;e3e2\;| zs.6(T|MI.  *coooo02* Methods and systens for transmtting audio
sound Field of the invention The present invention relates to nethods and

systens for transmitting audi o sound to one or nore indi jm@wwumumuﬂum
Background of Invention The audio environnment is a key ¢ i he
environnments that surround us in every day life. Unlike videosomdi ch
requires for the line-of-sight transm ssion between a screen and an

i ndi vi dual, sound can be heard even if 1 it is bl ocked by m’tﬂ Hlmm lmlﬂmm'e
ot her obstacl es. In many situations, this omi directional nd
tends to annoy unwilling listeners. If two or nore sounds are nroo@ok«
together (for exanple, TV and rad| o] sounds) each of the intended Iisteners
will be unlikely to geMe & ~ SOL 08olnéint er f er ence.
Thus, it is desirable that there are vvays to separate sounds into 15

di ffer ent "\sllga%esf!!eThe ggnventl onal way to realize separate sound spaces
within a gi se sound absorbing materials to partition the
area. This is however highly costly and sonetimes not possible 'to inplenent
(e.g. in a ITh peedeP®ifventiBnAeritésto PRstRbHS lantlysysterhe fet tran®itting aedry at e
the audio sound only within |imted spaces. Audi o beam techni ques are
known, whi crsaunddapine & mereingdivdual.ery narrow audi o beam as conpared with
a convent i onal | oudspeaker, and can be used to efficiently localize the
sound space. Bﬁ%ﬁ%ﬁm"%t'éﬁe listener is in motion, he will |ose track
of sound wh coverage area of a small fi xed audi o beam
This woul d make the listener feel unconfortable as he is accustoned to

enj oy |i st enTmga@diorenvirdnments 2 key cnnqim)enabﬁtb@termﬂwm'am thatisusroaiodi vi t y

or opagat  on. UTH Sty 48 e U8 o ice ook a0t Bie [esaraeRE sound onl y
for one 5 i ngandrAidaionietiéen ahgreoh ang ﬂrlnéﬁfﬂw%unﬁ%mﬁéﬁ%éﬁ if
ear phone has two functions: 1 ) to provide the |istener with a conti nuous

per sonal10audit is kiacked by peeple errapni other phstagleso lim any: situpéipas,dBisf eAi-ot her

e e 1 P T RS A Py il =

headphone/ eaédlh@%%re&ﬁ&edltcd;étheﬁ(fof exarfpled MY shd Aidi® Boahds)| sackmbfithen hot
weat her conditions, and 2) .t he headphone/ ear phone bl gcks or attenuates

various souriftendedi listenars il haiunikelyitn gst Famesh information dyedadputiabpi ity to
react approppiaidbycd Oriec s dbaikitIg thitdhire are ways to separate sounds into

15  different "spaces".

The conventional way to realize separate sound spaces within a given area is
to use sound absorbing materials to partition the area. This is however highly
costly and sometimes not possible to implement (e.g. in a living room).

20
Another possibility is to attempt to generate the audio sound only within
limited spaces. Audio beam techniques are known, which attempt to generate
a very narrow audio beam as compared with a conventional loudspeaker, and
can be used to efficiently localize the sound space.

25
However, if the listener is in motion, he will lose track of sound when he walks
out the coverage area of a small fixed audio beam. This would make the
listener feel uncomfortable as he is accustomed to enjoy listening (for



around him It would therefore highly desirable to create a personal audio
system wi t hout using a headphone/earphone. 15 It is suggested in USP
5,815,579 that a personal audi o systemw thout an earphone can be built by
usi ng a | oudspeaker array attached to a person's garnent or headband.
Unfortunately, this nmay not be convenient since a person would still need
to wear a | oudspeaker as a garnent or headband and 20 the | oudspeaker is
required to be well-positioned. Another 2ype of sound distribution system
i s suggested in USP 6,091,826. This is to be used in |arge places such as
shopping mal |l s or giant supermarkets for advertisenment and gui de purposes.
In this system the 25 presence of custoners around a | oudspeaker systemis
detect ed, arskanhsie td6 Musid)aaimossanpeliere inmivactivityepace withhadoaséntional hem
through it. In such a system a plurality of conventional |oudspeakers are
needed, and 3o system whioh) 'SGHHVIQ"@&BP@H“F\&PUB REPPAZAIBNe near by wil |
unMAlllneg hear the sound. \Wereas conventional |oudspeakers generate a
sound field alnost evenly in 30 all directions, in recent years, there has
been a greatOflemirsef anather esnmam tecBnigeeémapricxvgiirhg gbliyd dinlyefot oo@al audi o

b t | t i t

firet modu dnANsuehB Blansaeplnas SApipaneul NE LeaHEORY oh RBREPTE T and
then gener atfwaoruhbffond: t1')?§BFB\ﬁdé(\’méel|§t@ﬁM||fh a aornan§6.y§sér§onaaalntaabr ow beam
t he audi bl e sound can bé reproduced by 5 denodul ati on caused by the

nonl i near i t yentertainmentiandc)rie eyyoishsoundiinterfasence from othier paople. Hlowevgr.nar r ow

beam A co robl em for such an di . T at her
poor sound”gtﬁﬁrqo?gﬁ Mﬂepﬁo Iqﬂqﬁﬁsaﬁ’??@:&tw'@hB?n@gquﬁ/\#fe%ﬁé%pbgswgﬁrevel for
| ow frequencyncopifoftabR 6r eV @YRIvinditd \Waara hehdpbensleaighoneg Bsgeciailt y audi o
beam sound has been proposed in [7]. 10 Another way to generate a

rel ati velOy rfeF adongduraiopeefting apd in bet weamegéonéuaaﬁe%mbz) #®eray in which
Dot h SLame! AR HAR AR AL B B aRBAlalst ARBRSEnAL y REBGFal Blfes

