i je3enk| J6TFJ17 August 2004 i SYSTEM AND METHOD. FOR OPTI M ZATI ON OF
THREE- DI MENSI ONAL AUDI O Field of the Invention The present invention

rel ates generally to a system and nethod for personalization and

optim zation of three-dinmensional audio. Mre particularly, the present

i nvention concerns a system and nethod for establishing a |istening sweet
spot within a |listening space in which speakers are al ready _| ocat ed.
Background of the Invention It is a fact that surround and rMegustdffe
sound tracks are gradually replacing stereo as the preferred standard of
sound recording. Today, many new audi o devices are equi pped with surround
capabilities. Mst new sound systens sold today are nulti-channel systens
equi pped with nultiple speakers and surround sound decoders. In fact, marry
conpani es have devised algorithnms that nodify old stereo recordings so that

they will sound as i BYSTEMENE METROIPEOROPITVAYAAION @AF conpani es have
devel oped al gorithns that u%rade ol der stereo systens so that they wll

produce surround-|ike sound IFSRBE-THMENSHONALAKRBMO. St er eo- expansi on

al gori t hns, pSHEby §Iﬁ¢k91%%nf rom SRS Labs and Spatializer Audio
Laboratories,. enlarge perceived anbi ance; many sound boards and speaker
systems cont ai n Thee prisentuidveytiore aelatar yerdepullgield ver syeepandad nsdigse apsound.
Thr ee- di nensi onc'éllJi osi tioning al gorithns take matters a step further.

seeki ng t o PFCEIEHAR IS PRtpHREPE af drea-dasesiondd aydiourdoresnparticeanghe | . e.
to his |eftydenf BRhtiorAPANELR s RE ltdr to.the. i nage
di spl ayed. Ellzhgge al g(’L)ori tﬁlm&ngraegﬁggiggmﬁggﬁhwgi%ﬂlegt?@gséhﬁsgé%%&ggoﬁte C cues
repli cati ngprhwitvay Istamrgsspasecin adtickadpeskelene diréatydodfdd. space, and often use
a Head- Rel at e Trar&sffeb funct,i on (HRTF) to cal culate sound heard at the
listener's rundgfit 2 BYSPEAR spatial coordi nates of the 'sound' s origin.
For exanple, a gound g kL dubbuid %Hrﬁiﬁltﬂ-ﬁ&ﬂﬁadséﬁdoggk% b %ra IS
first received by the left ear and only a split secon 75t er y ri ght
ear. The rdeple¢ing stemsl 2 theepreferndd fsfapdandt off soendi eemirdiag al Balayamiagg nedue to

di rectionalj_t. nd the A7 st 20Q4 str ion of the listener's own
hond | Tha- it @hted A8 caybled Wi Sl 2ol Cop IR RidsEier sointkssicats SPH. ¢ he
"sweet s potxﬁdapea&mam-&mna&gﬁkﬁg Squifigﬂzdt\ﬁ& ﬁ@ﬁ@!&eﬁa@dﬂﬂ' olifd sodler eo

o

systens are being rﬁtgl aced by hone theatre syst I ch si x speakers
are usual | yeepslerss. Innfaph magy symparisehaiealevised algotithmst thes mokidyreld besbr es

enploy 5.1 C . rj sing.five main akers and

sub- woof er rﬁ?%ggso%g{hﬁﬁgﬂ gvclzllﬁ(r%g odg?%égﬂ%!%veﬂe@?ra T ST @ﬁ?ﬂroy 5.1
channel pr .OﬁrﬁﬁﬁliﬁghaVBQfehelb}%ﬁfHﬂgﬁrﬁﬁhﬁ&aﬁ&ﬁgh@él@!ﬁﬁ&@& SyQémPbglefar 4y ound

st andar ds, SIIJCh as Dol by Pro Logic; in i ch channel separation waS |imted

and the reXt! Hafis sumind-lksnsaurd| using taabil g5 spealstray b StkeeFgpansios i npr ove

realism p i S| j i nar j_vi,ng. r-oom m ght he

br obl ot | 2otfidhs” e 3R 63l SR 806! Hlo Mkl W BRI 8 el oped
al gori t hmspgpaeed ambiahye; tmanyeqiuay boudds iand Bpaaker sfs@mPEsnt&H Ghe 85 by
Digital over two speakers, creating virtual speakers that convey the
correct spRFEENsRAE YerfﬁP%“dﬁEFﬁeiepéﬁ%el virtual i zation processing is

simlar to thatTt@'&élﬁh&BﬁanhCofksi%ldﬁihg;éﬁggrimt fgs hﬁueé'o% H?ﬁ:‘%ﬁmte}“% peaker

surround systens have yet to match performance ve- speaker- syst ens,
virtual sp@aregessasads pr paitiddag roatians imalmidothellisteati, di., ab dun ibft berightst ener .

