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(5§ DIGITAL INTEGRATOR

- (T _wca; TEXAS INsmmyEfdringgox
PORATED; a Corporation: organised' accordiing:
tg: the-Iaws gff the State off Delaware, United:
States. off America; of 13500 Nortlh: Central
‘% Bupressway; Dallas; Teéxas, Uhited’ States of
Agnerica, de: lereby- dbclare the: invention,
for which woe: pray: that! a- patent may be.
granted: to- us;, and’ the- methiod: by which it
187 to. be performedi to Be- particulaily- de-
10: seribed: in ‘and{ by the following- statement :_
"Fhis invention: relates to- iivegrators and’
more: particularly to a:method of and appa-
ratus. for- digitally- integrating- periodically,
recufring: signals: _ '
15+ - Iny a: rader system; the video signal de-
rived: from: received; target-reflected echo.
sighals consists. off a- seriés: of pulses occupy;-
ing & time- interval equal! to- one pulse repe--
tition: periods oft the. radar- system. This.
20; series recurs periodically at the pulse repeti-
tion: frequency of* the- radar system. Saper-.

imaposed: on- this recussing; series of' echn.

pulses:is a:random.signal: resulting from- the.
combined effects:of ground: sea, or precipita-

25; tiom, chutter andrnoise: signals- generated withi..
in. the: receiver. of: the- radar- system. 'This.
tandom, clutter- signal” makes it difficnls, if
not: impossible; ‘to- deteet: small: amplituds-
received- echo. signals- by the  use of nopa.

30; integrating:-radar receivers. - o
The: vidto integration of radar echo sig-.
nals:is performedin order-to provide signal:-

to-neise: improvement. If‘the signal of in--

tesest: is- sustained! over- a- numBer of nulss.

35; repetition. perieds-and the-noise or clutter is.

ragndom: over the same- time-period; the, sig-.
nad:of: interest: will: be- magpified- by, integra..
tionrand:the:clutter-or-neise-will tend. to.de-.
crease: relative: tothesignal of interest. thus,

49; providinig. a: greater: signal-te-noise ratio..
Tt is:. thesefore - an- objéet: of” the . present
inyention: to providé- an- improved: djgital:

- integratos. ) B
.. Accosding-to- one aspect- of the present.
4% inyention. there: is- provided ar integrator.
[Price: 5s. 0d.: (25p)Y.

for grocess_i.ni periodically, recurring signals,
comprising:” digital storage means. for ster-
ing- digital signals applied to its input; tim-
ing means for retaining, said digital. signals :
in said storage means so as to. delay the 30+
provision of an. ontput. signal from. said stor-
age means for a predejermined tjime inter-
val; means,. incliding attenuator means,. for
combining the. Qutput. signal fiem said. stor-
age, means witht a_corresponding, increment, 55°
o?e one of said: periedically. fecnrrinng. signals.
to' prodiice a combination sigpal which. is.
less” than the sum. of the- signals. combined;,
and’ means for applying. said’ combination.
signal to the input.of said. stordge. means..

- According to. anotlter aspect. of the. inven.:
tion there is provided’a method of ihtegrat-
ihg periedically recurring. signals, compris:-
ing’ the steps, of! storing in digital form: the:
representations of said signald as digital.data, .65~
feeding Back. and: aftenuating. the: stored-
representation of’ said periodically recurring:
signal§, and’comBinjng thie attenuated.repre--
sentation of’selected’ data with the succeed-
ing, period’ of said’ periodically recurring. sigs: 70
pals.

Thie invention will' become readily, under--
stood fifom thie following détailed. description:
of -embodiments of the. invention. when read: -~
in<conjimction with the accompanyihg draw-. 75
ings, in which like reférence. numerals. de-
signate: like parts throughont. the. figures-
thereof,” and’ in" which:

Figure- I' is' a. pictorial; representation. of-
thie-Yeam=width: of a_radar-antenna;.

- Figure 2'is a-simplified ‘block: diagram. of«
a- digital integrator. acoording;to. this. inven=-
tioms: - '

Figure- 3.8 a block. diagram..of. one.ems-
bodiment of the inventien;. &
Figure :4' shows. the_.timing, waveforms. for:
the- embodiment :of Figure.3; while -
Figure 5 is' a block. diagram. of amother:
embodiment -of the ifvention. .
Reférring now to-Figure 1; there. is.illus.-90
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trqted_ a rada-r anténna 20“ having an antenna
pattern or b th 22. ‘For purposes of

explanation. the ‘dntenna pattern 22 is sub-.

