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(71)   WE, TEXAS INSTRUMENTS INCOR-           for processing periodically
recurring signals,          PORATED, a Corporation organised acording
comprisig: digital storage means for stor-          to the laws of the
States of Delaware, United    ing digital signals applied to its input;
tim-          States of America of 13500 North Central         ing means
for retaining said digital signals          51 Expressway, Dallas, Texas,
United States of     in said storage means so as to delay the
America, do hereby declare the invention,        provision of an output
signal from said stor-            for which we pray that a patent may be
age means for a predetermined time inter-            granted to us, and the
method  by which it    val; means, including attenuator means, for
is to be performed to be particularly de-         combining the output
signal from said stor-        1O scibed in and by the following statement:
age, means with correspondig increment 55              This invention
relates to intergrators and  of one of said periodically recurring signals
more particularlly to a method of and appa-    to produce a combination
signaL which is            ratus for digitally integrating periodaically
less than the sum of the signals combined;            recurring signals.
and means for applying, said combination.         15   In a rader system,
the video signal de-  signal to the input of said storage means.  60
rived from  received, target-reflected echo    According to another aspect
of the inven-            sighnal consists a series of pulses occupy-  tion
there is provided a method of integrat- 



ing a time interval equal to one pulse repe-  ing  periodically recurring
signals, compris-            tition period of the radar system. This  ing
the steps of storing in digital form the        series recurs periodically
at the pulse repeti-  representations of said signals as digital data,  65
tion frequency, of the radar system. Super-     feeding back and
attenuating the stored            imposed on this recurring series of echo
representation of said periodically recurring            pulses is a random
signal resulting from the   signals, and combinig the attenuated repre-
combined effects of ground, sea, or precipita-  sentation of selected data
with the succeed         25 tion clutter and noise signals generated with
ing period of periodically recurring sig-            in the receiver of the
radar system.this     nals.            random clutter signal makes it
difficult, if    The invention will become readily under-            not
impossibel to detact small amplitude   stood from the following detailed
description            received echo signals by the use of non- of
embodiments of the invention. When read         30 intergrading radar
recievers.             in conjunction with the accompanying draw-  75
The video intergration of radar echo sig-  ings in which like reference
numerals de-            nals is performed in order to provide sigal-
signates like parts throughout the figures            to-noise improvement.
If the signal of in-       thereof, and in which:            terest is
sustained over a number of pulse.   Figure 1 is a pictorial representation
of         35 repetition periods and the noise or clutter is    the beam
width of a radar antenna; 



random over the same time period, the sign-       Figure 2 is a simplified
block disgram of            nal of interest will br magnified by inter-   a
digital integrator acordingto this inven-            tion and the clutter
or noise will tend to de-    tion;            crease relative to the signal
of interest, thus     Figure 3 is a block diagram of one em-         40
providing a greater signal-to-noise ratio.    bediment of the invention:
85              It is therefore an object of the present     Figure 4 shows
the timing waveforms for            invention to provide an improved
digital the embodiment of Figure 3 while            integrator.      Figure
5 is a block diagram of another Acording to one aspect of the present,
embodiment of the invention.         invention there is provided an
intergrator    Reffering now to Figure 1, there is illus       2
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trated a radar antenna 20 having an antenna  nals which are stored as a sum
in the recir-      pattern or beamwidth 22. For purposes of  culating loop,
that is, as a sum of the num-      explanation the antenna pattern 22 is
sub- ber of integrations.  The factors determin-      divided into range
bins 1-10. The radar  ing the. number of target signal returns has    5
transmitter emits a high energy, high fre-  been described previously with
respect to 70      quency electromagnet pulse at a frequency  Figure 1.
defined. as the pulse repetition rate.  The   It should be noted that the
attenuator 26      time required for the pulse to be transmitted  shown in
Figure 2 may be connected be-      to a target (such as target 12) and
return to  tween combining means 28 and digital stor-   10 the antenna
defines the range of the target  age means 24. The feedback loop from the
75      from the receiver. It is obvious that the  output of digital
storage means 24 would      return from  a target in range bin 1 will then
be connected directly to combining      occur earlier in time than the
return from  means 28.      a target in range bin 10. In the time inter-
Figure 3 illustrates a detailed block dia-  15 val between each transmitted
pulse, there  gram of one embodiment of the digital in- 80      are
reflected echo signals from bins 1-10 de-  tegrator. The periodically
recurring signals      pending upon target location, which form a  (video
signals) representative of the target-      video signal giving target
range informa-  reflected echo returns from range bins 1-10 



