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The Fiuper) usis 1edes sypsitaiu wed Licaie u sul bhw
purpose of expiloring, with eciumi moving targers, =') of tne
problems aasvciatad with coberence of signals, crosscorrela-
uon, storage, f1ltering, and tonuspheric propagation phenorni-
ena in the M banu. Tais research radaris basicallya
cohereut-pulue Goppler radar in which the ¢rosscoryelation
and integranion s accomplishzd by an automatic frequency

and phase control circut salled an active filtez.

The perfvrmance of the active filter was measured with
puts of simulsted target signals and white noise. buprove-
ment near the theoretical Lamat far the systemin output signal-
ta-noise ratio uver input signal-to-icise ratio was obtained.
At theanput, the marumum detactable signal was 26.5db below
the noise level, and with thys 1ot Yaesl 3Ly Ggipul BIgRAl was
15.0 2b above the notsr jevel., The performance of the com-
piets Music radar gystein was .nnaluud with actual nircraft
targeis, and no degradation in resulis {rom those obtained
wrth simulated signals was {ound. These results hghlight
the atulity of the systein io rejrct comnpletely the effocts of
tne sncrmously large backscatter clutter encountered in the
hi band.

PROBLIM STATUS
Thia 18 an intetim report on one phase of the problem;
wurk 18 conltmunig on the prodblem.
AUTHCRIZATION

i, Problen: RO2 -)7
Praject WR 512-000, Taak NR 412-006

Beousetint subn-tiad KoveaDer 6, IBh
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PERFORMANCE CHARACTERISTICS

LNy st vs & oamozis v: .
Wb VRb MUSRL RALNAIL SYLI M

{Unclassified Title]
INTRODUCTION

The Prcject Music radas system is basivaily a cch-=~ui-pulse doppler radar
'a which the crosscorrelation and integraiicn is acconiplished by an auwivmatic

_“requency ard phase control circuit (afpc), -alled an active filter, which replaces’

up t¢ 3600 fixed-frequency narrow-band doj:pler filters in each range ga«c. lhais
vesearch radar was created for the purpuse of exploring, with actual movang
targets, all of the problems associated with coherence, crosscorrelation, rturage,
(i{lte:’!ng, and alwo line-of -sight and ionospheric propagation phenomera in the

h{ band.

Earlier, a nimulated radar had been deyeloped 10 determine whether the full
thec retical eshancement in signal-tu-nviee ratio over a oug-hit radar was obtain-
able in a sysiesu employing crosscorreiaticn and storage techrugues. Simulated
signals were buried in artificaal noise in this experiinent, and it was found that
aimost exactly the gain in signzl to-nniss vatio predicted by theory was reaiizable.
The successful solution of the problems as sociated with this aystem .ea to the
guestion of how much of the theoretical gai; in signal-to-nciee ratio can be
retaiueu with actual moving targets, where the echos might be degraded 1n var:ous
ways. Consequently Project Music was established to answer not only this ques.
tion but also many othere, 23 suggestrd previcusly. This report is concerned only
with the question of determuning how much i the theoretical guin 1n mignal-to-naise

*s i sars - Ay ~—nr
Taic can be chtained with acmual moving targets.

EQUIPMENT

A siplified block diagram of the Music radar ie shownn Fig. 1. Only a
singie receiving channel ard the civovire of one rarge gaic are vhown. A more
complete description is available elsewheare.* The transmitter operates on
26.6 Mc, with a nulse power of 6.4 kw and a pulse widti: of 250 ysec. Provision
is made for rapidly seleciing a pulse-iciurtence Tate in steps of 2to ) from
15-5/8 to 500 pps. A rotatable twu-bay Yagl anterna which has a gain of about
12 db 38 used with the aystem. A photugraph of the Music radar sysivr, exclusiv..
of the transmitter, 14 vhouwn 1a Fig. 2. Figure 3 shows the trans.suiter exciter,
driver, {inal amplhifier, and power supply.

