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METHOD AND SYSTEM FOR SW MVER DENI AL FI ELD OF THE
I NVENTI ON This invention relates generally to acoustic

weysisanes4and, nore particularly, to a nmethod arRdTRE306/010644

usi ng underwat er sound to prevent a swi mer from
approachi ng. BACKGROUND CF THE | NVENTI ON There is a
grow ng need to protect high value assets (HVAs) from
approach by uvigierem £NDSAHITER BOR SVGNMER [XENAsEet s

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

i ssues generate the growi ng need. First, there is a

f WRt er swi nmer can danege or cause
tlﬁéipm unct| on via an expl osive or other

devi cahlsﬁntrermmmjhtes gametadly rt@mo&ttuewsmme andyawdre gagicularly, to a
desjre to do e.coul d ce und rwat er 24 | osi .
Ee A e S L R L e A
are subject to underwater espl onage. For exanple, a

submarine has cl assified shapes and characteristics,
TRACEGRAIUND it BHEIINVENHEDes and characteristics,

whi ch be ob
i R a OB R DS OB s o

SHURIESHEer 3 En i BRVVMiFedluc @Betsl RicREE, fanekaglphs Shiby, oil well platforms,
under wat er obj ects i ncl udi n% under wat er swi nmers.

Hodether facitisies thabeanchel approgplipdya%detf i cati on of an
underwat er swi mrer does not prevent the underwater
swi nmmer from approaching the HVA. As is known, high

peak prvssles gbidaté RSN nded eFing ttiesre Solfieat thaxranbmderwater
unconfortabl e, disorienting, incapacitating
caviangion gan @n@ggm pavse thedhgAite, rr}ggfp@qtl@mvgy an eé(pg)ﬁlve or other device.

q‘%g(a ﬁlg Fa é%ﬁﬁ%%y&%ﬁgﬁﬁﬂr%%c}ééﬁé’ B dd'Gantd, g@ ‘&Hﬁﬁ ‘f)}'ac@ Nflderwater

’pr essure wat er soun
pﬁ@l@s%§6§ thedull @fva khipq L‘Becmud somckemiladre plasformslam (stlbjmi fty

can affect the hearing an underwat er j r, but

CHMICRYES catipRage- ARSI ﬁét“@?a@wl}%ﬁﬁ‘nas ifid ey Pﬁéﬂl‘?

o&ﬁ%&ns&&“ﬁ)’r BEhoRE, rbro&ileleéfﬁﬂesrdﬁﬁtcHzEr@ctéﬁstié vﬂh@fpcan be observed
wn, marine aninal's are also affected by | oud

uhsbdm waltevats cuidser While theaniyharjneds tocked.sonar syst ens
used on some mlitary ships are capabl e of producing

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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| ow frequency sound of sufficient peak pressure to
di sorient or kill some mari ne mammal s. SUMMARY OF THE

WONRMBENOSSIN The present invention provides a syBCEMSRVEN10644

can be used for sw nmer denial adapted to protect a
hi gh val ue asset (HVA) in or near the water from
approach by a swimer. The system for sw nmrer deni al
has aAsiguler vmiwer madonahimolsmoeal §oaffactedrbyipud lllmigrther sounds.
Er edet ermi ned waveform at .a hi und essure

oiF R

gpq_)gam@ 3‘?”‘7@ sg]parﬁéﬁiig}i%ﬂlqeﬂ gha r?&e ??é)\a}l?lﬁ 8¥groducmg
[Hgg Q{uﬁé %Fglﬁﬁéi@ﬁ/ pﬁﬁk ﬁreg‘éu%qto' d'@?ﬁ"l'eﬁtﬁ)l -&i1€Sbme marine

d nore fully below) at a predeterm ned
hi_am_imlmn away fromthe undervvater sound source, while
m ni m zi ng sound peak pressure and/or inpul se area at
ot her locations. The anplified sound can have

sAVIPQtrey O TI4S ISVERTIORE . at the predeter ni ned
l'ocation, the anplified sound can be uncom‘ ortabl e,

di so rTf@mrq:aqgt mycmtlgp peavides pﬁ@&ter@ thag gzmal@q lﬁa‘@ % swﬁtgmer denial

il pre el b\ BEED AR B ot B ARAT R Hoach by o
tgg/lljrﬁiéiﬁtﬁ n&de@ytstﬁﬂrfbmmﬁmﬂﬁhmal heban ehdereatet fvmnd spired foed
NG T TR T
P A A AL esassrpnapc

|(d1&salt1i)dblrmomcfhll15dm0\a}at |ammdeteu*mmed |1<g:|a,‘abn g\@mﬁqn @he yngerwater

d | ect I |
gé&{éﬁﬁg%gwgi ‘glgqr{y%n?q?%g @gggpga&vger%ssy é‘nﬁ/ﬁ{, mi%qlv area at ot er

qg&%[)ﬁst OfheBfith1HHed BORREaRhaw hetBekitsQN¢h Bkt tfld: fn%ﬂetermmed
l'ocati on and 'a second location to transmt an acoustic

iloqutibs, the ampifiad soind eendruaero Borigblehdiseréienting dagapagitating, or

ul siv I
et e LA SRR RGe e heLRRE el ekl iy
'1@9% 't@gbswimw M OS HRnAMI60RRARENShHER] Therefos nﬁmaﬁpltﬂbd '
e acoustic inpul sive signal. The system furthe

isoohditeds @ swgvtbé pwimmerdinss gmqroqcblr@éh@hlgh malge asset, Whlle posing

R EL GeH RS e ever sed acoustic | npul si ve

response fromthe first location to the second

| ocation. A second acoustic projector is dis osed1 ta

t he Inaccordance with the present invention, a system to provi e amplified sound at a
predetermined location includes an impulsive signal generator to provide an electrical
impulsive signal. A first acoustic projector is coupled to the impulsive signal generator
and disposed at a selected one of a first location and a second location to transmit an
acoustic impulsive signal in accordance with the electrical 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
further 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

2
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first location to transmt an acoustic signal in
accordance with the tine-reversed version of the

wayadisapésane signal, resulting in sound at the BeTmS2005/010644

| ocati on having at |east one of a Opeak pressure
substantially larger than a peak pressure apart from

and proximate to the second | ocation and an i npul se
pedapresiust substaatidlly largerglan 4 prak prassurerppaArs Bomraad pegémate to the
from.and .proximate to the con ' .

SE000 JesnB 87 At ated SupETafy 1R s dn ifutse avea apart from
@ﬂg@ﬁk&gap@)ﬂ@@agﬂdq&mg@nerating anplified sound at a
predeterm ned | ocation includes generating an

el ectrical inpulsive signal, transmtting an acoustic

i mpul si Vv ' . t : y i :
and o SRR St oo b LGB HRRCA infrlibf Sm R ERtrating
einggifiell s@ind 4R plsiercemidbd vahtion iaciades gegeratngah gedssliinpulsive
resulting fromthe acqustic anulsivq si gnal at tﬁe .
uiede], SenBetiganccousie impylsive pighalef d elsgier Rsof adtyigpation and a
I L . L ‘ ol .

e dripf B F PRl QAN BRI SR ES RS Bund
areRtdassulting fidn theacoestieinpulsisosigoalpt tesmsdectdd one of the first
reversing the acqustic jnpul|sive response,, and

tIPESRPOR Hirgosaid eeiondEIeBmtgina ACoRRE TPPSVerRgRE fipm the

| B AGERIANBR MEdn 16808 I ReSAN R SRth RE lesived sound pressure, time
i mpul sive response, resulting in sound at the second

| roearsing thetrauvustig impulsiza stspense, aofl tanpeigiingrneasougtis signal at the first

substantially |arger, than a peak pressure.apart fr Lo

AReptignaN e i e G P oL gt TR SRR TR pres B litng in
aJoBAd SURS sBhd Rlchtyon! I@K/ﬂ\%rat leB@nabf 4 pEultl fressadesabsigndially larger
fromand proximate to the second | ocation. In

atberoa peakqwessimetapgis fromrrod iperximatis de thesecanddogatiog apr an impulse area
inyention, a systemt rovi A . t .
ot aab e arB B AR oA L R g AR tRisend lcation.
to predict an acoustic inpulsive response between a

first location and a second | ocation and to generate a

ti me- rlavesardance s Nshanofher Awesib g RTESPHFFIL[Ope System (o provide
r T ' j .

SRR SRR NSL IR A ccont it
a@boaﬁwﬁiphlsi\?i redpahsd betvaeza arfitstriceation tid 4 besond location and to generate
ti me-reversed acoustic inpul sive respons resultin

i MtmeuRtersRd VeROnE oS AMPOIAIVE PG SUEM g Mgjudes an
2, RE&E ;HBJ%&BPHQ?ESH@%F}Q biksBldeXtid o 9@hsthf @R adbuG@ignal in
pressure apart fromand proximate to the second

| scatdande witdthanineneuérsel mpestiicsmpslsivatréspbhsg, teayltjeg intshumd at the

an i nmpuls rea apart from an r oxi .
| $FC9R lgﬁe}t?on av%g aP ﬁ:ast one OPA pea p?es(s)ure g’gkt)s?anhgll)tl g?ge% fial rzl%eak
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.

In accordance with yet another aspect of the present invention, a method of
generating amplified sound at a predetermined location includves 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
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e fudy .uaﬁipr%tpoq

i mpul si ve response between a first |ocation and a

second | ocation, tinme reversing the acoustic inpulsive
response, and transmtting an acoustic signal at the

f bacend loogtitni lewinigrat lestond afie pealipréssta substantialle iages ﬁdm a peak

acoustic i e oLespons res ng in _soun

© RES R B s roR T G sEERLlo AR 45 of HiRdedren

PEERHAlySIHRSE @Bh hiithpulicti@ipat Midkh #ndiRakineEB IhE Rcond location.

apart fromand proxinmate to the second | ocation and an

i mpul se area substantially |arger than an inpul se area

a [ t second | ocation. BRI EF

DE%@?E P@W%@W@%Sf oregoi ng features of

t he i n¥eaforepovingaatuek bf the inveation) denell amtﬁetlsﬁinﬁomﬁselhﬁay be

nore fully understood fromthe foll ow.n il ed
ﬁemah%lmllﬁwg detpilgp dessrip @ ot the fewings, in which:

di agram of a particul ar enbodi nent of a systemfor

swi nmer deni al having a waveform processor; FIG 1A is
bl ock BiGadriamdiigean ofp partitut@rentbet mdns od sytsteen foageinanen denial

' Locessor of FIG 1, FIG IBis a diagramof an
a

PERHAPEVERTD BTGNP of t he system for sw mrer deni al
havi ngFﬁ}%vlﬁfbﬁfcmd Mfling Fihier &e%lls%fmeome@draq&ééyssor of

showi ng further details of t e wavef orm processor
FF&.I,B; FIG IDis a di agram of another alternate

enbodi of the sys or sSw al [

waver of - gEgs acigra Bl & aelias SRl meR bR v ow mgper

fggﬁlgq{avggtaawvgfogﬁlﬂr&%swveform processor of FIG ID
FIG 2 is a diagramshowing a variety of sound paths

bet weeRlG 1§ois btock fdiagrang slyo WUy themdetailsipd diet waigfasm pgocessor of
h&g&; 1%6“( pressure-acoustic projector (HPAP); FIG 3
[ art show ng sound arrival tinmes and anplitudes

associ Bi@d DNstaRligpfara ©Ousdthet altépatt smbedigicgnel thg SRemafod Swimmer
atderh?ﬁhaﬁ%a%avﬁ%o?m p%oggso(l)rar riving at the position of

FIG. 1E is a block diagram showing further details of the waveform 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 arr ival times and amphtudes assoc1ated with an
acoustic impulsive signal generated at the POO of FIG. 2 and 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;



10

15

20

25

30

t he hi gh- peak-pressure-acoustic projector of FIG 2;
FIG 3Ais a chart showing a tinme-reversed signal

wassavetded Wi th the sound arrivals of FIG 3; PELBS2005/010644

is a chart showi ng sound arrivals fromthe
time-reversed waveformof FIG 3A generated at the
position of the high-peak-pressure-acoustic projector
of FI GIG24Anisch dhertishowingalie sinpasive oé sorinded FIGchatiton
ch is 3% t.he POO of FIG 2) along each of the
Eet“i“E’eB Beo%hown in FIG 2;FIG 4A is a chart
S hOW' HGLHR mb%g%fimﬁﬁtéﬂ‘iies‘ﬁfts K o dirdds; 4 At curve showing
predeterm ned location; FIG is a graph showi ng
sonnd pressdrerleval (SEL) asrsuneange fqr@sflrstéHmQ-fegﬁrS@h?lg@l sﬂﬂ@mdrfgr a far
f?l?ljgeq];az i?t:eé gy glleguﬁ% %a‘lS( r%srs\e/er Sgl?sug%?cggct&o Encf‘a géc{)r‘ﬂ curve

tshawig PLerdy rdnge fdriaglerlialinPressed dgad mﬂS)tddCfor a close range

projector, and a second curve showi ng SPL versus range

figgnsmitied by e hlghréQM@?sg@oach%ﬁé’FOJ?‘é?q’or ed for a close

range

o of oGP il GbHEanBNi e M 00 PEBn VR TR FAYE s

seewrived witleFI@\ben sslnadlmadmﬁmn nrsedate goudratt ¢k sntlatidns@f F3G. 5;

in the tipe do n used . t rate, the sinulations of

F'G IO 8 AN h TR TGORHITE oo A SR

tdsEWmJt&f’@ﬁl? £16. WaN @ O SR AS S RAL M 8dd 8 EdhefakGihe: 51n*1tﬂaﬂdii§ of FIG.
frequency domain used to generate the sinulations of

H;G 5; FIG 8 is a flow chart show ng a nethod of

gener lified sound w rela

Sound Peg i Bow ctylf Pk sihgd Bt EFishial Smbllynd with o

%f&tﬁél?hlg% sb%@pr&isﬁ% 166t the PRUbIBANBEPIRSTonIBAN O d of

generating anplified sound wth a relatively hig

s ou nd FdGe%m%OW ehart shawvingrmothee thethod e gwratmgampbﬁed sound with

dae@ vap’ ﬁ‘bg asog []}lgﬁqﬁl\llfecﬂ; %WF B rnlgf:(? Focg’uon

I ntroductory concepts and term noI ogy are expl ai ned.

