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THE I NVENTION 5 The present invention relates to the field of t#t | CS
and nonlinear acoustics for generating hyper-directional audz ehﬁﬁﬂﬂz

beanms. In particular the invention relgtes to a nethod and apparatus for
steering the hyper- directional sound beans to a desired |ocation and to

systens incorporating sSTEERINGOFINREGTIONALSOUND BEXMSOUND OF THE
| NVENTI ON An audi o system for generating hyper-directional sound beans in

the audible range is known. The audi o system enpl oys a parametric array of

15 acoustic tlglgg_gﬁvémﬁﬁgtlﬂvwlsﬁ through the air ultrasonic carrier

si gnal s nodul a signal's representing audi bl e sounds. Due to
non-linearity of air when excited by finite anplitude ultrasonic waves,
t he audi bl e sounds_self denodul ate on passage.thrqugh the air, creating

new sound® or virtURE PERRANE dRverdiopniplates dp dBe dielph b U@$W§)Qﬂﬁh@@1'bﬁéducg
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beamis deno S0 arnoni ¢ an

i nt er rodul at ithe thvehtion | relates ttoi adeIscbd)Iamd @pphtatin fegI stedéririg \tﬁé%hyper—

| i neari zed characteristic by pre-distorting or, pre-conditioning the _

audi bl e si gn ‘T%PB?'eS‘PHEﬂJI%&?ﬁM?O §5dq?d@dsgl?ﬁﬁo%%t%ﬁwﬁﬁ‘éd"@?mq{@tl%ove
t echni que may, d or projected in a defined area or

di rection. msed}’ﬁsr;]e u a?g’&? a |g§’for the sound beans is in advertising. A
probl em 40 th sinultaneous audi o- broadcasting of advertising nmaterial is

that it creat 0.nojise pollution |n blic places such as shoppi ng
mal | s, publi ﬁiP@QWQP%THﬁéhb@LT@%pS and train termnals),
conference and exhibition halls and the like. This may create a relatively

hi gh | evel of interference and vonfusion for the
An audio system for generating hyper-directional sound beams in the

audible range is known. The audio system employs a parametric array of
15 acoustic transducers to project through the air ultrasonic carrier signals
modulated with signals representing audible sounds. Due to non-linearity of air
when excited by finite amplitude ultrasonic waves, the audible sounds self
demodulate on passage through the air, creating new sounds or virtual sources
along a selected projection path to produce a hyper-directional sound beam in
20 the audible range. Although the sound beam is demodulated with relatively
high levels of harmonic and intermodulation distortions it is possible to obtain a
relatively linearized characteristic by pre-distorting or pre-conditioning the

audible signal before modulation.

25 The sound beams produced by the above technique may be focused,
steered or projected in a defined area or direction.

One useful application for the sound beams is in advertising. A problem

with simultaneous audio-broadcasting of advertising material is that it creates

30 noise pollution in public places such as shopping malls, public transport stations
(bus stops and train terminals), conference and exhibition halls and the like.

This may create a relatively high level of interference and .onfusion for the

listener who hears mixed signals from different broadcasting sources.



¥ st efer who hears nixed si gnals fromdifferent broadcasting sources. 2 A
paranetric audi o systemincorporating a steering function that uses a
phased array technique is described in WO01/52437 (Frank Joseph Ponpei).
The latter systemincludes a delay ci I‘Cléit to apply a rel ative phase shift
or delay across all frequencies of the“nodul ated carrier signal to steer,

focus, or shape 5Nbbfaﬁ§tﬁb%m_§§stgmniﬂbﬁﬁp©€btmé'ﬂﬁee@i@w@tﬁhbﬁor{ et Bes &
array but may not steer the audible sound beamto the desired path
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pol lution of dchessealV frequemdiés ofthe MedaRited cartiet alinal B BREE, el eMéhapd
intelligible nessage may reach the |jstener w thout experiencing too nuch

distortiof atifrasaniebeamsgeseetied byAhe acousticifaryducaeansy pub ey notreteer i on
may provide ' ' | ' - i n act as a guide for

di recting paes}gée]rbga@;é ?é)m{%%g%gﬁﬁ%%’%d&%?%%@?esent i nventi on may

al l ow conventional billboards each incorporating a sound beamto be pl aced
relatively close to one another and still be able to maintain their
respective &UMM@Y@EI&W%@WWOM mutual interference. 20 The
sound beam may be steered by nmechani cal neans such as a stepper notor

whi ch may be arranged to rotate the array of transducers to cover an

i medi at é0ar ea i n Theopteseht mviehtidr paayd admub,thfsoproeIWyecreéﬁn%Ed peivatt i ve
may make use of digital beanform ng techniques to performa 25 simlar

function. ThdStning space tanseRRSEFSDYm Pagsendars., speRpeist aad Yisitorsi witbewt or
o e SonfBBE Y I ol loP i SRyt et 6Lt S,
of the sound irsstant; a moe ddher&tt dntnintedigitsle neessae nhaysteaichthé listenthwithoutnd i s
transmitted directly fromthe surface. L. o
experiencing too much distortion and noise interference. A variation of the
15 present invention may provide a directional audio directory which can act as a
guide for directing passers-by to their destinations. The present invention may
allow conventional billboards each incorporating a sound beam to be placed
relatively close to one another and still be able to maintain their respective
private listening spaces without mutual interference.
20
The sound beam may be steered by mechanical means such as a
stepper motor which may be arranged to rotate the array of transducers to
cover an immediate area in front of a billboard panel, for example. An
alternative may make use of digital beamforming techniques to perform a

25  similar function.

The array of transducers may directly project at the listener or alternatively
may project at a surface which serves to reflect the directional sound to the
listener. The latter may create an audible image of the sound source and the

30 impression on the listener that the sound is transmitted directly from the

surface.

An extension to the present invention may include a video camera to
provide an image of a potential listener. An intelligent tracking system may
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An extension to the present invention may include a video canmera to

provide an inmage of a potential listener. An intelligent tracking system
may 3 detect the location of the listener and may steer the sound beam
directly to the listener to allow a negsage to follow a noving |istener.

