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PCT/ 1 L98/ 00297 SYSTEM FOR PRODUCI NG AN ARTI FI CI AL SOUND ENVI RONMVENT FI ELD
OF THE | NVENTI ON The present invention relates to the field of headphones
for the PHQWH¥n of surround sound in audio reproduction SRCI/RE800257
BACKGROUND OF THE | NVENTI ON The capa ilities of the sinple H -Fi stereo
system have b ext e(rb@ﬁd recent Ié{ incor orate the surround sound

ef fects reqU|r

| ar ge- screen tel evision recei W ﬁﬁ@ fe Pplayer, four additional
speakers, and a surround anplifier new sys em dramatically inproves
the i mrer Si dPhecpreseheinwiemim reldies tonthelfield ofi hdadphbmstﬁr tlie proeisivavefosurfdund
typi cal r% u%*at eeb@éﬁ em conbi nes video capabilities wth advanced audio

syst ens, 3@ ERPHSYBES! o) | owi ng naj or conponents: 1. A large
scregn TV receiver or Vi d%)\@KGR@UNDOﬁTHﬁ 23K player or a Hi-Fi
vi deo cassette player, which is the source the audro and 15 vi deo

signal s. Thelhguesps ﬂmas:rofrtbwnuyd BiaFi sterepi syswm; have been exvtnded yecenﬂy a0

k dd | d ch h
bery ot 1BSOTRORIECE, 1o SBBg eSS VRhtiret By e enB? LY Sie; NPk s
st andar dacledé darg¥cretn Wivision rédeiveY oP vitled Wassefie 'playeR Cout BddibisAl #)Qake(rjs,

e a

addition to the standard | eft and right channels, a center chann

rear chaﬂﬁ‘ﬁérsuﬁ'%n @dﬂ@%d %e'sm ally imyrovesthe irsmersion-ofitbe viewer
analyag. iR Eﬁ"éﬂ\‘% dy the Lucas film corrpany, i n which two
separate rear c% annel s are used I nstead of one. channel s are anal og. c.

AC-3, the | a4 aghicsleH6hePliBaEr BYstddh! ‘sﬁ%!"ﬁ: iC
are digi tallyq?lsecor ded on t l'e soundé)‘%hrlﬂa'ﬂgs l#ér\(l)\@?% ]ﬁh? ron egtmm{g
center, Sb’ﬁamsranghtlsba&edronlthéfolmngmajorcommM\Noofer The latter is not a

full spectrum channe as_only one octave is necessary. 3. A surround

anpl i fi er A fagge Wﬂﬁ?@‘ﬁh@@dﬂﬂ@%hannel s fromthe incom ng signal.
based on the Dol by chip. Myst a I|f|ers

Sur roun lifiers,are t

have DS& a’gﬁajﬁ disk glayFr.pr %ﬁb%&y P\cassshie Biayex, ivduch % fhe Rowsp of he zudie ped

soung of Oted I dix]carﬁf

from di ff?rl?r??s %ﬁlff | Ci %@%ggg%?@r%e@?#gﬁ@ﬂ@ sugafrrl as a ctgtriegererg%?a a
t heat er, #nfeypts adiitiopaleinformation\ab@g/the S@md channels. The encryption protocols have

PCT/ | L98/ %Qrgl%d over the years. There are three major standards currently in use:

a. Dolby ProLogic Surround, in which in addition to the standard left and right channels,

a center channel and a rear channel are recorded on the sound track. All channels are
20 analog.

b. THX, manufactured by the Lucas film company, in which two separate rear channels
are used instead of one. All channels are analog.

c. AC-3, the latest development by Dolby fab, in which six channels of music are
digitally recorded on the sound track - front right, front left, center, rear right, rear left

25 and subwoofer. The latter is not a full spectrum channel, as only one octave is
necessary.

3. A surround amplifier, for extracting the surround channels from the incoming signal.
Surround amplifiers are typically based on the Dolby chip. Most amplifiers have DSP

(Digital Signal Processor) capabilities, which can modify the sound of a non-surround

30 music source to sound as if it originates from different artificial acoustic environments,

such as a concert hall, a theater, a jazz club, etc.



2 4. Speakers. A full surround systemrequires six different speakers,
whi ch nust be of high quality to ensure realistic reproduction. Their
function is as follows: a. Two main speakers, which reproduce nost of the
sound armlossses2sef fect b. One center speaker, |ocated abovg~pi; dafb t he
screen. This speaker is dedicated to,the 5 actors' voices. Cc. Two rear
speakers e onz&%ﬁ for the speci a? effects generated by the surround
sound syt &% sppeund, systepy reguires sig differest speghers, which must beeof high
di fferent ; lef . woof er, for

. afity 1o €8st fealiffc @g{ogg%é?% ldcfon lsdapﬁ fOUSWR

repr oduci ng requen as expl osrons. Location of 10
the subwodfvas maih ?eike%,imii odicd mbst FRENRNAaAA hitisiteflebd L | € di recti onal

i nformati on. Furthernore, such low frequency sound waves are felt by many
parts ofb-tQre esotef speaksr.located above; archelgwithe s¢reems SFhis spiakersis kiedizhted to The

usualkl y pla%?{ivioﬂghe front field. The roomitself has to be nodified to
fit the hone theatér requirenents: a. Since there are six different sound

sour ces d. ITwdecar apeakers) yespoisible efdr @ehepediat lefoyE defierafed by theSSitRRind $Blud Y
and directional %irtgilgo The roﬁén must therefore be covered with acoustica

! . ! y
absor bi ng KRy r the astificial- eghgcefiects  generated dn the diffesent DSPAmodes battherg
mat eri al Ssﬂﬁﬁﬁmpﬁn ffy to avoid disturbing neighbors. c. Wring to the
vari ous speakers st be installed in the room preferably w thout being a
vi sual ol e sutovoofd, for reprodiicing atiflowhiecquentye sounlds,nsuoh s @kplosibas. TRawE b |
soung qua | oustics, If the room

lity.. The. nost jnpartant factor is.the.room ac, |
is brg an&ll’et ﬁ'éb%ﬂ% sHEP %BPFRJ éﬁﬁb%@@"@! yontains hitle; gizectignalqinfommatignal i t v
of the sp@aithérinors; saétﬂbvafﬁﬁieﬁ' SoRIdBRAves | a&&aﬁgargi LHRRS
speakers are | arge and expensi \%, but e‘fsegemr-létlab%?/or gbo %ﬁﬁ%?ﬁgﬁf’g
t he hi gh Speeéficallybytas ears Thesnbwogfer isiusuallyrplapedrip theffoontfield. i sti ¢ surround
sound are expensive. 25 : These requirements make high quality
surround sodfifreem itsslEhasdp pe mgsiafied toitithe home theater requirementst o i nstal | in

t he hone. Jkn der to pr.qvide high quality audio reproduction at |ow cost
and at rrg_ Eé’Psgﬁ?F aF%?/‘él‘{’ Prept SQUDR;SAYFCes: ih e FoPBin 2Ny PpweRted geire) desfroys the have

for 18 | ongolndgualieflgnd! diteétionali®’ THe R6GHPBAR A Rerefirt Wo%elteg OM*tl.i %ﬁg?m&

headphones, t o provi de surround sound have been nmade by a
manuf act uARSOEbing materials, such as gerpstsand drapssder to . appreciate the probl ens
I nvol ve% i,n achieving an effective inplenentation of surround sound

e

headphofle ACQETHt8) 150)ating mategials mystbe sesits axoid disturbing neighbors.

PCT/ 1 L9g/ %%%Z to the various speakers must be installed in the room, preferably without being a
visual eyesore.

20 Each of the system elements affects the overall '.sound quality. The most important
factor is the room acoustics. If the room is big and the walls bare, the echo severely affects
the sound. The quality of the speakers is also a major element of the system. High
performance speakers are large and expensive, but essential for good sound. Finally, the high
power, low distortion amplifiers required for realistic sufrouxid sound are expensive.

