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(7.1,t)i Wb, ~ &is'l.'lW~~s· INcoK•. for !?~~$.sing. Jle<!io.d.it~lli, r~ihg sigµaJ.S. 
POlf¥1ED-i a €0rp00ati9n· oipiised1 a~ord~ conrp.r1$tilg; ·· di~tal' $tt)rage: means. :fifr- ster::. 
t'1.t the.Jaws. Qff tb,o $ate: efi ~!aware. "El:!Utecf. iil.g- digital· &ignals applied" to -its ihput; Wn·· 
Stat0& oj; A.niorioa~ 00! 13-SOO<Nortli' <Centraj' in& meant! fqx . .tetain.UJ&. said digital. sigp.als 

:35 ~S&Wa.Yi> Balik&; 'Feoxa&,. United' States of in. said. storEig~. mtans so as,. tP. del.aJ the. !J(t­
Adn.el1ica, ®'. ~Y.' 4b<:Jare . the,: inv:enti9:n. provision: Qf: flJk OJltRllt $igpal';fi'Qm,said" s.tot;.. 
k whicll wo; pra~' tfult' a, pa~ent M8;Y,' ~· age means. f~.r a pfede'te.tinfued ti.lne-inte:r,., 
grwiitedi to' -qsi, · and- the· ~~d: :Qy- wh1ch 1t. val;: mea,n11 •. mcl)ldibg a,tt~toc means •. ror:. 
it1• tn. ~ perfibrmedl. ·te be·. particufatly.- de- oom'Dining tl!.e. Quit.put $gUar ftsm. said'.. st\)t:.;..· . 

110! ~1 in ··and{~ tlie :&119-Wittg: statem~t :. a:~. m~s wi~ a co~nd"mg,. ~ 55' 
l'bis inwention; i:olates to· ilil'egµttors amt of Qne 0:.r· ~id~ lX'l"i<Xlicall~ tecurriilg •. s~s, 

J:D.$)re· partiwlD.r"Jy. to a> metb,00·· of· and aRP,a.- ro· prod'llce a ciombiila.tiou $igpal wliicli.. ·1~ 
rJlt'll& _fu,;· ~igitall}t' int~ihg- periodic;alIY,. lessc t'Mn tli:e sum. of the.: sigµa]S. combined;, 
r~J:ttg,· Slgn~l&': . · ~d' mean$ fot applyiri&.· said.'. oom15inatfon. . 

J 5.._ · Ini a~ i'adtrr ~j the video signaJ <l~- sigµal tQ th~ inRm .. of" said.: stO.rage.. means.. 60" 
d:Y«l: foom, rooei¥ed~ targei"'l'efl.~ed echct · Acoording., t:0. a;llQ:t~r· aspe.ct,.of ttie.fu:ven•· 
~~. QOD~i~ of! a· sci:iC&' of p~ses 0.CC.UpY- tion there . .i$ w:owde<r a. metliotf Qf iiltegr.at-
1ng:. a;.tillle>. mtOI!Vat: ~al! tQ · one· puls~ re~~- it\g_. J?CriedicallY.. reGUrriilg, si~a.Is~ oo.m.P.ris~. 
titiOA-: periQdt off the· radal"' system. This. i:ttg the·· stens .. of! storing. m. digi.ta.r form~ the: 

~series reCUi's periodically at.tlte pulse rep®.- :rew~n~ti,ons.of.sa.id.:sigµa!S..as digital.data •. 65'· 
tiQn. fm.qucncy1 of.r the· r,l!.da:r $Y's.tent. S'U,pe.r.-. f~n&. back. and: attenuati;:tg._ ther. stored­
hnpe.sed• on-. thi'llt recurring· sefies of'. ec}.U). . r~resentation O:t sailt. uenodioa!.fy recurring.~ 
Plll$C~';i.s a: rand~.·signfil'. r~ting, ·ftam: t®: si~als;_. and' oommnili.g,,ilie atten:uated~~p.re-.i .. 
~:nib1~¢<1Je1f~s·ofl:~llll4: sea.,or precipi~ sentation· <>f;s~l~t«L'data with tlie.-succeed;;.. 

