1 Process and Device for the Acquisition, Transm ssion, and Reproduction
of Sound Events for Communication Applications State of the Art The

i nvention concerns a process according to the preanble of claiml1, as well
as a device according to the preanble pof claim7. In the field of
stereophonic renote transm ssion of sound events, stereophonically
designed, real-tine full-duplex transm ssion routes of high quality are
comon in the area of broadcast and recordi ng studi o technol ogy, which,
however, are tied to stationary network transfer points. In addition,

st ereophoni c, short-range, wrel ess point-to-point connections of simlar
high quality are known, which are primarily utilized for broadcast
interviews inthe field. 2 In the field of tel ephonic conference calls, on
t he ot her hand, many proposals have already been nade for the stereophonic
acquisition, transm ssion, and reproduction of tel ephone signals, either
for the better identification of the individual conversation partner(s) or
to inprove voice intelligibility or, in any case, in the way of a panorama
m xi ng that positions each individual incom ng nonophonically captured
source (speaking participant) in a different direction wthin the stereo
panorama. Neither today's technol ogies for stereophonic transm ssion in the
field of radio and recording studios nor existing proposals for a

st er eophoni ¢ configuration of f . LW;auwi ts deal with the core area
of this invention - the nobi IPr8 ese and Davic personal acoustic inmages in
real tinme - because the field itself is newin that it addresses a new task

or function. HyeHee A¢quisitien! TrapSmissicw@ateReproduetion the art

publ i cati ons, ©one

of Sound Events for Communication Applications

State of the Art

The invention concerns a process according to the preamble of claim 1, as well

as a device according to the preamble of claim 7.

In the field of stereophonic remote transmission of sound events,
stereophonically designed, real-time full-duplex transmission routes of high
quality are common in the area of broadcast and recording studio technology,
which, however, are tied to stationary network transfer points. In addition,
stereophonic, short-range, wireless point-to-point connections of similar high
quality are known, which are primarily utilized for broadcast interviews in the
field.



may refer to the follow ng by way of exanple: WD 98/42161 A2, US 4 088 849
A EP 0 724 352 A2, DE 40 41 319 A, EP 0 358 028 A2, JP 02217100 AA, DE
100 20 857 Al, JP 06268722 AA, DE 37 37 873 C2. In WD 98/42161 A2, the

t el ephonic transm ssion of a three-di mensional sound event occurs through
two m crophones arranged to be stationgary in front of the participant(s),
at a distance to one another, in connection with a personal conputer, with
t he di stance correspondi ng approximately to the width of a human head.
Preferably, the m crophones are arranged within artificial ear shapes, as
the entirin ther feldeofertie phonsuppufeezhdeocallss embthe @theahaintli eiaaly pepdsalsr  at
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is new in that it addresses a new task or function.

However, to quote in some way comparable state of the art publications, one
may refer to the following by way of example: WO 98/42161 A2, US 4 088 849
A, EP 0724 352 A2, DE 40 41 319 A1, EP 0 358 028 A2, JP 02217100 AA, DE
100 20 857 A1, JP 06268722 AA, DE 37 37 873 C2.

In WO 98/42161 A2, the telephonic transmission of a three-dimensional sound
event occurs through two microphones arranged to be stationary in front of the
participant(s), at a distance to one another, in connection with a personal
computer, with the distance corresponding approximately to the width of a
human head. Preferably, the microphones are arranged within artificial ear
shapes, as the entire arrangement is supposed to resemble an artificial head, or
at least to follow the principle of so-called separation-device stereophony (or
Trennkérper-Stereophonie, a German term referring to stereophonic sound-
capturing techniques that make use of two microphones separated by an
acoustically opaque head-sized object). Loudspeakers are provided and
arranged at a distance to one another on both sides for the reproduction of the

stereophonic signals received in this manner from the respective opposite side,



perspective, which is captured, or "acquired", by the rigidly nounted dumy
head. For this reason, this known device behaves in a neutral manner with
regard to all persons participating in the acoustic event. This situation
may be desirable for a conference, since it permts each individual
participant to be located in a differdnt position and thus allows for the
easy identification of each talking person, when the environnent is
acquired by the dummy head, under the condition that people do not nove
around during the conversation. WO 98/42161 A2 al so nentions the
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for environment as it relates to that conversation participant. In contrast, in WO
08/42161 A2 the acoustic environment is always transmitted from the same
perspective, which is captured, or “acquired”, by the rigidly mounted dummy
head. For this reason, this known device behaves in a neutral manner with
regard to all persons participating in the acoustic event. This situation may be
desirable for a conference, since it permits each individual participant to be
located in a different position and thus allows for the easy identification of each
talking person, when the environment is acquired by the dummy head, under
the condition that people do not move around during the conversation. WO
08/42161 A2 also mentions the possibility of using headphones for the
reproduction of the incoming conference calls, as a purely accessory means,
which can further improve the perceived location of the individual participants of
an incoming conference. But this would make the internal communication of a
group of listening participants that are using headphones in the same room

rather difficult.

From the point of view of its basic conception and the very purpose that it fulfills,
the presently claimed invention leads away from the arrangement disclosed in

WO 98/42161 A2 in many ways and actually moves in the opposite direction:



a stable and predictable spatial distribution of individual conference
participants, assenbled around a table, fromthe perspective of a renote
third party who is not physically present at the conversation. In addition
3) the battery-operated arrangenent of the technical equipnent worn on the
body according to the characteristics 8f the claimed invention woul d not
only be wunnecessary for the object of WD 98/42161 A2, but it would even run
contrary to its purpose or defeat it, which is to capture the unchangi ng
spatial arrangenent of a stationary conversation through the operation of a
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anot her by the usual flexible headband. The recording signals are fed into
a tape recorder and played back through the headphones i medi ately
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i denti f i cheiceivedaclaseftoapn within the headsof eoesraptes paticipant Hin-thaublesd- i s

aut omat i c€>l I ﬁ ;R“t t hrough and a corresponding identification is swtched on
in the del“G&% @In)"t he other participants to indicate the speaking person.

I n anot her context, nanely in the field of systemfor video and audio

Both conditions contradict the purpose of WO 98/42161 A2, which is to allow for
a stable and predictable spatial distribution of individual conference participants,
assembled around a table, from the perspective of a remote third party who is

not physically present at the conversation. In addition

3) the battery-operated arrangement of the technical equipment worn on the
body according to the characteristics of the claimed invention would not only be
unnecessary for the object of WO 98/42161 A2, but it would even run contrary
to its purpose or defeat it, which is to capture the unchanging spatial
arrangement of a stationary conversation through the operation of a fixed

telecommunication system installed in a conference room.

