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ABSTRACT

- The different types of noise encountered in a radar
such as clutter, receiver noise, cosmic noise, are described.
The various devices which are employed for minimising the
effect of these noises such as logarithmic amplifiers, FTC, para-
metric amplifiers and masers, are discussed. Mention also is
made of methods for reduction of noise based on information
theory. It is concluded that by a judicious apphcatlon
of some of these methods, it may be possible to increase
the effective range of a radar. :

Introduction

Tt is well known that in 1adar, signals reflected from such ob]eats as the
earth’s surface, the surface of the sea and the reflections from rain and such
other undesirable objects appear in the display scopes as a noise known as
‘clutter’. It is also known from the theoretical study of Bernstein! and Swerling?
and from the computations of Murty and Murthy® that there is a limitation
on the accurate determination of the azimuth angle of a target in any search
radar, on account of the presence of receiver noise and the fluctuations of the
target cross-section. In addition, there is the noise from the extra-terrestrial
sources known as ‘cosmic noise’. Various attemps (%> °%") have been made to
minimise the effect of above mentioned limitations on the performance of tha
radar. Mention may be made of the development and use of system known as the
instantaneous gain control, sensitivity time control, use of logrithmic devices
and use of circular polarisation for the reduction in clutter. In addition, various
types of filtering net-works® have been developed for the reduction in the receiver
noise such as matched filtering, comb filtering” linear integration and. correla-
tion. Further the development of the moving target indicator system10 reduces
to a very great extent signals other than those from the desirable target to be

reproduced on the scopes.

The object of the present paper is to describe the characteristics of the
various types of noises mentioned above with a critical discussion of the different
techniques, developments for the minimization of respectlve effects.

Nature of noises

(¢) Clutter 1%, 1—Clutter is a type of noise which' can be statistically
“predicted over a number of consecutive pulses. Targets responsible for ground
clutter include motionless objects like tree trunk, rocks etc. and such assemblies
_consisting of leaves, branches, etc. which move in the wind. Sea reflections usually
“cover a considerable area which contain a very large number of small echoes
each of which changes in position and brightness from one revolution of the
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radar scanner to the next. The fronts of the waves give stronger echoes than
the backs and therefore the clutter area will not be symmetrical about the shlp,
A choppy sea produces closely | spa.ced returns which may be 86 dense néarer
the centre of the rcreen as to give the effect of an almost solid echo. If the:
movement of the sea is largely due to swell, there will be a wider space
between the echoes although they will extend to some distance. The strength of
the rain clutter depends upon the intensity of the storm, that is, upon the sme
of the drops and the spa.cmg between them.

(i5) Receiver noise’®—The receiver noise is mainly contributed by the
converter, local osclllator and the IF amplifier of the radar receiver, the noise-
contributions bemg independent of each other. The overall noise ﬁgure of the
receiver sys@em is very much influenced by the conversion gain of the con-
arter and the effective temperature of its IF resistance viewed at the IF ter-
minals of the mixer. This crystal noise accordmg to Weisskopf 12 compmses of
{a) thermal noise of the spreading (semi- conductor) resistance, (b) shot noise
caused by electrons flying over the barrier (c) fluctuation noise caused by motion.
of charges on the contact surface. According to Pierce!?, the local oscillator
noise is composed of (a) shot and partition noise in electron beam coupled out
through the cavity, (b) amplitude modulation of the oscillator by IF noise
components in the beam, (c) frequency modulation of the oscillator at the I/F
rates cause by the fluctuation in the phase of the returning electrons. The
receiver noise phenomena is randem in nature. Coupled with the fluctuations
of the target eross-section, the receiver noise imposes a limitation on the accu-
rate determination of the position of target in any radar.

(t6z) Cosmic noise and other noises’®—The thermal radiation from the
inter-steller bodies is intercepted by the highly directive antenna employed
in the radar system. At microwave frequencies. thermal radiation omitted -
by the surroundmg objects as well radiation from the objectives upon which
the antenna is pomted are plcked up by the antenna. This type of noise is
called ‘antenna noise.’

Methogl: 31 reduction of the noises

=) Reduction of C'lutter——Several techniques have been developed for the
reduction of clutter saturation such as reduction of receiver gain, IAGC, STC,
logarithmic amplifier, FTC and circular polarisation. By reducing the receiver
sensitivity, the strength of clutter is decreased but at the same time, weak
signals are lost. An improvement in the system of gain reduction is the sensiti-
vity time control. The gain of the receiver, in 8TC, is reduced to minimum after
every transmitted pulse and then gradually raised to the maximum sensitivity