divided into “range ‘bins 1-10. The radar
5 transmitter emits a_high energy, high- fre-
quency. electromagnet pulse at a frequency
defined ‘as the pulse repetition rate. The
time required for the pulse to be transmitted
to ‘a.taiget (such as target 12) and return to

10 the anténna-defines the range of the target.

from the receiver. It is obvious that the
return from a target in range bin 1 will
occur earlier in time than the return from
a target in range bin 10. In the :time; inter-
- 15 val between ecach transmitted pulse, there
are reflected echo signals from bins 1-10 de-
pending upon target location, which form a
video_ signal giving target range informa-
tion, . .. . . - I B
20 Many pulses are usually returned from a
particular target on ‘each radar scan and
such pulses can be used. to impiove detec-

tion. The number of pulses.returned from.

a point target.as the fadar antenna; scans
25. through its beamwidth is proportional to

“-such factors as the antenna beamwidth, .
"pulse repetition rate and antenna scanning.

rate. It would not -be uncommon :for a
- radar to produce 20 or more hits from a
" 30 point target on each scan. By summing or
: " integrating .the echo pulses, an improved

detection probability is achieved. :

" Figure 2 illustrates a block diagram of

. the general structure of an integrator accord-
-35.ing to the present invention. The: integrator

<" comprises .a digital storing means 24, the

output thereof being connected .into a.feed-
back loop which includes an attenuator 26

that provides an aftenuated representation
40 of the output from the digital storing means.

- Periodically recunting signals représentative

of the echos from the targets and the attenu-
ated representation of these signals- from
the attenuator 26 are algebraically summed

45 and digitally. presented to the digital storage
* - means 24 by combining means 28.. - . .
The -above described integrator operates

on the principle that.the clutier or' noise
amplitude (hereafter referred to as the noise

50 amplitude or simply-noise) is random. while
the echo signal.from .a target is coherent
from transmitted pulse to transmitted pulse.
The periodically recurring signals are inte-
grated in the recirculating loop (formed by

55 closing feedback via_attenuator 26 to com-
" bining means 28 and digital storage means
24) thus magnifying the signals of. interest
while the noisé (which is random in nature)
will tend to decrease relative to the signal of

60 interest.. As a_ mesult, the- signal-to-noise
* ratio is- greater in the recirculating loop than
the corresponding ratio at the input to the
combining means 28. Obviously, the im-
provement in signal-to-noise ratio is a func-

65 tion: of the number of successive target sig-

T

. pals which ate stored as:4 sum n the recir-

‘culating loop, thai is, as a sum of the num- _ -

" been. descn‘bed previously with respect to

"+ It should-be noted that th

shown in :Figure. 2 may be connected:

tween combining means 28 and digital- stor. 75
output ‘of digital storage means 24 would

age means 24. -The feedback loop from the

means 28. . _

. Figure :3 illustrates a detailed block" dia-
gram of one embodiment of the- digital in-
tegrator. -The periodically: recurring signals
(video signals) - representative ‘of the target-
reflected echo returns-from range. bins 1:10
(of Figure 1) -are converted ‘into digital. re-
presentations by the analog-to-digital:(A/D)
converter 30 The main component of the
integrator is the.digital storing means 24
which may- be, by way of ‘example, an “n

“then be - connected - directly t6 combining

a shift register or a plurality’ of ‘magnetic
cores -appropriately connected: -The length
of the -shift register is determined by the
-number of samples-of the video signals re:
quired during one intra-pulse: Pperiod: (where
intra-pulse. period . is definedas “the time
period - between - consecutive: - transmitted:
pulses). The storing- means 24 both stores
and delays the digital data included therein
for one period of the periodically recurring
signals. .- .. - .o oo TS

It is assumed for purposes of explanation
:that the digital storing means:24 comprises’
six (6) fows and ten (10) columns of flip-
flops: 34 (“n> being -equal to 10 i this
case), five (5) of the flip-flops in -each col-
umn-being for the-storing of the binary digit
representating an-item' of ‘information and
the sixth flip-flop being utilized to:store the
“sign” of the digital signal, that is, whether
the voltage representation of the “informa-
- tion i8 positive or negative. - Information,

after being digitized by the A/D’ converter -
30, is inserted into-the digital storing means-

24 in parallel . form and is successively

shifted by shift- pulses (waveform D of ‘Fig-
ure 4) from- ti

ing the number of target signal’ feturns Tas. -

‘attenuator 26

word parallel digital storing means, such as =
90

ing section 80 through the

“ber of integratiois, - The factors. détef,_i- -

0
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digital storing means until this-informaton”™

appears- in the- 10th column theréof whére'
conductors 35-40 connect the outpuis of this

