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WD 2005/ 106842 PCT/ US2005/ 010644 METHOD AND SYSTEM
FOR SW MVER DENI AL FI ELD OF THE I NVENTION 5 Thi s

I nv ' rel ates generally to acoustic syste
Wﬁ?ﬂgﬂé‘%ﬁ]i f@ﬁrg/ﬂé%(ﬁlomﬁam

cularly, to a nmethod and system usi
underwat er sound to prevent a swi nmer from
approachi ng. BACKGROUND OF THE | NVENTI ON There is a.

' d t | f
Qopr onch by METHREAFASYSTMRASIRETDEME) cors

i nclude, for exanple, ships, oil well platfornms, and
other facilities that can be approached by water. Two

i ssues generate the growing need. First, there is a

FERD OFEHBANVBYEIOMt er  swi rmer can damage or cause

the Lo f | ' | s QSEMS 2R, nfkdBiliticularly, to a
devi Zﬁ[ﬁls "i‘ée%@g} %gas(iégr%ﬁ%r?éllgtoﬁ%ro ?%?isgt SW mrer h%?%ug g .
dasthddamt @ystkem dsinggrderwatersquhd tepravieht p warinemer feorp pprpacding.
on the hull of a ship. Second, sonme nmlitary platforns
are subject to underwater espionage. For exanple, a

Mk@@‘]}hgglﬁf@g /pRd1eRapes and characteristics,
or “exanpl e, propeller shapes and characteristics,
whi ch There ibegobéeg need to pipteshhigh delupassels (HENAREPMARPIogch by

the submarjne is docked. 20 Acti i
wgfrgl%@gg\;ifg?ﬁqg\iﬁlﬁvﬁuecagﬁeg%@gltg'g% %glﬁ%g%n@gez %’%1#{53 ofl WA platforms,
%ﬂ SIHAREETitEPIhACdah eRphoaélea byR@ainat er swi mrers.

wever, nere detection and classification of an

underwat er swi mrer does not prevent the underwater

SW f.rom approachin | £Sar MR WA underwat
hi gh g@gsmgfgﬁfaéeﬁsﬁ?@géﬁgeﬁyﬁ S eFé\iﬁ/;ataef?ar sound can aef :
hGvimHRF & g besanst e HEAtd mglfuictionpaahnteapliosiye oovther device.
damaging to a swinmer, and in_particu|ar to%n ¢
UFod exanaitlea teuprish WMy aN g Aol ‘10%19“\@5%&?}% plgce,ypglerwater
the, peak b8a Mot i€fry SRHHGs aFO Subjdctty
peé‘glg%ﬁ?sé%'g%lggﬁ# Bgva %lg'q Egcr? 8§r%§{§2?‘35a%? Sound not - onl y
Gidervwaler affiatie.t Rer dxempleng suimaine hasielpssifiedishangh andr |

%@2@33&3& %f ¥ %, ,Pfl‘o%g}lgrg;%g{};vs\%hg E:}Eﬁ%%\cﬁztmmgﬁlgiﬂ%h'i&t &h B2bbserved
2&%%?/ h 3884 BGthHaARR, Bd Ofififarine is docked.

Active and passive sonar systems are known that can detect and classify
underwater objects including underwater swimmers. However,-mere detection and

classification of an underwater swimmer does not prevent the underwater swimmer from

approaching the HVA.

As is known, high peak pressure low frequency underwater sound can be
uncomfortable, disorienting, incapacitating, or damaging to a swimmer, and in particular
to an underwater swimmer, depending upon the frequency and the peak pressure of the
underwater sound. The high peak pressure low frequency underwater sound not only can
affect the hearing of an underwater swimmer, but can also affect the underwater

swimmer’s internal organs, causing pain, or even rupture.
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As is also known, marine aninmals are also affected by

| oud underwat er sounds. For exanple, active sonar

S used on sonme nilitary ships are capablg boosi10644
“Kﬁﬁg%ﬁggﬁg | ow frequency sound of sufficient peﬂ§

pressure to disorient or kill some marine mammals. 5

SUVMARY OF THE | NVENTI ON The present invention

provi,des bnd
ada ptAéd lego %%( 6’{'“ é (@&ﬂgamﬁﬁﬁv%? %lgé gg%%gb I—md)m%ng}a&n%a? >
Fob 8x k@16 acliverstnaHystens hsddyma;om\nuhtmy shifsrase sapablepf pepducing

SW mrer denlal has an under wat er ound S

low dieqnency sorgdpf syidigisn RS i s kil %?m%%%%%d

Igresggre | evel (SPL) capable of generating anpllfled

havi ng a hi gh peak pressure and/or a high

i npul se area (described nore fully below at a

redetern1ne way from the underwater sound
gEéﬁﬁ%ﬁhgg sound peak pressure and/ or
' ”puxﬁ :%ééﬁ@nﬁtent%*}%wdés%@&tbﬁrtﬁat cdiBe asmlfmfsmmm derdal
can characteristics such that, at

sinpteé teproientaihigh viloe asseidFV AHB 0B RFT the ‘@%tefs%% aPRrgaehy
%‘gﬁ%gr oLt abl F%gg 6&9 [ :‘é'l-tdegﬁ] ?ds%%ﬁ%ﬁ% ké\hd sBfirce for

11 e at other locations, the

PGk R %@breﬂét@ﬁﬁlﬂécﬁwh&f&uf ftiadtiignedupd ptaswra@veldSBb)s@pable of
[1ttle

s oS i e TR FAG L e
@ggcu b gt(?j HI[ El-;?féﬁlp %%lgwggt VbdRerAtflocatieh hRap G6inrthe underwater

rine life. 20 In accordance W th
donfd paees Mhile misintizing sovmdppalt pressuee qéld&?i iimpulan#es atoher

I
]i%g%nlﬂ%§ ?Ivrbg grp,glhéqdet gqu%agﬁ%,ye q‘@rt ?eg{%tlc::js s‘ﬁg% ﬂle g@i{ﬁ}e ngegetennmed
fogB:\H o gl\éemﬁ)'llﬁg@kounﬁ‘ chil bStncRHPsEdbIE; d[Sbﬂblﬁmgplhca;ﬁcxtatmg, or

e |1 rrpu sive Si g}gal gener at or 5 "
@m@m thd svainsmreehiteont other Ipeations; thgﬁoqnédﬂéﬁ BfﬁSS&FPo‘S gufficiently

%3\;%33 posiGhe Bt o R BS T EnafRe G ‘i’éJS{HeFefb ik Shffied
Sdu@8dnds st?;yﬁ{e%%ﬁﬁer fr6m@bpaGAtk fk hlghe;aumesee omu posing

one of the rst location and the second |location to
mdovdddbreat toyaarimphidhe signal in response to the
acoustic inpul sive signal. The system further

i ncl udes a waveform processor to generate a

ti Me- rPAebEeRkewATSthe Presént iventiy aspiian éo prioyidglampfified sound at a
accordance with a tine-reversed. acoustig

pedeiermiaed Josationgncluges ap;impylsivg signa (ﬁﬁm?%tof Lg@b@é ¥f electrical
I{'rﬁéu aLive Qignél]\ LN oAGR YRS b Gorls ChiIéPlo th@mﬁihﬁdiﬁis&ghahgenerator

and disposed at a selected one of a first location and 2 second location to transmit an

acoustic impulsive signal in accordance with the elecirical impulsive signal. A
hydrophone is disposed at the unselected one of the first location and the second location
to provide a hydrophone signal in response to the acoustic impulsive signal. The system
fcrther includes a waveform processor to generate a time-reversed version of the
hydrophone signal in accordance with a time-reversed acoustic impulsive response from
the first location to the second location. A second acoustic projector is disposed at the
first location to transmit an acoustic signal in accordance with the time-reversed version

of the hydrophone signal, resulting in sound at the second location having at least one of a
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first location to transmt an acoustic signal in
accordance with the tine-reversed version of the
?&Q&ne signal, resulting in sound at the a¢@ddosn10644
ocatl1on having at |east one of a 2 WD 2005/ 106842
PCT/ US2005/ 010644 peak pressure substantially |arger
than a peak pressure apart fromand proxinmate to the
ﬁ&%&?&sﬁrﬁ g%s'téﬁﬁa%%ﬁptﬁaﬁﬁ PYeSEpradsar dpuhSioanidairbyimate to the
arder than an | mpul'se area apart from and proxi mate
sewondiecationond ah goptlsoirea Sibsantalydugariben 3 PPk Srgrapart from
aspect. of t resent invention a nethod of generating
rm“i“}é"ﬁe@gﬁ%gecg?ﬂe@c%}ogdet erm ned | ocation includes
generating an electrical inmpulsive signal,

transmtting an _acoustic inpulsive signal at .
sel edt ectontnacawith angthesasnestefithe presand m%entggmcqﬂ:}gthod of generating

| ocation | C& G g Ltk oh BREkRAMpulsive
apgard Sphf s AR b boh B R Ry ah FRUE B
SeAMSkargmiitiRg b hotRisiid igmalsiatsignabaturssiebied pedobmBsblocatios and a
first 10 location and, the secqond, | oqati an 1det er.m ni ng
sevond Ingstiorciniaggnidayic with dagelerdrcal jrpph iR Sigpgly Igpetving SO

| ocation 4 - Rbid OtutB[R610d Whé bF thbfirst
P}éeéﬁqr?/geauléig n %pt?'gggﬂrgté‘% m@%mrl%@]eﬁ?ng the acoustjc

i Eatibsandahe sspadReatian dettmemiagian seavgtiaimpdyvesieponse from the

signal .at the fir | ocation,in a rd j :
rhascaibiosbiesend erion i aroRiepEe FEE B SR Feallobit irdfure, time
'réfilxer:.-ﬁ%utﬂg austid B BGR EsgoRses b PRadiiiiiing af beduetssigmah et the first
of a peak pressure substantially larger 15 than a geflk .
oatisuineacegdatcefvitirthafitenevsxsefacustip implsixg respyLse, resulting in

| ocatign and an i.nmul r t [ larger
era A SR R o R bt ety
&0 pbak pRadre fpart frdin asd prosiamtetothe kecped logatitasd an impulse area
aspect of the present invention, a s%st em t oopbovi dedl cation
antpsiantiabyilasgen fhangn 1MpYseyEs ar o R PReITAte fO1BF HGaYc igeation.
wavef orm processor to predict an 20 acoustic

i mpul sive response between a first |ocation and a .
secondn heoadahcwah settanothermspent of tha prasent-inventien; @gystem to provide

et SR PR 5 e
T lilﬁ@ﬂgi;kllmg El:ﬁf)t SE E?t'{k%gﬁ } iR | REQMSANdG seb@Hiidlbedtion and to generate

ccordante i 'me-reversed acoustic inpulsive
retipe rsversed earsibh ofitheiacoustic impuisive Ieeponse ¢ BrsysEBLAljodRcludes an

havi ng at, | east on f eak. press (W :

apereh proiesiortisponie « s GEEGHR ST LROLAL'SIgtut
I%g&%hm& _%vifh(%hé hBe367eRE ab@zas indsulansresponiserpesulimgdn seund at the
substantially larger than an inpul se area, rt from
aachndrioodtima havingat lhast g@uﬁmdaeﬁlser@ﬁti%substﬁﬁflﬂj@jﬁfﬁa%h@’ea peak
wth yet ot her, as t r ' i o,

ot S S PO e SR ISSR sl
REBSSiRIYIAes thacat inpalsk areh apesiramedi praximatato the serond docation.

In accordance with yet another aspect of the present inyention, a method of
generating amplified sound at a predetermined location includes predicting an acoustic
impulsive response between a first location and a second location, time reversing the
acoustic impulsive response, and transmitting an acoustic signal at the first location in

accordance with the time-reversed acoustic impulsive response, resulting in sound at the

3



~ 30 inpul sive response between a first |ocation and a

second |l ocation, time reversing the acoustic

wdﬁ%ﬂoﬁ&‘ée response, and transmtting an acoug.tirﬁjszoosml(,ﬁM
st gnal a

10

15

20

25

30

. deni al "having & wav

_ t the first location in accordance with the
time-reversed acoustic inpulsive response, resulting
in sound at the 3 WD 2005/106842 PCT/ US2005/ 010644

A R \Chedlr 2 pEASIreROR: AbstantRER Karkd Fsemld ook
éﬁ%@?gﬁ%ﬁng§%ﬂ%rger teanag %é%k p(essure_gpagf froé?
poatsyre epeirtifitoe ahd ptaxémate tothd sécovd idcationand aarimprise pse

are ubstanti.ally.l ar,ger tha [ ;
PTG e el mB A ire BB A% BB oRnd BT EREMd locaion.
DESCRI PTI ON OF THE DRAW NGS The foregoi ng features of

the invention, as well as the invention itself may be

FBYEF MEIGRIBAHAN QR BAEDRMVINEST ol | owi ng det ai | ed
descrirpl 'fé}g%&{njgafr'e?ﬁ%&ro?%eﬁﬁieg&ibﬁfea‘ﬁ?&eg%é thefithntibn §SelPmay be

di agram o ular e a systemfor

- SHérafEly weaisrlbod fibth thavolhgving dasitticlesaription efthe drawings, in which:

IAis block diagramshowi ng further details of the

wavef orm processor of FIG 1; FIG 1B is a diagram of

an al NAlsG &Q%ﬂbﬁ’?g&m@fa& SEboIALR BE b QYstMVEdF¥Rimmer denial
a ef Orm processor; 15 G ICis

Havinl advaagfoampsdresdorng furt her details of the waveform

21 ¢ or MGcl i hy o 8t ARt S0 Hieroif gk Ghor o

3,%[ g a waveform processor; FIG 1E is a block
i'agram showi ng further details of the waveform .
pr oc e §4Gr 1is a diggran@f an Btermjteembodiment ofjthg)yyatemsion fvigyner

va f’le:‘irzlF of sgund%rﬁat hs_ between a point of origin
?dﬁ@ﬁ; HHE WVRELTTT BREBF™2 hi gh- peak- pressure- acousti c
pr oj eq@r 1€ HAARK difdrém sBowing dintiea détaitefithergaedorndprocessor of

arrival tinmes and anplitudes associated with an

ddoubi c i npul sive signal generated at the POO of FIG

2 and P%rily'isnegdiguéraﬁ‘nrb%aﬂ&ﬁérta!ltgﬂlaféfemb%ﬁhﬁaﬁ of the system for swimmer
hi gh- peak-pressure-acoustic projector of FIG 2; FIG

Rniabhavirgewhvesbravprogesaor i ne-rever sed si gnal

assoc IF?E}.GFE }I}snat bqoékhc%agsrgnb‘li% owi%rgrﬁll aelr ﬁetg{ls c'):fl tﬁie wgﬁ.reform processor of

FIG. 1D;

FIG. 2 is a diagram showing a variety of sound paths between a point of origin

(POO) and a position of a high-peak-pressure-acoustic projector (HPAP);

FIG. 3 is a chart showing sound mival times and amplitudes associated with an
acoustic impulsive signal generated at the POO of FIG. 2 e;nd arriving at the position of
the high-peak-pressure-acoustic projector of FIG. 2;

FIG. 3A is a chart showing a time-reversed signal associated with the sound

arrivals of FIG. 3;
FIG. 4 is a chart showing sound arrivals from the time-reversed waveform of FIG.