¥Fl:ase coaerence is maintained in the system by generating all lvcal-cacilliator

and timing signals from cre master 106-ke crystid oscillator. Double conversion
is employed in the receiver. The 430-kc “local-cscillaror™ signal ic a stared
copy of the rf transmitter pulse obtained irom the sicsage system. Siurage input
18 der’~»#4 ‘rom the monitor receiver, aich is a low-gxin device that moaitors

‘e v nandtter output. :
®q. . i rnd F. M. Gager, 'Crosecerrelstion Rlectronic Storsge Rader,” NEL Reppre $S018

("> =2 Psport, Uncl. Title), Oct. 39. 19§57
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Sance the signal readout of storage 38 a 400-. copy of the trannmsttar pulae,

1t ¢’fectazely gates the moin receiver on Jor the time ol one range slement. The
delay in rsadout L. e weslv-ia uf thie o cianenaitis poiee determines tha
range pomition Gf this gare- n turs, the readout delay is controlied by the imer
unit. Thus the shwde ©f operation is 1o sct the gate i, for example, 150 paut ma;
airborne targots will bs subject Lu dstection upon entering an area MU naut
deer (at this range) and as wide As the antenna beam. U circuiis for the uther
gates were includes, then ail areas :lluminated by he antenna beain could b:
placed under surveillaace. (Withir a piven range gaie, multiple tzrgeis cunnot
be discrimninated. In order to distinguish incre than one targel within a range
gate, active filters may 'z paralltled, with the obvious limitation that perhaps

SECRET
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SECRET NAVAL RESEARCH LABORATORY 3

no more that threo or {qur «an e practically utilized.) Sorage was added 2
the aystem to prouvide the texsothity o varivue woudiang and modalsiions of the
tranymeiter outpul.

Py 3 War.c radst ryviom vatiubire &l 1he tisassrdten

The fanal receiver i-{ {rsguen.y was Jeliberaialy made squa® ta 10 ke, the
frequenty of the master «rysial ascillator, 10 mmplify range-rate 2%, rmanaiions,
as wiil be discussed later. A narrosw-bandpass iiter and a nafrow rejection
ftiter, b@ah centered on JOD k¢, {olluw next an the ICU«ke Lhain. The pu~pose of
eheer filterz 1o twolold. A YRz oporaling freguiin g, viviinounly Jaige batke
scatter echos (potentislly 100 db above mumimum detectable mignal) sre receivey
{rom very long ranges {1060 (v 1520 mi). Surnce the radar normally operates with
shozier base ranges, ihete signals &re urresoivabie and ambigavus, henvse they
complietely ubscure all but very close-in Jarge targeta. The chasacteristicn of
this backscaller were extenwively Investigated, particularly waid respect to its
spectral bandwidth.® It was found that the sadeband energ: war down ty the level
of the alienna and receiver noise in a4 filtes bandwidih of 1720 cps st plus and
minuve 4.0 ¢pa» from the 1-f carrier frequency. In uther words, all of the bucke
scaiter wigunal energy hiat (OWld rwis e ihe thresaoid of dotection of a crosscore
relation sydtem .8 contained in the s 4-cps band arcund each repetition~rate
P

¥ LUK Jeaver 308 € L. bnaatue, USpectral Bandes it} of Bars--ateer Sigewfs,” NPL Hepor1 el

(Secrwt Beport. Kncl. Toile), AGg. 3857

Rl el X
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component of the pulse sperirant. Consegeentiy, ot 1n apparent that if a rerechiorn

filter with a shahily wid:r bandwiath and with sldlidient aMlersalr .n an the stup-

band 18 connecled intne 11 chatr, the hackerqiter ¢0n Bo v uiidedeloly claanaten.
The only penalty i1s the lons of the firs: five «viles of the doppler band. thiy 18 of

2ed apiiit 4litnp wi the syelen,. Since noise ehann

uues nout deet o De relaine.' ke sigten oy

Iy natros-bacd e vatid oniy

the ravrier compounernt of the si1gnral, the .akecr spectrel compaorents being reircrad
by the narrow-banGpavs {1iv2r which precedes the rejection fiiter Othrruve,

il all apectral cimponents are admiticd to the product detector of *he (roascor-
relator, thnen a rejection filter 1o elirirate backscatter must be desigred for

each component treguency.

Pre 2 - Trarumallar sovsinr, dcsver. ond fanel sepl.lie?

