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It is the purpose of this peper to present the nethod of peseudorandom

Sizoel (ymﬂm&sﬂ) correlation neasuremest s and to demonstrate theoreticsl-
ly and experimcitally that the results are different from and apredictable !

from those obtained by cuplaying the uoual iiltering =nd detectlica of Ispul-
sive (explosive) or ringle frequency signals. Bince the crosscarrelation of
the received uwmdeivmter acoustic signsl with thol transmitied iz o measure
of tle feasibility of sigual processing tochnigues emplaying coherant time
avaraging, these measurcments sce of practical lmportence., A study of esuch
correlation coefficients oy & function of the averaging tine froquency, sd

P

vandwidth of the signal snd of the locstiocnsand notionsof the sowrce and
receiver vill lesd fimelly tovs deteraimetion of those properties of the

nedive and 1ts bounderies which perturd wderveter acoustic propegmilion. «(\
)
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Signal Correlation Method For Underwater Acoustic Studies,

Two earlier expariments of o similer pature should be mentioved. In air
acoustics, Gotrl crosscorrelated the signalz recelved at one poiat in &
machine ehop with the signel recordad next to & particular machine to ldentily
the compoment due 10 that particular machine st the dlstent peint. In redar,

acho

Lincoln Iabaratory's Venus shee rengeporinemt? enployed & serion of single
frequency pulses 'intervel modulsted' by = pesudorsnom scequence genersator and
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corralated the savelopes of the transaiticd and roturned pulse traias to

k (A Pseudorandom

NS

supprese the range axbigudity.
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correlation of the ocean with a troadbeni pseudorasvdon sigoml ss inmput ome
might expect by the thearen of Welngrs Lee and iiesserS that the result would

be identicel with the lwgulsive response of the ocesn obtained Ly firing
exploaives and acalysing the recefved fapulsez in the ssme bandwidth. This
watld be ocarrect iU everything wers stationary but when reflections fron a
mving murface or agtions of tha gource o recelver in a nOBHONOSENSORH
medium are fovolved the results nuy be guite different. That is,the shot
nemaures ot amaple of the changing iupuleive response while the correlation
neasures its tine aversge. Since the time aversged lmpulsive response is the
Fourier tronsform of the single frequency response of the medium,one might
also expect that the rosult of the psendorandonm nignal correlation alght be
predictable from propegation studies made with lomg pulses of Aifferent
single frequenciss. This would be correot even if the situation of aedium,
boundaries and terminals vere nonstatiomery, if all the dirfereat frequencies
in the band could be cbsamrved simultancously anl 1f the phamse spectra of the
dirferent frequeniies were neasured as well ss thelr asplitude spectimu 8ince
in practice only the power respones at & few fregiencies are reamwred and
these st different times, the aingle froguency resulta canmot predict the
carrelation responoes o coefficients {or the wrondbond sigmels.

Woodward ' eignal embiguity i’tmtiw"iﬁtbe squarsd nagnituds of the
autocarrelation funotion vith respect to both time and Iregquency dlsplacement.
Prom a study of the aublguty functions of svsilable weveforme, it is easily
scen that the pesudorsmdos (PR) slzifis of large time-bendwidth product sre
mich superior %o all other wvelrus fg our purposes. ‘Ihey alobe parmit
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3:.3;3 %, Statistical Theory of Comumication (John Wilsy & Sous, 1960)

J. L. Stevart end B. €. Westerfield, Proc. BB 47, p. 872.881 (1959).
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slmaltsmeous high roselution of the recelved sigmals Lotd 4o regze and in
Doppler. The PR vaveforms which are genersted by shift register encolers®
are sven saperior to esple sigomis from & reel nodse penecster becouse all
voasifpe sequences of the shift register lemgih ccour sos and omly euoe

befewe the vhole ceguente repeuts. The PR sigoals cem be coapletely regro-
duced vith say dosized time delay wnd tine corgression Ly @ sistlar shift
registur onooder.