·z.;.i !I~I!:; cJ1tttor -~cilrnoise<_signa~S.-gellQI"ated . Witlir.. ing, Qerio.d.' Qt said' p,e.riodi.c.allY. recurring, sig~. 1<1 
m, tbe: ~eive1vofl tJie .. ra.dar--· system. This~ nals. 
!l1ln~<;>'.!Jb ol~ttef· ~~gnat,· 1'1'8lces· ii· 4.iffiCJJlt; if The· in·ventfon. will'b.ecome readily, under­
®t~ iro;pos&ib~ ·to· deteet: stnal}: amnlitlld~· stood Uom tlie .f:6llt>wiilg_.d¢ta.iled.d~iptio.n· 
~y~~ eehol signials' by· Ute· use of_ non"- of ·embodiinenits. of' tlie:. inYention. when· read, 

3PI in@8r#tingrrildar reooivers. in~conjtincti<m with.the..a~panying·<fr.aw-- 75· 
~! videJl>-_ inte~tiop. of.'. ritdat ec]l<;> si~. ings._ in which like. refQt'e.nco. numerals .. de­

n:alS:::is :perlOnaed~iti ord~-to' pipvid.e s.i~al~· 6:ipt-e· l:ilfo :P,arts 'ilimugliout. tlie. fi8ures" 
~~ise~ imprev.ement. If' the 8.iS!tal · <>f- in,.... thereof~· and:' in which: 
t~~&t: is..: sustainedi ~er, a:· nuin'bci· 0:f ·D.JJ·1S6. !Fi'S!J.re·- l' is· a. pi.OtoriaJ.; -repr.esentatioit-o'.& 

~j i .rep,oii:~ion~ peitloo9 -and the·m>i'Se- ar ~!'Utter. is.· itlie-be'aln•wid'llb: Qf a_ radar; antenna; . 80 
1"@P~·-ovC-r the same-time-·perlbd:.the. s~ Pi&?te 2'.is. a;-sim:Wi:fiad:blOck:-diagram-.Qf~ 
~iQ'f.:-i:n•terest: wilt<:~ m9:..gttific:d'.'by, integr.a:. a;·.digrtaUntegi:a.t'Pr. aCQO<l'dmg.rto.. this, inven<=· 
tl:lf>llr and' •the:· cluttcr·or~n01se-W'l.U: tend;· to ,,<Je,... tlon; . .- · 
~~·.relatlw· oo« the:.·s~. of"interest, . tliits, Figure· 3"~ HF a blOck_ diagram. of.; one .. em;.-

4f>i: P©viding.. w ·gPeater• simtat.:.ro-ooise ratio... · ltodfulent of the .invMtien~. 85~ 
It• iS>. ~f~i'e · an· o'bi~t: ot· tlre . v.reseri:t iFig..ur:e :4' sltows- th¢_, tiinili& wa:vef<>rms, for:· 

inve»tiOn.: fo 'J;rovi<Je.. an• i!'nPto.vect digital: the-embodiment:Qf Fi~.3.~· while · 
mtegratet:. . Ft~· 5 is· a block. diagram. of uothe.r: 

Acoolding~ to· one asPeet- of' tlli; p.r.esent.. em'Podi'ment ·of' the .invention. . 
4J:H11vention.: there: is· ~Vided'·an- ill'l:e~l~n:_ 'R~fem:Q:g;:now to-Fi~re 1; there .. is,.illus.."90 

rPr;ee;S;r. _04: (1J5p)j: .. 
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teated a ndac. antenna 20 having an antenna ' na.1$ which a,re ~toted as:.! sum fn the recir­
paiterlJ. or. 'bea:iµ\:Vidth 22. ·For purposes of 'cUJating loop; thaf is~ as ··a. sw.n of the nJ,lll1.-

:~!t:dtilli~ t}l~t~= )~~~ ~is r!a~· ·:; Ze ~::~<>:;·t~:; 8~=~%~::~; ..... 
5 tra:n.Si:ltltter emits a high ~e..rgy._ high' fre~ · been described previously with respect to 70 

quency electroiilagilet, pulse at a frequency Figure 1. , .. · . ..• · · · · · · '· · · · · ·· · 
defined .as the -P~ cepetition rate; The-.:, It should be:noted thatthe)attenuatot 26 · .. • 
time tequired ·for ~ prilse to be trall$mitted shown in Fi~. 2 may be. QC>llilected . :be~' : 
to ·a ta:tget (such as target 12) and returtJ. to tween combining mea~s 28 ai{d,diSi~!ll-sfor> > 

10 the ~tenn.a d~es the. range. of the target age means ~·. The fe~back ~oop from the _7? 
from the receiver. It 1s obvious that the outpu-t of digital· stmag~ :i~1.~a.ns 24 wo"Uld · .·.' 
return from a target in range bin 1 will -then he · connected direetly to combining 
occur earlier in time than the return from means 28. · 
a rarget in range bin 10. In the .:tim;~i W,ter- figure 3 i}.lustrates a detailed block· dia-

15 val · between each transmitted pulse. there gram of one embodiment of the. digital in- 80 
are ~fJ,eo.ted echo signals from bins 140 de- tegrator. The pedQt.ti~y reG\ll'ring sigri.als 
~il<l:ing. upon t~r.g¢t IOcation. ~hie~· (orm a (video. signals) r.epresentativ~ -Of the target­
v1deo. signal g.rvuig target ran~ m~orma- reflec~ed echo returns: ~m .range bins 1;.1 o 
tion;_ . ·. .. . . , : . (of Figure 1) are converted mto digital re~ . 