The present invention may create a private |istening space around the 5

| i stener wi thetekt tHeslosatibrnef theslistenaghireumay stdee thy sbend beatmdirgstysterthe
i nvention nay accept an audio signal fromany one of a plurality of

sour ces i ncl iiener @ allowy pmgssnage tafallaw amoving listenesr di gi tal broadcast
radio receiver and transmt it wthin the area of the private |istening
space. 10 The present invention is based on the recognition that it is the

audi bl e sound Tirapredent intention heays trsteda tpivhiee listesingedpacearoand tthe
phased array .techni %ue used in the prior art cannot be applied to the
modul at ed® calisteaer witherd disturriag hig peigbbere. dhesysten af the presestinventiey t he
resul tant vi LOES A ' I ' he
audi bl e soun(F]'F eac"érr(%%3 v?ﬁt edrga-lggan%li ,?@ﬁpu%g&ggtgtcgefgff&]l‘%lﬁ??ﬂggﬁg%%eﬁéﬁﬁrﬁgé

i nteraction @Doplyer,FWahdisoeceieer off Higital bradtastvadiat fegsiveabhdnpdrsntivit
address this in one formby applying suitable delays to both the

modul at i ng sW@}hE‘Ithﬁr?f@%efﬁ\?cﬂrBEée fislfniBaSRACBhe carrier signal in the
ultrasonic range. 20 Moreover, if traditional |lead zirconate titanate
(PZT) transducers are adopted, each device nmay have a slightly different
peak fret@ency The plesent inegntidneis dased ohtthg reddnitioanthabib issthecauditsle sooddng to

each resonant frequency, To  ensure uniformtransducers, tching filters
may be i ntroB@@@dvhighds tahe staegad 19 g %sir@g}ﬁr% 9 &@ Ri@sgga ATAYdRERNiqUe

t ransducer. : ' [ | L NGk lgue
which may sE5ed 7 SR SREE art BRI oBBled O M rcU BB Qi GighBe S
not abl y bot hultfasonicaldyat witihesingertediby theeesuitting vistuahsgercesdThd presance er

I s T e M
parametrig ajid¥erbfcs '®fing! Mferatiitif affHY viAtaN sources. The present invention
attempts to address this in one form by applying suitable delays to both the
modulating signal in the audible range and the carrier signal in the ultrasonic

range.

20 Moreover, if fraditional lead zirconate titanate (PZT) transducers are
adopted, each device may have a slightly different peak frequency or there may
be a slightly different phase corresponding to each resonant frequency. To
ensure uniform ftransducers, matching filters may be introduced, e.g. by
electrically controlling delay to each transducer.

25

The present invention may provide a beamforming technique which may
suitably adjust not only the phases of the primary waves, notably both the
modulating signal in the audible range and the carrier signal in the ultrasonic
range as discussed previously, but may also adjust the amplitudes or weights of

30 the transducer elements in the parametric array to steer the sound beam. Such
weight adjustments can be used to minimize spreading of the sound beam over
large distances by the use of a Bessel distribution sourc2. The latter may be
constructed by weighting the arrangement of transducers by a Bessel function
to produce a non-diffracting beam. The transducers may be driven with



Jiei ght adj ustments can be used to mininize spreading of the sound beam over
| arge di stances by the use of a Bessel distribution sourca. The latter may
be constructed by weighting the arrangenent of transducers by a Bessel
function to produce a non-diffracting,beam The transducers may be driven
with 4 anplitudes which are adjusted t40 produce a zeroth order Bessel

function. | mmplitedssy whishhare Bejasiedr @velodute a péroth oyder Béssd femstadi fo.
This may reduce the requirenment of power and ensure hi grg directivity al ong
a desired pdbeprysichaa bearyavels teinfeity without spedding: s Thisympy redvethtfid i n

an annul ar ' . ar : [ ve
havi ng a pr 3%%‘3@%‘?‘2@'1 6@’%&13? d gé&%ptejfu té@%lﬁ{?%}éﬁgﬁ{ﬁe&ir%&%ﬁ%@&%e&ct I on
to mni m ze faigkefdistahten Tht tidmedueste may besemranbed in an ddBulatoe Bubstantiall

Speci fication 5,081,995 (Mayo foundation for Medical Education and 1

Resear ch¥. ‘ﬂﬁ‘é‘“hﬁ@éﬁa}’- for designing non-diffracting ultrasound beamis
given by J. Durnin in an article "Exact solutions for nondiffracting
beans. 1. The scalar theory." published in the Journal of Optical Society
of America 4(4Yse&ilard utrasoh@iBSwave havirplaupiessuiengiofitd ¢satt dpgrokinetesiucer s

can be constructed which produce a wave that i.s confined to a beamt hat
does not di ZefeiBtorder Bepseldunctiopelo mtingizefifragtion 2 dhe waNe isidesehhad i of

the two | at - r j+ f
Accor ding 1 & ShESERTsAion STRPLO% Ahale falFBhS, Y 1EARE E&HHER
appar at 48 f Restaech)i Nthe thBorg don designiag dion-tiffeavtihg atitrasounel Heatario dieat ed
from 20 an ultrasound carrjer, said aratus i.pcluding: ne for
generating &Y ‘L rpingin A articies Evack gplu JPéFP?@#@?HUQP%Q%iQF@an'%W
signal; nea In is | (AP TPy | | [ S rgpal ;
reane for adedi e iffthe Snfiriafioh Ciitcal 8Daky"pl AriicR AUy 65 P8R0
audi o si gnal1987d His dsalation eindisatpsalthatotrahsducessi chralbd cwopstiorted avhitksi red
di rection; and, neans for ge,nera{.i nag an uItrﬁ\so nd beam in said direction
driven by s Preduce a wave that is confined to a beam that does not diffract, or spread, over
16 along distance. The disclosures of the two latter documents are incorporated

herein by cross reference.

According to one aspect of the present invention there is provided an
apparatus for steering a directional audio beam that is self-demodulated from
20 an ultrasound carrier, said apparatus including:
means for generating.an audio signal;
means for generating an ultrasound cartier signal;
means for modulating said carrier signal with said audio signal;
means for adjusting the amplitude and phase of at least one of said
25 audio signal and said carrier signal to steer said audio beam to a desired
direction; and
means for generating an ultrasound beam in said direction driven by said

modulated carrier signal.

