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beam is of importance when an operational radar system is moved over a
hilly terrain, while process- The invention relates to a radar system  for
ing tilted positions as efficiently as possible. automatically tracking
targets which are at suffi-      Once the radar system has detected the
target ciently low altitudes to produce echoes which are   5   and has thus
assumed the tracking phase, elec- reflected by the earth's surface, said
radar system  tronic readjustment of the range gate for a smaller
comprising:                                          value is a simple
matter to obtain a better (a) an antenna system  arranged to operate in
signal/noise ratio; however, it is not possible to first and second
frequency bands, the first fre-  reduce the beam width, as the antenna size
is a quency  band  corresponding  with  longer   10  fixed parameter. It is
therefore necessary to con- wavelengths for angular tracking  at longer
tinue tracking of the target with a too wide a beam ranges and the second
frequency band cor-         width; this does not usually present any
insuper- responding with shorter wavelengths for angular   able problems.
tracking at shorter ranges;                           Should the target
however retain a relatively (b) means for controlling the direction of the
15  low altitude, in particular with a relatively large antenna system to
effect target tracking;         target range, there is the problem that,
due to (c) a first radar apparatus electrically coupled to  reflection of a
part of the echo signals against the the antenna system  and operable to
transmit      earth surface, the tracking antenna just because of pulses in
the first frequency band to effect an-  its excessively wide beam receives,
in addition to gular tracking at the longer ranges, said first  20  the
echo energy derived directly from the target radar apparatus including a
first receiver for    being tracked, echo energy derived from the target
producing signals at the intermediate frequency,  but reflected by the
earth surface. The result is that representative of the ranges and
directions of    the reflected radiation pattern will be disturbed, and
targets at the longer ranges;                     may impede the accurate
tracking of the target. In (d) a second radar apparatus electrically coup-
25   other words, the advantage gained with a rather led to the antenna
system and operable to trans-  wide antenna beam  in the acquisition  phase
mit pulses in the second frequency band to        changes into a
disadvantage in the tracking phase, effect angular tracking at the shorter
ranges,    in particular with the tracking of a low-flying target said
second radar apparatus including a second    at short range when it is
desired to avail of a receiver for producing signals at the intermedi-  30
reasonably narrow antenna beam. Since larger di- ate frequency,
representative of at least the di-  mensions of an antenna result in a
narrower an- rections of targets at the shorter ranges;        tenna beam,
a solution for the above conflicting (e) control means coupled to the first
and sec-   requirements is obtainable with a phased-array an- ond  radar
apparatus, to signal processing        tenna according to the state of the
art: in the means, and to the means for controlling the   35  acquisition
phase of a given target the more cen- direction of the antenna;
trally located antenna elements are utilised through said control means
effecting timing of pulse trans-  a suitably selected amplitude and phase
control of issions by the first and second radar apparatus,  these
elements, resulting in a rather wide antenna -and effecting control of the
antenna direction for   beam. On the other hand, in the tracking phase in
longer and shorter range targets in response to first  40  respect of low
flying targets, all antenna elements and second antenna direction error
signals, respec-  are involved to form the antenna beam through a tively.
change in the amplitude and phase control of these With a target at a
designated range and azi-     elements, resulting in a rather narrow
antenna muth, but still unknown elevation, such a radar      beam. system
is aligned with the indicated range and   45    Such a solution is however
inapplicable to a azimuth during acquisition, whereupon the tracking
tracking antenna with a parabolic reflector of fixed antenna performs a
motion in elevation. At the       dimensions. In such a case, the
abovementioned moment the tracking antenna acquires the target,
problems can be solved by making use of a reflec- the three-dimensional
position (range, azimuth and   tor area of maximum  dimensions for a
tracking elevation) of the target is known, so that the actual  50
antenna with a suitably selected frequency to pro- *     tracking phase of
the radar system can be started.   vide a rather narrow radar beam and,
hence, less Since the target may change its position rapidly
disturbance of the reflected radiation pattern. This during the acquisition
phase and, hence, the range   is however possible only if during the
elevation and the azimuth may be subject to change during      scan of the
tracking antenna the probability of this phase, it is advisable to select a
sufficiently   55  loosing the target is minimised in the acquisition wide
range gate and beam width to prevent that       phase; therefore, it is
imperative that the range and the target is lost during the elevation scan
of the  azimuth values of the target are continuously deter- tracking
antenna. Moreover, a not too narrow a       mined by the search radar as
well as possible and 2 
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are employed optimally to align    range gate circuit which is, however,
controllable the tracking radar during acquisition. As concerns   by the
range tracking unit of the first radar appara- the determination of a
highly accurate azimuth val-  tus, which radar system further comprises
selection ue of the target by the search radar, it is important  means
supplied with error voltages from the angle to select the maximum
dimensions of a search    5   tracking units of the radar apparatuses which
error antenna.                                             voltages are
subsequently fed to antenna servos Such a solution to the problem has
however       used for the angle tracking movement for which the
disadvantage that the tracking antenna and the   purpose said selection
means is controlled by at search antenna to be used are highly vulnerable
least a control signal derived from the second radar due to the dimensions
during bombardments, and   10  apparatus when the target being tracked is
within during transport of the radar system, while operat-  its detection
range. ing, on a vehicle under extreme terrain conditions      This system
solves the above-mentioned prob- (e.g. a forested area).
lem. However, the radar system according to the According to the state of
the art, another solu-  U.S. patent contains two complete radar ap- tion to
the indicated problem  of minimising the   15  paratuses operating in
different frequency bands, probability of losing the designated target
during   e.g. X and Ka bands. acquisition is realisable with the tracking
antenna     According to the invention the radar system is performing a
socalled T.V. scan over a certain       characterised in that the signal
processing means azimuthal sector in ascending direction. Such a      are
arranged for deriving, from the signals pro- solution however is successful
only for slowly mov-   20   duced by the first radar apparatus, first
antenna ing targets.                                         direction
error signals for targets at the longer According to the U.S. patent
3,827,049 a radar   ranges and target range information; where said
apparatus is known for the automatic tracking of    signal processing means
are also arranged for de- targets, in particular targets which are at a
rela-  riving, from the signals produced by the second tively low altitude,
comprising a first radar appara-   25  radar apparatus, second antenna
direction error tus for tracking said targets in range and angle
signals for targets at the shorter ranges, said con- coordinates and a
second radar apparatus for        trol means effecting alternate
application of the tracking said targets at least in angle coordinates,
signals from the first and second radar apparatus at which radar
apparatuses, both operating in different  the inputs of the signal
processing means, and frequency bands, utilise one and the same antenna
30   where said signal processing means comprises: whereby the frequencies
from the two frequency         (f) three quadrature phase sensitive
detectors for bands, when tracking a particular low-flying target,
alternatively phase detecting respective eleva- are characteristic for the
receipt of echo signals     tion difference signals, azimuth difference
sig- from different ranges in that each of the radar      nals and sum
signals produced by the first and apparatuses produces a reliable angle
error voltage   35  second radar apparatus, and in the respective range,
for which purpose the         (g) a matched filter electrically connected
to the frequency of the second radar apparatus is so high     phase
sensitive detectors for deriving, from the that the disturbance due to the
receipt of target      alternatively phase-detected signals, phase error
echoes reflected by the earth's surface has no         indication values,
range-error-indication values, influence on the antenna tracking motion,
