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[57] ABSTRACT

To suppress rain echos in a terrain tracking radar with
elevation monopulse devices, the signal in the differ-
ence channel is amplified by a predeiermined factor. By
comparing the level of the sum signal with the amplified
difference signal, conclusion is reached about the pres-
ence of a ground echo or a rain echo. The factor should
preferably be automatically adjustable according to the
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level in the sum channel.
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METHOD AND ARRANGEMENT FOR THE
SUPPRESSION OF RAIN ECHOS IN A TERRAIN

-1 4 SDasasile L2 XA

FOLLOWING RADAR

FIELD AND BACKGROUND OF THE

INVENTION

The present inveniion relaies to a method for ihe
suppression of rain echos with a terrain following radar
of the kind which has an elevation monopulse device
and an arrangement for carrying out such a process.

The climination of side lobe echos by means of a
guard channel and the restriction to directions above
the antenna axis direction (boresight) by phase compari-
son of sum and difference signals of an elevation mono-
pulse radar are part of the general state of the art. The
prerequisite for recognition as ground in a terrain track-

iessy wad i 5
ing radar is that an amplitude threshold must be ex-

ceeded in the sum channel. In the processor, the usual
monopulse processing is replaced by the so-cailled MRI-
algorithm. This algorithm has the effect that echos are
only over a small region directly above boresight.

»n

Rain echos (caused by droplets of water) can also -

frequently exceed the amplitude threshold and be mis-
taken for a ground echo, so that the terrain following
control triggers a wrong maneuver to avoid the sup-
posed ground, and the aircraft climbs above the cloud
cover.

Prior art processes for eliminating rain echos are
based on the use of circular polanzed waves. The selec-
tive receptlon of echos of oniy one pOIarlzanon direc-
tion can only be used in light rain situations.

A further developed, already proposed process goes
on from there to provide for separate reception of both
polanzatlons and the recogmtlon of rain clutter by
means of an arx‘lpmuuc &.OﬁipariSuu

The disadvantage of this is that it necessitates an
additional receiving channel.

SUMMARY OF THE INVENTION

Tha cmwncmnt jnandinn aaaka 4
The present invention seeks to solve the problem of

developing a process of the kind specified at the begin-
ning, that makes it possible at little additional cost to
largely eliminate rain echo. The invention also provides
an arrangement for carrying out such a process.

Accordingly an object of the present invention is to
provide a process and arrangement for eliminating rain
echo in a terrain following radar having an elevation
monopuise device with a sum channei and a difference
channel each having a signal amplitude, where all echos
above an antenna boresight are taken into account and
are integrated over a narrow range area, and wherein
the signal amp]itude of the difference channel is rein-
forced Dy a preuetemuneu factor and Cl‘)ﬁiﬁ&féu with
the-signal amplitude of the sum channel. Echo is elimi-
nated if the reinforced signal amplitude is greater the
difference channel than in the sum channel.

The invention is notable for the very small additional

blney eramrriend = 1
outlay required on conventional terrain following ra-

dar, since it is only necessary to amplify the signal by
multiplication or, in in a preferred embodiment with
logarithmized signals, by the addition of a predeter-

mined level.
A further obiect of the invention is to

further object of the invention is
arangement for carrying out the process of the inven-
tion which is simple in design, rugged in construction
and economical to manufacture.

provide an
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention are illustrated in the
drawings, wherein:

FIG. 1 is a schematic illustrational view showing a
flight simulation with a terrain following radar of an
aircraft moving over the ground;

FIG. 2A is a graph showing the level or amplitude of
the sum and difference channels of an elevation mono-
pulse device in a terrain following radar, relating the
amputuaes o elevaiion above boresight over terrain
when it is not raining;

FIG. 2B is a graph similar to FIG. 2A showing the
inventive signal processing;

FIG. 3A is a view similar to FIG. 2A showing signals
when it is raining;

FIG. 3B is a view similar to FIG. 2B showing signals
when it is raining and processed in accordance with the
invention;

FIG.4Aisa graph similar to FIG. 3A in the presence
of rain and weakly reflecting ground;

FIG. 4B is a graph similar to FIG. 3B showing signal
processing according to the present invention in the
presence of rain and weakly reflecting ground;

FIG. 4C is a view similar to FIG. 4B showing how
the amplification factor can be changed in accordance
with the present invention to compensate for weakly
reflecting ground;

FIG. 5 is a schematic block diagram showing an
arrangement for practicing the invention according to
one embodiment thereof; and

FIG. 6 is a view similar to FIG. 5 showing another
embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIG. 1 of the ground area which is detected by the
portion of the antenna pattern ABS lying over a bore-
sight (B), only ground location due to restriction to a
narrow range ring dr and to the echo closest to the
antenna, which for the ground echo entails a consider-

able narrowing of the “antenna angle over boresight.
Ground echos are therefore usually picked up only
from the sum curve = shown in FIG. ZA, and appear in
the difference channel only with much smaller ampli-
tude. The difference curve is shown at A.