20 ~~Y pulses ate usually ret1lfned ·~om a present~:tions ~y, tP.e .an#og~to+d.igital:(A/D) 85 
· partic!tlar. target .Qn eac]:I. . radar . SC'liµ and ~nverter ··30. T.b,e ~m com:ponent of.· the 
~ch pulses can be ~sed. to· impi'Qve ;det.ec- mt~grator is. ~e; digi~l storiilg means 24 
tioit; The number of pulSes :return~ from which niay ~._by_ way of eX:ai)iple~ an " n" 
a ·.point target .. as . the radar antenna: scans word parallel digital storing means. such. as 

~-. through its beaniwidth is proportio:y.~ to ~ shi.ft. re8ist<:r .or ·a pluralicy of ·magnetic 90 
'· · stich ifa9t<>~I!. as ·the an~nn:a., :heamwi~th. ,. cores .app~opnat~Iy oo.imeote<I~ ;··The length 

pulse .repetition ·rate and antenna s~g of the :S:h1ft _regi&t~r is. detenilln.ed .by · the 
rate~ 'It would not :·be uncommon; ifor a n~ber of. saniples--of the vid~ signals re;; 
Tadar ro p!'Qduce 20 or mo.re• hits from a 9wred dU:nng one intra-pulse: ·period: (where . 

30 point till.get on each scan. By su1!'m1ng .or infl".ll"'pulse period · is defineg as ·the time 9S • · 
'· · · integrating . the .«ilio pulsies •. an improved penod ·.between consecutive~· transmitted.. 

detectiQn pro~bility ·is achieyed. · · . pulses). The storiilg means 24 both stores 
·· Figure 2 illustrates a block diagram of and. delays the digital data includ~ therein 
~e geneial stru~ of a~ integrat<?T a¢cord- ~?r one perioq of. the periodically recurring ... 

. 35., mg· to the p~nt_.mveirtion. _The' mtegrator s1gn.als. . ~- . . . .. . -100 
'- oomprises a _41,gi~ storing me~ns 24. the . It is as~«J ~ol': _t>llll'.poses of explanation. 

output theJ;eof. bemg conn~ n:ito a feed- · th~t the d11g1tal storing means :24 comnrises 
back loop wliich includes an attenuator 26 six (6) :rows and .·ten (10) columns of· ftin­
that pl"Q:Vi~e8 an .atten.uated representation flops• 34 (" n'' being. equal to 10 iii. this 

40 of ~ ~~ ~m ;the <f:igital storing ~e~. case), ~ve (5). of the. -!fi~ftops iii. .each col~. lOS 
·· Penod1caIIy rec1111i'mg signals representative umn-bemg .fo.r the'~nng of the bmary digit 

of the echO!I from the taxsets and the attemi- representating an 'item of information arid 
aited representation. -~ these signals· from the $ixth ftip.-tlop being utilized to· store the 
the atten;11a.toi 26 are algebraically Slimmed .. -sign •• of. the digital signal, that is, whether 

45 and di!!~y, .P~sented -to the. digital storage the :voltage repre~ntation o'f the in:lbmia- 110 
means 24. iby. _oom;'bining means 28. . . . · tion is positive or negative .. ·: Inrormation. 

The a:bove described integrator operates alfter being digitized -:by the. A/D. converter. 
oil the priilciple that . the- clutfter or· noise 30 •. i~ inserted iilro -the ·.digital storirig means · 
ampl~tude (he~a'ftet ref~~ to as the no~se 24. m · paraJ!el form and .is·. Su®e~sively. . , 

50 amplitud~ ?~ simply. noise) IS ra~dom while sh~ed by shif.t-i"~ulse:s ("!avefo-tm D of :fig~ 115 
the echo Sl~'!lLfrotn a target ~ coherent ~ .. 4) -fron:i-·timing·sectio~ 80 througJi ~e 
from t:ransmitted, pulse to transmitted pulse. digital stormg means until this inforinaton:· 
The periodicaIIy reeurring signals ar.e inte• appears- in the-10th column thereof where 
grated in the _reckculating loop (iformed by ~nductors 35-40 connect the outputs of this . 