As used herein, the term!' ul sive signal" is used to

deEEAllFED @iEtSF?@ﬂPBI@%p@cTHE@é ENT§MN or an acoustic
si gnal eé&r%tdeéc‘?lb r@pauiy’g‘ﬂe}ﬁefof 5\)&/1%&rd@n1af? Wme introductory concepts and

terminology are explained. As used herein, the term "impulsive signal" is used to

describe either an electrical signal or an acoustic signal that is impulsive in nature, but
which is not necessarily a perfect impulse. As is known, a perfect impulse signal 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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which is not necessarily a perfect inpulse. As is
known, a perfect inpulse signal has an infinitely

wehaostioéd4zre duration. | npul sive signals descri Be®/US2005/010644

herein have a finite tinme duration and particul ar

anpl i tude characteristics described bel ow. The

i mpul sive signal can include, but is not limted to a ‘
si gnal Asesed hgreén, gierternf limptilse areaihislus¢digalescribe an area under a curve

characteristic, a.si,gnal havi.ng.a Gaussi an a i tude
el pE BB OBhas EiE P h BRI BRI M diEunger the
h&ir@e isldBRrhBedFromMleldl of 8 pbASRERER dowh t88&lel orresponding to
descri be a response of a nediumto an inpulsive

samypient, nofsey fop sxantille ocepn agbient inpisel hevibhe appie¢istpd;|threfore, that
response. het n lLogations in the g .can .be ..,
o5 BRRRSe 1 el BRin, B L Brenphes o aEF DA iphuive signal

| fdab ia@in e SCRIation O eheligpulsiviesgengl. Jn@ill Bd agpheifddRsm
| ocation, As used herein, the term"inpulse area” is

I
eanstion HeaBINBROTNIt Pk AAIGA Wakie daration figs oriditrgs the
h - . el ool SLve S| . .
T R AG ABE ALY ShiyEe b PR SR g win
ampRpkthpnéediiayimahe largestarhditedescor r espondi ng t o
anbi ent noi se, for exanple, ocean anbient noise. It

wi Il be appreciated, therefore, that the inpulse area
i's rel af gqBRLdh, BR e " REAURLESRU RS Mundloetihs th a region
the inmpulsive signal and to a tinme width or duration

ofalsoraenpilified kegioneorsingphified sdundwgdion)heviagphéighenpesd pigsoure and/or a
di.scussion in conjunction with FIG 3 a 3A that.the

oGt e biga SR 4Gl dr e nElorsiias dpGEian grd PRhalE o the
shaplifibdnetinexerRad a snallest multipath tinme separation
associated wwth nultipath arrivals having the |argest
anplitudes. As used herein, the term"anplified sound”
refers,to und occurring .i regi al so A .
cor orrb R AP kLo b BOT B FRE ¢ Efjpaton in
PiveRs st vehiaad sougich@bBIveisigadl i @edi&ad. t Tidhco@izAmpulsive signal
occurring at |ocations apart from and proximte to the

aPal heque(gt%@mﬁ@me@@iaéwstlwau@”@fofuh@wei(m;pttl%e I§PiOASQ between a
A ﬂ)tcat?gn Pa' %ls&ﬁ?d(l&g%n i thg %\%ger.t ?115 ﬁ;s?focgt?onaﬁoh%%)%hhsoﬁ a

i N oWater at Whi Ch an acoustr I mpul st ve signal i

gRostict (fd. highhpeakgoessiine-acouspid biijsctory HPAR) asdithe becoud dutation

to determ ne an acqustic transfer function (inpulsive

r eA PRSP R plrdeprmingd losstiongehers Yppliieg squbessHE-

| ocation in the water. The first |ocation corresponds

to a location of a high-peak-pressure-acoustic

pr oj eclnar filsHA#)diraerd, thé BOSkeis entdie lsexvad iaation, 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



corresponds to a predeterm ned | ocati on where
anplified sound occurs. In a first enbodi nent, the PQOO

woo@t10édae second | ocation, i.e., at the predePermSomd 010644

10

15

20

25

30

| ocati on where sound fromthe

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

anplified, and the acoustic inpulsive signal is

tangptidiet sowed i§ toose irbad DT Heaeeond entbedimaens is desaritteid @ngonjunction
which is the |ocation of the

hW‘&hElﬁééﬁ-ﬁ? @ésure-acoustic projector. The first

enbodi ment is described in conjunction with FIG 1

bel ow. . I n a second enbodi nent, the POOis at the first

| ocat ilohgpthi ofghe abtove+desctibabtmindiménts,he order to determine the acoustic

Aot RS GReoEe BRghse) R LR rad ol Besonpap acoustic’
tigalstelsiaPRGeNGatk@ gBhé POO. WHePDO Sart hecat RItB&Hehefini 10€4tion or
| ocati on whereanplified sound is to be provided. The

sthe seednélagaiiinrent i s described in conjunction with
FIG IB below. In both of the above-descri bed
enbodi nents, in order to determ ne the acoustic 5

transfyhilé tﬂaqb\ivg;@al(-bmk@éebastrcqﬁaﬁ@aaebocﬁxed WeBHPODES described
first and second | ocations, an_acoustic i npulsive

shejovato genergtalost reak aressuieaqoastic mpulspEEignah ifsdowld be understood
Ph ; ti ,
AT Bl BRI 800 e 05N, 9GP R v00

adantaive geh¥paies Higispdak pedsife beatustic intpuldviesigita a | ow peak
pressure acoustic inpul sive signal, it should be
understood that, in other enbodinents, the

| ow- pe@‘ﬁg? Eﬁﬁggne%k- FRURE h?bélﬁﬁcoﬂn% LRk id RE&{RE bafow! D Generate high

POO can SO generate a peak pressure acousticC

| paakiipsdssuere soudadmpViedi seuiad ¢angiisopesikt-ap thegwedeterminsd dedation if the
plji;.oéector i s descrjbed hel ow tge enerate hi]gh 5doeak
pHIgL-PERKSPIEBUFRACOUSHH R PIPLRN SHEMALFS (AN PER*IBCPRE P %t t he
predeterm ned |l ocation if the high-peak-pressure

acoustic projector generates |ow peak pressure sound.

Ref er rRefgrring t&FIG. 11 a systeny Sarswithmer degiiairtfcarpigtest a high value asset

c ot ect a .hi val ue asset A h. shi
OOV RLBisR 5 8 A Ao R Se G R L b LNt §inerd 42 TP sikfom for
f Qhinfh&\WeATET0 MERUa a Wik eféifl prdesscr Mavepled 1 Pligheskopressure-
44 coupl ed to a hi gh-peak-pressureacousti c project

. or .
(MPRic projestor EHRAPKA2 gt gdiastilenatian 41 eanshls)of tighsmitting a relatively
transm,ttin .relativel i gh . .
 FRRBR ARl St byt PR RS 2, 1 g eptcutr
OBBbRAMELC the digh-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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enbodi nent, the high-peak-pressure-acoustic projector
42 is coupled to the waveform processor 44 wth a

woabldsao@®d2 5 Particul ar characteristics of thePCT/US2005/010644

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

tapnie fiorvad peckimarus theopredegitmined4odatien 8 hasrralatiesly &ivi.cs

such that, when projected into the water 12 by the
acoustic projector 42, the tinme-reversed acoustic

Si gnalThd4y&aH $aSwiltteLdBEaK 0RLE 8BS R B @/ 19trdphRéhe 40 at the first
i mpul se area of the sound received at a séecond

(Ipcatide thé conphestip thowavdfoum progesapaidt I pempartienlar embodiment, the

praiatiérs watdfom Eotesa:
L R L e AR SR UL

i mpul se area of the sound received at other

| ocationsapart from and proximate to the predeterm ned

| ocat idoningrlsive signahgengetgr Mathemiedetsypineshlocgtion i iwroppled to a
eni al ' ; :

AP Pafar BafiPE e bEsH e e REe aF s titrhg B cstica

4ithpulsiveGi@ap@ipovidd the l@nbeddi presine athstib yapudginesignal G0iused to

coupled to the waveform processor 44 with a cagle 38.

detariming agi ageustip gansierfangiontsivesn apoint gEotigip (ROE) A thespcond
I ! o o
DGl 37 A AR B BRR B3I AR 41

el ectrical inpulsive signal to provide the | ow peak
pressure acoustic inpul sive signal, 30 used_to

det er nihsdmRIsiE SLawe) generalon <f 631 Py disRasehomafiggierd yhich can be
F%éﬂ rleg Lo_ tHE b%aﬂ b()ﬁmﬂ?f’or E%;ﬁ@,%ﬁfja LRGBS MY 2R 2hciRI6. A radio

peak- pressure-acoustic projector 42 at the
f freqaendyq®E) transndtter TBhwan ibepoldddve tied igrpalsien@rabgeneragaf 24, and

can be, di spose fl oaf, 20, ich can be a ored
Cah s SERAREd SO heistrts, Rsethls SRRl G AT o5 er 4.
and an anchor 16. A radio frequency (RF) transmtter

18 can be coupled to the inpulsive signal generator
24, arfchagasteriséierdofshe megtygral ag@istiosiehd 34 rqragmingddn

bR L TE R o SUPIRTI econs

acousti Cc si

| (pre¥eeanhmiamiscatioh!d 1the taciisbiatioh Banshiel isfthecatiun of the high-
(1 npul si ve response) between the second
( PEISBHRapRUSNC PEYAdA- 3 1 and the first location
41, which is the |location of the highpeak-
pressure-acoustic projector 42.
The transfer function (impulsive response) is generally reciprocal, i.e., the transfer

function for sound generated at the prédeterrriined location 31 and received at the first
location 41 (e.g., by the hydrophone 40) tends to be the same as the transfer function for
sound generated at the first location 41 and received at the second (predetermined)
location 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 low-peak-pressure-acoustic projector
28, and receiving resulting sound at the first location 41, for example, with the

hydrophone 40.
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The transfer function (inpulsive response) is
generally reciprocal, i.e., the transfer function for

weawsdogamner ated at the predetermnm ned | ocati onPBL/USR®S/010644

received at the first location 4 1 (e.g., by the

hydr ophone 40) tends to be the same as the transfer

function for sound generated at the first location 4 1

and r &he itraesferafunttion apd dm@rt@moed'mg éimﬁ-llﬁwyed agoudticoignal 34 can
1. fore I.n articul ar i men th .

SBFélﬁ et B o8 st Do SErkotabe gt logasion 41
% B?ﬁ{% lﬁlﬂﬁﬁﬁ&{@(ﬁfﬁ%ﬁé 5ignd] TRty & thé @R8hd BBatfin ?IerSf the low-

IS at the predeterm ned |ocation 31, with

tmekﬁwmwoupmcemm@r 38 oushd wriferojsect or 28, and

receiving resulting sound at the first |ocation 41,

for exarrpl e, wth the hydrophone 40. The transfer

L GRS A AL E T

pressure | evel received at the first location 4 1

DL BRSPSl Lo ASRLA e v

erﬁ@%kérsﬁrr@ﬁ%ﬁd ﬁroﬁ{bﬁir e81 ok tl?@d%ﬂfbfhﬁe M@h?&ﬁ@pl@&ure-aoous‘uc
g*z,z. ,rn, z,zs,rn 0 where

Hﬂ(rm)ecuos% IZelSIﬂaﬁ/\dqcp&aqkf the bysmaés-me&sur@taC@uﬁtlmﬁmJ%qtcv/re?S Iy is the
gl}og zg%telsrpn%g)% vgfgeltns E}é\r %&g tqqgs r%?:ﬁous% E?oﬁé&(ﬁ R%[Y %ﬁe‘ }ﬁgh-peak—

?r@ﬁu&%hudﬂb@&ﬁbﬂt@* A0S tHehyfoph@et40), t42time s ib Sredilficy, and H is
epth of the | ow peak-pressure-acoustic projector 28,

rthe trensferdunphion gigHutdive reRgasH Soribe propagation of sound from the low-
Y LT

hmehgmbgmealm t istime, f is frequency, and His the
transfer function (inpulsive response) for the

propagati on of sound fromthe | owpeak-

pr essuFhs-squderesssredew;! of sand peopagatingen the other direction, i.e., from the

E@gﬂ-gg%gﬁggﬁ%)s%r lcap‘%%%té} B Q) a%{rfﬁ"g \?éﬁ\t Qt'fa l?orlzogﬁ?dlstance I

pressure

PfréR aRelipingedkipredarecddoasticirsjectdl €n, beiwritten afor om t he
hi gh- peak- pressure-acoustic projector 42 to an
arbitrary point at a horizontal distance rk fromthe

gl %Qagea 95%& es’ ?’%%(t [ c, J?’rjgjee,@;;c%r, can be witten
where F (z,2.,7,, f) is a new source signal generated by the high-peak-pressure-acoustic

projector, and H (z,z,,7,, f)is a transfer function from the high-peak-pressure-acoustic

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

The signal F (z,2.,%, f), generated by the high-peak-pressure-acoustic projector
42 is:

