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and sonic reverberation.
Acoustic Scattering from Fish Schools and the Deep Scattering Layer -
the effects of biological aggregations on acoustic systems.

High-Speed Fourier Transforms - advances in signal processing techniques
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Introduction

This report summarizes the Independent Re- of disciplines. They range from the field of signal
search and Independent Exploratory Develop- processing to marine mammal research. As a
ment program at the Naval Undersea Center for whole they represent not only novel solutions to
fiscal year 1974. The program consists of a variety defined Navy needs, but also the development of
of projects that are considered basic to the the scientific and technical expertise needed by the
development of undersea surveillance, ocean Navy to meet future challenges.
engineering, and advanced weapons systems. The This year's projects include:
projects featured in this report are among the MINOX Program-the relationship between
most promising in these areas. oceanic predictive correlates and sonic reverbera-

This is the first year that the Center has issued tion.
a classified version of this annual report (NUC TP Acoustic Scatteritig from Fish Schools and
423). The decision was made so that it would be the Deep Scattering Layer-the effects of biologi-
possible to explain more completely the military cal aggregations on acoustic systems.
significante of the selected projects. AKo different High-Speed Fourier Transforms-advances in
front previous reports is the placement of the signal processing techniques to improve the
intr oxuctory remarks for each article immediately operation of modern communication systems.
preceding the article, rather that in the introduc. Bioacoustic Capability of Miarine Mammals-
tory section. It is hoped that such an arrangLamcnt the intensive study of dolphins' behavior to
will display each project's independent %ignificance. determine it such knowledge can improve the

Th1 articles in this report represent, a variety operation of Monar sysums.

Preceding pigs blank



Selected
Independent
Research Projects

Preceding page blank



MINOX program: oceanic predictive
correlates of sonic reverberation

Thius article anud fue followring one address thve Interactions be-
tween flue biologieal euntens tof tlhe ocean and thue performuance of
(ictflus ie .systens Thve false target problemn of the acouustic honinug
torpedoI operating at a relatively high fre queney, tlue large vnumber
(if false targets identified by nauderate frequeney sonars, and tlue
acoustic vinissions receired by sin-eillance systens in the rery low
freque'ncy range are beliered to be at least partially caused by bio-
logical eities. Although tlue inmportance Of suech Interactions has
been recognizedI for sereral i ears. tnresti~frltlbn r-f thien? lun been
rninor. Tilt, two featured projects represen t the start of an in tensive
effort i this general area. Tilt .'tINOX programn is conucerned withu
live iological content of the ocwean, and the volune reverberationi
progran deals; withu biological effects at sonar and torpedo-horning
fre quenuriies. It is beliered that these progranus could result ll alu iln-
prored target discrimnuuation capability for acoustic systemns used by
the Nary.

Diwumcsent% thiat p~rovidle reliable acoustic Thet approach was to select an openi ocean
irmforvnatiou iii the marine etuvironmeut are re- area %% here the major water masses are considered
qutired for sonar models. suchi as the Navy' Interim reliutivevy %t able physically (low current velocities
Sorf ace Ship Sonar Prediction Model (NISSNI). Of and moderate convective processes) and the bio-
particiular importance are major piortions of the Pa- logical community is less complex than in the~ more
cific anud Inidijan Outeats ait(l adljacent seas. M--~ productive inshore are-as. The area selected, a tropi-
camie existing data art- inadequate in vertical. tern- cal section oif the northeastern Pacific Ocean. was
pioral. and geographtical dlimensions. the Naval Un- north of the equator and measured more than 2.2 x
dersea Ceniter hi% ins~tituted the MIinimum Oxygen 10' square miles (figure 1). It had a dominant en-
MN I NOX) Program. t he main objective of which is vironmental featiure of vanishing, low dissolved
to (eViS hinac'Oustic MIKIClS oif oceanic regions ox% .gen, that is. generally less than 0.05 milliliter
based ou physical and chemnical parameters. It is of oxygen pe-r liter of seawater.
plantnedl o use the-se models to predict acoustic re- Trhe hypoxthesis was that the ultralow clis-
verberation. ("amued by biological target popuola- solved oxygen exerted a dominant antl predictable
tions, across a broad spxetrum oif frequencies. for effect oin the occiurrencee and ichavior of biological
example. from I to 60o kilohertz targets. whether aggregated into components of

Sinice it i% not possible to suirvey completely the deep scattering laver or as individual false tar-
thet worlds ocean% in all are-as, depths. and se-asons gets (large near-surface fish or schools). Nearly
(of interet,. the approach in thi% program is to iden- simultanvous measurenments of aicouustic re-ver-
tif% .. whecre piossible. the environmental aspects oif heration parameters with biological discrete depth
acoustic reverbieration that can bie obtained by stir- samp~les wvere taken, and Itydrogruphic casts for
ve% slumps on routine moisions and theni rapidly ana- water sanmples were made to provide chemical. nu-
k Ze'd while underway. Such parameters, either trient. and teniperatire data. 'This multidisci-
siutglv oir iii conulirtation. conutrol the occurrence 1)liulary approach was performed front one- oce-ano-

aitd bhavior of biological targeN,' Occasionally. grltiye.slctheeifretruesnJuy
thieste Ipli sical and chiemical featores prove to bet 1.970. Miarcht 1972. and October 1973 (figuire 2).
te foodnvognmtal paratc-tr% uf a revowil~vd water Thte stations wvere occopied for 24I to 48 hours at a
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2~ The eirialikIsIIS tDmprisitig the dIeep scatter-
ingi Ijs er imig.rate to thle suirface at night, leaving a
large ac mstic winudm w. Thie m'ind(1w, vertically 0_________________________

raniging~ from I(M or 2WM to M) or IMX meters hias --

little or noi vi liimm rivverlvrat io n abovwe - 1(X) to
-11( c-ihl Is % luamre %catterii strength ) across a

sjx-c-trufi of at least I to) 12 kiloliertz (figure 3). 500

:3 At least t%%#) speciv% of target fish frm the
dJeep scattering layer are chiaracteristic of t14is
rtii. tlums jN-ritiitt i ig m~appjing oii the- basis (of 0

