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Statement of Problem

The problem of the recognition (detection) of the
useful signal (the ¢true signal) among false signals arises
in a number of applied probleas of ¢the statistical
reception of signals. Here recognition can be realized both

with and without additive noise.

True signals can be distinguished among false by using
tvo types of information obtained during the observation of
the signals and the measurement of their informative
parameters. Pirst, this includes information on the 1laws of
the distribution and static characteristics of the signals,
and second, information related to changes in certain

parameters of the signals through tinme.

Of course, the higher the noise 1level and the closer
the characteristics of the false signals are ¢to the
corresponding characteristics of the true signals, the

greater the errors in resolution. The finite value of the
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sensitivity of the resolver also affects the error, besides
these factors. The resolvers (including man) which can
presently be realized have 1limited sensitivity which can
theoretically be a random function of time. Without going
into the reasons for fluctuations in the Sensitivity of
resolvers in detail, ve wvwill nevertheless point out that
vhen ®man is the resolver, the sensitivity of his sensory
organs vhich participate in the resolution process depends

on many psycho-physiological factors [1].

In connection with ¢this, it is interesting to consider
the effect of the finite sensitivity of the resolver, as
well as fluctuations in sensitivity, on the characteristics
of the recognition of signals which are not superimposed in
time. Here we will assume that the apriori statistics on
the recognition parameters of true and false signals are
known and that it is necessary to distinguish the true
signal on the basis of this apriori information on the
received group o5f true and false signals. We wvill solve
this problem analogously to the classic problem of the
recognition of one of the N-orthogonal signals [2, 3,

etc. .
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Discrimination of oOne True Signal Prom a Palse Signal

Suppose wvwe have one true signal (IS) and on2 false
Signal (LS) with wuniform probability densities of the
recognition parameters ‘Wi (x) and w. (y)., whereupon it is
knovn apriori that the wmean value of the recogmition
parameter for the ¢true signal is higher than the mean
value of the recognition parameter for the false signal.
Suppose that the rule of resolution (recognition) is that
the signalv vhich has the highest measured value of the
recognition parameter is considered to be the true signal.
However, due to the 1limited sensitivity of the resolver
vhich selects the highest value of the recognition
parameter, the true signal will be taken as true vwhen the
measured value of parameter x of the true signal exceeds
the nmeasured value of parameter y of the false signal by
a certain value 6. In other words, the true signal will

be taken as true vwvhen the following condition jis satisfied

A=x—y >
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Here the false signal y wvwill be mistaken for the true

signal vhen the following comdition is satisfied
A-x——y <_'6.

When -6 < x-y = A < § or Ix-y‘ < 8, the signals will not be
classed as either true or false, and it is necessary to

make a further analysis of the signals.

As W¥as indicated above, the sensitivity of the resolver
depends on many factors, generally being a random value
with a certain probability density '8(6)' Since the value
of &, vwhich determines the sensitivity Of the resolver, is
positive, the probability density w.(6) only differs from

zero vhen the value of & is positive.

With the above designations, the probability that the
true signal will be taken as true (the ©probability of the
recognition of the true signal) depends on the random value
of 6§, and with the rule of resolution used, it |is
determined by the expression

=t

Pee(8) = ‘ Une(‘)[ ‘( Wae (y)dy ld‘-

vhich agrees with the expression for the probability of the

s s A | i e A




e ——————————— SV —

poc = 0037 PAGE 6

recognition of one of two orthogonal signals found in
publication [2, 3) at &6 = 0. Averaging the probability
Pu: (8) for all the possible values of random valuz 6§, we

, vill have

4

Poc= < Poc(8) >3 = | Poc (8) w1 (8)dd = 6@ @ (9) 5 Wael ) f'w.,(y)dy dx dd.
[ o
(ay

We find the probability that a false signal will be

mistaken for the true signal analogously

g e o y—3 .
Pp= < Pu(d) >0= .\'m(b) f Whe(Y) ( Wedx)dx dy dd. (2) 3
Here the probability of nonresolution is
Puecp = 1 — (Pue + Pao).