30 According to a further aspect of the present invention there is provided an
apparafus for steering a directional audio beam that is self-demodulated from
an ultrasound carrier, said apparatus including:

means for generating an audio signal;
means for generating an ultrasound carrier signal;



- “-»

fhrodul ated carrier signal. 30 According to a further aspect of the present

I nvention there is provided an apparatus for steering a directional audio
beamthat is self-denodulated from an ultrasound carrier, said apparatus
i ncludi ng: neans for generating an aud'go signal; neans for generating an
ultrasound carrier signal; Vb 5 neanS for nodul ating said carrier signal
wi th said audi o sieamsifor medoktihgsageceriat siggalawithusaid asdionsighbalam dri ven by
sai d nodul at ed carrief si gnal ;. and rTEans f(?r adj usting said nmeans for
generating to st8&3ASaIA raling & ukrasguy vepchy issi meddatgdng to
a still furthgierd ta the present invention there is provided a nethod
of steering a (ﬁr Cti'onal audio beamthat is self-denpdul ated from an

ul trasound car ri ereansdodadistiog saidahedns tprigenesdtimgstoafteerl $nid anelimbean an

audi o si gnal ; nerating an ultrasound carrier signal; nodul ating said
carrier $i g%?%t’ﬁgi‘?ﬁa&oﬁudi o signal; adjusting the anplitude and phase of

at |l east one of said audio signal and said carrier signal to steer said
audio beamto a desired direction; and 15 generating an ultrasound beamin
sai d direction dAccending tsaa dstilinfuithient aspechrofi the prapeat .inventiondthegetis a

still further_a ct h resent .invention.there js, provyided t hod
or steer | ngrevs acveipnd OF stieros suimtinnsl faie BRaRabivRelidaeduatan 20
ul trasound ¢ff bR itrakdl d%ﬁ?ﬁwﬁsaia%aﬁb@mdmnq%%%egé of.generating an audio
signal; generating an ultrasound carrier signal; nodulating said carrier
signal Wth sai dgeneiatingiagraudio gignat ati ng an ul trasound beam driven by said
nodul ated carrier sil%rtlal ; P .

generating ‘an ultrasound carrier signal;

modulating said carrier signal with said audio signal;

adjusting the amplitude and phase of at least one of said audio signal

and said carrier signal to steer said audio beam to a desired direction; and
15 generating an ultrasound beam in said direction driven by said

modulated carrier signal.

According to a still further aspect of the present invention there is provided a
method for steering a directional audio beam that is self-demodulated from an
20 ultrasound carrier, said method including the steps of:
generating an audio signal;
generating an ultrasound carrier signal;
modulating said carrier signal with said audio signal;
generating an ultrasouhd beam driven by said modulated carrier signal;
25 and
adjusting said means for generating to steer said audio beam to a

desired direction.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Preferred embodiments of the present invention will now be described with
reference to the accompanying drawings wherein:-



Y5 anﬂbl adjusting said neans for generating to steer said audio beamto a
desired direction. BRI EF DESCRI PTI ON OF THE DRAWNGS 30 Preferred

enbodi ments of the present invention will now be described with reference
to the acconpanyi ng drawi ngs wherein: gr 6 Fig. | shows an audio billboard
t hat beans directional audio advertising to passers by; Fig. 2 shows one

arrangenent offigudisholwsoms audiryr billlsssraahat Bgams tdiredtiork! lduiRnbdverfisingdo 3
shows an alternative arrangenent of audio transducers associated wth a
bi | | board; PR&sErab¥hows a bl ock di agram of control and processing apparat us

" Showe. & pr 9P SHRNE S, o BOPIRER 0o Pl doBRE RERo LR IIN R Loy B

of an ul trapibodrdrodul at or incorporating beam steering according to the
present invention;, Fig. 7 shows the beansteering process when only del ays
and gai i3 in thig. 3ashaws anafiejeativecasapgersent of audiontansducery assaiated Fig.
8 shows the : j;0g process when only delays and gains in the 15
ultrasonic ‘r'@ﬁgde@gﬁ(géﬁgppl ied to the carrier signal; Fig. 9 shows the

beanst eeri ng [Figces sshuwn & Wibelb| diageinnysf aoatroRiaml iprocéminy tdpparadisb! e
and ultrasonic r_anges_ are applied respectjively to the  nodul ating and
carrier si gRgseciatedwith an audiodilineard ageqrgingdaithe prasestinventioni of the

profile of a Zﬁé_oé th\[vg%;pmi%gﬁ%sa}?? ergct%bﬂpg@@d an associ ated ul trasound

pressure profil€ produce rasoni c afsducer.
10 Fig. 6 shows a block diagram of an ultrasound modulator incorporating

beam steering according to the present invention;

Fig. 7 shows the beamsteering process when only delays and gains in the
audible range are applied to the modulating signal;

Fig. 8 shows the beamsteering process when only delays and gains in the

16  ultrasonic range are applied to the carrier signali;

Fig. 9 shows the beamsteering process when suitable delays and gains in
both the audible and ultrasonic ranges are applied respectively to the
modulating and carrier signals; and

Fig. 10 shows a graphical representation of the profile of a zeroth order

20 Bessel function and an associated ultrasound pressure profile produced by an

ultrasonic transducer.
DETAILED DESCRIPTION

25 Fig. 1 shows billboard panel 10 which incorporates a system for generating
a hyper-directional audible sound beam 11 according to the present invention.
The billboard encompasses an implementation and integration of an array of
ultrasonic transducers which generates the directional sound beam in
association with a conventional billboard panel. The system may include a
30 digital signal processing module that processes an audio signal from a sound
source and sends it to a modulating and amplifying circuit. This in turn drives a
group of ultrasonic transducers in the array, (also known a pard.netric acoustic
array) and transmits a modulated ultrasonic beam. At high sound pressure

levels, self-demodulation occurs due to nonlinear interaction in air and causes



dETAIDED DESCRI PTION 25 Fig. | shows billboard panel 10 which incorporates
a systemfor generating a hyper-directional audible sound beam 11
according to the present invention. The billboard enconpasses an

i mpl enentation and integration of an aryay of ultrasonic transducers which
generates the directional sound beamin’ association with a conventi onal

bi | | board pasetondhing aadiblefiedq@andiaicloldihear 3thih Hetifdans! SIH a PhefemeEnBl
nodul e that processes an audio signal froma sound source and sends it to

a nmodul at i ngChHgatingnemsandsiar vifual seuicesialpnaa electedayoectign path (such

ultrasonic t :Se i r | Qustic
arrayy and t HEne ilfordh bR ARGk, oABRP o R RRPRRTROLBT KSR BLbE,
level s, sel f pririveddinthe Budibia! hgeu Fhise hewly poaluckisetafdar) Wavesdhrthand
causes b'_A 7. secondary audi ble frequencies to appear within the beam

