WO 2012/ 134399PCT/ SG2012/ 000116 1 Listeni ng devi ce and acconpanyi ng si gnal
processi ng nethod Technical Field The invention relates to a |listening
devi ce suwb208m/t3ud99not limited to headphones, and an aceorsanyi2egoids gnal
processing nmethod for use in, but notilimted to, binaural 3- D audio
reproduction. Background Art Conventionally, the binaural (or hearing with
two ears) 3D audi o reproduction 10 systemuses a pair of headphones to
reproduce the binaurally recorded or synthesized sound so that a |istener
can perceive sound images comng fromcertain |locations, such as front,
rear, up, above, nedisterangldévice anml KiPompardns sicnadprdeassing imethadst ener .
However, there are linmtations in the conventional headphone system which
prevents the listener fromaccurately perceiving 3D audio. .15 Firstly,
Mol I er [1] reasoned that the headphone coupling characteristics were not
the same as the characteristics of free field sound sources. Secondly,
t here are shdpbehaivdl Eielde vari ati ons in human heads and ears - no two 20
peopl e have the sane ear shape. Therefore, a binaural sound captured with a
dummy head or_ synt hesi zed using a generic set of Head-Rel ated Transfer
Functi ons (HRitEspvengon glates toqdisraingolerice suabaas bubptdindtedio headphayisacad
surrounding the |listener, -

5 an accompanying signal processing method for use in, but not limited to, binaural 3-

D audio feproduction. ‘

Background Art

.Conventionally, the binaural (or hearing with two ears) 3D audio reproduction
10 system uses a pair of headphones to reproduce the binaurally recorded or synthesized
sound soAthat a listener can perceive sound images coming from certain locationé,
such as front, rear, up, above, near, and faf in 3D spaée surrounding the listener.
However, there are limitations in the cénventional headphone system, which

prevents the listener from accurately perceiving 3D audio.

Firstly, Mgller [1] reasoned that the headphone coupling characteristics were not the

same as the characteristics of free field sound sources.

Secondly, there are shape and size variations in human heads and ears - no two -
20  people have the same ear shape. Therefore, a binaural sound captured with a dummy
head or synthesized using a generic set of Head-Related Transfer Functions

(HRTFs), a set of sound source measuremernts in a 3D space surrounding the listener,



WO 2012/ 134399PCT/ SG2012/ 000116 2 will be perceived differently by
different people. To overcone this issue, either individualized recording
or indi viwoabizewwRTFs for binaural synthesis are requipcedgc2uehioodiiare both
tedious to perform 5Thirdly, it is well known that headphone Iistening
causes sound to be perceived as comng frominside the head (far and near
sound are perceived to be the sane) - there is a tendency for sound inmage
to be perceived fromthe rear for frontal sound cues, thus causing
front/back confusion. 10 There are a nunber of inproved 3D audi o enhanced
headphones [ 2wii] b¢ petceined diffesingiyely differenmpeoplpl o syemedmerthistiesus, aitir

of f - posi tioned sound emitters in existing surround headphones. However,

al t hough suchntieridpieaesohifiveordhdif@udived SIRTHI farbihdues] Sypbsistaroregdirat, -
different locations in the ear, all sound emtters are positioned directing
sound i n par akhieh adibb@GbdiOnso peM&ntls the openi ng of the ear entrance, as
15il lustrated in Figure 2. This limts the enhancenent of the positional
perception. Summary of Invention In general terns the invention proposes
that a given ear is provided with two sets of 20 sound emtters: at |east

one first ssouﬂ-ﬂrd%g}i{ welmoﬁaﬂ%ﬁh&oﬁ%@ gﬁgaéa{ﬂs%g 3§'un\aetb'bewéema Qf the

concha (the part the con exten utwardly from'the head), and

d d-enmitter i.ch di t t 1 [ di t
Girection.  vonatasy SRRt 13 550 argdlNtaEpt PR AL ST o
compr i 81 ng: _at AEEEte e SepERE B LR E T ShCRet BR oA d L6 acent
both ears of the o _ '

~ thus causing front/back confusion.

10  There are a number of improved 3D-audio enhanced headphones [2-6] that are
designed with muitiple sound emitters and off-positioned sound emitters in existing
sﬁrround .headphones. _HoWever, although such headphones have different sound
emitters positioned at different locations in the ear, all sound emitters are positioned
directing sound in parallel directions towards the opening of the ear entrance, as

15 - illustrated in Figure 2. This limits the enhancement of the positional perception.

Summary of Invention

In general terms the invention proposes that a given ear is provided with two sets of
20  sound emitters: at least one first sound emitter which directs sound against a wall
portion of the concha (the vpa.rt of the concha Which extends outwardly. from the
head), and é second éound emitter which directs sound at the pinna from a different

direction.



User; said at | east one support structure including, for each ear, one
or nore corresponding first sound emtters and one or nore correspondi ng
second sowmocoemisiioer s; characterised in that woesczieobezseni ng
device is worn by the user, the first3l10and second sound emtters are
positioned such that, for each ear: the one of nore first
corresponding first sound emtters direct sound in a different direction
fromthe one or nore correspondi ng second sound emtters; and t he one
or nore corresponding first sound emtters direct sound at a wall portion
of the concha of the ear. 15 Typically the one or nore first sound emtters
emt sound in a direction substantially perpendicular to the axis of the
ear canal . Ty§pecidichlyy,ah ah @ssct oNthefinvaitios,otind iePrdvided d Hst@dsg tévaceefbrt o t he
anterior of the ear when worn by the user. 20Advant ageously the

i ndi vi dual i zeglesibbhaga@séNcdniRisa@ncha creates an individualized sound
reflection that has been found to enhance binaural |istening. This new

posi tioning of 501&@‘1‘@%;&%%{3&0@&%&1&@%&' foRitibfing 6h &r Nd]abdA tboNe{ oS@ENd
source, with better frontal sound i mage. W) 2012/ 134399PCT/ SG2012/ 000116 4
I n one enhodi nent at | east one second sound emtter is positioned behind

the pi nna of sal’d one or both ears when the |istening device is worn by the
g)s(glr t e;ré’p:c‘ 8?" ngnte?sg;tdls %;PeF% Vﬁn%usnu%pgrq] SRZI'tugt[{lges lncﬂ%mgpqo} Qgchegir, 3hE oylrg&gt ion
corresponding first sound emitters and one or more corresponding second.sound
emitters;
characterised in that when the listening device is worn by the user, the first
10  and second sound emitters are positioned such that, for each ear:
the one of more first corresponding first sound emitters direct sound in a
different direction from_ the one or more corresponding second sound emitters; and
the one or more corresponding first sound emitters direct sound at a wall
portion of the concha of the ear.
15
Typically the one or more first sound emitters emitv sound in a direction substantially

perpendicular to the axis of the ear canal. Typically at least one first sound emitter is

positioned to the anterior of the ear when worn by the user.

20  Advantageously the individualized surface in the concha creates an individualized
sound reflection that has been found to enhance binaural listening. This new
positioning of sound emitters also results in externalization of sound source, with

better frontal sound image.