The vutpat o the [00-ke rejection filter drives the aclive filier. Ln the
Music radar system, the active filter (Fig. 4) performs the crosscorrelation
{unction by inuwltiplying the signal with a veference and then integraulig or
narrowe-DARAING around it. The (utef? {reqiency of the low-pass filter is such
that the eifective output bandwidtih 1s less than 1/20 cps. In the ahsence of
backscatter signals, the inbut banawidth as determined by a falter preceding the
active filter may be as lasge a3 desired, if osie wishes 16 cumpare the periorinance
of th» active filter with-a conveutional radar: however, this bardwidth ideally

SECRET
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LecBuT NAVAL RESEARCH LASORATORY «

should be no wider than: neceenary (for largest signal -to-noise rativ at the inpui)
to pass the most sighal rnerey and the ieust noise erergy. where at 1s desireda to
neaereia o asmhlanca of anlascenvelone shane. Far a 2804me, ulic, the band-
wrdth 1ay Le an narrow as 4.0 ki . Fcr the Music radar svslem. a narrower
taadpans filter may be used just ahcad of the active filter, subneguent iv rarge
gating, an prrnmr!y descrided {Fig. I}. The overali bandwidthk rarrrnusng wiit

. 23E . Uul TRT TPt AvnSiTil JanES TeQuiiviixi fthe active Nilter
will be reauced because of reduced nuise power. when backscalier sigrals are
present th e is very necessarvy.

LR s ey

— ymhL

b—+‘-; -.&D"‘i—:("—
.
] [ S

Yig 6 - Dimer 2r0gren af 1% srtive filtes

The active friter yo tuned to Sperats an a Dand uf duppict frequendies ventrereg
vn 100 ke It will automatically Jock snin 2 dopplar signzal vither above or bolcw
19C ko, cofresponding v appruaching ur réceding targets, even though the signal
ig bunied many dbir qiie. Al the aarme time that 1y 2cgquiree targels, 1t efizc -
tively avtd as a very narrow-band filter, providing a large degroe of sigral-ta-
neise enhancement. The operaning theory of an afpc <ircwit has been published®
and will not be repeated here. An evaluation of this wircuit wall be piven later
in this report.

Wher the active filter has auyuised a target, ite doppler signal will apiesr 20

ul of the active falicer, sni) at the 1«1 frequency, but with a much larger
signal- o-norse rativ. This enhan.ed sigral may row &e directed 10 the rangs-
rat= circuit, aé indicated 1n Fag. |, where itis compared with the masivs 1U0-xc
frequency tu measure :ts actual doppier frequency. Once the doppler frequency

“is knuwi, radial range rate 13 also known. likew:se, the activ. filter output is
led to @ pecond circuil which determines whether the dapbler frcquom:) ie above

T below thue master 02 kg, ¢ provide the recede or appreach indication.

®G. 3. Jenser ant J. E. McGrogh, ‘Ar Active Pilter.” NRL Report 4630 (Unclsseiised), Nov. 1§§%

SECRET
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Range in the system is determined by the delay brtween the trausmilter,
keying pulse and the receiver gating signil. Azimuth is obtained {rom the head-
ang of the Yagi anteana.

The carrzlzdan 300 U tes end thaesiiti Gelecior ate inciudea in the system
10 qave a positive indication when the active filter acquires a target. ¥ inure s
shows the correizlion detector. The phase detectar and low-pass fidtav in the
correiztion dete~tdr are similar to those :n the active filter. A %0-3deg pha‘e
shifter ;s placed in the essentiallv noirecfrem raforsnra sicns! rolilied vam il
conrection {rom the aciive filter. Thua *he correlation detector compares the
phaas ccherence of the vutput signal of the active filter with the naizy input
signal to the active filter and, if there 19 a phase lock, provides a maximized cc
sutput voltage proportional to input signal atrength; ctherwice only noise ap;-vars
here. Since the bandwidth st this point s 1 /20 ¢cps, av determined by the single-
seciton RC low-past {ilter, the full enhancemnent in signal-tu-noide ratis from
bandwidth narrowing occurs between here and the receiver inpul, Actuilly, tvo
cnhancea oviputs are used, one from the active {ilter and the other fraom the
wurrelation detector, Ihe signal-to-noise ratio at the output of the correlaticn
detector will never exceed that of the activa filter, and furthermore there will,
be no aignal at thia point if the active {{lier b~v not acquired » targat. Convarsely,
the active {iltar mnay have » greater output sigoal-to-noise rafio under certuin
circumsiance s than the correlation detector, -bevaune of its narrower bandwidth.
The du voliage, therefors, may be uged to operate a threshold detectur which ie
preset t0 acfuate appropriate indicators upon detection of ~ target that causere an
output de valtage to -138 2 pradeteruined number of db above the noice Yevel in
the 1/20-cpa bandwidth. - The carrelation detertor alea provides 3 salisfactory
means of measuring ‘he performance of the active filter, as will be descnibeu.

