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1. The following problem is important (see e.g. [1]) in radiolocation. There
are # channels, at the output of each of which there is present a random voltage
£;. We shall assume that the random variables &, are independent and that each
of them has a Rayleigh distribution (i.e. the distribution of the absolute value
of a two-dimensional symmetric normal random variable), so that the prob-
ability density of the quantity ¢, is

2
1 %) = &, x =0,
Pgi ;b’
where
(2) A= ME.

There are two competing hypotheses concerning the parameters A

Hypothesis A. (Absence of signal). All the 2, are the same and are eqizal
to the number d > 0. This hypothesis means that pure noise is the source of
the voltages appearing at the channel outputs. The number 4 is the average
noise power in the channel.

Hypothesis B. (Presence of signals). All the 1; except one 4, are equal to
4, and A; = d-+d, where d > 0. The index 7 is also random and takes each of
the # possible values with probability 1/n. This hypothesis means that noise is.
the source of the voltages in all the channels except the j-th, and that the volt-
age in the j-th channel is a useful signal to which noise is also added. The nom-
ber d is the average signal power . In setting the problem up in this way 2, we
neglect, of course, the possibility of the useful signal appearing simultaneously
in several circuits,

The scheme under consideration is of practical interest, since the assump-
tion that the voltages &, have Rayleigh distributions is a consequence of assum-
ing that the signal and noise are both gaussian. This latter assumption means

that we are considering the problem of observing an object which gives a re-

* Our considerations would change little if we would, assume that the a prior probabilities

of an occurrence of a signal in distinct channels do not coincide with each other for different
changels,

? Let us mention the recent paper [5] where one of the possible criterja of distinguishing
hypotheses A and B is studied.
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THEORY OF PROBABILITY

AND ITS APPLICATIONS

1958
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INFORMATION TRANSMISSION IN A CHANNEL
WITH FEEDBACK

R, L. DOBRUSHIN

(Translated by R. A. Silverman)

1. Introduction

In information theory ome usually considers the following situation,
shown in Figure 1 (see e.g. [5) and [3]). The statistical properties of the chan-
nel are assumed to be given, and one studies the possibility of converting a

given Input message into a given output message using optimum methods of
coding and detection.

Input
message

Input
raessage

Input Cutput
Coding ?p Channel - il Decoding
signal signal
Noise
Fig. 1
Noise
) Output p
Pecoding of signal Feedbaclk Input signal Coding of
feedback T feedback
signal of feedbacl channel of feedback signal
l channel channel
Toput sigmal Output signal X
i +  Decodi
Coding oF Girect Channel Py Ty ecoding
channe] channel
Noise
Fig. 2

Qutput
message

Cutpat
message

In many actual communication systems there is also the possibility of

- transmitting signals in the reverse direction, from the output to the input.

In such cases one speaks of systems with feedback (see Figure 2). The feedback

is often used to improve the quality of transmission in the forward direction.

Thus, for example, if two parties A and B are talking by telephone, a feedback
channel is ordinarily used even in the case where the only purpose of their
conversation is to convey information emanating at 4 and destined for B, and
B has no information for 4 and 4 does not intend to receive any such informa-

367

tion. Thus, B interrogates 4 and asks 4 to repeat words that he has not heard
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