i nvention ai uhiastumpadmglttle Ilsmmeﬁsdabluﬂyetmfeam%tapptdprigwy:lt@teeeralsdalang(pxla'c;é to
an i i vi dusroned R, s Perslore gty ResERBraRtrte A RoBeIR Mk ng &
| ocati on whi [}Eﬁg sition of the individual.
Thus, where iﬁ rﬁl\ﬁk‘e aﬁgﬁgggnaﬁs}gﬁég?né 03255 only a small stationary
space, ttke invention nakes it possible to provide a personal audi o space
such 25 that , the sound, be ther with t |IS ener. e _system
can creat o ot furudinsed PSP EES 7GR € potidod bt ipalbAnn T he
capability tgafpAbhew¥ahibe mﬁmﬁingﬁﬁ%dﬁ“ﬁe"aﬁéﬁ afrB¢ aftHEhed tPaperaeer dingly.
It provides a continuous audid service to people and at the same tine

avoi ds the sgamentordepdpandUnforignataly thisanay not be convenient since a
person would still need to wear a loudspeaker as a garment or headband and

20 the loudspeaker is required to be well-positioned.

Another type of sound distribution system is suggested in USP 6,091,826.
This is to be used in large places such as shopping malls or giant
supermarkets for advertisement and guide purposes. In this system, the

25  presence of customers around a loudspeaker system is detected, and when
this happens useful information is broadcast to them through it. In such a
system, a plurality of conventional loudspeakers are needed, and but it is still
unavoidable that other people nearby will unwillingly hear the sound.
Whereas conventional loudspeakers generate a sound field almost evenly in

30 all directions, in recent years, there has been a great deal of interest in



4 Unl i ke an earphone or headphone, the present invention can be inplenented
wi thout the |istener needing to wear an ear phone which coul d be
unconfortabl e under certain circunstances and may bl ock ot her necessary 5
sound sources to the listener. Furthernore, unlike an earphone which can be
used only by one individual, the present system can be used both for one
person and a group of people if they staé t oget her under the covering range
of an audio beam 10 Alternatively or additionally, nultiple systens
according to the invention nmay be provided, to as to provide different
audi o sounds to different people, in beanms which nove according to the
positions of the individuals. The audio sound which is transmtted in the
beam may be deneuatidg highbdiredtionallaudio beamsodsing theopancipleest. ulfrasoridi s

pur pose one or nore such audiQ_s urces(gﬁyabe ed or connectable to

. t
the enmbodi nmedgmodylationyin air (3al/d, By firsh megiilating @%ﬁ%ﬁ!g%l PRto 3N t el ephone
d other dewi e : .
may be capatl Ly e (sadfiy PRRarA 1Nk qeht Ik s gR BV IO i PR
enbodi nent . tfansaluter sta aaaow eam theauditye seund tandle epgoduced by
trolli h di t. d . I th | I
coner ot 8 AR IR SR ibes b 155 Nene L SR oS heiobat Sy i
bi -directi onglnnmhqs_apm?uﬁrw beam. Alcdthmeh pebiem fot slich in autflb vedh?!
whose position is bein racked by an 25 enbodi ment of the invention is

provi ded wi tgystemilies ip Hneatagrpeorassingd fuality due tahighidistartion andlow si gnal s

gener at ed Do oS HRTIR0A b PIch IR, A bondHie. RS Eer s el
gener at e audjeheFa@sigh ggralitsyfmﬁﬁ@beaﬁl $gunasiiag besh brogosedfin (]t 1 ndi vi dual

usi ng the enbodi nent. exanpl e, the output of the m crophone nmay be
out put f%m an output of an enbodi ment of the invention into a

bi - directi onR]l.otﬁgFTWé gSg%}e-.%b%g%‘c’fé?ﬁir\{ KRS Bubif) GREIARE 1o H?é ﬁgalygﬁgr ated at

transmts signals I'n e encodl ng audio signals

a di stance bpuli$peakes apayrinihich beth signahdrmplitlde dhd phiasdiforesadtonal

conmuni cati on cr}“ade ossi bl e g¥ soge e%od' ments of thf i nvention can be
used to rmakdod r a5 peprrate)y pABplerR i lormia Peamdildl far di stance secure
tal k. For exanple, the one or nore other individual nmay al so be provided

wi th an enbodi nent of the invention. 10 Many techni ques for determning the

posi ti oM5of Sumimaty of thenlnvieatien been proposed [8]~[11 ], and nmany of these
are suitable for use in the present invention. One of the preferred

orovi de. bot s Riene . heBloR AR s B hER AR Y ol 498
WLAN ar chi t esdguhde® iadividealddased on 15 | EEE802. 11, Bluetooth, or UWB. In

such a technique the user typically wears a transceiver or other device the
position of which can be sensed by a W.AN. This may for exanple be

integrated Whtdpddg it ARBIRGerition FropBEaE AR Bk AR3Y¥6 of an individual is

20 tracked, and sound is generated in a beam having a location which is
changed according to the position of the individual.

Thus, whereas a fixed audio beam system covers only a small stationary
space, the invention makes it possible to provide a personal audio space such

25 that the sound beam moves together with the listener. The system can create
a personal audio space which covers only one person with the capability to
follow his movement and redirect the audio space accordingly. It provides a
continuous audio service to people and at the same time avoids the sound
interference to others nearby.