Al of the escribed virtual, K surround. technol ogies.provide a_ surround
si nmul at i Onab%??)‘é?\%g?m ﬁh & I'g‘é'gﬁpﬁﬁtatpé?fs 4r4=s dgﬁp{q;{p& g'%FsﬁgqlrgOFF BAFEbPSED as a
"sweet spaipon sThielaBye péycEeatoustic @ﬂes%ﬂ?cah’.@%ﬁ{ee@a})’“—s&&ﬂdg abd) 90&!1211@( gatNg

environnment, the size and |ocation of which depends on the position and
di rect i on 182 30R@ spaseqdodraften Aselp dleedrRicradrTramsien Fuaction GIRTPY towatbaiaspeci fi ¢

e ol Bl PR IR S 15070 SRl el e bt cur o
The size dfrigiheFemeinSHal sduﬂd%%ﬁ&p%ag%ur%y%&%dtotsc%fﬁtseﬂ? incf’e &g ficantly
a matter 0O

smal l er than _that of nulti-channel systens. As act, i n nost
cases, it PeIvidtbysibietlafblear frsk ompraesplih sevond éatdri sy éreright Annt fae relativeon

b i th.mult- channel .and. t wo- d_systens, is that
Pyal cal 1R B EHRE JRO B Bt e Burdit iF LG o BYe { ho

| i stener fromfollow ng placenent instructions accurately. 17 August 2004




3 In addition, the position and shape of the sweet spot are influenced by
the acoustic characteristics of the listening environnent. Mst users have
nei ther the nmean nor the know edge to identify and sol ve acoustic probl ens.
Anot her conmmon probl em associ ated with audi o reproduction is the fact that
objects and surfaces in the room m ght resonate at certain frequencies. The
resonating objects create a disturbing humor buzz. Thus, i%u'é\s de{%pb bl e
to provide a systemand nethod that will provide the best Jduieg ion
while disregarding the listener's locatign within the sound environnent and
the acoustic characteristics of the room™ Such a system shoul d provide

opti mal performance automatically, without requiring alteration of the

|l i stening environnment. Disclosure of the Invention Thus, it is an object of
t he present invention,.t rovi ge a syste nd, met hod. for | qcating.the

posi tion of Pﬁsémlcf‘%rf é’ﬁéﬁe Sﬁﬁ“‘ffhse OHSSe‘/etafion § S ﬁgaté"d’e"aské?@r vt 8998 H $Sund
envi ronment . |ikBna@fichiednn tHehQwka%BHY ibeivelf el sgeskes. Syst em and net hod for
processing sound in order to resolve the problens inherent in such

posi tions. |n acddriiarressumer mudivemarkes etitred sysems are beihgreplacedt e hefer e
provided a s f pti.m.zatio ree-di.nenstonal .aydi o |istening
havi ng a medl%gatg ai//sg%mgr{h ‘gﬁlr%rlu?lsh ‘qulg%?r% ;%reo{'l S“&Béaﬂ?éé'sqa?% gg’evdcwlfqﬁfcﬁﬂa

li stening spmoeie thedttkssyahemeansPempion . B pRObARLIIRANSAN SOMpHFNE T e anain
multiplicity of transducers strategically arranged about said sensor for
recei vi ng t e¥teAkgrgAnd @ supotRode dl ¥psawasingaisehnongioss Aedhi Diging 28T Ssi gnal s

to a processgh,coniectahh eﬁcésgﬁgsy%toﬂ{ntécﬂﬁolﬁgl%gia\éé NI chlenfsNB Rfley aud ©

signals fromsaid nedia player and for transmttin annel

audi o si gnal surtoond stahdandst sydhi ad Dpllnf Pepéaker Sn eledtld chaoee ssparatignc wadli ng
(a) neans folr. in('i t%@bi \rrk%ﬁtﬁansm ssion of test signals to each of said
speakers andPHrd #IBE TR §haRPlS WeES 088 Hal s from sai d speakers to be
processed for detgmzueh RBA bREHdcRCRL S&ll g_a%% ive to
a listening place v_vi_tﬁi n sgigbs aceﬁrgqebtﬁprﬁlgﬁeg%ag{;n’tlﬂgagggce é\lfer%ﬁ grgi d
sensor; (b) ¢rémayy Hong raempuight Bﬁgrcéié@hﬁt@ouﬁ‘dlsiﬂammb@f o sircbumd | sithedimnnel

sound si gnal ] nes t fodintensity ase and/ or equalization
accor di ng tocsot1 eam_r%élhgvf’?\%gwfl%%e t%]%%rﬂﬁws_Spi(sﬁsﬁﬁlé’utgtreﬁgﬁdﬁgl%éczs’éﬁnegdﬁré’i?é? in
order to creatk ayiDdbaDigieuntdesouw GRakérh &ezai_nge\dn@ﬂ%pban&&smaﬁwhvéy)the{reans
for conmuni cating between said sensor and said processor. The invention

further proviogsst wake 158 f bhis opiliirghannel shtuglization soussing éy dmalrr tudiab

| i stening usih ' J LN ' ) LRl ci of
spoaker o di ssogsfr G RFROURE LR, MIREHE R Bker SBrid bRlElate 881 1o
conpri si ng delnetth thg parfbirsdrenef fisevwepdakamystemisf Virtnalspedkets ahgitovige gpace;

el ectronical | X ‘gﬁt rm.ni nll% té}g}éﬂi stance between said sweet spot and each of
sai d speaker$;® G2 FHEP FIOH BECHBf" sai d speakers with respect to
intensity, phaseagingd B BavabéseabdPirtull ﬁ%%&ia&%olw%k?_p'r&%w%h&b%
relative to said sweet spot. The nethod of the present invention neasures