3A generated at the position of the high-peak-pressure-acoustic projector of FIG. 2 and
arriving at a predetermined location (which is at the POO of FIG. 2) along each of the

acoustic paths shown in FIG. 2;
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FIG 4 is a chart show ng sound arrivals fromthe
time-reversed waveformof FIG 3A generated at the

W&@ﬁﬁdég& of the high- peak pressure-acousti C RcaREhddfo10644

2 and 30 arriving at a predeterm ned | ocation
(which is at the POO of FIG 2) along each of the
acoustic paths showmn in FIG 2; 4 WO 2005/106842

PCT] USR0GR/104 08 fsnoblifa hé QudySaftor GRoLnSMGN af he

sunmmat’i on of soun at the predetermnm ned
predetintined lbédEon> i s a graph show ng si nul at ed results

as t rves; first curve sh

avel PG & pap o gEiale SO d g YR o Pt 3alb Showing

Edtﬂﬂ ‘i’)'resEﬁé (REREPLPlersusiradge for 4 ﬁﬁgﬁmterrmmﬂ sigaal tbl}bréd'lﬁrr a far
peak- pr essure-acoustic projector, and gaseco

tﬂng@Ha@h@Wﬂ!}' t@@hlghmeelerﬁreﬁmécw&ﬂc ﬁ"@é@&r‘i’& second curve
tine |

i S L Aok LR sl BRI 00R s s
RERinBREDby; thEh@h ;ﬁak—@reas@é-acﬁdmmmmen@r't he first and
second time-reversed % asa CI at edﬁﬁ\gqth goIGS 5
in thBIG |6rf§aa’€9ﬁh?1i‘f"’ﬁi§ S‘g"gaéf’%‘(’P PREEETTHN HEhE® of
géesgg %d withF16! $in the t Jﬁle‘ﬂoﬁfaﬁﬂﬁeé BPYenBitd tE sitiul fion@BEFIG. 5;

tine-reversed waveforns asSociated with FIG 5
i n t helG. 7dsugraph stowing theufreichind seepad simerrsverprd waveforms

S Lo 1 el B By Bt 1

gelatlvely hi gh sound pressure level at the

pf edetermi.ned location; and 15 FIG 9 is a f]ow chart,
showi FEG.&rise flew chett sbeiviog agrateadafigencrating anmlidied s vith 2

wi.th rel ati,vel t the
?@b‘@b@?‘#} pagd PE&?%F? kﬁ' d %Eﬁ“;ﬂqﬁ‘%%‘?%ﬁé&;?éﬁ%%ﬁ THE -
' NVENF{EN B8 fowechd $Eéw ik Aotheraiisha@hofl gencratinganeplified sound with
deni al, sone i ntroductoré’tconcepts and . 20 term nol ogy

arréa@vqlﬂ high eaiind seesaure devebatdhe predet@mingdpegiigny| si ve
signal" is used to describe either an electrical
signal or an acoustic signal that is inpulsive in
Mt TA B EDIDESCRIPTIONI GF THE INVIREEON |y a perfect

el L A 52, Sl ot
qgﬁﬁﬁdl%ﬁ@r@ «%{ng[iﬂedq WEsRd himint MrelidrfR imPtisRt sipRald Bused to

part I'tude characteristics described bel ow.
TBesribapidics aw elesﬂrlgada:ignasr)r@amcwséib gigaal thaids impujfbye in nature, but

é’ﬂg‘fhtalg ?lgttrgeg?qs%ﬂ a pe eC \111|n{3] €. }?s @%LW,CJ ﬁe%cﬁ%hls@ k‘i‘%ﬁaﬁl has an

infinitely short time duration. Impulsive signals described herein have a finite time

duration and particular amplitude characteristics described below. The impulsive signal
can include, but is not limited to a signal having a sinc function amplitude characteristic,

a signal having a Gaussian amplitude characteristic, and a short duration sinusoid.

As used here, the term "impulsive response” is used to describe a response of a
medium to an impulsive signal. For example, as described below, an impulsive response
between two locations in the ocean can be determined by transmitting an impulsive signal

at one location and receiving a resulting signal at the other location.
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umto an inpul sive signal. For exanple, as
descri bed bel ow, an inpul sive response 30 between two
| ocations in the ocean can be determ ned by

transmstkid g @R, thoRith Sirﬂﬁlls?d HoRlis yRl t@ﬁ@cﬁlﬁ&a’ﬁdré&hrﬂ@ﬂa curve
receiving a resulting si gnal at the other |qcation,

WoreposdingBsuznREnideshapsdtpefan impulgiye sigpadr dhearep neder the
to d
s AR AR Alve R ST P B Byt gl o

QAfnbfdt | hé’!'ﬁ&' sy ek@mﬁle?é‘t@hn amben@Bdodk. Wl betapereciatedyetefore, that
determ ned froma | evel of a peak pressure

|t1w@1putse areedpistdd iyt thamﬁkdmssvr@|a§~°@°1a¥esrw1&s<*§mﬁﬁmﬂswe signal
BRGRCH GG o of B b6 bl 355 ABRICH ML apprcieid from

Hib@u@ﬁﬁlin RHEaGdH0R WihIIGL amummdn thefdimit'rqm(i s awidh gfﬂab

and to a time width or duratjon OE} r}b‘fngf’é’ 'b.ve iated with

dmpgwlaive signal) shouldpot 535ed & STHARTHt FUHRAEe fin pggociated Wi

?ﬂﬂiemaﬂrﬂrglg‘ﬂh‘hh% E’lecladrgg’st% lifded hat the duration

I mpul sive signal) shoul d not
exceed a snal | est nultlpath time separation associ ated

51 b 5 el Bk BB g o

' YBE Snphifddatsioh or ﬁﬁ}bliﬁéd%ﬁlhﬂ fekid@) havigg 4 Bighapeall @iemre and/or a

anpllfled region or anplified sound re |on) havi n
higfiee impydssiergsr tharstound aeruriing a4 locatignreapatt fioui and papRate to the
tha& ﬁgund ggq rr| ng at locations apart fromand .

f td g an‘pl i fied sound regi on. 15 As used
here| n, the phrase 'poi nt of origi n" (POO is used to
refer to a | ocation in cou

i mpul Sisusedheypiay the §h1@ éﬁt @g Orlg'lﬁ (P£§L1§ 5 51; tgla\}gcatzon in
snag&aak wh?c?'?an BE déﬁg ﬂn LﬂSlggglgﬁz&ﬂ%%n@%teﬂc q4e ‘faé(ﬁlsﬁcr Mpalsie signal

ction T'Srve espon tween a ftl.rst

lcag B¢ used ta ﬁetemﬁemomuhtm&n finatioth@myalsize resporse) batween a
| ocation correspo s to.a 20 Iocg@%gn qf ﬁ toa

Hirgirogreian a3 & 8550p {odelohn e WA STt PgSR) CUFRAPINE 0
S5&B0f of 9&%‘0 51(- U ERARESprbRcr &Wﬁ&ﬂﬁh&@%nd locat:on
'ocat 1 on [1fied sound occurs. In a first
enhesgpiondnio,a prﬁbtmedéocatlon weers anplified e iceirs.| | e |
at the predetermned |ocation where sound fron1the

hi gh- peak- pressure-acoustic projector is to be

anmpl i fh @@irst embodiment, the POO is at the second location, i.e., at the predetermined
location where sound from the high-peak-pressure-acoustic projector is to be amplified, '
and the acoustic impulsive signal is transmitted from the POO toward the first location,

which is the location of the high-peak-pressure-acoustic projector. The first embodiment

is described in conjunction with FIG. 1 below.

In a second embodiment, the POO is at the first location, i.e. at the location of the
high-peak-pressure-acoustic projector, and the acoustic impulsive signal is transmitted

from the POO toward the second location, which is the predetermined location where
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Irst enbodinment s described in conjunction with
FIG | below. In a second enbodi nent, the POO is at
the first location, i.e. at the location of the 30
. %ae i AU Thi SedBhPERBdRmentiB dedcliBed in conjunction
gllggﬁg |c@%§?§?@§@gngﬁ |§es transmtted fromthe F‘}OO
withd¥1@. 1Bbelsacond | ocation, which is the predeterm ned
| ocati on where 6 WD 2005/106842 PCT/ US2005/ 010644
anplified sound is to be provided. The second
embodiEith of the ABSwL dedGibel RbOAIMEAR] inQyrderwd détefmiifie thi Beoustic
bel ow. In both of the above-described enbodi E(?rg%s in L
trautfer functivat(mmilsive ehrongddgtraes the frstandrsgeond foratipnsyan acoustic
I mpul sive r.espan et n ' QMdst locati
irRlE el is BRETE s B DO The B0 daf be ANEUREGRTESt ocation o
e ebdR6¥ationhe POO can be at either the first
| ocation or the second |ocation. While the
| ow peak- pressure acoustic projector |ocated at the
PQO i $/dRSEL | RESeald ﬁ:f“fc'i {1 §cafed 404 is described
press @E:Ztg%bogfg%akﬁp%%sgﬁg%%&sg?gné ,&i t-ashou_lo? be
BBIG t5 iefulate ahéw peikipradsheracewdtio dinplsitve sigh#leit should be understood
| ow peak- pressure acoustic projector |.ocate {
i h oiwr BnBegeRsr i BvprAkgesEmecpIUE B s Hosggdfg the OO
i ' 4 QREh pehik&uit RbeiicRApKIsRESRANL € acoustic
ﬁfggj‘ﬂ(%% ég%raﬁs c%ggf%ﬁed bel ow to ggnerat?hi gh 15 peak
pressure sound, anplified sound can also result at the

predeterm ned | ocation if the high-. - .
DAl e he pbl R R AREESR  popert s
Relieprbisih doindlafpliticd SousMThe Alsd Eosuls i trepredelerhiatd {beation if the
can protect a high value asset (HVA) such as a,ship

AéphE-peaknpagewte acnsHg Peieck daRSRReEloWRFRkREESUTa SoufTle
systemfor 20 swi mmer denial 10 includes a waveform
processor 44 coupled to a high-peak-pressure acoustic

pr oj eRe@rifngRARG. 4722 gtem for swimtherclehiabhl dih pratpettsl highoyalue asset

T

W FmhiEk Eh%(n%il 18 inclGIR QU NERm prdssor 44 couEIed to a high-peak-pressure-
R gh- peak- pressur e-acousti c proj ector 42 is coupl ed to
taaeusiia pejeuton (FPAR) €8 ata fikst losatidn 4 Qa_aﬂ:ble oBigansmijting a relatively
dgpaghr tlgqa}cl ok [@?eréplg'g g{n%grfg\?%éegtabéésgg Ts@tg%%##l TEhd SYEL 2% one particular

embodiment, the high-peak-pressure-acoustic projector 42 is coupled to the waveform

processor 44 with a cable 36.

Particular characteristics of the time-reversed acoustic signal 34 are described in
greater detail in conjunction with FIGS. 3-4A, 6 and 7. Suffice it here to say, however,
that the time-reversed acoustic signal 34 has characteristics such that, when projected into
the water 12 by the acoustic projector 42, the time-reversed acoustic signal 34 causes the
peak pressure and/or the impulse area of the sound received at a second (predetermined)
location 31 apart from the high-peak-pressure-acoustic projector 42 to be relatively high,

while the peak pressure and/or the impulse area of the sound received at other locations

7
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when projected into the water 12 by the
acoustic projector 42, the tinme-reversed acoustic
signal 34 causes the 30 peak pressure and/or the
| noul se. ar ea. . IY¥&MoAB1 3 BRKIVAY low.
?p%géﬁgg%%@rﬁ‘%ﬁ}gg{atéﬁgg%%g% 1 apart fromthe 9
hi gh- peak- pressure-acoustic projector 42 to be

l'atively high . while t )
| mpol B e G e el PBE Abe P IRR aRoRE 40 i s
16c0n 29 X3 10B R 4Be Ratéibind BR£4A3:064 An oap partichlaosmizudinent, the

proximate to the predeterm ned | ocatjopn 31 s
Inelkapthone#(isicovpled tethe yeavelam procesipiifewityasrble 380 can

al so include a hydrophone 40 at the first |ocation 41
coupl ed to the waveform processor 44. In one )

par t i uliApulgedsigharesieraton® atShdyrddedpiminel laatios 3¢ dugsiuplted to a
to the wavef orm processor_ 44 with cabl e %8. An irical
lompprakipiesSEEgRRNSHE BFt e A8, ol g ca “3 SERFATEE A TS

l ocati on |.S.,Gi ici ive signal 30 used to
e eh el Belhu papressus aoousts mpulsiye sign
gapabhearoicopsivaraatfenfunatiorebabwean aiint of opigindPOO) gt a sgcond

g e B PeDD R B RN frand P Bpifn 41

functi on between a point of origin (POO at the second
|l ocation 31 and the high-peak-pressure-acoustic .
pr o] eTheimplbsivt sigrab géricraser Hawabe dispased onpifloat 26 yhighsgn be

adberacd egesan bt fy AEPEORIRE silly 22 piH grfor 16, Aradio
ﬁg@{]&l}kﬁkﬁﬁﬁt{aﬁsﬁu%b& Eandit RLSle@ R 1BO ahipllsité sigrhel peutirator 245 and

ency "(RF) transmtter 18 can be coup| ed t he
carpuehd v BF signabl9 igdheship 68, where 1 jireceivad Wilhen R reggiver 46.
signal 19 to the ship 48, where it is received wth an
RF receiver 46. Characteristics of the tine-reversed
acoustharagk iRk oBthe die-@etrssdnicoadic isignaliiicaue determingd inh

the acoustic transfer function (inpulsive r

pesonBee b heccoye BR0S PEUR LTINS POt TR g pgeond

h{}g%eftérﬁﬁﬁ@ REA LM Sb thiRisE Dhchifont e whRhas HeNodtiod bthe high-
gh-"peak- pressure-acousti c projector 42. The

peangbsoretacoodticqmojeetopd.si ve response) is generally

reciprocal, i.e., the transfer function for sound

generated at the predeterm ned | ocation 31 and

recei \fﬁg i@l sfdrtEndiioh $imARsiveeonse) iddeneRlly recigrycdl fie., the transfer
P

hydr ophone 40) tends to ée the sane as the transfer
fratrotibn for sbund genenated aytheaqreteteamined dosetion 3 and rgeclysdah thefirst

d . H | h . . j
SRSt WG CR S PR o i Bhin o
b STeRbrafet AEthi FAst46KAtiBR 41 and received at the second (predetermined)

Jocation 31. Therefore, in one particular embodiment, the transfer function can be

determined by generating the low peak pressure acoustic impulsive signal 30 at the POO,
which is at the predetermined location 31, with the Jow-peak-pressure-acoustic projector

28, and receiving resulting sound at the first location 41, for example, with the

hydrophone 40.
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determ ned by generating the | ow peak pressure
acoustic inpulsive signal 30 at the POO, which is at

Oltzja%lf%gﬂet erm ned |location 31, with the PCT/US2005/010644

OW-peak- pressure-acoustic projector 30 28, and
receiving resulting sound at the first |ocation 41,
for exanple, with the hydrophone 40. 8 WD 2005/ 106842

PCT/ U004 R84don aHaGhd EGRSHGHdirgUied-I@Brsadsbolite signal 34 can

corresponding tine-reversed acoustic signal 34 can be
isbedeseritied chattentatinglty. Eiel spundrpressursuaie! preeysd plehe Sisb focation 41

receive t the first |ocation 4 ] -
S Bhooe Hbode R50 0 f By o loslih y e o
Rk HrdsQiteAdoNc pRFeckRB] cBe BK whiktess 8431 e- acoust i ¢

rojector 28 can be witten as: 5 00 p(z,z"r,"t) =2

fH(z, zs,r,,,f) F(f) e 2 df, 0 where FQ is the |ow
peak pressufie_acoustic in?ul,z%; e signal 30 generated
pz.ehé,.Done Iﬁ@ésléﬁ‘ﬁdrs)sﬁ 4cod¥ric projector 28, z is
the depth of the high-peak-pressure-acoustic 10
projector 42, zs is the depth of the,

tvheve e is-the lveprals pacsewrs e @istie Bprdsive signpl 30 genezatpd)py the low-

hori zont al range bhe n : - i
POGIERS BB C PiU S ar 1 [ doptpfhe bigh pegl ppogsure-acoust
Eﬂoj}é&td@ a8, ihe 8GN 6f e dsispesk-presjussswonstitdrijecter 28, irhie the
ydrophone 40), t is time, f is freguenc aﬁl hshi hepeak-
horizontabrasgebetiverrctbe W@PW%&UWCPE@MR@%‘?W a‘{j‘n‘ e high-p
erggﬁl%%gctoh&fb pggjgétgﬂgpfef,%@ ﬁﬁ?oﬂhgﬁ\é 40), t is time, f'is frequency, and H is

ressur C’projector 28°to the
fhﬁgﬁﬁﬁgﬁﬁﬁnﬁtﬁq&uﬁ;&smﬁ ﬁuspédse) %r tb;jqumlmgatiﬂalz of isml_)l.gl_d%fronl the low-
t he hydrophone, 40).. The saqu ressure | evel o .
B?%g%@ﬁerﬂﬁoﬁﬁwtpﬁée%‘?l}?@rm&]i‘ernlag P :PfP?SEf.e:a"PP%‘r%P{?S?g&g‘d""" (e,

- ssure-acoustic projector 42 to an
g{reg{}?{régﬁé}wg@”m at a horizontal distance rk fromthe

hi gh- peak- pressure-acoustic projector can be witten

as: 29ndeuld pleasuté tevel of soand profagatisg inrthg 6thei(direztionsg.p) from the
ei2'0df, O where F(z, z,, rk, fgz. i S a.}&eﬁl Eourgl?l istance r
Bighrrenk-Geesurerewusti ProjseioR g HeliRimgERARTAL e Retdeplpy! distance f

from the high-peak-pressure-acoustic projector can be written as:
50(2’ & ’rk’t) =2 J.H(z’zsﬂrkﬁf)F(z:zuanf) ehizjﬁdf»
0

where F (2,2,,7,, f) is a new source signal generated by the high-peak-pressure-acoustic

projector, and A (2,2,, %, f)is a transfer function from the high-peak-pressure-acoustic

projector to the arbitrary point, (z,z,,7,) .