20 As for the device generating the audio beam it may include a
conventional | oudspeaker array which directly generates a beam of audio
frequency waves, and/or ultrasonic paranetric array which generates an

ul trasoni ¢ beam nodul ated with audi o sound. In this docunent both of these
beans are referred to as "audi o beans”. An ultrasonic paranetric array is
preferred for its 25 I ow cost and small size. The audi o beam generation
device may have nultiple audio beam tran$ducers, of the sane or different
types. In any case, based on the position information, the enbodi nent nmay
sel ect one or nore of the audio beamtransducers (if there are nore than
one) 6 and/or adjust the directions in which transducers) direct sound
(e.g. by rotating it), to project an audio beamto a space including the

listener. T nbodi nent may be arranged to be.capabl e of generating, an
Ui o beam WM F6a8IPRenS at feadBbARS BeATPeslE FYET cante TRMETR oh « he
i ndi vi dual  SyifyRhé StBHEPNSEdihG 6 WedP an'&libR6Aé WhichFedlid beom a cei | ing or
wal I . The derivation of the posTtion of the individuals) and the audi o beam
redi r ect i on ureomfodaklerundescepairnt craumistapceshgrd oay hloele ptheitnecaasary, under

t he control of contro tem The control systemmay be integrated with
10 eitheP ofsot'“'ﬁ‘grﬁo%?e%{? @éﬁﬁfﬁrﬁér physical ly separate unit. For exanple,
the control system nay be a hone server, of the kind generally expected to

becone common in future homes and which perfornms other tasks of homne
management Sudtheimaseviniseramearpheps which car bedisedaiyl by spedndiviskal,

hodi . . . ' _
CTotenor) . AMESTESEH Sl el ne | 0adbpitor ShETRorand & Shou ™ BbBR if .
si gnal s fr orthey istear togethentunder frenedveringarange of anraudio baamon |ink (e.g. from

a renote |location). In any of these cases, the control signals may be used
to contr'® the function of the embodi nent such as sel ection of which audio

sour ce i 5. USflrhtigkly A orif I3y SterOhUSRFRIIY e Plehilsn i) © 20

sound, initiation ectl t etc. Description o
Fi gur es Pr eftee ipeovifledit tor as tof provide diffenentoaudiol soumole toediffesenti peaplef or t he

sake of illustratiogn only, wth reference.tot fol l,ow ng figures in
whi ch: Fig. Lheqmﬁ %F@\ée@@ﬁemg {heypquCE@ ¢ hﬁd’?‘@ﬁ'\gga%f an enbodi ment
of
The audio sound which is transmitted in the beam may be input from any of a
15 number of audio sources. For this purpose one or more such audio sources
may be connected or connectable to the embodiment, such as a radio, a TV,
an audio player, a PC, a telephone and other device providing personal voice

signals.

Furthermore, the user may be capable of transmitting (preferably wirelessly)
20 signals to the embodiment. In a first example, these may be control signals for

controlling the embodiment.

In a second example, they may be signals generated by a microphone carried
by the user, and used to implement bi-directional voice communication. In
other words, a first individual whose position is being tracked by an
25 embodiment of the invention is provided with a microphone and a mechanism
to transmit wirelessly signals generated by the microphone to the
embodiment, and these signals are transmitted to one or more other

individuals (e.g. by telephone) who generate audio signals which are



25 the invention; Fig. 2 illustrates the configuration of the enbodi nent of
Fig. 1, Fig. 3 shows schematically as a system bl ock diagram the contro
nodul e of the enbodi nent; 7 Fig. 4 illustrates several ways which nay be
enpl oyed by the enbodiment to formand steer an audi o beamto an
individual; Fig. 5 illustrates a WLAN positioning system which may be used
by the enbodinent to detect the position_of an individual; 5 Fig. 6
illustrates a further positioning systemwhich nmay be used by the

enbodi nent, in a roomenvironnent. Detailed Description of the enbodi nents
10 Referring firstly to Fig. 1, an enbodinent of the invention is
illustrated, including three parts. Firstly, there is an audi o beam

gener ati on ripmhdnaittéd vibi the festendivishiah using dive amlbadibeai Poi exbogileygtheat

I h f ' ded i 3. eS dl ' L
poc L on et QAR PRSI aY, 6 outgit Fr 8D aufut SR elibymeRLEr ™

l'i stener 3 (tRednveritioANintd1d M diréeti6ili doPiriBAchtiod devideYsuchhas 8 tefephosent r ol
nodul e 5 which receives the position output by the |istener position

det er m nat i oshigbdaise Hansits signals dntoh thexembodiment gnceding endiengignalst (t he

connect i on) . SRR 1 sVt Llelone EmARE othelh by Blual il afbtebfl on
the control sEMmupidatigl maades pbbsibRl IBEESmEeNembodintentd ob efaminvéhiion icha be
listener 3 is noving, the positioning sub-system continuously detects his

| ocation anduseskiesmake aphane eallertel pravide noint-toaintdan distanceosrause dall | |
conti nuously, h Later Ji : i a i

modul o 1t o et dhpRAMe b8 HGtel cRPUTLAERiCo B0 BEPRCHRRE, Githalh |

| i st ener. Therabodimenttofthelmvedtitveari ng i s guaranteed for the |listener. The
beam 25 2 is sufficiently narrow (e.g. one 1 netre wide, or less) that it
covers only the intended |istener. The enbodi nent . .permt the width of
the beanit o MENY iUty defimigng e Rasbien o Aniindidbal are BREN ar o
expected to ﬂ%gbsé@fe]swﬁ, SR Afhny BT thesec aredd Uitablefd Udefin théprasent her

i ndi viduals who are not intended’to hear the sound are expected to be. 30
8 The enbodiineentiors One abthepreferred embedimeents is based gomdretessiinealcyger ol

nodule 5 is inple b h I 0 ki i i ected to
becone a mai %‘%@’&W #Qﬁa%'; ggﬁBifg\{'gébb%é%rhﬁ&W@ﬁﬂ%g‘?é@ﬁ?rﬁé&functi ons
of the contrgapdbilltp dithitandotisly. ThBUWEANeArRhitettnrss ¢arebe abied od
conputational _load for_the control nodule is very |low. The hone server 5

has an iWout IERREGHH Bataath.rarddfVR: 4n sHeh adeehrifvedhs, user typicaly weass o
, r adi : . Q. _a PC
15: or"a tor A pARsGel§ b othir aBvid td poffiof YElWhidH G pe SERBYMIML AN, @ |

options to cThissnapfirnexampléBefoegratedwith thelmicroghdnesdetice medtionetdudes an
i nput for a gti)gvneal encodi ng t he

20 As for the device generating the audio beam, it may include a conventional
loudspeaker array which directly generates a beam of audio frequency waves,
and/or ultrasonic parametric array which generates an ultrasonic beam
modulated with audio sound. In this document both of these beams are
referred to as "audio beams". An ultrasonic parametric array is preferred for its

25 low cost and small size. The audio beam generation device may have multiple

audio beam transducers, of the same or different types.