tion.                                       (of Figure 1) are converted
into digital re-  20   Many pulses are usually returned from  a
presentations by the analog-to-digital(A/D) 85      particular target on
each radar scan and  converter 30. The main component of the      such
pulses can be used to improve detec-  integrator is the digital storing
means 24      tion. The number of pulses returned from   which may be, by
way of example an "n".      a point target as the radar antenna scans  word
parallel digital storing means, such as  25 through its beamwidth is
proportional to  a shift register or a plurality of magnetic 90      such
factors as the antenna beamwidth, cores appropriately connected. The length
pulse repetition rate and antenna scanning, of the -shift register is
determined by the      rate.  It would not be uncommon for a  number of
samples of the video signals re- radar to produce 20 or more hits from  a
quired during one intra-pulse period (where 30 point target on each scan.
By summmg or  intra-pulse period is defined  as the time 95
integrating the echo pulses, an improved  period  between  consecutive
transmitted      detection probability is achieved.          pulses). The
storing means 24 both stores        Figure 2 illustrates a block diagram
of  and delays the digital data included therein     the general structure
of an integrator accord-  for one period of the periodically recurring  35
ing to the present invention. The integrator  signals.     comprises a
digital storing means 24, the   It is assumed for purposes of explanation 



output thered being connected into a feed-  that the digital storing means
24 comprises     back loop which includes an attenuator 26  six (6) rows
and ten (10) columns of flip-     that provides an attenuated
representation  flops 34 ("n" being equal to 10 in this  40 of the output
from the digital storing means  case), five (5) of the flip-flops in each
col-     Periodically recurring signals representative  umn-being for the
storing of the binary digit     of the echos from the targets and the
attenu-  representating an item  of information and     ated representation
of these signals from   the sixth flip-flop being utilized to store the
the attenuator 26 are algebraically summed  "sign " of the digital signal,
that is, whether  45 and digitally presented to the digital storage  the
voltage representation of the informa- 110     means 24 by combining means
28.          tion is positive or negative.  Information        The above
described integrator operates  after being digitized by the A/D converter
on the principle that. the clutter or noise  30, is inserted into the
digital storing means     amplitude (hereafter referred to as the noise  24
in parallel form  and is successively  50 amplitude or simply noise) is
random while  shifted by shift pulses (waveform D of Fig- 115     the echo
signal from a target is coherent ure 4) from timing section 80 through the
from transmitted pulse to transmitted pulse. digital storing means until
this information     The periodically recurring signals are inte-  appears
in the 10th column thereof where     grated in the recirculating loop
(formed by  conductors 35-40 connect the outputs of this 



55 closing feedback via attenuator 26 to com-  last column to digital
attenuator 26. The 120     bining means 28 and digital storage means
digital attenuator multiplies the digital word     24) thus magnifying the
signals of interest  present in the 10th column of digital stor-     while
the noise (which is random in nature)  ing means 24 by an appropriate
feedback     will tend to decrease relative to the signal of  factor less
than unity. The attenuator gain  60 interest. As, a result, the
signal-to-noise  must be less than- unity to prevent oscilla-     ratio is
greater in the recirculating loop than  tion from occurring. The output
conductors     the corresponding ratio at the input to the  35-40 from
digital storing means 24 are     combining means 28. Obviously, the im
also connected to digital-to-analog (D/A)     provement in signal-to-noise
ratio is a func-  converter 5-8 whose output is connected to  65 tion of
the number of successive target sig-  display or control means 60.
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The operation of the integrator illustrated  30. Converter 30 samples the
analog volt            In Figure 3 will now be described in con-  age
present during each range bin time inter-            nection with the
waveforms shown in Fig-  val and produces a four bit digital word plus
ure 4. It will be assumed for the purpose  a sign representative of the
analog signal.          5 of this description that the radar is pulsed
Remembering that the noise amplitude is 70             at a pulse
repetition rate as illustrated by  random, A/D  converter 30 will digitize
waveform B in Figure 4. Waveform 8 con-  sequentially the magnitude of the
noise com-             sists of a plurality of pulses, each pulse being
ponents present in the first six range bins.             followed by a time
(intra-pulse period) dur-  That is, converter 30 will sample and digit-
10 ing which the radar returns are received. ally present to the
adder/subtractor 28. a 75             Two complete repetition periods and a
por- four bit word plus the sign representative             tion of a third
are shown by this waveform. of the noise level in range bin 1 with the
Waveform A illustrates the video return de-  least significant bit
occurring on conductor             tected by the receiver (not shown) after
the  61 and the most significant bit occurring at         15 initiation of
the pulses during the pulse re-  conductor 64. This information is then 80
petition period. Any targets that are de-  transferred into column 1 of the
digital stor-             tected will show up as pulses in the video  ing
means 24. At this time, it is assumed 