25 These requirements make high quality surround sound systems very expensive both to
purchasé and to install in the home. :

In order to provide high quality audio reproduction at low cost and at a personal level of
listening, conventional Hi Fi audio systems have for a long time made use of stereo
headphenes. Attempts to utilize headphones to provide surround sound have been made by a

30  number of manufacturers with limited success. In order to appreciate the problems involved -

in achieving an effective implementation of surround sound headphone technology, it is



3 necessary to understand the physiol ogical effects used by humans in
experiencing three dinensional hearing. In order to recognize the direction
of a so the brain conbines information received by the two ears and
uses se 9%y cho- acoustic effects to achieve a 3-D senFPSAVIBAS/MNIT he 5
surroundlng world, as follows: 1. P ase difference: The sound does not

nears (s Wﬁ%ﬂ%@ﬂﬁ@?&ﬁg‘t PReciliont B9Chubde. B sdoRR dh?

arrival digfenkidfaldeurigg.at the two ears ( <1 nsec.), the brain can detect the
origin of the sound. 10 2. Level difference: The ear closer to the sound

sour ce hear f Grdbrad$8éoghiréTihl diféttion iofhabERY, it biatn 6GNRES Rforiatibh fediveid

into directional and range information. 3. Head rotation: |If, for exanple,
t he souby theotwaears gndijusescieveral psychmowcmffem@oach;evs@tﬁ-ms&mqn of theer

t he pha nce between the two ears is zero. The body
exec%)t eg‘&%ﬁ\ng%ﬂ%%&%ﬁ%tlceabl e head m)verrents in order to identify the
origin e¢f W? 5 ,%EB{ e a[l‘.l?@

differ egcle’s si gni Ill%ar{heesﬁ%g IﬁStt %r ain to sceréum%e&orl e%@aft i on of
t he sour cthe sbundesqute hegrs ullﬂﬂsuhnﬂffa'se rByecal@launggthbaammdlﬁeremes inhimeafhd

pi tch changes, d tothe er ef fect r which,rotajes .towards the
source he¥f¥a °€&§° °5‘F§(§h ]tﬂ‘a?ﬁc roagfietect the griginof the
capabl e ofyuggt ecting th| s sl.ight change in pItCh, and decodi'ng 20 t he

source direction fromthis information. 5. Face bl ockage: Wile rotating

t helfead. Buay differdficeh €The eafl cieref a0, the! seurdesbarce kea@l @, 1duder |sofiid NThisS
head causes one ear to nove into the "acoustjcal shade area" . fromthe sound
source, abdommagion i faaveRgAYY the brain inte direqiionghand EBgRINIQTARHOR.N t he ot her

one. The n_uses s eff ct to | ocate t.he, sound [ i nt

e 1 15, Bef Butiofs 26 dor saiie, e, Saund oisthe 8 ooty i FRreotier Sregty behipd
perfect i {Hellﬁteﬂér t&'ﬂhaisé Pas) 1@@1%&%&% HeRAGHE B0 645 i5td. The \HRaY eRétutelund
sound i s produced by an arra speakers, the sound field produced is very

simi | ?r ltsmalhaalmpstemnct)able g@ﬁfdf mmrepe:andntomrtgndmﬁ:vathm originabf & aoundrallfe
t t
o1 hone vk 5 Pl Sp BB, Sy RE s uBORAGH bl Al e el

30 pr es&iseemmd‘dmma@ews@aﬁgat ion, since the sound originates from
highly localized transducers close to. the listener's ears. As the |istener
noves o#. Doppler piich diffemncd: ﬂbmhmdhpirbrre&umvdld souidh quitchii ¢hangésediue stoether ' s
head. TheD%Sf)\leP et.ﬁ’esclt Ieeeatlglvv alﬂrrotaté%utg é] ggu%ce hears a slightly higher pitch than

the other one. The brain is capable of detecnng this slight change in pitch, and decodmg

20 the source direction from this information.

5. Face blockage: While rotating the head away from the sound source, at a certain angle,
the listener’s head causes one ear to move into the “acoustical shade area” from the sound
source, and the sound level in this ear becomes lower than in the other one. The brain uses
this effect to locate the sound origin point.

25 The first three effects are the most important, but in order to get a perfect illusion, all
five have to be reprdduced correctly. When surround sound is produced by an array of
speakers, the sound field produced is very similar to that present in real life, and the human
brain is able to make use of all five of the above effects to appreciate the sound.

The use of headphones, however, effectively eliminates all five of the above effects

30 present in free space propagation, since 'the sound originates from highly localized
transducers close to the listener’s ears. As the listener moves or turns his head, the
headphones move together with the listener’s head. The use of simple binaural audio signals



WO 98/ 59525
PCT/ 1 L98/ 00297 4 do not therefore give a perception of realism since the
sound field noves with the listener's head. In order to create a true

sur r oundwemssessf f ect, the audi o signal supplied to the he W st be
coded in a sophisticated manner in order to sinulate all f?%g of t d(Z\iuabove
psycho-acoustic effects as the | i st efter noves while listening to the

per f or nacimotdhersf%e give @& rerception of Mbmsacdﬁe»‘amchﬁddﬂa@m twithuthlei listemer’s  No.

sur'r ound e o 38 Bt § Bl Sirieihd ot 56F shE Bpl. il snmlighde e
needl e dmaﬂplﬂmes mkﬁﬁeldbdedlﬁld hikﬁeﬁédlﬁﬁﬁﬁcﬁxﬁ o@@%ﬁ&xﬂ&@ﬂl@!%@abﬁ@g to

transmt !! or I’TB.tIOI'] about hea pOSItIOI’] to a m croprocessor. Thi s

mi cr opr ORS¥RGIRCONEH ? asithe ls%emmvs%wh@lc listening ¢e the nierfgrmanceres thesith. ang| e,

and tg ansmtg PME@ lgﬂg t@ aggh that .t he
| i st ener expettences 3 surrouaﬁg oun Lmﬁiﬁ%t 2%25? gt.ga%gﬁﬁgsﬁ:émgne

gyr oscopiatens Rublication Nhes&émﬁhdasmbe b aarrbamhs

Corporation. In USA Patent, Nos.,h 5,181,248, 5,452 359 %gw 5, 495 534 a

furt her BIEYEPHBRSAr Hmagnstic needle Sampasy insialied an the T ngs, 0 W@g@d. s
r epl acedmbvenseht Undr #5 ¥hémdt AREHRG: chidy B bk hUa”tP (R8sigh %o L%?er@;ac%%o& heyzead

is obtained fromrelative tine-of-arriva nmeasur enen
ul t r asorfnisTopsecesson rodifiesrthe saamditrackl sigyalaacpomttheheddmglee and tradtsmitstthef

Tort0 SR8 Hnibauk Almt bARROR 5 SChE e’ BBehits o Subinoiaed
the sounsffect. &khsls@agck 0 ;gﬁrmc& &ﬂb%nfeaaiﬁuneﬂeéa?ﬁ&xeanms%eeﬁ%m@msw ts

t he rmdlfled si gna headphones, so thaf the |istener
exper i erf@@$ogy W%J@A&aﬂﬁtl‘f%zé,lsu“ 6:453,36% rantl 61,425,834 ra further

devel op {qu C [l St er.eo Revi ew,
April 9 v@hﬁp%%ﬁtt ead levn%%@%n sscgégﬁe%r%é}e e?g%ps?é’t% frgpqﬁﬁ?g WSund
effects rhngmg sygtém.aTha afgdarsiocatidn oﬂﬁxeaneadpisaabmﬂat ﬂ'BﬁiEfélaineahﬁ@-bf-hﬁiﬁl

whi provi de the phas shlfts and vol une changes corresponding:to various

si t Ut | JREASUFPRICRtsf ap uiraspmic &3 s&eécwmlm \’Béa transmytierlocyad in E'Plifé!ftth%y
digital
igita l&iéh@?%?'xﬁ&n%@ ¢ detectors @Eﬁte@in {Hagef 3R %ﬁﬁﬁ%@{lﬁg au%fili,(i)wy gnal

systens use advanced re t| me signal processing to
i nf or matsebnAs Bmcwom‘b' s@emdmpi'oc&mrlmwlﬁeprthe:eseend grack ‘signah dcheddinghey the e

unabl e t si_gha ef fecti an e s bec ve results are
unsatlsfrgeat%groé%q ﬁmﬁ*@z@?‘“ﬁ? é’%e\é ﬁ'ﬁgb@ fo °B?ﬂ’§°\%i‘actﬁh? he
nmai N ps\iskpepepéfibndes B 3hrroiidotindéff@st i ng 3-D 30 recognition, nanely
the first two or at best three, in the |ist above. They all |gnorethe

ot he® usual 1 afurhes syssem, developedhby Virtual biatmgssmemdppl and deseribieddm Stegeo
effect  q0d;idvA %pril'99°k 34 head movements are ignored completely. The surround sound effects

from typical audio situations are pre-programmed by algorithms which provide the phase

shifts and volume changes corresponding to various situations. This system therefore
simulates the surround sound effect by digital processing means.