Lo et
ooes ) DRI Bhi A
14 mo, T e §oarm 0

90
e,

WY FROM AC VE FRTEN

Tig. & - Biock diespgranm of the corteletiean

derervar

PERYORMANCE OF THE ACTIVE FILTER

Since the improvement in signal-to-noise ratio with cresscorrelation in this
radar systemn occurs in the active {ilter, the activa filtar'a paviornance has been
measurad hath with eimulated signsels and with actuai targets asz a part of the
radar system.
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SECRET NAVAL RESEARCH LABORATORY 7

Measuiing System

Figurc € shows the experimental setup employed in the inveatigation of the
active faltes's ptr(urmance A currelation detector, or crc. s-correluor, was

EE(Q TO MU EaUTC lnL ivapvnac wi sll: aTiiY -
A ugnal ,(ener-'dnr tunakie t9Q cpe from 100 k¢ pr(‘nded the slmula!ed low-level

ad white noise

P

SOppie

ext added in a

n2ls snd noise pred:
curreaty and voltagens v hich are ainy p addu ve w\()-Oul the complicated inter-

moagulation ¢ifects between different frequency compoacuts such as oreur in no..
linear systems. The lincarity of the adder may aasily be verified Ly snecawuding
vajivus combiasatione of input poveers and the cutput power with 2 true-power.
reading insiramens. ldnearily 1s impouriant in a8 crosscorrelation systein for
pptiumum resulia. Care has been exercised in doth the experimental measuring
setup of Fig. 6 and the complete radar system of Fig. | to maintain hainearity in

all circwits from input to narrow-band output.

Referring agair to Fig. 6, a band-
Lirmting Niiter reastricts the bandwirth
of the white noise and signal output ui

the adder. The bandwidth of this filter ¥t Lt 1

was made 4.0kc, to makeit comparable

with 4 Convenlivael iades: this resulis _

in the optiinuin signal-to-nouise ratis s i
for a 250-gsec pulse width. Ubviously "!.‘;.;" 7 o

no excessive bandwidtl exrsts, yet the
sulse-envelope shapein approximately
prese.ved. The input sigual-to-rioise —
ratioismeasured hore (thus a common B
base exists for comparing the Music

system with & w.e-lit radar). The
pignal and noise are next gated, whic
does not :hangc the ngnal to-noi

‘-Aiw- R
st-?*--zyun

pows 1 miber, ik G $hY putd o L
divectly tothe active filter and correla-~ Lt BOWLN W TEH TR ROWER WLTER
tion detectororviaanarrow-bandfil:
and 1UU-ka rejectionfilter withrhavao o

. . N Fik- 6 - dSystewm lpr messurting tre
teristics previously described. it can wctive [ilter

be shownthat the overall improverent
in signal-to-moise rativais the same
either way. The output at the correlation detectur is measured with a truz-power-
recding instrument. The total ituprovement in sigual-to-nvise rativ achieved

£ o the 4.0-kc-bardwidth filtar putput to the correlation Getectur vuipui «au be

cetermined frou the power nivasurements.

M=rasuring Procedure

Cn.n:l pracautions yeusy taken to ingurr that all measurements of aignal

and nmse levels are true power readinigs. Lne meaiuring indtrainent inay oe
#ither a true-power- measunng device such as 2 thermocouple meter or sormre

.‘ 1:1'

SECRET
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other type of instrument which has been calibrated to read power for the particular
wavefusins used in the measurement. The thermocouple meter and other instru-
ments may also be calibrated in rms volts. Sometimus it is more convenient to
use an ascillosrnne at the innnt tn avasi-s xnd mes

tre the zignal and noise
lrvels. The rms vultage of the signal can edsily be deteimined by measuring the
peak-tu-peak voltage of the sine wave with the oscillnscope and then by calculs-
tion finding the rms value. Deterrmunation of the rms voltage of white noise 18
not readily actomulished at first, but with exnperiencs gand sccuracy ooz be
achicved. U a known level of white noise is impressed cn the oscilloscope, it
will be fuund Lthat the peak-iv-peak voltage level at which only U.0]1 percent of the
nuine peaks exceed the level is 7.8 times the rm# voltags of the noise. With
experience, this level ¢an be read with good accuzacy; thus the rms voltage
value ol the noise can alsc be rmeasured with an oscilloscope. The abeve factor

divided by iwno 18 known as the peak factor of tiermal noise.