4I Mimmstired I levels of dissolved miistti are mib)-

tftillk hiss er thau the values reported ini ii
sv-itiitific literatuiri- or genierally available from 1500 '

arcluial imirces tfigure 41). s

Ii W1eem11 MOOlil problabit- that tie low level
of dissolvd tessge force% the entire fish coim- 20-%A
11111110% ill tilie (hip sca~tteriiig layer to leave tihe 0

arm-a for some periodI of time each day (a uniqjue
sitiatimiii ) The es~ict iehallismls for thiis resIlue

aire ;I% set unresols id. imit it i% betlieved that the 6
aciiuistic region, as it relates to bioloigy. can be pre-

dlit ed thmromglrmit this area on the basis tif the (us-
smhlset o\%%!(.i p)rofile. p~rovidled the analyses. are-

at rt.0 1 2 3 4 5" 6

It i% Ileved tbat ill oiher areas of thle 0X'v(it N CONCE NT RATION ml I
ss onus" 41111als the taitO f'i are no, less% strngentI%
ci tn lled 6% their cleinlical anid p~hysical e nviron- iir4.D%44edognprt lvrpemiigatms
itiuiet 'I'll ctiitrimiling factors " il probaly lie dlif- a .Ii~msdi5 ~NIr~it tr-tnigaiil

leremet. ~~~~ issihili more ~~~I andI 5. \4#1v tim-rI hmp vrr%.ds~~ t is sna
ferent. moecoumplex. allti perhaps ope-rat-

ingv throtigh one oir mobre ritermediate- 4-eps of Ile grmummkI EN mi-s

food chim.



Acoustic scattering from fish -schools
and the deep scattering layer

A%.' p~art ci the if A' Viu t drst-i ( ntvr( altculation %%i wert inatie using aciclist ic
coorin iiatIedI iwc'. t ivat ion of I i' di gical ly caused I *s in appjlijed toa ict itiioi assernbI age 4f fi sh of
%4i1111( scatttrng. a proizrani has% heen1 e-stahclished to p)lan~Iihli suei and dejpth (Iiitrikiltion: reils

idtikiportanit isuttrations lietfi octflic strolitiulated cnditions sisr.din uiaturi'.

ii dot: l' an 12( 5.2. l atiii sth iC stv(i I At tenit ii if% 2 Ntl Iihati s Millc Miti sC dlat. a ere tOlwn Ci Ii~ )IMrei.

Cic~i~ltraIildis past yvar (pn it ( I khp 5 e-:t fishv tI::2 Flfe! nighti !-1 hilsk froin a '.arivtv of dt-)tlis
scatter siciiid in i (ea ~~n Bd (2) fish that inia% %it-Iedl all averagv popjul~ation2 oif 2.2 fish p~er thou-
avoniitivahll reseisihle targets of mnilitar. signif- sanld oriII ie mitters (if '.vatvr the- coitiuis cuirve in
icantce. figure 1. calculated fronti these data shiows tihe

One( part of tile p)rigralin was coctcriwd~ vluinu scatterii'g strength ats a funiction of re--

'.1.ith diffnisiv agizregations, uf piaiktoit and fishm ttentiiv l11w itilivicitial po4in~ts all, actist IC

that scatter souind transmnitted in the- sea andi pro- 1me(asirernents mnade- at niight co the- saint cruise.
dInce- a bcackgrounird that may mask at w.santed tar- Tt brickn curs' ocurrod when at - A sampling
get Th*is% scaittering. fir re'.erceratiun. ocf acousltic vfi-in% of 50 lierc-ilt %%;i% assumeud, hat is. .152 ac-
iisirtz. front12 an ertsccified '.olnnw sof wate-r is called tual 3xi1)llatiiill of 4.4 fish per Ith( sisand cubic
volinne reserhcerat115 if t call he coiiside-reu a% an ineters. The-se rtsults slio'. fain'. gold a .gree*ment.

~iI2titc analoug (if fog, scattelring light and rv-
diivjiig visual discriminationu. Although this scat- ________________________________________
trng t,%ists din uughout the occvah volume, it
largely vin;, 'atv% fromn parlocetanic. horizointallyv x- -20

tvilise laye-rs of !,iota. knownc tilleti.e 1 it ii'
deep1 scatte'ring r.Small (5 tic 1.5 centimteWrs
lonig) I ee;) se(a filih with gas-filled 555inibladeriis0

thait se-r'.e as btoiiiiac% (lesices arc the principal

(:0254'S~~~~~~acuatc +I thsr3dlBatina oa feteuis
Hteseareh it tlii' Ceter examnined the cC~~e d

rda~tioipij tt'.5ee2 tilt- strticture and (tistri- A

blioniur of deep se-a fish anid conivicit voltinite Q s- ~
re'.erci-ration. Tit (data coicire-d were iclun
sattering strengths. that is. the- scattering illi i a ne alul adhi
cclun of water iif unit crosii setion. extending Le 0 j
fromt the- sea suirface tic l(X) metter. vTe stirength
ocf lite scattering w.as uisoall'. focund to increase--0
sharply with friequ-ey hietweeni I and 6 kiloher-tz V)
anid then-i to ltccirne fairl% constant toc 20 kilohe-rtz. 2

teuppeftr limnit for schd measuireiments. This piat- D-S0
ttern icctirs becfauise tilt- scatte-rers* s'.s'ujnlatldt-rs V

acoustic measurements
are, limited in size tic a narrow range- that dit. 0 explosive data
teriies the( freIitieticv region in whic~h scatterewd -01A pulse data

returns, arte enhanced byv swimbladdcr resonance
and flt-e scaltring strviigth incre-ases mnarkedly. -to I100I - I
Allow.' 3 ) cr 6 kilohertz, the large-r iiwatcr fish are- 0 4 a 12 16 20 24

noilohntger resonuant. and( teir contribution, coni- FREQUENCY. kHz

hineu %ith the increasing ciontribuitiocns frocm
sijialli-r licrins. case saltiriig ti renain fairly Fignrv 1. ( iiaronism oil vcutii~lii le nd luti dat.

colnstanit tio 20 kilohertz.

t0
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Thie exseePtioii'. for Ijt atn 2 al 2.5, kilohertz.

at-mollti( coIItidetimis 'iijgigist that thle larger fish site- fw~qlu.-Ou

. 3()klit
Silvca remit)l art* e cin m raginig. The n* il i - . 1 0 11s. puke

v.11e ti.int re14,l1ratii (emid(itioto canl beV vti. * 2 h r fit, 1, 1 It it (3 It

mlatedl for regimis .where iltoustic meatnremlents 16 104 71
ar, akintg In ifsilig datla fol fishl p4)piilatioli iiilli h 14 102 8)

dleepi stitt'riig has% c
0Ou 12 U1p0

lne seC~iit part (:f the programt investi- 0 z
gzoted aci~itiv etirri scattered from m1arinie bita u D 10 -92?