F(z,z,1 ) = H' (22,5, 0) F'(f),



#>(z,z,,rk,t) =2 JH(z,zs,rk,f)F(z,z fh f ) e->2 df, o
where F(z,z, ,rk,f) is a new source signal generated

woyodshesdae gh- peak- pressure-acousti ¢ L proj ect oPCTAIS2005010644
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(z, zs,rk,/ ) is a transfer function fromthe

hi gh- peak- pressure-acoustic projector to the arbitrary
point, (z,z ,rk) . The signal F(z,z ,rk,f) , generated
byhérb € Niz gh ;D SBKis IR SRt Pl € @npisatel of thY @gnefet Amclién HRz, =, 7,, f)
F(z,z,,r n,/f ,Where H*(z, zs,rn,f) is the conpl ex

CaHd POaheis te dobfipldx vfulogte of UiRGbIRE sidhal F'(P Drigloally genesaiet] by the
F*(f) 1s the conpl ex conjugate of the source signha

F%W'W%E{P?%?‘gjg'l&%?‘gﬁgS{?Séchq‘ggg lI%lF glg,[l%lrl:" Ga? > ) gvlllé he, pnderstood to

F(z rn, f) wll be .understoo be. I Jre- r
e dbiston Bl AR D RS T B A fop-peai
bire§dufe-4OUstREREBEBS B8 S ecedeUs tethyBfoph€ed 40 at A 18&ation of the
recei ved at the hydrophone 40 at the | ocation of the

hhigh-ppaartepruessacgpiogreigetor €2.proj ect or 42. It shoul d be
recogni zed that it is possible to generate any | ow

peak pressure acoustic inpulsive signal 30, F(/) ,

Wi t h thehdubdbpeadenited3tdilitss poswittd iogzeperajcany brw géhk pressure
However, only when the | ow peak pressure acoustic

i aqoubtis inwulsivgrsignalY, 1 Gk ith thel layy-peakepressure-acoustic projector 28.
| ow peak- pressure-acoustic projector 28 is a

i HpuPwinnly Wherathe Jaw peakipsesseig eeusiip éfPHu‘%iN?JPIBS%l &8 tepsnided by
a L. ] . .

s SROELhAE AR el B SERHRATIAN it

[ ﬁrgplliﬁﬁl @uﬁ@?m&sm$100aﬁdq$emt ple?iteqmtﬁsﬁmnddomtidh 81) having high
reduced i npul se area a rom that | tion. It

bReakipEwRUE REY/ 0% ig SnBYlpeares pIR LR AReE aeslpRiEshieand or reduced

Sir E:JHH!G a%éaaﬂ:@i;‘ﬁ‘fcfi‘ﬁﬁlqtglxaﬁdﬂe hi gh- peak- pressure-acoustic

ector 42°can result in a particularly high peak
sound pressure | evel and/or a particularly high
i mpul s a at tﬂe predekgnnined I cah%?n 31

ar . et a
spat i alt @ PETovBH R AP ed L Prser GRS 5§ 3 Gegérated by the
I flofilgedebissi@hdoustidpBfebRF 49RARsulf A& FARRNidkly @SR dound
onl’y ‘exists in a small” region, therefore reducing the
ppessupd leiv¢lyandfor a particularly high impulse area at the predetermined location 31,
yet a spatial extent of the predetermined location 31 is relatively small. In other words,
the amplified sound only exists in a small region, therefore reducing the possibility of
harm to humans and marine mammals. The time-reversed acoustic signal 34 that results
in these characteristics is a time-reversed version of the transfer function 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
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harmto humans and mari ne nanmal s. The ti nme-reversed
acoustic signal 34 that results in these

wohearsaotsei stics is a time-reversed versi on of PCAIS2005/010644

transfer function between the second (predeterm ned)
location 3 1 and the first |location 41, which is the

| ocati on of the high-peak-pressure-acoustic projector
4ath FIGe2 i amd wischviegetbafoms éte(dosireédmipulaive medppnsehdhe nature of the

ransfer functijon eterntned eratin
Hofpestiedataitis naCR et Sg Pk G tF AIRC U5y etBeiated
egaigknggihhgigwesul ting acoustic signal with the

hydr ophone 40. A received acoustic signal at the
hydrophone 40 in response to the acoustic inpulsive
si gna .
vari ek y§r§ Tt er gr% nleg}rl]es n{p%?ﬁtlveq@%aﬁ% @@B&fﬁe g@g)alﬁiégan@ed above,
It l:lthprk(chcS] (grpihb/sﬁrﬂly pobiiblb tagemethascpdrfretingmiseywhich is know to
conJunctronmrth FI G 2, and which toq@iher f.or t he

devq graigliniigly skart durpieany diveeverrg bandhimited Bylsg fﬂ%ﬂa aving an

I

tatr)ggtt{dg\éﬁgrﬁ&?&]&%%ggéé‘glgsﬁgt%n }a%sss%?:flm\gfteh Ql?ﬁﬁ []%ld%’@éﬁﬁprommate an

hapoige. I wildbe enderaostebyesmwioferdifeey skifluh theaet the sfcegsency domain
(transfer function) described abqgve, it is not

ﬁﬂ%@ leataf apimpplye rncthr figne dgwaings a flat(ige fessiang) Tpayency spgetrum
%ﬁﬁimfé@abﬁavﬂdﬁq I‘IPQE\’) %gl et%[bo'drﬂflétnfﬁlg et ﬁ‘&ﬁéﬁcy spectrum is
dars an

ion wever I mted pul se signal having
ditesadph iheUfekgueingrdaatagr sosthatchgfempreatyl specthan isdfand ligiited, the
function c used to .approxi mate an ippul.se. .t .
Mg apaRBE 5 Soye Bl Se Sis SReR Rl Tt tp sine
tfﬂr?cttroﬁ O E&PUBNGY a%ﬂ@hﬁ‘nt@&l HhtVt?éqﬂéﬁcy%foe(Q{'ﬂnﬂ ARAESEbe WRed to
the time domain is a e., constant) frequency

SppEKimate hlamlmgsq rifl Dm péé’tl ar@mhgmmenr,tthws@fwtupn ggeustic
unde st 00 e fl r en [

TPESS sk pert(iRen pooalibfsrcy Bl RRrAEERY BPAGHL MR Bnissd oo
SRGGéEAcY Belosv BN, lfcmekﬁdpletZB@Hzesm ting signal in the
time .domain is a sine function ([sin(x)]/x).

Therefore, the sine function corresponds to a band

limt er% I‘ 1§1r ?%ﬁﬁg%é@ﬁ%sﬁé@t a@tf‘ n‘éﬁaa'tbr@q %ﬁ%&eg Ghe or more

appr oxi nat e one ar e I ment

tehetridahsing ﬁmetrdmr(oragmemﬂy tmpulzivé signdls th asr st tb drn/e the low-
accordance with a flat frequency spectrum band |im.ted

tR?alﬁPfeﬁ%lﬁ‘Eré?fE*ﬁ“%@lolﬁﬂ% A8 tppdugecylo w%mésszls%aon&sm impulsive

MPhe, dcBudREGFBhISRE si ' BirSlgBRE water 12
g g?%?or % u%ner gt es gﬁgm?ro Wﬁe?eét rg?ca wg lelne via various
facoastic paths nd a ganen alf the acogtit shmdsise gigadl S asdvatatedrveth each of
ed t I -

l'!tlslose pat s(iisr tle\cgeelvérlj bey thg W(frgémne 40. A total received signal received by the
hydrophone 40 has a duration longer than the originally transmitted 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 impdlsive 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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pressure-acoustic projector 28 to produce a | ow peak
pressure acoustic inpul sive signal 30. The acoustic

wonmsl1eés42 si gnal 30 propagates through the waPer/us2005/010644

via various acoustic paths and a version of the

acoustic inpulsive signal 30 associated with each of
those paths is received by the hydrophone 40. A total
rségnel adcasilapea withectioneeavetsyd véraion ptithe pmpwlsive esherssea The high-

dur.ation | onger than t ori ginal transmtted . . .
bt AR HRREIop A2 ey kel a6 utig signst 34 in
4l csradhcaRahtBetinbeevr@dalechrReSigal The whRfdndirofhanad is

40 to determ ne the transfer function, i

O de N ansf i.e., a band )
| deparibed in grparprdalial incopisnetion with HE:. d Aredsrseried abpve; He high-
SEOLY Sy ORI, LT ORI B SRR o o sy
whspohsel letwéea thofist looatiaf41tdnd the second (predetermined) location 31, which

hi gh- peak-pressure-acoustic. projector 42. The waveform

Jr e Sxarp et Sapn e pilaisely Meh Rerl s Qor  lares impulse
eh&ck 'Eﬂe%ﬁfé@téiﬁﬂed' 18ca®i6h 81 dRNeBudMdshuf SdaRPrds@MEBRFSE impulse
version of the i1 nmpul sive response. The hi ghpeak-

pressaay draat anbprosinmioiodbe predat@mived Igestiondtle t he
time-reversed acoustic signal 34 in accordance with
the tine-reversed electrical signal. The waveform

pr ocessesdibel ab6RS Glsh&Ed bb fecBgfAldehatdRs @hb-révrsed acoustic signal
conjunction with FIG 1A As described above, the

H4gh petaipulsivess naf@reaé@uéigﬁreerqilyd]aé & swstapiak tiragextents Hotwgver, it

TR SR g S e B B e SRR arivesache

(RERERMBT B@Edn B 0GATsigeAerdly imMalstle ih @stukd, Ravifig relatively short time
anmplified sound having a relatively high peak pressure
avaation. dhpseraraptepshics avi beepmp metgapparatidetvriimiyg discussion of
Hﬁ&gtbgn 3land reduced sound peak pressure and/or
i'mpul se” area away from and proxi mate to the

predeterm ned | ocation 31. As described above, it

shoul d be recogni zed t hat -reversed acoustic

oo
si gnallngne patiggar ‘f‘ﬂ%ﬂﬁ‘l‘@?fvé{“? ﬁigh'@@m -Bresguresacoustic projector 42
ﬁﬁ%@% gaée R8-révenstASEARLE &bndl AR PShE& UmbJIBNENE fthe Hggh—peak-

e recogni zed that when the tine-reverse
quesssteiacosstigpadjedr 42 ganvmtes atore then pnetme-eeverseddcoustic signal 34

location.31, |t _.is generally inpulsive in nature,
A & EPPPETan ‘iaifef(iy e§%8’i’nlte’ Y durati on. These
characteristics will becone nore apparent below, in
the discussion of FIGS. 2-4. In one particular

enbodiTherdew-nenle-presgite pesaitiqnreissiar 28 eancasneriate the agogsticompulsive

4szlgnal 30 having a peak sound pressure level in the range of one hundred sixty to two
hundred fifteen 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 fifteen 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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generates one tine-reversed acoustic signal 34. In

ot her enbodi nents, the hi gh-peakpressure- acoustic
wonrojsaoésae 42 generates nore than one time-revecsad2005/010644

acoustic signal 34 with a repetition rate, for

exanpl e, one Hz. The | ow peak-pressure acoustic

projector 28 can generate.the acouatlc

Bl ohalneguedstsun g daak s CBUNGC L ReOa i Enpl i i fgqpeontinuous
49,

085l RO, o iy (R et popl

KadrdgeRevitt eetmbottinnehareveisiedhacoude igenesil fs sgue in azimuth

HhoHHAE A Eb el DL T aieor 7o B oy RORAR Byl
e, STPAL BERhRed loRRpATRbAS, 'aﬁdjb&ﬂiﬁﬂ@pé (e.4.h@ck, sand, etc.).

prggéterntned location 31 can have a peak pressure at
| east 3 dB above reglons apart fromand proxinmate to

the p erm ned. | ocati o [

sec on qsb'gtsp%tﬁm o, sWilmer S %]t € 019?? Q%ﬁl%ll%?@&ﬁ‘e a‘tnlgﬁored float
b @Gah RN ot-peakkyredurt-aasistié idjorRE QB,Sthahﬁiptﬂhee signah @enmeatr 24,
pressure at the second |ocation 3 is, at Ieast 85 dB

arei the R;Fatramﬁemsr tend plsp e sqceadatpir%iﬁtes@meﬁ) IRFation ot piber

a i.fied

i N T s S S DN S e e
pfowcﬁﬁi anpdigive Bigasigenetatoes avd R trocsesitters oan benwsed to provide more

characteristics that ar. e ener al | th
thanwie e havingany 1§1ﬁd 5@.315 Egéwg}%)ée 8??21?&%&1 m;far ethbodiment,

4 t
RIHEALES. gl oliT BESHeP Al PGASERE R0 pRfecton impulsive
fbtghiICgﬁnetrytpe aféRE. transrgttter cadred)sedteach) of witieh @anthq:@oglygn@fﬁt

or sw mer

Aitona EPoF] A0TSR, SHENTOU RS BCDULHe Rdui e pretve

v I V.

(ﬁ%pé@é ]??%Sﬁ% na,c‘tb’t:ﬂglrc ﬁ?@@&tgfﬁ ﬁg %\}Sag&g%’]rré ggﬂgg%s% o1 caddreceiictwelve
(c@tfresrieﬁcbngmmst)c digrmst andmam genefate orahvertransiso Hngtiensimpulsive
E%&Snbst@g%gﬂ ?&éga legctgg%v Lgna %gc?ogjﬁlg!gls/g?agﬁ%s%ﬁtied w1th a time-reversed

SEANAlordf 'ﬂﬁfilﬁ&% fospHie bEtkveki th%ﬁédtﬂve be 6fxhe b}%lt&l@d/—]taak— :
provide nore than one | ocation aV|nﬁ anmplified so

E’Nsswmnfmsec piectweahe Pisipaone Aodrreioe Ul Erpenk pressure-
|a8%sb% BT?JGF? oe( ggta 'geneéce %&eff@ecﬁrﬁé ?e(i/ersed acoustlc s1%na‘ls resulting in

ous sive sigha
Gaipiied SdundansveRe ﬁlé(ﬁﬁ@*ﬂ‘lﬂdddbcaclam bEheuwebt'p aeaustic eignals can be

whi ch can be posit dat diff
denased s S AsTRdTRY MY G SR PR e g B t
Wgr Ee L N5R Rk TRY tg}i WhEerRaRH Slinfm@ % &L Sbodikiénts, more than

orm processor can receive twelve
twelve or fewer than twelve low-peak-pressure acoustic projectors can be provided.