In order not to have to carry around an ordinary dummy head to make a
binaural recording, especially in outside environments, US 4 088 849 A utilizes
the head of the recording person himself, by arranging artificial ear simulation
shapes containing microphones on the outside of the monitoring headphones
worn by him, while the left and right headphones are connected to one another
by the usual flexible headband. The recording signals are fed into a tape

recorder and played back through the headphones immediately thereafter in



conmuni cation systens, that are used, for instance, in |ong distance
teaching via satellites, a deliberately operated m crophone switching is
al ready known as such as well - cf. DE4041 319 Al. To inprove voice
recognition in the stereophonic renote transm ssion of sound events, it is
known (JP 02217100 AA) to provide an afiditional frontal support microphone
for voice m x-in whenever the voice of the speaker exceeds a preset

t hreshol d val ue (see abstract). To inprove the identification quality of
conversation partjcipants, reference is mde to the possibility of

si nul at i ngrder steepkRypHOnitee tirdRediates N itonRg39f Y16 spandcoyeyrasoidigsi ng t he
bi naural gj I : d ar 0 a ones

u th spect Ao B I8¢ B e e A e A R h e B s

filters agdcwhen)ddes mstdaaké anfadusionas bi reRfdte aamsHiisdiemee signafsor mat i on
(which is known as binaural directional m xing). Through this, and by
adjusting the filters according to the incomng calls fromthe various
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i ndi vi dual conference participants. 100 20 857 Al points in a simlar

di r ect i onsweiad enni§ theedappes cdtthenotber pertigirarpadai indivate:the ispeakingough i n
this case é% nobi |l e tel econmuni cation unit wth a mcro record player
whi ch, i nP iﬁgle terms, is as just a cell phone wwth MP3-Player. In this
devi ce headphones or earphones are provided as usual for the high-quality

st ereophoni c enjoynent of nusic. In addition, at |east one, _
In another context, namely in the field of system for video and audio

communication systems, that are used, for instance, in long distance teaching
via satellites, a deliberately operated microphone switching is already known as
such as well — cf. DE 40 41 319 A1.

To improve voice recognition in the stereophonic remote transmission of sound
events, it is known (JP 02217100 AA) to provide an additional frontal support
microphone for voice mix-in whenever the voice of the speaker exceeds a

preset threshold value (see abstract).

To improve the identification quality of conversation participants, reference is
made to the possibility of simulating a stereophonic transmission (DE 37 37 873
C2) by processing the binaural signals provided to a listener through
headphones or earphones with special filters (e.g. high passes, low passes,
delay lines, all-pass filters and such) in order to add directional and distance
information (which is known as binaural directional mixing). Through this, and

by adjusting the filters according to the incoming calls from the various
conversation participants, the voices can be assigned to different listening

directions, which can significantly improve the intelligibility of the simultaneously



preferably several, mcrophones are arranged in a so-called "head/auricle
sound generating/cl anpi ng device", which is also called a headset, The
headset is separated fromthe nobile tel ephone unit and has a w rel ess
connection. It is this wireless connection which provides the necessary

st er eophoni ¢/ t wo- channel anal og-digitaf as well as digital-anal og conversion
for each transm ssion direction (see colum 2, lines 20-30 resp. 39/41).
These explanations evidently refer only to the well famliar "bluetooth”
wirel ess —connections between the actual device and the headphones and
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filtering corresponds to the previously nentioned high pass/|ow pass and
sim|ar fpleferably several, microphones are arranged in a so-called “head/auricle

sound generating/clamping device”, which is also called a headset. The
headset is separated from the mobile telephone unit and has a wireless
connection. It is this wireless connection which provides the necessary
stereophonic/two-channel analog-digital as well as digital-analog conversion for
each transmission direction (see column 2, lines 20-30 resp. 39/41). These
explanations evidently refer only to the well familiar “bluetooth” wireless
connections between the actual device and the headphones and microphone of
the headset. DE 100 20 857 A1 emphasizes what it sees as a particularly
significant improvement in such mobile telephone units with MP3-Players, which
is the combination of the MP3 cell phone with electromagnetic shielding means
to control biological stress effects caused by excessive field intensities (column
1, lines 35-46). For this purpose it is proposed to arrange natural silicium sand
or rose quartz into oblong copper/plastic pipes, placed within pipe systems
made of layered iron sheet / copper sheet, thereby reducing the bodily stress

effects of or reactions to “electro-smog” (column.1, lines 47-54).

DE 100 20 857 A is often rather ambiguous and lacking in clear instructions for

technical action with the desirable and necessary clarity, but in any event



that adjust deliberately assigned |istening source directions according to
DE 37 37 873 C2; whereas, within a real |ife stereophonic panoranma
acquisition, the deliberate directional positioning of the reproduced sound
sources is neither intended nor possible. A nultiplex receiver circuit is
described in JP 06268722 AA, which spl¥ts the input signal received via the
tel ephone line into a left and a right |oudspeaker signal and processes it
accordingly, especially for subscribers who are receiving high- quality

nmusi cal products via a tel ephone connection. Finally, a digital
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intended nor possible.

A multiplex receiver circuit is described in JP 06268722 AA, which splits the input
signal received via the telephone line into a left and a right loudspeaker signal
and processes it accordingly, especially for subscribers who are receiving high-

quality musical products via a telephone connection.

Finally, a digital time-multiplexing telecommunication switching device can be
derived from EP 0 358 028 A2 by using a voice memory that can be utilized as
a conference memory and expanded by additional memory cells. Within that
arrangement, a feedback loop connects the output of the voice memory to its

input. Stereophonic aspects are not taken into consideration.

The present invention is conceived to fulfill the task of allowing for the
transmission, and in particular for the mobile transmission, of personal three-
dimensional listening images, in real time, through the medium of stereophonic

telephony, adapted to this task or purpose as needed.