25 All of the above-x.nentioned prior art systems use advanced real-time signal processing

to modify the audio signal information. But the speed of available processors is such that they

are unable to process the signals effecnvely, and the subjective results are unsatisfactory for a
number of reasons:

a. The systems deal only with the main psycho-acoustic parameters affecting 3-D

30 recc;gnition, namely the first two, or at best three, in the list above. They all ignore the

other usually neglected, yet important effects of Doppler pitch change effect and face

blockage.
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PCT/11L98/ 00297 5 b. The relatively slow signal sanpling rate results in an
unnatural "metallic sound". c. The currently available real tine conputing
used i s MOP8H2S enough. If the listener turns his head toBCTALI8/002%7e
conputing delay is clearly discernedgqand disturbing. d. In both the above

ment i on clal . ' Smﬂﬁﬁﬂjalf‘ : @Muni cat i on
bet Weeneﬁh@%z%ﬁ@ﬁgw%ht%ggﬁ%gégg%ﬁ I'S proneﬂ%g(t)élll?l?oeurn erence from
ext ernal . SR Gfiten i - BiifPus hét fhdt BAGUEH. HthE liftene? terds Ris
second h%ag%%one gg%%@%ﬁ%%éggﬁgerse ;aq%hF can interfere with other
such syst ehsad teo faft) ¢hecommuimgdelayiis clearly discarned and disturbing. of headphones. In
order for a second listener to enjoy the novie, a conplete secqnd Séstem
needs t odbln rhetl hthee @boven mentioped acoramerciallye magketed « systems, Rfe 15y used rfor

t hey are expensiye. Ther I | ' eRigo; | ge. hone
sur dnd SOURALSEse PEREER 1 bdaahBils ind RO AR RECisirly  itcfiraiey
t echnol ogy froinn ekfefial aoudces tsakle asi ¢ellulaz oplsonds,r radie rankrhitters @r péveni olsecpmdal
aspects of 3-D sound appreciation, tq _provide erfec&lggtﬁi ound il lusion; 15

b. It provheadphenesysternearhy, Ganvassaly.RF cap; ipteriste with o SYSFmS
tallic- di ffectsg, c., It, | | |4 . pach
St ener e SHRPRACRisob % oy sl with o5 $6 0t Jessihoni, i otder £ SERRA HsBRENG | o

by one pr Oéxgﬁ?hféﬁrlb'ﬂétécdiinplétksE&_nH%?éi&ﬂ%QEdSthUe hagettl e. 1t does not use
i nterferencé-prone RF conmuni cation channels. 2 :

SUMVIRY €F Bétdust bMBNTbIekity op thesgstems, theydre@rpasiles t o provi de an i nproved
headphone surround sound, system _ There i s thus, provided i,n ac¢gordance.,wth

a preferred Sherstarennwonld be desirakle dp provide.n headphgne sqrropndisound, systroe Whigh i ng

ear pi ece ”5?&? ‘M}'aﬁ ' ' ] ; und detector for picking
up the m§)’ ula %%élgu |0&5| gﬁgﬁﬂthgrg%t%%ﬂ@ﬁg%tﬁﬁu trasound wave 25

transmi t aelt fakésointd €ohsiddratiom gll diveapliysinlogical aspectnof 3R sound sppreciation, to
above-nentioned information,bejng derived fromthe processing and

nmodul at i ngPBEV _8?%“@?‘3& USI0p as to sinulate the effects of surround
soungls TB?IanrGﬁP&Séﬁ&mlaﬁgmmﬁﬂaﬂw, $h6it dnf) hesitition of nibkdlicssundiprefieat; Dy an

array of delay lines and nodulators, connécted and constructed _such as to
code’ t he caltds useablerbyl seiverpllistengrs, cachHistensr paquiring anly & sepasate pais of beadphonese

physi ol ogi cgh effec t hat uld be felt when listening to the audio
3t bt oro ity o BrogtRiing uitf

signal pro

d. Itis reasonably priced, and _
e. It does not use interferénce-prone RF communication channels.
20 - SUMMARY OF THE INVENTION
The present invention seeks to provide an improved headphone surround sound system.
There is thus provided in accordance with a preferred embodiment of the present
invention a set of headphones, having earpieces each of which is equipped with an ultrasound
detector for picking up the modulated audio signal. information on an ultrasound wave
25 transmitted into the listening area from an ultrasound transmitter, above-mentioned
information being derived from the processing and modulating of an audio signal, so as to
simulate the effects of surround sound. The processing and modulating of the audio signal is
executed by an array of delay lines and modulators, connected and constructed such as to
code the audio signal inputted to the earpieces with a simulation of the physiological effects
30 that wSuld be felt when listening to the audio signal propagated in free space.
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PCT/11L98/ 00297 6 It is noted that throughout the specification and cl ai ns,
t he term "headphone” enconpasses not only headphones, but al so any ot her

appar at ugyd siysokasst ening via the ears, such as a virtual reglohyodgprt. for
exanple. There is also provided in accordance with another preferred

enbodi nent of the present 5 I nvent ﬁoq, a W rel ess headphone assenbly
i ncl udi ng atlt| isasoted ribat throughouh dhe spetifieatidno and eclaims, rthe ater e Hadphone”

ul trasou ignal _al o t, | ea e ultrasound channgl . .and. | east pne
tramdm%&%@%ﬂ@@ﬁ%ﬁ%@ﬁifwP%%g%° gra%qpa{?ﬁ‘é’a@}' ﬁ‘%?ﬁf £ §%54 S%Rong
the at | gastintsleeality halpsd Tor &aaipe! to a human audi bl e signal. .
Additionally, there is provided in accordance with yet another preferred

embodi nent  ofhereis alspprovided in agcatdanes with agother prefreed:sabnditaens of she-prssent

wherej n Ld. at | ] ' ' r nd
Foceryor Bvetlicl o fiSles Readihbid Sy BERAEE o Meas'eBE dcng FR5R Ror o g
, cha][mel sgwﬁhMgplmﬁm;dMshommﬁgﬁwmwmmMﬁmﬁ_' clhchdu'nﬁl, agdlﬁtlb& one
preferred enbodi ment of the present [nvention, a wreles eadphagne
assenbl ym?g;?"ﬁ fox F@Vﬁf“qgeeﬁﬁ ‘gr?ge a8t tRslsoRth Wﬁ@?oqsn@sméw one

ul t rasoua&ag iﬁﬁn% Sl | ceives an ultrasound signal along one
ul trasoun cﬁ%ﬁﬁe : lI'ﬁ)ere |€{a§@é€§%§i ded -in accordance with yet another .
preferred enbdditionsily, thieret ik providesicn tac¢ordance iwith yet andthet preferted zijhiodiment of
asseyipl y,and wherein.the at .| east .ane transducer i.ncl udes, at | east one

i r 10 ¢ R FUeREEF IFRP. BoRelP e eadabae $sSEIRY SHierei el ot o8 0o, 20
| east ongcemetihaluash toadiridotnd reveiver] etAbIavhitie fckived'sn GRGSGEd!SIARPAldAS"

whi ch converts the at |east one nodul ated el ectrical si gnal to a hunan
audi bl e BYqpltresound chamielsi on, there is provided in accordance w th anot her

Dbl v andt Btk gk prbldBed i RE0tanbll {ith shl apfidt bERrErReH {IBGBREHCr the
mul ti chapuesent inveiitiah, & @¥ireléid headphone akbeinhilslyivehetdifi thedit datstlont wlfrasnd rélrives

w th yet, apot h%{wpreferred epbodi nent __of .the present invention, a wreless
head on’é‘cﬁ’é‘% \ultrasopnd recgivars, jeachs of which receives as ultrasorrd signel-alang @ngj t h

each ul tﬁlﬁ%gﬁﬂdc Laapel . There is further provided in accordance with still
anot her pre erreg enEodi ment of the present invention, a wreless headphone

assenbl y i ncThexe igjalso previded imacobedandel lwdthoyet3dhother preferred edbodirhent afthe
ul trasound channel.. In addition, ,there i rovi ded.in accordance with a
Fur thor  PUL MERtGN A HiiRes DERPBARE precBlyt a1 pORER e 5 Pt me R hone
assenbl yindfidey'itclefdt onk TRstattans@iRet wiith donverts tHePdi 6446 Qhe AURAIsBiNA/ Sighd) toQRVert
the at | east one ultrasound signal to at.|least one nodul ated el ectri cal

least one modulated electrical signal and at least one second transducer which converts the at
least one modulated electrical signal to a human audible signal.