waveform whereas the time at which the  that the output at conductors 67-72
from             pulse occurs in the waveform from the ini-  digital
attenuator 26 is zero. Converter 30         20 tiation of the pulse during
the intro-pulse  will then sample the. analog voltage present 85
period is proportional to the range of the  in range bin 2 of waveform A,
digitize the             target from the radar antenna 20. It will result
and transfer the information into             the assumed that the pulse
during pulse  adder/subtrator 28 which, in turn, pre-
repetition period 1 of waveform B is the  sents the information into column
1 of the         25 first one to detect target 12 (of Figure 1). digital
storing means, while the digital in 90            This means that the
antenna scan pattern is  formation previously stored in that memory
in a position as defined by 22. Since the  column will have been shifted in
parallel.            target 12 falls within range bin 7, a pulse  form to
column 2. This sequence of events            will appear in the
corresponding range bin  continues until the analog voltage of range
30 of the video return, that being range bin 7. bin 7 representative of
target 12 is sampled, 95            This target will be detected as long as
it is  the digital representation of which is fed            present within
the range pattern of antenna  into adder/subtractor 28 and subsequently
20; meaning that the target will be present. into column 1 of digital
storing means 24.            during the time that the antenna scan pat-
This sequence again continues until all ten         35 tern is in the
position defined by 22 and will range bins have been sampled. At that 100 



be detected until the scan pattern rotates  time, digital storing means 24-
will be com-            and reaches a position defined by 22". When
pletely filled, each column of the storing            the scan pattern
rotates past the position of means being filled with the digital represen-
22", target 12 will no longer be detected by  tation of the magnitude of
the signal in the         40 the radar. The number of video returns  range
bin for the appropriate pulse repeti- 105            which will indicate
the presence of target 12  tion period.            is dependent upon the
pulse repetition rate,  When the digital storing means 24 has
the antenna beam width and the antenna  stored the information from
intra-pulse            scan rate. It is assumed that antenna 20 re-
period 1 as has been herebefore described,         45 turns from the target
will be received by the  the digital information in column 10 will be 110
radar. In waveform A of Figure 4, there is  the magnitude of the video
return in range            shown only two of the twenty returns which  bin
1, column 9 will have the same informa-            would be expected from
target 12 and is  tion about range bin 2, column 8 will have
shown by the presence of a pulse in range  the same information about range
bin 3         50 bin 7 during the first two pulse repetition and so on down
to column 1 which will have 115            periods. It should also be noted
that there  the digital representation of the analog volt-            are
noise components present which could  age present in range bin 10. Clock
pulses            lead to erroneous detection information by  which time
the sampling of the video signal 



the radar. . It is this noise component that by converter 30 are provided
over conductor         will be substantially reduced by an integ-  82 from
the timing section 80, while the 120            rator according to the
present invention.   shift pulses for the digital storing means 24
It will be assumed for simplicity of de-  are provided over conductor 84
from the            scription that the integrator of Figure 3 is same
timing source. These shift pulses are for the first time beginning to
process in-  shown in waveform D of Figure 4.         60 coming video
signal information. Waveform    The output signal from column 10 of the 125
A has an appropriate bias (fixed voltage)  digital storing means is fed via
conductors            shown in Figure 4, which is. set such that  35-40 to.
the input of digital attenuator 26.            the average value of the
noise over one  This digital attenuator attenuates the digital
intra-pulse period is zero. Waveform  A. representation of the information
presented         65 then is fed into analog-to-digital converter  at its
input by some appropriate factor less 130       