SS closing feedback: Via. attenuator 2{? to com-· l~st. column ·to digital · attenua:ror 26... "T!itf f2o 
· bin.ing mean!!. 28 .and digital storage means digital. attenuator multiplies the digital word 

24) thus magqciifldn,g the signals of interC11t present in the 10th· eo.lumn of digital ittor­
while the noi~. (wh~h-is random -in nature) . ing means 24 by an appropriate feedba:ck· 
will tend to d~ relative to. the signal -of- fa.ptor less than unity. The attenuator gain 

60 inter~.. Aa a. :l!C$ult. the signal-to-noise must. be Jess than' unity to p~ent o8cilla~ · 125 
ratio is· greater in. the recireiilating loop than tion :&-om oocumng. The output conduoto.rs 
the corresponding ratio at the input to the 35-40 .from ddgital storing means 24 · are 
combining means 28. Obviously, the im- also connected to digital-to-analog (D/A) 
provement in signal.iflo-noise :ratio is a ·func- converter 5-8 whose output is connected to 

65 tion: of the number o'f successive target sig- display or conitrof means 60. 130 
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· · TJ:i~.o~on'of :the integratorillusrratCd · 30. c:',Onverter 30.:.samples the ·an:atog voit;. 
fa, figure 3 will no.w· ·be described in <X)ri- age present duting each ranse bin time infor.; 
i,,,.Pt!QD. wi~ the· wa'Vefo:rms shown in Fig- val and produces a four. bit digiui.l 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 digit:i,ze 
waveform B in Figure 4. Waveform 8 con- sequentially the magnitude ~f the noise ooin­
sists of a plurality of pulses, each pulse being ponents present in the first six range bins. 
followed by a time (intira-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 
tlon of a third are shown by this waveform.. of the noise 1evel in range bin 1 with the 
Waveform A illustrates the video return de- least significant bit occurriilg on conductor 
teeted by the receiVer (not sho'wn) a-fter the 61 and the most significant bit occurriilg at 

15 initiation of the. pulses during the pulse re- \oondu~r 64. This information is .then· 80 
petition period. . Any targets that are de- transfemed into column 1 ·of the digital stor­
tected will show up as pulses in the video ing means 24. At $.is time. it is assumed 
waveform whereas the time at which the· that the output at conductors 67-72 from 

. pulse oecurs in the waveform from the ini- digital ll!ttenuator 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 radlar antenna 20 .. It will result and transfer the information into 
tbe assumed that the pulse during pulse adder I sub~Ctor •· ?8 · \vhich~· in. tum, pre­
repc;tition period 1 of waveform B is the sen:ts the information mto column 1 of the 

25 first one to deteot target 12 (of Figure 1). digital storing means, while· the digital in-· 90 
This means that the antenna scan pattern 1s formation previously stored in that memory· 
in a position as defined by 2'2:. Since the column will have been shlfted in parallel. 
target 12 falls within range bin ·7, a pulse form to column 2. . This sequence of events 

. will appear in the oorresponding range bin a;intinues until ·tJ;ie analog volta~e of range 
30 · of the video return. that being irange bin 7. bm 7 representat1:ve of target 12 JS sampled, 95 

·This ta'l'get will be detected as long as it is the digital representation ·of which is fed. 
present within the . range pattern of antenna into adder I Sl.JlbtTactor 28 and subsequentiy 
2Q;: meaning that the target will be present. iilto column 1 of digital storing means 24. 
d:ur~g .the time ~ the ·antenna scan pat- This sequenoe again continues until· all ten 

35 tern JS m the pos1:Uon defined by 22 and will range bins have been sampled. At that 100 
be d~ed until the scan pattern rotates time, digital .storing means· 24~ )Vill be com-
an,d reaches a position defined by 22". When pletely ~ed. each ~limjit · ~:·the storing 
th~. scan .pattern rotates past the position of mt:ans bemg filled Wl:th the ~d18'ltal represen-
22", target 12 will no longer be detected by tation of the magnitude of the signal in the 

•IO the l"@..(lar. The number of video returns r~ge b~ for the appropriate pulse repeti ... 105 
which will indicate the presence of target 12 tion penod. 
is dependent upon the pulse repetition rate, Wh.en the digital storing means 24 ha:s 
th~ antenna· beam width and ihe antenna· stored t:he information ifirom · 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 oohimn 10 will·~ 110 

rada1'. Iri.waveform A of Figure 4, there is ~e magnitude of the •video return in range 
s;h.own only two of the twenty returns which bm 1, column 9 will have the same in.oform:a­
would be expected .f.rom target 12 and is ·ti.on about range bin 2, column 8 will have 

. . s~own by . the presence of a ·pulse in range the same info~atio:n . ab011t range · bin 3 
50 bm 7 durmg the fu."st two pulse 'l'epeti'tion and so on down to column l which will have 115 

periods. . It should also be noted that there the digi.tal :representation of the analog vo1t-
aire nipise oomponents present which could ag~ ~ent in range .bin 10.· Clock pulses· 
lead to erroneous detection_ information by which time the samplmg of the video signal 

. _ . the radar. . It· is thiS noise component that by converter 30 a1'e provided over conduetor ... 
SS 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 ·d-igi.tal storing nieans 24 
!Jt will be assumed for simplicity O'f de- . ate provided over conductor 84 from the 

scriptio:n that the ·integrator of Figure 3 is . same timing source. These shift pulses are 
for th~ :6ir&t. time beginning to process· in- shown in waveform D of Figure 4 . 