The invention solves this problem by the characteristic features of the main



environment and only in that environnent and thus, with all the reflections,
diffractions, and resonances produced within that environnment or influenced
by it. This is also a major factor in providing for good voice
intelligibility, since the precise circunstances are replicated which the
voi ce-processing brain regions of eveBy person are accustoned and have
adapted to fromthe beginning of the evolution of |anguage, nanely, to
perceive the full sound of a voice with the specific spectrum of
resonances, diffractions and reflections generated within a particular
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this, is that the means of the invention effectively succeed in suppressing
t he perception of interfering noises_ because such noises can be well
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conference situations of any kind - which is achieved by performng a

bi naur al #&cHisss t@lghagnajondactor in providing for good voice intelligibility, since the
precise circumstances are replicated which the voice-processing brain regions
of every person are accustomed and have adapted to from the beginning of the
evolution of language, namely, to perceive the full sound of a voice with the
specific spectrum of resonances, diffractions and reflections generated within a
particular environment in relation to a listener's own body, rather than the cut-
down spectrum of the narrow and practically dead sound of the hitherto

practiced telephonic voice transmissions.

Another phenomenon, that is actually part of this, is that the means of the
invention effectively succeed in suppressing the perception of interfering noises
because such noises can be well located by the listening participant and can
therefore be selected, a priori, as not being part of the conversation. This, too, is
a special ability of the human ear and brain — and presumably not only of the
human ear or brain - and it shows actually very well well in the so-called
“cocktail party effect” that is often mentioned in this context: despite the actual
noise mush resulting from the overlapping of multiple voices coming from
different distances and directions, those present have practically no problem at

all in distinguishing the individual speakers, even from some distance and in



acoustic environnment as it relates to the participant's head. For a better
under st andi ng of exactly this aspect of the invention, it should be pointed
out that a high-quality binaural transm ssion allows a conversation
participant at the other end of a teleagone connection to experience one's
own |ocal acoustic world fromone's o person-rel ated perspective, with
all of its perceived sound colours, tone sequences and al so spati al
characteristics, as if it was a piece of "acoustic theatre", whether one is
in a New York jazz club, at the carnival in Rio, or at a beach with

br eaki ng ¢RNGEstratiag Snrtheldnegthep ageilinterestag inhi n thi s perspective there is

al so the possibility of adding or m xing other sound or tone sequences into
the transmitted binaural stereo signal that contains one's |ocal sound and
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Mvent  on®t 36y KA SomplRoR°BhaRbef My PaROTHIGh oAty Rt Bat W Ed or
wirel ess gdadisticlemVabRmenPysat eINasbaié pakiavaats hehy - dupl ex connection
working in real time - be that via circuit-sw tching or package-sw tching

network structures - transmi ssion quality adequate to the purpose of the
i nvention n chi gv i th networ k  bandw dths and qual i qf
service aﬁéfﬁa%%eart &5?‘9%&%&%‘% Br%%orq? tog%%ﬁ%\fec!g'opr 3rﬁehor¥ialgfegnal and
channel cpginfdi and tﬁa@QﬂIw@-auémwiﬁauﬁqmctrérlrs?hirssioﬂ%%wgaé dofvepdm@phat i ons
that are available today. The high-quality commu-

participant at the other end of a telephone connection to experience one’s own

local acoustic world from one’s own person-related perspective, with all of its

perceived sound colours, tone sequences and also spatial characteristics, as if

it was a piece of “acoustic theatre”, whether one is in a New York jazz club, at

the carnival in Rio, or at a beach with breaking waves and shrieking seagulls.

Within this perspective there is also the possibility of adding or mixing other
sound or tone sequences into the transmitted binaural stereo signal that
contains one’s local sound and voice environment: for instance music or songs
or whatever else is stored in the mobile phone that one is using or in one’s
digital music player, appropriately attenuated in its dynamics, so as not to
interfere  with the conversation. If the normally resulting “in-the-head-
localization” of the added conventional audio signals is to be avoided, binaural
directional encoding can be provided for this purpose. The integration of such
diverse functions as a telephone, MP3-Player, game console, computer and the
like, in a single small device, represents today’s general state of the art and
which can, of course, be part of any chosen embodiment of the present

invention.



ni cati on connections in the area of broadcast and studi o technol ogy

menti oned above, which are realized via broadband wired network structures
as well as via wreless point-to-point connections or with the aid of
channel bundling pro- cesses in cellular phone networks, are highly

devel oped exanpl es showi ng that the tlchnical prerequisites exist for the
realization of the binaural conmunication in the sense of the present
invention. Internet tel ephony, which is usually known as Vol P
(Vbice-over-lnternet-Prptocg%%, is a special application of the previously

ment i onedMpsRiteaglethevielatively RghvieRards mader & Witesh orcwitelpss datadrangfer
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service. @RI tadhanbemoser Hathe srventien Aany berrsiawed ofithellint artweke
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I
per sonal nobi y provi e freasures ci ough the

t ransni ssglggic@frdnh \tee Refrenrald chamieioding BRgefecodire) prydeesds and theei r
nobi | e and person-rel ated com;rib?gurati on to the full variety of real life
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| i ne conn i i f |+ W , ti : t he very
narrow r e@@%b&gﬁ%’?%g&g%ngt}ﬁgsaie%c?rflg)éé%f%ﬁt %@egltlg&'?t}gg Rﬁaﬁé%inﬁ%‘ttoi‘%gphony of
this ki ndabé\ad, virich Bfe Reflizedvid bR adbiaRd MirddInétork €U bluréd as elestedia
potential application of binaural stereophony. Al though this 11 has never

been publ Wiklespereighioreeint spanesgtions of hwith thecaigt ploshanmeisburding pro-
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real time with a binaural transm ssion technol ogy, the progressively
ener gi ng eonovpicadiondndbe sense of the present invention. Internet telephony, which
is usually known as VolP (Voice-over-Internet-Protocol), is a special application
of the previously mentioned package-switched network structures that can be
used in conjunction with existing wireless communication interfaces such as
WiMax or its potential successors, such as HiperLAN/2, as part of the above-
mentioned structures and processes which are suitable for the implementation
of the envisaged binaural real-time communication with adequate quality of

service.

Special advantages that considerably increase or exploit the practical potential
of the present invention result in particular from the personal mobility provided
by the measures cited in claim 2, through the transmission of live personal
listening images which extend, in their mobile and person-related configuration,
to the full variety of real life situations, instead of being restricted to the local
environment of a fixed line connection or, in the case of a local wireless

connection, to the very narrow reception area of such a connection.