fluit umi "blob ill)* .111( pr(KilrtC dliscete ehoes 0 8 17 31
s' itli tarl~vt-likv clldracteri%tiE5. 1 .ar.et ioEloical(;i 6 -(551

entijties. (or. mot~re particularIl . fish) schools. ro-
thiitv suchi retgimis. Solin( scatterig frTonm fish w
sihi I as litotalrcet reicisk clihe emphtasis 2 1 91) i
prl'is iltI giveni s aun rerhieraljtinan iv h -022 -18 -4 -10 -6 -2 2 6

t(')scatteritig laver. .~ a result, ifisestigationls Eif TARGET STRENGTH. d8B
(liscrete vchlo pheinut na Iroim fish scihools tenth to

he more baije th~il citei-lj)rary studies opf tilt( Figir* 2. (umiinuiamnutawrmlalrm'u tiirgvt strtth
hltr diI i I I t (i% It w %I it mII%

lit lit paEst %var. data onI anld fromt fish
JE l 5 re viiaintid tit titiei thle actEistia: condi-

tituli .isstic1iAtetl WithI %clioEls adi to) ideittif i te
iiier.w~tii (Il *ett (.CI juis~tiv %%-stemis anid fish mlore 111411 JfM schIiois that wsere encoiuulttred inl a
%t-laiEEII t hit *A irriit mE~lditjEiona ittigaiti(I. The 2-houir ,wriod during al sii1Vey off California. A
JprEtgram ~ atties ei (ettifjeatitati of Na%%~-relevanit lust Eog ramil representIi ng the( schools* ta rget
asp~ects Eli lisli whdtll iiformiation, \Ipt iliformfa- stretlgths. a ineasure of the-ir ahilitv to scaitter Niltifll

tio ii 11 II% obtainied irE un fisheries-oriented research. inicideit upon thenm, is presentedi with a gaussian
's hiici gviteraliv venphalizvi~s the bioloigic~al or~ be- (hitrilttiomn fitted tol tihe data. The schobols wt-re
lhaviEral aspectts Eof school~ls rather thtai relatedl data probabtlly aichliolvy or jack mackevrel. Ilult the(ir
il avoliistic plroperties. AltitmighI) tol ;ofld teell- tcmnlpolsitill is less imprtnt thau1 their target-likt.
i E ue dvie for fishleries applicationts were Toil- chaiiracteristics. IlOforrtpil Ol suichi as nmbier. tar-
Iinll% lisei. the iitforritatiuln was processedl and anl- get strength. a111( tairget stren-igth (list rihtitolt is (ii-
ali zed inl a framlework m1ore strictiv acoustic thii rectit applicable ltl the dhevelopmlent andi opera-
Iti innal foir a fisheries progranm. titto EI nal lWmistic systems. I'roperlv il.,4 ratedt

ligirn 2. illustrating inforotatiott on fish tit1 iterpreted. suchil nformation canl increase thle
%StilE ioIl EiljilasizE-s a~-ts t rtililnt tol Na~vy rEiuthilitv 4anal effEvtjvviness oIf a.olustiv ssstem1s
aocE itti s II st(ilsii% Eopipinviit die~do~lped fo~r fish- ojleratig ill tile- jremellce (if biological aggrega-

EriE's ajiplicatis l %li lids 11541t) gathter data from till.



High-speed Fourier transform devices

it undr-tater acoustic sy/stemus. large increases in perfor-
Mnuu-cw are- expected av a re'sult of order-of-magnitude improve-

mnerit ire sig'ial processing. In this project. which illustrates one such
imtprorc'ment. the chirp-i tranxfonn. develbiped in c'onuection with
other applicons, is applied to undterwater acoustic signal protvess-
in-. The re-sult is an increase in capacity and speed for handling
acu.tic dacta. wchu-h shouldl cointnlbutt to improved performaince for
sonar and.% irveillance systentx.

To achieve imnproved detection. classifica- pletented by sets of four (if the corresponding real
ti, and localization of targets, as well as im- operations as shown in figure 2. part B. Two
proved cimmunication in the presence of noise and identical surface acoustic wave modlules are used in
jamming. spectrtun analysis. croseonvolution or the transform device liach module has two cosine
linear filtering, ;And licaniformfing are required by chirp filters and two sine chirp filters. all on a comn-
sonar. radar, and communication systems. mon quartz substrate (see figure 3). One module is

Such signal processing operations can be used] as ain acoustic read-only memory to provide
performed via the discrete Fourier transform the premnultiplier and postmultiplier reference
(l)Fr) as shown in fignre I (parts A through D)). It functions, and the seco~nd module provides the re-
has recently be-come common practice to use the quired convolution with a complex chirp. Figure 4
fast Fourier transform (VET) algorithm to increase shows the CZT device operating as a spectrum
the speed of computing the DFT. (The FUT analyzer with a set of complex sinusoidal test
algorithm is a special computational technique signals.
which allows computation of discrete Fourier trans- The surface acoustic wave technology
forms via elimination of redundant arithmetic needed for the CiT device was developed under
operations. ) ilie chirp-Z transform (CZT) the C:enter's Independent Research Program. Al-
algorithm w'as originally dlesigned to circumvent though the CZT algorithm was previously known,
the F!II'\ restriction of being compatible with o~nly the technology for the surface acoustic wave de-
special data block sizes. The CZT performs a DFT vices proivided the first means for its high-speed
as a premultiplication by a discrete chirp. a con- implementation via transversal filters. The SAW
volution with a discrete chirp, or a postrnuliplica- module anid thi' CZT system (figure 2. part B, were
tion bv at discrtue chirp (figure 2. part A). If the
convoluition needed in the CZT is performed with
anl FFT, then the C'/T will be slower than anl FFT
of comparable length. However, if the convolution Table 1. Comparison of Discrete Fourier
is perfonned with transversal filters. then the CiT Transform (Compuntation Times.
is significantly faster than anl FET with the samle _________________________________
computational cycle tinw. The relative times re- No. of Computation Cycles
quiredl to compute the m.-T are shown in tabe, Mto Required for a Block Size N

'rh(, (:enter has developed anl imlplenilenta-
tion of the ('/A using surface acoustic wave trans- Direct surnmation Nk
versal filters. Not only is the ( 1T faster than anl Eli' N log, N
FiET with the same time per comnputationatl cycle, (:'/T uising anll T > 2 N log, N
huit the comn ui1tati onil (cycle timne with these filters CiT using transversal filters 2 N
is shorter than wit liia digital comunoter.