The output of the correlation detectur consists of a d¢ voltage, which is
sroportional to input signal level, and a nouise voliage superimposed on the dc
voltage by addition {the entire svstem is linear at every point). Since the output
bandwidth iz i/20 cps, the noisr Mlucivations will oecnr at a very slow rate. This
requires that-any power measurement must integraie overs at least several minutes
to realize an accurate redding of noise power, A sensitive thermoconple meter
with a very long tirne constant wae developed for this measurement, but other
instrunients may also be uzed, such as a recording dc voltmeter on which integra-
tion time is represesnted bv storags ar chart time, and a de vacuum-tubs volimeter,
where the integration urma must come isorn the operator’s memory. In the casea
of the recorder and vivm, these inslivinculs iusi ilave an ac irequency response
up to :/2 cps, which selected ones do have, to insure a faithful display of signal
and noise voltage fluctuations. The signal voltage is read off the recorder chart
by nuting the aversge displacsment of the trace between a signel-wif and a =ignal-
Su Cunditiui The pran-ivepeak puise voitage is determines by noting the plue
and iinus 'svels which are exceeded by only 0.0] percent of the noise peaks. At
least saveral minuten of chart must be examined t0 fix these levels. Ciie ihe
peab voltage of the noise 15 known, the Tias valuc 13 ubizined by dividing by the
peak factur. The sama procedure may be used with a vivm with nearly the same
accuracy.

Before i incasurement of the improvement in signal-to-nois~ power ratio
from input to output uil the active filter and corralation datector, censideration
shoutld be given to the maximum of theoretical improvement possible. A cross
correlater auck as the correlativi deivcior with a noise-iree reference and a
phase-coberent cw input signal with no gating of noise or signal will have au

ITprIVEmiEnt 1 wi
3 » BsaPoo
Fsi/bny
where Pso is the output signal power
Tnc i the output noife power
Pei is the input signal power

Fni is the input noise power.

SECRET
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The OULPUl-power N@neltoanaige ratio 3
oo e = {Ban Ihn.")fﬁ’u Fayj.

Man,a [ Yo S
toeR et

where B e an, the input roue bandwidih
Bun <the elfective YUIPUL noLge bandwigs,
Bon « - gy, ke auipy; Noiga blndmdth
B = the npat j.dp bandwidij
Bo s 1he output 3.4y tandwigu, .

Where ihe IRpUt neige bandwuigth ia écnrmintd vy oa single resonasy circuir,
i <anh be shgwn that tive ney, B¢ bandwigiy of the ¢ircy;g 18 7 3 times the bandwidy
&t the 4.4y Points, ag Measured wiy & signa) §eneratcy, Lakewiu. the Outpyg
fGise bandwid:h of the Single-secition low.pagp n¢ ifter iy n:g times the 3.gp

ra

Pandwidey. Ihe eifecyjvg sutpyt banduwigy, Y]
» "-'L - -L
Lt ?(ruc) T

The effactjve Qulput bandwidty is twice (he cutofi !r-quanfy of the filtey, becauw.
with Sonvergion 1o zerg j.g the nojss Pusazre cf bath sicabandg 2are Lol dagd ‘ogether,
ram;hing " moze maig. than thae d,,. to aimni, handui g, Nerrowtng. Aler th.
eilectiva ouUIpuL ne e bandwnar, |, Refig ey = 1 IR, 1hus the Vverall impré';,emcnt
would seem tg bs

i armine, {1}

Equation {1} contagn, & factor of 3; which ariges from the fae, that the oulpur
signal voltage iy o Corstant peak de voltage, Becauge the CUtput kas been Maximized

obtained s» in 2mplimge. 3R te the poaa value of o, i€ vullage signal, Siuce
the sigry) and noige Fowers ryyuat be expresscd in the bame lduin, the Cutpu: signal.
i o

Equation {1)is the TXpression {o, imvavamtni when na q2¥ine af Bignal gy

noise input ja invelved, When both signal ang noise input 1o the croucgrrelater
Ao gated, ay they ave in the System, then

3= 2npipey, {2)

where duty facto, a4 -

SECRET
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% s pulwe length

» o yepetition period.

