
(71)    We, N. V. HOLLANDSE SIGNAAL-  to simultaneously received clutter
echoes. If     APPARATEN  of  40  Zuidelijke  Havenweg,  the range gate
pulses referred to are narrow   50     Hengelo (Overijsel), The
Netherlands, a com-  range gate pulses, difficulties may arise in     pany
organized and existing under the laws  the initial locking of the radar
apparatus 5  of The Netherlands, do hereby declare the  onto the target to
be tracked.     invention for which we pray that a patent    The present
invention has arisen out of     may be granted to us, and the method by
further efforts in connection with the lock-on  55     which it is to be
performed, to be particu-  procedure and enables us to improve the
larly described in and by the following state-  monopulse radar apparatus
set forth above 10  ment:-                                        in a
manner such that the preliminary lock-       This invention relates to a
monopulse radar  ing of this radar to a target to be tracked,     apparatus
for the automatic angle tracking  whose azimuth and approximate range have
60     of a moving target.                           been determined by
means of, for example,       The  specification  of  patent  1,156,589  a
search radar, can be effected rapidly, even 15  (hereinafter referred to as
the main specifica-  if the target echoes, at the time of the lock-
tion and the main patent respectively) des-  on operation, are obscured by
simultaneously     cribes a monopulse radar apparatus for the  received
clutter echoes.                        65     automatic angle tracking of a
moving target,     comprising a transmitter for emitting pulses
According to the present invention a mono- 20  of microwave energy, a
receiver for the recep-  pulse radar apparatus of the kind set forth
tion of echo signals in at least two receiving  further comprises circuit
means having an     patterns located symmetrically with respect to  input
circuit including at least a delay line     the bore sight axis, and for
each angle co-  canceller fed with the audio frequency signal 70
ordinate, a tracking circuit controlled by an  resulting from the coherent
detection of one 25  error signal, the magnitude and the sign of  of said
intermediate frequency signals, and     which depend upon the amplitude
and/or  said first circuit means comprising selecting     phase
relationship of at least two intermediate  means controllable by broad
range gating     frequency signals varying in accordance with  pulses for
coarsely selecting target signals  75     the target deviation from  said
bore sight  from  the output signal of said delay line 30  axis, which
intermediate frequency  signals  canceller, range error detection means
respon-     are produced by the receiver in response to  sive to said
selected target signals to produce     the echo signals, the error signal
being de-  a range error signal, and pulse regenerating     rived from
audio frequency signals obtained  means responsive to said selected target
sig-  80     by coherent detection of said intermediate fre-  nals to
produce standard output pulses, the 35  quency signals, the frequency of
said audio  arrangement being such that, at least during     frequency
signals  corresponding  to  the  the procedure of locking the apparatus
onto     Doppler frequency shift of the echo signals  a target, the range
error signal is used for     due to the radial velocity of the target rela-
controlling the instant of occurrence of said  85     tive to the radar
apparatus, and wherein said broad range gate pulses, whilst the standard 40
echo signals are selected by means of range  output pulses are used as
narrow range gate     gate pulses applied to a gate circuit present  pulses
for controlling the gate circuit in     in each angle tracking channel. The
fore-  each angle tracking channel.     going apparatus is referred to
herein as mono-    In order that the invention may be readily  90     pulse
radar apparatus of the kind set forth.  carried into effect it will now be
described 45    A monopulse radar apparatus of the kind  in greater detail,
by way of example, with     set forth above can be constructed so as to
reference to the accompanying diagrammatic     be capable of tracking a
target even if the  drawings, in which:     target echoes are 20 dB down
with respect    Fig. 1 is a block diagram of one embodi-  95     [Price
25p]   
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2      ment of a monopulse radar apparatus accord-  from audio frequency
signals obtained by co-     ing to the invention;
herent detection of the I.F. signals, said audio  65        Figs. 2 and 3
show explanatory diagrams;  frequency signals corresponding in frequency
Fig. 4 is a block diagram  of a preferred  to the Doppler frequency of the
echo signals 5   embodiment of the monopulse radar appa-  due to the radial
velocity of the target rela-     ratus according to the invention, and
tive to the radar apparatus.        Figs. 5 and 6 are block diagrams of
pos-    To this end, the monopulse radar appa-  70     sible modifications
of a device as used in  ratus comprises a plurality of Doppler signal
the embodiments of Figs. 1 and 4.             detectors in which the I.F.
output signals from 10    Like reference numerals denote like parts
receiver 4 are subjected to the said coherent     in Figures 1, 4, 5 and 6.
detection. Use is made of a reference signal,        Fig. 1 shows the block
diagram of a mono-  which is a replica of the transmitter frequency  75
pulse radar apparatus of the so-called sum   transformed to the
intermediate frequency, so     and difference type which permits tracking
that the Doppler signals produced by the 15  of a moving target in two
angle co-ordinates  movement of the target and imposed on the     and in
range, despite the simultaneous recep-  I.F. signals are obtained with true
amplitude     tion of comparatively strong slutter echoes.  and phase. Said
reference signal is produced  80     This block diagram  largely
corresponds with  by means of a coherent oscillator 16. In the     that of
a monopulse radar apparatus des-  embodiment described, the said Doppler
sig- 20  cribed and shown in Fig. 1 of the specifica-  nal detectors
comprise each in order of succes-     tion of the main patent No.