In addition, there is provided in accordance with another preferred embodiment of the
present invention, a wireless headphone assembly and wherein at least one transducer
comprises at least one multichanne! transducer.

25 There is also provided in accordance with yet another preferred embodiment of the
present invention, a wireless headphone assembly including at least one band pass filter
associatéd with each ultrasound channel. | |

There is further provided in accordance with still another preferred embodiment of the
present invention, a wireless headphone assembly including at least one demodulator

30  associated with each ultrasound channel.

In addition, there is provided in accordance with a further preferred embodiment of the

- present invention, a wireless headphone assembly and wherein the at least one first transducer

operative to convert the at least one ultrasound signal to at least one modulated electrical
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PCT/ 1 L98/ 00297 7 signal, includes at least two first transducers, each
arranged to be | ocated adj acent to a different ear of a user. There is
further MATPHY i n accordance with yet another preferred PSSR of the
present invention, a wreless headphgne assenbly wherein the at | east one

second transdu I hcl udes _at | ea two transducers vidi'ng a
hunan ad¥® éﬁ‘%"ﬁu‘!‘ Jeast g ﬁ{s@rtgqﬁ&ggys, GRch, afyange Fonb%lg%"r dgﬂ‘%a?%rte &s
provi de@iffdlet@aPbfiflie W th another preferred enbodi ment of the present
I nvention, a wrel ess headphone assenbly wherein a human audi bl e si gnal
derived fr ofﬁhgtetls Mm¢mﬁgcmimmemmmweemﬂfmf¢mdtemhadnemm the

| d 10 h |
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ul trasound receivers each receive ultrasound signals along at |east two
ul traso®Werehannel s, the at |east two transducers convert uI trasound

signals alo hunan a0, ikl
signal s, ?19 Fé\l#‘gl?ﬁaatﬁ%rg ,{%&é’é‘ﬁ? lﬂ%gg%%cgwﬁpg@éﬁ of %?re Q.gﬁéﬂﬁ \Rgtﬁe
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-each of two different ears of_ the user alon arate one of the human -
audi bl e fromulv@seund signals rp@ewqdratwheﬁfévaﬂlsasqltwo pund regetyprs is sipplied to
anofher nbodi ment of the present invention, a wreless headphone
assggbl ;R‘lﬁﬁéa?&g?ﬂ%&del ay lines operative to sinmutate 20 the acoustic del ay
occurring b&hereis dlieprovidedain axtolancedwithoyet another ptefemed embodimenp of e at
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| east one w rel ess headphone as may- be worn by a user and
whi ch i &b drhesdusers| mnoﬂmaamhohlongetm two hnmeuiandibje &hamtssto one

ul t t R¥y d,ch t_| east
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si gnal , and I ?ﬁﬁl Eg t 81 E@'ﬂ
sound carri er 8 o T ‘?%he Jc nes %‘%a‘t’ ra |te§Q(r)ll c annek
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38 the acoustic delayv occurring between the arrival of sound from at least one signal source at

different ears of the user..

In addition, there is provided in accordance with yet another preferred embodiment of
the present invention, a headphone system providing a simulated multi-source sound
environment including at least one wireless headphone assembly which may be worn by a

25  user and which includes at least one ultrasound receiver for receiving at least one ultrasound
signal along at least one ultrasound channel and at least one transducer for converting each of
the at least one ultrasound signal along the at least one ultrasound channel to a human audible
signal, and at least one processor receiving a multi-source signal and modulating the sound
carrier along the plurality of channels in accordance with the multi-source signal, and at least

30 one transmitter for transmitting the modulated sound carrier to the pair of headphones along a
plurality of channels. '

In addition, there is provided in accordance with yet another preferred embodiment of
the present invention, a headphone system wherein the use of ultrasound for transmitting the



the present invention, a headphone system wherein the use of ultrasound for
transmtting the WO 98/ 59525
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di fference of the signal as perceived by one the ear in contrast to the -

ot her e#eansefthe ireless beadphonstassemblyudi o si gnal s, at | east one signal for

eachnat he ea N : | W e _dj y at
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al so 20 _i ncl udeei sendi,ng the at |east twog -audio signals and the ultrasound

r ef er enBETasoyireterenee signal o ahsadehansg asseambly pamn iy 2 USETRAVIRSIBYR: B3T3 1R a
preferr i f [N t} ; ' t at
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present invention will be understood and ggigr_em ated nore fully fromthe
fol | owi #he piwse differeace.and sending the ableasttwp endiorsigoelsjvisheibsrdpkions assprablyrtani ngs
' Whi CRach of the ears.

In accordance with a preferred embodiment of the present invention the method also

20 includes sending the at least two audio signals and the ultrasound reference signal via an
ultrasound carrier.

Further in accordance with a preferred embodiment of the present invention the step of
sending the at least two audio signals includes sending the signals to the headphone assembly
by wired communication.

25 Still further in accordance with a preferred embodiment of the present invention the
step of sending the at least two audio signals includes sending the signals to the headphone
. assembly by wireless communiéation.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will be understood and appreciated more fully from the following
30  detaileddescription, taken in cbnjunction with the drawings in which:
Fig. 1 is a pictorial representation of a prior art conventional speaker-based surround

sound system, showing the component parts and their mutual location;



Fig. 1 is a pictorial representation of a prior art conventi onal
speaker - based surround sound system showi ng the conponent parts and their
mut ual | ocati on; WD 98/ 59525
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required to _receive, denodul ate and convert the ultrasound signals emtted
by the BYsaOR transnmitter, to audible signals to be perceived by the

| i sfener asgsUEr: o) - Flas.  SA . | r SUur d_sound
heai phone sggt érﬁg)goﬁ’ gosct%r%gggﬁl ‘Jz’it?]% ?%“@%‘é‘?gﬂ#é&% a.g(% g%‘?‘%ﬁ‘r? ?elg %‘ %q%ﬁ%nce '
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with a I ment the I nvention sinul ates how
Fig. 7 is a schematic block diagram of a pair of headphones constructed and operative

20  inaccordance with a preferred embodiment of the present invention, showing the components
and their interconnections required to receive, demodulate and convert the ultrasound signals
emitted by the system transmitter, to audible signals to be perceived by the listener as
surround sdund; . |

' Figs. 8A and 8B illustrate how a surround sound ﬁeadphone system constructed and

25  operative in accordance with a preferred embodiment of the present invention simulates the
phase difference psycho-acoustic effect in order to enable the listener to detect the direction
from whith a sound emanates;

Figs. 9A and 9B show how a surround sound headphone system constructed and
| operative in accordance with a preferred embodiment of the present invention simulates how
30 the listeper detects the direction from which a sound emanates, and by rotating his head

towards the sound origin, equalizes the phase of the sound heard by both ears;

Fig. 10A and Fig. 10B illustrate the timing sequence of the receipt of the sound by the

left and right ears of a listener using a surround sound headphone system constructed and



30 the listener detects the direction fromwhich a sound emanates, and by
rotating his head towards the sound origin, equalizes the phase of the
sound heard by both ears; Fig. 10A and Fig. 10B illustrate the tim ng
sequenceworosishsasr ecei pt of the sound by the left and ri ghtp@m,ggsmnﬁ

| i stener using a surround sound headphone system constructed and
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Fig. 13.is wtabl for packaging as a printed circuit board in a personal

corrputerh DESCRI PTI ON OF PREFERRED EMBODI MENTS A preferred

20 sound ?‘;J‘E’ﬁ!&“ Rl MG Bl of 8 fadfftherthshd Sonrhi o XYt o,

i s readicopsteystedi mabloperhnve menccordmdeemthpjzdtl andthieo piefetted entbodimhéntads fRal ity
a3t o PR iof RSyt ey R e e 7 sg,&;@g;&gﬁ;cg i, "
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nut ual ISB’é%thHmkaBmg@pd!thdﬁmbbmmn@emoiﬂ@omnes shown are a TV

recei ver. or vi deonseh as a Iaser
di sk player or vi gg%ﬁsm%fb@w sur 5 MM| fier t he
mai n A preferred embodiment of the present invention is described in the field of surround