When it is not raining (FIGS. 2A and 2B), there will
thus be considerably higher amplitude S in the sum

channel than in the difference channel B in FIG. 2A or

D’ in FIG. 2B, both when k=1 (FIG. 2A), i.e. without
the additional amplification called for by the invention,
and when the invention is used (FIG. 2B), i.e. k> 1. The
invention is thus capable of providing equally reliable

nwd wonnoat
ground recogaition in non-interference environment of

this kind.

FIGS. 3A and 3B represent the level situation with
rain and without ground echos. The signal amplitudes
in the channel correspond to the integration over the
entire heam rangp of the sum (2\ or difference (A\

curve, since the rain area represents a planar target that
extends over the entire angle range of the diagrams. The
amplitude S in the sum channel exceeds the amplitude
threshold and without the invention is greater than the
amplitude D in the difference channel (FIG. 3A). An
amplitude comparison in this case results in target de-
tection, which triggers a wrong maneuver in the terrain
following conirol.
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With an additional amnhﬁnoﬂnn pursuant to the in-

vention by a factor k, the remforced amplitude D’ of the
difference channel is greater than the amplitude S in the
sum channel, so that now an amplitude comparison of S
and D’ leads to elimination of this echo as the result of
a conclusion about the presence of rain clutter. The
result is thus a reliable elimination of pure rain echo.
When there are ground echos and rain echos at the

averagely reflecting ground and weakly reflecting
ground. With strongly to averagely reflecting ground,
the rain, because of its small back scatter cross-section,
delivers only a relatively small signal proportion, and

the level situation is largely the same as that shown in

FIGS. 2A and 2B.

In the case of rain and weakly reflecting ground, the
level of ground echo, for one thing, is still only roughly
on the same order as the level of rain clutter; for an-
other, with very weakly reflecting ground, the ground
echo closest to the antenna is not always recogmzed and
a ground echo lying further above boresight is picked
up, under which conditions the proportion of ground
echo even in the difference channel can no longer be
relied on. In this case, with the additional reiforcement,
amplitude D’ in the difference channel can be greater in
spite of the presence of a ground echo than in the sum

channal /ETIQC AA ADY
TRanne: I ansS. *ny ¥5).

This can generally be tolerated, however, because
such slight reflecting power on the part of the ground
occurs and because the ground recognition in one of the
adjacent elevation positions of the pivoted diagram is
sufficient for the functioning of the terrain following
control. Horeover, a further development of the inven-
tion provides that the amplification factor k can be
variably assigned and is automaticaily adjusted accord-
ing to the amplitude in the sum channel, where for large
amplitudes corresponding to strong ground echos (see
FIG. 2B) a greater amplification factor is used than for
small amplitudes S corresponding to a possibly weak
ground echo (FIG. 4C). The amplification factor k
would then be, for example, in the range of from two (2)
to five (5).

FIG. 5 shows a diagrammatic layout of an arrange-
ment for carrying out the described process, in which

the sum channel and the difference channel are con-

nected to the two input points of a comparator for pur-
poses of level comparison. Along the difference channel
before it reaches the comparator, lies a multiplier that
amplifies the difference signal D by a given factor k.

The comparator gives out a signal Z indicating the

presence of a ground echo when the sum signal S is
greater than the ampliﬁed difference signal D'

e ATt 7 £ 3o

The arrangement in FIG. 6 differs from that shown in
FIG. 5 in that the sum and difference signals S and D
are logarithmized. That is the logarithm of the signals S
and D (IgS and gD respectively) are taken and a level
correspnding to Igk (logarithm of factor k) is simply

added to it in an analog adder.

While specific embodiments of the invention have
been shown and described in detail to illustrate the
appliation of the principles of the invention, it will be
understood that the invention may be embodied other-
wise without departing from such principles.