than unity, such as, example, 0.85. The           rator. For example , if
the range bin 7 had a     gain of the attenuator 26 must be less
signal level of 1.0 during infra-pluse period     than unity if the
intergrator is to be stable    1, the firdt cycle through the intergrator
or non-oscillatory. According, an attenu         would provide a signal
level of 1.0. The  ated represneation of the magnitude        second time
through the intergrator, the out-     of the signal presentin the range
bin1 will br         put would be at the level of 1+1.0x0.85=     presented
at the terminals 67-72 as inputs to        1,85 ( the attenuator is set at
0.85). The third     adder/subtrctor 28 at the initiation of the
time through the intergrator, the level output     second pulse repetitin
period. Simul-        would be 1+1.85x0.85=2.57. This pro- taneously. A/D
converter 30 is processing     cess continues for twenty intergration,
which 75 the periodically recurring video onformation     means that hte
level in range bin 7 gets suc-    included, in the second pulse repetition
cessively larger. This is to eb contrasted    period. It should be
remmbered that the  with the noise levels in range bins 1-6 and    target
information in this second period, will    8-10 which, over twenty
intergration, will    be similar to that in the first period, the pri-
tend to cancel out, thus improving the sig-    mary difference being the
noise amplitude      nal-to-noise and/or clutter. This pro- 



present in the range bins 1-6 and 8-10, the noise       cess is illustrated
in the waveform F of figure    amplitude in range bin 7 being combined
4    with the amplitude of the target signal. Con- Referring now to the
timing section 80 for  verter 30 will digitize the analog signal in     the
video intergrator oscillator 48 provides    rnage bin 1 (which will be
noise) and pre-        the clock pulses for the system. The timing    sent
this digital representation to adder/      section 80 supplies a nunber of
shift pulse    subtractor 28, via conductor 61-65, the        to the
digital storing means 24 correspond    adder/subtractor simultaneously
receiving    ing to the number of colunms in the storing the attenuated
digital representation of the       means. In the system described in
connec- signal from attenuator 26, These two digital         tion with
Figure 3, this digital, storing means    representations of the noise
levels in range      has ten columns; therefore ten shift pulses    bin 1,
will algebratically added with sum         are required to shift the digitl
information    being shifted into column1 of digital sto-        across the
length of the storing means. Also 3Q  ing means 24. Since the noise is
random          A/D converter 30 requires a like number    over a series of
pulse repetition                  of pulses in order to sample the video
sig-    digital representation of summed noise            nals once per
range bin.    will decrease relative to signal of inter-
Consequently, the output of oscillator 48    est with each recirculation
(integration)         is connected via conductor 90 to gate 50: 



through the digital storing means. This pro-         this gate being a
standard type "AND"    cess will occur (in the example now being
gate by way of example. The output of this    discussed) for range bins 1-6
and 8-10 which      gate supplies the ten shift pulses via con-    have
only noise signals present.               ductor 84 to the digital storing
means 24       In contrast with the above when the             and also the
timing pulses required by the digital representation of range bin 7 in
A/D converter 30 via conductor 82. This     pulse repetition period 2 is
presented to the     is accomplished by having a flip-flop 56 feed
adder/subtractor 28 an attenuated repre-        a "1" (represented by a
high voltage as     sentation of the sigal in range bin 7 for
shown in Figure 4, wave-form C) to the in-     intra-pulse period 1 will
appear at conduc-       put of the "AND" gate. As long as a "1" tors, 76-72
and will be algebraically added          is present on conductor 94 to the
input of     with the representation of that signal occuring   gate 50 the
clock pulses from oscillator 48     ring in intra-pulse period 2. This
sequence       are fed through gate 50 to conductors 82       continues for
twenty intra-pulse periods the    and 84(Figure 4, waveform D). Counter 54
number of periods that the antenna beam       counts the number of pulses
from the output  50- width of antenna 20 includeds target 12 with    of
gate 50 and when n pulses (when n=10,    in its pattern. Accordingly, 20
integrations      in this case) have been counted, a pulse is    are
performed upon the video signal           sent to the reset side of flip
flop, 56 which 