Such a phenofErstain dhe Aasaw hgameshasaeiatistios: ofthet primagooewderparband are

sel ected proj | h( t . ' ther) .enabl es a
hyper - di r ect P(g;ér‘lfy ﬁggté%gxngea:‘#]ﬁp%teb%% %b@%cée@eﬁ#%igp g%g@%$§}%g§teﬁ%se
new y produc8dusgsonrtwsyinttathessignaltprecéssiig nictlu® maytse privided B8 CD
characteristics of_the primary counterpart and are useful in creating a
private |istBiayeg FM radio seeeiveney asfhiaital bipadenst radio reciveiier . Sound sources
into the signal processing nodule may be provided froma CD player, FM
radio receiver or a digital broadcast radio receiver. 10 Fig. 2 shows an

arrangentht f oiFigt2ehows anhararmenteriidanstalring tie soawi béad 208fcea spécified
| ocati on. The arrangepent_may include a stepper notor (not shown) for
rotating an e lefatign:  Heairangeraeridnay include astappas inaten (ot skowa) for

vertical axi t ' h faarray
21 to enabl eﬁ)attétr?n ag%ﬁ'tag o?%@ﬁsgﬁ%{t@@@%g%e%‘!’vgﬁ%gg r%%t@% tég\%gﬁﬁgﬁxgr%édi ate
area in fronThektdpper hudoidmaf bednsthllddat therteseloflanaly 1eto ehabl afrafr21 to
sel ectively., The be(gm 20 may produce a private advertising space in the
vicinity of padotaedde allowkeamell ihreveraednmediate mreade femt £ bilkosrd
spaces. di gital ' ' [ ed in
o ace of Tt neP i IPEAREER RIS AHLEE e ORRA.' iR iR 2o MaY phéutecs
private advertising space in the vicinity of the selected listener which does not
intrude on adjacent spaces. A digital beam steering device as described below

may be used in place of the stepper motor to perform a similar function.

20 An alternative placement for ultrasonic transducer array 21 is in a
housing directly behind the billboard panel 10. Panel 10 may include a graphic
poster made of permeable fabric or other suitable or porous medium. The audio
beam propagating out of the array may penetrate through the porous medium
without significant signal attenuation and there is less space consumption since

25 transducer array 21 is concealed behind the poster inside the housing of panel
10.

A further extension may include a video camera to provide an image of the
potential listener. An intelligent tracking system may detect the location of the

30 listener and may steer the audio beam directly to the listener to allow a
message to follow a moving listener or passenger. The array of transducers can

be arranged in a convex shape to widen the arc ¢ the beam.



20 An'Wlternative pl acenent for ultrasonic transducer array 21 is in a
housing directly behind the billboard panel 10. Panel 10 may include a
graphic poster nmade of perneable fabric or other suitable or porous

medi um The audi o beam propagati ng out,of the array may penetrate through
t he porous nmedium w thout significant %ignal attenuation and there is |ess

space consunpt ifgg $5RGRs AR driadigRiepeindlaray FRL 21 if victe 8 sslindieberd 20he

poster inside the housing of panel 10. A further extension may include a
vi deo camer areflecteddvoridhasurfaeg of billbeard pass! d0te seagh afiggeer apg reflededi gent

he. audlo bolenth 2ot preycprel s & 4,3Pung ok SEnafRy sl iz

novi ng | i st eggifady ofsifsRtgPanellf® array of transducers can be arranged in
a convex shape to widen the arc of the beam X 8 Fig. 3 shows an
arrangenmgnt similar to Fig. 2 in which the sound beam 20 is reflected from

20 to produce Wi FRaraeE a1 B oh mefieet “GRARceRier BT A0 or I

of bi || boar dpfeesing@n Sudib eighRPfromt alsostidsburics stch as‘a Clcplages FM radio
preprocessor nodule 40 for processing an audio signal froma sound source

such as a CDopdigjtat braadcaatirasio seceaivayi imprenreeeRsss medie 40 acBL atfset) i

" Cuoh o vl ReboledRius Auebionflins Bha g s Bphffld heldlfyg gpaftydran
demodul &4@d el Redultaht deRiciRINES Sigral TEYheé Nrbprdeessurhay dncinde dingting ttoor
precondition the signal in order to obtain a relatively linearized

char act er i st peedigtodrorspreconditipnthat signaloin erder 4o ksais; aislativelyelinearizeds of
preprocessi ng, J i ) | t] i C LN A e
Di stortion Rgla%f?f:%;%ﬁgy&%?e érlfoggggc?ﬁgat@;ﬂ %lé)ifreggpl@@ | gl,l‘ e h%f%,rhl &IIJI\SA 15
Proceedi ngs, pfeprbtessing\ id udiecdSiRA. i\nat paperf enfiled PRaremietdesAirag v Air:
equal i zation_is djiscussed in a IQaper entit|ed The audi g spotli gh&: Kg
appl i cati on Distortion Reduction by Preprocessing by Thomas D. Kite, et al.; ICA/ASA
15 Proceedings, Seattle WA June 1998. Another form of preprocessing or
equalization is discussed in a paper entitied The audio spotlight: An application
of nonlinear interaction of sound waves to a new type of loudspeaker design by
Masahide Yoneyama et al. J. Acoustical Society of America Vol. 73 No. 5 May
1983. The disclosures of the two later documents are incorporated herein by

20 cross reference.

The output from preprocessor module 40 is sent to beam steering and
modulator unit 41. Beam steering and modulator unit 41 will accept a control
signal from beam steering confrotler 42 and performs gain and delay adjustment

25 for beamforming {non-diffraction Bessel-type) and beamsteering. In addition,
beam steering and modulator unit 41 receives ultrasound carrier 43 and
modulates the signal from preprocessor module 40 to an ultrasonic signal and
sends it to driver 44 via filter module 45. The modulated ultrasonic signal is
amplified via driver 44 sufficiently to drive an array of ultrasonic transducers 46

30 (also known as a parametric acoustic array) to produce a finite-amplitude (high

pressure level) modulated ultrasonic beam.

Because practical transducers have slightly different peak frequencies which
limit their arrayability, a corresponding set of matching filters is included in filter



of nontinear interaction of sound waves to a new type of | oudspeaker design
by Masahi de Yoneyana et al. J. Acoustical Society of Anerica Vol. 73 No. 5
May 1983. The disclosures of the two |ater docunents are incorporated
herein by 20 cross reference. The out pyt from preprocessor nodule 40 is
sent to beam steering and nodulator unit 41. Beam steering and nodul at or
unit 41 will rrmdmt45afdroaitgnG19 tie graakd@cerm bﬁhmmahebmgn@lterennrmioldele 43 and
perfornms gain and del ay JtHSt ment 25 for beanf or \(’I fract.i

Bessel - t ype) iNghad 'drr%‘?fétéq §. delay da#a5 Ffans% eaﬁ asp it Bgor
unit 41 receuyﬁgg érj@stBUtHQ re ﬁérﬁrf efit of'fﬁ’@"é%é‘écﬁéteﬁg%ﬁéﬁeéll PHage

preprocessor to an trasoni c signal and sen It to driver 44
via filter naﬂgrhmeﬁﬁof "a'haywtﬁitplrcatxeeb al inoas @ffiectivs gadiatiors paﬁem tiated nota

driver 44 SuffICI to dr n arr ultrasonic, tr cers 46 30
(al so knon dist %Sﬁ % ??H"an pRg Infr %/'RF%"'C?U%PSB%@ %rapf tj%s-arrpl i tude
(high pressure |evel) nodul ated ul trasonic beam Because practical

transducers have slightly different peak frequencies which limt their
arrayability, alcsteersihenbéary toca specifiedc Ataagot idirection,i steppeyl oder #i isi |t er