- .last column -to- digital ‘attenuator- 26. The

digital attenuator multiplies the digital word

present in.the 10th- column of digital stor--
-ing means 24 by an appropriate feedback’
125
tion from occurring. The output conductors -

- factor less than unity.. The attenuator gain
must_ be less. than- unity to prevent oscilla-

35-40 from digital storing means 24 are

also comnected to digital-to-analog (D/A)-
- 130

converter 58 whose output is connected to

display or control means 60. -

120
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. The. operation-'of the integrator illustrated

in. Figure 3 will now be described in con-
UHM with the waveforms shown in Fig-

ufe 4. It will be assumed for the purpose

of this description that the radar is pulsed
at .a pulse repetition rate as illustrated by
waveform B in Figure 4. Waveform 8 con-
sists of a plurality of pulses, each pulse being
followed by a time (intra-pulse period) dur-
ing which the radar returns are received.
Two complete repetition periods and a por-
tion of a third are shown by this waveform.
Waveform A illustrates the video return de-
tected by the receiver (not shown) after the
initiation of the pulses during the pulse re-
petition period. .Any targets that are de-
tected will show up as pulses in the video

waveform whereas the time at which the'

pulse occurs in the waveform from the ini-
tiation of the pulse during the intro-pulse
period is proportional to the range of the
target from the radar antenna 20. It will
tbe assumed that the pulse during pulise
repetition period 1 of waveform B is the
first one to detect target 12 (of Figure 1).
This means that the antenna scan pattern 1s
in a position as defined by 22. Since the
target 12 falls within range bin 7, a pulse
will appear in the corresponding range bin
of the video return, that being range bin 7.
"This target will be detected as long as it is
present within the range pattern of antenna

20;. meaning that the target will bé present.

during the time that the antenna scan pat-
tern is in the position defined by 22 and will
be detected until the scan pattern rotates
and reaches a position defined by 22”7, When
the scan pattern rotates past the position of
22", target 12 will no longer be detected by
the radar. The number of video returns
which will indicate the presence of target 12

is dependent upon the pulse repetition rate, -
the: antenna beam widih and the antenna
_ scan rate. It is assumed that antenna 20 re-

turns from the target will be received by the
radar. In waveform A of Figure 4, there is
shown only two of the twenty returns which
would be expected from target 12 and is
shown by the presence of a pulse in range
bin 7 during the first two pulse repetition
periods. It should also be noted that there
are npise components present which could
lead to erroneous detection information by

_.the radar. It is this noise component that

55

60

65

will be substantially reduced by an integ-’

rator according to the present invention.

Tt will be assumed for simplicity of de- -

scription that the integrator of Figure 3 is
for the first time beginning to process in-
coming video signal information. Waveform
A has an appropriate bias (fixed voltage)
shown in Figure 4, which is. set such that
the average value of the noise over one
intra-
then is fed into amalog-to-digital converter

pulse ‘period is zero. - Waveform A

30. Converter 30 samples the analog voli-
age present during each range bin time inter-
val anid produces a four bit digital word plus’
a ‘sign representative of the analog signal.
Remembering that the moise amplitude is
random, A/D converter 30 will digitize
sequentially the magnitude of the noise com-
ponents present in the first six range bins.
That is, converter 30 will sample and digit-
ally present to the adder/subtractor 28 a
four. bit word plus the sign representative
of the noise level in range bin 1 with the
least significant bit occurring on conductor

61 and the most significant bit occurring at.

‘conductor 64. This information is then’
transfenred into column 1 of the digital stor-
ing means 24. At this time, it is assumed

that the output at conductors 67-72 from

digital attenuator 26 is zero. Converter 30
will then sample the. analog voltage present
in range bin 2 of waveform A, digitize the
result and transfer the information iato
adder/subtractor - 28 which, in turn, pre-

sents the information into column 1 of the
digital storing means, while the digital in-

formation previously stored in that memory

column will have been shifted in parallel.

form to column 2. This sequence of events
continues until the analog voltage of range
bin 7 representative of target 12 is sampled,
the digital representation of which is fed
into adder/subtractor 28 ‘and subsequently
into column 1 of digital storing means. 24.
This sequence again continues until all ten
range bins have been sampled. At that

time, digital storing means 24 will be com-

pletely filled, each columi of the storing
means being filled with the digital represen-

tation of the magnitude of the signal in the

range bin for the appropriate pulse repeti-
tion period. - o _

When the digital storing means 24 has
stored the information from ° intra-pulse
period 1 as has been herebefore described,

the digital information in colimn 10 will be

the magnitude of the video return in range
bin 1, column 9 will have the same informa-
tion about range bin 2, column 8 will have
the same information about range bin 3
and so on down to column 1 which will have
the digital representation of the analog volt-

age present in range bin 10. Clock pulses’

which time the sampling of the video signal

70
75
80
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by converter 30 are provided over conductor -