In any case, based on the position information, the embodiment may select

one or more of the audio beam transducers (if there are more than one)



voi ce of another person, which permts a point-to-point far distance talk
between two individuals (e.g. using another enbodi nent 15 of the invention
for generating a noving audi o space for that other person). Only the person
3 within the audio beam2 is able to hear the sound, so this enbodi nent can
15 inprove the security of voice conmunication in an open and public
environnent. The information about the pgsltlon of the listener 3 can be
obtained in nmany different ways based onYultrasonic, infrared and

el ectromagneti ¢ waves. The 20 use of WLAN is used in this enbodi nent, and
is preferred since it wll beconme nore comon in future. At the sane tine,
WLAN can al so be used to inplenent the conmunicati on between the |istener 3
and the horrr;amh!owmﬂjustthE(direetiam)Irewhhzhvtfransldaser(s)rdirentesiouad (mgybpl ay the

role of the Itazlen osiLtion 25 dgtermnatlon mﬂlgl.e#\ I t ug_hherrmre

optional 'y retE8NGd RRIest gRAUdi PEAM 10 PRRfS Inglliingsthe, {S?%ef flected to

the home sergtibodimettt thdy e bl’r%h@é@'to bg c,%ab@@itbeﬁetratmy 4h RHRSBedmhanscei ver

8 such as an | EEE802. 112e Bl uet oot h, or device. Information such as the
e

li stener' s puhichireagh ableest sore degations l@mmmwn@nMIah thelingjvidwal wi r el ess

| ot ener 5o, vAPKEThsblB b eisPoby ettilBn P o Bola canpbBedtdf o %5 ' a°

m crophone 7 is attached to the listener. Furthernore, if the enbodi nent

includes a voice recognition function, the listener's voice g be used to
provi de a coHe dlervatien; o the positionref the dndigidual(phrandydher avdip. beam

trol t
oS! acar TRHSCHRE b MARTER ol WErRed U7 Bin ety SXARAE i, BRbert one
bi -di recti orthk cmﬂrmhrmf @acontnyl sysyeranpl iy cbhtrol/\sysiémsmalyi ek itegraded withe
t . nt d b th
{1 anacei Ver aitiescaufioy BF bGerr BRI KAl KRR Ao R EOT SHREMHP R abl e
by the list tro?)s s?ém/rﬁ%@k %mé)%ew”é?ubf'tﬂé%hde‘gz%ﬁfgllys%&ﬁéétea

nmeans of keyboard (‘not or a renote control not - shown)
bl ock di agr dvecsime lcenmyoon riv|futye themesf anderlnbomBrfmms othes ltasks ph thrgaur e 3.

The transcei ver %é] E avi nﬁ an aert\?g 2t0él receives signals fromthe 15
transcei ver gn Fﬂ)’ﬂh?%e HEPRMEN AL PR gnal s fromthe |istener's 3
voi ce, and aI so encode information on the position of the user. The

position of AdenéMtRinedsalove &eé eshbudimbat piziyt re%éwe%tdﬂtdﬁ%ngfﬂ@&nr@l@%w s by
a unit 22. The listener p05|t|on data is transmtted the unit 21 to a

control 15ogi@@3fropnthe, ligtener). eﬁ@fﬂét'wm?fo?d@@ﬁﬁﬁuws“@i eRbodiment M8y f r om
he keyb h
E r Snsg)ei 82; délé&ﬁ?kg?@@ecgﬁgvllé ﬂIOhfhlé}?%roérrPrgﬁﬁa % IBF 8 r ol GW%&é@ﬁ Ifl{ ot

cogt rol a muetg. m(;mta)femete lqaatlo:s)ellmarigomf these casfes otrFed:cmditol thjmakﬁ nMdye
audi o sources an nne o fhe io input of the audjo, bea tem
e Gt ectbodasd JoreatoLia iinetan of esmbaRime sucheas Seetp’ P?ﬁcsm
will also Coéﬁdle'so%rc%‘%tﬁ] S&dy Bb 'ir?tt@éﬂd’ib s@%ﬁ?' Wh{r%p%dlaj‘rghdl ot4h

receives the output of the unit and transmts It a se ted

out put «f0 tmtﬂ‘tdmﬂtlatmnof tﬁrdﬂtee:tlohal talli etc.i nformation is normally encoded
in the signal received by the transceiver 4, the unit 22 decodes it before
it is sent | - speaker for anot her person or to another
system corrm?I gt he Fi (‘i’ enbodi nent. 30 10 As nentioned the
signals received by the wireless transceiver 4 also permt the position of

the |istener befemedbéeatatesrasﬁthecih\(emt|oalvvlttmowt bey deycribietle fer theysake of separ at e

posi ti oni ng stem 4 fromwhich the pss transceiver receives position
el o st aBrenly Gt e Branicp tndhe felfcviag BB IRMBTIGRS | on. & he

Fig. 1 illustrates schematically three components of an embodiment of

25 the invention;
Fig. 2 illustrates the configuration of the embodiment of Fig. 1;
Fig. 3 shows schematically as a system block diagram, the control
module of the embodiment;



