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1 Paranetric Speaker an$hParanetr|c_Spearer System

Field of the invention e present invention re
o bt et g T nlS s, nmn
invention further 5 provides a speaker system *159159%
gonprising Et Ieazto?nfnsgﬁ?rga ??dlzn arrllfler

ystem Backgroun i

ol eon' s Crensiueer o a1 an v SO NARRRRD
capabl e, under the control of an applied electronic *G00002+

signal, of Paranwstiit Speakenand Para@etic Speakdr SyEtém
air) can produce a narrow ultrasonic soun eam It is

further, known to AM nodul ate the ultrasonic sound
bMﬁ@%ﬁ@ﬂh@ﬂi o signal, by using the audio signal
to nodul ate the el ectronic signals which drive the
ul r
The2piteht H\@?ﬁlggcr?gag%? gﬁer% %pea@drefﬁgéﬁmﬂ ﬁ‘%‘?ﬂltr?%omc sound,

ul trasoni c beami
be:!\dm:fpmwm emdulﬂtedghsmgeamaudwcfmmmnoy fThe mventlon further
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Sisgsteln. So cal l ed "parametric speakers"” are ultrasonic
speakers which wuse this phenonenon to produce a sound

spotlight that is audible only by 20 people at the
I&%&Q&E&fﬂﬂﬂ.\é@ﬁ@ﬂwd spotlight. Fig. 1 illustrates
the ultrasonic sound profile generated by a plurality
of transducer elenents 1 in a known transducer array

(1tds wsslifgridvim that aonlliragonis itragksducevaredy (thanisdan @fray
is to be understood that

: hgg,epggg% ﬂguwt:x bﬁ\ﬂsmem s1ach qfwhieh ipapakia) under the
acbatrol dﬁdr%b;ﬂ?@deélgétr@ﬁlégdr{értcgﬁar@rﬁlﬁﬁ@ %ﬁ‘ultrasomc signal into

per pendi cul ar’ to the pag enment are s
apli Galbpr@duQﬁ ahamow tdtrasmm sodod|beanuyltisrfarther known to AM

Wi B e Mt S being 16y bolioh shel syBiniad fe audio

veigelattosmadulate the electronic signals which drive the ultrasonic transducer

i

array. The AM modulated ultrasonic beam is spontaneously demodulated as
the beam propagates through the air because of the non-linear acoustic
effects of air, so as to generate an audible sound corresponding to the input
audio signal. So called “parametric speakers” are ultrasonic speakers which
use this phenomenon to produce a sound spotlight that is audible only by
people at the location of the sound spotlight.

Fig. 1 illustrates the ultrasonic sound profile generated by a plurality of
transducer elements 1 in a known transducer array (for simplicity, only a
single row of transducer elements is shown, but it is to be understood that this
may be just one row of a two-dimensional array, which extends also in the
direction perpendicular to the page). The elements 1 are spaced apart by a
distance d. Now, recall Huygens’ principle, which states that every point on a
primary wavefront serves as the source of spherical secondary wavelets 3
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2 such that the primary wavefront at sone later tine
is the envel ope of these wavelets. Huygens' principle
accordingly inplies that the envel ope of the

secondary wavel ets gets closer to the shape of a

pl anar wavefront as the center-to-center transducer

di stance d gets smaller. In fact, it is well-known 5
fromthe theory of waves that & very narrow sound beam
can be produced by an ultrasonic transducer array
with a center-to-center distance d of |ess than the
wavel ength of the ultrasound. Unlike the spherical
waueh thatethppaineaywavaeseffont @b gameslatdritime it thelera@lope of these

o Bl MLRGoRS Sringibla RO MONAPIESHRLING arbialae of fre
T agbonddryGdveIStsRyely BloskP & thelsipd ot b%n%?Wév%"frohpgg the

the wavelength of” the ultrasonic waves transmtte
ofceatgsttarcantentansducer distanog, d ets smaligrl & famh| i/ istvaell-known

e 8L RSB K d e BB by
Fia@l. ul#aSd1¥SranBguieioaray Wlﬂﬁ %dé&ﬁér-&f-éé‘ﬂteia?ﬁgér%e 4 o R than

fromthe front (i.e. 15 | ooking towards

t thenwavelength efthe: Wirapowichdinlikerthdispbeticalwade, tthe plane wave

- Ploisadaied Mot G8ad uthED spleB8id ity fero e Pl B2 wave
t distdisluticer mere owalized, thayishRod diesdted. [AfecEftecany E@B&ﬁlén that
| anar substrate 5. The transducers 1 may b