Ui values as used 1n the system asre assigned, then

T ) Y.
@ s 3.0 Ka

d+«1/8

} I I P
ac - ;ix[;o-‘-m-xe") llt’-U' tps,

and I: 44.86 db irom Eq. (2}. This is the maxamum improvemen: to be expected,
based On % rvavesirer veterence. With the larger values of input signal-to-noise
rato, the active filter does provide an sasentially noies-free reference to the
correlaiion detector. The bardwidth of the lnw-paws filter {ncorporated in the
active {ilter has been made one-{ifth the width of the correlation detector's band-
widih to help insure this. However, tha arfive {ilter does have a lower limit of
uvperation below which it fails to lock and acquire targets with very low-input
signai~to-noise raiios. Therefore a condideradle departure from theoretical
improvement shou:a be sxpected in this rogion. The pullein range of the active
filter decreases with lowered input zatios, reaching ze,. pull«in at the point at
whicl §t faile W luck. Since detection is requivred over the full :190-cps doppler
Band. the miimmum detactable signal is zunsidered 10 be 2% the level at which the
puli-in range of the aclive filter as 230 cps. At this signal level, the target~
stguisinion mse s 10 10 20 ssc. With Jarges wignals, Uue time rapidly diminishes.

-
L Y14

Results

The peviovivauie vi the active jilior and correlation detector was measured
with the experirmential equipmant shown 1n Fig. €. A serics of input signal and
noise lavels waa used, and the resuwldting ocutpul .i9nal and naime jevels were noted.
In all cases, tht prak-iu-peuk inpul viitage of the 3ighal and nalse cumbindtaon
=32 mainisined 3¢ the lzrgest possible sueplitde v insure that the fuli linear
dynamic rai2n ol the bandpass filter circuit, which represents the input ot the
systetn, was ulilized. Deiause there 15 a minimum usable signal level, this helps
insurs tie possibility of nearing the lirnits of throretical improvement. The radar
aystem is aldo customarily opersted in this way.

Tha results of the measurements are plotted oa Fig. 7. Both input and output
-i;'xa: ~to-noise Tatins have been plotted as a funciion of the correlation-detecter
de cuipul voliege. Tius voliage is proportional to the input-signal amplitude.

Ti:e araph shows that the smalleat detactabla signal in 28 .5 db helow the roise
level and that the minimum detectable signal level at which the pull-in range i=
290 cps La 26.5 b balow the naias laval. At thia fnrwt lueal iha ez simwal

12 16.0 db above the output norde level. Hence ihe total \fnprovement here is

42.5 db. With larger input iovels, the total iinpvuven.ént reaches very neariy
44.8 db. In automati: alarm radars, where output signal-to~noise ratios of 12 db
and up are required, ver, nearly all of the total improvement in signal-to-noise
ratic would be usable, from the minimume-requirement standsciot. Thé ithreshold
detector in the Music siatem in aﬂ}.lgfahl- -\-rm\H!g-_s EY ghq-_re of pocilive -output
signal-to-noise ratios lymg anywhere from zeru db 1o 20 db. Once the signal du
oufput voltage exceeds the selected level, the several indicators are switched on

SECRET
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to announce the acquisition of a targei and at the same titne to make the target
“information available. Data have been taken with the narrow-bandpass and 100-kc
rejection filter both in and wut of the Chiain, with ident'cal results; therefore only
uie wiaph is shown.

WAM PSIPOCAR € S5en, LEEL FOR
2 ¥ LPE PULL-IN

" -
X - > —x i

SWTPUT Sk METD v
. APt
& F" CUTPL® OC vOu TS TeTas
S

30 b~

SMMNAL- YT -MIE RATWO 1 D8/
<

JETTY -
20} "”O
Ak/‘.(:’::h—:um VS OUTIIT IC VLT R
<30 b— > POR 4XC INPYT BANDA:DTH
-0 1 1 _a i N
G 1 [4 3 . &

s
CORMELATION DETRCTOR OC JuTPul (v T8I

Fig. ? - Petlormance 'hermcisrsslsce of the
active filter

The improveraent shown un Fig. 7 is o1 a duty facter of 0.1¢5>. Wnen the
input signal and ucisc has a duly facior of 1.0, ir i faund that the input signal-
to-roise-ratio curve is moved 9.0 *h 'awer. Then the minimum dztectable signal
level is 35.5 db below the noise level, inatead of 26.5 db. Data were taken with
a duty tacior of 1.0, byt it was not presented graphically. Conversely, if the duty
factor is reduced, the inpiit @ignal-to-noise-ratio curve will move upward, reduc-
ang the overall .mprovement.