20  sound systems. However, it is appreciated that the present invention is readily applicable for

Ll

use in other applications such as virtual reality systems, computer games, simulator systems,

and the like.
Reference is now made to Fig. 1 which is a pictorial representation of a prior art
| conventional speaker-based surround sound system, as described in the “Background to the
25 Invention”, showing the component parts and their mutual location with respect to the
listener. The parts shown are a TV receiver or video screen 10, an audio signal source 12,
such as a laser disk player or video cassette player, the surround sound amplifier 14, the main
speakers, namely the front left speaker 16 and the front right 17, the center speaker 18, the
rear left speaker 20, and the rear right speaker 21. In this representation, only the five
30  speakers which provide the directional information are shown. The sub-woofer is understood,
and its location is not critical. The listener 22 is shown seated at the “sweet spot”, the only

area in the room where the surround sound effect is felt realistically.



speakers, nanely the front left speaker 16 and the front right 17, the
center speaker 18, the rear |left speaker 20, and the rear right speaker 21.
In this ‘5@%;;%% tation, only the five 30 speakers whi ch provide the
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with thbW@&MPO@eﬂa.fs-l n Fig. 3B, the listener 22 has turned his head in the
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the speaker to the right ear 32. Thé sound arrives at
af ter aswround; spund| system.+ The/ horizontal caxis reprRentyithe | timeeelapsed kdnrng the

di S$6¢T NSropldation df Y sdifit Wavk 1'-ligc,).c4?é- ghgvbseth%rsjaﬂxier}inq;ngtsggue%ggsn%r the situation
depicted in Figs. 3A and 3B, where the listener turns his head towards the sound source.

In Fig. 4A, the sound wave is depicted leaving the speaker 17 at time t, and arriving at
the listener’s right ear after a time t, + DR/V, where V is the velocity of the sound, and DR is
the distance from the speaker to the right ear 32. The sound arrives at his left ear only after a
25 time t, + DL/V, where DL > DR. The listener’s brain discerns this slight delay to locate the
origin of the sound. _ : :
InFig. 4B, the listener is shown after rotating his head towards the sound origin. The
timing sequence shows how the sound wave leaves the speaker 17 at time t, and arrives at
both of the listener’s ears after a time t,+ DR/V, which is identical to 1+ DL/V, since the
30  distance.from the speaker to the two ears is equal.
A pictorial representation of a surround sound headphone system, constructed and
operative in accordance with a preferred embodiment of the present invention, is shown in

Fig. 5. It_ is seen that the five speakers shown in the conventional prior art system of Fig. 1



In Fig. 4B, the listener is shown after rotating his head towards the sound
origin. The timng sequence shows how the sound wave | eaves the speaker 17
at tinme t[err] and arrives at both of the listener's ears after a tine
t[err] +wibs/sospki ch is identical to t[err]+ DL/V, since therAPosngdépt ance
fromthe speaker to the two ears is equal. A pictorial representation of a
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20  constructed and operative to convey all of the audio information by one transmitter, it can

easily be adapted to transmit via several transmitters such as one for rear channels and one for
front channels.
The surround sound headphones 28 wom by thé listener contain two special
microphones mounted on each ear-piece, which receive' the ultrasound signals transmitted
25 from on top of the TV monitor. Four decoders convert the signal into audio surround sound,
which is then amplified and reproduced by the headphones’ speakers. Each ear-piece is
sensitive to two frequencies - one front and one rear.
The propagation effects of the above described system are now explained. Since
ultrasound 1s a normal sound wave but of super-audible frequency, it propagates through air
30 in exactly the same manner as any other sound wave. It is therefore the specific use of an
ultrasound reference signal sent from the transmitter to the listener’s head, which enables the
surround sound effect produced by the present invention to behave exactly like the audio

sound produced by a conventional free 'space surround sound system. (In the embodiment of



25 fromon top of the TV nonitor. Four decoders convert the signal into
audi o surround sound, which is then anplified and reproduced by the
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PCT/1L98/ 00297 13 Fig. 5, the ultrasound signal is not only used as the
r ef ePencCOMBRYHEAOB)t al so as the carrier signal for the audio information.

I n anot her fealf I te | . i .
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only as witierespéot tecthe dive ipgyvhb-adoubtic leffects tientionédaboRe:i on is transmtted
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par anet ek. SThef vebocityrof theulmboundaarmiey generatep jahiacairhte phasaidifferance betweich the
respect tq.the,fjve psycho-acoustic effects nentioned above: 1. The

vel ocity } sjm'??&ound carrier generates an accurate phase difference

bet waen ' ! ' I '
cartor % ainsieod BE B ik find Birter bses dhs ooty sflikductd sl WM iiMers .
two ears. betwddn theews eédrs.consi derati on need be. gi ven to neasuring head

novenents. The ultrasound is affected by head novenents exactly |ike
audi bl e 3 Nw spesia) cahsiderationTieed (hergivey toahéasuting headymovementpi Thehultrasound éad

rotation inp.e t | he sanme way .as.if | 15, . .speakers were being
used. 5. &&ciéa%yl%mﬁg@ﬁﬁlwMﬁi’kﬁf‘\"iﬁ@éﬁﬂdﬁaﬂ?‘vers on either side of
t he hea , f | | I;

advant agﬁh%q?@@ﬁ%seﬁ egf °ﬁl§?§€5at§%§§§‘?ﬁ’§h?’ﬁé‘?g%%ﬁ %?Méég%\% &%?1 rlr%rr? does
not 1Snt er fspeakerd weéreteingtusedhsm ssion, giving rise to a noisy signal, nor
does the transni ssion cause 20 interference to the environment Fig. 6

shows a 3dPwsrta the lotatiok ofitheyultnasanfic réveiverscon eithenrside. of he hieadphpneranis, ithes t he

signal s from,.,sach of e five conventional surround sound input channels 40
- front Ietfp‘fe,ﬁf’? f etie is retaifed” ' ' '

A further advantage of the use of ultrasound is that, unliice RF, the environment does not

interfere with the transmission, giving rise to a noisy signal, nor does the transmission cause

20 interference to the environment.

Fig. 6 shows a schematic block diagram of the encoder unit. This unit modifies the
signals from each of the five conventional surround sound input channels 40 - front left, front
right, center, rear left and rear right - by means of delay lines 42, operative on the signals
according to their source channel and their destination channel. The resulting signal

25  information is routed into four output channels - front left, front right, rear left and rear right -
which are, for example, AM or FM modulated 44 onto four different carrier frequencies using
a built-in local oscillator, and inputted to a mixer 46, whose output 48 is amplified for feeding
to the ultrasound transducer.

The five different input channels are processed and connected in the following manner.

30  The center channel signal is fed directly to the Cg and Cgr modulators for transmission by
the two front channel carriers - Cg; and Crg. The front right channel signal is fed in paratlel
to two channels - directly to the Cry channel modulator, and to the Ci; modulator via a 0.3



right, center, rear left and rear right - by nmeans of delay lines 42,
operative on the signals according to their source channel and their
destination channel. The resulting signal 25 information is routed into

four outwobssgzasinels - front left, front right, rear |eft peRrdLo@énrey i ght -
which are, for exanple, AMor FM nodul ated 44 onto four different carrier
frequencies using a built-in |ocal ddcillator, and I nputted to a m xer 46,

whose oinspeitdelag ling (calgnlated for o sound saeelpcated BARoificentanolirifrontde® cbanoel, The
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nd Clerr]. el si
channel &icm modilagor; and via &(0c msee rd&huelmerrts)d&mt'&e, regh deft ghannel sigeal iz
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30 of f- cent & prdef e sder how thie Metiiddbofhealicoding produves effectivei susroutd sdund, ftiight
channel , is fed directl Lo.gtge err] channe] rmdulat.or and with a 0.3
msec. dEPSEFSATY 1P K | Bows P desPding peropess 15, PsRtted il SWroyRd) souad
connect geadhhb®a! & B’ggi#, lis shioh iniFse. &, 0. 3 nsec delay |ine
to C[er?]. Tﬁgéé'rie.%er&dlhgft g&fﬁrﬁ‘ﬁ“m g aﬁﬁe%gsls% cigrﬁgegt ed directly to the -
d err] nodullhe headphodes,/are based Inrstendasié [HiyFil headphoneseguipped withoadiditionad see

how,t hi s t hod of encodi roduc ef fect.i ve, surr.Qun ound...it _L S

oo R0 BrSHe ool & BifloBrs e Baronnd RitoBudits S0 208 52 R sners 534,

sur r oungs sadnsk, Tead akiaedaatorshs7, C58) FOr aid 60" Phirt dFeanplifeasl 81 04dS62. STIREEWN i N
Fig. 7. The _headphones are based on standard Hi-Fi headghones equi pped wi th

addi t i oAmplifiers feedsthe speakerscGanshé of theheadphanessEhet tye ul @ trierophones

m eroph fLl 124 J tors
57, 58, W 2kl Bifled tng Pl eht-bEEE. of bengfsice o @3 acilons illecTSRIGARRE 0
t he speagceiversdor tectravdmitted witadonnd sipaale SThelfigndisviroml ¢ach Db tiede Mictopidieses
50 I ng. on_each ear-pi ece, Onnﬁipt her, si de of the earphone