5.control logic 23 will find the closest audi o beam transducer (in case
that nmultiple audi o beam systens are depl oyed) and cal cul ate the control
parameters such as the rotation angles for both pitch and roll directions.
These control paraneters are sent to the audio beam systemin real tinme to
steer the transducer (by rotating the transducer in both pitch and roll 10
directions) to nmake the audi o beam always follow the listener. Fig. 4 shows
three different ways in which the audio beam can be generated in the

enbodi nent of the invention. The three parts of the figure |abelled 31, 32
and 33 indicate three separate realisations of the audio beam generation 15
nodule 1. Note that optionally nore than one of these types of nodul e may
be enpl oyed by tl"l%agmmmramﬁse\er@ ways/whichgnay beé@mployed egthé nt o which a
i stener 3 nng t an e formof the uglo bean1 eneration nodule 1 is a

paranetric & '5@“ A1 and staer@e PR dﬂ"r'%@ducer 34 to
generate an audi Grig| ﬂ"lmstraw% wm%ﬂloﬂwwsrtéﬁ%@hwb%géa by'tRgagat es
through air. Since“the ultrasonic carrier guency i's mich higher than the
audi o f r equesrobodiment to detach thebpositien bf/amdmim "akknto a narrow beam by a

|t or act Fons. amordor AT Bl RSBl e R 47 B8 iRy e

reproduced sgiib@dinfert ORfd fin eAvikGmBht. r asoni ¢ beam Therefore, a narrow
audi o beam can be formed. The ultrasonic transducer may be fixed on ceiling

or wall to make the beam easily projected to the |listener 3 w thout being
bl ocked. ChaR¢ . b&’;?q}{é‘ be inplenmented by rotating the
transducer. Atwo joOrrt ' frecttani sm nay be where one joint 35
rotates in a pitch dlrectlon and t he 11 other joint 36 in a roll
directiom VRéfertingfiestlgitdiFigry ancambodintent ob thendventions mwt'raiebeam

transducer mnmay, be sufficient _. Anot sibl.e type of aydio b

generation Hﬂé@pﬁ‘gl%r§eap%n\'f€ﬁ“¥ 5&%‘73' a\"kﬁ'}ﬂg Q&% generayonm (!e
roposed b echnl ue
prop y \Fdhkh%éhferétaﬁ aqlfarf1 budld bé'effﬁ% ﬁcﬂfdﬂ'lsgé gét Ié&‘i‘?ﬁé 85{9 G%yh q

that controls t Si gha ase and anplitu rat el cell. The
sound from aintendedylistherf3. IS&MBﬂkyaﬂmre iz atistemer positiod derhermlaammam and

t d || . h d | . Si 38. i
This sust em Mou s wnidATbgetset Bt G dersielniiels R amiBrosnr e i n
si ze. Cofsseqaiftdnynerit]. THIMIP @hétefis laCdBritrdl thatitiid 8YwHibh fedtiBy thepddiorPt her

hand, when applied to sone 'special environnent |ike a |uxurious office, it
may be pr ef eoutput byheglistenen positiarhdeterminagionimogule 14 and cantsels e audioe t o

the 11 st enordeain denstatittandle 18 Adfe b/ P RubeBebintts il 2t
surface, wal andBdvitreort witiowt% wirermmecmrt) nﬁpmucalancbas@daodawustemer Fig. 4,
this is perforned by the parapetric audio eamgeneratlon nodul e, 33 (whi ch

may be of th@o%% @tﬂﬁ@!'}aj@ntbﬁ ceatrohmogdyle 5 dynamically strars dhe apdior oom
h
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possible formo positioning used by the ernbodinent is illustrated in
Fig. 5, wherlstenen | pue, un-interuptedrheatingrie guasnteed ferdbe Vistenes. Bheyhadmf r om a
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intended listener. The embodiment may permit the width of the beam to be
tuned, according to the number of individuals who are expected to hear the
same sound, and according to how far away other individuals who are not
intended to hear the sound are expected to be.
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12 neasuring the tinme-difference-of arrival (TDOA) of the signal
transmtted fromthe nobile radio and received by these reference radios 4,
the position of the nobile radio can be inferred based on geonetric
considerations. A preferred inplenmentation is to feed the received signals
of multiple reference radios 4 5 directly to the honme server 5 and to
calculate the position information there. Another possible formof the
posi tioni ng method used by the enbodinen® is shown in Fig. 6 where only a
single transceiver 8 with an omi-directional antenna is used. The
transceiver 8 is attached to the listener 3 when in use. 10 There is no

ot her active reference in the roomenvironment. The echoes reflected from
the walls, objects and their multi-path copies are received by a

transcei ver (not shown) connected to the hone server. 5. The echoes from
some known pdw embedimaent is jllustratectin maredetad imFigyire Badbewcontrobmedylenaur al
network (or :Qt ﬂz@ﬂ [ I L) ARTEH | BSHYTS: in the
15 training 'gﬁ{ﬁg{ee. ng{’ ﬁg%oggﬁgtge%&héggg@ﬁ% relaq fs%’eﬁ%%tec oetss ar egésed to
i nfer the panainstay dithedifung home. itfis sy &b integrate ther funchansaobthercontrbl] . A

t | i gati f th nbodi. ' foll ] h i ng,
a6 busy Sor JERANG § B0 ee SRUSHIRGE 15 ot ComRate b= I8 ngt 20

dressi ng yoWoridPhititfile &very oW TRE Hoffe Setiéns Ras einpal $uttioh 6Rhlch At the
sanme time, however, you want to hear the norning news broadcast froma

radi 0. Usi ngecaiveemuts fiiom manydifenent pudipssavseas, shieh @svasradie ABua TV

I nterruption, as you,go,thr I outd There i s no,need for, an

ear phone t ha1 ﬁﬁ?%'@%ﬁh@@@b@"f’%ﬂ?r g fcgr%_y%'ha {%eaﬁ%rﬁe nguﬁ" Rrgxlgeand
put 25 on yaHne |i(éténéa%8witlﬂrrhbmfnmﬁmnb;dp@f@;ﬁibn%ttblohobgébemén.baby' s cry and
respond to her. Your older children will not conplain to you about the

noi se friém thathermase, theribeut sectiont inakides @adnpul for acigral easadingdbenot
oot hent oY b ok PR UngE, St BERk o pobf 4 diRlER A0LY 2 FLn0' @
are possi bl ebstiviehrtwolindividuats @ g.tusing anether embaglimeht 1®ef the invention
for generating a moving audio space for that other person). Only the person 3
within the audio beam 2 is able to hear the sound, so this embodiment can
15  improve the security of voice communication in an open and public

environment.