BMJ ictppler thap the wayelengtle giithe vierarie vya\t%ntaa?r@mitted out
10 3 Bl duBCanay ol BRATEHE Ky HerorbirtRl biipéiBal sound

Theaklexists aorespoadinditodhs dirgctiore pemperidéstiladioahe rrdyosurface.
one another in a regular lattice format with a
center-to-center separation d that is greater than the

"B e 415 YehE A e, e e

didokirgpfowdrds thrtrinsdwse dlegetHeeprdpagatiss dréctidiebf the sound

fairl arge size, typically from1l cmto 4 cmin
dSﬁﬁ%\)ge*‘.s cande spaniomi fig. 2onastypissl sittasemiq fransducer array of

SR b g AT, LRI i pEALAReh e amanged o
a planar substrate 5. The transducers 1 may be piezoelectric, for example
lead zirconate titanate (PZT) bimorph type. The transducers are typically
driven in-phase by amplifier circuitry (not shown). The ultrasonic transducers
1 are mounted adjacent to one another in a regular lattice format with a
center-to-center separation d that is greater than the wavelength of the

ultrasonic waves.

Unfortunately, piezoelectric bimorph type ultrasonic transducers are difficult to
pack close together because of their fairly large size, typically from 1 cm to 4
cm in diameter. When attempting to assemble them into an array, it is
extremely difficult to provide the desired less-than wavelength spacing
between two adjacent neighbors due to the physical constraint that the
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bet ween two adj acent nei ghbors due to the physica
constraint that the 3 wavel ength of an ultrasonic wave
is so small in the order of mllineters, for exanple,
8.6 mMm for a 40 kHz signal. In order to realize an

i nter-el enent spacing | ess than the wavel ength, the 5
ul trasoni c transducers would have to be very small and
separated by only a very shor® distance. Sumary of
the I nvention The present invention ains to provide a
new and useful paranetric speaker, 10 and a new and
useful parametric speaker system conprising a speaker

amchvelengiivpf ahiudtrasrid eaveli® soSnedlRin theor8er éfaillimeters, for
present invention proposes an ultrasoni c speaker in

\/\ﬁ?‘é'ﬁ‘pée S-8mmifead0 kiizgigigber el enents are arranged
to generate ultrasonic signals which converge onto a
reflective surface, and that the reflective 15 surface

r ¢f bRfdrio tr@@llz@ mmtér-é@nw%bagt g Js§§ﬁféd e w&&élsﬁ%qhd the

ul trasonic nal s The refle trasoni c sign
ha{i@sangptﬁam ogns wouidshaes to baaernt small gadi separatedtbyeonly a

t uc enents. Thus, the present invention nmakes
E’gﬁ %L?"EF'&% row de a speaker in which wultrasonic

sound generatlon enpl oys conventional transducers, and

yet the 20 spacing of the transmtted ultrasonic
sWﬂéﬂ@[&%d by size and/or separation of
the transducers. In one form the reflective surface

| § h? a@g&%@flpﬁggﬁ@f’ %{iﬂmg o) p%\ﬂg@ Olae nkly %??és' u8Eful %taﬁée%gﬁﬂ: speaker,

sur axl's, case

candezdnewr aract eisefy pasaﬂnetr&n‘sp@ékar sstem edomprising @ speaker and
For, exanpl e may be a conical surface, 25 or

aeé\ﬁfép'sfﬁe&éygﬁm ace (e.g. a trunpet shape), defined

based on an axis. In this <case, the ultrasonic

e|r€@éﬂbﬁalf®)’mbetlﬁ’é gﬁ:@%ﬁi ﬁﬁ/@Hﬂé’n th18pases opf u&r‘é%omc speaker in
conical surface. e possibility (in particular if

t whighe| pigralilyeok transducaselemeinis ere iar@nged to generate ultrasonic
signals which converge onto a reflective surface, and that the reflective

surface reflects the signals to generate respective reflected ultrasonic signals.
The reflected ultrasonic signals have a spacing which is less than the spacing
of the transducer elements.