1,156,589, but  sion, phase sensitive detectors 17, 18 and     shows
additional features proposed in accord-  19 respectively to which the
relevant I.F.  85     ance with the teaching of the present inven-  signal
and the reference signal are applied,     tion. The block diagram shown in
the present  boxcar detectors 20, 21 and 22 respectively 25  Fig. 1
comprises a transmitter 1 a synchro-  for stretching the output pulses of
said phase     nizing pulse generator 2, a gate pulse genera-  sensitive
detectors, and connected to the out-     tor 3 and a receiver 4. Through an
aerial  put of said boxcar detectors Doppler filters  90     system  5, the
micro wave energy produced  23, 24 and 25 respectively providing the     by
the transmitter is pulsed in step with the  audio-frequency output signals.
As has been 30  synchronizing pulses produced by the genera-  set forth in
greater detail in the main speci-     tor 2. In accordance with the sum and
differ-  fication the amplitude and phase information     ence type of
operation, the reflected energy  required for automatic tracking remains
un-  95     received in the four sections of the aerial  altered in the
audio frequency signals, irre-     system is converted by means of a
comparator  spective of whether the target echo is free 35  6 into an
elevation difference signal AE, an  of clutter or not. To determine the
angle     azimuth difference signal [err]B and a sum sig-  error signals,
the audio frequency output sig-     nal [err]. These signals [err]B, [err]E
and  [err]  are  nals from  the Doppler filters 23, 24 and 25  100
applied through waveguides 7, 8 and 9 to  are  applied  through
low-frequency  (A.F.)     the receiver 4 in which they are transformed
linear amplifiers 26, 27 and 28 to error de- 40  to  a predetermined
intermediate frequency  tectors which in this example are constituted
and  amplified  in  separate  channels  (not  by phase-sensitive detectors
29 and 30. The     shown). To eliminate any fluctuations occur-
A.F.-linear amplifiers 26, 27 and 28 are pro- 105     ring due to
variations in the target range or  vided with an automatic gain control
system     in the reflecting surface of the target, the  31 which is
connected to the output of A.F.- 45  intermediate-frequency difference
signals [err]E[err]  linear amplifier 28. The output signal of     and
[err]B[err] are normalized relative to the inter-  amplifier 28 is also fed
as a reference signal     mediate frequency sum signal [err] so that the
to the phase-sensitive detectors 29 and 30. 110
[err]E         [err]B               The phase-sensitive detectors 29 and 30
oper-     amplitude ratios -------and ---------- provide a  ate on the
applied signals to produce the
desired angle error signals, that is to say,     true measure of the
magnitude of the target  phase-sensitive detector 29 provides the azi- 50
deviation from  the bore sight axis. The I.F.  muth error signal which is
applied through  115     output signals [err]B[err], [err]E[err] and [err]
occur at  a line 32 to azimuth servo 10, whereas phase-     the receiver
outputs 10, 11 and 12 respec-  sensitive detector 30 provides the elevation
tively and contain an amplitude and a phase  error signal which is applied
through a line     information which is a measure of the magni-  33 to
elevation servo 14. 55  tude and sense of the target deviation from
Referring to the operation of the Doppler 120     the bore sight axis.
These I.F. signals, there-  signal detectors mentioned in the apparatus
fore, may be utilized to develop the error  described so far, it may be
observed that each     signals required for the control of azimuth-  one of
these detectors comprises, in order of     and  elevation-tracking  servos
13  and  14  succession, a phase-sensitive detector, a box- 60
respectively and range gate pulse generator 3.  car detector and a Doppler
filter. Phase-  125     To permit tracking of a moving target in  sensitive
detectors are well-known to produce     the presence of comparatively
strong clutter  an output signal the polarity of which depends     echoes,
the error signals required are derived  on the phase difference between the
input sig- 
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3      nal and the reference signal. Assuming the  naturally possible only
if the target range is     reference signal to be frequency constant, this
known with an accuracy up to a few yards.  65     implies that the
phase-sensitive detectors in  However, during the lock-on procedure which
the present use provide a unipolar output  precedes the automatic tracking,
the target 5  pulse of constant amplitude for each echo  range is usually
known with  considerably     from  a fixed target (clutter without internal
lower accuracy so that the radar operator     clutter motion). However, in
practice phase  can effect a lock-on of the monopulse radar  70
variations may occur due to the fact that the  apparatus only with great
difficulty and much     reference signal provided by the coherent  loss of
time. 10  oscillator is not wholly frequency constant    The monopulse
radar apparatus of figure     (system  jitter) and that the fixed target is
1 includes further means for overcoming the     possibly not quite free of
internal clutter  just-mentioned  difficulty. To  this end the  75
motion. As a result of these phase variations  apparatus comprises circuit
means 35 having     said  phase-sensitive  detectors produce, for  an input
circuit including at least a delay line 15  echoes from a fixed target with
internal clutter  canceller 37 fed with one of the audio fre-     motion,
pulses of on the average constant  quency output signals resulting from
(the     amplitude with a bipolar video pulse super-  coherent detection of
the intermediate fre-  80     imposed on each of said pulses. These video
quency signals produced by the receiver, said     pulses show an amplitude
modulation corre-  first circuit means 35 comprising selecting 20  sponding
to  an  audio-frequency  signal  means 41, 42 controlled by broad range
gat-         ([err]). On the other  ing pulses for coarse selection of
target sig-     hand, for echoes from a moving target, they  nals from the
output signal of said delay line  85     produce bipolar video pulses which
show an  canceller 37, rnage error detection means 44     amplitude
modulation  corresponding to an  responsive to said selected target signals
to 25  audio-frequency signal                       produce a range error
signal, and pulse re-
generating means 38 responsive to said selec-                ([err])
ted target signal to produce standard output  90