5frequencies. Typically at |east one second sound emtter is positioned to
the posterior of the ear when worn by the user. Advantageously if the first
sound emwben{spB4das a reduced | owfrequency transm ssi eoTsorprea1so t he
conventi onal headphones, sound emtte#s (rear 10 vibrating emtters) can
be pl aced behind the pinna to create dynam c bass as well as a sense of
sound proximty, thereby overcom ng the deficiency. The bandw dth of the
first sound emtters nay be broadband and generate frequencies up to 20KHz,
and the bandwi dth of the rear vibrating emtters (i.e. sound emtters that
are placed behind the pinna) is frequencies up to about 500 Hz 15 In a
further enbodi nent at | east one second sound emtter is positioned such

t hat sound i SIntineegibedinteata@rietst b @asndcsnad emfttet hvepasoioned pahidi thg paae . when
the listening device i's worn by the user. Typically at |east one second

sound eni tterogidche DPUBH dafy whedi th€Gttbing 3ei&d 8 Ridrabl YhePaealTlypicallyothehe axi s
of the ear canal. Advantageously if the 20 first and second sound emtters

are |arge enoygihd QuRli QHEE () Dehinkl GHERAC LRSyibHAYA ExEifdrd & n'@ﬁ‘ahh?do%he_
pinna are not required, resulting in a sinplified design of the Tistening

devi ce. The g@éb&%&éshT%mﬁ €t {dalne 209 @g@gghnﬁeg\g\%p&m&wmws@aﬁi n be

nd
br oadband and generate frequencies up to
2012/134399Pg£@ gﬁOl%{OOOl%@l%ehprone enbodi ment the support structure

. ear when wo . .
i ncl udes two ear cups fone r8E8EN of the user's ears), each earcup

encl osing the correspondi ng sound emtters. 5l n one enbodi nent the

| i stening device includes left and right sides corresponding to the user's
ears, and the support structure includes an over-the-head headband or

behi nd the he‘é@l"alngéff’“é’dnﬁ%ctf‘i: ngrss atnf e FRUUSHS Hagne E‘iréﬂ%%d 153 eaRFYne
enbodi ment the support structure includes a spectacl es/glasses structure in
10 whi ch t he Eansmessioni eqmapatedyfe Wabeyerional headphones, sound emitters (rear

10  vibrating emitters) can be placed behind the pinna to create dynamic bass as well as a
sense of sound préximity, thereby overcoming the deficiency. The bandwidth of the
first sound emitters may be broadband and generate frequencies up to 20KHz, and
the bandwidth of the rear vibrating emitters (i.e. sound emitters that are placed
behind the pinna) is frequencies up to about 500 Hz

15
In a further embodiment at least one second souﬁd emitter is positioned such that
sound is directed towards to ear canal of the corresponding ear when the listening
device is worn by the user. Typically at least one second sound émitter emits sound
in a direction substantially parallel to the axis of the ear canal. Advantageously if the

20 - first and second sound' emitters are large enough to produce low frequencies, sound
‘emitters behind the pinna afe not required, resulting in a simplified design of the
listening device. The bandwidth of thé first and second sound emitters may again be

broadband and generate frequencies up to 20KHz.



In a further aspect of the invention, there is provided a nethod of
processing signals for a |istening device worn by a user, conprising the

st eps of :wexbrzagtiong cues from sound sources; 15processipag/sGhe2ou@sst o
generate a plurality of sound signal ss delivering one or nore of the
sound signals to one or nore first sound emtters, and a different one or
nore of the sound signals to one or nore second sound emtters;
characterised in that the one or nore first sound emtters emt sound in a
20 direction nmaking an angle of at |east about 60 degrees to the axis of
an ear canal of a user. Preferably the angle is at |east 70 degrees, and it
may be up to 90 degrees (i.e. substantially perpendicular to the axis of
the ear canalih.one\dbd@ihani 82 3AGRCT sthicaRd 2{cDHRY 1o Bardiys (bhe filr caetl oBSheaker s
may actually generate sound propagating in a range of directions (i.e.
spanni ng a r apges &rs)adigh 8skup alttbsidy tBsorfelfordang! s8enddmifibs. 70 and 90 degrees
ment i oned above refer to the angl e between the axis of the ear canal and
the central direction in the range of directions. 5 In one enbodi nent at

| east sonme of the sound signals are delivered to a second sound emtter
posi ti oned. behi o) i e 0 . : her
enbodi men'?s atﬁloggg{n%g%ﬂn{gﬂgﬁ © ﬁ %gﬁg%g%‘g&slfl%%%%géﬂg?e@%@f iSI\%sr %#e?%&gir}ség%ond
10sound emtter which emts.sound jn a direction parallel the ear canal of
the user o1 n Bk ST i of nuPEhrh St (RIS el BPh Shesl JRafBa R

set of head rel ated | | se response 15 .1 n, one enbodi nent the cues are
processed wi tFhHdhg fﬁ%ﬁﬁ%ﬂﬂ@&??ﬁﬁ% ?ﬁl‘zlegtr?&fl&gh‘éﬁﬁ%ﬁst abl e gai n.

In one embodiment the support structure includes a spectacles/glasses structure in

10  which the sound emitters are embedded.

In a further aspect of the invention, there is provided a method of processing signals
for a listening device worn by a user, comprising the steps of:
extracting cues from sound sources;
15 processing the cues to geherate a plurality of sound signals;
delivering one or more of the sound sigﬁals to one or more first sound
emitters, and a different one or more of the sound signals to one or more second
sound emitters;
characterised in that the one or more first sound emitters emit sound in a
20 direction making an angle of at least about 60 degrees to the axis of an ear canal of a
user. Preferably the angle isvat least 70 degrees, and it may be up to 90 degrees (i.e.

substantially perpendicular to the axis of the ear canal).



I n one enbodi nent the cues are processed to separate the frontal and side
signals fromthe audio input, by conputing the correlation and tine
di fferenc®® 20M¢¥¥0 t he 20l eft and right signals. Typi cRCIDEGRIIGHDYA16
correlated signals with small tine differences are delivered to the first
sound emtters. Brief Description of Drawings WO
2012/ 134399PCT/ SG2012/ 000116 7 It wll be convenient to further describe
the present invention with respect to the acconpanyi ng draw ngs that
illustrate possible arrangenents of the invention. OQher arrangenents of
t he inventi onlke &rgresispeakersamdy cishabyugenetale sdvad prppageig il tay rapee tdfe
5acconpanying drawings is not to be understood as superseding the
general i ty of ditdegompr @cethamungl @ semgepafi amglesf, andaf sonvienanighas. of i0g P end s a
schematic view of a human outer ear illustrating (a) nonmencl ature thereof;
and W th a soddgeees hghadnedrabowe tafer & thamangis Gewveor tHelkisOd;the € cdinll andithd ( d)
90. 10

central direction in the range of directions.

In one embodiment at least some of the sound signals are delivered to a second sound

emitter poSitioned behind the pinna of said one or both ears.