What is claimed is:

1A process for eliminating rain echo in the signals of
a terrain tracking radar wiih elevation monopuise
means for sending and receiving signals over an antenna
pattern lying above a boresight direction, the mono-
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han‘nn a enim rha al far cimming cionale
e means having a sum channel for summing signals

difference channel for differencing signals, each
cha.nnel having a signal amplitude, and where only
echoes above the antenna boresight are taken into ac-
count and are integrated over a narrow range area,
comprising aiming the antenna boresight at the intersect
on the ground, remforcmg the sxgnal amplitude of the
difference channel by a predetermined factor which is
greater than one as compared to any reinforcement of
the sum channel, to form a reinforced signal amplitude,
comparing the reinforced signal amplitude to the signal
amplitude of the sum channel, and eliminating the echo
signal if the reinforced signal amplitude is greater than

hannal cional amnlitud
the sum channel signal amplitude.

2. A process according to claim 1, including multiply-
ing the signal amplitude of the difference channel by the
predetermined factor to form the reinforced signal am-
plitude.

3. A process arcnrdmu to claim 2, including changing
the predetetmmed factor in accordance with | the amph—
tude of the sum channel to compensate for changing
conditions of rain and terrain.

4. A process according to claim 1, including taking
the logarithm of the signal amplitudes for at least one of
the difference channel and the sum channel, taking the
logarithm of the predetermined factor, and adding the
logarithm of the predetermined factor to the logarithm
of the signal amplitude of the difference channel to form
the reinforced signal amplitude.

5. A process according to claim 4, including changing
the predetermined factor in accordance with the ampli-
tude of the sum channel to compensate for chang:ng
conditions of rain and terrain.

6. A process according to claim 1, including changing
the predetermined factor in accordance with the ampli-
tude of the sum channel to compensate for changing
conditions of rain and terrain.

7. A process for eliminating rain echo in terrain track-
ing radar with an elevation monopulse device having a
sum channel and a difference channel each having a
signal amplitude, where only echoes above an antenna
boresight are taken into account and are integrated over
a narrow range area, characterized in that the antenna
boresight is aimed to intersect the ground, the signal

i 3 ¥ nal ia roinfArcand ey
a.mplit'dde (D) of the difference channel is reinforced b y

a predetermined factor (k) and to a greater extent than
the sum channel to form a reinforced signal amplitude
(D) and the reinforced signal amplitude is compared
with the signal amplitude (S) of the sum channel, and
that the echo is eliminated if the reinforced signal ampli-
tude (D) is greater in the difference channel than in the
sum channel.

8. A process pursuant to ciaim 7, chracterized in that
the signal amplitude in both channels are logarithmized
and the signal amplitude (IgD) in the difference channel
is increased by a predetermined amount (Igk).

9. A process pursuant to claim 7, characterized in that
the factor (k) is variably predetermined and adjusted
depending on the amplitude of the sum channel auto-
matically.

10. An arrangement for eliminating rain echo in a
terrain tracking radar having elevation monopulse
means with a sum channel and a difference channel both
having signal amplitudes and wherein the monopulse
means only takes account of echoes above an antenna
boresight directed to the ground, which echoes are
integrated over a narrow range area of the terrain, the
arrangement comprising means for reinforcing the sig-

. 8
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nal amplitude of the difference channel by a predeter-
mined factor which is above one and which is greater
than any reinforcement of the sum channel, to form a
reinforced signal amplitude, and comparator means for
comparing the reinforced signal amplitude to the signal
amplitude of the sum channel to form an output, the
echo being eliminated if the outpui indicates that the
reinforced signal amplitude is greater than the signal
amplitude of

11. An arrangement according to claim 10, wherein

. .
he factor is selected to be from 2 to 5.

dlan cczcma alhnceeal
i€ Sum Ciiannada.
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12. An arrangement according to claim 10, wherein .

said reinforcing means comprises a multiplier for multi-
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plying said predetermined factor
tude of the difference channel.

13. An arrangement according to claim 10, wherein
said reinforcement means comprises logarithm means
for taking the logarithm of the predetermined factor

and th jon 3 ac H
and the signal amplitudes of the difference channel and

the sum channel, and means for adding the logarithm of
the predetermined factor to the logarithm of the signal
amplitude of the difference channel for forming a loga-

rithm of the reinforced signal amplitude, said compara-
the logarithm of the sional amnlitude of

tor receiving the logarithm of the signal amplitud
the sum channel.

14. An arrangement according to claim 13, wherein
the predetermined factor before the iogarithm is taken is
from 2 to 5. .
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