pulses. The arrangement is made such that     The boxcar circuits each
determine the en-  at least during the lock-on procedure, the     velope of
the output pulses from  the rele-  range error signal is used for
controlling the     vant phase-sensitive detector. The frequency  instant
of occurrence of said broad range 30  spectrum of the envelope signal
contains not  gate pulses, whilst the standard output pulses  95     only
the Doppler frequency but also fre-  are used as narrow range gate pulses
for con-     quency components which correspond to the  trolling the gate
circuit in each angle track-     phase variations caused by the system
jitter  ing channel. This will now  be more fully     and internal clutter
motion. In view of the  explained. 35  variations in Doppler frequency
shift, as may   The broad range gate pulses are produced  100     occur due
to a variation in radial speed of  by the gate pulse generator 3 and each
con-     the tracked target, the Doppler filters con-  sist of an early and
a late gate pulse which     nected to the output of the boxcar circuits
are applied to said first circuit means 35     having a comparatively large
passband. This  through leads 39 and 40 respectively. In the 40  passband
is, for example, of the order of  embodiment used here, said selecting
means 105     magnitude of half the pulse recurrence fre-  comprises two
threshold circuits 41 and 42     quency (for example from 150 Hz to 2 kHz).
connected to the output of the delay line can-     Consequently such as
filter passes not only  celler 37. The threshold level of these circuits
the Doppler frequency but also the frequency  are set by the early and the
late broad gate 45  components occurring due to the system jitter  pulses
respectively. The output of each one  110     as well as at least part of
the frequency com-  of said threshold circuits are connected on     ponents
occurring due to the internal clutter  the one hand through a pulse
stretcher 43     motion. These  frequency  components,  if  to a difference
forming circuit 44 for pro-     passed by the filter, determine an
interference  ducing the range error signal, and on the 50  level. The
magnitude of this interference level  other hand through a sum  forming
circuit 115     is in the most unfavourable case directly pro-  45 to a
blocking oscillator constituting the     portional to the number of echoes
from fixed  pulse regenerator 38 for producing the stan-     targets that
are received in response to a pulse  dard output pulses. The output of the
differ-     transmitted. To prevent the interference level  ence forming
circuit 44 is connected through 55  from reaching a value at which the
Doppler  lead 46 to the range servo 15 which is con- 120      signal can no
longer be detected, narrow range  stituted by an amplifier, whose output
signal      gate pulses are applied through line 34 to  controls a time
modulator (not shown) form-      each of the boxcar circuits to make them
re-  ing part of the gate pulse generator 3. The      spond only to the
signals from the target to  output from pulse regenerator 38 is connected
60  be tracked and to the clutter signals received  through lead 34 to an
input of each of the  125      almost simultaneously therewith. Such range
boxcar circuits 20, 21 and 22. 



selection in the angle tracking channels car-    The delay line canceller
37 may be of the      ried out with narrow  range gate pulses is  type
usually employed with M.T.I. (moving         4
1,253,734                                            4       target
indication) techniques. Therefore it will  proper bearing of the target to
be tracked      be sufficient here to mention  that such a  and that the
gate pulse generator is adjusted      device comprises at least two video
channels.  in range so that the radar will lock on to      One channel is
an ordinary video channel, in  the target to be tracked during the subse-
5   the other channel the video signals are de-  quent second phase in
which the aerial is  70      layed  over  one  pulse  recurrence  period.
made to perform  an elevation scan. To sim-      The  output signals  from
the  two  chan-  plify  the  drawing, the  operator-controlled      nels
are subtracted  from  each other. The  means have been omitted in Fig. 1.
operation  of  the   delay  line   canceller    Assuming that the unipolar
video  signal  10  corresponds to that of a filter which sup-  shown in
Fig. 2b is the signal which appears  75      presses the DC-component from
fixed targets  at the output of the delay line canceller 37      and which
passes the AC-component from   during the elevation scan and further assum-
moving targets.                               ing that the broad range gate
pulses pro-        An optimum filter action is obtained if the  duced by
the gate pulse generator occur dur-  15  signal-to-noise level of the input
signal of the  ing the time interval shown in Fig. 2c, the  80      delay
line canceller is equal to the cancella-  operation of the first circuit
means 35 may      tion ratio. In this case the noise and the can-  be
explianed as follows:      celler residue are equal. Assuming the delay
In this circuit arrangement the said uni-      line canceller to have a
constant amplifica-  polar video signal is applied to the two thresh- 20
tion factor (AGC incorporated if necessary),  old circuits 41 and 42. The
threshold level  85      the desired optimum  filter action may be  of
these threshold circuits is normally such      obtained in a simple manner
by adjusting the  that the signals applied are not passed. Dur-
AGC-control of the receiver I.F. stages so  ing the time interval in which
the early and      that the noise level at the output of the delay  late
broad gate pulses are applied to these 25  line canceller is equal to half
the saturation  threshold circuits, the threshold level is re-  90
value. Each echo from a fixed target will then  duced to such an extent
that the canceller      be reduced to a value which is at most equal
residue is suppressed but the target signals      to half the saturation
value. Each echo from  exceeding the threshold level are passed.      a
moving target exceeds this value. In the      The threshold circuits 41 and
42 together 30  embodiment of Fig. 1 the AGC-control of  with the pulse
stretchers 43 and the differ-  95      the receiver-I.F. stages is adjusted
by a con-  ence forming circuit 44 constitute a time dis-      trol voltage
which is produced by a noise-  criminator whose output signal is a measure
detector 47 connected to the output of the  of the range tracking error.