In still another 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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correspondi ng acoustic signals and can generate twelve
transfer functions (inpulsive responses) and twel ve

wehewstwesaal si gnal s accordingly, each associ at edTmiStdsa10644

time-reversed version of an inpulsive response between

a respective one of the twelve | ow peakpressure-

acoustic projectors and the hydrophone 40. Therefore,
pm-mesghrepﬁ@a%tlp lpecssquwreab@wgmf@rrmpl@p%tbw @8 ﬁe@ef@éwaltVé signals

{ { t
%f%‘f%n%eg%angé{ﬁﬁae i{?m?v?'%ﬁ I%BI? @‘&?8%‘ &r'm ng%ﬁﬁ%g) gl :tvg/n & b nThe
EVRdsPEn dREO818d i €al Silofil*hSeofdikl R Ragenesditediwithgainierevated version

i
‘the sanme tine Wltﬁl n one signal or sequentially, and

e 0 VLS XCTOTRONTA O EECONChBDIEIBRFIT 8 4TIPYSHHR SRRl beleeta
?e‘é%\%ﬁ@% R g'fttﬁé P}g 1%&0&' MsSure ARG L ?@Ebscﬁ?% bY@ fiydrophone

9 OW- pea -pressure a
po.oTe& kS tiedigh pediisistiedicolstic pidjbdtorann igh@rate twelve time-

- enbodi nent, nore than one | owp eak(fressure acorstjc

BVETSed ReusBsignals, Bsulsins esnrlifiadsonnd #dwelyp vertisgly aligged

bigefthited PRGNS ThOWARAL ARSI RGP B b ferdb D Beh&ar the
ghirhd gime mtithite@ierssgnahort daquemahldar afl@tehd tefopmiadeertiat bartibrealso with
one depth aligned |ocati.on having a I'f' SO

e %ﬂeﬂt o e}%@lqﬁaw?rcwalfneéﬁ{\%‘&aﬁwﬁ% ding sg}’g?ee‘?}?'? waelve or
z%MI'é? W (HeRk %w—égal&ﬁi@sshfkcédéQ&Ctﬁi\@ leé’t@rs\(ﬁﬁ bé ﬁﬂvi%d

gned | ow peak- pressure-acousti'c projectors. Having
twel ve | owpeak- pressure acoustic projectors, the

can ol BraRE D AR oF FNRER L 1 Abaen a2

hESPARESvave foRel phoRESE(LART TGS, RaR ﬁé ﬁ@s@drﬁdfaf d@tafensmggat snd/or at
accordingly, each associated with a tinme-rev

diffeserd azistuthe andier at giffpeent é@ﬁbﬁwl@@tl(v@ fo the glip \4§d Pbmgélaﬁ fgvelve
Ehﬁ@ F?oqeg r@&ogslsgcqatgd &Q@éfgrnp@to@@sg& @n egghpg%ﬁ o} rggb%ct@\te one of

W peak- pressur acoustl ectors ‘and

theve Mdﬁ@’@ﬁ@ﬂitﬁmﬂ@andﬂl@ﬁ;&ﬁﬁﬁ@onetdf ewelve electrlcal signals accordingly,
Iw%h peakﬁgr essur e-acousti c proj et or can generat e
POV PREIVEY 8 HFIS U RRISMErBOns? am@u SPELePPRSIPertPen @

?é%#t{de%qe 3P dvate hyk !%M%?ﬁseé{ntd' tﬁfl d:géb@ﬁ’re acoustlc projector

ermne 'ocati1o tic signals

czan Wigh théneraapanert agepinpeakapredshe- amnmctprm]ectm ¢ahibe dmpesed at
gnal or sequentially tend t rma vertica

d
58 PT BEE13 Gehs TR9ioplptt 1asBRt 20 c36h A deile & e reversed
}%MEE nélrbca;r{i'lﬁg t<F ORAIITBM fansfR TighctibRb thiBledSteRhined location

ewer tHan twe ow peak- pressure-acoustic
Bl pfesdting & aaplified spurohat tredhredetermiteddomatibe 8 1 e rbuiireabodiments,
th\(l)erL \t/heanq glrvg P %r\}v%?th(cm wwelve i Oc?rbphones and hlgl-peak—pressure acoustic

projectors can be provided.

In the above embodiment having twelve high-peak-pressure acoustic projectors, in
one particular 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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associ at ed wavef orm processor (e.g., 160), can be
positioned at different ranges, and/or at different

weazpisunésa2z and/ or at different depths rel ati vePCo/uSkms/010644

ship 48. Having the twel ve hydrophones, each
associ at ed wavef orm processor can each generate a

respective one of twelve transfer functions and a .
peaiséesigned 3dreach propedy e drlaradriodhat tyyqryasat the predetermined

ccor dingl each associ i1 e .
FEREhE kSR R3S B0 RO B TRek SRR enals having
edpRtifidn £k at e lpyelettydined hedits 3 dorteliemple, having a repetition rate

| ow peak- pressure-acoustic protﬁctor 28. Wth this

hetwerm vaniive Hz ap ghe ywdred spweab etz dg gt anothst arangegent, the
iofiaRe - i & Qth 8RB &Bective time- d

B Ol R A SUOh Rl At bR eBecive time-roverse

tacomstic sigeal Sddeaah prpkily tisieglkayedato pordddang longer dugation, non-

respective transfer function to, the det erm ned ]

|nae‘£§%dn§11?ea?@§%fﬁ‘erf Agnahfecehyse it &"‘g‘:ﬁ‘%ﬁa?’ﬁfi iqcqfion 31. In other

Bﬁ%j@hﬁﬁ&‘, B8 RGR0LE R tRdlve hizhPehEpreSsOKIWRIY Srojeblfsan

than twel ve of fewer than twelve hydrophones an

leenpnatp ewke thae 9seltimeaccustliacoystiopigedldds can be

provided. In the above enbodi ment having twel ve

hi gh- peak- pressure acoustic projectors, in one

parti QulREcridel APSRIMR Wil bé BsbrédiMtbd Biat the above-described time delays

hi gh- peak- pressure-acoustic projectors each generate a
rappliead itheetwel e ghepeak suebsure ecaststie projaghas cByeswdibigha) a very high

I | del h d [ V.
e

ilghlith @2 kighrpRels preSsuld TRiputsivessigaBBdvidd a fdpetition rate) received at the
predeterm ne |ocation 31. In another arrangenent, the
tsagaind épterieiermyaedd Igsetien 3.or abalose rueie&uae}t@etc@ﬂgg @hch amplified

. . o ey ot . .
SR 0030 LS BR8] AR Sl Oy s
pluedeh of sdunddippetiag iadthe Secbndtocdiidif B i betwcend 20 aral 360 msec.
provide a plurality of high peak pressure signals
(having a repetition rate) at the predeterm ned
| ocat ifp @?c’ﬁ]of i BEAA: SdeshEINBo e KRRRL theiv@highebdak-pressure
between forty-five Hz an one hundred seventy rtz. In
yaebussin prdjentoray thareyelting signdl receivied lat/the predetermined location 31 can be

hi .gh- peak- pressur. e- acoust | roj ect.ors, each rat .
aithpedtbasgd tporh e irmpdlicaseh dfdhtapbiticmpRis e LA ed fo Gerive
REOREIFY fliddi®n Gl reed tboREe) BetthReRite TREGbcafih Al hAdthe second
noni npul si ve, high peak pressure signal received at

tlheatipn 8dleFer eiampde, faydhe drcang@nent wherst the fvelve kighreaakapressure

Sk poveos ard it piepe i SRR B RS T SO PRIy at the
a;ﬁ&ié?érﬁl%eail%ﬁbn 34, if the impulse 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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As described above, it will be appreciated that the

above-described tine delays applied to the twelve
woigisApesak- pressure acoustic projectors can reBariuS2ws/010644

a) a very high peak pressure inpulsive signal received

at the second (predeterm ned) location 31, b) a

plurality of high peak.Fressute i npul si.ve signals
thedimadifarepeshetveanshe highess amplitadlemyltipathy gidvals degrxample, about
s i -ne ocation 31, or c) along tine

%ﬁfgﬁﬁ%ﬁ&@hﬁfﬁé¢$hich anplified sound is received at

the second (predeterm ned) location 31. In sone

enbodinments a duratiaon of soupd pearing at the

seconta "L &1 BRVesigntls hisertiicu T ¢ %t%mnsﬂewmz Forpxample,

BRGNS ha 1 tBE FPRAIERcTal 86 GRS Bx ARWBnAREE RANREME of the

hi gh- peak- pressure acoustic projectors, the resulting

swigmaér, reselting sddamagingephysieldatcel msonentel eftcatsi Har Bbtheanxample, a

be tail ored based upon .the i se area.pf .the .. . .

S6elsdpp e stanarn {OR ia Cmy R oB%, GRGR P pb{fhgpcienty high

P&ﬁﬂﬁ&@mg%ﬁaghbaggﬁkgpulsive response) between the

irst location 4 1 and the second | ocation 31. For

exanpl e, for the arrangenent where the twelve

hi gh- - I r ' ' .

or ope e G3: RRE0Y B PP B Sicine bR i presupgacoustie

plojédes 4pmasiBéeardebdrivdd kobaddqite By gentratingthienpoussie impsive

of the inmpulsive signal 30 used to derive the transfer

signd 304t theysegasd varedetersund Jocation 3 fogpe first fpcptirredlp 1.e., to the
r,at-d Qr i LOe-r .

Ao, 4900 SRR ORISR SHS ARy ool

reeaifvedinahothbeenpifiatedeschibeld baeatn conjdictiofContheti6el B, the

i f the inpul se area of the inpulsive %é%nal 30.used to .,

fransierdungiionicarpaiedly wellihe ppgtired Oy ggRergigdhe seoghiceimpulsive signal

38U tnd HER1dcBon bt BRAPRRGIeRI Rl HEaoRVAT $8fleither

acoustic signa 8% Yesults 1h a onger” duration signa

dizestioned et pohe apowstie imputsan@dpdgetat astrgigfer Fumctibn determination,

y, the si received gt the predeterni.ned | ocati.on .
Bibfeosived Py BlowS S mavbersT graite Bichs PreiroHRaan B Gep with
giyal ue corresponding tothe tinme difference between
t he highest amplitude nultipath arrivals, for exanple,
about ten to thirty mlliseconds. Each of the above
signal s _has parti,cul ar . effects,upan Wi . .
exanp oy B ety oy Sy ARy R f PG go LB prpgied
UaRG thad BaBiled. NeIORDMEH/itMkhbWRISS S uad vElbéity profile, water
swmer, resulting in danagin? physi ol ogi cal resonance
selumardspthsnung Aisapcy «eeriis angles, syirtaeq wughyess bpihem roughness,

%l&c? E(ﬁl&olng ﬁ@@?ﬁﬁ%ﬁéﬂg 16 PRI LacBlistitirh Hels AT pheldick SoA@S

propagation. Therefore, the impulsive response can be predicted rather than measured if

some or all of those parameters are known. This particular 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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peak pressure and inpulse area. While the transfer
function between the POO and the

wai2gisApesak - pr essur e- acousti c projector 42 has BEEMS2005/010644

descri bed to be acquired by generating the acoustic

i mpul sive signal 30 fromthe second (predeterm ned)

| ocation 3 1 to the first location 41, i.e., to the
haedetemiioerelod@ioni3tl byia smabisurfackeresiebwliile tetimphlse traesfierffemction is
functiqp Is substantially reciprocal. Therefore, in
deieHBed enbodi ment descri bed bel ow i n conj unction with

FIG 1B, the transfer function can equally well be
acquired by generating the acoustic, inmpulsive signa

30 f r Ghe syistenf for swintroeradenigh | Gican hage diftereng gwdes of operation. For

PBEET Pyt R o o b BpaP e (RShERR, B

Exene1e, AWestoindlethatads if@im the RBip8C SuMed sisatitdgd plet evsnified
nunber of acoustic paths as described jn conjunction
Yacetiorr} Ianpfor pranyrle, berisedhiara ntonpdtieqanRde n JRipdhe timggeversed

' | .S r.ed : .

R LT RORE S R d5 R By PRI GAR0 yithout

kedwiedge/ofmhoprctedce vithe undeolvatemswiepidn, Theshnot-fanggpredasrmined
razi ng angl es, surface roughness, bott r oughness
TasatBbE BV Kigpe batTier P e SmEEh e radBTEA fduced
ﬂﬁggkgdghH&np@qmgﬁ@q&gﬁd§ound propagation. Therefore,

the 1 mpul sive response can be predicted rather than

nmeasured if sone or all of those paraneters are known.