It is just a mobile telephony of this kind that can be seen as the main or in any

event the broadest potential application of binaural stereophony. Although this



called tel epresence, or teletransportation, can be inplenented with great
efficiency in the acoustic field. Wth reference to the specific field of
conference call technol ogy which, however, does not represent the core area
or the primary application of the clainmed invention, the invention offers

t he advantage that for the first timefMdoth or - in the case of so-called
conference calls (no matter whether they go from several participants in
the sane roomto one or several participants |ocated elsewhere, or whether
they originate fromseveral |locations) - all participants are enabled to
have convieas atavensbeert publielyy rextdgeizeoiar éver Mher theirs inclepiiomayhedehdvp i n t he

case of | e situation be it t t he r onca es |location
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current listening perspective - are always transmtted In elr
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certain environne whith is ¢ cteri ze not y a desi e

per sonal effibiehcy yn trenacdustiatiietch one is naturally accustonmed. Due to this
fact, but al so because the distance of the binaurally receiving mcrophones
to the nouth of the respective speaking person does not change, the dynamc
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and the my Liih 68%8de dfidel SR QhrefeRARNE B Matisl WREHRISY Gecketres that

are produced
several partICIpants in the same room to one or several participants located

elsewhere, or whether they originate from several locations) — all participants
are enabled to have conversations with every other participant in such a way
that, in the case of mobile situations (be it that the speaking person changes
location or that his sound environment changes because other persons join in),
the continuously changing event sequences - in other words, that person’s
current listening perspective - are always transmitted in their full liveliness. The
result is the impression that the listening conversation partner is, so to speak, in
the same room with the speaker at the other end, subject to the same changing
reflection and diffraction functions that normally occur in an active, live
conversation with a counterpart in a certain environment, which is characterized
not least by a desirable personal mobility, and to which one is naturally

accustomed.

Due to this fact, but also because the distance of the binaurally receiving
microphones to the mouth of the respective speaking person does not change,
the dynamic relations remain unchanged, which means that the. volume does
not have to be constantly adjusted, which helps to maintain the proper voice

intelligibility that is of high quality as compared to the narrow-band, practically



environment itself, as well as the conplex overlaps generated by the human
body, nanely by the upper body, shoul ders, head, etc., which are ultimately
conposed into the two-channel, stereophonic transm ssion function according
to the invention. The neasures recited in the sub-clains describe

advant ageous devel opnents and i nprovel®ents of the stereophonic tel ephone
connection as characterized in the main claimand in the first device
claim Drawi ngs Sone enbodi ments of the invention are illustrated in the
drawi ngs and will be further explained in the follow ng description. In the
dr awi ngs: ‘nrerg. vaicg hisewyeriay transrhisaiani thar ispmtdqwacticddbeaxclasivelydodayiaadi ment  of
the present jnvention |n the formof _a stereophonic telephone.connection
wi th"tio CBPERY piaskS I divEr aRalfy b it EHle SPar g BESABINAG Sacong
embodi mengifeictioRe resedHdeOBndi reflebiieh strultures thaf tréi Pradliced SwikdANget ed via
a stereophonic tel ephone connection with three other participants who are
t oget her emnvieongnerdritdedic asi wall antheneomplaxcoveriaps geoerfaded myetheahtiman
Descriptipn,of the exenplified enpodinepnts The fundanmental idea of the
present i ﬁ?/%t'?%ﬂeliys%(¥ gp%d’rRP(%? qqr@ ,sggpmg,r,ﬁ,i 'F%EH;TB%P ‘HF'Cga%rﬁ H@'m\?é?lgati on
partici pagémp8séd éntb thBEGI-MearfriNéRFEHHonid BrahBMidsMiF ctios&iding

t hree-di nensi onal head-related |listening i mges, by neans of a 13

t el ecommutal thetinwegiotonnect i on, i ndependently of whether the connection is
made entirely via cable or conpletely or partially in a wireless way,
particularly also during nobile transm ssion, with each participant

di sposi ngTRE heasilreSTrediteARUHLsIB-SIARB R CABE éd@aﬂ?db‘édu% dVEspALntsl gnal s
and of stereophonic headphones or earphones. Fig. 1shows what is neant.
Parti ci paand Awpravensentbed dhe ssteredipbanisdtelgphbde ¢ennection as characterized

in the main claim and in the first device claim.

Drawings

Some embodiments of the invention are illustrated in the drawings and will be

further explained in the following description. In the drawings:

Fig. 1 shows, in a schematic representation, a first embodiment of the present
invention in the form of a stereophonic telephone connection with two

participants in different locations; and

Fig. 2 shows a second embodiment of the invention, in which a first participant
is connected via a stereophonic telephone connection with three other
participants who are together in another location, in the manner of a

conference call.

Description of the exemplified embodiments

The fundamental idea of the present invention is to convey the real environment
of each conversation participant to the respective counterpart, in the form of

personal three-dimensional head-related listening images, by means of a



connected via a stereophonic tel ephone link with participant Bo with head
11. Each participant AO and B. uses a conbination 12 contiguously to each
of his ears or inside each of his ears, but in any event within the ear
area, each conbination 12 consisting of a sound generating transducer,
usual 'y a headphone or earphone 13, aid a ni crophone 14, and together the
two conbinations provide for stereophonic acquisition and also for the
reproduction of sound events. The nicrophones 14 are t hus positioned

conti guousl%&t o or, within the ear areas, so wor ki ng t oget her
st er eopholARQMHUNICAEGNS rGONABEHON ¢ H‘dﬁé’&[]ij?'étWePécW'l“?th?héhﬁc@?ﬁﬁ%‘oﬂ n&ges,
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f eedback, so4dMestiedrEs ive conversation participant does not have his
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own voi ce rngé ansmdt?t eaglS back'to him Such a nutual acoustic insulation

bet ween headphones or earphones and m crophones which assures freedomfrom

f eedback can be perforned routinely by the expert. As nentioned, the sound
gener at i n§i% rhﬁ%%%&f?td%uﬁn%“of:aﬁ@ﬁ’%sb\q Wj'é%se begd is ingicated all Onsadphones
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avorded. n any case |1 cation I zati on

acqui red Eacmemnwtumﬁdt\osagﬂaosuééseatwmmmar@pharmmt@w@usﬂy toogmithef hisorm  a
stereo m crophone) as well as the two sound generati ng! transducers 13 are
each foll %@downsa%rqaqheer Sl 8RS Hutcinr 8y teé/emisav'rrm b@ ey oRied. RAGBr at i ng