11We re1(iuirecI complex inultilivations and
co n volu tin i ( figure 2. part A ) havc bivi in- ______________________________________________
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figure 3. CZT trans! ersal filter.

Figure 4. Surface rcoustic wave CZT 83w'trum analysis.

Pat B. Croksconvolullon.
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Bioacoustic capability of marine
mammals

Maince mammnals have biological sonar systemns which are es-
sential to their underwater existence. We have learned how to train
thent to use this inherent acoustic capability to assist in underwater
operations,, and we are attempting to simulate some of their out-
standing acoustic abilities in; the interest of improving our physical
systems. But, we do riot yet have sufficient Informat.ion or under-
standing of their basic acoustic capability to support a full range of
applications. The research in this Indeplendent research project ad-
iresses the determnination of their basic capabilities. As a result of it,
the Navy will be in a better position to develop such appliwaions.

11esearvh h6% %)town that dolphins pmue,s W-itch sphere Incredibly well at fairly 1,og ranges.
highly sophistied echolocatikia or t-chorangluo Tilt preiary factors which contribute to dif-
%riteni. Results of bisonar studies have led many ffftceMS twee~tn WOUrSe In detceting. resolving.
to consier dolphins as representing the opilmon and discriminatincg targets are tht- signals. flexi-
%onar Srts-ne under certain voilditions: For ~a bility in) Zinrolling the signal charAvteriastks I LW

thallow watver. high Clutter. Ond high ambient oise different environmnts and conditions, and type oi
enovirtsnment, there proba bly does ot exist any signal procesig. l.Cholocation signal Measure-
Milnar 'strn that c-an ouctperforsn a dolphin in tde- ments made~ in conjunction with the detection
trotig and deavaceriting small sonar targets threshold study have indicated the tremendous

Vchotocatin detecion threshold cesperi- adaptaleilit of the dolphin sonar system. A typitcal
we11n. beinog pedor#Mes Ill the twin water of Kalw- vChohK-atirin 9-stdem and Its frequency spectrum are
nbcv Doa. tlawaii. are providing In-ighto on the ar. displaye-d in figure 3, The peak-to-peak sound pres-
tual detection capability of the Atlantir buofttlom- mire level in decbels, references Ito I microbar at I
dolphin The adaptive capability ofl the niarnnab yard I% liste with the waveform. Two Important
in *haping their edertlocatiws signali ow that their fvatuires ire the high souind pressure level and the
perforouance is optimnited in ally given1 environ. high freilutency aspect( the signal. The average
#Went 1% the hisocar Arma currently under Invessi- value of the several thoosand echolocation clicks
gation An etperifovot osig; two dolphins hwue meauredl indicated a peak-to-peak souind pressure
in a floatcing pen And a eats-nary sspensWion system level ot f imtely 12! di-bels rfeerencedt to I
to potito %itnar targets at variums range" away microbur at a distance I yard fin front of the ani-
from the animals is illustate-d in figure 1, DIA on mats. Thi% value represents aI s"urce level at least 30
the -ffrmnanee 4f the animAls in detecting via deelwis higher than previously repoirted for

edeooraiemthe ;lrfseWeV or absence f small Me~turs'nihnto erformed ini tionks. ecnphtnizing
stshciiAl targt as a fcsuiiilon of ranige 4were ("I. the coosfirble dynamic range of the animals.
Wesrd The taroget *a,, presented so percnt of the The peak freiquencies also deviated substantially
time at a dpth of 4 fee- The drdl-c oo uisk was not fromt past meastirement. Previous values ranged
tunple s-ince there wax (I) a backgtoun~d red whic fro 30) to 60 kiloherix. whereas presnt vulues
kcontaidi euc ltter (appoximiately the same Itoditute peak fletluecicies of approxliately 120
tir. ;I% the ftAret). (21 a imall huttip along the kilohertz, Again, this shows the treniendous flexi.
WOtom 1f it", blena rAnge which highlighted any billi ofl doiphies incont rolliceg the make-up of their
stlar IM dsplay, and (1) a high OM11bient noise. mior signel% ft bes-t st the coindiltio acid

livel cams-ti t s appn thimp Htowever, even Ice envirolnuent ft Whiceh theyv Ure- exposed.
tih~sligh rhitetl,r nviroontent, the- dolphitox were AIM. lIvestigated we-re (I) the verticl acid
aleh ft sie-tec the pua-s-w- or aloe-ewe- 04 tle- smiall hesrlitoctal beanatees 2) the acoustiv ncear. aced
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(lligreils. (Isirtg thiti ht'ampaittt'rts ini the ve'rtical The sound1( pressure level ats a funcition of
and horizontal planes, the (lirt'etivitv Index was cal. distance, radially away front the animnal alonig Its
('tlttd tI)v 25 (lhi(.ibl)(. '[Ihe aoutictj power of ant longitudinal axis, is shown In figure 7. The sound1(

echoloc~ationI click cani he culculatvd( hy using the preissure has beeni refereinceid to the correspondling
rnis sound pressure level of the (,lick anid the (liric. sound piressure nitasuired 1 .09 yards ( I mecter) fromt
tivity index. Tlhe tavtrag(' (lick repreisents approxi- the tip of the animnal's rostrumtt or approximaitely
n a tl 10 watts, aidthtiigli 5-aIt ies as hiighi as 20 I .36 y-ardIs 0.I23 mettirs ) fromn the itcoist ic cei ier
watts arv fti rl% co m mo n. iDefissintg tine far fivid ats the region In space in
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which the sound pressure cIemams in a I R fuslion, v I

the trMsiti(on region fromn the neur field is atpproxi- %

mately 0.71 to 0.77 yard (0.65 to 0.7 meter) from - 10

the a,()U sti. center.
Additionald info,rmatio,, suc, as the effets w

of different tairget pairameters (size. shalmw comx. I,0 "
sition. and runge) oo the unlmal's chic't of emho, V

locution signals. would enhanive the underktallding w
if the sonatr tirget lussilietloti problem tti even. 1,OI0"

tully lead to the, dev'lopint of 1ore supliiti- a
"at( l soar %vtems. DISANCE FROM ACOUSIC CNTER m
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Independent research projects*

active

PROJECT TITI.E ANI) TASKAREA FY 1974 FUNDING AGENCY

PRINCIPAl. INVESTIGATOR ACCESSION NO.