In a further embodiment at least some of the sound signals are delivered to a second

10  sound emitter which emits sound in a direction parallel the ear canal of the user.

In one embodiment the cues are processed via convolution with a set of head related

impulse responses.

15 In one embodiment the cues are processed with a filterbank structure and/or

adjustable gain.

In one embodiment the cues are processed to separate the frontal and side signals
from the audio input, by computing the correlation and time differences between the
20  left and right signals. Typically highly correlated signals with small time differences

are delivered to the first sound emitters.

Brief Description of Drawings




Figure 2 schematically illustrates a known headphone design relative to a
user's ear. Figure 3 illustrates a listening device according to an
enbodi nrenwoebidbessbnventi on (a) schematic view, (b) posipCirgeedizmnoasuser' s
ear; (c) prototype side view placed on 15a head. Figure 4 schematically
illustrates a portion of a |listening device according to a further
enbodi nent of the invention (a) rear view, (b) side view, (c) front view,
and (d) prototype rear view. 20 Figure 5 schematically illustrates an audio
signal processing and sound distribution algorithmin accordance with the
enbodi nents of the invention shown in Figures 3a-4d. WO
2012/ 134399PCT/ SG2012/ 000116 8 Figure 6 illustrates a listening device
accordi ng to Iawiktbefashtdnient eorihadhienelnicribé thdpresany émtenton (ath: ssdeet®t the . si de
view, (b) schematic front view, (c) prototype side view, (d) prototype side
vi ew wi t hout dco@fipan9inkidgaivi@gs/thaciliedtitd masibl arahgetienat of Shedin vénsidn o Osliegnal
processi ng and sound distribution algorithmin accordance with the
enbodi ment  of artaGerh bVt th® thve A aré Podsitit) 28S cHieghendP Hepakecufrie bemat i cal |y
illustrates the nmain processing blocks for a signal processing technique in
accor dance w zﬁ@o @ﬂig%ﬁ%@@ isQfot 16 hdMRRIHOR sufdr&ding Be g@d@my be@k! y

e convo I un

illustrates t ution of the 5 channels of surround so signal and

mxes into a g-chaReleaplibl Sithe Bkf@ANd signal . 15 |

Figure 1 is a schematic view of a human outer ear illustrating (a) nomenclature
thereof; and with a sound signal arriving at:an angle of (b) 0°; (c) 45°; and (d) 90°.
10

Figure 2 schematically illustrates a known headphone design relative to a user’s ear.

Figure 3 illustrates a listening device according to an embodiment of the invention
(a) schematic view; (b) positioned on a user’s ear; (c) prototype side view placed on

15 . ahead.

| ‘Figure 4 schematically illustrates a portion of a listening device according to a
further embodiment of the invention (a) rear view; (b) side'view;. (c) front view; and
(d) prototype rear view.
20
Figure 5 schematically illusfrates an audio signai processing and sound distribution
algorithm in accordance with the embodiments of the invention shown in Figures 3a-

4d.



Figure 10 schematically illustrates LO-RO downm xing. Figure 11 shows a
possi bl e signal processing technique. 20Figure 12 schematically illustrates
frequencywoespos®s of front and rear biasing filters. Petrasiched/obaseri ption
WO 2012/ 134399PCT/ SG2012/ 000116 9 Figsre |a shows different parts of the
human outer ear 2, nanely the pinna 4, concha 6, tragus 8 and ear canal 10.
Figures Ib-d illustrate how a signal arriving at different angles is
reflected. No two peopl e have the sanme ear shape, and therefore a binaural
5 sound captured with a dumy head or synthesized using a generic set of
Head- Rel ated Transfer Functions (HRTFs) will be perceived differently by

di fferent. people. The concha 6 has a floor portion approximately parall el
to the side dfigitdmeilusraieadlisteiitk devigl dcc@ainigi tora yep Sirdrediembodinem of thear edge
of the floor portion (that is, the wall portion extends outwardly fromthe

human' s head)invéaieh z;grseﬂdﬁea&fb Ride VAW (BY RBEmAR! k@l vieRE (@Prdtotypt bide ek t he
anti-tragus. Figure illustrates a known headphone design 20 including an

ear cup 12 fqy ?}3 éjerggielv%v&@tﬁ&dtq&rﬁo the left pinna 14. The ear cup 12
supports a froh ker 16 and a surround speaker 18. 15

5
Figure 7 schematically illustrates an audio signal processing and sound distribution
algorithm in accordance with the embodiment of the invention shown in Figures 6a-

d.

10  Figure 8 schematically illustrates the main processing blocks for a signal processing

technique in accordance with an embodiment of the invention.
Figure 9 schematically illustrates the convolution of the 5 channels of surround
sound signal and mixes into a 2-channel virtual surround signal.
15
Figure 10 schematically illustrates Lo-Ro downmixing.

Figure 11 shows a possible signal processing technique.

20 Figure 12 schematically illustrates frequency responses of front and rear biasing

filters.

Detailed Description




Figures 3a-c show a |istening device 120 according to an enbodi nent of the
i nvention, conprising a support structure in the formof a loop 112 for
fitting ONORWESH3IN ear 2, a primary sound emtter in tRETSGROM2ODO1A6
headphone driver 116 which is positiofed in front of the ear such that
sound is aimed directly towards the wall 20 portion of the concha, and a
nunber of secondary sound emitters in the formof vibration exciters 118
whi ch are positioned around the ear to generate conplenentary vibration
signals to the outer ear. WD 2012/134399PCT/ S&012/000116 10 By nmki ng use
of different reflections around the |listener's concha area, the 3D sound
perception is enhanced. The primary headphone driver 116 (first sound
emtter) is pdgutileskdvndtferentprts ohthehudanndtepedri?t sameywdiredunitalye comdhk -
portion of the concha 6 (sound signal arrives at an angle of 00), 'instead
of the nor nalé, aaskohamesr cial pOHigurenli-tallusdate dotvsa sgnahdrivarge diffeeedtar to
the overall plane of the pinna 4. The sound generated by the headphone
driver 116 propRE® Rfedttd. NdhiwoasbplemawiteRaing esdapeaahd Bleteforbartizarial , and
substantially perpendicular to the axis of the ear canal. The headphone

driver 116 prQifetaptm@l Vel Phedads: §ithadabd uRgg ti %’ﬁeﬁé stther pencha 6,
and causes concha reflection. Thi's approach enhances 3D sound perception 10

t hr ough i ndi w [ u r 1 ndi: Vid g, ' pe,
i 70 Tand. dep B L oy Bt e fferduf Do s R

i nproved sound ternal izat) n ront. | hi. .
However , the-%@ﬁﬁpgé?ngéwoéqgﬁe ﬁg%d%ﬂ%%%ggﬁgzggﬁﬁgéﬁ%gﬁpg}g%ingﬁgduce
118 are used