transgyGg [r21iBf 1%5Qoh8fstrﬁ§‘ ofi g &Weq%nérg Pfi\é‘ Fansagerar L%Wt”%gt ed

through |Ia era t wo- channe |nter aces oné under 5t ands
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bl 5 TbyHIBRS PEovida dpt Stereophonic acquisiion and aIS6 for the 1eproducton -
of sound events. The microphones 14 are thus positioned contiguously to or
within the ear areas, so that, by working together stereophonically, they are able
to acquire exactly the acoustic images, called head-related images, which in
fact depict the actual acoustic environment of the participant. It is self-
understood that care has to be taken that the connection between, or
configuration of, the microphones with the neighbouring sound generating
transducers (headphones or earphones) is made in a way or with means
suitable to avoid echo and feedback, so that the respective conversation
participant does not have his own voice retransmitted back to him. Such a
mutual acoustic insulation between headphones or earphones and microphones

which assures freedom from feedback can be performed routinely by the expert.

As mentioned, the sound generating transducers can be of various types, e.g.
supra-aural headphones or, preferably, earphones, so that head-spanning
support sets can be avoided. In any case, for the amplification and equalization
of the acquired or reproduced signals the two microphones (which together form
a stereo microphone) as well as the two sound generating transducers 13 are

each followed by amplifier/equalizer circuits 15a for the sound generating



connected through a wired or wirel ess two-channel transm ssion to the

subsequent communi cati on device 18, which in turn insures the two-channel

connection, againd wired or wirelessly, to the network. Independently of

whet her external, nanely supra-aural open or closed headphones, or

i n-the-ear-phones are utilized, head-rd ated stereophonic telephony signals

wll always result, which in the case of earphones, to which the

m crophones are attached or otherw se assigned, will also benefit at |east

partially fromthe auricle as a reflection, diffraction, and resonance body,

whi ch f utramssgiucerspang dsbtfoe theatmicrabhesss,db wiiieh dheyyerengosiepiad shrobgk to t he
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and a commopn ultra-short-distance transmtter to the next assenbly 17, a
conf or t abt@nestion nagaigd atiiedyon wirelbssly ntedhe Metwbdrke connecti ons are dangli ng
around the head of the participant and with the exception of the

conbi nati on of m crophone and sound transducing generator |ightly plugged

i nto eachgapeheitly |Gt WhetfBSsi Shimali SEAEIOT SupAsaafy ¥peR oF Riegtable
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MP3 pl ayer |l1ke th I Pod" knows, the earphones are usually particularly

advant agebesdphoassuctr ds-thérearspbssadl ere oyfdizet e digatbradatedt séereiophonicey do

not isolate the user fromhis acoustic . environnent, thus facilitating any
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the I egends in the draw ng. The equali zi ng
partially from the auricle as a reflection, diffraction, and resonance body, which

further improves the naturalness of the outgoing signals.

Due to the considerable possibilities offered today, and predictably in the future
as well, by the continuously progressing technical development with respect to
the integration of components and to increasing miniaturization, a special
advantage results from the utilization of earphones also for the reason that the
miniaturized combinations 12 in this case can be realized respectively with one
earphone and one microphone even without wired input leads and therefore
differently from the illustrations in the drawings; with a common supply battery
for the earphone and the microphone of each combination 12 and a common
ultra-short-distance transmitter to the next assembly 17, a comfortable wearing
quality is obtained. No wire connections are dangling around the head of the
participant and with the exception of the combination of microphone and sound
transducing generator lightly plugged into each ear there is no sensible
discomfort. As any user of a portable MP3 player like the “iPod” knows, the
earphones are usually particularly advantageous inasmuch as they resemble
open headphones, that is, they do not isolate the user from his acoustic

environment, thus facilitating any desired kind of communication.



circuits are used for signal standardization, which may be necessary when
the respective conversation participants work with different headsets, made
of two wreless ear sets, each one consisting of a m crophone and an
earphone, in order to achieve a conparable signal quality between different
headsets. This may al so be of signifiidance with regard to different
positioning of the mcrophone, but al so because of the desired freedomfrom
feedback. In hat context, the equalizers provide for conpensations that

will ultimately deliver a standardized signal to the interface that

connect s Actughy tberrasmaib{ei@muitttﬂoctﬁmialthemlsemwedéﬁ Néd asdpld aei saif-of t he
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is selfunderstood that, not |east due to the ongoing technical progress or
to a difiayeatsopureposfe sugmfudwcal Ivothatriegardoftot lugfferant opzcssutpm"nmg of thaei r
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at least on one side several partici B,

case, ar estbodatdezbdatsigried tosahe |u1tacface vihah eaclectmartbi theacdmBuniatioB”
wearing a heg@iet conprising a conbination 12 which consists of m crophone

and a sou§Mg&her at i ng 16 transducer for each ear, in the sanme way as
conversation participant A wth

For the desired separation of the individual assemblies to be meaningful, the
interfaces 16a, 16b, and 16c are required to have a correspondingly high-quality
two-channel design. They are connected by wire or wirelessly, through
electromagnetic waves, to the corresponding interfaces of the subsequent

assembly.

As a matter of principle, it should be noted that the separation and allocation of
the various constructive assemblies and/or circuit blocks made in the drawing
primarily serve the purpose of providing a visual representation and thus a
better understanding of the basic functions comprised by the invention. It is
selfunderstood that, not least due to the ongoing technical progress or to a
different purpose in the allocation of the various parts or their design, another
grouping of the circuit blocks as well as differently designed and interconnected

signal processing circuits may be realized and utilized.

Fig. 2 depicts an advantageous embodiment of the invention in that at least on
one side several participants B, B', B" exist who, in this case, are located at the
same place, with each participant B, B, B" wearing a headset comprising a

combination 12 which consists of microphone and a sound generating



whom each of the participants B, B', B" has a two-channel connection via the
network. For this purpose, each of the participating communication termnals

18" in Fig. 2 - and further conference participants A, A" mght be |ocated
inthe area of the participant A as well - is rmdlfled in that an acquiring
function selection circuit 19 is addel® to the two-channel multiple input

interface 16b'. It serves the purpose, in a first variant, of automatically

deci di ng which m crophone pair of which conversation participant is to be
switched to the autput network interface 16¢' and i s thus to be rel| eased
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function selection circuit of comunication device 18 w automatically

switch pasélpelignaircut they blesks dievbricrophoee fsignal tedarsmisgiap e thejother
participants, but of course not the sound signal transmission to the sound

generating transducers of the other participants.