Thus, the pfesent invention makes it possible to provide a speaker in which
ultrasonic sound generation employs conventional transducers, and yet the
spacing of the transmitted ultrasonic signals is not limited by size and/or
separation of the transducers.

In one form, the reflective surface is a curved surface. For example it may be
a curved surface defined by an axis, and in this case the curved surface may
substantially entirely encircle the axis. For example may be a conical surface,
or a cone-like surface (e.g. a trumpet shape), defined based on an axis. In this
case, the ultrasonic elements may be arranged around the axis of the conical
surface. One possibility (in particular if the reflective surface entirely encircles
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4 the axis) is for the ultrasonic elenments to be
spaced out around substantially the entire axis.
Conveniently, the ultrasonic elenents nay be arranged
on a support base nmenber, which may be a cylindrica

(tubul ar) nmenber having an inwardly 5 directed

cylindrical surface encircling a |ongitudinal axis.
The transducer elenents nay b% | ocated on the
inwardly-directed surface, and the |ongitudinal axis

may coincide with the axis of the conical surface. The
reflected ultrasonic signals may be parallel.
Athieearia) iis/ forthehetrasenic letementyr toxbegpatyd pat arowid stivétantially
hav a degree of convergence (i.e. they becone 10

gEb%& W &S.di ver gence as they propagate away fromthe
speaker For exanple, the reflected signals my

p n C S

COPIBRRY) v SARSRAAS Moo e Rfigebof § Stboor base
( membemaviieh smaf be laecylindvied| QubﬁM)e)nemherphaf/mgram inwardly-

ment s use

k
o PsBRREC eulierigal 1 aces esidndo Amiangfnakpris e transducer
SEfRnesRteNinedy "BY  RScdtéd canatss YHvH}de?ﬁEtSd p"sBﬁSé?' Nghd the

unit) which generates one or nore co
t lengitudinad axisanay coinsiteswidh thenakisgif the coasahswface
frequency such that the inter- elenment spacing (i.

of e TSP REC RO s RsC . e ﬁ%faﬁ&g%éﬁ?é%tﬁ’ﬁ%f”ﬁ@éf may be

ubppaimatelyvpurdlieh du haairg a@eg@e bheommﬁefﬁ@a (ife.tthey become
reflected signals is Iess than the wavel ength

F&%Eat ) (ATt ARSEgeRCSARe SheyarRrepagRiec asYi §emsthengpeaker. For
Féﬁﬁr’ngfe R Sfréﬂ &gdfﬁ@éﬁ‘?ﬁ‘a Pr&d’a]%la'té‘Y@QtﬂeQ edtiVe dl'ljé’c‘ﬂ’{% which

Cri or t sake ustrati o onl
r isf & faw degrenes away dtdnoa mynfdl giineetion ito tie speaks (Elgg thd axis of

V\A@ustrat es[p \/\ﬁ5 in a known transducer array, a planar
oPYYRY SUMBRBL to be formed as the distance between

adj acent transducer elenents

In preferred arrangements, the speaker is used with a pre-processing unit

(and normally an amplifier system which may be integrated with the pre-
processing unit) which generates one or more control signals for the
transducer elements at an high ultrasonic frequency such that the inter-
element spacing (i.e. the distance between the centres of adjacent elements
of the array) of the transducers is higher than the ultrasonic wavelength, and
yet the spacing of the adjacent reflected signals is less than the wavelength of
the ultrasonic waves.

Brief Description of The Figures

Preferred features of the invention will now be described, for the sake of
illustration only, with reference to the following figures in which:

Fig. 1 illustrates how, in a known transducer array, a planar wavefront
tends to be formed as the distance between adjacent transducer elements
decreases;
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decreases; 5 Fig. 2 is a front view of a known
ultrasoni c transducer array; Fig. 3 is conposed of
Figs. 3(a) and 3(b) which show respectively (a) an
assenbly view and (b) an expl oded view, of a
paranetri c speaker which is enbodi nent of the present
i nvention and which includes a cylindrical support 5
base and a conoidal reflector;9Fig. 4 is a schematic
cross-sectional di agram of the embodi ment of Fig. 3,

and illustrates typical ultrasonic beampaths in the
enbodinent of Fig.3; Fig. 5is a schematic diagram
of a viFiy 2 Rvefrdat Vibw EMEDRAOWE Uitraforfic ransdudEt@rray;

further_1llustrates ty&__cal ultrasoni ¢ beam paths i n
t he enthédihisrompesest ofrigs. 3(@) ang. 3(9) whichsshew eesnesdively (a)

r%h"ﬁés@ﬁ?%(he@%ﬁ@ ért‘gxﬁltgﬁleﬁ‘?ﬁ e OPQ drH%t?lt;%geager which is

ang eam cen es on e re

aembqnilmen’e gfshherpa'eeelntsnmemmin and efichimchlidesch cgirdrical support
t he enbodlge Fig. 3 in the case that the
88iaREf conidal I'@@eﬁ@@ree 15 reflector, the

I I
S S B i AT B B8 o i
t Beaodiiginatas typal Etblfaspmcnlgaém sty int theFergbo&mem of Fig.3;
enbodi pent_ of th ention is_shown, i

orou B’ % ajspRemmtetiegBm Sta Vi tpvads the eahodimegt of

erpd, %ﬁﬂtfuﬂﬁeﬁlllﬁﬂ?ﬁ@rtypléaﬂﬁlﬁ*a%r‘ﬂé%%%'n‘i‘ﬁafﬁ%‘ ih th@@mbodiment
shovvn) |s provid for “nodul ati ng an audi o-frequency

spbﬁlﬂ ont 0 an uItrasonl c SI gnal to forman anplitude

the- spoikd I3EY hedlMichsopBestiine el Setbfpnclnayon
abaglevara b@amrndrltrfes&m thes rteﬂeaaﬁ: speaker includes a
cyIindElcaI port base 13 haV|n a Iongltudlnal axi s

of | onbid ddsat orgpyiesaneratrd simulatiopaf tae 8nD sirectivity, of the
TBRLDRFALAL of 1§18 the case that the embodiment has a 33 degree

reflector, the simulation illustrating the sound amplitude 0.5m from the surface
of the speaker.

Detailed Description of the embodiments

Referring firstly to Fig. 3, an embodiment of the invention is shown in a
perspective view (Fig. 3(a)) and an exploded view (Fig. 3(b)). The
embodiment is a speaker. A pre-processing unit (not shown) is provided for
modulating an audio-frequency signal onto an ultrasonic signal to form-an
amplitude modulated ultrasonic control signal which is fed to the speaker by
circuitry (not shown), and typically also via an amplifier unit.

The speaker includes a cylindrical support base 13 having a longitudinal axis
of longitudinal symmetry, and a central open section. The speaker further
includes a regular transducer array consisting of a plurality of ultrasonic

transducers 11 (typically piezoelectric bimorph type ultrasonic transducers)
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i ncludes a regul ar transducer array consisting of a
plurality of ultrasonic 30 transducers 11 (typically
pi ezoel ectric binorph type ultrasonic transducers) 6
nount ed adj acent to one another on the
inwardly-directed cylindrical surface of the
cylindrical support base 13. The respective
transnission axis each transdficer 11 points towards
the | ongitudi nal axis of the support base 13. 5 The
transducers 11 are arranged in respective rings,
encircling the |longitudinal axis of the support base
1$nouvniteu aclident to bhe anbttas drethegnwaaitpoiredtenf cylindricalsurface
11 at, the ne dlstance al ong the

ﬁ@ﬁ ﬁﬁgﬁg SYRPOTTPRIS 1 e | N EeSRBFtiMe HisEsHgsion Ayis each
( .‘ﬁ*é?@dl(l e 1 Sonts %rd&X@c% mdltﬁdmé‘l’%ﬁllsa&f?hé“sl,{bggﬁ3)8%’0! 3.

rings or at least t
rings. In the case that there are plural rings, each
of transducers 11 may be in angul ar register, around

t ﬁ'@nel tengiducdindl apxarranged ive resperbivé rif §eeﬁé’rrclmg ttihe
t transducers 11 in each of the other rings.

