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I. Introdution

In [1℄ we proposed a hybrid-digital-analog (HDA) system based

on vetor quantization (VQ). One drawbak of the system

proposed in [1℄ is that it only works for transmission rates

larger than one (bandwidth expansion). Motivated by this

fat, we herein present a general system that an be used at

any transmission rate (bandwidth ompression/expansion).

II. System Desription and Performane

Consider a system onveying a vetor X 2 R

d

over a Gaus-

sian hannel. The vetor X is �rst fed to a low-delay soure

or soure{hannel enoder mapping "

1

, and I = "

1

(X) 2

f0; : : : ; N � 1g, where N = 2

L

, is then fed (in its L-bit bi-

nary form) to a high-delay hannel enoder "

2

, of rate r



< 1.

(Typially, several onseutive outputs from "

1

are bloked

and enoded by "

2

.) The output K of "

2

is then assigned

a hannel symbol s

K

. The index I also hooses a vetor z

I

from the enoder odebook fz

i

g forming the \error vetor"

E = X � Z

I

, and E is then used as input to a mapping �,

with output Z = �(E). Ideally, � is an analog mapping. The

vetors s

K

and a �Z, where a is a saling onstant, are added

and then fed to a hannel with AWGNW of variane �

2

per

omponent. The resulting hannel output is denoted by R.

At the reeiver, a deoder maps R into an estimate

^

X.

Ideally

^

X = E[XjR℄: In general, however, the omplexity of

implementing this deoder prohibits its use. Therefore, we

propose a suboptimal deoder, where R is fed to a deoder

Æ

2

for "

2

, and the output J is enoded by "

2

and assigned a

hannel symbol. The result is then subtrated from R and

saled by a onstant b, forming an estimate

^

Z of Z. This

estimate is fed to a mapping � with output

^

E, where

^

E is an

estimate of E. The index J is also fed to a deoder Æ

1

for "

1

.

A soure vetor estimate is then formed as

^

X = Æ

1

(J) +

^

E.

Below we illustrate the performane of the system imple-

mented at a rate of 0:5 hannel use/soure sample. The vetor

X is of dimension d = 32, and drawn from a Gauss-Markov

soure with orrelation 0:9 between samples. The enoder "

1

is a VQ enoder of size L = 8 and trained for a noiseless han-

nel, fz

i

g is idential to the odebook de�ning "

1

, and "

2

is a

(1024; 2048), rate r



= 1=2, Turbo enoder, with generators

(37; 21) (puntured to rate 1=2) and with a random inter-

leaver. The 8-bit bloks from "

1

are bloked into one 1024-bit

blok, whih is fed to "

2

, and the output bits are then mapped

into BPSK symbols. The saling onstant a is hosen so that

a fration 0 � � � 1 of the total input power is assigned to

the analog part. The mapping Æ

2

is a Turbo deoder for the
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enoder "

2

, and Æ

1

is de�ned by a table look-up in fz

i

g. The

onstant b is hosen to minimize EkZ �

^

Zk

2

, assuming that

Æ

2

is powerful enough to orret all errors in the digital part.

Regarding the analog part, the system employs a \disrete

approximation" of the mappings (�; �), desribed as follows.

The omponents of Z belong to a disrete set of 256 equally

spaed signal points (equidistant PAM). The deoder � im-

plements ML detetion of the transmitted symbols, based on

the input

^

Z, and then performs a table look-up in a odebook.

The pair (�; �) is trained to minimize EkE�

^

Ek

2

, for a �xed

�

2

, a given �, a �xed a and under a onstraint on the total

transmit power. The enoder � has dimension two in and one

out. That is, E is divided into 16 two-dimensional subvetors,

and one PAM symbol is generated for eah of these. Similarly,

� produes two-dimensional vetors, grouped into one

^

E.
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The �gure shows signal-to-distortion ratio versus hannel

SNR. Solid lines: (�; �) trained at (a) CSNR = 20 dB and

� = 0:2; (b) CSNR = 30 dB and � = 0:2; () CSNR = 40

dB and � = 0:3; (d) CSNR = 50 dB and � = 0:3. In (a){

(d) the performane is evaluated over di�erent CSNRs and

with the power alloation set at � = 0:3 in all ases. Dashed

lines from above: OPTA (via the distortion-rate funtion at

hannel apaity) and analog (a linear analog system based

on an eigenvalue deomposition of the soure vetor X and

transmitting only the 16 \strongest diretions").

We see that the HDA systems o�er a robust and graeful

performane over the entire range of the CSNRs. In partiular

this holds for system (d) whih is able to perform well over an

approximately 50 dB wide CSNR range. Note also that the

performane an be made to saturate at an arbitrarily high

SDR by inreasing the resolution of the maps (�; �).
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