T B B SRR L ATt P b
%lgte&‘?&) reanndasatet BRENMhE:, heviserRae trbyymtbesvinthe degial 10 can

float 20, in other enbodinents, the )

letherpenionpr easwvitshdoams thegmopradgried nende Agscribedahaye to an alerted
t enporari | laced .at t det ' '

PGP okl ®y RESF I phikt: B SOBLFEURREL il cthe,

pEedeRind IRBRAH 3 delayivelly FaSEbnthelshpPrse de tegsmplBefive hundred three
ocation 31 by a snmall surface vessel while the

imqters Somy theyphip 48, mroviding@rlongsrangs karfigrie an inpREIng undgyyyater
f%ﬂnsménner deni al 10 can have different nodes of
5pér%?ron. For exanple, the predeterm ned |ocation 31

can be relatively close to the ship 48, for exanple,
twenty-nine neters fromthe ship 48. Such a

shor t -Whilgjthegpegetleprgsuesiacoustic impulsive signal 30 is described above to

be a sinc function, in other embodir\nents, 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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| ocation 3 1 can, for exanple, be used in a

non-al erted node in which the tinme-reversed high peak
wonessiesa2zsound 34 is generated continuously OPCT/US2005/010644

intermttently wthout know edge of the presence of

t he underwater sw nmmer. The short-range predetermn ned

| ocation 31 provides a barrier to the underwater

s vvi mmrqpemhbh eheinyeivoptiong signale tfcad ptavidedith Bsdicorstih sgemiver

{‘T"E‘@ an{? g@i}ﬁﬁﬁﬂng%ﬂ %% m)detgﬁ' er at fogn analyzer 110

Q@&l@@stdnodi‘npﬁfﬁeaﬁy&{ﬁﬁlﬁfn‘é@f k1 S04 fOHR the a@buéﬁb Ir@dalvfet nes dnldQl tlmmg
SySt em for swinimer denial 10 can either turn_on or

signdl d B4 fioonan R@ reqeifera fos exerdplaribie REagesiven 40 0h B d.» tnd %malyzes

BB Fap L PR, DB B B e,

La6abin® Bnadyzef €l (ﬂJahfpﬁs)énﬂ algiti Ao tetahepligidd pydi8phdne rs1gnal 109. The
exanpl e, five hundred three meters fromthe shi

48,

fiming signa) 104 canrhg sertrig ety receiver ia amRFE HEBHMIHE! (£5r exainple, the
erwat er r Wil e the | ow peak pressure

g@%ﬁ@?Pgmfﬁ%mfgﬁge ‘'signal 30 is described above to be
a sine function, in other enbodinents, the Iom1peak
pressure acoustic inpulsive signal n
si gnalThe vavetomm aplyzgit! W?Vlﬂ?ﬁlﬁg@‘éﬂlz?‘ghy‘g @] éﬁ 5‘%%’16}3 ﬁ‘ba time-
delyg'gs 3548045 W%effﬁggrr%kgg {ﬁtdlﬁtlz@n@dﬁfﬁw dignal 111 to

n SI1 NUsoOl erring now to
PRy Btinie-revessbodigitired bpdrspirong 8gnaihide Won@;ymtpée in one particular

STBRITCRS Hcima VRO At | oS roy Bet Y b gaitised
§Qﬁ9ﬁ&$g’f thedl, gﬁc?zg)ﬂ ¥%SdrepindlsindiOf 12’1 S hyee dRbeBen afadyzer 110.

exanhpl e the rophone 40 of 1. The waveform
processor 100 al so |ncludes a waveform anal yzer 110, a

tine ve 112
114, g w%xﬁleigﬁjb Eﬁgrf%l(r: 4éecie1Ve8 %leer a¥i§ gegllég%:% gﬁﬁ{zg& H%cﬁo%hone
%igaﬂlai 13 sh@Prévides RtdW-@eetsddanalvg stigaLIBLS. Fok emmp.lerm 268,
wher e theg are anplified and filtered appropri atel

P

Phgicuksy en dﬁnawathyzz@rvefpnro speeny b Gveikihe fmsgreversed digitized

h
e T

Qé@mh %nalb@ ﬁﬂ’_r 1N 8CEhey ShpkiFer afl 6 Bbésts the amptitudeaf t;hz éisne-reversed
the anp hydr ophone si gnal 109 r exanq
@nelog aygpalcldﬁ arovadad i thevavelergpgener ator 11 An amplified 51gnal 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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wavef orm anal yzer 110 sanples and digitizes the
anplified hydrophone signal 109. The tim ng signal 104

woamshessgaent to the RF receiver via an RF tranBamiuses/010644

(for exanple, the RF transmtter 18 of FIG 1). The
wavef orm anal yzer 110 provides a digitized hydrophone
signal 111 to a tinereversing processor 112, which

tilento the hedwpkortehid. di gichian echbhyidreoy; immefossi, thedlOQ islat the second

ide . a finme-reyersed digitized hydrophone signa
H@Xaﬁﬁpn%béﬂﬁpgn¥fn one particul ar enbodi nent, the

time reversing processor 112 can time reverse a series
of digitized sanples of the dlégtized h¥dro phone
si gnal eferting now te/BYG. B, inhiokliks demeninal Biker arashownrheving like

\é\?f\éfetn (réne&%%lnéa (.[mast e lcil'vilf 4eakﬁ)g%sq%%c5£§ Eﬁl%(\?/is&g ¥1§1r13°1 %ﬁ is generated by

rop one

tthEigh-pes- pﬁﬁku@dqﬁdoagtlc&‘}mﬁ&br 105 theFﬁfst Rxatigl 4, (PO@)pdilellternately,
particul ar enmbodi ment, the waveform_generator 1
é’dr@\)@Y"tI@a‘E‘lﬁéﬁSW Pracqustiepoigton (nst s aﬁ%ﬁsﬁﬂeméw% fh Regimate

: %ﬁqeﬁﬁ gjrgs)égxtea i a\?ﬁﬁ'}aﬁar(ﬁ G B !Elga Jﬂ[‘rﬁ?ﬁﬁ‘ 3 le?télale'd'ill%guon

rse og srgnal i er
Qﬁ@@h $n Flﬂ? langbleiléw @eakqfres‘stne atoustie irapdsisesigaal 80 ogvels along a
gnal 115 |

dﬁ"’?‘ﬁFtiyioif é%pu§{) %ga\éhsd t%itgeq @sg&g@?%g{i&;rglgr? t{&JKQIg ZJ&A wmh arrive
Mess

e SRR 5L LD oAl e s

b tah atdustiaizovieeralrRa e pdrbphdnh signahie freamsmitied fassxemplkO@ith the

hot h detern1nes t J Lsiv sponse .descrihed VA

EF G o an R sierdh 51 ol RERGar a6 The RRrendt i
rbé@veﬁ%%ﬁ@ﬁf’ r&deBRALG, IHEH HnD&tHthe M's%lal' B545630k td Drepliéh of the
hi gh- peak- pressureacoustlc pr oj ect or The wavef orm

rhydwhsm sigigd thas ispresfeesed by y wWagelgrim mrwesﬂ?s 1% BhgchavgiHprm
eoxssva dnf iy Gsaped AP B FR TR k™S onar s

30 fromthe predeterm ned | ocation 3 1 (FIG 1) to the
flrst osition 4 1 e_hydr opho

ofereing aAwded H&ﬁ:@g it \'Nﬁ]pﬁ ke élém@nts OREIUD 3 Slaﬁwn having

RS 4 e S5 gl i i

havilmg fdrickemplef e nenesvefiam gosdss@rs) shdven in(F/DGp daAkrecelves areplica

porf(%}?estlljyrd(reop%%gg gl%rllzﬁ ZIOer(J)lnsthe EF%C%?V%& 48 ?F IIGS lg)e. nfﬁeal*tny?igopBXne signal
204 can be associated, for example, with the RF signal 154 (FIG. 1B). Processing of the
replica of the hydrophone signal 204 by the waveform processor 200 is done substantially
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
generator 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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t he hi gh-peak- pressure-acoustic projector 42 at the
first location 4 1 (POO), or alternately, by a

woOauspeetdd2 pr essur e- acousti ¢ projector (not shora)/uak00s/010644

the first location 4 1 proxinate to the

hi gh- peak- pressure-acoustic projector 42, in a

di rection opposite the direction showmn in FIG 1. The

bigial p6a karpbeegevided acthe stavefoinpilyzey &l Shygtha imBdsive sigadl s

al ong a varlety of acoustic paths further described in
eeraeict®8on with FIGS. 2-4A which arrive at a

hydr ophone 156. The hydrophone 156 provides a
correspondi ng hydrophone signal to an acoustic

r ecei Vhe watdornTprocsgolr ohoprefesibinadediin a systans iohtas that Shown in

e With e RFtran mtt.er
ERGrf B SR 48 felet® Bl gt SO ero By RSty mpuisive
%Fgﬁﬁb Y@ ¢h dY obRitRAirt@RAINMAT thé Bystoh KisdWICRIRIE! 1 S.el, ffﬁ)nﬂﬁe
nal 154 back to a replica of the héﬁ@- hone sig
F

phatlon of the bighpsalepteysuse-appueticaraicpiobt e BE®. therh}éirophone 156
\é\.gtYIGf IQerd DAL RES f’q%gt'{_qnéasg(fzé 1f r &Q%hgg%%b@%n{ rﬂherefﬁe the POO

PP on W bel’ow rring now

Gt thd’pdéhioﬁ hof tHekegtep@itaittssuefachistc ptheaset2shown havi ng
i ke reference designations, an exenplary waveform
processor 200, which nmay be simlar, for exanple, to

the W?\éfefr (%m&ﬁfbclﬁﬁg?g)pﬁo 1§1hfi’l¥mel erﬁé & ricM aFeeéil%{&vYﬁlﬁvmg like

a replica ne S|gna 204 fromthe
refehacedesigbat{dnb G sys®Bjn 22DHer $wicmepdemiel isclgdes th@bigh-peak-pressure

b ted, f le, with the RE 154
Gele pRjeccai3 e ool B B e DRy AP B et

$h 9@ upied4 vaatv&% YREQEM DN WRILERQEDIZBE. AS dd@RBed above, the
substaﬁtla? crlbed above in conjunction wth

Ffmgillsﬂvé\respmge\bemeen te fistledatiomepd hess®od l@@for dhcan be predicted

n e an i sj.ve Si naI ener 08._.coupl ed

bR RSB (RO PETo o0 i TGt ST pspens of FIG
410seRf0 Hﬁ@su‘l‘@ﬁh@ﬁlﬁgﬂl‘sﬁé BGBSRE ard RS- reiliR dlifEHel s§étad 220.
signal generator 208, which can be sinilar, for

exanple to the inpul sive signal generator 24 shown in

| npul 1?1 elggelré(ha&gfsﬂzd;ﬁﬁggq%x% &(agﬁwg&esfg g%%gg?]{?‘fo which may be

Rirgiflar PR kx4 26 36 FiR SR EiHini pRodekddl 221 §1’fow4=12n EFG A D, iB)ludes an
alternatively, with a | ow peak-pressure-acoustic
phpjlsive @@spgmﬁgtprmm)pr?ﬁe@sm A elhejmpulsive response prediction

B)rcgééss%? 3K1 Ry S@té‘c{ fo ﬁ&ﬁ%’t% \}lg‘pgl.%gjﬁ a{s@ iso, g Qﬁéiiﬁqpulswe

ressure acou SarTe as
QEspdhs etweehahd fist mcmumtzi land tpsesinddositign 81l 03 BIG)le:I The

IB. Atinmn gnal 206 c ded to th form
Emg:]l%;g)é\rls hasg gg 3pd gpor q,]@ar%ﬁb‘g}afgqt%, lgplgﬁljgg,ebut not llmﬁecil\{% the sound
velocity profile, the water column depth versus range between the first location 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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generator 208. The waveform processor 200 is
preferably used in a system such as that shown in FIG

WOBposimesaki ch t he i npul sive response i s deter nPaeaSkops/010644

proj ecting acoustic inmpulsive signals 30 in the
opposite direction fromthe systemshown in FIG | 5
i.e., fromthe position of the

hi gh- peak- pressure-acoustic projector 42 (FIG IB) to

the h e .0r edet.er.ni I i OF
(P R et ol 208 REeREHE o RN 347 and
ipeovédes b hitnepresérkddamalof signel hiiog rpealiffer 2SEbo®tsahieomaplitdde of the
proj ector 42. Referring nowto FIG [ID, in which |Ike
Smerrerirasdgnales eignal 249 orayidsibyrag WA TPk genepten 248 c dn amplified
d
e BT YR Al i RO Aol 0) 3 ARl 8 -
beakspressoratcousticptojedivedhoffiGpeak- pressure acousti c
projector 42 is coupled to a waveform processor 222
with the cable 36. As described above, the inpul sive
I €SPOREith tﬁ@hﬂ@%@r&ﬁﬁerﬁénﬁ She WRARRhORoadsh RS b§§ﬁ5¥&ﬁcts the
| ocation 31 can be predicted rather than measured (by
fithpulgise eefsmﬁ gessub@isahove frogon; uﬁhmnewnh €]G.olt 4relrgeatretoran s
easur, onse, are
APl i atf iR bRa g S Reb G nREs bl et FafpaCeRfe-
la&;usa@p@j@efaphary wavef orm processor 240, which may be
simlar, for exanple, to the waveform processor 222
shown in FIG 1D, includes an inpulsive response
pr edi . ' I .
or oci a1t BRvabAE BEAbor A is HUEANPHich € SHETR O thatshown in
IFbg.ul I3 iiv evhichspoingeilsifeorespnsaiplpesdidiée | npul si ve
response between the first location 4 1 and the second
| ocation 3 1 of FIG ID. The prediction is based upon
a vari . S, |
The oot SERGE o ff shiang 2uke SR foBh y Bl betwcen
weo fuestionanipe exaaiphe datvides afsecomt] 1dcatiant (RO Yandl adfivst Ibéation
econd Io I 0 1 of FIG, nd_frequency,
lﬁéatlj’i“é’f P tha??@k BESSYIHACQSHE a@éecroaf}aﬁgﬁk dThe@%OS&&tn@ &%
'E:QH&?G&? Sor 2B plh® thOtd-8M YRR terthhe@PBERON BN (Whif is also the
sive response prediction processor 244 generates
QQ!D)gllnd I@d'desingah 424 %hiah iathedowtion ef the highteek-pressure-acoustic