· 60 comitig video signal information. Waveform The output signal from column 10 of the 125 
A has an a:ppropria-te bias (fixed volta~) 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 o-Ver one This digiota~ attenuatO'!'. attenua~es the digitai 
intra-pulse. ·iperiod is :iero. . Waveform. A. rep!C~tation of the 11,iformation presented ... 

65 then is fed into am.log-to-digital converter at its mput by some appropriate factor less 130 
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examplre. 
1

The ·output of oscillator 48 is Operationally. the :integrator of Figure S 
~coted to counter S2 via .conductor 96. is very similar to .that of Figure 3 .. :A video 
C\ . nte.r S2 counts down the oscillator -out- signal (such as that .shown in ·waveform ·A 
ptii pulses iby i.li+m (n+m=14. in :this -Of Figiire 4) is .fed mm .algebraic s.umming 

:S example), and w.hen the counter has .co:unted ·means 110. The output .of -ihe summing ·70 
down 121+ m number oi pulses. an output means 110 is then digitized h.Y the A/P .coa­
"Pulsie (w.avefmm E of Figure 4) will .set fiip- verter 112 and presented to .the .digital stor­
flop S6 and .also supply the master .trigger ro mg means 114. The l"ange bins .of :wav.e­
ihe radar .46 over .conductor 100. Accord- form A ,of lFigure 4 are snccess.iv.ely 

W ingly, when an output pulse occurs .on con- sampled and 'the digital representation: there- 1S 
ductor 100, jtip4lc;>p 56 will .enable gate SO, 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 dire .digital sitoring means :24 and ing means is fed mto digital-to-analog .con-
to the oonverter 30. ·The length of .time of verter 11.6 which converts the digital in-

15 n+ m pulses is .equal t-0 the pulse -repetiti-On :formation bad: into analog form '.for use in -80 
rate of the radao.r period. Thus, synchroni- display :0r .control means 118 and is !further 
zation of the radar·widl the video integrator .supplied to analog attenuator 120. '.~.out-
is prov.ided by this simple .method of count- ·put 'Of the .attenua:tor 120 forms .the 1iecond 
ilig down by n+m pulses. It should be input to algebraic summing means 110. ·The . 

20 ,noted that. ea.ch integration is perform.red . .-wmning 'means 11.0 then algebr.aically sums lJ5 
'in a time period less than one pulse -r-epeti- the attenuated video-representations during 
1ion period; thait is, the integration 'I'equires the preceding intra-pulse period with ·the 
n countS w.hile the .pulse repetition ·rate 'Video oc.cun:ing during the next intra-pulse 
equals n+ m counts. It should also be noted period. This process is repeated for a pre-

lS that, although m is shown as a constant time -determined number of integrations in the 00 
period, it may v.ary to thereby effect an :same manner as was described with f'~t 
intra-pulse -period :Je11.gth which will be of .to Figure 3. · 
·varying <luration {but. of course. longer than Although the present invention h~ ·been 
the integration period Ii). . 1.iesC.db.ed .and illustrated in terms -Of a -spet-

30 A second embodiment of tne invention in ific appantus, it will !be apparent 'that 9S 
the form of a video integrator is mustrated changes and modifications -can ·be made 
in block diagram form in Figure S. The without depatting from the ·inventioo. as de­
integra.'tor of Figure S is comprised of an .fined hy the :appended -claims. 
analog .algebraic .summing .means HO, the WHAT WE CLAIM IS :-

.as output of which ls fed inito an ana1og.:.te-dig- · 1. An mtegr3tor for processing p.eriodic- :i,00 
ital converter 112. The .digital ·output ·of :ally. Jl'ecu:r.~g .s!gna"ls, -co~~Wmg.: · ~igital 
·eonverter Ul. <is fed into -digital Storing stormg ·dlg1tal sJ.gnals applied to its mput; 
means 114 which may be constructed in the timing means for retaining ·said ·digital -sig­
same manner as swring means 24 -of Figure nals in said stGTage means so ·as to de1av 

f!JO 3. J'4e digitd output !a-om the storing the ;provision .at an -output signal •from -said .t'(), 
1Jieans 114 is fed into a digital-to-arialeg st«age means :for a :predetermined .time 'in­
-converter 11.6, the output of said converter terval; means; including at'tenuator means. 
H6 being ·connected to a -display or ·control for combining .the output -signal -ftom said 
means 1 '18 'and said ·out-put -is also fed 'into storage means with a con:esponding Jncr-e- _ 