and   40     and sum signal values by determining the re- whereby in a
first mode of operation in which a        spective average amplitudes of
said phase-de- target being tracked is outside the range of the
tected signals. second radar apparatus, the target is tracked in        The
invention will further be described with range and angle coordinates by the
first radar      reference to the accompanying drawings, in which:
apparatus, for which purpose the first radar appara-   45  Fig. 1
illustrates a first feasible embodiment of a tus is provided with a range
gate circuit, a range     radar system according to the invention, and
tracking unit controlling the opening of the range     Figs. 2A-2B
illustrate a second feasible embodi- gate circuit, and with an angle
tracking unit that     ment of a radar system. supplies angle error
voltages for the alignment of      Fig. 1 shows the tracking antenna 1 of a
radar the antenna, while in a second mode of operation   50  system. It is
known that with the tracking of a target assumed when the target being
tracked by the first   flying at a low altitude the beam of tracking an-
radar apparatus arrives within the range of the      tenna 1 also
illuminates a part of the earth surface, second radar apparatus, the target
can be tracked    so that tracking antenna 1 receives, in addition to in
angle coordinates by the second radar apparatus   echoes derived directly
from the target, target ech- and in range by the first radar apparatus, for
which   55   oes reflected by the earth surface. The latter ech- purpose
the second radar apparatus is also pro-      oes seem to originate from a
fictitious target, which 



vided with an angle tracking unit that supplies error  is the image of the
target being tracked with re- voltages for the alignment of the antenna,
and a     spect to the reflecting earth surface. The target and 3    5
EP 0 203 644 B1                     6 the fictitious target may in turn be
conceived to be     According to the invention, the radar system radiating
sources, of which the generated wavefront  may assume two modes of
operation. In a first to encounter the tracking antenna will seem  to
mode in which a target being tracked is outside the originate in general
from a direction other than that  range of the second radar apparatus, the
target is of the target being tracked. The tracking antenna 1   5   tracked
in range and angle coordinates by the first will then no longer be directed
to the target being  radar apparatus; to this end the first radar appara-
tracked, but - depending on the incurred phase       tus is provided with
range gate circuitry, a range jumps in the wavefront - will align itself at
an     tracking unit controlling the opening of the range elevation that is
either too small or too Large. The  gate circuitry, and an angle tracking
unit that sup- angular error thus arising is inversely proportional   10
plies the error voltages for the alignment of the to the range of the
target being tracked, provided   antenna with the target being tracked. In
a second the target flying at a low altitude has not ap-      mode, assumed
when the target being tracked by proached the antenna 1 too closely; for
very short   the first radar apparatus arrives within the range of ranges
the elevation angle of the radar beam in-     the second radar apparatus,
the target can be creases, as the target approached the antenna 1,  15
tracked in angle coordinates by the second radar so reducing the image
effect and hence the an-       apparatus and in range by the first radar
apparatus. gular error. In fact, within a certain range no image  To this
end, the second radar apparatus is also effect will occur at all. With the
use of a radar    provided with an angle tracking unit that supplies acking
apparatus operating at a wavelength of X     the error voltages for the
alignment of the antenna, = 3.2 cm and a tracking antenna of limited dimen-
20  and a range gate circuit which is, however, control- sions, it is found
that the accurate tracking of a   lable by the range tracking unit of the
first radar low-flying target, that is in angle coordinates, is  apparatus.
impossible if this target is at a range of about 5 km    The  radar system
further comprises first from the antenna. If the wavelength used is de-
switching means with the aid of which the error creased by a factor 4, i.e.
X = 8 mm, the angular   25   voltages supplied by the angle tracking unit
of the error, caused by the image effect due to the earth   first or the
second radar apparatus are fed to the surface, is strongly reduced through
the choice of a  antenna servos used for the angle tracking move- smaller
wavelength. The range of a radar tracking    ment; to this end the first
switching means is apparatus, operating at a wavelength of 8 mm, is
controlled by at least a control signal derived from highly limited in
comparison with a radar tracking   30  the second radar apparatus to
indicate that the apparatus operating at 3.2 cm. Hence, the use of
target being tracked is within its range of detection. such a tracking
apparatus as an independent unit        If the target being tracked by the
3.2 cm radar serves little purpose.                               apparatus
arrives within the range of the 8 mm There will now be described a radar
tracking      radar tracking apparatus and the system  thus system
embodying the invention that enables the   35   changes into the second
mode, the target can be acquisition of specified targets and the tracking
of  tracked in angle coordinates by the 8 mm radar targets at a relatively
long range using a relatively  apparatus and in range by the 3.2 cm radar
ap- de beam, and also the accurate tracking of tar-     paratus. However,
the latter is not necessary; the gets at low altitude and at relatively
short range.  range tracking may also be performed by the 8 Such a radar
system, according to the invention,  40   mm radar apparatus. comprises a
first radar apparatus for the tracking of    Although any combination of
existing pulse ra- targets in range and angle coordinates, and a sec-   dar
apparatus is applicable to meet the above ond radar apparatus for the
tracking of said targets  objective, in the embodiment illustrated by the
at least in angle coordinates, which radar appara-   block diagram of this
figure both the 3.2 cm and tus, both operating at their own wavelength, for
45  the 8 mm radar apparatus are constituted by a example 3.2 cm and 8 mm,
respectively, make use      separate monopulse radar apparatus. In
selecting of one and the same tracking antenna. The two        these radar
apparatus, due account must be paid wavelengths, at least with the tracking
of a low-    to the fact that the two radar tracking apparatus flying
target, are characteristic for the receipt of  make use of one and the same
tracking antenna. echo signals from different ranges, within which   50
In the illustrated embodiment the radar system ranges the particular radar
apparatus produces a     uses a polarisation-rotating Cassegrain antenna,
of reliable angle error voltage in the event a target   which the main
reflector 2 is a parabolic twist being tracked is at a relatively low
altitude, where-  reflector and the subreflector 3 a hyperbolic hori- 



by the frequency of the second radar apparatus is    zontal grid
(transreflector). The feedhorn 4 of the of such a high value that the
interference caused   55   3.2 cm monopulse radar apparatus is situated at
by the receipt of target echoes reflected by the     the zenith of the
parabolic reflector 2, which is also earth surface has no influence on the
antenna        a first focus of the subreflector. The horizontally tracking
movement.                                   polarised radiation emitted by
feedhorn 4 illumi- 4    7                  EP0203644B1
8 nates, after reflection by the subreflector 3, the   quency amplifiers 14
and 15, phase-sensitive de- twist reflector 2 which rotates the
polarisation plane  tectors 16 and 17, boxcar circuits 18 and 19, dopp- of
the reflected radiation through [err] this radiation  ler filters 20 and
21, and low-frequency amplifiers is not affected by the subreflector 3,
preventing    22 and 23. subreflector 3 from influencing the radiation
pattern    5  Since these two receiver channels are identical, adversely.
The radiator 5 of the 8 mm radar ap-     the operation of the receiver
channel processing paratus is situated at the focus of the twist reflector
the AB signal will be described only. In the mixer 2. The vertically
polarised radiation emitted by ra-  12 the high-frequency AB signal is
converted into diator 5 passes the subreflector 3 undisturbed and,  an
intermediate-frequency signal through a local due to the fact that its
wavelength is precisely 4   10  oscillator 24. The amplification in the
intermediate- times as small as that of the 3.2 cm monopulse      frequency
amplifier 14 is followed by the coherent radar apparatus, is not subjected
to polarisation    detection of the intermediate-frequency signal ABIF
shift. It is also possible to integrate the two feed-  in the
phase-sensitive detector 16 by a coherent horns 4 and 5; in such a case,
the integrated        oscillator (COHO) 25. If transmitter 6 consists of an
feedhorn may be situated in the zenith of the main   15  r.f. oscillator
(e.g. a magnetron) that is operating reflector 2, while the main and
subreflectors are of  only for the duration of a transmitter pulse, this
the conventional parabolic and hyperbolic design,   implies that the phase
of the signal derived there- respectively.