‘?t%gha%ma@ the exRBai Gase 15, Mith sash oHBamings being
n%b %f atg#é P‘M?trtarn%gg%#\%gf Pat tﬂe?atnt?@ Hls?éﬁj@e afdhg'the

e sa transducers
cdnngemnmaﬂ BRig. Ehgm may]ﬁe a0y numibes O\fvnhgs l(lerTEjuBV\One) but

T S A
r ghg8Chhi the dé'sbrtﬁélqﬂbFe E@Hﬁrﬂﬁlr@% é of tr%aﬁsdchlﬁﬁ ] may be in

curved surface be a coni cal ace not e
t pagular registeni @r@ung dhe érmgltuidmah@m ¢frthe isluprﬂ bdseutds vith

f .t he
o et 8 haP S8Rt Tt Fash b icihertits” TBuR R eRiEAY
Strahad@cem 1 has foirindafedt! rRsgiiouts: thiited tl'§nsducers to either side
%Jsto conical is included within the neaning of the

withimthesasg ringe angl twotransdeeeesdinsiorresppading angular
| gag.&.bﬁggﬁthﬁptmo %&J?ﬁgﬁNI{ line coincides with the

I'tudi nal  axis e support base 13. 25 The
cyllndrlcal support base 13 is encircled by a
t ube- shaped outer cover 17,
The speaker further includes a solid reflector 15 having a curved reflector

surface for reflecting ultrasonic beams which impact it. The curved surface
may be a conical surface (note that the term “conical surface” is used in this
document to any surface which has a portion conforming to the conventional
equation for a cone; thus, a reflective surface of the solid reflector 15 which is
frusto-conical is included within the meaning of the term “conical surface”).
The reflector 15 is positioned so that its centre line coincides with the
longitudinal axis of the support base 13.

The cylindrical support base 13 is encircled by a tube-shaped outer cover 17,
and a top cover 19 and a bottom cover 20 are provided at opposite ends of
the longitudinal axis of the support base 13. The top cover 19 has a central



10

15

20

25

and a top cover 19 and a bottom cover 20 are provided
at opposite ends of the |ongitudinal axis of the
support base 13. The top cover 19 has a central 7
circul ar aperture through which the ultrasound beam
propagates away from the speaker. Turning to Fig. 4,
a cross-sectional view of the speaker of Fig. 3 is
shown 5 schematically, in a pléne including the

| ongi tudi nal axis of the support base 13 (which is
the vertical direction in Fig. 4) and two transducers
11 of the sane ring (the transducers 11 of other

I icirgglafapertate tHreugh whictPtheogitraSoshd Beafy prbb@gates away from
| ongi tudi nal axis. The function of the reflector 15 i’s

t dhe speaker. AM nodul ated beanms 23 emitted by the
transducers 11 towards the |ongitudinal axis of the 10
support base 13. This beans 23 are reflected through

SAPES £ es REDALBRHES S8 i rown
plsenegrtticaly, dh bgslanh® thclidibh g thd RiMgRudmapBRisidighe SapbHY base 13
sides of the reflector 13 is denoted by a. By varying

t kwhighl isdhe verical disestion indtig#rndtwe treneducarar 1ef the same

PSR G50 354t D RO S G A s or e

Tlsryitudiriad akkisy The. fuactiresf the refletdr 180K td eefleeAMI Erddifated
speaker gl on_g the |ongitudinal axis of the support
b%@@f@g? eRutted by the fmpsduesis 1ddou@sds the loagdudinal axis of the
i | RGhi : -

L SypPETRASE 1. s U556 24 SRSAECES AR Pon per o form
geipweddly prapagatingBearhs @5 asyslaaws int Rig.4.r'Bié anglerbet®eeh the

- RLGHRE ProndastOhaiieRfiot GELTR benb e and Tié HppMocsiads Stne
rekldeton1 3 iSderfotedBlyCn t BYtvarling th8Vakle %f%%ﬁ%ﬁ%fl?gted beam

a
di stance d' of refl éctivé beamcenters C,
r ghatteut can be adjustablel ¥herh a4 ethepeamdendoto badocused, while

tra ers 11 th elves 25 owing to the fact that
ezﬂ:gzgfglﬁ%Eﬁeg}tefggﬁglbﬁtfﬁm%ﬂe@n the wall so that its
axi s of propagation points towards the |ongitudinal
axis of the cylindrical