t he char act ernggiiesody Withen & designatqdpremvithiormmentn, refercddudiang “Sweetepdtect s of
room acoust iGS. aydi o signal is then processed sa that its reproduction
over the speaﬁ%esr‘gség\s\nsﬁl){ Catisd™t ﬁ%caltefdsf*ztﬁg'r B’th dape §§Vlfqi"q?8t’itgelsb7€a?"éld
exactly w t hbdatibhefsweeh dp&ids oihtheapRaroat adl Qtectib® dIT1RS &PtakeRY CRLERN
virtually shifts the sweet spot to surround the |listener, instead of
forcing the CAVBMERemanyfacayesi provide tneeifiswastallation insuctigs {drespedkarst ment s
and_pr ocessi el didle s AR RYRL AT SR Wi, BESL-BASELANS. AN
experience to the |istener. e system of 'the présen i’nvent | on

denonst r at edait rebd atduoae.nJhadvandfape swedt) spohen svonpeakeadusiatideyptbnef fsect i s
al ways best;

significantly smaller than that of multi-channel systems. As a matter of fact, in most
cases, it 1s not suitable for more than one listener.

Another common problem, with both multi-channel and two-speaker sound
systems, is that physical limitations such as room layout, furniture, etc., prevent the

listener from following placement instructions accurately.



2) the listener is |less constrained when placing the speakers; 3) the

| istener can nove freely within the sound environnent, while the |istening

experience rermains optinmal; 4) there is a significant reduction of huns and
buzzes generated by resonating objects; ' 5) the nunber of acoustic

probl ens caused by the listening environnent.is significantly reduced, and

6) speakers that conprise nore than one driver would better _reass le a
poi nt sound source. 17 August 2004 5 Brief Description of17t“h‘é9‘{§§@pﬁgs
The invention will now be described' i nwgonnecti on with certain preferred
enbodi nents wth reference to the followng illustrative figures so that it
may be nore fully understood. Wth specific reference nowto the figures in
detail, it is stressed that the particulars shown are by way of exanple and
for purposes of illustrative discussjgon of the preferred enbodi nents of the
present invention"GHId{onaM BE P B¥eHBE Of A1 RECE fRQe ST ingreRrditighahat i s
bel i eved to %ﬁ)u@tlfl?cﬁg?%et ief Ok t}?é]gstélﬁHQIEhyirdHlll%E.Stl\ng ﬂ%%ak'gtlieﬂﬂﬁ%ﬁt he

princi pl es and conceptual aspects of the invention. In this regar o]
attenpt is nmadan b@ tbhbnoveiedgedt udenkihdetdaiohs agbustih@rablarent i on in nore detail

than is necessary, for a fundanental understandi of the.inveption, the

description taked™% (ﬁ?eﬁ ?H@loﬁgﬁﬁﬁﬁ%asﬁ%ﬁﬁﬁ‘gw '%paé’:ag‘n'fepfoélufth%’sét k4ot é}&ti n the
art how the ggvas ahdf Qri@edfin tihe robMeRfigaNrelBad et eRhedi adgudicREacthee. In
the drawings: Fig. 1 is a schematic diagram of as ideal positioning of the

| oudspeaker srep@laing gbicets crante 4 distding hum o buazng position; Fig. 2 is a

oot O oo Ll bR g0, 5.5 D MG ARlwh SRR BBE oo

and a |i st engtund edintithtiont siile dibtegarding the listener’s location within the sound
environment and the acoustic characteristics of the room. Such a system should
provide optimal performance automatically, without requiring alteration of the
listening environment.
Disclosure of the Invention

Thus, it is an object of the present invention to provide a system and method
for locating the position of the listener and the position of the speakers within a sound
environment. In addition, the invention provides a system and method for processing
sound in order to resolve the problems inherent in such positions.
In accordance with the present invention, there is therefore provided a system

for optimization of three-dimensional audio listening having a media player and a
multiplicity of speakers disposed within a listening space, said system comprising a
portable sensor having a multiplicity of transducers strategically arranged about said
sensor for receiving test signals from said speakers and for transmitting said signals
to a processor connectable in the system for receiving multi-channel audio signals
from said media player and for transmitting said multi-channel audio signals to said
multiplicity of speakers; said processor including (a) means for initiating transmission
of test signals to each of said speakers and for receiving said test signals from said
speakers to be processed for determining the location of each of said speakers relative
to a listening place within said space determined by the placement of said sensor;
(b) means for manipulating each sound track of said multi-channel sound signals with

respect to intensity, phase and/or equalization, according to the relative location of



Fig. 4 is a schematic diagramof a deforned sweet spot caused by

m spl acenent of the speakers; Fig. 5 is a schematic diagram of a deforned
sweet spot caused by m splacenent of the speakers, wherein a listener is
seated outside the defornmed sweet spot; Fig. 6 is a schematic diagram of a
PC user | ocated outside a deforned sweet spot caused by the m spl acenent of
the PC speakers; Fig. 7 is a schematic diagramof a Iistener7 %ocat

outside the original sweet spot and a renpte sensor causirnd t/hed 4spot
to nove towards the listener; Fiig. 8 is a schematic diagramillustrating a
renote sensor; 17 August 2004 6 Fig. 94 is a schematic di agram
illustrating the delay in acoustic waves sensed by the renote sensor's

m crophones: Fig. 9b is a timng diagramof signals received by the sensor;
Fig. 10 is a schematic diagramillustrating positioning of the |oudspeaker
Wi th respectedch sphsker dnwidersensans virhgl subhdi sHuites ¢4 BFRTeld Cpdditas 28RS gWi ng
the renote sensor, the speakers and the audio equipnent; Fig. 12 is a block
di agram of tHEIT AMBUNEHREEIHRED $AIdserion anbii®Processer. Fig. 13 is a flow
chart illustrati t; j k At | .ai | ed
Description Fig. ”1|§1ei tﬂlg?fr? g?{eﬂgp r?gfdgégﬁpe%@f@?é%é@\gﬁﬁd %}Hes%fe&é‘ﬁl@&%

| oudspeaker syudghtisienigg aisinigst syseum Intludimnh ecedid plaie, a dytpplidty sfisgeakud
system conprj.sed f.'&i ve-.sgeakers: front |eft speaker 12, center speaker
13, front ri %R°S§Cg8’é 1 a higenipg space.and apregsessr. 1aid methademprisine selgstinger 16.