from is distributed practically at random with re- The 3.2 cm monopulse
radar apparatus is of       spect to the output signal of local oscillator
24. To the type based on the sum and difference method,   20   maintain
phase coherence of the received echoes, with which type a moving target can
be tracked in   these two signals are fed to a mixer 26. The output two
angle coordinates and in range. The radar        signal of this mixer is
fed to the passive oscillator apparatus comprises a transmitter 6 and a
receiver   25, such that this oscillator is locked to the same 7. The
transmitter pulses generated in transmitter 6  phase. The signal delivered
by the COHO 25 is are fed to the feedhorn 4 of the Cassegrain an-  25  then
a replica of the transmitter frequency, trans- tenna via a comparator 8,
and then emitted in       formed however to the intermediate frequency. In
synchronism  with the synchronisation pulses [err]       this way it is
achieved that the echo of an ideal supplied by a synchronisation pulse
generator not   fixed target at intermediate-frequency level has in- shown
in the figure. As is customary with such a     variably the same
relationship with respect to the monopulse radar apparatus, the energy
resulting   30   COHO signal, so that after mixing in the phase- from a
target echo and received from antenna 1 in   sensitive detector 16 a pulse
of constant amplitude the four sections of the feedhorn 4 is divided and
is obtained. For a moving target said phase rela- converted into an
elevation difference signal AE, an  tionship and hence the amplitude vary
as the dopp- azimuth difference signal AB and a sum signal E    ler
frequency shift. Other types of control circuits, with the aid of
comparator 8.                  35   used to obtain the desired phase
relationship be- The above sum and difference signals contain     tween the
transmitter pulse, the local oscillator sig- amplitude and phase
information which is a mea-      nal and the COHO signal, are known from
the U.S. sure for the magnitude and direction of the target   patent
specification 4,394,659. - deviation with respect to the radar symmetry
axis.       The circuit following the phase-sensitive detec- These signals
can thus be used for the generation   40  tor 16, i.e. boxcar 18, has two
functions. Firstly, a of error voltages required for the control of an
range selection occurs here, that is, only the echo azimuth servo 9, an
elevation servo 10 and a range   pulses which fall within a range gate P
determined servo 11, respectively. With the aid of these servos  by a gate
pulse generator 27 are passed through. the target is tracked in azimuth,
elevation and      Secondly, the pulses are stretched in such a way range.
The above difference and sum signals AB,   45  that a stepped signal is
obtained at the output of [err] and E are thereto fed to the receiver 7, in
the boxcar. This stepped signal is applied to dopp- which they are
processed in separate channels.      ler filter 20 and subsequently to If.
amplifier 22, The comparator 8 also comprises an r.f. transmit     which
delivers an output signal whose amplitude is and receive switch in the
[err] channel and a protec-  a measure for the angular error in azimuth.
tive element in each of the difference channels [err]   50  The E channel
comprises the r.f. transmit and 



and [err] The function of the protective element      receive switch (in
comparator 8), a mixer 28, an includes the protection of the particular
channel   intermediate-frequency amplifier 29, a phase-sen- against
reflections, which are obtained from the     sitive detector 30, and two
boxcar detectors 31 and transmitter signal and could be coupled in the AE
32, for processing the high-frequency E signal in and AB channels via
comparator 8.               55  the same way as described for the AB
signal, so The two receiver channels, one processing the    that, in this
case too, after phase detection a pulse AB signal and the other the [err]
signal, comprise      of constant amplitude is obtained for echoes from
respectively mixers 12 and 13, intermediate-fre-    fixed targets, while
this amplitude for echoes of a 5    9                 EP0203644B1
10 moving target varies as the doppler frequency fd.    pulse after a
period that varies as the output volt- In order to eliminate the
fluctuations due to    age of integrator 47. This output pulse is supplied
changes of the target range and/or the total target  to gate pulse
generator 27 for determining the cross section, the receiver comprises an
AGC cir-    presence of the range gate (P) produced by the cuit 33
connected to the output of the intermediate-   5   generator and range
selection gates [err] and [err] frequency amplifier 29 for setting the gain
of the      The 8 mm radar apparatus is of the same type
intermediate-frequency amplifiers 14, 15 and 29.     as the 3.2 cm radar
apparatus and comprises a The output signal of the phase-sensitive detec-
transmitter 49 and a receiver 50. The electromag- tor 30 is fed to the two
boxcars 31 and 32, each     netic energy generated in transmitter 49 is
fed, via receiving a different range selection gate [err] and   10   a
comparator 51, to the feedhorn 5 of the afore- [err] respectively, where
the trailing edge of range   mentioned Cassegrain antenna to emit this
energy selection gate [err] coincides with the leading edge    in
synchronism with the synchronisation pulses [err] of range selection gate
P2. The total duration of the  delivered by the afore-mentioned
synchronisation two gates [err] and P2 corresponds with the duration
pulse generator not shown in the figure. The [err] of the range gate P
supplied to boxcar detectors 18   15  synchronisation pulses are delayed
with respect to and 19. Each of the output signals of the two        the
[err] synchronisation pulses supplied to transmit- boxcars 31 and 32 are
now fed to a sum  and          ter 6 of the 3.2 cm monopulse radar
apparatus. difference circuit 36 via doppler filters 34 and 35,    The echo
energy received from the four sec- respectively, the difference output and
the sum     tions of feedhorn 5 is divided with the aid of output being
each connected to a low-frequency   20  comparator 51 to obtain an
elevation difference amplifier 37 and 38, respectively. The amplitude of
signal [err] an azimuth difference signal [err] and a the output signal of
low-frequency amplifier 37 is a  sum  signal [err]. These signals are
processed in measure for the range error. The doppler filters 20,  separate
channels in receiver 50. The receiver 21, 34 and 35 may be either of an
analogue or        channels processing the [err] and the [err] signals
digital design.                                 25  are identical and
comprise respectively mixers 52 Each of the output signals of the
low-frequency  and 53, intermediate-frequency amplifiers 54 and amplifiers
22, 23 and 37, respectively, forms a first  55, phase-sensitive detectors
56 and 57, boxcars output signal of the receiver, while the sum signal  58
and 59, doppler filters 60 and 61, and low- at the output of low-frequency
amplifier 38 forms a  frequency amplifiers 62 and 63. Mixers 52 and 53
second output signal of the receiver. In spite of the   30  convert the
high-frequency difference signals [er] fact that at I.F. level an automatic
gain control is  and [err] respectively, into intermediate-frequency
applied on the basis of the absolute value of the [err]  signals with the
aid of the output signal of local signal at the input of detector 30, the
low frequency  oscillator 64. After amplification in amplifiers 54 [err]
signal is not constant; for an attenuation occurs if  and 55, coherent
detection of these intermediate the echo of the target being tracked
coincides with  35  frequency signals occurs in phase-sensitive detec- the
relatively strong echo of a fixed target, since  tors 56 and 57,
respectively, using the output sig- the i.f. AGC keeps the sum constant. In
order to    nal of COHO 65. This COHO is a passive oscillator [err] this,
the amplification in the l.f. amplifier  driven by the output signal of
mixer 66 fed by stages is determined by an AGC circuit 39 (l.f.
transmitter 49 and local oscillator 64. AGC), keeping the output signal of
[err] amplifier 38   40  The video signals obtained are fed to the rel-
constant on the basis of the average value; this     evant boxcar detectors
58 and 59, fed with a range output signal is applied at the same time to
the     gate Q. Each of the output signals of the two remaining l.f.
amplifiers 22, 23 and 37.             boxcar detectors 58 and 59 are
supplied to l.f. Since each of the two first output signals of the
amplifiers 62 and 63, respectively, to deliver an receiver consists of an
AC voltage, each of these   45   output signal whose amplitude is a measure
for the signals representative of the angular and range      angular error
in azimuth and elevation, respectively. errors, are compared with the
output signal of l.f.      The [err] channel comprises the r.f. transmit
and 



amplifier 38 in phase-sensitive detectors 40, 41 and  receive switch in
comparator 51, a mixer 67, an i.f. 42, respectively, in order to determine
the sign of  amplifier 68, a phase-sensitive detector 69, and two said
errors. The output signals of detectors 40 and   50   boxcar detectors 70
and 71. As applicable to the 41 are then fed, via filters 43 and 44, to
servos 9  angle/receiver channels [err] and [err] the signal and 10,
respectively, for the alignment of the an-  received in the [err] channel
is processed, so that the tenna in azimuth and elevation, respectively. The
amplitude of the output signal of the phase-sen- output signal of detector
42 is supplied, via filter  sitive detector 69 varies as the target doppler
fre- 45, to range servo 11. This servo consists of the   55   quency fd
with the detection of a moving target. cascade connection of two
integrators 46 and 47      The output signal of i.f. amplifier 68 is also
applied and a time modulator 48. The latter is started by    to an AGC
circuit 72 to obtain a reference signal each synchronisation pulse [err] to
deliver an output    with respect to the gain factors of amplifiers 54, 55
6    11                 EP 0 203 644 B1                     12 and 68.