The coerelater esployed must be capabls of comtinuous sesrch over the
reglon of unoartainty in Loth »enge sud Doppler of thwe omarce. Two possibiw
iities jrosmmtly exist, a matched filtsr or & tian ocogwessictt correlabor.
qhe delay lime tiue compressor (Deltic? ?) corvelator syston we wplay uses
infinite poek olippdng. Clipping hus Leen found $o have memy practical
sdventages such ss elimiombing dynsade yenge prodlens, peruftting digitel
gtorage and shift veglcter time delay technigues. The Aifferences between
polarity correlstion mud o 3lete maplitude oorrelation are vell mn‘7.

Tw veriations in correlation eutpus due to clipping, smgpling, sod lsek of
preacise Dogpler satching bave baex cLsorved in the lavoratory to e nuch
Joss than the veriations observed in the field vihich are thue jeesumebly due
to the motion of ths gouree o of the medfun,

The ssperinents are conducted by eploying an experimental broodbend
Prepeducer nouatad on & subvmrine oparating ot sufflcient depth to be ocut of
garince vave action sod rualing alowly at right angles to the sound path to
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%84, Gelomb, Lk, Wolch, sed R.H. Ooldsbein, Job Propulsicn Iab Promwss
20-389 (1959).
V.0, Anlerson, larverd Aooustics Hesesrch Iab D37 (fan 5, 1596).
¥4, Sesmion snd G. Liobernem, Proo. IRE 47, p. 220-920, (Hay 1959).
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acunted on the continemtal slope close 1o Ww depth of dovp sound chennel

axic.as in Solaw. The PR gigwis transaitisd are scouwrstely clock driven
and repest svery 1 scconds vhich is auch longer then the duration of the
sequence of sismificsnt arrivels observed. The received snd refersncs signals 5
vhich have been hetevodyned doin to be close o zero fregacncy,are suipied et
twice e sigml tepiwidih. The receive Deltic coupresscn and stores the
latest 5000 saglies of the received signel and or xrelates it continuously
vith & eimilsrly cauprossed fixed set of 5000 sasples of the reforence signel
in the refarence Deltic. SSuoe the two cigmals e heterodyned down with
frequancies dirfering by 10 cps, the oulput of the carrolstor is an AC sigmel
shich is analyzed in & bonk of aleven Doppler filtera. Thw aysbew thus
gonarches continuously in range &l Doppler with & time dolay resolution which
ias the reciprocul of the signal beadwidih snd = Doppler  frequency shift
resolution shich Ls the reciprocal ¢f the integration time, i.e. 0.0l seconds
for the 100 ops bandwidth and 1/25 cpo for the 25 second integration time we
have explayed, The reforence FE sigwl) generstor is sun fastar o slover to
watch the Dopplar of the received cigwml to ocontur the display.

Maguwre 3 {llustrates our recoids. b was made with a 760 ops carvier at
& range of about 60 naiicel wiles in the middle of o stowsm with coufused sees.
Thme is running fros right to left. On the right are fowr ungrocesoed tenth-
sacond vings which mrecedsd the PR transaissions oo the left. On the laf
are tvo afjecent Dopplor output chemels (f5 and f6) vith the signal mostly
in the contral cheanel (§G) for the duration of the run. The vecords have
bosn roteaced to place the correlation peaks, ubfch repeat svery »i seconds,
adjacent 4o sach other by ositting W blenk parts of ithe reecrd as indicated
by the bresks in the base line. Thus the record wopregente eboud 20 mimutes
of IR tranaineions. fhe linesidth vesslution on the paper 1 sDout el to
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the durstion of cae-teeth esomed pings Sut dows not resslve the correlstion
functions with their 1/100th secoml resolutien.