In order to Ag¢Rki tyw S FQihN fec, PRy . an
AMRIBYC sHER HRS twitdiy @i dsefih s%pacé elémﬁrg?ﬁ%%%xhg e

angle 17 of 60 be kept between the front FPeft $pea ront
speaker 14. dbgtanageetvesal saphgivest 5ot andr exch ofesaidegpediers, tshé apemiting packkefrs 1 ~
and 16. The |istener should be facing the center speaker, 13 at, a di stance
2L fromthe Sf‘%ﬂéﬁﬂe'a‘é%w TESPeY to jaensyy, aﬂﬁe Yo pnelifice in CFIARRYiar
speaker s 15,itsHositibh rélkxnel e sﬁ’iﬁsﬂz@ét%ﬁott.hat any deviation fromthe recomended
position will "dimnish the surround experience. It should be noted that the

recommended posi Theormehod d thpeprksent invegtion vagagume obe dhagctedsidse of ehect ed
surround proetocol and the speaker nufactyrer. Fig..2 Lllustrates the

| ayout of F:-ﬁa%n}n,g. %Wﬁnr&e%ti’ B’fﬁ‘gmﬁl{g?ee#ég@ PP af’?f%“g‘?/vez‘be %é‘t’.s‘@a} He 21
is the areathdh pbédsbed dRh&UHEMBEhBbh @G the sRERrs Millbhat e lislhRr pyeet spot
is symmetrical /I&)ﬁpshaped, due to the fact that the speakers are placed in

the reconmeAddll hegedpeases exauly. withinetbe rswsels seott yPic appasattuaffiton presemhi ch
e L2ttt P RO LRSSt SHETEL Lol
surround ef figeeherpns idvk einsiGo uhdl stvbért splould bPYR adjustments and processing
provided by the system render the best possible audio experience to the listener.
The system of the present invention demonstrates the following advantages:
1) the simulated surround effect is always best;
2) | the }istcner is less constrained \;ifhen placing the speakers;
3) the listener can move freely within the sound environment, while the listening
experience remains optimal; |
4) there is a significant reduction of hums and buzzes generated by resonating
objects;
5) the number of acoustic problems caused by the listening environment is
significantly reduced, and l
6) speakers that comprise more than one driver would better reassemble a point

sound source.



17 August 2004 7 originated behind himw | appear to be | ocated on his
left and right. In addition, the listener is sitting too close to the rear
speaker, and hence experiences unbal anced volune levels. Fig. 4 illustrates
m spl acement of the rear speakers 15, 16, causing the sweet spot 22 to be
defornmed. A listener positioned in the deformed sweet spot. would

experi ence unbal anced vol une | evers and di spl acenent of th§B§ und Ei%kq'
The listener 11 in Fig. 4 is seated outside the deformed s ugfi200d,
Fig. 5 there is shown a typical surround room The speakers 12, 14, 15 and
16 are m sallocated, causing the sweet gpot 22 to be defornmed. Listener 11
is seated outside the sweet spot 22 and is too close to the left rear
speaker 15. Such an arrangenent causes a great degradation of the surround
effect. None of the seats 23 is |ocated wi'thin sweet spot 22. Shown in Fig.
6 is atypigal.RC enviro ._The listener |1 is using a two-speaker
surround sy§ﬁ5ﬁ$$5ppéenfgﬁ§¥%gwﬁeg%peakers 25 and 26 are m splaced, causing
the sweet spot Zetigivéiriodehidl ABW, beatekeiibal il sbeitetion swigeakedn Qitehde t he
sweet spot 22. A preferred enbodi ment of the present invention is

i || ustrat edsipdppepts Withrieéerpnesi i e fofovring ilyseakey Sgures seghatiiy maysbe 16 and
the |isteni %?Ef re identical to those descrirbed with reference to
Fig. 5. ThéH%Ff er%ﬁ%@g%ggthat the listener 11 . is holding a renote

posi tion sensor With spaificactereatechyw meake figares He dqeosl, tit & stpdsséchehdt ithé ener

with respect to the speakers. Ongce the neasurenent is_conpleted, the system
mani pul at ePAHIAEY R W WPy & E’ﬁﬂsf’g"eéﬂéﬁ I PUERPSFOL Eipetrative stiscypuen t o
shift fromdstige. ki QG I3+ j i L : d