[err] and P2 of the monopulse radar apparatus, which Each of the two boxcar
detectors 70 and 71       delay corresponds with the delay between synch-
receive different range selection gates [err] and Q2,   ronisation pulses
[err] and [err] This delay is realised the trailing edge of range selection
gate [err] coin-  in gate pulse generator 27. In this way, the range ciding
with the leading edge of range selection    5   gate of the 8 mm monopulse
radar apparatus con- gate [err] and the total duration of the two range
stantly follows the range gate of the 3.2 cm mon- selection gates [err] and
Q2 corresponding with that    opulse radar apparatus, and the radar system
can of range gate Q. After filtering in filters 73 and 74,  simply be
switched to the second mode if the the output signals of the two boxcar
detectors 70    target has come within the range of the 8 mm and 71 are
supplied to a sum and difference circuit  10   monopulse radar apparatus.
Since in this process 75, of which the difference output and the sum
the angle tracking movement is effected by the 8 output are connected to
low-frequency amplifiers     mm monopulse radar apparatus, a control signal
76 and 77, respectively. The amplitude of the out-  [err] from the gate
pulse generator 27 or from the put signal of low-frequency amplifier 76 is
a mea-   sum output of unit 75 must set switch [err] to posi- sure for the
range error. The use of this signal for   15  tion 2, not shown in the
figure. the tracking of targets in range, when the 8 mm         If it is
desired to track the target in range by radar apparatus does not avail of a
separate range   the 8 mm monopulse radar apparatus, switch S2 tracking
unit, will be described hereinafter.        must be set to position 2, not
shown in the figure, The receiver 50 further comprises an AGC         to
supply the output signal of filter unit 84, which circuit fed by amplifier
77 to keep the d.c. voltage   20  signal is a measure for the range error,
to the level at the output of low-frequency amplifiers 62,  range servo 11
This servo controls the gate pulse 63, 76 and 77 constant. In
phase-sensitive detec-   generator 27, which feeds the delayed range gate
tors 79, 80 and 81 the output signals of i.f. amplifi-  Q and the range
selection gates [err] and Q2 to ers 62, 63 and 76 are compared with the
output       boxcar detectors 58, 59, 70 and 71, respectively. signal of
i.f. amplifier 77 to determine the sign of  25   Also in this situation,
the introduced delay is essen- the angular errors and range error indicated
by     tial, as the time modulator 48 of the range servo 11 these signals.
The output signals of detectors 79,  responds to the synchronisation pulses
[err] of the 3.2 80 and 81 are then applied to filters 82, 83 and 84.  cm
monopulse radar apparatus, while the 8 mm The radar system  according to
the invention     monopulse radar apparatus is performing the range
comprises a switch [err] with the aid of which either  30  tracking. the
angular error voltages of filters 82 and 83 or      It is however possible
to obtain a more com- those of filters 43 and 44 can be fed to servos 9
pact and particularly favourable embodiment of the and 10, respectively.
Furthermore, a switch S2 is    above-described radar system with the
application provided to incorporate the range servo 11 of the  of digital
processing of the signals to yield surpris- 3.2 cm monopulse radar tracking
apparatus in the   35  ingly good results. 8 mm monopulse radar tracking
apparatus.                An embodiment of a radar system based on If the
system is in the first mode of operation,  these principles is shown in
Fig. 2 and comprises i.e. the target being tracked is outside the range of
two radar tracking apparatus of the monopulse the 8 mm monopulse radar
apparatus, the target is   type, which are also designated by a 3.2 cm
radar tracked in azimuth, elevation and range by the 3.2  40  apparatus and
an 8 mm radar apparatus for the cm  monopulse radar apparatus. In such a
case,      sake of clarity. In this embodiment as well, the two switches
[err] and S2 are in position 1 as indicated in  radar apparatus employ one
and the same tracking the figure.
antenna. As soon as the target is within the range of the     The radar
system of Fig. 2 corresponds for a 



8 mm monopulse radar apparatus, and thus either  45  part with the radar
system of Fig. 1. Thus the 3.2 the range tracking gate P is generated by
the gate   cm radar apparatus comprises a transmitter 6 and pulse generator
27 within a certain period after the  a receiver 7, whereby the separate
receiver chan- transmitter pulse, or the echo signal has exceeded   nels
(AB, [err] and [err] channels) connected to the a certain threshold, the 8
mm monopulse radar       integrated feedhorn (4/5) of tracking antenna 1
via apparatus has to take over the angular tracking   50  comparator 8 are
provided with respectively mixers movement; this is however possible only
if range     12, 13 and 28, controlled by local oscillator 24. The
selection gate [err] and [err] have already been           remaining part
of the receiver channels  [err] aligned with the target. This is achieved,
because   and [err] channels) can be designed to advantage as the gate
pulse generator 27 of the 3.2 cm mon-       common video processing part
for the 3.2 cm and opulse radar apparatus also determines the track-   55
the 8 mm monopulse radar apparatus. Consequent- ing gates for the 8 mm
monopulse radar apparatus,   ly the common part comprises respectively
switch- provided however the range selection gates [err] and  ing means 85,
86 and 87, i.f. amplifiers 14, 15 and Q2 are subjected to a delay with
respect to gates    29, and phase-sensitive detectors 16, 17 and 30, 7
13                 EP 0 203 644 B1                     14 controlled by
COHO 25 via a switching unit 88 in        It is possible to sample each of
these output the position indicated in the figure , provided it  signals
over the full pulse duration in the conven- concerns an echo signal
obtained through a 3.2 cm   tional way in a boxcar detector and to digitise
the transmitter signal. COHO 25 is set by the output     sampled signal,
whereupon the FFT processing of signal of mixer 26 connected to local
oscillator 24   5   the digitised signal can be performed in batches. If
and transmitter 6. As already remarked, other types  however the 3.2 cm and
the 8 mm transmitter of control circuits are possible to obtain the desired
signals differ too widely in pulse width and hence phase relationship
between the transmitter pulse,   the difference between the bandwidths is
too great, the local oscillator signal and the COHO signal.    in view of
the signal/noise ratio, it is not advisable Similarly, the 8 mm radar
apparatus in Fig. 2   10  to proceed from a uniform sampling period in the
comprises a transmitter 49 and a receiver 50,        boxcar detector. In
view of the signal/noise ratio, a whereby the transmitter energy from
comparator      special and highly favourable method of sampling 51 and
that from comparator 8 are supplied to the    and digitising the
phase-detected echo signals is integrated feedhom 4/5 via a mixing element
89 of    obtained by providing each receiver channel (AB, a known type.