Turning to Fig. 5, a view is shown looking towards the speaker along the
longitudinal axis of the support base 13. The figure shows two adjacent
transducers 11 in the same ring. These transducers have a centre-to-centre
distance of d. Each transducer generates a beam 23 which impacts the
reflector 13 at a respective location (termed here a “beam centre”) on the
reflector 15. The beam centres are indicated as C-and D in Fig. 5. Note that
the center-to-center distance d’ of reflective beam centers C, D on the
reflector 13 is smaller than the spacing d of the transducers 11 themselves
owing to the fact that each transducer 11 is mounted on the wall so that its
axis of propagation points towards the longitudinal axis of the cylindrical
support base 13. The center-to-center distance d’ of beam centers C, D on
the reflector 15 can thus be made smaller than the wavelength of the

ultrasonic waves by appropriately choosing the value of R, which denotes the
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support base 13. The center-to-center distance d' of
beam centers C, D on the reflector 15 can thus be
made smal | er than the wavel ength of the wultrasonic
waves by appropriately choosing the value of R which
denotes the 8 ratio of the radius of the inner surface
of the support base 13 and the radius of the
reflective surface of the refl8ctor 15 at the point
along the longitudinal axis of the support base 13 at
whi ch the beans 23 inpact it. From beamcentres C, D
onwar ds, the AM nodul ated refl ected beans 25 (not

Si'@tvmopl'hef:rbﬂlus%f the MrirutadMaReRFtRE lsBppbA bta"ské ﬁ‘é‘rﬁd?fhe radius of

| ongi t udi nal axis of the support base 13 and
r &1 eaflegtiva surface pf thecwaflestortis. atdheqointi aioe@ﬂ@ Iongltudlnal axis

o] % SR B T e wHfofEtnel FERM5 22 nfhact 1 BIcF i b

t h}arID onwards) thé AWM afodul#ted defiedted Weame25 (not shown on Fig. 5)
i nwar dl faC|n wal | of the smﬂgort base 13. Let us

c BrRRagstte paealiglio e shared IQﬂ'Q' rliaxipebihe sspporidpssy 13 and

Ui ReeRs 51v¢|ﬁ'ra3:%ntelr E\tég'rcﬁs helPEE % pro%Wr{eﬁBHw dbya
er para tot ongi inal” axis O he

s tampor of Base 13 (i.e. they are in angul ar register

around this axis). The beans 23a, 23b emtted by each

of the transducers 11 a, 11 b inpact the 15 reflector

%3_ respective beam centres. The center-to-center
dil §fiRg &ow to Iig: Gette ansens diustiated iy whishribersis, moapthan one

eRhg (of fraR¥d & sid %qHﬁ/SF ny mﬁ I@f tha PSR BAEN DY et us
ﬁg 9 g g shown |

incl'ination a eao
chnsndér they Ak mndulad:eobaltnasgnm bedras d:mlt/ted bylteansducers 11a, 11b

d d,. 20 h t t [l ed
oIS Ecing 28] opBath other Rasalelih dhé anaia el e of the

Gsuﬁp&’t bhgé anl(i.ePeRyUIS i BRghRATEgidterHsuRd IS Bxis). The
tica

shorter distance t0 go in tThe ver direction

Theamsatda, 23b Qm@iedrtammttefrtbeﬂmsdlmars ata 11 mhm the

Rl PS03y Sel el R S B8 fonce
abptwddrebeanisenteBviseafitd 23a 023b3léh'ﬁttécﬁb9 thefrafs@icers 11a,
within the anplifier unit) may be used to conpensate

t AR igdeteamingceby the inclination angle a of the reflector, as shown in Fig.