The signal ff"(z,z, .%;» f) , generated by the high-peak-pressure-acoustic projector
42 is:

F(zazrpf) = H'(@2,5.0) F (),
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projector, and H (z, z3, rk, f) is a transfer function
fromthe high-peak-pressure-acoustic 25 projector to

Woizﬁ%ﬂg?ﬁ'htrary point, (z, z5, rk) . The si gnai,cfﬁ]gmgg,'{',wﬁ“

, generated by the high-peak-pressure-acoustic
projector 42 is: 30 F(z,z"r,,,f) = H(z,z,,r,,T)
F*(f), 9 WD 2005/ 106842 PCT/ US2005/ 010644 where H

$hanaT s i Mot B o0 SR . 1
k . ' f. [ I O, @
SRR GO RS b O PR ) bty o

28. The signal F(z, z" r,,, f) will-be understood to
low-peakipressurevicoustic pingactir@8. dhe sigaalsBis e’ sf Wil biprlerstood to
originally geney ated by the | ow peak 5
by emereretied version of thjseutcesigeal A8 ariginglly gepesgted bygthe low-peak-
hydr ophone. . | ocat i,0 f J

s oL g SR a2 rftBhone 10 4 foefpenton of e
i8R eAK-gRshubP@buitic frjetes4l.bl e to generate any | ow
peak pressure acoustic inpulsive signal 30, F(f),
with the | ow peak-pressure-acoustic projector 28. 10

Howeve L, 9iby re%ﬁ Rt QY ?ét:ég}ge @;g%tﬁ%'gﬂé @nf fRpdak Gressure

I mpul si've sign trans

QUSRS HEURIR S E3 B OUSY, iviitipthe jee beuk-2Essine-anustic projector 28.
i mpul sive signal will the result yield anplified
Hoewevkrpdnlpwiesihe dev pexkaressare@cowstic irapulsivesignal 30 transmitted by

redeterm ned | ocatjon 31 i ng high eak .Aressurne. .
%ﬁas»we%—mewq-wuﬁk@we‘%r 2t g g o850 RS Rlifyiea
%@lg?éﬂrs%uﬁ&‘lgt/ achesﬁ&ﬂH&ﬁgn (. &P i5SprBdR@mR odakiBAB L Y idlving high

1 on. t can be shown that a particul ar
péatepressare apd/dr abigh smpulssirgnand b ngdupsd aeaaprpssuteriad/or reduced

hi gh- peak- pressur,e-acqustic projector 42 can result in
gnrgﬁﬁ%f%%ﬂ‘%ﬁ %ﬁ’@hgﬁ%ﬂ"sound pressure | evel and/or
a particularly high inpulse area at the predeterm ned

| ocation 31, yet a spatial extent of the
pr edelteambmshgvingbatiaiperticaler timerrgyersadiaepypiis gignpl 34 generated by the

1 d 20 t h | i 4 ' '
BisteaBisr e Someror BB} b B SEHER SHateuflyigh pell ound
pREdd RvéIWRBIOEa piticilady high RPUISE srca dithe predetemevet loeion 31,
acoustic signal 34 that results _in thes

pétarsaetiod extent ofdhe predetomyinedrlacatin 84 iy el sl feother words,
e L s
h@edfol umaas and@arid ighnpebk The dseureersciauetstic signalj dahagresults
iAfntheszle-:hc%ariacr:rt%ruilstlscis \llsea trirgg-ﬁ‘)gvréﬁs%d glgrrsiog%lf Itﬁé%l'a%?fte{' Km'étrilgn between the
second (predetermined) location 31 and the first location 41, which is the location of the
high-peak-pressure-acoustic projector 42. The impulsive response (or equivalently the
transfer function) can be determined by generating the low peak pressure acoustic

impulsive signal 30, and receiving the resulting acoustic signal with the hydrophone 40.

© A received acoustic signal at the hydrophone 40 in response to the acoustic
impulsive signal 30 includes a direct path signal along with a variety of reflections

(multipath) of the acoustic impulsive signal 30, which are described below in conjunction

10
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25 transfer function) can be determ ned by generating
the | ow peak pressure acoustic inpulsive signal 30,

iving the resulting acoustic signal wWdhshiBo10644

w@%’r@gﬁ%ne 40. A received acoustic signal at the

hydr ophone 40 in response to the acoustic inpul sive
signal 30 includes a direct path signal along wwth a

!4 . ; -  ofith
‘?ﬁ%{p FRL. %, 8d whth Fd‘g%%l?f‘%ﬂ??%&(d@diréd Rafuliveatsgonse. aneustir€of the

ul si ve signa are described below in .
toonjavrersed awustisigdl 20041 1ae8s MPEAPRISTH O5ihY dieussion gssogiated
Fl d ich together formthe desired inpul sive
‘V‘&%’éﬁsé%ﬁ “Wature of the tine-reversed acoustic
signal 34 will becone nore apparent in the discussion
associated with FIGS, 3-4A below 5 :%Tg rder .to . dab
det erAiorier fdetorming the YBPYEYGSRADS? (transier Bnctiqn) descgihgd above,
- ' ically pd | 35 Whthliyknow t
535} bREeFBEH TaieallodsFisath gBIERRL b PRI TP Wity know (o
He@e afh BMfitely showi dodatien. yHekevet, ahandiiimited phisesigaal havingamd
limted pul se signal having an _anplitude .
vl R PSR BRI P Rngies 78 BF i P gpPrgypate an
i et i | ' ih theirt thatefr doma
131%&%@. ﬁ\fhg b%@ﬂﬁ%og?ﬁfoﬁ{bf drc‘i‘fﬁ%iti%ll?ilil ih a e%lency omain

erstoo one ordi nary _in the art that a
dqubgleanciandapalsa il the ¢imei doalagmis adat Gre..icoptiireqyengyspectrum

. dormin is. a f Y - |
éahgn}egtip rmeI l}%gb%}fﬁl’ll #]a ! S\{llé Egg%%%qiﬁﬁﬂgq if Ihrgﬁfs’igﬁ‘%fwybsgecﬁmm is
f?’lﬂg&f ﬁttﬂ@ﬁecﬁdéﬁ&y ddmdiR So fHaBihe FreQsBaEN SpecEMAAS band linsited, the

Iltered in the frequency donmain so that the frequtehgc
epdting signal in tha ticnd domaireig a singdunqgties (istGaxd Heerpforenthegine

i re _ domai n i.s, a sine f. ' '
Aol Qreerepigiod ol R L Bl el hd oan e uesd o
AppfoiBte fah dpiils€ OleRs pasipelai embradiraen, thesinb dinetienladoustics
approximate an inpulse. In one particul ar egbo(gli. m%%itt
mpalssiingeneratrdin gacosdancs itk a fiahfieaueacy Pegee PR o @
ﬁ%@gﬁ%@&”}%gﬂ{%g{,}oﬁggh?%@my spectrum band linted

~“frequency Hz, for exanple 250 Hz.
Therefore, in operation, the inpulsive signal

generator_ 24 generates pne.or mnor 20 electr] Y
functt %fm_(eoln PSP tﬁg, ‘WWY%?IW? §?r§°ﬁao¥?rs§46§ehg %é\?eé Smore
Y& Hcdl Sind FintBiohd \@r bWralRSRkalBHE STEHAISy &S ided to drive the low-
proj ector 28 to produce a | ow peak pressure acoustjc

peafgirasiure-aceustin proj@tor 28He produessa lowy pesl pressure acoushisimpylsive

t h h th ter, 12 Vi i i .
SR B02NES adpisic famisi S5l 10, A Gugielbs bl e wAELS kiaVarious
FOudEIRRsAN8Y veisidh T ncdfistictimpaivesighal 3(sassataidseith bach of

the hydrophone 40. A total received signal, recei veg b¥
thoge [REhsHy theetyed b thediyprephenedir £ T recsrgd sispalgpeetyed by the

ﬁ;dr%h%%cle !43 h}xsr £ @Lﬁ'{%&t lggge§‘ﬂ%ﬂ§ﬁé &'iéiﬁgﬂ}‘fl tfihYRitted acoustic impulsive
signal 30.

The waveform processor 44 can analyze the signal received by the hydrophone 40
to determine the transfer function, i.e., a band limited impullsive response in the time
domain, of the acoustic channel formed between the second (predetermined) location 31
and the first location 41, which is the location of the high-peak-pressure-acoustic

projector 42. The waveform processor 44 can also generate a time-reversed electrical
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signal 30. The waveform processor 44 can anal yze the
signal received by the hydrophone 40 to determ ne the

wdioﬂ;f}ﬁfﬁ?c{z _functi on, i.e., a band |limted i nmpulpgiti2005/010644

response in the tinme 30 domain, of the acoustic
channel formed between the second (predeterm ned)
| ocation 31 and the first location 41, which is the

J;igmtd RoidhndeRitha BlcReRkseR oS of tHRGMpalsive reqponges ahe high-
42. The waveform processor 44 can al so generate a

pealiressiyrerageustie peajeciqrda) can gengpatothe timerrggersed acoustic signal 34 in
%: {d%&%ﬁ{ 1%% %&%ﬁev&begf \e?écttj'(ﬁl I Al ?ﬁ@%gvé%ﬁﬂ‘ﬁl%cess 44 is
e Bversed Vers on of “the | Rpul si ve responhse. %Ihe
idselibedpie gleaer daail irccomfogtion with Fij.ddt. oAs décdbad abpowe et tagh-
the time-rever,sed . acoustic signal. 34 in .accord e, .
DRk resHure EERHStiP BURICL A2 dra Rl 8 s g eased VERon, GHIGT igapisive

féﬁ;ﬁﬁl@éﬁ&ﬁve&f‘th:é $irst 426614 Deshd (e ScBAd %ﬁ-edéﬁrﬂided)' Rcation 31, which
conj h FIG | e

unction wt A. As described above, the high .

®syisdk appb§eliscund beving A eclgsive]ydighopeals praspurn end/pra lapgs impulse

time-reversed .version of, the i S] I .
8 BB ERSET V] PrgRach chd fe b B Beek pERARR S o impulse
484 898 B6iIane Sloximaatd M8 prelietemhinedlocatmBIL s i n
anplified sound having a relatively high peak pressure
and/or a large inpulse area at the predeterm ned
l-ocat | o g
| mpal A80esgndf ol S SR RIIS NS ERERI R 6 Biite AR Hhousic signa
B4 Bdet ipulsiedinlnanat,ien it3nerdily s adebstartiabtimabpient, Hawever, it
shoul d be reg%gni zed that the ti&{e-reversed ?Jrzou.sti c%
willplen be regognizen Shativiysn fias tirae-Teersent apousticisignal 3¢ qrrives at the
: . u . DAl P B

ARG ihad BERicR 1 RS ARl i B0k, IOV YGltucl short timo
dwratiat. i Thesé gmedctedibtiarwilesome mbtesappprenidedew,rin thedliscussion of
| ocation 31, it is generally inmpulsive in nature,

-@g‘LreI atively short tine 15 duration. These
characteristics will becone nore apparent below, in
the discussion of FIGS. 2-4. In one particular |
enmbodinmenpartichler pnbpdimenikthe hishspepk-prrssueerQusie progstas 2
42 enerates one {inme-rey d j ' I
s S e n s RGeS 2 A BT b b HE ere g pBak
PleSiufeidlstitpreietor 4t Ssnefibdsandrh dhian @ne titnereversedercewstic signal 34
acoustic signal 34 wth a repetition rate, for
with gpsenetition eate.for expmpleoMeidak - pressure acoustic
projector 28 can generate the acoustic inpulsive
signal 30 having a peak sound pressure level in the
r angeThd looAgeakipnebsmd aséustiy projecton@8 can generate the acoustic impulsive

signal 30 having a peak sound pressure level in the range of one hundred sixty to two
hundred fificen dB re 1 pPa. The high-peak-pressure acoustic projector 42 can generate
the time-reversed acoustic signal 34 having a peak sound pressure level in the range of
one hundred sixty to two hundred fifieen dB re 1 pPa. In some embodiments, the
amplified sound in the predetermined location 31 can have a peak pressure at least 3 dB
above regions apart from and proximate to the predetermined location. In some
embodiments the second location 31 is separated from the first location 41 by at least ten

meters and the sound peak pressure at the second location 31 is at least 185 dB re 1 pPa.
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25 hundred fifteen dB re 1 Pa. The hi gh-peak-pressure
acoustic projector 42 can generate the time-reversed

w@fo@{s&%& hEz signal 34 having a peak sound presswcq,ﬂ]g;y@lmmﬁu

e range of one hundred sixty to two hundred
fifteen dB re 1 Pa. In sonme enbodi nents, the
anplified sound in the predeterm ned Iocatlon 31 can
haveThe p;eaétemnﬁablucmoat?, lipsdich3oun is amplified eayi hewe a continuous
apart from and prOXI

of d,l@g}npgupus A, Xt g}@; ]Hga-tpg gsségec%hgﬁ‘é grcgf:ctor 42 in
?c]oﬂa‘?lcec‘ﬁrﬁﬁl bedah gioft{)] 1 'Eh&tla@celflétfé that S @lid generdlly the saine lireaziuth

ers an sound ak pressure at the second,
ab&ut alid Idgh-pdakizesstrel agausstic paﬁeqm 42¢ The pgean bggonmharactemstxcs

2005/ 106842 2 0644 LSBNER, et
inchedes bygqrenot; 1H“<RH Q° pglblﬂl? © %’db‘gﬁﬁrpﬁjegg% an have aec)
conti nuous or discontinuous azi muth extent about the
hi gh- peak- pressure acoustic_projector

Ac oiatedbe petem e euim DGt deDif ¢4 LT 2 PO OPf gfebgeg floa
quh eﬂgtg‘égr &Y trQS%U%%uét{élp%bMﬁ ﬂﬁh&%ﬁisﬁv@@zgnal generator 24,

Stre acousti ¢ proj ector he ocean
aRQ tHer ﬁﬁt@hﬂﬁérelm sid #l® dneisaaind dpredésenmingds losation 3 il ether

d h I d bot
s mmor e ok i 10 LS Gy s

hl R thdnSmitttersiédn bie tubedib@rowde more
Hr?%&{, %51?5225 gé}%ﬁagé}lgc pr oj egtor 28, the |g{pul SiV

tﬁamml logtior hating alﬁp,l,lfiedaaqdnd heorgEamplenig ﬁp? particyl en&lm&hment

al so one secon pr edet er,m ne t

o e o R PR PR p s proieioB iiive
gé[ih aﬁﬁ%dmﬁﬁ%&ﬁumsé €ed, @ichpEwhioh san berpasitiinedat

generators, and RF transmtters can.be use
diffmnmnges mad/ot #talifferens azivehs tslatinain thysht H'gﬁ i P g the'Bctve

sound. For exa

lowaneak-PraSSHLE- gco'Ig %pfo‘],ﬁcﬁgs, gqeovgé}se'gom aﬁ&é&@é&’ QdichRRkeive twelve