4S an analog attenuator 120. This anafog . ~ent .of -.one .of said periodi~ally_ recurri:Qg IJ.10 
attenuator may be as simple as a potentio- "SJgi;tals . :to produce a ·combmat1on s~nal 
meter. by way -of exa~ple, and will have a w111e~ ·1s less than the ·s~ ·CJ! the signals 
gain less •than miity "for the ·same :reasons combined; .and means for applymg said :com-

. given with respect to att.enua:tor 26 of Fig- bination S"ignal to the input of _said -storage 
. SO ure 3, which is to provide a stable. non- means. · US 

oscillatory system. The output of attenuator 2. An integrator as set forth in claim 1: 
120 forms the second input to the algebra:ic 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 firs't input of said combining means so 

SS known in the art. Timing pulses for the as to apply an attenuated representation of 120 
system are provided by timing moons 122 the delayed output signal of said storage 
which are substantially the same as timing means to sa'id 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 seco·nd 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 vide<> signals in the analog-to- ing tpe combination signal to be applied 

6S digital converter 112. to said storage means. 130 
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:S-

e~. ''i'he :0Utp.ut __ of osQllatar .48 is O~it:ionally, the rinteg.rator -Di .Figure S 
~.neoted • munter ,~2 via .conductor -96. -is yery _similar ro fhat cf _Figure 3. ~~ video 
~ter 52° counts doMt the .oscillat_O:r <>~- signal (such as that shomm. .in »w.aY.eform ·A 
put ip:illses iby n+m -'(ni-m=l4, 1u this ()f Figure ~ is .. :fed imlo .algebraic .aumming 

_. :~ ~. at.id. w.hm the.collnter has £OUD:ted :means 110. The .puipt d. ·dbe Slmm;ing 70 
down n+ m number d. ;pulses, all. output .means :U{) :is then.digitized il>.Y :the A/iD CW1-

ipul~ (wav.ebim B ~ Figu~ :4) will .set lflip- :verter U.:2 arid presented to .the ;digital st.or­
.flop i'6 • 3bo .supply the m:a.s'ter :trigger,.ro fag means 114. The ~ange .bms nf :way.e­
ihe radar 4ti pMU j()()IJductor 100. A.coord- foon A ,erf aP.i.~ A are· .ooaessiveiy 

!1'0 ingly, when an output pulse oocurs·.an con- sampied.amthe.digital;Rp.reseint:atio:n:there- 75 
ductOr 1~. ~..491> 5.6 will utaible gate 50. of stored .in .am shifted thro~ .the .. digital 
:allom.ng ilie ahiit pulses once again to be storing means 114. The ~utput -Of the St:.or­
supplied to :111lie &git:a1 Storing means 14 and ing means is fed iimo .digital-to~anglog .con. 
to ·£® conVert.er 30. "'Jl'he ~.of <time af Ye.rter 116 WlhWh £00\'erts 1he 'digital in-

-:1)5 n+m 1>lllse's :js ~al :to vhe .. pulse <repetition :foimation back into aaalog 'f<>ml '.for iuse fa '80 
nt~ .of the ·m.du ·iJet:i.od. ·~s • .B?nchroni- displlay :or .oon'trol means 118 and is _further 
:Za:tiOn lli1.f the -mida.r 'With the ·wcieo mtegrator ~lied to ana1Q_g .attenuato.r-UO~ -~ .Qut-
ds prowu~ ·by lfitis. simple :mefhod ;of count· '.PUt d the atten:uator .0.'20 fomls .the '8eoond 
ing dow.ii. ;b.y n:-t-we p)tlses. )It -Slmuld be ~ oo . algdlmt:ic ;slilD1nllo,g meimi 110. ·The _ 

:20 miotcd ilha!t. ~ integratkm •i6 performied ~g ~s 110 tlien aigebr.a'ically ·SU.ms 35 
in a time ipeti.Qd :l~s '1.:1.an 1one pUtse 4"-ep~-i- the attenuated video-representations ·during 
<tion period; thilit 'is. the iRtegratfo>n t".equires :the ~oed.ing into~p1dse .:peli~ · 'With ·the 
;n miuits w.mie· ~ . pwse repetition :1"ate .ivddeo oc.c:ocr;ing during die "ne:ict iintra-pmse 
equals 111+ m counts. It should also be 'Doted ;Period. ·This ·prooes$ is t"epeatied fo,r a -pre-

--.~s that, ;a;litbongh mis 6kown a'S ·a OGnstant time ·determined nlUliber Gt.' .integratiGns !n ·'the ~O 
period, it ~ ~ t0 thereby e!Jfeot an :sanie mmnner .a11iWas4escrlbe4 witti respect 
mtr.a-ipulse iperio4 llePJ._gth which will be of :to Figure 3. - -
'Va:eying<duni:tiont(b&t, df-oour-se, 1onger'fllan Aitho:ngh ·the present •mventi.on h~ :been 
die' :in!tegr~ tJC-rtoa. m,. desdtib.ed .and ihma!too :in. temis -Of a -s-pec-

-80 · A seeond .eib~t ,of ;fhe invention in ific >app~atus, . it. ·wiM ;Jbe apparent '.that 95 
the :&oo:m .Of ,a· '4deo imegr-ator is iJlustrat-¢ changes and mod:i:ficittions ~ :be made 
in blodk: '()Jasiwn 1'ttm :.in Figur~ S. The -w.ithollt .depaitting -lfirom, the 'in¥ontioo as de­
integrator of Figure 5 is comprised :off ·an ~ d!>y 1the appendei .-claiims. 