9 dul 45, f d h fil dul
25 " ndi vi dolISedcrt e Dot dbp AT Banedbn aed A SRAtsine ReVBitase
of the drivi Se%mgb dndl fohGove? IR MmdiRE URES n @Fon!lb?aaﬁlﬁ@éérat@éhet A

transducer. ase Ignment of array 46 provides a nore effective
radi at i oh0 padtgmh béarnh istearing Sodirotien t44 as desasibatt hefeivamay mia@ ba

t ransducer response, char agt er stics steer the heamto a i area
or direction® @Aqﬁiﬂﬁ‘re £;a§c§'uc F@E?%"I’qe&?r@tyqﬂ?@r%g?@ 8?““?6% lf)ﬁdogoni c
transducer agg %Xte41@ fhe @ﬁgélcﬂ ét@@nrﬂj;ew i bé@nberhéqtaﬂsadcandrré@ 480y behe
I medi ate area 1n front of a billboard panel. A 10 digital beam steering

control | er 4psed t@dyechl;bpmetéreéthe fistgnerl ebtanerojachebapssirace whish setues to
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reflect the directional sound to the |listener as described with reference
to Fig.3. listener that the same sound is transmitted directly from the surface.

Video camera 48 may provide an image of a target zone in the vicinity of a
billboard in which potential listeners or the sound beams may move. Image

20 processing and control unit 49 may include an image recognition capability to
detect moving listeners in the target zone and to control stepper motor 47
and/or beam steering controller unit 41 to steer ultrasonic transducer array 46

towards and with the moving listeners.

25 In Fig. 4, there are several means of controlling the direction of the beam,
which make use of beam steering controller unit 41 and/or stepper motor 47.
For example, if stepper motor 47 only is used, it may rotate ultrasonic
transducer array 46 to the desired direction (i.e. beam steering controller 42 is
not used to control the direction of the beam). Alternatively, beam steering

30 controller 42 may be used in place of stepper motor 47 (i.e. stepper motor 47 is
not used to control the direction of the beam). Finally, beam steering controtler
42 and stepper motor 47 may be used in combination. This may provide a
wider range of directions and a more flexible manner of controlling the beam.



15 Thé | atter may create an i nmage of the sound source and the inpression on
the Ilistener that the sanme sound is transmtted directly fromthe surface.
Vi deo canera 48 may provide an inage of a target zone in the vicinity of a
billboard in which potential |isteners t he sound beans may nove. | nmage
20 processing and control unit 49 may include an i mage recognition
capability to Hig eeshowsiagrior sirebheam fommﬁr‘rmatrang@herzbfw stadring ac sotima|

stepper notqr 47 and/or beam steer contro r.unit 41 .to, steer
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beam V\/m ch maKe use of beam steeri ng controller unit /or stepper
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ul trasonic cer array, 46.to the desi,red, direction . €. beam
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At er nati Vel tuohilgaents  Riddiatéd canfir 9idiimay neRachRvEIAE detiBliagBefty
stepper notor 47 (1.e. stepper notor not used to control

direction ofbadwseéher)selfﬁenmdu}qte@@am%slgeah inberits ribe otrasonicdelaysl Oﬁtlmaper

i ect i ons. JRA0UHReF earhpE 3 rlSRR-or WSl rBR it e Routd Beant.

shows a pri qhapthierd R fbwnaxpac@anmwerawe dfingstheaidostic irRE1R Lo QAHIS ng

a phased array” techniq C‘slb :Xsm rcuit in the prior art arrangenent
eatn

appl i es 18 r &hat a%blsha@en @ sesilll) ther aydiblec seund heane may ot hed
carrier sig or shape ultrasonic beans generated by 5 the
Senlsh B e Bsatarbay i

t ransducer $ noted above enpl oyi ng a phased array
technique to a nodul ated carrier signal may not achi eve the desired
steering because t he sel f-denodul ated_audi o signal inherits the ultrasonic
del ays of the Imw#el fared thespresent mventinne aapptofto Laddressorihie probign b t he

acoust  c i niaPneY sHEaHeieReoE izttt R RERG o BT 17 80GBI

audi bl e 15ountte henfiensignapin ke utiteenrdranget Wit @ack @c@ﬁﬁdvraﬂicﬁh Q¥tfich @ m t he
present invention attenpts to address this problemb
more general and flexible for various uses, Phe audible beam may be steered to
the desired path more exactly. Moreover, with the adjustment of the gains at
locations identical to that of the said delays, a non-diffrécting beam based on a
zeroth-order Bessel function may also be realised.
20
Fig. 6 shows a block diagram of a beam steering arrangement according to
the present invention. The beam steering arrangement includes beam steering
unit 41 receiving a pre-processed audio signal from preprocessor module 40.
Preprocessor module 40 appﬁes a pre-distorting or equalizing function to the
25 audio signal as described above to obtain a relatively linearized characteristic
for the demodulated sound beam. Beam steering unit 41 includes gain and
phase adjustment modules 61, 62 for adjusting the amplitude and phase of the
pre-conditioned audio signal and ultrasound carrier 43 respectively. Beam
steering controller 42 is used to deliver gain and phase information to beam
30 steering unit 41. The modulated carrier signal is applied to driver 44 which
drives ultrasonic fransducer array 46 as described with reference to Fig. 4.