T b AL 2P Ry o PBit 8 e 5 FETEEF Bleh peslpressure.
bdRti¢E PoRIcRR darflbitldiF&eht depths within the channel, and are separated by a
horizontal range r,. As described above in conjunction with FIG. 1, the low-peak-
pressure-acoustic projector 28 can generate an acoustic impulsive 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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signal 247. A waveform generator 248 receives the
time-reversed digitized signal 247 and provides a

woRos/esser sed anal og signal 249. An anplifi er P@BMWS2005/010644

boosts the anplitude of the tine-reversed anal og
signal 249 provided by the waveform generator 248. An
anplified signal 252 is provided to a

'ﬁlilfljﬁfo{f?e £ -Cﬁﬂf &% pethe with ousedter nymbpeeef muncasgre ot ampi-e, As shown
T N e T e R

ﬂ#ﬂbdﬁ@tﬂaewfem e mtalhecd]mlsbﬁmd/mmgmonﬁ @o@iasls; of A6 GIPAP
above i r:}Jn‘élncti on with FIG 1 and generates an
1 S

BRyAeT 2 e PrrkRidiey ok gistrgiehest SOURY PYise. Wpeadinggipon the
&ﬁ%oﬁ & tﬁ@@rlé}hﬁﬂl tRASKHRA SR ?1 ?S tl"h%?ze{n%lo? séc‘ﬁ redved pulse

he wavef orm processor 240 1s erably use
wybbeebncsmc maoas apipasnt ShvonjunctionRlvida FIM,3.i n whi ch the
i mpul sive response is predicted. Referring nowto FIG
2, a sea surface and a sea bottom form a channel

bet wefy k! iRf %dn@rﬁses feﬂér mglpi)ﬁmc?l%to\fﬁ%hl Bcd ?scé;f&gction of

| ocation (POO) and first 1ocation ocation o
$viug ftp@@ncprge@mgrwghtcwﬁt:e Doughmqssgcﬁnd rsurfadm@)e Foheseple, sound

0Si ti ns can corrg) Bond,t filo exa 1 to the second

B Pt dRinf R ST BaRP Rt a bidh R AT arle, .8 h¥ pingsgperees,
@d toheselsubtdntitngRtdyOWhtle dound Wolusdind Sorh B%aﬁd?y%kérpﬁbt@tn ata
t he hi gh- peak@gressure acoustic projector (HPAP) 42

Iopgrazing agde isoiste lese Lie ¢piergy( Foapd bw(nctnlgérom the ocean surface

T T T NN T——

loye mohﬂrnb@mts dle seasige ifidreaséssrot BiseEd. b@:dlS@bhﬂ*)é@kh(S\m sound
conjunctjon with FIG 1, the | ow peakpr essure-
RIEBESHIPE Ingne pesan fndst Read igateardanes with askange ircsound velocity,

WHRH & M8insd ﬂ&ﬂlpla’ég td ;.'ringé o}}roﬁttlrﬁ&% tﬁ)ﬁp Kﬁ‘ovﬁﬁg fife sbd velocity

acquire an-li n‘pu sl ve onse bet ween
poéiethe Mater&dluhmcrhpthoﬁle%ﬂ)ulﬁhﬁeqdeﬁcy, the grazmg angles, the surface

e SR T N T
PHAdI A8t ERfJr&fdt %Qlll{d%pa%ﬁﬁéh ﬁo@éﬁn@%@u(@ﬁre@ﬂ%&m irPF IGh 5.

surface-bottom (SB) path, bottom'surface (
and a surface- bottomsurface (SBS) path. Wile ot her

S T R R TR A AT
BrbadABd énpBse of sound (e.g., a sinc function impulse) transmitted at the POO of
FIG. 2, the chart of FIG. 3 shows the impulse arriving at the position of the high-peak-
pressure-acoustic projector (HPAP) of FIG. 2 at different 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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generally reduced in direct proportion to the nunber
of bottom and surface bounces. Therefore, for clarity,
weabissiogdst h a greater nunber of bounces are noPCTHIS2085/010644
shown > in FIG 2, each of the paths is associ ated
with a different tinme delay indicated by D nunbers.
Therefore, the total received sound arriving at the
phasd dfizefo @fonk hend@PEIghtydegrdes s ip kum\am,iwlgsncsburstiwmdces off of a

| t I hed d pul di
RN e N
EME&@ -thd PiEasOBE thE Solld BRTILs b6 MadriigRy dedréesb@lowever,

ecome nore apparent in conjunction with FIG 3. It is
winmvmunbeunsesnfiof vmedivmrhay gy antieonste ingdageecimilyy to that of the

S B8 3o BRSSP 8 BRh0s much
X B uBce. SPREREFORO RG] |Bl vhdpdo&d tll’fbncbadlséﬁmngabht surfzat baunce (SR,
hi gh grazing angl e, 1.

, hear ninety degr dg
BS Mg reaeivechortiiodphase érnogyothmaﬂ\@ J85 M leg‘éaffmﬂﬁde‘f &
enerapeidél < pquaQ%ﬁcot[ng e E@(YK HR&dne 208 HdliBORitToR of the

e energy ounci ng fromthe ocean
goslftRqRoje@drls to lose little energy at all grazing
angles if the sea state is relatively snooth but wll
| ose nore energy as the sea state increases roughness.
As iIs f &2 distance.
tendeht b A6l Riflencity SO RBRRPRN Reubibyy RuREes
Mewewd| figr thehelatlnvatﬁlmmﬁnmmgmlésmfnmtpﬂemdtabﬂpIr%i@fevelso?hort ranges of
fromti ms to time, Know nl%gthe ound vel OCI

ka0 RSPIHAN N A SIBRECTD AN T St RIS, phgeiclib& above,
& 36 padicaag lsﬁﬁoleaﬁt ﬁférsgﬁﬁﬁnfp@lég@ﬁﬁﬁﬁnttéd@ th@ldv@ﬁéak—pressure-
roughness, and bottomtype, it is possible to
gensicirejeaoos bmmespmwetbﬁ ftahrequeany grectwn bardblimied to about 250
ﬁéopagatl on. Modeling results are shown in FIG 5.
ferring nowto FIG 3, presumng the arrows
represent the result of projecting a broadband inpulse
of sound (e.g., a sine function inpul se) transmtte

at t h&emggfow:qoélGﬁA,t hiemeFayiersed pigpglds Shpva B rettlpf:‘earrlvals of
H@ l %(g 5%%{5'3 inntgmgt PIT@S Py Qﬁ({ JhQ % o) fll ﬁe@?own that tr?nsmlsG‘monzof the

SSur e- acoust I C project HPAP
@nedbVdregdaitnal by‘@ﬁlgh-lpbaksﬁt@sdud: zhﬁuﬂﬁ:t}:&‘dj etthgtforexeinple, the high-

arrow, i.e., acoustic path, and each corr s ndi n
prakeprishieyAcRnEcREBep ARl K b TSSUUES 1 & SRPI RO SRR At the

gﬁe%jgkﬂ%m&% Ecat%h L3 offi. fransmitted inpulse is

I'clen ort in duration (i.e., in physical
extent), the arrivals will be distinct as shown. |If

the transmtted

The tlme-reversed signal shown corresponds to a series of pulses in reverse order
of arrival time compared to those 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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i mpul se is longer, the arrivals may snear together in
time, resulting in a single | onger received signal.

wohaosriebsbri ve ti nes between arrivals from di ff ecCems2005/010644

paths are indicated by D nunbers, as also indicated in
FIG 2. Relative phases of arrivals are shown as up or
down arrows indicating a relativephase of zero or one
hundred ei ghty degrees. As is known, when sound

b ff of bst
dio1l‘J RS e e TS b 0B 2 S P, s e
turng Qe a&‘ 6f ﬂﬁe A2k D8+R0ASEs PhabdiQrS sredeebdR @ﬁ]%éfedbﬁéversmg

undre el ghty degrees. However, when sound
ﬁﬂﬂmmmmemﬂfmmﬁwabwuacunlhaV|ng an acoustic i npedance
simlar to that of the water, e.g., a nuddy ocean
bottom the phase of the sound does not change as nuch

due tRethRghouns FIGTHL RS SEfls 6FIGL i kend@o Hdltﬂ@ihﬁteﬁﬂyi at the
t hat paths haV|ngﬁone 'surface bounce B

}oeaieqn\ﬁédh%‘t@()@ff Fihak éo pghe e&eﬁ@?mpa%%@cattpﬂélwéﬂét y lpan be
r\}at a thlF &\)glsgse&ﬁflg%ﬁ gl{g)%gé(rps)%fs:él? 'i bf:FIt‘)r @ﬁsafd@ in phase at

ﬂféQbh&Eﬂ of the eljaftad rodudé a high ipe&lqﬁ‘eshre(soﬁncbmemum lewg] and/or high

RS AT N

!lo%% Jn@s&h%ﬂ)r@ghét@ﬁ e i&lefdell ViBhM o3 PRE 134 BRAYRIs Bk amplified sound at
erest, soun sorption i's not as significant a

flegiraleterdrimed docatipd 21. as descri bed above, in one

particul ar enbodi nent, the sound inpulses transmtted

by the | ow peak- pressureacoustic projector 28

corr em@rﬂﬂar Predt Wil bl EERHRALIY, a3 RBHHEARAE, Othé pillsdsadt the
to about Hz. Referring nowto FIG 3A

técamed ﬂgﬂﬂi S)éBIC%ﬁgmldl thé eoresipnadingyhidsce of the tlmerrﬁvqmsl signal of FIG.

FIG 3 d i
gé \gqﬁsﬁga? E%\éf?ti‘lgs‘ﬁigﬁlil‘%es IIB ﬁ%&gathtéanP?lﬁélop é)?glreélénaﬁ &%\%&4 signal

Woufl shrhﬂﬁiypﬁékrdg CE14H: Ad AEON Sl the p it nesTted preﬂc@érmmed location
exanpl e, t'he hi ghpeak- pressure-acoustic projector 42

6. FIG 1, results in an anplified signal at the
predeterm ned location 3 1 of FIG 1. The
time-reversed signal shown corresponds to a series of

pul sesyhir ﬂr@égﬁ’@(ﬁl iaraddenmed baunided By ﬂfeusamsmfan@mma bottom is
t hose receive as. descri bed ab

However ,
idescrifed inj qepggm@tﬁonawﬁ]p gg}s 3445ty same pingiplesapply go Wﬁwe propagatlon
) A mbdmah 8% 5&%5@&1 WA Bheh 28 iftwo 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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single, longer signal, which would simlarly be

reversed in time. Referring nowto FIG 4, the
woins/wesser sed signal of FIG 3A, having a tineCewse®sd10644

sequence of pulses is shown as it propagates on each

of the acoustic paths of FIG 2, nowin reversed

direction, fromthe high-peak-pressure-acoustic

1BV Qjires teglondfavink Grambetextenhef sppakratelyienghteeh auzi¢rs.0A sound
31. As eegected for thjis

ex

e RAE e IS FULIS PR SRR et YRS
ﬂ%hﬁ> D1+ DQ+.D8+ D4+ D5. Phases are affected as
expec e , reversing phase upon each surface bounce.
FefegglnghnOMItP FIG 4A, the signals of FIG 4 tend

0 a coher ent at the t .0of the POO of. E

2. i . e cugye YHge e EhistBrmRgan PR aRE sk ool Ay e ey e
% %ﬁwﬁggr\‘va@@iﬂ’m %hipe%%rr&i’b%n&ﬁ!g seSranbe bh@vedtylAhdRMkters

I'me-r vers si gnal in phase at the
fremtties hlg]ﬁ-pedkeple:tsaret-aopostp)rmqj.@er 432 hﬁ\ gergl@h%(}&argf Beentp-pine meters

m,tgaé% I%?%g{]oef bggngeiep 6%?%/1 slan%a 1VF1W@1U %uﬁcg ?r% 53' Ip lew ltebeq similar to
fphasEhéte ]g%%&a |28 Bus ONbE subsitiall Pthe sarth b effédt.NEhé a\t@ﬁﬂedund

si gnal prOV|des the anplified sqund at
pressuiest leverhtlraeﬂmltté@ by theightpcak PEesREREOuSHE BEVCCH S E’éﬁef for

ener at ed above, the pulses of the .
ﬁ@é@T&é@ggygna e?&%?é??s and the corresponding pul ses
of the tinme-reversed signal of FIG 3A were sneared

t ogeth t I h
i e P desened i CRBBRERM I Fl- y TP s RBDmens the

g,]%% %&? nHortbHond Bt élgﬁe(ﬂ%o&é" EndPihe G885 0 BAFcdrRSFEINI2H a non-

e propagation I n channel bounded by the sea
alerittdhmedand sea bottomis descrlbed i n conjunction

with FIGS. 2-4A, the sane principles apply to wave
propagation in any nmedium and to any bounded wave

channglcan BOURNEhA Nkt bitRr RhgdtDERr R Bet RBSimatedtd tl\M\ﬂegﬂﬁns 502a
t he boundaries reflect or Scatter a wave field

amatpnaethegaurmrmesme lﬂ\wb[andav@al@meswwé isjgver tbwaﬂﬁbwﬁ@h pyould be
cororespond to. the i.nterior of

@gﬁeve@ﬁ)é(rt@pgplgmg@em%rﬁ? La\ﬁtég %fiﬁf eheéllfl h/g F gfa%}%[ﬁ thng?}%aﬁ
IrARe SPRerbiBf, GLUNGSaRRS, huifs ARPGESRhinGaBiarlest dffeoted than
they would be by the signals having the other types of waveforms.