éo‘i%"sﬁb%@iﬁg%&%ﬁé‘ 5i@ndl§ BMtBédngendraeewtloe tradsipr fnsities (impulsive
signal geénerator, and RF transm

t b
mwéponksis} mndaveluseslqstsisl sighdecaprd gl Frhaent ??d;‘ﬁ@bét‘me"‘&emd
%%%éﬁéf %}gl%lfl&é\i%rrg&%fl%ew& Sa rE &t Je\he bP tHe@els B Idv-péak- -

oW peak- ssur e-acoustic
fk&%iuﬁcﬁc@ﬁﬁm prbjectumaad ﬁfernypmphmat& Thereferm, the bighwpsak-pressure-

el om0 A O LNl R8BS esutting in
&%@Eﬁé&%ﬁéﬂd Afe dﬁ/% leViEteRhiR6d Idchidns Smﬂ'l@veae&@mtldlsr@hl;s can be

assocl ate a tinme-reversed verS| {l dt
ettt m@ﬂnwspthnssnbtmmﬁmaome%%b?ﬁ S@éueélﬁé ﬁ%"te“ 0

t Wel Ve ot e 1ed 0 ! k BB&ﬁﬁn‘énﬂore than
form 99 QF Baﬁﬁglﬁéngéto afﬁlg}%éfvgater s rﬁl‘ﬁ%{“ Iglhoﬁ{ﬁaga Bond.
AGRUASEH Wi (RABHele 16Rpedie PRiAkeadoustiopojettons-car be pawitled.
acoustic signals, resulti ng in anplified sound at

twel ve predetermined |ocations. The twelve acoustic

stan a{nssti %got%gr embodiment, more than one low-peak-pressure-acoustic projector
28 can be suspended from the cable 26, and the more than one low-peak-pressure~
acoustic projector are, therefore, substantially vertically aligned at different depths in the
water 12 to provide more than one depth aligned location having amplified sound. For
example, in one particular embodiment, the system for swimmer denial 10 can include

twelve vertically aligned low-peak-pressure-acoustic projectors. Having twelve low-
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generated together at the sane time within one signal
or sequentially, and can tend to formone or nore

Obfbgli £S to an underwater swinmer. In other peTs2005/010644
w n% dﬁmant s, nmore than 25 twelve or fewer than twel ve

| ow peak- pressure acoustic projectors can be provided.
In still another enbodi nent, nore than one

peAUpRERke-RIBS R\ rjeaeRUhk vavBfofih @edcassor #Bcaranscdies twelve signals
suspended fromthe cabl e 26, and_.the rmre t han

ahéwqmﬂmpﬁ@@b@rt@nsf@c@u@imé (imyfsiyeTeTPoRsss) andae for e,
cgﬁgﬁ?}ﬂg 13%6&&%18%11%%25 é(%dlﬁ%l 90ef a%()clﬁieﬁf\?ﬁﬂleiﬁéng?&%ﬁéd version

rovirde nore than one ept
ofbh @RRdsivOfspdngs (diamiwgd praghuré frent aslampuiswm:gnab YoeimsEies

in one particular enbodiment, the system
e oo 8 ety IRTePeRk o ZTOGRHR PE Y Pyerophone

R L o

r@ﬁa@é@d REASHU Signals,aesitting ipamphifiedsaind attwelvawsttisally aligned
processor 44 can recelve twel ve si nals

an n
mgqr@gn@ dogstions. {Thgtwelye agqustis si &F%e'ir%gg %gether at the
s\ﬁiﬁ?m aHéjSlgr\éﬁ |0Y§‘eqﬁ£l{tfaﬁ§ RRA Qérﬂ&o %rﬁﬁi Vériedl badrignalbswith

acco al'y, associated wth a time-reversed
agimsth extentth apunderpalesswismness oatber qraodinaents, pgge than twelve or

r es ur e lveghng%g? gslqsr?lv\éﬁ?ougﬁg&%&e)ctopseém%'}r&ll&d

Iovv- peak pressure-acoustic projectors and the
hydr ophone 40. Therefore, the
hi gh-Ip emﬂ@ggnb@l@%m‘@ hyArypBeres(e-gafOyeathdihen

t el \{ vm%o %“?&E?C P51 . b% E'iﬁbﬁed & ﬂ&f@rédt Rdhobd) and/or at

SOU ve verti C li gne
cnffaéﬁzt &hﬁ‘hﬁigdndi/@r:mmﬁment dEpibs mhtlwcéo &mhsﬂgc Havingdhg twelve

éﬁg;pggn%fé‘agrg g%;;gg@%eg I“l?’;‘/g orgn %%qctg%gr an qg‘gl} tgﬁ nFa\t/eeV\% %ers] er&PQengne of
tgféfvre tfahs ﬁlﬁc E'B.n&gréﬁédi‘f% Bas st @R IvelccataluigRlvmtadingly,

SW nMmer . er e o1rrents nore than twel ve or
daehassotih@a vnmel nme-ravwsgb,mlpn eBanimpulgiva rssnogse between a

rgé&gg c?;{c;é)rfg%}gggrg grogﬁi oneg 61}({1 thé it\ﬁ %n{g{ ﬁ&%ésu%"&%ét%% ector
B SRTth #i€ FrrRUBER Ehi%h%ﬁ@-ﬁ&%stﬁ'@-a@)ustlcl}ﬁ@j)ectoﬁ & Healisposed at

positioned at differeéent ranges, and/or at d
it encamof the bwelvinydreniano ooBEONS: FREREheAR BERTRG & time-roverse

: eI %I | ye Lgccgrgagﬁg étg s gg?c&% aHﬁ'ertfpﬁcthW% thé redetermined location

vvave orm procC ssor can
wgauﬂmgeﬁ ahflifled REREithy predeterntified lbmionélt imothémambodiments,

functions and a respectjve e of t el ectrical
mp@rtbmst\wéw devrrgIthan twglye Wyg@%?,‘}eéﬁl\é@‘ﬁﬁipﬁa“apf essue-acoustio
tine-rever si on of an inpul sive response between
DfoIsFRK %@#ﬁ@g“%%% of the twelve hydrophones and the

| ow peak- pressure-acoustic projector 20 28. Wth this

2;:] a e rre e g g@lp)l (%megtehaw grt\ewg ve Iinghglg:eokl—‘?)}ésgur gdugt% ]9r5jectors, in
one partlcular arrangement, the twelve high-peak-pressure-acoustic projectors each
generate a respective time-reversed acoustic signal 34, each properly time delayed so that
they add constructively at the predetermined location 31 to provide a very high peak
pressure impulsive signal at the predetermine location 31. In another arrangement, the

twelve high-peak-pressure-acoustic projectors each generate a respective time-reversed
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one or nore of the twelve hydrophone | ocations, and

each can generate a tine-reversed acoustic signal
wRseRIRkpg to its respective transfer functi opchpuddotos4e

predetern1ned | ocation 31, resulting in anplified

sound at the predeterm ned | ocation 31. In other

enbodi nents, nore than twelve of fewer than twelve

RpENRRIARES, BRtch ftb iy RREKicRiyes Soithat thepatsive ai (6 predetermmed
projectors can be provided. In_the, above enbodi

lhmﬁoné 1 ap@ifipeenhtigigs F}'H&R‘Hé‘? eplrAlity aftygh pak BYSSYrE @’thf‘lg (having a
r'ﬁﬁetﬁ%H ?atgja:[ttﬂlle éijec"iu cterfi nlie%q KEAG1, ﬁ)p& Ylgvmg a r Btltl()l’l rate

pressure-acous |c projectors éach era e
I&m@ﬁe@ﬂve Hezi aieone amairsésbvattp hkettzc hsyeg amth@zarramtent the
rly tinme delayed so that 30.the dd N
ﬁ?ﬁ'{’&%ﬁ Q]I'QSSQI{S-E[OWQ‘EIBP %f) FACch &gt rgta ATESpactivp t%e-reversed
#ﬁﬁ’éﬁc% a1 ¥€ reXcthrggb gﬁil o 3 ﬁﬂﬁlﬁvi‘dgﬁ%rﬁgei/@urﬁﬂl@n Abn-at

e pr eterm I n" anot her arra@genent

intpalsivenbigh et presspemtianat rseivedsat dlcpredstermines loeation 4 1. In other

each generate a respectivye. ti,nme- evers
SO0EMH0540° BTPUDOTLPO G P GETTE fephie ipptorscan
%&Sﬁt&ﬁ@t@%ﬁo&a'tﬁﬁe HobyPLboldliclshanbl 34]83’ arrive at the

edetermned location 31 at different tines to
provide a plurality of high peak pressure signals

(h aVI %ﬁ sgribe%?ag)folvt%l)} o baeta%% egi%teh I?l?at B{eea%s{rf ngcﬁﬁéé tlme delays

| ocat’i aving a repetitron ra

SplIeB R thé BdIVe ﬁlgﬁ%eﬂp@&u%owhﬁ(ﬂdctsﬁm tegultir: b)z a veny high
- yet another arrangenent, the 5 twely

prialy prosewk ippelsive signal cesgived at the sjoerd @@%’Pﬂé‘ﬁ&?‘éﬂ“@l b)a

C
%lrg%ggr éf’ h\{g’l émaﬁ%és?&{'g Jﬁﬁgsné?%igﬁﬁgge {hgv %g?}ehgé? ga?t?gﬂ:elved at the
oond dpmaluteanmd) Tobagion3éakt o adss@mne éurgmn durisgaihidpreplified

t he predeterm ned | ocati.on 31. arr an nt s
soiad 5 rorgiyed 4 the eeond reggieml ‘HDA ﬁ ? bl b hiepts 2
&Ierlc%CJf%én&ﬂ%l m%?ﬁ"i@s%cdﬂaﬁ&ahbﬂm @J&t&éeﬂﬁm%ﬁ@ B6ERAsec.

acoustic sig O As described above, it will be
appreci ated that the above-described time del ays

ng} d"&\t’lgo’ictg% altrr g@ﬁ@“@ 'ﬁ%gﬁ ef%oﬁ’é ﬁgﬂ%ﬁ”&%}mgﬁ “pGak-pressure
RIoRSRMr8jeboRy thei réultiigitmhl febs ddva m@rmmmthmn 31 can be

( redetermned) | ocation 31, b) a raI|t
pglancd bresdawpen therimpnlse oiea of e aP@lSt'ﬁ 5%’ @V%Sis@gb Wﬁdgﬂ derive

hsirgza?f%e gtl*lt\l/o%d(rrﬂ@)dglog feéﬁon‘f‘@%%ﬂgegﬁ Qﬁeeﬁir%{ I%Eé'ﬂotﬁaﬂ)a\m the second

uratton during
RaRidnf3 1€ FFor soanisle, for the @ﬂangedleﬂt whde tisewolvd hi gh~peak-pressure

(predeterm ned) |ocation 31. odj
akovstic prajeetorsse ARENSPRERY A d&%@ﬁi@n@é@gb addon Wﬁ"%‘l at the
bx%d&gmgﬂoégt%n%(? 1&@3%%@ area of the impulsive signal 30 used to derive

* the transfer function (impulsive response) is tailored to have a short duration, then the

transmitted time-reversed acoustic signal 34 results in a short duration signal received at
the predetermined location 31. Conversely, if the impulse area of the impulsive signal 30
used to derive the transfer function is tailored to have a longer duration, then the
associated time-reversed acoustic signal 34 results in a longer duration signal received at
the predetermined location 31. In this way, the signal received at the predetermined

location can be tailored to have a predetermined duration with a value corresponding to
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In each of the arrangenments described above having
twel ve hi gh-peak-pressure 20 acoustic projectors, the
signal received at the predetermn

oca/ltuly%%gm can be tailored based upon the ?%pTu %23051010644
area of the acoustic inpulsive signal 30 .used to

derive the transfer function (inpulsive response)

thetive aifdrdiRe befekn LRAscarndplitaieanultipatls exival, for exmiplgmbout
31. For exanple, for the arrangement where the twel ve

tm@ihwé/akﬂlﬁﬂe@w‘@{e acoustic projectors are each
properly tinme del ayed so that they add constructively

at the 25 predeternm ned | ocation 31, if the inpulse

ar ea Bath bfhe iabpud signabs s gaeibul2C:fiesBdpbma deimmer. Kohnexample,

ransf r function, ul sive respon is tail.gred to
& e Pavieg fhedpraitby FALS e ULt PR Pt Wik Brghh of the
sgr\hfﬁﬁlef' SY&IHf0n AGAYSHE phyidifiatal AdofiRiss bifsctd. IFod afibBériexample, a

uration signal recerved at- the predetermn ned
dinglainmilsialsigmed naxemea the rupture hEvitalprgaseifds kag sefficientdy high

iegﬁul Si ve@i?rg)abs . used to derive the transfer
Regh RYPBHe §PER to have a |onger duration, then
the 30 associated tinme-reversed acoustlc S|gnal 34

results in a longer duration sn%rr)l recei, ved t he .

pr ede¥bilethes@nsiochnptinn beveep the FPQ apd the highs ggsure-acoustic
t

S ey

si@ral 86 fomdhagecbnd (ireddRrRORE) bOARAS | RCHe! irS1088100 10644 to the

the time difference between . the S'b%ﬁs rrg %‘?ﬁ cal.
ydranhpag 49, rwillbeuadensigod ghat g tnsighigpgtion s by regjproca
%%ljef ?§ G her ERABBdRlent Ek‘ém%ﬁ\b‘%lo% ﬂ%}éﬁ?ﬁgﬁls‘?% glC’P uBathe

S upon a sw nmer. For exanple
tiemefen Ginttien caapgually well bamumahbmna@eug the agsusiic émpulsive signal

resonances wWthin or ans of, th I

S Mg apertonagiie B et brteedipalaetof 3t it
f‘e@ffm &5 lo@' poMeP Qécﬁ:‘lsihd 'B&Huﬁe‘ﬁ?opﬁ%ﬁi%ﬁ'an& &ﬁnﬁ'éﬁﬁﬁctioh&letermmaﬁon
rupture of V|ta organs if as sufficiently hig

the edceivedsund dolioves 4 mpobes of agoustic prths\An dw@nbﬁbmtqomfté}n with
w tion between the POO and the

gh- peak- pressure-acoustic projector 42 has been
descri bed to be acquired by generating the acoustic

i mpul si ve gnal 30 from the second, (predeterm ned
| ocatinast msthepemhediprents howeyen thegmpals e fe%"ms%?“tbﬁé’“)d'cwd

1{3&1‘3{ DORG . A% 15‘@5111)%[1 b Reered % a"s&ﬁ{d JelRity bﬁﬂﬁé ater

unc ron is substantially reci pr Ther ef or e,
aﬂm-hﬂnddspth; rsbowtl freqiencls grazing eolglbs Ism\fafsle moughnpaarimttomomghmss

f f b
ot PEYES, TGRS Y et e At moorinpar e ake i shurt
8‘9%@% t ﬁ?eréfbg fhe i Pﬁfsiv@ Resfidnsk Qart r%&i@ﬁ:ﬂ Gather than measured if

rm ned ocation 31. For eit
some or all of those parameters are known. This partlcular arrangement is described in

FIGS. 1D and 1E.

While the low-peak-pressure-acoustic projector 28 has been described to be
supported by the anchored float 20, in other embodiments, the low-peak-pressure-
acoustic projector 28 is only temporarily placed at the predetermined location 31. For

example, the low-peak-pressure-acoustic projector 28 can be temporarily placed at the
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direction of | ow power acoustic inpulse propagation
and transfer function determ nation, the received
| ows a nunber of acoustic paths as dgsg{$ReH10644

“Kiﬁﬁggﬁﬁﬁ%ctlon with FIG 2. 20 - In yet another shesh

enbodi nent, however, the inpul sive response can be

predi cted rather than measured. As is known, wth

;g' BRwREQe l&fam 50404 sivel Qerdrick vidself whik thevirh@ilse t@kféPTunction is

ept sound equency, grazi ng angl es, surface

&wugmnﬂss bott om roughness, and bottomtype, it is

possi bl e to generate acoustic nodels that can predict

sound 25 propagation. Therefore, the inpul sive

I espofiRQy&an feevamad atas 1akahgkvd diﬁbreﬁaaedasecﬂ opératlon For
some or all of those paranmeters are known.