6. With an increasing « , the d” will be decreased.

Note that the total distance travelled by the beams 23a, 23b before reaching
the top of Fig. 6 is different, because the beam 23b has a much shorter
distance to go in the vertical direction. Therefore, if the transducers 11a, 11b
are in phase, then the beams 23a, 23b will not be quite in phase when they
reach the top of Fig. 6. Optionally, an amplifier plus a phase delay circuit (e.g.
also within the amplifier unit) may be used to compensate this difference. For
example, a single amplifier is used to generate a control signal to drive one
ring of transducer elements, and the output from the amplifier can be passed
to the phase delay circuit to generate a control signal to drive the other ring.
The phase delay may to chosen to ensure that the reflected ultrasonic signals
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exanple, a single anplifier is used to generate a
control signal to drive one ring of transducer

el enents, and the output fromthe anplifier can be
passed to the phase delay circuit to generate a
control signal to drive the other ring. The phase
delay may to chosen to ensure that the reflected
ultrasonic signals 9 are in phHse. Mre generally,
when there are nore than two rings, they nmay be nore
t han one phase delay circuit. Fig. 7 shows a result of
a nunerical sinulation of an arrangenent as shown in

5 dfé in pRasdidore geherallp whisie thdraare inmgre thén two rings, they may
transducers, each with 25 transducer elenents (so 50

t P20k BlancpraBhase ARlayfirgkit. The val ue of d was
chosen to be 8 6mm and a was chosen to be 90 degrees
m nus 33 degrees (i.e. 57 degrees). It will be

B t .t he. present .embodi nent can .
g hoe APekUter & sfRrica! BirRUBHEE of 35 2 HngRRuRn 2% shown in
WiFdg.18. THedsimluddtish bsad tvib Bngd® obtraAs @sets Neddt Witk 251 thdhsducer
vvltih respect to attenuation at the main | obe. Although

ofIgMants; (89190 EamsstHceE slerpents i total) e hbe yalueef dhwean chosen to

RSB8P s .5
| iegrees)nit wilk beidppakentdtaraFig.o7 thag ktheé besteneadodirhent can

exanpl whil e, ,as, descri bed 15 above, a coni cal )

r aﬁ%&% Ytaia @ mainlobe vilha desiablernarmq width. side lobes having a
| RYgehgh hitehFatid?PRith Pbs P Itd Hﬁéﬁﬁﬁ n éﬂﬁe'rﬂéﬁg%b&”
usi'ng ot her surfaces, particularly other curve

surfaces. For exanple, the curved surface may be

anot her surface defined by an axis, such as a trunpet

smeda}z mn:]wa sir}}g’le ?muﬁdﬁneha@f&hbﬁméntioﬁﬂﬁésr béﬁsiuﬁbﬁated in

axl . | CNh ea 0 eCTOSS-SGCtIOHSt. rougr t_e
sﬁ_ﬁ‘?%'ca’w YRj'aengiaf g gmbodiaenizane rossible M e seppe of the
baivaatisn"aewili §§%redmﬁ%té?<ﬁlle% fednel. it Yanidlé, wﬂ?l%ta%rﬁé‘scribed
along the axis). Furthernore, 1n some arrdngenent's,

t Bbovera ednisal freflectansedfaneis cemessent foy useircihedheention, it is

S BB BpiBhenf kot AR o S, SRl otrer

t barveef durfideseFot ex@npRe, Bé urved SUfface may be another surface
defined by an axis, such as a trumpet shaped surface (i.e. a surface which
encircles the axis, which each of the cross-sections through the surface being
circular, the radius of the circles being a non-linear monotonic function of the
distance along the axis). \

Furthermore, in some arrangements, the curved surface need not necessarily
encircle the entire axis, but may, for example, only subtend about 180° or 90°
of angles around the axis. In this case the reflective elements also may be
provided only in locations on a single side of the axis.
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provided only in |l ocations on a single side of the
axis. 10 Cains 1. An ultrasonic speaker conprising:
a reflector having a reflector surface; and a
plurality of ultrasonic transducer elenments, arranged
to transmt 5 respective ultrasonic signals towards
the reflector surface; the reflector and ultrasonic
transducer el enents being arrdfged so that the
ultrasonic signals intercept the reflector surface;
and the reflector surface being shaped and arranged to
reflect the wultrasonic signals to formrespective
r €fiaiast ed ul trasonic signals having a 10
near est - nei ghbour spacing which is |l ess than the
near est - nei ghbour spacing of the ultrasonic
t fansdAveyitrasenisspeaker camppsiager according to claim 1
in which the reflector surface is a curved surface
defi ne ' eRfilcedgrgrding to claim2
i n whi %hrgpﬁgta}' g?},@gt%;ef@l?r ace |C§’ §ﬁ815 coni cal
surface around a |longitudinal axis, the ultrasonic
t r ansdac pturalitg nehtultrasaerio gransducge delamants| alrangzdsto transmit
4. A speaker according . to clajml. claim2 or claim3
e i SRR toBafaSlis ftebidl slifasRy ar ranged
so the reflected signals share a conmon propagati on
di r ect tvnrefRetdr-arl siRR_AK tAafERILEENEIdnfefts BeMdlarrehgédlso that
2 or claim3.in which the reflector surface is shaped
atte ultragapiepignals irteraept the eeflesteyriuriaceoandr ge as t hey
propagate. 6. A speaker according to claim2 in which
the ul iHéaSr%?letoli'rQUﬁ?Hv%eBeingl-‘%ﬁSBEﬁ ahg %fr@@%d tb Mreflect the
groups, each group o ranstucer el enments
ultrasonic signals to form respective reflected ultrasonic signals having a