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. It can be seen that some pulses (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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of sound pressure | evel versus range for two different
transmtted waveforns. The curve 502 represents

wonrenssesasi on of a tine-reversed acoustic si gnBCTUS2@5/010644

34, FIG 1) having a waveform shape corresponding to a
range of five hundred three neters froma

hi gh- peakpressure- acoustic projector, for exanple,
sdoestivi gthspeak- pr essur e- acousti c proj ector 42 of FIG

1. Aregion 502a at five hundred three neters has
relatively high sound pressurelevel in a region having

a I ang&felitlotidly t@fFI@pp rtﬁﬁ‘é B8 sia RO ERA FeLEICT -dofain signal
sound pressure | evel above a |level 506 is capable

of
mrmsngldarg tartlfetime tiemaigwi gnaet0has FYG uh d@hﬁfhofﬁ%‘l?)lﬂéthewwe 504 of

Bl el e el AR TR Rl MR DRYGHRAe o the
fifhe Remany Ji@RPerrbITIGE 6, \ahiclaRgEts0if thevanteyS0si afE1@ES. er S

from the high-peak-pressure-acoustic projector 42. A
region 504a at twenty-nine nmeters with a range extent

of el ﬂlgfl&ﬁ @%Sp%cﬁat &lﬁla Iiﬁ]%hé( ? Ef%\p lﬂgalcﬁ'ﬁfé%grreésgondmé to the

pressure e region 50

béluw, coR@mpladaistb el dual Wldlhﬁ)@(&ﬁemqﬂérﬂmted ihhke systegisrfal swimmer
und pressure level transmtted

ﬁ@gﬂ1@eb%16?@§shﬂ80a@%%@ﬁy%ﬂﬁﬁ%?Qﬂ%bigﬁﬁﬁﬁwhWPaﬁkﬁmﬁor
g%ge&l%%e TRY ?ec{alﬂ af éiém&ﬂ? g?%ﬁ&? by Qémeﬁ%od e EIG. k8§ herein

ve I'h conjunc on W I'n one particular
derdvodi ‘ipeodessingid oddsy \wrepro Gt ccmnpmmspﬁwpmnnistmnem catlgeaupe df
nmode, . and_t he cu ve 5 4 can cornﬁgggg t0.a .nonal,erted

HsHECtiong. Piamapd s hereig a9fgision blocksy” repragent

B&thp ﬁép%'ﬂmtfeeinh%chbﬁs 6{3 oﬁﬁssofglﬁﬁﬁlcﬁ&@» FAa affebtehSO06tion of
pressure | evel (and pressure) is |ower than that

witei computsn beft e mstru@w@d r¢pyesentad Snihetnrengssinghlgeles)
having a different type of waveform at hi gh peak
pressure. Therefore, at other ranges, humans and

Mar i NQ [IRRATRLS, the Srot&Sing ahd eedigeh blban rbfresent@epsthelfordwd by
t he S|%nals having the other ty gss of wavef or ns.
Refegpndliypanbialeniorirpits sush ap p digitabignad Bpoessefaicuis gpan application

SRLI @%@ﬁe&%‘:ﬁhu@d HBIDwHiahs BY RiREhRtnk @ma)z &eany

pressure-acousti c project
@Ethi@alaﬁfbr,ogh&i’dr@lhg ll@ngigtes Riathet, hiee fiow dingf 1Dﬁstﬂ5te@he ﬁmc’uonal
and time-reversed signal 604 corresponds tqQ a,

drefREna108i0gA aF odispediiem the g reavgesieriabriaaip Qisiis or 1o generate
leglputg?m&eeﬁ)%éfﬁrrﬁ‘%Lﬁ&éegsn‘?é Riqﬁﬁéc%f the particular apparatus. It

should be noted that many routine program elements, such as initialization of loops and
variables and the use of temporary variables are not shown. 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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42, which results in the curve 504 of FIG 5. It can
be seen that sone pul ses (inpulses), e.g., pulses

woeQam/108a2b, are distinct in the time-reversedrPeTgsalos/ 010644

602, while all pulse are snmeared together in the

time-reversed signal 604. This is the expected

out cone, since the variety of paths between a POO and

8A@ begighathéenk-80 cwbare e b it¢ccelpatagad smpilsiye signal, for example, a
.t he POO and e \hiahy K- pr re-acoustic.

e R e

gdeheaped af acsbdthicevAROMS cletteingliim@ulsive sipnalr frérd g 8éddvat location, for
arrivals fromthe differentacoustic paths. Referrin
g%@gy 804,

[FE¥ele. frangthemecendpredgtprpised) lasagaap ! vf20) of G dedd
gg&ﬁl’ol? re?_;%%@@ ét é:f\?\ﬁf @Eﬁﬁ)@p&lﬁ@&r&\%liﬁ? GialVaflBuCRAR: g?{h?_{@ example

results in the curve 504
at thafidsttlocmtion 8V §FISe d). s Agblakk 303 thesinguisihequgoose adalmadoustic

EhReoci{tporcht Tt and st PRtont R/ EEBkegr o me, by he
ShRetorin DRoRRRF 84 bRERH 1t Pabidck €88, tBe ARSLISvERYInse determined at

flowcharts corresponding to the bel ow contenpl at ed
toéask 80§ isstsmedaverseddon ekatiple, hptherveavetdmipnoaeksor 44 of Bligs 1. At

for mmer denial 10, .15 FIGS. 1, 1B d.the. .

50t S0 T ke e R Bl iPeegrlgt oA tfigaaegponse s

Thashieed angdh psakajresRtieon thy Firsti eatiby, fel aaRiple, 8Peihfigh-peak-
th pé i figh-p

FIG 8), herein denoted "processing bl ocks," represent

PEFpIEaEousHE prgagcoridA i Fle )i, imerder togelyigyssargpplified sound at the

i.nstrnuctiqns.. D d I t £ein

S P MR TRRE B R R e o tEOR S PEr PiG. 1.

i nstructions, or groups of instructions, which affect

the execution of the conputer software instructions

r epr edsifleadibsg abeyes, Hrescthe asoystipthganad betwyeen thefirstaad yecond
A BB AR oL AP 3P PL B o
808lican bagenstaymiadt ther forstdesion and cagkivedat taockaydplat thatseand location.

specifjc integrated circuit (AS|O),.. Th ow di agr ang
TSI SAeRS iy asgn@ftra&ﬁlyltﬁﬁﬁf Pleglf 50 Wg@ﬁ%ﬂ%ﬁ*w@d at
leARSURI Brst BAthBSEcond R afidPWddh S8 AliEed sbhﬁ’cﬁfslrrlé’éeﬁfeﬂ rﬁ‘eh?the other

functional information one of ordinary sKki in the

dedatipequi res to fabricate circuits or to generate
conmput er software to performthe processing required
of the particular apparatus. It should be noted that

many  R@rtNEnGF EIFIRINOSH BFIREs 900 SaChe @ed iMédnjdictigivitR fhe system
of | oops and vari ables and the use of tenporary

2aPioaBl(ad Dhr Bhaipethed hbegins afblork B2, asrecan agpasiiciyppulsive
response between a first location and a second location is predicted. At block 904, 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
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those of ordinary skill in the art that unless
ot herwi se indicated herein, the particul ar sequence of

wohoskeesdescri bed is illustrative only and canPO®US2005/010644

vari ed wi thout departing fromthe spirit of the

i nvention. Thus, unless otherw se stated the bl ocks

descri bed bel ow are unordered neani ng that, when
eyistsinlsnemed v elepppeiiiviye tyrethenqraena; foneXAmMe A thepler

or. desirabhle order. Referrin : .

Qa2 ol Sy QLo B R Btk B L o RaBE IRt v
deh@ra®siptified 88indfdifetied afloneaddithe s wHilrediiciid $und to other
I B. The nmet hod800 begins at block 801, where a band )
qudienecagembers Fotcamothehpampile, @ hemgihpater pystenp goie peneraie amplified
SOUBL atftﬁ'@&;skt ot'odd ﬂlstenér.s THE Qt?orv@trr?e%od’%hd Qk&é}h a@gg lgrt‘o wave
acousti c 1 npul sive signal 1Ts generated in accor Bhie

typd phehbraered teseling throvghmuhasiive tiet griiffusertomase pepegation, having

| ocatjon, for exanple, fromthe second (predeterm ned).
wBeatragerng %@@}T‘E%Pfeﬁﬁeéﬂuni%ﬂmﬁe@ymsml %ea?segu@ﬁaxaﬂ@q& n an
UIBER Y ETRingdsybiefSt 1 ocation after traveling via

vari ous acoustic paths, for exanple at the first
| ocation 4 1 (FIG 1).. At block 806, the inpulsive

respanse he acoustic .channel. between the fi nd. .
cecontertaed ASRENTat Er REASsGF: BRI Selglop wbvice
AR e S OUY 2 @ pssteterthedlocktida inkespbhsehib @6k dGRBeratetiat a sound

i mpul sive response determ ned at bl ock 806 is tine

geavietinglpcatiosrapest diop) tie PrReterBingd Insrtinnm Thegeagraist sompdds the
té:rllrleG-rev%rseﬂm@dS%( re§ & offh? E@dusﬁ:@&{aﬁﬁcﬁ %@ﬂi&'re'gﬂ theDrdetermined
I'he-revers version o e | npul'sive response 1S
llbézﬁibﬁ hdl tlﬁ?soﬁﬁd fénghuting ddcatiore I3awevef, o desctibed inrcshjunction with
ocation, for_exanple, by the high-peakpressure-
eavBisisRoh ) Bkt dr ingshespopticagions, Ay OGP SPUYE Sigon] ther than an
. L T | A 1 .
;e fEhe DA HlsBhe AR AAFRUMEARAELAT ffHlr finction for he
dth@facbiuste siknalAT hdeseiied schrdlvar be tisieneerded endireummtifted. While
channel between the first and second. | ocatjons. is .
Griepagggent e@ﬁg peRgye 2 highes Song dresg g éﬁ.eﬁaéﬁ%e, prefigiermined

1};:9&%%6'11@1}’&’ nﬁ{y%@ha findbiRekicBOR: SBRe &Eicﬂﬁnﬁffﬁﬁr&ﬁ tigd 1dcBBon that
at bl oc

Irst 1oc [ 804 at the second

on and recel ved at
tandetacloavedroimggherinmsivemsmnsg totandmaulsivstsignalsi gnal
transmtted at block 810 can be transmtted at either
the first or the second |ocation and the anplified

SOUNHiR JdQ&Rh3e8df e rﬁémﬂ)dognh@%sté@ ¢ tsn@RmeRaERAlrkd @ sadud
to FIG 9, a process 900 can be used in conjunction,
hiowh int teemssyfsdeaial of underwater swimmers, the system for swimmer denial can

also be used to keep surface swimmers away from the high value asset.

While the method and system are described to be associated with swimmer denial,
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 a 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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220 of FIG ID. The method 900 begins at bl ock 902,
where an acoustic inpul sive response between a first

woaestioesdzand a second | ocation is predicted. ACThISoWE010644

904, the predicted inpul sive response is tine

reversed. At bl ock 906 an acoustic waveformis
transmtted at the first |location in accordance with
4rhiglifteid pundecsabs epplisdpo ssikmi appi@tinse gener at ed at

bl ock 904, resulting in anplified sound at the second

| ocati on. As described above, the nethod and system of
the pkR$&REendcl LR h@Biniafe byl ihdBrpRete®@BY Yeftrond¥Hn ithter entirety.
applications. Wile the method and system of the

present invention are described above to apply to

SW r .denial, it should bge a : i f

sound BdfE Bt R Raed e e PR s Ay B b Pecome
NHRARSY R ondoF bidimay EkiRivPeaatthRbiepadbsdinese xicotRriting their
any nmedium that supports wave type phenonena. For ..
eonsepsh may be useds Aiela felt tharsfare thaivkiese ereliadgrentyihouldppt be limited to

TR DR ARREE sl 403 D s o

aﬁﬁh@ﬂpﬂwﬂ@nber, whi | e reduci ng sound to ot her

audi ence nenbers. For another exanple, a hone theater
system coul d generate anplified sound at the position
of onﬁﬂhiﬁkﬁmﬁ&ihThe above nmethod and system 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
woul d be used, for exanple, in an ultrasound imgi ng
system The nethod and system for sw mrer denial are
shown and described to provide anplified sound at a
predeterm ned | ocation in response to sound generated
at a sound generating | ocation apart fromthe
predeterm ned | ocation. The generated sound is the
time-reversed inpul sive response of the acoustic
channel between the predeterm ned | ocati on and the
sound generating |ocation. However, as described in
conjunction with equations shown in FIG | 5 in other
appl i cations, any other acoustic signal (other than an
i mpul sive signal) can also be generated to obtain and
acoustic transfer function for the other acoustic
signal. The received sound can be tine reversed and
transmtted. Wiile this arrangenent coul d achieve a

hi gher sound pressure |evel at the predeterm ned

| ocation 31, it may not have the characteristic of the
rapid fall-off fromthat |ocation that
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can be achi eved using the inpul sive response to an
i mpul sive signal. Wiile advantages of the nethod and

weoeystsansssor swi mrer deni al are descri bed abovePCWUS208810644

of denial of underwater swi nmrers, the systemfor
swi nmer- deni al can al so be used to keep surface
swmrers away fromthe high value asset. Wile the
nmet hod and system are described to be associated with
swinmmer denial, it will becone apparent that the

and system by which amplified, i.e., focused,
sound is provided at a predeterm ned | ocation can al so
be used in other applications involving wave . .
Ipr opagsitsteantophievidnamplified sowed af aquredetermiied lgatian, compaising:

present. i nvention appli . A [WeTs" i ch
B! (A S O Haaiof By AR b ARy ent’ O
aparta ﬁrﬁ%b@sti‘é%tgébt&f ®uplet @ the fapulsixanighs gengrplotr drdedisposed at
sound can be used in nedical applications, for . . .
aesetaeist@ne pba figghlocatianowd aresand psatian fo fegismif g agaystic impulsive
exanpl e, anpl i.fi. . jied to seismc
Sé%}?rﬁlcaﬁf; ?rggrinsc? WAﬁd[h?glfg @g(%%g@gagllvt@ gghﬂér ein are hereby

i ncorpgaipRendYisposteatahe enselecteti ohe ofthe firselocatiotaarnidrie second
descri bed preferred enhodi pents of t\!;ne i nventi or it I
Iapation s mrayistegriydeopPaecsignal i 1ssRONEE todheRaysts 1mpRsve;signal;
the art | ifhelrB | hd"®dkophone
concapta i BlGtor i BHIEB}ife iiaRa T the Wictopho
50 di aRoidancehath dtimeteveeset] aciustdinmmidyetshrpesfrom the first
enbodi nents, but rather, should be limted only by the
lopationito ghepeeddecapnidid appended cl ai ms. What i s

cl ai g;gecbﬁ‘d §otlilBrdiectbr S¥Is6dhtliRe BfsPMchteonabTlahérietn acoustic
sound at a predeterm ned 1ocation, conprising: an L
§igil rsaocerdanggnmith de mimeatewsqdmemi@wﬁibggyd@@@@ Figag) resulting in

i mpul sive signal . first . acousti.c proj r .
go(yma ﬁ’bthp ﬁ?ﬁ?’“g ?ngtl(g} ne aé é%&troé]te &f a g%%( é}?%%%ssggﬁgrﬁiaggj larger
f6h %%Eﬁgp@ﬁﬁreoipaﬁ fifoh! &id regiitatead titdeendsiocmiod ahd e@inmmrise area
to transmt an acoustic inpulsive signal, in accordang

e .
wibstanti4lly lefgecthan emimpusiies apart Sioghand: praxipaiftg Sfotseond location.
di sposed at the unsel ected one of the first |ocation

and the second | ocation to provide a hydrophone signal

bn r espORERNt 6f Clhn AoMustih tha oijaitiical ingpudsignsignal has amplitude
wavef orm processor to _generate a.tine-reversed version
gmar@qﬁ@isﬁyﬁg%fﬁaﬁ ghose of a sinc function 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 generally those of a Gaussian function signal.