Passing through the comparator 51   15   [err] and E) of the radar system
with analogue/digital connected to the integrated feedhorn 4/5 and mix-
converters 91, 92 and 93, respectively, range gate ing element 89, the echo
energy is divided over      circuits 94, 95 and 96, a sample buffer memory
97, the separate receiver channels [err]   chan-      an amplitude former
98, and an amplitude buffer [err] containing respectively mixers 52, 53 and
67  memory 99. In this embodiment however the controlled by a local
oscillator 64. Switching means   20  analogue/digital converters 91, 92 and
93 are of the 85, 86 and 87 connect these mixers to the com-      type that
takes samples of the applied signal at a mon part, whereby the
phase-sensitive detectors      very high rate and digitises each of the
sampled 16, 17 and 30, respectively, are controlled by      values. The
rate at which these converters are COHO 65 via switching unit 88 (in the
position not  active is so high that the duration AT between two indicated
in the figure, provided it concerns an   25  successive sampling times is a
few times smaller echo signal obtained through an 8 mm transmitter    than
the pulse duration of the phase-detected echo signal). COHO 65 is
controlled by the output signal  signal. of a mixer 66 fed by local
oscillator 64 and trans-     The operation of the analogue/digital
converters mitter 49.                                           91, 92 and
93 is uninterrupted during the full listen- To avoid simultaneous reception
of two echo   30  ing time, so that of all the sampled (and digitised)
signals related to the same target in consequence    signal values only a
small portion, namely that of of a 3.2 cm and an 8 mm transmitter pulse,
the       the target echo signal (both from the 3.2 cm and synchronisation
signals S and [err] for transmitters 6  the 8 mm receivers), is usable.
Hence, range gate and 49, respectively, are not generated at the same
circuits 94, 95 and 96, controlled by the computing, time  With the same
time interval as between the   35  selecting and timing unit 90, are made
to conduct 3.2 cm and the 8 mm transmitter pulses the re-       only during
the periods in which the sampled val- spective echo signals appear in
succession at the    ues of the echo signal (both for the 3.2 cm and the
[err]-sensitive detectors 16, 17 and 30; this per-  8 mm  wavelengths) are
expected. The passed mits to change the position of the switching unit 88.
sampled values are stored in the sample buffer Thus each of the echo
signals obtained from the   40   memory 97, whereupon for the sampled
values same target but from different transmitter pulses    obtained with
the 3.2 cm echo signal and for the 



(3.2 cm  and 8 mm) are phase-detected by the         sampled values
obtained with the 8 mm echo sig- corresponding COHO signal.
nal, the maximum sum value of sampled signals is The position of switching
unit 88 is changed     determined out of any time interval (T), where the
with the aid of a computing, selecting and timing   45  duration T of this
time interval substantially cor- unit 90, which also determines the
generation time   responds with the width of the relevant transmitter of
synchronisation pulses S and [err] The signal       pulse. processing from
the phase-sensitive detectors is        Such an amplitude former 98, as
shown in Fig. performed on a quadrature basis, implying that the   2B, may
be conceived to consist of a counter 100 signal from the i.f. amplifiers is
phase-detected by   50  for counting a supplied sampled signal value and
the in-phase COHO signal (i), as well as with the    the same value is
deducted from the then obtained quadrature COHO signal (q). Since further
process-   sum value, using a delay element 101. Next the ing of the
signals phase-detected by these COHO      actual sum value of counter 100
and a value stored signals (i and q) is fully identical, only the process-
in a buffer memory 102 is continuously supplied to ing of the signal
detected by the in-phase COHO   55   a comparator 103; from the values so
supplied the signal will be described. The signal processing with
comparator 103 determines the maximum value to respect to the output
signals of the phase-sensitive  be applied to buffer memory 102 to
overwrite the detectors 16, 17 and 30 is performed digitally.      value
stored therein. In the event a rectangular 8    15                 EP 0 203
644 B1                     16 video signal is sampled, the consecutively
supplied  each of the N frequency intervals of the doppler sample values
will approximate a triangular pattern  filter range (0, [err]), where [err]
is the pulse repetition of the sum  value, where the top value of this
frequency. Each period of N pulse repetition times pattern corresponds with
the average amplitude of    and each frequency interval I (where I = 1, 2,
..., [err] the phase-detected echo signal.                 5   [err]  and
[err] are produced. For the fre- For a pulse-shaped rectangular signal
(thus      quency interval with the maximum value for [err] a having a (sin
x)/x frequency characteristic) a filter  doppler selection circuit 105 then
selects the cor- matched to this signal should also have a (sin x)/x
responding  values of the Fourier coefficients. frequency characteristic to
result in an output sig-  These coefficients are here denoted by f(AB)F, f-
nal with a [err] frequency characteristic, which   10  [err]  and [err]
From these four coefficients in turn is characteristic of a signal of a
triangular  an error voltage computing unit 106 determines the waveform.
Therefore, the combination of the series-  quotients connected
analogue/digital converter, the range gate circuit, the sample buffer
memory and the amplitude former for rectangular pulse-shaped in-  15
[err] put signals can be regarded as a matched filter, having important
advantages, such as an optimal bandwidth and a maximum signal/noise ratio,
both for the phase-detected echo signal having a 3.2 cm  in succession;
these quotients are a measure for wavelength  and  for that having  an  8
mm    20  the angular errors in azimuth and elevation and for wavelength.
Since the delay time introduced by       the range error. delay element 101
has to be dependent upon the          To eliminate the phase errors
introduced in the pulse width of the transmitter pulse relating to the
receiver channels, the obtained quotients may be particular video pulse,
the delay in element 101 is  adapted in a product circuit 107, using
correction set with the aid of unit 90. The number (n) of  25  factors
obtained by known means with the injection samples so contributing in the
amplitude former to   of pilot tones and stored in an error voltage correc-
the maximum sum value approximates the quotient     tion register 108. It
is of advantage to inject the where T is the particular pulse duration and
AT  pilot tones into the integrated feedhorn 4/5, to the sampling time. The
video amplitudes produced     permit maximum compensation of the phase
errors by the matched filter within a range gate, the so-   30  in the
receiver channels in product circuit 107. called phase error indication
values [err] and [err]          The servo voltages generated on the basis
of and the sum value [err], are stored in the amplitude     the buffer
memory 99. Further the amplitude former 98 determines the sum value of the
signal samples obtained in the   35 first part of the range gate and
reduces these                    [err] samples by the signal samples
obtained in the second part of the range gate. This occurs for the 



signal samples based on both the 3.2 cm and 8        quotients in the
computing, selecting and timing mm wavelengths, resulting for each of the
above   40  unit 90 are suitable for supplying the azimuth and cases in a
range error indication value [err] which is  elevation servos 9 and 10,
respectively, to track the a measure for the range error of the tracking
gate.  target in azimuth and elevation. Like the other signal values [err],
the [err]         Unit 90 also supplies clock pulses [err] needed values
are stored in the amplitude buffer memory    for the sampling process in
the analogue/digital 99. Subsequently, in the Fast Fourier Transforma-   45
converters 91, 92 and 93. Upon the indication of tion unit 104 a number of
successive signal values  the obtained from the same receiver channel are
pro- cessed in batches; this occurs jointly with the W- signal values,
obtained in the same way after                                 F phase
detection of the video information through   50                 [err] the
COHO signal q and supplied to the amplitude buffer memory 99 through the
sample buffer mem- ory 97 and amplitude former 98.
quotient the computing, selecting and timing unit With an N-point Fast
Fourier Transformation, N   90 readjusts range gate P and the range
selection sampled signals of successive pulse repetition   55   gates [err]
and P2 dividing range gate [err] and checks times of the same receiver
channel are required for  whether the position of range gate P is within
the one result. The result is obtained by the values of  range of the 8 mm
monopulse radar apparatus and the Fourier coefficients, which are produced
for    the E value has exceeded a certain threshold. If 9    17
EP 0 203 644 B1                     18 this is so, the computing, selecting
and timing unit  radar beam, a first AGC factor stored in register 90
performs the switching function described with    113 is used for the
optimal setting of i.f. amplifiers reference to Fig. 1, implying that the
error voltages  14, 15 and 29 during a first period to receive and
concerning the 8 mm radar are supplied to the        process the echo
signal from the nearer target. angle servos 9 and 10.