. at a rate determined by practical considerations, particular to the explored
area, thereby reducing the saturation possibilities from close permanent echoes.
The STC control has proved to be successful in operation with sea return.
but not generally useful in rain storm clutter where the-clutter pattern is not
uniform and as it requires considerable skill in adjustment. In civil marine
radars, the linear receiver is followed by a differentiating or fast. time constant
circuit (FTC), the time constant being nearly equal to the reciprocal of the pulse-
length, to reduce the intensity of the clutter background and enables large
targets to be seen in it. A further i lmprovement is the instantaneous automatic
gain control system (IAGC). Here the receiver sensitivity is normally kept




38 ... NOISE REDUCTION. IN RADAR _ - . "
-ap maximum and when an echo strength rises above a predetermined level,
‘the sensitivity is automatically reduced, corresponding to strength of the echo.
As soon as the strong echo ends, the receiver returns to its full sensitivity with a
certain recovery time. The main dlqadvantage in this system is its inherent time
constant which disables the receiver to recover back quickly thereby losing
weaker signals. A better method from practical point of view for reducing all
types of clutter is to use an IF amplifier with logarithmic input-output charac-
teristics. This method cpmbines the advantages of all the above-mentioned
systems such as absence of saturation even from close permanent echoes
as in the STC system, a sense of clutter fluctuations at the output unlike the
TAGC system and a shorter recovery time to full sensitivity than in the JAGC
system without its practical disadvantages. Rain clutter is reduced to a consider-
able extent by the use of “circular polarised radiation”. 1 The above mentioned
methods when used properly and in suitable combmatlon produce good results

in the rediction of all types of clutter. « e

(1) Reduction of receiver noise—Noise normally present in the receiver,
can be reduced by circuit ingenuity and improved methods of construction
and use of lower temperatures. Filtering techniques such as matched filtering,
ccomb- filtering, linear integration and correlation etc. which admit only that
noise which is coincident with the spectral components of the signal but not
the noise which lies outside the signal spectrum, are useful deviees in reducing
the receiver noise. The matched filter is composed of tapped delay lines,
weighting amplifiers and an adding bus. This is designed for the particular pulse
width and has a frequency transfer function which resembles the spectrum,
input signal: The comb filter, unlike the matched filter, mtegrates ove
than one pulse. This method is equivalent to insertion of band | pass filters of
infinitesmal width at the spectral lines of a repetitive signals if the band pass
filters are infinitely narrow, the filter in effect cperates inan infinite pulse train -
and the filtering is perfect. In practical applications when comb filtering is
restricted to finite number of pulses, perfect operation is not possible. The ad-
vantage of the methods like integration and correlation consists in the fact that
signals reinforce upon successive additions in time whereas noise both reinforces
and cancels. Integration can be achieved by introducing the signal into a number
of storage elements, with given delays and then summing the delayed signals.
Extreme care should be taken in the design of the filters for the optimunt band
width as otherwise it may destroy the pulse shape Rl

Another method of i improving the receiver noise figure is by increasing the
sensitivity of the receiver by use of some kind of R. F. amplifier. This amplifier
at-microwaves can take the form of either a low-noise travelling wave tube, &
parametric amplifier or a miser. Typical noise figures obtainable with a travell-
ing wave tube or a paramstric amplifier is of the order of 4dB. The maser
while capable of giving still lower noise figures (as low as 1dB), has however the
disadvantage of havin g to operate at liquid helium temperatures. Present trend
in radar development is to make use of these devices to obtain increased radar
Tanges. :

‘MTI system

A very useful method in the reduction of noises is the use of the principle of
discriminating a movmg target from interfering fixed objects as in the MTI
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system. In this technique, the:received signal is combined with the local oscilla-
tor. as well as a “COHO’ oscillator ‘output energies. The ‘COHO’ -oscillator is
triggered by the RF transmitter pulse and feeds into the recciyer a constant RF
- -voltage larger than any received echo voltage. Therefore, depending upon: the
- relative phases of the echo changes, of the coho, changes will be produced in the
RF voltage and the output voltage of the IF amplifier is a function of echo
amplitude as well as the-phase of the echo return relative tq'the coho. The
-TF amplifier is of a non-saturating type viz logarithmic, with two output
-channels—one producing a conventional video signal and the other producing-
.an exact replica of the signal, delayed in time, the delay, corresponding to the
reciprocal of PRF. Then thie channel to charnnel subtraction device elminates
completely echoes from fixed objects thereby enabling echoes -from only moving
-objects to appear at the display scopes. In spite of the stringent requirements
for the stability, systems have been developed successfully in removing all types
-of clutter. The main disadvantage in this system is its complexity and its
inability in tracking slowly moving targets.
-Conclusions
. The nature of the different types of noises encountered in radar have been
-discussed. The different methods for minimizing the effect due to various noises
Jhave been reviewed. It is concluded that much experimental work has yet to be

- carried out in fully developing satisfactery anticlutter devices and efficient
filtering networks for reducing receiver noise. :
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