This signal is      delay line canceller.                         applied
through a lead 46 to amplifier 15 35    The input signal of the delay line
can-  which thus provides a control voltage. This  100      celler 37 in
this embodiment is formed by  control voltage is applied through a lead 48
the bipolar video signal appearing at the out-  to the gate pulse generator
3 so as to there-      put of the phase-sensitive detector 19 after  by
cause the instant of occurrence of the broad      coherent detection of the
I.F. sum signal [err]  range gate pulses to be adjusted so that they 40
The amplitude of this video signal in suc-  overlap the target signals.
105     cessive pulse recurrence periods will show a     The  sum  forming
circuit 45  connected     distinct variation in the case of moving tar-  to
the output of both the threshold circuits     gets only. For illustration
Fig. 2a shows the  41 and 42 also applies the target signals, in
superimposition of a number of video signals  so far they exceed the said
low threshold level, 45  received in successive pulse recurrence periods.
to the pulse regenerator 38. Each time the  110      In this figure an
arrow is used to indicate the  latter receives such a target signal it
produces      position  in which  the  superimposed  video  a standard
output pulse as illustrated in Fig.      signals have the largest amplitude
variations.  2d. These standard output pulses are used      They are caused
by a moving target. The  as narrow range gate pulses in the angle track- 50
remaining amplitude variations of the super-  ing channels to which they
are fed by way  115     imposed video signals are smaller and are  of lead
34.     caused by the system jitter and internal clutter    The broad range
gate pulses cover a range     motion if any. In view of the fact that the
increment which extends, for example, from     delay line canceller
suppresses the DC-com-  1 km before to 1 km after the assumed range 55
ponent from  the fixed targets and passes the  of the target. It will be
evident that the use  120     AC-component from  the moving target the  of
such broad range gate pulses makes it     output signal from the delay line
canceller is  easy for the radar operator to select the target     a
bipolar video signal, as is its input signal.  to be tracked in range. The
use of such broad     This bipolar video signal is converted by recti-
range gate pulses is made possible by the fact 60  fication into a unipolar
video signal, as illus-  that the narrow  range gate pulses required  125
trated in Fig. 2b.                            for the range selection in
the angle tracking 



As is well-known, the lock-on procedure  channels are automatically
produced once the     may be divided into two phases, i.e. a first  target
to be tracked has been coarsely selected     phase in which the radar
operator ensures  in range. 65  that the aerial 5 is slewed in azimuth to
the    The monopulse radar apparatus of Fig. 1 130        5
1,253,734                                           5      makes it easier
for the operator to lock the  and a second kind of narrow  gate pulses.
radar on to a predetermined  target. This  The narrow gate pulses of the
first kind con-  65     radar apparatus is capable of subsequently  sist of
single pulses having a duration equal   -tracking  this selected target in
angle and  to that of the standard output pulses from 5  range, even if
relatively strong clutter echoes  the pulse regenerator 38. The narrow
gate     are received simultaneously with the target  pulses of the second
kind each consist of     echoes. The  sub-clutter-trackability  of the
narrow early and late gate pulses. The time  70     embodiment shown in
Fig. 1, however, is  relationship between the gate pulses produced     not
optimum, since the narrow  range gate  by the gate pulse generator is
illustrated in 10  pulses required  during tracking cannot be  Fig. 3,
where Fig. 3b shows early and late     automatically produced without the
use of  broad gate pulses, Fig. 3c shows a single     the broad range gate
pulses.                  narrow  gate pulse and Fig. 3e shows early  75
Improved  sub-clutter-trackability  is  ob-  and late narrow gate pulses.
tained with the embodiment shown in Fig.    The said switching means
comprise a relay 15  4. This preferred embodiment largely corre-  circuit
50 and contacts 53 to 60 controlled     sponds to the embodiment of Fig. 1,
but is  by it.     distinguished therefrom in that the gate pulse    The
position in which these contacts are  80     generator 3 of the radar
apparatus is adapted  shown in the figure is the second switching     to
produce range gate pulses as well as  position which occurs when the relay
circuit 20  narrow range gate pulses, the instant of occur-  50 is in its
quiescent state. In this state the     rence of the latter being in fixed
time rela-  first circuit means 35 is inoperative, since     tionship to
the instant of occurrence of the  lead 36 is interrupted by the normally
open  85     broad range gate pulses. The radar apparatus  contacts 59 and
60. The boxcar circuits 20     further comprises:
and 21 are then controlled by the narrow gate
pulses of the first kind which are applied 25    -second circuit means 49
including select-  to the boxcar circuits through lead 61 and          ing
means 22, 22' controlled by the  the normally closed contacts 53.