PEZRFORMANCE OF THE SYSTEM

Now that the perfcsimance of ihe corsscorrelation circuits with simulaied
aignals is kuown, the question arises, will any degradation in nerformanca accur
wilh aciuai target signais? Degradation primarily ref=rs to an undesirable
increase in the minimum deteciable signal level due to certain characteristics
of the target. Therefore, to determine ihe possible existence of degradaticn it
i8 necessary to use tavget signals with levels near the minimum detectable level
(-26.5 db). A calibrated activ. -filter correlation detectu. system will readily
provide valuas foy tha input and cutput signal-io-nuise raiios, but a second
independent measurement of the input signal-to-noise ratio is necessary if a
meaningful deiermination of degradation is to be achieved.
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Measurement of a signal muany db below the noise level is a difficult task
withou? corvalation. Cne method is actually to select and measure a target echo
at the cutpul of the 4.0-kc-bandwidth filter that 15 above ‘hie nuisc level, then
drop the iransmiiter power a known amount, -u:h as 20, 26, 32 db, etc., the
ds:umplior. b wing that thé received vvhiu will 2120 be red:crnd by the same number
ot ab. Tiis i# ihe o thod thae was amninvad. The japut signal-te-noise level to

the crosscorvreiation sysicia was ficasured at the entput of the receiver, where
the signal and ncise are narrowed to 4.4 ¢ by the 4.0-kc-bandpass filter (Fi15. 1),
Yo cocTe lzticn Astertnr wam measured both with

At the same time, the Sufpw -7 the varrclation dste
the higit-level signal and the redursd-level signal. The output signal-to-noise

Taliv was fikasuled in both cases,

With a kriowledge of the correlation-detector output dc voltage, the input
gignal~to-noise ratio that the correlation nysiem claima to see in a +.0-kc-1nput
bandwidih can be read from a calibration graph such as Fig. 7. This can be
cempared with the independent measurement of input signal -to-noise ratio both
at high and low levels, AL high levels, » (lose sgrocment between the two readings
shouwld be found, provided the independent reading 18 made with due caution, as
will be discusscd later, U agreement exista, then the methods employed in both

ihe meaduremeni and valibratisn of the correaiation ayslem ad the measurement

of the independent signal-to-noise ratio will in large part be validated. With jow
levels, & clune agreemant between the two readings will indicate little or no
degradation of the performance of the crosstorrelation systern with aciual taigets,

Additionally, the total impraovemeni uf the system will alan he known.

The high=level-input 2ign2letn.nnise ratio was measured at the output of the
4.0-kc-wide, 500-ki basdpass i:lter, as zhovin on Fig. 1. An cscillogcops was used
te diaplay the i-f signal direcily without rectification. This was dunc to maintain
lings in the display as well as in the sydsiem. Cunsequently, the p-ak facror
of the white noise will be the same as in the previous discussion, and ithe saiie
mic4suring methods cen be used. The pulse signale 2as well as the noise will L:
bipolar. Lhe noise level i obtained by selevling a point on the scope traca {ree
"of signals and reading me preak-iv-prak voltage and then dividing by twics the

algnal amplituds iz determired by selecting a pulse

peak facior.
signal which is Clmaily above ke noise ievel anl seading the peak-to~peak vaiue

@ the n
of he signal plus noasv, sincs n3ise rides on tbe mignal, This peak-to-peak
reading 16 determined in the same manner as the noise, becsuse it is the sum
of the two that is desired. Since the signals aimply add, the noise can be sub-
tracted from the signal plul noise, leaving only the value of the signal. Hence
ths ratio of the (WO may be akei.

Signals well above ihe wise level were selacted for measurement tv eliminate
the signal~tu~nuise-ratio enhancement efferts of integration by scope or observer
such as would occur with smiall signais just beiow the noise. Here, repetitive
=ianola will he enhanced by persistence of the phosphor and the eye of the observer.
Another reason wlso cxists for selection oOr targe signais, aud ibai iz hs fooe
thei Juug-vange backscsiter folde over and completrly vbscures all signala in the
162-naut-mi range interval establishod by a 500-ppa recurrence rate used in the
crosscorrelation siudies. In order to uncover the signa’s and to resclve the

backscatter, 3 lower recurrence rate was used when measzuring the input ratio
only. The input signal-10~ndise rarios measured st the lowser recuryan-a rate
This

are identical, when large signals are used, to those tmcasursd at 500 pps.

SECRET
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was demonvirated by varying the recurrence rate aver the full range on the
cccasional day when no backecatter was nredant and obzerving the signal and

ML £ 38 4

nroise levels. In this case, only a change in intensity could be noticed.