Another possibility of this arrangement lies in that the voice and environment
signals coming from the speaking participant are not only switched to his
communication terminal for telephonic transmission, but also fed back
electrically by the acquiring function selection circuit 19 contained in the
terminal device 18 and sent to the sound generating transducers of the other
participants in the same room, even if these participants can also hear these
voice signals directly through the air. Actually, it cannot be excluded that sound
generating transducers are used which make direct hearing difficult or prevent

hearing altogether due to insulation.

If, at some time, the talking participant of this group of three, namely for
instance participant B, who is speaking at first and connected accordingly, stops
speaking, and if another participant, perhaps B", begins to speak, then the
acquiring function selection circuit of communication device 18 will

automatically switch participant B" to the network interface 16¢'. However, this



17 does not nean that participant A at the other end of the network woul d
necessarily hear only the conference participant who is now swi tched on;

i ndeed he will, of course, continue to hear the other participants, even if
in a weaker form depending on their respective environnental situation,
via the stereo mcrophone of participg@t B', so that in this case, too, the

full stereo panorama of three-dinmensional sound will result for participant
A, practically as it would be if he was sharing the sanme environnent with
participants B, B', B'. It is possible, in addition to or instead of the

aut omat i cdcb%g/Jrtheant that sparticipant A faintitel othert endest dghe i netivork neowlel
operation, so that
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for nuting, If for instance 'a discreet short conversation is to be held,
can al so Wweakerr ﬁmrgeodepetndilrsg aulnsmealdvesuwgeelmwwnmemalgeltuaaatmnt\na|thedn spl ay,

light emtting r.simlar ans area of the uiring
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circuit 19 to the output of network interface 16¢'. Since the ot

swi t chi ngit vouftbbe ifthe was shheng thd eamecnvironogint thbrpthCIpehtSFBgB', B"correspond
to the circuit blocks of Fig. 1, this does not need to be further discussed
at this point. Fig. 2 also omts repeating the nunbered reference signs of

h h thei
the circujfg Bb@é’lb% W%de'%’ohet%ddr lhgteé%éjoﬁflﬁ@ it8A14%iE ady-30¢ gﬁﬁrﬁk} %mggl th their

functions in referen e signal and ch rs or
encoder s iUIﬂCtI(bTe tocdastgmltaln mantelr aparaaltipm 50 shaylfdr restanicks cb pladticipdre si gnal
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bet ween tthe network. Keys for muting, |f for instance a discreet short conversation is to
be held, can also be arranged. It is also advantageous to arrange a control
display, light emitting diodes, or similar means, in the area of the acquiring
function circuit or in another appropriate location, to show which of the
conversation participants is being switched by the acquiring selection circuit 19
to the output of network interface 16¢'. Since the other switching components of
the conference circuit variant of Fig. 2 correspond to the circuit blocks of Fig. 1,
this does not need to be further discussed at this point. Fig. 2 also omits
repeating the numbered reference signs of the circuit blocks that already have

been discussed and depicted with their functions in Fig. 1.

With reference to the signal and channel decoders or encoders in the
communication terminal, it should be added that the signal decoders and
encoders perform digital/analog conversions and vice versa, as well as
bandwidth determinations (the bandwidth of the signals may be at least 3.4 kHz
or 8 kHz or 16 kHz). They also ensure the lowest possible group delay
differences, while taking care not to change the coherence between the
channels during the coding and decoding that adjusts the overall signal to the

respective network, the actual stereo signals being already multiplexed,



channel s during the coding and decodi ng that adjusts the overall signal to
the respective network, the actual stereo signals being already

mul ti pl exed, 18 together with any auxiliary data, into a single signal at
this point. Furthernore, these coders and decoders provide the required
redundancy as well as error detectior8nd correction. Ideally, the one-way
running tinme including signal coding/decoding and transm ssion is to remain

bel ow 120 m | liseconds, so that a tinmely signal transm ssion is assured
wi t hout any {nterfering del ays. Anot her . dvan eous enho nt of the
vent | onlCURHIAT Vb AR AUXIAREG T2, IO 3 Sipdle 510MaD s Tae PR ?M"&ﬁgﬂﬁge an
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i nstance - alternativel may conpletely replace the stereo signal of
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are bei ng et one cou SsI bi

certain advanjage@cenpodimkempashelinvention shoald tbélm@tt@mbdcés weltonkiehsat i on,
t he binaural . stereophonic transm ssion of environnental information is not

rel evant €RNSE In gEaNgieg. arradditippy! ipdiviual gHciopspRA PEeiRRallY idPsent® tB8ur se of
a_conver safl an s UGy %%M%ﬂ”?&gnﬁﬁb%r ALARA \Aﬁtﬁe? lgerpﬁégdt Wc‘?‘?hé’%térgp the

expedi ent conveyance vocal mat'i on, ereb bandw dt'h of the

si gnal trsigsat asla)lty;m ofvslubpas mtdn@htaﬂéit——e’d) fuothes lmmoﬁe intedigitgity, for
Correspondi ng neasures can be integrated into the existing confl guration

wi thout aRSaRIcELT &t AlaptERBNLBAY BPraPstebpIeplaca thensigps Sigd! gt DR
parti ci pa@ﬂnaﬁ@ rﬂf%roﬂﬁor{eﬁg‘éﬂd%o%é\féq G foirdy lso“on%@etﬁf@ééﬁttﬁé'f?éla Cg recited

in the description ensul ng clalns and ar al'so in the
accorrpanycang/ermmamalnmnopmanIcotelwthlohw evémm@ﬁﬁ]ehmeum‘l Heddsetsnamnbeing by

themsel vES.d ‘Yot ane ' Godld” impiement %this Cposaibiity whan. under | cortain
circumstances, and possibly even from the start of a conversation, the binaural
stereophonic transmission of environmental information is not relevant or not
desired. This may occur for instance when in the course of a conversation such
a monophonic operation is to be switched on for the expedient conveyance of
vocal information, whereby the bandwidth of the signal transmission as well as
the related costs can be reduced. Corresponding measures can be integrated
into the existing configuration without any problem, supplemented by a simple

switch operated on the participant’s side.