5   Subsequently, a second AGC factor stored in regis- If it is desired
that the 8 mm monopulse radar   ter 113 resets i.f. amplifiers 14, 15 and
29 optimally apparatus also performs the tracking in range, this  during a
second period in the same pulse repetition can be achieved simply by
adjusting the range      time to receive and process the echo signal from
gate by unit 90 on the basis of the                 the more distant
target. 10     It is not necessary to commence the common video processing
part at if. amplifiers 14, 15 and [err]                         29; the
common processing part could also be inserted at other units in the signal
processing part. The possible embodiments of the radar system 15  described
before are not restricted by the use of quotient from the 8 mm echo signal.
It will be       the indicated wavelengths, i.c. 3.2 cm and 8 mm. obvious
that unit 90 is also suitable for the genera-  Other combinations of
wavelengths are also ap- tion of synchronisation signals [err] and [err]
plicable provided the corresponding frequencies The use of quadrature
detection in receivers 7   are of different frequency bands, preferably the
x- and 50 requires that each of the phase-sensitive   20  and Ka-bands.
detectors 16, 17, 30, 56, 57 and 69 be available in duplicate to perform
the phase detection of the      Claims supplied i .f. signal through both
the output signal obtained directly from COHO 25 and 65, respec-       1. A
radar system for automatically tracking tar- tively, as well as through its
quadrature output  25    gets which are at sufficiently low altitudes to
signal. This also implies a duplication of the          produce echoes
which are reflected by the analogue/digital converters 91, 92, 93 and the
earth's surface, said radar system comprising: range gate circuits 94, 95,
96, while the Fast             (a) an antenna system arranged to operate
Fourier Transformation unit 104 determines the             in first and
second frequency bands, the modulus of the Fourier coefficients coupled in
pairs  30  first frequency band corresponding with in each receiver channel
and for each frequency           longer wavelengths for angular tracking at
interval. From the modulus values the doppler se-          longer ranges
and the second frequency lection circuit 105 makes the selection for the
pro-       band    corresponding    with   shorter duction  of  the
above-described quotients in the          wavelengths for angular tracking
at shorter computing, selecting and timing unit 90. The radar  35
ranges; 



system further comprises an AGC circuit 109 for          (b) means for
controlling the direction of the determining the gain factor of i.f.
amplifiers 14, 15      antenna system to effect target tracking; id 29. The
video processing part is thereto pro-         (c) a first radar apparatus
electrically coup- -  vided with a series circuit consisting of a linear
led to the antenna system and operable to detector 110, an A/D converter
111 and a range   40       transmit pulses in the first frequency band gate
switch 112, which series circuit is supplied          to effect angular
tracking at the longer with the output of amplifier 29. Converter 111 and
ranges, said first radar apparatus including switch 112 are controlled by
the computing, select-        a first receiver for producing signals at the
ing and timing unit 90. Only the samples obtained          intermediate
frequency, representative of from range gate switch 112 from the target
echo   45        the ranges and directions of targets at the are stored in
the sample buffer memory 97. Am-             longer ranges; plitude former
98 determines the amplitude of the          (d) a second radar apparatus
electrically supplied values from a period of N successive
coupled to the antenna system  and op- echo signals, also involving the
values obtained on        erable to transmit pulses in the second fre- the
quadrature basis; from these values a control   50     quency band to
effect angular tracking at factor is derived for i.f. amplifiers 14, 15 and
29.      the shorter ranges, said second radar ap- This control factor is
subsequently written in a           paratus including a second receiver for
pro- register 113, permitting to adjust the gain factor of      ducing
signals at the intermediate frequen- i.f. amplifiers 14, 15 and 29 through
a D/A con-           cy, representative of at least the directions verter
114 at any desired moment. The digital AGC   55     of targets at the
shorter ranges; circuit 109 now enables to track two or more sepa-
(e) control means coupled to the first and rate targets present in the
radar beam. For in-            second radar apparatus, to signal process-
stance, with the presence of two targets in the            ing means, and
to the means for controlling 10    17                  EP 0 203 644 B1
18 this is so, the computing, selecting and timing unit   radar beam, a
first AGC factor stored in register 90 performs the switching function
described with       113 is used for the optimal setting of if. amplifiers
reference to Fig. 1, implying that the error voltages   14, 15 and 29
during a first period to receive and concerning the 8 mm  radar are
supplied to the          process the echo signal from  the nearer target.
angle servos 9 and 10.                             5   Subsequently, a
second AGC factor stored in regis- If it is desired that the 8 mm monopulse
radar      ter 113 resets i.f. amplifiers 14, 15 and 29 optimally apparatus
also performs the tracking in range, this     during a second period in the
same pulse repetition can be achieved simply by adjusting the range
time to receive and process the echo signal from gate by unit 90 on the
basis of the                     the more distant target. 10      It is not
necessary to commence the common video processing part at i.f. amplifiers
14, 15 and [err]                            29; the common processing part
could also be inserted at other units in the signal processing part. The
possible embodiments of the radar system 15   described before are not
restricted by the use of quotient from  the 8 mm  echo signal. It will be
the indicated wavelengths, i.c. 3.2 cm and 8 mm. obvious that unit 90 is
also suitable for the genera-   Other combinations of wavelengths are also
ap- tion of synchronisation signals [err] and [err]               plicable
provided the corresponding frequencies The use of quadrature detection in
receivers 7      are of different frequency bands, preferably the x- and 50
requires that each of the phase-sensitive   20   and Ka-bands. detectors
16, 17, 30, 56, 57 and 69 be available in duplicate to perform  the phase
detection of the        Claims supplied i.f. signal through both the output
signal obtained directly from COHO 25 and 65, respec-          1.  A radar
system for automatically tracking tar- tively, as well as through its
quadrature output   25       gets which are at sufficiently low altitudes
to signal. This also implies a duplication of the              produce
echoes which are reflected by the analogue/digital converters 91, 92, 93
and the              earth's surface, said radar system comprising: range
gate circuits 94, 95, 96, while the Fast                (a) an antenna
system arranged to operate Fourier Transformation unit 104 determines the
in first and second frequency bands, the modulus of the Fourier
coefficients coupled in pairs   30     first frequency  band  corresponding
with in each receiver channel and for each frequency               longer
wavelengths for angular tracking at interval. From the modulus values the
doppler se-             longer ranges and the second frequency 



lection. circuit 105 makes the selection for the pro-         band
corresponding    with   shorter duction of the above-described quotients in
the             wavelengths for angular tracking at shorter computing,
selecting and timing unit 90. The radar   35      ranges; system  further
comprises an AGC circuit 109 for              (b) means for controlling the
direction of the determining the gain factor of i.f. amplifiers 14, 15
antenna system to effect target tracking; 29. The video processing part is
thereto pro-             (c) a first radar apparatus electrically coup-
vided with a series circuit consisting of a linear            led to the
antenna system and operable to detector 110, an A/D converter 111 and a
range   40            transmit pulses in the first frequency band gate
switch 112, which series circuit is supplied             to effect angular
tracking at the longer with the output of amplifier 29. Converter 111 and
ranges, said first radar apparatus including switch 112 are controlled by
the computing, select-           a first receiver for producing signals at
the ing and timing unit 90. Only the samples obtained
intermediate frequency, representative of from range gate switch 112 from
the target echo   45          the ranges and directions of targets at the
are stored in the sample buffer memory 97. Am-                longer
ranges; plitude former 98 determines the amplitude of the             (d) a
second radar apparatus electrically supplied values from  a period of N
successive                coupled to the antenna system  and op- echo
signals, also involving the values obtained on           erable to transmit
pulses in the second fre- the quadrature basis; from these values a control
so        quency band to effect angular tracking at factor is derived for
if. amplifiers 14, 15 and 29.           the shorter ranges, said second
radar ap- This control factor is subsequently written in a
paratus including a second receiver for pro- register 113, permitting to
adjust the gain factor of         ducing signals at the intermediate
frequen- i.f. amplifiers 14, 15 and 29 through a D/A con-              cy,
representative of at least the directions verter 114 at any desired moment.