ECHtO ELONGATION

F. Marshall. Code :3525 ZR 01 1-08-01 $ 20,000 DN 488 506
14-225.2309

NUMERICAL REPRESENTATIONOF SOUNI) VEIO('ITY FIELDJ.SUN VELCI. FIEL 3ZR 011-08-01 5,000 DN 488 642J. Brown, Cade 45 34
714.225.2:1.5

VOLM NI !: EIt. ERBERATION
W, irrdI. CidrbI-'] ZR 011-08.01 102.500 DN 018719
714.2M..7S28

I\1PIROVEIM INT OF(:R%'
O)EE( TIt NC( s.PAILIITT

W. J, It',Val,,/g. Cel lZR 011-0801 200.000 DN 234 787

MINflWE IW)PPI,EII SONAR.

'1 J k,1. . mle W)12 Zlt 011-08.01 20.(00 DN 488 077

.1('NAI 1,1 )MOl(l R iA2I,
)'t 01.ting. 260d4IN 4h. 664
:g 5 .2Z.$. 2,)

FILOW MASFI. VIIIIKATI. $ %

'i~ 0mk *1$4bi, nh ;2 ONl D 4m sr.)

*1",4b wAOoW ;*, 4



PRO) ECT TITL.E AND) AG.ENCY'

PRINCIPAl. INVESTI(. ATOR TASK AREA FY 1974 FtiNDING ACCESSION NO.

RATE OF SOLUTION OF
tt~YIDROGEN GAS BUBBLES

IN SEAWATER ZR 013-01-01 40,000 DN 488 651

S. )amamoto. Code 504
714-22-5-7124

CIIEM ISTRY AT THE SEA
SEDINIENT INTERFACE

S. Yamamoto, Code .504 Z11013-01-01 45,000 DN 118746

714.22.5-,040

TENSOR ANALYSIS.
SAM I'LE DATA ZR 014-08-01 20,000 DN 488680
C. Joha.nsen. (.od 252714.2.'2407

NEW (:ON (:EPTS' DEVELOPM ENT
R.- Mfeals. Code 608 ZR 021-01.01 76.900 DN 234 678i ~ 714.22.6.' 72 .

"ENSI .!': .L'rITENGTl OF WATER
J. IIoyt, (oe 23)01 Z1023.01.01 22.000 DN 488WO

:. " 7141.25.2415

DIO(!IMNICAI RESEARC:iH
ON MARINE FOULING

1). Wils, ( C 0102 ZR 031 0201 0.000 N 01Ag03
714.549,$1H

EH-:E :r OF ENTII IC MAKINE
ANIMALS ON ORItDNANCEa 1.30201 2500 DIN W9319

.S laujr, Cmle 2542
7!1.22,.743.9

IBAIlI(KTI .EN ETRY OF CIIN ICA I.
IATA I"I1(M MARINE MAMMAIS -2900 DN2.U621
It Si lh-', Utah, 41W2 J



PROJ V(1 'r . AND AKAE 94)lNI; AEC
PRINC:IPAL. INVESt.TATTO tt.A f R7 INII( ACC:ESSION NO.

TRAC:E FLEMENT DISTRIBUTION

IN THE SEA ZR 031-49-01 555M0 ON I ll 747

MINO.X PIR(X;BA.%
G. hiluviel. Code 54 Z1I()3I1Q2.0 30.000 DN 48h 3hi

Dk*PO 4) AN I)YNAklICS
J. Coint. GtodrS14 DR344l 4.0 N )IZ$

D E I V q IS TI C IN V VSTI;GA T ION
OF UNDER WATERI
SOUND VI.UtTUATION za01--1 4T.OW ON 41M U 0

DI A (T IONA I It FAIING OF,

TE~N(UK Z04141 .1 slow0 DN 4M66%
It Patw. C06r ~4W

E'XLVA NW) .IOAUO
DOII~~~#UN 4Ot~) 304o

lX)~lt$N~UfIVAI4~. )I041 540 4300
44M,,pr. 4'4 l



PLUJE11*1 %%.1 ~N) W IINONGAGENCI

11101.OGICAI: At %K-
SONAIITAl((IrTS il 041-2&-01 17,000. DIN 488 .511

711 223--2-r

BIOA(X)L5T1C (:APAIIIIIiY
01F \IAINV \IAMMAIS 1012-14A00U ~hI

WI Anmt.. 01,11 4ff)-2-1 4.tX X M.3

VI OMOVS ANt) DANGKIIOfS
A\I\IAI.SAFTK(1'NG
%\AI, OI'IKATIONS ?iIIM.2W 39. suh WN 2Za4ti

A I,~tI c:.4c AC)

tO\IMVMCI:AHON %Tt,'DiV,$

ACu 01XT1 %(A-0 31fltE DIN.

AC than!CS Mr 94 \1(1 OFi.I IE

MAAsSI

511 0.1 IS"410 UAIA

V~ L4h$igg C,*kbfil,;



Independent research projects

terminated

'ROJE-CT TITL- ANI) FY 1974 A(ENCY REASON FOR
_ J(TIT,-.- TASK ARE-k

PRINCIPAL INVESTIGATOP FUNDING ACCESSION NO. TERMINATION

UNI)ERWATER VISIBILITY
ZR 041-05-01 $2,001' DN 234 617 Completed

A. Gordon, Code'6511
714-225-6686

SONAR SIGNAL PROCESSOR
IMI PILEM ENTATION STUDYI..MLMEA T CodD ~ZR 021-05-01 7,000 DN 234 809 CompletedI,. Mulcahty, Code 60,3

714-225-76-15

MODU LAR OUTFITTIN(;,
SWATH Sf111I. ZR 023-03-01 5,200 DN 334 646 Completed

P. Warnshius, Gode 608
714-22.5-6497

ACO'STI(S RI;,I*ARCi ONTIUNA l(OnPOI,"E PI()(;RANITUNA 1 POR 041-26-01 11,000 DN 488 551 CompletedJ. Fish, Gode WA0,
7i4.225.22 S1

1



Independent exploratory development projects*

active

PROJECT T ITLE AND TASK AREA FY 1974 FUNDING AGENCI
PRINCIPAL IN VESTIGATOR ACCESSION NO.