t he bass frequency response nd .t heref or.e vi bration exc'&fr 18 .
to conpensat " st}Pf’é"g1 ?f@s?‘ ‘S’Fﬁllp8W°f’r‘Jé’&ﬁB$1‘B§¥rof‘5a% eS%%P% e@%’%%ﬁt’t‘)gr s 118
(second sound enitteéﬁg are interfaced with foam or nenbrane 122 to
transmt the WHabisatheorily IEP“t“H’eeX}S‘?‘ﬂFIHUW@F‘W}S%ff’@‘rtg‘ég]}‘ﬂﬂalhg%%‘dé’ﬁgée%“ing
provided to transmt the qugﬁls to the sound emtters. 20Advant ageously,
by combi nithg. i8aFransalikdithe firhelix apd bR @pEdiegUsand vi bration exciters in a
si ngl e headphones unit in different configurations, nore inmersive and
realistic 3D audi o playback can be created for use in connection with
today' s 3D nedi a applications, such as 3D TV. WO
2012/ 134399P(Hi£BE&2D 11istB@4 k6kdolvn headphone design 20 including an ear cup ‘12 for
mounting in relation to the left pinna 14. The ear cup 12 supports a front speaker 16
and a surround speaker 18.
15
Figures 3a-c show a listening device 120 according to an embodiment of the
,. invention, comprising a support structure in the form of a loop 112 for fitting on a
user’s ear 2, a primary sound emitter in the form of a headphone driver 116 which is
positioned in front of the ear such that sound is aimed directly towards the wall
20 portion of the concha, and a number of secondary sound emitters in the form of

vibration exciters 118 which are positioned around the ear .to generate

complementary vibration signals to the outer ear.



In nore detail, the advantages include: 1. Individualized HRTF cues are
produced using the uni que shape of the human ear. These individualized HRTF
cues resuwwb 1y/bBetber accuracy in perceiving sound 5source/sicacinens
especially for frontal sound sources ion a 3D audi o headphone reproducti on.
2. Reduction of the rear sound source biasness or front-back sound source
confusion through the use of concha-excited driver. This driver
configuration also inproves on the externalization of the sound source, and
reduces the in-the-head 10experience (near and far sounds are perceived to
be t he sane).By 3nakiifgeusei difr differegt exflecties sarqindcthd Imtenet s atreha arqaodhet 3ons
around the ear add deeper and thunping bass effect, and enhance the

| ow- f r equencysopsd GRfeptdh is enkhnceheThei pimbiynpeadplionkeedisveal 56 ditst souwmense of
proximty (sound source close to the ear) to give the effect of sonmeone

speaki ng/ whi s@gikikd)ds pbaGhet QeXOME tRhs 8 Bl Hokdf RAMakIsethe dANYREd ¥f g8hance
gam ng effects. Wth reference to Figures 4a-d there is illustrated a

further enbodigente @sfouwﬁ%ﬁm&nﬁes%nvmﬁ[eeéfmopqﬁé?eahwﬂs‘eom;@l 4GpHREsS 216

and vibration exciters 218 are located in an enclosure or earcup 226 to

contain t t})e S&o‘éﬂ%nstﬂatt(nta&:tsi‘stou% E)LFPQI%CIHAI‘S&)L{BQ ogérgl‘?rp?ane of the pinna 4. The

sound generated by the headphone driver 116 Propagates in a direction which is
substantially horizontal, and substantially perpendiéﬁlar to the axis of the earA canal.
The headphone driver 116 projects sound waves towards the wali portion of the
concha 6, and causes concha reflection. This approach enhances 3D sound perception
10 _through individualized cues produced from an individual’s concha shape, size, and
depth. Through .measurement and subjective listening tests, improved sound
ekternalization and front sound image can be achieved. However, the new position of
the headphone driver 116 can greatly reduce the bass frequency response, aﬁd
therefore vibration exciters 118 are used to compensate for the loss of low frequency.

15
The vibration exciters 118 (second sound emittérs) are interfaced with foam or
. membrane 122 to transmit the vibration to the binna (or outer ear) 4. A cable 124 is

provided to transmit the signals to the sound emitters.

20  Advantageously, by combining concha-wall-directed exciters and vibration exciters
in a single headphones unit in different configurations, more immersive and realistic
3D-audio playback can be created for use in connection with today’s 3D media

applications, such as 3D TV.



20 and reduces anbi ent noise level comng to the ear. Foam and/ or paddi ng
222 provides confort in these circumaural device. In this enbodi nent side
firing enwoOt2er213289, as found in conventi onal headphone®CT&GR0RRI08@ 16 ocat ed
in the earcup 226. WD 2012/ 134399PCI1SG2012/ 000116 12 The devi ce 220 can
be worn on the head with the help of an over-the-head headband 228 or
behi nd the head | oop connecting the right and | eft side of the headphone,
or enbedded in a spectacl es/glasses structure. Signals can be carried via a
cable 224 or the device can be wireless. These different structures can
potentially create many 5different types of headphones' design that can be
applied to gamng, 3D TV, and other interactive nedia applications. In
order to achikueoradgeddhd8Divantage isdudece positional effect on the new.
headphone structure, proprietary audi o signal processing and sound

di stri bution gl gorhdikithalided HEOTF ¢utp henpodueed udsg ibelunijue atiape of thefiuglane 5.
The main role of the signal processing algorithmis to extract critical
cues in the sQuNthes®H@ABualiSHE HRAT GibSFR0L 11 bt radturadilint percehand edungur r ound
sound; and to performthe required audio signal processing (i.e. HRTF
filtering,s scaidOicatd RipeeRf) BRGrofal isysid sbicdshm §id anelt haxphders. 15
The algorithm called the anbience and effect extraction based on human ear
(ACEHE),_perfgégﬁu&ﬂ) required effect and ambi ence extraction from stereo
or surround sotund audi o signals. These extracted effect and anbi ence
contents are fhen nel | i nt h cha. Vi i It in the
| i stening dev%ce H%?ﬁf(%l8§9Fnﬁapgﬁﬁﬁogggﬁégﬁgﬁg%PkQB%%h%ﬁégﬁﬁgégg%e

3825?232388(;@?9}%%6:“ 1 ?(gl%g gﬁlegusaéro golﬂgﬁangrcitgcp Qg\r)&e‘f'hllgydnsvle Q()ai‘llfiggrraggr? ARko ng WO

improves on the externalization of the sound source, and reduces the in-the-head
10  experience (near and far sounds are perceived to be the same).

3. The vibrating exciters placed at strategic positions around the ear add deeper

aﬁd thumping bass effect, and enhance the low-frequency perception.

4. The vibrating exciters also add a sense of proximity (sound source close to

the ear) to give the effect of someone speaking/whispering close to your ear. This

15  feature can greatly enhance gaming effects.

_ ’With reference to Figures 4a-d there is illustrated a further embodiment of the
invention wherein both the concha exciters 216 and vibration exciters 218 are located
in an enclosure or earcup 226 to contain the sound so that it will not disturb others

20 .and reduces ambient .noise level coming to the ear. Foafn and/or padding 222
provides comfort in these cifcumaural device. In this embodiment side firing emitters

230, as found in conventional headphones, are also located in the earcup 226.