It is understood that all of the characteristics recited in the description, in the
ensuing claims, and in particular also in the accompanying drawings, can
constitute the essence of this invention by themselves as well as in any number

of combinations between them.



19 dainms 1. A process for the stereophonic acquisition, transm ssion, and
reproduction of sound events for comruni cation applications in telephony,
t he process naki ng use of headphones for each participant and naki ng use of
m crophones, characterized in that to each of the Ileft and right ear areas
of each participant a conbination of &9 earphone or headphone and a
m crophone is allocated, the earphone or headphone and the m crophone being
arranged in close proximty to each other in a connection that is
substantially free of acoustic feedback between the earphone or headphone
and the m crophone, whereby the real acoustic environnment of each
partici paBlaimsacquired binaurally, in real tine, and thus its relationship
to the head of the respective participant is preserved in ternms of
reflection, diffraction and resonance behavior, and the acquired acoustic
environment is transmtted to one or nore other participants in the form of
bi naur al sterEophonic sgund and _|ist nig? inqﬁe§ via,_a two-channe

T G aFHUSMER

I
connectio?r. 2. rPef°8F’88e ragkeor%tleﬁegoq ’artéﬁ?%mlsf@(ﬁ"iﬁnphat t he

doubl e conbi n@lpr&ducti®ANdfs tsblfd Oeveaisd foMOcEhRINtcRRPI dpHlicafisnsasipi gned to
the left and right ear respectively, is part of a nobile battery-operated
t el ephoni ¢ r eclélaphonynthe peanssistrakingtusechicdteadphonesded eanh tpactidipalyt of a

person participating.in the telephone traffic to transm.t his, r ective
head- r el at ed p%?igﬁ%m%&'(%ﬁsqfi@'qr‘ﬁﬂlfé?.s’ §%aﬁ§teb¥89é§s&'§358retﬂcﬁ'g&ts ®Aains 1
or 2, charactegktz@fdi Aghhadar hredsh®f x¥&NtpAiicipanf &f LHpsviRalid$, ofewary
conversation participant in the same roomis selectively switched into a
| ocal networ k eaipheoeiarghedadphanensrd samicnppene isapfecatedethtehearghpnaut omat i ¢
swi tching, br ou[ght out b thhi S . erﬁonalb conver satcij on process. .of by a
del i berat el y O%ep%ﬁl one A e microphone being arranged In close proximity to
each other in a connection that is substantially free of acoustic
feedback between the earphone or headphone and the microphone,
whereby the real acoustic environment of each participant is acquired
binaurally, in real time, and thus its relationship to the head of the
respective participant is preserved in terms of reflection, diffraction and
resonance behavior, and the acquired acoustic environment is
transmitted to one or more other participants in the form of binaural

stereophonic sound and listening images via a two-channel connection.

2. The process according to Claim 1, characterized in that the double
combination, consisting of said two single combinations assigned to the
left and right ear respectively, is part of a mobile battery-operated
telephonic receiver and transmitter attached to or used on the body of a
person participating in the telephone traffic to transmit his respective

head-related personal acoustic images.

3. The process according to Claims 1 or 2, characterized in that, in the
event of conference calls, every conversation participant in the same
room is selectively switched into a local network connecting all
conversation participants either by automatic switching, brought about by

his personal conversation process, or by a deliberately operated change-



20 over, through a circuit that selects the sound i nage acquisition of said
participant. 4. The process according to any one of Clains 1, 2 or 3,
characterized in that in the case of several participants in the same room
participating in a conference call, each of the participants not speaking
at the monent will have at |east the Zonversation signal electrically
rooted to his binaural headphones or earphones through the comrunication
device in addition to the natural acoustic roomtransm ssion. 5. The
process according to any one of Clains 1 - 4, characterized in that each
conversation peveri #irpugh & sicuit dmainselectsrtbesntingomrys aggeisdion of saide nusic
pi eces or songsg 1 hat are stored in his respective stereophonic and

possi bly nobi | & rlt'g'lpgﬂ one (like a cell phone with MP3 player) together with
t he stereophonic voice and environnment transmssion, if desired. 6. The
process according to Gaimb5, characterized in that such added audio

signal s afe subhg {precessoattardingao any eveicfrniesdodi Ql‘g3| ahaiadgtarized inavoi d

h he-h | f dd d_t hrough
headphones. or DAl BHOREE e S RE A H s 1 a1 g ToRD pr BBl e T o

acqui sition, té@kﬂéf@rﬁ;&' &M, eabH of'tl%’b@ﬁlé;‘?ﬁdrﬁé‘ n@t3§9éék1ﬁ§1 a‘t@hé‘m’orﬁ@ﬁt Wi sever al
of ains 1 to 6, characterized in that a conbination (12) of a sound

generating trIameajatéeaqtHbadrpﬂmﬁesaitonesugpaba@cnr@)aIlmrrdo&ohto:mmobmmlraIM) is

provi ded for ech lLleft and right ear e an ver sat.i on partici pant
PRI o Stk S RSk M e
transm ssi on, werr%@u,@qjggéugm @Bn’fﬁéﬁsrjnlsfs%rﬁound and listening i mages that
preserve their relationship to the acquiring participant's head within his

real environment in terns of their reflection, diffraction, and
5. The process according to any one of Claims 1 - 4, characterized in that
each conversation participant can transmit tone and sound sequences
(like music pieces or songs) that are stored in his respective
stereophonic and possibly mobile telephone (like a cell phone with MP3
player) together with the stereophonic voice and environment

transmission, if desired.

6. The process according to Claim 5, characterized in that such added
audio signals are submitted to binaural directional encoding in order to
avoid the in-the-head-localization of such added signals when

reproduced through headphones or earphones.