Furthermore,  90          narrow range gate pulses from  said gate  in this
case, the early and late narrow  gate          pulse generator 3) for fine
selection of  pulses are used for controlling the boxcar cir-
target signals from  said coherently de-  cuits 22 and 22' which are
connected to the 30      tected output signal of the receiver and  output
of the phase-sensitive detector 19. In          range error detection means
65 responsive  fact, the early narrow gate pulses are applied  95
to said fine-selected target signals to pro-  to the boxcar circuit 22
through a lead 62          duce a range error signal,               and the
normally closed contact 57, whereas       -switching means 50 which in the
first  the late narrow gate pulses are applied to the 35      switching
position  apply  the standard  boxcar circuit 22' through a lead 63 and
output pulses from  the first-mentioned  the normally closed contacts 55.
The boxcar 100          circuit means 35 as narrow  range gate  circuits 22
and 22' form  part of the second          pulses to the gate circuit
present in each  circuit means 49, further comprises a sum-          angle
tracking channel, and which in the  and  difference  forming  network  64,
two 40       second switching position (thus being the  Doppler filters 25
and 25' through which the          position  illustrated) apply  the narrow
boxcar circuits 22 and 22' are connected to  105          range gate pulses
from  the gate pulse  the said sum and difference forming network,
generator 3 to the said selecting means of  a phase-sensitive detector 65
and two low-          said second circuit means 49 and to the  frequency
amplifiers 28  and  28' through 45      gate circuits in the angle tracking
chan-  which the difference output and the sum out-          nels,
simultaneously  therewith  effecting  put, respectively, of the sum  and
difference  110          the switching-off of the first circuit means
forming network are connected to said phase-          35;
sensitive detector 65.        -a mill integrator 51, one input circuit of
When the relay circuit 50 is in the active 50      which comprises a gate
circuit 52 which  state, the contacts 53 to 60 are in the posi-          is
controlled by the narrow  range gate  tion not shown, i.e. the first
switching posi- 115          pulses from  said gate pulse generator 3
tion. In this state the first circuit means 35          and through which
the standard output  are operative, since the contacts 59 and 60
pulses from  said first circuit means 35  are closed and the input lead 36
is no longer 55      are applied to the miller integrator, the
interrupted. In this case only the broad early          integrator output
signal after having  and late range gate pulses are used. They  120
reached a predetermined value causing  are applied through leads 39 and 40
to the          the  said  switching  means  50  to  be  two threshold
circuits 41 and 42 of the first          switched from  the first to the
second  circuit means 35. The boxcar circuits 20 and 



60      switching position.                       21 are then controlled by
the standard output
pulses from  pulse regenerator 38, which are  125        As regards the
narrow  range gate pulses  applied to the boxcar circuits 20 and 21
produced by the gate pulse generator 3, dis-  through lead 34 and the
closed contacts 54.      tinction has to be made between a first kind  The
standard output pulses from  pulse re-        6
1,253,734      generator 38 are also applied through the con-  value of the
input video of the boxcar cir-     tacts 58 to the boxcar circuit 22.
Boxcar  cuits. Since the narrow gate pulses shown in     circuit 22', in
this case, does not receive any  Fig. 3c and the standard output pulses
shown     gate pulses and therefore cannot respond to  in Fig. 3d now
occur simultaneously at the 5  the output signal from  the phase-sensitive
gate circuit 52, the standard output pulses  70     detector 19.