13 to inprove the 3D sound perception and deconvol ution to inprove sound
externalization. Furthernore, a conbined front-back biasness circuit and
headphonewequedizz®p based 5 on a filterbank structure ardTadputoadhe gains
@, &,.. ON (each gain varies fromOi2to 1) are also inplenented in the
signal processing unit. In addition, a |low pass filter is included to
produce the signal for the vibration exciter. A specially designed concha
exciter driving circuit is used to drive the concha exciters of the 3D
headphone. 10 Wth reference to Figures 6a-d, a yet further enbodi nent of
t he i nvent i onThesdeivice 280 cait belwomtvertbe headheith ihsthelpi af gn deer-the-h8&ROhdadisanflr ont
emtters 316 for firing directly at the concha wall, but instead of rear
emtters for Im3sérttehinidnbe hekiloeh tdmmeqingrhe tibe adrieft pide 32 the ivalphdae,sirde
emtters 330 directing sound towards and substantially 15parallel to the

ear canal. Asefiedasd RedsprBONE/8MIeTstusuRd. Gji@@fs@dn ibB ikl @iaCOR®BR X0r
generate individualized 3D cues based on the uni que shape of the human ear

2. Figures 6@z Gielich Ust batreesP Pt URRrGh striGuflS \Che Solthlidlydlidadintdagut f oam
322. The front emtters project sound in a direction which’is at about 70

degrees tq th ' nal.: S _ 1 0Nagi pon in
this enbo% me(ﬁtf abigﬁ{esswﬁea '? ﬁ}(qaon%gh(gelrs {g?-gﬂétaﬁaﬁﬁégﬂlggéq?ﬁﬁg%lhg’t ?é]gc;[r \gf‘:atn BI aci ng
several concha,exciters and vibration exciters in respective WO

&S Gl el

2012/ 134399PCI P SE26T21 D01 caijen

mitter 316 can be used together with the
side firing emtter 330 found in conventional headphones. Using a
sufficient large frontal exciter to replace the smaller concha exciters,

t he problem of positioning of the concha exci-t,ersgé' s avoided. Al so a
sufficient | afgddsrteachipvecheqadetD sopad zaynce gasitipnal efifert op ithe Ry BePR®E, are

capabl e of _ : : .
structure, proprietary audio signal processing and sound distribution algorithms are
10  implemented, as illustrated in Figure 5. The main role of the signal processing
algorithm 1is to ektract critical cues in the sound sources, such as stereo, binaural,
mﬁlti-channel surround sound; and to perform the required audio signal processing

(i.e. HRTF filtering, scaling, and mixing) and delivery to the different exciters.

15 - - The algorithm, called the ambience and effect extr_action based on human ear -
(ACEHE), performs the required effect and ambience extraction from stereo or
_. surround sound audio signals. These extracted effect and ambience contents are then
channelled into the concha and vibration exciters in the listening device for the
optimal audio experience.
20
The extracted ambience and éffect contents are further enhancéd by signal processing

algorithms, such as convolution with a set of head related impulse response (HRIR)



5 producing | ow frequencies. Therefore, the vibration exciters can be
avoided in this enbodi nent to reduce cost and power consunption. However,

t he vi br avpeni2epseiober s can optionally be included to precrde20ne8Gty
sensation in gam ng. The al gorithm ofi3t hi s enbodi nent may i nplenent in
several ways. One possible 10 approach, also sinplified, is as illustrated
in Figure 7. A new nodule is introduced to separate the frontal and side
signals fromthe audio input. This is achieved by conputing the correl ation
and tine differences between the left and right signals. A highly

correl ated sitgnahprave hthen3D | saunde petidpition e Ak glecondpbdivestof imptoak sdugAdal and
this audio content should be channelled to the front exciters, whereas the
remai ni ng audixterddizaw@nt ent i s channelled to the side exciters. Since the
front and side signals are separated by this new nodule, it is not
necessary to retain the filter bank structure, although this can still be

i ncluded to further enhance the front-back differences and inprove the

sound per ceptiRHhethdr® U0 orSH frdAlth QNbiafde@&Clircudint RBadpK 6l &fufliAts Bekelin t he
headphone structure shown in Figures 6a-d produce sufficient |ow

frequenci ’ &I]?fiﬁelgg’tg(sstﬁgtu%eﬁﬁ Jd?.ﬁ;a‘ﬁ%b%aﬁ{si@ﬂ (6 209% bﬁ\}e(eﬁclg%hgn tvé{l'f‘es from O

correspondi ng required processing ow pass Tilter vi bration

S ey e PSRRI AR P S T e 1

bl ocks of the signal processing te e1s i'gure 8. The

si gnal processi.n chni que i ncl udes _bi naur.al .synthesis by .convolution with
head-rel at ed IFH‘B%P(ieg Pe%fgg‘h" et?’f HER) Tofn elsylﬂgﬁ%?r%/mémﬁef'o t°P %@ﬁ' é?sé%qeﬂg
(mul ti band equaljzers) cjrcuit, as. well as crossover m xing and audio
enhancenent f5oPERY FFngzef éfné’H‘rgoEi‘&B’ét i gird © fgre e C9‘?°{5‘F‘a‘?"i°ﬁg‘s e‘ri}c hFe%é. The
processi ng bl ocks accept audio signals in different audio formats, nanely
bi naural recoadfiryne2 channel stereo sound, nultichannel surround (5.1
format), and al so the | ow frequency enhancenent (L14b) signal. This
flexibilitl allows signals 10fromdifferent sources (gam ng, novie, and
other digital nedia) to be processed and

With reference to Figures 6a-d, a yet further embodiment of the invention is

illhstrated, wherein the listening device 320 has front emitters 316 for firing directly
at the concha wall, but instead of rear emitters for positioning behind the pinna the
earcups 326 include side emitters 330 directing sound towards and substantially
15 . parallel to the ear canal. As described above sound is projected into the concha to -
generate individualized 3D cues based on the unique shape of the human ear 2.
_. Figures 6c¢-d illustrate a prototype of the device with and without foam 322. The
front emitters project sound in a direction which is at about 70 dégrees to the axis of
the ear canal. This sound propagation direction in this embodiment also is in the

20  horizontal plane.