DUAl. LENS SONAR
,%I. Morrison, Code 023 ZF 61- 12-001 $ 26,500 DN 488 660
714-225-7112

AI)APTIVE LINE ENHANCING
D. Chabries, Code 2.522 ZF 61-112-001 40,000 DN 488 505
714-225-2406

TEST ANI) EVA LUATION OF
EXxIENDABLE PROBE ZF 61-112-001 20,000 DN 488 698

E. Tunstall. Code 502
714-225-2316

SIGNAL PROCESSING IMAGER
USING CHARGE TRANSFER
ARRAYS ZF 61-112-001 50,000 DN 488 708

1H. Whitehouse, Code 6003
714-22-5-6,715

A UTOM ATIC I)ETECTION OF
COMM UNICATION SIGNALS ZF 61-112-001 88,000 DN 488 574

1). Gin gras, Code 603714 -225-29!

VIF BR()Ai)BAND FLAT
R ,S PONSE TRANS[DUCER ZF 61-112-001 35,100 DN 834 626

,. Ahibbott, Code 101
71,-225-6.301

T'AR(;T* I1E;N "ICATION BYtI,-\AR(NI(IC FREQUEI'NC,
I)FTE(:'IN (IAR)) ZF 61-112-001 54,800 DN 488509

,1, lhing, (odr (,4)*~7)11.22,.-2/1i6

SIalldi gIiifil I!cal .vcur 107I %, no oIiit al&iIbh
it l.ft 111111 It'l p / la l, 29



PIOJECTiITI.I: AN1) TASK AREA FY 1974 iNI; AGENCY
PRINCIPAL. INVESITI(..vriOR ACCESSION NO.

NSU R FACE EFFECTS' DETECTION

C. Ramstedt. Code 608 ZF 61-112-001 48,000 DN 488 513
,. 71.4-225-6.9,

REA L-TI M E OPTICA 1, MA PPIN(;

SYSTEI ROS) ZF 61-112-001 54,000 DN 488 648

P. IHeckman, Code 6511
714-225-6686

OPTICAL DATA M U ITIPLEXN(;
FOR TOWEI) ACOUSTIC ARRAYS

J. Redfern, Code 6021 ZF 61-212-001 8,000 DN 118 800

71.4-2'25-661.1

RAI)AR CROSS SECTION
OFSWATH SHIPS ZF 61-412-001 60,000 DN 488 619

P. \Warnshuis, Code 608
71--225-6497

SUPERCONI)UCTING
GRA I)IOME-ER

R. A-cans, Code 608 ZF 61-412-001 40,({)O DN 488 7()

71.1-225-6872

NONNUCLEAR SUBMARINE
.i¢' ' TAN KE'R (550))

TAKER CO ZF 61-412-001 9,0(X) DN 488 556' R. Bass, Coh' 608

714-225-665.1

SMAI, UNMANNE) VEHICLES

I. "ugit t, Code 6512 ZF 61-412-001 75,000 I)N 234 795
71.1-2215-76130

RPV FOR NONHUMAN-- "'7, (;UIDANC 'E SYSTI,;NIJU DNCoE S5E ZF 61-412-001 75,0M) I)N 488 550~J, Pond, Code 655
71.1-225-7217

_ 30



PROJECT TITLE AND AGENCY
PRINCIPAL INVESTIGATOR TASK AREA FY 1974 FUNDIN(, ACCESSION NO.

SURVEILLANCE SUPPORT

S. Sullivan, Code 02.3 ZF 61-512-001 30,000 Unavailable
714-225-711.3

STABLE SEMISUBMERGEDPLATFORM (SSP)
AT Badw ) ZF 61-512-001 50,000 DN 488 527~ M. Baldwin, Code 022

714-225-7.9,57

SCATTERING FROM ACOUSTIC
COATINS ZF 61-512-001 2,000 Unavailable
J. Young, Code 023
714-22.5-6301

SWATH AIR ASW MISSION,
EQUIPMENT ANALYSIS ZF 61-512-001 25,000 DN 488 519

J..Avertj. Code 14
711-225-67,55

PROCE1)U RES FOR EVAIUATING
HARI)WARE AND TACTICS AT SEA
C Sturtevant, Gode 141 ZF 61-512-001 1.000 DN 234 673

NIARINE INER(;Y FARM
J. Steele. Code 401 ZF61-512-001 100,000 DN 488 657
80.5.4I77

ANIMAL CUIDAN(:E SYSTEM
It. Soule, Code 4W ZF 61-512-01 81.500 DN 48853
8fP%-.25.I.4132

PA(II(; PI,( YI'0VTWALE,
EVAI.UATI()N OF ITS EFFE:CT ON
Iil(;,Fi .FREQUENCY SONAR AND
ITS FEASIBILi'I " AS A ?X1:-512001 48,000 ON 234 826
MONITORING PLATFORM

W. Evans, Codt' 1020

711.225- 78:

NEAR OPTIMAI. SIGNAl.
PROC:ISSING ZF 61.512.J01 1.000 111vatlabh,
G;, ,fhtrlth",. Codf' 6iO1
711.-225.l0I

-'I



PRIO)ECTTiTiI I.*%N1) 'I'SKAU;* I 9i I\CL I

ARRAY PROCESSING
11. W1ht/hou~. Code' 61)MP3 Z F 61-512-001 20,000 Unatvailable

NONlI.N EA R AC:OUSTIC:

INTER(ACTION Z 161-512.001 25,000 Unavailable
71-1-22-1.31

i'ESi'I N G 0 F M1:' X)ON

1) I Iig in S ~ UBM I.E I11X O Y . Z 61.312.001 11,9MX DN 334 645

VTLLNIN PSIt TIO
I'll DII(N Z1, 512-Mli 61,01M DN 4S8 549

J 1. 4 cy, (JotIC 435
711.2 2. 072-1

A tTO %I ATI C \IA NI ILArO
PO0SITIONING SYSTEM
C Ateorri, (urke 6.5!1 MOM6-5201 00X DN 48h8663

W" :lIt' ,.v'AARLEARRAYS

T01-Sl. FORlNAVM~.