The summed digital output from column           resets the output to the
"O"(low voltage)     10 of the digital storing means 24 is also
position. During the time that the flip-flop sent via conductors 35-40 to a
digital-to-           56 is being reset and its output is in the "0"
analog (D/A) converter 58. The output of           position, gate 50 will
inhibit the passage of    converter 58 is supplied in turn, to a dis-
clock pulses to the video integrator.    play or control means 60. The
output from      It should be noted in waveform A, Fig    the D/A converter
58 representative of the        ure 4 that there is a dead time "m" from
integrated output from the system is illustrated   the end of range 10 to
the initiation of    trated in waveform f of Figure 4. It will         the
next plse repetition pulse. This dead    be noted that the magnitude of the
signal in      time is provided to allow, reset, sweeps and    range bin 7
is successively increased by the      other circuits in the radar to
recover. In    integratino which occurs during each recir-       Figure 4,
this dead time, designated at "m"    culation of range bin 7 through the
inte-          additional counts is equal to 4 pulses for      
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5               example. The output of oscillator 48 is    Operationally,
the integrator of Figure 5              connected to counter 52 via
conductor 96. is very similar to that of Figure 3.   A video
Counter 52 counts down the oscillator out-  signal (such as that shown in
waveform A              put pulses by  n+m  (n+m=14, in this  of Figure 4)
is fed into algebraic summing           5 example), and when the counter
has counted  means 110. The output of the summing 70              down n+m
number of pulses, an output means 110 is then digitized by the A/D con-
pulse (waveform E of Figure 4) will set flip-  verter 112 and presented to
the digital stor-              flop 56 and also supply the master trigger
to  ing means 114. The range bins of wave-              the radar 46 over
conductor 100. Accord- form  A  of Figure 4  are successively          10
ingly, when an output pulse occurs on con- sampled and the digital
representation these- 75              ductor 100, flip-flop 56 will enable
gate 50, of stored in and shifted through the digital              allowing
the shift pulses once again to be  storing means 114. The output of the
stor-              supplied to the digital storing means 24 and  ing means
is fed into digital-to-analog con-              to the converter 30. The
length of time of verter 116 which converts the digital in-          15 n+m
pulses is equal to the pulse repetition  formation back into analog form
for use in 80 



rate of the radar period. Thus, synchroni- display or control means 118 and
is further              zation of the radar with the video integrator
supplied to analog attenuator 120. The out-              is provided by
this simple method of count- put of the attenuator 120 forms the second
ing down by n+m pulses. It should be  input to algebraic summing means 110.
The          20 noted that each integration is performed  summing means 110
then algebraically sums 85              in a time period less than one
pulse repeti- the attenuated video-representations during              l
ion period; that is, the integration requires  the preceding intra-pulse
period with the              n counts while the pulse repetition rate
video occuring during the next intra-pulse              equals n+m counts.
It should also be noted  period. This process is repeated for a pre-
25 that, although n+m is shown as a constant time determined number of
integrations in the 90              period, it may vary to thereby effect
an  same manner as was described with respect              intra-pulse
period length which will be of to Figure 3.              varying duration
(but, of course, longer than    Although the present invention has been
the integration period n).                 described and illustrated in
terms of a spec-          30   A second embodiment of the invention in
ific apparatus, it will be apparent that 95              the form of a
video integrator is illustrated  changes and modifications can be made
in block diagram form in Figure 5. The  without departing from the
invention as de-              integrator of Figure 5 is comprised of an
fined by the appended claims. 



analog algebraic summing means 110, the    WHAT WE CLAIM  IS:-          35
output of which is fed into an analog-te-dig-    1. An integrator for
processing periodic- 100             ital converter 112. The digital output
of ally recurring signals, comprising: digital             converter 112 is
fed into digital  storing digital signals applied to its input;
means 114 which may be constructed in the  timing means for retaining said
digital sig-             same manner as storing means 24 of Figure nals in
said storage means so as to delay          40 3.  The digital output from
the storing the prevision of an output signal from said 105
means 114 is fed into a digital-to-analog  storage means for a
predetermined time in-             converter 116, the output of said
converter terval means, including attenuator means.             116 being
connected to a display or control for combining the output signal from said
means 118 and said output is also fed into  storage means with a
corresponding incre-          45 an analog attenuator 120.  This analog
ment of one of said periodically recurring 1lO              attenuator may
be as simple as a potentio- signals to produce a combination signal
meter, by way of example, and will have a  which is less than the sum of
the signals              gain less than unity for the same reasons
combined; and means for applying said com-              given with respect
to attenuator 26 of Fig-  bination signal to the input of said storage
50  ure 3, which is to provide a stable, non-  means.
115              oscillatory system. The output of attenuator    2. An
integrator as set forth in claim 1 