, . p2, ar ocated o
bri aé e 8% fisgred and 3%04%@4 tpesaractthe e channglen{TpitAnd pary as80ciRd HiGfAFR . The
si gnal s eby oR: RAGH f-gnPﬁ %ﬁj" ' - pibde’ &%ﬁ mﬂ%@r ed to
extract the two icizlﬁgr?l e s,%? ro g&%ﬁ%ﬂgg%d}é eaagg(%%i Igalt ed?%%?% eac ﬁear . %e
resul ti themstognenan andiblesighals.i ed and fed to each ear-piece's speaker, which
transduce them ta hupan audi bl emaitgnﬁltg. Each m cgpﬂhone.ggcs(ﬂ%o nected to
both ear - pi THETOPB fs COTRRETE  BnbO'e FATPLCCT &5 CONMEE eS8 t he
ear - pi e¢enedtet [ierestlf®> BB cibpiete bhthe'Sided SPWARS the mMiBUPhdie is aldiinfed CandCGhe I €ar
carrier to the opposite ear-piece. Specifical Ié/, for the front channels,
t he2Pi gRearnFasFie ko ribe t PRnosine tear-piese.r Speaifically, rfopHihe cfipntagbanngls, |the (right
mcr Oph%&obﬁcﬁﬁsﬂngﬁﬁtg(ﬁ-a rtJ) tﬁeon'élneeak' %Iutl the left microphone transmits Cg to the left
ear. For the rear channels, the connections are crossed such that the right microphone
transmits Cpy, to the left ear and the left micropbone transmits Cry to the right ear. Using this
crossed-connection, any sound source in any direction can be simulated using only one
25  ultrasonic transmission. In particular, rear sound sources are correctly simulated using one
transmitter located in the front.

Figs. 8A and 8B illustrate how a surround sound headphone system constructed and
operative in accordance with a preferred _embodiment of the present invention simulates the
phase difference psycho-acoustic effect, enabling the listener 22 to detect the direction from

30  which assound seems to emanate. In Fig. 8A, two front channel signals Cgg and Cgy, are sent
- out by the transmitter 26, but with a slight time delay between them. The Cgy_ signal is delayed

_ by about 0.3 msec comparing to Cr. Because of the direct pickup and connection in the
earphones, the listener 22 hears the sound first in his right ear 32, and only 0.3 millisecond



ear. For the rear channels, the connections are crossed such that the right
m crophone transmts Clerr] to the left ear and the |left m crophone
transmts %err to the right ear. Using this crossed-connection, any sound
source i rection can be sinmulated using only one 25PCTALYS8/0829GNi C
transm ssion. In particular, rear s Lgnd sources are correctly simulated
using oneg transmtter |ocated.i t§% itront. Figs. 8A and 8B illustrate how
a surroﬁﬁﬁ’%M%%rﬁ@&é?fgW n W%ﬁ@&hgﬁﬂ%ﬁ 3 yigual speaken@imce

with a pﬁ@iﬂé@ﬁsﬁ@%&@%o&bd{he present invention sinulates the phase
di fference psycho-acoustic effect, enabling the listener 22 to detect the

di rection f Fégs 94 and 9B denonstrats chose thessurroundrsowakicheadphdfic Syste, enables Hieont
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connection in the earphones, the |istener 22 hears the sound Tir
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i st enePC3HPEORS, system. Khehorigpntabasis Frpresemis dhe time slapsedsduring the ipypagationt dfe

sound, s ¢ St b N1dR ‘s ' antitative
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t he?%r opag a¥’f ng&QA’t tﬁg Q@BEH&tﬁgﬁgéﬁ leFY%.‘ﬁiB'B“%WEWSZé Bk timgfeand gfyives at
sequenc g listénet's eight ddtafbPNupRRI € DRIV Ahbied? i i j st ener
turns his h_eeilc‘lle tov%gr ds the ggﬁﬁrd sour’cg’.h&fg?ls&éve!alglrtfﬁtgy}%%t&%gg&ont
ri ght stigndistance fiom theatrensmitter tor thesnight tear 326 Thatfrant feft sjgeal Tra leivey theves

at the Listener- i.aht er..a tine-fhecr] + DRV, _ .S t
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In Fig. 10B, the listener is shown after rotating his head towards the sound origin in an
attempt to localize its direction. The timing sequence shows how, even though they were
transmitted a time t; - t, apart, the Crr and Cg;_ signals both seem to arrive at the listener’s
25  ears at the same moment, after a time t+ DR/V, equal to t+ DL/V, and give the listener the
illusion as if they originated from the direction towards which he turned his head, namely his
front rigiat hand side at about 30°. |

The reason for the crossed connection for the rear channels in the headphones is now

clear. If a real sound source is located in front of the listener, by turning his head to the right

30 for example, his right ear moves further from the source, while his left ear moves closer to it.
If on the other hand, the source is located behind him, the effect is opposite, in that by turning

his head to the right, for example, his right ear moves closer to the source, while his left ear

moves further from it. Thus, sources located behind the listener behave as if they were left-to-



20 than at his right ear, and the listener's brain discerns this slight
delay to locate the origin of the sound as if it were to the right of him
at about 30. In Fig. 10B, the listener is shown after rotating his head"
towar ds {trospsyad originin an attenpt to localize its dirpgriQRmneddre

ti mng sequence shows how, even though they were transmitted a tine t[err]
- t[err] ,apart, the CJerr] and C[qn'6si?nals both seemto arrive at the
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exarmp o, Oppied i et fon e T sobtivel il b aBild B spklhel ookl Hopmd oy
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The headphones inplenent this effect by crossing over the rear connections
as shown in Fig. 7. Several listeners 70, 71, 72, are shown in Fig. 11,

sittithg in aArpaﬁ‘enrl emethbmhﬂxh' endﬂﬂth%bmmaﬂnh‘h gmﬁnmlu‘ | desarhéadphonﬁsﬁrm:ndrrgﬁﬁi onh
system 73. So.,ong as t eac ave a headphone 5 set , ey a ave the
i 11 usi orsYStent apng: Bamy, {AaRes RAmpariag {or PHoY @w@aksrp@aérsmm@e sPaRcht ed
in the di i rﬂﬁ?ﬁ% Qur additional speakers |ocated
ar ound gégéﬁﬁ%f%g%ﬁﬁgaﬁg%%g opa%cll%gr@.HBTﬁe front virtual speakers are

| ocat ed BO$w@tdundheddphanst ad®Eatisiderdblpéticapdr, $ifige :-TV set, and the rear
speakers, 30 rear left and 30[err] rear right. In this respect, there are -
10 Aa pTEdreisrmecheed bocbverthic roém twWith groasticrdbsorbingranddsolatingl materfala
headphone surround sound system having many advantages conparing to prior
art Epeakeb - Dagsuagd Sonexpemsives spacel consunung;speakers is ediminatedges are sunmari zed
as follows: 1. Surround headphones are consi derably cheaper, since: a There
i s no need® t BXRensiEs highpowsnamplitiers arees neededhsor bi ng and i sol ating

terials., 15 b Th d i ve,.. .CQl ] K '
T i nac 2ef® BospeRapeunt Bredofitess e 1R S mReR Sy s
cases, sUrpgiépfinmeRidahganas provide the listener . with inproved sound quality

and better inmmersion, since: :
a. The acoustic environment is perfect, since there are no unwanted echoes or external

20 noises.

b. Because of the low power levels involved, headphones have a considerably lower
distortion level than speakers in the same quality class. '
c. Since headphones are very close to the listener’s ear, they require only a low power
amplifier to drive them, and these 100 have a considerably lower distortion level than
25 high power amplifiers. |
d. In standard home theater rooms, only a small listening area in the middle of the room,
called the “sweet point”, is optimum for experiencing the surround sound effect fully.