Thus instead of placing several concha exciters and vibration exciters in respective

front and rear sections of the earcup of a circumaural headphone, a single frontal



distributed to different emtters. A two-stage approach is used. First, the
multi-format signals are converted to a 2- channel format either using

bi naur al WOrRPRESHII(W th HRTF or virtual surround) or 1BCTISGeUGNO&IAé r ound
to stereo downm xi ng. Bi naural recorditng and LFE need not go through this
processi ng. The second stage involves special signal processing techni ques
before distributing to the various headphone drivers and vi brating
emtters. 20 First Stage: Conversion to 2-Channel Format The first stage
appl i es necessary conversion fromstereo and nultichannel surround signals
to a 2-channedmifter Faé wingbalusedniegeties svith ethe gidee figing nerpidieh P34 ukesnd el ude:
WO 2012/ 134399PCT/ S&2012/ 000116 16 1.Bi naural Synthesis or Virtual Surround
Thi s conver si @anvprtiooaskeadpipineesUs#RT R fufficienti laggeofronthle exnitebéo reffladenthat
channel, 5 which correspond to the |ocation of the virtual |oudspeakers, to
simul ate a bi¢madlleptonshgeralters) the pobpt of @ikivedg afi theTondharmeitersisravoided
signals. For stereo signals, only the L and R signals are inputted to the
processi ng bl &K a sUficiciRReffidnt@ emiRefk wellep i sadediriipteiifi@dart capbRLIOPEN
source of HRTF database 10 (128 taps). The virtual positions of

| oudspeakey s @bgucH 10 frllueRlied MBeefE, Qhe CIRRRA! extitdrs cAPbE Roidd¥einl gt (L)
and right (R channel, and 140 for the surround channels. In the ITU-R BS

775.2 standar &ﬂg&p g Jaidspe ' s} A)iGrafi hed. 1
surround setd%mrgng?ﬁgg or tﬂ% %eﬁ#@r cﬂgﬁﬁgﬁ&?cg, 3%3?%rltﬁg9fg%t'€L) and
right (R) channel . and,1100 f he. I Ou. nne lp this processing,
40 is 15 choséhn H%Ifagg(lj’e(IJI%C?%QEOO[SrlOﬁIg?ﬁ%égﬂlt%ﬂsee%gag{ag?il gaé%lhgn dth of the sound
stage; 140 is chosen instead of 110 to inprove the rear inmaging. A conplete

diagramfor creating a virtual surround is shown in Figure 9. Note that

this is just gne of pman ssibpi]ities within the scope of the invention.
J The algorithm gf Rl?s embodiment ma)y\ﬁm;t’lemenﬂn several ways. One possible

10  approach, also simplified, is as illustrated in Figure 7. A new module is introduced to
separate the fronfal and side signals from the audio input. This is achieved by
cdmputing the correlation and time differences between the left and right signals. A
highly correlated signal with small time differences indicates frontal signal and tflis
audio content should be channelled to the front exciters, whereas the remaining audio

15  content is channelled to the side exciters. Since the front and side signals are -
separated by this new module, it is not necessary th retain the filter bank structure,
.although this can still be included to further enhance the front-back differences and
improve the sound perception through equalization effect. As the exciters used in the
headphone structure shown in Figures 6a-d produce sufficient low frequencies, there

20 1s no need for Vibration exciters and the corresponding required propessing by a low

pass filter and vibration exciter circuit.



20 2. Left-Only Right-Only (LO-Ro) Downm xi ng This conversion process is a
conputationally sinpler alternative to the binaural WO

2012/ 134390RC/13G2912/ 000116 17 the LO- RO downm xi ng i s PSHGGR0200AIguUr e 10.
Agai n, many other possibilities existlSwithin the scope of the invention.
Second Stage: Enhancenment and Distribution 5 Figure 11 shows a possible
signal processing technique in the second stage to enhance the 2-channel
signal before distributing to different emtters. The second stage of
processing first perfornms normalization to the 2-channel signal derived
from the firsthesnaigerocesingedlecks af e cigapltprorestessrhmiqueds Hivsgried indfigurappl i ed
to the pair of normalized signals to enhance the perceived auditory i mge
send to the o.fFhersegial p@céssingfieabmique exckude$ hingamat syttears ,byf qoomelatierbivathi ng
filters are applied to the 2-channel signal to- enhance frontal auditory

i mage in the ixadediaee ipiles fespane (HRER)-bidaBlangt'§ flohebak aisirpiulethntio 15
the vibrating emtters to enhance | owfrequency and intinmacy effect. The

front and readquiliRes) Rtciit, 2k &Fell AntaRERrtdiRingemaeiuRtnhiBingh: ARdingaar
posi tioni ng of the sound image. The filters are based on Jens Bl auert's

subj ecti ve eﬁggdcgg%gs@&tgé Jlgﬁglh@%m}gands that affect frontal and rear
perception. e possibility is as follows. There may be a five frequency

filterbank with a frequency response as stated in Table 1. The 20 filter is
desi gned usi ng the Filter Design and Analysis Tool (FDATool) in Matlab. A

| east square i t h IS . C s due j t r S he pass

band conpared p%ﬁesn% u@rglckﬁp?cce ?u’?ho %H%l%ﬁ ﬁﬁ%ﬁg%eﬁo@‘@g‘?e%@% es

Ejgghf {:)2'[6)8. | a&@g‘%frz tr%cl‘é)l 1}1}& 2“%§m§e stereo souncl mlﬂgcharr}ref\el rsgrarcrmn I(%Slef(j_)rmatg ta%{i (i n
also the low frequency enhancement (LFE) signal. This flexibility allows signals

10  from different sources (gaming, movie, and other digital media) to be processed and

distributed to different emitters.

A two-stage approach is used. First, the multi-format signals are converted to a 2-
channel format either using binaural synthesis (with HRTF or virtual surround) or

15  through surround to stereo downmixing. Binaural recording and LFE need not go
through this processing. The second stage involves special signal processing
v‘ .tcchniques before distributing to the various headphone drivers and vibrating

emitters.
20  First Stage: Conversion to 2-Channel Format

The first stage applies necessary conversion from stereo and multichannel surround

signals to a 2-channel format signal. Two possible conversion techniques include:



Figure 12. It is interesting to note the conplenentary frequency
characteristics of the frontal and rear-biased filters. Table 1 Response
Type Ml twbanth/13439esi gn Met hod Least Square Filter O eemr/st2812(0d®96t aps)
Sampl i ng Frequency 16

1. Binaural Synthesis or Virtual Surround -

This conversion process applies HRTF filtering on the number of input channel,
5  which correspond to the location of the virtual loudspeakers, to simulate a binaural
signal. It accepts stereo and 5-channel surround si‘gnals. For stereo signals, only the L

and R signals are inputted to the processing block.

The HRIR filter coefficients are obtained from an open source of HRTF database
10 (128 taps). The virtual positions of loudspeakers are set at 0° for the center channel
(©), 240° for the l‘eft (L) and right (R) channel, and #140° for the surround channels.
In. the ITU-R BS 775.2 standard, the recommended loudspeaker placement angle for
the 5.1 surround setup is at 0° for the center channel (C), £30° for the left (L) aﬁd
right (R) channel, and +110° for the surround channels. In this proceséing, +40° is
15 - chosen instead of £30° to increase the perceived width of the sound stage; +140° is -
chosen instead of +110° to improve the rear irﬁaging. A. complete diagram for
creating a virtual surround is shown in Figure 9. Note that this is just one of many

possibilities within the scope of the invention.
20 2. Left-Only Right-Only (L.o-Ro) Downmixing

This conversion process is a computationally simpler alternative to the binaural

synthesis shown in Figure 9. The block diagram of one possible way of performing



48 kHz Edge Frequency Vector [ 0, 100, 325, 580, 800, 10800, 11000, 24000
1 1900, 2100, 6200, 6400, Front Bi asing Magni tude Vector [ 0.39, 0.39,
1, 1, 0.3902012884392, 1, 0.25, 0.25, 1, 1] Rear BiasingCupgai@deiy/ect or |
0.39, 0.39, 0.39, 0.39, ] 1, 1, 0.39,170.39, 1, 1, O.25,

the Lo-Ro downmixing is shown in Figuré 10. Again, many other possibilities exist

within the scope of the invention.