The information about the position of the listener 3 can be obtained in many
different ways based on ultrasonic, infrared and electromagnetic waves. The

20 use of WLAN is used in this embodiment, and is preferred since it will become
more common in future. At the same time, WLAN can also be used to

implement the communication between the listener 3 and the home server 5.

For example, a wireless transceiver may play the role of the listener position
25 determination module 4, and furthermore optionally receive voice signals from
the individual 3. It is connected to the home server 5, and the listener is
equipped with a wireless transceiver 8 such as an IEEE802.11, Bluetooth, or
UWSB device. Information such as the listener’s position, voice and control
commands is obtained by the wireless transceiver 4, and input into the home

30 server 5. In order for the listener’s voice to be input into the wireless



clear to a skilled reader. For exanple, whereas the above enbodi nent is
usual |y deployed in a room5 environnent, other enbodi nents nmay be desi gned
for application in other environnents. Thus, the invention is applicable
for use in any of hones, offices, neeting roons, classroons, etc.
Furthernore, although wireless positioning nethods are preferred, other
positioning nmethods are al so possi bl e. F§r exanpl e, instead of WLAN, a 10
further preferred possibility is to use UVB- based positioning system as
this can provide nore accurate positioning capability at relatively |ow
cost. References The disclosure of the follow ng references is incorporated
by reference: 15 [1 ]. Janes H Boyden "Portabl e Speakers with Phased
Arrays" U. Srarksewter S\Na misiapt®ns7Dis atrebef1d thelistener. fwrtheamoredfithend

Jarkko Tapi o Vuor.i "Method for |nplenentin Sound Reproduct.i on stem for
2 Large cpacnibaiiment Bidlites L bpichtetramie BiieR e JRedlrs Vg hap i oog.
2000 20 [ 3] .uskguagrovideakéonthdl furtctionadahe Kekiecsavefigrur a and Akira Nakamura
"Directional Loudspeaker Systemi U. S. Patent No. 4,823,908, 1989 [4].

Masahi de Yoneyanma etc. "The Audio Spotlight: An Application of Nonlinear

soc. " am 573 BoreGiifktaliifis cOpfioMEinighBs Uiselt 34 SpRRAK Fhe BREdUimerk (r0F DS
U trasoni c fexaniplectoadelest oledbfithe abidiosoureas™ 0 td15 Aodvolubmgchaimge and/ol . 47,

No. 9, 1999, Septenber . 14 [6]. Janes J. Croft 111, Mchael E. Spencer and
Joseph O, NJPF |'§t'a*moﬁflbéidéfﬁ°{?9'lﬁlé’§§?rﬁﬁn'f36'i'°’li pay mnley theswisaless linyst ent, U,

S. Patent Tleinall i | da
" Met hod an[(;IOD Eptglgrégﬁ I;\Jé;ﬂ?gscégggr}sa%?%.gu%l%&gggﬁq%ﬂgrﬁpﬁﬁ g’?y‘&ﬁgﬁﬁ?" ;?'gég’at ent
under file, @Ufgthe transceiver 4 including or being linked to one or more buttons

10  operable by the listener 3), and/or they can be input into the home server 5 by

means of keyboard (not shown) or a remote controller (also not shown).

A block diagram of the control system of the embodiment is shown in Figure
3. The transceiver 4 (e.g. having an aerial 20) receives signals from the

15  transceiver 8. These signals include voice signals from the listener's 3 voice,
and also encode information on the position of the user. The position of the
user is extracted by the unit 21, and the voice signals by a unit 22. The
listener position data is transmitted by the unit 21 to a control logic 23, which
will receive control commands either directly from the keyboard/remote

20 controller or indirectly from wireless Iihk through transceiver 4. After receiving
the commands, the control logic 23 will control a multiple-to-one input
selection unit 25 to select one of the audio sources and connect it to the audio
input of the audio beam system. If bi-directional voice communication is
required, the control logic 23 will also control a one-to-multiple output

25  selection unit 24 which receives the output of the unit 22 and transmits it
through a selected output of the embodiment. Since the voice information is
normally encoded in the signal received by the transceiver 4, the unit 22
decodes it before it is sent out to a telephone, loudspeaker for another person
or to another system corresponding to the present embodiment.
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[8]. Matthew K. Gay, Jeffrey J. Peden, Il and Yonald Chery "Position
Detection and Location Tracking in a Wreless Network™ U. S. Patent No.
6,674,403, 2004 [9]. Thomas E. McEwan "Short Range Radi o Locator Systeni U.
S. Patent 10 No. 5,589,838, 1996 [10]. Alexander H Hills etc "System and
Met hod for Person or Object Position Location Utilizing Inpulse Radio" U. S
Pat ent No. US2003/0144011A1, 2003 [11]. 1;binn Xu, Kanzo kada, Xi aobing Sun,
Wi Lu and Yugang Ma "Wrel ess 15 Positiohing System Which Operate w thout
Usi ng an explicit Reference" Singapore Patent Application Nunber
200303889-0, 2003 [12]. 1 Ltd "Digital Sound Projector" http://ww.1
limted. comtech/splindex. htm 15 Cains 1. A sound generation system
conpri si ng: Asmentioned thesighals nesaivedfoyrthdavirelesshiragsadinerpbalisvipemmitf  at

| east one ingdividyal; audi o bgam generation neans for gepnerating an audio
beam pr opagdiPRSSIANAIGRS 1SteBeL &8 b dRiaiTBRa (EhAte et dhets ke B

nodi fying t *’sféﬂa‘?été_tpd%'ftidrﬁﬁqzﬁﬁﬁtem front WRiCAUAE QiRASGE! RARSRIVErG8caivesr ding to
the detected position of the at |east one individual. 10 2. A system
accordi ng t dasitiomsignalg).tln@nycaspr upemeecaiving the pesitien inforaatiorsdbe vi ng