I!. -selph.,Ch (:ea,15 /.E (it 124K) 104,50) DN I I18727,

MIIN ISONAR PIIO)( SAt. 1)FSK(

It. V'id/w'M (.465 .F6 'lI 12.1)0 HMO0() L'navailube.

C010lR)IAN(;INGON SSW6

Coee~.(edt. amI: 'i.61.512.001 15,09 Un:avallahh'



I idexpendent exploratory development projects

terminated

PII:(1E(T 'I ITIi AND TASK AREA FY 1974 A(;ENCY REASON FOR
' PR~11IM(1\I. IM ,VIC(ATOI FTNIiNG ACC(ES SION NO. "I'I.CMINATION

EVALUATION OF TAR(;ET
S(:IAslFICA'TION CONCEPT

It. I awZrg. Cod 65-31 'F61 -112-(XI $ 600X) DN 488 537 Completed
88-25.1-43,1I 1

-- SO)N,.R V'IlI( :IE-

J (:ij to~. ('1 608 Z F 61-412-(XI 14,(X) DN 234 829 Comphleted

.714-225-4195

2 ( :I.()SI-( Yf( :1 .E P()\VEl1 P())

A. Ra tI.am, (ode 6O, Z.f61-412-M)I 37. (X) 1)N 234 830 inds

7.D-22-(iiscontinued

.AC(RY II( PH '.SS ' VRI' ll'l.l.
Tl:( ,I IN()I,()(;YTECHNOLOGYF I61-412-001 40,(X) DN 234 611 (omphtvd-- ,J. stachhu, Cod,' (-5053

71.1.225.7 1 1

SI'('I)Y ()1" TA(;T"(LASSII"I-
(ATION ('SIN(; NONLINEAR
I'TU..IR'E S1ELECTI'ONFEZt."UES 61-512-X) 55,0M) DN 234 807 Comlhted

'r~o1 N Q~ES

1. Rocs . (ode 60,32
714.225-2,191

VI1) E0) ST()IRAC;E A N 1

11ETRI EVA, (VISAR)
I). Solarck. Codc 651, ZF 61-512-001 13,000 DN 488 710 (:omph,d
714-225-2270

DUAl. IIYI)IODYNAMIC
WIN II IIF NIMECIIANISM

,s. Moran. Cb' 51.1 ZF 61-512-0)1 19,600 I)N 334 628 Completed

14-223-2271

PII.I)()WN B ETH IEVER

S. Mu.loran. (odei 65.3 PI" 61-512-01 .5,0(X) DN 488 667 Compleed
S71 2255- 2,71

:- 33



Publications

Preceding page blank 3



Articles and reports
Crozier, T. E.. S. Yamnamoto. The Solubility of 393, Glass or Ceramic Spherical-Shell Window
Hydrogen in WXater, Seawater, and NaCI'. Solutions. Assembly for 20.000)-PS! Operational Pressure, by
Journal of Chemical and Engineering Data. Vol. j. Stachiw. M~ay 1974.

19. jly ~Naval Undersea Center. Technical Publication
Flanigan, %%. F., Jr. Noctuirnal Behavior of Cap- 4 10, IDetelopmen t of Precision Casting Process for
tiv( Small Cetaceans. 1: The Bottl('flosed Porpoise, Acrylic Plastic Spherical Shell Windows Appli.
Tursviolm trunc.cts. Sleep Research, Vol. 3. 1974. cable to High Pressure Service. by J. Stachiw. June
Flanigan, %%. F., Jr. Nocturnal Behavior of Cap- 1974.

tive Small Cetaceans. 1I: The Beluga Whale, Del. Naval Undersea Center. Technical Publication
phinapterus leucas. Sleep Research, Vol. 3. 1974. 413. Limiting Statistics of Fixed-Point Afultipli-
Hluang, j. C. Hiarmonic F'requency Generation by cation Errors in Dilgital F'ilters witha Coefficients of
a Puilsating Resonator Sonical ly Excited. 1Institute Arbitrary W1ordl Length. by L MIulcahy. MIay 1974.
of Elect rical and Electronic Engineers, Trans- Naval Undersea (.enter. Technical Publication
artion.v on S'onics and Ultrasonics, Vol. SU-21. April 414. Fiber Optic Tonred A~rray. by J. Recdfern, B.
1974. Eate.andl 1). j. Alhares. june 1974.
Ihunt. J. 1'.. M. R. Knittel. 1). Barach. Finite Ele Pickwell. G. V.. J. A. Vick. W. A. Shipman. MI. MI.
maent Approach to Acoustic Radliation from Elastic (;r'mat. Pr .duction, *foxieitv, and Preliminar%
Stnictures. Journal of the Acoustical Society of Pharmacology of Venom fromIl the Sea Snake

Atpeica Vo. 5. Fbrory 974 (P'lanisplaturus'. Food-IDrug from thle Sea. Pro-
Naval Undersea (.enter. Technical Pubhlication ceeldings 1972. \1ari ne T1echnology society, FEdited
:352, Experimental Study of Stochastic Bay Theory h\ Ieonard It. Worthen. 1973.
Relation-v b\ J. A. Nenhert andt 1). E. EdI Yrs. ele H.J.I.lato.ink'licaTmpr

August1973. tu~rv Telemetry System for IPintilixds. Jo.unl of
Naval Undlersea C.enter. Technival Puiblication 1Vildliff. Mmlwws Vol. 10 July I 974.
3. Flanged Arrtjir Plastic hlemispherIcal Shells S~i~i.II. .V 'ewl.Vnm. h

for Udersea Systems. by j. Stachiw. September llwBlieSaSaePlmsplur':Sw
197:3. 1l1%%ival amd (:heinlcvul Projwrtl'% Toxim". V4