Second Stage: Enhancement and Distribution

5
Figure 11 shows a possible signal processing.technique in the second stage to
enhance the 2-channel signal before distributing té different emitters. The second
stage of processing first performs normalization to the 2-channel signal derived from
the first stage.
10

Next, different processing teéhniques are applied to the pair of normalized signais to
enhance the Perceived_ auditory image send to the different pairs of emitters. In
particular, frontal-biasing filters are applied to the 2-channel signal to eﬁhaﬂce
frontal auditory image in the concha emitters, and rear-biasing filters are applied to
15  the vibrating emitters to enhance low-frequency and intimac_:y effect. The front and -
rear biasing filters enhance the perceived frontal and rear bpositio_ning of the sound
_‘ .ir_nage. The filters are based on Jens Blauert’s subjective experiments on directional
bands that affect frontal and rear perception. One possibility is as follows. There may
be a five frequency filterbank with a frequency response as stated in Table 1. The
20 _filter is designed using. the Filter Design and Analysis Tool (FDAqul) in Matlab. A
least square design method. is chosen due to ité reduced ripples in the pass band‘
compared té the equiripple design méthod. The frequency responses for the frontal-

biased filter (in solid line) and the rear-biased filter (in dash line) are plotted in



0.25 Weight Vector [ 1, I, 1, 1, 1,1] The signals for the vibrating
emtters can be extracted fromthe 2-channel signals or directly fromthe

| ow f r equeoey12f3imet (LI-E) signal from5.1 surround sowrgad/SGaormborié

| owpass filter based on the 2nd orderisButterworth infinite inpul se response
(RR) filter with a cut-off frequency at 450 Hz is used to extract

| ow-frequency content 10 fromthe source. This cut-off frequency has been
found to provide a good intinmate/close effect. The |l evels of both | ow pass
filtered and LI-E signals are controlled manually to achieve the desired
effect. WO 2Big@re134B HRCTSEERROLADOO taBpleMehtaryirdquetny chpjartedstics ofithey
persons skilled in the art that the present invention may al so include
further additiromallandochrbiacat filsds nade to the devi ce which does not affect
the overall functioning of the device. 5 References [1] H WMJ1ller, D.
Hamershai, C. B. Jensen, and M F. SOrensen, "Transfer Characteristics of
Headphones Measured on Human Ears," J. Audio Eng. Soc., vol. 43, pp.
203-217 (1995vHpei!) - [2] C J. Tan and W S. Gan, "Direct Concha
Excitation for the Introduction of 10l ndividualized Hearing Cues,” J. Audio

Eng. Soc., VPkeo 48cWBe 042 053 Nialthd

Design Method Least Square
Filter Order 128 (129 taps)
Sampling Frequency ' 48 kHz

Edge Frequency Vector [ 0, 100, 325, 580, 800, 1900, 2100, 6200, 6400,
1 10800, 11000, 24000 ]
Front Biasing Magnitude 10.39,0.39,1,1,0.39,0.39,1,1,0.25,0.25, 1, 1 ]

VeCtOf »

Rear Biasing Magnitude | [ 0.39, 0.39, 0.39, 0.39, 1, 1, 0.39, 0.39, 1, 1, 0.25, 0.25
Vector ]

Weight Vector [LLLLL1

The signals for the vibrating emitters can be extracted from the 2-channel signals or

| directly from the low-frequency effect (LFE) signal from 5.1 surround sound format.

A lowpass filter based on the 2nd order Butterworth infinite impulse response (IIR)

filter with a cut-off frequency at 450 Hz is used to extract low-frequency content

10  from the éource. This cut-off frequency has been found to provide a good
intimate/close effect. The levels of both low pass filtered and LFE signals are

controlled manually to achieve the desired effect.



July/August). [3] F. M Konig, "A New Supra-Aural Dynam c Headphone System
for In-Front Localization and Surround Reproduction of Sound", presented at
t he 102ndwéB&i2Gameent i on, Miuni ch, Gernmany (1997 March). peofséhoiS00dMe VWi | er,
"Surround Sound Headphone System " US9Pat ent no. 7,155,025, (2006,
Decenber). [5] H Yoshinmura and Y. Ni shimura, "4-Channel Headphones," US
Pat ent no. 3,984,885, (1976, Cctober). [6] K Ohta, "Four Channel
Headhone," US Patent no. 3,796, 840, (1974, March). 20 [7] A. Nagayoshi,
"Headphone Apparatus for Providing Dynam c Sound with Vibrations and Mt hod
Ther eof ," US IPatléhe appye_cizﬁg:@b)gp@m,s sl@ﬂ@rb@ tAggng gtta} the\peysent invention may also

2012/ 134399PCT/ SGR012/ 000116 20 Cains 1. A listening device (120; 220;
320) for wearindgdbfurtherusiditionglangtifisitiogs made toebesdevineevis cipgas mosiffagtthar e

(112; 226; 330) for positioning on or adjacent.5both ears (2) of the user;
sai d at | eastowrfl fahfieaing oftheuletidé.e i ncl udi ng, for each ear, one or nore
corresponding first sound emtters (116; 216; 316) and one or nore
correspondi ng second sound emtters (118, 218; 330);" characterised
in that when the listening device is worn by the user, the first 10and
second sound RuefdnBts (116, 118; 216; 218; 316; 330) are positioned such

t hat, - ' '

[11 H. Mgller, D. Hammershai, C. B. Jenseﬂ, and M. F. S¢renseh, “Transfer
Charactefistics of Headphones Measured on Human Ears,” J. Audio Eng. Soé., vol.
43, pp- 203-217 (1995 April).
[2] C. J. Tan and W. S. Gan, “Direct Concha Excitation for the Introduction of
10  Individualized Hearing Cues,” J. Audio Eng. Soc., vol. 48, pp. 642-653 (2000
July/August). |
[3.] F. M. Kénig, “A New Supra-Aural Dynamic Headphone System for In-Front
Localization and Surround Reproduction of Sound”, presented at the 102nd AES
Convention, Munich, Germany (1997 March).
15 | -14] S. W. Weffer, “Surround Sound Headphone System,” US Patent no. 7,155,025,
(2006, December).
- [5] H. Yoshimura and Y. Nishimura, “4-Channel Headphones,” US Patent no.
3,984,885, (1976, October). |
[6] K. Ohta, “Four Channel Headhone,” US Patent no. 3,796,840, (1974, March).
20 ‘[7] A. Nagayoshi, “Headphone Apparatus for Providing Dynamic Sound with