5. The system of Claim 1, wherein the electrical impulsive signal comprises a

sinusoid signal.

6. The system of Claim 1, wherein the waveform processor comprises:
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signal in accordance with a time-reversed acoustic
i mpul sive response fromthe first location to the

weecended4ncat i on; and a second acousti c proj ecPOT/US2005/010644

di sposed at the first location to transmt an acoustic
signal in accordance wth the tinme-reversed version of
t he hydrophone signal, resulting in sound at the

seconah dcousiici reveiveatd regeive ardgaeprasass the hydreere Bllge«'éis ure

SUb a3 L) LS00 187, PSSk DLESOML B UFEL L 10 s

ﬁicﬁéb%ﬁ%i‘gﬁﬂta's@'dhg{uieafs%ﬁl tf@n an i mpul se area apart
from and proximate to the second location. 2. The

syst ewtioe reyessing mrocespasrie fimerenerss|the digitizad Signg af 3 mgétlzed time-
Qd s1ﬁ1?‘°1 anpl i tude characteristics generally those
3VsT'RE T unction si gnal. 3. The system of Caim 2,

V\,herel n the sine function signal has a generally flat

frequency spec rum and l i ted 0 about 23 Hz. 4. .

The syBe Bffieato Vhepgip £ raesssqr dyfher comprises:

| mpul §M€eﬁﬁ%§@der{i@ﬁo%m&tﬂig fgﬁﬁ@& ﬁﬁfe%{zeﬁéd%%nal to an analog

generally t Gaussi an function signal.
tigystrevaradd signal;and, wherein the el ectrical | n‘pul SI ve

si gnal I ses a.sijpusoid si The system of

c aan1m”aﬁé &9 AP t&%@@#@ﬁﬁ?%ﬁ%@%% Seonpri ses: an
acoustic receiver to receive and pre- process t he
hydrophone signal; a waveform anal yzer coupled to the
8cousThe sysgmeoikin o, whegeintheesound atpthe sqspBd E@@tm has a peak

dr one Si as a _djqgit zed
PR PERRR® o BB bk S b 8P hes s bl Beaon by a
S GPAUB 881 %pgl gitized tinerever sed signal. 7. The
syst em of aim 6, wherein the waveform processor

further conprises: a waveform generator to convert the

g[ gi ti ¢ gs&e&a of {3 A 1 S\%ﬁlergl %‘eaéouhﬁ? flﬂe @&:%h(‘? Q)ca 1or% has ahleast one

nal’ ler to anp

@B@b@a@k [red¥Brer-aM eﬁ $rﬁp|ul§d @eaéufﬁaentw e amsmﬁ'mtalﬂe © aahumah
wherein the sound at the second | ocati on has a peak

pressure | arger than a peak pressure apart from and

RpO X1 ARt %‘ystté?n Bpélaﬂﬁqmgerleﬂ‘%ﬁé i@BndPdcation is separated from the first

location by at least 10 meters and the sound peak pressure at the second location is at

least 185 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, wherein selected ones of the
plurality of time-reversed acoustic signals are in accordance with the time-reversed

version of the hydrophone signal.

12. A method of generating amplified sound at a predetermined location, comprising:
generating an electrical impulsive signal;
transmitting an acoustic impulsive signal at a selected one of a first location and a
second location in accordance with the electrical impulsive signal;

receiving sound pressure resulting from the acoustic impulsive signal at the
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least 3 dBre 1 nPa. 9. The systemof Caim1l, wherein

the sound at the second |ocation has at |east one of a
woeeals/1pésassure and an i npul se area sufficient POThS2005/010644

unconfortable to a human. 10. The systemof Claim1,

wherein the second |ocation is separated fromthe

first location by at |east 10 neters_and the sound

pesgleciod @ss of the dirst d oraticeaultbie sasord log#fians at | east 185

dB re nPa. 11. The system of Cl aj I.h th

seco nﬁe_]t%fgﬂ'{hlgg e a%(}u&‘%lf%/pﬂf‘ﬁswesr e 55t gﬁe?%éﬂ“t]c he i g%’?%ﬁn)tn t%?he second
RichticH ihta¥cdlarick WRthHBY RES O ROAUBTebirgi gnal s, wherei n

sel ected ones of the plurality of timnme-reversed

acoustiine revegpied e ap@istiqingubdedasroassiabh t he
:T;e tmﬁ;) gr\é?r{itélgd al {,Gchls‘gg %igr{ga[l Ita{' t?l% g%& B (91{]?1 %E%Q{ce whth thétime-

erating

souna a

Rvesied sobtierhpulivat regionse; o¥plting inghund entae aédond laeation having at

el ectrical inpulsive s%gnal'
lqegiiens of a peakgrigtsutgrsubstaitinly |

ectrica

i mpul sive signa

ifigepncy shreuz hend kmited tosaoat 29

tr

ansmtting an acoustic

2P Hi1e agreals PresIUsE anagicEqm apl
gﬂ)qg atd ?&fﬁg geéoﬂﬁ A albh Add a%%h%ﬁg@ D& .sMBsHﬁtiElﬁBelarger than an impulse
I'; “recel ving sound pressure
aea apdrt frgmfand praxdiveatacotistseani hqpatien.ve si gnal at
t heunsel ected one of the first
| ocati on; determ ning an acoustic inpul sive response
fisom trhe wleifodlof CREAL 120Whé@int the e 188664 Imb@IGHE isipali Has amplitude
accordance with the received sound pressure; tine
charagteristigs géneradly dhase io€a pipp linstigesigeaiponse; and
transmtting an acoustic signa
in accordance with the tinmereversed acoustic inpul sive
&S POTEE meftRIAWI Tldle I3nwheidhésint Amcaecsiphl hacagénerally flat
having at | east one of a peak pressure substantially

| ocati on and the second

at the first location

% fromand proxi mte

to the second | ocation and an inpul se area

substantially larger than an inpul se area apart from

asd pmaxifsaiod df Claitel 25 ahereih the elattriosl.impBlsiveignaidtak askplitude
of Gaim12, wherein the electrical inpulsive signa
lsharaeipibitics eeneraliydhesevbp Capysias fyestionaignyl t nose of a

sine function signal. 14. The nethod of C aim 13,

wherein the sine function &ignal has a generally flat

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 than a sound peak pressure apart from and proximate to the second

location by at least 3 dB re 1 pPa.

18. The method of Claim 12, wherein the sound at the second location has at least one

of a peak pressure and an impulse area sufficient to be uncomfortable to a human.

19.  The method of Claim 12, wherein the second location is separated from the first

location by at least 10 meters and the sound peak pressure at the second location is at

least 185 dB re 1 pPa.
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frequency spectrumband limted to about 250 Hz. 15.
The nmethod of Claim 12, wherein the electrical

wonmsl1eés42 si gnal has anplitude characteri sti cBCT/US2005/010644

generally those of a Gaussian function signal. | 16.
The nethod of Caim 12, wherein the electrica

i mpul sive signal conprises a sinusoid signal. 17. The
nmet hod of Claim 12, wherein the sound at the second

cation has,a ak .pressure |larager..t han und. peak .
% ‘ess eem%{‘E%‘? pf ‘?ﬁ%lghﬁeﬁ?lgg?eﬁﬁﬂngm%ﬁ% %%acg g%gcn%gnapco%prlses
Ju‘%ﬁﬁtitiﬁg aPYurdtty beashustie dfhalsat Ihefitst lodabion, Wikeremtsbiocte®bnes of
Claim 12, wherein the sound at the second | ocati on has

the plusality obamsustic Bgnsste prasserdrreeayith thatimepayaseed geaugtic
suffi.cient to be unconfortable to a human. 19. The
H:%Q%s(%erg?po %im 12, wherein the second location is
separated fromthe first | ocation by at |east 10

neters and the sound peak pressure at the, second ..
Pbcat Acwisterg taprovideampligisd gpnd et &pﬁﬁﬁ?%?edrﬁi’éatf@e FRSBPIEIne:
d ai : L . ,

corpr} SALerPERERbi1E ShERERTLL G OISOk rEe B0 o st
fcafidieaniliarsstondde@ition and whenahte asehestvedednasiondf theacoustic
plurality of acoqustic signals are in accordance wth
RSV eRsSPAN®A8Ed acoustic i mpul sive response. 2 1. A

systemy g&uﬁ%%hﬂ&oﬁ&gfxgsga &dhs AP BhcabiorftoRfaR8RE 8h BERSEL signal in

| ocation, c rising:” a waveform processor to predict =
accoadzocswitls thertd-sivemed espomsbthb atavstiningpuljiveresponse, resulting in

ocation and second .l ocati on and t enerate a ..
5o af the speoad TorRafian Bying dlypast oedt eweas PisureTubatantially larger
KRR RYRIE predift AArEFRAN BRd SroRinfiteB R sedbiPIR8A&Ibnaind bh émpulse area
first location to transmt an acoustic signal in

achstmtialclerast than e émpylsearpaapartdn st P torthgsecond location.
acoustic inpul sive response, resulting in sound at the
second | ocation having at |east one of a peak pressure
subst Fa¢ katdny of @REE L1 Higteia trasdvefurmgsocessaapamprifesom
and proximate to the second | ocation and an in;pul.se .
area SUBBRWFYS ESPQNSE BiegicHOR PEPRESSPY tP MpgHEt dhepcuptic jupylsive
frersggﬁsgp,qupr oximate to the second | ocati on.

a time reversing processor coupled to the impulsive response prediction processor

to generate the time-reversed version of the acoustic impulsive response.

23.  The system of Claim 22, wherein the waveform processor further comprises:
a waveform generator to convett the time-reversed version of the acoustic
impulsive response to an analog time-reversed signal; and

an amplifier to amplify the analog time-reversed signal.

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:
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22. The systemof Caim 21, wherein the waveform

processor conprises: an inpul sive response prediction
wonosasesae to predict the acoustic inpul sive reepaSs®s/010644

and a tinme reversing processor coupled to the

i mpul si ve response prediction processor to generate

the time-reversed version of the acoustic inpulsive

r espoPi§gictingan appustioympalsivsiresppagerhetiveen g{sstdpgation end a second

wayedor m processor further conprises: a waveform

generator to convert the time-reversed version of the

acoustime révapirgshe gcoustspionsibsiteaegongenahdg ti ne-rever sed

signal ; and an anplifi.er to anplify.the analo ) )

©1 e in R g b Ahic 318k smE Ty lackioroh 6o ith the time-

wherised stolfir imPURNREPONR RIFIHAE irPdouhd 8 tBESRBAU 105 RRing at

is larger than a sound peak pressure apart from and

lsasoneraf @peals preseurs sehstantipldic Rrgeothaby patk pressste BavBromearkd

neth f denerati anmpli.fje und at a .
BiRimfteie s TEORE oaftiosRIZh Habfids RSP bleslaf by ey on B impuise
areo bpdri forh BRI b®ixiteaté /SHOBSEROndRicHE®N a first |ocation
and a second |l ocation; tine reversing the acoustic
I mpul sive response; and transmtting an acoustic
%69 na’k’heaﬁettng@ of(' Cfaﬁ{x 215,0\537%&? Bhd duf &tq;ﬁg GKq Y(\)ncg h n.th%g apeak
timereversed acoustic’ I mpul sive resSponse, resJF{lng PR
pressuee latget then 8 ecanichehlo pabdugdagagvitong aed proiagdte RBe Sfcodd

eak pressure Eubstantially | arger than a peak
EF@%%U%@ﬂ§ﬁ§¥%]3thﬂ%%d proxi mate to the second

| ocati on and an inpul se area substantially |arger than
an i nmpul se area apart from and proximate to the second
| ocation. 26. The nethod of Cl aim 25, wherein the
sound at the second |ocation has a peak pressure

| arger than a sound peak pressure apart from and

proxi mate to the second |ocation by at least 3 dBre 1
nPa.
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