82 from the timing section 80, while the

shift pulses for the ‘digital storing means 24
are provided over conductor 84 from the

same timing source. These shift pulses are

shown in waveform D of Figure 4.
The output signal from column 10 of the

digital storing means is fed via conductors:

35-40 to the input of digital attenuator 26,

This digital attenuator attenuates the digital

representation of the information presented

at its input by some appropriate factor less

120
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130
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 than unity, such ag, for example, o 8s. Th@

gain of the atten,ug;gr 26 must be made less, .

than unity if the integrator is. to. be. stable.
or non-oscillatory, . Accordingly, an attenu-
5, ated- rep:qsgn!t%qn,oi the, digital magnitude
- of the s1gneaI pigsent i range. din 1 will be
presented at, terminals; 67-72, as; inputs to. the
addqr]subjraqtqr 28, at, the. initiation, of the
second, Rnl,se 1epatition: geuod Slmul-
10 tgneeusly,, A/D), comverter- 30. is, processing
the, pe:m@u:al;ly recurring, videq. mIormanbn.
mclugﬁq m the second p repetition,
peried,, It sho;ﬂﬂ be. nemgmbered that the
target. mﬁoxma;um. in, thig second period, wilf
15. be similer to; that, in. the first period, the; pfi~
mary dlﬂezenoq -the. noise amplitude,
presént. in range. bms -6 and 8-10, the noise:
amplitude: in tange; bin 7, being, combingd,
with the amplitude. of, the. tagget. signal. .Qonr.
2, verter. 30Q. wﬂ(} digitize. the. analog ‘signal; in,
range bin’1 (which, will. be, noise): and, vre;.
sent; this digital: representation to. adder,/
subcractpn 28; via, qonduotors 61-65,
a,dder/sqbtra,gtor sxmlﬂtanqously rgcewmg
25, the. aifenuated, digital repcesentation, of. the.
al. from attenuator. 26, These. two. digital:
rgmsgnanonﬁ. of, the, njpise. levels. in, range.
Bin, 1, will al bra;ca,lly added with. the snm,
qug shﬁtgd mto column ‘T of daglial stor-.
30; ing, igus, 24 Smge thq noise. is, random;
" Over a;series. abguls& rsgﬁtmgn periods, the.
digital, representation; of, the. summed; naise-
will deqrease; rqla,t;vp, to- the, signg]. of; inter .
- est wuh each, m,ulauon (integration)-
33, through, the d4g1t41 storing means., This pro-
cess. will; odgur, (in, the. example now: being:
discnssed) for. inge bins 1:6.and: 8110 whigh:
haye only noise-signals; present. . -
In, copirast.. wnh, the.. abpv,e, whqn the
40, digital, tation,.of range bip: 7- in,
' pulse repetition period 2 is presented, to the:
adder/subisagtor. 28, any atignusted, repre-
sentation of the: mgg,a.l in. rapge . bin 7. for,
_ mm—mlx will, appear at condug--
45, tors, 76-72 amf w.:ll bq -algebraically: added.
' w1th the.representation .of: that. signal, occug-
ring, in. intra-pulse. penqd :2, 'I;h;s -Sequence.
continyes, for, twenty intra-pulse. periads, the;
50 number of, perigds . that- the. antenna, beam
oY w1dtho¢f amcnnaizo,mclud:es target, 12 with-.
" in,its pattern,, - ondingly,, 20 integrations;
are performed u n the video signal,
Thq Qummgd tal: output. from. columm
10..of stgnn,g ‘means, 24. is alsa;
5.5 sent y;a1 co uqths,, 35:40.t0 a. di gital-to-.
S analo,& (R/A). converter: r58: The. output of:
converter, 58:1s, supplied, in. tumn, t0.a. dis-.

play o, control,means-60, The oqtpu’e from:
the D/IA .conyerter- 53rrepxaeaentatlve of - the:

§.0 integrated ouiput. from the. sytem: is s

trated- in wayeform E of Eigu;f.f 4, Ttwill,

bp.»noted that the miognitude.of the: signg] in.
range,bin, 7.1§ ,smge&swﬂly, 1n§xea§g¢hy the
integration which aecurs. during, each } FECHT,
65, culatlon of TADEE, bin. 7. through - the.- integ-

mto:: Fo:; exam le,. rfra,ngqu 7 l;ad a
slgnal, leﬁvg,tOﬁ l:f)E during inira-pulse. period.
cycle. )
w,ould p;ovndﬁ.;c& signal level: qfnl]%gf- T
second time, throngh the integrator-the out, 70
¥ut would, be at a level of T+1.0%0.85=
83. (the atiepuator is sgf. 1, 0: 85), The: third.
time_ threugh; the integrator, the level ‘oytput,
would be 1+185X0R5=2:57.  This, pro-
ogss continyies for, twenty, integrations, which: 7§
means thal the.level,in: range, bin. 7, gets suey
cessively. lagger. This is @ be. contrasted;
with, the, noise, levels in, 1ange: bins. 1-6. ang
8-10. which,, over twenty. mteg;atmns,, will;
tend, to. caneel, qut,, ths; imppoving the. sig. 8
naJ,tQ_nomg anﬂjor. chitter ratjo;. This, pror.
zcgss is 1Hustrag§g¢ in waxeﬁomn ‘F of; Figum

Referring oW ta, thcvtunmg, segtion, 80, for,
the, video. Mtegrator,, oscillator, 48: prowides. 85
the. clack. pulses. for, the, system., The timing,
section: 80, supplies,a o pulses; .

mmber, of
to, the dlgltai storing meang, 24. OOHG.&HOnda
ing, to; the number, of columpg, in. the, storing,
means,.. In the system, describad in conneg:. 90
tion. with. Figure 3, this, digital. storing, means
has ten, oolumps,, therefore ten, shiff, pulses:
ars. required, to_shift, the: digijtal: information.
acress, the, length. of. the.staring, means., Also,,
A/D: converter, 30; requires, a, like, number 9%
of palses. in, ogder, tq. sample: the wideo sigy
nals, onge; peg. range, bin,

Consequently, tlig. ouput of:. osclllatpx 4%
is. connected,. via. conductm 90, to. gate- 50;.

this. gate being; 4, siandard-tyne; ANIQ 100

gg,te by way.-of example, The. outpyt of:thjg;
galgg Sup; hes tlm tep, ;i?fgt pulses. via.. oo;;
ductor;- the, digital; storing, means,
and” alsqath ftxnms; E‘ﬂsﬁSnIﬁQ‘lﬁfeda by the.

A/D). converter 307 wig. condncfor 82; "This; 105

ls accomplished, by, haxing.a fip-flap.56.feed;

17 (ropresented; by: a. high, voltage. as,
shown in Eigue 4, .wave-form-C) to.the in-
put of the.“ AND” gate,. Aslong as:a." 1>
is. present. on, condugtor: 94 to. the, input: of: 110
gate. 50, the, clock -pplses. from oscillator: 48,
are. fed, thean 50 - to . condpgtoss, 82
and; 84, (El»gum4, wayeform D), Counter-54,
counts the number-of pulses.from:the; output:
of: gate.50 and: when, 0. - pulses- (whtmes«m— 10;. 11§
in. this. case). havmbeen counted, a pulse-is:
sent. to . the. Teset, side of, flip-flop, 56° whigh
esets, the aQuiput, to. theg, “0.> (low. volta;ggag
position,.. During, the, time, that: the. flip-flop:

56 i, bemg reget.and.its qutput is,in. ,thc “0”120 .

position, gate 50rw;1.1; inhihit the: passage-of:
clock, pulses:to. the,. video. infegrator; -

It, shouldy be, noted, in. wayeform A, Fig:.
ure 4,, that. there, is.a, dead .time “ m* from:

the_end of rangg, bin: 10 to,the. lnltlat:en~o£ 123

the next. nulse repetition; pulse. This dead
time, ig, provided: io, allows reset, swoeps, ang:
other circuits; in the madar to, recaver, In-
Figure. 4, thisdéad, time,, deslgnated) at: m’
additional epunts,, is.equal to.4 pulses, for-130
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example. The -output of oscillator 48 is
connected to counter 52 via conductor 96.

. nter 52 counts down the oscillator out-
put pulses by #A+m (n+m=14, in this

5 example), and when the counter has connted
down mn+m number of pulses, an output
pulse (waveform E of Figure 4) will set flip-
Hflop 56 and also supply the master trigger to
the radar .46 over conductor 100. Accord-

40 ingly, when an output pulse occurs on con-
ductor 100, flip-flop 56 will enable gate 50,
allowing the shift pulses once again fo be
supplied 1o the digital storing means 24 and
to the converter 30. The length of time of

45 n+m pulses is equal to the pulse repetition
rate of the radar period. Thus, synchroni-
zation of the radar with the video integrator
is provided by this simple method of count-
ing down by #+-mn pulses. It should be

20 noted that each integration is performed
in a time period less than one pulse repeti-
tion period; that is, the integration requires
n counts while the pulse repetition rate
equals n+m counts. It should also be noted

25 that, although m is shown as a coristant time
period, it may wvary to thereby effect an
intra-pulse period length which will be of
‘varying duration {(but, of course, Tonger than
the integration period n).