120 forms the second input to the algebraic  wherein said attenuator means
is connected              summing means 110. Summing means 110  between the
output of said storage means              may be an analog operation
amplifier well and a first input of said combining means so          55
known in the art. Timing pulses for the  as to apply an attenuated
representation of 120             system are provided by timing means 122
the delayed output signal of said storage             which are
substantially the same as timing  means to said combining means, and said
section 80 shown in Figure 3. The timing  combining means being effective
to com-             means provides the pulses necessary to syn- bine the
corresponding increment of one of          60 chronize the pulse repetition
rate of radar  said periodically recurring signals applied 125
124. The timing means further provides the  to a second input thereof and
the attenu-              necessary shift pulse for storing means 114  ated
representation of the delayed output 6            and the pulses required
to sample the range  signal from said storage means in produc-
bins of the video signals in the analog-to-  ing the combination signal to
be applied          65 digital converter 112.                     to said
storage means.                     130     



5                                         1204 382      example. The output
of oscillator 48 is     Operationally, the integrator of Figure 5
connected to counter 52 via conductor 96.   is very similiar to that of
Figure 3. A video     Counter 52 counts down the oscillator out-
signal(such as that shown in waveform A)     put pulses by n+m (n+m=14, in
this       of Figure 4) is fed into algebraic summing  example), and when
the counter has counted   means 110. The output of the summing     down n+m
number of pulses, an output    means 110 is then digitized by the A/D con-
pulse (waveform E of Figure 4) will set flip-  verter 112 and presented to
the digital stor-     flop 56 and also supply the master trigger to   in
means 114. The range bins of wave-     the radar 46 over conductor 100.
Accord-   form A of Figure 4 are successively  ingly, when an output pulse
occurs on con-   sampled and the digital representation there     ductor
100, flip-flop 56 will enable gate 50   of stored in and shifted through
the digital     allowing the shift pulses once again to be  storing means
114. The output of the stor-     supplied to the digital storing means 24
and    ing means is fed into digital to anaalog con- 



to the onverter 30. The length of time of  verter 116 which converts the
digital in-  n+m pulses is equal to the pulse repetition   formation back
into analog form for use in     rate of radar period. Thus synchroni-
display or control means 118 and is further     zation of the radar with
the video integrator    supplied to analog attenuator 120. The out-     is
provided by this simpl method of count- put of the attenuator 120 forms the
second     ing down by n+m pulses. It should be    input to algebraic
summing means 110. The noted that each integration is performed    summing
means 110 then algebraically sums     in a time period less than one pulse
repeti-    the attenuated video-representations during     tion period,
that is the integration requires   the precoding infra-pulse period with
the     n counts while the pulse repetition rate   video occurring during
the next infra-pulse     equals n+m counts. It should also be noted
period. This process is repeated for a pre-  that, although m is shown as a
constant time   determined number of integrations in the     period, it may
vary to thereby effect an     same manner as was described with respect
infra-pulse period length which will be of     to Figure 3.     varying
duration (but of course, longer than    Although the present invention has
been     the intergration period n)               described and illustrated
in terms of a spec-  A second embodiment of the invention in  ific
apparatus, it will be apparent that  95     the form of a video integrator
is illustrated changes and modifications can be made 



in block diagramn form in Figure 5. The  without departing from the
invention as de-     integrator of Figure 5 is comprised of an  fined by
the appended claims.     analog algebraic summing means 110, the    WAHT WE
CLAIM IS:-  35 output which is fed into an analog-to-dig-   1. An
intergrator for processing periodic-     ital converter 112.  The digital
output of ally securing signals, comprising: digitals     converter 112 is
fed into digital storing  storing digital signal applied to its input:
means 114 which may be constructed in the  timing means for staining said
digital sig-     same manner as storing means 24 of Figure  nals in said
storage means so as to delay  The digital output from  the storing  the
provision of an output signal from said 105     means 114 is fed into a
digital-to-analog  storage means for a predetermined time in-     converter
116, the output of said converter terval; means, including attenuator
means.     116 being connected to a display or control  for combining the
output signal from said     means 118 and said output is also fed into
storage means with a corresponding incre-  45 an analog attenuator 120.
This analog  ment of one of said periodically recurring 110     attenuator
may be as simple as a potentio-  signals to produce a combination signal
meter, by way of example, and will have a  which his less than the sum of
the signals     gain less than unity for the same reasons combined; and
means for applying said com-     given with respect to attenuator 26 of
Fig-  bination signal to the input of said storage 