Since the Doppler chennels sre separeted by 1/6th knot st 760 cps, the
recoid indicates that the range rate of the source subemrine was constesat
within 1/12 knot for 20 minutes vhich smkes it sn iden) platfors for correls-
tign studies. OF couree, the sirface, botlan, aal thermal strueture invoived
in the trenmmisgion path did change slowly . during the exporimend es the
pouree setwarine cheanged elowly in bearing and drifted alizhtly in range and
to this nust be sttributed the observed veriations.

te do not ss yeb know the calibrations o limeerity of our gystem to eny
precision so we cen not cbiatn absclute values dut the relmtive values e
ol imterest. thed all of the powexr is in & single arrival, ss hagpens occs-
sionslly in Pigure 1, we obtain the highest corvelation. The correlation of
these zain srrivals drapped slovly from the higher values to lowsr values in
long pericds of the exder of several minutec. Host of this varisticn s to
be associated with the build wp of oot or two other arrivals and ie elmply
a clipper normlisation effect. The curve of dots in Plgure 1 is the sus of
aplitutea of e two highest peake of the observed multiple srrivals in the
output of the correlator. ‘fhe relative stability of toe sum indicates that
lalf of the time the Yotal cocrelation is constent. Sose of the rosidusl
variation is due to splitiing betwson Doppler chawels, but mest of “Hiw
variation must be dus to pexdurbaticns of o mediva o beuwadeeies such ag
reflection off the marface ar bobviom.
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Toe precmuse about 1.5 seconds abasd of the madn serivel is believod to
heve txaveloed by on almosl purely refracted path with ome lens top to bhottom
dp then the main areival,as i crodaly waggested in e ray dlsgrem aB the
top of Plgare 1. T8 wdll be noted towrd the ond of the run that, wblle the
wain wxrivel apyesrs frequently ia the lowor Doppler channel the pecursor
dous o0 only one, although thwy both bave capereble anplitudes in thoe
central chaanel. Thic is ovidence of a vy emll Doppler difference of the
order of L/ARth. Jocd between these Lo wrivels.

Tt will br ogted thal sose talls naried T sppesr sbout 1.3 seconds after
the main arrival iz the pinge. They presunably taloe one more top to Votton
skin then the main errival. while thew ampesy with ssplitudes comparable
vith the wecuroeses in the ping records om the right;they do not appear in
the cerreimior output ot the lalt. Such uncorrelsted tails cen of course
sleo axpliain wiyy the sum of the corvelatar poaks iz a0t consorved at all tiwes.

P™w: sbvicus oxplanetion of the mieslng talle iz thet they me povs pese
tartod then e wain serival due to noce reflsctions off the viodsnbly moving
wﬂmaﬂnhw.mmuthﬂwmmce' Ramaricelly the fails aight
hewe amgles with the aw’lzoe of 15° whille tbe maln srrivals have angles of
9. Then the surface I turbation por reflaciion would be twice as much .
o tall arrival as for the oaly wrrdval and could be groster than w helf
swayelasth vhile the parturdaton of the msin arvival could be lese than &
balf wevelength, Odoee the domdnant porisd of ocesn waves is kneem to be i
the 5 t0 10 cooond yegisa!” (continuous naplitede medulations of this perded
vers oberved on single frequency transsiscions) sod owe integretion tdme le
232. W@ mg m eowrelations wire wzpac} ?xt-. Gis this bft:&u, m“msm »

%, 9. Pablication Mo, 60;, Practicel Hethode Sor Ohearving anl Porecasting
Osean Wuves,” p. 88 (1955
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expect the talle to hold their carrelation i Integration timmes lcss than
5 secomis.

In our futurs planc,ve hope to gbtals the absolute calilewtion of the
sesrching polarity correistar hevein densaribed, 5 also hope to aoploy it
to synchronize the loonl MR gosdrator vith e of the swvrivels. Then we osn
anploy & sonsesching but coplately malogue IC correlato: to obisin sbso-
ute correlation coelficients as & Lunction of avaveging time. with these
Lgraverants the prandorendon sigoel (pmudosoles) corpelstion teobalgee iz
expected to be o valuvsble tool for the stuldy of the propagatios of slignals
including thone of undemabor seougtics.
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