30 A second embodiment of the invention in
the form of a video integrator is illustrated
in block diagram form in Figure 5. The
integrator of Figure 5 is comprised of an
analog algebraic summing means 110, the

35 output of which is fed into an analog-to-dig-

ital converter 112. The digital -output of
converter 112 is fed into .digital storing
means 114 which may be constructed in the
same manner as storing means 24 of Figure
40 3, The digital output from the storing
means 114 is fed into a digitdl-to-analeg
converter 116, the output of said converter
116 being -connected to a -display or -control
means 118 and said -output is also fed into
45 an analog attenuator 120.
attenuator may be as simple as a potentio-
meter, by way of example, and will have a
gain less 'than unity for the -same reasons
given with respect to attenuator 26 of Fig-

.50 ure 3, which is to provide a stable, non-

oscillatory system. The output of attenuator
120 forms the second input to the algebraic
summing means 110. Summing means 110
may be an analog operation amplifier well
55 known in the art. Timing pulses for the
. System are provided by timing means 122
which are substantially the same as timing
section 80 shown in Figure 3. The timing
means provides the pulses necessary to syn-
60 chronize the pulse repetition rate of radar
124. The timing means further provides the
necessary shift pulse for storing means 114
and the pulses required to sample the range
bins of the video signals in the analog-to-
65 digital converter 112. '

This analog .

Operationally, the integrator of Figure 5 -
is very similar to that of Figure 3. ‘A video

- signal (such as that shown in waveform A

of Figtire 4) is fed into algebraic summing
‘means 110. The output of the summing 70
means 110 is then digitized by the A/D con-
verter 112 and presented to the digital stor-
ing means 114. The range bins of wave-
form A of Figure 4 are successively :
sampled and the digital representation thege- 75
of stored in .and shifted throngh the .digital
storing means 114. The output of the stor-
ing means is fed into digital-to-analog .con-
verter 116 which converts the digital in-
formation back into analog form for use in 80
display or control means 118 and is further
supplied to analog attenuator 120. The .out-
-put of the attenuator 120 forms the second
input to algebraic summing means 110. The
summing means 110 then algebraically siims 85
the attenuated video-representations during
the preceding intra-pulse period with the
video occurring during the next intra-pulse
period. ‘This process is repeated for a pre-
-determined number of integrations in the 90
same manner as was described with respect

to Figure 3. '

Although the present invention has been
described and illustrated in terms of a spec-
ific apparatus, it will be apparent that 95
changes and modifications can be made
withont departing from the invention as de-
finred by the appended claims. .

WHAT ‘WE CLAIM IS :— T

‘1. An integrator for processing periodic- 00
aly recurring signals, comprising : - digital
storing -digital signals applied to its input;
timing means for retaining said -digital sig-
nals In said storage means so as to delay
the provision of an .output signal from said 10S
storage means for a predetermined time in-
terval; means, including attenvator means.
for combining the output signal from said
storage means with a corresponding incre-
ment of -one .of said periodically recurring 110
signals to produce a -combination signal
Wwhich is less than the sum -of the signals
combined; and means for applying said :com-
bination signal to the input of said starage
means. .

2. An integrator as set forth in claim 1.
wherein said attenuator means is connected
between the output of said storage means
-and a first input of said combining means so
as to apply an attenuated representation of 120
the delayed output signal of said storage
means to said combining means, and said
combining means being effective to com-
bine the corresponding increment of one o
said periodically recurring signals applied 125
to a second input thereof and the attenu-
ated representation of the delayed output
signal from said storage means in produc-
ing the combination signal to be applied
to said storage means. 130
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examyple. “The output of oscillatar 48 is

coMneoted to wounter 52 via .conductor -96.