When measuring input and output signal-to-noise ratios, compensable ervors
Cal A RE Uuie 10 OUIET LAUNER. Thae GUSL QUVIUUE = FUE 38 dUE 1Q TROVeInent o
the larget within the veceiver gate during the time requirved to make the input
measurements and the output measurements. This procedure reguires several
rrunute s, because the input and output ratios must be taken, then the power dropped,
time allowed for the narrow-band acquisition, readinga 13kan, power restared, and
fipally input levels rechecked. The input signal-to-noise ratio can be read whether
the gignal is in the gate or not, but the crovscorrelation system cannot pexigrm
without a signal in the gate. Therefore if thie signai has moved partly oun of the
gate, 3 suitable compensation must be made; this is readily accomplished.

A sccond source of error is 4 change in input aignalatownnise level nceurring
witnin the measuring time. Thisis corrected by a recheck on the input ratio.

Spike noise is also a scurrs of error that is difficult to correct. It is easier
to avoid this nolee. This is done by selecting obuervation timeas relatively fiee
of spike notse.

Accelerating targets can be expected 1o modify the parformancy of e activen
filter correlation system. 'Iowever, the accelervations involveu in faet turne of
jet and cumrnercial aircr e source of target echous reported herein, do noi
appesr oy increase the minowim Getectabls signal javel,

Dats have been taken 03 many aircraft targets. Figure 8 shows the deviaiiun
of the high-leval-input sigaal-t1o-uoise ratio of the active-filter correlation~
detaction syste:n from the measured high-level-input signal «to-ndise ratio for
3 zmnmbar of observations. The deviations reuach as much as 6.0 &b, which may
be explained by the difficulty of the measurementa. However, the important point
to nots id that the deviations center on zevn db. Hance, nn the averass, the asres-
snbsd helweed the Cirrelsilonygysiem valibration and (e input measurenenis is

good.

Performance of the active-filter correlation-detectar systam with signals
acar the minimum detectable level is shown on ¥Fig. 9. Hers a compariaon iz
made of the deviation of the carrelatim a«atem’s low~level-input signal-to«noiam-
ratio resding from the measured input signal-fo-noise ratio reduced by thé anicuut
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of the drop in transmitter power, Again, the doviation is aizahle, but the average
i» zero db. Thus, once more the agreement is gond. This is an important find-
g, fur it indicates that thers is little degrada'ion in the performarce of the active
{ilter and correlation~-detector systern with tha type of targets mentioned, cven
with the target signals buried in uocise. Conversely, this also indicates little
incoberence in aircraft echas at this operating {requency.

Se »
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gg; , A . ’/’\ A~
pogh v
H ) ~
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;g‘q N R W N ‘.14.4..&__‘_1_1.;1_}.4..-
e Y Y Y Y 134 21
¥y MIMBER OF OBSERVED TARGETS

iz, 9 . Comparison of sctijve-Tiiter baput 5/X ratie
wath the jow-level avasursd ingut S/N retio

The total improvemaont in signal-to-noisc »atio may alsc be obttained {rom
the dats. Figure 10 shows the impraovement realized with reduced power, when
the input signal was juat above the munimurn datectable level. The curve shows
3 2.5-db smpread, with the upper limits approaching the theoretical improvement.
Thus good agreement with theory exists.

These ivauiin NIgMHaht another accomplishme:t, and that im the ability of
the systern to detect moving targets with no loss in crosscorrelation efficiency
through renge-ambiguoes backacaiivr {clutter), which aften reaches amplitudes
in excess of 6C 2% over the receiver noise _avel., As previousiy mentioned, ihe
backscatter is rejected by the narrow-band rdjectien filter is the 100-kc i-f chain.

CONCLUSIONS

Measurements of the acrive fiiter with simulaied signais and nvise indlcate thai
neur-theoretical improvement in ontput aignal-to-rnise ratio over input signal-
to-noise Tallo Can be achieved. When the pesformance of the complete Music

radar system is meazured with actual aircralt targets, no degradation in results
from thore obtained with simulated signals can be found. At the input, the ainimum
detectable zignal level is 26.5 db below the noise level, and with this input level

the cutpul signal level 18 16.U AD aDOVE The DOIBE leVel. Inese Teguilh LEO SROW
that the system is fully capable of completely vejecting the effects of large back=
scatter ciutter encountered in the hf band.
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