e b adr @A SR L R oo D B R B RPS
H&Uﬂ%ﬁﬁ@ﬁﬁ@o&%wﬁ%’ﬂwﬁiﬂw@ﬁﬁﬂ@mﬁwmﬁﬁg&
WL e R r* RAWFEE ARG AP BRI RS R hE PR
51R 77 4% - FF B ¥ 4 'g s sz (Markov process) k i-f - Flut A X, | )y ] 7 m e

Ml

F[xn|;41=”§1ﬂxmxn.l|m & AX.1 )

Xp-1=

éﬂm %]HWW]
o AV AN
1

TARINT
LY AL AP B e

X,

» TFEFF PO E*“#E?fk“? SIRehie it > ARy - R 57 X HA R i
1 R g ~;ﬂﬁg@»&,x BAE RN Y, B AL X R
T W”ﬁvﬁﬁﬁ )ﬂlﬁhéoqwb’F-*mfrmav%— R I;?lb&%ﬁgtg

AY, | X0 Vol 8 AX | X0 o #3082 AL g a3 > 2 i *é’lﬁ@?%ﬁ“
F{ynl nl’yn—l] AT G F{en |en—1] A ¢ erl"l%k“j en—l'é'\ iR EA AR neE nlid
T AmF o g e hmiEa s RS €, F[6yn s Expyzr T Bl
APT TR EES P I E A kAT

Ae,le,.]= O FAe =1]é]* xAe, =0|e"®

k=m(n-1)+1

& H[ko = m(n- 2) +1J‘JH' e/k(o_l = [eko-ekouv"'-ek-l] °

(=) EPASRERE AT
?@fﬁﬂJﬁaﬁgééafﬂ"EiJ{&ﬁ%ﬁﬂﬁTﬁlmﬁ?QLﬂI@ﬁﬁhaE%tgj‘" PR TRl
¢_[ | [y '*7L£ﬁ?i%TVtEJﬂF 2 o FY PSRRI R T [ A g 1 o ST
= %’il*‘? ﬂﬁ“fffiﬂnf” SRR TR A IFi 5 REE SRR e > AR PR R
yr%o el ﬁﬂ;ﬂﬁ u 171 Gilbert i R T A BRI e P
= HMLH I e AT « IR . PR G B PSS 4
A5 TIIEL 0= (1-h) o SRR B TR 1A I SRR =T
(error-gap distribution) > ] JuEjiﬂ*‘ﬂﬁii[ﬁ‘[ﬂ[iﬂﬁpﬂﬁi [*ﬁﬁﬁf‘j 1% RIE
LA QR e o ,fﬁlﬁﬂ A AR RCRR ) 2]
PO’ |1) »a, xb! +a, xb! - {al,az, by, b} < Gilbert {5.E| %5 { b, g, By I [
T‘i“\r/ﬂ%%l'hﬁ:?“
b, xb,
b, - a,(b,- b,)
p= - b)x1- b,)
1- h
g=a,(b,- b))+

(1‘ bl) ><1' bz)
1- h




WIS RS T AFE [ gy — FEZ S S et (B 19 (I « U pl st 13
FTE OB {ay, @, by, by} o SR (RO 4 R S aE
LU I e

0

alPO'|)- (a, xb; +a, xb,)]’
=1

() 5 SffELRg e
B AT SIS ot 1 RS b T R R SR o 7 S

Ae =1|€" = T5ks5 Gilbert piptiE >3m0 & » A iigpos P RLYT 7]

Wﬁ@%ﬁW%ﬁ@MQ@$%ﬁﬁﬁ@ﬁh%%$o\ﬁﬁﬁﬁ’ﬂﬁﬁm
= SRR - PR Gllbert EREUIE s pop I+ H T E
S A e )

AS | S16,'1= AS | 512 A | s, 6.1 = A | s HIE 7 SR 1) #

g..-:\

. E
He = 1|é(1]_,:[ek 1ls = B,ef;l]xF[sk:B|ef;1]
=Ae =1|s, = B*As = B|&']
= (- HxAs, = Bld]

F# IR L Gilbert spigit RIFVR 1% > S50 488 A s, = Bl ety

As=Bl€"1=As =B|s,=Gg']*As.,=Cl€"]
+As =B|s.,=B€"1*As.,=Bl€"]
=b+(1- g- h>As.,=Bl€"]

Epl
ey ASc =B €]
As..=Bl€'= Ae.1d7]
_ Ae.i|S.. = B,e’,;'2] *As,., = Bl E/I;Z]
Ae.. €]

_He.ls.=8 He., =1] 51,;2]
Ae.. 1€l 1- h

> TSI Als, = B el ] FOHSERRRU o T SRS AR TS H
EIT:
Ae =1l¢"1=- hb

‘[edl‘sm = 2
1- Ae =1
+1-9-H— 5 e.1e7] &.=1¢"]