ﬁrxamplec me@redaterrawgé drsation 31 epacherrplglively Pﬂoselif)@? Shilb‘*%rrffif
ool gL ARe RGP RO A 935 ¥ St BotiraRiopriRliningd
TotArh 32 Qan,ifor &hiple, bertadiinenbs-alertd modeinpehikh tredisasreversed

acoustic projector 28 is oply te rarily .nl aced. at

higle PRAk PSR SPHEP4 18 S%f%?fp epptingoysly oot ﬁ%’i‘ E‘e‘?‘fyh‘%“h"“"
GRUSd rAihinef. B hof-rie predetermined

bR Q"%gr%uf e%%?%acecfﬁat PRl aRel B S tep

]BEEHOUSZ Wammlerm theaindermiates awingroers while provisinga reduced

@b cf) fac vessel . 1Ie the i nmpul se transfer

kikghape W@?W@& The system for swi nmmer deni al

10 can have di fferent nodes of operation. For 5

exanpl e, the predeterm ned | ocation 31 can id
rel at ln\aeotyelcm@@eoftqveltaﬁ@n,ﬁamﬁem@nmf %{Fteme(ﬂ%ﬁﬁwn) can provide a
%CPPX Pg?%‘g‘é“ﬁ‘i %rtsc‘e{nrnn ned %/Ihgc@at?n i on § Véggﬁ(ﬁ Spmmer enial 10 can

SRR on BEcad SRbtch ﬁ'om the ﬁm&hlemcbmodmdm“mwvdbomtotdnalerted
ti me-reversed high peak pressure

@eﬁ@rlatﬂe@al@r&ﬁitm@% theisystein TormapRer g 51‘19 i st the
g lglid i8Labh81 %Igﬁf@?%r ‘rf]‘}]:énal 1?% s}?{g 48 I WP BimpliFEBlindred three

-range “prede cation 3 prOV|des
ﬁnetaad fedre thet shipt 482 provitinga tomg range bamier ton ineoming whdirvaten
reduced |ikelihood of harmto marine animals. In

aWeIREr node of operation, another sonar system (not
shown) can provide a detection of an underwater

swinmmer, at which time the system for sw nmer deni al

10 cawhilk¥heidvhpsaktipissurencaustic npusivé sipnal 80 s deseribed above to
non-al erted node descrjped above to an alerted,

be a sinc function, in other embodiments, the low peak pressure acoustic impulsive signal
30 is any impulsive signal, including, but not limited to, a signal having a Gaussian

amplitude characteristic, and a short duration sinusoid.

Referring now to FIG. 1A, an exemplary waveform processor 100, which may be
similar, for example, to the waveform processor 44 shown in FIG. 1, includes an acoustic
receiver 108 adapted to receive signals 106 from a hydrophone, for example the
hydrophone 40 of FIG. 1. The waveform processor 100 also includes a waveform
analyzer 110, a time reversing processor 112, a waveform generator 114, and an amplifier

116.
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node. In the alerted node, the systemfor sw mrer
denial 10 can generate the predeterm ned |ocation 31

%idﬁh’ﬁ' y far fromthe ship 48, for exanpl e,P(f'r'/IY§1005/010644
undred three neters fromthe ship 48, providing a

| ong range barrier to an incom ng underwater sSw nmer.
20 While the | ow peak pressure acoustic inpul sive

s gn@rL I?egatio?r fﬂ@%?&ﬂoﬁ%e%%&ﬁ 106 ardjRowid&d 10Ghd AtdGEticrBceiver
in ot mbodi nents, the | ow peak pressure acoustic

108pwticse they giegmylified and grtgmy apmg@rragq Ve 1§ YyAypform analyzer 1 10

i ncl udi n
resaet o, Aol yRphoAd Bl 102 frofh 6 ARYidHRLV 188 and a iming
sEHARBLJAGT oS b RE Qddives, Forehmipld, @ RF)WcémerFlIGGrf FI@, 1,and analyzes
exenpl ary waveform pr ocessor 100,

b .
to sl Py ehopBeeane] 100 Fom ExiaRI B oA BBk grbodiment, the
Sho ém?@e?u&s afI&d %ﬁﬁ%ﬁ%gﬁ%ﬁmﬂm HyRFBhMER sidfAB109. The

recelv a hydr ophone; for
tﬁ)ﬁg@'@ﬂgﬂaﬂlbﬁ caghwganphah\eR}t QecefveEViGan RF tRmsmittev &foo example, the
rocessor 100 _al so includes a waveform 30 anal yzer
wansgittgr 38 of Biférld; ng processor 112, a waveform
generator 114, and an anplifier 116. 17 WD
2005/ 106842 PCT/ US2005/ 010644 I n operation, the
hydr aipeeneefimnailzzet 080 prowides adng;mdmdmnbora@mek }1d to atime-

108,
Stk U A b a8
ponld & hﬁl‘é—l‘BVéige@ Fﬂt@ﬂ@dgﬂyﬂfb@horﬂrﬂ@gﬁa[ 018. tHve eramplsinone particular

recel ver a timng h:gnal 104 froman RE d
emlmdmrr@lt,,tm t;me mrﬁmgenroqeﬁ@rrk e ggverpg agerigs afdigjtize

Sﬁgjple& )?gh%l égltlzeﬁl hgn é)%p e %I%DQF 1 {;ly ﬁgﬂg@ﬁgﬂé' on’}lgﬁalyzer 110.

wavef orm anal yzer 110 sanpl es and dlgltlzes the
anpli fied hydrophone sjgn The n
508 e e lemaorgeion bl eriusdhe eyl dagised Hfophone

ISE#%W% Hd%o&ﬂac%ra tﬁﬁ@{f@%ﬁed bibog $Rndl N 881SKorlek@hplbSin@he

e waveform anal yzer 110 provides a

pim't@ullarbﬁtﬂ)ohiyn‘ém) rﬂlwmweﬁ:rglr@lnemml 114 convertsgie tm@wg'pwgmgmzed
processor

[reverses the
erRopRoIa L Lo ed by B i v eraing prfegaror LA EEe dme-
xg{ré}% aznﬁﬂy ﬁ@)@%ngﬂgo e %ngﬂﬁér 1 E3Dookts the@ximplde of tHe thiereversed
par diment, the tinme reversing processor
dhhbgaignal 1 tproedet ketha wemefoms goeteraipyl i Agtamplified signal 118 is

provided to a high-peak-pressure-acoustic projector, for example, the high-peak-pressure-

acoustic projector 42 of FIG. 1.

With the above arrangement, the waveform processor 100 both determines the
impulsive response described above in conjunction with FIG. 1 and generates an
amplified time-reversed signal accordingly, which is sent to the high-peak-pressure-

acoustic projector 42.

The waveform processor 100 is preferably used in a system such as that shown in
FIG. 1, in which the impulsive response is determined by projecting acoustic impulsive

signals 30 from the predetermined location 31 (FIG. 1) to the first position 41 (FIG. 1),0
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sanples of the digitized hydrophone signal 111
provided by the waveform anal yzer 110. 15 The

wo S RER generator 114 receives the tine- revefrcslgglszoosmmﬁu

dlglﬁlzed hydr ophone signal 113 and provides a
time-reversed anal og signal 115. For exanple, in one
particul ar enbodi nent, the waveform generator 114

£OnY él@d& Shoht 48 %;%\ég{ %E%m&h&ﬁgzm&ef&a,%@pbmg at the second

S|gna provi de e time reversing processor
(picetanhmetinlocstiom3 120 r ever sed anal og signal 115. The
anplifier 116 boosts the anplitude of the )
time-reversed analog signal 115 provided by the

vav ef RER}ARNRWNOFIGLIE, in MhiohATiKe icldnestitssaf§iiG! 1 28hown having like

rovided to a hi gh-peak-pressure-acoustjc pr
fedmense dusiEstionn dhopracel e IFEAOH 6 TRL ARGl S0 B generated by
{%ﬁ%ll %Naé/eék s -abhtitic %roi%:gor ] O:aEthg HRsA0QYi8n A1 WQ? % Blkernately,

o processo eterm nes the
bV Wvspudk dpzefsnmuﬂewj edednatxioen) at thofijst lncaticnd hjroximate
FIG 1 an enerates an Igged Line-rever

0 they mgha@@l@-pgﬁswgp-?couﬂlﬁ Erﬁ_]ep Ap adirestinn opposfe%ﬁle direction
Q‘l%lﬂ% pr ‘fﬁéﬁé‘rﬁpef%’gggﬁ&é ScoR&tY 1%%&‘1%23%@13@ tHARIs along a

or m processor I's preferably us in a system
Satidty aﬁacbimic ;faﬂm\fm*thm dedetitgd ity con_]unqvinnohlth REGS. gyl 87 arrive

e

Wéith th
e, OB B e My aropnone

l.e., to the dr ophaone
BB trahsmisier b8,am ae Mcammbmat totheaRB reseiver 46 eTtmﬁ pigna}el 54 is
t he, seco r edet d i
pSPEES e RE REGRTAR, FhiEE SRS MR st (STHEL: degitilof the
haabptbnk isteRal thatliepreasaEbylewh@iori msﬁssdirfml ahe mworm
pressure acoustic inpulsive signal, 30 Ii %eg) erated by
prosesspyHi8oie Aikthsr desstibesl in conjungtionpyit G SF D8PMat -t he
first location 41 (POO), or alternately, by a

| ow peak- pressure-acoustic projector (not shown) at
the fRE&tmiggﬁm tocFIMlenmhlddﬂe el¢rentthef FIG. 1A are shown having

peak- pressure-acousti c ector 42
il Btroags GEORINS ReHp PSRRI rbgRr 20 fhich mayc e
II%MaP Weﬂﬁ‘sﬁé W ﬁle%%'ﬁhh GrdcBRBt B60/hoinGAHIG.I, tréoawek 5 replica
ng a 10 variety of acoustic paths further descr

bed
ofithe byfitopberieaignal 204 francthe BE reogiventaciIGy My dhe évdraphone signal

gﬁg F%&I}one 1 gch ;%Pe%ﬁlﬁﬁl% EF g{%g}};? gmﬁ 9y @;&3% Processmg of the
E‘%‘H@% ggﬂrl;zg ﬁgtﬂ‘oemﬂ?{iﬂ sfg?:lgﬂ'mf@ﬂﬁb whasiedm p@cés&ﬂfmm ded substantlally
as described above in conjunction with FIG. 1A. However, the waveform processor 200
can include an impulsive signal generator 208 coupled between the waveform analyzer
110 and an output port 210 of the waveform processor 200. The impulsive signal
generatbr 208, which can be similar, for example, to the impulsive signal generator 24
shown in FIG. 1, generates the low peak pressure acoustic impulsive signals (sinc
function signals) with the high-peak-pressure-acoustic projector 42 (FIG. 1B) or,
alternatively, with a low-peak-pressure-acoustic projector (not shown) proximate the

high-peak-pressure-acoustic projector. The low peak pressure acoustic impulsive signals

can be the same as or similar to the acoustic impulsive signal 30 of FIG. 1B. A timing
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RF transmtter 18, as an RF signal 154 to the RF
receiver 46. The RF signal 154 is received by the RF
wo'B6Flo¥dh 46, which converts the RF signal 15¢chagkoos@10644
a replica of the 15 hydrophone signal that is
processed by a waveform processor 158. The waveform
processor 158 is further described in conjunction with
L5206 CaPBL HWyiaBe teihE Wade BN atfyAet B0 byGhe ifpiikive Bighdlk e
Sg}’emsnts of&g?”(-l 1A are shown dt‘i%vi ng }IGihke Ir)efer er%hce
goesatgri28i ons, an exenpl ary wavef orm processor 200,
which may be 20 simlar, for exanple, to the waveform-
processor 160 shown in FIG 1A, receives a replica of -
t he hysivapireme poiceidad 200Q¢ plefepdbly hied Rira systemh wech ad hat shown in
FIG 113). The hydrophone signal, P92:04 can .be - .
Fig s\8% imwbish thesimpsieiyasPeponss is HotemaingghoX projesting acpugtie ipgpulsive
06E %5 i i BIE QA0 Mom th
sl A RO 3B oNe Bredra ok f S hAGPIE P Tom the
pBsitieh afthé highypealapredassnidosiit mbjevier #2 (RI6n | Bhiotthohydrprhione 156
FIG -1 A However, the veform processor. 200,25 can
of e prsdelemminparserton A @G GEnEhah SROSaieeh i e POO
i 31\{)%@31 her MRMBERPEAARMsNE Souskd rﬁéwom.out put port
1%% lt{?e vvavef%r 2n p$;?}g‘cgs,s,orOUZOO.9 he i mpul si ve
signal generator 208, which can be simlar, for
exanmpl e, .to the 4 sive .signha ' T
XAl it e B HER b5l 9 AL ABRELEYPL 154 B0 ng e
réBRHESINBN S §/stefil 709 fof sWifined desibgReludds thé highpbek-pressure
hi gh- peak- pressure-acoustic projector 42 (FIG 1B€c or.,
a@Osti¢ projastor 43t the figstteration dly. PeadighrpeadapressiEsasqutic projector
rojectar (n h ' ibed ahove. th
BitHepledio pakeRHE Moo BoPHL ik Mo 36 As dpasribed dove, the
iRpEISIVY FRp&e between thEfitktdboatios btk Second todationt Bicandwepredicted

as or simlar to the acoustic inmpulsive signal 30 of

rithes, thangneasurerl oy the wayelgm prRSSTSen A Thereias s FeTSea af FIC.
Sj : ' t f r
13, e 8 RBRe MspREp e AU s 026

wavef orm processor 200 is preferably used in a system

such _as that sho [ 5 FI 113, i n which t .
i mpulReieRng ‘&’b%‘\‘é\@ i1E= %ﬁxewﬁ%gawmm REOSE? 0, which may be
sgﬁ@df,%t Ex P! kS insSvave iR Ghdte®Br 2T $HOOMARIDS! T8, includes an

Irection fromthe systemshown in FIG 1, i.e., from
impelsivp oesponise pragiiction erdviessar P klhsriswylsive regpenssiprediction

FREBABE 2P L B pliGe U RO P BB Rl
183pBRRIvIBRRien thd BrsElotdton 41had BEGecdnsl ladativh 81 pHEIG.i 16N Tk

t he hi gh- peak-pressure-acoustic projector, 42.. 1
prediction?s ba%ed upo% a variety of factors, incluc?mg,J but not limited to %16 sound

velocity profile, the water column depth versus range between the first Tocation 41 and
the second location 31 of FIG. 1D, the sound frequency, the grazing angles, the surface

roughness, the bottom roughness, and the bottom type.

In operation, the impulsive response prediction processor 244 generates a
digitized signal 245 in accordance with the impulsive response. A time-reversing
processor 246 time-reverses the digitized signal 245 to provide a time-reversed digitized

signal 247.
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Referring nowto FIG ID, in which |ike elements of
FIG 1 are shown having |like reference designations,

W@@y%g@ 220 for swi mmer deni al includes the per/us2005/010644

hi gh- peak- pressure acoustic projector 42 at the first
| ocation 41. The hi gh- peak-pressure acoustic projector
42 is coupled to a waveform processor 222 with the
cable 36. As described above, the 15 inpulsive

respopse between the first Iocatl on and .0
| ocatt BRAVEIRIME gCRLONAAS drceives the gy 1oy gﬁ‘é&‘g 5%632?%9“‘1
ﬁrBﬁdé?aVﬁB&Eé%ﬂé@ﬁfa?@é gt 349, EH %ﬁl‘lf?ér%o BbERS the 'aﬁ;gﬁfiﬁié of the

1, used to measure the inpulsive respons
tanera*vetsed auplngrsgnal 4G previded bethne MGfORe fgemaratnng%wAn amplified

SR 3T pOVGEY B ERSFCESTHET B DRECIAt B GAPLe the igh-
M@eegsgg_a&ﬁgmsﬁg o 2 6FEG. D, includes an inpul sive
response predlctlon processor 244. The inpul sive

response predlctlon processor 244 I's adapted to

predigt, an jnpul si- sponse
i mpul ‘g}ﬂ\} g're a‘Pé?;ep ALt rﬁ tﬁg Hra%r?]fgn? ro%%(s%m%tblogpnﬁiimts ﬂéﬂ
itpalssecepdndedesiribed abolvedh cdjdactidbPwithREG. pasbgentiatss ahs

based upon a variety of factors, .includin but. not
Falitied Hmegeyarsdsianl poserding¥ &high is st £q the Righepeqlpssure-

epdfoversus range between the first |ocation
a&?“ﬁ‘%nﬂt he second |l ocation 31 of FIG | D, the sound
frequency, the grazing angles, the surface roughness,

t he ttom hness d the hotto

oper ol giFveloRE Bt AL pLelfaRE sEr b Vit i a5 o
BéA10ensiadiate anpdflvélicdpdnss adbradi@b@l 245 in accordance
with the i mpul si've response. "A tine-reversing

processor 246 tinme-reverses the digitized S|gnal 245

& 2B B LIRS 5P e e

t%&ocraﬁs@ 2 exdrhifle | BefRedheMREcRIdokigh m@eplaxﬁi sgmt loeibn
and provides a tine-reversed anal o nal 249. An

(leptior ofarhigippealsauessurerasausiifpraieciereHBAP). nEhese positions can

c%hg%pgg \r%lg{] %{%glpgefngdr t‘ﬁg i%dogﬂﬁlrege%%m?neax iogggonb}’l Q\Pﬁ%i also the

ROOyandekk fidt lacdtiophtip @ﬂﬁelprls ﬁﬁiﬂddmmﬁeﬁﬂfeﬂm g‘h-]pHala}peest;m-acousnc

pfﬁ‘grsrtg%@%ﬁﬁ?t&?ﬁ 'dg The lﬂrerr"f‘vfiE ﬁ%ﬁéﬁZ%@Qiﬂ%ﬁsh@ﬁﬁr-messuw-
et @?Yo?éc%r@h@ﬁ@&tecﬁga@ 12&% %]El]lpﬁl@ Shdrhel, hitPare se oparated bya
escri

i mpul S1 Ve response ove in conjuncti
hléh@antal rangs rg emed%stmlmdaaboi@inawpiunctr(mdmh Fniﬁ Aethedewgeak-
nal ac sent

pﬁe premaastio P@é@gﬂp’é? c\{\aQ Iggn@ra{tg an acc)ustic 1mtprl.111%ive signal 30 (FIG. 1) at the

POO in order to acquire an impulsive response between the predetermined location 31

and the high-peak-pressure-acoustic projector 42.