Figs 7-9, show various illustrations of the beamsteering process. In each
case, the appearance of virtual sources along the propagation path (up to the



appl y? ng suitable delays to both the nodulating signal in the audible range
and 15 the carrier signal in the ultrasonic range. Wth such a
configuration which is nore general and flexible for various uses, the

audi bl e beam may be steered to the desired path nore exactly. Moreover,
with the adjustnment of the gains at |ocations identical to that of the

sai d del ays pomtwiverdithé paopagating evavebeesases do ba finiterarnplitodeleis tBe sesult of

f ti I be realjsed. 20 FEig, sho a bl ack di agram of . a beam
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signal from preprocessor e 40. Preprocessor e 40 app

pre-di st or t imaduatiequlbi délags faracappliedt to tthe @frierudigonaki gimathisswalgsthel bed
above to_obtain a.relatively. linearized characteristic for the denodul ated
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modul es 61, Mﬁ%ofuf)ég?‘étéé?hbﬂﬂlow&%ﬁﬂ’s’”a' redd of e $¥lRdEmBAulbtiSn process, the
pre-conditioned audio signal and ultrasound carrier 43 respecCtively. Beam
st eeri ng coneproduced 4udibie Lzigoaltin diel iayrretgin ritsa phiagdch sesporfser alwngothet o

b 30 ' it 41. Th dul d iy [ [ lied to dri
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process. In each case, the appearance of virtual sources along the

propagaflfon path (up to the 11 point where the propAgating wave ceases to

be finite-anpl,;tud Is the result of the_self:;denbdul ation process., In

Frg 7 a vec ot BRI breqiREely o Phades gt dRRVE i S HREpEe 8RR ' SRS | oo

to the nmoduk@ihd gapiedistyril BRedre MBé %Ihﬁalf;amie mmhla&it@ﬁ.eNgr&f!avsahté)_appm wel ays
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are applied to the carrier signal. hi s way, ul trasoni ¢ beam may

be proj ect edhg medulting audipsignalf It tés payathe bitasanicaleamimay be stagred

st eeri ng. r.a r I f < ulatio r QeEss he.
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beanst eer i nt% phenonmenon in the vicinity where virtual sources are forned.
he ultrasonic beam which is perpéndicular to the wavefronts of the virtual

sources. In this case, there is no secondary beamsteering.

In Fig 9, vectors of phases or delays in both the audible and ultrasonic

20 ranges are applied to the modulating and carrier signals respectively before the
amplitude modulation. The ultrasonic beam may be steered directly in front of

the parametric array. The wavefronts of the virtual sources produced may now

be perpendicular to the direction of the steered ultrasonic beam. The
reproduced audible sound beam in air however experiences secondary

25 beamsteering and may steer yet a second time off the axis of the steered
ulirasonic beam. Such a configuration is flexible for implementing a larger
steering angle for the audible sound beam as constraint previously was in the

narrowness of the beam pattern of each transducer element.

30 To obtain a substantially diffraction-free radiation pattern the array is
weighted by a Bessel function to construct a Bessel distribution source (see Fig.
10). The Bessel function is implementad via either or both Bessel beam
generators included in modules 61 and 62 that receive a suitable vector of gains
and delays from beam steering controiier 42. The bessel beam generators



10 II:I‘\ Fig 8, a vector only of phases or delays in the ultrasonic range is
applied to the carrier signal before the anplitude nodul ation. No del ays
are applied to the nodulating audio signal. In this way, the ultrasonic
beam may be steered directly in frontyof the paranetric array. Simlarly
due to the sel f-denodul ati on 15 process, the reproduced audi bl e sound beam
in air may neludewat ipdurdlitye of i adjustablet igains| t eachowf cwhishmeatresponds to a

per pendi cul ar_to.the wavefronts of the virfual . sources. In this case,
there is nore;s&?ﬁﬁ\@aﬁ?”ﬁgaﬁ%rt @Leﬂ“_?@: I\&h\Y—? dhg,de;)@;ﬁ A€ jﬁﬁpilﬁqa%§'§%rs%igl ays
in both theppuebdy ® StBEr tHel 4RAOIBI Hund beaP 3RS GAIR é’r%péda?ge& 2 5‘?‘3989%' ating

and carrier signals respectively before the anplitude dul at e
ul trasoni ¢ BeamthayderBessal fenctidnralong g desired sieering pather ghireatien.rindhar r ay.

The wavefronts of . the virtual source ro ed may no e perpendicular to
Che dirdet i BiFtafed plbofitedan BRALSETBrOR IS Wale eoton % Sitten! o cound
beamin air however experiences sec ng:aryﬁ?S beam steering and may steer
yet a second time off the axis (9f -t Jye@rpe 0 ul trasoni c beam Sucfl)a
configuration is flexible for inpl eedting a larger steering angle for the
audi bl e sougd%ii;gﬁlgkas constraint previously was in the narrowness of the
beam pattern ath transducer elenent. 30 To obtain a substantially

diffraction-free radiation pattern the array is weighted by a Bessel
function to construct a Bessel distribution source (see Fig. 10). The

Bessel function is igﬁﬂ,%weﬂfaé)?,{ﬂ[kb@wwyggw] R beam genepgtors
a

i ncl uded i n nodul es and 62 receive a sultable vector of gains and

del ays 0 t eesrjng | er : e rs.l12
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nmet hods to grg‘gfr%gtéﬁg gﬁeldi% e g\g\lﬁ\ﬁghg’eg% ftﬂﬁé’ ga?ii ‘rg:sgn e aggg%‘%@q{ g)? the

synt hesi ze seungrarich coisdthe Sesesiebf soud.i Denctingng to destheeahglé dhat waveat h or
direction. In theag preferred enbodi nent, an exact solution of the wave
equat i on f orestpe@akps pdth the z axis, gives

a = kcos(8) (3)
15 and
B =ksin(6) 4)
Physically, the integral in Eq. (2) represents plane waves propagating at a fixed
angle & with respect to the z axis for all 2z polar angles, and can be shown to
be proportional to the zeroth-order Bessel function, J,, giving a field y(7.f) of
20 p(Fr) = J (ar) (5)

when 0 < a < k, this beam being non-diffracting.

The array of transducers may be arranged in an annular array to facilitate
synthesis of a zeroth order Bessel beam. As illustrated in Fig. 10, the radius of

25 each annulus may be chosen to be the J, zeros, so that each annulus spans a
single lobe and the gains of each transducer is determined to be the maximum

amplitude of the J, lobe that it spans. In theory such a beam travels to infinity

without spreading.