Al ST BT PREIRL TS o SRR ik BT - AMFI PR~ 1 5% pogifis
Ae., =1|€& ]i‘lﬁ[ﬂﬁf[‘ﬂqﬁvriv‘m%ﬁ?@%ﬁﬁP[ek:1| €] > Far R W R

S O AR SIS Rk SR B (0 T RO
SRR ) -

(I MBRERU A
fLfE Ay [’ﬁ%ﬁ‘r [@ETﬁ,'JZEl’?,RFI’j\%%FE ’ ﬁ'%%l’{':gl(fr JiHlIFE 0.5 0.9 - &l
("I AR (M) IV (16,4)%(64,6) - STl S F P4t
r:cl[sr[fkﬂﬁgpi Gilbert LR & o F— J[|1iEH3 Tﬁﬁfi‘i} £5,0.01 Gllbertfff)LF’J > il
BT IR B AR Frr t P [ 1 B (=R e pRadi il 1 1) 8 05 (P ,ﬂ Lﬁj@?
il [ E R ETR (VQ-MMSE2 = VQ-MMSED) | R ik fjli ' T/
BTN PR T IS RE T ERE (VQ-IL-MMSE) © 191 > ﬁ'ﬁll”i” VQ- MMSEl 1
PR VQ-MMSEZ §ti B3R P[RR B T ft - ed [ AT e [T n‘n“”ﬁ
EH'[ R TN A R R s Q‘%\‘—E‘H’E SEEFT RIS EJGW@'*?F# ’
EEs %\[ HE. iﬁ[—;”ﬂﬁﬁ_ﬁjf" R3] Eﬁiﬁﬁg 'iﬁ B pf;“r bcler ik FLEEE -
IF=9E > 25T SA T T RSS2 AR 12%1{_} Gllbertﬁfdm‘%ﬁn&f IS
H AR RS2 ] F & Rl f‘ﬁi & PR EF’ﬁFé At o [l ]
IS EHTUR R SRV -

LR

AEFL SRS LR, 1 A B SRR R PR 2R
L FIE ) D [ T;g[?ﬂg*@ﬁ}ﬁﬂu%m%ﬁf~ | B SR Y
(i R ADE Ay -

53 2 Rk

[1] N. Iiarvardi n and V. Vaishampayan, ” On the performance and complexity of
channel-optimized vector quantizers,” /EEE Trans. Inform. Theory, vol. 37, pp.
155-159, Jan. 1991.

[2] W. W. Chang, T. H. Tan, and D. Y. Wang, " Robust vector quantization for
wireless channels,” /EEE Journal on Selected Areas in Communications, vol. 19,
no. 7, pp. 1365-1373, July 2001.

[3] P. Knagenhjelm and E. Agrell, " The Hadamard transform—A tool for index
assignment,” /EEE Trans. Inform. Theory, vol. 42, no. 4, pp. 1139-1151, July
1996.

[4] W. W. Chang and H. I. Hsu, " Constrained VQ codebook design for noisy
channels,” Electronics Letters, vol. 37, no. 10, pp. 662-664, May 2001.

[5] N. Phamdo and N. Farvardin, “Optimal detection of discrete Markov sources



over discrete memoryless channels—Applications to combined source-channel
coding,” /EEE Trans. Inform. Theory, vol. 40, no. 1, pp. 186-193, Jan. 1994.

[6] T. Fingscheidt and P. Vary, “ Softbit speech decoding: a new approach to error
concealment,” /EEE Trans. Soeech and Audio Processing, vol. 9, no. 3, pp.
240-251, March 2001.

[7] A. J. Goldsmith and P. P. Varaiya, ” Capacity, mutual information, and coding for
finite-state Markov channels,” /EEE Trans. Inform. Theory, vol. 42, no. 3, pp.
868-886, May 1996.

[8] E. N. Gilbert, “Capacity of aburst-noise channel,” The Bell System Technical
Journal, vol. 39, pp. 1253-1265, Sept. 1960.

- LA RREBERIHEH B 75 SNR 3%, (M K)=(16,4)
VQ-IL-MMSE| VQ-MMSEL VQ-MMéEz
0=05 5.4032 5.4275 5.4404
0=0.9 9.1415 9.2174 9.6475

v, X, X, %
—bﬂ vQ —nb Channel i. ;;%r:g}gr? e MMSE ’
Encoder . Decoder
probability

Bl— o & B R- i Y28 % Sin A2 ]

‘Soliioy:

Blo @ % g i 502

SNR(dB)

--®--VQ-IL-MMSE
4 VQ-MMSEI
3 —#— VQ-MMSE2

28 26 24

SNR(dB)

~&-VQ-IL-MMSE
6 4 VQ-MMSEI
—#— VQ-MMSE2

2.8 2.6 24 22 2 -1.8 -1.6 -l4 -12 -1

o Bl= © £%7 I 43252 Gilbert i if 5 SNR



it vt i (a) M=64,k=6, p = 0.0; (b) M=64,k=6, o= 0.5



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8