“ As an example, we will consider the case when “
recognition is based on the measurement of the signal with
the maximum amplitude at the outlet of a quadratic
amplitude detector. This case can be egquivalent ¢to the

‘ recognition of signals with the @aaxiamua brightness of the

marks on the screen of an indicator with a brightness
mark, or the recognition of radar objects from measurements

of the instantaneous values of their effective surface areas
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of radiowave scattering. Assuming that the signals at the
inlet of the detector are normal, the probability demsity
of the signals at the outlet of an inertialess quadratic

detector can be represented as

B §
¢ -, x>0, o - .V>0-
e (x) = | ™= W ={ ™ R 3)
0 x<0, 0 , ¥<0,

vhere Ou and Oa are the m®meanfN PpPowers of the true and
false signals at the inlet of the quadratic detector,

respectively. Here it is assumed apriori that Ou > Ox.

In order ¢to simplify the problem, we will also assume
that random value 6 is distributed according to Rayleigh's

law

@ (8) = ’5{ oxp (—-53-), 830, *)

vhere parameter ‘s is numerically equal to the highest

probable value of ¢the sensitivity Of the resolver.

We will point out that a number of factors prevent us
from increasing the 1lower 1limit of sensitivity of actual

resolvers (decreasing the value of 16). mainly the different

- . et s . s s e . g g g Pt et ~ it . e — o o
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type of noise and instability of different components of

the receiver and resolver.

Substituting probability densities (3) and (4) in
formulae (1) and (2), after computing the integrals of the
type (3.462.5) [4] wve will obtain the following expressions

for the above probabilities ~« and Fax :

-2V Feold)i-o@))  ®

et -aV Fm(E)-o2)]) @

where

P2) = —— -"n
@ Vﬁ dt

is the probability integral.

If the true and false signals are received against a
backgrounl of additive normal noise, o« and o= are the

total intensities of the noise and signals, 1i.e,,

O == Onco + Open, O ™ Glass 1" O,

vhere Owe and Om are the powers of ¢the true and false
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signals, respectively; and O and Oxu are the intensities

of the noise at the 1inlet of the amplitude detector during

the reception of the true and false signals, respectively.

Por the further analysis it is convenient to introduce

the follo¥Wing designations:

Oaco

Ouco
is the coefficient of similarity of ¢the false signal to
the true signal according to the mean power (the value of
the effective surface area of radiowave scattering during
radar observation);

Onen o
—Nen ~cn
e = Gce’ e

are the ratios of the noise intensity to the signal power
at the inlet of the detector during the reception of the
true and false signals, respectively (the signal/noise ratios

during the reception of the true and false signals,

respectively);

is the ratio of the most probable value Of the sensitivity
of the resolver to the power oOf the true signal at the

inlet of ¢the detector.
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As a result of these designations, the expressions for

probabilities P. and Pa« can be represented as:

-(l+v:;:(7+q..) {‘ = 1+z_, V:g o3 [ﬁ][‘—" (HL,")]}

M
P"'-(l+::):-:::-c.) {l i ql-:q,,)l/i;‘ exp [mg_':? l['—"/;ﬂfw)i} .
(®)

P‘-

In the absence of noise ( Omn =0sn =0 ) these formulae are

simplified:

p..-;%{x - ,V;E,’%,, - @) }

pam i LV EF[1-0(5 )

&)

wherepon when B << 1 (very high sensitivity of ¢the

resolver)

Pusicken, Pamece (10y

Pigure 1 shovs the dependences of probabilities P and
P on the coefficient of the similarity of the false

signal ¢to the true signal a« at different values of
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parameter B and Gwm = qdu=0.

