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THE USE OF A LOGARITHMIC AMPLIFTER IN DESIGNING AN ALTERNATFE-PERIOD

CHOMPENSATOR FOR PASSIVE JAMMING

L. D. Vilesov, F. D. Lapbchik, A. P. Lukoshkin, Yu. Ye. Monakhov, and

A. A. Chuie

ABSTRACT We cxamine the question of using a logarithmic r2ceiver in
designing alternate-period compensation of passive jamming. We give

an estimate of tha datection efficiency. END ABSTRACT

1. DPFRATING PRINCIPLE

The use of alternate-period subtraction at the output of a

linear roceiver makes it possible to detect wveak signals from moving

targets agjainst a background of passive jamming. As a ruls, a

i st i
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requirement for assuring a given dynamic range is imposed on such a
system. One wvay of satisfying this requirement is to replace the

linear reaceiver with a logarithmic one.

Pigure 1 shows the block diagram of a system for compensating
for passive jamming with external coherence. We know that the basic
disadvantage of a system with external coherence is the loss of
signal in the absence of a background of interference reflections.
However, i€ passive jamming is of an extended nature and is uniform,
the use of a logarithmic receiver makes it possible to eliminate this
Aisadvantaqge. Por this purpose, at the input of the log raceiver is
linear stage 1 whdose gain is switched at the repetition rate.
Switching of 1 1e22ds only +o a change of the constant component of
*+he interference at the outonut of log receiver 2, and has no effect
on dispersion at the output, since dispersion at the ouput of
logarithmic *ransformation is constant. The low-freanency change of
*he constant component is suppressed by upper-frequency filter 3.
Compensator 4 subtracts two voltages: the undelayed (at the output of
3) and that delaved by a period (at the output of S). With total
al+ternate-nerind (or cross-period) correlation of interfarene it is
suppressrl, If thare is no noise, the signal of the previous period
is not equal to that of the next period, since unit 1 changes the
receiver gain during the veriod. Therefore, at the output of 4 in

+his case as well *there is separation of the signal.
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2. BASTC STATISTICAYT. CHARACTERISTICS AT THE COMPENSATOR J0TPUT

The signal of reflection from local objects is represented in
the form of narrow-band random processes. Then, with action of a
signal against a background of interference, considering the internal

receiver noise, the input voltage

() ==, () 8, (8) -5 (), (1)

where £4(f) is th> voltage of internal receiver noise: [.(i{} is the
voltage of passiva jamming; &0} is the signal vol*age. Ium(f), I=(f) and
.1/} are distributed by the normsal law with zero mean, while their
envelopes - . .(i.  :l; and A{¢ - are distributed by tha Rayleigh law.
Tt is necessary to find the probability density at *he nutput of +he

compensator that makes the transformation:

nbR{1) — aln Zi{L) (2)

vhere ¢, and t, - two moments of time separated by the repetition

vperiod:
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a and b - constants of the logarithmic receiver.

The probability density at the output of (2) is
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where P - envelope of the correlation coefficisnt £(t,) and

E(t2) s
2, and o245 - dispersions E(t,) and E (t;).

The anvelops nf *he correlation coefficient £\(+;) ani £(t,)

with

a siqnal on *h> backqround of interference, considering internal

receiver noise for optimum speeds:

: :f‘- . 5
l['““(‘:H/“‘") ‘:[ (o i‘+(\-f'—L ‘h’l*' (#)

vhere Pa - envelope of correlation coefficient Eu{/) s
Ps - envelspe of correlation coefficient {.(f).

Por average speels:
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When approximating W(x) by the normal law, the formulas for F

and D are simplified, and *he detection equation has the form

D=2~—d’{ &1 057+ }_.«zz _:1:""“ ’;“”»»"i';ﬁ } (6)

L
vhere ¢?, - dispersion of x with no signal;
¢? - dispersion of x with signalj;

A - incresent of constant component at output of compensator,

cansing signal suppression:

D 7
& -;}n"{l bl 1 s
¢ '~ a3} — 3)
?::f),&: !L\""i;" ‘~' -" 0?7_”" ol e ; " :_ (9,
t ’L,’ v 2T Ve 3 g - 1 3

THFP RBSULI'S OF THRORETICAL AND EXPFRIMENTAL STUDIES

The Jetection efficiency was estimated for a noiss-like pulsed

S
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siqnal reflected from a moving target against a backgrounl of passive
jamming, with consideration of internal receiver noise. The
interperiod procassing of the pulse train at the output of the

compensator was done using a digital accumulator. Two adjacent pulses

were considered +2 b2 uncorrelated, which is valid if we retune the

frequency of the transmitter every two repetition periois.

The radiation pattern was approixmated by a rectanjls.
Calculations wera performed for the following qualitative

relationships:

2

. . ‘. - & Ty
signal/internal receiver noise ratio (T;m)
It

15 48Bg

sigral corrolation coefficient P; = 0.99;

passive jamming correlation coefficient P, 0.99 ani 0.97;

numher nf pulses in the sequence n = 132,

Pigure ? shows *he theoretical characteristics of datection at
the outpnt of tha discrete accumulator for optimum target speeds,
where the phase of *he signal changes by (2n ¢ 1) w» with n = (0, 1, 2 L
ess) s The prnbability of a false alarm is 1072, From the graphs we

see *+hat a2 signal can be detected with a probability D

n

0.73 when f
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(’7:'.2 "
F=10"2 ani i a;} = 15 dB. Experimental studies gave gnoi

confirmation of the theoretical results.

Wher designing *he examined compensator it should be remembered
that inaccuracy >f the logarithmic characteristic of ths amplifier
should not exceed 1n0/,, while *the signal delay +ime in the delay

line should he matchsq with the period of the radiataq sigrals.

CONCLUSTONS

1. The us2 5f logarithmic amplifiers makes i+ possible *+o
protect the nassive jamming compensator fronm overloading. In this
case its afficiency is insignificantly reduced. Detactinn is realized

o t 3
from the ratio (*#?) = =-15dB when * = 10~2,

2. The use »f alternate-period keying of the gain in conjunction
with a logarithmiz amplifier makes it possible to eliminate signal
Aropout in svstemns with external coherence in the ahsenca of

reflec*ions ‘rom local ohjects.

U £ MU EI PPN
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Fia. 1. Block diagram of the compensation systenm.

Fig. 2. Theoretical charact+eristics of detection.
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