Furthermore the connection be-  are  passed  and  applied  through  a
pulse     tween the low-frequency amplifier 28' and  stretcher 69 to the
Miller integrator 51. The     the phase-sensitive detector 65 is
interrupted  operation of pulse stretcher 69 is such that,     by the open
contacts 56.                      on receipt of the standard output pulses,
it 10    The monopulse radar apparatus described  supplies a positive-going
output current to the  75     operates as follows:
Miller integrator which thus produces a nega-       To initiate the lock-on
procedure, a start  tive-going output voltage. This output voltage
signal is given through a lead 66 so as to  is applied through a lead 70 to
the relay     thereby activate relay circuit 50. Contacts  circuit 50 which
returns to its quiescent state 15  53 to 60 then assume the position not
shown.  as soon as the said negative-going voltage  80     The pulse radar
apparatus then operates in  drops below  a predetermined  value. With
the manner described with reference to Fig.  the relay circuit 50 in the
quiescent state     1. In accordance therewith the first circuit  the
contacts 53 to 60 are in the position     means 35 is supplied with the
echo signals  shown, so that: 20 received during the elevation scan, and in
re-     sponse thereto will produce on the one hand     -the input circuit
of the first circuit means  85     a signal which is a measure of the range
35 is interrupted by the contacts 59 and     error and on the other hand
will produce the      60;     standard output pulses. The latter are
applied  -the control of the boxcar circuits 20 and 25  as narrow  gate
pulses to the boxcar circuits     21 is taken over by the narrow  gate
20, 21 and 22 which thus respond to the           pulses produced by gate
pulse generator  90     coherently-detected output signals from  the      3
and shown in Fig. 3d;     phase-sensitive detectors 17, 18 and 19. The
-the control of the boxcar circuits 22 and     phase-sensitive detectors 29
and 30 then pro-     22' is taken over by the narrow  early 30  vide the
angle error signals required for steer-    and late gate pulses, whilst the
connec-     ing the aerial. The reference signal applied      tion between
the low-frequency amplifier  95     to the phase-sensitive detectors 29 and
30 is     28 and the phase-sensitive detector 65     derived from the
output of the low-frequency      is established by closure of the contacts
amplifier 28. This reference signal is also       56. 35 applied to the
phase-sensitive detector 65     which, however, does not produce an output
The range error signal is now produced by     voltage, since the boxcar
circuit 22' does not  the circuit arrangement 49. The boxcar cir- 100
receive any gate pulses, whilst, moreover, the  cuits 22 and 22' respond to
the video signal     concentration between low-frequency amplifier  from
the phase-sensitive detector 19 at the 40  28' and phase-sensitive detector
65 is inter-  instant of the occurrence of the gate pulses     rupted by
the then open contacts 56. The  (shown in Fig. 3a) applied to the said box-
angle error signals are amplified in the ampli-  car circuits. If the
instant of occurrence of 105     fiers 67 and 68 and are then applied to
the  the narrow  early and late gate pulses is ad-     azimuth servo 13 and
the elevation servo 14.  justed correctly the output pulses from  these 45
The range error signal is applied through  boxcar circuits are equal in
amplitude. The     lead 48 to the gate pulse generator 3 after  sum  signal
produced by the sum  and differ-     first having been amplified in the
amplifier  ence forming network 64, after amplification  110     15. As a
result, the instant of occurrence of  in amplifier 28, is applied as a
reference sig-     the broad range gate pulses is controlled so  nal to the
phase-sensitive detectors 29, 30 50  that the centre of the broad early and
late  and 65. The difference signal provided by     gate pulses, as shown
in Fig. 3b, coincides  the sum  and difference forming network 64     with
the centre of the video output signals  is zero if the narrow  early and
late gate  115     of phase-sensitive detectors 17, 18 and 19,  pulses are
adjusted  correctly. The  phase-     said video output signals being shown
in Fig.  sensitive detector 65 then receives no input 55  3a. The instant
at which the single narrow   signal and hence provides no error signal,
gate pulses occur at the output of the gate  which is correct on the ground
of the assump-     pulse generator 3 then corresponds, as shown  tion that
the narrow early and late gate pulses  120     in Fig. 3c, with the instant
at which the  are adjusted correctly. If the adjustment of     standard
output pulses, shown in Fig. 3d,  the instant of occurrence of the narrow
early 



60  occur at the output of pulse regenerator 38,  and late gate pulses is
no longer correct, the     whilst the instant at which the narrow  early
amplitudes of the output signals from  box-     and late gate pulses, shown
in Fig. 3e, occur  car circuits 22 and 22' will differ from  each  125
at the output of gate pulse generator 3 is  other. The phase-sensitive
detector 65 then     such that the centre of the narrow early and  produces
an output signal the amplitude of 65  late gate pulses coincides with the
maximum   which is a measure of the range error. The           7
1,253,734                                            7      sense of the
range error is determined in the  axis, which intermediate frequency
signals  65     phase-sensitive detector 65 and depends upon  are produced
by the receiver in response to     the polarity of the difference signal
produced  the echo signals, the error signal being de-     by the sum  and
difference forming network  rived from  audio frequency signals obtained 5
64. The angle error signals are produced in  by coherent detection of said
intermediate fre-     the phase-sensitive detectors 29 and 30 in  quency
signals, the frequency of said audio  70     the normal manner, since, the
fact that the  frequency  signals  corresponding  to  the     control has
been taken over by the narrow gate  Doppler frequency shift of the echo
signals     pulses from gate pulse generator 3 does not  due to the radial
velocity of the target rela- 10  affect the normal operation of the boxcar
cir-  tive to the radar apparatus, and wherein said     cuits 20 and 21.