G _nter 52 counts dewa the:oscillator out-

put pidses by m#m (mdm=I14, in this

%5 example), arid when the counter has .counted

down n+m number of pulses, an output

pulse. (waveform E of Figure 4) will set flip-

Alop 56 and also supply the master triggerto

the radar 45 pwer conductor 100. Accord-

40 ingly, when an output pulse occurs.on con-

ductor 100, fip-flop 56 will .enable gate 50,

allowing the shifi pulses once again fo be

supplied 1o the digital storing means 24 and

to the comverter 80. The length of time of

15 n-+mpulses is equal 1o the -pulse cepetition

rate of the vatlar period. "Thus, synchroni-

zation of the radar with the wideo integrator

is provided by this simple method -of count-

ing down by wdm pulses. At should be

20 motex] ithat each integration is 'performed

dn a time petiod dess than .one pulse repeti-

tion period; that is, the integration requires

n wounis while the pulse repetition rate

equals 721 m counnts. It should also be moted

"25 that, although m is shown as a constant time

period, it may wvary to thereby effect an

intra-pulse ‘poriod Jength which will be of

varying duration (but, of eourse, longer-than
the integration period 7). '

" A second enibodinrent -of the -invention in

_the form of :a wideo integrator is illustrated

in blodk diagram form in Figure 5. The

integrator of Figure 5 is comprised of -an

- analog -algebraitc summing ‘means 110, the

'30

-85
" ital converter 132.° The -digital -output -of
gonverter 112 is fed dimto .digital storing
- means 114 which may be constructed in the
same manner as stoting means 24 -of Figure
@0 3, .The: digital soutput from the stering
-ineans 114 s fed ‘ito a  digitdl-to-analeg
converter 116, the output -of said converter
- 116 being ioohmected -to a «display -or -centrol
means 118 #nd said -output s also Ted ‘into
an analog attenuator 120. This analog
attenuator nray be-as simple -as a potentio-
meter, by ‘way «of .example, ‘and ‘will have a
gain less 'thian wmity “for ‘the :same reasons
given with :respect ito attenuator 26 of Fig-
ure 3, which is to provide a stable, non-
oscillatory system. The output of attenuator
120 forms the second input to the algebraic
summing ‘means 110. Summing ‘means 10

45
50

55 known in the art. Timing pulses for the

. system are provided by timing means 122
which are substantially the same as timing
section 80 shown in Figure 3. The timing
means provides the pulses necessary to syn-
chronize the pulse repetition rate of radar
124. The timing means further provides the
necessary shift pulse for storing means 114
and the pulses required to sample the range
bins of the video signals in the analog-to-
65 digital converter 112. .

60

output of whichis fed into an analog-to-dig- -

. the provision of an -output signal frem said

" may ‘be an anmalog operation amplifier well

Operationally, the dntegrator of Figure 5
is very similar fo that of Figure 3. ‘A video
signal (such as that shomm in waveform A
of Figure 4) is fed inho- algebraic summing
means 110. The putpnt of .the summin
means 110 is then digitized by the A/D con-
verter 132 and presented to the digital stor-
ing means 114. The sange bins of wawve-
form. A of Figure 4 are " successively
sampled .and the. digital vepresentation there- 75
of stored in .and shifted through the digital

70

storing means 114. The output of the stor-

ing means is fed imto digital-to-analog con-
verter 116 which comverts the .digital in-
formation back intp analog form -for mse in 80
display :or confrol means 118 and is further
supplied to analog attenuator 120. ‘The -out-
pirt of the attenuator 120 forms the second
input to algebraic summing means 110. The
summing means 110 then algebraically sums 85
the attenuated video-representations -during
¢he preceding ‘intra-pulse  period with the
widep occurring during the next sintra-pulse
period. -This process is sepeated for a pre-

determined namber of integratiens in the 90

:same manner as was escribed with sespect
to Figure 3. - S

Although the present -invention has been
sesoribed and illustrated in terms of a spec-
ific apparatos, it will be apparent that
changes and modifications can ‘be made
without departing from the invention as de-
fined by the appended <¢laims.

WHAT WE CLAM TS :— '

1. An “mtegrator flor processing periodic-
ally mecurving signdls, comprising: digital

95

100

timing means for zetaining -said -digital -sig-
nals in said sterage ‘means so as to delay
108
storage means for a predetermined .time ‘in-
terval; means, including attenuator means.’
for combining ‘the -output signal from said
storage means with a -correspending incre-
ment of .one Jof saild periodically -recurring 110
signals to- produce a -eombinafion signal
‘which is Jess ‘than :the sum -of the signals
ombined; and means for applying said :com-
bination signal to the input of said starage
means. ' ' .