Using surround sound headphones, this area is much more extensive.

kN

3. Headphones are more convenient to use, since:

30 a. Every room is suitable for watching surround sound movies, and there is no need to

dedicate a special room to this purpose.



a. The acoustic environnent is perfect, since there are no unwanted echoes
or external 20 noi ses. b. Because of the | ow power |evels involved,
headphones have a considerably |ower distortion |evel than speakers in the
same quaVPP¥5¥28ss. c. Since headphones are very close to PEEILISSHFer' S

ear, they require only a Iom1pomer ﬁqpllfler to drive them and these too
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present i nvention. In the systemof Fig. 12, the ultrasound signal of the-
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-bei ng as described hereinabove with reference tq Figs. 5-11.
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5| g e then, sent cessin r.efera via a . data can |l er 104,
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15 (Cpmmt;gdéégae}qur)t roller 104 may receive a d| gital audio input,

such as digital ACG3 input via an AC-3 decoder 114.) In order to process

t he si gnal s In@rder 46 provdss tharswmtsenﬂmom transgyices H6dE g rd) sendsaam ulmisound
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cal cul a
processes arrival times of the ultrasound reference signal at each ear, so as to measure a phase

20  difference of the reference signal as perceived by one ear in contrast to the other ear, as
described hereinabove. In this mafmer, head angle calculator 120 calculates the azimuthal
angular movement o and elevational angular movement $ of the head.' The angular
movements are sent by data controller 104 to signal processor 106 for modulating the audio
input in accordance with the phase difference, in order to provide the user with the correctly

25  directed sound, as described hereinabove.

Alternatively, a head sensor 116 may be provided, for example, mounted on surround
sound h;adphones 28 worn by a ﬁser, which senses movement of the head of the user. For
example, head sensor 116 may sense azimuthal angular movement and elevational angular
movement of the head, and send the sensed data to head angle calculator 120 via a head

30  sensor interface 118, such as an amplifier. An input switch 122 may be provided for selecting
and switching between the kind of inputs available, ultrasound, or non-ultrasound.

The signal processing may be carried out by any known method, such as, but not

necessarily, FIR (finite impulse résponse). As seen in Fig. 12, during the course of signal



processes arrival tinmes of the ultrasound reference signal at each ear, so
as to neasure a phase 20 difference of the reference signal as perceived
by one ear in contrast to the other ear, as described hereinabove. In this
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to a stereo speaker 3’ su woo
20 time-of-arrival measwements of an ultrasonic reference signal emitted by a transmitter

located in front of the listener, by means of ultrasonic detectors located in the left and right

arms of the headphone set. However, the prior art can only measure angular changes in

azimuth corresponding to sideways motion of the head. In contrast, the present invention can

measure and respond to any kind of angular motion, including elevation and roll and any

25 combination of angular and linear movement of the head. The prior art cannot measure

distance between ears of the listener. This is a particularly important drawback because not

every Estener has the same size head and so the sound effects are different for each user. In

contrast, the present invention does indeed measure the distance between the two ears of the

user and modifies the audio input to the two ears accordingly, as described herefnabove. In

30  additidn, the prior art does not use an input buffer as does the present invention (input buffer
108) as described hereinabove.

Fig. 13 is a schematic block diagram of a headphone-based surround sound system

constructed and operative in accordance with yet another preferred embodiment of the



It is inportant to point out that the enbodinment of Fig. 12 is different
fromthe prior art nentioned above in the background, nanely, USA Patent
Nos. 5,181,248, 5,452,359 and 5;495,534. In the prior art, the angul ar
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measurements of an ultrasonic referepge signal enmtted by a transmtter
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the two duscribed! herdifaboveas 3l Ma'ueﬁs hﬁ&f@ﬁﬁk%eb&@%ﬁ:eﬂt@tﬁ f R W
accordingly, as described herei nabove. In add e prior ar does
not use 96T IRRETsops shilled '@sﬁhﬂﬂéypom@amm&rbgmdﬁmp@nmwhuh aeemot i) as
describ gﬁB above. Fig. 13 is a schematic bl ock diagramof a

headphone- based surround sound system constructed and operative in
accordance with yet another preferred enbodiment of the - WD 98/59525
PCT/ 1 L98/ 00297 19 present invention, this system being substantially the
sanme as the systemillustrated in Fig. 12, except that wherein the system
of Fig. 12 is a stand-al one system the systemof Fig. 13 is suitable for
packaging as a printed circuit board in a personal conputer. It will be
appreci ated by persons skilled in the art that the present invention is not
5 limted by what has been particularly shown and descri bed herei nabove.
Rat her the scope of the present invention includes both conbinations and
subconbi nati ons of the various features described herei nabove as well as
vari ations and further devel opnents thereof which would occur to persons
skilled in the art upon readi ng the f or egoi ng description and which are not
in the prior art. 20 CLAI M5




1. A wirel ess headphone assenbly, conprising: at |east one ultrasound
receiver for receiving at |least one ultrasound signal along at |east one

ul trasound channel; at |east §§ HAS'BEENT} converting each of said at
pEres

| east oneoudg/gessound si gnal a | east} one ul tras?&i‘ﬁl..sfs el to a
human audi bl e signal, and whe}ein w-tsound recelvers, called a

right receiver and a left receiver, [@0ovide ult rasound signals to right—and
left ears of a user, wherein the ri ghCLABSi ver provi d8s skeef08 riergatlcte

signal t e r]iaﬂ_gt ear and the left receiver provides I"gnal

to the | VPALISFIAMSdiS herein the right receiver provid muu lﬁsi gnal

to the | ¢gft eamﬁtéleki‘ﬁeahﬁﬁﬂnera?&ﬁmgfﬁmﬁmﬁes a rear ri the -
1 rel headp

right ear. 2. The wi rel ess adphone asSenbly according to claim1 and '
wherei n sai d atat leastseneorigasonnd seceiveri forgecsiving at leagtroneautrasound bignal wborpoat

recei ger i receiyes an ultrasound signal along two ultrasound
37 Jeagt B oy S BE B

channel s. eadphone assenbly according to claim1l and

wherein sai d atat €286 bn® kansdubérafo WoflverfAE e of 4183t 385t bAY rulﬁ'ﬂsﬁﬁ:ﬂf g#ﬂﬂ q
ul t Fasoun

receivers, each of which receives an ultrasound_signal along one

channel . 2iong said atjigasypnelisasound ehasnelte ahumaniandiblecsignalli ng to claim 1 and

hor ef . . . _ 2
oast onault 1 aeaae? Beadphirld sty abEilinato BRRh T Andynetot ppat koo,
conpr i sesiltrsolmbreceiverconprises twonlgasound seceBees) esshl sivatdch feeeies aPGIRaSHnd

adj acent a djfferent ear of a user. 5. The wirel ess headphone assenbly
accoﬁgi nj‘glnﬁi%?%ﬁ?ﬂﬂmm%&mnﬁlssai d at |east one transducer conprises at

| east twg secoRfiat Wl u LBl put.to a
different ear g? eaﬁﬁglg%‘ﬁg{dﬁhoﬁ@_ﬁi%%&’e?égg% nﬁe@d%?%@eﬁ%ﬁ%aﬁ%&ﬂ?ng
to cl ai mubrasaundieceizens, called maright netiehler amd gibeft reteiver providoudrabdund 3fmal to
signal s rr@g{a%@dﬁat eg.ch of zlai d %t ] east .two uI.trasgund,rec,ei vers i s

suppl i ed fiit SAFS O3 p user, Wherein;the night repgiver prayidessa Hantfight signalde dhagight
accor di ngatt and> il RRCredeiver \ovides a FttdeRlsidndP RS tHeRftidr" ﬁﬁpwﬂ&eﬁﬁﬁfé' rfhe®
each_receive ultrasound si‘%‘nal s along at l'east two ul trasoni ¢ channel's;

21 s?d ZRCCIVER Provides asean ledt signal doithleft easiand the l¢ft reseivemprovidgsalrearaiightg at

| east t“@%%@%%g%{t% channel's to human audi bl e signals; and information
4,

recei ved oné of said at |east” two channels of each of
The wireless headphone assembly according to claim 1 and wherein said at least one

ultrasound receiver comprises four ultrasound receivers, eacli of which receives an ultrasound
signal along one ultrasound channel. -

20 s The wifeless headphone assembly according to claim 1 and wherein said at least one
transducer comprises at least one first transducer which converts said at least one ultrasound
signal to at least one modulated electrical signal and at least one second transducer which
converts said at least one modulated electrical signal to a humé.n audible signal.