echo signals are selected by means of range  75       In the embodiments
described hereinbefore,  gate pulses applied to a gate circuit present in
the input signal used for the delay line can-  each angle tracking channel,
said mono pulse     celler is the sum  signal, since this signal is  radar
apparatus further comprising  circuit 15  readily  available with  a
monopulse radar  means having an input circuit including at     apparatus
of the sum  and difference form-  least a delay line canceller fed with the
audio  80     ing type. If, however, the invention is applied  frequency
signal resulting from  the coherent     to monopulse radar apparatus based
on ampli-  detection of one of said intermediate fre-     tude and/or phase
comparison it is funda-  quency signals, and said circuit means com- 20
mentally possible to use one of the incoming  prising selecting means
controlled by broad     signals to be compared, for example the  range
gating pulses for coarse selection of  85     strongest signal, as the
input signal for the  target signals from the output signal of said
delay line canceller.                         delay line canceller, range
error detection       The first circuit means 35 is not limited  means
responsive to said selected target sig- 25  to the embodiments shown in
Fig. 1 and 4.  nals to produce a range error signal, and     Fig. 5  shows
a possible modification  in  pulse regenerating means responsive to said
90     which, instead of two threshold circuits 41  selected target signals
to produce standard     and 42 gated by early and late broad gate  output
pulses, the arrangement being such     pulses respectively, use is made of
a single  that at least during the procedure of locking 30  threshold
circuit 71 which is not gated. The  the apparatus onto a target, the range
error     coarse range selection required is here effected  signal is used
for controlling the instant of  95     by means of a separate gate circuit
72 which  occurrence of said broad range gate pulses,     is controlled by
the broad range gate pulses  whilst the standard output pulses are used
from  gate pulse generator 3 and through  as narrow  range gate pulses for
controlling 35  which the output video from  the delay line  the gate
circuit in each angle tracking chan-     canceller 37 is applied to the
threshold circuit  nel.                                     100     71. The
output of the threshold circuit 71    2. Monopulse radar apparatus as
claimed     is fed on the one hand to the pulse re-  in claim  1, including
a gate pulse generator     generator 38 and on the other hand to a  adapted
to produce broad range gate pulses 40  separate time-discriminator 73 which
is con-  as well as narrow range gate pulses, the in-     trolled by the
narrow  early and late gate  stant of occurrence of the latter being in
105     pulses.                                      fixed time
relationship with the instant of        Fig. 6 shows another possible
modification  occurrence of the broad range gate pulses,     in which the
output video from the threshold  and wherein said  radar apparatus further
45  circuit 71 is applied on the one hand to the  comprises:     pulse
regenerator 38 through a single gate     circuit 72 controlled by broad
gate pulses    -second circuit means including selecting  110     and on
the other hand directly to a time-         means controlled by the narrow
range     discriminator 73 controlled by the said broad    gate pulses from
said gate pulse genera- 50  early and late range gate pulses.
tor, for fine-selection of target signals
from said coherently detected output sig-        WHAT WE CLAIM  IS: -
nal of the receiver and range error detec- 115        1. A  monopulse radar
apparatus for the        tion  means  responsive  to  said  fine-
automatic angle tracking of a moving target,     selected target signals to
produce a range     comprising a transmitter for emitting pulses     error
signal, 



55  of microwave energy, a receiver for the recep-    -switching means
which in the first switch-     tion of echo signals in at least two
receiving   ing position apply the standard output 120     patterns located
symmetrically with respect       pulses from  the first-mentioned circuit
to the bore sight axis, and for each angle co-   means as narrow range gate
pulses to the     ordinate, a tracking circuit controlled by an    gate
circuit present in each angle track- 60  error signal, the magnitude and
the sign of       ing channel, and which in the second     which depend
upon the amplitude and/or            switching  position  apply  the
narrow  125     phase relationship of at least two intermedi-    range gate
pulses from  the gate pulse     ate frequency signals varying in accordance
generator to the said selecting means of     with the target deviation from
said bore sight   said second circuit means and to the gate        7
1,253,734                                            7      sense of the
range error is determined in the  axis, which  intermediate  frequency
signals  65     phase-sensitive detector 65 and depends upon  are produced
by the receiver in response to     the polarity of the difference signal
produced  the echo signals, the error signal being de-     by the sum  and
difference forming network  rived from  audio frequency signals obtained 5
64. The angle error signals are produced in  by coherent detection of said
intermediate fre-     the phase-sensitive detectors 29 and 30 in  quency
signals, the frequency of said audio  70     the normal manner, since, the
fact that the  frequency  signals  corresponding  to  the     control has
been taken over by the narrow gate  Doppler frequency shift of the echo
signals     pulses from  gate pulse generator 3 does not  due to the radial
velocity of the target rela- 10  affect the normal operation of the boxcar
cir-  tive to the radar apparatus, and wherein said     cuits 20 and 21.