Pigure 2 shows the dependemces of probabilitiss P and
P on the noise/signal ratio q = Que for
Ouco ™ Onea(gue = qla), p =01 and three values of the coefficient

of the sisilarity of the false signal to the true signal.

General formulae (1) and (2) and formulae (5), {(6),
(7)-(10) obtained above for the common case of exponential
laws of the distribution of the recognition parameters were
derived with consideration of the apriori data, s> that the
mean value of the recognition parameter of the true signal
is higher than that of the recognition parameter >f the
false signal. On the other hand, i.e., when the mean value
of the recognition parameter of the true signal is lower
than that of the false signal, the expressions for Pm and

P are obtained analogously.

RecOgnition of One True Signal aAmong a Group oOf [Ideltijcal

False Signals

In the majority of practical problems, it is necessary

. - T USSP S —
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to recognize the true signal from among a number of false

signals.

We will assume that one signal is singled out of N+1

e signals, for vwhich wve knov that the mean value of its
recognition parameter x is higher than the mean value of
the recognition parameter of any of the N identical false
signals. Then at an assigned sensitivity of the resolver &,
vhich is characterized by probability density v‘(6), the
probability of the recognition of the true signal is

‘ defined as the probability that all the values of the
recognition paraseters of the false signals will be 1lower
than the values of the recognition parameter of the true

signal by the value 6§
[ ] B N
¥ (8) -5 w-(*)' Ih(y)dy, dx.
Averaging this expression for all the values of 6§, we will

obtain the formula for the probability of the recognition

of the true signal

3 [ re—d N
Pae= < Pyu(8) >.-5 -\(6)5 n..(x)“ -.(y)’qvl.dxﬂ- ay

In this case, the probability of nonresolution can be
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defined as the probability that none of the recognition

parameters

of the false signals will exceed the 1limits xg6.

The computation of the integrals in the 1last equations

involves

analogously to

> 1 we
As a
form
vhere x,

The probability of nonresolution whem N >> 1 can be

significant mathematical difficulties. However,

can approximately set

0 at x—8<=x

[T ]'-,'Tl RN

» x—08> x,

result, expression (11) is simplified, assuming

P...-S s (0) S e (x) dx db, . (12)
» o

is dstermined from ¢the relationship

f- W)dy = 27",

73), for a 1large number of false signals N

the
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approxisately represefted as (considering the approximate
relationship le(y)dyaw.(x)-ﬂ for small values of §)

Py = fw.(o) ov f Wae (%) whe (2) dx + ‘S.m-(x) wa (x). de dd=

-2 5 a"m<6)do§ Whe (X) Wi (x) dx. (13)

We will <calculate the probability of the recoagnition of
the true signal with regard to the common situation
discussed above, in which ¢the probability densities of the
recognition paraseters of the true and false signals are
determined by expressions (3), and the probability density
of parameter 6 is determined by expression (4). In this

case (at N >> 1), the value of x, is found from the

relationship
“l T
J;G ‘nedx = (] — ™) = N
Whelce
K= —oxln(l =27, (14)
Considering that at a large nuaber ~{""-|_.b., the

expression for the value of x, is approxisately egual to

- i v " b o s SR e it
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Xoow One In N.

Substitutiag the relationships froa

in (12)

obtain the forsula for the probability of the

of the true

Comparing

can see

sufficiently large

PAGE 15

3N, @,

for w, (x). w:(8) and xo, Crespectively,

signal.

a(l+q,e)

n pe
P--exp[—-—lT‘—-— hN]{l — T.TEQ:V%QXP[2(1+U][I—

o H—’,:‘)]} (15)

formulae (7) and (15) with each

that other conditions being equal, for a

number of false signals N >>

probability of ¢the recognition of the true signal
former case is k times 1lower than for the
of the true signal from one false signal, where
]
(14 0,0 exp ['-i———‘:::' InN
Ko —Sam
The ProbabilitY of nonresolution for the case
question is determined by the formula