The digital AGC    55       of targets at the shorter ranges; circuit 109
now enables to track two or more sepa-            (e) control means coupled
to the first and rate targets present in the radar beam. For in-
second radar apparatus, to signal process- stance, with the presence of two
targets in the               ing means, and to the means for controlling 10
19                 EP 0 203 644 B1                     20 the direction of
the antenna;                        the first buffer memory for
successively said control means effecting timing of pulse        adding and
then subtracting each of the transmissions by the first and second radar
sample signal values corresponding to the apparatus, and effecting control
of the antenna        predetermined pulse; direction for longer and shorter
range targets in   5  (b) a second buffer memory for succes- response to
first and second antenna direction         sively storing selected ones of
the sum sig- error signals, respectively, characterized in that     nal
values in place of previously-stored sum the signal processing means are
arranged for           signal values; and deriving, from the signals
produced by the first       (c) a comparator having first and second radar
apparatus, first antenna direction error   10    inputs electrically
connected to respective signals for targets at the longer ranges and
outputs of the counter means and the sec- target range information; where
said signal pro-       ond buffer memory, and having an output cessing
means are also arranged for deriving,          electrically connected to an
input of the from the signals produced by the second radar          second
buffer memory, said comparator se- apparatus, second antenna direction
error sig-   15    lecting for passage to the second buffer nals for
targets at the shorter ranges, said           memory any sum  signal value
received control means effecting alternate application of       from the
counter means which is larger than the signals from the first and second
radar            the sum signal value currently stored in said apparatus at
the inputs of the signal process-         second buffer memory. ing means,
and where said signal processing   20 means comprises:
Revendlcatlons (f) three quadrature phase sensitive detec- tors for
alternatively phase detecting re-    1. Systbme radar pour poursuivre de
fagon auto- spective elevation difference signals, azi-       matique des
cibles qui sont a des altitudes muth difference signals and sum  signals
25      suffisamment basses pour produire des 6chos produced by the first
and second radar ap-        qui sont r6fl6chis par la surface de la terre,
paratus, and                                      ledit systeme radar
comprenant: (g) a matched filter electrically connected to        (a) un
systeme d'antennes mont6 de fagon the phase sensitive detectors for
deriving,          a fonctionner dans une premiere et une 



from the alternatively phase-detected sig-   30      seconde bandes de
fr6quences, la premiere nals, phase error indication values, range-
bande de fr6quences correspondant aux -      error-indication values, and
sum signal val          longueurs d'onde les plus grandes pour la ues by
determining the respective average            poursuite angulaire a des
distances plus amplitudes of said phase-detected signals.           grandes
et ia seconde bande de frequences 35         correspondant a des longueurs
d'onde plus 2. A radar system as claimed in claim 1, where
courtes pour la poursuite angulaire a des the matched filter comprises a
group of series-        distances plus courtes connected elements
including:                          (b) Des moyens pour contriler la
direction (a) analog-to-digital converter circuitry elec-      du systeme
d'antennes pour effectuer la trically connected to the phase sensitive   40
poursuite de la cible; detectors for producing digitised signals;
(c) Un premier appareil radar, connecte (b) range gate circuitry
electrically connect-       6lectriquement au systbme d'antennes, et ed to
the analog-to-digital converter circuitry      susceptible de fonctionner
de fagon a tran- for selectively passing the digitised signals
smettre des impulsions de la premiere ban- in response to signals from  the
control   45        de de fr6quences pour effectuer la poursui- means;
te angulaire aux longues distances, ledit ap- (c) a first buffer memory for
storing the            pareil radar comprenant un premier recep- selected
digital signals passed by the range         teur pour produire des signaux
a la fr6quen- gate circuitry; and                                  ce
interm6diaire, qui sont repr6sentatifs des (d) an amplitude former for
determining the   50     distances et des directions des cibles a maximum
sum signal value from such val-             longue distance; ues
corresponding to a predetermined pulse           (d) Un second appareil
radar, connect6 transmitted by the respective radar appara-
6lectriquement au systbme d'antenne et tus from which said sum signals
originated.          susceptible de fonctionner de fagon a tran- 55
smettre des impulsions de la seconde ban- 3. A radar system as claimed in
claim 2, where             de de fr6quences pour effectuer une pour- the
amplitude former comprises:                        suite angulaire a de
courtes distances, edit (a) counter means electrically connected to
second appareil radar comprenant un se-    21                 EP 0 203 644
B1                     22   ||||||I||l~ll 141|I ISI II 11 cond r6cepteur
pour produire des signaux a           quement aux d6tecteurs sensibles a la
pha- la fr6quence interm6diaire qui sont repr6-           se pour produire
des signaux num6rises; sentatifs d'au moins des directions des ci-
(b) une circuiterie de declenchement, 6lec- bles a courte distance:
triquement connect6e a la circuiterie de (e) Des moyens de contrOle coupl6s
au    5           convertisseurs analogique-num6riques pour premier et a
second appareil radar, a des            laisser passer s6lectivement les
signaux nu- moyens de traitement du signal et a des              m6ris6s en
r6ponse aux signaux provenant .     --  moyens pour contr8ler la direction
de l'an-     des moyens de commande; tenne;
(c) une premiere m6moire tampon pour lesdits moyens de contr8le offectuant
un   10       stocker les signaux num6riques s6lection- s6quencement des
transmissions d'impul-              nes qui sont laiss6s pass6s par la
circuiterie - -   sions du premier et du second appareil               de
d6clenchement ; et radar et effectuant un contr6le de la direc-         (d)
un conformateur d'amplitude pour d6ter- tion d'antenne pour les cibles a
longue ou           miner le signal de somme maximum parmi courte distance
en r6ponse & des premier   15       les valeurs correspondantes a une
impul- et second signaux d'erreur de direction              sion
pr6d6termin6e transmise par I'appareil d'antenne, respectivement,
radar respectif a l'aide duquel, lesdits si- caracteris6 en ce que les
moyens de traite-          gnaux de somme ont 6t6 cr66s. ment du signal
sont dispos6s de fagon a d6river, a partir des signaux produits par le  20
3. Systeme radar selon la revendication 2 dans premier appareil radar, des
premiers si-          lequel le conformateur d'amplitude comporte: gnaux
d'erreur de direction d'antenne pour           (a) des moyens compteurs
connect6s 6lec- les cibles a longue port6e et une informa-
triquement a la premiere m6moire tampon tion de distance de cible ; dans
lequel les-         pour additionner successivement et ensuite dits moyens
de traitement du signal sont  25         soustraire chacune des valeurs de
signal aussi dispos6s de fagon a deriver, a I'aide          echantillonn6
correspondant a l'impulsion des signaux produits par le second appareil
predeterminee; 



radar, des seconds signaux d'erreur de di-          (b) une seconde memoire
tampon pour rection d'antenne pour les cibles aux por-           stocker
successivement cellos s6lection- tOes plus courtes, lesdits moyens de   30
n6es parmi les valeurs du signal de somme contr8le effectuant une
application altern6e         a la place des valeurs du signal de somme des
signaux provenant des premier et se-             stockees pr6cedemment ; et
cond appareils radar comme entree des                (c) un comparateur
ayant des premiere et ;x.-- :--: :moyens de traitement du signal, et dans
seconde entr6es, connectees 6lectrique- -.*~wl.  1  - loque lesdits. moyens
de traitement de si-  3s    ment aux sorties respectives des moyens gnal
comportent de plus:                             compteurs et a la seconde
m6moire tam- (f) trois d6tecteurs sensibles a la quadrature       pon, et
avant une sortie connectee 6lectri- de phase pour d6tecter de fagon
altern6e,            quement a une entree de la seconde m6- Ia phase des
divers signaux de diff6rence            moire tampon, ledit comparateur
selection- en 6levation, des signaux de diff6rence en   40      nant dans
le but de r6aliser le passage vers azimut et des signaux de somme produits
la seconde m6moire tampon toute valeur du par les premier et second
appareils radar,          signal de somme reoue par les moyens et
compteurs qui est plus grande quo la valeur (g) un filtre adapte,
6lectriquement connect6        du signal de somme actuellement stock6e aux
d6tecteurs sensibles a la phase pour   45        dans ladite seconde
memoire tampon. extraire des signaux alternativement d6tec- t6s en phase,
des valeurs d'indication d'er-  Patentanspruche reur de phase, des valeurs
d'indication d'er- reur de port6e et des valeurs de signaux de   1.