echo signals are selected by means of range  75       In the embodiments
described hereinbefore,  gate pulses applied to a gate circuit present in
the input signal used for the delay line can-  each angle tracking channel,
said mono pulse     celler is the sum  signal, since this signal is  radar
apparatus further comprising  circuit 15  readily  available with  a
monopulse  radar  means having an input circuit including at     apparatus
of the sum  and difference form-  least a delay line canceller fed with the
audio  80     ing type. If, however, the invention is applied  frequency
signal resulting from  the coherent     to monopulse radar apparatus based
on ampli-  detection of one of said intermediate fre-     tude and/or phase
comparison it is funda-  quency signals, and said circuit means com- 20
mentally possible to use one of the incoming  prising selecting means
controlled by broad     signals to  be compared, for example the  range
gating pulses for coarse selection of  85     strongest signal, as the
input signal for the  target signals from  the output signal of said
delay line canceller.                         delay  line canceller, range
error detection       The first circuit means 35 is not limited  means
responsive to said selected target sig- 25  to the embodiments shown in
Fig. 1 and 4.  nals to produce a range error signal, and     Fig. 5  shows
a  possible  modification  in  pulse regenerating means responsive to said
90     which, instead of two threshold circuits 41  selected target signals
to produce standard     and 42 gated by early and late broad gate  output
pulses, the arrangement being such     pulses respectively, use is made of
a single  that at least during the procedure of locking 30  threshold
circuit 71 which is not gated. The  the apparatus onto a target, the range
error     coarse range selection required is here effected  signal is used
for controlling the instant of  95     by means of a separate gate circuit
72 which  occurrence of said broad range gate pulses,     is controlled by
the broad range gate pulses  whilst the standard output pulses are used
from  gate pulse generator 3 and  through  as narrow  range gate pulses for
controlling 35  which the output video from  the delay line  the gate
circuit in each angle tracking chan-     canceller 37 is applied to the
threshold circuit  nel.                                     100     71. The
output of the threshold circuit 71      2. Monopulse radar apparatus as
claimed     is fed on the one hand to the pulse re-  in claim  1, including
a gate pulse generator     generator 38 and on the other hand to a  adapted
to produce broad range gate pulses 40  separate time-discriminator 73 which
is con-  as well as narrow range gate pulses, the in-     trolled by the
narrow  early and late gate  stant of occurrence of the latter being in
105     pulses.                                       fixed time
relationship with the instant of       Fig. 6 shows another possible
modification  occurrence of the broad range gate pulses,     in which the
output video from the threshold  and  wherein  said  radar apparatus
further 45  circuit 71 is applied on the one hand to the  comprises:
pulse regenerator 38 through a single gate     circuit 72 controlled by
broad gate pulses    -second circuit means including selecting  110     and
on the other hand directly to a time-         means controlled by the
narrow  range     discriminator 73 controlled by the said broad     gate
pulses from said gate pulse genera- 50  early and late range gate pulses.
tor, for fine-selection of target signals
from said coherently detected output sig-       WHAT WE CLAIM  IS:-
nal of the receiver and range error detec- 115       1. A  monopulse radar
apparatus for the         tion  means  responsive  to  said  fine-
automatic angle tracking of a moving target,      selected target signals
to produce a range 



comprising a transmitter for emitting pulses      error signal, 55  of
microwave energy, a receiver for the recep-    -switching means which in
the first switch-     tion of echo signals in at least two receiving    ing
position apply the standard output 120     patterns located symmetrically
with respect       pulses from  the first-mentioned circuit     to the bore
sight axis, and for each angle co-    means as narrow range gate pulses to
the     ordinate, a tracking circuit controlled by an     gate circuit
present in each angle track- 60  error signal, the magnitude and the sign
of        ing channel, and which in the second     which depend upon the
amplitude and/or            switching  position  apply  the  narrow  125
phase relationship of at least two intermedi-     range gate pulses from
the gate pulse     ate frequency signals varying in accordance
generator to the said selecting means of     with the target deviation from
said bore sight    said second circuit means and to the gate        8
1,253,734                                            8          circuits in
the angle tracking channels,  discriminator controlled by the broad early
simultaneously  therewith  effecting  the  and late range gate pulses for
producing the  40         switching-off of said first-mentioned cir-  range
error signal, and on the other hand to         cuit means;
a blocking oscillator constituting the pulse re- 5    -an integrator having
an input circuit of  generator for producing the said standard
which comprises a gate circuit which is  output pulses.         controlled
by the narrow  range  gate    5. Monopulse radar apparatus as claimed  45
pulses from said gate pulse generator and  in claim 2, wherein said second
circuit means         through which the standard output pulses  comprises:
10      from said first circuit means are applied         to said
integrator, the integrator output    -two  boxcar circuits fed with the
said         signal after having reached a predeter-     coherently
detected audio frequency sig-         mined value causing the said
switching      nal fed to said delay line canceller and,  50         means
to be switched from  the first to     in the second switching position,
respec- 15      the second switching position.                tively
controlled by narrow  early and
late range gate pulses,       3. Monopulse radar apparatus as claimed    -a
sum  and difference forming network     in claim  1, wherein said selecting
means are    and two Doppler filters through which  55     constituted by
two threshold circuits con-        the output signals from  the boxcar cir-
nected to the output of said delay line can-     cuits are applied to the
said network, 20  celler, the threshold level of these circuits    and
being respectively controlled by the broad    -a  phase-sensitive detector
and two low     early and late range gate pulses, the output     frequency
amplifiers through which the  60     of each one of said threshold circuits
being     sum signal and the difference signal, re-     connected on the
one hand through a pulse         spectively, are applied to the said phase
25  stretcher to a difference forming circuit for    sensitive detector for
producing the range     producing said range error signal and on the
error signal.     other hand through a sum forming circuit to    6.
Monopulse radar apparatus substantially  65     a blocking oscillator
constituting the said pulse  as herein described with reference to fig. 1
regenerator for producing said standard out-  or fig. 4, or fig. 1 or fig.
4 as modified by fig. 30  put pulses.                                   5
or 6 of the accompanying drawings.       4. Monopulse radar apparatus as
claimed in     claim 1, wherein said selecting means are     constituted by
a single threshold circuit and   TREGEAR, THIEMANN & BLEACH,     a gate
circuit controlled by broad range gate          Chartered Patent Agents, 35
pulses; the output signal of the delay line                Melbourne House,
canceller being applied through said gate cir-                 Aldwych,
cuit to said threshold circuit, the latter being            London, W.C.2.
connected on the one hand to a separate time-         Agents for the
Applicant(s).           Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1971.           Published by The Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from
which copies may be obtained.    