Vibrations and Method Thereof,” US Patent no. 6,603,863, (2003 August)



for each ear: the one or nore corresponding first sound emtters (116;
216; 316) direct sound in a different direction fromthe one or nore

corr espongiongizsend sound emitters (118, 218; 330); aneécitschemo@ier nore
corresponding first sound emtters (1m6; 216; 316) direct sound at a wall
portion of the concha of the ear. 2. A listening device according to claim
1 wherein at |east one first sound 20emtter (116; 216, 316) emts sound in
a direction substantially perpendicular to the axis of the ear canal (10).
WO 2012/ 134399PCT/ SG2012/ 000116 21 3. A listening device according to claim
1 or 2 wherei@aihs | east one second sound emtter (118; 218) is positioned
behind the pinna (4) of said one or both ears when the listening device is
worn by the user. 5 4. A listening device according to claim3 wherein the
second sound enitters (118; 218) behind the ear are vibration exciters for

generating | ow freglgaathegevice (1150 2801328 RRWREriSlEYY £ BseRGompeLiAg to claim 1
or 2 wherein at |east one second
at least one support structure (112; 226; 330) for positioning on or adjacent
5  both ears (2) of the user; | |
said at least one support structure inclﬁding, for each ear, one or more
corresponding first sound emitters (116; 216; 316)‘ and one or more correspénding
second s_ound emitter_s (118, 218; 330);
characterised in that when the listenihg device is worn by the user, the first
10  and second sound emitters (116, 118; 216; 218; 316; 330) are positioned such that,
for each ear: | |
the one or more corresponding first sound emitters (116; 216; 316) direct
sound in a different direction from the one or more corresponding second souﬁd
emitters (118, 218; 330); and

15 - . the one or more corresponding first sound emitters (116; 216; 316) direct -

sound at a wall portion of the concha of the ear.

2. A listening device according to claim 1 wherein at least one first sound
20  emitter (116; 216, 316) emits sound in a direction substantially perpendicular to the

axis of the ear canal (10).



sound emtter (330) is positioned such that sound is directed toward the
ear canal (6) 10of said one or both ears when the |istening device is worn
by the usw0.201261343%9! i st eni ng devi ce accordi ng to cl ai m pcwseneiznvodihe at

| east one second sound emitter (330) Amits sound in a direction
substantially parallel to the axis of the ear canal (6). 15 7. A listening
devi ce according to any preceding clai mwherein the support structure (112;
226; 330) includes one or nore earcups (226; 326) enclosing the sound
emtters (116, 118; 216; 218; 316; 330 ) therein. 208. A |istening device
accordi ng to Any pk ésedinggleeicaiactatiidp b reldite!l lor 2t wherpig aldeast ene nedondes | ef t
and right sides corresponding to the user's ears, and the support structure
(112; 226; 33Qhnd b@ltted e 8aD1 HUE poditisreld Bakinth rdhamd(4f 3269id obebi hdh thre head

| oop, or spectacl es/glasses structure connecting said |left and right sides.
WO 2012/1343Qgﬁgﬂ%gﬁggﬁ%égggi1§W3gﬂn&he&mgethod of processing signals for a
| i steni ng device (120; 220; 320 conprising the steps of: extracting cues
from sound sources; 5processing the cues to generate a plurality of sound
si gnal s; delivering one or nore of the sound signals to one or nore

first Sou%d ez{“ tte ?15&&111?{{51&:31%@ ’acc% (ﬁ)l% (t)(ﬁ m@ 3%1&&35%%' i%a&a%%un “%n St&js the

sound signal s to one or nd emtters

(1 18; 218) behind the ear are vibration exciters for generating low frequéncies.

5. A listening device according to claim 1 or 2 wherein at least one second
sound emitter (330) is positioned such that sound is directed toward the ear canal (6)

10 . of said one or both ears when the listening device is worn by the user.

6. A listening device according to claim 5 wherein the at least one second sound

emitter (330) emits sound in a direction substantially parallel to the axis of the ear

canal (6).

15
7. A listening device acéording to any preceding claim wherein the support
structure (112; 226; 330) includes one or more earcups (226; 326) enclosing the
sound emitters (116, 118; 216; 218; 316; 330 ) therein.

20 8. A listening device apcording to any preceding claim wherein the listening

device includes left and right sides corresponding to the user’s ears, and the support
structure (112; 226; 330) includes an over-the-head headband (226), behind the head

loop, or spectacles/glasses structure connecting said left and right sides.



characterised in that the one or nore first sound emtters emt sound in a
10direction which is at an angle of at |east 60 degrees to the axis of an
ear canalwofom/i$®p. 10. A nethod according to clai m 9pcmsahirwodthe first
sound emtters emt sound in a directizon which is at an angle of at |east
70 degrees to the axis of the ear 15canal of the user. 11. A nethod
according to claim9 or 10 wherein at |east sone of the sound signals are
delivered to a second sound enmtter positioned behind the pinna of said one
or both ears. 20 12. A nethod according to claim9, 10 or 11 wherein at

| east some of the sound signals are delivered to a second sound emtter
positioned facing the ear canal of one of the user's ears. WO

2012/ 134399PCY/ SG2A 1r¢th&D bl Gradsslizy sibnsietthod haadnglidagict q12Mmy220f 32Dai s
9-12 wherein the cues ‘are processed via convolution with a set of head

rel ated i npul aghprRSRANSESs 0B14. A nethod according to any of clains 9-13
wherein the cues are processed with a filterbank structure and/or

adj ust abl e gai n. ex?r%in@cﬁ&tﬂf&ﬂs&lﬁﬁ%&k&g to any of claims 9-14 wherein the
cues are processed to Separate the frontal and side signals fromthe audio

i nput, by Lconput Lﬁ?&f%%ﬁ%g?f{%g@k%m@a nehity dBsolhd fisggnces between the |eft

and right signal d-according claim15 erein highly
ggLLSl gne'? t er gn?ljf%g‘,%rtﬁl%é’%gg%_lg‘)&é (gﬁhg L(qunﬁ rs%ﬁ&l@%o.%eeorqg(lnje\fﬁ{t%gurfdoerﬁin@rsf i rst
(116; 216, 316), and a different one or more of the sound signals to one of more
second spund emitters (118; 218; 330);
characterised in that the one or more first sound emitters emit sound in a

10  direction which is at an angle of at least 60 degrees to the axis of an ear canal of a

uscer.

10. A method according to claim 9 in which the first sound emitters emit sound in
a direction which is at an angle of at least 70 degrees to the axis of the ear

15 canal of the user.

11. A method according to claim 9 or 10 wherein at least some of the sound
signals are delivered to a second sound emitter positioned behind the pinna of said
one or both ears.
20
12. A method according fo claim 9, 10 or 11 Wherein at least some of the sound
signal.s are delivered to a second sound emitter positioned facing the ear canal

of one of the user’s ears.
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13.

14.

15.

16.

23

A method according to any of claims 9-12 wherein the cues are processed via .

convolution with a set of head related impulse responses.

A method according to any of claims 9-13 wherein the cues are processed with

a filterbank structure and/or adjustable gain.

A method according to any of claims 9-14 wherein the cues are processed to
separate the frontal and side signals from the audio input, by computing the

correlation and time differences between the left and right signals.

A method according claim 15 wherein highly correlated signals with small

time differences are delivered to the first sound emitters (116; 216, 316).