ani pul ati o 31 £ FEan aLeSRRL OBt b0 pkedtn trXkfih BALE A bicHlescl 08 (00

| i st eni ng esper depoeidifhwhht st whevechtisbd thepmpftorsefid uml readibabrderabodn agai n
only after gchangin eats or_novj ng a speaker. nmpt e position sensor 27
can al so béﬁﬁfé@ Ort‘g)f H?cé?l‘f%%“dp‘_ifg’ic’fﬁ agpects ?g'g‘ﬁﬁ’é‘fe!n @nO[Bj ’étr.eg‘F‘Flaci ng
the sensor jeakmbh® HE&ORALLAGLABLEA HeGAR oP HRVind&tRASH hQe de&ﬁ%éﬁ?%on,
Later used to reduce the anbunt of energy arriving at the object. e 17
August 2004egsparpdes 8i fugdamental amdernsaddiog of ke gwentibh, thaelegyiptiontthkeerener gy
at specific .freguencies i.n which ﬁe} object i.s_resqnating. The renote
Sensor 27 ok SRRt el (P iE e d e e Br CAE S peaker s
and anal yzend ifediioa Redyeie dniboalddanprkti@ach speaker, as well as the acoustic
characteristics of the room The information could then be used by the
processi ng uni tInthe drawangse the |istening experience by conpensating for

non-1| i neari of .t speakers a redyci ng unwant.ed, echoes and/ or .
rever ber at :FE 1d 15 esgﬁerlnin%wﬁ%g.m@ ?r}gantlﬁgﬁrpgﬁ’g‘?’émﬁﬁghei k?h‘g%p&ﬁg% r?g%tfvectBnpri si ng
an array of m ahelitenes sitting pedisshijcers 28, 29, 30, 31, The nunber and

arrangenent, of m crophones _can vary, according to the designer's choice.
The neasur Eifert ispt selismatic flagspe ipsteatias dhe docafien ad jsizeueft thatseveet AP®I g. 9a.

In order to ne : L .the systemis switched to nmeasurenent
node. In this ?ﬁfgg ataﬁgs dgér%?ir[s)}(ljlﬁ%g’("pi ng") is generated by one of the

speakers. Fize3 sousutiemanediagampsfahagedet spdiandig Histelee saated afitsidbé; speed of
sound. The_soynd is received by the m crophones 28, 29, 30 and 31. The
di stance afi§ gﬁﬁ?écﬁm%‘iéj‘%@&@ﬁ %é?@?"ﬁi et Ot GrHsE bTRISPRAFALSL t he
sound’ s recept ifpspehikdys; 96 illustrates one "ping” as received by the
m cr ophones. The ’ '

Fig. 5 is a schematic diagram of a deformed sweet spot caused by misplacement of

the speakers, wherein a listener is seated outside the deformed sweet spot;

Fig. 6 is a schematic diagram of a PC user located outside 2 deformed sweet-spot
caused by the misplacement of the PC speakers;

Fig. 7 is a schematic diagram of a listener located outside the original sweet spot anci
a remote sensor causing the sweet spot to move .towards the li;tener;

Fig. 8 is a schematic diagram illustrating a remote sensor;



measur enent coul d be perfornmed during normal playback, w thout interfering
with the nusic. This is achieved by using a "ping" frequency, which is

hi gher than human audi ble range (i.e., at 20,000 Hz). The m crophones and
el ectronics, however, would be sensitive to the "ping" frequency. The
systemcould initiate several "pings" in different frequencies, fromeach
of the speakers. (e.g., one "ping" in the woofer range and 9ne in 525
tweeter range). This met hod woul d enabl e the positioning. ofl tANEY &r or
woof er in accordance with the position of the listener, thus enabling the
systemto adjust the | evels of the speaker's conponent, and conveyi ng an
even better adjustnent of the audio environnent. Once the information is
gat hered, the system would use the sanme nmethod to neasure the di stance and
position of the,other speakers in.the room t.he end of the e t he
B yst em voul et ant uRBRTE o et ise iS5 : Aely 0 Se ke S vt ShBA S BE not ed
that, for SInp|IQbﬁMKanyﬂdQﬂ@h@ﬂ&kﬁg t he descri bed enbodi nrent neasures
the | ocation of one speaker at a tinme. However, the systemis capabl e of
nmeasuri ng thElgp%iStq Y@ﬁlﬂﬂgil"tﬂmWIf sigpale raspradk by Sesemior aneousl y. One
preferred enp o | ngs"
from each of SCWIFé&sggalﬁglrlgh%tlh%B\?mg#ﬁljng%gﬁ%?g %Ll{t@ﬁﬂég‘“p %h
anplltude The pnod&ssmn@smnm-mnll be capabl e of identlfylng each of the
multiple " s and si nultaneously essing the | ocation of each of the
speakers. A P § hira sshangis Sogem dwin sy vap i ginan theonesesandals e mat i on
on roontacoustlc% uipgfehgctive surfaces, etc. Wile for the sake of better
understandlng, the descrlptlon herein refers to specifically generated

Tt pings, " i tFlgthJISdi Hieclwbagelmtdfalte Hyhem’ mpmcmmg@mttaed]snnseldam th respect to

t he di stanc 0S n f the s rs relative to the chosen
sweet spot c ﬁ ﬁ.lgt ttlaosw %?ﬁni ‘B%}r%‘&% G @EHY Qﬁﬁleﬁ‘fsﬁat PHEYlsi ¢ pl ayed.
Turni ng now perafie@Ded@iptidne di fferent paranmeters neasured by the systemare

denonstrated. M crophones 29, 30, 31 define a horizontal plane HP.
M crophones 23 afiig. 30!lusrateseantifieal mositipnimgpba [isEner @hd dovdspspkersnshowing a
| ocation in . r d i.n hre
Lor onc oo A PlocHRN SARPLRE AT RO LSRR BIIE YL T o

respect to NBfi sﬁ&'ﬁdcr B, Icsntbxmpeﬂ&gﬂe ﬁidinteigﬁvgﬁehm lapeeadicfabeakap 0y end fegr
hori zon surface ( ég is a general block diagram of the é{stent The
per se knomﬁ‘&lﬂéai’e&kﬁq Wy dp ogﬁerd@ ﬁ@tlatesfée Sestavarundipilshle it 18 sisammengedthatrne
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It should be noted that the recommended position of the speakers might vary
according to the selected surround protocol and the speaker manufacturer.

