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OPTINUM DIVISION OF THE OBSERVATION INTERVAL DURING THE DETECTION OF

SIGNALS IN A RADIO LINE WITH ACTIVE RESPONSE

V. M. Katikov

The detection procedure in a radar device with active response,

in the general case, has tvwo stages. In the first stage (during

interval T,) inquiry signals &are detected in the receiver of the
transponder and in the second stage (interval T,) the reply signals

are detected. The guality of detection (probability of errors) in the

first and second stages under the influence of interference is
deterained by values T, and T, and therefore in the case of a limited

total observation interval (T = T, ¢ T,) the problem arises of its

subdivision into two parts.

Let us examine a discrete model for saspling data which is
FTD-ID(RS)I-0189-77
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applicable for the cases of greatest practical interest. In interval

T, let the detector of the transponder receive n; random values of a
mixture of the inguiry signal and interference. At the end of
interval T, the reply signal is characterized by the probability of a
correct respoase P, . The on-board detector carries out joint
processing of n, random values received in interval T, of the
response signal. The total number of random values n = n;, ¢ n, is

limited by the given observation interval T = T, ¢+ T,. The quality of
detection is characterized by a target function F(ng,Ry).

! We shall look for the pdnt (W, Pa)s» which yields the maximum of
E the target function in the set of points (M, A, ), vhich satisfy the

assigned condition of communication, i.e., we shall look for the

joint solution (if it exists) of the system of equations:

? ® e

; (1) iFf&-ﬂd-m F(ne,pn) ' ]
Pa=P(n¢)=p(n-n+1) ]

, i

Por this, let us represent the first difference of the target

function in the form:

(2) AF(ne, AR (M, - F (N4, P )= 8 R (M) =8 F g (Pued)

vhere
FTD~ID(I. -0189-77
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AR SMI=F(NR)-F(N4,P); AF o(Pae)sF (Nt R} Flnet, Pi,)-
Then the extremal point (Ni,pl), determined by (1) must satisfy the

folloving system of inequalities:

(3a) {'AF..,(n.)nFM(p;w)
(3b) AFp (N+) ARy (Pa) .

Considering the convexity and continuity of the target function with
respect to argument P, in the range of the maximum it is possible to

write sufficient conditions of the maximum following from (3):

(4a) {AFAL-("\-»FHP..)[P-..«' Pa)
(4b) 8 Fp (Mt )& i\ (P P Pt

During binary processing of the reply signals for the target
function one can use the cumsulative function of binomial distribution

vhich determines the probability of correct detection:
(5) FOn.p)=2 ()P (-p™.

Using the known properties cf this function [ 1]

FTD-ID(RS)I-0189-77

NE S NI v




poCc = 0189 PAGE 4

(6) : £ (P)-hF(" P)'m(n)P'M“ )n-n
- AR (M)=F(n,p)-F(n-1,p)=(04)p"(4-p)™

for the examined case we finally obtain:

(8a) {P..... Pné L*;éi.m

(¥b) Pr P2 R0 (%ﬁ—) (™™

The obtained expressions (8) make it possible to find the

optimum subdivision of the selection of a given volume (m) between
the on-board detector (N!) and the active transponder (N{ ) with the

assigned function of the quality of the response P2p(n).

In the range defined by the inequality (8a) the target function

necessarily increases with an increase of n, and in the range of
inequality (8b), necessarily decreases. The extremal point (g ,AY is

located in the area of intersection of inequalities (8a) and (8b) or

in the area of indeterminacy (incompatibility of the inequalities).

It should be remembered that the ottained expressions are valid

FTD-ID(RS)I-0189-77
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in the area of convexity of the target function with respect to the
argument ‘P, « The boundary of this area can easily be found
according to the well-known rule of determination of the inflection
point which for function (5) leads to the following inequality giving

the area of convexity:

(9) P Rct

More specific definition of expression (8) is possible in the

case of the assigned analytical dependence R, =p(n,).
LITERATURE
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