30 Directional-sound beams produced according to the present invention have
applications in many products that may benefit from steering sound eg. to alarm



{v2 ¢‘8tz)iU(r,t) =0 (1) is given by yf(rwt) = e-'"
exp{ia[ xcos(g3) +tysin(o)] +i pz}dg$ (2) 10 where V2 = a2 /ar2 +(1/r)alar is
t he Lapl aci an operator, is the polar angle, r represents the observing
point, t is time, wis angular.frequenﬁé of the sound, and c is the speed
of sound. Denoting O to be the angle that wave vector nmakes with the z
axi s, gives aapersbnoarséiinal3n a dsfimett atda, FoktransniiCaudible sbhyd iovat lay jonghe

at a fixed angle O
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non-di ffractetelg. The array of transducers nay be arranged in an annul ar
array to_facilitate synthesis of a zeroth order Bessel beam As
i1lustrafed in Fig. 10, the radius of 25 each annulus may be chosen to be
the Jo zeros, mpafy1at iSREPe AIMAISoE RARSvaRiots HHefatlopae Bn§2ridforof
each transduce[_?gﬂge{ernPned to be the nmaxinum anplitu en%@ tﬂ?dﬁbfzbe
that it spamdditionstrhapbe istrotiucedoinéorthe eordtrictions ahd rarrangemaris wf parts

spreading. 30 Directional .sqund bea r oduyced .accordj . 0 .t he present
Thventi on hileVoupAPSdeGEtaIR BRarRe R HE ShiBE AR r b iventiin
steering sound eg. to alarm 13 a person or aninmal in a defined area, to
transmt audi ble sound over a long distance with high |evels of
directivity for mlitary or sports applications, to provide a dynamc
(scanni ng) reproduction systemfor sound effects and the like etc. 5
Finally, it is to be understood that various alterations, nodifications
and/ or



addi tions may be introduced into the constructions and arrangenents of
parts previously described without departing fromthe spirit or anbit of

the invention. 14 1 112111 111112113213tiLl 1 111/ CLAl . us
for steering a directional audio beamthat is sel f-dem1 ll J “11 gm
ultrasound carrier, said apparatus including: 5 neans cgen

audi o si gnal CLLAIMS for generating an ultrasound carrier signal; nmeans for
nodul ating said carrier signal with said audio signal; neans for adjusting
the anplitude and phase of at |east one of said audio signal and said
carrier signgl toAgpRestus IostBefh® akfRtibRala RS be&d thalisMditddrmedulafi
nmeans for generating an ultrasound beamin said direction driven by said
nmodul at ed caffforeansittgesdundarigrp saidtappasatus irdiuting:o cl ai m | i ncl udi ng neans
for wei gh%i ng sai d_audi ar %%rri.er lsi gnal by a zeroth order Besse]

; o 15 a?d/ :
function to synt h&WGE 1Qr BRALIAINI ANGYA LB Bn source. 3. Appar at us

according to clai meand¥er geferaBihg aRRARSsIUPH @fidsigndtd an  ul trasound beam
includes a plurality of ultrasound transducer elenents and said 20 neans

for wei ghting i ncimerns far progiulating,saist cardpusignal withysaid audie signaly el enent s,
each gain and del epent .. espondi 0 r ctd tr ucer. .
el ement. 4. Appaﬁ?aﬁjg g’?c%qlg% fige %ﬂﬁrﬁﬂ{&f Sﬁd iﬁ‘%gr%ﬁ %tegegsg%aﬁg s?@r
generating audid signapand bsidntarfiet ¢ipal do Rtesnbaityaadio Ubddrasteuaddesired
transducer elements and 25 a corresponding plurality of matching filters

adapt ed 18 adiirgstion;i@dohase of the nodul ated carrier signal to the

resonant frequenc t ' . e AN

according to any &%J%ffgf ﬁ%ﬁ%@@h@éﬁﬂgﬁ%@%ﬁn&nﬁeﬁ S 8“%8%2&2%?&
generating ameédifhtedda@ridt signit] udes at | east one of a CD player, FM radio
receiver and digital broadcast radio receiver. f 1111111 1211i11 1111 11111

111111 c¢c M 15
2. Apparatus according to claim 1 including means for weighting said audio

16 and/or carrier signal by a zeroth order Bessel function to synthesize a Bessel

distribution source.

3. Apparatus according to claim 2 wherein said means for generating an
ultrasound beam includes a piurality of ultrasound transducer elements and said
20 means for weighting includes a plurality of adjustable gain and delay elements,
each gain and delay element corresponding to a respective transducer element.

4, Apparatus according to claim 1 or 2 wherein said means for generating
an ultrasound beam includes a plurality of ultrasound transducer elements and
25 a corresponding plurality of matching filters adapted to adjust the phase of the
modulated carrier signal to the resonant frequency of the associated transducer

element.

5. Apparatus according to any one of the preceding claims wherein said
30 means for generating an audio signal includes at least one of a CD player, FM
radio receiver and digital broadcast radio receiver.



6. Appérat us according to any one of the preceding claims including means
for preprocessing said audio signal to reduce distortion of mﬁmmnmluml”"l
sel f-denodul ated audio beam 5 7. Apparatus according to a

preceding clains wherein said neans forggenerating an ul tradouhd bedm $ *

includes a plurality of ultrasound transducer eleqents.ar(anggd In an
annul ar or sifbst adiiparatus aeearding tor anyonsof theqareeedisg thaims tireuding naeans

[ [ | Ny | f-d d t 0 f n ultrasound
carri er . oai QLRSI et A AE T R ot e liteanich Salr AR BOSH v
means for genewdis beégman ul trasound carrier signal; neans for nodul ating

said carrier signal with said audio signal; means for generating an .
ul trasound beam driven- by said nodulated 15 carrier signal; and nmeans for

adj usti nggsai-d ne ' e sai d audi o beam to a desjred
I oJcat i on959. 7,%I\ppar afé&g%ég%r&gfqﬁﬁgé ?‘g ai'&a‘?rﬁﬁ %* \Rﬂ%rpé‘???‘?@%ﬂ 8%'@3&@?‘”8{“ said
generating 2feans fordgeneratitgiranl ultiasolind eaat isckided aNBINESit? of lﬂﬁé&)lﬁﬂans
for adjustin i ncludes a stepper nmotor for rotating said transducer _

el ements rel g@“é"au?@f elementsarranged inanannuiar ossphstantiallysanrsdali argay o claim8
or 9 including a video canera for 25 providing an image of a potenti al

|l istener, nmeans for detecting the location of the |istener fromsaid i mage

and neans t o8cont Appasatisl foresteeririgoa dirdictional iidicobesrh aRat is Aelt-deRedulhed
generat i ng towards said | ocation. 11. Apparatus according to any one of the
precedi ng¥c g"ioﬁ%aﬂh’i@"#ngﬁﬂ‘erB@'ﬁﬁﬁpéraé@%mcll@l%f l ected from an

I nternedi ate surfﬁ% o) ; el. 12. A nmethod of steering a
directional audio e%ﬁﬂ%‘?’%@@%%ggglr’?g%@@t ed fro_m an ult rasound
carrier, said nethwhnsifol getiergtindan sitesound cagineighial:ng an aud; ~ signal; 16
[ 1Pl 111 111121212112121111 1111} 11101 C L . . . . .

means for modulating said carrier signal with said audio signal;

means for generating an ultrasound beam driven by said modulated

16  carrier signal; and
means for adjusting said means for generating to steer said audio beam

to a desired location.