Sound paths include, but are not limited to, a direct (D) path, a surface reflected
(SR) path, a bottom (B) path, a surface-bottom (SB) path, a bottom-surface (BS) path,
and a surface-bottom-surface (SBS) path. While other paths are formed having a greater
number of surface and bottom bounces, it is known that the peak pressure of sound is

generally reduced in direct proportion to the number of bottom and surface bounces.
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acoustic projector 42. The waveform processor 240 is
preferably used in a system such as that shown in

wdbdgs/ibdgsz i 0 Which the inpul sive response is psEdisloeshiosas
15 Referring nowto FIG 2, a sea surface and a sea

bottom form a channel between two |ocations, for
exanpl e, between a second |ocation (POO and a first
Theedbrepfor clatiycpdthowitlof geeateir .hnb&aifbpnmsmaw@must IAG shown

. ect or, PAP) . .These |on can rres for
B F i 6sehif thametisds Geac e BUbEATPREIMS A PORAEd by
rﬁmefzsh Therefdrs, Qhé 13611 4Re %%@a%ﬁﬁﬁg b tﬁéﬁosht%a;fltmﬂgp

which is the |l ocation of

ihlgdes p@élkﬁw ot sqmdpab‘@sma time pirezﬁq‘:mdtsgmnd(puﬁse@epdmdiog upon the
T .
‘ﬁfﬁﬁm b’@ the- ‘%lgg“g‘g% %% ‘g%‘L%{“PQ rBi(’]‘g%ee aﬂl?ﬁ‘ag‘g%"fbeé“’%f“e“’e“ pulse

wiliftk®eestie ﬂ@ﬁtabPar&lttlﬂ bonjligiof RaM MG, 3and are separ at ed
by a horizontal range r,,. As described above in

conjunction with FIG 1, the | ow peak-

- t
i T e e g T
solittEfrequen@g glavih g affle,i stifideSoighness BRNGefabety P& EForteR@mple, sound

predeterm ned | ocation 31 and the
bﬁP@‘}iD%@aWé agpekecsrrbofion 3t a kigh supingrpgled . nsyneety dessecs,

SIS 15000 81 gy At EF bl
low gfame- alnglettemls (Sidpe fiidle lenergy. bSMndrbosumﬁgfrem(tBS@cemeﬂrface

t%t%ﬁ 2(? %5&3}% refg?al'%j?? : %%Zq}pg%rigrg%(zgt SBS%th Isr}'ﬁ%‘\giy §pooth but will
IS4IMAGHS BndhBflasifé SARMOMBIASes rddghhdss K AQW kA& knblA, RAAK

pressure of sound is generally reduced in direct
prenepeing ip thetasearendsiprbend igfacenydansavaihc changedn gound velocity,

V0.2 10684 | US20 05/ 10644 .
R e o R B 8 e RO i, RABSH thseupe yptociy
phffua,ctﬁéwaneemmhn d&mhthe sdad SRqidhey, the glhﬁng dngléste safface
the paths is associated with a different tine del ay

roughTesi (88 befjomroughipaseagd ﬂﬁmﬁeﬁwee itrip possihlesfo aee@eﬁe\?ewstw
nﬁﬂéﬁ aeﬂrcﬁﬁ %ﬂlgﬁligt s%'ilga EIS)IPS foB.' %&flt%ﬁ@l{ﬂ?%ﬁlo 9111 ?f@% a

urality soun s or a ti etc sou nd
pulse dependi ng upon the 5 duratlon of the originally
tran tted so%gg ul se. e nature of each received
pul s Beleig nagEtoglo KNG (5 ATGHE PFESER RS ATE hprojeeting a

oo o (050 U B 0 o
FGey Lﬂmmmt o@FIﬁ, |3rsgowm gieempslsc fraiving o thphposition ofithe high-peak-
plselégtfre—acousty & prcuector (ﬁﬁﬁﬂf ofeF (PR (%fferent times. It should be noted that
each arrow, i.e., acoustic path, and each corresponding time delay are associated with a
different acoustic path of FIG. 2. If the transmitted impulse is sufficiently short in

duration (i.e., in physical extent), the arrivals will be distinct as shown. If the transmitted
impulse is longer, the arrivals may smear together in time, resulting in a single longer

received signal. The relative times between arrivals from different paths are indicated by

A numbers, as also indicated in FIG. 2.

Relative phases of arrivals are shown as up or down arrows indicating a relative
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10 bouncing froma nud ocean bottom at a high grazing
angle, i.e., near ninety degrees, tends to | ose

woHash@Rrid al energy, while sound bouncing frorp@Er/ 6606010644

ocean bottomat a |ow grazing angle tends to | ose
little energy. Sound bouncing fromthe ocean surface
tends to lose little energy at all grazing angles if

phdd€ of2éto Bt %eehdrﬁrédeéigm 4kdes S KRGS Indwi whkd bount 65€ncaDHFE of 2

energy as the sea state increases roughness. As is
nfedivrhbavikgwswbstaggaltydliffGepaopistia impgglanss thnthaiidbe waigy s-2-

to nd..i n,acc ance.W th ' i
paAte it DA AR T SeBertp SRR BRU RN Mdddber,
“Hlieilgﬁeunﬁd%%dﬁzg ofﬂhtﬁ' aSﬁédlmdin ?@&iﬁgﬁrt goougticdfripedance bimilaatolethat of the

col um depth, the sound frequency, the, grazi angl e
e, S ALY 9558 AT, e PESB oK b A PO dg U Shohgr 4o FHgh due
t &%tb?mc{ey ﬁ?lereﬁre,' i?wﬁ%ﬁhﬁkﬁt&)ﬁ SR PR AR S/ IREMESutfice bounce (SR,

nodel’'s that can pr

edi ct sound propagation. Modeling
BSeSB) hi® revetved ot phaseFrddn ofher ROhRETHervarialy of peths tsnds g

3, presum the arro epresent the ul £ e
eBhospte aCPHGIR oIS R ToRsgn DEGED Ry tad th8 positign of the

Li tdrpul se) transmitted at the POO of FIG 2,
a%cﬂféﬁch%ﬁc of FIG 3 shows the inpulse arriving at the
position of the high-peak- pressure-acoustic projector
(HPAPR) .of FIG,. 2 at differe ' - f distance.
not e tlhf.g&acglgstlgi@ﬂu@g}e&&ou?$%b8§)fp gilg)g bss%“f"%g%%ﬁ%‘?“gﬁg stance
IRATeC MrRSRUBIERJow eBucielesbf intetest andatitid wihtively khat ranges of
different acoustic path of FIG 2. If the tranzlm' tlbegl
terest, swinid gbsauptiands apkasyiggHisant 4 factog Fogexample; asglescribgd above,

.physi cal .ext en j LSt RS .
bR b A Rl EaSeaticann BT LT HeTo) 8k prossure
aBbuskiy 9fc?ed@)28&ﬂﬁaﬁpoh@gﬁt hatrfrdqnertdyspectruashantl imgtei to gbout 250
single longer received signal. The relative tines

Heet ween arrivals fromdifferent paths are indicated by

30 A nunbers, as also indicated in FIG 2. Relative
phases of arrivals are shown as up or down arrows .

i ndi Rafférrigg aow e BIG. B4, a Hthevey2g0isignebs spown, where the arrivals of

PCT/ US2005/ Q10644 of r, 0 [

Riggh BeaoveReed 8 ol i dand 30 v b e AP Bttt ot e
1 MBI BRMER bR ah e@.ﬁ'—{pi:e%&d Y-abthistie torClotiedakple, the high-

t|ﬁ[irl?r"'|®p®)edarﬁ'ce ﬁ}%n??hmf he vl;/ataer, efng?c b?e surface,

pehle presswse-acsfusiidiproesion 42 ehBIGH d srepyltsin &n puRliBedsigia) At e

degr ees. Howeve sound bounces off of a nedium

Hﬁ%f&t%’rgﬁl%%ﬁ%?} 8ffmnggdance simlar to that of the 5

water, e.g., a nuddy ocean bottom the phase of the

sound does not change as nuch due to t,he?&%#gce. 4

Ther dihgitime-fevergpd $ignbshavmeGoseeRMds 104 SeHSY ¥ MgV iifeoraer

ot abt VAT md %81[1]188‘6& ®¥hose received (FIG. 3). However, as described above, if the

times of arrival of FIG. 3 were smeared in time, the time-reversed signal would be a

single, longer signal, which would similarly be reversed in time.

Referring now to FIG. 4, the time-reversed signal of FIG. 3A, having a time-
reversed sequence of pulses is shown as it propagates on each of the acoustic paths of
FIG. 2, now in reversed direction, from the high-peak-pressure-acoustic projector of FIG.

2 to the predetermined location 31.
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BS, SB) are received out of phase from other paths.
The variety of paths tends to generate a conpl ex

wooesRdeksz transfer function between the POO angtidio0s/010644

position of the acoustic projector. 10 At high
acoustic frequencies, sound absorption is strongly a
function of distance. However, for the relatively |ow
frequencies of interest and at the relatively short
ranges of interest, sound absorption is not as

si gnidkiegpacteddorf thistaxpmplegthe @u@wpﬂ@jttoggsua%gecqsﬁgé gath has e
: i eul " ’ _ |
S T BAAERS Pl SUB T3S, verng

p%@juggﬁggch%&fg&r{;roaﬁmnd to a flat frequency spectrum
band ' limted to about 250 Hz. Referring nowto FIG

3A, atine-reversed signal is shown, where the

arr | o8 ok B 1.1 tEAd 8 adll Bolfk &8y afthe
and ggi‘e?rtn?%&aw{q&géﬁgﬁetsﬁﬁﬁgtﬁfglr%m SsSi Qr‘?i ofothe yfo
16datien sBHe PO TGN i.chyt the praglhtepeimkd frcetdend leofddGu bt Jtean be

proj ector,. for ex l e, .the high . .
servetkat gl s s ot i°€gﬁ‘ﬁgﬁ"8%“f%'f“sﬁ‘i sigpaliof EIG-pA pdd.in ppase ot
' ichd baiRala hidh iR preRugsl &lund Fresade levelanion high
dé%eg%rg?@\lsc%@h% ti rrg-h(r?éey%rsgfj si gnal -gﬁovvn )
impulsespoaidhe pedetemeinedlocaiiondil Jhe phlses dorat add yphgse at sther

of .arriyal .ti onpar.ed .t r ' i :

gtiise 1 HRingbraBe ARG R isd bl YA, 5 Blolfides e dmpiftud sound a
tpgprgae@mﬁnéma@tﬁ,ﬁmr ed intinme, the tine-reversed

signal would be a single, |longer signal, which would
simlarly be reversed in tinme. Referring nowto FIG

4, the.time- | Fe&ri Vi Red bfTRe

%o + SapUBEEHE: HofRbeTpiiRe f adderbifantidyiiodute
rBdePRa SR ElSofMIGER 61 hE coltespantingspulses pétHedingd-reveis@ signal of FIG.
now in reversed direction, fromthe '

3 yheesmgRiep feasther BL GBS usythat cReojranspissioprof thedime-geversed signal
h ( ' ' . .
s S5 B 0 98 i

Hurface-bottom surface (SBS) path has the |ongest tine

del ay of Al + A2+ A3+ A4+ AS. Phases are affected as

expected, reversing phase upon each surface bounce. 5

Ref erWhﬁkg%B?eYéaBlQn il zC‘thtaﬁt?el bhitRled by BiRd sea SirfAck Gnd deatbetiom is
ohe

to add c ently at e o .
described in conjunction with FIGS. 2-4A, the same principles apply to wave propagation

in any medium and to any bounded wave channel, bounded in two or more dimensions,
for which the boundaries reflect or scatter a wave field. For example, in another
application, the wave channel can correspond to the interior of a building and the media

can, therefore, be air.

Referring now to FIG. 5 a graph 500 has curves 502, 504 representing simulations
of sound pressure level versus range for two different transmitted waveforms. The curve
502 represents transmission of a time-reversed acoustic signal (e.g., 34, FIG. 1) having a
waveform shape corresponding to a range of five hundred three meters from a high-peak-
pressure-acoustic projector, for example, the high-peak-pressure-acoustic projector 42 of

FIG. 1. A region 502a at five hundred three meters has relatively high sound pressure
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| ocation of the POO of FIG 2, i.e., at the
predeterm ned |l ocation 31 of FIG 1. It can be seen

degﬂ@lsju of the pulses of the original tine-r@vwerseesoiocss
signal of FIG 3A add in phase at the center of the

chart to produce a high peak pressure sound pressure
| evel and/or high 10 inpulse area at the predeterm ned

e}vgfiﬂta' 2 og’illaﬁ;ﬂ_é‘§ ¥eﬁ’1gls sRentdft apoxiafietly Sighdasmerts. ¢ Bgind

ocati o the time-reversed signal of FIG

pﬁaésqle teveldibeve hlevelidlbiis capdbloofimaking an pRGePREHBYEmeT TS
r@ft@ 31 A simlar effect would be generated if,

“5%0 §E‘?Fbed above, the pul ses of the 15 received

signal of FIG 3 and the correspondi ng pul ses of the

time-reversed signal of FIG 3A were srr?efg;ed t og ea[u?
I n t iThre curve S@heepresense transmission of @;tsme-tsversprbacoustic signal (e.g.,

d I
S HE E PRvetelE] el Sfespainsto et nlhC Al s
fioh th%@u%ﬂhpéaﬁ pRisQRaGadisae ptoﬁeomrqnamglob dﬂd:edﬂdwbgtymﬁre meters
sea surface and sea bottomis

vdtivg angs ¢xsent af elghteproneters heaa fﬁlh*é"%h}ﬁﬁg BQWHH@F?F‘& leyligpilar to
R LB PR e ik EBKialBHy 0 B R0t WholdfiydPSbund

I'n two or “nore di mensi ons
pideiEd ldvlaletrmtmﬁwbﬂrhyethe highipeak-pressuseatoustic pojgetpe4? jsdrigher for

For exa anot h application, the wave channel
%W%?%@ﬂbf?&r}l s Y% nt eri or of a building and the

media 25 can, therefore, be air. Referring nowto
FIG 5 a graph 500 has curves 502, 504 represent| nO% h
si mulstdeswribed ebowsdn nonjpraion irit HIGy & inpae Baticyiag fybodgpent, the

fferent transm f .
i D2t eornan P S plsk B R e P RACHD Ybeeopi o anon
Sdrddghodee. 9., 34, - FIG 1) having a 30 waveform shape

corresponding to a range of five hundred three neters
froma high peak- pressure-acoustic projector for

ex a % gan bf Yow i BSS ?%edgéar%g§ %Pﬁs g&ﬂ Pﬁ)xﬂﬁeﬂé RftheFeglohs 5022

relon three meters
eﬁh€$0ﬂ£ It dovied yrebuuwlesm(mﬂ piuak$msme) i wadtiae disy: nhédapould be