Fig. 2 illustrates the layout of Fig. 1, with a circle 21 representing the sweet
spot. Circle 21 is the area in which the surround effect is best simulated. The sweet
spot is symmetrically shaped, due to the fact that the speakers are placed in the
recommended locations.

Fig. 3 describes<a typical situation in which the listener 11 is aligned with the
rear speakers 15 and 16. Listener 11 is located outside the sweet spot 22 and

therefore will not enjoy the best surround effect possible. Sound that should have



system and nmay be wireless or by wire. Wrel ess conmuni cati on may be
carried out using infrared, radio, ultrasound, or any other nethod. The
comuni cati on channel may be either bi-directional or uni-directional. Fig.
12 shows a bl ock diagram of a preferred enbodi nent of the processor 35 and
renmote position sensor 27. The processor's input is a nufti-channel sound
hack 37. The matrix switch 3 S can add "pings" to each of the channels,
according to instructions of the central processing unit (dﬁUﬁ“Q@@t

filter and delay 40 applies HRTF algorithns to mani pul ate each sound track
according to commands of the CPU 39. The7 output 41 of the systemis a
mufti-channel sound track. Signal generator 42 generates the "pings" with
the desirable characteristics. The wireless units 43, 44 take care of the
comuni cati on between the processing unit 35 and renpote position sensor 27.
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17 August 2004 12 It will be evident to those skilled in the art that the
invention is not limted to the details of the foregoing illustrated
enbodi ments and that the present invention may be enbodi ed in other
specific forns without departing fromthe spirit or essential attributes
t hereof . The present enbodi nents are therefore to be considered in all
respects as illustrative and not restrictive, the scope of the invention
bei ng i ndi cated by the appended clains rather than by the er%@@lilﬂg?OD“
description, and all changes which come within the nmeaning and range of
equi val ency of the clains are therefore 8ntended to be enbraced therein.
13 CLAIMS: 17 August 2004 1. A system for optimzation of three-di nensional
audio listening having a nedia player and a nmultiplicity of speakers

di sposed within a |istening space, said systemconprising: a portable
sensor for reeessihggnit est ralugntblesoveradeneidly br eatees;sat apskifio Freliapagid t i ng
said signals to pli)ocessor connectable in the systemtior receiving

mul ti - channé’}’hl‘éttug’ie SIS POnREREM sai d nedia player and for transmitting

sai d nmulti-channeg}, L@ sSisgpa i LD]1ci of speakers.. said
processor incl udi n%: a rsrgdasgg ?g?ﬁl?r??st%ing?alg%% éralaltfl riﬁte}s/rgf’pgﬁs%?ﬁ?aé:étof %nal s
to each of spéakespuakeratyzartte transfeefirciomgf sahdptaet, &iwdlbhs te aBusRI d

speakers to pe processed for determ ping, the |ocation of each of said
speakers relcg?'riagténitﬁ’sé’%ltp%f%' é%ﬁl“é'g’ém%qnh‘?%ﬂ%ﬁie@ bspsed by dhe pracassingby t he

pl acement OfnFabGrheatiOthe IRtenMRA B el Bhcd B Bt alsh il $3C P?%B‘ﬁg}s éia K of

n
said nulti-channel sound signal sgﬁ\:a th respect”to Inmntensi fd/ or
equal i zat i ospebensadd nglucmgtuneantet athoss ahdoadeiverberafiosach speaker in order to

create virtual s§und. S urgges i,n desired positions, and c) neans for
communi cating betTBel? & & LM Femeta ROSIUAR pYeBtE s&s reompeiingaat @rmayedf i n

that said sgisephdias & Mehddbidct Cigt Vagofsgt ransdgge r | ryanged
t her eabout to dgfi ne the di spgsitl’on’of ’eachd}g% éiﬂrﬁ s%{eag%lgﬁgé,é%eo?h&?n t he
hori zont al PHEARIAESS owrl Yargaccordinigde did denignen ¢ ¢thoicespect to the | ocation of

recei ved by sai d CORERPRRI PRERSIIR PRtof BESHaIef b Abgsted f Bage 1m0
frequenci esoldegtemedsianthe hRsiibABRe AR 5w RH3E t0 measurement mode. In this
mode, a short sound (“ping™) is generated by one of the speakers. The sound waves
32 propagate through the air at the speed of sound. The sound is received by the
microphones 28, 29, 30 and 31. The distance and angle of the speaker determine the
order and timing of the sound’s reception.