6. The wireless headphone assembly according to claim 5 and wherein said at least one
| 25  transducer comprises at least one multichannel transducer.

7. - The wireless headphone assembly according to claim 1 and also comprising at least

one banti pass filter associated with each ultrasound channel. |

8. The wireless headphone assembly according to claim 1 and also comprising at least

one demodulator associated with each ultrasound channel.

30 9 * The wireless headphone assembly according to claim 1 and wherein said at least one
first transducer is operative to convert said at least one ultrasound signal to at least one
modulated electrical signal, comprises at least two first transducers, each arranged to be

located adjacent a different ear of a user. -
I —
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said at |least two ultrasound receivers is supplled to each of two different
ears of the user along a separate grg dlnnpn, audi bl e channel s. 8.
The wirel ess headphone assenbly acdot® &ET MASXBBEN |and conpri sing del ay

| i nes opMOA¥S982% 0 sinul ate the, acust i m&&cﬂpccur i ng bmbmon%v
arrival of sound froma 5| gnaI sourc ' of the user. 9. A

headphon syste [ QV.l nula tizsour nvi.ron
conpri si 38 §VIG %gs Bq..gss 9“’6% (i g\mi?ﬁ ge
i ncl udi ngne %écdnﬁ&?dns&ﬂ&r %inFﬁﬁﬁLHi‘(leds?‘E@b ‘é@éo%df@e{ns&m \eh ) pidyi

ul trasound signal along at least two ultrasound channels; and at ?east one
t r ans duc @rdiblsrouspit so piiffrensearoffuseni d at | east one ul trasound signal al ong

one procddeor AERHHES BHHGE BEnBy’ &rralhe RA AR 10 e BB, i

carrigr ahdibip signal deived! from ulttlsauidedignals rRceloaditdacts 6f stiid &t 18a5t Sworultiasonafaur ce

signal; and, at | east gne transmtter for transmtting said nodul ated
ul t r asouRPEEETY is S¥pRlisditp gachear afausepne headphone assenbly along said

Pl ural 201 ChBRUcless AR dsB6nil) Sofliratlb 10 BRAN 1T ah@hpkiegiom L L] g said

nodul at e carrler to sal hone assenbly 1S operative to

cause a | i stensaidiasileast sw dltdamﬂﬂhw&vmemﬁjeyexwuﬁasamﬂig&lﬂlbﬁ@ﬁﬂléa&ound
ef fects at sal d | jste Eer woul d experience if the nulti-source signal were
transmi t f¥Q Y L%'E‘S e as audi bl e sound waves from suitably | ocated

soungpsour ces. sé@ -at leét 896 SEdHRA Grahd IR cdVERIfAsdlnd §B? gagéitg‘ %ﬁﬁet%'

whi ch may be worn by a user; and two audi o receilvers,

recei ver maumbhcmmwmmm:msand headphone assenbl y, sal d
receivers provi feceive udi o nal.s .t.o a ft .ears

user, V\hergi n lnﬁ'l re?eé\é% ‘é‘fgi?ﬁﬁwﬂaé’g %fdfafiﬁ?g[ og{;hang& 9f Fach0 sﬁ & 22
ri ght eateasneivg hlﬁ'ak@iﬂd feB&i9éry €4 supiplid 46 Tach bf 648 diﬂbfréntsda%néf ﬂfeqxséhﬂohgfat

ear, and wherein the right receiver provides a rear left signal to
ear and senarate ppe psaid humanpusiibleckanmelsear right signal to the right ear.
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operative to simulate the acoustic delay occurring between the arrival of sound from a signal

source at the two ears of the user.
14. A headphone system providing a sxmulated multi-source sound environment
comprising: _
20 at least one headbhone assembly which may be worn by a user, including:
at least one ultrasound receiver for receiving at least one ultrasound signal along at
least one ultrasound channel; and
at least one transducer for converting each of said at least one ultrasound signal
along said at least one ultrasound channel to a human audible signal;
25 at least one processor recéiving a multi-source signal and modulating an ultrasound
carrier along a plurality of channels, in accordance with said multi-source signal, and
" at least one transmitter for transmitting said modulated ultrasound carrier to the at
least one headphone assembly along said plurality of channels.
15. The headphone system according to claim 14, and wherein the use of ultrasound for
30 transmitting said modulated carrier to said at least one headphone assembly is operative to
cause a listener using said headphone assembly to experience psycho-acoustic effects that

said listener would experience if the multi-source signal were transmitted in free space as

audible sound waves from suitably Jocated sound sources.
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user having two ears ssenbl y audi bly providing at |east
one audio signal to egmmmmﬂnggmﬂprocesm ng arrival tinmes of said
ul trasound reference stgmal Lat e id-ear, so as to neasure a phase

di ffer eqeposposssai d signal as perceived by one said ear inhpeeaidsdiert 0 the

ot her ear and to neasure a di stance be of the user;

nodul ating at | east two audi o si gnaa$ IS SHE g%n for each sai d

ear, i nlaccordaa@hmégys&mebm 3| fferBEBU‘ d| ng said at |east -
two audi o signals via said_headphone a Ty to each of the ears. 12. .

The net hod actefadpheperassembly B WA 1Y WET.$8Rdi ng sai d at |east two
di |
cartier. U3, g el ARRLES AReEi0E MAANen Yeleith, HddnBIH Wia
sengi Rghead'ﬁhbmtassm:iv ﬁulb;reamdem gm\gdmg seueo{cdrmudmssxgmm?hr@hthﬁlmé’geﬁé aféI o}
e one .asse red c cati e_met hod- accor di n
tsgl d ai ﬁ*ep@erap@ Wﬁ'égg t%@%Y%M%ﬁPW&&#M‘Q@SQ@W lef gnalgs
conpri se&e&%m& Bfront &?ﬁé()%,ag to B ﬂﬁ@%ﬁ%ﬁ%ﬁﬁ%ﬁ@ﬁ%& x@b!sou rﬁ;ﬁ&e% 8

communi cat i on. or sinmulat’ing an artifi

envi- r_onmnhﬁsxglabtuthelﬂjieapawﬂmlc@raeiveaﬂpmﬂeeammmhaﬂlmmmcl aim
10; neasuring t ance bet ween.t. ears of a user wearing said
headphoﬁé ass® r%q%odfg WWW%%%W‘?F%WBﬁ%PWEOHHEM in

consi der atlguhve,fnn?@hqumg mﬁmﬂ@mvén response to any |inear

and/'or angul ar lon of the user's head.
10 receiving said ultrasound wave by means of a wireless headphone assembly, and

converting said ultrasound wave to an audible signal by means of said wireless.
- headphone assembly.
18. A method for simulating an artificial sound environment comprising:
sending an ultrasound reference signal to a headbhone assembly worn by a user having

15  two ears, said headphone assembly audibly providing at least one audio signal to each of the

ears; _

processing arrival times of said ultrasound reference signal at each said ear, so as to
measure a phase difference of said signal as perceived by one said ear in contrast to the other
ear and to measure a distance between the two ears of the user;

20 modulating at least two audio signals, at least one signal for each said ear, in
accordance with said phase difference; and _

sending said at least two audio signals via said headphone assembly to each of the ears.
19. The method according to claim 18 and compnsmg sending said at least two audio
signals and said ultrasound reference signal via an ultrasound carrier.

25 20. The method according to claim 18 and wherein the step of sending said at least two
audio s:gnals comprises sending the signals to- said headphone assembly by wired
communication.

21. The method according to claim 18 and wherein the step of sending said at least two
audio signals comprises' sending the signals to said headphone assembly by wireless

30 commurication.
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