2. ‘An integrator as set forth in claim 1.
wherein said attenuator means is connected
between the -output of said storage means
and a first input of said conibining means so
as to apply an attenuated representation of
the delayed output signal of said storage
means to said combining means, and said
combining means being effective to com-
bine the corresponding increment of one of
said periodically recurring signals applied
to a second input thereof and the attenu-
ated representation of the delayed output
signal from said storage means in produc-
ing the combination signal to be applied
to said storage means. _

115

120

125

130
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.45
-.wherein -said--timing means is effective"for - - -

. =3:7An ‘integrator as set forth”in ‘either of
“claims 1 or 2,"wherein said attenuator means

. isa digital ‘attenuator. : -~ - . oo
~* 4. An integrator as set forth:in claim' 3,
'5- wherein said combining means includes::an
analogue-to-digital -converter responsive ito
the ‘periodically fecurring signals’ and Pa
- digital -adder/subtractor; the digital outpat
‘of said: converter being electrically: intercon-
-10- nected to said digital adder/subtractor. - b
- ‘5. An ‘integrator’ as’ set. forth in either’of
claims 1 or:2, wherein said’ dttenuator mesns

is an analogue-atténuator. -~ - - .. 1
-~ 6.~An’ integrator as.set forth in’claim:5,
15 wherein‘said ‘combining means ‘includes an
analogue ‘algebraic summing means and: an
-analogue-to-digital - converter is. provided,
the - analogue - output of - said -.corbining
20! means “being applied via said analogue-to-
m‘eans.'--' . Lo . . . . e
* 7.An integrator as set forth in any pre-

ceding -claim, in which.the periodicaily fe-

. curring - signals are derived - from - radar
25 .apparatus, and said timing means ' beihg
-effective to syrnchronize the pulse -repetition
rate of the radar apparatus at which the
signals - periodically recur and to provide
pulses for integrating said periodically - re-
30 curring signals-in a time interval less than
- said pulse repetition period. . oo
.. 8. 'An integrator as set forth in any pre-
ceding claim; further including ‘means con-
nected to said -storage means for. reconvert-
.'35.ing to analogue form the: delayed repre-
Ssentation of said periodically ‘recurring: sig-
- nals comprising the delayed digital data out-
put of said storage means. - . o
- . 9. ‘An integrator as set forth-in any-pre-
ceding claim, wherein the periodically recur-
ring signals. have a given repetition - period
divisible into z-+m time increments, ‘and
said - storage - means including an n word

- 40"

parallel shift register. - -
10. An-integrator ay set forth iri claim 9,

roviding synchronizng: pulses and i shilt
pulses to said register for each repetition
period. - . T

--50 = 11. ‘An integrator as set forth in claim 10,

. ‘means responsive: to the -outpat-of said -shift -

*.* 14:-A- method “of:
-recurring signals, :comprising the -steps. of: -

- storing: in- digital- form: the - representations

-of said ‘signals -as-digital ‘data, feeding'back _
-and -attenuating the stored ‘representation of 65 -
-said ‘periodically récurring signals; and com.-

- bining the -attenvated  representation -of .sel-

-digital . converter -to - said : digital - '_stora?Fe'

- nals :while -:sto:
tioms.. - . i
.- -'16.- A method
. wherein eombining: of - the ~delayed ‘attenu-
- ated represeritation of selected ‘data with. the

‘to-noise ‘ratio .of
' radar -signals' detected in: a radar- system

"wherein said timing" means ;rqté,’i;'l_'s' -the digi-
-tal*data’ in"said -digital ‘ storing means~for
-pmotime:incréments. - A

©12." Ad integrator as set forth in claim:11,
"wherein said ‘timing: mneans: adjustably con- 55
- trols-the:valué:of me - 0 Lo s el

- '13.- A1l integrator as set forth :in any.-of

claims . 9:t0:12; further: including ‘display

register. ;.. IR L e Y
egiating ‘periodically

ccted "data -with ‘the.‘succeeding period ot

-saidpetiodically tecurring signals; - - _
* - +15. A method as:set' forth. in -¢laim: 14,:70

. further including' delaying ‘the digital repre-
- sentations ‘of said’ petiodically récurring: sig-

ing:-such: digital representa-

st forth-in claim- 15,75

succeeding period ‘of said- recurring signals
is accomplished by- algebraically: combining

-the ‘delayed attenuated ‘representation ‘with 80
the mext successive = periodically .. recurring

signal thereby: to improve the- signal:to:noise
ratio. . . ..o T T
. 17. An integrator substantially :as herein

described and as shown in Figures 2 and 3'g5
- of the accompanying drawings. - - -

18. ‘An integrator substantially as: de
scribed ‘and as-shown in Figure 5. of the

. accompanying drawings, - -

--19. A method forimproving. the -.éi_gﬁal-."&O
sucoessive periods. of -the

substantially as’described herein with refer-

- ence to the accompanying drawings. . -
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