Ul U DI @ oS anals) RRE b Ul HES RS HokaPllli0 SaM Waned b8y FlHsglingy St em bei ng

operative to seleCct® one o I'ple signa ansmssion to the
i ndi vi dual usultiple hedie bdiamn bystemsldre deployed bahcatatdtdithg coatrol ai m 2 in

which the nul ti E1| e signals carr%];{\vingI audi o_sounds. i ncléjde signals derived
from one or RATAMElRrsSuchAsthegotalionangiesifas bothpieh and pell disectionse| ephone.

4 A ¢ . . . ) ' noea T el
Cransmtter Non o PR BEFEiothe hid Sepifisybiar MR helt 11 200
i ndi vi dual . steerthe)tsarestuaec (bydiotatingothelteansddiceninioth ipitchandiroll ess

transmtter erates, accordin 0 one of the |EEE802.11) Bluetooth, or UWB
st andar d€. c?lPections) to make %e guélo beam a[ways fohowlfhe ﬁsten)er.

Fig. 4 shows three different ways in which the audio beam can be generated
in the embodiment of the invention. The three parts of the figure labelled 31,
32 and 33 indicate three separate realisations of the audio beam generation
15 module 1. Note that optionally more than one of these types of module may
be employed by the embodiment, e.g. covering different areas into which a

listener 3 might move.

One form of the audio beam generation module 1 is a parametric array 31.
20 This includes an ultrasonic transducer 34 to generate an audio signal
modulated onto an ultrasonic wave which propagates through air. Since the
ultrasonic carrier frequency is much higher than the audio frequency range, it
can be easily focused into a narrow beam by a relatively small transducer.
The audible sound is reproduced from the interactions among the ultrasonic
25 frequency components, and the reproduced sound is confined to the
ultrasonic beam. Therefore, a narrow audio beam can be formed. The
ultrasonic transducer may be fixed on ceiling or wall to make the beam easily
projected to the listener 3 without being blocked. Changes in the beam
direction can be implemented by rotating the transducer. A two-joint rotation

30 mechanism may be where one joint 35 rotates in a pitch direction and the



6. A systemaccording to claim4 or claim5 in which the transmtter is
connected to a mcrophone and is arranged to transmt voice signals
captured 25 by the m crophone fromthe voice of the individual. 7. A system
according to claim6 when dependent on claim2, having at |east one output
for transmtting a signal which is, or is derived from the voice 16
signals, whereby the systempermts bi-qirectional communi cation with at

| east one other individual with access td a communication system arranged
to receive the voice signals, to generate second voice signals fromthe
voice of the at | east one other individual and transmt themto the input
section. 5 8 A systemaccording to claim4 in which the position detection

neans det er ritR&sjoiM@6rAY folldireetion N@ithitdbe Bttihalyasesh @1y St30WF 5 one
transmtted by the wireless transmtter. 9. A syStem according to claim38

i n whi ch t heaystie beavriransducer oayhesifficiest.udes mul tiple receivers for the
signal, the position of the individual being 10 obtained by a conparison of
the tinme of arrival at the receivers of signals transmtted by the wireless

transm tt er.Addthefpossilblentyse epaddio beian genératidnimoddle chis taheorvesitibhain
detection neans is arranged to receive the signal transmtted by the

wi r el ess 5t r JaudsRaaker aray adeviem asiRronesed Ryl lddof tee ikl It Hgema
transm tted c{?ﬁi&él*pb&%gfﬁt fogfhﬁrgitécrhﬁlﬂgln@ ﬁ%?éoﬂt?olé‘ltﬁé'iﬁgagﬁbgaéé'ﬁh&!%ﬂgggﬁie ‘o

reflection, tect nmeans 1 ncl ud aptive
det er mi ne t lsepaoatetyi cell my celhd hensbunddoah dryamay 8vpdilouxdspeakershean beres of

ival of t ' I dth I t f ted si | .. 11. t
Sccor i ng. t JOSHSPEINGR 8 ARG nd SHRGTRC A GFI BARECLBPB8S 2P G PR eh  Tmans.
el udes a RRTBIEE! FopRRBK UndMhgeReR s Hitd RRRiIRLit Bhioh ReMDRAq vaves

nodul at ed by an audi o frequency. system according to clfaim1l In

whi ch tHE pamethestaige issézek Sorisequerthy i may be diffiduilt & deploy ibashanoe. On
ultrasonic ﬁfﬁégﬁ%& sed, on control, . signals received from khe control system

13. A syste a0 el gPRiigd LB AoME ShedialenyiRRMEntlike a o Beam 25
gener ati on rgres, it malyWéesrefetrad bathgPlo itsohighRoakeuatgner ati ng respective

It is also possible to use one transducer to cover an area that is not on a line
15 of sight with the listener 3, since the audio beam can be mirror reflected from

a flat surface, wall and ceiling 39 if no direct path is not available. In Fig. 4,

this is performed by the parametric audio beam generation module 33 (which

may be of the same construction as the unit 31). Of course, the room

geometry should be known to the home server § and be used to calculate the
20 appropriate points of reflection.