- — . .t o A g e e

and

recognition

other,

in

discriaination

in
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&
Ao=grrgicrag, e

Considering an integral of the type (3.461.2) (4], the

foramula for the probability of nonresolution (16) when B <<

1 will be
P Wwin12Ve-igh
" T (1 ™ 0010, F N 9]
: whereupon it is sisplified at Ona™~0Oxs, assuming the fora

[g=gu. ox=-L)

(N2 1 2N 2—1gN
(a4 ' N(+g

Praenp ==
The analysis of the expressions obtained above showus

that with the assumptions made, p << 1 and N >> 1, the
probabillity of nonresolution approaches zero. physically, this
is due to the fact that at a large number of false
signals and even relatively 1lov sensitivity (8 & 0-.1), the
probability that all ¢the false signals will 1lie within the
liwmits of sensitivity of the resolver xg6 is virtually

equal to zero. With these assumptions, we can say that the

e et i el - P S S e e S S S A P —— SO

o - .
T Lt

PYPRES ST TRRD I M ot ST 0 I S S
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probability of wmistaking a false signal for ¢the true one

is equal to Paxx1— Pe.
Pigure 3 shows the dependences of coefficieat K(W) on f
U the number of false signals N at 9u=¢u=0p=0,1 and a

series of values of ¢the similarity coefficient a.

Pigure 4 shows the dependences of coefficient K(q) on

e ——

the noise/signal ratio q = Que at Osen=0sn (g =¢@) for two
values of the number of false signals ¥ = 10, 20; p =

. 0. and « = 0.2, 0.5, 0.7.

It is evident fros these curves that the probabilities

of the recognition of ¢the true signal decrease wvwith the

increase in the number of false signals and the increase

in the noise/signal ratio.

Similarly, we can find the formula for the probability

of the recognition of ¢the true signal wvhen the decision is

based on the fact ¢that the mean value of the recognition

parameter of the ¢true signal is lower than ¢that of the

false signal. In this case

|
}
|
|
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@ (=3 - N
P.-s -.(0)5 v-(:)[i:v- (y)dy] dx ds.

The probability of nonresolution when N >> 1 is determined

b by expression (13), 1like before.

With reapect ¢to the laws of distribution (3)

the probabilitY of recognition Pe. is determined fronm

foraula
o o Ng? No
Poe= p;—-—_:,.{l - ;:—.NV-;-exp (;:f)[l—d’(;f)]}. One > Oge,
vhereupon, if Novos» 1,

Pagex 0,5 ——:‘ia:-.

Vhen the true and false signals are a mixture of

and noise at the inlet of a quadratic detector,

i
Pu @ (i+q,

p X N
= NFralitey {' TR V; exp[g 00 ][l—

~*(wnte )}

@>1)

R A

(4 .
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Figure 5 shows the dependences of the probabilities of

i the recognition of the ¢true signal P« om the number of
false signals N at B = 0.1y Guw =Ggx=0 ‘¢ and three values
!' of the similarity coefficient of the false signals a = 5,
.F 2 and 1l.2.

Figure 6 shows the dependences of the probability of
the recognition of the true gsignal from the noise/signal
ratio g =¢gme at Omn = Ouen (¢ne = g¢/a) fOr saveral
values of a« and tvo values of the number of false signals

N = 10 and 20.

It is also evident from these dependences that the
probability of the recognition of the true signal decreases
with the increase in the number of false signals and the

increase in the noise/signal ratio.

Thus, this analysis of the effect of the 1limited
sensitivity of the resolver on the characteristics of the

discrimination of the ¢true signal from false signals has

shown that the errors in resolution are higher than those
of perfect resolvers. The "rougher"™ the resolver, the greater
this increase in errors. The rather simple engineering

relationships obtained make it possible to compute the
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probability of resolution errors depending on the conditions
of observation and the statistical parameters characterizing
the sensitivity of the resolver-
Received 18 April 1967
After revision - 9 December 1967
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