- anafug ~aige&r~ ;sumni:mg .mean$ 1.16, the WHAT WE Cl;AIM ·rs:-
:.- .. ~5 dutpu't oo:·iwltl~:is ~ 4lfito an a.naqeg~~-(tig- . l. An .mtegraitor lJor pr-ocessing p.eriodic- :too 

ital converttit· an. 'iI1he -digital ,e:Utput ·of 'ally .JOOCllE:lms ,sign'811s, ~mpriSing: digital 
·oom1ertei · '11.tt ~11 :fed 1nto .di_gital $'tP!ring . stocin:g ·digital sipaJs a:PPliOO tq its input; 
mens ::11.4 'W'Jiich may lbe-oonstructed· in ·t~ timin~ m~s ·foc l'dtai.B!.ing 'Said ·digital. ·sig­
same manner as st:0lliing means 24 -df 'Figure na-Is m sa14l SOO>r• ;meam :so ~s "to delay 

:ifO .3. : : -The ~l i@lltput -~~ ·the Stet'ing . :the ·1p~lsion .'91: an ;ontlpllt ·signal 'from mtid 1'03 
mea:ns '1:14 ·1'8 -·'fed >ittto a: dig'it~l~tO-aJUtWg St01'8.-ge .means :for a :pr«fetermmed. time 'in­
-converter U~ the 0utput -0f ~ai,d oon:Verter tervai; meaim, in~luding attenuator means. 
11'6 being 1contiedted -to a -displlay- or ·cx:mtit>l -for combining the -output <Signal ·from said 
means 111"8 «nCl sa:id ·:Outlptit :is also fed 'into storage me~ns with a ·oon:esponding incr-e-

45 an analog attenuator 120. . This anafog 'I_l;lCnt :of •.one -0f ..Saia· peri<>aieftlly -recurring- UO 
attenuatoc maf ~ as ·simple ·a& a potentio- :-signails ':to · proouoe a •oombination -s~al 
me'ter, by ''111-Ef.Y d .ex~e. and will have a wnfo~ 1s 1ess :til.J.~ .the s~m -Of the signals 
gain less '!.J:halit lllii~ ~for the_ •same ·reasons ·~m!bined;:and-means!for applying said:com-

. given with :n!~ Jtb att:enu~ror 26 of Fig- bma'ti?n signal to the input of _said -starage 
SO ure 3, which is '00 pro.\f.i<ie a stable, non- fmeans. US 

oscillatory syStem. The output of attenuator 2. An integrator as set forth in claim 1: 
120 ·forms the second input to the algebra'ic wherein said attenuator means is connected 

_ -summing -means 110. Summing •means UO between the ·output of said storage mea.its 
· tttay 'be an analog operation amplifier w.CJJ ;and a fiirSt. input of said combining means so 
55 known in the art. Timing pulses for the as to apply an attenuated represenlation 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 oomlbining means being effective to com­
means provides the pulses necessary to syn- bine the corresp0nding increment of one of 

60 chronize the pulse irepetition 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 shif.t pulse for storing means 114 ated 1."epresent'ation of the delayed output 
and the pulses a-equired to sample the 1."ange ~ignal from s11;id ~~e means in produc-
b'ins of the video signals in the analog-to- mg tite combination signal to be applied 

65 digital converter 112. to said stO'l"age means. 130 
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. :3;:;Aii. mtegrator as set f<>rllr· in either of ".~herein _s~d ~in~' ~~ans ~tain_s .the digi­
. cfainis-1 or 2~ 'Wherein said attenua·tor mearis -W" dat.a lll" said digital' stor~g tnean}-t'or 

. is :a digital attenuat<>r. : . ..· . · . · n+rii' tiine:increments; · · · .. · · : · .. · .· ·v_:. 