In principle, any positioning method can be used to detect the listener's
position in a room environment. The position can be measured by sound, light
or electromagnetic waves. The present embodiment detects the position by a

25 WHLAN since this also enables communication between the listener 3 and the
home server 5.

A first possible form of the positioning used by the embodiment is illustrated in
Fig. 5, where multiple transceivers 4 are used to receive the signal from a
30 mobile radio in the transceiver 8 (which is attached to the listener). By



audi o-frequency waves, the control system being operative to redirect the
17 audi o beam by varying the anplitude and phases of the respective audio
frequency waves. 14. A system according to any preceding claimin which the
audi o beam generation nmeans includes a plurality of devices operative to
generate an 5 audi o beam the control system selectively operating the

devi ces according to the determ ned position of the individual. 15. A
system according to any precedi ng clai m%2n which the control systemis a
hone server, operative to control at |east one paraneter of the environnent
contai ning the individual other than sound. 10 16. A systemaccording to
any preceding claimin which the audi o beam generati on neans i s operative
to gener at e raepsuny theytinoé- défteieoce}e&aviuadi(TQOﬁq ofittie signal transtittedifgomal s,
and the posi |ondtect|on mean rran ea tod erm ne
the positiorf 81‘“%94@ &d%?%“?‘?ﬁﬂ‘(?fi 6)(.3}%39 E?é'eEB‘?lf?‘ﬁ g “Bté‘?m anged

to direct thAoblslizali®eanbeliffered BaxRdISH Qééﬁ@tr&oédﬁéldé‘raﬂéné e ﬂé'_ferred
correspondi ng individual or individuals. ) hod of transm tting audio

sound to an implgroeatiaipnisto feedibe recsiped slgumgls @funumpte m&ereynce rradlrosmg t he

i recttoft sl ¥ fBeiss T Ao RO oI RS AT IBraSieT e or i ng

to the detected position of the individual to keep at | east a head of the

user within the audio beam .An.A AA.AAAAAEAAA A
_Ae. A9. A AI Bme,ss\gble form of the positioning method used by the embodiment is
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concrete application of the embodiment is as follows. In the morning, you

are busy brushing you teeth, washing your face, eating your breakfast,

20 dressing your clothes, and so on and so forth before going to work. At the
same time, however, you want to hear the morning news broadcast from a
radio. Using the embodiment, you can always hear the news without
interruption as you go through all the routine. There is no need for an
earphone that would otherwise make it hard for you to wash your face and put

25 on your clothes. Furthermore, you can still hear your baby’s cry and respond
to her. Your older children will not complain to you about the noise from the
radio, since it is transmitted only to you and does not disturb them as they lie
in bed or read a book.
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For example, whereas the above embodiment is usually deployed in a room

5 environment, other embodiments may be designed for application in other
environments. Thus, the invention is applicable for use in any of homes,
offices, meeting rooms, classrooms, etc.

Furthermore, although wireless positioning methods are preferred, other
positioning methods are also possible. For example, instead of WLAN, a
10  further preferred possibility is to use a UWB-based positioning system as this

can provide more accurate positioning capability at relatively low cost.
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1. A sound generation system comprising:

position detection means for determining the position of at least one
individual;

5 audio beam generation means for generating an audio beam

propagating through a selected location; and

a control system for modifying the location through which the audio
beam propagates according to the detected position of the at least one
individual.

10

2. A system according to claim 1 further comprising an input section for
receiving multiple signals carrying respective audio sounds, the control
system being operative to select one of the multiple signals for transmission to
the individual using the audio beam.

15 3. A system according to claim 2 in which the multiple signals carrying
audio sounds include signals derived from one or more of a radio, a TV, an

audio player, a PC, or a telephone.

4, A system according to any preceding claim further including a wireless
transmitter for transmitting wireless signals and for attachment to the
20 individual.

5. A system according to claim 4 in which the wireless transmitter
operates according to one of the IEEE802.11, Bluetooth, or UWB standards.

6. A system according to claim 4 or claim 5 in which the transmitter is
connected to a microphone and is arranged to transmit voice signals captured
25 by the microphone from the voice of the individual.

7. A system according to claim 6 when dependent on claim 2, having at
least one output for transmitting a signal which is, or is derived from, the voice
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5 8. A system according to claim 4 in which the position detection means

determines the position of the individual based on signals transmitted by the
wireless transmitter.

9. A system according to claim 8 in which the position detection means
includes multiple receivers for the signal, the position of the individual being

10 obtained by a comparison of the time of arrival at the receivers of signals
transmitted by the wireless transmitter.

10. A system according to claim 8 in which the position detection means is
arranged to receive the signal transmitted by the wireless transmitter and
additionally at least one reflected signal transmitted by the wireless transmitter

16 along a path including a reflection, the position detection means including an
adaptive model to determine the position of the individual by a comparison of
the times of arrival of the signal and the at least one reflected signal.

11. A system according to any preceding claim in which the audio beam
generation means includes a parametric speaker for generating a beam of
20 ultrasonic waves modulated by an audio frequency.

12. A system according to claim 11 in which the parametric speaker is
operative to redirect the beam of ultrasonic waves based on control signals
received from the control system.

13. A system according to any preceding claim in which the audio beam
25 generation means includes an array of loudspeakers generating respective
audio-frequency waves, the control system being operative to redirect the
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the determined position of the individual.

16. A system according to any preceding claim in which the control system
is a home server, operative to control at least one parameter of the
environment containing the individual other than sound.

10 16. A system according to any preceding claim in which the audio beam
generation means is operative to generate a plurality of audio beams carrying
different audio signals, and the position detection means is arranged, for each
beam, to determine the position of one or more individuals, the control system
being arranged to direct the audio beams toward the detected position of the

15  corresponding individual or individuals.

17. A method of transmitting audio sound to an individual the method
comprising:
automatically tracking the position of the individual,
generating an audio beam in a selected direction; and
20 repeatedly redirecting the beam automatically according to the
detected position of the individual to keep at least a head of the user within
the audio beam.