7. A device for performing the process of acquisition, transmission, and
reproduction according to any one or several of Claims 1 to 6,
characterized in that a combination (12) of a sound generating
transducer (headphone or earphone 13) and a microphone (14) is
provided for each left and right ear area of any conversation participant
(A, B, B', B”) for the simultaneous binaural stereophonic acquisition,
transmission, and reproduction of real life sound and listening images
that preserve their relationship to the acquiring participant’s head within

his real environment in terms of their reflection, diffraction, and



21 resonance behavior, where the sound generating transducer and

m cr ophone of each conbination (12) are arranged in close proximty to each
other so as to avoid acoustic feedback and/ or echo phenonena between the
ear phone or headphone and the m crophone. 8. The device according to Claim
7, characterized in that the double &dnbination for binaural acquisition
and reproduction, consisting of a conbination of a sound generating
transducer (headphone or earphone) and a m crophone for each ear of the
respective tel ecommunication participant, is part of a nobile tel ephonic
bat t er y- oper at €gotdanee ebeavior, bywhese dtheesgmusd \gensaating i ppansduc®r and devi ce
according to an one of f:lairr]n; 7 ,0r tsd @%ﬁr acterized in ‘t hat t.wo- cthannel
anpl i fyi ng/ eq'U rpei%e of Pet tcgnlbi%%,' ] als %X@’]geﬁ's'”s‘? Bﬁ%llpm)ﬂmycﬂannel
encoder and degsgdebtidr’ §dlidsStorbfoiBl SdudeE faeaBa ah¥/droécid®hefbfiepahones
and the sound generating transducers, respectively, for the further

t wo- channel prhrteeenribe sarpihend oché¢adphanganditheamirophoneecei ved si gnal s,
respectively. 10. The device according to any one of Clains 7, 8 or 9,
characterized in that bilateral two-channel interfaces (16a, 16b) as well

as a terngnal THé edd\ac® adchbihgais GIgiMMeT! efafRtetzetinedat tthe badbii dual
signal processing circuits in accordance to on their allocation to one

anot her, with e@ameinaten for binawa!l facauisitionsaod tepredusiionhednisiséingref a
interfaces or betwee nal int erfacg and ha Hebwor k. 11. The device
dugey (hegdR

o .
according to a‘FRmBWQHWB Ogé\/t%(?elgﬂrg genesaLigqdrans QR & iEALRNE)t hat, i n

the event of sgyeralmierRiprRineaidroBaPRrddrChP ' ets38idm i
t wo- channel rruﬁ/i pl ermi nt erfacedr( ?%b' )é irsbp?g%/isrg%%)e({t%@ \t/\?ﬁli ch {Tﬁ@'iﬂiart]lgpvi dual

conver sat i on pparticipaphns pat of @omodde ddlephvhict batteryiapeuatesi devdte oformhei r

respective pergongl; sLongl Rl gfepshle: and that a

9. The device according to any one of Claims 7 or 8, characterized in that
two-channel amplifying / equalizing circuits (15a, 15b) as well as signal
and channel encoder and decoder circuits are provided separately for the
microphones and the sound generating transducers, respectively, for the
further two-channel processing of the locally acquired and the received

signals, respectively.

10. The device according to any one of Claims 7, 8 or 9, characterized in that
bilateral two-channel interfaces (16a, 16b) as well as a terminal interface
(16c) are connected to or between the individual signal processing
circuits in accordance to on their allocation to one another, with wireless
or wired transmission between the bilateral interfaces or between the

terminal interface and a network.

11. The device according to any one or several of Clams 7 - 10,

characterized in that, in the event of several conversation participants in
the same room, a two-channel multiple interface (16b’) is provided to

which the individual conversation participants are connected with the

output signal of their respective personal signal processing, and that a



22 reception-function selection circuit (19) is provided for automatic or
del i berate swi tching between binaural m crophone signals received from one
of the conversation participants (B) to those received fromanother (B or
B"), for transmission into the network. 12. The device according to any one
of dains 7 - 11, characterized in tha2 a first circuit group, consisting
of the two ear area conbinations (12), each conprising a m crophone (14)
and a headphone or earphone (13), is connected to a second circuit group
(17), consisting of anplifier /equalizer circuits for headphones or

ear phones and ﬁaccpb@mr@mlonvwsemtlon ncirauit (18) dorprevided for autematini wat i on
termnal (18) %qrou blhﬁu % glesslor w red two- cgfnnel erfaces
(16a, 16hb), Gﬁ e ™ g{w AN R 'T"C(‘l%*jo'beoﬁﬁ“? Wé’eéveél Mencoder s
and decoders gse Wlthe @®9n¢8@ANBH pfiﬁﬁ@?ﬁrﬁt% (gyeloem@@@%ée@@@l frdrf driden&rase of
mul tiple |ocal conference partici mul tiple interface(16b") on the
i nput side, t@ WhiEch far Eangpissiom IGIQH,‘I@lmetWQ% provi ded with control and
nonitoring displays, is added for the acquisition function, whereby the
automatic or deliberate forward feeding of the output of any particular

conversat42n Paé deviceaticotdlhg té BRy loplkeFTTHIAN ¢ai i ﬂ%a‘ﬂ@ét@ﬂ%d irﬁtH%@Eaf or ned.
13. The device according to any one or several d ai ns -

charact eri zed it gireqit graup, @@nsisgng@tftmtwmueaugrea/vhbmbmat@ngt é%cqmbm C
conmmuni cation can be sw tched bil aiﬂe@a % ﬁ rra @ hon| c%pﬁr at| %? any
desired tine. SATPHHBIGRVTICLORIRNS AP HAYABROYy L eHPAPNE IS alfs 7 -
13, characterig@fbdayd the d n§édb$1'd0'bn‘éﬁlta?Fdllp’ q 17 Cr@PBRARg! Bf t ARpkfic ni ty of
the respective participant's mouth f he m xi hg of a supportl ve Voi ce
signal into tmu?hmfscﬁmtedorsh@a@hmegmearphoman@dmcmphfooesawmm ng the
monophoni ¢ Opelrna{drr?r}s ac%%%regfedgt ‘9 c%rr?munlc?étlon terminal (18) through bilateral

wireless or wired two-channel interfaces (16a, 16b), with the

communication terminal (18) comprising signal encoders and decoders

as well as channel decoders and encoders and, in the case of multiple

local conference participants, a multiple interface(16b’) on the input side,

to which a selection circuit (19), provided with control and monitoring

displays, is added for the acquisition function, whereby the automatic or

deliberate forward feeding of the output of any particular conversation

participant into the telecommunications network is performed.

13. The device according to any one or several of Claims 7 - 12,
characterized by a circuit configuration through which the stereophonic
communication can be switched bilaterally to monophonic operation at

any desired time.

14. The device according to any one or several of Claims 7 - 13,
characterized by the inclusion of a third microphone in the vicinity of the
respective participant's mouth for the mixing of a supportive voice signal
into the transmitted stereo signal, if desired, or for allowing the

monophonic operation according to Claim 13.