·:6 

4~ An integrator as set forth· in claiin 3. · 12~ ·Ari integrator as set forth in claim it. s wherein said 'comb~g means iii.eludes: :an 'wherein said. timiil.g:irieails·adjustablytcon- ·ss 
analogue-to~igifal converter re8ponsive ; to · trols· the· value· of m. · · · ·. · · · ·. · · · · 
the periOdieally recurring sigruilS and~ a · ~3. Ari itite8rator· a8.Sei iorth Jn ~y:".~f 
digi~al •addei/subtracto:r~ the digital output _clalm.s. 9_:-to ~2; fwth.~r:.including 'display 
. of·· said· converter being electrfoally · intereon- means responsive• to·. the ·outpUt·of .·said. shift 

· .10 ·nected to said digital adder/slibtracror .. ·j · register... · .. · ·. · ... • .. · ....... · ·/ . ', - · ·:~60 
. S~ A1i:integraror· as· set forth in eithet'fo·f · ,-. 14. !A method'·of;·mi~gtatfug 'periodically 

claims 1·or2; wher.ein said'. attenuator means · r¢CUrrllig.- S"ignals, 'coin.prising the ··steps: Of: 
is ·an analogue-attenuator.·.·· - ... ·... :.~. - storiilg· -in digitaJ.-.futm>the -re~eritations 

. 6. ·An· iil.tegrator as. set' forth -in' Ciaini f· s, ·.of· said :signals as«digital 'data; feeding back 
15 wherein~said .'combining means includes· an and attenuating· the·stored··representation ·of'.':6S 

analogue :algebraic summing means and;: an .:said:pe:niOdically recurrin,.g:signals;:aftd com-
. analogue"."to-digital c0n~er is. provid~. · . .bi.Ding the· attenuated ·.rep.i;e$elltati9n ·,·of .set­
the analogue output of said .combin.ihg ec~ed ·.d~ta . :with_ :th,e. : s1;1~ng <J>erioo :Of 
means 'being applied via ·said analogue;;.fo. · ~td' peno,hcally tecumng·<s1gna1$; . ···~ •: . · 

20 ·dm·ige1an'ta
8
l··· oo. · nv~ .. er ·to said.: digi_tal····. stora.~· - · ·.ls. J\ m~od as·,-set' f<>rth· in.claim; 14,;70 

! ' :flJrther including delayit,ig '.the _digital repre-
. 7,. An integrator as set forth in any pfe- · • senta,tio~s ·of· sa~d' ~:d<x:li~lly recurring· sig­
~g claim. in which: the periodically te- :. D;als .·while ·~r1ng: ~sueh digital .represen·ta· 
,curring .- signals are derived from radar tions.- : ~ : . -: . .: .. : ' ' . ·. . : 

:25 app,aratus,- and said timing niearis beihg ·· - 16. A ~µiethod as ·.set .forth· in :claim ts.:~7S 
effective to synchronize the· pulse repetiti9n · wh~in eotn!bining•. of·· the ·delayed :attenu­
rate of the radar 1,lpparatus at whiCh the · ated repr-esentation of&elected data with- the 
signals ·· periodically reeur and to piovide ~ucceeding. period ~of said· ~rring sigrials 
pulSes for integrating said· periodically · te- 1s accomphshed by, algebraically- eombinmg 

· 30 curring ~jgnals ·in a time interval less thiln >the ·delayed attenuat«l' rep~ntation with -80 
said pulse repetition period. . · · : ' ~e ·next · successive · periodically .. · ~ng 
. 8. ~ integrator as set forth in any pre- 818!18.l ·thereby to ·impro.ve the signaMo~noi8e 
ceding claim. further including means cdn- ratio. .· .. ' . ' . • . : 
nected to said ·storage ·nieans for reconvert- . 17. An integrator substantially :as herein 

.. ·35 .ing,·.t<? anal9~e form .the delayed~ repre- described- and as ~wn iii .Figures 2 and 3·--85 
.sentat19n °:f ~said periodically. ~8 sig- of the accompanying draw:m.gs. · · · · • 
nals com:ppSJ.Dg-aie delayed dig.ital data out- ~·8. 'An integrator .s~bst~tially as• de-
put O'f said :storage means; . · · scribed and as ·shown ·tn Figure :5 of the 
.. 9. !A,n iil.t~graror_~s ~t fol'th:m any<i>re- accompanying drawings_.· ·,: · 

- 40· ceding claim, wh~rein·tbe·periodically recur- ·.19. A method for ·ilnpooviil.g the signa1.;;90 
· ri~~ .si$ria:ls -have- a giyen ·~petition period to--noise. ra.tio .of ~ive periO(is. of the 

dtv.1,8.lble ~to n+m time· mcrements, ·and ·radar s1pials d«ect<:<I ·in a ?d&-: system 
.said storage-. means including an n wo·rd substantially as described herem with refer-
parallel ·shift register; · · · . . · enoe to :the aecx>mpanyiilg drawings. · · .. 

45 .1(). An.•integrator as- set forth iii claim •9, 
wh~ ·said ·ti~ing means is effective-: for 
providing synchronizng· pulses and n 'shift 
pull!ie$ -to . said register for · each repetition period. . - . . ' . 

-- 50 11. I.An iil.tegrator as set forth in claim 10, 
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