Radarsystem fUr das automatische Folgen von somme  en  determinant les
amplitudes   50        Flugzeugen, die in ausreichend niedriger H6he
moyennes respectives desdits signaux de           fliegen, so daI sie von
der Erdoberflache re- phase detect6s.
flektierte Echos hervorrufen, welches Radarsy- stem versehen ist mit: 2..
Systeme radar selon la revendication 1, dans           (a) einem
Antennensystem, eingerichtet fUr lequel le filtre adapte comporto un groupe
55        das Arbeiten in ersten und zweiten Fre- d'6lements connect6s en
s6rie comprenant:              quenzbandern, wobel das erste Frequenz- (a)
une  circuiterie  de  convertisseurs            band mit den langeren
Wellenlangen zur analogique-num6riques, connectee electri-
Zielverfolgung in grolen Entfernungen und 12    23                EP 0 203
644 B1                    24      * c   L   M   S das zweite Frequenzband
mit den kOrzeren           zweiten Radargerat erzeugten Elevation-Dif-
Wellenlangen zur Zielverfolgung in kurzen          ferenzsignale,
Azimut-Differenzsignale und Entfernungen vorgesehen ist;
Summensignale, und (b) Mitteln fOr die Richtungssteuerung des         (g)
einem "matched"-Filter, elektrisch ver- Antennensystems zur Zielverfolgung;
5         bunden mit den phasenempfindlichen De- (c) einem ersten
Radargerat, das elektrisch        tektoren fUr das aus den abwechselnd mit
dem Antennensystem verbunden ist und
phasenempfindlich-detektierten    Signalen fUr das Aussenden von Impulsen
im ersten           Ableiten von Phasen-Fehlerindikationswer- Frequenzband
betrieben werden kann, zur            ten,
Entfernung-Fehlerindikationswerten und Zielverfolgung in grolen
Entfernungen, wo-  10     Summen-Signalwerten, indem die betreffen- bei das
erwahnte erste Radargerdt einen            den, mittleren Amplituden der
erwahnten ersten EmpfSnger zur Erzeugung von Si-
phasenempfindlich detektierten Signale be- gnalen im ZF-Bereich umfaBt,
welche repra-         stimmt werden. sentativ fUr Entfernung und Richtung
der Ziele in grolen Entfernungen sind;       15  2. Radarsystem gemraB
Anspruch 1, wobei das (d) einem  zweiten Radargerat, das elek-
"matched"-Filter eine Gruppe seriengeschalte- trisch mit dem Antennensystem
verbunden         ter Elemente umfatt, bestehend aus: ist und zum Aussenden
von Impulsen im              (a) A/D-Wandlern, die elektrisch mit den
zweiten Frequenzband betrieben werden              phasenempfindlichen
Detektoren verbunden kann, zur Zielverfolgung in kurzen Entfer-  20
sind, zur Erzeugung von digitalisierten Si- nungen, wobei das erwahnte
zweite Radar-           gnalen; gerat einen zweiten Empfanger zur Erzeu-
(b) Enffernungstor-Schaltkreisen, die elek- gung von Signalen im ZF-Bereich
umfalt,            trisch mit den AlD-Wandlern verbunden welche zumindest
reprasentativ fUr die Ent-        sind, fur das selektive Durchlassen der
digi- 



fernung der Ziele in kurzen Entfernungen   25      talisierten Signale als
Reaktion auf die von sind;                                              den
Steuermitteln stammenden Signalen; (e) Steuermitteln, die mit dam ersten
und          (c) einem ersten Pufferspeicher, zur Spei- dam  zweiten
Radargerft, mit Signalverar-          cherung der von den
Entfernungstor-Schalt- beitungsmitteln sowie mit den Mitteln zur
kreisen durchgelassenen, selektierten Si- Richtungssteuerung des
Antennensystems   30        gnale; und verbunden sind;
(d) einem  Amplitudenformer, zur Bestim- wobei die erwahnten Steuermittel
die Takt-            mung des maximalen Summen-Signalwer- steuerung fOr die
Impulsaussendungen des er-         tes aus den Werten, die mit dem im
voraus sten und des zweiten Radargerates sowie die           bestimmten
Impuls Ubereinstimmen, ausge- D  -Richtungssteuerung des Antennensystemns
zur  35      sendet von dem betreffenden Radargerat, Zielverfolgung in
grollen und kurzen Entfernun-       von dam  die erw~hnten Summensignale
gen. als Reaktion  auf erste bzw. zweite              stammen.
Antennenrichtung-Fehlersignale  bewerkstelli- gen, dadurch gekennzeichnat,
daO die Signal-    3. Ein Radargerat nach Anspruch 2, wobei der
verarbeitungsmittel daflr eingerichtet sind, um   40  Amplitudenformer
besteht aus: aus den vom ersten Radargerat erzeugten Si-          (a)
Zghlmitteln, die elektrisch mit dem er- gnalen erste
Antennenricht-Fehlersignale fUr          sten Speicher verbunden sind, fUr
das fort- Ziele in grofien Entfernungen und Zielentfer-        laufende
Addieren und danach Subtrahieren nungsinformation abzuleiten; wobei die er-
der jeweiligen Muster-Signalwerte, welche wahnten
Signalverarbeitungsmittel ebenfalls  45      mit dem  im  voraus bestimmten
Impuls dafOr eingerichtet sind, um aus den vom zwei-
Obereinstimmen; ten  Radarger~t erzeugten Signalen zweite            (b)
einem  zweiten Pufferspeicher fUr das Antennenricht-Fehlersignale fUr Ziele
in kurzen      fortlaufende  Speichern  von  selektierten Entfernungen
abzuleiten, wobei die erwahnten          Summen-Signalwerten an Stelle der
davor Steuermittel die abwechselnde Zufuhr der Si-  50      gespeicherten
Summen-Signalwerte; und gnale aus dam ersten und dam zweiten Radar-
(c) einem Komparator, versehen mit ersten gerat an den Eingangen der
Signalverarbei-            und zweiten Eingangen, die elektrisch mit
tungsmittel bewerkstelligen und wobei die er-         den betreffenden
Ausgangen der ZAhImittel wahnten  Signalverarbeitungsmittel bestehen
und dam zweiten Pufferspeicher verbunden aus:
55         sind sowie mit einem Ausgang, der elek- (f) drei
phasenempfindlichen Quadraturde-          trisch mit einem Eingang des
zweiten Puf- tektoren fUr das abwechselnde Detektieren
ferspeichers verbunden ist, wobei der er- der betreffenden, von dam ersten
und dem           wfhnte Komparator jeden von den Zahlmit- 13    25
EP 0 203 644 Bi                        26         lh II I 1         ! teln
empfangenen Summen-Signalwert se- iektiert, der groler ist als der aktuelle
im erwghnten   Pufferspeicher   gespeicherte Summen-Signalwert, zwecks
Weitergabe an den zweiten Pufferspeicher.                  5 10 15 20 25 30
35 40 45 50 55 14    