Fig. 94 illustrates one “ping” as received by the microphones. The
measurement could be performed during normal playback, without interfering with
the music. This is achieved by using a “ping” frequency, which is higher than human
audible range (i.e., at 20,000 Hz). _The microphones and electronics, however, would
be sensitive to the “ping” frequency. The system could initiate several “pings” in
different frequencies, from each of the speakers. (e.g., one “ping” in the woofer range
and one in the tweeter range). This method would enable the positioning of the
tweeter or woofer in accordance with the position of the listener, thus enabling the
system to adjust the levels of the speaker’s component, and conveying an even better
adjustment of the audio environment. Once the information is gathered, the system
would use the same method to measure the distance and position of the other speakers

in the room. At the end of the process, the system would switch. back to playback



3. The systemas clainmed in claiml, wherein said sensor includes a timng
unit for nmeasuring the tine elapsing between the initiation of said test
signals to each of said speakers and the tine said signhals are received by
said transducers. 4. The systemas clainmed in claiml, wherein the

comuni cati on between said sensor and said processor is wreless. r 17
August 2004 14 5. A nethod for the optim zation of three-di nensional audio
listening using a systemincludigg a nedia player, a mul ti pl i GHgYst#004
speakers di sposed within a |istening space and a processor, said nethod
conprising: selecting a listener sweet spot within said |istening space;

el ectronically determning the azinmuth and el evation of the distance

bet ween said sweet, spot. and. eagh.of_ sai d;: opepat | sy d
speakers with respad gﬁﬁ FﬁanS|%y?npﬁgg%égﬁgﬁg?ﬁ%gﬁgﬁ?gﬁt?%nugﬁnggéordance
with its pogidddofied: @habirvetieqosaivd of weespespotat adlmeThdowetenobe axstan & med i n
claim5, wherein the distance between sfai d .S@eet {%g_ot .an ea&srl] ofOI§eai d
speakers | SapEt e REAUBYE (R REHIPLING Pt BUYIPS FTAFES S EE GO Sheakdrs,
receiving Sp%t%ré%%%'oﬁin@ﬁh%q%?@%_@rto!S%@Ea@i@o@_ly SahhiS WRBHiplS PRings MBAELr i Ng
the time el'apse between the initiation of said test signals to each of said
speakers arwci oé thd meltgd speskgpatash arigh peeeiqvedregyensyi Bhase s Gmpligng:

transmtti sai d neasurenents to .sai.d, pr. R/ pthod.a | ai med
in claimé, PESHE APt “fn‘@s < @PgRRIE 1%%%%?%?1%% ?ﬂ“é%@?“‘?‘?egﬁlé’%cfs“eﬁ hi gher

than the hupmRAYELdY BrotaRBe thélocdie sfebttost tasspehkirsed in claim 6, wherein
said test signals are s;ﬁnal s consisting.of the mjsiec.rﬁl ayed. 9. The net hod
as claimed in cPafurher anHETRI0h hh &V SHEnek CHh PETV &l oqxé@pnsqngwg[ns i's

wireless. acoustics, reflective surfaces, etc.

While for the sake of better understanding, the description herein refers to
specifically generated “pings,” it should be noted that the information required with
respect to the distance and position of each of the speakers relative to the chosen
sweet spot can just as well be gathered by analyzing the music played.

Turning now to Fig. 10, the different parameters measured by the system are
demonstrated. Microphones 29, 30, 31 define a horizontal plane HP. Microphones
28 and 30 define the North Pole (NP) of the system. The location in space of any
speaker 33 can be represented using three coordinates: R is the distance of the
speaker, « is the azimuth with respect to NP, andy e i1s the angle or elevation
coordinate above the horizon surface (HP).

Fig'. [1is a general block diagram of the system. The per se known media
player 34 generates a multi-channel sound track. The processor 33 and remote
position sensor 27 perform the measurements. Processor 35 manipulates the
multi-channel sound track according to the measurement results, using HRTF
‘parameters with respect to intensity, phase and/or equalization along with prior art
signal processing algorithms.  The manipulated multi-channe! sound track is
amplified, using a power amplifier 36. Each amplified channel of the multi-channel
sound track is routed to the appropriate speaker 12 to 16. The remote position sensor
27 and processor 36 communicate, advantageously using a wireless channel. The

nature of the communication channel may be determined by a skillful designer of the



10. The method as clained in claim®6, wherein said sensor is operable to
nmeasure the inpul se response of each of said speakers and to analyze the
transfer function of each speaker, and to anal yze the acoustic _
characteristics of the room 11. The method as clained in claim10, wherein
sai d neasurenents are processed to conpensate for non-linearity of said
speakers, to correct the frequency response of said speaker nd to reduce
unwant ed echoes and/or reverberations to enhance the qualit Wund
in the sweet spot. .A8).A@.A().A AP]. A() Au. A. A Ai . AE. Apu( . Au. AuP RacE@
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instructions of the central processing unit (CPU) 39. The filter and delay 40 applies
HRTF algorithms to manipulate each socund track accordiné to commands of the
_CPU 39. The output 41 of the system is a2 multi-channel sound track.

Signal generétor 42 generates the “pings” with the desirable characteristics.
The wireless units 43, 44 take care of the communication between the processing unit
35 and remote position sensor 27. The timing unit 45 measures the time elapsing
‘between the emission of the “ping” by the speaker and its receipt by the microphone
array 46. The timing measurements are analyzed by the CPU 39, which calculates
the coordinates of each speaker (Fig. 10). '

Due to the fact that room acoustics can change the characteristics of sound
originated by tﬁe speakers, the test tones (“pings”) will also be influenced by the
acoustics. The microphone array 46 and remote position sensor 27 can measure such
influences and process them, using CPU 39. Such information can then be used to
further enhance the listening experieﬁce. This information could be used to reduce
noise levels, better control of echoes, for automatic equalization, ezc. .