9. Apparatus according to claim 8 wherein said means for generating
20 includes a plurality of transducer elements and said means for adjusting
includes a stepper motor for rotating said transducer elements relative to at

least one axis.

10.  Apparatus according to claim 8 or 9 including a video camera for

25 providing an image of a potential listener, means for detecting the location of
the listener from said image and means to control said means for adjusting to
steer said means for generating towards said location.

11.  Apparatus according to any one of the preceding claims wherein said
30 audio beam is reflected from an intermediate surface such as a billboard panel.

12. A method of steering a directional audio beam that is self-demodulated
from an ultrasound carrier, said method including the steps of:
generating an aud: signal;



generating an ultrasound carrier signal; nodulating said carrier signal
with said audio signal; adjusting the anplitude and phase of at |east one
of said audio signal and said carrier signal to steer sa”lllmmllmnﬂﬂmtlma
desired direction; and 5 generating an gtrasound beamin AR
driven by said nodul ated carrier signal. 13. Method accor di nb to Claim 12
i ncl udi ng wei ght i 9gNerAtiAd A0d{Gasadgariersignaly signal by a zeroth order
Bessel function t ' . ; | ' Lon source. 14. Met hod
according to cl ai ﬁ’w"%’%@féﬁ°%5'.§§§@ﬁé'pw'§?s§i§?é{d?t”f‘ g&an ul trasound beam
i ncl udes driving adjpbtingithe amylitudet apd ginade tof aat ddastesnes bé seidt sudivd dignaai d
nodul ated carrier. signal and said step of. I ghting i.nc) udes, adj usting 15
gai n and del é?dﬁli%ﬁ'ﬂe%ﬁﬂpﬁl th?&?%rsaEﬁ?lﬂ‘g‘B%§ﬁbﬁ%ﬁ 8%?’?%1&%&’%? %’l“ig each

t ransduc el emen ‘ 0 [ el al o\ A¥E (A=Y LeySt ep
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ul trasound t rothdated camlegsigmak 20 via a corresponding plurality of
matching filters adapted to adjust the phase of the nodul ated carrier
signal to the resonant frequency of the associated transducer elenent. 16.
Met hod accorghng TYas %"‘We% ' ' 5
generati ng agséudfv%t@(?a/gr?g% Sfﬁﬁ%géﬂmﬁ%g&% 0 lﬁgt'ghqsgggjt %tgﬁg, %bd{a&CD
pl ayer, FM r edirierr sigralvdy andentitlyi ordier bBessdt dfonctierdito syntbesize . a1Bessadt hod
according . to any gne of claim 12 to 16 including preprocessing said audio
signal t reG[f'ErXb‘g'PEtW%n of said self-denpdul ated audi o beam 30 18.

Met hod according to any one of clains 12 to 17 wherein said step of
generating an ultrasound beamis performed by nmeans of a plurality of

ul trasound t fidnsditethod| amverding dor alaired 18 nwhereimrsgidirstepp ofuigenaratingl bp

, :
annular arr ﬁxﬁaslobhcli Iblelalm infc ulc}els,I c&r{v%r{gl 'lalpllxhrla‘iéyl of ultrasound fransducer elements

with said modulated carrier signal and said step of weighting includes adjusting
16 gain and delay of said audio andfor carrier signal prior to driving each
transducer element.

15.  Method according to claim 1 or 2 wherein said step of generating an
ultrasound beam includes driving a plurality of ultrasound transducer elements

20 via a corresponding plurality of matching filters adapted to adjust the phase of
the modulated carrier signal to the resonant frequency of the associated
transducer element.

16. Method according to any one of claims 12 to 15 wherein said step of
25 generating an audio signal is performed by means of at least one of a CD
player, FM radio receiver and digital broadcast radio receiver.

17.  Method according to any one of claim 12 to 16 including preprocessing
said audio signal to reduce distortion of said self-demodulated audio beam.

30
18. Method according to any one of claims 12 to 17 wherein said step of
generating an ultrasound beam is performed by means of a plurality of
ultrasound transducer elements arranged in an annular of substantially annular
array.



17 L M's 19. Me thod for steeri ng a directional audio beamthat is
sel f-denodul ated froman ultrasound carrier, said nmethod incruding the

steps of: generating an audio signal; 5 generating an ult} |
signal; nodul ating said carrier signal wi{4A said audio aUM“MJ‘ﬁﬂH“MﬂI
an ultrasound beamdriven by said nodul ated carrier si gnal? f‘nd adjustihg
sai d neans for generating to steer said audio beamto a 10 desired

di rection. t hod ac rd|n 0 re i ng
is perfor rred i)éyb h@ %’?”ig At 9"%&#85%@%&%&@%%9% ggg%%ng)gfl‘u?té{i
of adjusting frgmRat ul%ﬁ@ﬁ'n@taméﬁ@lﬁnemcﬁi iABRdhg@betepsof: r ot ati ng said
transducer 15 elenents relative to at feast one axis. 21. Method accor di ng

to claim19 or 20 |Qﬁﬂ&l‘ﬁtlm@adauétﬂ$l§@ﬁlt he | ocation of a potential |istener

and adjusting said pea r said audio beam towards
sai d Iocati%n. 2%“%%?‘3588“3@@ gbh%%frlquﬁp% ne of clainms 12 to 21
I ncl udi ng refl ectl Nghodlaiating 34y @rﬁgﬁggﬁglquﬁs‘ald@uerdmgma; e surface such as
a billboard panel. 23. paratus for sSteering a |rect|onﬁ audi g bea

substantial |y as hegenerating anddirasoung heam drivenbynsaidrgodhylgted caryigr §'Q§ﬁﬁl 6
to 10 of the agﬁgrrpanyl ng drawi ngs. 24. A nethod for steering a
di recti onal beam substantially as herein described with reference to

Figs. 2 to 4 and 6 #djuslihgfsaid énsarsofaraggnaatingGodsteet rgtd audio beam to a
10 desired direction.

20. Method according to claim 19 wherein said step of generating is

performed by means of a plurality of transducer elements and said step of

adjusting is performed by means of a stepper motor for rotating said transducer
15 elements relative fo at least one axis.

21. Method according to claim 19 or 20 including detecting the location of a
potential listener and adjusting said means for generating to steer said audio
beam towards said location.

20
22. Method according to any one of claims 12 to 21 including reflecting said
audio beam from an intermediate surface such as a billboard panel.

23. Apparatus for steering a directional audio beam substantially as herein
25 described with reference to Figs. 2 to 4 and 6 to 10 of the accompanying
drawings.

24. A method for steering a directional audio beam substantially as herein
described with reference to Figs. 2 to 4 and 6 to 10 of the accompanying
30 drawings.