nearest-neighbour spacing which is less than the nearest-neighbour spacing
of the ultrasonic transducer elements. |

2. A speaker according to claim 1 in which the reflector surface is a
curved surface defined by an axis.

3. A speaker according to claim 2 in which the reflector surface is a
conical surface around a longitudinal axis, the ultrasonic transducer elements

being arranged around the axis.

4. A speaker according to claim 1, claim 2 or claim 3 in which the reflector
surface is shaped and arranged so the reflected signals share a common
propagation direction.

5. A speaker according to claim 1, claim 2 or claim 3 in which the reflector
surface is shaped and arranged so the reflected signals converge as they
propagate.

6. A speaker according to claim 2 in which the ultrasonic transducer
elements are arranged in groups, each group of transducer elements
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conprising multiple ones of the ultrasonic transducer
el ements | ocated at the sane respective position

al ong the longitudinal axis. 7. A speaker according to
any preceding claimin which the plurality of

ul trasoni c transducer elenents are |ocated on an
innmardly directed surface of 5 a cylindrical support
base. 8. An ultrasonic speakerllconprising: a reflector
havi ng a curved surface defined by an axis; and a
plurality of ultrasonic transducer el ements arranged
around the axis to transmt respective ultrasonic

siconairisingonaultiise ohesdfithe aiiteasaiic transduddl MBRTEABY iddded at the
ultrasonic signals are reflected at respective

| §8H18 Bispestive pasitien alang therlpagitudinaliaxisn r especti ve
reflected ultrasonic signals having a

ngar esiy QEES)E%gHéco?Bﬁ !fbgaﬂgif&?%é'ecﬁrgéeééin{ F}‘?Mé‘ﬁ the plurality of

near est - nei g ur spacfi ng rrespondi

uluttrasomic trahsducet etementseareniosated9%n Ansipeakdly directed surface of
according to _an receding claimin which the

ulatqygggﬂg%j SUPQOﬁr ducer el ements are piezoel ectric

el ements. 10. A paranetric speaker system conpri sing:

agspealpgry ulasonidispaaker écsmpﬁéiﬁg,edl ng claim a
pre-processing unit for nodul ati ng an audi o-frequency
signal onto an ultrasonic signal to forman anplitude
nodul atd@fiastor havinnR ewved surigicg wigfined iy ampexisi aadi try
to transmt the nodul ated ultrasonic control signal to

the  pLus@tdity of Littdon?s #3hSdlde sidHehts SHEREBY Sround the axis

to transmit respective ultrasonic signals towards the reflector surface;

whereby the ultrasonic signals are reflected at respective locations on
the curved surface to form respective reflected ultrasonic signals having a
nearest-neighbour spacing which is less than the nearest-neighbour .spacing
of the corresponding ultrasonic transducer elements..

9. A speaker according to any preceding claim in which the ultrasonic
transducer elements are piezoelectric elements.

10. A parametric speaker system comprising:
a speaker according to any preceding claim;

a pre-processing unit for modulating an audio-frequency signal onto an
ultrasonic signal to form an amplitude modulated ultrasonic control signal; and

circuitry to transmit the modulated ultrasonic control signal to the
plurality of ultrasonic transducer elements.