‘The number of outputs 41 of the multi-channels might vary from the number
of mput channels of sound track 37. The system could have, for ei{ample,
multi-channe! outputs and 2 mono- or stereo input, in which case an internal surround
processor would generate additional spatial information according to predetermined
instructions. The system could alsc use a composite surround channel input (for
example, Dolby AC-3, Dolby Pro-Logic, DTS, THX, etc.), in which case a surround

sound decoder is required.
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The output 41 of the system could be a multi-channel sound track or a
composite surround channel. In addition, a two-speaker surround system can be
designed to use only two output channels to reproduce surround sound over two
speakers.

Position information interface 47 enables the processor 35 to share position
information with external equipment, such as a television, light dimmer switch, PC,
air conditioner, efc.

An external device, using the position interface 47, could also control the
processor. Such control could be desirable by PC programmers or movie directors.
They would be able to change the virtual position of the speakers according to the
artistic demands of the scene.

Fig. 13 illustrates a typical operation flow chart. Upon the system start up at
48, the system restores the default HRTF parameters 49. These parameters are the
last parameters measured by the system, or the parameters stored by the manufacturer
in the system’s memory. When the system is turned on, meaning when music is
played, the system uses its current HRTF parameters 50. When the system is
switched into calibration mode 51,' it checks if the calibration process is completed at
52. If the calibration process is completed, then the system calculates the new HRTF
parameters 53 and replaces them with the default parameters 49. This can be done
even during playback. The result is, of course, a shift of the sweet spot towards the
listener’s position and consequently, a correction of the deformed sound image. If
the calibration process is not completed, the system sends a “ping” signal to one of
the speakers 54 and, at the same time, resets all 4 timers 55. Using these timers, the
system calculates at 56 the arrival time of the “ping” and according to it, calculates
the exact location of the speaker in accordance with the listener’s position. Afier the
measurement of one speaker is finished, the system continues to the next one 57.

Upon completion of the process for all of the speakers, the system calculates the

calibrated HRTF parameters and replaces the default parameters with the calibrated

ones.
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It will be evident to those skilled in the art that the invention is not limited to
the details of the foregoing illustrated embodiments and that the present invention
may be embodied in other specific forms without departing from the spirit or
essential attributes thereof. The present embodiments are therefore to be considered
in all respects as illustrative and not restrictive, the scope of the invention being
indicated by the appended claims rather than by the foregoing description, and alil
changes which come within the meaning and range of equivalency of the claims are

theretfore intended to be embraced therein.
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CLAIMS:
1. A system for optimization of three-dimensional audio listening having a media
player and a multiplicity of speakers disposed within a listening space, said system
comprising: |
a portable sensor for receiving test signals from said speakers and for
transmitting said signals to a processor connectable in the system for receiving
multi-channel audio signals from said media player and for transmitting said
multi-channel audio signals to said multiplicity of speakers, said processor including:
a) means for initiating transmission of test signals to each of said speakers
and for receiving said test signals from said speakers to be processed for determining
the location of each of said speakers relative to a listening place within said space
determined by the placement of said sensor;
b) means for manipulating each sound track of said muiti-channel sound
signals with respect to intensity, phase and/or equalization according to the relative
location of each speaker in order to create virtual sound sources in desired positions,
and
c) means for communicating between said sensor and said processor ;
characterized in that said sensor has a multiplicity of transducers strategically
arranged thereabout to define the disposition of each of said speakers, both n the
horizontal plane as well as in elevation, with respect to the location of the sensor.
2. The system as claimed in claim I, wherein the test signals received by said
sensor and transmitted to said processor are at frequencies higher than the human
audible range.
3. The system as claimed in claim 1, wherein said sensor includes a timing unit
for measuring the time elapsing between the initiation of said test signals to each of

said speakers and the time said signals are received by said transducers.

4. The system as claimed in claim 1, wherein the communication between said

sensor and said processor is wireless.
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electronically determining the azimuth and elevation of the distance between

*

said sweet spot and each of said speakers, and

operating said speakers with respect to intensity, phase and/or equalization in
accordance with its position relative to said sweet spot.
6. The method as claimed in claim 5, wherein the distance between said sweet
spot and each of said speakers is determined by transmitting test signals to said
speakers, receiving said signals by a sensor located at said sweet spot, measuring the
time elapse between the initiation of said test signals to each of said speakers and the
time said signals are received by said sensor, and transmitting said measurements 1o
said processor.
7 . The method as claimed in claim 6, wherein said test sighals are transmitted at
frequencies higher than the human audible range.

8. The method as claimed in claim 6, wherein said test signals are signals

consisting of the music played.

9. The method as claimed in claim 6, wherein the transmission of said test signals
is wireless.

10.  The method as claimed in claim 6, wherein said sensor is operable to measure
the impulse response of each of said speakers and to analyze the transfer function of
each speaker, and to analyze the acoustic characteristics of the room.

11.  The method as claimed in claim 10, wherein said measurements are processed
to compensate for non-linearity of said speakers, to correct the frequency response of

said speakers and to reduce unwanted echoes and/or reverberations to enhance the

quality of the sound in the sweet spot.