Naval UndIee Cetet.r, *l'eeical Publication 11 194-1
359, Pull/ lMun Retriever U'nit. b* El. N. Rosen. Slachits, J. D~e- Nlaterlimm, (h. C-istmwtion Trans.
berg andl S. F. \lorai July 197 -'V'~~Pu ~aleh'de. L~lrtn us
Naval Underea (:enter. Iteehniciil P~ublication Maii olukn~trie, Aliimmr el SpI14drs. V44.
:371. Underwater Mltileh Scattering of. I 'lit flor XVIll 1974.
Systemi levisign. Part 1L Ali Expanential Medi. Slt-hbis. J. Failure %li sit Sphrrrkal Arqfi
ple..%cattering M~odel. Part llb Eealitation (Of Ihe s.ralIfsr~i ~tdtI ldo
Exponenttial Mitlh'Scattering Model. h% A .edae-dt oddSa~. I. nyeh~Pe
(aorloun Ni.~\ Knittel Auguvst 1973 Ofi 11 u~i. t,1i s Bq ItSIl 19-11
Nasal Umdersea Cconter. Te'cbhnical Publivation hiat.jj.U,1.R':.I.V.VUMit ur
:3714. Rcommennded Practices for the Ik14-4gii, jPt./. fv.lareto-lnr ~ge~o ~'-iliI

ricaeon.1'r.oI~stI~/2..utdiflpietoii f hnt/ars rs. It,iuat.' 44 04-4ical And Fi.tirtolr Co..u
lIn .~AhmRated lIiiperha tic Chatobers. by (Ijt(.esn.Fd .*
Stuchitt Di-eenilser I~ 197

U13. Gas? Aerylit' Mont, fur I 'lderm-a Alpillm. Lw- -htl 4 list tapull Peotm-*n 'Mlo 1.
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Ilorn. George M. Right Spherical Segnmt Glass McLean, William B., Sidney A. Christie.
Shell To MetalJoint. Navy Case 53.027. Projector of Acoustic Energy. Navy Case 53.766.

Abstract: A hemispherical glass dome, ground Abstract: A freely flooded projector of acoustic
and lapped with an edge radius of twice the dome energy drives ambient water through a water flow
thickness, is fitted on a congruently configured interrupter. An interposed venturi coupled to pro-
mating ring. A bimetallic gasket provides a strain- jector surfaces ensures a more efficient acoustic
relieving seal to establish a panoramic viewing energy transfer.
port. Benefit to the Navy: Because sealing this trans-

Benefit to the Navy: The dome provides a wide ducer poses no problems, high levels of acoustic
angle-of-view for submersibles, and the high struc- energy can be projected at any depth.
tural integrity allows safer and more economical Ma, Lawrence. Sonar Transducers and
construction. Hlydrophone Sensitivity Using Dowtorning Ill

Igarashi. Yoshiya. James R. Campbell. Richard Compound. Navy Case 52,179.
L. Allman. In-Situ Acoustic Sediment Probe. Navy Abstract: DC-1l compound functions as the
Case 52,879. coupling for SQS-4 type transducers, that is, a

Abstract: An acoustic probe for ensonifying bot- transducer with a closely coupled rubber boot
tom sediment includes a concentric pipe arrange- covering the driving or driven element.
ment to facilitate central removal of excess sedi- Benefit to the Navy: This invention provides a
ment. This permits undisturbed and uniform compound useful as a high-energy coupling for
marginal sediment contact with an acoustic trans- transducers. It thus improves a hydrophone's per-
ducer mounted on the outermost pipe surface. formance, including its sensitivity.

Benefit to the Navy: This invention provides ac- Martini, Leonard J. Cooling Water Valve. Navy
curat( attenuation data because there is sub- Case 54,114.
stantially no disturbance of the ocean bottom. As a Abstract: This invention is a valve assembly used
result, it will be possible to extend the range of to open water passages within a toIpedo or a similar
torpedoes. device to ambient ocean water at a predetermined

Johnson, Clarence S., Henry D. Baldridge. time,
Electric Antishark Dart. Navy Cuse 49,427. Benefit to the Navy: This Invention provides a

Abstract: An elctric antlshark dart, deployed quick-acting valve which first seals and then safely
from a spear gun. immediately incapacitates a opens the water inlet port of the Mark 46 torpedo
threatening shark, Roberts, Paul G. Propeller Type Velocity

Benefit to the Navy: Sharks can be immediately Indicator. Navy Case 5.3.067.
neutralizt'd, allowing divers to work in a safe en- Abstract: A fluid velocity Indicator uses a
vironnent, propeller driven by fluid flow to rotate a light

Karig. Ilorave E. Lox heat Sink System for source. A light sensor detects visual signals from
IUnde'rwater "iernal Propulsion Ststem. Navy the light to provide an Indication of flow velocity
Cuse 54,009, and direction,

Abstract: This Invention provides a low pres- Benefit to the Navy: This Invention provides a
sure system that supplies small nonnuclear under- propeller-type velocity indicator which has gotA
sea vehicles wth a high level of energy. It uses response even at high revolutions-per.minute and
hydrocarbon fuel and oxygen burned in a turbine, Is impervious to grease or dirt.
The gases pass to a regenerator and then to a con- Rosenberg, Edgar N. Spherical Module
denser for removal of water vapor and carbon Connectors. Navy Case 54,734.
dioxide. They are then recompressed and fed back Abstract: Alignment and coupling of adjaccnt
to the combustion chamber. The exhaust products bottle-shapetd flotation modules into stable, c.'ean
are stored, and there are no excessively high platforms are facilitated by a female portion car-
temperatures during heat exchanges, rted on one module and a spherically shaped male

Benefit to the Navy: Using this power system, a portion carried on an adjacent portion. Upon
submersible has extended range and Increased bringing the two together, water is puptped from a
capabilities. chamber in the female portion to hold thent
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together. An interposed annular seal ensures a White, Elmer. Self Descending and Surfacing
water-tight connection. Water Device. Navy Case 54.771.

Benefit to the Navy: This Invention facilitates Abstract: This invention is an adjustable depth.
the construction of offshore platforms. self-surfacing device for deploying instrumenta-

Seiple. Ronald L. &ewloglcaily Gantrolrd Ship's tion, such as a bathythermograph, in the ocean.
Hull leconditloner. Navy Case 52.192. After the device is dropped from a surface vessel it

Abstract: A hull cleaner includes artculated gathers data as it descends to a predetermined
rotary brushes laterally displaced by hydraulic rams depth. it then ascends to the ocean surface for
toward the sides of a ship to scrub away fouling as retrieval. A simple adjustment sets the desired
the ship moves past the brushes. By mounting the depth. and a free-floating piston increases the
hull cleaner on a barge moored outside a harbor capacity of buoyancy of the device upon actuation.
and including vacuum lines, fouling Is colkted Benefit to the Navy: This Invention provides an
ad harbor pollution eliminated, adjustable-depth unit which may be attached to a

Benefit to the Navy: This inventimo increases measuring gauge of varie";s types. The gauge can
the speed and range of Navy ships and prevents then float to the surfac after the measurements
harbor pollution, have bevn ta~en.

39