PCT/ US2005/ 010644 _ | evel | on avi gﬁ a L@inge Ak
ashiewerd boransmiting 2 signel hp V@ﬁ@ Wavelopg at Bigh pe

[g‘ Ldsire! ‘I%e).le?o\éir? lat BERQY 1%11@33' Eﬁﬁ'ﬂns%g@ niaﬁn&ﬁﬁﬁi?ﬂa@s £k 1638 kddegd than

ander wa Sw nmer-very unconfortable. 5 The curve
thétwosip ibe b tesignubrtmmingtheootheftypes of wevefenes: sed
acoustic signal (e.g., 34, FIG 1) having a waveform
shape corresponding to a range of twenty-nine neters

Referring now to FIG. 6, time-reversed signal 602 corresponds to a time domain
signal projected into the water by the high-peak-pressure-acoustic projector 42 (FIG. 1),
which results in the curve 502 of FIG. 5, and time-reversed signal 604 corresponds to a
time domain signal projected into the water by the high-peak-pressure-acoustic projector
42, which results in the curve 504 of FIG. 5. I can be seen that some puises (impulses),
e.g., pulses 602a, 602b, are distinct in the time-reversed signal 602, while all pulse are
smeared together in the time-reversed signal 604. This is the expected outcome, since the
variety of paths between a POO and the high-peak-pressure-acoustic projector (e.g.,
between the POO and the high-peak-pressure-acoustic projector 42 of FIG. 1) have short

relative time delays at short ranges, tending to smear together arrivals from the different
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fromthe high-peak-pressure-acoustic projector 42. A

regi on 504a at twenty-nine neters wth a range extent
wdloogidBlieen neters has a relatively high soungr/uys2005/010644

pressure level simlar to that of the region 502a,

and thus, has substantially the sane effect. The

original sound 10 pressure level transmtted by the

aBbBfic pARK- pr essure-acoustic projector 42 is higher for

the curve 502 than for the curve 504. As descri bed

above in conjunction with FIG 1, in one particul ar

enbo V, I I

oo By L 06 88 A RSB et sl

cofespoddingtoethé €theriod@in shgna}: &0v bEFI6H 6ywhitln aﬁsulai indghdanve 504 of

ranges, apart from bu ro rratetothere ons 5

e g0 simeriersedvinap il & teraoe FOpEA g EERO PR Bdp the

n?e AANBY si %Hﬁ%oﬁ BF‘FIGME' ﬁi‘]mﬁ@é’&uﬁs Bfthe 60E SYESE 11, 5.

ransmtt ng a signal having a different type of
wavef orm at hi gh peak 20 pressure Therefore at ot her

{ ﬁgg It %‘HQ@ &rgggfg%t {E‘L E%%aﬂs sho l gﬁsllﬁiéofr%f%ongmg to the

b RES R EcehlBu es RafisH wbdd b8 %ﬁbl‘éﬁeﬁb@m e systems for swimmer
time-reversed signal 602 corresponds to a tinme donmain

denighH), 1p9 GfI&:St la,dlB)mn@ thetrystamt220 (BYS. (1 for swimmer denial,

PR R B SRR g S o . Bl

dehd¥Bd T uedssing btkyTedepfdnt eempetepmdmet stauctibmeordponisof
signal projected into the water

rmtrglnmwa@lgrn@y%ahlﬁeedaﬁé@a@ttrsé?e@rrbﬁle@eteér“de%szon Ylasksy’ represent
c{’ﬁ‘gy‘l& Softvhrd [ﬁ@ﬁ&&i&)}ﬂ? or g fou % oﬁnﬁruc%ioné fwh?c"l‘irhfkgt He ‘é‘ihé:gttl)on of

some pul'ses g., pulses 602a,
thd @bn@btﬁérlsnﬁtvanerinsttﬂuet1¢nsn'epremed$gcﬂhfsprgm$m§bl’(_’:ckam| =
all pulse are sneared together in the tinme-reversed
signal 604. This is t he expected outconme, since the 30

var i efpe0fivRgl s pRREWRERHnG dBE A B kIR resent steps performed by

hi gh- peak- pressu e- acoustlc proj ect or , between
mmom@ apivatenteitiugh syshig aph&‘@é sigaal avmg@pr @rqyrtcsar ag ppplication

PRI PR
gaftRufbk bfcatRithing ZangWi2e? Gl 0S8 Adw Bi‘a@i‘dﬂ&ﬂﬁﬁt‘a@elﬁé 4i£hctlonal

acoustic paths. Referring nowto FIG t.i me-reversed

infogmationzne of erdinary gall &nthg agaequines &9 @hrafrate HEP RSB RaNSIae

to the t t$
cbfppRE st MBRoln T Bhe g rethirkd BT Ppart I il
sHb@a Bk ndR4 thes maAny ratite PRigra sleinents) yotahs iaiialiegiparndiloogs and
to the tinme domain signal 602 of FIG P ,}ngi ch .
viasiahles and; the ussof sempasary Yeriglesareyiotshown. It will be appreciated by
those of ordinary skill in the art that unless otherwise indicated herein, the particular
sequence of blocks described is illustrative only and can be varied without departing from
the spirit of the invention. Thus, unless otherwise stated the blocks described below are
unordered meaning that, when possible, the steps can be performed in any convenient or

desirable order.

Referring now to FIG. 8, a method 800 for swimmer denial can be used in

conjunction with the system 100 of FIG. 1 and the system 150 of FIG. 1B. The method
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It should be appreciated that FIGS. 8 and 9 show
flowcharts corresponding to the .bel ow contenpl ated

wd Re5degases Whi ch woul d be inplenented in the migie08s/010644

for swimer 10 denial 10, 150 (FIGS. 1, 1B) and the
system 220 (FIG 1D) for sw mrer denial, respectively.
The rectangul ar el enents (typified by eI enment 802 in
$00Gegh) at blocies0l , whenral kdd lipikd eksiricgl iblpalske,signal, for example, a

repr.esent conputer sof t e |nstruct|ons or rouos of
YRS fungtien gigmal. isisanasater- s%m@fa%ﬂc ) 2e A pRouStGmpL]sive fignal g

[
FAERIR R Ao ARES it HEAGRRAL im A1 B IR66d Ipcation, or
axamplex oot the secohd mﬁedetﬁemwd)alsm;tons;’df(i’m)@f FHSt: Lt bilenks804,

t bl ock
SoHEN BRLGE R FEolip ST 815 fopr Basee ruisr S bR OTEor exampte
eﬁ@ﬁef frsMReatiin 41f(]m:t1l) onaltiockesns] thaimpilsioé Fepiriss oSthe Bedstic
a d|?|tal Si rocessor circuit or an appllcatlon

beiveen ﬂ@gﬁra&e@d sedond llﬁCﬂU‘QIﬁS‘r’ dgtermipgd, forgxamplsghvaths
{
\g%ggé}gl n&%ﬁégs‘é(} 6{4%1:}1)3 agFf%..nl. %ﬁlﬂ Iéaﬂ%gh g'xg flfﬂg{lltsi(yg %s?{)nse determined at

Blt&k&l&l | 1at1metrbﬁcr§ddnfbt exundle, hyﬂ?@gﬁﬁfmmﬂpmmsmemﬂF[@ar yAt
ski in_the art requires to fabricate circyits or to
Rlegket? &%Slgr@g RPFERSBRPNARS o Adiae-Tayerset YN Phike i pilss Fesgonse is
t'i&lgfﬁ e‘adat ﬁfgrl%g:;éﬁc ?éﬁlirecﬁ'&rﬁ‘ 'i:heaiﬁlﬁtal'b@étiéﬁ fol bxanile) Lﬂy@hé’lﬁgh—peak—
note out I ne program el enents, such”as
prﬂdsnreeﬂcbuﬂicl POy ectbr 42ouffFIGahadn owder icedshizye amglifierbsoundatghe

orary variahl es, are not shown. It will he .
e s e Srmleittis predsepiingdISestion 31 of FIG. 1.
that unl ess otherw se indicated herein, the particular

sequence of blocks described is i1lustrative only and
can bks desciilead alove sinee t]we;amltsm gheonelrhetween thnfitst andsecond

i nvent i S ot herw se .st.ate
oS Aty i M I e Sl leRG RS Ry gt of ock
802903 PO Bendpated atithefist RRSichARMd b&eﬂ&ﬂfaﬂblﬁﬂdw%’c dm/second location,
convenient or desirable order. 30 Referring nowt

Frrzimgar rgaspns.ii Hbelamogicrsignak iansmatiedrt hlogk 818 randes fE?é)é'alfFfﬁ at

084 0T SR R BB e
lBéﬁfYohJSZOOS/ 010644 800 begins at block 801, where a
band limted electrical inpulsive signal, for exanple,
a sync function signal, is generated. At bl ock 802,

an aq@diSiking nbWRY IFid. e a%i‘db@%' 9005:aﬂ 86 ﬁﬁeﬂtn@ dorjinction with the system
accordance with the électrical inpulsive si gnal froma

28ad dG| JeaThomethbd£00 bc@mt dlock 987, whese areecohgiic impulsive
% Zyg(sjeebe%wgﬂennae Hl)st iocaﬁx%tn afd a seco d(lx?)atlgr]; 1s'§3|re%10ted AY blt%l?ﬁﬁ the

predicted impulsive response is time reversed. At block 906 an acoustic waveform is

transmitted at the first location in accordance with the time reversed impulsive response

generated at block 904, resulting in amplified sound at the second location.

As described above, the method and system of the present invention is not limited
only to marine applications. While the method and system of the present invention are
described above to apply to swimmer denial, it should be apparent that amplified sound

can be achieved at a predetermined location whenever multi-path propagation conditions

27



io

15

20

25

30

5 sound is received at a first location after
traveling via various acoustic paths, for exanple at
wd aes{osspt | ocation 41 (FIG 1).. At bl ock 80&ctionsmo10644
i mpul sive response of the acoustic channel between
the first and second | ocations is determ ned, for
exanpl e, by the waveform processor 44 of FIG 1. At
exidtoinkans G:divnh ¢hai sqppbes wave tgppphesemest. drarienamiplas in atsheatsi

LSS et SR G S SRR Mt

genRfaleSAHLIRBud Ldifeclet T od N BIASImYAEE, FRil®Fedubifig sound to other
I mpul si've response Is transmtted at high peak )

aydicass memberso ot sretier exampleedtomsrtheates sydsmeptld sepsrate haplified

hi gh- peak-. .pressure- acoyst i roj.gcior, 42 of ,Fl
souR? e PO LT 5o PP P ESeBui 41 YRR able pply to wave
typPpiRASHRAITARIhg R6@IH Diedifud th ISdiHus: W@twavb propagation, having
predeterm ned |ocation 31 of FIG 1. 15 As described |
subbtential sentigting tfrexgmpleshe burasnbndy) aEeuld bp veedefor pragpple, inan
n ions is generally reciprocal, in
“‘gf%tuﬁ‘zﬁgﬁ%%%@%g&m, the i nmpul sive signal of block 802
can be generated at the first |ocation and received at

bl ock 804 t d | tio F inj . .
FeacBirametib e O S deh APt e trgvide
Eﬁmela%oﬁﬁcﬁﬁ%rﬂr%&c%i‘mﬁkd 160atibein r%:ﬂfo_néé foSbuwRl gdnbitedQE 8 B6tind

ocation and the anplified sound is received at the
gepetating Reatiarapitdrom fhefperdeienyinadlecations| The @netgted spunsds the

.900 b d i LUNCt | i th th - :
tiap deveigy TPUNE FesBRrsB ab g ot Rl Sehr v hasaita
loBRRMShi Ehd IHRHA Bénéeating SSRAGS CHOLEVE QI dasctibédin doafattioanwith

and a second | ocation is predicted. At block 904, the
eqatignsshvwn éuFiGruinsithes applinstionse ang ofienecopifcyignali(other than an

. bl ock ' ' j .
L

oth&iuebSHtE 81gh8ls PiHeSeceiwd R cafl batinel rewdtsedQid tmasnitted. nhile
in anplified sound at the second | o

ation,. As )
thifcasrapgaveant spdd echievea highen 6@@:&93%%5%1# #the predefprning

: i . Limi s, C _
o1 i P G hBrertife AU b AL o, ocation tha
caareselicvednsiip the immidve esmseé toaa imlpolsivetsignappl y t o
swi mmer denial, it should be apparent that anplified
sound can be achieved at a predeternm ned | ocation
whe Ry RIadThtthdes BRI nIRRIBGA sl FOWidnhiP enidl ArdM2scribed
2005/ 106842 / US2005/ 010644 exists in any medi um
attolvain tstppof desiahaf/endeppsershimmetsntie sprem dasvfimaer depigl can

ot e B A el R BB e 0 202 Te

anplified sound directed at one audi ence nenber, while

reduci ng sound to ot her . . . .
While the method and system are described to be associated with swimmer denial,

=

a

it will become apparent that the method and system by which amplified, i.e., focused,
sound is provided at a predetermined location can also be used in other applications
involving wave propagation phenomena in media other than water. The present invention
applies to any application for which amplified sound is desired at 2 predetermined
location apart from a sound projector. For example, amplified sound can be used in

medical applications, for example, for gall stone destruction. For another example,
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audi ence nmenbers. For another exanple, a hone theater
system could generate anplified 5 sound at the
whamkha@ of one |istener. The above net hod angtSuSioed10644
al so apply to wave type phenonena traveling through a
mediumthat is diffuse to wave propagati on, having
substantial scattering, for exanple the human body, as
apiEed Rfmd eatibe Aplie@xPdiRineic applicativnsul t rasound i magi ng
system 10 The nethod and system for sw mmer denia
are shown and described to prOV|de anplified sound at
a_Pr GOELAL 0t di3EAN Y hbln! SRORARA R SRUAMe in their entirety.
generated at a soun generati ng Iocatlon apart from
the predeterm ned Iocatlon The generated sound is the

time-reversed | sive re the aco

Chan v ek sebRd DT GO PR g et o8 Sl B pecome

?géd'gﬂ 8 Sﬁ'@fi{a&&lﬁ%'yl RAAL RNart FHAVENE" emb%ﬁm@@t‘éﬁhh&ﬁﬁraﬁﬂg their
njunctiron wt equations shown in

cohbepts mpd sed.i bisfelt amefotenhat thase ambocbrr@n@ rshwl(l aﬂtﬂahmlted to

doptarrdmpedRens s o ko P Prefled Pyl Sy B BT pichs ot e

a?é&iﬂ%&bﬁm% gnal . The received sound can be tine
versed and transmtted. Wile this arrangenent
coul d achi eve a higher sound pressure |evel at the
pred cation 31, it nmay not have the

P s SHf QfitheasfoT & rapid fall-off fromthat

| ocation that 20 can be achi eved using the inpulsive
response to an inpul sive signal. Wile advantages of
the nethod and system for sw mrer denial are described
above in ternms of denial of underwater sw mers, the
system for swinmmer denial can also be used to keep
surface swinmmers away fromthe high val ue asset. 25
Wil e the nmethod and system are described to be

associated with swimrer denial, it wll becone
apparent that the nethod and system by which
anplified, i.e., focused, sound is provided at a

predeterm ned | ocation can al so be used in other
applications involving wave propagati on phenonena in
medi a ot her than water. The present invention 30
applies to any application for which anplified sound
is desired at a predetermned |ocation apart froma
sound projector. For exanple, anplified sound can be
used in nedical applications, for exanple, for gal
stone destruction. For another exanple, 28 WO

2005/ 106842 PCT/ US2005/ 010644 anplified sound can be
applied to seismc applications.
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Al'l references cited herein are hereby incorporated by
reference in their entirety. 5 Having described
preferred enbodi nents of the invention, it will now
become apparent to one of ordinary skill in the art
that ot her enbodi nents incorporating their concepts
may be used. It is felt therefore that these
enbodi nents should not be limted to disclosed
enbodi nents, but rather should be limted only by the
CLsEirit and scope of the appended clains. 10 What is
dis: 29 CLAIMS: 1. A systemto provide
anplified sound at a predeternined |ocation,