50 ure 3, which is to provide a stable, non-  means.     oscillatory
system. The output of attenuator    2. An integrator as set forth in claim
1     120 forms the second input to the algebraic  wherein said attenuator
means is connected     summing means 110. Summing means 110  between the
output of said storage means  may be an analog operation amplifier well and
a first input of said combining means so  55 known in the art. Timing
pulses for the  as to apply an attenuated representation of 120  system are
provided by timing means 122  the delayed output signal of said storage
which are substantially the same as timing  means to said combining means,
and said     section 80 shown in Figure 3. The timing  combining means
being effective to com-     means provides the pulses necessary to syn-
bine the corresponding increment of one of  60 chronize the pulse
repetition rate of radar  said periodically recurring signals applied 125
124. The timing means further provides the  to a second input thereof and
the attenu-      necessary shift pulse for storing means 114  ated
representation of the delayed output      and the pulses required to sample
the range  signal from said storage means in produc-      bins of the video
signals in the analog-to-  ing the combination signal to be applied  65
digital converter 112.                     to said storage means.   



3. An integrator as set forth in either of wherein said timing means
retains the digi-      claims 1 or 2, wherein said attenuator means  tal
data in said digital storing mean tor      is -a digital attenuator.
n+m  time increments.      4. An integrator as set forth in claim 3,   12.
An integrator as set forth in claim l   5 wherein said combining means
includes an  wherein said timing means adjustably con-  55
analogue-to-digital converter responsive to  trols the value of m.     the
periodically  recurring signals and   a   13. An integrator as set forth in
any of     digital adder/subtractor, the digital output  claims 9 to 12,
further including display     of said converter being electrically
intercon-   means responsive to the output of said shift 10 nected to said
digital adder/subtractor.   register.                                   60
5. An integrator as set forth in either of    14. A method of integrating
periodically 



claims 1 or 2, wherein said attenuator means  recurring signals, comprising
the steps of:      is an analogue attenuator.                  storing  in
digital form  the representations      6. An' integrator as set forth in
claim 5, of said signals as digital data, feeding back 15 wherein said
combining means includes an  and attenuating the stored representation of
analogue algebraic summing means and an  said periodically recurring
signals, and com-     analogue-to-digital converter is provided,  bining
the attenuated representation of set-     the analogue output of said
combining  ected data with the succeeding period of     means being applied
via said analogue-to-  said periodically recurring signals. 20 digital
converter to  said digital storage   15. A method as set forth in claim 14.
70     means.                                      further including
delaying the digital repre-       7 An integrator as set forth in any pre-
sentations of said periodically recurring sig-     ceding claim, in which
the periodically re-  nals while storing such digital representa-
curring signals are  derived  from  radar  tions. 25 apparatus, and said
timing means being         16. A method as set forth in claim  15,  75
effective to synchronize the pulse repetition  wherein combinaing of the
delayed attenu-     rate of the radar apparatus at which the  ated
representation of seleced data with the     signals periodically recur and
to provide  succeeding period of said recurring signals     pulses for
integrating said periodically re-  is accomplished by-algebraically
combining 



30 currong signals in a time interval less than  the delayed attenuated
representation with 80     said pulse repetition period.               the
next successive periodically recurring       8. An integrator as set forth
in any pre-  signal thereby to improve the signal-to-noise     ceding
claim, further including means con-  ratio.     nected to said storage
means for reconvert-   17. An integrator substantially as herein 35 ing to
analogue form  the delayed repre-  described and as shown in Figures 2 and
3   85    sentation of said periodically recurring sig-  of the
accompanying drawings.    nals comprising the delayed digital data out-
18. An  integrator substantially  as de-    put of said storage means.
scribed and as shown in Figure 5 of the       9. An integrator as set forth
in any pre-  accompanying drawings. 40 ceding claim wherein the
periodically recur-   19. A method for improving the signal- 90    ring
signals have a given repetition period  to-noise ratio of successive
periods of the    divisible into n+m  time increments, and  radar signals
detected in a radar system    said storage means including an n word
substantially as described herein with refer-    parallel shift register.
ence to the accompanying drawings. 45   10. An integrator as set forth in
claim 9,    wherein said timing means is effective-for           ABEL.&
IMRAY,    providing synchronizng pulses and n  shift Chartered Patent
Agents 



pulses to said register for each repetition          Northumberland House,
period.                                              303-306, High Holborn,
50   11. An integrator as set forth in claim 10,            London, W.C.1.
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