L A syGRIE 8RR oSl RALS %g@;@?@@ﬁ@%ﬁé%@%ﬁ&@d to
ammmsme 50j g@iewtomup&@@b ]ISIQVME%HHEPM'C§I' i#fpu gi&%?énal-

ner at or, dj sposed ected one of
E}

TShRSOYCpTaIeSI08 é@w méh%\mmldﬁiveaﬁmahgqmm disposed at a selected
t | d
one of a ffrﬁ%{&tﬂgn g.ﬁcé %gc%ldlég F&aﬁcﬂ? lzﬂsﬁ é%a%te%' td gr%ns%gl} gq%ﬁgtiqqﬂaéppu?swe signal
in accordangg stithghé dp@]:hsal\rmpslsgfa aignhllas.rharelrt mHEcdﬂlbﬂicaﬁmﬁﬂbi"/éeﬁﬁnal hasa
betmeen two nultipath sound

time durb I3, dhi'E e iSRS s Bt g el sk el St scund

propagasigCioneedrobatic@Bsd s@RoRVHcaRene di sposed at the
Lhyselpﬁgt ed one of the first 1ocation and the second
| pe digppged aidpe uapelestegong phite diriyehatiph @mdaths isgoali location

and adaptéd tb%ﬁ@@@@@ h%}o%ﬁb%e a Hlsﬁl égslpoﬁ%% ‘?ﬁeaat%ouséxg lupﬁ%lmrvg\;lgpgled

wav ef orm processor a 0 gener

avwgfcmm nybcessve atiapdedoip rgeneratea tnateveRedea b ange h ﬁdﬁd@héﬁe
acoust i [ [ nse fromt

: ver.se i mpul sive.res

signal inpbFUEY ShBSH AT BRERT oldREE BtV R o e dhe Bt fogation to

the secomi:locmionpamir oj ector disposed at the first l[ocation and
adapted tq transmit an acoustic signal in accordance

2 RPOR eIt RreIsoisy dispaspdas thei fat logatioh entgéapirdito trensmit an
acoustic g3 accoRBHEd WIS the! tg?ec' > ed e{‘@erbgﬁ o fhe %g %)gﬁgt?et sh%ﬁl gesultmg

havi ng at | east one a peak pressure
in sound pighg s¢conéh fasation pitg plessurcefageslt phssara substaptbyilA@ELthan a
t 0 | ocatian,and an ul se area
peal pre s P BRI PP oG bl 380 B Ebdpnaven mpssapaty
larger thaar:zd impolsé amh epdrﬁfrbﬂﬂ%n& eI ate @6 Bleisdbnd ZocafiBg SYsSt em of
Claim1, wherein the electrical inpulsive signal has
anpl i tude characteristics generally those of a sine

2. The sylsteR€bf ORirg il Q\Qﬁérem%he dl Q&rléé/l ?&gﬁ@sﬁg %ﬁ'fhl'ﬂ%%um% g}'laracterlstlcs

sine function signal ner a requéency
generally those of a sinc funetion signal.

3. The system of Claim 2, wherein the sinc function signal has a generally flat frequency
spectrum band limited to about 250 Hz.

4. The system of Claim 1, wherein the electrical impulsive signal has amplitude characteristics



spectrumband limted to about 250 Hz. 4. The system
of Caiml1, wherein the electrical inpulsive signal

has anplitude characteristics 30 generally those of
a Gaussian function signal. 5. The systemof Caiml,

generale@ddfat@@lsﬁhﬁﬁhfch&@h hdIpul sive signal conprises a
si nusoi d signal. %e systemof Caiml, wherein

t he wavef orm processor conprises: an acousti C receiver
5 re n rocess the, hydrophone .. .
The si gna??da T d 81%% tgngﬁeﬂ%g?ﬂc Egvedglgngl? rgg%rﬁ@fl}“@ld signal.
recei ver and adapted to digitize the pre- processed

0 | a digitized signal; and a tine
6. The P%*s%? EF ﬁgmﬁr 0 %@Brt%safaﬁfganwc@rSﬁégcrr@wﬁee t he
g %&bt@ﬁc&b&%hpt@@ toaregéigé {uidéﬁ'g ot thé ﬁ%&?@'ﬁﬂe §fg95‘la|

7. The systemof  Claimb6 rern t
P F"@E@Q% pndlyzer hewplebioghd ece»ssncaremvmaod enlapésietd aligitize the pre-

rt |z d time-reversed signal
process?cgﬁ)g%&gqr?g?sgﬁﬁ T dlglgzeé{dss%& &'Qnal ; and an anmplifier
aﬂmptremmg piopssdadufred arnghe gev*efsﬁ@hef G e | gpamgn&ed time-

ystem of Claim1l, wherein the sound at the second

reversec}%&%% on has a peak pressure larger than a peak
pressure apart fromand proximate to the second
| ocation by at least 3 dBre 1 Pa. 9. The system of
7. The gstgmmefIClaigh 6 whayein ks ‘e'mﬂﬂdnaprot:dfsemsﬁmbﬂdohmna&sr on has

LI R NI N

time-reveyssd eigndf akd ai m 1, wherein the second I ocatl on is

separgted fromthe first | ocation by at |east 10
%@F@%@éﬁ%@f&ﬁéo SBPHE Bearalps bwsuperied sigal second

location is at least 185 dB re I Pa. 11. The system of

Claiml, wherein the second acoustic projector is
8. The Sé(étﬁ’i@tcéfdllﬁlm brvelresein thezgouny] airth¢ secyndlocationshas e pealsgrdssure larger

than a p%&?&%ﬁr‘é E%Hg ﬂ%h‘rs gyr(gxéglg%qg ttlrleersrc%;ﬂnr gpeas{?;g %y a{ l%ast 3adtB re 1 yPa.

ern's cted
ti me reversed acoustic signals are i n accordance with

reversed versi n of the hydrophone signal

9. The syofimg ST ovherah L e ﬁléf‘oGeFeﬁieHOP%troarhar algas ghe of a peak

pressure 284 @@hﬁﬁﬂ&e%re&ﬁifﬁﬁeﬂ'@BQﬁﬁ&fn{foﬂé’olé‘tJ‘é’H@ﬂarPt the second
location. 31 12. A nethod of generating anplified

sound at a pr edet er mi ned | ocat | on, conpri sing:

10. The Qﬁ@&ﬁ aF C[hgmqnw‘ﬁln%&t thi g&lond f%%gﬁ fé%epa.raq L #rbrgtth%ﬁrst location by at

ransm tting an acous Sl ve 'Sl gna
least 10 meﬂeescﬂnddhmd)beﬁ fresssic at diea;bd:diﬂ lacation iss ¢l 85 dB re 1 pPa.

11. The system of Claim 1, wherein the second acoustic projector is adapted to transmit a
plurality of time-reversed acoustic signals at a predetermined repetition rate, wherein selected
ones of the plurality of time-reversed acoustic signals are in accordance with the time-reversed
version of the hydrophone signal, and wherein the predetermined repetition rate is selected to

cause discomfort to a human at the second location.
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| ocation in accordance with the electrical inpulsive
signal, wherein the acoustic inpulsive signal has a
time duration less than a tinme difference between two
mul ti path sound arrivals for sound propagating
between the first and second | ocations; receiving
sound pressure resulting fromthe acoustic inpulsive
12. A giefwd|of genarping preplifiedtseend asnerefeternineflilomtion, coatpiising:
ion;. determ ning an acoustic
?%gﬁ%gﬁ%§?§g§%8%2%8§?gﬁfgﬁg’first | ocation to the
seoemiltihpoaddonstic inpuideaiganae seletkdohe of £6R) URSHGPMAG,: second

locat; gr essugjg; ti nE reversing the acoustic inpulsive _
ocatiop FLirsHeBICRHN fheaiestiaat inplare derbsthceis tyragpusic impulsive signal
has a tifdel@kat A&k IR 4 Mm@ AFRLIRE & wWALE m(% Hlﬁltfphﬁesb[lg %['ig?lg fer sound

acoustic inpulsive response, resulting in soun
propaga#diiveanche fion ahdisdconyl mtatiomast one of a  peak

L T T T NN T -

one of thn firstpedasion afidthesuddntl dsdatigh;l y | arger than an inpul se
rea apart fromand proxinate to the second | ocation.

S AR e isAmphlsivaresponsgrfiare the firsidoestien ta the acond location
in accolddARSH Witly GreSEOM Béﬁdﬁﬁﬁj& ude characteristics
general | y et hoée oS_f a sine e'f-;uncti on signal. 14. The
Hernedrore Geaiconstis impilsive rasperse; midne f uncti on si gnal

r . £l at, fr,equency .. spectrum band linited
PR aBbuc ek RS RbcR B Gkl ety erinerroversed
acoustid ingpuddiectesponad, réstititlgdh ¥oursli 4 Rl sebdl 18diBbh b8y at least one of a

char act eris}i s geperally those of a Gaussian function
peak IS SPbstapgia lyrﬁpégqfégqﬁloadpqgg PegssreeRat romapd proximate to the second

location8in@Ghinpalkse | ! | Eéf%lr i }Iggﬁ ' :
si gnal 9 f?h@ﬁg&%ﬁ ﬁlg% 0 8&%%&{%@% g?h n ﬁ){g a%%aﬁoélmate
to the segpnd lpsatieseond | ocati on has a peak pressure larger 32
0 than a sound peak pressure apart from and proxi nmate
to the second | ocation by at least 3 dBre 1 Pa. 18.
13. TheThethodkohORimfl2Gvbdrain1R; clehige impilkioc Sighslhadhmph@de

second | ocat,ion has at | east one of a peak pressure
Chafa"teélﬁ%csaﬁ?n?fﬁﬁm@ée 2SNG POcHe HgRalt o be unconfortable to

a human. 19. The nethod of Caim 12, wherein the
second | ocation is separated fromthe first |ocation
14. Thepyethed of @ain 13.ovhaseia the smrdfunetionsianatihaseagenprally Slat eqiency

spectrunt BELSEERO! ] js at least 185 dBre 1 Pa. 20.
P TEe netﬁodog?g%tjgp%{iiz wherein the transmtting an
acoustic signal conprises transmtting a plurality of

acoustic.si s at. the first. locatiqon at a
15. The5 B CIRREN  Risetin oGt ipLimi el hes amplitude
characteristics generally those of a Gaussian function signal.

16. The method of Claim 12, wherein the electrical impulsive signal comprises a sinusoid signal.

17. The method of Claim 12, wherein the sound at the second location has a peak pressure larger
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sel ected ones of the plurality of acoustic signals are
in accordance with the tine-reversed acoustic
i mpul si ve response, and wherein the predetermn ned
repetition rate is selected to cause disconfort to a

than a dvurd peald predvarcsaparnifbnt aeBproimath. thAse¥sd RIdhiich B AVEHE3 dB re 1
anplified sound at a predeternined |ocation,

wPa. conprising: a waveform processor adapted to predict an
acoustic inpul sive response between a first [ocation
and a second | ocation in accordance with an acoustic

18. The msthosl of & leiing Hawhiesein thg saurtd atghe sibucmai locatidndms at loasd ofle of a peak

i ff erence ath ound arrivals
pﬁmmﬂ%ag?ggu easgﬁ?ﬁﬁ%OB%Pﬂﬁgﬁ£ ©19 ¢ ¥Mahd second
Iocatlons and adapted to generate a tinme-reversed

version _of the acoustic inpulsive response; and an
19. The,psthodiof Ghimy ke tberedn bpsawad catiorisisepasated Goat tho firdhebation by
tl t@@%ﬂ%&? hPthbs | 1 r
at leas : hr—é cﬁ £ S8 < Sg%s%? g.'tlstg% ‘s:eo Pﬁ('ti g)%%!mn is a? f%%s% 19? 8% 1 pPa.
|npuIS|ve response, resulting in sound at the second

aving at | east one of a peak pressure
20. T BEROU A 27 Py B e e a8 B s Sebiipgumrisns pemitting
a pluralajﬂ df ammcrmg@@ & thdRrsSREAMA at 8 pRldeRAnARE r&Rtili kS %vherem
stantially |arger than an inpulse area apart

b
selectedfqrsip R P BEIY RhaeUsre sigRalsare dhacchuioned with tiRtimeFhyersed
acoustmsl %E‘Jeoftes (had %@%e%%g Rt Ag, Ry Fe 8{1 orgr Cl?%%g%tg%tip cause

rises: an i stve'r sponse pre
dwmﬁn@da@aéum@mapmedmmndkhaumcoust|c |npuIS|ve response
and O 33 a tine reversing processor coupled to the

i mpul si ve response prediction processor and adapted

21. A sysneng enproaide atdpeifibd %mﬂ%‘#@ﬁfe@@teﬁﬁﬁ@d RRa®dn, LhepAGRYSt i C
ul sive response. 23. The system of C a|n15

Wf YeLoTH ?Iﬁ@%\P@ﬁﬁ?%%@@@%@bﬁwﬂm@tlﬁ?@ﬂlsﬁ@ﬁmnogﬁsbet‘aeen a first
location'Wa & fs@foml %ﬁﬁS@Iﬂcc&gﬁ%%tﬁ &h £SNYRS p‘illﬂ?ve sll%nal having a time

ti me-reversed version of the acoustic
durationrless geansetime dr,fferfana Ibdgvetbill free mixq:aﬂmd)uad gnna»‘a];s fam)uﬂcﬂl propagating

t he anal ver sed
berween@REkis Rl BB RIS o et o e
aunmhcmmpKMﬁmeﬁﬁume aid the second |location is larger than a
sound eak pressure, apart fromand proximte to the

B AEQIRHE PEUSET™ ngyedat theist logation and adapthto tppgsmis an acoustic
signal in"#BEd1QshcR fwiBQ RS iRkLDer AR e i dresk (ROMA AL i ulstlve response, resulting

predeterm ned | ocation, conprising: predi
in soundz¢ these¢andiloqatibs haeng aidpashere dft peek praasire Elshstdnﬂalajt lmr than a

peak preéasﬂge ?pajscq%o%{]gnd 19r%)a(lltma?e to the second location and an impulse area substantially

larger than an impulse area apart from and proximate to the second location.
22. The system of Claim 21, wherein the waveform processor comprises:

an impulsive response prediction processor adapted to predict the acoustic impulsive

response; and
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i n accordance with an acoustic inpulsive signal having
a tinme duration less than a tine difference between
two nultipath sound arrivals for sound propagati ng
between the first and second |ocations; tine

raeee sdve@inghRo@e@isbinsled fHe ﬁh?ﬂsib@ﬁa@ﬁlﬁﬁ_@bre@ft@on processor and
ransm tting an acoustic signal at the first |ocation
adaptefigl I BRACEHS AR Sty PSSP BL 1he PRI Belimms Y tepRonse.
i mpul sive response, resulting in sound at the second
| ocati on having at |east one of a peak pressure
23. The ypserant iClditny22, shgein thh amvefoprakocpsses Auther amaprisef:r om

AR TR ros R P GRvartn R et Cerarieal Bparust

impulsfve @88panst B aR%hATBS BmelrBvdr@ sEBEPRRAY | ocation. 26. The
met hod of Cl aim25, wherein the sound at the second

[ aERPligaT apted tpamplifytbe anpleg time-trviersed Bignala sound peak
pressure apart fromand proximate to the second
| ocation by at least 3 dBre 1 Pa. 34 0

24. The system of Claim 21, wherein the sound peak pressure at the second location is larger

than a sound peak pressure apart from and proximate to the second location by at least 3 dB re 1

pPa.

25. A method of generating amplified sound at a predetermined location, comprising:

predicting an acoustic impulsive response between a first location and a second location
in accordance with an acoustic impulsive signal having a time duration less than a time
difference between two multipath sound arrivals for sound propagating between the first and
second locations;

time reversing the acoustic impulsive response; and

transmitting an acoustic signal at the first [ocation in accordance with the time-reversed
acoustic impulsive response, resulting in sound at the second location having at least one of a
peak pressure substantially larger than a peak pressure apart from and proximate to the second
location and an impulse area substantially larger than an impulse area apart from and proximate

to the second location.

26. The method of Claim 25, wherein the sound at the second location has a peak pressure larger

than a sound peak pressure apart from and proximate to the second location by at least 3 dB re 1

nPa,



